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super-infections and (3) schistosomes survive for many years in the host despite a 

strong immune response. 

LR. 5.1 Development of the immune response in infection 

In the course of infection, the immune response progresses through at least three 

phases. In the 3-5 weeks, during which the host is exposed to migrating parasites, 

the dominant response is T H I-like. As parasites mature, mate and begin to 

produce eggs, at week 5-6, the THI component decreases, an event associated with 

an emergence of a strong T H2 response (Figure E). During the chronic phase, 10-

12 weeks of infection, the T H2 response is modulated and granulomas that form 

around newly-deposited eggs are smaller than during the acute phase of infection. 

Figure E. Development of the immune response in schistosomiasis (Adapted 

from Nature Reviews Immunology, 2000) 
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Cell specific deletion of the fL-4R a gene in macrophages and neutrophils 

-= --- ----

A) IL-4Ra gene locus and targeted deletion. Numbers indicate exons of the IL-

4Ra gene; B,E, and X, restriction sites for BamHI, EcoRI and Xhol 

8) Identification of different IL-4Ra alleles and the LysMCre transgene. Three 

specific peR reactions were used to identify LysMCreIL-4Ra-Inox mice 

C) Lymph node cells from WT (black symbol), IL-4Ra-l
- (white symbol), and IL­

Ralloxillox (hatched symbol) were stlmulated with IL-4 and DNA synthesis 

measured by thymidine incorporation. Data are mean ± SD from triplicate 

cultures. 

44 



Univ
ers

ity
 of

 C
ap

e T
ow

n
.... 
a) 

~ 

E 
D 

:::s M 

" 
,; 

,'I 
, 

Z ~ 
'=' 

1'\ 
a) 

v,('.1 , 
C " I 

U 3 

" 0 
V , 

2 ,V' . , 

Figu re 1.2 

, 
I 
I , 
. " , 

" J. . 

gr------r-,------_ 
8220+ v 

o 
N 
M 

o 
"V 
~N 
<: , 
00 
V~ 

o 
'" 

102 
FL l-H 

IL-4Ra 

103 10
4 

CD3+ 

103 104 

Cell typc-spec!fic [L-.:IRa expression 

CDIIICDS' 0 
N 

~ 

" C 
'0 0_ 
v 

In 

0 
<Xl 

0 
I'-

0 

'" 
0 

"", 
Co 
5" 
Vo 

C') 

0 
N 

~ 

10
4 

Mesenteric lymph node cells from S mansoni infected mice were costained using 1L-

4Ra together with GR-l +/1_ad
- or F4/80+ for neutrophils or macrophages, B220+ or 

CDJ for B or T cells, CDllc+CDS- and CDllc+CDS+ for dendritic cell 

subpopulations, 1L-4Ra-/llox (grey shade), IL-4Ra-l
- (black line), LysMCreJL_4Ra-Inox 

(grey dotted line), Data are from pooled samples of 5 mice and are representative 

from four experiments. 

45 



Univ
ers

ity
 of

 C
ap

e T
ow

n

c;lwwi cnicienl ere-me-d' del on or I II L 

sti111lllated toneal 

UdlOIl 01 F secret ion 0111 y in 

,,\ mice 1.1" IT I, 

(\1 llll' 

~'.jl) Ilysu 

II - I 

slillluia 

hili lin 

(1"IL_4Ru.!i1ox mice also 

!I ill1lion and /\.1'6 phosphory 

( ircmul to 

lIcllnl1 

cou c cc1ivcl 

no! in IL-4Ru· l
. or I 

i Ilc incc 11,-10 could 

To Ilirl iler 

isol:ltcd I'rom lymph 

\,.'11 either I [,-1 

ariz(Jtioll was 

[he 

or 
or 

in all 

showed a SI 

rand 110t in [ or 

co-treatment with I 

in al! macrophage 

uction was 

which 

II y, 

form 1 
.1. 

j' .. ! 'M erl'] 'J S1 
·lI1n.l: nllce 

from 

MH 

not shown), 

the ' lity or I to 

1.3 or not 

111 

es. I was II Ru-

prodUdion in all 

of 11 ''I' cells were 

mice, stimul 

IFN-y. 

II was able to drive '1'1/2 pol C IT Is 01" 
( 're 

1.\sM II I
) ./1l,)X 
,,(I. , but not IL-4Ro,-I- 111 

[deration or n cells. which is r promoted was 

1!1 a 

C()ll1plete (F 

c i 1I1 II I 

prodllction in 

1.31') l'ogl'lhcr these C'V 

II 

1.3D). 111 vitro 

Ie 

ve manner. 

J 1.-4 treatment of 

12p70 

strain (I'" 

t'lllent ul" II 

46 



Univ
ers

ity
 of

 C
ap

e T
ow

n

\ 

• I...,. 
"1'1;111':1,,,<1 I.I'S LI'S 11.··11 I'Sil I 10 

IS 

In 

II I 

II) . 11m . 
'7 t C( I//lce 

lIve I11lce pcr were used 

lWl) or ]llLlr nlenls. 

(l.\! \Vel\.~ 111 

of 

Ii) 

• 11·"1(" 

I' II ·11(" 

11,-'/ 

cellular 

i\ ), 

B 

n 

F 

and 

2!1(){1 

211U 11111 6()1I ~()() IIiIiO 

I L 13 IJ '111 I 

'() 

I J ··1 I ng 'Ill I I 

CPU CPC; I II ··1 

/L-13-media/ed 

th a 

111 

B) and SlIppreSSmll 01' 

T 

]l() I Lon (pane I D) und pmlil' on (panel I~ ) were incd in stimulated 

I,ll nude Is. f! instructed lL-12p70 production cell (panel 

1 Lila are lllC,H1 ~i~ SJ) or triplicate **p<O.OI by ;\ compared to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

RU-/lll '\ ncutrophils but not 

ill I III (leVtes or Is. 

s 
In (ermlne 

-/Ilox 
I11lee \vere 111 

l(iC~\!l slrail1 tes ( or 6 mice pcr were 

IH.:ollsly 111 ccrcarwc outcome. 

--Ilox 1 I anc IllICC succum infection vvith 

1111',111 surVI times of 5 5 Iy, III contrast to 

II r littcrll1<lics at with I 

(Fi)!.llrC IA/\). 

Rcl wcigllt loss is a of WI Ie 

listosomiasis. The c inCection on y was 

was 

\\ith I Vl' H1 both mutant strains late 

\\celi. 01' inlcCliol1, lost lip to 20%) of original 
~. 

weight at the time (data Ilot ) . 

To dclcnninc if were II1 the early s. 
Ii/UI/.\{)lIi in Icctlon, nell III 

cctiollS 01 starting at 5 no inllucllcc 

nil survi va I kinel i cs was this 

Sl.1 ]I L-13-acti not eosl arc 

esscntial for sllrviv,d duri acute istosomi 

. 111 iUII studies perillrlm:d M. Ledu and I). Herbert 



Univ
ers

ity
 of

 C
ap

e T
ow

n

,\ 

IO() 

](l ·10 (,() 

:; posl illrcdion 

rei 

ill S II/{/}]s()ni 

gO 

II ·1Ru 

IIl/Ce, 

B 

100 

.-~ 75 
" 
'-< 

7, )0 

]5 

In SIX mict: \VCrl: inlect,;d percutaneollsly with 

post-inr were 

I RIHi-gC5 

l '()l1lrol IF 

20 

' . 
. /.L,. 
(,() 

DIllS JXhl iniectlon 

nt'S 

<In,lIYl.l:li 7 

il):lIlcl ;\). depletion 01' 

SYIll Is) or ClLlI] mi\b were injected 

starlillg nt 5 11 lcctioll. 

xu 

alld 



Univ
ers

ity
of 

Cap
e T

ow
n

AI mac is n nl! a 

rmal or 

Till' cllccts nj'S Men:r 

III Ice were 111 

Ilislul exam 011 or III liver of 

i\ClIlcly III III revenl on 111 

In contrast to Lhc 

I' 10111 as, a s i gil i fi cant contenl 

SI/.l: \it 1l,-4H3(" liver granuloma tissllc was ablc I 

strain hlll I 

-!ilu\ l' Iver 

l'OSI lils per pm 2 in 

\VlTl~ Ie to WT clue to 

ulomas, however, 'were similar to the 

Altho were r as many 

·/Ilux, ("J' bl tissue a e the absolute 

size 1I1 ['Orl11eL In 

,'0111r(1s1 form e cI III II were hut 110t 

cumpl abolished nUI11 

(Tahle I 1.5 

oj" is thought 10 

ell proline producLion, thus leading to [1 IS, 

llZu 111 but not mice showed lin 

production as [11 

line Crable I and 

111 IS mean ues 

versus I, 0 

or ils 

collaoen .':"-

, only 11,­

col 

1I1 Illice 

J .5 ~ullo1 



Univ
ers

ity
 of

Cap
e T

ow
n

ver th sc 

IYer lIu wa~ ill mic..: ill rectcd with 100 S. Illansolli cercariae 7 weeks 

i II IlTi1()1l 

l.iwi 

9 6 

oxyprolinc (f1lYt 2.2:1. I 8.1:1:: 1.5 

21.5 5 18 7 17 +: () 

mean 50 mouse 1Il a of 

liv\.' animals 

mean number ls fidd in 

as by o In to WT 

51 



Univ
ers

ity
 of

 C
ap

e T
ow

n

WT IL-4Ra-l - LysMCrCIL_4Ra-lnox 
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E 

Figure 5 

Histopathology ofS. mansoni infected IL-4Ra-l
- and Lys!vfreIL_4Rc/flox mice 

Five mice per group were infected with 100 cercariae of S. mansoni and analyzed 7 

weeks later. Liver sections were removed and stained as described in Materials and 

Methods. Shown are representative of a total of 250 analyzed sections from three 

independent experiments. Magnification =200x (A &C), 100x (8 & E) 
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Figure 7 

Pathology in schistosome infected mice 

Mice were percutaneoulsy infected with 100 S. mansoni cercariae and analyzed for 

pathology at week 7 post-infectiono A representative image from four to six mice per 

strain is shown. 

A) IL_4Ruo/fiox (WT) 

B) IL-4Ru
% 

C) LysMcrcIL_4Ruo/1l0x 

55 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I he 1.\\0 IllLltclll! slrains [liso ve inllammatory lin ti 

ink:;lllwi 1I 1. 

h ;1111 i - i nll alllm (1["-10) and nil 

IIS:;lIC (I" Ire 1. B) 

I lill f~lecal output 

\Vii') .')iglli Ilc(lnLly red , animals (l~' 

if il' shock was the cause of 

II Ru+ III III 

drinkil water at 

rl'slilteti in cxtellsion 

as C( llll to the untreated 

W(}S ,I I actor causing or mutant mouse IlS. 

Ihe kinetics 0[' 

(fl, 

production or 
cytokines in 

mice 

elL: Lys!v1 11,-4 and 

III 

treatment 

from 

c: ult lire S II pc mala n t s 1I11Ulalioll or cells wilh antigen EA) 

revealed i II II 11,-10 

to 

a dilT profile with i 

productioll in II 

post-illfcction, I 

levels ur II 5 levels I FN-y. 

/\ccordillgl measurement of 

Is or J a 19E antibody 

S i III i v 
-" ' -s Ilc 1 

(Iigllrc 1.12) i\ simi cYlokine IlL' was also 

by real-time R 

11.10 in inl'celed 1 III ICC 

II -10 might not inllllencc altl:rlwtivc m 

Clllilil'llll:d as ollly II IL-13, hut not IL-l 0 or I 

I 1]), ' 

1.1 

were 

to r 
'c mRNi\ 

or 
indi that 

IS \vas 

to ole 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1011 I. 111 I 



Univ
ers

ity
 of

 C
ap

e T
ow

n

* 0;) * 10 

* 
o. 

* 
10 ~ OJ 

* til .-
03 

I N~live 

11.1 N.ll. ~ In/ce[eu 

WI' II.-~R(r!- I WT 11-4Rrr-

rc I 

II I () ;md concentrations Wl't\; Il1 fl'l1 m 11 LlI1-

illiL'l'il'd a !11 hy ELI * com 10 

• 

2000 

1000 

rc I 

rrolll r as ribed III s 

hods. Data an.: mean + Sf) (j tVe one i IlCkpcndl'l1t 

by A (,1m l\l 

5H 



Univ
ers

ity
 of

 C
ap

e T
ow

n

In I 

75 

50 
II M 

25 

re 1.1 I) 

SUl\i after treatment with 

(c ire ), 

willer ( 

p()st-inlectiol1 til 

5 --

30 

15 --

1 

rc 1. I I 

: 111,1 1118 

on of C S OC 

hi c 

25 50 75 

anti cs. vn' 

were gIven 

or lcft untreated symhols) 

Jen 
W'T 

lL-4R 

l~ysMCn~1 L-4R 

I L-5 10 

** 

were III S r ~i\ and 

compared to h 

average ± Sf) oj' pi es. A lye 

c.\ I11cnL-i is 

II 

al 5 

ilL 

two ,)/' lIve 

59 



Univ
ers

ity
 of

 C
ap

e T
ow

n

0.6' 

0.5 

0.8 r 
U.6 • 
0.4 

(). I 0.::' r'J • "r\ 
l n 

1/100 '/1000 /l nooo JlIOO 1/1000 Ii 10000 

~. 

-y 

• • • 
[J [J l 

(). I 
I] 

IIfC 1.12 

B 

III scra 01' i 

!II arc mean D ve 111 

60 



Univ
ers

ity
 of

 C
ap

e T
ow

n

'\00 III 

I 

.-r: 200 
/. 
0:: III 

E 
CJ 100 ".. ... 
~ 

~ I 
0:: 

10 

III 

... 
7. III 
0:: [0 III 
2: 
:!J 

.:: III - 5 
;:; 
:::::: 

n'I.]3 

( 

1)( '1<' 

p ;\ com 

~ 

'" ~ 

I WI 

1/,-1 R r1 . 

. ) ~\I('''II 

~ 
/. 
0:: 
E 

"" ·f 
'" ~ 

0:: 

... ,,' 
0:: 
::: 
"-

"" 
'" <j 
x 

1Il I i vcr ti ssuc 

corn 

iii 

II! 

I 

III 

10 

60 

50 

40 

* 
20 

111 Ime 

n 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(). I 1.0 4.0 5 

ld eli 

rc 1.14 

II 1I 1 , I .-10 

I () I treatment 



Univ
ers

ity
 of

 C
ap

e T
ow

n

liOI1, functional 

:IWti is oj' mice chaill selecti III 

disease model was empl host Ilclltrophils. /\11 III 

pmlcdioll or pLltl10 was 2 immune 

that II 

c';sl'n!iai for survivi acut.e 

eswhli after knockout I 

III ES cells a 

III 

typc-speci lie 

llill y .. wi lh Ilorma I 13 

as (kndri cells. This was con 

with impai 

j II I r L-4 RCt.-/Il
", mice 

lit1l'rl1lHtc controls, 

il1l"ccliul1 s to C T 

pill Ih,l! occurs 111 to pmasiLc 

Intestinal tissLle (I'hilli 1978; 

l' () 111 ive ann] of granuloma 

llnkr to c Inre a POSSI 

. III com pa rIson to the 

recruitmcnt In 

-j tlux 
III 

nulomllS. as 

eo:.;il1ophils (I 

I 111 III 1111 os Willi 

Iw t l) 

Illl' :lctnrmioll status of IlU 

in (I<' 

slightly 

WT hut still 

1011 or 

111 

2 

was 

arc 

!llICl: were 

!lox/ll,,;; 
mlcc 

LysM Cre: 

revet! cell 

and nculrophils 

as wcll 

activation 

com to 

ulomaloLlS 

liver 

19(8). A 

111 

this 

contrasted with 

Icss com 

i llcant numbcrs of 

cells 

was not inhi b 

ill the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

;1 ()I' I R(l ex lomas were 

it !ve Cor mannose (F I (llesse ct a!., 200 I; 

I i 11 ), there \vns no stain! in Lysl\r1( L-

loma tisslIe. Impaired 

(lclivaliol1 correl 

indil'<1 fl 

i-'r;lIlld()l11~l tisslie or hoth [] mutant strains 

C pel 011 ween N the common 

;1 me resli III production or ni or 

urata cl al .. lIrea. L't aI., 

essenli~ll ellzyme of the urea L 

om!1 hine; ammonia 

OI'lIitllinc is also a 

<lmillo acid 

lie Ilhrosis 

Itr;lI1sfcrase 

rule 

)0 I) Since 11,-4/1 

111 

polyamine 

ic pathway 

arc an 1lll 

valion, as 

Is in I 

rate L 

( is an 

L 

liver. L­

tical 

to 

a direct 

el aI., 

source of 

proline. to serve as controllers of 

(llcsse d ;11 .. I ). () ur reslI do not 

IW 

I . \ 

tiOl1 or coli 

\\ilh a 

mIce, as 

st 

(Jankovic el a!.. I 

lI1e content or 

'I () r II 

coil production (Chiaramonte ct a1., 

are not the only lIle sourcc. !lwei'( 

during islOSOll1 iasis arc lL-! 3-<Icti Ii 

liver, wh· 

. This may 111 co 

s was 

mOnS(JI1l 

1 ]owcver. was 

ce, 

logy in ahsencc 

13 IS al for 

). altcrnati 

more likely caLise or 1'i IS 

Is III 

of mala et a1. . 

an im portant or 

64 



Univ
ers

ity
 of

 C
ap

e T
ow

n

\\U111HI Ileali was not 

s 

I 111 

fUll'S olll an 

ilclivakd m 'TJ 12 cell dcvelopmcnl. 

pro III otes 

). 

Till 

Moreover, JFN 

arc 10 

wcre 

tissue, <IS com 10 

t1 

Ilild 

ill'S at 

itivc cells that wen: in close 

lhat mRNA 

inllmnmatory 

on that I L-J 0 is not able 10 

that 

lhan 

IL_4Rn-lllox 

g 

10 was 

m 

for 

Clctivalion in Ihe of rL-4/1 13 (Gordon, 2(03). 

I'lli' 

de1l1o! 

,;cvcn 

-111 (\" 

or disL'llSC 

mOrlality 

111111 

m 

thin 

13 

'1 

IL-4 induce 

10 10 

rcslI 

( umpo ct ., 20(3). 

were to ve acute 

Ion was slm 

first two 

S, 

IS 

mansoni-in 

for 

!S a Sl 

l1am 

Ie 

1011 

ct al.. 

ric 

In 

ct aI., 2(03). 

and intestinal 

In 

is was confirmed 

a recent study 

\vith 

Ii controls 



Univ
ers

ity
 of

 C
ap

e T
ow

n

WI ils no essen 

ion did 1I0t alter of 

,llld I. s1rains I.4B). 1- J 

;lilcrJwtive III were to survive acute s1osomiasis. 

The 0 of eos il 

n:( rll i 1 III ell L \0111(1 J"ornl<11 i fibrosis (all 

41< Illi(c)werellots 

higiJli IL-4IlL-J3 

cJTcclor Is 

schislosoll1 s. IS IS an to 

( lain the large body or evidence ['or a 

this seuse ( net er aI., 1999; Fal 

J ()l)9; Pall on el al., 

of depositioll during ,c,,'. Inansoni i nrc 

ments were In to 

could 

ce. cd 

a massive inlil on in both I ere and LysM I was 

c y assoc a 

the signi licHlllly 
'fl( 1 \. 

III Ice that excessive to 

11101'1,11 i via c shock. I Ion ve 

III ve i Iii liver 

lle'll. ·/11(\,\ 
m treatment with an c 

rc::.uJ 1 in a trans extens (F 1.1 

J lowcvcr. <l111i-h extension 

~;tIrvi\:l1 tilllC, mosl I duc to III a scvcrc 

liver 7 to X post-i Oil. J on of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

urViVill ne in II infected mice 

III () rt ill i t v i to 

,I Illilling also seen in 1I11111tl1 (N et aL 

da1..2 '). 

As I is 111 to latiol1 of 

N '·1< -r) act i vaL i () n a 11 d ini1am el a l., 

), we ex ibil 

proteins ( ) were 

was nol case, as S 11111 m 

from the mouse were (data not 

shown). 

rravers~iI or across lin dmi S. is thOLlght to 

Cllillri to 1 III 

ksiollS IS an 

I III 111 by T cell lOll 

and Dunne, 19(9), III 1Il{lI7.YOlli co-infection or 

ex menIal in 'on of" II or I 

rcsuits 

III 

inlu [ eontroll 

I L- I This was 

I L- I () in hom 

intestine s(xlllcd to corre 

k,cls 01'11,-10 in H Rnl11utant 

p.lll p,11110] . enhanced lar 

-illox . (I '" stralI1s ' 

II 1 et al., 

that IL-4I1L-J 

the successful 

lve 

a thal seems not to 

ial 

01'1 

were much 

. In to 

in both I L-



Univ
ers

ity
 of

 C
ap

e T
ow

n

11 Ilu da arc two 

istosol1liasis that arc more 

(hdloll ct aL, 2000; Flammc aI., 200 I). 

lisl0.-';OI1l IS IS to 

d ~111l In liver tissue is inhibi 

\\1 it can be concl 

III 1011. 

J1llh:tiollS duri acute schi 

III :'>ll t he com 

1111 CC 'des a 

ell !ern vc mucropl 

III J.:cliUIl. 

IS allows 

IS 

ana lysis of I 

overt 

or 

of how 

ors. 

mWlS0!11 



Univ
ers

ity
 of

 C
ap

e T
ow

n. 
) e f 

J s 

Illl'IIiS conducteci I'v1 I ,cetu and [), I [crbci'l 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to be e 

p;.1\1101 s 
i lie II Ilcicnt mice 

Ihe role of' II sive T cells 

dClerminc Lile requirement T 

extent or lomLl 

tiJrl'l' groups of m icc were 

T 

\Vi..' ItancOlls 

11l11lH 111 e nsc, In lhe 

ulomas were i1lduced 

scnSI to S, 

Inice survi\ed acute is despite 

uctiol1 and severe pathology, 

aikrnativcly acti 

Itloxicall , I as were devoid 

mice experiel1ced mortal dcsp ill's ign i 

or ()va-conl<lini 

til ill as were sJ 

II on III com 

Il1ll'C were s 

CO 111 ptl red I u 

l'lhrosis in liver or III Olllas, wilh CD' T 

III Ice slight \V 

senet ion were l!1 

41< Iciel1l liver lung. a 

uction W,lS ~llso T cell fic II R 

tilese st es c IL-4Ra . 

extensive 

111 

lOll1a r 

was assoc 

UIOI1l11tOLlS 

1-

to (i) 

and to Oi) 

for the 

were 

with 

cells. increased 

and ne, 

S1l1 

lizal 

C])4 1 T cell 

111 

days 

did not inhibit 

liclent 

iF 

illc 11,-

or'l F-P 

lcicllt mice, [I, 

Ii d natural S 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1II(1/lS0lli illJCLli()ll lS Im,1cclivc for 

I Ill' \.:x[enl ()I' lululllut(JlIS Pdt 1\ 

liver eli I . ;Icute disc;\sc dllcl CUlliiDis 

ill dilfcrcnt ti,'-;slle ,'om menh. 

71 



Univ
ers

ity
 of

 C
ap

e T
ow

n

macro IS ma an 

im 

s m harbouring a natural i tOn IS 

by a profound 

SpieTH III IL_4Ru-/J1ox
, 

were <lila I 

IctiOI1 or 
Slimu/(ition of cells 

impaired II and IL-13 

sign! Jicant 

strains, as com to the 

I' 

which is an 

illl(:eliul1. Con 

strain 

c 
secretion II as 

that T ce 

Impell 

1011a] ulation of 

to 

llctiOI1 was 

Is Illl 

of 

10, an 

lymphoid 

T 

v 
.' 

wcre 

). Also. 

both r 

inl' 11,-1 

amounts III latter 

cytokine production from 

a 

s. 

y identical 

not shown). 'I 

ling to an 

upon 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2() 

~I! J () 

* '" 

c 
50 13 

* * 
10 

III l2<lsureIl1l2llt \)1' I 

B 

50 I 

i 

.c: 

2.5 i 

II Raj 

Lc IL-4IZa -/Ilt!\ 

mice 
st 

lJ. 10 

-y 

* 
* 

I L-I U 

* 
** 

iFN 111 

I Data shoWJl arc mcan ~t Sf) f~vc individual 

III icc :lI1ll :In: reprcscntat of Ihree i Statistic,li si 

\\~l." dd,:rtnillcd onc way VA ) and (**) 1. as 

Ill\ r v:i1tIC. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

III 

pi 

Lu determine 

uf 111 

NO 

stimulated 

L~ 

all !!;N 

T cel 

Igmc 2.2A). I 

also conta 

IL-4Ra 

cal or 

of 11,-

reveals 

aeti 

IS 

illdicat! 

\\crc 

a amounts of , IL-13 

III 

dol' 

III 

activation. 

cultures, 

If 

2.2 

['iles or anti production were 

SI: lie 

reven 

cc 1/ 

4 

a 

were not di 

s 

Ip, slIlce polyclonaJ 

r mice 

compared to 

fie I most 

production was 

2.3 

sera 

to drive alt 

were 

L3 

Illice 

Lcl/'r'~l 

III 

.s inc deletion or II 

sc 

of 

T 

allt IL-

"1/11.-11 remalfl 

ac/iv! 111 

74 



Univ
ers

ity
 of

 C
ap

e T
ow

n
• WT 

I i 

rt' 

were to 

reaL't ion to measure 11 

\vert' for 

I, 'mcnts were 

curn to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

'} b 
2 

* 
1 

1 1.5 i I 
1 i • 1 
* * 

':\j • ~ 11 * !\:, 
~ 

~ * * 1 I 
* * II 1'1 * I 

I" I , 
1 • II 

I 

I/IO! 1/ ]()2 111 11104 1/101 111 1 11 III 

6 I II: g 

• WI' 

4 
[LARa' 

~ I L_41<a'/lhn 

2 

* 

ill S mansoni mice 

1 and JgC)2b 

E! 

pooled serum Crom III 

SJ) lru1ll trip! icate 

Sialisllcal signi 

CO 111 to lie. 

Is and arc 

was 

S ill pooled serum acutei ll1 

or lota! IgF 

as determilled are mean + 

01' experiments. 

one way AN as 



Univ
ers

ity
 of

 C
ap

e T
ow

n

111 

gl'anu 

an 

inli:ctiolls lws venous 

,'i 1111 f] t i J alld poten assess the extent of 

dUIIl;lge. serulII trallsam inase as an 

illd iC(ltil H1 lee I cd at 

l1H.:asurcmenl of' perf 

'[1,)\ 
mIce Id amounts or this 

cOlltrols ( fold more 

NO 11 1"011 

I 
('rl' 

I.e -: 11 -/tlo, mice yieldi 

) <lnd 

the conclusion 

IllIl ar s. 

IOIllCl 

to rlher rae 

IIClclll III lee. II lomas that 

( I licanlly 

). 

m 

to 

data 

,let 

among 1lI 

fie II 

·/[1"" lllice 

(p·().05 ) 

'I able I). 

II xl (p<o,oo 1) (F' and 

ilion, as 

for F4/R0
1 eel did nol reveal 

(tell.ARc/ IIl
", 100na tissue and 

\\LTe i [Ieant I y was an equivalent Is 

2.5B). was no the meclll num 

l'OS i noph i1s granuloma oi' r tisslle, \vhcrc(ls 

s ilic<lllt Iv cosmo Is were Cound III II hepatic lomas 



Univ
ers

ity
 of

 C
ap

e T
ow

n

500 *** 30 NOS-2 *** 
AS'r c:: 

.~ v, ~ 'J' 

·WII i 
u 
C:. 
;.-

211 ',J 

-<:"[ * ~ 
Jill) /' 

r.; 
.'--< "k, :Y: 

- &l '.J 
2(11) ~ IU 

(~ ~ 
-~ 

:Y: 
lOll 

(1<0.05 
(1<0.05 

• WI 

~ ',eIL-4Ra,/ll", 

111 ice 

ICC were ac cercanac serum s of 

Imnsaminase, an I tllcd. ex as 

l11edll ± SD oi' 11ve lve or 
independenl ·m<.:nls. (*) (* * *) compared to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

WT IL-4Ra -1-
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c 

Figure 5 
Immunohistochemical staining of liver tissue samples from infected mice. 

A) Hematoxylin and eosin staining of fonnalin fixed liver tissue showing 

granulomas of the indicated strains. (Magnification 200x) 

B) Immunoflorescence staining was perfonned on frozen sections of liver 

granulomas from the indicated strains. F4/80 (red) and NOS-2 (green) 

(Magnification 200x) 

C) Immunoflorescence staining for CD3+ cells on frozen sections of liver 

granulomas from the indicated strains. (Magnification 200x) 
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IL-4Ra -In ox IL-4Ra -1- Lc~reIL-4Ra -!nor 

Figure 8 

Post-mortem photographs o/mice sacrificed at 7.5 weeks post-infection. 

Note marked hepatosplenic atrophy in the IL-4Ra.-/· group as compared to the 

other strains (arrowheads), in addition to the marked hemorrhagic distension of 

the small intestine. A representative image from each group is shown. 
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WI IL-4Ra-l - LckCreIL-4Ra-tnol 

Day 7 

Day 14 

Day21 

Day 28 

Figure 14 

Pulmonary granuloma formations in egg-injected mice 

Mice were sensitized with live eggs ip and late challenged with live eggs i.v. Mice 

were sacrificed at day 7, 14,21 and 28 and lW1gs removed. Paraffin embedded tissue 

were sectioned at 5~tm and stained with haematoxylin and eosin. Sections are 

representative of 4 mice per strain at each time point. (Magnification =200x) 
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Figure 15 

Collagen deposition in the lungs of egg challenged mice 

Paraffin embedded tissue from sensitized, egg-challenged mice were sectioned at 5Jlm 

and stained with CAB. Sections are representative of 4 mice per strain at each time 

point. (Magnification =200x) 
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LckCreIL-4Ra-lnox 

Figure 16 

Absence of PAS positive cells in the lungs of egg-challenged Lc;;:r'IL_4Ra-ljlox mice 

Paraffin embedded tissue from sensitized, egg-challenged mice were sectioned at 5J..Un 

and stained with PAS_ Sections are representative of 4 mice per strain at indicated 

time points. (Magnification =200x) 
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Figure 5 

H&E staining of hepatic granuloma in IL-4Rd l
- and hIL-4RaTg mice 

Livers were removed from S. mansoni infected mice and fixed in PBS buffered 

formalin. Paraffin embedded tissues were sectioned at 51lm and stained with 

hematoxylin and eosin. 

A) IL_4Ra-mox (WT) 

B) IL-4Ra-'-

C) hIL-4RaTg 

D) hIL-4RaTg (+hIL-4 treatment) (Magnification = IOOx) 
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Figure 7 

Reduced collagen deposition in granulomas of IL-4Ra-l
- and hIL-4RaTg mice 

Livers of acutely infected IL_4Ru-lflox (Wn (A), IL-4Ru-l
- (B), hIL-4RuTg (C) and 

hIL-4 treated hIL-4RuTg (D) mice were processed for histology as described in 

materials and methods and stained with CAR (Magnification = IOOx) 

126 



Univ
ers

ity
 of

 C
ap

e T
ow

n

hi 

Ille im 

infection 

ul ients 

m arc 

2 imlTlullc 

In mouse 

Icnie 

Ilol'l111<1nl1 . .lames ct ai. 1999; 

Iy III pi 

41{ (i'lll"" II 

ill ICel 

Iliis show that hi 

11lll1l Ull C 

ion of 

hi 

Sli 'hle and succumbed to S 

11' 

illICd 

Rapid 

, I nates 

III 

loss is a \vell 

scilisto:-;()ll1e infections. 

lll()rt~!Ii and loss, morbi 

l. There was a c 

nl:-', lllore 

hI 

-4 

III 

rn 

loss 

CDrrc 

fL-4 

body 

no 

acute 

011 against S, Ilumsuni 

by an 

(Dullnc and 

Silva ct al. 2002). the 

has on of mlcc 

m with 17/(/11 S () 111 , 

) were perclltaneollsly 

r rate of 1110rl;,lIi 

rn were highly 

7.5 in contrast to 

rate aCUle 

3. 

or patients with chronic 

aticm exists 

ratcs were mOIl 

gilt III 

lh both strains or animals 

7 infection ( . 

on su 

cnn 1l1e wllc hfJ .-4 trcatment on the s rate 

1111 Ru. mice ng S, 

4RuTg l11 were tre;] 

5. wCl'k 5.5 and 

Illy ible 10 

killl'l as I r nOll-l 

to infect 

3.8A). 

hi 

in) at 

treated 111 icc were 

th the samc 



Univ
ers

ity
 of

 C
ap

e T
ow

n

c: 
.~ 
r: 
7! 
;'<:: 

rc 

110 

tOO 

911 

811 

70 

6\1 

SO 
40 

311 

20 

10 

() 

· 
· 
· 
· 

· 
· . 
o 10 20 30 

110 

100 

1)0 

so 

70 

. 

40 Sil 6() 

Ilfccti on 

__ WI 

-(}- 11.-41'0.-/­

hIL-,lRll Ig 

III L-'lI<nl '" ( 'hI L-'1) 

70 

___ WI 

II-,U{o 

hllAI?nTg 

hIL-,tlZuTg ( 

w+--.,...--..,---....... --....... --..,---..,----, 
30 35 40 50 60 

nli.,ction 

rafes in S munSOJ1-

1\1 iCl' wc're llClyutancnusly a S m({nsoni 

IllCll1I (;\) and morbidiLY (13) rales. The ts arc 

I sim i lar cnts (n(J- R 111 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Silllilarl\,. Ireillmenl did not seem to 

as I n . .' were no SJ 

(111(.1 nO!l-! 

;\ c~:()rd i ng I r rniel.' lost j 

lllui;lJl1 slrains 

of hi 

To me the causc of death in hI 

was III :11 term on of 

lllice a severe mui paLho 

swollen small ICCIl al 

distal jejunum and 

To asses extent 0 f 

sinusoid serum a 

1m as well as I 

:2-I"old higher amounts of 

3.] ). , treatment 

11l tbe amounts 

U OAt. ( 

:1.1011) 

a. 

cant eel on 

mice ( 

course or inrccli 

3.813). 

h r dama a severe 

m a mortem alw 

c examination or 
liver lOll, 

und 

3. 

trapped III 

as an 

mice produced 

(p<O.05) 

ic strain with hI 

was a 



Univ
ers

ity
 of

 C
ap

e T
ow

nc 

Figure 9 

Excessive gut pathology in schistosome infected IL-4Ra-l
- and hlL-4RaTg mice 

Mice were infected with a dose of 75 S. mansoni cercariae and analyzed for pathology 

at termination of the experiment. 

A- IL_4Ru-/flox 

B- IL-4Ru-l
-

c- hIL-4RuTg 

D- hIL-4RuTg + 1 00 Ilg/m I hIL-4 
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WT IL4Ra-l- hIL-4RaTg 

Day 1 

Day 21 

Figure 12 

H&E staining of pulmonary granulomas in egg-challenged mice 

hIL-4RaTg 
(+hIL-4) 

Mice were sensitized with live eggs i.p and later challenged with live eggs i.v. Mice 

were sacrificed at day 7,14,21 and 28 and Jtmgs removed. Paraffin embedded lungs 

were sectioned at S).lm and stained with H & E. sections are representative of 4 mice 

per strain at each time point. (magnification =200x) 
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Day 21 

Day 28 

Figure 14 

Collagen deposition in the lungs ofhlL-4RaTg mice 

hIL-4RaTg hIL-4RaTg 
(+hIL-4) 

Paraffin embedded tissue from sensitized, egg-challenged mice were sectioned and 

stained with CAB as described in Materials and Methods. Sections are representative 

of 3-4 mice per strain at each time point. (Magnification =200x). 
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Figure 15 

Absence of PAS positive cells staining in the lungs of egg-challenged h1L-4RaTg mice 

Lung tissue from sensitized egg-challenged mice were removed, processed for 

histology and stained by PAS as described in Materials and Methods for PAS positive 

cells. Sections are representative of 4 mice per group at each indicated time points. 

(Magnification=200x) 
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