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TERMINOLOGY 

The terminology which has been adopted includes the following 
terms :-

l. Transplantation antigens may be defined as antigens on 
cells and tissues which after grafting may induce in the 
recipient an immune response resulting in rejection phenomena. 

Snell (1948) defined histocompatibility genes as genes whose 
products are cell surface antigens which determine the 
acceptance or rejection of transplants. He therefore reserved 
the designation histocompatibility (H) for those regions 
(loci) whose antigens are involved in graft rejection. 

2. Since there is more than one locus controlling histocompati
bility on a limited area of a particular chromosome, Bach 
(1973) introduced the term ma.;or histocompatibiZity compZex 

(MHC) to refer to the entire segment which determines not 
only the serologically defined loci, but also other components 
possibly involved in graft rejection. 

3. Tissue typing is the term in general use for the serological 
test used to determine which H antigens an individual carries. 
It is a necessary preliminary to the matching of graft tissue 
for a particular recipient. 
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4. The tenn HLA: 

(a) When used alone in this Thesis, HLA implies only 
the A and B loci. This is because typing sera for 
the third or C locus were not commonly available 
until recently, and typing was not done on any of 
the subjects included in this study. 

(b) In accordance with the recommendations of the WHO 
Nomenclature Committee which met in Aarhus, Denmark, 
after the Sixth Histocompatibility Conference in 
July, 1975, the hyphen has been dropped from the 
term HLA. In this Thesis it is therefore not used 
except in Chapter One, where the history of the term 
HLA is given. 

(c) The new equivalent designations as recommended by 
the WHO Nomenclature Committee in 1975 have been 
applied to the antigens for HLA-A and B loci. The 
provisionally identified specificities, as before, 
carry the additional letter W, which is inserted 
between the locus letter(s) and the allele and 
specificity number. Table A gives a list of syno
nyms for the various antigens of the HLA-A, B, C 
and D series currently recognized (WHO, 1975). 



New Previous 
Locus A First, LA Locus 

HLA-Al HL-Al 
HLA-A2 HL-A2 
HLA-A3 HL-A3 
HLA-A9 HL-A9 
HLA-AlO HL-AIO 
HLA-A 11 HL-Al l 
HLA-A28 W28 
HLA-A29 W29 
HLA-AW23 W23 
HLA-AW24 W24 
HLA-AW25 W25 
HLA-AW26 W26 
HLA-AW30 W30 
HLA-AW31 W31 
HLA-AW32 W32 
HLA-AW33 Wl9.6,Fe55 
HLA-AW34 Malay 2 
HLA-AW36 Mo~~ 
HLA-AW43 BK 

TABLE A 

LISTING OF CURRENTLY RECOGNIZED HLA SPECIFICITIES 

(From WHO, 1975) 

New Previous New Previous 
Locus B Second 'Four' Locus C Thi rd 

HLA-B5 HL-A5 HLA-CWl Tl 
HLA-B7 HL-A? HLA-CW2 T2 
HLA-B8 HL-A8 HLA-CW3 T3 
HLA-B12 HL-Al2 HLA-CW4 T4 
HLA-B 13 HL-Al3 HLA-CW5 TS 
HLA- BJ !1 Wl4 
HLA-B18 WIS 
HLA-B27 W27 
HLA-BW15 Wl5 
HLA-BW16 Wl6 
HLA-BW17 Wl7 
HLA-BW21 W21 
HLA-BW22 W22 
HLA-BW35 W5 
HLA-BW37 TY 
HLA-BW38 WI 6. 1 
HLA-BW39 Wl6.2 
HLA-BW40 WIO 
HLA-BWl1 J Sabel 1 
HLA-BW42 MWA 

I New 

\ 
Locus D 

HLA-DWl 
HLA-DW2 
HLA-DW3 
HLA-DW4 
HLA-DW5 
HLA-OW6 
HLA-OW? 
HLA-DW8 

Previous 
LD, MLC-1 

LD 101 
LD 102 
LD 103 
LO 104 
LO 105 
LO 106 

X 
X 
< 
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STANDARD ABBREVIATIONS 

CML Cell-mediated lympholysis 

cpm Counts per minute 

GvH Graft-versus-host 

HLA Human leukocyte, locus A 

H-2 Histocompatibiiity 2 

LO Lymphocyte defined 

m Mitomycin-C 

MHC Major histocompatibility complex 

MLC Mixed lymphocyte culture 

MLR Mixed lymphocyte reaction 

PHA Phytohaemagglutinin 

RR Relative response 

SD Serologically defined 

se Standard error 

SR Stimulation ratio 
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ABSTRACT 

The genetic relationship between the serologically 
detectable antigens of the HLA-A and B loci and the mixed 
lymphocyte culture (MLC) reaction is of utmost importance 
in the understanding of histocompatibility. From the 
literature it appeared that neither the HLA-A, B geno-
type nor the MLC reaction is the complete answer to donor
recipient selection in organ transplantation. This study 
was therefore initiated in June 1971 in an attempt to 
clarify the problem. It is inherent in a project of this 
nature that much time is spent in collecting samples from 
donors in diverse areas. Most experiments had to be repeated 
two or three times, therefore some of the problems we set 
out to resolve were clarified by other workers before we were 
able to complete our investigations. 

The Thesis is presented in four main parts : Introduction; 
Materials and Methods; Results; and Discussion. In the 
Introduction (Part I) a review of the human and mouse histo
compatibility systems and their clinical significance is given 
to provide a background to the study (Chapter One). The 
findings in man and the mouse are reported, as the histocom
patibility antigen system of the mouse has been studied in 
greater detail than that of any other experimental animal and 
as a close analogy between these two species has been demonstrated. 
This review includes concepts as accepted at the beginning of 
1977. Following this first Chapter, the motivation for the 
study is dealt with in Chapter Two. 
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The Materials and Methods section (Part II), describes 
the groups chosen for investigation (Chapter Three); and the 
methods employed (Chapter Four). 

Chapter Three starts with a brief explanatory note on 
the concepts of consanguinity and genetic non-relatedness. 
The reason for this is that the groups studied included 
unrelated individuals at the one extreme and the offspring of 
consanguineous unions at the other. The San (Bushmen), a 
small group living in geographical isolation, were selected 
for study as a group intermediate between these two extremes. 
A short description of the San and Indians (Muslims) is also 
included for those readers who are unfamiliar with these two 
ethnic groups. 

The methods (Chapter Four) are reported in detail. They 
constitute a new field of research at this University. The 
setting up of the MLC test during field work is particularly 
difficult; the problems encountered are therefore discussed 
and a list of materials used is given in the Appendix. This 
may help future research teams. 

Part III has been devoted to the results and this is by 
far the longest section of the Thesis. In Chapter Five the 
format for presenting the results and the different approaches 
used in expressing MLC reactivity are described. The results 
are reported in detail from Chapter Six to Chapter Ten. A 
chapter is devoted to each of the major groups and an inter
pretation of the data is given at the end of each chapter. 
This interpretation is considered necessary as some findings 
were observed that are unrelated to the initial aims and were 
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sufficiently significant to require recording. The expression 
of MLC reactivity remains a universal problem for those 
workers who employ this technique. In Chapter Eleven, the 
correlation between the different parameters used in this 
study - the mean cpm, stimulation ratio (SR) and relative 
response (RR) as well as the morphology - are compared. 

Part IV, Chapter Twelve, of the Thesis has been reserved 
for a general discussion of the results. Original evidence 
was obtained for the control of strong MLC reactivity at a 
single locus (or genetic region) HLA-0, closely linked to 
HLA-B, and located outside the HLA-A, B segment of the major 
histocompatibility complex (MHC). Data in support of this 
were obtained from unrelated HLA serologically non-identical 
MLC negative combinations and families in which recombina-
tional events had occurred. The HLA-0 region appears to control 
an allelic system in which the specificity of the determinants 
is to some extent related to the specificities of the deter
minants of the HLA-B locus. The identification of an MLC 
homozygous cell derived from incest, allowed the demonstration 
of the one-way reaction, which proved that the MLC reaction 
is solely controlled by one chromosome. It also made the 
definition of an HLA-0 specificity DW3 in unrelated individuals 
possible. The results of this 1 MLC typing• experiment suggested 
that the DW3 determinant (as it was recognized by the Sixth 
International Histocompatibility Workshop homozygous typing 
cells, of which the above-mentioned MLC homozygous cell was one), 
could be more complex. The weak cell proliferations responsible 
for •typing responses• in HLA-0 typing experiments between 
unrelated individuals, were also observed with the homozygous 
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'typing cells' within the inbred family. The weak responses 
characteristic of 'typing responses' cannot therefore be 
completely explained by weak disparities at other HLA loci 
or by cross-reactions between similar HLA-D specificities, 
and have still to be satisfactorily explained. 

Tissue typing has proved to be a tremendous success 
in living related donor situations, but far less useful when 
applied to cadaver donors. However, from all the data available 
it appears that the HLA-A and B loci and the MLC reaction do 
play a role in histocompatibility, but the relative importance 
of the HLA-A, Band D loci is not yet clearly understood. The 
conclusion that can be drawn from the study of the genetic 
control of immune response and clinical transplantation, 
emphasizes, however, the significance of the HLA-D segment of 
the MHC. 



PARTI 

INTRODUCTION 
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CHAPTER ONE - A REVIEW OF THE LITERATURE OF THE GENETICS OF THE 
HUMAN AND MOUSE HISTOCOMPATIBILITY SYSTEMS AND THEIR 
CLINICAL SIGNIFICANCE 

I SEROLOGICALLY RECOGNIZED ANTIGENS FOR HISTOCOMPATIBILITY 

(i) Leukocyte Antigens in the Mouse 

H-2 the Major Histocompatibility Antigen System 
in the Mouse 

The MHC in the Mouse 

Non-H-2 Systems 

(ii) Leukocyte Antigens in Man 

HLA the Major Histocompatibility Antigen System in Man 

The MHC in Man 

Clinical Significance of Leukocyte Matching in Man 

Conclusion 

II DETERMINANTS WHICH CONTROL CELLULAR IMMUNE REACTIONS WHICH 
CANNOT AS YET BE RECOGNIZED SEROLOGICALLY IN VITRO 

Mixed Lymphocyte Culture (MLC) Reactions 
(i) MLC Studies in the Mouse 
(ii) MLC Studies in Man 

Cell-mediated Lympholysis (CML) Test 
(i) CML Studies in the Mouse 
(ii) CML Studies in Man 

Graft-versus-Host ( GvH) Reactions 
(i) GvH Reactions in the Mouse 
(ii) GvH Reactions in Man 



3 

I SEROLOGICALLY RECOGNIZED ANTIGENS FOR HISTOCOMPATIBILITY 

In 1936 Gorer working with inbred strains of mice, discovered 
four blood group antigens and showed (Gorer, 1937) that one of them, 
antigen II, was also present in fixed tissues and had a major 
influence in determining susceptibility or resistance to tumour 
transplants as well as on red cell agglutination. Following the 
suggestion of Snell (1948), the designation antigen II was changed 
to H-2. 

It was Medawar in 1946, who found that antigens associated with 
transplantation reactions in the rabbit were present on leukocytes, 
and interest was thus aroused in the study of these antigens as a 
possible means of tissue identification and matching. He showed 
second-set skin graft rejection when the recipients were pre-immunized 
with leukocytes from the donor. The same phenomenon was shown in man 
when injections of donor leukocytes into a recipient resulted in 
accelerated rejection of a skin graft from the same donor (Friedman 
et al., 1961). In addition, in man cytotoxic antibodies developed 
against the lymphocytes of the donor after skin grafting (Walford et al., 
1964). These two facts provided evidence that human leukocytes carried 
human transplantation antigens. 

(i) Leukocyte Antigens in the Mouse 

Since experimental work on the histocompatibility antigens of 
laboratory animals suggests general principles which may be applicable 
to man, it is important to look at these briefly in order to clarify 
the findings in man. 

In species other than mouse and man it has also been found that 
a single histocompatibility locus predominates as the major locus 
(Table I.l). However, the histocompatibility antigens of the mouse 
have been studied in greater detail than those of any other experimental 
animal, and from this work it has become evident that there is a close 
analogy between man and mouse. 
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TABLE I.l. LIST OF MAJOR HISTOCOMPATIBILITY LOCI IN OTHER SPECIES 

The AgB or H-I locus in rats (7,9) 
The B locus in chickens (8) 
The SL-A locus in swine (11) 
The DL-A locus in dogs (10) 
The RhL-A locus in Rhesus monkeys (2) 
The ChL-A locus in chimpanzees (1) 
The RL-A locus in rabbits (3,6) 
The H-2 locus in mice (4,5) 

1. Balner et al. (1967) 7. Palm (1964) 
2. Balner et al. (1971) 8. Schierman & Nordskog ( 1964) 
3. Black ( 1967) 9. Silvers et al. (1967) 
4. Gorer ( 1937) 10. Templeton & Thomas (1971) 
5. Gorer ( 1938) 11. Vaiman et al. (1970) 
6. Matej (1970) 



H-2 The Major Histocompatibility Antigen System 
in the Mouse 

In the mouse there are many different histocompatibility 
antigen systems determined by independent genetic loci. The H-2 
(histocompatibility 2) system is the major serologically 
detectable histocompatibility system (Snell and Stimpfling, 1966; 
Ivanyi, 1970; Klein and Shreffler, 1971). The development by 
Snell (1958) of numerous H-2 congenic strains (strains genetically 
identical except for a chromosomal segment containing at least one 
distinctive gene) established the genetic polymorphism of the 
system and the major role of H-2 in transplantation. 
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The murine H-2 antigens are cell surface components 
determined by the H-2 loci. The H-2 system is now thought to 
consist of two closely linked loci, H-2K and H-20 (Fig. I.l) within 
the MHC and controlled by genes on the 17th chromosome. The H-2 
genes on an individual chromosome are known as a haplotype. 

The one locus is probably derived from the other by 
duplication. Originally the antigens must have been essentially 
identical, and chemically they are still very similar (Demant et al., 
1971; Klein and Shreffler, 1971; Cullen et al., 1972; Demant et 
al., 1973; Snell and Cherry, 1974). Biochemical analysis of 
purified H-2 allo-antigens has revealed only two classes of glyco
proteins, one carrying H-2K specificities, the other carrying H-20 
specificities (Nathenson, 1970). Similar results were obtained by 
Neauport-Sautes et al. (1973) in 'capping' studies on intact 
lymphocytes with fluorescent anti-H-2 sera. Each locus has numerous 
alleles and the antigens determined by each allele evoke, and react 
with, a number of antibodies (Snell et al., 1973). Forty-one 
haplotypes have been detected so far in laboratory strains as well 
as in wild mice. 



Regl2._ns and 
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Loci H-2K lr-L~. Ir-IB Ja-3 Ss-S/p H-2G H-2D Tla I--.- I DI I a I II I a I • I a I .. ..,. • ._,_. I 

H-21A H-21C? H-2W?? 
Traits 

Complement 
H-2 antigens t----i 

Ia antigens ~ 
Hist and CML t---H--i 

MLR determinants 

? 1----t 

1-----? 1----i 

and Gv H t---11-----i 1---fi------?~ ~ 
Ir genes J----1 J---t f---i 

Figure I.l. A schematic diagram of the major histocompatibility 
complex (H-2) in the mouse and associated traits. Some of 
the presently recognized regions and sub-regions and the marker
loci are listed. The bars indicate associattd genetic traits. 
The question marks indicate that no definite position for a 
locus can be determined. 



There are 'private specificities' which are uniquely 
determined by either the H-2K or the H-2D gene. Thus each H-2 
haplotype has two private specificities, one determined by the 
K gene, and one by the D gene (Snell et al., 1971a, b). In 
addition there are 'public specificities' which map as though 
they belong in either the Kor D genes or both (Klein and 
Shreffler, 1971; Stimpfling, 1971). 

The H-2 antigens are found on a variety of cells, including 
erythrocytes, leukocytes, epithelial cells and parenchymatous 
cells of most organs. H-2 typing is usually carried out by sero-
logical tests on either erythrocytes or leukocytes. Mouse 
erythrocytes will agglutinate in the presence of the appropriate 
H-2 antibodies if special diluent media are used. Testing of 
leukocytes is usually carried out by means of cytotoxic tests in 
which lymphocytes, antibody and complement are allowed to react 
together. 
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It should be noted that it is still not clear whether the 
genes controlling the H-2D and H-2K specificities are on a single 
locus or region composed of several loci carrying identical genes, 
or whether the genes are complex regions composed of several loci. 
each responsible for the control of a part of the final number of 
different antigenic specificities produced by the region. 

The knowledge of the H-2 structure is largely based on 
recombinants within the H-2 region. At least thirty-five 
recombinants have occurred in crosses specifically designed for 
H-2 analysis (Shreffler, 1970). The recombination fraction between 
the D and K subdivision of the mouse H-2 system is approximately 
0.5 - 1% (Shreffler, 1967; Festenstein, 1975). These H-2 
recombinations have permitted subdivision of the chromosomal segment 
between H-2K and H-2D and in sorting out various traits to various 
regions of the complex. This chromosome segment between and 



including H-2K and H-20 is termed the major histocompatibility 
complex (MHC) or H-2 complex on the 17th mouse chromosome. 

The MHC in the Mouse (Fig. l .1) 

According to the data available at present, the MHC in the 
mouse is thought to include at least six distinct genes, defining 
six regions or subregions, K, I-A, I-B, I-C, Sand D. Recently, 
another region, the G region has been added, between the Sand D 
regions (David et al., 1975; Klein et al., 1975). Although the 
Tl region has not been formally included as part of the MHC1 it 
will be discussed because it has an important relationship with 
H-2 as it controls similar traits and is very closely linked. 

These various genetic regions or subregions within the MHC 
of the mouse and the marker loci, as depicted in Fig. I.l, will 
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now be discussed as the information derived from them is applicable 
to man. 

The Kand D regions: From the present concept of the 
genetic control of H-2 antigenic specificities it can be assumed 
that there are two regions, H-2K and H-20. Most of the traits 
ascribed to the Kand D regions are probably controlled by single 
H-2K and H-2D genes, whose products are probably cell-membrane 
proteins and are the classic H-2 antigens. These H-2 antigens 
detected by serological tests, are also referred to as sero
logically defined (SD) antigens and are situated at the left and 
right ends of the MHC respectively. 

The strong graft rejections associated with the MHC of the 
mouse have always been attributed to the serologically detected 
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antigens. However, this view has been questioned by some authors 
(Amos, 1971; Bailey et al., 1971), and the evidence of Boyse et 
al. (1972) who defined the H(Tla) (see Tl region) and of Klein et 
al. (1974a) defining H-21 (see I region) indicates that graft 
rejection can be mediated by non-H-2K, non-H-2D genes, which are 
associated with the MHC but whose products are not serologically 
defined. Shreffler and David (1975) in a review concluded that 
it seems very likely that the H-2K and H-2D gene products as 
detected serologically are also histocompatibility antigens, but 
conclusive proof is still lacking. 

The Kand D regions also play some role in the control of 
the mixed lymphocyte culture reaction, cell-mediated lymphoolysis 
and the graft-versus-host reaction that will be discussed in more 
detail in Part II of this Chapter. 

The I region: There has been much confusion about the 
genetic interpretation of the I (immune response) region and 
although varying numbers of subregions have been suggested by 
different groups (Sachs et al., 1975; Dorf and Benacerraf, 1975), 
there is presently only good evidence for two subregions I-A and 
1-C and possibly a third, the I-B region as depicted in Fig. l .l 
(Klein and Hauptfeld, 1976; Shreffler et al., 1976). The 
experimental evidence for these subregions will now be discussed. 

The I region in the central segment of the mouse MHC is of 
particular interest because during the last few years it has 
become apparent that it plays a major role in numerous immunological 
phenomena including genetic control of immune responsiveness, mixed 
lymphocyte and graft-versus-host reactions, graft rejection, and 
cellular interaction in the immune system (Shreffler and David, 
1975). Much effort has been put into the identification of the I 
region gene products as understanding of the nature and inter
relationships of these reactions depends to a large extent on 



knowledge of the molecular entities involved. 

The immune response-1 (Ir-1) gene, was first described by 
McDevitt and Sela (1967). It controls the immune responsiveness 
to a series of branched synthetic polypeptide antigens, and is 
situated between the H-2K and Ss-Slp loci (McDevitt et al. ,1972). 

Experiments by Lieberman et al. (1972) on a recombinant 
strain led to the division of the I region into two subregions 
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I-A (formerly called Ir-1 and I-8 (formerly called Ir-IgG). From 
further studies it now seems likely that there must be at least 
three distinct Ir genes in the I region, dividing it into the I-A, 
I-8 and I-C subregions (Snell et al., 1976). However, it must be 
emphasized that the definition of the I-8 subregion, by its 
responses to the Ir-IgG (Lieberman et al., 1972), Ir-LDH8 (Melchers 
et al., 1973) and Ir-Nase (Lozner et al., 1974) hinges upon a 
single H-2 recombinant 810.A (4R), which behaves strangely in every 
respect (Klein and Hauptfeld, 1976). Therefore most authors in 
this field have reserved judgement about the existence of the I-8 
subregion. 

When several pairs of recombinant strains differing only in 
the I and S regions became available, a number of laboratories 
produced a variety of different antisera that reacted with cell
membrane allo-antigens, genetically controlled by the I region -
now referred to as Ia for irrnnune associated (David et al., 1973; 
Gotze et al., 1973; Hauptfeld et al., 1973; Hammerling et al., 
1974; Shreffler et al., 1974). Simultaneously Sachs and Cone 
(1973) were able to identify Ia antigens with conventional anti-H-2 
sera by making them Ia-specific after absorption with H-positive/Ia 
negative cells from syngeneic animals. All Ia specificities seem 
to fall into the I-A subregion except for three different Ia 
specificities from eight different recombinants which defined the 
new 1-C subregion. From recent experimental data presented by 
Shreffler et al. (1976) it appears that no known Ia determinants 
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are controlled by the I-8 subregion. These Ia antigens have a 
different tissue distribution from the H-2K and H-2D antigens, 
being present mainly on B cells, but also on some T lymphocytes, 
sperm macrophages and epidermal cells. They are heterogeneous in 
function and some may also by lymphocyte ~ctivating ieterminants 
{Lads) (Festenstein, 1975). 

Shreffler and David (1975) emphasized that the Ir genes that 
map in I-A and I-B subregions are not necessarily the same genes 
that control other traits mapped in the same subregions. Some of 
these other reactions, like the mixed lymphocyte and graft-versus
host reaction, where the I region appears to be implicated will be 
discussed in Section II of this Chapter. As shown in Fig. I.l, the 
existence of a strong histocompatibility locus within the I region, 
designated H-21 (now called H-21A or H-2A) has also been postulated 
(Klein et al., 1974a) and at least one, but more likely, two weak 
loci (H-21C and H-2W) (Klein and Hauptfeld, 1976). 

The S region: The Ss (serum serological) and Slp (sex-limited 
protein) genes in this region are located between the H-2K and H-2D 
loci. These determine quantitative and allotypic variations in 
serum S globulin (Shreffler and Owen, 1963; Passmore and Shreffler, 
1970; DJmant et al., 1973). Studies by Demant et al. (1973) have 
shown that genes in the Ss-Slp region are also involved in the 
control of the complement level. The S region thus far appears not 
to be involved in control of cell-membrane allo-antigens, histo
compatibility factors or immune responses. 

The G region: The best-established locus between the Sand 
D regions of the mouse MHC is the H-2G locus. This locus is defined 
by specificity H-2.7 (David et al., 1975; Klein et al., 1975). 
H-2.7 is unique among H-2 specificities in that it is much more 
abundant on red cells than on lymphocytes. 
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Evidence concerning the association of any histocompatibility 
effect with the G region is ambiguous. Loci determining a weak 
mixed lymphocyte response may also be located in the G region. 
It is interesting to note that in the HLA as well as the H-2 
system there is a third locus with some resemblance to the major 
cell-membrane allo-antigen determining loci. 

The Tl region: This region is marked by the Tla locus 
(_!.hymus and _leukaemia ~ntigens) which controls allo-antigens 
expressed on thymocytes of some strains and on cells of some 
leukaemias (Old et al., 1963). It maps on the right side of the 
H-2D region and is linked to this region (Boyse et al., 1964) 
so that Tla incompatibility frequently accompanies H-2 incompati
bility. Boyse et al. (1972) in skin-graft experiments between two 
pairs of congenic strains, differing only in the Tl region 
demonstrated the presence of a gene or genes, denoted H (Tla), 
determining antigens in the Tl region. It was subsequently 
confirmed by Demant and Graff (1973). 

Non-H-2 Systems 

Very little is known about the loci controlling weak 
transplantation antigens in species other than the mouse. In 
general the H-2 immunity is much easier to induce and detect than 
non-H-2 immunity. Also, the H-2 immunity is usually much stronger 
than the non-H-2 immunity, as manifested by the speed of onset and 
vigour of the response. Non-H-2 differences may, however, be the 
explanation for the rejection of skin grafts exchanged between 
mice strains which have the same H-2 genotype. Through the use of 
congenic strains it has been reported that there are ten non-H-2 
autosomal H-loci and there are sixteen others under investigation 
(Graff and Bailey, 1973). At each of these non-H-2 loci, varying 
numbers of alleles have been found. Whereas serological techniques 
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can be applied in H-2 typing, histogenetic techniques have been 
necessary for typing non-H--2 alleles. i~hen donor and host 
strains differ by H-2 plus non-H-2 loci the humoral response is 
quite strong. The response is usually somewhat weaker when the 
donor and host differ only at the H-2 locus (Snell, 1970). The 
production of antibodies to non-H-2 antigens has been reported 
only sporadically (Winn et al., 1958). In recent investigations 
non-H-2 antibodies in low titres have been demonstrated by 
haemagglutination (Cantrell and Hildemann, 1973). 

(ii) Leukocyte Antigens in Man 

As mentioned before, transplantation antigens seem to be 
present on leukocytes, and this observation led to the study of 
these cells and the major human transplantation system, the HLA 
system (HLA - !i_uman !:_eukocyte, locus~). It was found that the 
HLA-A and B antigens are not only present on leukocytes and 
platelets, but on all nucleated cells and that they are determined 
by genes situated on a pair of autosomal chromosomes, C6 which 
carries the MHC in man (Westerveld et al., 1973). 

Leukocyte and platelet antigens which are independent of 
the HLA system are known, but these systems do not seem to be 
involved in transplantation. Most of the emphasis in this study 
is placed on the HLA system and its antigens, which are the sero
logically defined (SD) antigens and the lymphocyte defined (LO) 
determinants which lead to lymphocyte activation either in vitro 
(MLC test) or in vivo. 

HLA The Major Histocompatibility Antigen System in Man 

In 1954 Dausset investigated sixty cases with leuko
agglutinating antibodies and found that 90% of these had received 
multiple transfusions. He concluded that transfusions might play 
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an important role in the development of these antibodies. This 
has been confirmed by many workers, and it is now generally 
accepted that leukocyte antibodies may be formed after multiple 
transfusions as an immunological response directed against 
foreign iso-antigens on the leukocytes in the transfused blood. 
Dausset suggested that these antisera could serve for serotyping 
of H antigens in humans. 

In 1958 Payne and Rolfs as well as Van Rood et al. (1958) 
independently showed that iso-antibodies may also be formed 
against leukocytes during pregnancy. At least 10-40% (depending 
on technique used) of women with multiple pregnancies form 
antibodies against leukocytes. These antibodies are found to be 
directed against antigens present on leukocytes of the husband 
and are formed by the mother as a response to foreign foetal 
antigens. Leukocyte antibodies may also develop after experimental 
and clinical grafting of skin and organs. 

The first leukocyte antigen detected by allo-immune human 
sera was described by Dausset (1958). He found that sera from 
seven out of twenty-seven polytransfused patients showed more or 
less the same agglutination pattern when tested against a panel of 
leukocytes. Leukocytes from the seven patients were not aggluti
nated by their own serum nor the serum from the other six patients 
in this group, and Dausset concluded that they lacked the same 
antigen which he called MAC. He also reported that monozygotic 
twins showed identical agglutination patterns when examined with 
different leukocyte antisera, but dizygotic twins did not. 
Leukocyte antigens therefore seemed to be genetically determined, 
and this was proved by family studies (Payne and Rolfs, 1958; 
Van Rood et al., 1959). 
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The first leukocyte group system was described by Van 
Rood in 1962, when he introduced computer techniques in this 
field. On the basis of the chi-square values, a computer 
programme helped to select sera with highly similar reaction 
patterns. Three sera were found to give agglutination patterns 
which were significantly similar but not identical. From this 
it was concluded that the strong association between these 
three sera was caused by the sera sharing one or more antibody 
component. These antibodies were called anti-4a. In addition, 
five other sera with similar but contrasting distribution to 
the three 4a antisera were found, thus suggesting that the anti
gens 4a and 4b possessed by the individual reacting with the 
respective antisera might be determined by alleles. Family 
studies (Van Rood and Van Leeuwen, 1963) confirmed this and 
showed that the 4a and 4b genes were inherited as simple Mendelian 
autosomal co-dominant alleles. The system was called Leukocyte 
Group Four. 

In the years 1964-1967 this approach helped to define a 
number of leukocyte antigens in different laboratories (Table 1.2) 
(Kissmeyer-Nielsen and Thorsby, 1970). Dausset et al. (1965) 
described ten leukocyte antigens (l-10). On the basis of 
significant positive and negative correlations between the respec
tive sera and defined antigens, it was concluded that the ten 
antigens described belong to one complex genetic system which was 
named Hu-1. 

In 1965 it was demonstrated at a serological workshop in 
Leyden that some of the antigens identified by different workers 
were closely related but none of the sera gave completely identical 
results (Histocompatibility Testing, 1965). At a later workshop 
arranged in Torino in 1967, it was found that many antisera gave 
identical results against the cell panel. In addition, results 
obtained at the workshop and data presented by three groups of 
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TABLE 1.2 

HL-A NOMENCLATURE AS SUGGESTED BY THE NOMENCLATURE COMMITTEE IN 1968 AND PREVIOUS DESIGNATIONSa 
(From Kissmeyer-Nielsen and Thorsby, 1970) 
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workers (Ceppellini et al., 1967; Dausset et al., 1967; Van 
Rood et al., 1967), showed that most of the leukocyte antigens 
are determined by closely linked genes at one chromosomal 
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region. Following the recommendation of the WHO Nomenclature 
Committee in 1968, this was called the HLA locus (!i_uman 
!:_eukocyte locus A). It is probably the major h·istocompatibil ity 
system in man which is comparable to the H-2 system in the mouse. 

Great confusion has been caused by the different nomenclatures 
used by the various workers in the field. At the Torino Workshop 
in 1967, the Nomenclature Committee was appointed, and in 1968 
they put forward the view that the factors typed for should be 
indicated by a number following the symbol for the system, e.g. 
HL-Al, HL-2, etc. 

Table I.2 shows the correlation between this nomenclature 
and the previous 'local I designations at the time. HL-Al, HL-A2 

and HL-A3 belong to the LA series of antigens first described by 
Payne et al. (1964). In 1969 Dausset et al. named this series 
the First series of HL-A antigens. Many more alleles have since 
been found to belong to this series of the HL-A system. In 1973 

Botha and his co-workers reported a new antigen within this 
complex, BK (now named HLA-AW43). This antigen appears to be 
unique among Southern African and hybrid populations partly 
derived from them. It has been demonstrated in our laboratory in 
Khoikhoi Nama, Central !Kung (San), Cape Coloureds, two Negroid 
populations, Xhosa and Dama, and two unrelated South African 
Caucasoid individuals (Botha et al., 1973, 1975a, b; Nurse et 
al., 1975). So far it has not been reported in any other popu
lation group in the world. 

HL-A5, HL-A7 and HL-A8 belong to the Four series of antigens 
described by Van Rood et al. (1967). This series was called the 
4A/4B series and the 4/6/7 series by Ceppellini et al. (1967). 



The antigens 7c and 7d of Van Rood's original Seven series of 
antigens are closely related to HL-A7 and HL-A8. Several 
more alleles have been found to belong to the Four series, 
called the Second series of HL-A antigens by Dausset et al. 
{1969). 

The MHC in Man {Fig. l .2) 

18 

Almost two years after the commencement of this study, the 
term major histocompatibility complex {MHC) was introduced by 
Bach {1973) to include the genetic information carried by the 
entire chromosomal region responsible for histocompatibility. 
He also suggested the terms serologically defined (SD) and lympho
cyte defined (LO) on the basis of the current methods of detection 
of these genes. More recently serological techniques have been 
described by Van Leeuwen et al. (1973) and others, which appear 
to define the LO antigens. For many years prior to this the HLA 
system, consisting of the LA (or locus A) and the Four (or locus 
B) series of antigens, and the H-2 system, were the only known 
instances of the histocompatibility systems in man and the mouse. 

The MHC of man, which has its analogue H-2 in the mouse 
and also in many other species, is now known to contain many genes 
controlling cell surface determinants, immune response differences, 
some components of the complement system (in man C3 pro-activator 
{Bf), C2 and probably C4) and perhaps other related functions 
connected with the general cell-cell recognition (Bodmer, 1975). 

As a result of the increasing number of loci being defined 
in the region, the WHO Nomenclature Committee which met in Aarhus, 
Denmark, in June 1975, after the Sixth Histocompatibility Workshop, 
recommended the following : 



i) HLA (the hyphen previously used in the 
designation of the HLA system has been 
dropped in order to minimize the number 
of symbols required to define loci and 
specificities of this system) should be 
the name given to the whole MHC region 
on chromosome 6. 

ii) The individual loci within it will be 
ca 11 ed :-

Locus A (formerly LA or first or SD-I 
locus) 
Locus B ( formerly the FOUR or second 
or SD-2 locus) 
Locus C (formerly the AJ or third or 
SD-3 locus) 
Locus D (formerly MLC-I or Major MLC 
locus or LO-I). 

iii) The probable order of these four loci is: 

D, B, C and A as shown in Fig. l .2. 

iv) New loci of the HLA region will be named 
accordingly as they become clearly identified 
(Bodmer, 1975). 
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Gene map of ma',or histocompat~bil~ty complex (MHC) in man.. 
LO-J SD-2 so-~ LD-2 SD-1 
MLC l. HLA 3. HLA MLC 1. HLA 
Major (Four) (AJ) Minor(?) (LR) 
Loe.us D Locu5 B locus C Locus A 

figure 1.2. 

Ir(?) 

A schematic concept of the HLA region. The 
probable order of the loci is given. The Ir 
genes and the ones predisposing for certain 
diseases are thought to lie in the region 
between the D locus (Major MLC) and the B 
locus but its exact position is still not clear. 

HLA-A, B, and C loci: The antigens at these three 
loci are serologically identifiable and are also known as 
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SD antigens. Two segregant series of HLA antigens - those 
of locus A and locus B - have been known to exist in man for 
some time, and therefore most of the earlier work on the HLA 
system includes only the antigens of the A and B loci. The 
possibility of a third segregant series of HLA antigens on 
the AJ or SD-3 or the C locus, closely associated with the B 
locus, was suggested as early as 1970 by Sandberg et al., and 
later confirmed by Svejgaard et al. (1972). As a result of 
the Sixth Workshop in Aarhus, locus C is now serologically 
well defined. 

Each chromosome thus carries information for one A, one 8, 
one C and one D alternative allelic antigen. Such a set of 
antigens jointly transmitted by the same parental chromosome is 
called a haplotype, and each nucleated cell definitely carries 
the information for four antigens belonging to the A and B loci, 



and probably also two for the C and two for the D loci. 
Family studies have proved that the A and B antigens are 
determined by alleles and inherited as co-dominant traits, 
i.e. both antigenic specificities belonging to one series 
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are expressed in the heterozygote (Svejgaard et al., 1970). 
When less than four antigens are recognized in an individual, 
this is due to homozygosity and/or the presence of antigens 
which cannot be recognized by the available antisera. 

Recent genetic data from the Sixth Histocompatibility 
Workshop, on the C locus specificities, suggest that the 
same may be true of them. Table A shows the nineteen antigens 
of the A locus, twenty of the B locus, and five of the C locus 
which were recognized by the 1975 Workshop sera (WHO, 1975). 
In the majority of families the HLA (loci A, Band C) 
haplotypes are handed on unaltered to offspring, but several 
cases of crossing-over between the A and B loci series have 
been described (Kissmeyer-Nielsen et al., 1969; Dausset et al., 
1970; Bodmer et al., 1970; Mayr and Mickerts, 1971; 
Eijsvoogel et al., 1972c). In 1971 Svejgaard et al. collected 
data from 309 families which yielded information on linkage 
between the A and B segregant series of the HLA transplantation 
system and calculated a recombination fraction of 0.8%. Recombi
nations may account for a number of unexpected HLA-A, B typings 
when studying families. 

Recently a few instances of recombination of the C locus 
with the A and B loci have been reported. In eight of these 
recombinations, the C locus antigen followed the antigen of the 
B locus during the crossing-over event, and in two the C and A 
series antigens stayed together (Belvedere et al., 1975; Staub
Nielsen et al., 1975). These data and the observation that in 
chromosomes derived by crossing-over between the A and B loci 
antigens, the C locus antigens usually segregate with the B 



locus, suggest that the Band C loci are close to each other. 
As previously stated, recombination is a relatively rare 

event, but when considered at a population level, it could 
account for all possible haplotypic combinations between the 

alleles of the A and B loci (Ceppellini and Van Rood, 1974). 

Despite the fact that crossing-over is known to take 
place between various HLA loci, some HLA alleles can be found 
together on the same haplotype with a much higher or lower 

frequency than expected from the gene frequency of the alleles 
in any given population. This phenomenon is called linkage 

disequiZibriwn and is frequently noticed within the HLA 
system. This genetic association or linkage disequilibrium 
is usually expressed as a delta value (Li) that is defined as 
the difference between the observed haplotype frequency and 
that expected from the product of the gene frequencies 

(Mattiuz et al., 1970). The delta values for the different 
combinations of alleles vary considerably from population to 

population. For instance, in our laboratory among South 
African Caucasoids, the highest delta value is found in the 
HLA-Al, B8 haplotype; in the Xhosa (a Southern African Negroid 
population) in the HLA-AW30, BW42 haplotype; and in the Cape 
Coloureds the HLA-AW24, BW40 haplotype. The reason for these 
associations is unknown. 

Using twenty antigens at the A locus and twenty-one 
antigens at the B locus (one blank allele is counted at both 
the A and B loci) we calculated that 20 x 21 = 420 haplotypes 
may exist, the majority of which have actually been observed. 
It can thus be calculated with the formula: 

Genotypes= h (h+l), where h = number of haplotypes, 

2 
that 88,410 genotypes and 48,510 phenotypes can be found. 
The frequencies range from 1% for the most common (e.g. Al, 
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B8/A3,B7 in Caucasoids) to extremely rare haplotypes with 
frequencies of 0.01%. These high frequencies illustrate the 
problem in selecting unrelated individuals, who are identical, 
for clinical transplantation. This has become an even greater 
problem as the number of antigens and the loci involved are 
now known to be much larger. Among siblings however, the 
likelihood of finding an HLA-A, B identical is 25% because 
only four different genotypes can be found, excluding the rare 
occurrence of crossing-over. 

The study of families with recombinants has provided 
important information about the relative importance of the 
particular parts of the MHC with regard to the outcome of 
transplants. 

MLC determinants and the D locus: The mixed lymphocyte 
culture (MLC) reaction is measured by the proliferative 
response when the lymphocytes of two unrelated individuals 
who are HLA-A, B non-identical are cultured together. In 
1972 in studies with Eijsvoogel we showed that there are 
probably two MLC loci in man (Fig. 1.2). These loci carry 
determinants identified by the mixed lymphocyte culture {MLC) 
test (Eijsvoogel et al., 1972a, b). Although the term locus 

will be used for both the Major MLC locus (or HLA-D locus) 
and the 'minor' MLC locus, it must be emphasized that it is 
still not clear whether this corresponds to one structural 
gene locus or a cluster of very closely linked loci. 

The Major MLC locus, LD-I, now called the D locus, is 
a strong locus which maps outside the HLA-A, Band C regions 
of the MHC, and the 'minor' MLC locus or LD-2 is a much weaker 
locus, closely linked to the A locus. In man the D locus is 
closely linked to, but outside, the B Locus, whereas in the 



mouse the strong MLC locus (or loci) in the I region is also 
close to H-2K, the analogue of HLA-8 in man but probably 
inside the H-2K and H-20 regions. 
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Following the discovery that the determinants of the 
MLC reaction were controlled by one or more loci that were 
genetically separable from the A and B loci although closely 
linked to them, a number of laboratories clearly established 
that it was possible to use MLC reactions to a set of 
specially selected lymphocytes to define MLC determinants, 
i.e. to do 'MLC typing' (see Methods). Family and population 
data presented at the Sixth International Histocompatibility 
Workshop also suggested that there are six weli-defined D 
locus determinants, and possibly two others not so well defined 
which behave as if controlled by a series of alleles at this 
locus (Table A). It was also clear that new information will 
probably lead to 'splitting' of these MLC determinants and 
possibly of the D locus itself as in the case of the sero
logically defined specificities of the A, Band C loci. The 
strong linkage disequilibrium between the D and B loci alleles 
was confirmed (Bodmer, 1975). 

Ir region: The immune response genes (Ir genes) and 
those predisposing to certain diseases are thought to lie in 
the region between the Band D loci in man, as shown in Fig. 
1.2. Nearly all associations so far observed between disease 
and HLA primarily concern B or D series determinants, whereas 
the association with A and C series antigens is secondary. 
This Ir region was first described in the mouse where it lies 
between the H-2K and H-20 loci. 
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At the Sixth International Workshop on Histocompatibility 
Testing in Aarhus, a number of laboratories using different 
serological techniques described Ia-type specificities in man. 
These Ia antigens differ from the HLA-A, Band C antigens in 
having a tissue distribution that is relatively specific, 
being present mainly on 8-lymphocytes and rarely on T-lympho
cytes. Initial studies on Ia specificities suggest that this 
is a complex and polymorphic system, and their significance 
for clinical transplantation and disease association may be 
of utmost importance. 

Clinical Significance of Leukocyte Matching in Man 

With the advent of hwnan organ and skin transplantation, 

much interest was aroused in the further study of HLA-A, B 
typing and its effect on the clinical outcome of transplantation. 

In 1970 Kissmeyer-Nielsen and co-workers said: 

11 The HLA system seems to be the only genetic system 
(besides the ABO system) which has major influence 
on human transplantations ... other alleles determining 
antigens with decisive influence on human transplant
ations must - if they exist be closely linked with the 
LA and FOUR series ... This important statement was 
based on the following observations : 

1. Prolonged survival of skin grafts between HLA 
identical siblings; 

2. uniformly good results of kidney transplantation 
between such siblings; and 

3. lack of stimulation when mixed lymphocyte cultures 
are performed between LA- and FOUR-identical 
s i b 1 i ngs. 11 

(Kissmeyer-Nielsen et al., 1970, 

p. 105) 
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Reports from some other centres also gave encouraging 
results with regard to HLA-A, B matching and transplantation 
of kidneys or skin in siblings and to a lesser extent in 
transplant programmes using unrelated donors (Batchelor et 
al., 1971; Morris et al., 1971). 

However, in America, Terasaki and co-workers did not 
find a good correlation, and they cautioned transplanters 
to view their results with reservation. 

11 In order for decisive correlation to be obtained 
with any system of matching, it would be expected 
that incompatibility would consistently cause 
failure, and that uniform compatibilities would 
assure success. Obviously, neither premise has 
been completely fulfilled. Successful transplantation 
has often been achieved, despite frank antigenic 
mismatches. There have even been numerous instances 
of proven or probably multiple incompatibilities 
with an excellent result .... In addition it is 
necessary to explain failures despite apparently 
good HLA matches. The presence of such cases in 
every large series means that other factors may 
significantly effect the results after renal trans
plantation. These could include other antigens 
within or outside the HLA system, surgical technical 
considerations, and original host disease to mention 
only three. Consequently, while good HLA matching 
should be a desirable condition in performing organ 
transplantation, the HLA system may only be the tip 
of an enormous and as yet poorly understood biological 
iceberg." 

(Halgrimson et al., 1971, p. 144) 

It became evident to many that the clinical outcome 
of renal transplants from live donors to related family 
recipients correlated well with the closeness of the HLA-A, 
B match, but the value of HLA matching in unrelated transplants 
was not clear. Oliver and Van Rood independently showed 
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that the B locus incompatibilities of the HLA system have 
a more important role in graft rejection than those of the 
A locus, especially in individuals with circulating anti
HLA antibodies (pre-immunized individuals) (Oliver et al., 
1972; Van Rood et al., 1973). In the mouse the H-2K end 
of the H-2 system had also been found to play a dominant 
role in skin-graft rejection (Demant and Nouza, 1971; 
Klein, 1972). 

In spite of the evidence for the important role 
HLA-A and HLA-B antigens played in vital organ graft 
survival, especially in related transplants, it became clear 
that HLA matching was not the full answer to histocompati
bility because even HLA identical sibling transplants still 
require immunosuppression. 

Conclusion 

l. Because other loci within the MHC must also 
determine strong histocompatibility antigens 
and because of close linkage, these loci will 
almost always be identical in HLA identical 
siblings. 

2. Loci outside the MHC may influence graft 
survival which may explain rejection between 
HLA identical siblings. 



II DETERMINANTS WHICH CONTROL CELLULAR IMMUNE REACTIONS WHICH 
CANNOT AS YET BE RECOGNIZED SEROLOGICALLY TN VITRO 

These determinants should not be called antigens as long 
as it has not been conclusively shown that they can elicit a 
specific immune response either in vivo or in vitro. For 
many years the HLA-A and HLA-B, and the H-2 antigens were the 
only known products of the major histocompatibility complex 
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in man and the mouse. It was only after the description of the 
mixed lymphocyte culture (MLC) test by Hirschhorn et al. (1963) 
and Bain et al. (1963, 1964) that several investigators tried 
to demonstrate a relationship between the mixed lymphocyte 
reaction (MLR) phenomenon and histocompatibility. 

The first indication of association between MLR and 
the MHC in the mouse was reported by Dutton (1966), using 
congenic strains. In man, it was shown that stimulation in 
the MLR was primarily due to the antigens of the A and B loci 
of the HLA system (Amos and Bach, 1968). These findings 
suggested that the in vitro parallel of graft rejection was the 
genetically controlled MLR phenomenon, caused by differences 
of the major histocompatibility chromosomal region. Since 
MLC activation in mice is dependent on differences in the MHC, 
it was assumed that the classical H-2 antigen differences were 
responsible for the stimulation. 

However, Rychl1kova et al. (1970, 1971) demonstrated 
that the major H-2-associated MLR stimulation was due to 
differences controlled by the K-end of the mouse MHC. Further 
analysis of intra-H-2 recombinants showed that K-end differences 
stimulated almost as strongly as complete MHC differences, but 
0-end differences stimulated weakly or not at all. However, 
at about the same time Yunis and Amos and others suggested 
that the determinants of the MLC reaction in man were controlled 



by one or more locus genetically separable from the A and 
B loci, although closely linked to them (Yunis and Amos, 
1971; Yunis et al., 1971). These developments stimulated 
additional research, including this study, to localize the 
MLC determinants more precisely in man. 

It has now been determined, by our studies with 

Eijsvoogel, in collaboration with others, that the strongest 
MLC response in man is caused by a separate locus (now 
called the D locus) distinct from the A and B loci (Eijs
voogel et al., 1972a, b,c), and a weaker response by the 
'minor' MLC locus (see gene map of MHC in man, Fig. l .2) 

(Eijsvoogel et al., 1972a, b; Mempel et al., 1973a). The 
experimental evidence for this will be presented in more 
detail later in this thesis. From the discussion in the 

section on MLC studies in the mouse, it will become clear 
that new recombinant congenic strains of mice were of 
particular importance for the genetic resolution of the MLC 
determinants in the mouse. 

Several authors have recently suggested that the 
allograft response can be divided into at least two phases: 
an initial sensitizing phase of allograft reaction, when 
competent (T) cells react to foreign histocompatibility 
antigens on the transplanted tissue by proliferation and 
differentiation; and a late destructive phase in which the 
graft is rejected. The in vitro parallel of the former is 
the MLC reaction and of the latter the cell-mediated 
lympholysis (CML) test. The CML test was first described by 
Lightbody et al. (1971) and based on observations by Hirsch
horn et al. (1965) and Solliday and Bach (1970). 
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In the CML test normal lymphocytes (e.g. ~) are 
sensitized (because of differences at the MLC loci) by 
Mitomycin-C-treated stimulating cells (e.g. ~m) in a 
one-way MLC. After 6-10 days effector cells are produced, 
which can specifically kill freshly prepared 51 cr-labelled, 
tumour or phytohaemagglutinin (PHA) blast (target cells) 

syngeneic to the MLC stimulating cell~' provided there are 
HLA-A and B incompatibilities between them. The amount of 
51 cr released from the cells, expressed as a per cent of 
maximal release, is a measure of the amount of cytotoxicity 
which has taken place (Hayry and Defendi, 1970; Svedmyr and 
Hodes, 1970; Hayry et al., 1972). 

The results obtained using the MLC and CML tests have 
given further information regarding the genetic structure 
of the MHC in man and the mouse. Although there are minor 
differences between the findings in the two species, the 
same general principles are applicable to both. These findings 
will be discussed in this Chapter. 

The so-called graft-versus-host (GvH) reaction occurs 
when competent lymphoid cells are transferred from a donor 
to a recipient who is unable to reject them. These grafted 
cells survive and have time to recognize the host antigens 
and react immunologically against them. Instead of the 
normal transplantation reaction of host-versus-graft, the 
reverse takes place, the so-called GvH reaction. 

In young mice there can be inhibition of growth 
(runting), splenic enlargement and haemolytic anaemia (due 
to the production of antibodies to red cells). In the human, 
anaemia, fever, weight loss, diarrhoea, rash and splenomegaly 
are seen. The stronger the transplantation antigen 
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differences, the more severe the reaction will be. The regions 
on the MHC of man and the mouse that appear to be responsible 



for the GvH reaction will be discussed later in this 

Section. 

Mixed Lymphocyte Culture (MLC) Reactions 

The MLC test is one measure of MHC disparity (Widmer 

et al., 1973a). When lymphocytes from two unrelated mice 

or individuals are mixed in vitro, a proliferative response 

is usually observed (see Methods for details of test). 

(i) MLC Studies in the Mouse 

In the mouse three separate genetic systems, alleles 

of which segregate independently from one another, have 

been shown to cause stimulation in culture if different 

in two animals. The most important is in the I region of 
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the MHC. The second region which is not linked to H-2 and 

the MHC, the Mls (originally M) locus, has been demonstrated 

by Festenstein et al., 1971, 1972, 1974) (see below for 

further details on the Mls locus). The third region which 

carries the theta (e) antigen, an antigenic marker on thymus

dependent lymphocytes of the mouse, also appears capable of 

introducing MLC activation (Peck et al., 1973). 

The evidence for the existence of MLC loci separate 

from the HLA-A and HLA-B loci in man led to a search for 

similar separability of the mouse MLR determinants from the 

determinants of known H-2 antigens by Bach et al. (1972a, b) 

and Meo et al. (1973). Their results suggested that the 

major (but not only) MLR stimulation by the MHC was controlled 

by the I region of the complex. (In the studies of 

Rychl1kova et al. (1970, 1971) previously mentioned, the 



K-end differences had also included I region differences). 
More recently Shreffler and David (1975) concluded from 
studies of mice with a recombinant haplotype derived from 
a cross-over within the I region, that the most likely 
location for the strong MLR deterrninant(s) is the I-A 
subregion and that the H-2K locus serves as a serological 
marker for this strong MLC locus. 
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Attention must once more be drawn to the analogy with 
the D locus in man, but there may be one important difference: 
unlike in man, the strong MLC locus in the mouse may be 
located inside the H-2K and H-2D region. Current genetic 
data indicate that the K region, the D region, a site on 
one or the other side (or both sides) of the S region, and 
possibly, a discrete site (weak) the G region, positioned 
between the Ss and H-2D loci of the MHC play relatively minor 
roles in MLR stimulation, although quite frequently 
differences in these regions yield statistically significant 
stimulation (Shreffler and David, 1975). The information 
concerning the MLR in the mouse, is summarized in Fig. l .1 
in the column marked MLR determinants and GvH. 

It should be stressed that there is no evidence either 
for the strong I region-associated or the weak K, D and S 
region-associated MLR stimulation, whether one is dealing 
with a single locus or several loci. 

Similar to the superiority of K-end incompatibility 
over the D-end incompatibility in the MHC of the mouse is 
the superiority of incompatibility at the chromosomal 
segment bearing the B locus over the incompatibility at the 
chromosomal segment bearing the A locus in man (Eijsvoogel 
et al., 1972a, b). 



A single genetic region known as the Mls (mouse 

minor MLC-stimulation)Zocus, independent of the H-2 
and other histocompatibility loci, has been demonstrated 
in the mouse (Festenstein, 1966, 1970, 1973, 1974, 1975; 
Festenstein et al., 1972). This locus is polymorphic and 
was detected and characterized because of its strong 
lymphocyte activating properties. It has four co-dominant 
determinants M1 to M4. At present these Mls locus deter
minants are not serologically detectable. The Mls locus 
behaves as a single gene complex, or linkage group, and 
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it is not yet known whether it is the first detectable 
marker of an undiscovered linkage group. The tissue 
distribution of Mls locus gene products has not been 
established, but present evidence is that they are present 
on lymphcytes but not on erythrocytes (Festenstein and 
Demant, 1973). Studies by these authors have also shown 
that there are no gross allogeneic effects of the Mls locus 
on skin graft, heart-muscle graft, spleen-cell transplanta
tion, allogeneic bone-marrow transplantation, parabiosis and 
tooth-germ transplantation. 

{ii) MLC Studies in Man 

The first indication that MLC activation is induced 
by genetically determined factors in humans was the lack 
of MLC reactivity between lymphocytes of monozygotic twins 
found by Bain and Hirschhorn (Bain et al., 1963; Bain and 
Lowenstein, 1964; Hirschhorn et al., 1963). 

The position of the genes responsible for eliciting 
MLC reactivity was thought to be in the same chromosomal 
region as the A and B loci when Amos and Bach (1968) and 
later others (S~rensen and Kissmeyer-Nielsen, 1969; 
Schellekens et al., 1970) showed that lymphocytes from HLA 



identical siblings scarcely ever show MLC stimulation. 
In 1971 Yunis et al. first proposed that the MLR 
stimulation in man ·is mediated by a genetic determinant 
closely linked to the A and B loci, but distinct from 
them, and separable by recombination. Findings by 
several workers have since built up evidence to support 
this:-

l. Cases of MLC stimulation between HLA-A and B 
identical siblings have been reported (Amos and 
Bach, 1968; Eijsvoogel et al., 1970, 1972a; 
Yunis and Amos, 1971; Mempel et al., 1972). The 
frequency of such anomalous responses is about 
one per cent. 

2. Cases of non-stimulation in MLC between HLA-A 
and B non-identical siblings were found by us 
(Eijsvoogel et al., 1972a, b) and others (Dupont 
et al., 1971; Mempel et al., 1972). 

In line with these findings are the following observations: 

Only a few cases of non-stimulation between HLA-A 
and B non-identical unrelated individuals have 

been reported (Pentycross et al., 1972; Mempel et 
al., 1973a, b). 

There is a relatively low frequency (10%) of non
stimulation between HLA-A and B identical unrelated 

individuals fijsvoogel et al., 1970; S~rensen and 
Staub-Nielsen, 1970; Sengar et al., 1971; Mempel 
et al., 1973b). 
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In 1971 Yunis and Amos reported a family in which 
recombination between the A and B loci and an MLC locus 
appeared highly probable (Yunis and Amos, 1971 ). However, 
the proof that MLC reactivity is determined by a region 
or locus distinct from the known HLA-A and B loci, outside 
the A B interval on the side of the B locus, was 
obtained in family KA we studied together with Eijsvoogel 
and co-workers which will be presented in Chapter Seven 
in more detail. 

In studies performed by us (Eijsvoogel et al., 
1972a, ~) a weak but not completely negative response was 
observed in four out of twelve sibling combinations differ
ing only for an HLA determinant. If these reactions are 
also caused by structures other than the A locus, a second 
or 'minor' MLC locus (loci) situated between the A and B 
loci may exist as outlined in Fig. 1 .2. The genes of this 
'minor' MLC locus might either stay together with the 
corresponding gene of the D locus (and of the B locus) 
depending on the point of crossing-over in the chromosomes, 
resulting in an absence of stimulation; or stay with the 
corresponding gene of the A locus, thus resulting in weak 
stimu~ation when tested with siblings different for the A 
locus determinant only. Further evidence for such a 'minor' 
MLC locus has come from more recent studies by Mempel et al. 
(1973a) and Thorsby et al. (1973). 

Linkage disequilibrium as previously mentioned is 
the tendency for alleles at different, usually closely 
linked loci, not to be associated at random in a population. 
It is in general the main cause of the association between 
functions controlled by linked genes in a population. This 
is the probable basis for most of the known associations 
between HLA and disease which have been interpreted as due 
to linkage disequilibrium between alleles of the B locus 
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and alleles at an immune response locus linked to it 
(Bodmer, 1975). Definite evidence of linkage is given 
by the occurrence of recombination. 

Until recently only rough estimates of the 
recombination frequency between the Band D loci in man 
have been made by Ceppellini (1.0%) (1971) and Thorsby 
et al. (0.4%) (1975). These estimates were based on the 
number of HLA-A and B identical siblings stimulating each 
other in the MLC test. In the literature, thirteen 
possible cases of recombinations between the D locus and 
the B locus have been reported (Amos and Bach, 1968; Bach 
et al., 1969; Plate et al., 1970; Yunis et al., 1971; 
Dupont et al., 1972, 1974a; Eijsvoogel et al., 1972c; 
Mempel et al., 1972; Sasportes et al., 1972; Thorsby et 
al., 1973; Keuni ng et al., 1975). Keuni ng and co-workers 
{1975) attempted to calculate the recombination fraction 
in a study of thirty-nine families with 167 children where 
two maternal recombinations between the Band D loci were 
found in two different families. They calculated the 
recombination frequency between the Band D loci to be 
0.0074 which does not differ too much from that between 
the A and B loci of the HLA system. 

With the discovery of an independent strong MLC 
locus, or the D locus as it is now called, closely linked 
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to the B locus, and with the previously mentioned difficulty 
in demonstrating a strong correlation between kidney-graft 
survival and HLA-A and B matching, it was suggested by some 
authors that the MLC locus (loci) alone or in conjunction 
with the B locus could play a role in the rejection process. 
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Since there is a good correlation between HLA identity 
and MLC non-stimulation among sibling pairs and there is also 
a well-established correlation between serological identity 
and kidney-graft survival in this group, it is apparent that 
in HLA identical sib combinations, no conclusions will emerge 
about the relative importance of MLC identity as such, for 
organ-graft survival. 

The general impression gained from skin-graft experiments 
by several workers {Koch et al., 1972; Van Rood et al., 1973; 
Sasportes et al., 1973; Ward and Seigler, 1973) is that MLC 
incompatibility shortens the skin-graft survival time in both 
HLA identical and non-identical unrelated donor-recipient 
combinations. It should, however, be pointed out that the 
presence or absence of MLC reactivity is not necessarily the 
only variable between these different donor-recipient pairs. 
The particular HLA antigen(s) for which the donor-recipient 
combinations differ may also vary from one pair to the other. 
With reference to this, it should also be noted that Van Rood 
et al. (1973) showed that in a group of HLA identical unrelated 
donor-recipient pairs, the average MLC reactivity was lower than 
between the HLA non-identical group. This is almost certainly 
a result of the linkage disequilibrium between HLA and MLC loci 
described by several workers {S~rensen and Staub-Nielsen, 1970; 
Eijsvoogel et al., 1970; Bach et al., 1970). Skin grafting in 
HLA recombinant families has generally failed to show that D 
locus disparity alone can cause skin-graft rejection (Ward and 
Seigler, 1973; Yunis et al., 1973). From these data it is 
obvious that it is still very difficult to draw conclusions about 
the impact on skin-graft survival of HLA-A and B incompatibility 
and MLC incompatibility separately. 



Cochrum et al. (1973) reported a study comparing MLC 
reactivity and graft survival in fifty-nine cadaveric kidney 
transplants. All combinations were divided into groups of 
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high and low MLC stimulation (stimulation ratio< 8 or 
stimulation ratio> 8), and they found that high MLC reactivity 
correlated with relatively poor graft survival, and low MLC 
reactivity with relatively good graft survival. Before 
concluding that the histo-incompatibility in the first group 
may be attributed to MLC disparity, it must be emphasized that 
the HLA-A and B disparities could not be controlled in this 
experiment and that the kind of HLA-A and B incompatibilities 
in the different groups may not be comparable. Because of the 
linkage disequilibrium between several of the more common 
determinants of the HLA-B and HLA-D loci, the selection of a 
group of donors and recipients on the basis of less disparity 
at HLA-D is likely to result in the inadvertent selection of 
certain HLA-B antigens that are found in linkage disequilibrium 
with certain HLA-D determinants. The group with low MLC 
reactivity may therefore have less disparity of the HLA-B locus 
antigens as well. The relative importance of the serologically 
defined HLA antigens versus the MLC determinants may not be 
perceived until carefully designed experiments, in which the 
MLC determinants are the only variable, can be analyzed. Another 
variable in the assessment of the influence of MLC and HLA-A and 
Bon histocompatibility that has emerged from the various studies 
is the effect of immunization before grafting either by blood or 
tissue of the organ donor or of other individuals. This can 
affect the prognosis of the transplant. Some individuals will 
form antibodies against leukocytes, but others will fail to do 
so. 

Hamburger et al. (1971) and Van Hooff et al. (1972) 
published data showing that matching for MLC in non-immunized 
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recipients improved kidney-graft survival. Because of the 

previously mentioned linkage disequilibrium between MLC and 
HLA, matching for MLC will usually imply HLA-A and B identity 
as well, and thus improved graft survival is seen by many 

workers in the HLA-A and B identical groups. 

If an individual is pre-imn,unized as demonstrated by the 
presence of circulating antibodies, matching for HLA antigens, 

especially the B locus antigens, becomes of prime and overriding 
importance in skin and kidney allograft survival (Van Hooff et 
al., 1972; Oliver et al., 1972; Van Rood et al., 1973, 1977). 
This is also in accordance with the data obtained in the mouse, 
where the H-2K region seems to be more immunogenic in skin-graft 
rejection than the H-2D region (Klein, 1966; Dfmant et al., 

1971). 

The explanation put forward by Van Rood in 1974 for these 
in vivo findings was that allograft rejection occurs as a two
phase mechanism in which there is an interaction of the MLC 
determinants and the HLA determinants, especially the B locus 
determinants. The two phases are :-

The recognition phase: In a non-immunized recipient, or 
in the recipient who has had blood transfusions but 
failed to form cytotoxic leukocyte antibodies, the immune 
mechanism of the recipient will recognize the foreign 
graft through differences in the MLC determinahts. Thus 
matching of MLC determinants in this situation will 
improve graft survival. 

The rejection phase: In the immunized recipient, i.e. 
an individual in whom the immune mechanism has been 
activated through encountering an incompatible MLC 



determinant, the second phase of allograft response, 
the rejection phase is set in motion through killer 
cells and/ or cytotoxic antibodies directed at the 
target tissue. In such recipients the destruction 
of the grafted organ takes place with the B locus 
determinants of the graft as the main target. The 
exact role of the A locus determinants is not yet 
clear. 
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The in vitro findings by Eijsvoogel et al. (1973a) 
employing the cell-mediated lympholysis (CML) test is in 
accordance with this hypothesis (see below for further details). 

From all the data available thus far it appears that 
both the HLA-A and B loci and the MLC reaction do play a role 
in allograft rejection, but because of the limited data in 
which either HLA-A and B or MLC determinants are the only 
variable, a conclusive answer cannot yet be reached concerning 
their relative importance in histocompatibility. Furthermore, 
the lack of complete correlation could indicate that MHC loci 
other than those determining the HLA-A, B, C and the MLC 
reactivity may be of greater importance for histocompatibility 
in man. 

The Cell-mediated Lympholysis (CML) Test 

Hirschhorn et al. (1965) were the first to demonstrate 
that the entire in vivo cycle, from the sensitization of 
human lymphocytes, to the development of cytotoxicity towards 
allogeneic fibroblasts could be obtained in vitro. A similar 
target cell destruction is observed when using the cells from 
the same human lymphoid cell line as stimulators in an MLC 
and also as target cells in a subsequent cytotoxicity assay 
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(Hardy et al., 1970). Experiments by Solliday and Bach (1970) 
showed that although this cytotoxic effect is maximal when 
tested on target cells identical with the stimulating cells, 
it may, to a limited degree, show cross-reactivity when tested 
on target cells of lymphoid cell lines other than the one used 
as the initial stimulator. 

Subsequently Lightbody et al. (1971) showed that blast 
cells, obtained through PHA stimulation in vitro of normal 
peripheral blood lymphocytes, are sensitive targets for lysis 
by effector lymphocytes, which have been activated as responder 
cells in a unilateral MLC. This cytotoxic effect could be 
shown to be specific in that PHA transformed target cells, 
which are syngeneic to the responder cells, are not (or only 
very weakly) lysed, while target cells syngeneic to the stimu
lator cells in the MLC are lysed to the highest degree. This 
model, which was called cell-mediated lympholysis (CML), allows 
further evaluation of the function of the serologically deter
mined antigens and MLC determinants, respectively. 

(i) CML Studies in the Mouse 

The CML method has been applied to the mouse for only a 
relatively short period, so new evidence is still being 
accumulated. However, in a number of studies that have employed 
recombinants in combinations that can test one region at a time 
(Abbasi et al., 1973; Alter et al., 1973; Nabholz et al., 
1974; Schendel et al., 1973; S¢rensen and Hawkes, 1973; Widmer 
et al., 1973b) there has been agreement that the killing phase 
of the reaction i~ directed against products of either the Kor 
the D regions, with little difference in the 'strength' of the 
two regions. There is still no definite evidence whether this 
effector phase in CML is directed towards the H-2K or H-20 
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specificities or antigens determined by very closely linked 

loci present on the stimulator cell and absent on the 
responder cell. An exception to the above-mentioned findings 

has been noted by Widmer et a 1. ( 1973c). They found 
reciprocal MLC stimulation, skin-graft rejection and CML in 
the C57BL/6-H(zl) combination, although no serological 
differences have to date been detected between these two 

strains. 

There is even more controversy about the regions in 
which incompatibilities are required for induction of killer 
cells. In general the positive CML required a positive MLR 

in the first phase of the test (Alter et al., 1973; Abbasi 

et al., 1973; S¢rensen and Hawkes, 1973). These findings 
are consistent with the studies of Eijsvoogel et al. (1973b) 
on the HLA system (see (ii) for further discussion). However, 
a number of exceptions have recently been observed by 
different laboratories (Klein et al., 1974b; Nabholz et al., 

1975; Wagner et al., 1975). These workers showed that killing 
can occur with MLC only, in the absence of Kand D region 
differences. Furthermore, Kand D region differences alone in 

the absence of any I region differences can lead to graft 
rejection and CML (Klein et al., 1974b). In one particular 
instance, involving strain B10.A(5R), another paradoxical 
pattern of reactivity was observed (reviewed by Demant, 1973). 
In the combination B10.A(5R) responder/Bl0.02 target, involving 
strong MLR and K region differences, CML was not reported, 

whereas in the reciprocal combination which also gave a strong 
MLR, CML was observed. One possible explanation for the dis
crepancies could be an insensitivity of in vitro assays. More 
recently, Festenstein and Demant (1975) have presented evidence 
for the existence of a mouse CML-stimulating locus (ECS), 
mapping in the 1-B and I-C subregions of the H-2 complex. In 
contrast to these findings, Abbasi and Festenstein (1973) have 



shown that incompatibility at the non-H-2-Mls locus does 
not result in a positive CML, although it causes a rather 
strong MLR. The exact roles of the K, D and I regions in 
CML thus still remain unresolved in the mouse. 

(ii) CML Studies in Man 
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In 1972 Miggiano et al. reported CML studies in 
families and demonstrated a greater destruction of specific 
target cells derived from siblings differing for two haplo
types with the responder, than of specific target cells 
differing only for one. Preliminary evidence was also 
provided that the serologically defined antigens might 
determine the specificity of this cell-mediated cytotoxicity. 

To evaluate the genetic aspects of CML further, we, 
together with Eijsvoogel and his co-workers, performed some 
preliminary experiments on a family that had previously 
demonstrated recombinational events within the MHC. The 
tentative conclusion reached seemed to be that the sensiti
zation for CML takes place only when stimulating and 
responding cells differ for MLR (D locus) determinants, but 
the actual destruction is not directed against the D locus 
determinants, but rather against the serologically defined 
HLA-A and B antigens (Eijsvoogel et al., 1972b) or antigens 
determined by very closely linked loci (Eijsvoogel et al., 
1973a). 

These conclusions are supported by the findings of 
Bonnard et al. (1973) and Mawas et al. (1973) in man, and by 
other workers in mice. However, exceptions have recently been 
reported in man, showing that MHC gene products, in addition 
to the classical A and B loci antigenic specificities, can act 
as targets for destruction (Mawas et al., 1975; Kristensen and 



Grunnet, 1975). Similar exceptions have also been observed 
in mice as discussed in the previous section. Evidence 
supporting the concept of a separate CML locus inside the 
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HLA system, and in marked linkage disequilibrium with the 
HLA-8 antigens as first suggested in mice by Festenstein et 
al. (1974), has emerged from the data presented by Mawas et 
al. (1974, 1975) and Goulmy et al. (1975). More recently, 
it has been suggested that the HLA-0 determinants are not 
essential for the generation of cytotoxic cells (Long et al., 
1975). It should be emphasized that for the time being this 
evidence can only be considered as suggestive. 

By virtue of the presence of children with recombination 
between the A and B loci of HLA in families, Eijsvoogel et al. 
(1973a) were able to evaluate the relative importance of the 
A and B loci in the development of cytotoxicity in the CML 
test. They found the limited number of B locus antigens 
(88,85 and BW35) that they could test for, to induce strong 
cytotoxicity in the CML test. The four A locus antigens (Al, 
A3, All and A28) in this experiment elicited no, or only weak, 
cytotoxicity. In contrast to their findings Trinchieri et al. 
(1973) in their studies of unrelated individuals also found 
killing but to a minor extent, against the antigens of the A 
locus. 

Because of the possible discrepancy between these results 
with regard to the part played by the A locus antigens in the 
CML test, Eijsvoogel et al. (1973b) performed CML studies on 
ten unrelated individuals who differed for only one A locus 
antigen. From this study and the previous studies on the 
recombinant siblings, they concluded that although some antigens 
of the A locus (Al, A3, All and A28) are weak antigens for CML, 
other antigens, e.g. A2, can cause pronounced cytotoxicity. 
This therefore suggests that in the CML test some antigens of 
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a particular locus may be more immunogenic than others. It 
should be noted that Curtoni et al. (1973) also found the 
antigen A2 to be stronger in vivo, using experimental skin
graft survival time and the normal lymphocyte transfer (NLT) 
reaction. 

Eijsvoogel et al. (1973b) investigated the question of 
whether the MLR-stimulating determinant and the antigen(s) 
at which subsequent destruction is directed must be present on 
the same (stimulator) cell. In a genetic three-cell experiment 

using a cell that on its own cannot stimulate the responder by 
virtue of MLC I i dentity 1 

( recombi nation) and an artificial 

three-cell experiment where, because of heat treatment, which 
abolishes the MLC-activating capacity but maintains HLA 
antigens, Schellekens and Eijsvoogel (1970) showed that one 
cell type induced the activation, while the other presented the 
specificity for CML. These findings have subsequently been 
confirmed by Mawas et al. (1973) and by Bonnard et al. (1973) 
in man, and similar observations have been made by Schendel et 
al. (1973) in mice. 

Very recently Eijsvoogel et al. (1976) have published 
data which seem to indicate that the cells proliferating in 
response to an allogeneic (HLA-0) stimulus in the MLC belong 
to a different T cell subpopulation from the cells that become 
specifically cytotoxic towards HLA-B and A determinants or 
determinants coded for by closely linked loci. This is in 
agreement with the findings of Bach et al. (1973) in mice and 
those of Zier and Bach (1976) in man. 

At present it is impossible to come to a final conclusion 
about a possible correlation between CML in vitro and human 
histocompatibility in vivo. lhere is, however, some circum
stantial evidence that either MLC or HLA-A and B matching (and 



particularly for antigens of the B locus) on its own improves 
graft survival. Retrospective analysis of kidney-graft 
survival has suggested that matching for MLC or the B antigens 
improves the outcome (Cochrum et al., 1973). A retro-
spective analysis of cadaver transplants (Oliver et al., 1972; 
Van Hooff et al., 1972) showed a significant correlation 
between matching for B locus antigens and kidney-graft 
survival. In the study by Van Hooff et al. (1972) this was 
shown only in those recipients with preformed leukocyte 
antibodies. Both these authors suggest that this improve
ment might be a reflection of a CML-like mechanism in vivo. 

Graft-versus-Host (GvH) Reactions 

A graft-versus-host (GvH) reaction can only develop 
when the graft is not rejected in the presence of antigenic 
differences between the recipient and the donor. In man 
and the mouse and in some other species like the dog, rat and 
chicken, which have been studied, it has been demonstrated 
that incompatibilities in the MHC region play the most 
important role in GvH reactions (Bach and Bach, 1974). The 
greater the antigenic differences between host and donor, 
the higher the frequency and severity of the GvH reaction. 

(i) GvH Reactions in the Mouse 

Early on in studies of the GvH reaction in the mouse, 
·it was recognized that incompatibilities in the MHC play 
the most prominent role (for a review see Klein, 1975). In 
a recent publication, Klein (1976) suggested that the GvH 
reactions can be divided into two phases, proliferative and 
effector. The proliferative phase involves stimulation of 
donor lymphocytes by cell-membrane antigens of the host, 
usually followed by non-specific proliferation of the host 
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lymphocytes. These proliferations lead to an enlargement 
of lymphoid organs, primarily spleen and lymph nodes, and 
this enlargement can then be used as an indicator of the 
proliferative phase of GvH (Simonsen et al., 1958). 

The effector phase is characterized by the generation 
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of donor-derived effector lymphocytes that can attack and 
destroy tissues of the host. The attack on the host tissues 
may be expressed by a variety of symptoms, the most conspicuous 
of which are loss of body weight, general runting, and, in 
extreme cases, death of the host. The two phases have their 
corresponding in vitro correlates in the MLC reaction 
(proliferative phase) and CML (the effector phase). 

Studies by Klein and Park (1973) and by Opp~ltova and 
Demant (1973) established that not all the H-2 regions of the 
MHC played an equal role in the proliferative phase of GvH. 
Antigens controlled by the I region, more specifically the I-A 
subregion, induce much stronger GvH in newborn mice hosts than 
antigens controlled by other regions and subregions of the MHC. 
Subsequently, Klein (1976) demonstrated, in adult mouse hosts, 
that the strongest proliferative GvH was obtained when the 
donor cells reacted against the entire MHC of the host. The 
response to I region differences was weaker than the anti-H-2 
response but, at the same time, was considerably stronger than 
the response to any other single H-2 region difference. However, 
these other H-2 region differences did lead to significant GvH 
stimulation. Thus, although antigens controlled by the I-A 
subregion play a predominant role in the proliferative phase 
of GvH, antigens controlled by the H-2K and H-2D loci in the 
Kand D regions respectively, are also capable of inducing 
significant GvH. The Kand D regions lead to a stimulation 
comparable to the stimulation by the I-8 + I-C subregions. 
S region differences probably produce no significant effect. 



From these studies and from those by Rodey et al. (1974) 
it can be concluded that both MLC reactivity and the GvH 
reaction in the mouse are primarily controlled by the same 

genetic loci in or close to the I region. These findings 
thus support the notion that the MLR is indeed an in vitro 

correlate of the proliferative phase of GvH. 

Klein (1976) performed experiments to assay the genetic 
requirements of the effector phase of GvH by injecting 
parental spleen cells intravenously into young adult F1 
hybrids irradiated twenty-four hours before injection. They 

tentatively concluded from these experiments that both Kand 
I region differences lead to fatal GvH, although the latter 

may do so less effectively than the former. 

These in vivo results again closely parallel those 
obtained using the in vitro CML assay for effector lympho
cytes, thus suggesting that the CML assay is indeed a 
correlate of the effector phase of GvH. 

(ii) GvH Reactions in Man 

This reaction is of utmost importance in allogeneic 
bone-marrow grafts because the success of bone-marrow trans
plantation depends on the removal of two immunological 

barriers, the host-versus-graft reaction which is similar to 
that encountered in all other organ or tissue grafts, and 
the GvH reaction which is caused by the fact that the bone
marrow graft contains cells or can produce cells which under 
certain conditions are capable of setting up an immunological 
reaction against the recipient. 
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Three groups of patients have so far been treated 
with allogeneic bone-marrow with some success :-

Patients with severe combined iTTUTJunodeficiency (SCID) 

disease who apparently lack the bone-marrow stem cells 

which can develop into mature T and B lymphocytes; 

patients suffering from aplastic anaemia; or 

patients suffering from leukaemia. 
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Allogeneic bone-marrow transplantation in the treatment 
of children with SCID has been very informative about the 

role of histocompatibility in transplantation. Successful 
transplantation and immunological reconstitution in this 
disease have depended largely on the use of HLA- and MLC 

identical sibling donors (Buckley, 1971; Dupont et al., 

1974b). Bone marrow from a family donor mismatched by a 
single haplotype has invariably resulted in fatal GvH disease 
(Van Bekkum, 1972; Park et al., 1973). One patient with 
SCIO has been successfully reconstituted with bone marrow 
from an MLC-matched sibling who was, however, HLA-A mis

matched, as a result of recombination within the HLA chromo
somal region (Gatti et al., 1968). The HLA recombination had 
presumably led to HLA-B, D identity between donor and recipient 

but non-identity for the HLA-A determinant. Engraftment and 
immunological reconstitution have also been achieved in a 
second patient with SCIO in which an HLA-A, B non-identical 
but MLC-matched maternal uncle was used as a bone-marrow donor 
(Koch et al., 1973). Retrospective analysis of this family, 
however, suggests there was no recombination, as first suspec
ted. Although the father and maternal grandfather were both 
HLA-A, B heterozygous, they both appear to have been HLA-D 
homozygous. Thus the patient and maternal uncle were MLC non-



responsive because they each carried the same two HLA-0 
specificities, although on different and unrelated haplo
types (Dupont et al., 1976). This is an informative case 
because it suggests that matching for bone-marrow transplant
ation could be achieved for non-sibling donors by matching 
for HLA-0. 

L'Esperance et al. (1975) used bone marrow from an 
unrelated donor MLC identical but incompatible for one HLA-A 
antigen, in repeated graftings of a child with SCIO. 
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Chimaerism was achieved with complete immunological reconstit
ution. A second patient with SCIO has been grafted with an 
unrelated, HLA-0 identical, but one HLA-A antigen non-identical 
donor. There was some evidence of immunological reconstitution, 
when the patient died on day 30 from cytomegaiovirus pneumonia 
(Horowitz et al., 1975). 

The final outcome of these attempts at immunological 
reconstitution by bone-marrow transplantation with unrelated 
MLC-matched bone marrow cannot yet be evaluated. It seems 
likely, however, that non-immunized recipients (at least in 
SCIO patients), with common HLA-0 determinants in the MHC, can 
be matched with unrelated individuals for the purpose of bone
marrow transplantation. 

Clinical bone-marrow transplantation in patients with 
aplastic anaemia or leukaemia is more complex than bone-marrow 
transplantation in children with SCIO. Firstly, these patients 
are immunocompetent and require immunosuppressive drugs before 
transplantation. Secondly, they have frequently received 
multiple transfusions of blood products, which, in the dog, have 
been shown to increase the chance of even a well-matched graft 
being rejected (Storb et al., 1971). In spite of pre-graft 
immunosuppression, graft rejection has been reported in up to 



25% of transplants between HLA-A, B identical MLR non

reactive sibling pairs (Storb et al., 1974). 

The incidence of GvH after bone-marrow transplantation 
from HLA-A, B identical MLC negative siblings is much 
greater in patients with aplastic anaemia or leukaemia than 
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in patients with SCIO. Following bone-marrow transplant
ation the incidence of clinically significant GvH reaction 
exceeds 50% in most series (Thomas et al., 1975; U.C.L.A. 
Bone Marrow Transplant Team, 1976) and may be as high as 80% 

in patients with acute myelogenous leukaemia (Thomas et al., 
1973). The reason for increased intensity of GvH reaction in 
these patients is unknown. Important differences between 
patients with aplastic anaemia or leukaemia and infants with 
SCIO may include age factors, differences engendered by the 
primary disease process, pre-sensitization caused by blood 
transfusions and complications introduced by immunosuppressive 

or antileukaemia therapy. 

Donor selection for marrow transplantation in patients 

suffering from acute leukaemia has been restricted with rare 
exceptions to HLA identical, MLC non-reactive siblings. Gale 

et al. (1975) reported on bone-marrow transplantation in a 
young male with acute myelogenous leukaemia, in which case 
marrow from a sero-identical, but MLR positive, female sibling 

donor was used. There was evidence of engraftment, but leuk
aemia recurred along with predominantly host markers, and the 
patient died on day 38. Although the family MLC experiment 
was interpreted as representing an HLA recombination between 
HLA-B and HLA-0, formal proof of recombination is not available. 
Because of the early recurrence of leukaemia and the apparent 
loss of the graft, the potential for GvH reaction in this MLR 
positive situation could not be adequately evaluated. 



In swrunary, the mechanism of GvH is still unknown. 
There is a tendency to equate MLR and GvH reactions in the 
mouse. In man, however, it is obvious that the GvH reaction 
can occur between HLA identical, MLR negative sibs. Because 
almost all information has been collected from bone-marrow 
graft exchanges between HLA identical siblings, no precise 
information is available whether it is the MLC locus itself 
or a locus nearby that determines the onset of GvH. In this 
connection it should be noted that non-HLA circulating 
antibodies have been found after GvH reaction between HLA 
identical MLC negative sibs (Jeannet et al., 1973; Gluckman, 
1974). In one patient with aplastic anaemia the MLC and CML 
tests became positive with the donor's lymphocytes, 
suggesting that immunization against non-MHC antigens can be 
responsible for unexpected MLC and CML reactions. Thus even 
identity for the MLC region may perhaps not be an absolute 
prerequisite in the selection of donor-recipient combinations 
for bone-marrow allografting. 
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CHAPTER TWO - MOTIVATION FOR THIS STUDY 

I THE ROLE OF HLA-A AND B ANTIGENS IN 

HISTOCOMPATIBILITY 

II THE MIXED LYMPHOCYTE CULTURE (MLC) 

REACTION 
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THE OBJECTIVE AND MOTIVATION 

From a review of the literature it appeared that 
neither the HLA-A, B genotype nor the MLC reaction is the 
complete answer to donor-recipient selection in organ 
transplantation. Hence, the main aim of this project was 
to study the genetic relationship between the serologically 
detectable products of the HLA-A and HLA-8 loci on the one 
hand and MLC reactivity on the other in relation to histo
compatibility. 

I THE ROLE OF HLA-A AND B ANTIGENS IN HISTOCOMPATIBILITY - - -

Investigation of the role of HLA-A and HLA-B antigens 
in histocompatibility has shown that:-

Organ-graft survival is significantly better when 
donor and recipient are HLA-A and B identical 
siblings than when donor and recipient are siblings 
not identical for HLA-A and B. 

When donor and recipient are unrelated to each other 
no such clear correlation between HLA-A and B matching 
and organ-graft survival could be noticed. 
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An explanation for this discrepancy may be that serological 
typing has often been incomplete because of the lack of a 
complete range of antisera. This would frequently not affect 
the assessment of HLA identity in families, but could 
influence the possibilities of true matching among unrelated 
individuals. Further possible explanations for these findings 
must, however, be considered: 



(a) Serological typing of the products of the A and 
B loci does not really recognize (all) the antigens of the 
major histocompatibility locus : 

It could be that the antigens presently recognized 
are still heterogeneous, or the antisera polyspecific, 
containing more than one, or a cross-reacting, antibody. 
This would not affect the outcome of typing results in 
families because there are only a limited number of 
antigens present within a family, but it could influence 
the HLA-A and B matching between unrelated individuals. 

Serological typing does not recognize products of other 
loci in the same chromosomal region, but recognition of 
the segregation of the particular chromosome within 
families is sufficient for the selection of siblings 
identical for all the other loci of that chromosomal 
region. This of course is not the case when unrelated 
people have to be matched. 

Serological typing does not recognize genotypes; 
therefore if genie interaction occurs in these systems 
it generally cannot be assessed between unrelated cadaver 
donors because haplotyping is often not possible. 

(b) True identity for the major histocompatibility 
complex (MHC) between unrelated people does not result in a 
similar histocompatibility as seen between HLA identical 
siblings, due to the cumulative effect of minor histocompati
bility loci. 
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Assuming that most immunogenetic systems are exten
sively polymorphic one would expect that approximately 25% 
of the loci that are different in unrelated individuals 

56 

will be identical in siblings. However, in view of the data 
presented by Bilds¢e et al. (1970) one would expect such an 
effect to influence skin-graft survival rather than organ 
transplantation. Bilds¢e performed kidney, heart and skin
graft experiments in rats, from donors belonging to segreg
ating F2 hybrid populations to recipients of one of the 
parental strains. The presence or absence of a major locus 
incompatibility was determined by serological typing and 
MLC, showing a 100% correlation. Skin-graft rejection was 
invariably rapid in both the major locus identical and non
identical combinations. Kidney and heart transplants were 
rejected in an acute or sub-acute manner in those combinations 
which were incompatible for the major locus, with one single 
exception. Similar grafts were still surviving up to 300 
days, if no major locus incompatibility existed. These 
findings provide further confirmation of the one-locus 
hypothesis for organ transplantation and the cumulative 
effects of multiple minor loci in skin-graft rejection. 

II THE MIXED LYMPHOCYTE CULTURE (MLC) REACTION 

The data available at the time the present study was 
initiated were the following: 

HLA identical sibling pairs give MLC negative reactions, 
while HLA non-identical sibling pairs show MLC positive 
reactions. This implies that disparities at the MHC chromo
somal region are responsible for the MLC reactivity. However, 
it had also been demonstrated that the vast majority of sero
logically identical unrelated pairs show positive MLC reactions. 



These findings reveal a striking similarity between MLC 

compatibility and the serolog1-:cal matching fo1• HLA-A and 

B (see above). 

For this reason it seemed highly relevant to study further 
the genetic aspects of MLC in an effort to provide know
ledge of, and insight into, the requirements for histocom
pati bi l ity. 

Regarding the underlying mechanism of MLC reactivity, 
two different hypotheses could be postulated : 

1. MLC reactivity is the result of an overall 
recognition phenomenon of the whole MHC, 
detecting incompatibilities for any product 
of this region. 

2. MLC reactivity is caused by incompatibilities 
for one or more loci, separate from HLA-A and 
B, but still belonging to the MHC. 

1. If this hypothesis were right, then the same situations, 
as mentioned under (a) as possible explanations for the 
findings among HLA sero-identical individuals, would also 
result in positive MLC reactions, and only true identity 
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of the HLA-A and B products would allow negative MLC reactions. 
These latter identical combinations could then be expected to 
be more histocompatible than the first group. 

The influence of minor locus incompatibilities on 
organ-graft survival could then eventually also be evaluated 
by comparing graft survival in HLA-A and B identical, MLC
negative, unrelated donor-recipient combinations with that 
between HLA identical siblings. 



£· If MLC reactivity were controlled by only one or more 
loci, belonging to the MHC but separate from HLA-A and B, 
then MLC studies would sooner or later reveal combinations 
which were HLA-A and/or B different but MLC-negative. Such 
combinations could possibly be found in families in which 
recombinational events had occurred. In unrelated combina-
tions such evidence for separate MLC locus or loci might 
also be obtained, but this would probably imply the testing 
of a large number of HLA-A and B different combinations, 
since there is no alternative way of pre-selection, and MLC 
polymorphism is well known to be extensive. 

However, if one or more separate MLC loci could be 
demonstrated to exist, this would certainly also have 
important implications for histocompatibility; it would be 
highly relevant then to investigate whether the products of 
the genes of such a locus or loci, either alone or in 
combination or by interaction with products of HLA-A and B 
(and possibly other loci), are the major histocompatibility 
antigens. 

Once evidence for one or more separate MLC loci has 
been obtained, it would be an indication that the degree of 
polymorphism and the frequency of some of the alleles should 
be analyzed. Some token of this could be obtained by deter
mining the frequency with which unrelated parents share one 
MLC allele. Such a shared allele can only be demonstrated 
in family studies, since one may then expect to find children 
MLC identical to one or to the other parent. Furthermore, 
MLC homozygous children can also be expected. 

This then poses the important question whether indeed 
in an MLC between a homozygous and a heterozygous cell only 
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the homozygous cell will react to the one foreign allele 
of the heterozygote, while the heterozygote will not react 
at all since the homozygote has nothing foreign,to respond 
to. 

If, however, genie interaction were to take place and 
thus influence the final products, such natural one-way 
reactions would not occur. Such an effect of genie inter
action on the final MLC products would have enormous 
implications in other respects as well, since it would make 
any form of typing extremely difficult. The question of 
whether genie interaction does affect the final products can 
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be answered by analyzing homozygous-heterozygous MLC reactions 
applying procedures like Mitomycin treatment or X-irradiation 
of one of the two cell suspensions, thus blocking its pro
liferative potential but maintaining its stimulating properties. 

The best chance of finding MLC homozygous individuals 
lies in the studying of families where either incest, or 
at least a close family relationship between the parents exists, 
thus increasing the chance of a common MLC allele shared by 
the parents. 

The above-mentioned considerations formed the motivation 
for studying the MLC reactivity: 

1. in unrelated individuals selected on the basis of 
HLA-A and B typing; 

2. in randomly chosen families with non-consanguineous 
parents; 

3. in families selected for varying degrees of 
consanguinity between the parents. 
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SELECTION OF ETHNIC GROUPS 

The population of South Africa and South West Africa 
is characterized by its ethnic diversity. In the course of 
many decades in the country's history, different ethnic 
groups have settled as separate peoples in certain areas of 
the land. The respective groups all retained their own 
identities and are still distinguishable in the present 
population. There has been little intermarriage and because 
each was made up of a relatively small number, often 
geographically isolated, a certain degree of inbreeding 
resulted. Thus the chance of unrelated individuals inheri
ting a common HLA-A, B, C and D haplotype is greater. Gene 
drift and founder effects also have a much larger effect on 
breeding groups of restricted size. Thus if gene drift, 
small population, linkage disequilibrium, natural selection, 
and a degree of consanguinity are operating, the chance of 
compatibility between individuals is greatly increased. 
There are a number of distinct population groups in South 
Africa and South West Africa - the Indians, San (Bushmen), 
Nama, Coloureds, Whites and Negro (with their many linguistic 
and geographical subdivisions). These separate population 
groups are distinguished from one another by their different 
languages, physical appearance and cultures, and to a large 
extent also by the areas in which they have settled and now 
live. 

Of these population groups, two were selected for 
inclusion in this study - the Indian (MusZims) and the San 

(Bushmen). There is a relatively large group of Muslim 
Indians in Cape Town, among whom first-cousin marriages are 
known to be common, therefore a search for consanguineous 
families among this group was undertaken (see page 82 for 
further details on the Indians). The decision to include the 
San (Bushmen) as one of the populations to be studied for the 
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Fifth International Histocompatibility Workshop provided 
us with a unique opportunity to study the San (see page 
70 for a detailed account of the San). 

Consanguinity and Inbreeding 

If two individuals have at least one ancestor in common 
they are said to be consanguineous. This common ancestor 
must not be too distant, or else the concept becomes meaning
less, and also consanguinity would then not be easily 
detectable. On the basis of the theory of evolution, all 
individuals of a species are to some extent consanguineous, 
because all are descended from a remote common ancestor. Thus 
consanguinity, and the degree of inbreeding, must be defined 
as being applicable only to unions established after some 
evolutionary time-point at which, from a practical point of 
view, everyone is considered to be unrelated (Cavalli-Sforza 
and Bodmer, 1971). 

The offspring of consanguineous parents is by definition 
inbred, i.e. possesses genes identical by descent. Consangui
neous relations are defined in civil and canon law by the 
number of 'steps' within a pedigree that lie between the two 
related individuals. First-degree consanguinity therefore 
is a union between parent and offspring, second-degree is that 
between siblings or grandparent and grandchild. Other examples 
of consanguineous relations are those between uncle or aunt 
and nephew and niece (third-degree), between first cousins 
(fourth-degree) and between second cousins (sixth-degree) 
(Stern, 1960). 

In genetic terms the degree of inbreeding is much more 
rigorously defined. The co-efficients of inbreeding for 
individuals and populations, designated F by Wright, and ~by 
Bernstein, are equivalent. It may be defined as the proba
bility that an individual is homozygous at a given locus for 



two genes 'identical I insofar as they are both derived from 
a single gene present in a cownon ancestor. Marriages 
between relatives, or consanguineous marriages, are important 
genetically since the inbred individual may carry a double 
dose of such a gene. 

The frequency with which consanguineous unions occur 
in different populations depends partly on the population 
structure and also on social customs. Some ancient societies, 
for example, the ancient Egyptians and the Incas, favoured 
marriages of brothers and sisters of the reigning dynasty 
because they considered 'royal blood' only worthy of mixing 
with other 'royal blood'. A few societies today still prefer 
marriages between relatives to marriage between unrelated 
persons, but the customs or laws of most societies consider 
incest taboo. The exact degree of relationship at which a 
mating is considered incestuous may vary slightly from one 
society to another, but in general, all societies prohibit 
parent-offspring and brother-sister matings. 
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Different societies vary in their judgement on marriages 
between uncle-niece or nephew-aunt and sometimes on even more 
distant degrees of consanguinity. In some states in America, 
for example, the union of second cousins is prohibited. The 
Roman Catholic Church does not permit first-cousin marriages 
without special dispensation (see Appendix for Form 8-I 31, 
which gives details of ''Prohibited Degrees of Relationships 
under the South African Law"). These restrictions probably 
result from observation of the more frequent occurrence of 
recessively inherited diseases in the progeny of consanguineous 
marriages (Cavalli-Sforza and Bodmer, 1971; Stern, 1960). 



Consanguinity and Genetic Non-relatedness 

Curt Stern (1960) has pointed out that a sharp 
distinction cannot be drawn between consanguinity and 
genetic non-relatedness since there must be many people 
descended from common ancestors who are unaware of the fact. 

In most geographical regions, man does not reproduce within 
pedigrees completely isolated from one another, but rather 
in a complex network of relationships that joins all or 
most strains together in a single reproductive unit. This 
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is true even when different races inhabit the same territory 
or where society and customs favour a separateness of popu
lation layers or castes. In the course of generations such 
barriers against intermarriage prove ineffective, particularly 
as both intra- and extra-marital unions lead to an interchange 
of genes between acknowledged groups. Therefore when the 
pedigrees of any group of apparently unrelated people living 

in the same territory are carefully traced, many will be shown 
to possess common ancestors within the last few centuries. 
The San (Bushmen) families in this study comprise a small 

group of unrelated individuals of this kind and in addition 
to being one race, they have also been geographically isolated. 
It follows that, in such a group with only a limited number of 
genes, if two 1 unrelated 1 people marry, they contract in 
reality a distinctly consanguineous marriage. 

FAMILIES AND GROUPS STUDIED 

A short description of the families and unrelated groups 
investigated is given in this section. 

I UNRELATED INDIVIDUALS 

The following groups were selected from a large number 
of healthy people typed in our laboratory as part of family 
studies or population genetic analysis from 1973 - 1976. 



i) Unrelated individuals different for HLA-A and B 

Bilateral and unilateral MLC tests were performed 
on 318 and 513 pairs respectively who carried 
different A and B locus antigens. This group 
was compiled from the parental pairs who were 
unrelated, unrelated controls and groups of 
unrelated individuals (Table VI.l). 

ii) Unrelated individuals identical for HLA-A and B 

Bilateral MLC tests were performed on seven 
unrelated individuals with HLA-A and B phenotype 
Al ,3;87,8 as well as one with phenotype Al ,3;B7,W35 
and a control X with the phenotype A9:28;B14,Wl7 
(Table VI.2). 

II RANDOM NON-CONSANGUINEOUS FAMILIES 
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Random families, in which the parents had varying degrees 
of HLA-A and B disparity, were selected from family MLC studies 
performed in our laboratory. The detailed results on six 
families which illustrate various aspects of the genetic rela
tionship between HLA-A, HLA-B and MLC, have been included. 

l. FAMILY BEU: Sibling II-6 suffered from aplastic 
anaemia and therefore the HLA-A and B genotypes of 
her parents and siblings were determined as shown 
in Fig. 7.1. The discovery of a recombinant locus 
A and locus B haplotype in sibling II-3 prompted 
further MLC studies between the available siblings. 
The patient died before a suitable donor could be 
found in this family. 

2. FAMILY KA: We studied the MLC reactivity in five 
families with serologically demonstrable recombi
nation between the HLA-A and HLA-B loci. In all 
cases, the limited function of the A locus with 



regard to the MLC reactivity was demonstrable. For 
a detailed report on these families see Eijsvoogel 

et al. (1972c). 

In contrast with all the other HLA identical siblings 

in the families mentioned above, who showed no MLC 
reactivity at all, an unexpected pattern was found 
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in family KA (Table VII.7). Bilateral and unilateral 
MLC tests were performed on family KA on two occasions. 
In each experiment, control MLC tests were carried out 
with the lymphocytes of a healthy, unrelated individual 
X. 

3. FAMILY DEW: This family could be studied because sib 

II-2 (Fig. 7.2) was a candidate for renal transplant
ation who developed a strong lymphocytotoxic antibody 
positive with all individuals with the exception of 
those phenotypically identical to her for HLA-A and B. 

Renal transplantation from a related donor, HLA-A and 
B identical, MLC non-reactive and negative in the 
cytotoxic cross-match was then considered. This idea 
was abandoned when familial glomerulonephritis was 
found to be present in several members. 

The MLC studies were continued, however, because of 
interest roused by the HLA-A and B genotypes in the 
family. 

4. FAMILY VDW: The HLA-A and B genotypes were determined 
and MLC tests performed on the parents, child II-1 and 
her brother II-2, with a view to transplantation of a 
kidney to II-1 (Fig. 7.3). The patient received a 
kidney from her brother, and is still well with good 
renal function three years later. 
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5. FAMILY DEL: HLA typing for the A and B loci as well 
as mixed lymphocyte cultures was done in this family 
in order to find a matched kidney donor for the 

patient, sib 11-5 (Fig. 7.5). A renal transplant 
was not performed because she was found to be 
psychiatrically unsuitable. 

6. FAMILY GIA: The GIA family was investigated with a 
view to finding a possible HLA-A, Band MLC compatible 

donor for sibling II-1 who required bone-marrow 
transplantation (Fig. 7.6). Unfortunately she died 

before the transplant could be performed. 

MLC experiments and HLA-A and B typings were done on an 

additional twenty-one families (Table VII.28), with unrelated 
parents, in an effort to find how many of these parental pairs 
shared one MLC allele. These families were all Caucasoids and 
unlike the San where there are difficulties in determining non
consanguinity, this group was selected from an outbred population. 

III SAN (BUSHMEN) FAMILIES 

An expedition was undertaken to study the San in Tsumkwe 
in South West Africa as part of the Fifth International Histo
compatibility Workshop held in Evian, France. I accompanied 
Dr M.C. Botha of our laboratory, Professor J.J. van Rood of 
Leyden, Dr. V.P. Eijsvoogel of Amsterdam and Professor Trefor 
Jenkins of Johannesburg into the field in June 1971. For this 
Workshop HLA-A and B typing of various populations was undertaken 
to establish the gene frequencies for these HLA antigens among 
different populations. This provided Dr Eijsvoogel of Amsterdam 
and myself with an ideal opportunity to do MLC studies on the 
following seven San families: 



l. SAN FAMILY I: The parents and five siblings as 
shown in Fig. 8.1 were HLA-typed, and MLC studies 

were performed on the whole family with the 

exception of sib II-3. 
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2. SAN FAMILY II (Bigamous): The HLA antigens were 
defined in the father, his one wife, I-2A and their 
six children as shown in Fig. 8.2. MLC studies were 
also done in all possible combinations on this group, 
with the exception of sib II-4 because of insufficient 
lymphocytes. The other wife, I-2B and her children 

were not available for study. 

3. SAN FAMILY III (Bigamous): The HLA serology for the 
A and B loci of the father, both spouses and their 
children was determined, but because of the limited 

technical facilities available for doing large MLC 
tests, the one wife I-2B was omitted from the MLC 

study (Fig. 8.3). 

4. SAN FAMILY IV: The parents and three of the five 
siblings in this San family were studied (Fig. 8.4). 
Siblings II-4 and II-5 were not available for testing. 

5. SAN FAMILY V: All five members of this family were 

HLA-A and B typed and MLC tested as shown in Fig. 
8.5. 

6. SAN FAMILY VI: MLC studies were performed on the parents 
and four children (Fig. 8.6). The HLA serology was 
unsatisfactory because of technical problems, but could 
not be repeated as the results were only known on our 
return from the expedition. 

7. SAN FAMILY VII: The HLA serology of the whole family 
was determined, but the father I-1 had to be omitted 
from the MLC test because there were insufficient cells 
from him (Fig. 8.7). 



The Sa~ushmen) 

At the anthropological conference organized by Prof. 
Philip V. Tobias and Prof. T. Jenkins and sponsored by the 
South African Institute for Medical Research and the Royal 
Society of South Africa, which was held in Johannesburg in 
June 1971, the participants agreed to use the words SAN and 
KHOIKHOI as the designation for the Bushmen and Hottentot 
people respectively (Jenkins and Tobias, 1977). San is the 
name by which the 1 Bushmen 1 were known to the Khoikhoi, and 
the name Khoikhoi which the 1 Hottentots 1 used to refer to 
themselves means 'men of men'. The word Khoisan (made up 
of the words Khoi khoi I Hottentots I and San I Bushmen 1

) is 
sometimes used to refer to these two groups collectively. 

The San of the present day are descended from people 
of the later Stone Age who were living in South Africa as 
long ago as 10,000 years. There has, however, been a great 
deal of mixture between them and later arrivals in Southern 
Africa. 

In 1956 Tobias estimated that there were 55,000 Sin 
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still surviving, but two more recent estimates, of Lee (1965) 
and Silberbauer (1965) put this figure somewhat lower. The 
number of San was estimated to be 13,300 of the total popu
lation of 588,300 in South West Africa in 1966 (Jenkins, 1972). 
The San, the earliest known inhabitants of Southern Africa, 
were distributed over most of this area, as is shown on the 
map (Fig. 3.1) based on the occurrence of their rock art and 
other remnants. However, the present-day San are virtually 
confined to Botswana, South West Africa and Angola. 

Traditionally the San were primitive hunter-gatherers 
who lived in small independent family units and spoke non
Bantu click languages (Fig. 3.2). They existed by hunting with 
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Figure 3.1. A map of Africa showing the 
suggested past and the present distri
bution of the San peoples (after Tobias 
1964). 
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bow and arrow, collecting edible wild plants, catching fish and 
using only natural or the most primitive shelters against the 
wind (Fig. 3.3). The most obvious physical features (Figs 3.4 -
3.8) of the San are their short stature, with small hands and 
feet, slender build, light yellowish-brown skin colour, flat 
face with slanting eyes and prominent epicanthic and other folds, 
tightly spiralled tufts of hair ('peppercorns') and a tendency 
to accumulate a great deal of fat on the buttocks (steatopygia) 
(Tobias, 1964; Jenkins, 1972). 

Language: Recently the San have been divided into the 

following groups according to the language they speak : 

i) Tshu-kwe, a group of five languages, related to the 
Nama language that is spoken by the most dominant 
of the original Hottentot groups of South West Africa. 

ii) Bush languages, which are not related to Nama. There 
are three distinct forms of Bu~h, designated A, Band 
C and they are not necessarily related (Westphal, 
1963). The B form is spoken by a relatively small 
community and 
individuals. 
of people who 

Bush C by fewer than one hundred 
Bush A is important because of the number 
still speak it. There are three 

dialectic forms, now generally known as northern, central 
and southern !Kung. 

This study concerned itself with the central division of the 
!Kung-speaking people who live at Tsumkwe. 

Geographical position of the group studied: There are 

about 17,000 !Kung of the central dialect group, and they 
occupy an area of thousands of square miles extending west 
and also east from Grootfontein in South West Africa to 



Fig. 3.2 
A young San 
hunter. 

·Fig. 3.3 Young girl standing in front of primitive hut. 
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Fig. 3.4 San family in front of hut with a few amenities of 
Western civi1ization such as metal bucket, cup and 
cast-off clothes. 

Fig. 3.5 Mother and child at Tsumkwe. The peppercorn hair 
is well demonstrated in her child. 
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Fig. 3.6 A young San woman from the Tsumkwe settlement. Note 
the high cheek-bones, flat face with broad flat nose, 
small ears, slender build and yellowish-brown skin 
colour. 
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Fig. 3.7 An old San woman, 
showing the slanting 
eyes with prominent 
epicanthic and other 
eye folds. 

Fig. 3.8 A San child being breast-fed. 



Western Ngami in Botswana (300 miles)'and north-south from 

the Okavango River down to Gobabis in South West Africa 

(400 miles) (Fig. 3.9). On the periphery of this area, 

thousands of these !Kung work as servants for White, Herera 

and Kavango farmers. Many are seasonally independent hunter

gatherers, others have been permanently dependent settlers 
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for the last three generations. An isolated group of l ,000 -

2,000 completely independent hunter-gatherers occupies the 

central part of this geographical area. They depend on the 

many permanent surface water-sources present in the Nyae-Nyae 

plains and at Tsumkwe, and are isolated from the peripheral 

area by a broad belt (40-80 miles) of arid, waterless country. 

In recent year·s efforts have been made, with a view to 

the provision of medical, educational and other services, to 

concentrate the San at various points. Thus a settlement was 

started at Tsumkwe, where there are about 300-500 San at any 

one time. This settlement provided the material for our study. 

The San at Tsumkwe live mainly by hunting and gathering 

although rations of food are provided for the very young, 

elderly and ill. A substantial number of males are employed 

by the Administration of this area as labourers on the roads 

and waterholes, and to erect fences, and attempts are being 

made to teach them agriculture and husbandry. There is also 

a school for the children, as well as a modern hospital clinic 

which functions daily. In addition to the San at Tsumkwe 

there are isolated groups scattered throughout the semidesert 

central area at waterholes, who still lead a largely tradi

tional, independent existence. However, most of these !Kung 

have acquired a few of the amenities of Western civilization 

such as steel knives, plastic containers, metal cooking 

utensils and cast-off clothes and shoes. Most of them speak 

only their own dialect, are illiterate and very unsophisticated. 
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Figure 3.9. Map of South West Africa. Tsumkwe, a tiny 
village,is shown on the N.E. border close to Botswana. 
Grootfontein, the nearest large town, is 290 km away. 
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The family unit: The unit is the family with 
matriarchal dominance and even in the main settlement at 
Tsumkwe there is little social organization to leadership. 
Bigamy is accepted among the San, and where this occurs 
both wives and their children are equal members of the 
family unit. Two such families are included in this study. 
D·ivorce, remarriage and adultery do occur but are not 
prevalent (Botha et al., 1973). 

One of the problems encountered in studying the San 
was the difficulty in ensuring that we were dealing with 
families and their biological relationship. Kinship terms 
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are much wider and have a much less specific meaning than in 
Western societies. For example, a man may refer to another 
individual as 'my brother' whereas they may not share a 
single parent. This is because people with the same names 
are regarded as brothers. Among the !Kung there are 
approximately fifty names for males and fifty for females. 
Foster children who are accepted into a family are thereafter 
consistently referred to as 'our child' and could therefore 
inadvertently be included in a sibship study. Language 
differences, lack of expert interpreters and this different 
concept of kinship introduced problems in establishing family 
relationships in this study. However, in Tsumkwe itself a 
missionary resident in the area for ten years, who knew the 
people and their language, provided invaluable assistance. 

Since 1953 the !Kung in the Tsumkwe area are protected 
and now live in virtual isolation. They marry strictly within 
their own community and have an average of three living 
children per couple. Their average life expectancy is esti
mated to be about forty-five years. 



The San were selected for this study because of their 

small numbers and geographical isolation, important factors 

in producing genetic relatedness. 

IV CONSANGUINEOUS FAMILIES 

We decided that the most obvious way of finding 

individuals truly homozygous at the MLC locus (or loci) was 

to look for the HLA-A, B homozygous offspring of consang

uineous parents, as they may be expected to be homozygous 

by descent for the whole MHC and therefore also for the MLC 

genes. 

Twenty-five per cent of father-daughter offspring on 

average may be expected to be HLA-homozygous whereas only 
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one in sixteen of first-cousin marriages may be. Furthermore 

even if the latter are selected as being homozygous for the 

A and B antiger.s, there is a considerable chance that one of 

the haplotypes has been introduced by another ancestor, 

especially if the haplotype in question is common in the 

population. For example, if only the first cousins and their 

children have been typed there is only a 50% chance that the 

haplotypes of an HLA-Al,B8 homozygous child are identical by 

descent. In addition the possibility exists that a crossing

over event may have taken place between the Band D loci in 

one of the six meiotic divisions which have occurred from the 

common ancestor to the first-cousin offspring. 

i) First-degree Consanguineous Families 

For the reasons detailed above, we first set out to 

find first-degree consanguineous offspring. Seven such 

families were traced in the Cape Town area, but only two 

families were available for study. 



i. FAMIL.Y coo: This is a Caucasoid family, consisting 
of a father and mother with sixteen siblings (Fig. 
9.1 ). The father mated with his eldest daughter 
and the two offspring from this union are thus con
sanguineous in the first degree. This is common 
knowledge in the family and among their neighbours, 
and the father, mother and daughter by whom he had 
the children all admitted this. The family lives 
under very poor socio-economic circumstances, and 
the father and several of the sons drink alcohol to 
excess. 
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The HLA types of the parents and twelve of the children 
in generation II and the two children from the con
sanguineous union, generation III, were determined. 
MLC studies were done on the parents, sib II-1 and her 
two children III-1, III-2 and sibs II-13 and II-16. 

2. FAMIL.Y MEI: This Cape Coloured family in which the 
father mated with his daughter and produced a child 
came to my attention because of a paternity dispute 
(Fig. 9.2). The brother II-2 was not included in the 
MLC experiment. 

ii) Fourth-degree Consanguineous Indian Families 

Consanguineous marriages are still reasonably common 
in the Indian Muslim community in Cape Town, and a search for 
such families was accordingly undertaken. The task was hampered 
by the reluctance of many individuals to participate in the 
study. 

Three Indian Muslim families where the parents were related 
were studied 



1. FAMILY ERG: This is a Cape Indian Muslim family in 
which the parents are first cousins (II-1 and II-2), 

being the offspring of two brothers 1-1 and 1-2 
(Fig. 9.3). The father, Il-1, immigrated to South 

Africa from Rander in India as a young adult, and 

the mother, II-2, at the age of two years. Both 
parents and seven of the ten siblings were tested. 
There is a pair of monozygotic twins among the sib

lings. 
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2. FAMILY HOO: This Cape Ind·ian Muslim family was also 
studied because of consanguinity in the parents III-1 
and III-2 whose fathers II-2 and II-3 were brothers 

as shown in Fig. 9.4. The mothers of III-1 and III-2 
were also related, i.e. I-2 the mother of III-2 was 
the maternal great-aunt of III-1. 

Although the father III-1 was born in South Africa, 
his father came from Surat in India (near Bombay), 
his wife III-2 was born in India and immigrated to 

South Africa as a young girl. Father III-1, mother 
III-2 and their twelve children were tested. 

3. FAMILY CAD: The third Cape Indian Muslim family tested 
consisted of parents II-1 and II-2, who are first 

cousins, and their two children (Fig. 9.5). 

The Indians (Muslims) 

The Indian (Muslim) families presented in this study 
are part of a group of± 11,500 Indians in the Cape Peninsula 
area of whom± 65% are Muslims. According to a report of the 
Department of Indian Affairs in 1973, there are a total of 
620,417 Indians in South Africa, of whom 21,617 are in the 



Cape Province, 80,556 in the Transvaal, 3,441 in the Black 
Homelands and the majority, 514,803, are in Natal. A more 
recent estimate of the number of Indians in South Africa 
is 750,000 in 1975. 

The arrival of the Indians: 

In 1859 Natal passed legislation for the importation of 
labourers from India. This was because the pioneering 
European sugar planters in Natal experienced considerable 
difficulties with the local Zulu labourers, whom they found 
to be unstable and not in possession of the necessary agri
cultural skills. Experience in other sugar-producing 
territories indicated that Indian labour was far superior. 

83 

After lengthy negotiations and petitions from the colonists 
to the Court of Directors of the British East India Company, to 
the Secretary of State for the Colonies and to the Government 
of India, legislation was passed and two ships, the Belvedere 
at Calcutta and the Truro at Madras, were chartered to bring 
the first shipload of 340 Indian immigrant labourers to Natal. 
In November 1860 the ships landed in Natal with 318 persons of 
whom 16 were Muslims. 

The Indians who came to Natal under contract were 
imported primarily to serve on the sugar plantations. They 
were indentured to their employers for three years; hence the 
term 'indentured' labourers. After expiry of this first term of 
indenture, the labourers could enter a new contract of service 
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or on payment of £2.10 for each year unfulfilled in the 
new contract buy their freedom. They were then free to 
seek employment elsewhere in the colony and follow whatever 
vocation they chose. Many of these 'free' Indians were 
quickly absorbed in other parts of the colony including the 
Cape at higher rates of pay. They were employed as artisans, 
cooks, house-servants, tailors, laundrymen or in other 
occupations. There was an interval of eight years from 1866 
to 1874 when no 'indentured' labourers were imported, because 
of agitation of the White colonists, with whom they were · 
competing in trade, and because of the world depression. The 
importation of Indian labour was resumed in 1874, and conti
nued until 1911, when the Government of India finally stopped 
it. In all, 152,184 persons were introduced as indentured 
labourers between 1860 and 1911. There were a few Christians 
and a small number of Muslims among these 'indentured' 
labourers, but the majority were Hindus belonging to different 
caste systems and spoke Tamil and Hindi. 

Following on the indentured labourers, many Muslim and 
a small number of Hindu traders came to the new colony from 

• 
the province of Gujarat in British India, speaking Gujarati 
and Urdu. They are referred to in official records as 'Arab 
Traders' to distinguish them from the class of labourers 
imported under indenture. Almost at the same time other 

groups of adventurers with a variety of skills - goldsmiths, 
silversmiths, and workers in metals and precious stones -
followed. These two classes are described as 'free-passenger 

Indians' in official records. There are no statistics to 
indicate the numbers of these free-passenger Indians as they 
were not bound to be registered with the Protector of Indian 
Immigrants (South African Encyclopaedia, 1972, "Indians"). 
The majority of the Indians who immigrated to the Cape and the 
Transvaal were of this 'free-passenger' type who came after 



the indentured labourers (Brand, 1966). 

Indians (Muslims) in the Cape Peninsula: Of the total 
of 620,412 Indians in South Africa, only 16 per cent 
(99,266) are Muslims, according to the 1970 census. This 
study has been undertaken in the Cape Peninsula where there 
are~ 11,500 Indians, and 65 per cent (7,475) of these are 
Muslims. Most of these Muslims came from scattered areas in 
North India, others came from Cochin in the south and from 
Hyderabad, now the capital of the Central Province, Andhra 
Pradesh. 

In a survey done by Brand (1966) it appeared that most 
of the Indians in the Cape Peninsula were born in India, and 
migrated directly to the Cape. Many of the men, however, 
married only after arriving at the Cape. This explains why 
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he observed a higher proportion of Cape Town-born women. The 
majority of the Indian Muslims in the Cape are Gujarati
speaking or Urdu-speaking. They identify themselves with their 
religio-linguistic group, and in some instances with their 
broader caste group, rather than with the Indian population as 
a whole. Brand (1966) writes :-

11 It has often been noted by students of immigrant 
communities across the world that there are numerous 
forces operating toward facilitating assimilation of 
the immigrant community into the host society on one 
hand, and toward the building up of a resistance to 
such assimilation on the other. In South Africa 
these factors have been extremely complex in character 
owing to the heterogeneity of the population, and to 
historical developments. In spite of indications of 
increasing assimilation, interest has constantly been 
aroused by the way the Indians in South Africa have 
succeeded in maintaining their ethnic identity. 11 

(Brand, 1966, p.l) 



Language and religion: In order of magnitude the 
linguistic groups among the South African Indians are the 
following: Tamil 38%, Hindi 25%, Gujarati and Urdu 25%, 
Telugu 12%. On the basis of religious affiliation, the 
South African Indians can be classified roughly as follows: 
72% Hindu, 16% Muslims, 12% Christian (according to the 
1970 census). The Hindu and Muslim sections have retained 
their forms of worship, festivals and other customs almost 
intact, with the exception of their caste system which they 
forfeited when they left their country. In some parts of the 
country they are even more pious than the original groups in 
India. 

The Indian family: The Indian family differs in some 
important aspects from Negro and White families in South 
Africa even when these groups live under similar economic 
conditions in the same urban environment. The most obvious 
differences are: 
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The greater emphasis laid on arranged marriages - they 
traditionally marry within their family group and first
cousin marriages are common among the Muslims. (It is, 
however, laid down in the Holy Qur'an, Chapter iv, Verse 
23 p. 186 (see Appendix) that unions between parent-child, 
brother-sister, uncle-niece and aunt-nephew, and other 
close relatives are prohibited.) 

A higher proportion of Indian households are occupied by more 
than one related family - few live completely on their own, 
as the lonely and old are usually cared for by a young house
hold. 

Indian society is strongly patrilineal, with the oldest 
living patriarch at the apex of the structure where he 
exercises a very strong influence. This structure is known as 



'kool I or 'kootem' in Hindi or Gujarati and as 'koodoobhia' 

or 'koodoomor' among Tamil-and Telugu-speaking Indians 
(Indian South Africans, 1964). 

The reasons why Muslim Indians favour parallel-cousin 

marriages are:-

A persistence of Hindu social attitudes in a group only 
historically recently Islamicized. 

In the small communities in India where they originated 
there was a tendency to concentrate wealth in families 
and not to disperse it by out-marriages. 
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The families are usually fairly large and it is not 
unusual to find as many as ten to twelve children in a family. 
The reason is partly socio-economic - a lack of birth control 
and the fact that children are a form of wealth and insurance 
for old age. Traditionally parents stay with their children, 
and are not sent to old-age homes. Kinship is regarded as of 
primary importance and kinsmen are expected to render financial 
assistance in times of need. This help is usually not given 
from a sense of duty but from a sense of family. To help a 
kinsman is not only obligatory, it is a privilege, because 
of the urge to maintain relationships. It is an old Muslim 
practice to share everything within the family. 

Family planning: There appears to have been little 
family planning among the older generation of Indian Muslims 
in South Africa, although all forms of birth control are 
sanctioned. In the year 1107 Imaam Ghazzali wrote his master
piece "Ihya - Uloom - Iddien" (the revivification of the 
science of religion) in which he makes it clear that birth 
control is permissible, but he does not agree to its practice 
because of a fear of not earning enough to feed and rear 
children. In June 1953 a council of learned men met in Cairo 



to discuss the problem of birth control in order to give a 
directive to all Muslims on the question. The whole council 
agreed that birth control is a decision to be left to 
individual practice, for reasons of necessity concerning the 
individual: that it is not permissible for all (i.e. for 
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the whole nation); and that it is not right that there should 
be state legislation on birth control (Dien, 1968). 

The three Indian Muslim families studied belong to this 
group of people who have retained their identity and customs 
in the multiracial society of South Africa. They were uniquely 
appropriate for this study as their social customs still favour 
first-cousin marriages. 

In summary, there were available three categories of 
family suitable for studying the MLR. In the first place, 
there were two families, one Caucasoid and one Coloured, in 
which there were offspring who were the products of first
degree consanguineous matings; in the second, the San families 
came from a population in which consanguinity was inevitable 
for almost any family, though its degree could not be assessed 
accurately; and finally there were families in which the off
spring were known to have resulted from fourth-degree consang
uineous marriages and which came from a population in which 
this type of marriage is preferentially practised. 

THE RECOGNITION OF MLC DETERMINANTS (MLC TYPING) BY MEANS 
OF MLC HOMOZYGOUS CELLS 

We used the MLC homozygous cells from sib III-1 from 
family COO (Pedigree 9.1 ) in unilateral MLC tests with a 
group selected from a large panel of HLA-A, B typed unrelated 
individuals whose genotypes had been established by typing 
their families (Table X.l). 



The test group consisted of the following 

a) Cells from sib III-1 (COO) homozygous for HLA-Al ,88 
and MLC determinants by descent. 

b) Four unrelated individuals Nos. 2-5 homozygous for 
the serological determinants HLA-Al ,88. 

c) In addition there were two unrelated individuals Nos. 
6 and 7 who were HLA haplo-identical with the previous 
five individuals in this group. 

d) The control X carried four other HLA-A and B antigens. 
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I THE MIXED LYMPHOCYTE CULTURE (MLC) TEST 

Bilateral and unilateral MLC tests were performed 

employing the technique developed by Schellekens and 

Eijsvoogel (1968) and Du Bois et al. (1973) with slight 

modifications. 

The amount of blood required varies depending on the 

size of the family or group on which the MLC is performed. 

We found the number of cells required for a particular MLC 

test could be calculated on a lymphocyte yield of approxi

mately l x 106 per l ml of whole blood. Using this method, 

we had less than 5% granulocytes and monocytes, and an 

erythrocyte - lymphocyte ratio of< 1:1, in keeping with the 

findings of Schellekens and Eijsvoogel (1968). 
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The technique used for the MLC test is described in full, 

in order to illustrate the problems of setting it up for field 

work. (See Appendix for list of materials and equipment taken 

on the expedition to Tsumkwe.) The technique used for the 

collection of blood in the field at Tsumkwe varied from the 

standard method, and will be described. 

Preparation of Lymphocyte Suspension 

Venous blood was defibrinated by shaking for ten minutes 

in a sterile conical glass flask with glass beads (one bead 

for each l ml of blood). Aliquots of defibrinated blood were 

mixed with equal amounts of Eagle's minimum essential medium 

for suspension cultures (MEM-S) (Eagle, 1959) supplied by 

Grand Island Biology Co., New York, U.S.A., buffered with 

0.025 M Tris. This medium was used throughout the MLC test. 



The lymphocytes were isolated using the equilibrium 
density centrifugation method described by Boyum (1968). 
This separation fluid consists of ten parts of 33.9% sodium 
metrizoate solution (Nyegaard & Co., AS. Oslo, Norway) mixed 
with twenty-four parts of 9% Ficoll (Pharmacia, Uppsala, 
Sweden), giving a final density of l .077. Eight ml of the 
diluted blood was then layered on top of 4 ml of the Ficoll
sodium metrizoate mixture in a Falcon tissue culture tube 
(16 x 125 mm, Cat. No. 3033). This gradient was centrifuged 
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at room temperature for twenty minutes at l ,000 g (as measured 
at the interface). After centrifugation the lymphocytes form 
a layer at the interface, and most of the red cells and 
granulocytes sediment to the bottom. The supernatant medium 
plus the serum were aspirated with a Pasteur pipette by means 
of a vacuum pump and discarded. Then the lymphocyte layer, 
together with approximately l cm of fluid above and below it, 
was removed with a Pasteur pipette. The cel1s were washed 
twice by resuspension in Eagle's MEM-S and centrifuged for ten 
minutes at 400 g at room temperature. After the removal of 
the second washing fluid by means of a Pasteur pipette and 
suction pump, the sediment was resuspended in a known volume of 
MEM-S + 20% heat-inactivated AB serum (stored at -7o0 c). 

A leukocyte count was performed on an electronic cell 
counter (Coulter Electronics Model F) by taking 0.05 ml of 
cell suspension with a sterile volumetric pipette into 25 ml 
of Isoton (Coulter). Finally the cell concentration was 
adjusted to 3 x 105 cells per ml by the addition of MEM-S 
supplemented with 20% heat-inactivated human AB serum, penicil
lin 100 U/ml and streptomycin 100 µg/ml. The penicillin and 
streptomycin were always freshly prepared for the experiments 
except at Tsumkwe where stock solutions were made and refrige
rated at -18°C until used. 



Mitomycin-C Treatment of Cells 

A normal MLC is a two-way reaction: both lymphocyte 
populations can stimulate each other to transform and 
synthesize DNA. As DNA synthesis is the measure of the 
reactivity, it can be made unilateral by inhibiting the DNA 
synthesis of one of the two lymphocyte suspensions. 

Mitomycin-C (Bach and Voynow, 1966) was used for this 
purpose in these experiments, X-rays (Kasakura and Lowen
stein, 1965) and N-mustard derivatives (Ceppellini et al., 
1965) have also been used. After such treatment the cells 
retain their powers of stimulating the non-treated population 
to produce DNA, and this is usually called a one-way or 

unidirectional reaction. 
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The Mitomycin-C treated cells were prepared by trans
ferring a known volume of cells from the original concentrated 
suspension to a 50 ml Falcon tube (Cat. No. 2070). The 
volume of cell suspension must not be more than 1 ml, to 
prevent diluting the Mitomycin-C, but the number of cells is 
not important. This cell suspension was then diluted by the 
addition of 4 ml of MEM-S, and finally 0. 16 ml of Mitomycin-C 
solution was added to bring it to a final concentration of 
20 µg/ml. After mixing, the cells were incubated at 37°c for 
thirty minutes in a waterbath. Subsequently the cells were 
washed twice in 20 ml of MEM-S. The centrifugation was performed 
for ten minutes at 400 g at room temperature. The supernatant 
medium was removed, and if necessary clumps were removed by 
microfiltration. The cells were resuspended in a calculated 
volume of MEM-S + 20% heat-inactivated AB serum, penicillin 
100 U/ml and streptomycin 100 µg/ml to a concentration of 3 x 
105 cells per ml. 
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Lymphocyte Culture 

The lymphocytes were cultured in 11 x 70 mm polystyrene 
tubes with caps and spherical internal bottoms (Nunc, Ros
kilde, Denmark, Cat. No. 1090). The lymphocytes of both 
individuals were always present in equal numbers of l .5 x 
105 cells in the reaction mixture giving a total of 3 x 105 

cells in a final volume of l ml in each culture tube. EaC'h 

combination was perj'or•med i"n tr1'.plicate ul' quadruplicate. 

This fourth tube was included initially for a morphological 
preparation, in order to exclude toxicity in case of a 
negative thymidine-z-c 14 incorporation and also to compare 
the morphological results with those of the thymidine incorpo
ration. 

1. Two-way_or_bilateral_cultures 

Aliquots of 0.5 ml per culture tube of cell suspension 
from both donors were distributed by means of an 
automatic pipette with disposable tips (BiopetteBecton, 
Dickenson & Company, Cat. No. 0010-30) resulting in a 
1 :l ratio in a final volume of l ml. 

2. One-way_or_unilateral_{Mitomycin-C_treated_cultures} 

Then 0.5 ml of Mitomycin-C treated stimulatory l .5 x 
105 cells (designated, e.g. Am: Bm, etc.)+ 0.5 ml non
Mitomycin-C treated responding cells l .5 x 105 
(designated, e.g. A, B, etc.) were mixed in the culture 
tubes. 

3. Controls 

Phytohaemagglutinin (PHA, Burrough Welcome, Cat. No. NR-10) 
and negative controls were always included for each 
suspension (see Table IV. l for example of protocol for 
MLC tests). The PHA stimulation was carried out by the 



TABLE IV.l. EXAMPLE OF PROTOCOL FOR MLC TEST IN THE COMBINATION A+ B 

BILATERAL MLC TEST 

A + B 

Control A (PHA) - Maximal 
stimulation and 
ce 11 viability 

A Background control 

A + B m 

A + B m 

UNILATERAL MLC TEST 

(unilateral in 
both directions) 

Control A {PHA) - Maximal 
stimulation and 
ce 11 vi abi 1 ity 

A + A m Background control 
and Mitomycin-C 
inhibition 

m = Mitomycin-C treated 

If one of these combinations has been omitted, it is always 
mentioned in the discussion of the final data. 

lO 
<.n 



addition of 0.05 ml of PHA to each tube by means of 
a disposable tuberculin syringe, the final concentra
tion of Pi1A then being 40 pg/ml of tissue culture 
medium. Each of the PHA - and negative control tubes 
contained 3 x 105 cells in 1 ml of culture medium from 
the same cell donor. 

All the tubes were then capped and placed in an 
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incubator at 37°c. The PHA-stimulated cultures were harvested 
after seventy-two hours, and a 11 other cultures were terminated 
after 144 hours. 

Determination of Thymidine-2- 14c Incorporation 

Twenty-four hours before harvesting the cells, 0.075 µCi 
thymidine-2- 14c in 0.05 ml culture medium, of a specific 
activity of 59 mC/mM (Amersham, England) was added and the 
tubes were well shaken. (The specific activity was hotter 
than reciuired, but the only one locally available.) 

Harvesting procedure : After twenty-four hours the 
contents of each tube were transferred to a vertically placed 
20-ml syringe without plunger, with the centrally placed needle 
aperture downwards, which was connected to a Millipore Swinnex -
13 mm filter unit (Millipore Corporation, Bedford, Mass., U.S.A.) 
containing a glass-fibre filter (Cat. No. AP2001300). The 
needle-side of the filter-holder was connected to a vacuum line 
(see Fig. 4.1 for a sketch of this hand-made apparatus 
consisting of twelve of the above-described syringes and filter
holders). (This unit was kindly donated to us by Dr V.P. 
Eijsvoogel of the Central Laboratory of the Netherlands, Red 
Cross Blood Transfusion, Amsterdam, Netherlands.) A vacuum 
was then applied to this and the culture medium containing the 
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Figure 4.1. Sketch of apparatus used for the 
harvesting of mixed lymphocyte culture (MLC) 
tests. 
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non-incorporated radioactivity sucked through the filter, 
while the lymphocytes remained on top of it. Subsequently, 
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the culture tube was rinsed with 2 ml of saline which was also 
transferred to the syringe. Finally the lymphocytes were 
washed with 20 ml distilled water (this will induce lysis of 
the remaining red cells on the filter) in the same manner 
as before, whereafter the filter was removed from the filter
holder, placed in a counting vial and dried overnight at 37°c 

in an incubator. 

Counting radioactivity : After the addition of 2 ml of 
scintillation fluid (11 .25 g PPO, 1 g POPOP, and 2.5 litre 
toluene) to each counting vial, the radioactivity was deter
mined by means of a Packard TRI-CARB Liquid Scintillation 
Spectrometer, Model 3385 (efficiency 90-95%) for ten minutes. 

The arithmetic mean and the standard error (se) of each 
triplicate set of tubes were calculated and expressed as counts 
per minute (cpm). 

Morphological Interpretation 

When the lymphocytes obtained from human blood are kept 
in culture without any apparent stimulus a small number of 
them spontaneously transform into 'blast' cells. But, in the 
presence of foreign cells, this transformation into 'blast' 
cells is greatly increased. It is difficult to quantitate this 
morphological phenomenon of the lymphocytes in vit~o in a 
meaningful way. We used the percentage of 'blast' cells after 
144 hours of incubation as an indication of the responsiveness 
of the lymphocytes. 
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+ denotes< 5% blast formation -
+ denotes > 5% < 10% blast formation 
++ denotes > 10% <15% blast formation 
+++ denotes> 15% <30% blast formation 
++++ denotes > 30% blast formation 

Macrophages were not included in these counts. 

In the negative control cultures, blastoid transformation 
was seen in less than 2% of cells examined and in the majority, 
transformation was less than 0.5%. In the positive control 
cultures, where cells from single donors were stimulated with 
PHA, the transformation was much more noticeable, often 95% 
or more of the cells in culture after seventy-two hours. 
Blastoid transformation usually varied from 5-15% of the cells 
in the mixed cultures but was as a rule absent when lymphocytes 
of HLA identical siblings were grown together. There are, of 
course, various inherent sources of error in this method, such 
as the problems of a visual counting technique, and as many as 
10,000 cells had sometimes to be examined to achieve a signifi
cant result, especially because of the tendency for blast cells 
to be distributed at the edge of the smear. 

Phase-contrast microscopy was used to study the morphology 
of the MLC cultures. This method was chosen because of its 
simplicity and ease compared with the acetic orceine staining 
technique, especially in the field studies on the San group. 
In addition it was an insurance against failure of any sort of 
assessment of the MLC tests if the final discs for the liquid 
scintillator counting were lost or damaged during transport to 
the laboratory. The extra cells cultured for morphological 
examination were prepared by discarding the culture media and 
gentle agitation of the cells on a Whirlmix. The contents of 
the tube was then transferred to a clear slide, sealed with a 
coverslip and examined immediately under a phase-contrast 



microscope. It must be emphasized that lymphocytes and the 
large 1 blast 1 -like cells derived from them by transformation 
are both actively motile cell types. Their appearance in 
the living state is very different from that observed in 
conventional fixed-stained slides, which do not show the 
dynamic interrelationships between cells in culture by means 
of intercellular processes termed uropods (Greek: 1 oura 1

, 

tail and 1 podos 1
, foot, stalk) (McFarland et al., 1966). The 

motile lymphocytes in suspension cultures are easily recog
nized by their irregular 'pear-shaped' configuration. 
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In the wet preparation the cell has an overall diameter 
of 16 µ and the nucleus is central with prominent nucleoli. 
'Blast' cells in mitosis are readily recognized and some 
workers rely on the percentage of mitotic figures in a 
preparation to indicate the extent of the in vitro response. 
In highly active cultures mitoses were frequent and the 
lymphoblasts were usually present in large aggregates often 
around a central macrophage. 

MLC Typing 

MLC typing cells are cells from individuals who carry 
the same information for the MLC stimulating determinant on 
both chromosomes, i.e. individuals who are known to be homo
zygous for the HLA-0 locus determinant usually on the basis 
of family studies. Although HLA-0 homozygous individuals 
are found in the outbred population, especially in families 
where the parents share one common HLA-A, B haplotype the 
best source is the homozygous offspring of parents who are 
related. 

For MLC typing the one-way test is used (in which the 
stimulator cells are inactivated by X-rays or Mitomycin-C) 
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so that it can act as a stimulus only for the responder cells 
that are not inactivated. The basic concept of this test is 
that if a test cell does not show an MLC response to a given 
homozygous typing cell, then it presumably has the determinant 
carried by the typing cell, e.g. -

l. If Xis the cell to be typed (responder cell) and 
a/a is the homozygous typing cell (stimulator cell); 

if the MLC test is negative, the MLC type of X must 
be a/a, a/b, a/c, etc; 

if the MLC test is positive, the MLC type of X must 
be b/c, etc. 

The MLC test can also be reversed if the initial test with 
the homozygous cell a/a as stimulator was negative, e.g. -

2. If Xm versus a/a is negative, then X must be homo
zygous for the typing cell a/a. 

The reactions of a panel of cells to a series of typing cells 
can be analyzed according to the same principles used for the 
analysis of serological reactions, to establish specificities 
defined by similar reactions to a set of typing cells. For 
the Sixth International Histocompatibility Workshop, fifteen 
laboratories collaborated and each used sixty-two carefully 
selected homozygous typing cells to type a panel of not more 
than 100 responders. 

From the analysis of these data it was concluded that: 
six and possibly eight determinants could be defined at the D 
locus. These determinants behaved as if controlled by a series 
of alleles at the D locus. It was also clear that, as in the 
case of the serologically defined specificities of the A, B 
and C loci, new information will probably lead to 'splitting' 
of these MLC determinants and possibly of the D locus itself. 



The strong linkage disequilibrium between the D and B loci 
alleles was also confirmed (Bodmer, 1975). 

II HLA TYPING 

The HLA antigens of the A and B loci were determined 
by the two-stage microlymphocytotoxicity technique 
recommended by the National Institute of Health (N.I.H.), 
U.S.A .. 

a) San 

Blood was collected in the Hyland transport set (for 
full description see pagel09 and Fig. 4.2) and typed with 
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the Fifth Histocompatibility Workshop collection of anti
sera. In addition to performing the lymphocytotoxicity 
testing, all samples were tested by the N.I.H. standard micro 
platelet complement fixation technique and the micro-EDTA 
agglutination test (Van Rood et al., 1970). The results 
of these tests showed poor correlation with the cytotoxicity 
results (except for sera recognizing the well-defined 
antigens) and have therefore not been included in this study. 
Further details of the serological studies on the San have 
been previously reported by us (Botha et al., 1973). 

b) Other Families and Individuals 

Fresh blood samples were collected in Thromboliquine 
(NV Organon Oss, Holland) and purified by Ficoll-Isopaque 
flotation as described by Boyum (1968). These cells were 
tested with a battery of 140 local and other sera. 



III RED CELL ANTIGEN TYPING 

The antigens listed in Table IV.2 were tested in all 
the families. The erythrocyte genetic markers were not 
done on the HLA identical unrelated groups as they were not 
relevant to the study. 
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At the onset of the study the Henshaw and the Lewis 
(Lea) antigens were also included, but as they are not done 
as a matter of routine in our laboratory, they were later 
omitted except in the two San families IV and VI where 
additional markers were sought to solve the question of 
disputed parentage. As indicated in Table IV.2 commercially 
obtained antisera were always used according to the instruc
tions of the manufacturers and standard methods were used for 
the locally prepared antisera. A clotted sample was taken 
and saline suspensions made from the cells at the bottom of 
the clotted sample tube, care being taken to remove all clots. 

IV OTHER TECHNIQUES OCCASIONALLY EMPLOYED 

Since the serum protein and red cell enzyme determi
nations were kindly performed in Professor T. Jenkins' 
Laboratory at the South African Institute for Medical Research 
in Johannesburg, the methods are not described here in detail. 
They are reported in his Thesis 'Genetic Polymorphisms of Man 
in Southern Africa' (1972). A list of the serum proteins 
and red cell enzymes tested for and a brief description of 
the techniques employed are given in Table IV.3. These serum 
protein and red cell enzyme tests were used initially on the 
three Indian families but were then omitted as none of them 
showed any peculiarity. They were, however, again used on San 
families IV and VI as they provided additional markers to 
elucidate the problem of disputed parentage. 
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TABLE IV.2. ANTIBODIES AND TECHNIQUES USED FOR RED CELL 

ANTIGEN TYPING 

Antigen Technique Employed Source of Antibody 

AB Saline, tube Local 

Al Saline, tube Extracted from 
Lectin Dolichos biflorus 

commercial 

Rh ( C) , ( c) , ( D) , ( e) Saline, tube Commercial 

E Saline, tube Local 

M, N Saline, tube Commercial 

-S, s Coombs Commercial 

Kell ( K) Coombs Local 

Cell ano (k) Coombs Commercial 

pl Saline, tube Commercial 

Duffy (Fya) Coombs Local 

Henshaw (He) Saline, tube Produced locally 
in a rabbit 

Lewis (Lea) Coombs Local 
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TABLE IV.3. TECHNIQUE USED FOR SERUM PROTEIN AND RED CELL 
ENZYME DETERMINATIONS 

Serum Proteins 

a) Haptoglobins (Hp) 

b) Transferrins (Tf) 

Red Cell Enzymes 

Peptidase 

A 
B 
C 
D 

Adenosine deaminase(ADA) 

Glucose-6-phosphate dehydro
genase (G-6-PD) 

6-phosphogluconate dehydro
genase (6-PGD) 

Technique Employed 

Starch gel electrophoresis method 
of Smithies (1955) using the dis
continuous buffer system of Paulik 
(1957) and stained with benzidine. 
Starch gel electrophoresis method 
of Smithies (1955) and discontinuous 
buffer system of Paulik (1957), then 
same run as for Hp identification but 
stained with Amido Black 108. 

Horizontal starch gel electrophoresis, 
then staining technique of Lewis and 
Harris (1967). 

Method of Spencer et al. (1968). 

Phosphate buffer system of Mathai et 
al. (1966). The one half of the starch 
gel was stained for G-6-PD activity by 
a m~xture consisting of 75 ml warm 
(45 C) Tris-HCl buffer (0.05 M) to 
which was added immediately prior to 
pouring on the gel: 9.9 mg G6P, 4.2 mg 
NADP, 10 mg NBT (or 50 mg INT or 4 mg 
MTT and 2.5 mg PMS). Incubation for 
45 mins in the dark at 37°c is usually 
sufficient to demonstrate the zones of 
G-6-PD activity. 
The same phosphate buffer system and 
starch gel preparation as for G-6-PD 
was employed, one half being stained 
for G-6-PD and the other for 6-PGD. 
Staining was carried out using 12 mg 



Phosphoglucomutase ~) 
GM l 

Adenylate Kinase (AK) 

Acid phosphatase (AP) 

l 06 

Technique Employed 

6-PG, l .l mg NADP, 7 mg NBT (or 25 mg 
INT or l .2 mg MTT) 0.5 mg PMS and 0.2 
ml MgCl2 (5. l g/1) are dissolved in 6 
ml of Tris-HCl buffer (0.05 M, pH) 
and mixed vvith 6 ml molten agar before 
it was poured over the gel. Bands of 
enzyme activity develop at 370c in the 
dark in about 30 minutes. 

Horizontal starch gel electrophoresis 
using the Tris-maleate buffer, pH 7.4 
(Hopkinson and Harris, 1965; 1966; 
Harris et al. 1968). The gel was 
stained with 50 ml Tris-HCl buffer 
(0.05 M) and 40 ml MgC1 2 (0.025 M) 
warmed to 370c and mixed with 10 mg 
NADP, 50 mg G-1-P, 10 mg MTT (or 20mg 
NBT or 250 mg INT, 20 \ G-6-PD (acti
vity = 140 units per ml) and l O mg PMS. 
This mixture was poured over the gels 
and incubated in the dark at 370c for 
l - 3 hours. 

Horizontal starch gel electrophoresis 
using the discontinuous histidine
citrate buffer system pH 7.0 (Fildes 
and Harris, 1966). The gel is stained 
with an agar overlay consisting of 11 
ml of 2% molten agar mixed with 12 ml 
of Tris-HCl buffer (0.5 M, pH 8.0), 
36.6 mg glucose, 74. l mg MgCl2 6 H20, 
9.7 mg ADP, 4.6 mg NADP 20 mg NBT, 2. l 
mg PMS, 5 \ G-6-PD suspension i.e. 
approximately 0.04 µ/ml and hexokinase 
1.4 \. The zones of AK activity 
develop after incubation in the dark 
at 370c for 30-60 minutes. 

Horizontal starch gel electrophoresis 
in the buffer system of Karp & Sutton 
(1967). The gel was stained according 
to the method of Hopkinson et al .(1963), 
modified according to Jenkins (1972). 
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V SETTING UP A LABORATORY DURING FIELD WORK ON THE SAN 

(BUSHMEN) AT TSUMKWE 

Setting up the MLC test during field work is a 
formidable task, and this would not have been possible with
out the meticulous attention to detail by Dr. V.P. Eijsvoogel 
of Amsterdam in planning it. We were also fortunate that Dr 
M.C. Botha was able to visit Tsumkwe prior to our departure 
to assess the available facilities, which were :-

a) A medical clinic where we were able to use four 
relatively dust-free rooms (Fig. 4.2) 

i) one for bleeding and the separation of blood 
ii) one for the MLC tests 

iii) one for Prof. T. Jenkins of Johannesburg to do 
anthropological measurements and separate 
blood samples for red cell and serum enzyme 
studies 

iv) one for Prof. J.J. van Rood, Dr J. van der 
Does and Miss A. van Leeuwen to do the micro
EDTA agglutination tests 

b) An electrical generator and adequate power plugs 

c) Refrigerator facilities 

d) 

e) 

i) two refrigerators (+4°C) 
ii) a deep freeze cabinet (-18°C) 

+ Adequate bench space 3 sq. metres in each room, plus 
tables for equipment. 

An interpreter: Family relationships between individuals 
were of utmost importance, particularly for the MLC 
studies. The resident missionary, the Rev. F. Weich, 
was not only able to interpret for us, but he also 
knew the family relationships. Despite this, problems 
arose as shown in San family IV where some members were 



Fig. 4.2 The modern hospital clinic at Tsumkwe where field 
laboratory tests were done. 

Fig. 4.3 The village of Samengaigai near Tsumkwe showing the 
typical countryside of the area during the autumn 
season. 
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not biologically related. 

f) Seasons: The study was planned for autumn to avoid 

the heat of summer and the rainy season when the 
San move away from Tsumkwe to better hunting grounds 

at distant waterholes (Fig. 4.3). 

Collection of Blood Samples 

The blood samples were collected using the Hyland 
Trans-Type Lymphocyte Transport-Storage System (Hyland, 
California, U.S.A.) (see Fig. 4.4 for a sketch of this set). 
A special 'Transport Storage Medium' was also provided in 
which lymphocytes could be preserved at room temperature, 
for up to 14 days to facilitate shipment of the cells to 
the laboratory for lymphocytotoxicity testing. 

Using a sterile taking-set, blood was drawn into a 
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125-ml Hyland vacuum bottle containing 15-20 small glass beads. 
The blood was then defibrinated by gentle rotation (± 5-10 

minutes). A further 10 cc of EDTA blood (for platelet comple
ment fixation and micro-leuko-agglutination tests) and 5 cc 
of clotted blood (for red cell genotyping and serum enzyme 
studies) were then collected with the same taking-set in 
separate vacutainers. After defibrinating the blood in the 
Hyland collecting bottle, the remaining vacuum was released and 
5-10 cc of blood was withdrawn with a syringe and needle for 
MLC testing. 

Subsequently an equal volume of sterile erythrocyte 
sedimenting agent was added to the remaining defibrinated blood 
in the Hyland collecting bottle, mixed, and allowed to stand at 
room temperature for 30 to 40 minutes to allow sedimentation of 
the red cells. When sedimentation of the red cells was apparent, 
the long needle of the 'Trans-Type Lymphocyte Separation Set' 
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Figure 4.4. The Hyland Trans-Type Lymphocyte Transport
Storage System, used for separating lymphocytes. 
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was inserted into the leukocyte-rich supernatant. The 'FLO
TROL Clamp' of the tubing was then released and the super
natant drawn off through the nylon fibre filter at a slow 
rate into a sterile, evacuated 125-ml bottle as illustrated 
in Fig. 4.4. When this filtration procedure was completed, 
the clamp was closed and the line disconnected from the 
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bottle into which the supernatant had passed. An equal volume 
of 'Transport Storage Medium' was then added to this bottle. 

The cells for lymphocytotoxic testing were divided 
into two. One of these was sent to Leiden, Holland, and the 
other to Cape Town. The division was made as an insurance 
against loss or delay during air transport. 

Problems Encountered 

The logistic problems of a study so far from the 
laboratory were enormous, and this limited the extent of the 
investigation. Over 300 samples were taken and transported 
by air to Leiden and when possible to Cape Town, but only 
100 samples were suitable for HLA-A and B typing. Blood was 
collected in Hyland transport sets (as previously described) 
which had been tried and found to be satisfactory both in 
Leiden and Cape Town. 

Laboratory work was often hampered by the delay in 
gathering an entire family together at a specific time. The 
San are traditionally nomadic people, who may suddenly decide 
to go hunting for the day or even for a few weeks. Thus in 
some families the MLC studies were done on members of the same 
family on different occasions, and in others the studies were 
incomplete. Some of the families lived in isolated settlements 
some distance away from Tsumkwe and this meant long journeys 



through rough country to bring them to the clinic for 
bleeding. In a few instances bleeding was performed in 
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the 'bush', but this was extremely difficult. The time 
factor was also a problem as the expedition was planned for 
only ten days. One day was needed to unpack and install 
various items, and another to pack, leaving eight days for 
setting up MLC tests. 

Performing an MLC test with 600 tubes per day needs 
two people for 6 - 8 hours, e.g. 

1) A family of two parents, four children, and two 
unrelated controls means a total of twenty-eight 
possible combinations. If only a bilateral MLC 
with PHA and negative controls are performed in 
quadruplicate, 176 tubes are needed. If both 
unilateral and bilateral MLCs are done in all 
possible combinations, 432 tubes are required. 

2) A family of two parents and six children with two 
unrelated controls brings the number to 260 
{bilateral MLC) and 440 (unilateral MLC). 

As PHA controls had to be harvested on the third day, and 
the rest on the sixth day, from the third day harvesting 
had to be included into the daily scheme, and this took 
another 4 - 6 hours. White cell counts had to be done by a 
visual method and this also takes longer than by the 
electronic cell-counting method. The cultures that had not 
yet been harvested on the day of departure from Tsumkwe had 
to be carried in an insulated box to keep them as close to 
37°c as possible and transported by air to Cape Town where 
further incubation and final harvesting were performed. The 
filters of the completed cultures were carried home and the 
radio-activity counted at the laboratory. 

Although the expedition was in autumn, it was often 
very hot, and the room temperature was well above the 



required 20 - 22°c. This may have contributed to the death 
of some of the cells. The transport of the equipment to and 
from Tsumkwe also presented a major problem. A large 
proportion of materials not available in South Africa at the 
time were flown from the Netherlands to Windhoek. 
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PART Ill 

RESULTS 
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CHAPTER FIVE - PRESENTATION OF RESULTS 

Presentation Format 

Expression of MLC Reactivity 



I 

II 

III 
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Presentation Format 

The results on each of the families and the HLA-A and 
B identical unrelated groups studied are presented separately 
as follows 

i) A diagrammatic representation of the pedigree of 
each family is given. The s~nbols and numbering are those 
conventionally used in genetics (Fig. 5. l): females are 
denoted by circles, males by squares, consanguineous matings 
by double and non-consanguineous by single lines between 
symbols, the generations by Roman and the individuals in a 
generation by Arabic numerals. Sibships are given in order 
of birth. The numbers under each member of the family (as 
for example in the pedigree of family BEU, Fig. 7.1) represent 
the HLA-A and B antigens. The letters a,b,c and d denote the 
HLA haplotypes. Additional symbols used for special purposes 
are explained in the legend of the pedigree in which they 
occur. 

1 2 

1 2 

1 2 3 

Figure 5.1. A sample pedigree 



ii) A Table with the HLA-A and B genotypes and haplo
types (e.g. Table VII. 1) of the individuals who were 
available for HLA typing in each family and unrelated group 
is given with a comment on the results. 

iii) A Table with erythrocyte genetic markers (e.g. 
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Table VII.2) of all the available members of the families is 
given with a comment on these data. In the first three 
families studied, families BEG, HOO and CAD (Chapter Nine), 
additional erythrocyte genetic markers, i.e. Henshaw and Lewis, 
were tested for, as well as serum proteins and red cell enzymes. 
None of these showed any peculiarity and as they were not 
essential for assessment of paternity and were not routine 
tests in the laboratory when this study was commenced, they 
were not done on the rest of the families with the exception 
of San families IV and VI where the question of mixed parentage 
arose. The erythrocyte genetic markers were not done on the 
HLA-A and B identical unrelated groups as they were not relevant 
to the study. 

iv) The Tables with the results of the bilateral and/or 
unilateral MLC experiments performed are given, e.g. Table 
VII.3. The left-hand column is the identification of the 
persons according to the pedigree in the families or the code 
number of individuals in the unrelated groups. The HLA haplo
types represented by the letters a, b, c and dare given in the 
next column, sometimes with the A and B antigens if relevant to 
the discussion. Phenotypes only, are given for unrelated 
individuals where family studies have not been done to establish 
the genotypes or haplotypes. 

All cultures were performed in triplicate and for each 
combination the mean and standard error (se) of the three results 
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expressed in counts per minute (cpm) are given. The values 
enclosed in the rectangles are those discussed in the text. 
The results of the negative controls for each cell in both 
the unilateral and bilateral MLC tests are indicated by a 
diagonal stippled line running through them. In each 
experiment, control MLC tests were carried out with the 
lymphocytes from at least one healthy, unrelated individual 
(X), and sometimes a second unrelated individual (Y). The 
ability of each cell to respond to phytohaemagglutinin (PHA) 
is also recorded except in San family II, where there were 
too few cells available. In the unilateral MLC tests, the 
Mitomycin-C treated stimulator cells are marked with the 
subscript m, always listed in the left-hand vertical column, 
whereas the responder cells are listed horizontally at the 
top of the Table. 

Expression of MLC Reactivity 

The majority of the MLC test results here are expressed 
as a mean of the triplicate in cpm with the variation within 
the triplicate expressed as a standard error (se). It should, 
however, be emphasized that like most investigators we have 
found a considerable variation in the degree of reactivity 
in MLC tests performed on different days. The cause of this 
variation is not clear. It may be the result of minor tech
nical variations, but this seems unlikely, as a strict protocol 
is always adhered to. It may, however, be an additional 
effect caused by a change in the pool of circulating lympho
cytes (Eijsvoogel, 1974). As a result of the difficulty in 
finding an expression of MLC reactivity which gives comparable 
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values for the same MLC combinations performed on different 
days, and which also distinguishes clearly between D locus 
identical sibs and combinations differing for one or two 
alleles at the D locus, several other approaches have been 
suggested. 

We have used two of these: the stimulation ratio (SR), 
and the relative response (RR) in expressing the MLC reactivity 
in some of the experiments. The stimulation ratio was 
calculated by dividing the mean cpm by the cpm of the corres-
ponding autologous control mixture. The definition of SR is: 

mean-cpm 
SR = ----------

autologous control-cpm 

and it indicates how many times the counts were higher than 
the control counts. As recommended in the Joint Report from 
an MLC Workshop (1974), the SR is expressed as a decimal to 
prevent confusing SRs with RRs. 

The relative response ( RR) for a given responder was 
calculated as follows: 

mean-cpm - autologous control-cpm 
RR= X 100 

reference-cpm - autologous control-cpm 

The mean cpm for a given responder are corrected by subtracting 
the autologous control cpm. The highest test cpm observed 
with the corresponding responder cells that day was used as the 
reference value because this should reflect the general respon
siveness of the cell. The response against each stimulator is 
then expressed as a percentage of the reference cpm minus the 
autologous control cpm without decimals. 



120 

Initially, morphological assessment of the MLC cultures 
was done on all the families in an effort to find another 
parameter by which to judge whether stimulation between 
individuals was present and to what extent, and to see how 
these values compared with the thymide incorporation results. 
Later in the study these were omitted as little additional 
information could be gained from them. The morphology results 
are given in the same Tables as the thymidine incorporation 
results in the bilateral MLC tests, and in separate Tables in 
the unilateral cultures. 
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CHAPTER SIX - THE UNRELATED INDIVIDUALS 

(i) Unrelated Individuals Different for HLA-A and B 

(ii) Unrelated Individuals Identical for HLA-A and B 

Interpretation of Results 



Two groups of unrelated individuals, selected on the 
basis of HLA-A and B typing, were studied. 

(i) Unrelated Individuals Different for HLA-A and B 

As part of this study MLC tests were done on unrelated 
HLA-A and B different combinations, employing the bilateral 
MLC technique in 318 cases, and the unilateral technique in 
513. 

122 

The results of all the tests on these HLA-A and B 
different unrelated individuals are summarized in Table VI.l. 
Included is a small number of unrelated persons with varying 
degrees of HLA disparity as well as some who are HLA-A and 
B identical. None of the 318 bilateral MLC combinations was 
negative, and only one of the 513 unilateral tests was 
negative among the individuals differing for two A locus and 
two B locus antigens (Group a, Table VI.l). One of the 
thirty-eight bilate1•al MLC tests (Groups band d), where the 
MLC pairs shared one B locus antigen and differed for one or 
two A locus antigens, was MLC negative and eleven of the 
seventy unilateral MLC combinations in the same group, were 
negative. In one pair who shared the same HLA-B antigen but 
differed for the two HLA-A antigens, reciprocal non-stimulation 
was observed in the unilateral MLC test (Group c). Among 
the HLA-A and B identical combinations (Groupe) there were 
four bilaterally negative pairs and thirteen unilaterally 

negative pairs. 

(ii) Unrelated Individuals Identical for HLA-A and B 

This group comprised seven unrelated individuals with 
the HLA-A and B phenotype Al ,3;87,8 one with the phenotype 
Al ,3;B7,W35 and a control X, with the phenotype A9,28;Bl4,Wl7. 



TABLE VI.1. MLC REACTIVITY IN HLA-A AND B TYPED UNRELATED INDIVIDUALS 

Group No. of HLA antigens different 
in unrelated pairs 

A locus B locus No. of bilateral No. of unilateral No. of bilateral 
antigens antigens MLC combinations MLC combinations ML.C negative· tests 

a 2 2 318 513 0 

b 2 1 4 13 0 

C 2 0 - 28 -
d l 1 34 57 1 

e 0 0 42 26 4 

No. of unilateral 
MLC negative tests 

1 

3 

2 

8 

13 

__, 
N 
w 



The results of bilateral MLC tests carried out among these 
are shown in Table VI.2. This experiment was performed at 
the onset of this study when the importance of doing uni
directional MLC tests was not fully understood and was not 
routinely done. 

The three parameters included in these results - the 
stimulation ratio (SR), mean cpm ~ se and the morphological 
assessment - are not always in full agreement. The SR, 
which shows how many times the counts were higher than the 
control counts, is dependent on the control values. This 
was clearly illustrated in this MLC test by the low SR seen 
ln all the combinations where the high control value of 
individual RO (Table VI.2) formed part of the calculation. 
The morphological results in this experiment are also at 
variance with the thymidine incorporation results in a 
number of instances. Hence only the actual mean cpm's were 
taken into consideration for the assessment of this MLC. 
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Thus from the results of the mean cpm values in Table 
VI.2, it is clear that there were four combinations resulting 
in low MLC stimulation in this group, i.e. TA vs RO, VO vs RO, 
VO vs TA and LO vs BA. Cells RO, TA and VO are probably 
genotypically identical or nearly identical for HLA-A, Band 
D, and LO and BA probably represent another such semi
identical group, different from the first. 

The two remaining cells VT and DL with the phenotype 
Al ,3;B7,8 stimulate each other and the previously mentioned 
negative groups strongly, and must therefore carry different D 
locus determinants which are also non-identical with the D 
locus determinants of the former negative groups. Of the two 
remaining HLA-A and B non-identical cells, neither WA 
(HLA-Al ,3;B7,W35) nor the control X (HLA-A9,28;Bl4,Wl7) were 



Subject 
HLA 
pheno-
~ 

VT Al,3;87,8 

RO Al,3;87,8 

DL Al,3;B7,8 

TA Al,3;B7,8 

BA A1,3;B7,8 

VO Al ,3;B7,8 

LO Al ,3;B7,8 

WA A1,3;B7,W35 

X A9,28;B14,W17 

PHA 

TABLE Vl.2 

BILATERAL MLC TEST BETWEEN SEVEN UNRELATED INDIVIDUALS WITH HLA PHENOTYPE Al ,3;87,8 AS WELL AS ONE INDIVIDUAL WITH THE PHENOTYPE Al,3;B7,W35 AND A CONTROL X WHO CARRIED OTHER HLA ANTIGENS 
(Each entrance contains from top to bottom: SR, mean cpm ± se. 

The morphological assessment is given in the right upper triangle) 

VT RO DL TA BA VO LO WA X 

Al ,3;B7 ,8 Al,3;87,8 Al,3;87,8 Al,3;87,8 Al ,3; 87 ,8 Al,3;87,8 Al ,3;B7,8 Al,3;B7,W35 A9,28;S14,Wl7 

"-,89 
±13 

' 8.9 ......._ 

++ 

7,085 ,, ,494 
±259 ±235, 

+ 

+ 

48.6 9.2 ', 
s,931 7,603 ,155 
±234 ±686 ±1~ 

++ 

8 
+(+) 

' 59.9 2.3 37.7 '-.. 
8,872 1,964 6,841 ,207 

±483 ±295 ±85 ±3~ 

± + + ± ++ 

+ 8 + ++ ++ 

+ + ± ++ ++ 

+ D + ++ ++ 

48.2 8.6 39.2 44.1 '-.. 
3,810 6,751 4,392 6,099 ', 69 ±276 ±I ,033 ±1,019 ±530 ±16 

+ D ++ +(+) 

37.4 
5. 425 
±162 

40.0 
3,442 

±486 

11,9 
·3,035 

±215 

52.2 
8,876 

:t49 
20,243 
±2,095 

2.2 
I, 931 
± 104 

7.4 
5,861 
±598 
8.8 

8,489 
±452 

13. 3 
11,698 

±630 
10,281 

±!;60 

25 .3 
4,511 
±466 

32.7 
3,894 
±335 
23.3 

6,727 
±675 

53.4 
10,847 

±445 

11,339 
± 593 

3.8 
789 

±197 
26.9 

3,909 
±190 

35.7 
11,232 

±637 

55.0 
12,603 

±730 
15,863 

±564 

........ 
27.7 ', 

3,751 ......_ 119 
±777 ±22 

± ++ ++ 

' 20.6 29.5 ', 
1,573 4,201 ........_ 83 
±193 ±590 ±21 

+(+) +(+) 

' 24.2 17.7 26.1 ........_ 
5,938 5,537 6,592 '-..251 

±581 ±277 ±305 ±36, 
++ 

57.7 22.2 40.2 45.9 ', 
9,241 5,039 6,722 15,438 ")422 

:t344 ±389 ±611 ±1,585 -''l 
5,553 15,355 20,325 7,851 11,908 

±623 ±758 ±86 ±661 ±444 
PHA • Phytohaemagglutinin. • Stippled I ine through negative control. 
Unusual MLC reactions are outlined within the Table. 
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shown to be MLC (or locus D) identical with the other cells 
or with each other. 

Interpretation of Results 
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Among 318 bilateral and 513 unilateral unrelated 
combinations that differed for their HLA-A and B locus alleles~ 
there was only one pair that showed lack of MLC response in 
one direction but with positive response in the opposite 
direction (Group a, Table VI.l). One of the thirty-eight 
bilateral combinations that shared one B locus antigen but 
differed for one or two A locus antigens, was MLC negative. 
Among the six individuals who are HLA-B identical but HLA-A 
non-identical one pair showed reciprocal non-stimulation. 

However, four of the forty-two (Groupe, Table VI.l) 
and four of the twenty-one (Table VI.2) HLA-A and B identical 
unrelated pairs were MLC negative or weakly positive in the 
bilateral MLC experiments. This 12,6% non-stimulation 
observed in these two combined groups, is in keeping with the 
10% incidence of MLC identity reported among HLA sero-identical 
unrelated combinations in the literature (Mempel et al., 
1973b; Eijsvoogel et al., 1970, 1971). 

An increased number of these HLA heterozygous unrelated 
combinations showed lack of MLR in one direction, but a 
positive response in the opposite direction. A possible 
explanation for this observation may be that some of these 
HLA-A, B heterozygous individuals are homozygous for their MLC 
determinants (HLA-D homozygous) as recently observed by 
Mempel et al. (1973b) and Dupont et al. (1974a). 



Out of the group of seven unrelated persons with the 
HLA phenotype Al ,3;87,8 there were two non-stimulatory 
groups, the one consisting of three individuals TA, RO and 
VO and the other of two LO and BA. There was clear stimu
lation between members belonging to the two different non
stimulatory groups. For example, TA who does not react 
against RO and VO shows strong stimulation with LO and BA. 
This provides evidence of the existence of at least two 
different MLC specificities which could be demonstrated 
among these seven individuals. 
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CHAPTER SEVEN - RANDOM NON-CONSANGUINEOUS FAMILIES 

1. Family BEU 

2. Family KA 

3. Family DEW 

4. Family VOW 

5. Family DEL 

6. Family GIA 

Interpretation of Results 



The MLC experiments on families BEU and KA, each 
containing one sibling in whom recombination between the 
genes determining the antigens of the HLA-A and HLA-B 
loci had occurred, are presented. Following on that the 
results on family DEW, where the parents shared one HLA-A, 
B haplotype, and three other families (VDW, DEL and GIA) 
with varying degrees of HLA-A and B disparity, are reported 
in detail. 

Family MLC tests were performed on twenty-one families 
where the parents were unrelated and the results are 
summarized in Table VII.28. A number of these families were 
tested during assessment of the relatives for bone-marrow 
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and renal transplantation. In twelve of these twenty-one 
families the parents shared a B locus determinant. Out of 
the twelve families, five (i.e. 2, 10, 12, 13 and 21) had 
parents who were HLA haplo-identical (the same A and B locus 
determinant on one chromosome). Furthermore in three of the 
twelve families (i.e. families 3, 4 and 8) one of the parents 
was homozygous for a B locus determinant as well as sharing 
this determinant with the other parent. None of these parents 
who were B locus homozygous was homozygous for a D locus 
determinant. 

In the remaining nine families the parents did not 
share a B locus determinant. There were ten HLA sero-identical 
parent-child combinations, of which three were MLC negative. 
Of the eighty-three offspring tested, twenty-one were HLA-B 
homozygous but only one child appeared to be MLC homozygous 
according to the family MLC testing (see Table VII.29 for 
protocol of a 'family MLC test'). 



1. Family BEU 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 7.1, and presented 
in tabular form in Table VII.l. Table VII.2 shows the 
erythrocyte genetic markers, and Tables VII.3, VII.4, VII.5 
and VII.6 give the results of the MLC tests. 
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The HLA types of the parents and eleven of the thirteen 
children are reported here. Four well-defined HLA-A and B 
antigens were present in each of the parents, and these 
segregated regularly into four haplotypes in all the children 
except sib II-3, who gave evidence of recombination within 
the paternally derived haplotypes A3,BW17/AW33,B7, resulting 
in the recombinant haplotype A3,B7. 

The parents had two HLA antigens in common, i.e. AW33 
and BW17, but in both instances these antigens were on separate 
chromosomes. Three of the children inherited haplotypes ac 
and were homozygous for BW17. Four sibs inherited haplotypes 
be, two ad and sib II-5 alone the haplotypes bd. 

The results of the erythrocyte genotyping on the parents 
and five of the children are presented. The erythrocyte geno
typing was not done on sib II-1. From these results there is 
nothing to suggest that sibling II-3 does not properly belong 
to this family. 

The available members of this family were initially 
tested in a bilateral MLC test to find a possible MLC negative 
bone-marrow donor for sib II-6 (the patient). When it was 
evident that no HLA identical sibling donor existed among these 
siblings, it became of utmost importance to do unilateral MLC 



tests to determine whether sib 11-3 (the only possible donor, 
because sib 11-12 was too young) did indeed have a recombi
nant paternal HLA haplotype as suggested by the serological 
typing results. 

The bilateral MLC result (Table VII.3) between sib 11-6 
(the patient) and the recombinant 11-3, who differed from 
11-6 only with respect to the B locus antigen, BW17, was 
strongly positive. The two HLA-A and B identical siblings 
11-7 and 11-8 did not stimulate each other in this MLC 
experiment and the controls with X and Y were good. 

In the bilateral and unidirectional MLC tests presented 
in Tables VII.4 and VII.5 sib II-3 (recombinant) and II-5 
who were HLA identical except for the A locus antigen A3 in 
the recombinant, were non-stimulatory in both directions, 
suggesting that the MLC stimulation was not associated with 
a difference at the A locus. The lymphocytes from the 
unrelated control X failed to stimulate sibs II-3 and II-5 
(Table VII.5), therefore we felt it necessary to repeat the 
test to confirm these findings. 

The unilateral MLC experiment was repeated on the father 
and six of the children after the death of sib II-6. The 
lymphocytes of sib II-12 who carried the same A and B antigens 
as the deceased (II-6) were included. These results are 
presented in Table VII.6 as relative responses only, to 
illustrate the findings clearly. 

Sib II-3 (recombinant) again did not stimulate or 
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respond to sib II-5, with whom she was serologically identical 
except for the A locus antigen A3. This confirms their D locus 
identity. The lymphocytes of sib II-3 (recombinant) and sib 
II-12 showed reciprocal stimulation although they were sero
logically identical except for two B locus antigens. They 
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shared the AW33,B27 maternal haplotype but differed in so far 
as II-3 had the recombinant haplotype HLA-A3,B/ derived from 
the paternal haplotype HLA-A3,BW17/AW33,B7 and II-12 the 
paternal haplotype HLA-A3,BW17. The strong stimulation 
observed between sibs II-3 (recombinant) and sib II-12 confirms 
that they must differ for a D locus determinant, which must 
have resulted from the crossing-over event of the B locus 
antigen B7 in sib II-3. This confirms that the D locus 
determinant is in close association with the B locus. The 
HLA-A and B identical siblings II-1 and II-7 also gave a 
clearly negative result in this MLC experiment. 

Both parents carried the B locus antigen BW17, resulting 
in two of their offspring, sibs II-1 and II-7, being homo
zygous for this antigen. The maternal and paternal chromosomes 
must, however, have different D locus determinants accompanying 
the BW17 antigen because sibs II-1 and II-7 stimulate the 
father in the unilateral MLC as reported in Table VII.6. 
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TABLE V 11. 1 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF FAMILY BEU 
(See Pedigree Fig. 7, l) 

HLA Genotypes 

A3-BW17 

AW;;:.87 

Al-BW17 

AW33-B27 

A3-BW17IAW33-B27 

A3-BW17IAW33-B27 

A3-BW171Al-BW17 

A3-BW17IAl-BWl7 

A3-BW17IA1-BW17 

A3-B7IAW33-B27 
AW33-B71Al-BW17 
AW33-B71Al-BW17 
AW33-B71Al-BW17 
AW33-B71Al-BW17 

AW33-B7IAW33-B27 

Haplotypes 

a 

b 

C 

d 

aid 

aid 

ale 

ale 

ale 

a,bld 

b/c 

blc 

b/c 

b/c 

bid 

Subject 

1-1 Father 

1-2 Mother 

11-6 Sib 
(patient) 

11-12 Sib 

11-1 Sib 

11-7 Sib 

11-8 Sib 

111-3 Sib 

11-4 Sib 

11-9 Sib 

11-10 Sib 

11-11 Sib 

11-5 Sib 

~ The arrow identifies the sibling with the recombinant HLA-A,B 
haplotype. 
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Subject 

F 1-1 

M 1-2 

/sib 11-3 

Sib 11-4 

Sib 11-5 

Sib 11-6 
(patient) 

Sib 11-7 

Sib 11-8 

Sib 11-9 

Sib 11-10 

Sib I 1-11 

Sib 11-12 

TABLE VI 1.2 

ERYTHROCYTE GENETIC MARKERS ON FAMILY BEU 

(See Pedigree Fig. 7. 1) 

Rhesus Kel 1 
ABO probab 1 e MNSs pl 

K k genotype 

A1 R1/R1 Ms/Ms - + 

A1 R0 /r MS/Ms - + + 

A1 R1/r Ms/Ms + + 

A1 R1/r Ms/Ms + + 

A1 R1/Ro Ms/Ms - + + 
0 R1/r MS/Ms - + + 

A1 R1/r Ms/Ms + + 
0 R1/r MS/Ms - + + 

A1 R1/Ro MS/Ms - + + 

A1 R1/Ro Ms/Ms - + + 

A1 R1/Ro MS/Ms + + 

A1 R1/Ro Ms/Ms + + 

~ Sibling with the recombinant HLA haplotype. 
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Duffy 

Fya 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



TABLEVll.3 

BILATERAL MLC TESTS ON FAMILY BEU 
(Each entrance contains from top to bottom: SR, mean cpm ± se) 

Subject f 11-3 11-6 
(patient) 11-7 11-8 X y 

)'Sib 11-3 

Sib 11-6 
(patient) 

Sib 11-7 

Sib 11-8 

X 

y 

PHA 

-
X & y = 
PHA = 

= 

' 

HLA genotypes 
and hapJ_ot_y_pes 

A3,B7/ab 
AW33, B27 /d 

A3,BW17/a 
AW33,B27/d 

A3,BW17/a 
Al,BW17/c 

A3,BW17/a 
A 1, BWl 7 /c 

HLA phenotype 
A2,28;BW35, 12 

Al ,29;BW21,TT 

A3,B77ab 
AW33,B27/d 

',119 
±5 ....... 

............ 

A3,BW17/a 
AW33,B27/d 

40. 1 .......................... 
3,214 -.....!±2 
±274 ±5 ............. 

A3,BW17/a 
Al,BW17/c 

............. 84. 5 121. 2 ..........._ 
11,938 12,365 '....J63 

A3,BW17/a 
Al, BWl 7 /c 

159.9 136.5 ""'-.. 

±915 ±237 [NJ± 19, .............. 

1 7 , I 11 13 , I I 2 ""'-..... 96 
±1, 149 ±321 ±15..........._ 

HLA phenotype HLA phenotype 
A2,28;BW35,12 Al,29;BW21 ,TT 

............. 44.5 47.2 45.4 37.8 -.......... 
14,389 13,475 15,696 11,801 ,528 ± 1 , 403 ±76 I ±828 ±884 ±98..........._ 

90. O 120. 8 102. 4 12 I. 7 64. 2 ..........._ .............. 
17,017 18,243 21,624 21,671 25,317 ~60 ±873 ±810 ±1,506 ±2,058 ±3,143 ±65 .............. 
16,749 17,467 25,346 21,700 39,287 27,697 ±262 ±355 ±1,782 ±1,519 ±1,349 ±3,842 

Healthy unrelated individuals. The negative reaction is outlined within the Table. Phytohaemagglutinin. 
Stippled line through negative control. 
The arrow identifies the sibling with the recombinant haplotype. 

__, 
w 
O'I 



TABLE VI 1.4 

BILATERAL MLC TESTS ON FAMILY BEU 
(Each entrance contains from top to bottom: SR, mean cpm ± se) 

Subject 

'J Sib 11-3 

HLA genotypes 
and hap 1 otypes 

A3,B7/ab 
AW33,B27/d 

A3,B7/ab 
AW33,B27/d 

..........._ '-.J. 02 

11-5 

AW33,B7/b 
AW33,B27/d 

X 

HLA phenotype 
A 1, 9; B7, 8 

Sib 11-5 AW33, B7 /b 
AW33,B27/d 0[]

±2 ........................ 

'-..... '-..,,! 15 

X 

PHA 

X = 
PHA = 

! = 
= 

HLA phenotype 
Al,9;B7,8 

±39 '-...... 
"-. 99,8 27.8 .........._ 

11,384 3,369 '-l,27 
±754 ±296 ±19 ......_ 

17,288 
±399 

21,751 
±564 

20,994 
±282 

Healthy unrelated individual. 
Phytohaemagglutinin. 
The arrow identifies the sibling with the recombinant haplotype. 
Stippled I ine through negative controls. 

The negative reactions are out I ined within the Table. 
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TABLE V 11. 5 

UNILATERAL MLC TESTS ON FAMILY BEU 
(Each entrance contains from top to bottom: SR, mean cpn1 ± se) 

Subject 

HLA genotypes 
and haplotypes 

, 11-3 

A3,B7/ab 
AW33,B27/d 

, Sib I 1-3 
m 

A3,B7/ab 
AW33,B27/d 

Sib 11-5 
m 

AW33,B7/b 
AW33,B27/d 

X 
m 

PHA 

X 
m 

PHA 

= 
= 
= 

HLA phenotype 
A 1 , 9; B7, 8 

17,288 
±399 

Healthy unrelated individual. 
Mitomycin-C treated. 
Phytohaemagglutinin. 

11-5 

AW33,B7/b 
AW33,B27/d 

21,751 
±564 

X 

HLA phenotype 
Al,9;B7,8 

40.7 
4,763 

± 1 , 161 

25.4 
2,979 

±215 

20,994 
±252 

~ = 
= 

The arrow identifies the sibling with the recombinant haplotype. 
Stippled 1 ine through negative controls. 

The negative reactions are outlined within the Table. 
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Subject F 1-l .,.,,,,-3 

TABLE VI 1.6 

UNILATERAL MLC TESTS ON FAMILY BEU 
(Results expressed as a relative response) 

11-5 11-12 11-1 11-7 11-9 r. 
HLA genotypes AJ,BW17/a A3,B7/ab AW33,B7/b AJ,BW17/a A3,BW17/a A3,BW17/a AW33,B7/b HLA phenotype and haplotypes AW33,B77b A',133,B277d AW33,B27/d A',133,B277d Al,B',117/c Al ,B\./l77c A1,BWl77c A2,-;SW35,-

............ 
F 1-1 AJ,BWl7/a -o ... 55 56 63 79 100 95 82 m 

AW33,B77b ............ 

?sib 11-3 
............. ...._o......_ ( o 42 I 90 41 58 100 

A3,B7/ab nd m 
A'w33, B277d ............ 

Sib 11-5 A\.'33,97/b nd [J -o......_ ......_ '7 TOO 97 86 65 m A',133.B27/d 
Sib I :-12 A3, B'..117 /a 56 50 ...._ O 20 50 93 91 m Aw33,B27/d .......................... 
Sib 11-1 A3,BW17/a 59 52 82 nd -...0 ...._ -.... ~ nd 63 m Al,B..117/c 

Sib ll-7m AJ,B'..117/a 73 93 48 63 0 .............. o_...._ 67 52 Al,BW17/c 
............ Sib I 1-9m AW33, 87 /b 58 100 78 100 77 40 ............ 0........... 71 Al ,BW17/c -.... ........ 

X HLA phenotype 81 75 68 89 91 84 100 ... 0... m 
A2,-;BW35,- -..... 

y A2,29;B12,W15 100 72 100 77 84 96 96 0 m 

X & Y • Two healthy unrelated individuals. 
nd • Not determin~d. 
m • Hitornycin-C treated. 

• Stippled line through negative controls • .Jf • The arrow identifies the sibling with the recombinant haplotype. 

The unusual reactions are outlined within the Table. 

y 

HLA phenotype 
A2,29;B12,W15 

100 

77 

80 

72 

57 

90 

84 

0 

............. 
............ 0 ..._ 

__, 
w 
\.0 



2. Family KA 

The HLA-A and B genotypes and haplotypes of each member 
of this family are presented in tabular form in Table VII.7. 
Child 10 represents the recombinant of the HLA-A and HLA-B 
loci. Tables VII.8, VII.9 and VII.10 give the results of the 
bilateral and unilateral MLC tests. 
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A detailed account of the findings in this family and 
four others, each containing one sibling in which recombination 
between the genes determining the antigens of the A locus and 
the B locus had occurred, has been previously reported by us 
(Eijsvoogel et al., 1972a, band c). The very weak functional 
activity of the A locus antigens with regard to MLC reactivity 
was confirmed. It should be pointed out, however, that of 
the twelve MLC reactions performed in these experiments 
between siblings differing only for an HLA-A antigen, four 
displayed weak but not completely negative reactions. Normal 
positive MLC reactions were always found in the tests 
involving differences for the antigens of the B locus only. 

In family KA the children 1 and 2, who differed from 
the recombinant, child 10, for the A locus antigen (A2 versus 
All) only, showed virtually no stimulation or response in 
this combination, while the children 8 and 9 who differed 
only for a determinant of the B locus (BW35 versus B8), 
demonstrated consistent stimulation and response when tested 
with the recombinant (Table VII.8). 

In contrast to all the other HLA identical siblings 
in the previously mentioned four families, who showed no MLC 
reactivity at all, family KA showed further anomalies in the 
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relationship between HLA-A and Band MLR (Table VII.9). The 
HLA identical sibling combination l + 2 with 'he haplotypes 
be, were MLC negative. The combination of siblings 4 + 5, 
with the haplotypes bd, was also negative, but the combinations 
4 + 3 and 5 + 3 were positive in the bilateral and unilateral 
MLC tests notwithstanding the fact that sibling 3 was HLA-A 
and B identical to siblings 4 and 5. Further analysis showed 
that sibling 3 was MLR negative with another group of two HLA 
identical siblings l and 2 (be) who differed from the former 
group for one HLA-A, B haplotype (c vs d). This indicates 
that child 3 belongs to the MLC identical group of children 
l and 2 and not to the MLC identical group, made up of the 
children 4 and 5. 

Finally sibling 10 in whom the recombination between 
HLA-A and B was demonstrable, neither stimulated nor 
responded to sibling 3, notwithstanding a difference for 
three HLA-A and B antigens, although all the MLC tests 
performed with siblings 4 and 5 were clearly positive as 
shown in Table VII.10. 

The other HLA-A, B identical sibling combinations 
6 + 7, with the haplotypes ad, and siblings 8 + 9, with the 
haplotypes ac, were MLC identical (Table VII.9). 



Parents 

Father 

Mother 

Children 

1. 

2. 

3. 

4. 

5. 

6. 

?. 
8. 

9. 
f10. 

TABLE VI 1.7 

HLA-A AND B TYPING FAMILY KA 

(From Eijsvoogel, V.P., Van Rood, J.J., 
Du Toit, E.D. and Schei lekens, P.Th.A., 
Eur. J. lmmunol., 1972a, .3_:1~13) 

HLA Genotypes 

A2 -88 ...... 
........ 

All-BW35 

A3 -87 

A 1 -88 

Al1-BW35IA3-B7 

A11-BW35IA3-B7 

A1 l-BW35IA1-B8 

Al l-BW35IA1-B8 

Al l-BW35IA1-B8 

A2-B8 IA1-B8 

A2-B8 IA1-B8 

A2-B8 IA3-B7 
A2-B8 IA3-B7 

A2-BW35IA3-B7 

Haplotypes 

a 

b 

C 

d 

Haplotypes 

blc 

blc 

bid 

bid 

bid 

aid 

aid 

ale 

ale 

able 

t The arrow identifies the child with the recombinant HLA-A,B haplotype. 

The new equivalent designations for the HLA-A and B loci antigens have 
been assigned to the 'old' antigens, as laid down by the WHO Nomen
clature Committee in Aarhus, Denmark in July 1975. 
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TABLE V 11 . 8 

BILATERAL AND UNILATERAL MLCs INVOLVING SIB 10, THE RECOMBINANT 
BETWEEN HLA-A AND HLA-B IN FAMILY KA 

(From Eijsvoogel, V.P., Koning, L., de Groot-Kooy, L., Huismans, 
L., Van Rood, J.J., Van Leeuwen, A. and Du Toit, E.D. Transplant. 
Proc. 1972c, IV : 199) 

HLA Differences Sib No. cpm se 

HLA-A only to + 62 14 
10 + 55 19 m 

ab/e + be 10 + I 53 27 m 
10 + 2 63 9 
JO + 2 71 13 m 
10 + 2 142 21 m 

HLA-B only JO + 8 3035 307 
JO + 8 2540 328 m 

able+ ae 10 + 8 1223 123 m 
10 + 9 1069 75 
10 + 9 1041 215 m 
10 + 9m 690 32 

Contra Is 10 + X m 2905 649 
1 + X 2519 300 m 
2 + X 2010 273 m 

10 m + X 3966 241 
1 + X 3095 252 m 
2 + m X 4451 130 

10 20 4 
I 21 8 
2 34 17 
8 125 4 

9 26 5 

m = Mitomyein-C treated. 
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TABLE VI 1.9 

Ml.Cs BETWEEN SIBLIIJGS or FAMILY KA 

(From Eljsvoogel, V.P., Van Rood, J.J., Du Tolt, E.D. a~d 
Schel lekens, P. Th.A. Eur. J. lrrrnunol. 1972a, 2 : 413) 

Sib cpm SC Sib cpm se 

HLA ldentlcals 1-haplotype differences 

ad/ad 6 + 7 117 37 b/c + b/d + 4 1959 152 
1 + 4 m 1578 182 

1 + 4 1689 ]88 m 

a/c + a/c 8 + 9 167 43 2 + 4 1655 354 

2m+ 4 1550 108 

2 + 4 1817 84 m 

b/c + b/c 1 + 2 33 1 + 5 2108 486 

Im+ 5 1772 211 

I+ 5m 1489 109 

b/d + b/d 4 + 5 37 5 2 + 5 3078 212 
4 + 5 m 72 10 2m+ 5 2078 125 

4 + Sm 135 25 2 + 5m 1318 117 

4 + 3 2124 384 I + 3 122 34 

4m+ 3 1061 99 Im+ 3 37 20 

4 + 3m 2605 193 I+ 3m 344 53 

5 + 3 3982 5711 2 + 3 105 39 
Sm+ 3 1787 258 2m+ 3 58 15 

·5 + 3m 1903 260 2 + 3m 338 32 

m • Hltomycln-C treated. 

The more commonly used term "haplotype" has been used Instead of "al lei le". 



TABLE VI 1.10 

BILATERAL AND UNILATERAL MLC INVOLVING 
SIBLINGS 3, 4, 5 AND 10 OF FAMILY KA 

(From Eijsvoogel, V.P., Van Rood, J.J., Du Toit, E.D. 
and Schel lekens, P.Th.A. Eur. J. lmmunol. 1972a, 2 
413) 

HLA Genotype 
Combination 

ab/c + bd 

m = Mltomycin-C treated. 

nd = Not determined. 

10 

10 

10 

10 

10 

1 O 

10 

10 

10 

Sib 

+ 

+ m 
+ 

+ 

+ m 
+ 

+ 

+ m 
+ 

cpm 

3 353 

3 233 

3m 192 

4 2452 

4 2048 

4 nd m 

5 2394 

5 1770 

5m 1466 
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se 

92 

72 

25 

55 

140 

239 

158 
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3. Family DEW 

The pedigree of this family, together with HLA-A and 8 
genotypes and haplotypes is shown in Fig. 7.2, and presented 
in tabular form in Table Vll.11. Table Vll.12 shows the 
erythrocyte genetic markers, and Tables VII.13, VII.14 and 
VII.15, give the results of the MLC tests. 
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In both generations of this family the parents (unrelated 
individuals) shared the common haplotype HLA-Al ,88. The 
mother of the first set of siblings, I.2 is deceased and 
therefore her HLA genotype for loci A and 8 was postulated 
from the serological typings in the children. From the 
segregation of the antigens in the children it appeared that 
the father 1-1 and the mother 1-2 shared a common haplotype, 
HLA-Al ,88. This haplotype is designated a' in the father, 
and a" in the mother. The second haplotype in the father, 
I-1, HLA-All ,87, is marked c in order to prevent confusion 
with II-1, and the second haplotype of the mother, I-2, as d. 
Siblings II-2, II-4 and II-5 are all homozygous for HLA-Al ,88. 
The siblings II-7 and II-11 are HLA-A and 8 identical 
heterozygotes and II-9 and II-12 are haplo-identical. 

The mother of the second generation family (II-2), 
is one of the homozygous HLA-Al ,88 siblings of the first 
set. Her husband, an unrelated individual, also has the 
haplotype HLA-Al ,88 on one chromosome designated a in 
Table VII.11 and a second haplotype HLA-A2, 812 on the b 
chromosome. From the serological results sibs III-1, 
IIl-3 and III-4 and father II-1 are identical for their 
HLA-A and 8 antigens. The mother and child 111-2 are both 
homozygous HLA-Al ,88. The inheritance of HLA haplotypes 
has been derived from the MLC data and will be discussed 
with the results of the MLC tests. 
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The inheritance of the erythrocyte genetic markers 
does not reveal any evidence, in either generation of this 
family, of any parentage other than that stated. The first 
generation and the sibship engendered by it could unfortu
nately not be tested in the MLC test. The two parents and 
their four children in the second nuclear family were tested 
in bidirectional and unidirectional MLC tests in all possible 
combinations on three different occasions with two unrelated 
controls X and Y as well as autologous and PHA controls. 
As there was little variation from day to day the results of 
only one set of experiments are presented in Tables VII.13, 
VII.14 and VII.15. 

Three of the four children III-1, III-3, III-4 and 
the father, II-1 are HLA-A and B identical heterozygotes. 
These three children must have inherited the b haplotype 
HLA-A2,B12 from their father and could have inherited either 
one of the mother's HLA-Al ,B8 haplotypes. Since there was 
non-stimulation between two of the HLA-A and B identical 
father-child combinations, i.e. father II-1 versus children 
III-3 and III-4 in the bidirectional and unidirectional 
thymidine incorporation results and morphology, it must be 
concluded that these children inherited the maternal 
HLA-Al ,B8 haplotype (designated a' in Table VII. 11) which 
carries a D locus determinant identical with the determinant 
on the father's HLA-Al ,B8 haplotype (designated a in Table 
VII.11). The third child III-1 carried the same A and B 
antigens as the father but was positive with father in the 
bidirectional and unidirectional MLC tests according to the 
thymidine and morphology results. Therefore this child must 
have inherited the HLA-Al ,B8 haplotype from her mother 
(designated a" in Table VII.ll), which carries a different D 
locus determinant to the HLA-Al ,B8(a) haplotype of the father. 



From these results it was concluded that the mother, 
although HLA-Al ,88 homozygous, carried different D locus 
specificities on her two chromosomes; one identical to the 
D locus specificity carried on the paternal chromosome a; 
and the other, different. This resulted in the paternal 
haplotype a (HLA-Al ,B8) and the maternal haplotype a' 
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(HLA-Al ,88) being identical for the HLA loci A, B and D and 
the paternal haplotype a, and the maternal haplotype a" 

non-identical for the D locus. The mother II-2 and child 
III-2 who were HLA-A and B identical and both homozygous 
HLA-Al ,B8 were non-stimulatory in the bilateral and unilateral 
MLC tests, both from the thymidine and morphological results. 
Child III-2 must have inherited from her father haplotype a, 

which has the same HLA-A, Band D determinants as the mother's 
haplotype a', and from the mother the haplotype a", which has 
a D locus determinant different from that accompanying haplo
types a and a'. This resulted in child III-2 being identical 
to her mother for the HLA-A and B antigens as well as the D 
locus specificities. 

When the mean cpm value was taken to analyse these 
results, we found a range of 23-107 (mean 59) among 
combinations with expected unidirectional non-stimulation, 
464-3284 (mean 1288) for the haplo-identicals and 622-7228 
(mean 2822) for the unrelated individuals. 

The mean stunulation ratio (SR) of a 11 combinations 
with expected unidirectional non-stimulation in this family 
was 2.1 (range 1 .0-4.6) when calculated from the SR values 
presented in Table VII.14. In the haplo-identical combi
nations it was 62.3 (range 14.0-158.3), and with the unrelated 
individuals 78.9 (range 24.3-277.5). 



The range of rielative responses (RR) (Table VII .14), 
in the unidirectional non-stimulatory combinations was from 
0-4 (mean 1 ); in the haplo-identical from 10-100 (mean 48); 
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and with the two unrelated individuals it was 14-100 (mean 72). 

Thus analysing the results in this family using either 
the mean cpm, stimulation ratios or relative res~onses shows 
a clear dichotomy between the combinations with expected non
stimulation and the haplo-identical as well as the unrelateds. 
None of these three parameters were, however, able to separate 
the haplo-identicals from the unrelated individuals. 

The results of all these tests therefore confirm that 
the mother II-2 and child III-2 are homozygous for HLA-A and 
B antigens but heterozygous for the locus D determinants. 
Sib III-1 who is HLA-A and B identical to the father, II-1, 
and sibs III-3 and III-4, reacts like a haplo-identical in 
culture with them, because of the different D locus deter
minant carried by III-1. 

HLA-A and B identity between parent-child and siblings 
naturally does not necessarily predict MLC non-reaction. It 
is important to exclude this sort of situation by family 
analysis before recombination between the D locus and the A 
and B loci is suggested in HLA-A and B identical sibling 
combinations who stimulate each other in culture. 
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TABLE V 11. 11 

FAMILY DEW 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF PARENTS AND FIRST SIBSHIP 
(See Pedigree Fig.7.2) 

HLA Genotype Haplotype Subject 

Al-B8 a' 1-1 Father 
Al 1-B7 C 

A1-B8 a" 1-2 Mother 
A2-BW35 d (deceased) 

Al-B8/Al-B8 a 1 /a11 11-2 Sib 
A l-B8/A 1-B8 a 1 /a11 11-4 Sib 
A1-B8/Al-B8 a 1 /a11 11-5 Sib 

Al 1-B7/A2-BW35 c/d 11-9 Sib 
Al-B8/A2-BW35 a 1 /d 11-7 Sib 
A1-B8/A2-BW35 a 1 /d 11-11 Sib 

A11-B7/A1-B8 c/a" 11-12 Sib 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF PARENTS AND SECOND SIBSHIP 

HLA Genotype Haplotype Subject 

A 1-B8 a 11-1 Father 
A2-B12 b 
Al-B8 a' 11-2 Mother 
A 1-B8 a" 

A1-B8/A1-B8 a/a" 111-2 Sib 
A2-B12/Al-B8 b/a" 111-1 Sib 
A2-B12/A1-B8 b/a' 111-3 Sib 
A2-B12/A1-B8 b/a' 111-4 Sib 
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TABLE VI 1.12 

FAMILY DEW 

ERYTHROCYTE GENETIC MARKERS OF PARENTS AND FIRST SIBSHIP 

(See Pedigree Fig. 7.2) 

Rhesus Kel 1 
Subject ABO probable MNSs pl 

genotype K k 

F 1-1 B R1/r MS/Ms + + 

M 1-2 
(postulated) 

R1/r Ms/Ns 

Sib 11-2 B 
(patient) 

R1/r Ms/Ms - + 

Sib 11-4 B r/r Ms/Ms + + 

Sib II -5 B R1/r Ms/Ns - + + 
Sib 11-7 B r/r Ms/Ns + + 

Sib 11-9 B R1/R1 MS/Ms - + 

Sib 11-11 B R1/R1 Ms/Ms - + 

Sib 11-12 B R1/R1 MS/Ns - + 

ERYTHROCYTE GENETIC MARKERS OF PARENTS AND SECOND SIBSHIP 

Rhesus Kel 1 
Subject ABO probable MNSs pl 

genotype K k 

F 11-1 0 R1/r Ms/Ns + + 
M 11-2 B R1/r MS/Ns + 
(patient) 

Sib 111-1 0 R1/r Ms/Ns + + 
Sib 111-2 B r/r Ns/Ns + + 
Sib 111-3 B R1/r Ms/Ns - + + 
Sib 111-4 0 r/r Ms/Ns - + 
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TABLE VI 1.13 

FAMILY DEW 
BILATERAL MLC TESTS OF PARENTS AND SECOND SIBSHIP 

(expressed In cpm ± se with morphology results in the right upper triangle) 

Subject 11-1 

HLA 
ab haplotype 

F 11-1 ab ......_~8 
±37' ........... 

H 11-2 a 1 a11 10,984 
......... 

± 1,973 
Sib 111-2 aa" 8,948 

±769 
..------, 

Sib 111-1 ba" 1 13,343 I 
I '"346 I L_::..._:...J 

Sib 111-3 ba' 489 
±192 

Sib Ill-Ii ba' I 334 
± 11 

X HLA phenotype 24,967 
A2,3;8',,'40,W17 ±1 ,046 

y Al,11;85,W35 7,502 
±1 ,421 

PHA 34,037 
±1,619 

X & Y • Healthy unrelated individuals. 
PHA • Phytohaemagglutinin. 

11-2 111-2 111-1 111-3 111-4 X y 

a'a 11 aa'' ba" ba' ba' HLA phenotype HLA phenotype 
A2,3;BW40,Wl7 Al, 11 ;85,W35 

r --, I I ++ ++ I ++ I - - ++ ++ ! ___ J 

.......... 151 D ++ + + ++ ++ 
±48 .......... ......_ 

Q[] ......_~ ++ ++ ++ ++ ++ 
± ......... 

7,540 5,477 ...................... 95 + + ++ ++ 
±2,025 ±845 ±23"-......_ 
13,549 9,433 11,033 ......_~ D ++ ++ 

±673 ±385 ±1,288 ±5 ......_ 

12,073 13,577 8,626 GIT] ...................... 79 + ++ 
±1, 139 ±2,554 ±553 ±IIJ'- .......... 
18,354 211,873 24,706 15,128 11,703 .......... ~9 ++ 

±356 ±2,129 ±248 ±1 ,614 ±366 +5 ... - ............ 
8,795 18,027 16,870 11,869 11,319 7,237 .......... -!'9 

±344 ±2,931 ±2,080 ±413 ±1,206 ±734 ±7· 
21,778 26,706 41,217 22,992 26,245 45,746 25,660 

±916 ±52 ±1 .535 ±1,227 ±1 ,968 ±1 ,820 ±485 

Unusual MLC reactions are outlined within the Table, solid lines for the 
negative reactions and interrupted lines for the positive reactions. 

• Stippled line through negative control. 

PHA 

+++ 

+++ 

++++ 

+++ 

++++ 

+++ 

+++ 

+++ 
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u, 
w 



Su!:lject 

F 11-1 
m 

~ 11-2 
m 

Sib 111-2 
Ill 

Sib 111-T 
!II 

Sib 111-3 • m 

Sib 111-4 
m 

X 
m 

yr.I 

P!'.A 

HLA 
h.?p I otype 

ab 

a'a,. 

aa" 

ba" 

ba' 

ba' 

TABLE VI 1.14 

FAMILY DEW 
UNILATERAL MLC TESTS OF PA~ENTS AND SECOND SIBSH!P 

(Each entrance contains fro~ top to botto~: SR, RR ~nd ~e~n cpm ± se. The hTghest test counts o~served with the corresponding responder cells that day, which Is the basis for the calculation of the relative responsearemarked with an asterisk.) 

11-1 11-2 I I 1-2 

ab a'a" aa" 

~ 37.7 99.7 
, 100 79 

23 ± 8 ......_ * 1,132 ± 46 2,594 ± 915 
89.8 

28 
2,067 ± 186 

93.7 
3i 

2,271 ± 650 r-----, 
I 34. 7 

10 I 
I 800 ± 96 I L :.J 

I. 7 
0 

39 ± 0 

4.6 
I 

107 .t 35 

............... w·o ............... 0 

~

30 ± 5 '-..!;: 28 ± 8 

............... 
26 ± 11........._ 

28.0 27.6 
73 21 

840 ± 32 720 ± 148 

20.5 17.8 
53 13 

617 ± 84 464 ± 163 
28.6 40.2 

75 31 
858 ± 123 1,046 ± 422 

111-1 

ba" 

r------, 
I 106.9 I 
I 38 I 
t.2 .'.3 ~ ± !I !.J 

158 .3 
56 

1,900 :t 107 

54.S 
19 

654 ± 195 

111-3 111-4 

ba' ba' 

X 

HLA phenoty;,e 
A2,3;S\.'40,\.117 

y 

HLA ;:,he~type 
Al, 11 ;a5,;;35 

1.2 2.9 I 94.8 82.2 2 -
! j 87 97 2 

105 ± 1 __ ± 13 I 5,215 : 1,182 3,370 : 274 
Bo. .6 81.6 71.7 

8 8 74 85 
2,904 ± 52 4,483 ± 1,322 2,943 ± 339 

33.1 91.2 73.2 67.2 
53 100 7i 73 

097±138 *3,284:t:709 4,305±673 2,7S'.3±235 
............... 24.3 14.C 60.2 73.3 

....._ 33 14 55 87 
12 ± 1......_ 512 ± IOI 504 ± 63 3,312 ± 749 3,026 ± 113 

83.5 --........._ rn·7 38.o 47.2 29 --........._ O 34 55 
1,002 ± 99 21 :!: 7-::;...... 64 ± 8 2,091 ± 172 1,937 ± 231f 
81.3 w·l ............... 103.5 811.0 29 0 ......_ 100 lCO 

976 ± 253 23 ± 6 36 ± 2, *5,969 ± 471 *3,447 ± 207 
HLA phenotype 314.2 
A2,3;e•,140,...,17 100 

*7,228 ± 1+97 

31.2 125.5 
82 100 

936 ± 192 *3,265 ± 289 

277.5 6! .G 72.0 --........._ 72.1 
JOO 100 78 ............... 85 

*3,331 ± 199 *l,294 ± 233 2,598 ± 30 55 ± 23 2,;57 ± 226 
186.0 29.6 37.5 24.3 ............... -........ 

Al,11;B5,'w35 47.2 
14 

1,037 ± 187 

34,037 
±1,619 

29.7 43.3 
78 33 66 47 40 25 '-...... 892 ~ 54 1,127 ± 173 2,232 ± 173 622 ± 82 1,351 ± 175 1,6:5 ± 137 41 ± O 

21,778 26,706 41,217 22/:)92 26,2~5 · 45,745 25,660 ±9!6 !52 ±i ,535 ±1,227 ±1,958 ±1,820 ±435 

X & Y • Healthy unrelat~d individuals. 
PHA • Phyto!i.aer'lclgglutinin. 
n • Mitc,r,ycin-C trezt~d. 

• Stippl~d line thro~gh negative controls. 

v~usual reactions are out! ined within the T~ble, solid lines for the nC9atlve reactions and in:e•rvpted lines for the positive reactions. 
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TABLE VI I . 15 

FAMILY DEW 
RESULTS ON MORPHOLOGY OF THE UNILATERAL MLC (TABLE VI I. 14) OF PARENTS AND SECOND SIBSHIP 

Subject 11-1 11-2 111-2 111-1 111-3 111-4 X y 

HLA 
HLA phenotype HLA phenotype haplo- ab a 1 a11 aa 11 ba 11 ba 1 ba 1 

A2,3;BW40,Wl7 Al,ll;B5,W35 t pe ..._ ___ ,--, [ -F 11-1 ab + + L + I - I + + m ....._ 
_ _..J 

M 11-2 a 1 a11 + 
....._ __ - [J + + + ++ ++ m ---Sib 111-2 aa 11 + D ---....._ (+) + + + ++ m ,---, --. Sib 111-1 ba" I (+)I + + -......... (+) ( +) ++ + m L-.:.J -- ':---. [J Sib I 11-3 ba I [] + + (+) + + m D --::--Sib 111-4 ba 1 + (+) + 

- ---- + + m 
X HLA phenotype ----- ++ m + + ++ ++ ++ + --A2,3;BW40,W17 --. y A 1 , 1 1 ; B 5 , W3 5 ++ + + ++ ++ + ++ m 

X & Y = Healthy unrelated individuals. 
m = Mitomycin-C treated. 

= Stippled I ine through negative controls. 

The unusual MLC reactions are outlined within the Table, sol id I ines for the negative reactions 
and interrupted I ines for the positive. 
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~ 
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4. Family VOW 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 7.3, and presented 
in tabular form in Table VII.16. Table VII.17 shows the 
erythrocyte genetic markers, and Tables VII.18, VII.19 and 
VII.20 give the results of the MLC tests. 

The family was characterized serologically for HLA. 
The parents shared an HLA antigen A3, as well as antigen BW35; 
in the mother they were on the same chromosome, but in the 
father these two antigens appeared to be on different chromo
somes as judged by the inheritance of the antigens in the 
children. The two siblings were haplo-identical as they both 
inherited the d haplotype from their mother. In addition sib 
II-1 was homozygous for BW35, a B locus antigen situated in 
close proximity to the D locus. Sib II-2 was homozygous for 
HLA-A3. 

There is no evidence from erythrocyte genetic markers 
of parentage other than as stated. 

Table Vll.18 records the results of the bilateral MLC 
test between the father and the two children with unrelated 
controls X and Y. The results of two unilateral experiments 
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on the whole family with three unrelated controls are presented 
in Tables VII.19 and VIl.20. The SR was calculated in the 
bilateral experiment (Table VII.18) and the SR and the RR 
were calculated in the two unilateral cultures in an attempt 
to clarify the picture (Tables VII.19 and VII.20). 

The mean cpm's as well as the SR between father I-1 
and sib II-1 as well as between sibs II-1 (patient) and sib 



11-2 were considerably lower than in the other combinations 
in the bilateral MLC test as shown in Table VII.18. This 
diminished reactivity between sibs II-1 and II-2 was confirmed 
in a repeat bilateral culture, the results of which are not 
included. In this same experiment the reaction between sib 
ll-2 and the unrelated X was also much weaker than one would 
expect if they carried different D locus determinants (as 
usually observed between unrelateds). 

In order to investigate these reactions two unilateral 
MLC tests were performed and these are recorded in Tables 
Vll.19 and VII.20. They were performed on two occasions on 
the parents, sib II-1 (patient), sib lI-2 with X (the same 
unrelated control used in the repeat bilateral experiment 
where diminished reactivity was observed) and two other 
unrelated controls Y and Z. 

The weakly positive or negative MLC reactions between 
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sibs 1I-l (patient) and II-2 were confirmed in both experiments. 
Sib II-1 did not respond to sib II-2 and in the reverse situ
ation the response of sib II-2 to sib II-1 was also negative 
or perhaps very weakly positive. The explanation for this is 
not clear. It cannot be because the paternal b chromosome 
(HLA-A28,BW35) and the maternal d chromosome (HLA-A3,BW35) 
carry identical D locus determinants in this family, since sib 
II-1 who carries these two chromosomes, stimulated both parents 
strongly. Thus homozygosity of the HLA-B locus in sib II-1 
did not result in D locus homozygosity. Furthermore, homo
zygosity of the father, I-1, at the D locus can also not 
explain these results, because there would then be weak or 
non-stimulation of father for both children and not only 
for II-2. Another explanation that can be put forward is 
that the accompanying MLC determinants of the paternal haplo
type a, and the maternal haplotype c, are the same. The 



lack of MLC reaction between sib II-2 and the mother 1-1 
could be explained on these lines, but not the negative MLC 
results between sibs II-2 and II-1, who carry the paternal 

haplotype b. 

It should also be noted that the MLC reactions between 
sib II-2 and the mother are only weakly positive or negative. 

The response of sib II-2 to father is weak but definitely 

positive on both occasions and in the reverse situation he 

stimulates father strongly. 

The reactions between the unrelated individual X with 
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the HLA genotype A3,BW35/Al0,BW35 and sib II-2 were consistently 

weak or negative. The observation that Xis homozygous for 
the B locus determinant BW35 does not seem to have any direct 
bearing on the non-stimulation of X and sib II-2 because the 
MLC response of the mother who carries the same chromosome 
A3,BW35 that sib II-2 inherited, responds to X. In addition, 
sib II-1 who also inherited this maternal chromosome responds 
strongly to X. Furthermore, the MLC reactivity between sib 

II-2 and Y (another unrelated), with totally different A and B 
locus antigens, was very much reduced. Finally it is important 

to note that sib II-2 is able to respond and stimulate some 
individuals normally as for example the reactions II-2 versus 
Zand also father's response to II-2. The explanation for the 
negative and weak MLC reactions between sib II-2 and the 
mother, sib II-1 (patient), X and Y cannot easily be found on 

the conventional lines of D locus determinants being shared 
because all these individuals, who responded and stimulated sib 
II-2 weakly reacted strongly to each other. Figure 7.4 is a 
schematic drawing and summarizes these findings. The possible 
explanations for this observation will be discussed at the end 
of this Chapter. 
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A comparison of the mean qpm, SR and RR is shown in 
Table VII.21, bet\',een those individuals who appeared to be 
·identical, haplo-identical and non-identical (unrelated) in 
the two MLC experiments recorded in Tables VII.19 and VII.20. 
There is a difference between the identicals and haplo
identicals according to all three parameters, but not between 
the haplo-identical and unrelated individuals. 

The MLC results of I1-2m versus Y (Tables VII.19 and 
VII.20) fall between those of the identicals and haplo
identicals \'/hen judged by the mean cpm values, but the SR and 
RR values suggest haplo-identity. The MLC reaction between 
J-lm versus II-2 is also difficult to interpret, as the results 
are again between those of the identicals and haplo-identicals 
in these cultures. 

I 

1 
* 

1 2 

'...t-----~ 

A3· B'a/a 
A28-BW35/b 

A2-Bl2/c 
A'3- BW35/d. 

1I ~ 
A2.8- BW35/b 
A?,- 8W35/d 

A?,-B8/a 
A3-BW35/d.. 

Figure 7.3. Pedigree of family VOlJ showing f!LA-A and B 
genotypes and hilplotypes. The father's HU\ haplotypcs 
arc designated ab and the mother's ed. Both parents, 
the 'propos itus and her brother were tested l>y HLA and 
MLC studies. 

* Renal transplant recipient. 



FAMILY VDW 

+ 

x~ + ~Y 

II-1<-~I-2<- ~I-2 
Patient - ± tlt:~ +;other 

1-1 <4 + ~ z / 
Father 

~ + • MLC Positive 
~ ; .. MLC Negative 
~ - .. M LC Weakly positive 

Figure 7.4. A schematic drawing of the MLC reactions between sib II-2 (donor) and sib II-1 (patient), father (I-1), mother (I-2), 
X, Y and Z (unrelated individuals). 
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TABLE VI I. 16 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF FAMILY VOW 
(See Pedigree Fig. 7,3) 

HLA Genotype Haplotype 

A3-B8 a 
A28- B\~35 b 

A2-B12 C 

A3-BW35 d 

A28-BW35/A3-BW35 b/d 

A3-B8/A3-BW35 

Subject 

F 1- l 

M 1-2 

Sib 11-1 
(patient) 

Sib 11-2 
(donor) 

a/d 

TABLE VI 1.17 

ERYTHROCYTE GENETIC MARKERS FAMILY VOW 
(See Pedigree Fig. 7,3) 

Rhesus Ke 11 
ABO probable MNSs 

genotype K k 

0 R2 /r MS/MS - + 
0 R1/r MS/Ns - + 

0 R1/r MS/Ns - + 

0 r/r MS/Ns - + 

1-1 

1-2 

11-1 

11-2 

pl 
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Subject 

Father 

Mother 

Sib 
(patient) 

Sib 
(donor) 

Duffy 

Fy(a) 

+ 

+ 

+ 



TABLE Vll.18 

BILATERAL MLC TESTS ON FAMILY VDW 
(Each entrance contains from top to bottom: SR, mean cpm ± se) 

Subject 1-1 11-1 11-2 X y 

HLA genotypes 
and haplotypes 

A3,B8/a 
A28,BW35/b 

A28,BW35/b 
A3,BW35/d 

A3,B8/a 
A3,BW35/d 

HLA phenotype HLA phenotype 
Al ,3;B12,W35 A3,28;BW21,W35 

F 1-1 

Sib 11-1 
(patient) 

Sib 11-2 
(donor) 

X 

y 

A3,B8/a 
A28,BW35/b 

A28,BW35/b 
A3,BW35/d 

A3,B8/a 
A3,BW35/d 

HLA phenotype 
A l , 3 ; B l 2 , W3 5 

A3,28;BW21,W35 

............. , ... .211 
±'15 ...... 

,-16-:31' ............... 
I 2,073 I '"- 44 
L± 1 , 711 I ±20 ___ _J :::::-..... 

139.1 r-21~, , 
26, 125 I 2,212 I '-......,L 64 
±1,041 I ±339 I ±38, L ___ _J ............... 

127.6 171.9 193.4 ', 
26,422 21,325 35,601 ,204 
±1,635 ±796 ±2,055 ±23 .... 

101. 0 
27,682 
±2,217 

............. 125.9 28.6 82.9 "-
23,928 7, 160 22,384 ' ............... 3 37 
±2,026 ±93 ±2,062 ±87 

........... PHA 20,518 19,666 
±859 

36,902 26,327 30 592 .........._ 
±829 ±1, 158 ±573 ±360 

X & Y = Two healthy unrelated individuals. 
PHA = Phytohaemagglutinin. 

= Stippled line through negative controls. 

Unusual MLC reactions are outlined within the Table. 
__, 
C) 
N 



Subject 

F 1-1 .. 

N 1-2 .. 

Sib 11-1• 
(pat I ent) 

Sib 11-2 
(donor) • 

X .. 

ylll 

z11 

PHA 

TABLE Vll.19 

UNILATERAL MLC TESTS ON FN11LY VOW. 
(Each entrance contains from top to bottom: SR, RR and mean cpm ± se. The highest test ~nts observed with the corresponding responder cells that day, whfch ls the basis for the calculation of the RR, are marked with an 

asterisk) 

"Fl-I Ml-2 11-1 11-2 X y 
{pat I ent) (donor) 

HLA genotypes A3,B8/a A2,B12/c A28, B'.J3 5/b A3,B8/a A3, B'.J35 HLA phenotype and haplotypes A2~,S\.1357b A3,8\.1357d A3, 8'./35/d A3, 8'.J3 57 d AI0,8\.135 A9,\.l33;B14,27 
A3,S8/a 73.6 18.5 

,--;i 
32.9 205.3 A28,B\.IJ57b ' 100 32 

I 16. 7 I 
66 93 15 I '-._169 *23,498 4,101 I 2,944 

1 12,659 12,998 
=63, t2,631 ±856 L ±12_3_J ±1 ,001 t2,310 

A2,Sl2/c 131.7 ', 36,7 4.4 47.7 168.3 A3,81135fd 81 65 97 76 3 
22,265 '-319 8,117 784 18,341 10,607 
t3,931 ±110, 1328 ±207 tl ,594 ± 126 

A28,B1.'35/b 71.8 55,6 "' 12.0 49.0 200.9 A3,B1135/d 44 75 10 100 91 
12,137 17,743 "-221 2, 121 •18,838 12,657 ±246 t I, 575 ±18::,,.... ±96 ti ,882 ±I, 576 

A3,B8/a 74.8 5.8 2.5 ' 4.o r----, 
1 47. 7 I A3,BIIJS7d 45 6 2 " 6 I 21 I 12,658 1,86 t 564 '-176 I ,554 1 3 ,ooB I ±779 ±801 ±79 t55::::,.... ±568 L-:~1~...1 

A3,B\J35 139.2 66.8 55.8 II.; '-, 215.9 AIO,Bl.'35 85 100 98 90 
23,529 21,316 *12,339 1,927 '384 13,607 
ti, 753 ti ,e!i8 ±919 ±136 ±1 h, ±2, 133 

HLA phenotype 75.4 45.4 39,2 r----, 
3 I. 4 ', I 12; 6 1 A9,\JJJ;B14,27 46 61 69 I ' 1 I 63 

'-63 12,744 14,509 8,672 I 2,220 1 12,077 
±J ,031 t I ,432 :!:J, 457 L-~~-' t2,341 ±32, 

Al ,2;BW21,TT 161. 7 64.5 47.9 102.9 36.6 220.2 ' 100 87 85 100 74 100 
*27,339 20,607 10,590 *18, 123 14,083 *13,878 ±290 :!:l ,552 ±407 ± l ,599 ± l ,423 ti, 754 

16,474 7,161 11,972 7,090 7,712 8,514 
±718 ±169 ±430 ±597 ±604 ±1,000 

z 

HLA pher,otype 
Al ,2;8\.121,TT 

58.1 
84 

19,829 
t2,205 

63.6 
92 

21,690 
t2,439 

48.7 
70 

16,636 
± I ,4S4 

68.5 
100 

*23,363 
±671 

54. I 
78 

18,473 
±723 

57.9 
84 

19,756 
ti ,547 

" '-..3:.1 
±151, 

23,398 
t l, 124 

X.Y & Z • Thr~e healthy unrelated Individuals. 
PHA • Phytoha~-r.asglutlnin. 

m • MitOl!\ycin-C treated. 

The unusual MLC reactions are outlined within the Ta~le, the solid Jines 
for the negative reactions and Interrupted lines for the weakly positive 
reactions. 

• Sti~pled line through negative controls. 

~ 
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Subject 

F 1-1 
m 

H 1-2 
m 

Sib 11-1 
(paticntf 

Sib 11·2 
(donor) m 

X 
ID 

Ym 

z .. 

PHA 

TABLE VII .20 

UNILATERAL MLC TESTS ON FAMILY VOW 
(Each entrance contains fror., top to botto~: SK, RR and mejn cpm ± se. The.highest test counts observed with the corresponding responder cells· that day, which is the basis for the calculation of the ~R ~re ~~rked 

with an asterisk) 

Fl-I Ml-2 11-1 11-2 X y 
(patient) (donor) 

HLA genotypes A3,BS/a A2,812/c A28, 8'../35/b A3,S3/a A3, BIJ3 5 HLA pheno~ype and haplotypes A2o, 81,'3 57b A3, 8',1357d A3,8W357d A3,s·,1357d AlO,s,.;35 A9;.,r33;B14,27 
A3,B8/a 

' 102.7 16. i r----1 
75. I 140.9 1 18.0 I A20,8',i357b. 

' 95 38 14 60 88 
'-l,28 23,727 4,528 l 3,426 I 13,231 12,631 

±19, ±1 ,561 ±7 L.- ±5.'.!.?J ±558 ±1 ,655 
A2 1 B12/c 138.2 ', 30. I 2.9 94.8 134.9 A3,6'w357d 80 "-.. 74 1 76 84 

17,693 231 8,465 558 16,700 12,145 ±15 ±68, ±793 ±103 ±568 ±493 
A28,BIJ35/b 92,9 65. 1 ' 9,3 124.0 145.5 ' A3,BW357d 53 60 

'281 
7 100 91 11,897 15,055 1,780 *21 ,829 13,097 ±248 ::!:911 ±35, ::!:269 ±2, 144 ±256 

A3, B8/a 93.8 5.6 2.0 ' 3.7 r-40~1 A3,Bw357d 54 4 2 ......... 2 I 24 1 12,018 1,295 578 '190 653 I 3,601 I ±792 ±90 ::!:69 ±ts, ±51 I •Cl"SJ L _.,,v 
A3, B'..'3 5 163.5 107.4 39.9 5.1 ' 158.6 A10,s.,r35 94 100 100 3 .............. 100 20,939 *24,810 *11,219 983 176 •14,276 ±3,076 ±1,952 !793 ±33 ::!:15 ................... ±l, 124 
HLA phenotype 167.3 9i ,3 35.5 r----, 82.3 ' ( 14. 3 A9,w)3;814,27 97 84 88 I 11 l 66 ' 21,418 Zl, I 04 9,980 I 2,731 I 14,493 '-....90 ±2,224 !635 ±2,093 L_::!:~~_J !679 ±34--..,, 
A 1 , 2; 8W2 I , TT 172.4 90.9 39.6 116. 3 77.0 153.C ......... 

100 84 99 100 61 95 *22,073 21,017 11, 134 *22, 101 13,555 13 .775 ±I, 741 !290 !692 ± 1,014 ±500 ±577 
12,730 4,933 7,401 6,352 5,701 7,664 ±90 ±245 ±5'39 ±352 ±548 7:;.4 

z 

HLA p!-ie~o<;:y;:,e 
Al ,2;2·..:21, TT 

7o.4 
8~ 

13,193 
:.839 

89.8 
100 

t:22,5:;5 
:.9a::i 

68.0 
75 

17,C:75 
::!:530 
80.9 

9·'.l 
20,322 
:!:2 ,820 

71. 3 
79 

17,SOD 
±2 ,5;5 

76.6 
85 

19,251 
±2, 142 

' ............... 251 
......... 

15,049 
±1, 154 

X, Y t Z • Three healthy unret~tcd Individuals. 
P~A • Phytoha~~gglu:lnln. 

m • ~itcnycin·C treat~d. 

The unusual MLC reactions are outlined within the Table, solid lines for 
the negative. reactions c:?nd interrupted lines for :he -...·c.ckly positive 
react Ions. 

• Stippled line through negative controls. 
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IDENTICAL 

HAPL0-1 DENT I CAL 

UNRELATED 

TABLE VI 1.21 

THIS TABLE SUMMARIZES THE RESULTS OF THE MEAN CPM, SR AND RR IN THE T\./0 UNILATERAL MLC 
EXPERIMENTS IN TABLE Vll.19 (EXP. I) AND TABLE Vll.20 (EXP. II) BETWEEN MLC IDENTICAL, 

HAPLO-IDENTICAL AND NON-IDENTICAL (UNRELATED) INDIVIDUALS lN FAMILY VOW 

M E A N CPM M E A N SR M E 

Exp. I Exp. 11 Exp. I Exp. 11 · Exp. I 

1575 1225 7.5 6. 1 6 
(range 564-2220) (range 558-2731) (range 2.5-12.6) (range 2.0-14.3) ( range 2-11) 

10951 10392 51.4 52.6 52 
(range 4101-17743) (range 4528-15055) (range 18.5-74.8) (range 16.1-93.8) (range 32-75) 

16965 17242 91. 5 I 04. I 84 
(range 8672-27339) (range 9980-22545) (range 31.4-220.2) (range 35.5-172.4) (range 46-100) 

A N RR 

Exp. I I 

4 
(range 1-11) 

48 
(range 14-74) 

87 
(range 60-100) 

. 

....... 

°' (J1 



5. Family DEL 

The pedigree of this family, 
genotypes and haplotypes is shown 
in tabular form in Table VII.22. 

together with HLA-A and 8 
in Fig. 7.5, and presented 
Table VII.23 shows the 
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erythrocyte genetic markers, and Table VII.24 gives the results 
of the MLC tests. 

The parental HLA genotypes and haplotypes were postu
lated from the serological results in the eight children, 
who were all available for testing. There were three groups 
of HLA-A and 8 identical siblings in this family as shown in 
Table VII.22. Siblings II-1, II-4 and II-7 who were HLA-A 
and 8 identical each showed four clearly defined antigens. 
In the other five siblings only three antigens could be 
defined, but because the four possible parental haplotypes 
were all present, the genotypes and haplotypes for the father 
and mother could be postulated. The father appears to have 
had four different HLA-A and B antigens, but the mother must 
have been homozygous for the HLA antigen 812. The father 
also carried the antigens 812 and A2 present in the mother, 
but on different chromosomes. 

From the results of tests for erythrocyte genetic 
markers it appears likely that these were true sibs, although 
the parents could not be tested. 

The eight siblings and two unrelated controls X and Y 
were tested in the bilateral MLC test in all possible combi
nations. The HLA-A and B genotypes and haplotypes are both 
listed in Table VII.24 as they appear to be relevant. The 
results of the thymidine incorporation and SR in sibs II-1, 
II-4 and II-7 who were HLA identical for loci A and 8, with 
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haplotypes ac, were negative. The same was true for sibs 
II-3 versus II-5 with haplotypes ad, and sibs II-6 versus 
II-8 with haplotypes be, confirming the three groups of HLA-A 
and B identical siblings to be non-stimulatory in the MLC test. 
All the siblings have the B locus antigen 812, either from the 
paternal b haplotype or from the maternal cord haplotypes. 
Three siblings, Il-6, II-8 and II-2, were homozygous for 812. 
Sibs II-6 and II-8 inherited the paternal haplotype band 
maternal haplotype c and sib II-2 inherited haplotypes bd. 
However, from the thymidine incorporation results and SRs 
all these combinations are strongly positive, therefore the 
two maternal chromosomes probably carry different D locus 
deterni-i nants although Bl 2 homozygous. Furthermore, the D 
locus determinant on the father's b chromosome which carries 
the same antigen 812 is also different from either of the 
mother's D locus detenninants. 

The value of calculating SRs to find non-stimulatory 
combinations is demonstrated in this family where some of the 
autologous control values are rather high. This may or may 
not be reflected in the mean cpm, as for example in combina
tions II-1 versus II-4 and II-3 versus II-5. The SR indicates 
how many times the mean cpm were higher than the control 
counts. The mean SR for the HLA-A and 8 identical sibs in 
this culture was 1.2 and the range 0.4 - 1.9 whereas the mean 
cpm for these sibs was 341 and the range 162-646. The mean 
SR for the haplo-identical siblings was 52.l (range 13.1-90.6) 
and 121 .8 (range 43.8-259.6) with the unrelated controls X 
and Y. 



I 

II 

' A2- BW40/a 
AIO- 812c ' All- B12/b 

A'2..- 512./d 

1 

+ 
A2-BW40/a (po~tulated) 
All- B12./ b 

~ ~ 

2 

+ 
AIO- Bl2/c (p~tulated) 
Ac..- Bl2./d. 

*~ ' A2- BW40/a A2-BW40/a A2- BW40/a All- Bl2/b 
A2- B12./d AIO- Bl'Z./c A2- B12-/d. AIO- 8l2/c 

~ 8 

~ -~ ~~ ~ 
A2- BW40/a Al I- B12/b 
Al0-81~/c.. AIO-B12/c 

Figure 7.5. Pedigree of family DEL showing HLA-A 
and B genotypes and haplotypes. The paternal 
HLA haplotypes are ab and the maternal ed. 

MALE. Ff:MALE 
7,1";~ #~ ~:~ .%',:\,-~ 

HLA 2- MLC. tested.· ~ ~:7 

* denotes candidate for renal transplantation. 
+ indicates deceased parents. 
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TABLE VI 1.22 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF FAMILY DEL 

(See Pedigree Fig. 7,5) 

HLA G2notype Haplotype Subject 

A2-BW40 a 1-1 Father 
Al 1-Bl 2 b 

Al0-B12 e 1-2 Mother 
A2-B12 d 

A2-BW40IA10-Bl2 ale 11-1 Sib 
A2-BW40IA10-B12 ale 11-4 Sib 
A2-BW40IA10-B12 ale 11-7 Sib 
A2-BW40IA2-B12 aid 11-3 Sib 
A2-BW40IA2-B12 aid 11-5 Sib 

(patient) 
A 11- B 1 21 Al 0- B l 2 ble 11-6 Sib 
Al l-B12IA10-Bl2 ble 11-8 Sib 
A 11-B 121 A2-B 12 bid 11-2 Sib 

* These HLA-A and B genotypes and haplotypes were postulated, the 
parents are deceased. 
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Subject 

Parents 1-1 
1-2 

Sib 11-1 

Sib 11-2 

Sib 11-3 

Sib 11-4 

Sib 11-5 
(patient) 

Sib 11-6 

Sib 11-7 

Sib 11-8 

TABLE VI 1.23 

ERYTHROCYTE GENETIC MARKERS ON FAMILY DEL 

(See Pedigree Fig. 7.5) 

Rhesus Kel 1 -ABO probab 1 e MNSs pl 
genotype K k 

) 
deceased ) 

A1 R1/Ro Ms/Ns - + 

A1 R1/Ro Ms/Ns + + 

A1 R1/Ro Ms/Ms - + 

A1 R1/Ro Ms/Ns + + 

A1 Ro/Ro Ms/Ns - + + 

A1 R1/Ro Ms/Ms - + 

A1 R1/Ro Ms/Ns + 

A1 R1/Ro Ms/Ms - + + 
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Duffy 

Fy(a) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 



TABLE Vll.24 

BILATERAL MLC TESTS 0~ FA.~!LY OEL 

(Each entrance contains from top to bottom: SR, mean cpm ± se) 

Su!:iject I !-1 11-4 

HLA A2-B1,40/a AZ-8'..:40/2. 
haplotype A I 0-B 127c AioTizTc 

Sib 11-1 A2-8'.Jl.0/a ,397 
AI0-812/c • 1 on 

~ 

Sib 11-4 A2- c'..:!+O/a 1. 9 ' AIO-B12/c 646 '-..270 
± 135 ::.47, 

Sib 11·7 A2- 81.'!,0/a 1. 5 1. I 
AIG-812/c 199 257 

±71 ±52 
Sib 11·3 AZ-B'w40/a 

A2-B12/d 
25.7 25,3 

14,149 12,317 
±762 ::.362 

Sib 11·5 A2-B'.J40/a 6 J.8 68.8 
(;>at lent) A2-812/d 14,350 11,628 

±1, 130 ± 740 
Sib 11-6 Al1-!ll2/b 21. 3 37,7 

AI0-812/c 10,136 15,551 
±I ,685 ±1 ,928 

Sib 11-8 All-B12/b 20.5 ;0.4 
AIO-B12/c 5,513 5,695 

± 1.4~0 ±642 

Sib 11-2 Al I-B12/b 37.6 56.7 
AZ-!ll2/d 14,220 17,313 

± 1,096 ±819 
X HLA phenotype 66.3 69.3 

A1,3;B7,W22 15,994 12,266 
± 1,387 ±754 

y A3,9;B1135,W15 88.5 114. 2 
21,239 20,228 
±2, 126 ±4,313 

PHA 23. 155 28.; 60 
± I ,236 ± I ,986 

X & Y • P.ealthy unrelated individuals. 
PHA • Phyto~~e~agglutinin. 

• Sti~~led line through negative controls. 

--... 

11-7 

A2-8\.J40/a 
Al0-B12/c 

-......._ 199 
'-....; ±9 

11-3 

A2-8W1JO/a 
A2-B12/d 

2s.3"-
12,6s3 "-102 

11-5 
(patient) 

A2-S\./~0/ci 
A2-sTi7d 

:!:I ,268 :!:158,i"--.. 

12,051 442 ,68 
±276 ±15 ±18·, 

11.:.5. 

Al 1-e12/b 
Al0-812/c 

90.6 [ill]· 1 "-. 

23,9 24. 1 40.0 :", 
9,016 15,168 12,452 554 

±726 ±1,214 ±1,1S3 ±186......_ 

11.:.s 

Al 1-812/b 
AI0-8!2/c 

28.0 30.0 110.3 [![]·4 ' 
4,270 12, I 14 9,i.90 16?. ""'-...105 

±555, :!:2,408 ±1,282 ±40 ±19, 

11-2 X Y 

A,1-B•?./b HLA phenotype HLA phe~oty~~ 
A2-~J2/d Al ,3;87,W22 A3,9;8W35.~;5 

' 66.1 13.1 46.3 31 .3 49.6 , 
18,445 6,981 9,867 14,522 11,519 ,353 

±382 ±578 ±203 ±1,759 ±439 ±52'-

136,6 53.3 21:).0 :.3.8 167.9 67.7 ' 
19,410 22,944 15,545 lJ,983 15,9;4 15,032 "-.8S 

±995 ±1,420 ±1,111 ±1,080 ±522 :!:2,511 ±25'-

151.6 62.8 259.6 57.4 179,6 76.4 251.8 "-. 
21,380 24,708 19,753 18,336 16,836 16,S85 2!,159 ,84 
±1,225 ±1,630 ±1,125 ±1,751 ±539 =954 :!:2,867 . ±17'-
26,895 14,610 20,357 24,556 20,556 29,314 35.~97 32,732 
±1,708 ±1,253 ±1,330 ±1,638 ±1,25D ±i,051 ±2,543 ±4,8S9 

The negative ~LC re!ctlons arc outlined within c:,~ Ta~lc. 

.... 
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6. Family GIA 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 7.6, and presented 
in tabular form in Table VII.25. Table VII.26 shows the 
erythrocyte genetic markers and Table VII.27 gives the results 
of the MLC tests. 

The HLA genotypes for loci A and B were determined in 
the father and children and postulated for the deceased mother 
I-2. The four possible parental haplotypes were present in 
the eight children. As shown in Table VII.25, five of the 
children were HLA-A and B identical, with parental haplo
types be and two were HLA-A and B identical with haplotypes 
bd. Child II-2 was the only one with haplotypes ae. The 
HLA genotype of III-1, child of II-1 (patient) could not 
be determined because his father was not typed. 
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From the erythrocyte genetic marker results they 
appeared to be true siblings. The father and seven of his 
children and the grandchild III-1 were tested for the MLC 
reaction. Child II-6 was the only one not included in this 
culture. The bilateral MLC tests between the four siblings 
II-1, II-4, II-7 and II-8 who all have the same HLA haplo
types be were negative according to the thymidine incorpor
ation data, or some were weakly positive from the morphological 
results. The SRs in this group were low, the mean being 
1.5 falling into the accepted value for MLC negative HLA-A 
and B identical sibling combinations in this laboratory. 
The other two HLA-A and B identical siblings, II-3 and II-5 
were also MLC negative with an SR of 1 .2. 



There was a big range in the mean cpm value as well as 
in the SRs among the haplo-identical pairs in this family. 
The range of cpm 1 s was from 1 ,053-26,516 and the range of SRs 
10,1-199,5 in the haplo-identical pairs. The mean cpm value 
for the haplo-identical combinations was 10,902 and the mean 
SR 62.6. However, the control values with X and Y were also 
higher than usually observed by us. The mean cpm value with 
the two unrelated controls was 26,026 and mean SR 147.1. 
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It is of interest that the reaction between I-1 and 
III-1, his grandchild, was like a haplo-identical combination. 
Child III-1 had the HLA-A and B phenotype A9,W32;B7,l2, but 
because his mother II-1 had the haplotype AW32,B12, his 
probable genotype was A9,B7/AW32,Bl2. The haplotype 
AW32,B12 in II-1 is maternally derived and was probably 
transmitted to child III-1. The A9,B7 was likely to have 
been transmitted to child III-1 by his father, who was not 
typed. There appear to be two possible explanations why 
I-1 and III-1 should react like haplo-identicals: 

1. The 1 foreign 1 haplotype A9,B7 may carry the same D 
locus determinant as the haplotype Al ,B7 present in 
I-1. It is noteworthy that the MLC reaction of III-1 
versus II-2, the only sibling who had the haplotype 
Al ,B7 from the father, was also somewhat reduced. 

2. The second explanation is that child III-1 inherited 
a recombinant HLA locus Band D haplotype from his 
mother II-1, which would make him MLC haplo-identical 
to 1-1. It would have been interesting to test III-1 
against I-2 to determine whether they reacted like 
haplo-identicals in MLC. There is a good correlation 
between the results of the thymidine incorporation 
and morphology in this family. 
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Figure 7.6. Pedigree of family GIA showing the HLA-A and B 
genotypes and haplotypes. The paternal haplotypes are 
designated ab and the maternal ed. 
+ indicates the deceased mother 
* denotes the patient for bone-marrow transplantation. 
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TABLE VI I. 25 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF FAMILY GIA 
(See Pedigree Fig. 7,6) 

HLA Genotype Haplotype Subject 

A 1-B7 a 1-1 Father A I-B8 b 

·~AW32-B12 C 1-2 Mother A9-BW40 d 

Al-B8/AW32-Bl2 b/c 11-1 Sib 
(patient) 

Al-B8/AW32-Bl2 b/c 11-4 Sib 
AI-B8/AW32-Bl2 b/c 11-6 Sib 
A1-B8/AW32-Bl2 b/c 11-7 Sib 
AJ-B8/AW32-Bl2 b/c 11-8 Sib 
AI-B7/AW32-Bl2 ale 11-2 Sib 
A1-B8/A9-BW40 bid 11-3 Sib 
AI-B8/A9-BW40 b/d 11-5 Sib 

HLA Phenotype 

A9, W32; 87, 12 ,~-/;. - 111-1 chi Id of 
II -1 

* The HLA-A and B genotype of deceased mother 1-2 has been postulated. 
** The HLA haplotype is not shown, as the father was not typed. 
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Subject 

F 1-1 

M 1-2 
(postulated) 

Sib 11-1 
(patient) 

Sib 11-2 

Sib 11-3 

Sib 11-4 

Sib 11-5 

Sib 11-6 

Sib 11-7 

Sib 11-8 

Sib 111-1 

TABLE VI I. 26 

ERYTHROCYTE GENETIC DATA FAMILY GIA 

(See Pedigree Fig. 7.6) 

Rhesus Kel 1 
ABO probab 1 e MNSs 

genotype K k 

A1 R1/r MS/Ms + 

R1/R2 Ms/Ns 

A1 R1/r Ms/Ns - + 

A1 R1 /R1 Ms/Ns + 

A1 R2/r Ms/Ns + 

A1 R1/R2 Ms/Ms - + 

0 R1/r Ms/Ms - + 

A1 R1/R1 MS/Ms - + 

0 R2/r Ms/Ms - + 

0 R1/R1 Ms/Ms + 

0 r/r Ms/Ms - + 
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TABLE Vll.27 

BILATERAL MLC TESTS 0~ FA!-:ILY GIA 
(E2ch entrance contains from top to bottom: S~ and mean cpm ± sc with mo~p~olo9y results in the r!g~t upper t,!a~,!e) 

Subject !-1 11-1 
(patient) !!-4 ! !-7 11-8 I l-2 i 1-3 I l-5 I! l-1 X y 

HLA genotype Al-87/a Al-88/b Al-83/b A1-S3/b Al-88/b Al-87/a Al-88/b Al-88/b HLA phenotype and haplotype Al-5o/b AW32-Bl2/c AW32-B12/c AWJ2-B12/c AWJ2-B12/c AWJ2-B12/c A9-BW40ld A9-B~40/d A3,W32;S7,l2 A2,3;8W40,W17 A2,28;3WJ5,l2 
F 1-1 A!-97/a 

Al-2~/b 

Sib 11-1 Al-S3/b 
(pltient) AWJ2-B12/c 

Sib 11-4 Al-BS/b 
,W32-5l2/c 

Sib 11-7 Al-83/b 
AwJ2-S12lc 

Sib 11•8 Al-88/b 
Aw32-S12/c 

Sib 11-2 Al-B7/a 
AWJ2-S12/c 

Sib 11·3 Al-88/b 
AS-B .. ~0/d 

Sib 11•5 Al-BB/b 
A9-Sw~O/d 

Sib 111·1 HLA phenotype 
A9,W32;B7, 12 

X A2,3;BW40,~l7 

Y A2,28;BW35,12 

P!'.A 

,63 (+) 

·9' 
- ', 

220 I 
±77'-. 

2 !. 5 
3,037 

±721 

' 

(+) (+) + 

± ± 

' 53...._ 

+ ++ + + ++ ++ 

+ + + ± ++ ++ 

+ ++ ++ + ++ ++ 

18.2 
1,061 
±413 

1. 7 
237 
±18 ... 4 ...... 

- ' 10.5 
I ,053 
±224 

16.2 
2,692 
±175 
39. 1 

8,691 
±1 ,295 

199,5 
20,552 
± 1,878 

104.2 
21,792 

:877 

22.5 
1,559 
±122 

231. 4 
28,004 

±933 

96,7 
13,064 
±l, 710 
32,418 
! ~ , 5 &2 

1. 3 
245 
±22 

2.7 
668 

!242 

13. 3 
4,005 

!l ,664 

68.4 
12,459 

± 785 

56.3. 
16,218 
±3,372 

10.1 
1,495 
:tl08 

92.0 
18,308 

:t762 

50,5 
10,766 

:t897 
45,023 

±953 

1.3 
124 
±96 
0.6 
too 
±26 

21. 7 
4,71 O 
:t870 

178.4 
17,488 

±977 
125.3 

25,561 
±738 

75,7 
4,849 
:t406 

339. l 
39,345 
:t 1, i.93 

115.9 
15,069 
:t 1,913 

3 5. e9 7 
=2, 17 2 

' 138 ! 
±12~-,---

1.5 ' 300 261 
±66 ±64 ', 

32.5 4o.6 , 

++ 

++ 

8,429 13,043 381, 
±918 ±1,764 ±30 . '-.. 

++ ++ 

++ ++ 

++ ++ 

136.6 98.7 58.9 , D 19,268 19,941 14,437 144, • 
±918 ±1,766 ±1,461 ±57 '-,. 
93.1 86.o 68.4 1.2 '-. 

23,011 26,516 25,182 293 356'-.,. ±2,079 ±1,317 ±2,013 ±159 !146 , 

+ 

+ 

+ 

+ 

++ 

r---~ ...... 40.6 42.8 15.6 90.3 69.1 '-.,. 
4,351 7,201 \ 3,573 I 9,938 14,9!;6 76 '-,. ±240 ±1,203 l_.:.6.2.u ±1,153 ±322 !8 , 

++ 

++ 

++ 

++ 

+++ 

++ 

7.43.6 149.0 ]J!i.5 338.4 247.1 179,3 ' 38,490 32,780 37,676 54,482 66,001 22,702 179 ±3,710 ±2,358 ±1,455 ±8,206 ±3,363 ±2,626 !17'-,. 

+ 

+ 

++ 

+ 

++ 

+ 

++ 

67,5 55.2 20.4 107.8 86.2 50.7 191.3 ' 11,619 12,932 6,007 18,867 24,227 7,153 36,323 '-zo7 ±l ,998 ±1,091 !.742 !l ,277 ±5,926 !.519 !3,6'JO !41'-,. 
32,218 39,701; 20,783 17,330 7.1.,5~2 29,10; 45,'.J23 4l,26S !.2,599 ±3,233 ±932 ±!•2S ±353 !!,737 !3.S\7 !S,lt79 

i'HA 

+++ 

+++ 

+++-l-

++-4-+ 

++ 

+++ 

++ 

++ 

+++ 

+++ 

+++ 

X & Y • Two healthy unrelated individuals. 
PHA • Pnytohaeriiagglutinin. 

The unusual MLC reactions are outlined within the Table, solid lines for the negative reactions and interr~pted lines for the weak reactions. • Sti~pled line through negative control~. 

__, 
......, 
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Interpretation of Results 

In family BEU sib II-3 had a recombinant paternally
derived HLA-A and B haplotype, and MLC studies showed that 
the MLC locus determinant went with the B locus antigen 
during the crossing-over event. The parents both carried 
the B locus antigen BW17 but differed for their accompanying 
MLC determinants. The HLA-A and B identical sibling combi
nation II-7 (ac) versus II-8 (ac) and II-1 (ac) versus II-7 
(ac) showed reciprocal non-stimulation in the MLC studies. 

Sibling 10 in family KA had a recombinant paternally
derived HLA-A and B haplotype. The results confirm the very 
weak or non-stimulatory effect of antigens of the A locus. 
Further anomalies in the MLC tests, however, indicate that 
the antigens of the B locus are not fully responsible for 
MLC activation either. Among the group of three HLA-A, B 
identical siblings (3, 4 and 5), one (3) proved to be MLC 
positive with the other two (4 and 5), but MLC negative with 
another group of two HLA-A, B identical siblings (l and 2) 
who differed for one haplotype from the former group. 
Furthermore, the child (3) who showed this unexpected MLC 
reaction pattern also proved to be MLC negative with sibling 
10 who had the serologically demonstrable recombination 
between the A and B loci alleles, which resulted in a 
difference for three HLA antigens. 

These findings were interpreted as strong evidence for the 
occurrence of a recombination between the serologically 
determined HLA loci and an MLC deteY'mining locus (or loci) 
which can thus be localized outside the previously recog
nized HLA region, close to the B locus. 
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In the family DEW the mother II-2 and daughter III-2 
were homozygous for HLA-A and B but heterozygous for the 0 
locus. The father's one MHC chromosome carried A, Band D 
loci identical to one of the mother's chromosomes. Identity 
for HLA-A and Bin parent-child and sibling combinations 
does not necessarily predict identity for the D locus deter
minants. This sort of MLC study should be done in families 
before recombination between the Band D loci is suggested 
in HLA-A and B identical parent-child or sibling combinations 
who stimulate each other. 

The parents of family VDW shared a B locus antigen 
BW35 which resulted in sib II-1 being homozygous for this 
antigen, but from the family MLC test the accompanying D 
locus determinant appeared to be different. There appeared 
to be reciprocal non-stimulation in combinations II-2 versus 
II-1 and II-2 versus I-2. Sib II-2 responded to and 
stimulated unrelated individuals X and Y weakly, or not at 
all. The father stimulated sib II-2 only weakly but responded 
strongly to stimulation by II-2. 

The lack (or reduction) of response and stimulation by 
sib II-2 to his mother (I-2), sister (II-1), and two unrelated 
individuals, X and Y, as well as the fact that he did not 
respond to his father (or only weakly), cannot be explained 
by a recombinational event of the D locus determinants in 
either the paternal or maternal chromosomes inherited by sib 
II-2, nor can it be explained by simple sharing of a D locus 
determinant, because I-2, II-1, X and Y all stimulated each 
other as illustrated diagrammatically in Fig. 7.4. The 
inclusion phenomenon (Van den Tweel et al., 1973; Dupont et 
al., 1973), analogous with the cross-reactivity patterns 
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described in HLA serology also fails to explain these results, 
since inclusion of the D locus determinant(s) could only 
explain unilateral non-stimulation by sib II-2, but not the 
mutually negative MLRs between II-2 and the afore-mentioned 
ce 11 s. 

Sib II-2 was capable of normal stimulation and response 
in MLC as was seen in the reactions between II-2 and Z 
(Tables VII.19 and VII.20). However, in the MLC between sib 
II-2 and father, the response of II-2 to father was weak but 
there \'1as no reduction in the stimulatory capacity of II-2 
towards father's cells. 

A possible explanation for these latter observations 
is that there may be separate response and stimulator genes 
responsible for the MLC reaction in man (Yunis and Amos, 
1971). They named these factors or genes MLR-S and MLR-R. 
They also pointed out that if this MLR-S locus is a separate 
locus, mutation or deletion of it should be possible. Yunis 
and Amos (1971) suggested that such response genes could be 
similar to the immune response (Ir) genes that are postulated 
to exist within the MHC. The genetic control of MLR would 
then be determined by genes coding for stimulating determi
nants (HLA-0) and genes coding for responsiveness to specific 
HLA-0 determinants. If this hypothesis is indeed true, it 
may well be tbat sib II-2 lacked the appropriate genes 
necessary for response to a specific HLA-0 determinant. This 
hypothesis is consistent with the findings in mice that uni
directional MLR can occur in genetic constitution based on 
differences in the MHC alone (e.g. Bl0.A(4R) responds to 
Bl0.A(2R), whereas Bl0.A(2R) fails to respond to Bl0.A(4R) 
(Bach et al., 1972a). The two recombinant strains have the 



same parental strains and differ only for two of the I sub
regions. The strong MLC reaction between sib II-2 and Z 
proves that the lymphocytes of the former were capable of 
stimulating and responding, and excluded a deletion of the 
MLR-S and MLR-R genes in sib 11-2. 

The patient, sib II-1, received a kidney from her 
brother sib II-2 and had an uneventful clinical course in the 
post-operative period with minimal signs of rejection. It is 
now three years since the transplant, and she is well and has 
good renal function. The kidney graft was performed because 
these siblings showed a negative or weak response in the MLC 
tests, in spite of being only HLA haplo-identical. This 
shows the importance of not ignoring anomalous weak MLC 
reactions within a family, and possibly also between unrelated 
individuals, when selecting for organ transplantation. 

The mother of family DEL v,as homozygous for the B 
locus antigen 812, and father had this same antigen on one 
chromosome, but the accompanying D locus determinants are 
different on all three chromosomes. The three groups of 
siblings identical for HLA-A and Bare MLC negative. The 
renal transplant between the patient and the HLA-A, Band D 
identical sibling was not done for medical reasons. 

The two groups of HLA-A and B identical siblings in 
family GIA are MLC negative. There is a distinct possibility 
that grandfather I-1 and grandchild III-1 may carry the same 
D locus determinants, derived from different ancestors, on 
one chromosome. The prospective bone-marrow transplant 
recipient died.before she could receive a transplant. 
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By performing MLC experiments between family members, 
it is easy to demonstrate the frequency with which unrelated 
parents share one MLC allele. Table VII.29 shows the 
protocol for such fa;nily MLC experiments. 

Children who are MLC identical with one or the other 
parent, as for example sibs 2 and 4 in Table VII.29 inherit 
one MLC allele from that parent and the second allele, the 
shared MLC allele, from the other parent. If the two parents 
carry identical MLC alleles, it implies that MLC homozygous 
children may be found like, e.g. sib 1 in Table VII.29. 

More than half the parents in the randomly selected 
unrelated families shown in Table VII.28 shared an HLA-8 
antigen, and five sets of parents were HLA-A, B haplo
identical. Among these there were ten pairs of sere-iden
tical parent-child combinations but only three of them were 
MLC negative, indicating that the MLC allele on the two 
serologically identical haplotypes of the parents of these 
three children were identical. In another family where the 
parents were HLA-A9,Bl2 haplo-identical, their only child, 
who inherited both these parental haplotypes, was MLC 
homozygous which means that these parents must also have 
shared one MLC allele. 
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TABLE VI 1.28 

A SUMMARY OF THE HLA-A ANDO TYPINGS OF TH[ PARENTS IN TW(~TY-ONE RANDOM NON-
C0t1SAtJGUINE0U5 FAMll lES. ON \./liOf\ 'FAMILY MLC lESlS' \.IU[ rrnFOR~·fD. THE NUMBER 
OF D LOCUS HOt10Z YGOU 5 uf FSPR I NG 111 l HE LAS l COLUMN WAS DEDUCED FROM THE MLC IU. SUL TS 

ram I ly 
Number 

2* 

3 

5 

6 

HLA-A and B geno
types of parents 

r A2,B7/Ai ,ow4o 
H A9,07/A2,ll5 
f A9,BWl7/A\./43,BWl7 
H A9,BW17/A9,BWl7 
F AW30,B8/AIO,B12 
H Al,B12/A2,Bl2 
f A2,B\./10/AI 1,812 
H A10,B12/A2,B12 
f Al,B7/Al,B 
H AW32,B12/A9,BW40 
F AJ,BW15 All,-
H A2,BW35/A3,BW17 

No. of children 
tested in each 
family 

2 

5 

3 

8 

8 

5 

2 

No. of sero-
ident ica I parent
child combinations 

0 

5 

0 

0 

0 

0 

0 

No. of chi ldrcn 
homozygous for 
B Locus D Locus 

2 0 

5 0 

0 0 

3 0 

0 0 

0 0 

0 
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7 

8 

f AJ,B8/A23,BW35 
H A2,B12/A3,BW35 f A2, ow4o/ A I I , Ei·--i-1-=2 _____ 8 ________ 0 _______ 2 _____ _ 
H A10,B12/A2,B12 0 

9 

10* 

II 

13* 

14 

15 

16 

17 

18 

19 

20 

21* 

TOTAL 

F A3,BWl7 AW33,B7 
H Al,BW17/AW33,B27 9 
F A2,BW35/AI I ,BWIS 
H A9,B5/A2,BW35 
F A1,B27IA2,BWl5 
H A1,B7/A1,BW37 
f Al,B8/A29,B12 
H A29,B12/A2,B7 
F A2,B12/-,- (postulated) 
H A2,B12/A2,BWl5 
F Al1,BW15/AW30,B7 
H Al ,BW17/A2,BW22 
F A28,B14/AW43,BW2l 
H A29,B18/A28,-
F A2,BW40/AW30,BW42 
H AW43,B12/AW3I ,BW17 
F A2,- A3,BW35 
H A3,B7/A2,BW40 
F A2,BW15 A2 ,BW35 
H A1,B8/A3,BW35 
F AW30,B7/A28,BW35 
H AW30,-/AIO,BWl7 
F A2,BW22/A28,B8 
M A2,B\./35/A3,BWl5 
F Al,B8/A2,Bl2 
M A1,B8/A1,B8 

21 families 

2 

2 

3 

5 

2 

3 

2 

2 

3 

4 

4 

83 children 

* Denotes the families with HLA haplo-identlcal parents. 

0 2 0 

0 2 0 

0 0 0 

0 

2 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

4 0 

10 21 
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TABLE VII.29. PROTOCOL FOR TESTING SHARING OF MLC ALLELES 

BY THE FATHER AND THE MOTHER 

If the letters a, band c denote the MLC alleles and 
the father and mother share one allele a, the pedigree can 
be written as follows : 

F M 

ab ac 

2 ac 3 be 4 ab 

The MLC results should be: 
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F + M = MLC positive in both directions 
F + Sib 4 = MLC negative in both directions 
M + Sib 2 = MLC negative in both directions 

aam + ab = MLC negative 
aam + ac = MLC negative 

but 

ab m + aa = MLC positive 
acm + aa = MLC positive 

The subscript m = Mitomycin-C treated 



185 

CHAPTER EIGHT - SAN (BUSHMEN) FAMILIES 

1. San family I 

2. San family II (Bigamous) 

3. San family I II (Bigamous) 

4. San family IV 

5. San family V 

6. San family VI 

7. San family VII 

Interpretation of Results 



The results of HLA-A, Band MLC experiments on seven 
San families tested during field work are given. This group 
provided an ideal opportunity to study the genetic relation
ship between HLA-A and Band the MLC reaction in a small 
isolated community where apparently unrelated parents may 
possess the same genes. The explanation for this could be 
that in such a small group there are only a limited number 
of genes. Furthermore, many of them may have common ancestors. 

Due to an error, the radio-active thymidine, used in the 
MLC tests on the San, was of very low specific activity, and 
in order to obtain results comparable to the normal, the tests 
had to be counted for much longer periods. Therefore in some 
instances the background counts of the bottle, disc and 
scintillating fluid without cells were greater than the actual 
test counts, and when the background counts were subtracted 
from the test cpm, this gave a negative value. Such counts 
have a negative sign preceding the mean cpm values. 
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1. San family I 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 8.1, and presented 
in tabular form in Table VIII.l. Table VIII.2 shows the 
erythrocyte genetic markers, and Table VIII.3 gives the results 
of the MLC tests. 

Three different HLA antigens could be identified in each 
individual in generations I and II. From the segregation of 
the antigens in the children it could be postulated that the 
father I-1 and the five siblings were all homozygous for 



HLA-BW17. The absence of the maternal haplotype c from 
the siblings makes it impossible to say whether the 
mother 1-2 was also homozygous for HLA-BW17 or whether 
she had an unidentified B locus antigen in that position. 

No specimens were available from siblings 11-4 and 
11-5 for test"ing for erythrocyte markers. There was no 
evidence of other parentage than that stated among the 
three siblings tested. 

Blood from the parents and four of the siblings lI-1, 
11-2, 11-4 and II-5, was available for MLC testing. The 
parents and siblings Il-1, lI-4 and II-5 were tested in all 
possible combinations on one occasion. Controls with 
unrelated individuals were omitted in the first test because 
of a shortage of cells from the family. Siblings ll-2 and 
lI-4 were tested separately on a second occasion and 
unfortunately the other members of the family were then not 
available because of the nomadic habits of the San. Although 
the father was homozygous for the HLA antigen BW17, and the 
mother also had this antigen BW17 on one chromosome, the 
MLC determinants which go with the father's HLA haplotype 
A3,BW17(a) and the mother's haplotype AW30,BW17(d) must be 
different on account of the positive MLC results between 
the father and the three siblings who are also homozygous 
for BW17, by vir.tue of the fact that they had the paternal 
haplotype a and maternal d haplotype (Table VIII.3, 1st 
Culture). 

It was clear from both the morphology and thymidine 
incorporation that sibs II-4(ad) versus II-5(ad) (1st 
Culture), and II-2(bd) versus II-4(ad) (2nd Culture), 
were negative with good controls. Unfortunately I1-2(bd) 
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versus II-5 (ad) could not be tested. The negative reaction 
between sibs II-4 and II-5 confirmed their MLC as well as 
HLA-A and B identity. However, the unexpected negative 

188 

result between II-2 (bd) and II-4 (ad) as well as the positive 
MLC results between the HLA-A and B identical sibs II-1 (ad) 
versus II-4 (ad) and II-1 (ad) versus II-5 (ad) warrants 
further discussion. 

A recombination between the paternal a and b chromosomes 
may have occurred between the HLA locus Band the Major MLC 
locus (locus D) in sib II-2, who had the HLA haplotypes bd, 
or the father who was homozygous for HLA-BW17 may also have 
been homozygous for the accompanying D locus determinant, 
thereby producing the negative MLC result between sibs II-2 
and II-4, i.e. bd versus ad. Alternatively this could be the 
result of a recombination between the paternal chromosomes a 
and b betwee~ HLA-8 and HLA-0 in sib II-4. This same 
phenomenon may have taken place in sib II-5. This would 
explain the positive reaction between sibs II-5 versus II-1 
and II-4 versus II-1 as well as the negative MLC results 
between II-4 and II-5. Unfortunately II-2 versus II-1 and 
II-2 versus II-5 were not tested. The positive MLC results 
between sibs II-1 versus II-4 and II-1 versus II-5 could also 
be due to a segregation of the paternal or maternal D and B 
loci in child II-1. From these results it is impossible to 
deduce whether these results were due to a recombination of 
paternal ab or maternal cd chromosomes. 
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TABLE V 11 I . l 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF SAN FAMILY I 
(See Pedigree Fig. 8. 1) 

HLA Genotype Haplotype Subject 

A3-BW17 a 
AW24-BW17 b 

AW24- C 
AW30-BW17 d 

AW24-BWl7/AW30-BWl7 b/d 
AW24-BW17/AW30-BW17 bid 

A3-BWl7/AW30-BWl7 aid 
A3-BWl7/AW30-BWl7 aid 
A3-BW17/AW30-BW17 a/d 

TABLE VI I I . 2 

ERYTHROCYTE GENETIC MARKERS SAN FAMILY I 
(See Pedigree Fig. 8. 1) 

Rhesus Ke 11 
Subject ABO probable MNSs 

genotype K k 

F 1- l 0 Ro/Ro NS/Ns + 
M 1-2 0 Ro/Ro Ns/Ns + 

Sib 11-1 0 Ro/Ro Ns/Ns - + 
Sib 11-2 0 Ro/Ro NS/Ns - + 
Sib 11-3 0 Ro/Ro NS/Ns - + 
Sib 11-4 not tested 
Sib 11-5 not tested 

1-1 Father 

1-2 Mother 

11-2 Sib 

11-3 Sib 

11- l Sib 

11-4 Sib 

11-5 Sib 

Duffy 
pl 

Fy(a) 

+ + 

+ + 

+ + 

+ + 

+ 
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lADLE V 11 I • 3 

BILATERAL MLC TESTS 0N SAN FAMILY 
(expressed In cpm ± sc with morphology results In the right upper triangle) 

1ST CULTURE 

Subject 1-1 1-2 11-1 11-4 11-5 PHA 

HLA A3-B\./17la A\./211- le A3-B\./17la A3-B\./17 l;i A3-B\./17/;1 haplotype AW24-B\./-IJ7b AW30-BWI 7TJ A\130-BWI iTJ AW30-BWI 77d AWJO-UWl77d 

r 1-1 A3-BW17la ........ ......_ 49 ++ ++ ++ ++ +++ AW2!i-UWI 7/b ±3- ........ 
t1 1-2 AW24- le 3,335 ......... -........60 ++ ++ ++ ++ AWJO-BWI j'TJ ±I, 107 ±35-......... 
Sib 11-1 A3-B\./17la 2,189 

........... 
.........._ 28 1,932 ++ ++ +++ AW30-owT7Tcf ±824 ±515 ±1'-......... 

Sib 11-4 A3-B\./l 7la 4,007 2,726 2,889 ............ ,129 D ++ A\./30-B\~l 77d ±1 ,591 ±1 ,325 ±1 ,235 ±28'-......... 
Sib 11-5 A3-B\./17la 442 2,067 901 ~ ............. -.....28 AW30- BWT]Tcf ±69 ±416 ±363 ±it--

PHA 2,019 2,444 3,523 11,381 9,072 
±54 ±97 ±168 ±631 ±345 

21-lD CUL TU RE 

Subject 11-2 11-4 X y PHA 

HLA AW24-BW17lb A3-BW17la 
nd nd haplotype AW30-BWI lid AW30-BW177d 

Sib 11-2 AW24-BW17lb ............. -z.4 D ++ ++ +++ 
AW30-BWI 7/d ±4 ............. 

Sib 11-4 A3-BW17la Gm 
........... 

........... 35 ++ ++ ++ AWJO-B\./17/d 9 ±7-......_ 
X nd 799 837 ---........ 61 ++ +++ 

±145 ±53 132 .................. 
y nd 1,084 1,674 911 .......... __ so +++ 

±278 ±31 ±337 ±48-......... 
PHA 4,849 3,567 3,114 4,040 

±588 ±765 ±100 ±333 

X & Y • Two healthy unrelated individuals. 
PHA • Phytohaemagglutinin. 

• Stippled line through negative controls. 
nd • Not determined. 

The negative HLC reactions are outlined within the Table. 



2. San family II (bigamous~ 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 8.2, and presented 
in tabular form in Table VIII.4. Table VIII.5 shows the 
erythrocyte genetic markers, and Tables VIII.6 and VIII.7 
give the results of the MLC tests. 

The father and his wife I-2A and their six children 
were typed for the HLA-A and B antigens. Only three 
antigens were identified in the father and four in the 
mother. The father and mother shared one HLA antigen, AW26. 
In the two si~lings II-1 and II-4 with haplotypes ae, the 
B locus antigen on the paternal a chromosome again evaded 
identification. Three sibs, II-2, II-3 and II-6, inherited 
haplotypes be, and one sib, II-5, haplotypes bd. 

The results of the tests for erythrocyte markers did 
not suggest parentage other than that stated. 
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The PHA controls were omitted because of a scarcity of 
cells. The bilateral results of both the morphology and 
thymidine incorporation of the combinations II-2 versus II-3, 
II-3 versus II-6 and II-2 versus II-6 with the identical HLA 
haplotypes be were negative with good controls. The thymidine 
incorporation data of II-1 versus II-3 and II-1 versus II-6, 
i.e. ac + be were negative or weakly positive, especially as 
the control with Y was relatively low. The morphology results 
of II-1 versus II-2, II-3 and II-6 with haplotypes be were 
negative or weakly positive. 

From the unilateral MLC data in Table VIII.? it has not 
been conclusively shown that sib II-1 with haplotype ac also 
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belonged to the previous group of MLC negative individuals 
with the HLA haplotype be. The Mitomycin-C data in this 
experiment were particularly difficult to interpret. 
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TABLE VI 11.4 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF SAN FAMILY I I (BIGAMOUS) 
(See Pedigree Fig. 8.2) 

HLA Genotype Haplotype Subject 

A\./26- a 1-1 Father AW32-B14 b 

A3-BW17 C l-2A Mother AW26-B7 d 

AW26- /A3-BW17 ale 11-1 Sib 
AW26- /A3-BW17 a/c 11-4 Sib 
AW32-B14/A3-BW17 b/c 11-2 Sib 
AW32-B14/A3-BW17 b/c 11-3 Sib 
AW32-B14/A3-BW17 b/c 11-6 Sib 
AW32-B14/AW26-B7 b/d 11-5 Sib 
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TABLE VIII.5 

ERYTHROCYTE GENETIC MARKERS SAN FAMILY I I (BIGAMOUS) 

(see Pedigree Fig. 8.2) 

Rhesus Kell Subject ABO probable MNSs pl genotype K k 

F I-1 0 Ro/Ro Ms/Ns - + + 
M I-2A Al Ro/Ro Ms/Ns - + + 

Sib II-1 Al Ro/Ro Ns/Ns - + 
Sib II-2 Al Ro/Ro Ms/Ns - + 
Sib II-3 0 Ro/Ro Ms/Ns - + 
Sib II-4 Al Ro/Ro Ms/Ns - + 
Sib II-5 0 Ro/Ro Ns/Ns - + + 
Sib II-6 Al Ro/Ro Ns/Ns - + 
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TABLE VII 1.6 

BILATERAL MLC TESTS 011 SAN FAMILY 11 (BIGAMOUS} 
(expressed In cpm ± se with morphology results In the right upper triangle} 

.Subject 

F 1-1 

H l-2A 

Sib 11-1 

Sib 11-2 

Sib I 1-3 

Sib 11-6 

Sib 11-5 

X 

y 

PHA 

HLA 
haplo
type 

ab 

cd 

ac 

be 

be 

be 

bd 

nd 

nd 

1-1 

ab 

±220 

153 
±26 

157 
±35 

787 
±144 

153 
±67 

199 
±19 

4,415 
±2,917 
2,629 
±578 

1,436 
±148 

l-2A 

cd 

265 
±72 
804 

±612 

428 
±63 
140 
±46 

55 
±294 

3,247 
±2,690 

1,827 
±922 

1,039 
±31 

11-1 

: ac 

+ 

+ 

147 
±43 

r-4£1 
I ±32: 
I 491 

L
I ±28 I __ ..J 

588 
±198 

I, 143 
±635 

r3i;"91 
I ±230 I 
L--~ 
1,338 
±138 

11-2 

be 

? 

+ 

-5 
±19 
-11 
±5 

265 
±78 

850 
± 137 

2,046 
±656 

I ,609 
±587 

X & Y a Two healthy unrelated individuals. 
PHA a Phytohaemagglutinin. 

11-3 

be 

++ 

++ 

38 

4 
±7 

199 
±63 

6,330 
±1,080 

I ,278 
±344 

4,941 
±161 

• Stippled line through negative controls. 

11-6 11-5 X y 

be bd nd nd 

++ + +I+ +++ 

++ + +++ ++ 

++ +++ +++ 

++ +++ ++ 

++ +++ ++ 

'-1 + +++ +++ 

' 465 ~34 +++ +++ 
±93 '-.... 

4,090 ,98 +++ 3,044 
±244 ±2,550 '-.... 

I ,549 
±491 

3,853 
±65 

4,075 
±1,614 

4,515 
±482 

6,657 
±648 

3,209 
±78 

'2 
2,544 

±65 

~ A negative sign in front of the cpm value denotes a count less than 
the background. 

nd • Not determined. 

Unusual MLC reactions are out I ined within the Table, solid lines for negative reaction and interrupted lines for the doubtful reactions. 
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Subject 

HLA 
haplo
type 

F 1-1 ab m 

H l-2A cd m 

Sib 11-1 ac m 

Sib 11-2 be m 

Sib I 1-3m be 

SI b 11-6 be m 

Sib 11-5 bd 
m 

..... 

TABLE VI 11.7 

UNILATERAL MLC TESTS ON SJ\11 FAMILY 11 (BIGAMOUS) 
(expressed In cpm ± sc) 

1-1 1-21\ 11-1 11-2 11-3 11-6 11-5 

ab cd ac be be be bd 

X y 

nd nd 

"-"-nd 93 224 731 833 129 1,006 3,956 1,7116 '-........_ ± 11 ± 107 ±467 ±364 ±50 ±354 ± I , 785 ±633 
577 "-"-nd 268 438 455 132 113 2,007 I ,351 ±293 '-.. ±152 ±94 ±168 ±18 ±48 ±1,273 ±475 
463 147 -.........,nd Gii--si-- -""'jcil 132 3,054 1,209 

±252 181 r- \' L±93 __ ±14 __ ±2u ±62 ±1,177 ±530 
99 116 I 273

1 
'-.......nd 86 -6 722 2,722 1,703 ±25 ±24 

1±101 I "-"-~ ±26 ±7 ±515 ±1,915 ±613 
214 122 I 231 I ,nd -7 167 466 701 ±102 ±11 1±105 I ':::....... ±18 ±86 ±157 ±368 
32 63 I 4o 1 

54 ~71 -........::nd 87 3l6 915 ±20 ±33 L.:.:.?J ±7 ~ -......... ±30 ±46 ±372 
244 54 1,171 137 798 474 .......... ~ 1,383 2,902 ±80 ±29 ±275 ±82 ±447 ±192 '-....... ±885 ±I ,407 
304 862 2,191 3,568 2,808 1,997 215 .......... (ld 2,077 ±87 ±295 ±544 ±2,7Jlr ±239 ±799 ±54 ........_~,108 
891 1,466 2,303 1,269 3,054 3,604 1,097 5,170 ~d ±599 ±339 ±942 ±171 ±234 ±363 ±461 ±2,009 '-....... 

X & Y • Two healthy unrelated individuals. 
m • Mitomycin-C treated. 
nd • Not determined (autologous controls were unfortunately omitted). • A negative sign in front of the cpm value denotes a count less than the background. 

• Stippled line through negative controls. 

Unusual HLC reactions are out I ined within the Table, solid lines for negative reactions and interrupted I ines for the doubtful reactions. 
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3. San family III (bigamous) 

The pedigree of this family together with HLA-A and B 
genotypes and haplotypes, is shown in Fig. 8.3, and 
presented in tabular form in Table VIII.8, Table VIII.9 
shows the erythrocyte genetic markers, and Table VIII.10 
gives the results of the MLC tests. 

The HLA genotypes for loci A and B of the father, his 
two wives and their respective children were serologically 
characterized. Four distinct antigens were demonstrated 
in the mother I-28, but only two in mother I-2A, and three 
in the father, who must have been homozygous for HLA-88 in 
order to have passed on this antigen to sibs II-1 and II-4 
who inherited the paternal b haplotype as well as to sibs 
II-2 and II-3 who inherited the a haplotype. The four 
different haplotypes from the father I-1 and mother I-2A, 
segregate normally in their four children. The two children 
belonging to mother I-28 were HLA-A and B identical and two 
of the parental haplotypes were present in them. 

The erythrocyte genetic markers again segregated 
normally in the two families. 

The HLA serology of the father, both spouses and their 
children were determined, but because of the limited 
technical facilities available to do large MLC tests, the 
one wife I-28 was omitted from the MLC study. MLC tests were 
carried out on the father I-1, the mother I-2A and their four 
offspring in all possible combinations. The two full siblings 
belonging to mother I-28 were also tested in the same MLC 
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test with the above-mentioned, as well as two controls X and Y. 



The father 1-1 was homozygous for the HLA antigen 88, 
but carried different D locus determinants on the two MHC 
chromosomes as shown by the positive MLC tests with II-1 
versus II-2 and II-3 versus II-4 where the sibling pairs 
were identical for the maternal haplotypes but inherited 
either the a orb haplotypes from the father. 

The results of the thymidine incorporation as well as 
the morphology between mother I-2A and sib II-4) i.e. bd 
versus cd were negative with good controls. This suggested 
that the maternal c chromosome and the paternal b chromosome 
may share a common D locus determinant thus resulting in 
mother I-2A and child II-4 being identical for their D loci 
although only HLA haplo-identical. This would also explain 
the negative or weakly positive thymidine incorporation and 
morphological results for the MLC tests between father 1-1 
(haplotypes ab) and sib II-2 (haplotypes ac) who would also 
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be identical for their D locus determinants, but only HLA-A 
and B haplo-identical. If as postulated the father I-1 and 
mother I-2A shared a common D locus determinant on one of 
their two chromosomes, this would have resulted in a much 
weaker stimulation when their cells were cultured together 
than normally seen with HLA-A, Band D non-identical unrelated 
parents. The degree of stimulation in the MLC test between 
father I-1 and mother I-2A was low according to the mean cpm 
and morphology, thus supporting the above postulate. 

The HLA-A and B identical sibs II-5 and II-6 (haplotypes 
ae) failed to stimulate each other in the bidirectional MLC 
tests as assessed by both the thymidine incorporation and the 
morphology results. 
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Figure 8.3. Pedigree San family III (bigamous) 
with HLA-A and B genotypes and haplotypes. 
The father's HLA haplotypes are designated ab, 
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TABLE VI 11.8 

HLA-A AND B GENOTYPES AND Ht'\PLOTYPE"S OF SAN FAMILY I I I (BIGAMOUS) 
(See Pedigree Fig. 8.3) 

HLA Genotype Haplotype Subject 

A28-B8 a 1-1 Father 
AW30-B8 b 

A2- C l-2A Mother 
-BW22 d 

AW32-B14 e l-2B Mother 
AW30-B12 f 

Children from mother l-2A 

AW30-B8/A2- b/c 11-1 Sib 
A28-B8/A2- ale 11-2 Sib 
A28-B8/-BW22 a/d 11-3 Sib 

AW30-B8/-BW22 b/d 11-4 Sib 

Children from mother l-2B 

A28-B8/AW32-Bl4 ale 11-5 Sib 
A28-B8/AW32-Bl4 ale 11-6 Sib 
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TABLE Vlll.9 

ERYTHROCYTE GENETIC M.1\RKERS SAN F/\M I LY I I I (BIGAMOUS) 

(See Pedigree Fig. 8.3) 

Rhesus Kel 1 
Subject ABO probab 1 e MNSs pl 

genotype K k 

F 1-1 0 R0 /R0 Ms/Ms - + + 
M 1-2A Al Ro/Ro Ms/Ns + + 

Sib 11-1 0 R0 /R 0 Ms/Ms + + 
Sib 11-2 Al R0 /R 0 Ms/Ms - + + 
Sib 11-3 0 Ro/Ro Ms/Ns - + + 
Sib 11-4 0 Ro/Ro Ms/Ms - + + 

F 1-1 0 R0 /R 0 Ms/Ms - + + 
M l-2B A1 Ro/Ro Ns/Ns + + 

Sib 11-5 A1 Ro/Ro Ms/Ns + + 
Sib 11-6 0 Ro/Ro Ms/Ns - + + 
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TABLE Vlll.10 

BILATERAL MLC TESTS ON SAN FAMILY 111 (BIGAMOUS) 
(expressed in cpm ± se with morphology results in the right upper triangle) 

Subject 1-1 l-2A 

HLA A28-B3la A2- le 
haplotype A'.J30-B3lb -B\<'2Zld --

....... 22 r ' I ± I 
F 1-1 A23-P3la 

Al..'30-B3lb ±35'-.. L_...J 

1721 ....... 
.........._..1 

I +61 I ±5 .......... L:-..J 

P1 l-2A AZ- le 
-6L/22ld 

Sib 11-1 A'.J30- B3lb 336 48 
AZ- le ±143 ±17 

GIT] 323 
1 ±111 

Sib 11-2 A28-B3la 
A2- le 

Sib 11-3 A2S-B8la 348 140 
-B'.J22ld ±201 ±34 

333 [D ±136 7 

Sib 11-4 6-_W)0-83,!'b 
-B1,22ld 

Sib 11-5 ~28-e3,!'a 2,435 442 
AW32-814le ±821 ± 121 

Sib 11-6 A23-B8la 1,700 569 
Al.'32-814/e ±659 ±274 

X nd 1,837 1,020 
±912 ±502 

y nd l, 167 578 
±2,480 ±292 

PHA 489 l ,699 
ii 19 ±782 

X & Y • Two healthy unrelated individuals. 
PHA • PhytohaemcJgglutinin. 

• Stippled line through negative controls. 

11-1 11-2 11-3 

AW20-B8lb A28-BSla AZ8-B8la 
AZ- le A2- le -BWZ2/d 

++ D ++ 

+ + + 

....... r--, 
....... 7 I ++ I + 

±19.......... L_...J r:--:, ........ 
,1,321, ,.35 ± 
I ±7381 ±36, 
.... 1:116 129 ' ....... 58 

±520 

248 
±14 

4,813 
±1 ,652 

3,549 
±702 

411 
±66 

3,473 
±137 

705 
±136 

±72 

581 
±281 

3,854 
±1 ,318 

1,855 
±978 

2,974 
±I ,731 

3,820 
±1 ,227 

I ,223 
±128 

=8 ........... rs1, 
~2J 

1,872 
±426 

2,189 
±1 ,035 

1,917 
±1,342 

2,352 
±I ,273 

I ,419 
±1,078 

11-4 11-5 !1-6 X y 

AWJO-BBlb AZ8-B8la A28-B3la 
-BWZ2/d A\13Z-B14/e A',IJ2-B 14/e~ nd nd 

....... 

++ 

D 
± 

± 

r--, 
I -7 I 
'---..l 
....... 7 

±1 ....... 

l, 105 
±371 

I ,099 
±600 

1,776 
±871 

993 
±450 

I ,236 
±8110 

++ +++ ++ +++ 

+ + + + 

++ +++ +++ ++ 

++ ++ ++ ++ 

++ ++ ++ ++ 

++ ++ ++ ++ 

........ -4 ++ ++ 
±19 ....... ......_ 

iTal '-14 
~ ±53 ............ .......... 

+ ++ 

2,533 1,171 ,20 ++ 
±1 ,323 ±77 ±15' '-.. 
6,082 3,508 4,504 ....... 2~ 

±991 ±1,738 ±1,727 ±3 .......... 
4,837 2,294 2,955 3,867 

±352 ±1,537 ±2,084 ±2,693 

The unusual HLC reactions ~re outlined within the Table, sol id lines for the negative reactions and Interrupted lines for the weakly positive reactions. • A negative sign in front of the cpm value denotes 
a count less than the background. 

nd a Not determined. 

PHA 

++ 

++ 

++ 

+++ 

++ 

++ 

+++ 

+++ 

++ 

+++ 

N 
0 ..,. 



4. San family IV 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 8.4 and presented 
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in tabular form in Table VIII.11. Table VIII. 12 shows the 
erythrocyte and serum protein genetic markers,and Table VIII.13 
gives the results of the MLC tests. 

The results of the HLA serology should be viewed with 
reservation as they are unclear because of a high background 
staining in all the tests. The antigens assigned to the 
parents and the three siblings who were typed were not clearly 
defined. 

The erythrocyte genetic markers, serum proteins and red 
cell enzymes are all included in the results because they 
provided additional evidence that parentage in this family was 
not as stated. The father 1-1, was tested three times with 
anti-sand was negative each time. The three sibs could 
therefore be excluded on the MNSs system. In addition sib 
II-1 was excluded on haptoglobin and transferrin and sib II-2 
on ABO and PGM

1
• 

Bilateral cultures were performed in all possible 
combinations on the parents and sibs II-1, II-2 and II-3 with 
two unrelated controls X and Y. The morphology was omitted 
because of a lack of lymphocytes. The results of the thymidine 
incorporation of the tests between sibs II-2 and II-3 who 
appeared to be HLA-A and B identical were somewhat lower than 
the other combinations, but not what one would expect in a 
truly negative culture. These results, taken in conjunction 
with the poor HLA serology and exclusion of paternity of all 
three siblings on the results of the erythrocyte genetic markers, 
serum proteins and red cell enzymes, confirmed that parentage 
of these children was not as stated. 
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Figure 8.4. Pedigree of San family IV with HLA-A and B genotypes and haplotypes. The paternal HLA haplotypes are designated ab, and the maternal ed. 
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TABLE VI I I. 11 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF SAN FAMILY IV 
(See Pedigree Fig. 8.4) 

HLA Genotype Haplotype Subject 

A2-B7 a 1-1 Father 
A9-BWl7 b 

A3- C 1-2 Mother 
AW26-B7 d 

A2-B7/AW26-B7 aid 11-1 Sib 
A9-BWl7/AW26-B7 b/d 11-2 Sib 
A9-BW17/AW26-B7 b/d 11-3 Sib 
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Subjcc:t ABO Rhesus MNSs He 
probable 
ger.oty;:,e 

F 1-1 0 Ro/Ro MS/NS + 

K 1-2 0 Ro/Ro Ms/Ms -

Sib 11-1 0 Ro/Ro Ms/Ns -
Sib 11-2 ~bantu Ro/Ro Ms/Ns -
Sib 11-3 0 Ro/Ro Ms/Ns -
Sib 11-4 Not tested 

Sib 11-5 Not tested 

nd • Not determined. 
The exclusions are underlined. 

TABLE Vlll.12 

GENETIC DATA ON SAN FAMILY IV 
(See Pedigree Fig. 8.4) 

Kel 1 pl Duffy Serum Proteins 

K k Fy(a) Hp i'f 

- + + - 1-1 C 

- + + + 2-1 CD 

- + + + 2-2 D 

- + + + 1-1 C 

- + + + 2-1 C 

Red Cell Enzi'.:;!eS 
Peptidases 

A B C D ADA GS?D 6PGD PGM1 PGM2 

1-1 1-1 1-1 1-1 1-1 B A 2-1 1-1 

1-1 1-1 1-1 1-1 1-1 B A 1-1 1-1 

1-1 1-1 1-1 1-1 1-1 B A 2-1 1-1 

1-1 1-1 1-1 1-1 1-1 B A 2-2 l-1 

1-1 1-1 1-1 1-1 1-1 B A 2-1 1-1 

Ai< 

1-1 

nd 

1-1 

2-1 

1-1 

AP 

RB 

AB 

B 

RB 

RA 

N 
0 
co 



Subject 

Haplo-
type 

F 1-1 ab ......... 

M 1-2 cd 

Sib 11-1 ad 

Sib 11-2 bd 

TABLE Vlll.13 

BILATERAL MLC TESTS ON SAN FAMILY IV 
(expressed in cpm ± se) 

1-1 1-2 11-1 11-2 

ab cd ad bd 

"-329 
±193 

-........ 

5,077 '1,387 
±28 ±487, 

1, 187 .......... 
6,049 ~.130 

±46 ±1 ,398 ±877 

3,701 7,078 
.......... 

4,489 "-961 
±117 ±243 ±1 ,817 ±558 ..... 

11-3 

bd 

Sib 11-3 bd 2,602 4,566 4,892 1,220 .......... "-124 
± 1,858 ± 1, 144 ±221 ±203 ±31 

' X nd 709 6,001 8,660 7,022 5,271 
±49 ± 1 , 194 ±505 ±54 ±1,747 

y nd 1 ,933 3, 11 O 7,329 3,381 7,835 
± 1 , 287 ±1, 782 ± 1,604 ±1 ,381 ±102 

PHA 2,733 4,006 3,645 6,062 6,201 
±1 ,968 ± 1 , 642 ±2,212 ±1 ,387 ±831 

~ = Two healthy unrelated individuals PHA = Phytohaemagglutinin 
= Stippled 1 ine through negative controls nd = Not determined 

The unusual MLC reaction is enclosed in a smaller rectangle within the table. 

X y 

nd nd 

'2,441 
±11~ 

2,115 ........_ ~253 
± 171 ± 1,008 

7,264 9,255 
±130 ±449 

-......... 

N 
0 
<.O 



5. San family V 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 8.5, and presented 
in tabular form in Table VIII. 14. Table VIII.15 shows the 
erythrocyte genetic markers, and Table VIII.16 gives the 
results of the MLC tests. Only three well-established HLA 
antigens were identified in the father I-1 and four in the 
mother I-2. The parents shared one HLA antigen, i.e. HLA-A2. 
The three siblings were HLA-A, B identical as all three 
inherited HLA haplotypes a and d from their parents. 

Blood from only the father and one sibling II-2 was 
available for erythrocyte genotyping, and therefore no 
conclusions could be drawn about parentage from the red cell 
genotyping. 

The MLC tests were performed on the cells from the two 
parents and their three HLA-A and B identical siblings in all 
possible combinations. Both from the thymidine incorporation 
data and the morphology, sibs II-1 versus II-2 and II-2 versus 
II-3 appear to be negative. One-would therefore expect sibs 
II-1 versus II-3 also to be negative, which seems dubious both 
for the thymidine incorporation and the morphology. The 
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morphology seems to indicate negative or weak reactions of the 
mother I-2 with sibs II-1, II-2 and II-3 with good controls 
with X and Y. From the thymidine incorporation data, however, 
the control with Y is negative and weak with X, so without 
further tests between the mother and the three sibs, little can 
be said, although these counts do not exclude negative or weak 
reactivity. 



I 

JI 

1 2 

~ __. 
A2.- B12 /a A2- B5/c 

-B7 /b AW33- BWl7/d. 

1 2 3 

~ ~ ~ 
A2-B12[a A2- B12g_ A2. • B12/a 

AW33- BYVl7/d Aw-33- 8Wl7/d. AW33-BWl7/d.. 

MRLE'. FEMALE 

HlA £ MLC tested ~~ 

Figure 8.5. Pedigree San family V with HLA-A and B genotypes 
and haplotypes. The paternal HLA haplotypes are designated 
ab and the maternal ed. 
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TABLE VI I I. 14 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF SAN FAMILY V 
(See Pedigree Fig. 8.5) 

HLA Genotype Hap lotype Subject 

A2-Bl2 a 
-87 b 

A2-B5 C 
AW33-BW17 d 

A2-Bl2/AW33-BW17 a/d 
A2-Bl2/AW33-BW17 aid 

A?.-B12/AW33-BW17 aid 

TABLE VI I I. 15 

ERYTHROCYTE GENETIC MARKERS SAN FAMILY V 
(See Pedigree Fig. 8.5) 

Rhesus Kel 1 
Subject ABO probab 1 e MNSs pl 

genotype K k 

F 1-1 0 Ro/Ro Ms/Ms - + + 
M 1-2 not tested 

Sib 11-1 not tested 
Sib 11-2 0 Ro/Ro Ms/Ns - + + 
Sib 11-3 not tested 

1-1 Father 

1-2 Mother 

11-1 Sib 

11-2 Sib 

11-3 Sib 

Duffy 

Fy (a) 
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Subject 

F 1-1 

M 1-2 

Sib 11-1 

Sib 11-2 

Sib 11-3 

X 

y 

PHA 

X & y = 
PHA = 

= 
nd = 

TABLE VI I I .16 

BILATERAL MLC TESTS ON SAN FAMILY V 
(expressed in cpm ± se with morphology results in the right upper triangle) 

1-1 1-2 I 1-1 I 1-2 II -3 X y PHA 

HLA A2-B12/a A2-B5/c A2-B12/a A2-B12/a A2-Bl2/a 
haplotype -B7/b AW33-BW17/d AW33-BW17/d AW33-BW17/d AW33-BW17/d nd nd 

A2-B12/a ........... 124 ++ ++ ++ ++ ++ ++ ++ -B7/b ±5 '-.... 
A2-B5/c 282 '-.... 

............ 9 
.--- ------- --, 

++ + I + + + - - - I A\.J33-BW17/d ±146 ±5'-...._ 
L _____________ _, ++ 

A2-B12/a 360 r---, ............ D r---, 
(+) I 59 I '-.....37 I ( +) I ++ 

A \.J 3 3 - B W 1 7 Id ±81 I ±21 I ±12-............ L -- -..l 

[ill ........... [] A2-B12/a 366 I 168 I '-....50 ++ ++ AW33-BW17/d ±50 I ±138 I ± 14-.......... 1 
A2-B12/a 218 I 57 I r2301 QI] 

............. 
,60 (+) ++ 

AW33-BW17/d ±40 I I 1 ± 188 I L!28
_j L __ _J 8 ±53, 

nd 649 r1sil 498 530 837 '- , 61 ++ 
±38 L±28j ±60 ±19 ±178 ±32 ..........._ 

nd 377 Gill 256 348 374 911 ............. ......._ 50 
±59 ±62 ±10 ±47 ±237 ±48 ......._ 5 

+++ 

+++ 

++ 

++ 

++ 

2,644 763 1,062 2, 149 4,368 3, 114 4,040 
±231 ±240 ±271 ±653 ±li 12 ±100 ±333 

Two healthy unrelated 
Phytohaemagglutinin. 

individuals. The unusual MLC reactions are outlined within the Table, 
sol id lines for the negative reactions and interrupted Stippled 1 ine through negative controls. 1 ines for the doubtful reactions. Not determined. 

N __, 
w 
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6. San family VI 

The pedigree only is given in Fig. 8.6. The HLA serology 
could not be done on this family as the cells were all dead 
on arrival in the laboratory. Table VIII.17 shows the erythro
cyte and serum protein genetic markers, and Table VIII.18 
gives the results of the MLC tests. 

The red cell genotypes, serum proteins and red cell 
enzyme results have been fully tested in this family in an 
effort to elucidate the genetic relatedness of this family. 
This was of particular importance because HLA typing results 
were not available. 

The ABO grouping on the father, I-1, presented some 
difficulties. In the laboratory he was classified as either 
an A intermediate or A1. The classification as A intermediate 
depends on the grade of agglutination by Dolichos biflorus 
extract; father, I-1 gave a++ reaction, where with an Ai 
individual one would expect a++++ reaction. The father's 
reaction to Ulex europeus extract was also weak but present. 
The father is thus probably A intermediate and though this 
would not be enough for a court of law it ought to incline more 
to paternal exclusion than inclusion. Furthermore, II-1, II-2 
and II-4 would appear to be excluded on P1 but there were 
difficulties with the anti-P1 in use at that time, and the 
reactions of II-1 and II-2 were not strong. On the other hand 
the Rhesus and AK results are against it, especially as the 
R1 allele is not common in the San but, if the community is 
inbred, even this evidence is less than convincing. 

The cells from the whole family were cultured in all 
possible combinations except for father I-1 and mother I-2 



versus sib II-2 due to insufficient lymphocytes from II-2. 
The morphologicdl MLC result indicates a negative or 
weakly positive reaction between sibs II-2 and II-3 with 
good controls. The thymidine incorporation data are not 
contradictory but the controls are bad, thus allowing no 
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· definite conclusion. The weak but probably still postive 
reaction in the thymidine incorporation result of father 1-1 
versus sib II-3 cannot be confirmed in the morphology because 
tlri s preparation could not be interpreted. Further information 
could not be obtained from I-1 versus II-2 because this 
combination was not tested. The thymidine incorporation data 
of II-2 versus II-4 and II-3 versus II-4 were both negative, 
but the control with X was also negative and the morphology 
positive. Therefore, in the absence of further tests it cannot 
be concluded whether sibs II-2, II-3 and II-4 had the same NLC 
determinants. 

I 

]I 

2 

1 

Figure 8.6. Pedigree San family VI 
(MLC tested only). 
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Subject ABO Rhesus HNSs ~ protiable 
genotype 

F 1-1 A Int R1/Ro Ns/Ns -
M 1-2 A2 Ro/Ro Ms/Ns -
Sib 11-1 Ai R1/Ro Ms/Ns -
Sib 11-2 Abantu Ro/Ro Ms/Ns -
Sib 11-3 Ai R1/R0 Ns/Ns -
Sib 11-lt A1 Ro/Ro Ns/Ns -

nd • Not determined, 

TABLE V 111, 17 

GENETIC DATA ON SAN FA.~ILY VI 
(See Pedigree Fig. 8.6) 

Kel 1 pl Duffy Serum Proteins 

K k Fy (a) Hp Tf 

- + - + 2-1 C 

- + - + o-o co 

- + ± + 2-1 co 
- + ± + 2-1 co 
- + - + 1-1 C 

- + + + o-o C 

Red Cell Enzymes 
Peetidases 

A B C D ADA G6PO 6?GD PGMi PGMz AK AP 

1-1 1-1 1-1 1-1 1-1 B A 1-1 1-l 2-1 B 
1-1 1-1 1-l 1-1 1-1 B A 1-1 1-1 1-1 RB 

l-1 1-1 1-l 1-1 1-1 B A nd nd 2-1 RS 
1-1 1-1 1-1 1-1 1-1 B A nd nd 1-1 B 
l-1 1-1 l-1 1-1 l-l B A nd nd 2-1 B 
1-1 1-1 1-1 1-1 1-1 B A nd nd nd P.B 

N ...., 
0-, 



TABLE V 11 I • 18 

BILATERAL MLC TESTS ON SAN FAMILY VI 
(expressed in cpm ± se with morphology results in the upper right triangle) 

Subject 

F 1-l 

M 1-2 

Sib 11-1 

Sib 11-2 

Sib 11-3 

Sib I 1-4 

X 

PHA 

HLA 
typing 
not done 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd = Not determined. 

1-l 1-2 II - I 11-2 

nd nd nd nd 

++ ++ nd 

II -3 

nd 

r-1 
I ? I 
t_ _ _J 

11-4 

nd 

++ 

X 

nd 

++ ', 5 
±29, 

890 "-.. 58 
±542 ............ ±24 

++ nd + ++ ++ 

1,388 
±727 

nd 

11731 
I +57 I L:: _ _J 

852 
±234 

535 
±33 
213 
±41 

' 2,191 "-.. 6 
±1,373 "-±o 

++ ++ ++ 

.........._ ~ r--, nd 569 ""-. 78 ± I ++ I 
±98 ±o I I 

306 
±17 

578 
±67 

259 ~', 2 L~J 
±69 L~ ±24::--..... 
608 r-s- ---43' "-..58 
±90 I ±13 ±29 I ±26-....... L ______ ::'..J "-.. 

++ 

++ 

(+) 

+ 

794 1,077 
±174 

-82 -13 -1 O '-.J 3 
±104 

l ,518 
±506 

702 
±49 

±13 ±29 ±5 ±8, 
I, 313 
±333 

967 
±252 

707 
±30 

797 
±62 

= Stippled I ine through negative controls 

PHA 

++ 

+++ 

++ 

++ 

++ 

++ 

++ 

X = Healthy unrelated individual. 
PHA = Phytohaemagglutinin 

- A negative sign in front of the cpm value 
denotes a count less than the background. The unusual MLC reactions are out] ined within 

interrupted I ines for doubtful reactions. 
the Table, sol id I ines for possible negative reactions and 

N ..... 
....... 



7. San family VII 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes is shown in Fig. 8.7, and presented 
in tabular form in Table VIII.19. Table VIII.20 shows the 
erythrocyte genetic markers, and Table VIII.21 gives the 
results of the MLC tests. 

The HLA serology of the parents and their four children 
was done and four antigens were identified in each individual. 
The parental haplotypes segregated normally in the children. 
Siblings II-1 and II-2 were HLA-A and B identical and the 
other two siblings were non-identical. 

Unfortunately no blood was available from the parents 
for red cell genotyping, but from the erythrocyte genetic 
marker tests, the four children appeared to be true siblings. 
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Mixed lympho~yte culture tests were performed on the 
mother and the four children with the control X. The father 
was not available for this test. It was apparent both from 
the morphology and thymidine incorporation data that the HLA-A 
and B identical sibs II-1 versus II-2 were non-stimulatory 
with good controls. It is noteworthy that tests of the mother 
I-2 versus II-2 and II-3 were morphologically weakly positive, 
and the thymidine incorporation results were relatively low 
but definitely positive. This seems to indicate a good 
correlation between these two parameters. 



I 

II 
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2 

~ 
AW30-B8 /a A3-BWl"1/c 

A2.- B!S/b A2.-B5 /d-

1 2 3 i ~ ~ ~ ~ 
AW30-B8 /a AW30-B8 /a A'2.- Brs/b A2- Br-a Lb 
A:,-BWl7 /c A3-BWl'1/c A2.- B5/d.. A3-BWl7/c 

MALE f'.'EMALE 

HLR ~ MLC tested ~ ~ 
~ Onlt.J HLAtested ~ 

Figure 8.7. Pedigree of San family VII showing HLA-A 
and B genotypes and haplotypes. The paternal HLA 
haplotypes are designated ab and the maternal ed. 



TABLE V 11 I . 19 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF SAN FAMILY VI I 

(See Pedigree Fig. 8.7) 

HLA Genotype Haplotype Subject 

AW30-B8 a 1- l 
A2-B18 b 

A3- B\./17 C 1-2 
A2-B5 d 

AW30-B8/A3-BW17 ale 11-1 

AW30-B8/A3-BW17 a/c 11-2 

A2-Bl8/A2-B5 b/d 11-3 

A2-B18/A3-BW17 b/c 11-4 

TABLE VI 11.20 

ERYTHROCYTE GENETIC MARKERS SAN FAMILY VI I 

(See Pedigree Fig. 8.7) 

Rhesus Kel I 
Subject ABO probable MNSs pl 

genotype K k 

Parents not tested 

Sib 11-1 0 Ro/Ro Ms/Ms - + + 
Sib 11-2 0 Ro/Ro Ms/Ns + + 
Sib 11-3 0 Ro/Ro Ms/Ns - + + 
Sib 11-4 0 Ro/Ro Ms/Ns + + 

Father 

Mother 

Sib 

Sib 

Sib 

Sib 

Dufft 

Fy(a) 
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Subject 

HLA 
hap lo-
type 

M 1-2 A3-BW17/c 
A2-B5/d 

Sib 11-1 AW30-B8/a 
A3-BW17/c 

Sib 11-2 AW30-B8/a 
A3-B\.JJ 7 / c 

Sib 11-3 A2-B18/b 
A2-B5/d 

Sib 11-4 A2-B18/b 
A3-BW17/c 

X nd 

PHA 

TABLE VI 11.21 

BILATERAL MLC TESTS ON SAN FAMILY VI I 
(expressed in cpm ± se with morphology results) 

1-2 11-1 11-2 11-3 11-4 

A3-BW17/c AW30-B8/a AW30-B8/a A2-B18/b A2-B18/b 
A2-B5/d A3-BW17/c A3-BW17/c A2-B5/d A3-BW17/c 

'-. ,91 r--, r-, 
++ I ± I I + I ++ ±98........._ L_...J L _ _J 

1,063 ' 16~, D ++ ±366 ++ 

r-3sol '-. 
~ "-... 62 ++ I ±57 I ' ++ ±24, I 691 I " 1,253 4,855 ,22 

++ L~.§_4_J ±109 ±623 ±64, 
2,007 1,265 2,507 3,097 " ............ 6 

±409 ±431 ± 1,482 ±578 ±23, 
2, 157 4, 169 4,055 1,714 2, 195 " ±681 ± 1,590 ± 1,764 ±610 ± 1 , 115 

72 848 1 ,030 602 1,401 
±29 · ±76 ±276 ±147 ±276 

X PHA 

nd 

++ + 

++ ++ 

++ ++ 

++ ++ 

++ ++ 

,181 
±29........._ 

++ 

934 
±141 

X = Healthy unrelated individual. - = A negative sign before the cpm value denotes PHA = Phytohaemagglutinin. counts less than background. = Stippled 1 ine through negative controls. nd = Not determined. 
The negative MLC reactions are out! ined within the Table with sol id 1 ines and the doubtful reactions with interrupted 1 ines. 

I'.) 
N 
--' 



222 

Interpretation of Results 

The gene frequencies for some of the HLA-A and B antigens 
in the San varied considerably compared with other Southern 
African populations, e.g. Cape Coloureds and Xhosas. We have 
reported these findings in detail (Botha et al., 1973, 1975a and 
b·; Nurse et al . , 1975). 

In So:n f01niZy I the father is homozygous for the HLA 
antigen BW17, and possibly for the D locus determinants, while 
the mother's D locus determinant accompanying BW17 is different 
from the father's D locus determinant(s) accompanying the 
antigen BW17 present on both his MHC chromosomes. There is a 
distinct possibility of recombination of either the paternal 
or maternal chromosomes between HLA-B and Din two of the off
spring in this family. The existence of a 'hot spot' giving 
rise to recurrent recombinations has been suggested by Dupont 
et al. (1974a). They reported on the first family in which 
recombination on approximately the same location of the 
chromosome has been observed, resulting in two siblings 
inheriting the two possible recombinant chromosomes. 

San family II has three HLA-A and B identical siblings 
who appear to be MLC negative. There is a possibility of a 
recombination of the Band D loci in sib II-1, but the results 
are inconclusive. 

In San family III the father is homozygous for HLA-B, 
but heterozygous for HLA-0. In spite of being HLA sero
logically non-identical, the paternal b and the maternal c 
chromosomes appeared to have identical D locus determinants. 
This resulted in sib II-2 and the father I-1 being MLC negative, 
although they were only HLA-A, B haplo-identical. If the 
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paternal band maternal c chromosomes carried the same D locus 
determinants, sib II-1 with the HI.A haplotype be could be 
homozygous for the D locus although heterozygous for HLA-A and 
B. Unfortunately unilateral MLC tests were not done in this 
family and therefore homozygosity of sib II-1 for the D locus 
determinant could not be proved. The negative MLC reactions in 
the presence of B locus differences suggest that the D locus 
determinants are not always associated with the same B locus 
antigens or with the same HLA haplotype. This also supports 
the view that MLC activation is brought about by D ratl1er 
than HLA-A and B differences. 

San famiZy IV is not a true biological family, since all 
three siblings are excluded on the results of the erythrocyte 
genetic markers, serum protein and red cell enzymes. The HLA 
serology was poor, and the MLC data confirm the two apparently 
HLA-A and B identical siblings as MLC non-identical. This 
family illustrates the problems encountered in establishing 
true family relationships. 

In San famiZy v two of the three HLA-A and B identical 
siblings were also MLC negative. The rest of the MLC data 
were, however, inconclusive. The HLA serological typing could 
not be done in San famiZy VI. The erythrocyte genetic data 
show no definite exclusions, while the MLC data were incon
clusive and of little value in view of the absence of HLA 
serological results. The two HLA-A and B identical siblings 
of San famiZy VII were MLC negative. 
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CHAPTER NINE - CONSANGUINEOUS FAMILIES 

First-degree Consanguineous Families 

l. Family COO 

2. Family MEI 

Fourth-degree Consanguineous Indian Families 

l. Family BEG 

2. Family HOO 

3. Family CAD 

Interpretation of Results 



First-degree Consanguineous Families 

In our search for first-degree consanguineous offspring 
we found seven cases with a total of nine offspring in Cape 
Town. In four of these families the offspring were infants 
and therefore could not be studied. The remaining three 
families consisted of: one family with two HLA heterozygous 
idiot children (having IQs < 20) (data not presented); family 
COO (see pedigree, Fig. 9.1) with one HLA heterozygote (III-2) 
who was feeble-minded (IQ 60) and the HLA homozygote (III-1) 
with an IQ of 80; and the third family MEI (see pedigree, 
Fig. 9.2) with one HLA heterozygous offspring aged two years 
who was mentally retarded. 

During our search for offspring of incestuous matings 
we gained the impression that the incidence was considerably 
higher than expected among the lower socio-economic groups in 
Cape Town, but difficult to trace because of the possible 
legal complications for the families. 

1. Fami_ ly COO 

The pedigree of this family, together with HLA genotypes 
and haplotypes, is shown in Fig. 9.1, and presented in tabular 
form in Table IX.1. Table IX.2 shows the erythrocyte genetic 
markers, and Tables IX.3, IX.4 and IX.5 give the results of 
the MLC tests. 

Four well-established HLA-A and B antigens could be 
identified in each individual tested in generations I and II. 
The four different HLA haplotypes ab and cd of the parents I-1 
and 1-2 segregate normally in their children. The haplotypes 
of the dizygotic twins Il-14 and II-15 are ac and be, 
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respectively. The first-degree consanguineous union between 
I-1 and his daughter II-1 produced two offspring; one 
homozygous for the HLA haplotypeAl-88, presumably originating 
from the father I-1, and a second child with the haplotypes 
HLA-Al-88/AW26-Bl8, both of which again originated from I-1. 

The erythrocyte genetic markers give no evidence of 
mixed parentage among siblings in generation II and do not 
exclude parentage of I-1 and II-1 for sibs III-1 and III-2. 

MLC tests were performed in all possible combinations 
on three occasions on the members of this family who were 
willing to donate blood for this purpose. The conclusions 
that could be reached from the results of the three experiments 
were the same; therefore data are presented on only one of 
these experiments. 

In the bilateral MLC test the combination 1-1 versus 
II-16 was omitted because the tube with blood from II-16 
broke during centrifugation, resulting in a shortage of 
lymphocytes from this individual. The father 1-1 and his 
first-degree consanguineous child III-2 who were HLA-A and B 
identical were also MLC negative, as assessed by both thymidine 
incorporation and morphological assessment. It should also 
be noted that the two HLA-A and B identical sibs II-1 and Il-13 
with the haplotypes ac were mutually non-stimulatory according. 
to the results of thymidine incorporation and morphology. The 
negative and PHA controls in these cultures were good. 

The unilateral MLC tests again showed the HLA-A and B 
identical combinations II-1 versus II-13 and I-1 versus III-2 
to be non-stimulatory in both directions. 



Surprisingly however, the homozygous cells of III-1 
(aa) stimulated the heterozygous ab cells of I-1, III-2 
and ac cells of II-1 and II-13, although in some instances 
more weakly than in the opposite direction. The possible 
explanations of this phenomenon will be discussed later. 
The results of thymidine incorporation were again in 
agreement with the morphological assessment. The controls 
in this experiment were good. 
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Figure 9.1. Pedigree showing HLA-A and B genotypes and haplotypes of fami1y COO with first-degree consanguinity. The numbers under each member of the family represent HLA antigens and the letters a, b, c and d denote the paternal and maternal HLA haplotypes. 
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T/\BLE IX.I 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF FIRST-DEGREE 
CONSANGUINEOUS FAMILY COO 

(See Pedigree Fig. 9. l) 

HLA Genotype Haplotype Subject 

Al-B8 a 1-1 Father 
AW26-B18 b 

AW33-B7 C 1-2 Mother 
A 11- BW35 d 

Al-B8IAW33-B7 ale 11-1 Sib 
(mother) 

Al-B8IAW33-B7 ale 11-12 Sib 
Al-B8IAW33-B7 ale 11-13 Sib 
AI-B8IAW33-B7 ale 11-14 Sib ·}: 

Al-B8IA1 l-BW35 aid 11-5 Sib 
A l-B8IA I l-BW35 aid 11-9 Sib 
Al-B8IA I l-BW35 aid 11-10 Sib 

AW26-BJ8IAW33-B7 blc 11-6 Sib 
AW26-Bl8IAW33-B7 blc 11-11 Sib 
AW26-BJ8IAW33-B7 blc 11- l 5 Sib ;': 

AW26-Bl8IAW33-B7 blc 11-16 Sib 
AW26-B18IA1 l-BW35 bid 11-8 Sib 

Children First-Degree 
Consanguinity 

Al-B81Al-B8 ala 111-1 Sib 
Al-B8IAW26-Bl8 alb 111-2 Sib 

* dizygotic twins. 
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TABLE IX.2 

ERYTHROCYTE GENETIC MARKERS FIRST-DEGREE CONSANGUINEOUS FAMILY COO 
(See Pedigree Fig. 9, I) 

Rhesus Ke! I Duffy 
Subject ABO probab I e MNSs p I 

genotype K k Fy{a) 

.F 1-1 Al R/r Ns/Ns + + 
M 1-2 B R1/R 1 MS/Ns - + 

Sib 11-1 A1B R1/r MS/Ns - + 
(mot her) 

Sib 11-6 A1B R1/r MS/Ns + + 
Sib 11-8 A1B R1/r MS/Ns - + 
Sib 11-9 A1B R1/r MS/Ns - + 
Sib 11-12 A1B R1/r Ns/Ns - + 
Sib 11-13 B R1/r Ns/Ns - + 

~·,s i b 11-14 B R1/r Ns/Ns - + + 
~·,s i b 11-15 B R1/r Ns/Ns - + 

Sib 11-16 A1B R1/r MS/Ns - + 

Children First-Degree Consanguinity 
Sib 111-1 Al R1/r MS/Ns - + 
Sib 111-2 A1 R1/r MS/Ns + 

* dizygotic twins. 
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TABLE IX.3 

BILATERAL MLC TESTS ON FIRST-DEGREE CONSANGUINEOUS FAMILY COO 

(expressed in cpm ± se and with morphology results in the right upper triangle) 

Subject 1-1 1-2 11-1 11-13 11-16 111-1 111-2 X 

HLA 
HLA phenotype haplo- ab cd ac ac be aa ab 
A2,3;B5,l4 type 

F 1-1 ab ".89 +++ ++ ++ nd ++ D ++ 
± 12, 

"" M 1-2 cd 9,245 ~7 + ++ ++ +++ ++ ++ 
±513 ±12........._ 

Sib 11-1 ac 2,478 1,722 "-118 D ++ + + ++ 
(mother) ±794 ±281 ±38 ........._ 

Sib 11-13 ac 7,313 5,648 [JIT] "-46 +++ ++ ++ ++ 
±188 ±29 ±2""-l 

Sib 11-16 be nd 4,706 4,699 5,042 ""-53 ++ ++ ++ 
±430 ±545 ±127 ±7"-

" Sib 11 1-1 aa 2,924 4,694 2,610 2,776 6,921 139.. ++ +++ 
-±:684 ±408 ±279 ±462 ±521 ±35 ". 

[IBJ 4,400 7,643 4,260 
"-"'. Sib 111-2 ab 9,339 5, 113 136 °"- ++ 

±869 ±.345 ±460 ±528 ±130 ±19 '-... 1 

X HLA phenotype 7,791 9,096 2,666 9,728 7,945 6,685 9,386 '-...110 
A2,3;85, 14 ±698 ±817 ±570 ±557 ±395 ±464 ±573 ±12, 

PHA 4,759 17,030 15,982 19,384 21,413 18, I 08 17,489 
±447 ±562 ±854 ±709 ± l ,626 ±220 ±718 

nd = Not determined. PHi\ = Phytohaemagglutinin. 
X = Healthy unrelated individual. --- = Stippled line through negative controls. 

The negative reactions are out! ined within the Table. 

PHA 

++ 

+++ 

+++ 

++ 

+++ 

+++ 

++ 

++ 
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Subject 1-1 

HLA 
hap lo- ab 
type 

F 1-1 ab ............ ........_62 m 
±16 

.......... 
M 1-2 cd l ,674 m 

±223 
Sib I 1-1 ac 809 m 

±130 
Sib 11-13 ac 213 m 

±60 
Sib 11-16 be 312 m 

±34 

[ill] Sib 111-1 aa m 
7 

Sib 111-2 ab Gill m 
0 

xm HLA phenotypel,627 
A2, 3; BS, 14 ±213 

TABLE IX.4 

UNILATERAL MLC TESTS ON FAMILY COO 
(expressed in cpm ± se) 

1-2 I 1- l 11-13 11-16 

cd ac ac be 

4, 165 l , 554 3,161 l ,576 
±733 ±160 ±165 ±215 

' .. ,..36 421 l ,380 l, 486 
±2 ±83 ±378 ±82 .......... 

867 ' , .. 45 rnJ 438 
±164 ±9 ±3 ±81 

~ 
726 []I] '--........_30 329 

±100 ±24 ±3 ....... 
518 326 553 .......... ........_34 

±124 ±98 ±93 ±2 
2,795 487 243 1,515 
±228 ±37 ±148 ±37 

2,731 794 l ,604 668 
±36 ±73 ±97 ±17 

2,223 2,296 2,997 1 , 2 71 
±335 ±131 ± 112 ±423 

111-1 

aa 

l , 758 
±238 

l ,264 
±232 

426 
±81 

198 
±26 

478 

.......... :!:39 

' ........_39 
±3......_ 

852 
±160 

l ,088 
±1 l 6 

X = Healthy unrelated individual. m = Mitomycin-C treated. = Stippled line through negative controls 
The unusual reactions are out] ined within the Table. 

111-2 X 

HLA phenotype ab 
A2,3;B5, 14 

Gill 3,070 
±247 2 

l ,885 2,614 
±304 ±173 

1,040 2,420 
±128 ±21 

498 2,460 
±79 ±129 

261 l ,353 
±14 ±58 

~ l ,294 
±98 4 

.......... ~o 1 ,526 
±30 .........._ ±228 

............ 
1 , 553 '2.J 
±211 ± l ............ 

N 
w 
N 



Subject 

F 1-1 
m 

M 1-2 
m 

Sib I 1-1 
m 

Sib I 1-l 3m 

Sib 11-16 
m 

Sib 111-1 
m 

Sib 111-2 
m 

X 
m 

HLA 
hap 1 o
type 

ab 

cd 

ac 

ac 

be 

aa 

ab 

HLA pheno
type 

A2,3;B5,l4 

TABLE IX.5 

RESULTS ON MORPHOLOGY OF UNILATERAL MLC ON FAMILY COO 

(Table IX.4) 

1-1 1-2 11-1 I 1-13 11-16 111-1 

ab cd ac ac be aa 

--- ++ 
+ ++ + + 

111-2 

ab 

D -----+ --::......... (+) + + + + 
+ + -----::.-._ D + + + 
+ + D -- -...:::. ...___ + + + 
+ + + + ---"- + + Gu ++ I(+) (+) I + ...___ ------- ~ D ++ + + + + ...___ -= -...... 
+ ++ + ++ + ++ + 

X = Healthy unrelated individual 
m = Mitomycin-C treated 

= Stippled 1 ine through negative controls 
The unusual reactions are outlined within the Table. 

X 

HLA phenotype 

A2,3;B5,14 

+ 

+ 

+ 

+ 

+ 

++ 

+ -- ........... ---

N 
w 
w 
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2. Family MEi 

The pedigree of this family, together with HLA-A and B 
genotypes and haplotypes, is shown in Fig. 9.2, and presented 
in tabular form in Table IX.6. Table IX.7 shows the erythro
cyte genetic markers, and Tables IX.8, IX.9 and IX.10 give 
the results of the MLC tests. 

The inheritance of the HLA antigens did not show any 
deviation from normal. The HLA-A and B genotype of the 
offspring III-1, of the alleged consanguineous union between 
I-1 and II-1, did not help to prove or disprove this, but it 
seems very likely that they could be the parents particularly 
as maternity of I-2 for III-1 could be excluded from the 
results in the Rhesus system (Table IX.7). In addition, 
parentage of I-1 and II-1 for III-1 seems highly likely from 
the probable Rhesus genotype results. 

The mixed lymphocyte culture reactions reported here 
were unfortunately only performed on one occasion because of 
lack of further co-op~ration by the family involved. 

The bidirectional stimulation between I-2 and II-1 
was somewhat greater than one would expect between mother 
and daughter who were identical for one HLA haplotype. 
This may be because of the fact that the negative control 
for the mother I-2 was also higher than usual. 

In the unidirectional MLC test, cells from III-1 
responded weakly to the cells from I-2 and II-1, but 
adequately to I-1 and X. It should be noted that II-1 and 
III-1 were identical for their B locus antigens and may 
therefore also be identical for the D locus; the same was 



not, however, true for III-1 and I-2. In the reverse 
situation the response of I-2 and II-1 to III-1 was as one 
would expect in the one-haplotype-identical situation. The 
response of the father 1-1 to II-1 and III-1 who were haplo
identical with him was rather lower than expected; it is, 
however, noteworthy that his response to the two unrelated 
HLA-A and B non-identical individuals 1-2 and X and to PHA 
was also weak. 
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The SR and RR were calculated in this culture in an 
effort to find whether there were meaningful differences 
between the various reactions. There was a fair correlation 
between the results of the mean cpm and RR. The two reactions 
which appeared to be negative from the cpm results, i.e. the 
response of Ill-1 to 1-2 and 11-1, gave low RR values, and 
the weakly positive responses of I-1 to 11-1 and 111-1, as 
well as those of 1-2 and II-1 to III-1, gave intermediate 
RR values. The SR values were less reliable, e.g. the SRs 
of 2.3 and 3.4 obtained with I-1 responding to Il-1 and 
III-1 would indicate a negative MLC response which is doubtful 
from the cpm and RR values. 

The results of the morphological assessment are in 
agreement with the results of the thymidine incorporation 
in both the bilateral and unilateral MLC tests. Without 
further testing no conclusions about the possible sharing 
of D locus determinants could be made in this family. 
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A29·B7/a 
A2·BW35/c. 
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~~ 
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Only HLA tested ~ 

Figure 9.2. Pedigree of the family MEI with first-degree 
consanguinity showing the HLA-A and B genotypes and 
haplotypes. The letters ab denote the paternal and cd 
the maternal haplotypes. 
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TABLE IX.6 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF FIRST-DEGREE 
CONSANGUINEOUS FAMILY MEI 

(See Pedigree Fig. 9.2) 

HLA Genotype Haplotype Subject 

A29-B7 a 1-1 Father 
A2-B7 b 

A2-BW35 C 1-2 Mother 
AW30-B\4l 5 d 

A29-B7/A2-BW35 ale 11-1 Sib 
A2-B7/AW30-BW15 b/d 11-2 Sib 

Child First-Degree 
Consanguinity 

A2-B7/A2-BW35 b/c 111-1 Sib 
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TABLE IX.7 

ERYTHROCYTE GENETIC MARKERS FIRST-DEGREE CONSANGUINEOUS FAMILY MEI 
(See Pedigree Fig. 9.2) 

Rhesus Kell Duffy ---Subject ABO probab 1 e MNSs pl 
genotype K k Fy(a) 

F 1-1 0 Ro/Ro Ms/Ms - + + 
M 1-2 B R/R2 Ms/Ns - + + + 

Sib 11-1 B R1/Ro Ms/Ns + + 
(mother) 

Sib 11-2 0 R2/Ro Ms/Ms - + 

Child First-degree Consanguinity 

Sib 111-1 B Ro/Ro Ms/Ms - + + 
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TABLE IX.8 

BILATERAL MLC TESTS ON FIRST-DEGREE CONSANGUINEOUS FAMILY MEI 
(expressed in cpm ± se with morphology results in the right upper triangle) 

Subject 

F I-1 

M I-2 

Sib II-l 

Sib III-l 

X 

PHA 

I- l 

HLA A29-B7/a haplo- A2-B7/b type 

' A29-B7/a '-184 
A3-B7/b ±53--...... --...... 
A2-BW35/c 5+564 
AW30-BWl5/d -426 
A29-B7/a 3±274 
A2-BW35/c 280 
A2-B7/b 3±430 
A2-B1~35/ c 635 
HLA phenotype 7,329 
A2,3;BW40,Wl7 ±553 

ll ,296 
±734 

X = Healthy unrelated individual 
PHA = Phytohaemagglutinin 

I-2 

A2-BW35/c 
AW30-BvJ15/ d 

+ 

'-...434 
±36 '-.... 

' 15,533 
±1 ,395 
2,638 
±215 

6,397 
±441 

l8 ,397 
±106 

= Stippled line through negative controls 

The unusual reaction is outlined within the Table 

II-l I I I-1 X 

A29-B7/a A2-B7/b HLA phenotype 
A2-BW35/c A2-BW35/c A2,3;BW40,W17 

+ (+) + 

+ (+) + 

'166 ( +) + 
±34, 

............. 
2+752 '-....105 + 
-452 ±12 .............. 

-............ 8,625 7+349 '-116 ±232 + -213 -32-............ 
18+837 25,619 2\086 

-793 ±901 -332 

PHJl. 

++ 

++ 

++ 

++ 

++ 

N 
w 
I..O 



Subject 

TABLE IX.9 

UNILATERAL MLC TESTS ON FIRST-OEGREE CONSANGUINEOUS FAMILY MEI 
(Each entrance contains from top to bottom: SR, RR and mean cpm ± se) 

1-1 1-2 11-1 111-1 X 

HLA genotype 
and haplotype 

A29-B7/a 
A2-B7/b 

A2-BW35/c 
AW30-BWl 5/d 

A29-B7 /a 
A2-BW35/c 

A2-87/b 
A2-BW35/c 

HLA phenotype 
A2,3;BW40,W17 

F 1-lm 

H 1-2 
m 

Sib 11-lm 

Sib 111-lm 

A29-B7/a 
A2-B7/b 

A2-B\./35/c 
AW30-BW15/d 

A29-B7 /a 
A2-BW35/c 

A2-B7/b 
A2-8',i35!c 

', 
""-192 

±4 ........... 

7.7 ' 
51 '-.... 

23.8 
99 

13,855 
± 1,320 

1,497 '582 
±307 ±171 

" 

29.2 
29 

3,621 
±163 

50.7 
52 

6,295 
± 1, I 00 

2.3 9.1 ' 
9 33 ""-

443 5,307 ""-!.24 
±60 ±11,074 ±4 

r---,-------:-l",,. 

48.5 
100 

*3,012 
±612 

3.5 
I 

222 
:!"23 

4.7 
7 

297 
± l 9_j 

3.4 
18 

665 
±127 

4.5 11 .8 ' 
14 12 '-.... 

2,646 1,468 ........._62 
±1 ,037 ±659 ±5....._ 

25., 96.0 36.0 ' 

40.4 
71 

8,206 
±553 
44.7 

79 
9,087 
±718 

56.0 
100 

*11 ,348 
±343 

42.7 
72 

8,670 
±1,291 

xm HLA phenotype 
f,2,3;BW40,Wl7 

14. 1 
100 

*2,713 
±545 

I 00 I 00 73 ......... 
*14,898 *11,916 · 2,233 '-...203 

PHA ·1 i ,296 
±784 

X • Healthy unrelated individual. 
PHA • Phytohaemagglutinin. 
m • Hitomycin-C treated. 

Stippled 1 ine through negative controls. 

The unusual reactions are outlined within the Table. 

±290 ±1,383 ±46 ±24 
18,397 

±106 
18,837 25,619 25,086 

±793 ±901 ±332 

The asteri~k marks the highest test cpm observed with the corresponding 
responder cells used for calculating the RR. 

........... 

N 
~ 
0 



Subject 

HLA genotype 
and haplotype 

F 1-1 A29-B7/a m 
A2-B7/b 

M 1-2 A2-BW35/c m 
AW30-BW15/d 

Sib 11-1 A29-B7/a m 
A2-BW35/c 

Sib 111-1 A2-B7/b m 
A2-BW35/c 

X HLA phenotype m 
A2,3;BW40,Wl7 

PHA 

TABLE IX. 10 

RESULTS ON MORPHOLOGY OF MLC TESTS 

(Table IX.9) 

1-1 1-2 11-1 

A29-B7/a A2-BW35/c A29-B7/a 
A2-B7/b AW30-BW15/d A2-BW357c 

-... -- + + ... ........_ 
........_ ........_ 

(+) ........_ - + -- ........_ 

~ 
........_ 

+ 
........_ 

- ........_ --I (+) ( +) I ) 

+ + + 

++ ++ ++ 

X = Healthy unrelated individual. 
PHA = Phytohaemagglutinin. 

m = Mitomycin-C treated. 
= Stippled line through negative controls. 

The unusual reactions are outlined within the Table. 

111-1 

A2-B7/b 
A2-BW35/c 

(+) 

CJ ) -- ........_ 
- '-... --
+ 

++ 

X 

HLA phenotype 
A2,3;BW40,W17 

+ 

+ 

+ 

+ 
........_ 

'-... ..-..,_ ---... --

N 
..:,:. __, 



Fourth-degree Consanguineous Indian Families 

In the three first-cousin marriages presented, none of 
the parents shared HLA-A, 8 haplotypes and therefore none of 
their offspring were HLA-A, B hornozygotes. The parents in one 
family (BEG) carried an identical HLA-B determinant. 

Subsequent to the completion of this study we have made 
a public appeal through the news media for offspring of first
cousin marriages and we have collected a further eighteen 
Caucasoid families with thirty-four offspring. Three of 
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these offspring are homozygous for the serologically determined 
HLA antigens and family MLC experiments are in progress to 
determine whether they are also MLC homozygous. 

1. Indian family BEG 

The pedigree of this family, together with HLA-A and 
B genotypes and haplotypes is shown in Fig. 9.3, and presented 
in tabular form in Table IX.11. Table IX.12 shows the 
erythrocyte genetic markers, and Table IX.13 gives the results 
of the MLC tests. 



Although the parents in this family were first-cousins, 
they did not share an HLA haplotype. The seven siblings 
who were HLA-A and B typed can be divided into two groups. 
One inherited the haplotypes ad, and the other ac from 
their parents. Among the ad group there was a set of twins, 
sibs III-7 and III-8, who were probably monozygotic. 
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There was no evidence from the erythrocyte genetic 
markers to suggest that the parentage was other than as 
stated. The results of the red cell genotypes, serum proteins 
and red cell enzymes, once again confirmed that sibs III-7 
and III-8 were probably monozygotic twins. 

Mixed lymphocyte cultures were performed on three 
occasions on the parents and on seven of their available 
children. The results of the three experiments led to the 
same conclusions and therefore the data on only one are 
presented here. The two clusters of HLA-A and B identical 
siblings, i.e. III-4, III-5, III-7 and III-8 with haplotypes 
ad and III-2, III-9 and III-10 with haplotypes ac were MLC 
negative. It is of special interest that the set of apparently 
monozygotic twins do not stimulate each other to any signi
ficantly lesser extent than the other HLA-A and B identical 
sibs in the same HLA cluster or the other HLA cluster. The 
negative and positive controls in this experiment were generally 
good. In general, morphological assessment of this MLC tallied 
well with the results of thymidine incorporation in the family, 
confirming the two HLA-A and B identical sib clusters to be 
non-stimulatory. 

Results of the bilateral MLC test between individuals 
with one and two haplotype differences (Table IX.14) confirm 
that differences of two haplotypes are accompanied by a 
stimulation twice as high as with one haplotype difference 
only. 
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TABLE IX.11 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF INDIAN FAMILY BEG 
WITH FOURTH-DEGREE CONSANGUINITY 

(See Pedigree Fig. 9,3) 

HLA Genotype Haplotype Subject 

AW33-BW35 a 11-1 Father 
Al 1-B5 b 

A2-BW35 C 11-2 Mother 
AW26-B7 d 

AW33-BW35/AW26-B7 a/d 111-4 Sib 
AW33-BW35/AW26-B7 a/d 111-5 Sib 

AW33-BW35/AW26-B7 a/d 111-7 Sib ;': 

AW33-BW35/AW26-B7 aid 111-8 Sib ·k 

AW33-BW35/A2-BW35 a/c 111-2 Sib 
AW33-BW35/A2-BW35 a/c 111-9 Sib 
AW33-BW35/A2-BW35 ale 111-10 Sib 

Probably monozygotic twins. 
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Subject ASO R~esus MNSs He 
proSS°le -- -
genoty;,e 

F 11-1 0 R1/R2 MS/Ns -
M 11-2 B R1/R2 Ms/1",s -
Sib 111-2 0 R2/R2 MS/Ms -
Sib 111-1+ B R2/R2 l".s/Ns -
Sib 111-S 0 R2/R2 MS/Ms -
Sib 111-7* 0 R1/R2 1",S/Ms -
Sib 111-8• 0 R1/R2 MS/Ms -
Sib 111-9 B R1/R2 MS/Ms -
Sib 111-10 B R1/R2 MS/Ms -
* Prol)ably e>0nozygotie twins. 

TABLE IX.12 

GENETIC DATA ON INOIAN FAMILY BEG WITH FOURiH-DEGREE CONSANGUINITY 
(See Pedigree Fig. 9.3) 

Kel 1 pl Duffy Lewis Serum Proteins --
Peptidases 

K k Fy(a) Le(a) Hp Tf A 8 C D AOA 

- + + + - 2-1 C 1-l 1-1 1-1 l-1 2-1 
- + + + - 2-1 C 1-1 1-1 1-1 1-1 1-1 

- + + + - 2-1 C 1-1 1-1 1-1 1-1 2-1 
- + + +· - 2-1 C 1-1 1-1 1-1 1-1 1-1 
- + + + - 1-1 C 1-1 1-1 1-1 1-1 1-1 
- + + + - 1-1 C 1-1 1-1 1-1 1-1 1-1 
- + + + - 1-1 C 1-1 1-1 1-1 1-1 1-1 
- + + + - 2-1 C 1-1 1-1 1-1 1-1 2-1 
- + + + - 2-1 C 1-1 1-1 1-1 1-1 1-1 

Red Cell Enz}?es 

G6PD 6PGO PGM1 

B A 2-1 

B A 2-1 

B A 2-1 
B A 1-1 
B A 2-1 

B A 1-1 

B A 1-1 

B A 2-1 

B A 1-1 

PGM2 AK 

1-l 1-1 

1-1 1-1 

1-l 1-1 

1-1 1-1 

1-1 1-1 

1-1 1-1 

1-1 1-1 

1-1 1-1 

1-1 1-1 

AP 

AB 

AB 

B 

AB 

AB 

A 

A 

l;B 

s 

N 
.;:,. 
CJ) 



3. Indian family CA_Q 

The pedigree of this family, together with HLA-A ond B 
genotypes and haplotyr,es is sl101vn in Fig. 9.5, and presented 
in tabular form in Table IX.18. Table IX.19 shows the 
erythrocyte and serum protein genetic markers, and Table 
IX.20 gives the results of the MLC tests. 

Once again the fourth-degree consanguineous parents 
did not have an HLA haplotype in com111on. All four antigens 
were identified in the parents and they segregated normally· 
in the two siblings who shared one comnon haplotype from the 
father. 
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No e~idence of other than the accepted parentage could 
be demonstrated from determinations of the erythrocyte and 
serum protein genetic markers. The MLC results in this family 
did not reveal anything of particular interest. 
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Figure 9.5. Pedigree of 
Indian family CAD showing 
HLA-A and B genotypes and 
haplotypcs. Poternal Ill.I\ 
haplotypcs arc dcsignotcd 
ab and m;:iternal ed. 
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TABLE IX.13 

BILATERAL MLC EXPERIMENT ON INOIAN FAMILY BEG WITH FOURTH-DEGREE CONSANGUINITY 
(expressed in cpm ± se with morphology results in the right upper triangle) 

Subject 11-1 11-2 111-4 111-5 111-7* 111-8* 111-2 

HLA haplotype ab cd ad ad ad ad ac 

F 1-1 ab '-~3 ++ ++ +++ ++ ++ ++ 
±3, 

M 11-2 cd 14,503 '-~9 +++ +++ ++ ++ ++ 
±607 ±6' ........._ 

Sib I I 1-4 ad 7,050 14,032 ........... 58 - - ++ 
±847 ±834 ±)--. 

Sib 111-5 ad 4,679 14,987 99 "-57 - ++ 
±407 ±392 ±41 ±1+'--. 

........... * Sib 111-7 ad 4,812 12,401 74 56 '28 ++ 
±459 ±920 ±12 ±4 ±2'......_ 

* Sib 111-8 ad 5,290 12,964 123 80 35 "-263 + 
±647 ±1,982 ±39 ±11 ±3 ±25' 

Sib 111-2 ac 4,744 10,528 6,147 5,591 4,0lf9 3,390 ........._42 
±498 ±1,097 ±441 ±197 ±612 ±556 ±1 ....... 

Sib 111-9 ac 9,015 16,717 3,350 7,678 10,348 6,373 Q ±826 ±1,071 ±560 ±1,638 ±695 ±752 7 
Sib 111-10 ac 4,857 12,948 5,566 5,960 4,555 5,630 4 

±668 ±351 ±745 ±138 ±709 ±526 I 
X HLA phenotype 20,656 27,525 15,817 19,063 20,008 20,702 13,700 A9,ll;Bl2,',i40 ±1,387 ±1,547 ±1,595 ±2,113 ±2,581 ±975 ±1,434 

PHA 33,566 42,201 38,466 40,740 42,061 39,578 24,372 
±2,972 ±1,770 ±90 ±1,113 ±1,841 ±555 ±1,118 

X • Healthy unrelated individual. 
PHA • Phytorae~agglutinin. 

Stippled line through negative controls. 
* • Probably monozygotic twins. 

The negative MLC reactions are outlined within the Table. 

111-9 111-10 

ac ac 

++ ++ 

++ ++ 

++ ++ 

++ ++ 

++ ++ 

++ ++ 

.......:...60 
+2'-..... 
- ", 
81 4~ 
±3 ±8 

21,840 14,814 
±1 ,416 ±979 

33,194 
± 1 ,04 l 

33, l l 6 
±1 ,648 

X 

HLA phenotype 
A9, l 1 ;B12,\J40 

'--....vi 
±17, 

r-:> 
-+'" 
-....J 



TABLE IX.14 

RESULTS BILATERAL MLC TEST ON INDIAN FAMILY BEG (WITH FOURTH-DEGREE 
CONSANGUINITY) BETWEEN INDIVIDUALS WITH ONE AND TWO HAPLOTYPE 

DIFFERENCES 

(expressed in average cpm) 

Combinations No. Tested Average cpm 

Two haplotype 
differences 5 15,812 

One haplotype 
difference 26 7,833 
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2. Indian family HOO 

The pedigree of this family, 
genotypes and haplotypes is shown 
in tabular form in Table IX.15. 

together with HLA-A and B 
in Fig. 9.4, and presented 
Table IX.16 shows the 

erythrocyte genetic markers, and Table IX.17 gives the results 
of the MLC tests. 
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The parents, who are first-cousins, do not share common 
HLA haplotypes. All four of the paternal HLA antigens have 
been identified, but only three of the mother's. The haplo
types segregated normally in the siblings, among whom there 
were four groups of HI.A-A and B identical siblings representing 
the four possible combinations in this family. 

No peculiarities could be demonstrated among the erythro
cyte genetic markers. 

MLC determinations were performed on two separate occasions 
on the whole family consisting of a father, mother and twelve 
children. The results obtained in the one experiment only are 
presented as there was little variation between the two tests. 
There are four clusters of HLA-A and B identical siblings that 
were of interest in this family :-

siblings IV-1 , IV-5, IV-11 with haplotypes ac 
siblings IV-2, IV-4, IV-8, IV-10 with haplotypes ad 
siblings IV-6, IV-7, IV-12 with haplotypes bd 
siblings IV-3, IV-9 with haplotypes be. 
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The autologous control values for some of the siblings in 
this culture are much higher than usual, i.e. siblings IV-1, 
IV-2, IV-4, IV-5 and IV-8. If these high background counts 
are subtracted from the mean cpm the sibs in the four HLA-A 
and B identical groups appear to be truly MLC negative. The 
controls with X and PHA are good except for the PHA value of 
III-2 which is rather low. The results of the morphology 
for the HLA-A and B identical siblings confirmed their MLC 
identity with the exception of IV-1 versus IV-5 in the ac 
group and IV-2 versus IV-4 in the ad group, which were weakly 
positive. 
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Figure 9.4. Pedigree of Indian family HOO with fourth-degree 
consanguinity showing HLA-A and B genotypes and haplotypes. 
The letters ab denote the paterna~ and cd the maternal haplo
types. 
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TABLE IX.15 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF INDIAN FAMILY HOO 
WllH FOURTH-DEGREE CONSANGUINITY 

(See Pedigree Fig. 9.4) 

HLA Genotype Haplotype Subject 

A2-B5 a 111-1 Father 
All-BW35 b 

AW33-BW40 C 111-2 Mother 
A2- d 

A2-B5IAW33-BW40 ale IV-1 Sib 
A2-B5IAW33-BW40 ale IV-5 Sib 
A2-B5IAW33-BW40 ale IV-11 Sib 
A2-B5IA2- aid IV-2 Sib 
A2-B5IA2- aid IV-4 Sib 
A2-B5IA2- aid IV-8 Sib 
A2-B5IA2- aid IV-10 Sib 

Al l-BW35IA2- bid IV-6 Sib 
A11-BW35IA2- bid IV-7 Sib 
Al l··BW35IA2- bid IV-12 Sib 
Al l-BW35IAW33-BW40 blc IV-3 Sib 
All-BW35IAW33-BW40 blc IV-9 Sib 
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TAclLE IX.16 

GENETIC DATA ON !NOif~ FAMILY HOO ~ITH FOURTH-DEGREE CONSA~GUINITY 
(See Pedigree Fig. 9.4) 

Subject ABO Rh~,'..lS MNSs He Kel 1 pl Duffy ~ 
prcbable Peetidases genotype K k Fy(a) Le (a) A B C D ADA 

F 111-1 A2 R1/R1 MS/Ms - - + + + - 1-1 1-1 1-1 1-1 1-1 
11 111-2 A2 R1/R1 Ms/Ns - - + + + - 1-1 1-1 1-1 1-1 1-1 

Sib IV-I Az R1/R1 MS/Ms - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-2 0 R1/R1 Ms/Ns - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-4 0 R1/R1 MS/Ms - - + - + - 1-1 1-1 1-1 1-1 1-1 
Sib IV·S A2 R1/R1 Ms/Ms - - + - + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-6 Az. Rl/R1 Ms/Ms - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib 1\/·7 A2 R1/R1 11s111s - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-8 A2 R1/R1 Ms/t;s - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-9 A2 R1/R1 MS/Ms - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-10 A2 R1/R1 MS/Ms - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-II A2 R1/R1 MS/Ns - - + + + - 1-1 1-1 1-1 1-1 1-1 
Sib IV-12 Az R1/R1 Ms/Ms - - + - + - 1-1 1-1 1-1 1-1 1-1 

Red Cell Enzyi:;es 

G6?D 6PGD PGMl 

B A 1-1 
B A 2-1 

B A 1-1 
B A 1-1 
B A 2-1 
B A 1-1 
s A 2-1 
B A 2-1 

B A 2-l 
8 A 2-1 

8 A 1-1 
B A 1-1 

8 A 1-1 

PGM2 AK 

1-1 1-1 
1-1 1-1 

1-1 1-1 
1-1 1-1 
1-1 1-1 

1-1 1-1 

1-1 1-1 
1-1 1-1 

1-1 1-1 

1-1 1-1 

1-1 1-1 

1-1 1-1 

1-1 1-l 

AP 

AB 

A3 

Afl 

AB 

AB 

B 

AB 

B 

AB 

AB 

AB 

A 

·s 

N 
u, 
w 



TA~'!: IX,17 

l!llLAT!'.RAI. Mt.C Tl':ST 0?-1 IN!l!A.'f P'A.'HLY \!00 WITH FO!JRT1Hl1':CIU".E CO!;S,\.'fClc!!llTT 

(ex?~essed in e~~ !. ,e with :,orpholcgy ~esultB 
in the ris~t u?;cr :riar.sl~) 

$uhject T III-l M III.-2 IV-l r;-5 lV-ll IV-2 I\'-4 l\'-8 IV-JO I\'-6 IV-7 IV-12 IV-3 lV-9 X NA 

!{!.A 
t.b cd ad ad t.d ad bd bd bd be 

EI.A p',er,oty;,e 
haplotne ac ac ac 

beA2,J; B',..'40.',-'17 

1' III-J al> '251 ++ ++ ++ + ++ ++ ++ ++ ++ + + ++ + +<· +++ 
!_Jl, 

K Ill-2 cd 5,872 ........ 250 ++ ++ ++ ++ ++ ++ ++ ... + + ++ + ++ ++ •178 +J,t,... 

Sib IV-I ac 4,002 4,434 
~--,~ 1 404 I (+) - I ++ + ++ + ++ + ++ nd ++ ++ ++ 

!_742 !_1,175 

Sib IV-5 ac 7,250 JO, 703 715 I . 354 I - I +++ ++ ++ ++ +++ + ++ +++ •+ ++ +++ 
!_25 !_749 !_107 

Sib IV-I I ac S, 185 5,957 338 394 I 'e4 + ++ ++ + +++ + ++ ++ .,. +++ +++ 
,!529 !_661 +SO !_104 +16 - - ~---, 

Sib IV-2 ad 5,542 6,0~3 2,725 6,058 5,475 lt,47311 (•) - - I ++ + ++ + • ... .. 
!_372 !_733 !_191 :_269 +743 I +72 I 

- L=-J 
Sib iv-4 ad 6,275 7,169 5,233 5,535 

')::---, - - i + • • ++ ... - ..... 5,131 1,462 16491 
!_607 !_381 !_389 !_6 78 ,!672 ,!125 J :_38 I 

Sib rv-e 6,147 36 J 
L.--...l'l--_--, 

I ad 10,437 10,495 10,984 I, 184 555 JI, I 12 1 - ++ + • ++ ++ +++ +++ 
,!912 ,!442 +874 :_250 ,!I ,076 ,!50 ,!208 I +74,.1 

L---:J 
Sib IV-10 ad 4,192 3,320 7,726 6,669 2,603 546 630 353 . 275 • ++ ++ •• . +++ +++ 

,!4 71 ,!272 ,!273 !_348 ,!446 !_I 37 !_94 !_49 +13 - ' 
Sil: IV-6 bd 6,737 6,399 7,705 18,023 9,113 4,881 4,907 11,379 3,167 '--243 I - - I +++ • ... .. .. 

,!659 :_84S :_491 .:_269 :_300 :_BZ3 :_S7J +687 :_488 

Sib IV-7 bd 2,503 6,018 I I ,534 10,887 4,025 5,605 6,997 7,686 2,004 ~~,76 - I ++ - - .. 
,!316 !.37 +268 ,!1,001 +277 +641 !_808 !_205 •SI +3 -, 

Sib IV-12 bd 4,122 6,393 6,945 14,072 7,479 5,439 5,974 I I, 744 4,162 391 168 +++ .... +++ +++ 
+102 +532 +444 •253 +149 +538 +) 12 +599 +653 +108 +5 •22 - - - - - - - - - - - -

" D Sib IV-3 be 10,308 9,591 nd 14,449 14,007 16,970 15,095 15,301 15, I 15 17,009 14,070 11,000 -....._es +++ +++ 
!.343 +242 +9)7 !_1,914 !. I ,349 _:716 !_I 87 !_637 •627 !_I ,481 !_I ,420 •6 - - - - :--.. 

Sib lV-9 be 3,067 3,669 2, i44 7,219 2,711 5,210 5,296 10,827 2,767 3, 7)2 3,175 2,867 Dill '-...105 ++ ...... 
!_206 :_236 !.16 I +764 !_150 !_36 !_343 !_878 +527 _:490 !.749 _:436 !.""-....._ 

X l!L\ l'henotr,,e 19,206 19,510 27,604 22,657 20,219 26,126 19,984 18,774 17,350 17,975 15,908 18,504 16,9~8 19,105 ~43 A2,3; B\/40, 1117 ,!1,655 !_552 !_1,006 + 836 !_491 !_2 ,30i +808 +263 !_773 +551) +625 !.456 !_825 :_712 _!58 

' P!'.A 12 ,e29 4,320 9,672 18,341 18,510 15,930 13,933 15,030 14,908 I 7,839 17,027 I I ,t)4 9,004 20, I 73 
_:) 77 • 97 +282 •!i06 !.6S3 ,: I 77 ~.3'~9 _:1 ,252 .: 19 7 !_1,0J5 !_5 78 +929 ~5:.9 !1, 7)4 

N 
u, The unu•u~l ~C reac:tion1 are outlined vith!n the Table, nd • !:oc t:!l"te~ine,d ..:,. 

ao!!d \l~e, !or !he ne~et!ve r~~ctionc •~d 1nr~rru?t~1 X • Healt~1y u~r~l~:~c! in~iv{~•.Jal 
lir~• for the h1~h con:rot valce,. ~{A• F~y~ohdt:~~~~lutini~ 

!~tir;,:i::d li:1~ t,rc:·.J~:~1 r.e~&tiv~ cr.n~rol1 



TABLE IX.18 

HLA-A AND B GENOTYPES AND HAPLOTYPES OF INDIAN FAMILY CAD 
WITH FOURTH-DEGREE CONSANGUINITY 

(See Pedigree Fig. 9.5) 

HLA Genotype Haplotype Subject 

A3-B13 a 11-1 Father 
Al-BW40 b 

A2-BW17 C 11-2 Mother 
A3-B5 d 

A3-B13/A2-BW17 ale 111-l Sib 
A3-Bl3/A3-B5 a/d 111-2 Sib 
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Subject ABO Rhesus MNSs 
probable 
genotype 

F 11-1 B R1/R1 MS/Ms 

M 11-2 B R1/r /'\s/Ms 

Sib 111-t B R1/r MS/1'\s 

Sib 111-2 0 R1/R1 /'IS/Ms 

TABLE IX, 19 

GENETIC DATA ON INDIAN FAMILY CAD WITH FOURTH-DEGREE CONSANGUINITY 
(See Pedigree Fig, 9,5) 

He Kel I pl Duffy Lewis Serum Proteins 
Peptidases 

K k Fy(a) Le(a) Hp Tf A B C D 

- - + + + - 2-1 C 1-1 1-1 1-1 1-1 

- - + + + - 2-2 C 1-1 1-1 1-1 1-1 

- - + + + - 2-2 C 1-1 1-1 1-1 l-1 

- - + + + - 2-2 C 1-1 t-t 1-1 1-1 

Red Cell Enz~es 

AiJA G6?D G?G:> PGM1 

1-1 B A 1-1 

1-1 B A 2-l 

1-1 B A 2-1 

1-1 B A 2-1 

PCl'!2 .... 
M,, 

1-1 2-1 

l :.1 2-1 

1-1 2-1 

1-1 1-1 

A? 

B 

e 

B 

B 

N 
u, 
'-J 



TABLE IX.20 

BILATERAL MLC TESTS ON INDIAN FAMILY CAD WITH FOURTH-DEGREE CONSANGUINITY 
(expressed in cpm ± se) 

Subject F 11-l M 11-2 I 11-1 111-2 X 
HLA 

HLA phenotype haplo- ab cd ac ad 
type A9, 11 ; B 12, W40 

......... 
F 11-l ab ......... 512 ..... 

±26 -......... -......... 
M 11-2 cd 8,799 ......_485 

.......... 
±693 ±97 ......_-......... 

Sib I I 1-1 ac 6,013 3,517 ---624 
±251 ±149 ±49 .......... -......... 

---Sib 111-2 ad 10,642 10,121 3,845 ......_679 -HLA ±821 ±243 ±135 ±141 -- ............... 
X phenotype 10,118 9,719 9,865 13,354 ............... 608 

A9, 11 ;B12,W40 ±816 ±150 ±446 ±430 ±104 .......... ___ 
PHA 10,425 8,029 13,619 11,108 9,333 

±895 ±689 ± 1, 194 ±751 ±769 

X = Healthy unrelated individual. 
PHA = Phytohaemagglutinin. 

= Stippled 1 ine through negative controls. 

N 
u, 
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Interpretation of Results 

In the first-degree consanguineous family COO, the 
parents did not share an HLA haplotype and the three groups 
of siblings identical for HLA-A and B were MLC negative. 
The father and the daughter with whom he mated shared an HLA 
haplotype and produced one offspring homozygous for the MHC 
chromosome and one heterozygote. A weak response was observed 
when the homozygote was used to stimulate the heterozygotes in 
this family, but proof that sib III-1 is truly MLC homozygous 
could be obtained from the fact that the HLA sero-identical 
father-child combination (I-1 versus III-2) was mutually non
responsive. 

In family MEI, in which first-degree consanguinity was 
also present, the offspring from the consanguineous union was 
not homozygous, and the MLC results were inconclusive. 
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In none of the fourth-degree consanguineous families 
was there sharing of HLA-A, B haplotypes between the parents. 
Unfortunately unilateral MLC experiments were not done on these 
families because of difficulties encountered in persuading 
them to donate further blood samples. Therefore no final 
conclusion could be drawn with regard to the sharing of MLC 
determinantsi 

In family BEG there were two groups of siblings identical 
for HLA-A and Band MLC negative. Furthermore individuals with 
differences of two haplotypes stimulated twice as much as those 
with only one haplotype difference. 

Family HOO included four groups of HLA-A and B identical 
siblings who were MLC negative, while family CAD was not 
informative, since the two siblings were HLA-A and B non-identical 
and MLC positive. 



CHAPTER TEN - THE RECOGNITION OF MLC DETERMINANTS 

(MLC TYPING) BY MEANS OF MLC HOMOZYGOUS CELLS 

Interpretation of Results 
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Unilateral MLC tests were carried out on a group 
consisting of cell III-1 (COO) from the first-degree 
consanguineous family (see Pedigree, Fig. 9.1) known to 
be homozygous for HLA-Al ,B8 and the MLC locus determinants 
as well as any other unidentified determinants on the MHC 
chromosomal region; four unrelated individuals, Nos. 2, 3, 
4 and 5 with the genotype HLA-Al ,B8/Al ,B8; two unrelated 
individuals Nos. 6 and 7 with the genotypes Al ,B8/A3,B7 and 
Al ,B8/A3,BW35 respectively; and X, the control with four 
totally different HLA-A and B antigens (Table X.l). 
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The rationale behind this test was to use the lympho
cytes from III-1 (COO) which were known to be MLC homozygous 
as: i) stimulating cells; and ii) as responder cells. A 
negative or weak response of lymphocytes from any individual 
~' stimulated by these cells is taken to indicate that one or 
both of the MLC determinants of the responding cells~ are 
identical with the MLC determinant carried by cell III-1 (COO) 
(= 'typing cell 1). If the MLC test is again negative when 
the •typing cell I acts as a responder cell towards~ (now the 
stimulator cells),~ must also be homozygous for the same MLC 
determinants carried by the 1 typing cell 1

• 

The MLC reactivity of each combination is given as an 
SR, RR and mean cpm ± standard error in order to compare their 
value in judging identical, one-haplotype and two-haplotype 
different individuals. 

This group was MLC tested in all possible combinations 
on two different occasions and the results of the first 
experiment were confirmed. 1 Typing cell' III-1 (COO) elicited 
no response from Nos. 2 and 4 and a very weak response from 
No. 5 (negative in the repeat test). Therefore one or both 

of the D locus (or Major MLC locus) determinants of Nos. 2, 4 



TABLE X.l u-: I Lf..TE't~L HLC TEST lo::'.T'...'Ht: THE 1-'.'_C r''.:'-'.C7-YGQE ! I l-1 (c-:c: , l, \J!;?.ELA"':"E l-'.LA-A 1 • e8 HCt'.QZY'.:O,ES .e.im 2 \JI\RELAT[D 

Su!:ijec t 

HLA genotype 
or haplotype 

!~D!V!DGALS HLA HAPLO-ID~t~T!C;L Vt~H ~~~ PR VICJS 5 l~);VIQ~~~S 
(Each entran~e contains from too to bot:on: S , RR and meJn cpm ± se) 

! 11-1 CM 
h0<'.10zygous 

A; , B8 /,; l , B8 

2 

Al ,B3/AI ,B8 

3 

Al,83/Al,88 

:, 5 6 

Al,~8/Al,S8 Al ,B8/Al ,63 Al,68/A3,B7 

7 

Al ,B8/A3 ,B\.135 

X 

HU\ p!-.e no~ yp<t 
A2,1,i33;312,...,17 

111-1 coo 
homozygou~ 

Al,88/Al,88 

' [] 26.7 
26 

4,648 
±1,211 

I. 1 
0 

150 
:c25 

3.7 
4 

I ,586 
=512 

65.1 
37 

7,164 
±452 

6.7 
13 

3,332 
±551 

173.3 
65 

12,162 
±s:.s 

2 
M 

3m 

4 
rn 

5,~ 

6 
t!I 

1 n, 

).'. 
r.i 

rHA 

Al ,S8/Al ,88 

Al ,83/Al ,88 

Al ,S3/AI ,38 

Al,83/Al,88 

I.I ,S3/A3,B7 

Al ,e8/A3,B'"35 

HLA ::,heno:ype 
A2,\./33;B12,W17 

X • Peal:~y u~relate~ individual. 
P~-~ • P~.y~c~c:e."'."'.~;g1utini!'1. 

'-...388 
±"33 .----.:;-,..... 

9 
9 

I 8. 4 ) .......... 
I 14 I .......... l 3,261 I "-.65 
L.:.2~J =7......._ 

37.4 
37 

6,517 
±120 GO 4 

4.7 
6 

I, 982 
±614 2 

16.2 62.0 ,....... 44.0 20.l 
30 JE, ", 22 31 6,292 4,036 174 5,553 8,404 

:tl ,346 ±733 ±63 '-.., ±685 ±432 
19. 5 

36 
7,570 

±1, 162 .---- .... 
I 5. 7 f 
I C I 
I 2 ., ·,; I 
I ; ~7; I 
L_-:..:..:'J 

46.!1 

13 4 ,6 25.5 '-.,. 32.1 
37 25 , so 

8,750 4,440 '126 13,429 
±555 ±220 ±55, ±2,767 .----- r-----, I 17.8 I 17.6 I 13.4 : .......... 

t 4 I 16 I 6 I .......... 
:1,1591 3,071 11,691 I 418 
L :t355 ! ±631 I ±851 j ±28°'-. ___ _. '---- r----, '-... 

69.8 
40 

7,681 
:!:2, 174 

]2.2 
41 

7.9~9 
±1, 132 

44.4 
25 

4,832 
±I ,034 

51. 3 
29 

5,653 
:t 140 

225.5 65.7 153.7 I 4.9 I ' 
62 66 81 I 6 I ' 14,662 11,437 20,004 I 2,062 I 110 

8.9 
17 

4,385 
±457 

r---:-, 
I 5.0 I 
I 9 I 
I 2,452 I 
I ! l 16 I .._ ____ _. 

19.3 
33 

9,759 
±209 

16.B 
3o 

3,310 
:!:673 

90 
18,004 
±3,565 

40.7 
79 

l 5,C73 
:t 1, '.:J! ::i 

45. O 
I 0') 

t:22, 178 
±3 ,407 ±1,385 ±2,282 ±1,425 I ±701 I ±52, 

'----...1 " 300.e 93.4 154.9 62.1 160.0 , 

51. 1 

83 99 100 100 93 '-.., 19,553 17,122 *24,565 *25,963 17,608 492 :tl,9')1 ±2,tGS ±2,5SD ±1,154 ±1,~33 :t!15'-...'-.,. 

136 6 
0 

9,2 5 
±5 3 

225.6 
£3 

15 .3 '.;2 
±2,Sc5 

81.6 
30 

5.550 
!:S24 

I c:,. 3 
7 

6,3 5 
t.l, l 3 

269.2 
100 

*18 ,311 
t3 l 9 

2C3.S 
75 

13,833 
±l ,3::17 

1DO 
*19,854 

±5:;,3 

361.7 99.0 162.2 41.2 170.9 34.7 '-.,. l co 1 00 82 65 1 00 76 "'-. *23,5 13 *17,226 20,28.'; 17,235 *18,803 17,C.87 .__53 ±1,Jlil ±2,525 :.7$4 ±2,334 ±743 !l,!.32 !;~ 
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and 5 must be identical with that of III-1 (COO). There is 
an excellent correlation between the SR and RR values and 
the mean cpm values in these combinations. 

In the reverse situation the response of III-1 (COO) to 
No. 5 was \-Jeakly positive. No. 2 stimulated III-1 (COO) 
moderately and No. 4 stimulated III-1 (COO) quite strongly. 
From this it would seem that Nos. 2 and 5 probably differ 
from III-1 (COO) for one or two 'minor' MLC determinant(s) 
only, and No. 4 probably carries a different D locus deter
minant on one chromosome. 

It is of interest to compare the reactions of Nos. 2, 

263 

4 and 5 who appeared to be typed by the 'typing cell I III-1 
(COO). No. 2 did not stimulate No. 4 but a strong MLC response 
was observed when No. 4 stimulated No. 2. This could be 
because No. 2 had both the D locus determinants of IIJ-1 (COO) 
and No. 4 had one in common \'Jith III-1 (COO) and 2. No. 2 
elicited no, or only a weak, typing response from No. 5 (the 
repeat test was negative), and No. 5 did not stimulate (or 
only weakly) the 'typing cell' III-1 (COO) as well as Nos. 2 
and 4. Nos. 2 and 5 could therefore be identical for their D 
locus determinants but may differ from each other and III-1 
(COO) for some 'minor' MLC loci. This would make the 'typing 
cell' III-1 (COO) and No. 2 and 5 identical for their D locus 
determinants, and because III-1 (COO) was homozygous for the 
D locus determinant, Nos. 2 and 5 were possibly also homozygous 
for the same D locus determinant. No. 2 did, however, elicit 
some response from III-1 (COO) which suggested either that 
the 1 minor 1 MLC determinants of III-1 (COO) may be included 
in those of No. 2 or an absence of such determinants (0 = null
determinants, Table X.2); but then No. 2 should also have 
stimulated No. 5 if No. 5 had exactly the same MLC determinants 
as III-1 (COO). No. 5 may, however, have been only slightly 



Cel 1 No. 

111-1 (COO) 

No. 2 

No. 5 

No. 4 

No. 3 

No. 7 

TABLE X.2 

SCHEMATIC CONCEPT OF MLC DETERMINANTS OF SOME OF THE CELLS TESTED 
(Table X. l) 

POSSIBLE MLC - LOCUS GENOTYPES 

Major MLC locus 1 Minor 1 MLC locus Major MLC locus 'Minor• MLC locus 
(D 1 OCUS) (D locus) 

coo 0 coo 0 

coo a coo b 

coo 0 coo b 

coo - 4 

3 - 3 

3 - 7 

0 = null - determinant 

N 
O". 
-+'> 



different from 111-1 (COO) (Table X.2), e.g. one 'minor' MLC 
determinant b ; hence the weak stimulation of No. 5 versus 
111-1 (COO). No. 2 may differ from 111-1 (COO) for 'minor' 
MLC determinants, i.e.! and~' and therefore may differ from 
No. 5 for the 'minor' MLC determinant! only. No. 3 did not 
stimulate No. 7 (or only weakly); hence this cell could have 
been homozygous for one of the D locus determinants present 
on the lymphocytes of No. 7. In the reverse situation No. 7 
was strongly stimulatory towards No.3,and No.7 must therefore 
have carried one D locus determinant different from those 
of No. 3. 

The weak response of No. 5 to No. 6 observed in this 
culture could not be reproduced in the second test; this was 
therefore probably a false negative reaction. The three 
parameters SR, RR and mean cpm's in this experiment again 
correlated well in the clear-cut negative MLC tests, but in 
the weakly positive reactions, the mean cpm values and the RR 
values correlated more closely with each other than with the 
SR. 
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Interpretation of Results 

We tested the MLC homozygous cells from sib III-1 from 
family COO, in a unilateral MLC experiment against a panel 
of unrelated individuals, of whom some were HLA serologically 
identical with the 'typing cell' III-1 (COO) and others only 
HLA haplo-identical. 
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The 'typing cell' III-1 (COO) elicited a 'typing response' 
from Nos. 2, 4 and 5 from which can be deduced that Nos. 2, 4 
and 5 carry the same D locus determinant as the 'typing cell 1 

on one or both MHC chromosomes (Table X.2). In the reverse 
situation the response of the 'typing cell I was weak when 
stimulated by Nos. 2 and 5; therefore they may be homozygous 
for the D locus determinant of the 'typing cell' III-1 (COO). 
No. 2 may have carried two, and No. 5 one, 'minor' MLC 
determinant different from III-1 (COO) as shown in Table X.2. 
No. 2 and No. 5 may also differ from each other for one 'minor' 
MLC determinant, and No. 4 probably carried the D locus deter
minant of III-1 (COO) on one chromosome. 

Since the completion of this study, cell III-1 (COO) was 
included as one of the sixty-two homozygous 'typing cells' 
used in the collaborative studies for the Sixth International 
Workshop on Histocompatibility Testing held in Aarhus, Denmark, 
in 1975. This cell (Workshop number 16005) was shown to 
define the new D locus specificity DW3, mostly found in 
individuals carrying the 88 antigen. 

Recently completed family MLC experiments confirmed Nos. 
2 and 5 to be homozygous for their D locus determinants. Since 
these two cells appeared to carry III-1 (C00)- 1 like 1 D locus 
determinants, and since we know that III-1 (COO) defined the 
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DW3 specificity, it seems likely that Nos. 2 and 5 are two 
additional DW3 typing cells. Thus, reference typing cells can 
be obtained by reciprocal non-stimulation with lymphocytes 
previously shown to be homozygous, as well as by family MLC 
testing. When used as stimulators, in population studies 
presently being performed in our laboratory, Nos. 2 and 5 
behaved operationally like DW3 homozygous cells. However, the 
results in this experiment also indicate the complexity of 
the genetic constitution with regard to the determinants involved 
in MLC. The D locus determinants as they were recognized 
during the Sixth International Histocompatibility Workshop 
may be poorly defined and may in fact be broad determinants 
which include several other (still unrecognized) specificities. 

In a recent review Dupont and co-workers (Dupont et al., 
1976) discuss the various possible explanations for narrow 
specificities, of which III-1 (COO) as presented in Table X.2 
may be an example, and broader specificities, e.g. Nos. 2 and 5. 
They suggested that broad and narrow D specificities may 
represent different allelic products sharing a common cross
reacting determinant; they may also represent the complex 
products of sub-loci or pseudo-alleles within the D locus; or 
disparities at other genetic determinants. 

Whatever may be the explanation for the complexity 
observed, it can be concluded from the data that Nos. 2 and 5 
carry MLC determinants which are 'like' those possessed by 
the 'typing cell' III-1 (COO) only with reference to the D locus 
determinant. The determinants represented by the three differ
ent MLC homozygous cells III-1 (COO), 2 and 5 that appear to 
belong to the same group HLA-DW3, may represent cross-reacting 
specificities of the same aUelic system or they may represent 
the products of sub-loci in strong positive linkage disequili
brium. 



CHAPTER ELEVEN - PROBLEMS ENCOUNTERED IN EXPRESSION 

OF MLC REACTIVITY 
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Empirically the measurc:nent of proliferation in MLC 
can be ranked in different groups based on antigenic 
differences betv,een responder and stimulator. A clear 
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separation exists between HLA-A, f3 identical sibling combi
nations on the one hand, and family members or unrelated 
combinations that differ for one or more HLA-0 specificities 
or haplotypes, on the other. The mean for one haplotype 
response is approximately half the mean for tvJo haplotype 
responses. The data presented on family BEG in Table IX.14 
(Chapter Nine) illustrate this point. A considerable 
overlap between the one haplotype- and two haplotype-different 
groups has been demonstrated in several studies (Albertini 
and Bach, 1968; Schellekens and Eijsvooqel, 1970; Sprensen 
and Kissmeyer-Nielsen, 1969), as well as in our data. 

In the course of this study an attempt was made to 
analyse the results of some of the MLC tests using the three 
different approaches, i.e. mean counts per minute ( cpm). 
stimulation ratio (SR) and the relative response (RR)~ in 
order to find which of these param2ters could distinguish 
clearly between D locus-identical combinations and those 
differing for one or two haplotypes. In addition, the 
results of the morphology were also recorded in a number 
of tests. 

In Table XI.7 the MLC results of two of the families 
(DErl and VDW) presented in Chapter Seven are compared when 
expressed as mean cpm, SRs and RRs. In each fanii ly the 
mean value for the combinations that appeared to be identical, 
haplo-identical or non-identical was calculated using the 
three previously ment-i oned parameters. 



Mean cpm 

TABLE XI. 1 

THIS TABLE SHOWS THE MLC RESULTS OF FAMILY DEW AND FAMILY VOW (TWO EXPERIMENTS ON DIFFERENT DAYS) EXPRESSED AS MEAN CPM, SR AND RR VALUES. A COMPARISON USING THE MEANS OF THESE INDICES IN IDENTICAL, HAPLO-IDENTICAL AND NON-IDENTICAL COMBINATIONS IS MADE, THE LEVELS OF SIGNIFICANCE BEING SHOWN. 

FP,MILY DEW FAMILY VD',/ 

Nur.iber of Number of Exp. 1 Exp. 2 I c~mb i na- Mean Standard combina- Mean Standard Mean Standard 
t1ons Values Deviation tions Values Deviation 

I 
Values Deviation 

Identical 8 59 35 7 1576 654 1225 793 
)00( *** )00( 

Haplo-identical 22 1243 784 5 10951 5133 10393 4023 
xX)( )0( )00( 

Non-identical 26 2823 1639 28 16966 4880 17474 4392 
Identical 8 2. 11 1.23 7 7.50 4.28 6. 13 4.31 St i mu 1 at ion XX)E )00( )00{ I Ratio I (SR) 

Relative 
Res;:,onse 
(RR) 

Haplo-identical 22 59.50 37.99 5 51 .48 23.87 59.60 35.61 
N.S. N.S. )( 

Non-identical 26 86. 12 70.99 28 91. 58 61. 63 104.08 40. 1 O 

Identical 8 o.88 1.46 I 7 6.71 3.45 4.29 3.55 
)00( )00( I *** Haplo-identical 22 48.36 30.25 5 52.20 17.40 55.80 13. 01 
)()0( )00( I )00( Non-identical 26 72.04 26. 12 28 84.64 14.60 I 87.71 12.01 

SIGNlFICANCE LEVELS FOR THE DIFFERENCE OF THE MEANS OF THE POPULATIONS ARE INDICATED AS: *** = .005 
** = .OJ 
* = .025 

N.S. = Not significant 
THE NULL HYPOTHESIS THAT THERE IS NO TRUE DIFFERENCE BETWEEN THE MEANS WAS TESTED UNDER 
THE ASSUMPTIONS BOTH OF NORMALITY AND NON-NORMALITY. NO DIFFERENCE IN THE SIGNIFICANCE LEVELS WAS OBSERVED. 

:'\.) 

'-l 
0 
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The mean cpm takes account of raw data only. The 
SR (see page 119) as an index is particularly sensitive 
to the magnitude of the background. This is verified by 
noting that no clear distinction could be made between 
haplo-identical and non-identical combinations in Table XI.I. 
The third index, the RR in which the results are stabilized 
by subtracting the autologous control and expressing each 
reaction as a percentage of the response to a stimulator 
that definitely carries different D locus determinants, 
appears to distinguish more clearly between identical, 
haplo-identical and non-identical individuals. The 
variance is noted to be lov1er the more identical the combi-
nations are. The higher variance in haplo-identical and 
non-identical combinations is presumably an indication of 
their heterogeneity. 

The MLC results of the two groups of unrelated ind-z'.vi

duaZs (Groups 7 and 2), are expressed as mean cprn 1 s, SRs 
and RRs in Table XI. 2. A comparison using these three 
parameters in those individuals who had previously been 
shown by HLA serology and MLC testing to be identical and 
non-identical was made, the level of significance being 
shown. Since all the individuals were unrelated, haplo
identical combinations could not be selected. As shown 
in Table XI.2 all three indices provided clear distinction 
between combinations. 

The morphological assessment correlated quite well 
with the results of the thymidine incorporation, especially 
in the strongly positive MLC combinations and the clearly 
negative tests as shown for example in the data on families 
COO, MEI and BEG. However, in some instances, like family 



Mean cpm 

TABLEXl.2 

THIS TABLE GIVES THE MLC RESULTS OF THE TWO GROUPS (1 & 2) OF IDENTICAL AND NON-IDENTICAL 
UNRELATED INDIVIDUALS, EXPRESSED AS MEAN CPM, SR AND RR VALUES. A COMPARISON USl~S THE 
MEA\:S OF THESE INDICES IN IDENTICAL AND NON-IDENTICAL COMBINATIONS IS ~ADE, THE LEVELS OF 
SICJIFIC,'...'.!CE B=:ING SY0\1N. 

GROUP l GROUP 2 

Number of l Number of I combina- Standard combina-
t ions Mean deviation tions Mean 

Identical 12 404 500 
I 

10 1500 
)00; ~** Non-identical 43 7854 3852 45 12324 

Stimulation Identical 12 2.36 2.22 

I 
10 6.26 

~at io 
(SK) Non-identical 

Relative Identical 
Response 
(RR) Non-identical 

)00( 

43 73,24 59,39 
11 

45 

12 1.67 3.34 l 10 
)00( 

43 56.07 27,73 45 

SIGNIFICANCE LEVELS FOR THE DIFFERENCE OF THE MEANS 
OF THE POPULATIONS ARE INDICATED AS: XXX = .005 

XY.X 
95.67 

5.20 
)(XX 

58.09 

Standard 
deviation 

1097 

6582 

5.51 

85.87 

4.61 

30.38 

N 
-....J 
t',.) 
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HOO and the San families V, VI, and VI I, the results of the 
morphology were inconclusive or contradicted those of the 
thymidine incorporation. 

The morphological assessment is a time-consuming and 
exacting technique, greatly dependent on technical variations 
and individual interpretation. It cannot be recommended as 
a routine measure of MLC reactivity, except as a check on 
toxicity and in exceptional circumstances (such as the field 
study on the San) to guard against a possible mishap with 
tests that cannot be repeated. 

In surrmary, since the discrimination betweer. weak 
responses and the group of responses representing one-haplo
type-different sibling or parent-child combinations is 
relatively poorly defined, the limits of a 1 typing response 1 

cannot be clearly delineated and remain a major problem in 
MLC interpretation. In order to minimize technical varia
tions in experimental results, many attempts have been made 
to normalize the data. As discussed previously, responder 
function can be normalized by using relative responses. 
Stimulator function is now normalized by using the methods 
of Ryder and Thomsen (Thomsen et al., 1975; Ryder et al., 
1975). 



PART IV 

DISCUSSION 
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CHAPTER TWELVE - TIIE MLR AND HISTOCOMPATIBILITY 



The object of this study was to investigate the genetic 
relationship between the serologically detectable products 
of the HLA-A and HLA-B loci on the one hand, and MLC reacti
vity on the other in an effort to provide knowledge and 
insight into the requirements for histocompatibility. 

I Thus in order to elucidate tre question posed~ChapJ:i!:. 
Two, 11.2 - whether MLC reactivity is controlled by one 
or more loci belonging to the MHC, but separate from the 
serologically determined HLA-A and B antigens - we 
studied the following two groups :-

(i) unrelated combinations with varying degrees of HLA-A 
and B disparity 
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(ii) families in which recombinational events had occurred 

( i) Unrelated Combinations with Varying Degrees of HLA-.4 

and B Disparity (Chapter Six) 

The fact that non-stimulation between HLA-A and B mis
matched unrelated individuals could be found, indicates that 
the serologically determined HLA antigens are not solely 
responsible for MLC reactivity. Since we found only a few 
such non-stimulatory pairs in a large group, and since this 
observation was noted in many thousands of MLC tests performed 
all over the world (Mempel et al., 1973b; Pentycross et al., 
1972; Van den Tweel et al., 1973), it must be assumed that 
there is a fairly high degree of polymorphism in the MLC system. 

The observation that selection for HLA-A and B identity 
among unrelated persons increased the frequency of non
stimulating pairs to about 10%, indicates that HLA-A antigens 
and/or the HLA-B antigens must have some relation to the 
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specificity of the MLC-controlling determinants. However, 
it also demonstrated that the HLA-A and B antigens cannot 
be the major genetic factors controlling MLC. This concept 
is further supported by the observation of some MLC identical 
combinations in our experiments and in those of others 
(Mempel et al., 1973b), among the individuals who share HLA-B 
specificities but who carry different HLA-A specificities. 
This would give support to the suggestion that the MLC speci
ficities are closely linked with the B locus. 

Evidence suggestive of at least two defined MLC deter
minants was found among the HLA-Al ,3;87,8 identical group. 

(ii) Families in which recombinational events had occurred 

(Chapter Seven) 

As pointed out in Chapter Two, II.2, the discovery of 
combinations which are HLA-A and/or B different but MLC 
negative, especially in families where a recombinational event 
has taken place, would be further proof of the existence of a 
separate MLC-controlling entity. The possibility that the 
MLC reaction might be controlled by a separate gene closely 
linked to the serologically detectable HLA antigens was 
suggested by Yunis and Amos (1971). 

In our experiments performed in collaboration with 
Eijsvoogel et al. (1972c), five families were studied, each 
containing a sibling in which recombination between the genes 
determining the antigens of the A and B loci had occurred. 
These results, as well as those of family BEU (see pg 130 
confirmed the findings of Yunis et al. (1971), Dupont et al., 
(1971) and Lebrun et al. (1971), that the antigens of the A 



locus have a ve1~ weak or non-stimulatory effect on the MLC 
test. On the other hand, pronounced MLC activity was found 

in tests involving differences for the determinants of the 

B locus only. 

Further findings in family KA demonstrated a separate 

inheritance of the antigens of the B locus and the MLC 
determinants, probably by recombination, which implied 

independence of the MLC reaction from both the HLA-A and 
HLA-B loci. Consequently this separate MLC locus (or loci) 
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can now be mapped not in between, but outside the previously 
recognized HLA region, close to the B locus. It should be 
pointed out, however, in the light of the earlier mentioned 
findings of occasional very weak stimulation between siblings 
differing only for an A locus antigen, that this may reflect 

A-locus-associated regions governing weak MLC reactivity. 
Further evidence for a 'minor' MLC locus has also been provided 
by Thorsby et al. (1973), but final proof for the existence 
of such a locus has not been presented. 

These findings, together with the findings of HLA sero

ZogicaUy non-identical unrelated MLC negative combinations, 

supported the hypothesis of a s~parate region or locus for 

the genetic control of' the MLC reaction. 

This concept of a separate MLC locus (or loci) explains 
firstly the frequent findings of positive MLC tests between 
carefully serotyped HLA-A and B identical unrelated individuals, 
if it is assumed that the MLC locus (or loci) displays a poly
morphism comparable with that of the HLA-A and B loci. Secondly 
the weak or negative MLC reactions observed between approximately 
10% of HLA sero-identical unrelated individuals suggest a 



genetic linkage disequilibrium between the serologically 
defined HLA antigens (and particularly the HLA-B locus) and 
the determinants controlling strong MLC reactions. 

I I Once evidence for a sepa rat~ MLC locus ( or loci~ 
been obtained, family MLC studies were done on randomly 
chosen families 1<1i th non-consanguineous µa rents L Chapter 
Seven), the San (Chap~er Eight) and families selected 
for varying degrees of consanguinity between the parents 
{Chapter Nine). 

The tests were performed according to the protocol set out 
on pg 184 in order to find the fol lowing :-

(i) the frequency with which unrelated parents shared 
one MLC allele 

(ii) the identification of MLC homozygous individuals 

(i) Sharing of MLC Alleles 

Twenty-one randomly chosen families with eighty-three 
offspring in which the non-consanguineous parental pairs had 
varying degrees of HLA-A and B disparity, were tested. In 
only two of the families tested (Table VII.28), family 21 
(= family DEW) and family 12, was there evidence of sharing 
of MLC alleles between the parents. 

In family DEW, three of the children, sibs Ill-2, III-3 
and III-4 were MLC negative with their respective HLA sero
identical parents. HO\'lever, sib III-1, although also HL/\-A, 
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B identical with the father, was MLC positive. The detailed 

family MLC experi1nent (Table VII.14), illustrates the point 
that identity for the serologically determined HLA antigens 

in parent-sib or sib-sib combinations does not necessarily 
result in MLC identity even when the parents share one MLC 

allele. 

The only offspring in family 72 was homozygous for the 
HLA-A, B haplotype shared by the parents. In the unilateral 
MLC experiments this child did not stimulate either of the 
parents, but in the reverse situation stimulation was observed, 

suggesting homozygosity of the MLC alleles in the child. 
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More recently Mempel et al. (1973b), Dupont et al. (1973), 
Lebrun et al. (1973) and others described several families, 
selected only on the basis of the parents sharing one of the 
more common HLA-A, B haplotypes, e.g. HLA-Al ,B8;A3,B7 or A2,B12. 

The results proved that the MLC determinants on the shared 
parental haplotype were also identical. The incidence of such 
MLC haplo-identity between unrelated parents who are HLA-A, 8 
haplo-identical was so much greater than in a randomly chosen 
family study such as ours, that this tends to confirm the 
linkage disequilibrium. Furthermore it indicates a relatively 
restricted polymorphism of the MLC determinants. 

The MLC tests in family GIA (Table VII.27) suggested that 
the grandfather I-1 and his grandchild III-1 who shared the HLA 
determinant B7 on one haplotype, but differed for the A antigen 
on the same haplotype, were MLC haplo-identical. A common 
genetic source could not be traced for the two haplotypes in 
question. In 1973, Dupont et al. showed that the B locus antigen 
B7 is very frequently associated with a specific and relatively 



common MLC determinant in the Danish population and called 

this determinant LD7a (now called DW2). They also mention 
that when DW2 is present in a single dose in related 
individuals, they react as haplo-identical siblings in the 
MLC tests. Finally they observed that the association 
between HLA-B7 and the MLC 1 ocus deterrni nant 0112 may be even 
stronger than the association between HLA-A3 and B7. Recently, 
additional family studies have demonstrated that the associa
tion between MLC determinants and the HLA-A, B antigens is 
strongest between MLC- and the HLA-B determinants. 

However, it must be emphasized that in spite of the 

observed genetic linkage disequilibrium between certain common 
HLA-A, and/or B antigens and the MLC determinants as well as 
the relatively restricted MLC polymorphism, this favours MLC 

identity between unrelated HLA-A and B identical individuals 
in a normal outbred population to a very limited extent. 

(ii) The Identification of MLC Homozygous Individuals 

Family MLC tests also constituted the basis for finding 
individuals who are MLC homozygous. The one-way MLC test 

was employed using Mitomycin-C treatment of cells as described 
in the Methods in Chapter Four.The basic concept is that, 

provided genie interaction does not occur as mentioned in 
Chapter Two, II.2, MLC homozygosity will result in reactions 
which are positive when the heterozygote stimulates the homo
zygote, but which are negative when the heterozygous cells are 
used as the responders. When testing a family for a possible 
homozygous cell, the most informative combinations to study 
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are those of the HLA sere-identical parent-child. If this 
combination is mutually non-responsive, the HLA homozygous child 
must be MLC homozygous assuming that a recombination has not 



occurred. 

(a) The San at Tsumkwe ( Chapter Eight), a sma 11 
population group, living in the same geographically isolated 
region where genetic relatedness could be expected, was 
therefore included in our attempt to find MLC homozygous 
individuals. 
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Out of the five informative families (family IV was 
exciuded on paternity testing, and family VI could not be HLA-A 
and B typed) that were HLA serologically typed and MLC tested, 
none of the parental pairs were HLA-A, B haplo-identical. In 
only one family, {family I), did the parents carry an identical 
B locus determinant, HLA-BW17. Furthermore, the father who was 
homozygous for HLA-BW17 also appeared to be MLC homozygous. 
In San family III the parents appeared to be MLC haplo-identical 
although HLA-A, B non-identical. This resulted in MLC identity 
between sib II-2 and the father, although they were HLA-A, B 
haplo-identical and sib II-1 was possibly MLC homozygous in spite 
of being HLA-A, B heterozygous. Unfortunately proof for this 
was not obtained because further unilateral MLC tests could not 
be performed. 

However, evidence in support of the findings in this 
family comes from a recent report of a family study by Suciu
Foca and Dausset (1975), where negative MLC reactions were 
observed in the presence of a B locus incompatibility. The 
observation in families like these, that an HLA-A, B heterozygous 
cell can be MLC homozygous (demonstrating that one MLC deter
minant may occur together with more than one HLA-B determinant), 
further suggests that the polymorphism of the MLC system is 
relatively restricted. It also supports the concept that MLC 
activation is controlled by a separate gene(s). 



Finally it should be mentioned that in two of the San 
families (I and II), the possibility of a recombination of 
the HLA-B and MLC locus (or loci) of one of the parental 
chromosomes was considered. 
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Without the opportunity to repeat and extend the experi
ments in this small but apparently interesting group, a formal 
conclusion about the genetic aspects of HLA-A and Band MLC 
and the degree of inbreeding among the San at Tsumkwe could not 
be dravm. 

(b) Among families in which the parents were consanguineous 

(Chapter Nine) only family COO proved to be of interest. The 
first-degree consanguineous union between father and daughter 
produced an HLA-Al ,B8 homozygous child (III-1). This child 
should be genotypically homozygous for the whole MHC, including 
the MLC alleles, by descent (except for the remote possibility 
that a mutation has taken place). The introduction of the 
HLA-Al ,B8 haplotype from outside was excluded by erythrocyte 
genetic studies. Indirect proof that the two identical sero
logical haplotypes inherited by sib III-1 must also carry 
identical MLC determinants was obtained from the fact that the 
HLA sero-identical father-child combination (I-1 versus III-2) 
showed reciprocal non-stimulation. 

It should, however, be noted that a weak response was 
observed in the unilateral MLC experiments when the homozygote, 
III-1, stimulated parental cells and cells from other family 
members heterozygous for the HLA haplotype of the homozygote. 
This was the first case of a homozygous cell derived from incest, 
where a weak but definite stimulation of parental cells was 



reported (Du Tait, 1973). Others have observed this same 
phenomenon with homozygous cells from first-cousin marriages 
and from families in the outbred population (Eijsvoogel et 
al., 1971; Jorgensen et al., 1973; Thorsby and Piazza, 
1975). Some of the explanations put forward for this weak 
response will be discussed later in this Section. 

III MLC Typing 

Mempel et al. (1973b) were the first to suggest that it was 
possible to use the MLC reactions to individuals known to be 
MLC homozygous to recognize the same MLC determinants in any 
unrelated individual, i.e. to do 1 MLC typing• (for detailed 
explanation see Chapter Four, pg. 100). 
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The locus controlling strong MLC reactions was named 
HLA-0, following nomenclature established by the Sixth 
International Histocompatibility Workshop, 1975, and the HLA-0 
homozygous reference cell used for the assignment of a 
particular HLA-D specificity to a given individual was called 
a •typing cell 1 (Thorsby and Piazza, 1975). 

One of the most important difficulties encountered in MLC 
typing is that sharing of HLA-0 determinants between homozygous 
stimulating and heterozygous responding cells seldom results 
in a completely negative MLC reaction, as for instance seen 
between HLA identical sibling combinations. Therefore a •typing 
response• is rarely a true negative response. It is of parti
cular interest to note that, even with an incestuous family 
such as family COO where the MLC homozygous child should be 
genotypically homozygous by descent, the typing responses are 
of the same level of magnitude as the typing responses between 



unrelated individuals. Therefore the weak responses 

characteristic of typing responses cannot be completely 
explained by differences at other loci within the MHC, or 

cross-reactions between similar HLA-D determinants. 
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Several explanations can be given for this phenomenon. 

It has been suggested that some kind of blastogenic factor 

released from inactivated homozygous stimulating cells upon 
recognition of the foreign MLC determinant(s) on the 
non-inactivated heterozygous responding cells, can induce 
mitotic activity of these cells. This has been called 'back 

stimulation' (Thorsby and Piazza, 1975). 

Another possibility is allelic interaction, which implies 
that an allelic gene has to modify the phenotypic expression 
of a corresponding gene and even abolish it completely. If 
such an effect existed, one would expect it to be of equal 

strength on the two haplotypes in the parent-child HLA haplo
identity situation and not a modification of their relative 
identity (see Dupont et al., 1976, for review). 

From the MLC typing experiment described in Chapter Ten, 
it is clear that the DW3 determinant, as it was recognized by 
the Sixth International Histocompatibility Workshop homozygous 

typing cells, of which 111-1 (COO) (Workshop number 16005) was 
one, could be much more complex. This should therefore be 
taken into account when explaining the results with D locus 

homozygous typing cells. At present it is not clear whether 
these findings should be attributed to cross-reacting 
specificities of the same allelic system; to the involvement of 
products of subloci that exist in the population in strong 
positive linkage disequilibrium; or to disparities at other 
genetic determinants. 



IV Histocompatibility 

The ABO blood group system is the first genetic system that 
provides strong transplantation antigens, therefore it is 
of fundamental clinical importance and must be taken into 
account in all transplantations, except, perhaps, when the 
recipient suffers from severe combined immunodeficiency. 

The importance of the major histocompatibility region 
in man (HLA) in skin and organ graft survival, in eliciting 
GvH and in blood component therapy is clearly established, 
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but the significance of the individual components has been 
difficult to determine. HLA identity is of primary importance 
within families for skin transplantation and in kidney 
transplantation; the best graft survival is obtained with 
grafts obtained from HLA identical sibling donors. HLA 
identical sibs are probably identical not only for HLA-A, B 
and C, but also for HLA-D and most likely for the chromosomal 
region between these loci. This is in contrast to the situation 
when unrelated cadaver kidneys are used. Even when they are 
closely matched for the HLA-A, Band C antigens, as is currently 
done, this does not give a much higher chance that donor and 
recipient are identical for other loci within the complex. 
From all the transplantation data available in the world, it 
appears that HLA sero-identity alone is an inadequate predictor 
of skin or kidney allograft behaviour between unrelated indivi
duals. 

Nevertheless, cadaver kidneys are the most frequently 
used source of kidneys for transplantation, and, to overcorrie 
the problem of matching for the extremely polymorphic HLA 
system, national and regional organizations have been created 
to promote organ exchange. Because of the limited data in which 



either the serological HLA antigens or the MLC detenninants 
are the only variable, a conclusive answer cannot yet be 
reached concerning their relative importance in histocompati
bi l ity. 

Matching for HLA-0, or some other closely associated 
determinants, could have a great influence on the prognosis 
of kidney grafts when unrelated donors are used (Van Rood et 

al., 1977). It has been shown that in the absence of strong 
MLC reactivity, very few cytotoxic lymphocytes develop 
(Eijsvoogel et al., 1973a), and it is possible that, in the 
absence of MLC activation, matching for the serologically 
determined HLA antigens may be of less clinical importance. 

At presP.nt, matching for D locus determinants by homozygous 
typing cells is impossible since the length required for an 
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MLC test is about one week. It would be of great practical 
value if rapid methods for detection of D locus determinants 
and for Ia antigens, closely associated with D, were available. 
In this respect the use of a very recently described test, the 
Primed Lymphocyte-Typing (PLT) test, which may allow MLC 
typing within twenty-four hours, might be very usefu·I ( Bach et 

al., 1975; Sheehy et al., 1975). The detection of products 
of other loci in the MHC might possibly be of equal importance 
for the prognosis of graft survival. 

Thus, the relative importance of the different loci of 
the MHC in clinical transplantation is yet poorly understood. 



APPENDIX 



289 

ll-1 31 Vlr Afrik1rnus ~kn kl'n~y. 

DECLARATION FOR TI-ffi PURPOSE OP A j\fAIUUAGE. 
PARTICULARS 017 APPUCANT 

N.B.-Prlnt clearly 

). Identity number __________ _ 

2. Surn:une _________________ _ 

3. First names in full __________________ _ 

4. Date of birth ___ _ ----··------ 5. Country of birth 

6. Marital status: State bachelor, spinster, widower, widow or divorcee, as the case may be. 

7. Population group ____ _ 8. Sc.._ ____________ _ 

9. Permanent residential address. 

PARTICULARS or PROSPECTIVE ·HUSilAND/\VIFE 
10. Jdcntity number ________ _ 

11. Surname (present legitimate surname in the case of a woman) 

12. Maiden name. __ 
13. First names in full ________________________________________________ _ 

I •declare under oath/solemnly declare that the particubrs given above arc to the best of my knowledge and belief trne 
and correct and-

(i) that we arc not within the prohibited degrees of relationship (sec footnote); 
(ii) that there is no Ja,,ful i1npcdimcnt to o.ir m::rri:1gc; :ind 

t(iii) that I have the written consent of •my parents gu:irdian/Commissioncr of Child Welfare/the Minister of t!ic 
]nterior/a competent court, as the case may be. 

___ 19 __ 

• Delcie whichc,cr is not applicable_ 
Signature 

t Delcie the "hole of the p;uagraph if nrplic~nl is a major. 

The deponent has acknowledged that he/she knows and understands the contents of this affidavit which was sworn to/ 
affirmed and signed before me at ________ _ _ __________ on this the _______ _ _day 

of 19~ 

Signature (Co1111111ssio11cr of Oaths) Capacity 

(Full names in block letters) 

(Arca for which appointed) 

F(J()tnote; PROIIIIJITLD DLGREES OF RELATIONSIIIP 

J. Attention is drawn lo !he fact that it is bwful-
(a) for a man to mu.-y !he si,ler or :inv female relative of hi< dcec:iscd or divorced wife, except on ancestor or descendant of such wife; nnd 
(bJ for a woman to mJrry th!.! bro1licr or any other male n::l..1t1\i! of her dc ... :cascd or djvorccd hu!'.lb~rnd. cxi:cpt an nncc~tor or dcs,.:cnt.lanl 

of such hu,bJnd. 

2. As a guide it should be mc111•,mcd that it is not lawful for a man to marry any person m~tioncd in column (I) or for a woman lo n11r,y any 
person mc:ntioncJ in ,olumn (~):-

Column (!) 
Mother. 
Daughter. 
rarhcrs molher. 
Mothers muthcr. 
Son·s daugh1er. 
Daughter's dJughtcr. 
Sister. 
\Vifc's mother. 
\\'ifc's d;Hn:hlcr. 
Father, ",fc. 
Son's ,,.ifc. 
rnthcr"s falhcrs wife. 
Mother's fatl,crs "ifc. 

Column (2) 
Fnther. 
Son. 
Falher's farher. 
Molhcrs fa1hcr. 
Son's 5011. 

Daughters son. 
Brolhcr. 
ltu,b.,nd"s father. 
llu,b;ind's snn. 
Mother, hu,t,and. 
l>;iu~hlcrs J,u,band. 
1-'.ithcr'" mn1hcr's hu'\h.1nc1. 
Mothers 11101her, husband. 

Column (I) (continued) 

Wifc"s father's mother. 
\\'1fc's mother's flldlhcr. 
Wife's son's daught..:r. 
\\'ifr's daut'.htcr's daughlcr. 
Son's ~on·\ \\Jfc. 
Dau~litcr", (,,c,n's wife. 
l"allt(.'r's \i,,,1cr. 
Mnlht:r'\ ,i,tcr. 
lhothl'l's U:rnrhtrr. 
Hrotlia's d.111::hrcr·, daufhtcr. 
Bro1hcr

0

\ \on's d,lll!,!htcr. 
Sl\tcr"! d.wc!11cr. 
~1 ... 1cr ·" d.nwh1cr's tf.1ughtcr. 
!)i\lcr's 5(111\ U.tu~hlcr. 

C,lum11 (2) (con1inuc,l) 

Hu,hand"s fa1hcr·s f.11hcr. 
llu,krnd's mn1hcr\ f.11hcr. 
I hhb,1 mfs -.on\ \on. 
Jlu,t,JnJ',-; tl.HH:/1tn', snn, 
Son\ J.1ugh1cr·\ hu ... b.rnd. 
!Jaur'.hlcr"s d.1u~l11cr"s hu,band. 
J.'athcr's brotha. 
f\1othcr''i brllthcr. 
Bro1Jicr',; sl1n. 
HrL11!u.·r'\ .\1)11·, 'ion. 
Jlrl1thn''i d.1ug:,1cr's son. 
\r,tn', son. 
S1,kr':r. v111·s ,,•n. 
.Si'ilt .. ·r's d,rnghtcr') son. 
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23. 

SECTION ,1. 

1)ohibitcd to you 

(F , ) 631 or marriage arc:-
Your mothers, d:rnghters, ~3

i 

Sisters; father's sisters, 
Mother's sisters; brother's 

daughters, 

Sister's d:1Ughters; foster-rnothcrs533 

(\Vho g::;vc you suck), foster-sisters i 
Your wives' mothers; 
Your step-daughters under your t.

34 

Guardianship, born of your wives 
To whom ye have gone in,-
No prohibition if ye have not gone 

in;-
(Those who have been) 
Wives of your sons 5

~
5 proceeding 

From your loins ; 
And t\VO sisters in wedlock 
At one and the same time, 536 

Except for what is past; 
For God is Oft-forgiving, 

3
~ Most Merciful ;-

531. Thi, Tnble of Prohibited Dc1:rc~s 3r,rcc1 In the mn!n \·1ith wiiat h mUJ! !y nccept2d among nll 
nation,, except in miner d<!t:1il~. It l.,,~~in3 in the Inst v~r~<! (witli 'Jtt1cr's ,.,,.;dowser divorcee,). The 
scheme i~ tlrciwn t.:p on chc :1,1umption tint th: pcrJon who proroi,•, to m1rry H :1 mnn: if it I, :i 

wom:in, rh~ s:im<! scheme will :ip;ily, m11tJ:is 11111t,111,!is: it wili re1cl: "your fathers, 9ons, brotiwr~,'' 
etc.; or you cnn always read lt from the hmband's view of rdationship, os there mu9t always be 11 
husband in 11 marriage, 

532, "Mother" includ,,q r,rJndrnotha (throu1:h the f~th-~r or mother), r.rcat grandmother,. etc, 
"d3u1:ht<'r" includes r.rand-,bu;;htcr (rhr,lu1;'1 ,.--m or d,iut:htcr), 1:rclt i.:rnnd-J:1u 1:ht.:-r, etc.: "slHer:1" 
lr:cluJcJ foll-11st.:r nnd :,Jlf-si,ccr. "Fnthcr's sister" indu::lc, !-!r.111Jfnther's sister, etc., ond "mother's 
ti\ter" inclu,ks 1:rnnJr.1oth,,r's siHcr, etc. 

513. "fmtcra2c" or milk-rdatlon,hip, pLiv nn lmport:1nt port In Mmlim L1w, onJ count like .. 
h:oo,1-r<'btior.-hlt'J: tr wou!.l thcrd,>r<! ,c,,·m :h,c not only fc,sc,•1-rncchers cinJ (oJCcC•Jisccr,, but fouer• 

" lnothcr':1 :1iJt,•r 1 etc., nil .:0nh! w!tli!u the proh1biLcd dcgrcr.s. 

'SH. It l:1 f!<'nccallr (b11r not 11n1nimou,ly) hd,I thnt "un,ler your r.uar,ll:i111hlp" I, n dc1crlr,t!nn, 
IIOt n conclitlcn. ThcrdlltC :i s:cp-J,1u•:hc,:r nor "unJcr your i;uadiJnship" ts still within the 
prohiblrion If th•! other con,li:ion (nbouc her mother) ls fultillcJ. 

S35. '' S:in," t11clu,l,•1 ~r~11,l,on•. but cxclu,1~, o,lop(cd ion,, or person• trcotcJ 11s ,uch, on account 
o( the wc,rd," procccJ1n,: tro111 your 1oin,.'' . 

S36. Th~ i.,u ~1:n!n1t two ~!,errs In nurrlll:C to;:ethcr opp!lc, to aunt nnd niece Mgcthr.r, but not to 
d~ccn,cJ wlfi:'1 ~lstcr 11tccr tl11: wife ut.:a. 



187 { S. IV. 21-25, 

2-1. Also (i1rohihitn1 ;ire) 
\Vnmcn already 1.n:11 ricd, 
Except thosL'. 
\\lbon1 your ri1 1ht l1:111dsposscss: r.

37 

Tli1:s h:i.th God or(l::iincd 
(Pr('hihitiom) a~:1i1~st you : 
Except fo, these, ;,)i others 
Arc h:.r(ul, provill~d 
Ye ;;ed.: {tl1c:11 in i\l:1rri,:~:c) 
\\'/ith ~i(ts from. iuur propcny,
Dcsirini~ chastity, not lust. r.Js 

Secinr~ that ye: Jc1 ive 
Benefit from thc1n, give them 
Their dowers (at k ,1st) "" 11 

As prescribed ; but if, 
After a dower is prescribed, ye 

agree 
:Mutually (to vary it), 
There is no bbmc on you, 
And God is All-hnowing, 
All-wise.· 

25. If any of you have not 
The means wherewith 
To wed free believing women, 
They rnny wed believing 
Girls from among those 
\,!horn your right-h2.nds possess :/i10 

And God h~1th full knowledge 
A bout your Fz,ith. 
Ye nrc one from ~mother: 
\Vcd them with tLe knvc 
Of their owners, a;1d give tl1cm 
Their dowers, according to what 

537. Whom :iour rir,l1t hands possess : i.e., captiv<'s ln n Jih:id, or war und<'r the order, of the righteous lm:im 01:ainst those who p,r~ccute faith. In rnch ca,cs formal hostility dissolv~, civil tks. 
538. After cldinin~ the prohibited cl<'r,rcrs, the verse proceeds to say that women other than tho,c ~p~cif,,•d may lx •ou1:lit in rnarria1:c•, hue c•,·en ,o, not fr,)fll rnociv,·s of !use, but in order co J>rornotc chastity ktweC'n the ~exes. 1'larr1J~c in the ori~inal Arabic is here c.lc,cribcJ by n wor,J which rn1:r,csts II fortrc~s (l,li$n): marriage is, therefor,·, the forcress of ch.1sriry. 

539. A1 the worn,n in mc,rriar:c surrrnJal lier p.•rson, so the ma11 nl,,, muH rnrrcnrlcr (beside, tome part of hi, i11,L·r·<'ndl'n<"d at kast rnmc of his 1·rnrcrcy accorJin~ to Iii~ minn,. AnJ 1h11 ~Ives rh;- to th<' hw of I )0:vcr. A miuimurn d0-.vcr i1 pr,·scribcd, bur it is not 11,·c,'S'.HY to Hick to cl,<' minimum, a1,J ir1 ti,,, i:,•w rel.tt:oriship cr,aicd, chc p,rcics urc recommcnJcJ co net cowor.11 ~och other with ch~ 1:r,·:i1nt rr,11fi,knc,' one! ltb~r.dicy. 

540. Tlinr h, c1ptlv~, tnko·n ln n }il1,il: sec rwt,: 517 11h.w,•. "Ynur rl1:hr hnnJs" dor, not nirnn n,•c,",Hil\' !!, ,t :,h,~ ho1 [,,rn n,11,;11,·d co yn11, or i3 your property. All c:ipcur,'3 ln wnr l 1clo111: to ti"' rornrn·,nir1·; rhrv or,~ ·• y,,ur," In clt.1t s,·ni.:. If you o•!ck st1ch n p,·r,c,11 In 111niri:11:c•, ,lo It (rn111 110 !,.,,: 1,,:1::1·,·,. !'..ifr,:.,,,r,I v0ur f.,irli, .110c! s,·c th.:c she ldO ,1,_,.., !,cl1,:v,•. In Iliac c:i,,., r,ftcr nil, she ii d 1:,,, !11,r.\:111 l•rntlH·rhnn,J, :,rid lid f<'n-1,rion I, ncci,!cncnl nnd ::dc,•tttnhl,•. It 1hr t!,1,·,~ horr n cLil,i to hn mnHn, ~!,c wottl,I l·,,0111c f1.·~. "!"lie ~Ltvc co11d11IP0 i< nuw our ,,t c!ntr, In tlir tllH' ,.,drir of l:.l.1111. llur Clh·tc arc oclt,·r ror,,l.ri,)l1S In whld, a wo111u11's (or 111n11'1) (rccdom h 1es1r1ctcd, ond the principle would apply thctc ;doo. 

J· .. , 
() 



$, l:J. 25-29. ] 

Is rc;1sonablc: they ~hould be 
Chaste, not lustful, nor taking 
Par;rn10u r:; : when r i icy 
Arc taken in WCll!ock,· 
If they ( :111 into sl1amc, 
Their p1mishmcnt is h:1lf 
Th:1t for ( rec women. 
This (rcnnission) is ( or those 
Amon~~ you who fear sin; 
Dut it is better for you 
Thnt ye practise self-restraint. 
And God is Of t-for~iving, 
Most Merci[ ul. 

SECTION 5. 

26. 0;od doth wish 
To r,1akc clear to you 
And to show you 
The ordin;.mccs of those 
Before you ; and (He 
Qoth wish to) turn to you 
(In lvlcrcy): and Cod 
Is All-knowing, All-wise. 

27. God doth wish 
To turn to you, 
But ~he wish of those 
\Vlw follow their lusts 
Is that vc should turn 
~wa~ {t'rom Him),--
I~ar, tar away. 

28. God doth wish 
To lighten your (diDicultics): 
For nnn was created 
W cnk (in ilcsh). 

29. 0 ye \':ho believe! Mt 

Eat not up your property 
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~4 1
1
·. Let me r:;rnr,!1r~.•'.' th!., \'<'r',L', (o: th~r,, i1 profound rne.rnlnr fa It. (I) /di your prc-r,·i!Y you"'' d ta lru•;t wll<'tlc,·r It i1 1· · t 1 · I • . · 11 )i)ur nnrnr, or ... ,. rr"H>t to thl' cn11111111nicy or to J'CO('l1~ ov1~r.\v,~1) 111 

YllU 1:ivc .::<,ntri,I. lo "n1•. I , , (1) I ' 
(1 ,•nir·sc •ro I 11 . ·" 3 \\ r,)n1,. - n IL 1.-·l chc ,,11 .. ,· phr:i,c OCClll r,•d, co C:llll 1vn '" ,,• " !. • ,., . <'C<' If 0cc11r, t, • , .. . · l ( · · ' ! 
I I ·) .. I .. , , \. 1 ncot:r.lkt tj, lo ?ncrl~n,l~ pr{,p,·1ry )V t"'C<H'lo111lc u,c cr,ilr1c •11 ·' 111, 1 , r«:i •rn" Cl.ri,r • r·11 ,l•I • f J, 1· r , f I I I I . · I I . ·· . · · " 0 t 1" 11 ,·1,1, ( .. :itc. xxv. H-1,'l. wlu•rr th,~ •nv.n1t1 \I' 10 1·1· ncr, ns« t ,,.,r ina,r,·r, w, .. Jtl '• • I l I ., ,. ( 

3 
l ,,., ·' 1 '" r, pro111u1,·, 1111, th,• ~,·n·n11t ·vho h~d lw:trded w01 C:1<C " 1" un1 .. 11n,. -,,. "r,• w·,- 11 • I ti • ·1 I · ... )IJI· • 1 . ") ·i I · 1 

tt 1"· ot1r \VJ'-t," 1111v rni•:in our (1wn dc:nrul·rilln ( 11 nor k, l or 1. 1'JliO• ,, '' v,, , I ut r ,er,• t, rt mor, , .. r · I · · I ti ·r 
11 ') I.• I ,,... 1. 1.\ rHrl n11.·.,n1111• :, H): '"''~ 11111st h,• c11r,~tul pf our own t•ll1. <1 1, u Pc s iv,·s. ',. 11111-•t corn, iit I I , · L I 
I.,,,, '·\\•i'II" (·I),·) . 1 I ' n.i "" ,:11c,·. 11111 1; th.- ''i'l'''~II•' ,if "tr.t<IL' and rr.li!tc 1·1 r,,,;ru • 
• " · '- lll v o ,•nc,· ro 01 I I · . <.' I J 11 J • I J I . ir t)\I n ,r,·• 11,'!1 " r.,rticul,;rl)' pr~·ruste[ous ~<:ct111: that ,o, 1 
ovc, nn ;J 101•,crcd I lu rncr,1,.·, 0.1 u, ,:n.J nll I Ii, ,rc.itur_•:;. ' 

. 
~ 

I 



MATERIALS SHIPPED 8Y AIR TO WINDHOEK 

Quantity 

150 

200 
2500 

750 

1450 
7200 

7200 

25 
15 

200 ml 
300 

500 

400 

60 

100 

80 

6 

6 

18 

200 
20 

1 

Article 

30 ml plastic syringes 
needles 
tissue culture tubes 

(Falcon, Cat. No. 3033) 
50 ml tubes 

(Falcon, Cat. No. 2070) 
Pasteur pipettes 
culture tubes 

(Nunc, Cat. No. 1090) 
caps for tubes 

(Nunc, Cat. No. 1095) 
leukocyte pipettes 

counting chambers 
(Burker Turk) 

Turk solution 
1 ml disposable pipettes 

(Falcon, Cat. No. 7506) 
5 ml disposable pipettes 

(Falcon, Cat. No. 7529) 
10 ml disposable pipettes 

(Falcon, Cat. No. 7551) 
1 ml luer syringe 

(Johnson) 
luer needle 0.9 x 50 mm 

(Johnson) 
carton boxes (empty) 
test tube racks (8 holes) 
racks (Tornado) 
glass pencils 
protoco 1 papers 
printed papers 
plastic tray 20 x 20 x 7 cm 
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Quantity 

2 

2000 

4 

6300 
1000 
2000 

3 

20 
2 

50 

50 

5 

25 
10 

l 

10 

4 

25 

110 

20 
2 

6 

l 

3 

3 

3 

l 

Article 

biopettes (B.D. 00.10.29) 
biotips l ml 

(B.D. 00.10.30) 
pairs of forceps 
filters 13 mm (Millipore) 
slides (Menzel) 76 x 26 mm 
coverglasses (Menzel) 

26 x 21 mm 
pipette balloons 
pipette nipples 
filtration apparatus 
syringes (30 ml) 
filter-holders 
leukocyte pipette tubes 
pieces of short tubing 
plastic racks (66 holes) 
roll autoclave tape 
plastic bags (empty) 
sterile pairs of forceps 
tissue culture flasks 250 ml 
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(Falcon, Cat. No. 3024) 
Linbro disposable trays (54 holes) 
portfolios 
incubators (37°c ± 0.5°c) 
one extra in case of breakdown 

centrifuges 

waterbath (37°c) 
vacuum flasks (1 of 1 litre, 2 of 

5 litres) and rubber connexions 
microscopes 
electric cords with an appropriate 

variety of plugs and adaptors 
insulation tape 
pipette shaker for leukocyte 
counting pipettes, should hold 
6-8 pipettes 



Quantity 
----

l 

l 

15 L 

60 L 

Refrigerator s~ace for :-

AB serum 11 bottles 

MEM-S medium 100 bottles 
Ficoll-Isopaque 10 bottles 

Article 

cell counter 

whirlmix (with adj us table 
speed) 

saline 

di sti 11 ed water 

(refrigerator essential) 

(refrigerator desirable) 

(refrigerator desirable) 

(Once MEM-S and Ficoll-Isopaque bottles opened, 
refrigeration essential). 

One test tube rack with PHA, Mitomycin-C, etc. 

(refrigerator essential). 

One plastic box with thymidine-2-c14 (refrigerator 

essential). 

Deep freeze space for :-

5 tubes (Falcon, Cat. No. 3033) penicillin and 
streptomycin stock solution. 
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ratory, Cspe Town* 

1. Introduction 

Bilateral and unilateral mixed lymphocyte culture (MLC) tests were performed 
in five families, each containing one sibling in which recombination between 
the genes determining the antigens of the LA and Four segregant series of HL·A 
had occurred. The results confirm the very weak or non-stimulatory effect of 
antigens of the LA segregant series, bringing to seven the total number of alleles 
for which this has been shown so far. Further anomalies in one of the families, how
ever, indicate that the antigens of the Four segregant series are not fully responsible 
for MLC activation either. Of a group of three HL-A identical siblin)!s, one proved 
to be MLC-positive with the other two, but MLC-negative with another group or' 
two BL-A identical siblings, which group displayed a one-allciic difference for HL-A 
with the former group. Furthermore, the child showing this unexpected MLC reac
tion 1-1attC:ff1 µ11Jvtd abo to be fVILC-nt.go.tive w·ith the cctrlie1 1ii~ntioned sibliiig w·hv 

had the serologically demonstrable recombination between the LA and Four series, 
notwithstanding a difference for three HL-A antigens. 

These findings are interpreted as strong evidence for the occurrence of a recom bina· 
tion between the HL-A loci and a MLC determining locus, which can thus be localized 
outside the previously recognized HL-A region close to the Four locus. The rela
tionships between HL-A, MLC, skin graft rejection and organ transplantation arc re· 
examined in the light of this concept. 

Studies in sibling combinations have shown that mixed lym
phocyte culture (MLC) reactivity is closely associated with 
the HL-A loci [ 1-3 ). 

the situation in the mouse, in which the predominant role 
of the K-rcgion of the H2-locus in MLC reactivity has been 
described [8). 

Among unrelated individuals, however, such an association 
between BL-A and MLC reactivity is considerably le,s evi
dent [9-14 J, notwithstanding the fact that a few non-relat· 
ed BL-A-identical individuals have been found to be M LC
identical as well [ 9-11, 15 ). 

Recent investigations [4- 7) of the MLC reactions of a total 
of five individuals with a serologically demonstrable recombi
nation between the LA (or first) and Four (or second) segre
gant series of HL-A with their respective siblings, indicated 
that a difference only for the LA series, at least for the anti
gens studied (HL-A I, IIL-A2, IIL-A3, A028, W 28), did not 
elicit a M LC response. A difference only in antigens of the 
Four series (HL-A7, W27, !IL-Al 2. WIS, A041) was always 
acrnmpanied by pronounced MLC reactivity. This parallels 

• A bril'f account of some of this work was presented at the Sympo· 
,111111 on C'cllulJ.T Aspects of Tramplantation Immunology, February 
1972, Paris. 

C'orrcspondencc: Vincent P. Eijsvoogcl, Central Lahoratory of the 
Nl·thnlands Red Cross Blood Transfusion Service, Plesrnanlaan 125, 
Arn,tndam-W., The Netherlands 

Ahhwviations: MLC: Mixed lymphocyte culture 

Serological heterogeneity of the IIL-A antigens has long been 
held responsible for tl1i, discrepancy. The fact, howevt·r. that 
the :ictual gene products eliciting MLC reactivity have never 
been conclusively identified as being the IIL-,\ antigenic de
terminants as such, allows the assumption that 1\ILC rL'Jct1-
vity may not be controlled by the genes of the Four locus 
either, but by a separate polymorphic genl'lic systL'lll, clo<,eJy 
linked to HL-A. Evidence for this lattl:r concept, which was 
initially raised as a possibility by Amos and Bach [ I J, Plate 
et al. [16]. Kissmeyer-Niclscn ct al. [ 17) and ourselves (<J. IOI, 
and recently put forward in an elegant hypothesis hy Yunis 

and Amos [ 13] and discussed in detail by Ccppellini [ 18 ). 
might he obtained from the demonstration of recombination 
between the HL-A loci and a MLC-controlling genetic entity. 
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The frw reported positive M LC reactions bet ween H L-A iden

tiL·al sihlings [ l, 4, 16. 19] may well he the result of such 

crossing-oVl'r, although other explanations, such as prcimmu

ni1.ation [IO) could not a !ways be excluded. Stronger evidence 

for such crossing-over might be derived from the demonstra

tion of an absence of MLC reactivity of such a recombinant, 

when tested with siblings differing for one of the HL-A hap

lotypes. 

So far, one family has been reported in the literature by Yunis 

and Amos [ 13] in which recombination between HL-A and a 

MLC-locus has been made highly probable. These data formed 

the basis on which these au tho rs formulated their hypothesis. 

The present MLC studies involve five families each contain

ing a sibling with serologically demonstrable recombination 

bet ween the LA and Four segregant series. 

In addition to a confirmation in all cases studied of the limit

ed function of the LA locus in regard to MLC reactivity, 

strong evidence was obtained for the occurrence of a crossing

over between the Four locus and a MLC-locus in a sibling of 

one of these families. 

2. Material and methods 

2.1. HL-A typing 

Lymphocytes were tested using a modified Kissmeyer-Nielsen 

lymphocytotoxicity test [ 20, 21] and a microagglutination 

technique [ 21 ]. A complement fixation test on platelets [22] 

was also performed. Altogether, a panel of 120 well-established 

antiscra was used. All families were typed twice with the 

exception of famiiy MEL. The five famiiie~ studi, .:1 were se

lected from a series of 276 consecutively typed families, con

taining 12 possible recombinants*. Selection was based on 

the following criteria: family size, availability fot further ex

periments and conclusiveness of the serological findings on 

which the assumption of recombination was based. 

2.2. Mixed lymphocyte culture 

Bilateral and unilateral M LC tests were performed in a modi

fication of a previously described technique [23 ]* *. Lympho

cytes were separated from defribinated blood by Ficoll-Iso-

* Van Roo<l, J.J. and van Leeuwen, A., unpublished data. 

** Du Bois, M.J.G.J., Huismans, L., Schellckens, P.Th.A. and 

Eijsvoogcl, V.P., submitted for publication. 

Table 1. HL-A typing and haplotypcs of five families 

paque gradient centrifugation [24 ). After washing and elec

tronic cell counting. the lymphocytes were res11spcn,kd in 

a concentration of 3 x I 0 5 per ml in Minimum Essential 

Medium for spinner cultures (MEM-S, Gibco, Grand Isl~nd, ,, y 

U.S.A.) buffered with Tris (0.025 M) and supplemented wuh 

20 % fresh heat-inactivated human AB scrum, penicillin ( l Oll 

I.U. per ml), and streptomycin ( I 00 µg per ml). For unilater

al MLC tests mitomycin-C treatment was applicd [25). The 

total volume per culture tube was I ml and the two suspen

sions were always mixed in a I : I ratio. 

The cells were cultured in polystyrene vials (Nunc, Roskihk, 

Denmark. cat. no. I 090) at 37 °C. To determine the rcad1v1• 

ty, [2- 14C]thymidine (0.075 µCi, specific activity 6.25 mCi/ 

mM, C.E.N., Mol, Belgium) was added 120 h after the initia

tion of the culture. The cells were harvested after a further 

24 h of incubation, collected and washed on glass fiber tilter, 

(Millipore, Bedford, Mass., U.S.A.). which were then dried. 

Counting was performed during IO min in a Packard liquid 

scintillation counter, using 2 ml of scintillation fluid. All 

cultures were performed in triplicate and family KA was 

studied at two different occasions with virtually similar re

sults. The arithmetical mean and the standard error of each 

set of triplicate cultures were determined and expressed as 

cpm. In each experiment control MLC's were carried out 

with the lymphocytes of a healthy, non-related individual 

(X). 

3. Results 

3.1. General remarks 

The HL-A phenotypes and haplotypes of each member of 

the five families are silown in Table 1. T:1e ;ast chi!...: of c;;.:h 

family represents the recombinant of the LA and Four segre

gant series. 

The results of the bilateral and unilateral MLC between the 

recombinants and their respective siblings together with the 

controls are given in Table 2. 

3.2. Family MEL 

As the father of this family had died, his HL-A genotype l1:1d 

to be deduced from the findings in the other family rncmbrr~. 

The assumption of recombination is based, in this case, on 

the absence of the antigen \V28 in child # 9 rather th,111 on 

the presence of an antigen not occurring in the mother. 

Family MEL Family HOP Family HA Family STE Family KA 

p (3-W5/W28- 5)a) ab p 2-8/9-5 ab M 2- 12/11-W5 ab p 11-5/ 9- 8 ab p 2- 8/l l-W5 J ~l 

M 3- 7/W28-W5 ed M 1-5/ 1-8 ed p 3-? I 1- 8 cd M 2-7/W28-W5 cd M 3- 7/ 1- 8 

Child Child Cnild Cnild Child 

I. W28- 5/ 3- 7 be I. 2-8/1-8 ad 1. 11-W5/ 3-? be 1. 11-5/ 2- 7 I. I l-W5/ 3- 1 t, 
ac 

2. \\'28- 5/ 3- 7 be 2. 9-5/ l-5 be 2. ~- 12/ 3-? ac 2. 11-5/ 2- 7 2. 11-\\ 5/ .l- 7 ac 

3. 3-W5/W28-W5 ad 3. 9-5/1-8 bd 3. I. W5/ 1- 8 bd 3. l l-5/W28-W5 ad 3. 11-WS/ 1- 8 

4. 3-W5/W 28-W5 ad 4. 9-5/1-8 b<l 4. I 1-W5/ 1- 8 bd 4. 9-8/W28-W5 h<l 4. 11-ws: I· K ,, ! 

s. 3·\\'5/W28-W5 ad 5. 2-8/ 1-5 ac 5. ll-W5/ 1- 8 bd 5. l l·W51 I 
,, 

6. 3-W5/ 3- 7 ae 6. 2- 12/ 1- 8 ad 6. 2- 8/ I· ~ 

7. 3-W5/ 3- 7 ac 7. 2- Ill I· K 

8. W28- 5/W28-W5 bd 8. 2- 8/ .l· 7 

9. 2- 8/ J· 7 

9. 3- 5/ 3- 7 a/b C 6. 2-5/1-5 a/be 7. 2-W5/ 3-? a/b C 5. 11-8/ 2- 7 a/b C 10. ;;. h'5/ .1-

a) Deducted fror:i the findings in the other family members. W28 = Ba*; W5 = R*. 
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Tabk 2. Bilateral and unilateral MLC involving H'combinants between LA and Four segregant series of IIL-A in five families 

IIL-A difference Family ~EL Family HOP Family IIA Family STE Family KA 

sib # cpm s.e.a) sib # cpm s.e. sib # cpm s.c. sib# cpm s.e. sib # cpm s.c. 

First series only: 
11/b C + he 9 +l 243 23 6 +2 176 64 7 +I 406 110 10 +l 62 14 

9m+ I b) 80 15 6m+2 244 78 7m+l 157 52 lOm+l 55 19 

9 +lm 216 11 6 +2m 96 23 7 +Im 140 29 10 +Im 53 27 

9 +2 174 23 10 +2 63 9 

9111+2 88 37 10111+2 71 13 

9 +2m 69 3 10 +2m 142 21 

Second series only: 
a/b c + ac 9 +7 4 710 444 6 +5 4651 155 7 +2 2 880 169 5 +l l 314 63 10 +8 3 035 307 

9m+7 2 797 166 6m+5 3 136 76 7m+2 2 629 140 Sm+l 1 009 35 10111+8 2 540 328 

9 +7m 2 731 883 6 +Sm 2 532 359 7 +2m 3060 318 5 +lm l 335 332 10 +8m 1 223 123 

9 +6 4137 147 5 +2 1 128 308 10 +9 l 069 75 

9111+6 3190559 5111+2 l 011 77 10111+9 l 041 215 

9 +6m 2 964 281 5 +2m 909 74 10 +9m 690 32 

Controls: 9 +Xm 2 806 360 6 +Xm 3 968 320 7 +Xm 3 130 271 10 +X 111 2 905 649 

1 +Xm 1 985 412 2 +Xm 4 564 708 l +Xm 2 913 292 1 +X 111 2519 300 

2 +Xm 2 745 283 6m+X 2 544 18 7m+X 3 043 90 2 +X 111 2 010 273 

9m+X 3 448 374 2m+X 3023 470 lm+X 
lm+X 3 266 443 
2m+X 5 448 452 
,9 95 5 6 15 1 7 
1 46 12 2 34 5 1 
2 155 37 5 52 13 2 
6 308 157 
7 89 1 

a) s.c. = standard error; b) m = mitomycin-C-treated. 

The children# l and# 2, differing with the recombinant # 9 

only for a LA series determinant (W28) are neither stimulated 

by, nor stimulate, the recombinant. The children# 6 and# 7 

who differ with the recombinant only for a Four series de

terminant (HL-A5 versus W5) both stimulate and are stimula

ted at levels similar to the reactions with the control X. 

3.3. Family HOP 

The child # 2 differs with the recombinant # 6 for a LA 

series determinant (HL-A2 versus HL-A9) only, which results 

in marginal reactivity when compared with the control (less 

than 10 %). Child# 5, differing with the recombinant for a 

Four series determinant (HL-A5 versus HL-A8) only, stimu

lates and is stimulated at normal levels. 

3.4. Family HA 

Child # l differs with the recombinant # 7 for a LA series 

determinant (H L-A 2 versus H L-A 11) only, which results in 

very weak to marginal stimulation (- 5 % of the control). 

Child F 2 differs for an antigenic determinant of the Four 

series (\VS versus HL-Al 2) only, which results in normal sti

mulation in the bilateral and both unilateral tests. 

3.S. Family STE 

As the he genotype was not represented in this family, only 

a dilfrrcnce for a Four series determinant (IIL-A8 versus 

II L-AS) could be evaluated involving the children # I and 

:: 2 with the recombinant# 5. Normal bilateral and unila

teral reactivity was found in both cases. 

3.6. Family KA 

I lw dllldrrn # I and# 2, differing with the recombinant 

:: IO for a LA series dct crminant ( II L-A2 versus II L-A 11) 

2 199 214 lOm+X 3 966 241 
lm+X 3 095 252 
2m+X 4 451 130 

41 6 5 21 1 10 20 4 

95 43 1 20 4 1 21 8 
95 27 2 28 10 2 34 17 

8 125 4 
9 26 5 

only, showed virtually no stimulatory capacity or response 

in this combination, while the children# 8 and# 9, who 

differ only for a determinant of the Four series ( W 5 versus 

HL-A8), demonstrated consistent stimulation and response, 

when tested with the recombinant. 

In contrast to all the other HL-A identical siblings in the fa

milies described above, which showed no MLC-reactivity Jt 

all, an unexpected pattern was found in family KA (Table 3). 

The combination of the children# I and# 2, both of the 

genotype be was indeed MLC-negative. Of the genotype hd, 

the combination of the children# 4 + # 5 was also negative, 

but the combination # 4 + # 3 and # 5 + # 3 were evidently 

positive in the bilateral and unilateral MLC's notwithstand

ing the fact that child # 3 carried the same antigens of the 

Four series (W5 and H L-A8) as the children # 4 and # 5. 

Further analysis showed that child # 3 was M LC-negative 

with the children# 1 aod # 2, who carried the antigen IIL-

A 7, thus belonging to the genotype be. This indicates that 

child# 3 belongs to the MLC-identical group of children 

# 1 and # 2 and not to the MLC-identical group, consisting 

of the children #4 and# 5. Finally, child# 10 with the 

genotype a/b,c neither stimulated nor responded to ,ibling 

# 3, notwithstandinp a difference for three Ill-A antigens. 

although all the reactions performed with the siblings# 4 

and# S were clearly positive. The other HL-A identical sib

lings combinations (children# 6 + # 7 of the genotype ad 

and children # 8 + # 9 of the genotype ac) were M LC-iden

tical. 

4. Discussion 

The reliability of the serological data is essential for the inter

pretation of our MLC findings. With some restriction for 

family MEL (sec section J.2.) and apart from the unlikely 
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Tabk 3. Bilateral and unilateral MLC involving the siblings l, 2, 3, 4, 5, 

6, 7, 8 and 9 of family KA 

BL-A genotype sib cpm s.e. 

combination 

be+ be 1 +2 33 4 

bd + bd 4 +5 37 5 
4m + 5a) 72 10 

4 +Sm 135 25 

4 + 3 2 124 384 

4m+ 3 l 061 99 

4 +3m 2 605 193 

5 +3 3 982 574 

Sm+ 3 l 787 258 

5 +3m l 903 260 

be+ bd +4 l 969 152 

lm + 4 1 578 182 

1 +4m l 689 188 

2 +4 1 655 354 

2m+4 l 550 108 

2 +4m 1 817 84 

l +5 2 108 486 

lm + 5 1 772 211 

1 +Sm l 489 109 

2 +5 3 078 212 

2m + 5 2 078 125 

2 +Sm 1 318 117 

1 +3 122 34 

lm + 3 37 20 
l +3m 344 53 

2 +3 105 39 
2m + 3 58 15 

2 +3m 338 32 

a/b C + bd IO + 3 353 92 
lOm + 3 233 72 

10 +3m 192 ~< 
.t.~ 

10 +4 2 452 55 
lOm +4 2 048 140 
10 +4m n.d. b) 

10 +5 2 394 239 

10m + 5 l 770 158 
10 +Sm 1 466 105 

ad+ ad 6 +7 117 37 

ac + ac 8 +9 167 43 

a) m = mitomycin-C-treated. 

b) n.d. = not determined. 

occurrence of illegitimacy, the presence of a child with re

combination in each of these families seems rather conclusive. 

The six bilateral and twelve unilateral MLC-tests between 

the IIL-A recombinant children and their respective siblings, 

who differ only for an antigenic determinant of the LA se

gregant series, show no or marginal reactivity. On the other 

hand. normal, positive M LC reactions are found in the eight 

bilateral and sixtt:en unilateral tests involving differences for 

determinants of the Four segregant series only. So far, these 

data confirm and extend the earlier mentioned findings from 

Yunis ct al. (4], Dupont ct al. [5]. Lebrun ct al. (6] and Gatti 

ct al. [71, bringing to seven the total number of antigens from 

the LA ,egrcgant sern:s, shown not to elicit pronounced MLC 

rc:1l'livity (Ill-Al, IIL-A2, IIL-A3, A028, W28, IIL-A9, HL

A 11 ). From gene frequency data, it can be calculated that 

these togdhcr comprise 93 % of the genes of the LA segre

gant series of the Cauca,ian population [ 26 ]. Although it is 

still pos,ibk that the products of the remaining 7 % of the 

genes elicit normal MLC reactions, the very limited function 

of this locus in regard to the MLC is obvious and it seem~ 

justified to postulat<? that normal MLC reactivity is indepen

dent of this genetic system. 

The further findings in family KA reveal that child# 3 di,

plays an unexpected MLC: reaction pattern in the two pn,1t1,~ 

bilatl'Tal and the four positive unilateral reactions with its 

!IL-A identical siblings r. 4 and# 5. In previous studies 

[ I 0, 27] we have provided evidence that the exceptional find

ing of MLC reactivity between BL-A identical siblings might be 

explained by preimmunization. Such immunization could 

have been caused by pregnancy, blood transfusions, skin graft· 

ing or cross-reactivity of bacterial sensitization. 

In our tests, however, immunity due to skin grafting as de

monstrable in the MLC persisted for only 2 - 3 weeks. It 

seems, therefore, extremely unlikely that immunization 

could explain the positiw reactions between child# 3 and 

siblings# 4 and # 5. especially since similar results were ob

tained with an interval of 8 weeks. 

The additional finding that child # 3 was MLC-negative with 

both the siblings# I and # 2, who differed for one haplo

type with # 3, indicates that the positive reactions in the 

combinations# 3 + # 4 and# 3 + # 5 will rather have to 

be explained by a separate inheritance of the HL-A antigens 

and the MLC determinants, probably by recombination, 

which implies that MLC is independent from both the LA 

and Four locus. 

Final evidence for the importance of this MLC locus emerges 

from the fact that the MLC reactions between the siblings 

# 3 and # IO arc virtually negative, regardless of a difference 

for three HL-A antigens. Consci1uently, this separate M LC 

locus can now be mapped not in between but outside the 

previously rccognizabie HL-A reg10n, ciose to [he Four iocu, . 

Localization between the LA and Four locus would require 

the assumption of a double recombination to explain the 

above results. This seems rather unlikely as the impression 

emerges from the overall data regarding MLC-positive BL-A 

identical siblings that the crossing-over frequency between 

HL-A and MLC is of about the same order of magnitude as 

that between the LA and Four locus. 

The concept of a separate MLC locus explains, firstly, the 

frequent finding (9-14 J of MLC reactivity between carefully 

serotypcd, I-IL-A identical, unrelated individuals, if it is as

sumed that the MLC locu, displays a polymorphism compa

rable to that of H L-A. The findings [ 9- 11, 15] of the few 

HL-A identical. MLC-ncgative, unrelated individu:ils suggest 

a degree of linkage disequilibrium similar to that found be

tween the LA and Four segregant series of Ill-A [13]. 

The existence of a separate MLC locus could also explain 

why we have never been able to induce normal lymphocyte 

reactivity with allogencic platelets, which arc known to carry 

!IL-A antigens. It may well he that these cells lack the :\I LC 

determinants, which may also be absent from the lymphocyte 

extracts, which proved to be non-stimulatory for many in

vestigators (28-30], although the extraction procedure could 

be expected to preserve at least some of the HL-A anti)'elh. 

In this respect it might be noted that recent reports [31 J• 
describe lymphocyte transform:1tion in rats and hunun~ eli

cited by :tllugc'neic epide1 mal cells. Epidermal cells ,if min· 

arc reported to carry the theta-antigen (32). 

* Lcguit, P. and Eijsvoogcl, V.P. (unpublished ohs.:rvations). 
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( iur previously reported finding [ I OJ that the lymphocytes 

.1· 111 1,,·nt with thvmic dysplasia, although carryrng Ill-A 
,, ,I • ., 

ti .,. 11 , did not stimulate the cells of any of the four un
.1n I· · · 
r,·l.itcd non-llL-A-identical normal individuals tested in the 

\H.C, may b,· relevant to this and ,uggest a possible relation

,h,p t,ctw,·en the thymus and those cells which bear lympho

' yt,·-stimul:.tting determinants. 

It should be pointed out, however, that four of the twelve 

~, LC reactions reported here between siblings differing only 

fl,r a LA series determinant displayed marginal but not com

pletely negative reactions (see Table 2). This may indicate 

that, besides the above-described locus controlling, pronounced 

MLC 1cactivity, other systems exist which can elicit very 

weak l\lLC reactivity. The fact that such weak stimulation 

<>ccurred in some, but not all, of the recombinants may sug

g,·st that at least one such locus is situated between the Four 

and LA series, close to the latter. This might well parallel 

the findings of Klein et al. [33) and Festenstein [34] of oc

c.1sional stimulation by D-end differences in the mouse and 

fits with the duplication model as postulated by Shreffler 

et al. (35] for the H2 region in the mouse. As it has been de

s,·rihed [ I 4, 18) that HL-A identical, unrelated individuals, 

which are 1\1 LC-positive, show on the average a weaker sti

mulation than do H L-A non-identical pairs, this may suggest 

that these different MLC loci can exert cumulative effects. 

In the light of the present findings it seems difficult to ex

plain the inhibitory effect of antibody directed against anti

gens of the LA or Four segregant series on MLC-reactivity 

\36, 371 by a masking of the specific stimulating determinants. 

The fact, however, that HL-A antibody also inhibits the re

sponding cells, either in the MLC or in antigen-sti,::ulated 

lymphocyte transformation, together with the finding that 

xenogcneic anti-L-chain serum [38) and anti-lymphocyte 

serum (39, 40] causes a similar inhibition, indicates that the 

binding of antibody to the lymphocyte membrane per se 

probably interferes with either its stimulating or responding 

capacity, possibly by hampering lymphocyte-lymphocyte or 

lymphocyte-macrophage interaction. 

The question arises whether graft rejection is primarily de

termined by incompatibilities of the HL-A loci or of this 

maJor MLC locus. If we accept the latter to be the case, it 

hccomes very easy to explain why the improvement of kid

nt'Y graft survival by HL-A typing has been so much more 

~ignificant with sibling donors than with unrelated donors. 

It might be argued that the studies we performed earlier in 

l'ullaboration with others [ I 0, 41] do not seem to indicate 

:1 predominant role of this l\1 LC locus or of the II L-A locus 

111 ~kin graft rejection. In these experiments, involving five 

11 l.-A identical, unrelated individuals, experimental skin 

pafts from four of these were transplanted to the fifth. Two 

of the donors were l\lLC-ncgative with the recipient and also 

Jnlong each other; the other two showt:d a ckarly positive 

ll'Jl'tion with the recipient as well as among each other. The 

~r.1fts from both groups were equally rcjl'ctcd in twelve days 

Jilli the control graft in clevrn days. Although these studies 

,.,rKcrned only one rt·cipient and more such experiments 

v.11l have to he performed before dcfinitl' conclusions can be 

drawn, it should be considered that studies in the mouse [ 42, 

4Jj h:rvc shown thJt multiple minor locus incompatibilities 

'·111 nert cumulative effects on skin graft rejection and final-

1> mimic a major locus difference in skin graft survival time. 

1 h,· exist encl' of a similar effl'ct of minor loci on skin graft 

survival in man seems very well feasible, whl.'n the range in 

the data reported by Ccppellmi [ 44) is considered. This au

thor reported the survival times in days, tngcthcr with 1 he 

standard deviation of skin grafts exchanged bctwel'n II L-:\ 

identical siblings to be 20,4 s.d. 4.23 (n = 12) and bctwc,·n 

unrelated, non-selected individuals 12,1 I s.d. 1.55 (n = 20b). 

Organ graft rejection, on the other hand, might well be de

pendent on one single (histocompatibility) locus only. 

Simonsen [45] formulated his one-locus hypothesis for or

gan graft rejection on the basis of the human kidney trans

plantation data, although these were hl'avily "contaminated" 

by immunosupprcssion. To prove this hypothesis. Bildsoc ct 

al. (46] performed kidney, heart and skin graft experiments 

in rats. from donors belonging to segregating F 2 hybrid po

pulations to recipients of one of the parental strains. The 

presence or absence of a major locus incompatibility was 

determined by serological typing and MLC, showing a I 00 ~/ 

correlation. Both in the major locus identical and non-iden

tical combinations, skin graft rejection was invariably rapid. 

Kidney and heart transplants were rejected in an acute or 

subacute manner in those combinations, which were incom

patible for the major locus. with one single exception. Similar 

grafts were still surviving up to 300 days, if no major locus 

incompatibility existed. These findings were demonstrated 

in two different strain combinations, thus confirming the 

one-locus hypothesis for organ graft rejection, contrasting 

in this respect with the rejection of skin grafts. 

If we assume, on the basis of the human kidney transplant 

data, that the HL-A locus is not of sole importance for organ 

transplantation, neither the above-mentioned skin graft ex

periments betwt:c:n unrcL.it.:c! indi·,iduais no; the one-locus 

hypothesis seems to be in conflict with the concept that this 

MLC locus is either on its own, or in combination with 

HL-A or any other closely linked locus, controlling organ 

graft injection. 

The point could be raised whether the predominant role of 

the passenger lymphocyte in the sensitization of the recipient 

by organ transplantation (47-~51] may be associated with the 

correlation between the one-locus dependency of M LC reacti

vity and organ graft rejection. 

Further experiments with animals, in which recombination 

has occurred between the serologically demonstrable, so-called 

major histocompatibility locus and the (major) MLC locus. 

will have to be performed to elucidate the exact role of each 

of these loci in organ graft rejection. 

After this study was completed, cvidrncc for a separate MLC 

locus was also reported by Sasportes ct al. [ S 2 ]. 

We thank Prof Dr. J.J. van /,ughcm for sti11111/ati11g and e11cuuragi1,g 
discussions. 711c skill/id and dedicated technical assistance of Miss 
L. Koning. Mrs. /,. de Groot·Kom•. Miss A. m11 Lee11wc11 and Miss 
L. l/11is111ans is grca1/y ack11ow/cdgcd. ll'i1/wut lhc willingncn ofa/1 

tire descrihcd family 111cmhers lo cuopcrate in these sn1dics and /0 

donate h/ood repeatedly, these im>estigations would not hal'e been 
possible. 
111is work was supported in part by the National Institutes of Flea/th 
(contract P/1./J.r,5.')9:!), the I.A. Cohen Institute for Radio/010· and 
Radiation Pro1l'ctio11; the ll'hitcha/1 J.i111ndatio11, the 1-imndation j<Jr 
Mcdirnl Research Fl/NGO and the Organi;ation for flea/th Research 
TNO. 

Received April 6, 1972. 



41~ V.P. Eijsvoogcl, J.J. van Rood, E.D. du Toit and P.Th. A. Schcllckcns Eur. J. lmmunol. 1972. 2: 413 41H 

5. References 

1 Amos, D.B. and Bach, F.H., J. Exp. Med. 1968. J 28: 623. 

2 Schcllckens, P:n1.A., Vriesendorp, B., Eijsvoogcl, V.P., van Leeuwen, 
A, van Rood, J.J., Miggiano, V. and Ccppcllini, R., Gin. Exp. lm
mwzol. 1970. 6: 241. 

3 Freieslcbcn-St>rensen, S., Acta Pathol. Microbiol. Scand. B 1970. 
78: 711. 

4 Yunis, E.J., Plate, J.\I.., Ward, F.E., Seigler, H.F. and Amos, D.B., 
Transplant. Proc. 1971. 3: 118. 

5 Dupont, B., Staub-Nielsen, L. and Svejgaard, A., La1Jcet 1971. 
ii: 1336. 

6 Lebrun, A., Sasportes, M., Lebrun, D. and Dausset, J., C.R. Acad. 
Science Ser. D. Paris, 1971. 273: 2130. 

7 Gatti, R.A., l\lcuwissen, H.J., Terasaki, P.I. and Good, R.A., Tissue 
Antigens 1971. 1: 239. 

8 Rychlikova, ~L. Dcmant, P. and lvanyi, P., Folia Biol. Prague 1970. 
16: 218. 

9 Eijsvoogcl, V.P., Schellekens, P.TI1.A., Brcur-Vriesendorp, B., van 
Leeuwen, A., Koch, C. and van Rood, J.J., in Terasaki, P.I. (Ed.) 
Histocompatibility Testing, l\lunksgaard, Copenhagen 1970, p. 523. 

10 Eijsvoogcl, V.P., Schellckens, P.Th.A., Breur-Vriescndorp, B., 
Koning, L .. Koch, C., van Leeuwen, A. and van Rood, J.J., Trans
plant. Proc. 1971. 3: 85. 

11 Bach, F.H., Day, E., Bach, M.L., Myhre, B.A., Scngar, D.P.S. and 
Terasaki, P.I., Tissue Antigens 1971. 1: 39. 

12 Johnston, J.M. and Bashir, H.V., Brit. Med. J. 1971. 4: 581. 

13 Yunis, E.J. and Amos, D.B.,Proc. Nat. Acad. Sci. US 1971. 68: 3031. 

14 Freiesleben-SQrensen, S. and Staub-Nielsen, L., Acta Pat/101. Micro-
biol. Scand. B 1970. 78: 719. 

15 Fes!enstein, 11., in Nisbet, N.W. and Elves, M. V. (Eds.), Immunolo
gical Tulerance to Tissue Antigens, Orthopaedic Hospital, Oswestry, 
Shropshire 1971. 

16 Plate, J.M., w~rd, F.E. :!ml Amos. D.B., in Tcrasaki, !' I. (Ed.). 
Histocompatibility Testing, Munksgaard, Copenhagen 1970, p. 531. 

17 Kissmcyer-Nielscn, F., Svejgaard, A., Freiesleben-S¢rensen, S., 
Staub-Nielsen, L. and Thorsby, E., Nature 1970. 228: 63. 

18 Ceppcllini, R., in Amos, D.B. (Ed.), Progress in Immunology 
Academic Press, New York 1971, p. 973. 

19 Bach, F.H., Albertini, R.J., Amos, D.B., Ccppellini, R., Mattiuz, 
P.L. and Miggiano, V.C., Transplant. Proc. 1969. 1: 339. 

20 Kissmeycr-Niclsen, F. and Kjerbye, K.E., in: Curtoni, E.S., Mattiuz, 
P.L. and Tosi, R.M. (Eds.) Histocompatibility Testing, Munksgaard, 
Copenhagen 1967, p. 381. 

21 Van Rood, J.J., van Leeuwen, A. and Zweerus, R., in Tcrasaki, P.I. 
(Ed.} Histoco111patibility Testing, Munksgaard, Copenhagen 1970, 
p. 93. 

22 D'Amaro, J., van Leeuwen, A., Svcjgaard, A. and van Rood, J.J., 
in Tcrasaki, P.I. (Ed.) llistocompatibility Testing, Munksgaard, 
Copenhagen 1970, p. 539. 

23 Schcllckcns, P.111.A. and Eijsvoogcl, V.P., Clin. Exp. Immunol. 
1968. 3: 571. 

24 Boyum, A., Scand. J. Clin. Lab. Invest. 1968. 21: 97. 

25 Bach, F.H. and Voynow, N.K,, Science 1966. 153: 3735. 

26 Van Rood, J.J., Frcudcnbcr)!. J.. van Leeuwen, A., Schipper~. 
H.M.A., Zweeru~, R. and Terpstra, J.L., Transplant. Prue. 1971. 
3: 933. 

27 Eijsvoogel, V.1' .• Thesis (l'/zD), Amsterdam, 1971. 

28 Kasakura, S. and Lowcnstdn, L., in Bainer, II., Cleton, F.J. anti 
Ecrnissc, J.G. (Eds.) 1/istocompatibility Testing, MunksgaarJ, 
Copenhagen 1965, p. 203. 

29 Ccppcllini, R., Franceschini, P .• Miggiano, V.C. and Tridcntc, G., 
in Bainer, 11., Clcton, F.J. and Ecrnis,e, J.G. (Eds.} llistocompati· 
bility Testing, Munksgaard, Copenhagen 1965, p. 225. 

30 !lardy, D.A. and Ling, N.R., Nature 1969. 221: 545. 

31 Main, R.K., Cochrum. K.C., Jones, M.J. and Kountz, S.L., Proc. 
Nat. Acad. Sci. US 1971. 68: 1165. 

32 Scheid, M., Carswell, E., Boyse, E.A. and Old, L.J., J. Exp. Med., 
in press. 

33 Klein, J., Widmer, M.B., Segall, M. and Bach, F.H., Cell. lmmunol .• 
in press. 

34 Festenstein, H., Transplant. Proc. 1972, in press. 

35 Schreffler, D.C., David, C.S., Passmore, H.C. and Klein, J., Trans
plant. Proc. 1971. 3: 176. 

36 Ceppellini, R., Bonnard, G.D., Coppo, F., Miggiano, V.C., Pospisil, 
M., Curtoni, E.S. and Pellegrino, M., Transplant. Proc. 1971. 3: 
58. 

3 7 Grumet, F .C. and Leventhal, B.G., Transplantation 1970. 9: 405. 

38 Greaves, M.F., Torrigiani, G. and Roitt, J.M., Nature 1969. 222: 
885. 

39 Eijsvoogel, V.P., du Bois, M.J .G.J., Schellekens, P.Th.A. and van 
Loghem, J .J ., Transplant. Proc. 1969. 1: 408. 

40 Revillard, J.P., Brochier, J., Traeger, J. and Bainer, H., Transplan· 
ration 1970. 9: 592. 

41 Koch, C.T., Frcderiks, E., Eijsvoogel, V.P. and van Rood, J.J., 
Lancet 1971. ii: 1334. 

42 Eichwald, E.J. and Weissman, I.L., Ann. N. Y. A cad. Sci. 1966. 
129: 94. 

43 Graff, R.J., Silvers, W.K., Billingham, R.J., Hildemann, W.H. and 
Snell, G.D., Transplantation 1966. 4: 605. 

44 Ceppcllini, R., Excerpta Medica Foundation, Amsterdam 1969, 
p. 26. 

45 Simonsen, M., Lancet 1965. i: 415. 

46 Bildsoe, P., Freicslcben-S¢rensen, S., Pettirossi, 0. and Simonsen, 
M., Transplant. Rev. 1970. 3: 36. 

47 Guttmann, R.D., Lindquist, R.R. and Ockner, S.A., Tra11spla11ta· 
tion 1969. 8: 472. 

48 Guttmann, R.D. and Lindquist, R.R., Transplantation l 969. 8: 
490. 

49 Guttmann. R.D., Lindquist, R.R., Ockner, S.A. and Merrill, J.P., 
Transplant. Proc. 1969. 1: 463. 

50 Stuart, F.P., Bastien, E., lloltet, A., Fitch, F.W. and Elkins, W.L., 
Transplant. Proc. 1971. 3: 461. 

51 Freeman, J .S., Chamberlain, E.C., Reemtsma, K. and Steinmuller, 
D., Transplant. Proc. 1971. 3: 580. 

52 Sasportes, M., Lebrun, A. and Dausset, J., Transplant. Proc. 1972, 
in press. 



l\Iixed Lylllphocyte Culture and HL-A 

By V. P. Eijsvoogel, L. Koning, L. de Groot-Kooy, L. Huismans, 
J. J. van Rood, A. van Leeuwen, and E. D. duToit 

THE CORRELATTON between HL-A 
and mixed lymphocyte culture (MLC) 

is well-established among siblings. 1·3 Re
cent studies4·6 involving four individuals 
with serological evidence of recombination 
between the LA (or first) and Four (or 
second) segregant series described that 
only the differences in determinants of the 
Four segregant series were accompanied by 
MLC reactivity. This parallels the situation 
in the mouse, in which the predominant 
role of the K region of the H-2 locus in 
MLC reactivity has been described.7 Among 
unrelated individuals, however, the corre
lation between HL-A and MLC is consid
erably less evident.8·12 Although the sero
logical heterogeneity of the HL-A antigens 
has long been held responsible for this 
discrepancy, the fact that the actual prod
ucts eliciting MLC reactivity have never 
been conclusively identified as being the 
HL-A antigenic determinants as such, al
lows the assumption that MLC reactivity 
may be controlled by a polymorphism of a 
separate genetic system, closely linked to 
HL-A. For this latter concept (initially 
raised as a possibility by Amos and Bach, 1 

recently worked out in an elegant hypo
thesis by Yunis and Amos,11 and discussed 
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in detail by Ceppellini,29) evidence may be 
obtained from the demonstration of recom
bination between the HL-A loci and a 
MLC-controlling genetic entity. 

The few reported positive MLC reactions 
between I-IL-A-identical siblingsl.4 ·13 ·14 may 
well be the result of such crossing over, 
although other explanations, such as pre
immunization,8 could not always be ex
cluded. Stronger evidence for recombina
tion is provided by the finding of the 
absence of MLC reactivity among siblings 
who share only one haplotype. MLC data 
of one family indicating this situation were, 
among other things, the basis on which 
Yunis and Amos11 formulated their hypo
thesis. 

We studied the MLC reactivity in five 
families with serologically demonstrable 
recombination between the LA and Four 
segregant series. In all cases, the limited 
function of the LA locus in regard to MLC 
reactivity was demonstrable. One of these 
families also showed further anomalies, 
from which the occurrence of crossing over 
between the Four locus and an MLC locus 
can be concluded. 

MATERIALS AND METHODS 

HL-A Typing 

Lymphocytes were tested using a modified Kiss
meyer-Nielsen lymphocytotoxicity test,15.16 and a 
microagglutination technique.16 Also, a comple
ment fixation test on plateletsI7 was performed. 
Altogether, a panel of 120 well-established anit
sera was used. 

Mixed Lymphocyte Culture 

Bilateral and unilateral MLC tests were prr
formed in a modification of a previously describ<'d 
technique.18,J 9 All cultures were performed in 
triplicate, and family KA was studied on two 
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Table 1. HL-A Typing and Haplotypes of Five Families 

Family MEL Family HOP Family HA Family STE 

p•t (3-W5/W28- 5) ab p 2-819-5 ab M 2- 12l11-W5 ab p 11-51 9- 8 

M 3- 7IW28-W5 cd M 1-511-8 cd p 3-? I 1- 8 cd M 2-7/W28-W5 

Child Child Child Child 

W28- 5/ 3- 7 be 1 2-811-8 ad 1 11-W5 I 3-? be 1 11-51 2- 7 

2 W28- 51 3- 7 be 2 9-511-5 be 2 2- 121 3-? ac 2 11-51 2- 7 

3 3-W5IW28-W5 ad 3 9-511-8 bd 3 11-W5 I 1- 8 bd 3 11-5IW28-W5 

4 3-W5IW28-W5 ad 4 9-511-8 bd 4 11-W5 I 1- 8 bd 4 9-8/W28-W5 

5 3-W5IW28-W5 ad 5 2-811-5 ac 5 11-W5 I 1- 8 bd 

6 3-W51 3- 7 ac 6 2- 12/ 1- 8 ad 

7 3-W51 3- 7 ac 
8 W28- 5IW28-W5 bd 

9 3- 51 3- 7 alb C 6 2-5/1-5 alb C 7 2-W5 I 3-? a/b C 5 11-8/ 2- 7 

• W28, Ba·: W5, R·. 

t Deducted from the findings in the other family members. 

ab p 

cd M 
Child 

ac 1 

ac 2 
ad 3 
bd 4 

5 
6 
7 
8 
9 

a/b C 10 

Family KA 

2- 8l11-W5 ab 
3- 7 I 1- 8 Cd 

11-W51 3- 7 be 
11-W51 3- 7 be 
11-W5I 1- 8· bd 
11-W5/ 1- 8 bd 
11-W5I 1- 8 bd 

2- 81 1- 8 ad 
2- 81 1- 8 ad 
2- 81 3- 7 ac 
2- 8/ 3- 7 ac 
2-W5/ 3- 7 alb C 

8 

m 
C: 
C/l 
< 
0 
0 
(j) 
m 
r 
m 
-j 

> r 
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different occa~ion~ with virtually similar results. 
The geometrical mean and the standard error of 
each set of triplicate cultures were determined 
and expressed ,1s cpm. In each experiment control, 
MLC's wrre carried out with the lymphocytes of 
a healthy, nonrelated individual (X). 

RESULTS 

The HL-A phenotypes and haplotypes 
of each member of the five families are 
shown in Table 1. The last child of each 
family represents the recombinant of the 
LA and Four segregant series. The results 
of the bilateral and unilateral MLC's be
tween the recombinants and their respec
ti~e siblings, together with the controls, 
are given in Table 2. 

The six bilateral and 12 unilateral MLC 
tests between the HL-A recombinant chil
dren and their respective siblings~ who 
differ only for an antigenic determinant of 
the LA segregant series, show no or margi
nal reactivity. On the other hand, normal 
positive MLC reactions are found in the 
eight bilateral and 16 unilateral tests in
volving differences for determinants of the 
Four segregant series only. 

In contrast to all the other HL-A-identi
cal siblings in the described families, who 
showed no MLC reactivity at all, in familv 
KA an unexpected pattern was found 
(Table 3). The combination of children 1 
and 2, both of the genotype be, was indeed 
MLC negative. Of the genotype bd, the 
combination of children 4 + 5 was also 
negative, but the combination 4 + 3 and 
5 + 3 were evidently positive in the bi
lateral and unilateral MLC's, notwithstand
ing the fact that child 3 carried the same 
antigens of the Four series (W5 and 
HL-A8) as children 4 and 5. Further analy
sis showed that child 3 was MLC-negative 
with children 1 and 2, who carried the 
antigen HL-A7, thus belonging to the 
genotype be. This indicates that child 3 
belongs to the MLC-identical group of 
children 1 and 2 and not to the MLC-
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identical group, consisting of children 4 

and 5. Unfortunately, child 10 could not 
be included in the investigations involving 
siblings 3, 4, and 5. The other HL-A-identi
cal siblings combinations (children 6 + 7 
of the genotype ad and children 8 + 9 of 
the genotype ac) were indeed MLC 
identical. 

DISCUSSION 

First, these data confirm and extend the 
earlier mentioned findings from Yunis,4 

DuPont,5 and Lebrun,6 bringing the total 
number of antigens from the LA segregant 
series, shown not to be involved in MLC 
reactivity, to seven (HL-Al, HL-A2, HL
A3, A028, W28, HL-A9, and HL-A11}. 
From gene-frequency data, it can be calcu
lated that together, these comprise 98% of 
the genes of the LA segregant series of the 
White population.20 Although it is still pos
sible that the products of the remaining 2% 
of the genes do elicit MLC reaction, the 
very limited function of this locus in regard 
to the MLC is obvious, and is seems justified 
to postulate that MLC reactivity is inde
pendent of this genetic system. The further 
findings in family KA demonstrate a sepa
rate inheritance of the antigens of the Four 
segregant series and the MLC determi
nants, probably by recombination, which 
implies that another locus, apart from 
HLA, controls MLC. 

If it is assumed that this MLC locus dis
plays a polymorphism comparable to that 
of HL-A, the frequent finding 8·12 of MLC 
reactivity between carefully serotvpcd 
HL-A-identical unrelated individuals might 
be explained. The few HL-A-identical in
dividuals described to be MLC negative as 
well 8 ·9 ·21 suggest a degree of linkage dis
equilibrium similar to that found between 
the LA and Four loci of HL-A. 11 

The question could be raised whether, 
rather than the HL-A locus alone, the MLC 
locus or any other closely linked locus may, 
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Table 2. Bilateral and Unilateral MLC's Involving Recombinants Between LA and Four-Segregant Series of HL-A in Five Families 

HL-A difference Family MEL Family HOP Family HA Family STE Family KA 

Sib No. cpm SE Sib No. cpm SE Sib No. cpm SE Sib No. cpm SE Sib No. cpm SE 

First Series Only 
a/b c + be 9 +1 243 23 6 +2 176 64 7 +1 406 110 10 +1 62 14 

9m+1• 80 15 6m+2 244 78 7m+1 157 52 10m+1 55 19 
9 +1m 216 11 6 +2m 96 23 7 +1m 140 29 10 +1m 53 27 
9 +2 174 23 10 +2 63 9 
9m+2 88 37 10m+2 71 13 
9 +2m 69 3 10 +2m 142 21 

Second Series Only 
alb c + ac 9 +7 4.710 444 6 +5 4.651 155 7 +2 2.880 169 5 +1 1.314 63 10 +8 3.035 307 

9m+7 2.797 166 6m+5 3.136 76 7m+2 2.629 140 5m+1 1.009 35 10m+8 2.540 328 
9 +7m 2.731 883 6 +5m 2.532 359 7 +2m 3.060 318 5 +1m 1.335 332 10 +am 1.223 · 123 
9 +6 4.137 147 5 +2 1.128 308 10 +9 1.069 75 
9m+6 3.190 559 5m+2 1.011 77 10m+9 1.041 215 
9 +6m 2.964 281 5 +2m 909 74 10 +9m 690 32 

Controls 9 +Xm 2.806 360 6 +Xm 3.968 320 7 +Xm 3.130 271 10 +Xm 2.905 649 
1 +Xm 1.985 412 2 +Xm 4.564 708 1 +Xm 2.913 292 1 +Xm 2.519 300 
2 +Xm 2.745 283 6m+X 2.544 18 7m+X 3.043 90 2 +Xm 2.010 273 
9m+X 3.448 374 2m+X 3.023 470 1m+X 2.199 214 10m+X 3.966 241 
1m+X 3.266 443 1m+X 3.095 252 
2m+X 5.448 452 2m+X 4.451 130 
9 95 5 6 15 1 7 41 6 5 21 1 10 20 4 
1 46 12 2 34 5 1 95 43 1 20 4· 1 21 8 
2 155 37 5 52 13 2 95 27 2 28 10 2 34 17 
6 308 157 8 125 4 m 

7 89 1 9 26 5 
C: 
(/) 

< 
*m, Mitomycin-C treated. 0 

0 
G> 
m 
r 
m 
-I 
> r 
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Table 3. Bilateral and Unilateral Mlv's 
Involving Siblings 

HL-A Genotypa SE Combination Sibling cprn 

be+ be 1 +2 33 4 

bd + bd 4 +5 37 5 

4m+5 72 10 

4 +5111 135 25 

4 +3 2.124 384 

4m+3 1.061 99 

4 +3m 2.605 193 

5 +3 3.982 574 

5m+3 1.787 258 

5 +3m 1.903 260 

be+ bd 1 +4 1.969 152 

1m+4 1.578 182 
1 +4m 1.689 188 

2 +4 1.655 354 

2m+4 1.550 108 
2 +4m 1.817 84 

1 +5 2.108 486 
1m+5 1.772 211 
1 +5m 1.489 109 
2 +5 3.078 212 
2m+5 2.078 125 
2 +5m 1.318 117 
1 +3 122 34 
1m+3 37 20 
1 +3m 344 53 
2 +3 105 39 
2m+3 58 15 
2 +3m 338 32 

ad+ ad 6 +1. 117 37 
ae+ ae 8 +9 167 43 

•m, Mitomyein C treated. 

either on its own or in combination, be of 
major importance for histocompa tibili ty. 
The more limited improvement by HL-A 
typing of kidney graft survival between 

203 

unrelated individuals when compared with 

siblings, would favor such concept. 

In earlier collaborative studies22 we 

could not demonstrate a predominant role 
of either the IR-A locus or the MLC locus 

on skin graft survival between unrelated 
individuals. However, the antigens eliciting 
skin graft rejection may well have to be 
distinguished from those involved in organ 
graft rejection. Minor locus incompatibili
ties were shown to have a cumulative effect 
on skin graft rejection in mice23 ·2·1 finally 

even mimicking a major locus difference .. 
The range in the data of skin graft survival 
times between HL-A-identical siblings25 ·26 

seems not to exclude a similar phenomenon 

in humans. 

On the other hand, heart and kidney 

graft survival in rats was shown to be 
mainly dependent on one (major) histo

compatibility locus.27 This seems to con
firm the one-locus hypothesis for kidney 
graft rejection in humans, as postulated by 
Simonsen.28 

If we assume on the basis of the human 
kidney transplant data that the HL-A locus 

is not of sole importance for organ graft 
rejection, neither the above-mentioned skin 
graft experiments between unrelated indi
viduals nor the one-locus hypothesis seems 
to be in conflict with the concept that the 
MLC locus, or any other closely linked 

locus, is either on its own, or in combina
tion with each other and/ or with HL-A, 
controlling organ graft rejection. 

REFERENCES 

1. Amos, D. B., and Bach, F. H.: J. Exp. Med. 

128:623, 1968. 

2. Schellekens, P. T. A., Vriesendorp, Il., Eijs

voogel, V. P., van Leeuwen, A., van Rood, J. J., 
Miggiano, V., and Ceppellini, R.: Clin. Exp. Im

mun. 6:241, 1970. 

3. Freiesleben, S. S.: Acta Path. Microbiol. 

Scand. 78 (B) :711, 1Q70. 

4. Yunis, E. J., Plate, J. M., Ward, F. E., Siegler, 

H. F., and Amos, D. B.: Transplant. Proc. 3:118, 

1971. 

5. Dupont, B., Staub Nielsen, L., and Svejgaard, 

A.: Lancet 2 :LD6, 1971. 

6. Lebrun, A., Sasportes, M., Lebrun, D., and 

Dausset, J.: C. R. Acad. Sci. Paris 273 (D) :2130, 

1971: 

7. Rychlikova, M., Deman!, P., and lvanyi, P.: 

Folia Biol. 16 :218, 1970. 



204 

8. Eijsvoogel, V. P., Schellekcns, P. T. A., Breur

Vriesendorp, 'B., Koning, L., Koch, C., van 

Leeuwen, A., van Rood, J. J.: Transplant. Proc. 

3:85, 1971. 

9. Bach, F. H., Day, E., Bach, M. L., Myhre, 

B. A., Sengar, D. P. 5., and Terasaki, P. I.: Tissue 

Antigens 1 :39, 1971. 

10. Johnston, J. M., and Bashir, H. V.: Brit. 

Med. J. 4:581, 1971. 

11. Yunis, E. J., Amos, D. B.: Proc. Nat. Acad. 

Sci. USA 68:3031, 1971. 

12. Freiesleben 5. 5., and Staub, N. L.: Acta 

Path. Microbiol. Scand. 78 (B) :719, 1970. 

13. Bach, F. H., Albertini, R. J., Amos, D. B., 

Ceppellini, R., Mattiuz, P. L., and Miggiano, V. C.: 
Transplant. Proc. 1 :339, 1969. 

14. Plate, J.M., Ward, F. E., and Amos, D. B.: In 
Terasaki, P. I. (Ed.): Histocompatibility Testing, 

1970. Munksgaard, Copenhagen, 1970, p. 531. 

15. Kissmeycr-Nielsen, F., and Kjerbye, K. E.: 

Histocompatibility Testing, 1970. Copenhagen, 

Munksgaard, 1967, p. 381. 

16. van Rood, J. J., van Leeuwen, A., and 

Zweerus, R.: In Terasaki, P. I. (Ed.): Histocom

patibility Testing, 1970. Copenhagen, Munksgaard, 

1970, p. 93. 
17. D'Amaro, J., van Leeuwen, A., Svejgaard, 

A., and van Rood, J. J.: In Terasaki, P. I. (Ed.): 

Histocompatibility Testing. Copenhagen, Munks

gaard, 1970, p. 539. 

EIJSVOOGEL ET AL. 

18. Schellekens, P. T. A., Eijsvoogel, V. P.: Clin. 

Exp. Immun. 3:571, 1968. 

19. Du Bois, M. J. G. J., Huismans, L., Schelle

kens, P. T. A., and Eijsvoogel, V. P.: Unpublished 

data. 
20. van Rood, J. J., Freudenberg, J., van 

Leeuwen, A., Schippers, H. M. A., Zweerus, R., 

and Terpstra, J. L.: Transplant. Proc. 3:933, 1971. 

21. Eijsvoogel, V. P., Schellekens, P. T. A., 

Breur-Vriesendorp, B., _van Leeuwen, A., Koch, C., 
and van Rood, J. J.: 111 Terasaki, P. I. (Ed.): Histo

compatibility Testing, 1970. Copenhagen, Munks

gaard, 1970, p. 523. 

22. Koch, C. T., Frederiks, E., Eijsvoogel, V. P., 

and van Rood, J. J.: Lancet 2:1334, 1971. 

23. Eichwald, E. J., and Weissman, I. L.: Ann. 

N.Y. Acad. Sci. 4 :605, 1966. 

24. Graff, R. J., Silvers, W. K., Billingham, R. J., 
Hildemann, W. H., and Snell, G. D.: Transplanta

tion 4:605, 1966. 

25. Ceppellini, R.: Exe. Med. Foundation, Am

sterdam 26, 1969. 

26. Amos, D. B., Seigler, H. F., Southworth, 

J. G., and Ward, F. E.: Transplant. Proc. 1 :342, 

1969. 
27. Bildsoe, P., Sorensen, S. F., Pettirossi, 0., 

and Simonsen, M.: Transplant. Rev. 3 :36, 1970. 

28. Simonsen, M.: Lancet 1 :415, 1965. 

In E. 5. Curtoni, P. L., Mattiuz, R. M., Tosi (Eds.): 

29. Ceppellini, R.: Advances Immun. In press. 



l/istoco111patihility Tcsti11g 1972. 

Published by J\funksgaard, Copenhagen, Denmark 

Position of a Locus Detern1ining Mixed 
Ly1nphocyte Reaction (MLR), Distinct fro1n 

the Known HL-A Loci, and Its Relation 
to Cell- Mediated Lyn1pholysis (CML) 

V. P. EIJSVOOGEL, M. J. G. J. DU BOIS, C. J.M. MELIEF, 
M. L. DE GROOT-KOOY, C. KONING, J. J. VAN ROOD, 

A. VAN LEEUWEN, E. DU TOIT, & P. TH. A. SCHELLEKENS 

Central Laboratory of the Netherlands Red Cross Blood Transfusion Service 
and the Laboratory for Experimental and Clinical Immunology of the 

University of Amsterdam; the Department of lmmuno Haematology 
of the University Hospital Leyden and the Provincial Blood Grouping 

Laboratory, Cape Town. 

An association between HL-A dissimil
arity and mixed lymphocyte reactivity was 
demonstrated in sibling combinations( Amos 

· & Bach 1968, Schellekens ct al. 1970 Freies
leben Sprensen 1970). Since he HL-A re
gion can be divided into the LA (or first) 
locus and the FOUR (or second) locus, the 
question could be raised whether the pro
ducts of both coritribu:e to the MLR, or 
whether one of these two, or even a closely 
linked locus, is responsible for the MLR. 

MLR: Determined by LA or 
FOUR Locus? 
Recent publications (Yunis ct al. 1971, Du
pont et al. 1971, Lebrun ct al. 1971, Gatti 
et al. 1971) of the mixed lymphocyte reac
tions of a total of five individuals with a 
serologically demonstrable recombination 
between the LA and FOUR segregant series 
of HL-A, with their respective siblings, in
dicated that a difference only for the LA 
series, at least for the antigens studied (HL
Al, HL-A2, HL-A3, A028 (W32), W28) 
did not elicit a MLR, while a difference 
only in the antigens of the FOUR series 
(HL-A7, W27, HL-A12, WIS, A04I) was 
always accompanied by pronounced mixed 
lymphocyte reactivity. 

We studied five such families, each con
taining a sibling in which recombination 
between the genes determining the antigens 

of the LA and FOUR segregant series had 
occurred, with virtually similar results (Eijs
voogel et al. 1972). The s:x bilateral and 
twelve unilateral MLR-tesis between the 
HL-A recombinant children and their re
spective siblings, v,ho differ only for an 
antigenic determinant of the LA segregant 
series, showed either no or very weak re
activity. On the other hand, pronounced 
MLR's were found in the eight bilateral and 
sixteen unilateral tests involving differences 
for determinants of the FOUR segregant 
series only. 

These data confirm and extend the earlier 
mentioned reports (Yunis et al. 1971, Du
pont et al. 1971, Lebrun et al. 1971, Gatti 
et al. 1971) bringing the total number of 
antigens from the LA segregant series which 
have been shown not to elicit pronounced 
mixed lymphocyte reactivity, to seven (in
cluding HL-A9 and HL-Al 1). From gene 
frequency data it can be calculated that to
gether these comprise more than 90Cl, of 
the genes of the LA segregant series in the 
Caucasian population (e.g. Van Rood et al. 
197 I). Although it is still possible that the 
products of the remaining genes do elicit 
normal MLR, the very limited function of 
this locus in regard to the MLR is obvious, 
and it seems justified to postulate that nor
mal MLR is independent of this genetic 
system. However, the very weak reactivity, 
found between some recombinants and their 
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respective siblings differing only for the LA 
series (less than 10% of normal control 

values) was definitely above non-stiniulated 

control levels and was found consistently in 

particular combinations, which suggest some 
weak MLR stimulating property determined 

either by the LA locus or by a closely linked 

locus. 

MLR: FOUR Locus or a Closely 
Linked Locus? 
The association between HL-A and MLR 
is considerably less evident among unrelated 
individuals (Eijsvoogcl ct al. 1970, Eijsvoo

gel et al. 1971, Bach et al. 1971, Johnston & 
Bashir 1971, Yunis & Amos 1971, Freies
Jebcn S¢rcnsen & Staub Nielsen 1970), not

withstanding the fact that a few non-related 

HL-A identical individuals have been found 

to be MLR-identical as well (Eijsvoogel et 

al. 1970, Eijsvoogel et al. 1971, Bach et al. 

1971, Festenstein 1971). 
Serological heterogeneity of the HL-A 

antigens is generally blamed for this dis

crepancy. The fact, however, that the actual 

gene products eliciting MLR have never 
been conclusively identified as being HL-A 
antigenic determinants as such, allows the 

assumption that the normal MLR may not 

be controlled by the genes of the FOUR 

locus either, but rather by a separate poly

morphic genetic system, closely linked to 

HL-A. Evidence for this latter concept, 

which was raised initially as a possibility by 

several authors (Amos & Bach 1968, Plate 

et al. 1970, Kissmeyer-Nielsen et al. 1970, 

Eijsvoogcl et al. 1970, Eijsvoogel et al. 

1971) and recently put forward in an ele

gant hypothesis by Yunis & Amos (1971) 

and discussed in detail by Ceppellini (1971 ), 

might be obtained from the demonstration 
of recombination between the HL-A loci 

and a t-.ILR controlling genetic entity. The 
few reported positive MLR's between HL-A 

identical siblings (Amos & Bach 1968, Yu
nis et al. 1971, Plate et al. 1970, Bach ct al. 

1969) may well be the result of such cros
sing over, although other explanations, such 
as prcimmunization (Eijsvoogcl et al. 1971) 

could not always be excluded. Stronger evi

dence for such crossing over might be de

rived from the demonstration of an absence 

GENETICAL ASPECTS OF MLR AND CML 

TABLE I 

I IL-A typing of Family KA 

Family KA 

p 2- 8/l 1-W5 ab 
M 3- 7/ 1- 8 cd 

Child 
I. l 1-W5/ 3- 7 be 
2. 1 l-W5/ 3- 7 be 
3. I 1-W5/ I- 8 bd 
4. 11-W5/ 1- 8 bd 
5. 11-W5/ 1- 8 bd 
6. 2- 8/ 1- 8 ad 
7. 2:- 8/ 1- 8 ad 
8. 2- 8/ 3- 7 ae 
9. 2- 8/ 3- 7 ae 

10. 2-W5/ 3- 7 a/be 

W5=R• 

of mixed lymphocyte reactivity between 

such a recombinant and its siblings, which 

differ for one of the HL-A haplotypes. So 

far, one family has been reported in the 

literature by Yunis & Amos (1971) in which 

recombination between HL-A and a MLC 
locus has been made highly probable. These 

data formed among other things, the basis 

on which these authors formulated their 

hypothesis. Recently, Sasportes et al. (1972) 

and Mempel et al. (1972) each reported a 

similar family. 
One of the earlier mentioned families 

(Table I), which we studied with respect to 

presence of a serologically demonstrable re

combination between the LA and FOUR 

locus, showed further anomalies in the as

sociation between HL-A and MLR. Of a 

group of three HL-A identical siblings (nos. 

3, 4 and 5), one (no. 3) proved to be con

sistently MLR positive with the other two 
(nos. 4 and 5), but t-.lLR negative with an

other group of two HL-A identical siblings 
(nos. l and 2), which displayed a one-allelic 

difference for HL-A with the former group 

(Table II). Furthermore, the child (no. 3), 

who showed this unexpected MLR pattern 
reacted marginally with the earlier discussed 
sibling (no. 10) in which the recombination 

betwern the LA and FOUR series was de

monstrable. The latter Jack of pronounced 
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TABLE II 

MLR's in family KA (expressed in cpm, ± s.e.) 

sib no. I. 2. 3. 

geno 
type be be bd 

I. be 21 
±4 

2. be 33 34 
±4 ±17 

3. bd 122 150 52 
±34 ±39 ±9 

4. bd l,9S9 1,655 2,124 
±125 ±354 ±384 

5. bd 2,108 3,078 3,932 
±48S ±212 ±574 

8. ae 

9. ac 

10. a/be 62 63 353 
±14 ±2 ±92 

lm be 37 
±20 

2m be 58 
±15 

3m bd 344 338 
±53 ±32 

4m bd 1,689 1,817 1,061 
±188 ±84 ±99 

501 bd 1,489 1,318 1,787 
±109 ±117 ±258 

Sm ae 

9m ac 

!Om a/be 55 71 233 
±19 ±13 ±72 

Xm 2,519 2,010 2,015 
±300 ±273 ±212 

mixed lymphocyte reactivity occurred in 

spite of a difference for three well defined 

HL-A antigens. 
These findings demonstrate a separate in

heritance of the HL-A antigens and the de

terminants eliciting pronounced !-,ILR, prob

ably by recombination, which implies in

dependence of this MLR from both the LA 

and FOUR loci. Consequently, this separate 

MLR locus can now be mapped not in be

tween but outside the previously recogniz-

4. 5. 8. 9. 10. X 

bd bd ac ac a/be 

2.519 (Xm) 

5,024 
±270 
5,173 
±567 

46 4,341 

±3 ±339 
37 20 5,443 
±5 ±4 ±290 

125 5,470 
±4 ±225 
167 26 2,233 

±43 ±5 ±407 
2,452 2,394 3,935 1,059 20 4,355 

±55 ±239 ±307 ±75 ±4 ±209 

1,578 1,772 53 3,095 
±182 ±211 ±27 ±252 
1,550 2,078 142 4,451 

±108 ±125 ±21 ±130 
2,605 1,903 192 2,966 

±193 ±260 ±25 ±160 
72 2,59S 

±10 ±275 
135 1.466 2,603 

±25 ±105 ±71 
1.223 3,102 
±123 ±207 

690 1,639 
±32 ±176 

2,048 1,770 2,540 1,041 3,954 

±140 ±158 ±328 ±215 ±241 
2,377 2,892 1,248 1,026 2,905 

±44 ±163 ±327 ± 14 ±649 

able HL-A region, close to the FOUR locus. 

Localization between the LA and FOUR 

locus would require the assumption of a 

double recombination to explain the above 

results. This seems rather unlikely as the 

impression emerges from the overall data 

regarding MLR positive HL-A identical sib
lings that the crossing over frequency be

tween HL-A and MLR is of about the same 

order of magnitude as that between the LA 

and FOUR locus. 
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In the light of our earlier mentioned 
findings of occ,!sional very weak stimula

tion between siblings differing only for de
terminants of the LA series, it could be 
postulated that this may reflect the existence 
of a second (minor) I\1 LR locus, situated 
between the LA and FOUR locus. Depend
ing on the localization of the crossing over 
in the chromosome, the gene of this locus 
might either stay together with the corre
sponding gene of the FOUR locus (and of 
the major MLR locus), resulting in an ab
sence of stimulation in the above mentioned 
situation, or stay with the corresponding 
gene of the LA locus, thus resulting in weak 
stimulation when tested with siblings sero
logically differing for LA determinants only. 
However. as the evaluation of weak MLR's 
is less reliable with the presently available 
techniques, further extension of such ex
periments with more sensitive methods will 
be required before any conclusions with 
regard to a second, minor MLR locus can 
be drawn. The concept of a separate (major) 
MLR locus explains firstly the frequent 
finding (Eijsvoogel et al. 1970, Eijsvoogel 
et al. 1971, Bach et al. 1971, Johnston & 
Bashir 1971, Yunis & Amos 1971, Frcies
leben S0rensen & Staub Nielsen 1970) of 
mixed lymphocyte reactivity between care
fully scrotypcd HL-A identical unrelated 
individuals if it is assumed that the MLR 
locus displays a polymorphism comparable 
to that of HL-A. The finding (Eijsvoogel et 

• al. 1970, Eijsvoogcl et al. 1971, Bach et al. 
1971, Festenstcin 1971) of the few HL-A 
identical MLR negative unrelated individu
als suggests a degree of linkage disequili
brium similar to that found between the LA 
and FOUR segregant series of HL-A (Yu
nis & Amos 1971). 

The existence of a separate MLR locus 
might also explain why we have never been 
able to induce normal lymphocyte reactivity 
with allogcncic platelets, which arc known 
to carry HL-A antigens. It may well be that 
these cells lack the MLR determinants, 
which may also be absent from the lympho
cyte extracts and which proved to be non
stimulatory in the hands of many investi
gators (Kasakura & Lowenstein 1965, Cep
pellini et al. 1965, Hardy & Ling 1969), 
although the extraction procedure could be 
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expected to preserve at least some of the 
HL-A antigens. In this respect it might he 
noted that recent reports (Main et al. 1971, 
Lcguit & Eijsvoogcl) describe lymphocyte 
transformation in rats and humans elicited 

by allogcneic epidermal cells. Epidermal 
cells of mice are reported to carry the theta
antigen (Scheid et al. 1972). Our previously 

reported finding (Eijsvoogcl et al. 1971) 
that the lymphocytes of a patient with thy
mic dysplasia (Nezcloff syndrome), although 

carrying HL-A antigens, did not stimulate 
the cells of any of the four unrelated 11011-

HL-A-identical normal individuals tested in 
the MLR, may be relevant to this and may 
suggest a possible relationship between the 
thymus and those cells which bear lympho
cyte stimulating determinants. Recent ex
periments by MacLaurin (1972) in rats have 
indeed demonstrated the thymus-dependence 
of MLR stimulating lymphocytes. 

In the light of the present findings it 

seems hard to explain the inhibitory effect 
of antibody directed against antigens of the 
LA or FOUR segregant .series on mixed 
lymphocyte reactivity (Ccppellini et al. 1971, 
Grumet & Leventhal 1970) by a masking 
of the specific stimulating determinants. The 
fact, however, that HL-A antibody also in
hibits the responding cells, either in the 
MLR or in antigen-stimulated lymphocyte 
transformation, together with the finding 
that xcnogeneic anti L-chain scrum (Grea

ves et al. 1969) and anti-lymphocyte serum 
(Eijsvoogcl et al. 1969, Revillard et al. 
1970) causes a similar inhibition, indicates 

that probably the binding of antibody to the 
lymphocyte membrane per sc interferes with 
either its stimulating or responding capacity 
possibly by hampering lymphocyte-lympho
cyte or lymphocyte-macrophage interaction. 

CML: HL-A Locus or MLR Locus, 
or both? 
Hirschhorn et al. (1965) were the first to 
demonstrate that human lymphocyt..:s stimu
lated in the ~!LR, display cytotoxicity to
wards allogcneic fibroblas1s. When using 
the cells from the same human lymphoid 
cell line as both the stimulating cells and 
the target cells, a similar cytotoxic effect 

could be demonstrated (Hardy et al. 1970). 
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Although this cytotoxic effect is n .. 1ximal 
when tested towards the stimulating cell 
type, it may, to a more limited degree, show 
cross reactivity with other lymphocyte lines 
(Solliday & Bach 1970). Hiiyry & Dcfendi 
(I 970) demonstrated that target cell de
struction by MLR activated mouse lympho
cytes did not affect cells, which were syn
gencic with the responding cell population, 
thus reflecting an immunospecifie destruc
tion. 

Lightbody, Ceppellini and their collea
gues (1971) and later Lightbody & Dach 
(1972) reported specific destruction of hu
man PHA stimulated lymphocytes by MLR 
activated cells. According to Miggiano et al. 
(1972) the destruction of cells from the 
stimulating donor is greater when the re
sponding cells are derived from a family 
member differing for two alleles of HL-A 
with the stimulator than when the donor 
differs for only one allele. 

To further evaluate the genetic aspects of 
this cell-mediated lympholysis (CML) we 
performed some preliminary experiments 
with this model in the family KA mentioned 
earlier. The technique used was based on 
the same principle as described by Light
body et al. (1971 ): stimulator and responder 
lymphocytes arc cultured in unilateral MLR 
for 6 days. Target cells of the stimulator, of 
the responder and of others are collected 
on the same day and cultured for three days 
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without stimulant, whercaftcr PHA is added 
for another 3 days. These PHA blasts arc 
then labelled with 51Cr and mixed with the 
MLR in a ratio of 50 responding cells to I 
target cell. Destruction is allowed to take 
place during 4 hours at 37°C. After centri
fugation half of the supernatant (I) is sepa
rated from the sediment and the rest of the 
supernatant (II), and the destruction is cal
culated by dividing the radioactivity in I by 
half of the sum of the activity in I and II. 
Similarly, the spontaneous 51Cr-rclease of 
the target cells without responding cells is 
determined as well as the maximal 51Cr
releasc by freeze-thawing of the cells. The 
final results of a particular experiment are 
obtained by subtracting the spontaneous re
lease from the experimental release and ex
pressing this difference as a percentage of 
the maximal release minus spontaneous re
lease. The results of our preliminary experi
ments are given in Table III and can be 
summarized as follows: 

if the responding cells arc cultured with 
stimulator cells which differ both for 
MLR and HL-A determinants (MLR po
sitive), then the stimulating cells are de
stroyed; 

- if the responding cells are cultured with 
stimulator cells which differ only for 
MLR determinants (l\lLR positive), the 
stimulating cells arc not destroyed; 

TABLE III 

CML's in family KA (expressed in percentage destruction; see text) 

Responding Stimulating cells Result 
Target cells cells inMLR MLR 

sib no. gcno sib no. geno no. 1 no.2 no. 3 no.4 no.5 
type type (be) (be) (bd) (bd) (bd) 

5 bd I be + 2/,/ 17,5 1,2• -0,8 0,2 
1 be 5 bd + 2,9 1,3 11,3 .. JO,/ 12,2 
4 bd 3 bd + 3,9• 2,0• 3,7• 3,0 2,9 
3 bd 4 bd + 1,7 -0,5 0,6 -1,9• -0,2• 
I be 3 bd 3,84 0,69 4,8 1,0 6,0 
3 bd I be 4,8 3,3 1,9 -1,5 2,3 

Values in italics arc considered to reflect specific destruction. 
• = no destruction regardless common MLR dc!crminants of stimulating and target cells. 
•• = destruction in the absence of common MLR determinants of stimulating and target cells. 
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if the responding cells arc cultured with 

stimulator cells which differ only for 

HL-A determinants (t'v!LR negative), the 

stimulating cells arc not destroyed; . 

if the responding cells arc cultured with 

stimulator cells which differ both for 

MLR and HL-A determinants (MLR po

sitive) and are then tested with target 

cells which have only the MLR determi

nants in common with the stimulator 

cells, hut the HL-A determinants of the 

responding cells, no destruction is found; 

if the responding cells arc cultured with 

stimulator cells which differ both for 

MLR and HL-A determinants (MLR po

sitive) and are then tested with target 

cells which have only the HL-A determi

nants in common with the stimulator cell, 

but the MLR determinants of the re

sponding cell, destruction can be demon

strated. 

A tentative conclusion seems to be that the 

sensitization for CML takes place only when 

stimulating and responding cells differ for 

MLR determinants, but that the actual de

struction is not directed against MLR de

terminants, but rather against HL-A anti

gens. Although further extension of such 

experiments is required before any definite 

conclusion can be established, the question 

arises whether similar differences in sensi

tization and effector mechanisms between 

MLR and HL-A determinants may affect 

in vivo histocompatibility. 
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