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Subpopulations of T- lymphocytes  in Peyer's patches: 
Sensitivity to anti lymphocyte serum and adult thymectomy I 

D. Vui t ton,  R. Eloy, F. Gosse, A. Pousse and J. F. Grenier 

Unild 61 I N S E R M ,  Unit o/ Surgical Research and Biophysiopathology o/ the Intestine, Avenue Moli~re, 
F-67200 Strasbourg-Hautepierre (France), 13 Octobre 1976 

Summary. Ant i - l ymphocy t e  (ALS) t r e a t m e n t  or adul t  t h y m e c t o m y  of the  donor  have  been shown to depress  respec- 
t ively  the cell prol i ferat ion and the  cy to tox ic i ty  in the  graf t -versus-hos t  (GVH) reaction.  A quan t i t a t i ve  assay and the  
histological cr i ter ia  of the  GVH react ion have  been used to d e m o n s t r a t e  t h a t  all the  known subpopula t ions  of T- 
l ymphocy te s  involved in the  GVH react ion are p resen t  in the  Peyer ' s  pa tches  as well as in the  spleen and mesenter ic  
l y m p h  nodes in the  rat .  

The presence o f  T-cells wi th in  the  Peyer ' s  pa tches  was 
d e m o n s t r a t e d  by  the  use of T-cell markers  2-~, the  s tudy  
of mig ra to ry  pa t t e rn s  of t h y m o c y t e s  in the  small  bowel",  7 
and  funct ional  tes ts  such as in vi t ro  cul ture wi th  specific 
mi togens  s, the  mixed l y m p h o c y t e  react ion 9 and the  graf t  
versus  hos t  (GVH) reac t iv i ty  9-n. The la t te r  immune  
response has been shown to be med ia ted  by  an in te rac t ion  
among  di f ferent  subpopula t ions  of T - lymphocy te s  12,1a 
wi th  di f ferent  sensi t ivi t ies  to cor t icosteroid t r e a t m e n t ,  
a n t i l y m p h o c y t e  se rum or adul t  thymectomy14,1~. In  a 
previous  r epor t  we have  d e m o n s t r a t e d  the  presence  of 
cort isone sensi t ive T-cells wi th in  the  Peyer ' s  pa tches ,  as 
well as in the  spleen and mesenter ic  l y m p h  nodes in the  

ra t  16. The a im of the  p resen t  s tudy  was to t e s t  in the  
Peyer ' s  pa tches  the  presence  of T-cells sensit ive to ant i -  
l y m p h o c y t e  serum (ALS) or adul t  t h y m e c t o m y  (ATx). 
Any  ac t iv i ty  of such cells, if present ,  was compared  wi th  
those  of the  spleen, t h y m u s  and l y m p h  nodes using 
clinical and histological  cri teria of the  GVH react ion and 
a quan t i t a t i ve  assay, the  paravascu la r  inf i l t ra t ion of the  
liver. 
Material and methods. According to a previously  de- 
scribed procedure  1~ lymphoid  t issues were imp lan ted  
into the  anter ior  hepa t ic  lobe of F1 Hybr id  ra ts  (Aug. x 
Lew). The Peyer ' s  pa tches ,  the  spleen, the  mesenter ic  
l ymph  nodes  and the  t h y m u s  were t r ansp l an t ed  according 

Fig. 1. Spleen section of the recip- 
ient (hematoxylin-eosin • 65.) 7 
8 days after implantation of ATx 
semi-allogeneic lymph nodes 
(group d). 2 8 days after implanta- 
tion of ATx semi-allogeneic Peyer's 
patches (group d). In both cases 
no cellular depletion in the white 
pulp (WP) nor blastic infiltration 
in the red pulp (RP). 3 15 days 
after implantation of ATx semi- 
allogeneic lymph nodes (group d). 
Diffuse cellular infiltration in the 
red pulp. d 15 days after implanta- 
tion of ATx semi-allogeneic Pe- 
yer's patches (group d). Foci of 
cellular infiltration in the red pulp. 
5 8 days after implantation of 
ALST semi-allogeneic Peyer's 
patches (group c). fi 8 days after 
implantation of ALST semi-allo- 
geneic spleen (group c}. In 5 and 6 
characteristic cellular depletion of 
the white pulp and slight infiltra- 
tion of the red pulp. 
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to 4 expe r imen ta l  schedules:  a) Hybr id  lymphoid  t issues 
in F1 H ybr id  recipients  (50 animals),  b) pa ren ta l  Augus t  
lymphoid  t issues in F1 Hybr id  recipients  (55 animals),  
c) ALS- t r ea t ed  (ALST) paren ta l  Augus t  lymphoid  t issues 
in F1 H ybr id  recipients  (60 animals),  d) pa ren ta l  Augus t  
lymphoid  t issues (exept  thymus)  f rom adul t  t h y m e c t o -  
mized (ATx) donors  in F1 Hybr id  recipients  (45 animals).  
In  the  group c the  donor  animals  received an i.p. inject ion 
(1 nil) of rabb i t  an t i - ( ra t - lymphocyte )  se rum (Microbio- 
logical Associates Inc.,  Bethesda ,  Maryland,  USA, I ,ot  
No. 15071) 48 and 24 h before sacrifice. T h y m e c t o m y  was 
surgically pe r fo rmed  on August  adul t  ra t  (weighing more 
t h a n  200 g) 10 weeks before the  removal  of the  lymphoid  
t issues for subsequen t  t r ansp lan ta t ion .  For  the  non- 
t r ea ted  (NT) donors,  the mean number  of lymphoid  cells 
used for each imp lan ta t ion  exceeded 107 cells. ALS t rea t -  
m e n t  or adul t  t h y m e c t o m y  of the  donor  reduced sl ight ly 
the  n u m b e r  of the  t r ansp l an t ed  lymphoid  cells which still 
exceeded 107 cells. 
All recipients  were examined  daily for weight  change and 
general  appearance .  They  were killed by  e ther  in groups  
of 5 pos topera t ive ly  on days  8, 15 and 30. The spleen and 
liver were r emoved  for histological  s tudies and the e x t e n t  
of the  paravascu la r  inf i l t ra tes  (PVI) wi th in  the  liver was 
e s t ima ted  in the  non- implan ted  hepat ic  lobes, according 
to Bain ' s  cri teria ~. 
R e s u l t s .  In control  animals  wi th  an isogeneic imp lan ta t ion  
of lymphoid  tissue, no clinical and no histological changes  
were observed.  The hepat ic  lobes conta ined  a similar  
number  of PVI,  whe the r  t hey  had been the  site ~,; : ~- 
ra t ion or not :  this  averaged ().~/1 0 m m  'a , ~ ,  sect ion 
in all the  pos topera t ive  examina t ions  f rom o 4-qvs. 
When  F1 Hybr ids  were implan ted  wi th  N'l'-pal~_ 1 
lymphoid  tissues, no lethal  GVH syndrome  was observed 
whichever  t issue was used. The clinical COtlrse of experi-  
men ta l  animals  wi th  AI,ST Peyer ' s  pa tches  or Peyer ' s  
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l;ig. 2. Enumeration of course of paravaseular infiltrate after the 
implantation of fynq)hoid tissues fronl different parental donors. 

pa tches  f rom ATx donors  was similar to t h a t  observed  
after  imp lan ta t ion  of NT Peye r ' s  patches .  No pos topera-  
t ive mor t a l i t y  re la ted  to a GVH disease was observed,  
whichever  t issue and/or  t r e a t m e n t  were used. 
Histological  examina t ion  of the  spleen sect ions af ter  
imp lan ta t ion  of NT pa ren ta l  Peyer ' s  pa tches ,  l y m p h  
nodes or spleen (group b) showed cellular deple t ion  in t he  
t h y m u s - d e p e n d e n t  area of the  follicle and  blast ic  pro-  
l i ferat ion wi th in  the  red pulp  a t  the  8th, 15th and 30th 
pos topera t ive  days.  At  each pos topera t ive  t ime,  adul t  
t h y m e c t o m y  of the  donor  reduced marked ly  the  cellular 
deplet ion of the  whi te  pulp  af ter  spleen, l y m p h  nodes and  
Peyer ' s  pa tches  implan ta t ion .  The cellular prol i fera t ion 
of the  red pulp  was depressed af ter  each kind of implan-  
t a t ion  in group d a t  the  8th and  30th day  bu t  was still 
observed at  the 15th day  (figure 1). On the  cont ra ry ,  
ALS t r e a t m e n t  of the  donor  did not  suppress  the  classical 
cellular deple t ion of the  t h y m u s - d e p e n d e n t  area of the  
follicle, bu t  reduced  the  celhflar inf i l t ra t ion of the  red 
pulp  (figure 1). These fea tures  were observed af ter  A L S T  
spleen or l y m p h  nodes  imp lan t a t i on  as well as af ter  A L S T  
Peyer ' s  pa tches  implan ta t ion .  
Compar ison of the  PVI  be tween  the  recipients  of b, c and  
d groups is i l lus t ra ted in figure 2. ALS t r e a t m e n t  (group c) 
reduced s ignif icant ly  the  ex t en t  of the  paravascu la r  in- 
f i l t ra t ion in the liver. Be tween  the  8th and 30th day,  
there  was no change in the  PVI  count  af ter  A L S T  
lymphoid  tissue implan ta t ion .  Similarly the  l ympho id  
t issues from ATx donors  induced a lesser pa ravascu la r  
inf i l t ra t ion in the  liver of recipients,  as compared  wi th  
NT lymphoid  tissues, b u t  a s ignif icant  increase in the  
PVI  count  was observed at  the  15th pos topera t ive  day  
af ter  imp lan ta t ion  of spleen (p < 0.01) l y m p h  nodes 
(p < 0.05) or Peyer ' s  pa tches  (p < 0.05) in this  experi-  
men ta l  d group. The number s  of PVI  p roduced  by  the  
tes ted  lymphoid  tissues f rom t rea ted  animals  were com- 
pared at  the  di f ferent  pos tope ra t ive  times. After  ALS 
t r e a t m e n t  of the donor  (group c), the PVI  counts  observed 
in the recipients  of Peyer ' s  pa tches ,  spleen, l y m p h  nodes 
and t h y n m s  were not  s ignif icant ly  di f ferent  and they  did 
not  differ s ignif icant ly  f rom zero. After  adul t  t h y m e c t o m y  
of the  donor  (group d), no s ignif icant  difference in the  
PVI  count  was observed at  the  8th and 30th pos t  opera-  
rive day  be tween  the  d i f ferent  implan ted  lymphoid  tis- 
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sues, and  t h e y  were no t  s ign i f ican t ly  d i f fe ren t  f rom zero. 
However ,  a t  t he  15 th  p o s t o p e r a t i v e  day,  the  P V I  c o u n t  
was increased  and  differed s ign i f ican t ly  f rom zero, b u t  
was of t he  same  e x t e n t  wh icheve r  l ympho id  t i ssue  was 
imp lan t ed .  
The  ana lys i s  of t he  d i f fe ren t  p r e t r e a t m e n t  of t he  donors  
d e m o n s t r a t e d  t h a t  A L S  as well as a d u l t  t h y m e c t o m y  de- 
pressed  cons ide rab ly  the  P V I - f o r m i n g  capac i ty  of t he  4 
l y m p h o i d  t i ssues  t e s t ed  in t he  e x p e r i m e n t a l  groups.  A t  
t he  8 th  and  30 th  p o s t o p e r a t i v e  days,  no s igni f icant  dif- 
ference b e t w e e n  the  two k i n d s  of p r e t r e a t m e n t  was  ob-  
served  for each  t i ssue  u n d e r  s tudy.  However ,  i t  m u s t  be 
no t ed  t h a t  a t  t he  15th  d a y  t he  Peyer ' s  pa t ches  as well  as 
the  spleen or l y m p h  nodes  f rom A T x  donors  induced  an  
hepa t i c  p a r a v a s c u l a r  i n f i l t r a t ion  of lesser i m p o r t a n c e  
t h a n  in con t ro l  an ima l s  b u t  s ign i f ican t ly  h igher  t h a n  
a f te r  ALS  t r e a t m e n t  (p < 0.05). Thus ,  based  on  th i s  
cr i ter ion;  i t  is suggested  t h a t  T - l y m p h o c y t e s  p re sen t  in 
the  Peyer ' s  pa t ches  h a v e  a reponse  to A L S  t r e a t m e n t  and  
adu l t  t h y m e c t o m y  closely r e l a t ed  to t h a t  of o the r  peri-  
phe ra l  T - lymphocy te s .  
Discussion. T - l y m p h o c y t e s  s u b p o p u l a t i o n s  h a v e  been  
r ecen t ly  rev iewed b y  C a n t o r  and  "vVeissman is. One class 
of t h e m  (T1) is sens i t ive  to  a d u l t  t h y m e c t o m y ,  re la t ive ly  
insens i t ive  to  A L S  and  homes  p re fe ren t i a l ly  to  the  spleen. 
A second s u b p o p u l a t i o n  (T2) is r e l a t ive ly  insens i t ive  to  
a d u l t  t h y m e c t o m y ,  sens i t ive  to  A L S  t r e a t m e n t  and  is 
found  in h ighes t  c o n c e n t r a t i o n  in l y m p h  nodes,  tho rac ic  
d u c t  and  blood. In  the  G V H  react ion,  the  T1 l ympho-  
cytes  are respons ib le  for c y t o t o x i c i t y  whereas  T2-1ympho-  

cytes  ac t  as ' ampl i f ie r '  cells respons ib le  for the  cell pro-  
l i fe ra t ion  12. The  resul t s  r epo r t ed  above  conf i rm the  sen- 
s i t i v i t y  of t he  T-cell  s u b p o p u l a t i o n s  of the  pe r iphe ra l  
l y m p h o i d  t i ssues  to  ALS  t r e a t m e n t  and  adu l t  t h y m e c -  
t omy .  However ,  t he  r e l a t ive  p r o p o r t i o n  of these  2 l ympho-  
cytes  subse t s  c a n n o t  be e v a l u a t e d  a d e q u a t e l y  wi th  t he  
e x p e r i m e n t a l  model  used in th i s  s tudy .  In  fact,  t h e  G V H  
reac t ion  obse rved  a f te r  i n t r a h e p a t i c  l y m p h o i d  t issue im- 
p l a n t a t i o n  is m o d u l a t e d  b y  t he  i n t e r a c t i o n  of a suppressor  
factor ,  p r o b a b l y  the  T-suppressor  cell, to  which  the  h igh  
va lues  of P V I  in n o n - t r e a t e d  F1 H y b r i d  rec ip ien ts  
(group b) m i g h t  be r e l a t ed  19, 2o. The  de layed  increase  (on 
t he  15 th  day) of t he  P V I  f o r m a t i o n  in the  rec ip ien ts  of 
A T x  l y m p h  nodes  spleen a n d  Peye r ' s  pa t ches  is in keeping  
w i t h  t he  p rev ious  f ind ing  t h a t  t h y m e c t o m y  in t he  a d u l t  
life caused  on ly  a pa r t i a l  loss of c apac i t y  to  deve lop  sup-  
press ive  a c t i v i t y  21. The  d a t a  r epor t ed  in th i s  s t u d y  dem-  
o n s t r a t e d  t h a t  the  T - l y m p h o c y t e s  of t he  Peyer ' s  pa t ches  
exh ib i t ed  the  same sens i t i v i ty  to A L S  or ATx  t r e a t m e n t  
as those  p r e sen t  in o the r  pe r iphe ra l  l ympho id  tissues.  
T h u s  i t  is conc luded  t h a t  all t he  k n o w n  subpopu l a t i ons  
of T - l y m p h o c y t e s  ac t ing  in t he  G V H  reac t ion  are p r e sen t  
in Peye r ' s  pa tches .  
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Effects and durat ion of res is tance  acquired by rabbits  on feeding and egg  laying in Ixodes  ricinus L. 1 

j .  Bowess id jaou,  M. Brossa rd  and  A. A e s c h l i m a n n  

l~stitut de Zoologie, Universitd de Neuchdtel, CH 2000 Neuchdtel (Switzerland), 23 September 1976 

Summary. R a b b i t s  g r adua l l y  deve loped  a res i s tance  aga ins t  Ixodes  r ic inus  t icks  as a resu l t  of sequen t i a l  e x p e r i m e n t a l  
infes ta t ions .  The  res i s tance  was cha rac t e r i zed  b y  an  increased  d u r a t i o n  of feeding, b y  t icks  engorg ing  to a smal ler  
e x t e n t  and  b y  reduced  egg p roduc t ion .  Once es tab l i shed ,  the  i m m u n i t y  pers i s ted  for a t  leas t  9 m o n t h s .  Changes  in the  
t i t r e  of c i rcu la t ing  an t i - I ,  r ic inus  an t ibod ies  was m e a s u r e d  b y  ind i rec t  immunof luorescence .  

A l t h o u g h  the  ecology, b e h a v i o u r  and  ep idemiology  of 
I. r i c inus  h a v e  been  ex t ens ive ly  s tudied,  t he  i m m u n o -  
logical r eac t ions  of the  hos t  to  the  b i te  of th i s  t i ck  are 
ve ry  poor ly  unde r s tood .  I n  t h i s  work,  t he  deve lopmen t ,  
effects and  d u r a t i o n  of r es i s t ance  acqu i red  b y  t he  r a b b i t  
on  feeding, egg p r o d u c t i o n  and  hence  f ecund i ty  are de- 
scribed.  The  occurrence  of specific an t i - I ,  r ic inus  sa l iva  
an t ibod ie s  was also examined .  
Materials and methods. To s t u d y  t he  d e v e l o p m e n t  of 
acqu i red  res is tance ,  5 male  r a b b i t s  ( H i m a l a y a n  breed,  
geno type  aacnc~) ,  weighing  2 kg, were infes ted  4 t imes,  
each  w i t h  10 22 I. r ic inus  on  days  0, 21, 49 and  84 of t he  
expe r imen t .  The  d u r a t i o n  of i m m u n i t y  was i nves t i ga t ed  
b y  re - infes t ing  2 of these  an i m a l s  56 days  a f te r  t he  4 th  
in fes ta t ion ,  2 o the r s  183 days  and  t he  las t  r a b b i t  269 days  
af ter .  The  29 t icks,  c a p t u r e d  in t he  field on a ' b l a n k e t ' ,  
were  he ld  a t  h igh  h u m i d i t y  ( R H  > 9 0 % )  and  a l lowed to 
engorge a long w i t h  c?d~. I t  is k n o w n  t h a t  fe r t i l i za t ion  is 
necessa ry  for t he  f inal  phase  of feeding in 992 . I n  order  to  
avo id  local c u t a n e o u s  lesions imped ing  a t t a c h m e n t ,  t he  
ears were in fes ted  in t u rn ,  some t imes  a l so  the  an ima l s  
backs  were used. 
The  t icks  were p ro t ec t ed  b y  a ny lon  shea th ,  f ixed a t  i ts  ex-  
t r emi t i e s  w i th  a n  adhes ive  b a n d  ; a col lar  p r e v e n t e d  t he  r ab -  

b i t  f rom scra tch ing .  A t  t he  end  of feeding, the  ~9 I r icinus.  
( the male  does no t  feed) d e t a c h e d  f rom the  hos t  a n d  were 
col lected b y  open ing  t he  shea th .  T h e y  were weighed a n d  
p laced  in a h u m i d  e n v i r o n m e n t  (RH > 9 0 0 )  for egg lay- 
ing and  ha t ch ing .  The  presence  of c i rcula t ing,  specific 
an t i - I ,  r ic inus  sa l iva  an t ibod ie s  were examined  b y  in- 
d i rec t  immunof luorescence ,  accord ing  to the  t echn iques  
descr ibed  elsewhere a. Sa l iva ry  g lands  of 2~ ixodids,  t a k e n  
on  t he  4 th  day  of feeding,  were used as ant igen .  At  th i s  
s tage  of e n g o r g e m e n t  of t he  t icks,  t he  sa l iva ry  g lands  
c o n t a i n  a large n u m b e r  of an t igen ic  acini.  The  t h r e sho ld  
of specif ici ty  of the  r eac t ion  was f ixed expe r imen t a l l y  
a t  1/20 . 
Results. 1. Effec ts  of acqu i red  res i s tance  in r a b b i t s  on  t h e  
n u t r i t i o n  of ~;~ I. r icinus.  P r e l i m i n a r y  note.  Dur ing  t he  
4 e x p e r i m e n t a l  in fes ta t ions ,  all t he  ~ I. r ic inus a t t a c h e d  ; 
also m o s t  fed. However ,  on  t he  4 th  in fes t a t ion  36.0~o died  
on t he  hos t  w i t h o u t  engorging.  In  t he  tex t ,  t h e  we igh t  
of fas t ing  99 I. r ic inus  (which t he  m e a n  weigh t  is 
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