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Adapted from Hviid L, (1998). Expert Rev. Mol. Med. 
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Figure 1.1: The life cycle of Plasmodium Jalciparum in the pregnant woman. Infection is 
initiated by sporozoite inoculation during a mosquito blood meal. Within 30-40 minutes 
sporozoites infect liver hepatocytes and undergo exo-erythrocytic schizogony to produce hepatic 
schizonts. Each schizont matures, mplures and releases thousands of merozoites into the blood; 
each invades an erythrocyte, undergoes erythrocytic schizogony and produces more merozoites 
thus perpetuating the asexual blood stage. During development in the erythrocyte the parasite 
inserts proteins on the red blood cell membrane, such as PfEMPI that mediate sequestration to 
receptors such as placental CSA in the pregnant woman. Some merozoites differentiate into male 
and female gametocytes and following ingestion by a mosquito and through a nwnber of 
difTerentiation stages results in the production of sporozoites ready for infection of the host. 
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in sequestration, a survival mechanism employed to avoid splenic elimination of infected 

erythrocytes. In pregnant women the process of sequestration occurs in placental tissue 

and is responsible for the accumulation of parasites in the placenta, and the consequential 

phenomenon of placental malaria. The erythrocytic cycle usually continues with parasites 

proliferating until controlled either by the immune response or chemotherapy, or until the 

host dies. Some merozoites, by a process of selection not fully understood, develop 

within erythrocytes into sexual forms (male and female gametocytes). Following 

ingestion by the female mosquito during a blood meal, these gametocytes mature to male 

and female gametes. Fertilization occurs and the resultant zygote transforms into an 

ookinete, which penetrates the mosquito midgut wall and forms an oocyst. Within the 

oocyst, through several mitotic divisions, sporozoites are formed which eventually burst 

out and migrate to the salivary glands ready for the next blood meal. 

The pathogenecity of P Jalciparum is exclusively associated with the asexual cycle in the 

erythrocyte. Sporozoite infection rarely presents with pathology. Pathogenecity arises 

from the fact that falciparum schizonts release a large number ofmerozoites increasing 

its capacity for rapid mUltiplication and consequent massive destruction of erythrocytes. 

Additionally, merozoites indiscriminately invade erythrocytes regardless of age, thus 

P Jalciparum will infect both mature and immature red blood cells resulting in a more 

rapid rate of increasing parasitemia. Most importantly P Jalciparum infected erythrocytes 

become adhesive via parasite derived red cell membrane proteins in tissues concealing 

the parasite from the immune system. 

1.3.2 Malaria epidemiology during pregnancy 

Malaria in pregnancy epidemiology is typified by three distinctive features. First, in all 

malaria endemic regions, pregnant women are more susceptible to malaria infections and 

suffer more frequent and higher density infections than their non-pregnant counter parts 

(Brabin, 1983; Menendez, 1995; Nosten et aI., 1991). The increased risk of infection is 

not evenly distributed throughout pregnancy, parasite prevalence tends to be higher in the 

first half of pregnancy than in the latter months (Brabin, 1991; Nosten et al., 1991). 

4 
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1. To compare five documented methods of maternal placental blood collection 

(placenta puncture, perfusion, incision, biopsy and tissue grinding) for suitability 

for immunology studies. 

2. To investigate IFN-y dependent and immune memory protection from malaria 

during pregnancy in women resident in an area of high malaria endemicity. 

3. To investigate chemokine and chemokine receptor expression in relation to 

protection from malaria during pregnancy 

4. To investigate placental tissue chemokines and chemokine receptors in relation to 

the poor pregnancy outcomes of malaria during pregnancy. 

1.7 Study Design 

1.7.1 Study site 

The study was carried out in Kisumu town of western Kenya, a holoendemic region for 

malaria (Figure 1.2). Kisumu is located on the shores of Lake Victoria with a population 

of approximately 350,000 inhabitants, the predominant tribal group being the Luo. 

Malaria is endemic and transmission occurs throughout the year with two intense 

transmission peaks during and shortly after the rainy seasons of March to May and 

October to December and with exposure to mosquito bites ranging from 90-400 per year 

(Githeko et aI., 1993). Pfalciparum is the predominant infecting malaria species 

accounting for 98% of all malaria cases (Beier et al., 1990). 

The study was conducted at the Nyanza Provincial General Hospital (NPGH), a referral 

hospital for the western Kenya region and at the CDC-KEMRI research facilities. The 

Centres for Disease Control and Prevention (CDC), research station was established in 

1979 as part of the Kenya Medical Research lnsti tute (KEMRI) and has extensive 

research activities in malaria and HIV. 

1.7.2 Study subjects 

All gravida pregnant women admitted to the Labour Ward at the NPGH after informed 

written consent for HIV -1 and malaria parasite testing were enrolled into the study. 

Recruitment criteria included singleton, uncomplicated, term vaginal deliveries with no 

17 
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Figure 1.2: CDC-KEMRI placental malaria study region 

CDC-KEMRI laboratory 

* +-Nyaoza 
Provincial 

Ki 
Hospital 

sumu 

18 



Univ
ers

ity
 of

 C
ap

e T
ow

n

o 

was 

women eligible for 

All 

l'iairobi, 

1 

were of two 

are 111 

smears were 

smear. If a smear was 

were 

test was 

[rom the 

3, 

are 

I within 

blood to 

In a 

were 

19 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was A 

smear was if at 200 no 

was 

III 

blood smear. 

to ct ,1 

IIIV status was two tests: a 

A mother was considered if results were 

on both were not enrol 

was a on (M 

1 

to 

3 4 5 

lie. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.] 

that is 

to execute throughout it 

sustains the 

malaria 

However, not a 

to t.eml it 

It 

consists of foetal p0l1ions, 

numerous trcc-

LIS structures 

structure it emanate 

21 



Univ
ers

ity
 of

 C
ap

e T
ow

n

pump to flush 

A 

gently 

most 

nm 

to 

to 

collection have 

to 

Immllne 

h 

IS 

lie minute 

et (1 

A 

IS one 

011 Immune 

arc 

). 

was 

the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Figure 2.1: Schematic of the placenta showing the foetal villous structure and the 
intervillous spaces carrying maternal blood 

I U IJ1biiic.a! anerie, 

U mhilic,ll vrin 

~::::;::::::::::::::;::::-:::: ___ "~- A III n ion 

Chorionic villus 

To moihcr +--1 •••• 
From mother --1 ______ _ 

RGray (1918) Anatomy of the Human Body" 

23 

Chorion (fetal 
porli(ln of rl~c.cnl<1) 

Trophoblo'st cells 

l Maternal pwtion of 
r platelilil (decidual cells) 

:::::::::::~~= . Maternal velTt 
Maternal ntl~ry 



Univ
ers

ity
 of

 C
ap

e T
ow

n

intervillous blood necessitates the collection of uncontaminated maternal blood thus 

foetal red blood cell levels in maternal blood should be kept as low as possible for results 

to be reliable. Foetal cells have been reported to modify maternal immune responses 

particularly in culture (papadogiannakis et aI., 1985; Shohat et aI., 1986). Results 

obtained from maternal blood with considerable foetal contamination would therefore be 

questionable. Immunological studies also require the collection of blood samples with 

mononuclear cell profiles that are representative of maternal interviJious blood (IYB). 

Excessive manipulations of the placenta could potentially alter cell profiles and should 

therefore be kept at a minimum. Furthermore, unnecessary manipulations of the placenta 

could artificially induce cell activation making samples inappropriate particularly for 

RNA or activation assays where minimum manipulation is required (Hartel et aI., 2001). 

The choice of anticoagulant is crucial, different assays require different anticoagulants. 

Intracellular cytokine staining, for example, requiring calcium, can only be performed 

with heparin-collected blood. Anticoagulants such as ethylene diamine tetraacetic acid 

(EDT A) chelate available calcium. Time between placenta collection and placenta blood 

sampling is vital. Some methods require immediate processing upon expulsion of the 

placenta before clotting factors take effect. Sample volume issues also require attention, 

not all collection methods will provide the desired cell volume. And finally the 

immunological assay requirements in terms of sample type are important, while some 

assays such as antibody evaluation assays require plasma the technique of choice may 

significantly dilute plasma thus making results obtained unreliable. In addition to the 

abovementioned factors that relate directly to the quality of sample, a number of other 

non-placental related factors need to be considered. For example, essential equipment and 

special conditions like sterility may need to be contemplated, as should be adaptability to 

the study set up. Field settings may be limited in the facilities that are available and 

sophisticated collection methods would therefore be inappropriate. To determine the most 

appropriate method of placenta blood collection for the purpose of carrying out the 

investigations that constitute this thesis, five documented placenta collection methods 

were compared. 

24 
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2 

2.2: Chronology of sampling events, Within two minutes of placenta expulsion the placenta was set tip and the 

method of collection performed in a chosen for the technique. The was 

carried out next and obtained within 30minutes of expulsion, Blood collected incisions was 

carried out next followed biopsy within at least five minutes of each other and 45 minutes 

aftcr blood by tissue was collected, On average, all werc carried out within a maximum 

of 45 minutes aftcr placenta 
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Table 2.1: Antibody above represents the antibody combinations used to stain for various cell 
suhpopulatiolls. Antibody was carried out for every method of collection and also for a 

of blood. A tube was included and was used for machine parameter lor every 
peripheral blood was used for this tube. An control tube was included for each type of placental 

sample. 
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of pregnancy. Figure 2.3 shows an example of the foetal staining plot analysis of the 

experiment controls used. Gating was done on the FSC-SSC plot for red blood cells 

(Figure 2.3a) and quadrant markers were set according to 0 and 10% controls. Dots 

appearing in the upper right quadrant of the 10% plots indicate a positive stain for foetal 

cells and therefore contamination (Figure 2.3 b and c). The analysis plots for each 

method of collection for one individual are shown in Figure 2.4 and are representative of 

the plots obtained for the 10 placentas collected. Lowest levels of positive staining for 

HbF were for the prick method of collection where as the highest positive staining was 

from incision. Mean levels ofHbF staining from all 10 placentas for each method of 

collection are shown in Figure 2.5. The lowest levels offoetal RBC contamination was in 

collection by prick (5.5%) while the highest levels of contamination was with collection 

by incision (71.6%). The difference of foetal blood contamination between the different 

methods of mate mal IVB collection was significant (P<O.OOI). 

2.8.2 Immunepbenotyping 

The FSC- SSC plot gives an indication of cell size and complexity. Cells with similar size 

and complexity will be plotted together on the FSC-SSC, thus separating into distinct 

populations. Gating is the most critical step in the analysis of data generated by flow 

cytometry. Separation of cells into distinct populations on the FSC-SSC plot is therefore 

crucial for gating purposes. Cell distributions on FSC-SSC plots were compared for each 

method of placental sample collection, for cell separation into distinct populations, 

against a peripheral blood sample from the same individual. Figure 2.6 shows an example 

of the FSC-SSC analysis plots and is representative of results obtained for each of the 10 

placentas. Peripheral blood had excellent separation of cells into three distinct cell 

subpopulations, lymphocytes monocytes and granulocytes. The prick method of 

collection had a distribution of cells very similar to peripheral blood with separation into 

three discrete populations. Incision and tissue grinding had some degree of separation, 

some cell populations were distinguishable, others were not. In contrast perfusion and 

biopsy cells did not separate into distinct cell subpopulations making the identification of 

populations unachievable, particularly for monocytes (Figure 2.7). 
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Figure 2.3: Feotal haemoglobin experiment control dot plots for placenta 177. Placenta 177 is 
representative of results obtained from all 10 placentas. A, indicates the FSC-SSC gating of red blood cells, 
Band C are the 0 and 10% controls respectively. 
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Figure 2.4: Feotal haemoglobin staining dot plots for the five placenta blood collection methods for 
placenta 177. A- placental prick, B-perfusion, C-incision, D-biopsy and E-tissue grinding. FSC-SSC gating 
for red blood cells. 
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Figure 2.5: Percentage mean fetal cell contamination for the five different methods of collection. 
Sample collection by prick had the lowest contamination levels (5.5%) while incision had the 
highest (71.6%). Values obtained by gating for red blood cells on the FSC-SSC analysis plot. 
Error bars indicate standard error. N= I O. 
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Figure2.6: Study subject number 177 FSC-SSC analysis plots for peripheral blood (A), together with IVB 
obtained by prick (B), perfusion (C), incision (D), biopsy (E) and tissue grinding (F). Of the five methods of 
maternal IVB collection, prick has the most distinct separation of cells on the FSC-SSC and closely 
resembles peripheral blood. Collection by perfusion and biopsy were the least separated. 
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Figure 2.7: Study subject number 177 monocyte analysis plots for peripheral blood (A), prick (8), 
perfusion (C), incision (D), biopsy (E) and tissue grinding (F) blood. Monocyte population was not 
clear for some of the methods on the FSC-SSC plots therefore as a further step blood samples were 
stained with an anti-CD45 PerCP antibody and an anti-CD 14 APC antibody for monocyte selection. 
Prick, incision and tissue grinding monocytes were distinct contrary to perfusion and biopsy monocytes. 
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2.8.2.1 Cell sub population phenotyping 

Further analysis of cell populations was carried out using fluorescent antibody staining. 

Mean levels of the key cell populations (monocytes and lymphocytes) as well as specific 

cell subpopulations (CD4 and CD8 T cells, B cells, NK cells, memory T cells and 

monocytes) were obtained and compared. Statistical analysis compared the results 

obtained from the five methods of mate mal !VB collection, peripheral data was not 

included and therefore the P values obtained relate only to the five placental blood 

sample types. Peripheral blood data was however incorporated in the graphs to highlight 

the difference between the placental blood samples and peripheral blood. 

2.8.2.2 Lymphocyte and monocyte gating 

Total lymphocyte and monocyte populations were compared. Percentage mean cell 

numbers for both cell groups are shown in Figure 2.8. Overall, there was a significant 

difference in the numbers of cells obtained for the five methods of collection for cell 

numbers in the lymphocyte and monocyte gates (P=O.O I, P=014 respectively). For the 

lymphocyte gate, the prick method of collection yielded cell numbers similar to the 

peripheral blood, while perfusion and biopsy had significantly lower numbers of cells 

than peripheral blood. 

2.8.2.3 Lymphocyte gate cell subpopulation numbers 

Using quadrant markers and antibody isotype controls, percentage mean levels of specific 

lymphocyte subpopulations were detennined for CD4 and CD8 T celis, B cells, NK cells, 

and memory T cells. Figure 2.9 shows the staining analysis plots for each of the five 

methods of maternal IVB collection compared with a peripheral sample from the same 

individual. 

The percentage mean levels of the cell sUbpopulations within the lymphocyte gate are 

shown in Figure 2.10,2.11,2.12 and 2.13. Total Tcell numbers yielded by the five 

methods of collection were significantly different (P =0.003) and of the five different 

methods, prick yielded T cell numbers closest to peripheral blood (Fig. 2.10). CD4 and 

CD8 T cells numbers (Fig. 2.11) were also significantly different between the five 
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Figure 2.8: Percentage mean cell numbers for lymphocyte and monocyte gating. N=10. The dark bar 
represents peripheral blood; lighter colored bars represent placental blo<;ld. Cell numbers were significantly 
different for the five methods of collection in the lymphocyte (P=O.Ol) and monocyte gates (P=O.014). Error 
bars indicate standard error. 
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Figure 2.9: Staining dot plots for peripheral blood (A), and lYB obtained by prick (B), perfusion (C), 
incision (D), biopsy (E) and tissue grinding (F) for CD4 T, CD8 T, CD4 memory, CD8 memory T cells, 
B cells and NK cells. 
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Figure 2.10: Percentage Total T cells numbers yielded by the five methods of 
maternal IVB collection by lymphocyte gating. Cell numbers were significantly 
different (p=O.003) . Of the five different methods, prick yielded T cell numbers 
closest to peripheral blood. Error bars indicate standard error. 
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Figure 2.11: Percentage mean cell numbers for CD4 and CD8 cells by lymphocyte gating. CD4 
and CD8 T cells numbers were significantly different between the five methods of placental 
blood collection (P=O.OO 1 and P= 0.019 respectively). Error bars indicate standard error. 
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methods of placental blood collection and again prick blood had levels most comparable 

to peripheral blood (P =0.001, P =0.019). When analysed further by CD45RA negative 

marker distribution for CD45RO indication, CD8 memory T cells (P =0.023) but not 

CD4 memory (P =0.503) cells showed differences by method of collection (Fig 2.12). 

Numbers of CD8 memory T cells were surprisingly lower in placental blood than 

peripheral for all methods of collection, that notwithstanding prick levels were most 

similar to peripheral blood. Although similar for all methods of collection, CD4 memory 

cells for all five methods were considerably lower than peripheral blood. Band NK cells 

numbers were not different between the five methods of collection (P =0.714, P =0.335 

respectively) (Fig. 2.13). 

2.8.2.4 Percentage similarity of placenta blood cell profiles to peripheral blood 

A scoring system was formulated to further evaluate overall results obtained from each 

method of collection. Taking peripheral blood cell numbers as the reference, the 

percentage cell yield of each method was calculated against the peripheral blood cell 

yield for percentage similarity and scored. Scoring results are shown in Table 2.2. 

Comparisons revealing differences in cell profiles between each method of collection 

(horizontal comparison) and similarity to peripheral blood composition (vertical 

comparisons) are summarized. A score of90-1 00% indicates high similarity while a 

score below 50% indicates low similarity. 

Horizontal comparisons revealed clear variations in scores obtained for cell 

subpopulations with significantly different cell numbers by method of collection. 

Conversely, cell subpopulations that yielded numbers that were not statistically different 

for the five methods of sample collection were similar in their scores. Prick, incision and 

tissue-grinding methods scored equally and with high similarity (90-100%) to peripheral 

blood for monocytes cells, in contrast perfusion and biopsy had less than 50% similarity 

to peripheral blood. For Total CD3, CD4 and CD8 T cells the prick method of collection 

scored at least 20% higher than other methods and although CD8 memory cell numbers 

were fairly similar (80-90%) for four out of the five methods of collection, incision 

showed low similarity (below 50%) to peripheral blood. Memory CD4 T cells, B cells 
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Figure 2.12: Percentage mean cell nwnbers for C04 and COB T memory cells by lymphocyte 
gating. COB memory T cells (P=O.023) but not CD4 memory (P=O.503) cells showed 
differences by method of collection. Error bars indicate standard error. 
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Figure 2.13: Percentage mean Band NK cell numbers by lymphocyte gating. Band NK 
cells numbers were not different between the five methods of collection (P=O.714, 
P=O.335 respectively). Error bars indicate standard error. 
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Prick Perfusion Incision Biopsy Tissue Grinding 

Monocytes# ****** * ****** * ****** 

Total CD3" ***** *** *** ** ** 

CD4 T cells" **** * **** * ** 

CD8 T cells # ****** *** ** ** *** 
Memory CD4 T cells ***** ** ** ** ** 

Memory CD8 T cells" ***** ****** * ****** ***** 
~ cells ****** ****** ***** **** ****** 

~ cells ****** ****** ****** ****** ****** 

Table 2.2: Tabulated summary of cell profiles for the five methods of placental blood collection evaluating 
cell profile divergence from peripheral blood (vertical comparison) and between method cell profile 
differences (horizontal comparison). ······90-100% ·····80-90% ····70-80% "'60-70% " SO-60 'below 50% 
#: p<O.OS 
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Figure 3.1: Association between peripheral and placental parasitemia 

12,---------------------------------------~ 

c 

Peripheral Parasitemia (natural log transformed) 

Peripheral and placental parasitemia levels were highly correlated for 
the study participants (rho=O.698, p=O.U02). 
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Table 3.3: Comparison of IFN-y producing cells and memory cells between peripheral 
and placental blood in relation to protection from malaria in pregnancy 

PM- PM+ 
Pararreter Peripberal Placental P Peripheral Placental P Peripheral Placental P 

IFN/CD3 19.57 22.1 0.76 19.37 21.86 0.809 19.9 22.48 0.705 
CD4/CD3 55.04 50.07 0.024 59.64 52.38 0.023 47.67 46.38 0.433 
IFN/CD4 13.93 13.3 0.838 13.28 13.53 0.793 14.97 12.92 0.935 
CD8/CD3 41.19 39.5& 0.576 42.85 42.11 0.999 38.54 35.52 0.441 
lFN/CD8 16.07 16.85 0.995 16.96 18.29 0.83 14.64 14.54 0.818 
CD45RO/CD3 36.97 28.81 0.Q38 43.94 31.2 0.019 25.81 24.99 0.705 
fFN/CD45RO 15.11 15.33 0.938 16.54 16.2 0.727 12.82 13.95 0.839 
CD56/CD3- 4.56 5.8 0.1l4 4.9 6.34 0.133 4.01 4.93 0.655 
lFN/CD56 7.36 7.09 0.683 7.43 7.41 0.722 7.24 6.55 0.255 

Values indicated are mean % cell numbers obtained from flow cytometry. Comparisons 
were done using the Kruskal-Wallis statistical non-parametric statistical test. P (two 
sided) <0.05 considered as significantly different. 
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A: 

Parameter PM+ P 

fF]\;/Cm 19,}7 19,9 0.693 
CD4/CD3 59.64 47.67 0.00' 
IF'J/CD4 13.28 14.97 0.605 
CDS/CD3 42.85 38.54 0.24 
IFN/CD8 16.96 14.64 0.S73 
CD45RO/CD3 43.94 25.81 0.002 
IFN/CD45RO 16.54 I 0.118 
CD561CD3- 4.9 4.01 0.236 
lFN/CD56 7.43 0375 

lJ: 

Placental 
Parameter PM- PM+ P 

IFN/CDJ 21,86 22.48 0.97 
CD4/CD3 52.38 46.38 0.033 
IFN/CD4 13.53 12.92 0.851 
CD8/em 42.11 35.52 0.039 
IFN/CD8 18.29 14.54 0.397 
CD45RO/CD3 31.2 24.99 0.301 
IFN/CD45RO 16.2 13.95 0.56 
CD56/CDJ- 6.34 4.93 0.09 
IFN/CD56 HI 6.55 0.008 
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placenta) were compared. No significant difference was seen for C04+, C08+ and 

C056+/C03- in placental blood. However, levels were significantly different for 

peripheral C04 + and CD45RO+ cells (P =0.005, P =0.008; P value calculated for 

presence/absence of parasitemia stratified by gravidity) with highest levels found in the 

PM- multigravid group. Interestingly, levels ofIFN-y/CD56+ in the placenta showed a 

trend towards significance (P =0.067) with higher levels in the PM- groups and lower 

levels in the PM+ groups regardless of gravidity (Figure 3.2A, Band 3.3). Further 

analysis ofIFN-y/C056+ levels between primigravid and multigravid women, in PM­

and PM+ women taken separately, revealed no difference in IFN-y/C056+ levels (P 

=0.805 and P =0.549 respectively) suggesting that gravidity may not have bearing On 

IFN-y/ NK cell protection from infection. 

Taken together, results here suggest that C04 and CD45RO memory cells maybe 

important in peripheral protection against infection while IFN-y/CD56+ cells are 

probably essential for placental protection. 

3.8 Discussion 

Malaria infections commonly elicit inflammatory cytokines and IFN-y has long been 

established as an important factor in protection against both rodent and human malaria. 

IFN-y's protective functions have also been recently extended to malaria in pregnancy 

where elevated levels of IFN-y are associated with protection from placental infection 

(Moore et al., 1999). This current study investigated further the nature of the IFN-y 

protective response in a group of women, resident in a holoendemic region for malaria. 

Results here suggest that different immune components may play different roles in 

protection from malaria during pregnancy, with C045RO cells critical in peripheral 

blood and IFN-y producing NK cells important in the placenta. 

3.8.1 Peripheral and placental immune component differences 

The previous study in Kenyan women did not address the source of the IFN-y response 

although results obtained in that study alluded to the fact that the response was a 

71 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Figure 3.2: Comparisons ofperiphera\ CD4 and CD45RO T cells between four groups of 
women categorized by placenta malaria status and gravidity 
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Figure 3.3: Comparisons of placental immune IFN-y by CD56/CD3- between four 
groups of women categorized by placenta malaria status and gravidjty 
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component of adaptive immune mechanisms probably involving memory. Whether or 

not the protective immune response was the same in peripheral and placental blood was 

also not addressed. Given the fact that the placenta is increasingly being recognized as an 

immunological entity (Moore et at., 2003) and the fact that the parasite invading the 

placenta has been suggested as being of a unique phenotype (Fried and Duffy, 1996), this 

study investigated differences in immune responses between the two blood compartments 

in relation to protection against malaria during pregnancy. Peripheral and placental 

immune responses were therefore assessed to address these issues. 

CD4, CD8, CD45RO memory cell as well CD56+/CD3- NK cell numbers were 

investigated to determine if there was an increase in cell numbers in association with 

protection. Only CD4 and CD45RO cells revealed differences when comparing 

peripheral and placental immune parameters. Overall, CD4 and CD45RO levels were 

elevated in peripheral blood as compared to placental blood. In comparing immune 

responses between PM+ and PM- mothers, peripheral levels ofCD4 and CD45RO 

memory cells were raised in PM- mothers as compared to PM+ mothers, while placental 

levels ofCD4 and CD45RO were not different. Seemingly in peripheral blood, CD4 T 

and CD45RO memory cells were associated with protection from infection. Previous 

studies conducted in The Gambia show that lymphoproliferative responses of placental 

cells to malarial antigen were poor compared with cells of peripheral blood and the 

reduced proliferative capacity of placental cells was suggested as a contributing factor to 

placental parasitization (Rasheed et at., 1993). Results from the current study showing 

association between CD4 T cells and memory cells with protection against infection in 

peripheral blood and not placental blood, lends support to the previous Gambian findings. 

3.8.2 CD4 and CD45RO cells in relation to protection against peripheral malaria 

Pregnancy has been described as a state of immune suppression for foetal survival. The 

observation that both CD4 T cells and CD45RO memory cells are generally higher in 

peripheral blood than placental and higher in PM- than in PM+ in peripheral blood but 

not placental, raises the possibility that immune responses in the peripheral system are 

not entirely suppressed and that they still function, albeit limited, to protect against 
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2 4 C 

3 4 

4 4 

5 C 4 
() 4 

7 14 

8 4 

9 4 

above represents the antibody combinations used to stain for chemokinc/chemokine receptor 
monocytes and T cells. Tubes I to 5 represent the chcmokine and chemokine test tubes 

while tubes 6 to 9 are the tube (, and 7 the controls for 'rube I and 2, tube 8 
the control fin Tube 3 while tube 9 served as the control for tubes 4 and 5. In the first of cell 

surface marker PE and labeled antibodies were added for tubes 3, 4,5, 8 and 9 
while tubes 1 6 ,:md 7 had all three sets added at this PE conjugated antibodies for lubes 

5, 8 and 9 were added in the second step for intracellular chemokille staining. 
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Placental 
l'aramcter Peripheral Placental P value PM- PM+ P value 

IP-!O/CDI4 2.15 2.29 0.482 2.24 2.35 0.429 
RANTES/CD3 2.5 2.43 0.355 2.43 2.43 0.611 
RA NTES/C D 14 1.98 2.05 0.729 2.]9 I.R6 0.222 
MJP-Ja/CD14 2.09 2.05 0.882 2J)2 2.08 0.499 
CCR5/CD3 3.75 3.54 0.301 3.5 3.62 0.110 

CCR5/CDI4 0.86 0.85 0.625 0.89 0.8 0.300 
CXCR3/CD3 4.04 4.02 0.932 4.1 3.89 0.205 
CXCR3/CDJ- 7.07 7.21 0.917 7.51 6.71 0.739 
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A:. 

Gmvidity «ee2, <2)* 
IlaclI'oglobinil 
Amenia' 
Malaria inlection rale: placema# 
Par;~;ile 

B: 

Gravidity «2. <2) 

Amtelfi:.! 
tvtJl&ia infection mle: placenta 
1';][;Jslle dl:ll~i!y: placenta 

c: 

«c2, <2) 
llacnnglohlfl 
Amellia 
Malana inii:ctlOll rate: placenta 
Pm~Jsl Ie dcnslI y: 

()(i.7%(10).33.3'Yt(5) 
11.15(15) 

4tWYt(15) 
33.3'Yt( 15) 

7.93(5) 

27. 3'Y.{ II ) 
72.7";'( I I) 

794(8) 

Ibtlo RANfES/C03 
<ciJ.9 

58.3'1.(7).4 \.7'1.( 5) 
1123(12) 
3:U'X(12) 
58.3°/« 12) 

7.21(5) 

()76"1.{25)J24"!.( 12) 
12. 
28.6'X(35) 
595'Y.(37) 
7},(J( IS) 

Ratio MII'-laICUl4 

71 
1157(7) 

28.6');.0) 
85.7'Y«7) 
7.76(4) 

0.2..16 
0.402 
0.1)5<:; 

0.993 

0.125 
0.511 
0.602 
0.5(18 

0.61.8 
0.508 
0.16 

22.2'X(') 
88. 9'Y.(9) 
8.13(3) 

Chemokinc ratios fCl!' IP-lO (A). RANTES (B) and MIP-I ex (C). *Calculation by student t test, tfcalculation 
Pearson's chi sq test 
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Table 4.4: Relationship ofIP- IO ratio with immune cell subpopulations and IFN-y 
producing cells. 

Ratio IP-10/CD14 
Parameter <=0.9(15) >0.9(11) P value 

IFN/CD3 2.58 2.7 0.8] 5 
CD4/CD3 4.01 3.8 0.337 
IFN/CD4 2.35 2.44 0.897 
CD8/CD3 3.69 3.47 0.139 
IFN/CD8 2.48 2.42 0.775 
CD45RO/CD3 3.17 2.73 0.092 
IFN/CD45RO 2.63 2.28 0.243 
CD56/CD3- 3.07 2.87 0.529 
IFN/CD56 2 1.89 0.046 

Values indicated are ratios of % cell numbers of chemokine producers obtained from flow 
cytometry. Comparisons were done using the Kruskal-Wallis statistical non-parametric 
statistical test. P (two sided) <0.05 considered as significantly different. 
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Figure 4.1: IP-lO ratios and IFN-y producing NK cells in PM+ and PM- women 

2.0..--------------------, 

D 

o 

C PM+ 

O.O+--__ --. ___ --r-___ ...,---___ ,..-__ -4 C PM-

1.4 1.6 1.8 2.0 2.2 2.4 

Placental IFN% by CD56 positive CD3 negal1ve cells 

IP-10 ratio values and IFN-y producing NK cells stratified by placental parasitemia. PM- women had a 
strong positive correlation between the two parameters (rho= -0.488, p=O.O 13).There was no relationship 
for PM+ women between IP-1O ratios and IFN-y producing NK cells. 
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Figure 4.2: CXCR3 expression by placental CD3 negative cells in association with with 
IFN-y producing NK cells 

3.0 
[] [] 

[] 

c 

2.5 c c 
[] 

[] 

'b [] 

[] 
[] 

[] c [] 
[] 

[] 

c 
[] 

1.0 +-----.-----"T------,-------r------1 
14 1.6 1.8 20 2.2 2.4 

Placental IFN% by CD56 positive CD3 negative cells 

Placental levels ofCXCR3 expression on CD3 negative cells were highly con-elated with IFN-y producing 
NK cells (p=O.014). 
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unknown. Chemokines are proteins belonging to the large super family of chemotactic 

cytokines. In conjunction with their receptors they are responsible for irrununoregulatory 

events that effect protection, mainly by the recruitment of cells to sites of injury or 

pathogen entry, and by cell activation. This chapter assesses chemokine and chemokine 

receptor expression in relation to IFN-y producing NK cells and the potential role that 

they play in protection against infection. 

4.9.1 Chemokine and Chemokine receptor expression in peripheral and placental 

blood in association with protection 

In this study, an assessment of levels of IP-I 0, RANTES and MIP-l a together with 

CXCR3 and CCR5 in peripheral and placental blood between aparasitemic and 

parasitemic individuals revealed no differences for each of the parameters assessed. 

Contrasting results have been reported for the same chemokine measurements by other 

studies. In a previous study conducted within the same region, Chaisavaneeyakom et at., 

(2002) reported different IP-l 0 results from those reported here. Intervillous blood 

mononuclear cell (NBMC) IP-l 0 expression levels to PHA were higher in aparasitemic 

than in parasitemic Kenyan women. These two studies used different experimental 

approaches and the discrepancy in results may be attributed to the fact that one study 

quantified IP-I 0 protein expression levels by NBMC while the current study assessed 

single cell intracellular chemokine expression in CDI4 cells. Thus a careful interpretation 

of results from the two studies would be required. A further study by the same group also 

reported unelevated MIP-I a levels in the presence of infection and is in agreement with 

reports documented here (Chaisavaneeyakom et at., 2003a). A more recent study in 

Malawian pregnant women measuring chemokine mRNA expression of placental tissue 

reported unelevated placental IP-I 0 levels in malaria infected women. However, they 

reported elevated levels ofMIP-l a in the same women by mRNA expression and plasma 

chemokine protein levels (Abrams et aI., 2003). 

Despite the fact that chemokine/chemokine receptor expression levels were not different 

between parasitemic and aparasitemic women, IP-IO but not RANTES or MIP-I a ratios 

showed marginal association with placental malaria. An IP-I 0 ratio less than 0.9 had a 
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innate non-specific immWle response probably continues until infection is cleared or the 

adaptive immWle response is developed as discussed in chapter tluee. Total elimination 

of parasites from the placenta is probably dependent on the production and peripheral to 

placental balance ofIP-l 0 early in infection for rapid efficient NK cell recruitment and 

innate lFN-y production. However in a delayed IP- 1 0 response situation or an imbalance 

of IP-l 0 production between peripheral and placental blood, parasitemia is not controlled 

and individuals experience placental malaria (Figure 4.3). 10 view of this proposed IP-l 0 

dependent mechanism of protection, it would be interesting to investigate further the 

timing of IP-I 0 production in relation to the mother's prior malaria experience during 

pregnancy and whether with each pregnancy one's ability to rapidly express IP-I 0 

becomes more efficient. If fOWld to be so, this could offer a possible explanation to the 

phenomenon of gravidity-dependent protection from placenta malaria in pregnant women 

resident in malaria holoendemic regions . 

In conclusion the present study describes for the first time chemokine dependent 

regulation of protective mechanisms against placental malaria. The results obtained here 

provide evidence for a possible IP-J 0 role and expression balance, acting via CXCR3, in 

the recruitment and potential activation ofNK cells in defence of the placenta from P. 

!alciparnm infection. The results reported here together with results obtained in the 

previous chapter signify the complexity of the lFN-y INK cell protection against placental 

infection. It is likely that the NK cell dependent protective mechanisms involve more 

parameters than those reported here. Recently, Pearson (200 I) suggested a possible role 

for prolactin dependent NK cell cytolytic activity against malaria parasites. Investigations 

are clearly required to delineate further NK cell dependent mechanisms of protection 

against placental malaria. 

99 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Peripheral blood 

~. • ... -. 
• •• 

.:. ... / 
~': 
••• 

(C) 

NKCe11'1 
~: ., .~ .. .-. .. •• • •• 

••• e • •• ... 
(F) 
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p~~A) ___ ~~..IMt 
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Figure 4.3: Proposed JP-1O regulatory mechanism of IFN-y producing NK cells in protection againt Placental 
malaria. Parasitized red blood cells (pRBC) (A) elicit IL-12 production by dendritic cells, which causes IFN-y 
production by yo T cells, and NK cells (B). Consequently JP-10 is upregulated and initiates the recruitment ofNK 
cells to the placenta through interaction with CXCR3 (C). JP-IO production also mediates recruited NK cell 
activation for IFN-y production and cytotoxicity against the pRBCs (D). IFN-y elicits the production of NO and 
reactive 0, species by macrophages that effect parasite elimination (E). CD4 T cells ensure that JP-IO levels are 
maintained at a maximum resulting in more recruitment ofNK cells and further parasite elimination (F). 
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and spun for 10 seconds on the micro-centrifuge. Samples were incubated for 45minutes 

at 30°C. 18f.!ls of Proteinase K cocktail (390f.!ls proteinase K buffer, 30f.!ls Proteinase K, 

30f.!ls yeast tRNA) was ali quoted into empty labelled eppendorftubes and the 

corresponding RNase digests from each sample tube were added. After a quick spin 

samples were incubated for 15 minutes at 37°C. Sixty-five microlitres ofTris-saturated 

phenol and 65f.!ls of chloroforrn:isoamyl alcohol (50: I) was added to each tube and spun 

for 5 minutes at RT. The aqueous layer was extracted and transferred to labelled tubes. 

120f.!ls of 4M ammonium acetate and 650f.!ls ice cold 100% ethanol were added. Tubes 

were mixed by inversion and incubated for 30 minutes at -70°C. On completion of 

incubation, tubes were spun for 30 minutes at 4°C. Supernatants were removed, IOOf.!ls of 

ice-cold 90% ethanol added and spun for a further 15 minutes at 4°C. Supernatants were 

air-dried and 5f.!ls of the loading buffer was added to each dried pellet and vortexed for 2-

3 minutes and then given a quick spin ready for loading onto a gel. 

5.6.7 Polyacrylamide gel analysis 

A 4.75% acrylamide gel was prepared and poured into a gel cast making sure that all 

bubbles were expelled. After polymerisation (l hour) gels were inserted into a gel rig 

with TBE running buffer in the reservoirs. Samples and controls were heated for 

3minutes at 90°C before loading and were carefully loaded into the gel. Gels were run at 

55watts until the gel loading dye had reached 30cms from the bottom of the wells. Once 

removed the gels were layered between filter papers and dried in a gel dryer under 

vacuum for 1 hour at 80DC. Dried gels were exposed to film at -70°C for 3 hours and 

probe bands were visualized by autoradiography (XAR film, Kodak, Rochester, NY). 

Probe quantification was with the Series 400 PhosphorImager and ImageQuant software 

(Molecular Dynamics, Sunnyvale, CA). Rectangular objects were used to generate 

PhosphorImager (PI) counts for each RNA volume. Each probe was normalized to 

account for varying numbers of incorporated [a-32Pj UTPs and to account for lane-to-Iane 

and assay-to-assay variability, and are presented as a percentage of the internal 

housekeeping signal (rpL32) in each lane (Figure 5.1). 
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Figure 5.1: Autoradiogram of a protection assay utilizing hCR6 multiprobe template set 
with RNA from placental tissue 

CXCRI CXCRI 

CXCR2 

CXCRl 

CXCR) 
CXCR) 

L)2 

Probe Study Participanl mRN A 

The figure above is an example of an autoradiograph for detection of placental tissue 
chemokine receptor mRNA using the hCR6 template. The hCR6 multi- template kit detects 
CXCR I, CXCR2 and CXCR3 among other chemokine receptors. Lane 1 shows the mRNA 
of the RNase unprotected probe while lanes 2,3 and 4 show mRNA of protected probes of 
placental tissue. 
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T, T cell. 
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8 

10 

dendritic cell; E, eosinophil; M, Monocyte/macrophage; mast 
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malaria 

PM- I'M+ P 

N 33 14 
eXeRt 1,37 1.46 0.051 
CXCR2 1.49 J .63 0.069 
CXCR3 1.5 1.57 0.18 
CXCR4 6.42 7.19 0.143 
CCJU 6.35 7.57 0.376 
CCR2 3.04 3.25 0.414 
CCR3 5.04 1.06 0.212 
CCR4 3.59 2.97 0.421 
CCR5 3.05 2.77 0.642 
CCR7 2.()6 2 0.364 

CCR8 1.23 1.23 0.819 
RANTES 3.64 4.69 0.066 
IP-IO 2.87 4.27 0.129 
;'\llP-Ia 5.42 8.77 0.143 
IVlIP-l ~ 4.04 8.21 0.018 
MCP-l 3.64 4.91 0.734 
lL-8 1.23 1.31 OJIOI 
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N 37 9 2 
cxeRl 1.38 1.46 1.59 0.1 00 
CXCR2 1.49 1.62 L79 0.120 
cxcru 1.5 1.56 1.72 0.3£16 
CXCR4 6.49 7.07 7.57 0.428 
CCRI 6.63 7.R6 2.85 0.131 
CCR2 3.06 3.35 2.71 0.&57 
CCIU 5.13 3.86 1.81 0.056 
CCR4 3.59 2.98 1.96 0.254 
CCR5 3.07 2.78 1.95 0.399 
CCR7 2.03 2.19 1.6 0.199 
CCR8 1.23 1.23 1.23 0.675 
HANHS 3.67 5.0] 4.1 0.221 
IP-10 2.89 4.77 3.83 0.405 
MIP-la. 5.38 8.67 15Jl4 0.277 
MlI'-1 ~ 4.07 10.1 5.09 0.049 
MCI'-l 3.56 4.99 7.94 £1.349 
u .... & 1.23 1.29 1.44 0.007 

was as defined Bulmer et 
detectable pigment), PSI (low pigment 
tailed) <0.05 considered 
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A: 

A: Parasitemia 
PM+ 

Corr. Coeff. P 

cxeRt -0.22 0.94 

CXCR2 187 0.523 

CCR3 191 0.513 

RANTES OA64 0.095 

OAl1 0.144 
11,-8 -0.247 0.394 

B: Haemo lohin 
PM- PM+ 

Corr. Coeff. P Corr. Coeff. P 
CXCR1 0.011 -0.596 0.025 

CXCR2 0.09 0.61 -0.493 0.073 

CCIU 0.061 0.738 0.599 0.024 

RANTES -().{)S9 0.743 -0.392 0.166 
-0.153 0.394 -0.262 0.365 

LL-8 -0.1 08 0.548 -0.021 0.943 

C: Birth Weight 
PM- PM+ 

Corr. Coeff. P Corr. Coeff. I' 
CXCR1 0.261 0.1 -0.639 0.014 
CXCR2 0.1 0.481 0.003 
CCRJ 0.212 0.229 0.284 0.324 
RANTES 0.003 0.986 -0.265 0.36\ 
l\Hlqf3 55 0.381 -{1.055 0.852 
UA 0.024 0.895 -0.210 0.471 

Pearson's chi considered 
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Figure 5.2: Association between parasite density and RANTES mRNA expression in 
placenta-infected women 

RANTES mRNA expression marginally correlated with parasite density in placenta malaria infected 
women (rho=0,464, p=O.095). 
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Figure 5.3: Associations between haemoglobin levels and chemokine receptor expression 
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Correlation of placental tissue CXCRI and CXCR2 mRNA expression with haemoglobin in malaria 
infected (n=14) and uninfected (n=34) women . CXCRI and CXCR2 values are % L32 expression. 
CXCRl was negatively correlated to haemoglobin levels; women with high CXCR I levels tended to have 
lower haemoglobin levels (rho=0.596, p=0.025). CXCR2 showed the same trend as CXCR I, however the 
relationship was not as strong (rho=0.493, 0.073). PM- mothers did not have associations with 
haemoglobin. 
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Figure 5.4: Associations between birth weight levels and chemokine receptor expression 

A: CXCRl 
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CXCRI and CXCR2 showed a strong negative association with birth 
weight in PM+ mothers (rho=O.639,p=O.014; rho=O.730,p=003 respectively) 
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Figure 5.5: Associations between maternal haemoglobin levels and chemokine 
receptor expression 

18 

a 
D 

16 

~ 

D D '0 D 0 

~ 14 
V> 

-;:; 
> 
~ 

<= 12 
:D 
0 

biJ 
0 
E 10 ., 
'" a ::r: D 0 

0 

8 

0 D PM+ 
0 !--;-;M-6 

I I I I I I 

0.0 .5 1.0 1.5 2.0 2.5 3.0 

CCR3 mRNA (Ln transformed) 

CCR3 mRNA levels had a strong positive assoc iation with haemoglobin levels 
(rho=O.599, p=O.024). 
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