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C E L L U L A R  AND HUMORAL EV E N T S  
DURING HOMOGRAFT REACTION 
IN DIFFUSION C H A M B E E S *

E. E. CAPALBO,
COMISION NACIONAL DE ENERGIA ATOMICA, 
BUENOS AIRES, ARGENTINA

Despite the num erous data ava ilab le  on hom otransplantation there 
s t ill exist se ve ra l co n tro ve rs ia l prob lem s, among others the fate of 
ce lls  involved in hom ograft re jectio n , the ro le  of a hum oral, mobile 
factor, and the effect of sensitized ce lls  upon target ce lls .

To study adequately the events that lead to the re jection  of homo- 
grafted c e lls  one must have a system  by which these processes cari be 
studied sys tem a tica lly .

In approaching th is problem  Celada and C á rte r  [1] devised an in- 
v ivo  cu ltu re  method consisting  of an irrad ia ted  F i  hybrid as a test tube 
in which the re jectin g  capac ity  of vary ing  numbers of a parent ( P i ,  C3H) 
stra in  spleen ce lls  upon a second parent ( P 2 , C 5 7 B L ) stra in  spleen 
ce lls , d iffering  at the H-2 locus, could be assessed by using the de- 
pression  of the secondary agglutinin response by P 2 spleen ce lls  as a 
c r ite r io n  fo r the re jec tio n  of P 2 ce lls  and fo r the "k ill in g "  potency of 
P j  ce lls .

How ever, th is in-v ivo  test-tube method, although suitable fo r studying 
quantitative ly the hom ograft-rejecting  capacity of competent ce lls , does 
not perm it p rec ise  cyto log ica l studies because cultured ce lls  a re  not 
re s tr ic ted  to a lim ited  a rea  in the rec ip ien t an im al. They p ro lifera te  
among those of the rec ip ien t.

The requ irem ent of a re s tr ic te d  cu ltu re  a rea  is  fu lfilled  by the 
d iffusion-cham ber technique devised by A lg ire  et a l. and P rehn  et a l.
[2, 3], When cu ltured in th is porous-m em brane cham ber, the ce lls  are 
kept separate from  those of the rec ip ien t. Fu rth e rm o re , seve ra l reports 
on the cytok inetics of the im m une response and homograft studies indi- 
cate that th is technique is  su itable fo r studying system atica lly  the ce llu la r 
changes that occur during the immune response [4-12],

In th is study the C e lad a- C a rte r method and a modified versión  of the 
d iffusion-cham ber technique [4] w ere  combined to investígate, during 
homograft reaction , the fate of k il le r  and target mouse spleen ce lls  placed 
in s ing le-or double-com partm ent diffusion cham bers with a po rosity of 
0. 1 y in ,  in trap e rito n ea lly  im planted into sublethally irrad ia ted , immuno- 
lo g ica lly  ine rt m ice . P re l im in a ry  re su lts  have been reported e a r lie r  [13],
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M A T E R IA L S  AN D  M ET H O D S  

A n im á is

Twelve-w eek-old  m ice of the follow ing inbred stra in s and F j  hybrids 
from  Cum berland V iew  F a rm  « e re  used for most of these experim ents: 
C3H/Anf Cum  (H -2kk ), C 5 7BL/C um  (II- 2 bb ), and (C 5 7 BL/C u m  9 X 
C3H/Anf Cum  tf) F i ,  to be re fe rred  to as P i ,  P 2 and F i  resp ective ly .
F o r  some experim ents inbred stra in s and F j  hybrid from  the Radio- 
biology Departm ent of the A tom ic Energy Com m ission  w ere  used: C3H/Ep, 
C 5 7 B L /E p  and (C 5 7 B L /E p  ? X C 3H /Ep a) F i ,  to be re fe rre d  to as P 1#
P 2 and F j  re sp ec tive ly .

Ir ra d ia t io n  facto rs

A GE-300 and a P h il lip s  X - ra y  m achine w ere used as the sources.
F o r  the fo rm er the conditions were 300 kVp, 20 mA; 190 R /m in  at 
70 cm ; H V L , 0.478 mm Cu; inherent filtra tion  4.75 mm B e ; added f i l ­
tra tion , 2mm A l. F o r  the second: 200 kVp; 15 mA; 65 R/m in  at 60 cm; 
added filtra tio n  1 mm A l plus 0. 5 mm Cu. Recip ient m ice w ere placed 
in a c ir c u la r  perfo rated  Lu c ite  container attached to a revo lv ing  turn- 
table, and a single total-body exposure of 500 R was given about 6 h 
before diffusion cham bers w ere implanted in traperitonea lly .

H om ograft-reaction  assay  in diffusion cham bers

The method devised by Celada and C á rte r  [1] was used, except that 
the "k il l in g "  effect of spleen ce lls  from  P j  m ice on "ta rg e t" spleen 
c e lls  from  P 2 or F j  m ice  w ere observed in diffusion cham bers implanted 
in trap e rito n ea lly  into X - rayed  P j  or F j  m ice.

G e n e ra lly , fo r p r im a ry  homograft reaction studies, target ce lls  were 
obtained from  F ¡  m ice , and for secondary homograft reaction  studies 
from  P 2 m ice . In the la t te r  case P j  m ice were pre-im m unized in tra L 
pe rito n ea lly  w ith 2 X 107 P 2 spleen ce lls  about a week before the rem oval 
of th e ir  sp leen. In a ll cases P 2 or F j  m ice were immunized intra- 
pe rito n ea lly  w ith 1 m i of 1% rat red blood ce lls  (R B C ) suspensión about 
two weeks before the rem oval of the ir spleen. A s  described prev iously  
[4], a desired  concentration of ce ll suspensión was inoculated into s te r ile  
s ing le-or double-com partm ent diffusion cham bers (SCD Ch. and D C D C h .). 
These cham bers w ere  made of Lu c ite  rings. The double-compartment 
d iffusion cham bers w ere  built from  two luc ite  rings with three w alls of 
M illip o re  f i lte rs  (a ha lf cham ber attached to a com plete one). SCDCh. 
w ere  inoculated w ith 12-24X10i: target and/or k il le r  spleen ce lls  and 
3 X 1 0 6 ra t R B C .  When DCDCh. were used, 24X 106 k il le r  P i  spleen 
c e lls  w ere  inoculated into one of the com partm ents, and 24 m illion  target 
P 2 o r F j  sp leen ce lls  and three m illio n  ra t R B C  antigen into the other 
com partm ent. The follow ing contro l-cham ber studies were run; (a)
B lan k  cham bers, (b) k i l le r  P j  spleen ce lls  only, (c ) target P 2 or F x 
spleen c e lls  plus ra t R B C ,  (d) target P 2 or F x spleen ce lls  only, (e) rat



R B C  only, (f) k i l le r  P i  spleen c e lls  plus ra t R B C , and (g) target P 2 

spleen c e l ls  plus P 2 spleen ce lls  from  donors not immunized against 
ra t R B C , plus ra t R B C .

W ith  use of single-com partm ent diffusion cham bers, spleen ce lls  
w ere  labelled  w ith tr it ia ted  thym idine (H3T ) (1 m C i/m l, specific  a c tiv ity  
0.36 C i/m m o l, Schw arz  La b o ra to rie s ) in situ. P j  m ice were injected 
in trap e rito n ea lly  tw ice  w ith 15 ¡jlC i of H3T within a 30-min in te rva l. One 
hour a fte r the second in jection  of H3T the ir spleens w ere rem oved and 
processed . P2 m ice  w ere  a lso  given two in traperitoneal in jections of 
H3T, the f ir s t  w ith 10 /uCi and 20 h la te r  the second with 20 /uCi. A lso , 
one hour la te r , th e ir  sp leens w ere  rem oved and processed. W ith use 
of the double-com partm ent cham bers, spleen ce lls  were labelled by in- 
jecting  5 p C i of H3T  in trap e rito n ea lly  into the recip ien t m ice.

D iffusion  cham bers w ere rem oved from  the X-rayed  recip ien t m ice 
at vary ing  in te rva ls  a fte r im plantation, or a fte r an in traperitoneal in ­
jection  of H3T into the rec ip ien t m ice, the ea r lie s t taking place within 
an hour a fte r  treatm ent. The cham ber fluid was assaved for anti-rat 
R B C  t it re  and s raea rs  w ere  stained with G iem sa, or subjected to auto- 
rad iography by using N T B3  Kodak nuclear track  em ulsión (exposure tim e 
8 d). A fte r  developm ent these sm ears w ere stained with G iem sa through 
the em ulsión acco rd ing  to G ude 's  method [14).

The p ro life ra t iv e  capacity  of lymphoid ce lls  was determ ined by 
sam pling the percentage of H3T-labelled  ce lls  at varying tim e in te rva ls . 
The num ber of c e lls  counted per tim e in te rva l was about one thousand 
per cham ber. F o r  these experim ents mouse spleen ce lls  were grouped as 
fo llows: Reticu lum -b last ce lls , (R - B ), im m ature lym phocytes ( IL ) ,  
im m ature  p lasm acytes ( IP ) ,  m ature lym phocytes (M L ), m ature plasma- 
cytes (M P ) ,  h is tio cytes (H ), phagocytes (P h ), im m ature and mature 
g ranu locytes (IG -M G ) and eryth rob lasts (Eb ). B y  m ultip lying the per- 
centages of each c e ll type obtained with d ifferentia l counts, with the total 
num ber of nucleated c e lls  per cham ber at a given in terva l, data on the 
total num ber of each type of c e lls  per cham ber at that tim e was obtained. 
W ith  the sam e procedure the absolute number of H3T-labelled ce lls  of a 
g iven type of ce ll per cham ber per tim e in te rva l was obtained.

G E N E R A L  S C H E M E  O F T H E  E X P E R IM E N T S

Two d ifferent c r i te r ia  w ere used to evalúate the fate of k ille r  and 
target c e lls  cu ltu red  in diffusion chambers. One was the degree of 
depression of secondary agglutinin response by target ce lls  when 
cultured w ith k i l le r  c e lls , and the second was the p ro life ra tive  rate of 
both type of c e lls  determ ined by means of the tritia ted  thym idine labelling 
technique. W e  know from  previous work (15] that when pre-im m unized 
spleen c e lls , in jected in travenously into a heav ily  irrad ia ted  (unresponsive) 
isologous re c ip ien t, a re  secondarily  stim ulated with the test antigen, 
there  is , during the logarithm ic  phase of antibody production, a linear 
re la tionsh ip  between log2 antibody titre  and ce ll number. The slope of 
the reg ress io n  lin e  is  1.0. Consequently it is  possible to estim ate the



c e ll num ber in te rm s of antibody response re la t ive  to that of the non- 
treated  c e lls . A lso  we dem onstrated that m ouse spleen ce lls  inoculated 
e ith e r in travenously into heav ily  ir rad ia ted  isologous rec ip ien ts, or into 
diffusion cham bers, p ro life ra te  with a mean doubling tim e of 24 h, as 
indicated by the in c rea se  in the percentage of H 3T- labe lled  lymphoid 
c e lls  and the d ecrease  in the mean g ra in  count per c e ll during culture 
[4-16], Fu rth e rm o re , we found that when these c e lls  a re  p r im a r ily  or 
secondarily  stim ulated with an agglutinogen (sheep red blood ce lls ) there 
ex ists , during the latent and the logarithm ic  phases, a two-fold decrease 
in the mean generation tim e com pared w ith that of the non-stimulated cel

W ith  these approaches we devised se v e ra l experim ents to study 
adequately the fate of k i l le r  and of target c e lls  during the homograft 
reaction  and a lso  the existence of a m obile fa c to r responsib le  for the 
re je c tio n  of the homologous antigens.

In the f ir s t  set of experim ents we used single-com partm ent d if­
fusion cham bers. To investigate  the fats of both k i l le r  and target ce lls  
two experim ents w ere  done. In one, k i l le r  c e lls  from  H3T-labelled 
donors w ere  cu ltured w ith 12 m illio n  target spleen ce lls  from  unlabelled 
donors. In the second 12 m illio n  k il le r  c e lls  from  unlabelled donors 
w ere  cu ltured w ith the same amount of target spleen ce lls  from  H3T- 
labe lled  donors. W ith  this experim ent the "k i l l in g "  effect of k il le r  ce lls  
upon target c e lls  was investigated. K i l le r - c e l l  a c t iv ity  was also studied 
by determ in ing  the re la t ive  antibody response by pre-im m unized target 
c e lls  when cu ltured w ith pre-sensitized  o r non-sensitized k il le r  ce lls  as 
com pared with that of the target c e lls  cu ltured without k il le r  ce lls . The 
re la t iv e  antibody form ing  ac tiv ity  was determ ined by the form ula:

R .A b .F .A c t .=  2s (T 1- T "  ) X 1 ° °
'  c exp '

where: s = slope =1.0, T c = log 2 t it re  of contro l group, and T exp = log 2 
t it re  of experim ental group. F o r  th is purpose 12 m illio n  k ille r  spleen 
ce lls  from  pre-im m unized or non-im munized P j  donors w ere cultured 
with 12 m illio n  P 2 o r F i  target c e lls  pre-im m unized against rat R B C  
plus th ree  m illio n  ra t R B C  and the agglutinin t it re  recorded at 4 and 5 d 
of cu ltu re .

F o r  the second set of experim ents double-com partm ent diffusion 
cham bers w ere  used. A s  in sing le-com partm ent-cham ber studies, 
both the p ro life ra t iv e  rate  of k il le r  an3 target ce lls  and the effect of 
k i l le r  c e lls  upon the agglutin in response of target c e lls  w ere investigated. 
F o r  the f ir s t  purpose 24 m illio n  k il le r  c e lls  from  pre-im m unized or 
non-im m unized donors w ere  cultured in one com partm ent, and 24 m illion  
target spleen ce lls  from  pre-im m unized o r non-im munized donors in the 
opposite com partm ent. A t vary ing  tim e in te rva ls  a fte r im plantation of 
the cham bers, re c ip ien t irrad ia ted  m ice  w ere  in jected w ith H3T.

F o r  the second purpose 24 m illio n  k i l le r  sp leen ce lls  from  pre- 
im m unized o r non-im munized donors w ere  cu ltured in the same manner 
as in  the p rev ious experim ent, with P 2 o r F j  target spleen ce lls  from  
donors pre-im m unized against ra t R B C , plus three m illio n  rat R B C .



The cham bers w ere  in traperitonea lly  im planted into 500 R treated P i 
m ice , one cham ber per mouse. F iv e  days a fte r cu lture the cham bers 
were rem oved and the anti- rat titre  determ ined in the cham ber fluid 
sam ples by the two-fold dilution method.

R E S U L T S  AN D  D ISC U SSIO N  

Sing le-com partm ent diffusion-cham ber studies

F ig u re  1 shows the p ro life ra tive  ra te  of k il le r  and target spleen 
ce lls  labelled  w ithH 3 T  in situ. A s  can be seen, while pre-sensitized k ille r  
c e lls  p ro life ra te  w ith a mean doubling tim e of about 12 h, the number 
of labelled  target c e lls  decreases sharp ly during the f irs t  24 h of culture. 
On the other hand, target ce lls  cultured without k ille r  ce lls , the control 
group, p ro life ra te  no rm ally  with a mean doubling tim e of about 24 h. 
K i l le r  c e lls  from  non-sensitized donors cu ltured without target ce lls  
p ro life ra te  a lso  with a mean doubling tim e of about 24 h. T h is  obser- 
vation was not plotted.

S C D C h. . ------- .  TARGET -EXPT.

O -------O TARGET-CONT.
B -------H  KILLER

TIME OF CULTURE (h )

F IG .l.  Proliferative rate of H3T-labeIled killer P, spleen cells pre-sensitized against P2 antigens, and 
H3T-labelled target R, spleen cells cultured in SCDCh. Control-group chambers contained only P; cells.

In  p rev ious work done on the p ro life ra tive  rate  of mouse spleen ce lls  
[4, 5, 16] we found that non-stim ulated spleen ce lls  p ro life ra te  with a 
doubling tim e of 24 h, w h ile  stim ulated c e lls  p ro life ra te  during the latent



and logarithm ic  phases of antibody response w ith a doubling tim e of abou 
12 h. In the present experim ents the acce le ra ted  p ro life ra tio n  rate of 
k i l le r  ce lls  could be ind ica tive  of antigenic stim ulation  while the decreas 
in the num ber of H 3T- labe lled  target c e lls  in the experim ental group is 
ind ica tive  of c e ll destruction  and/or a rres ted  p ro life ra tion .

S C D C h  K IL L E R  C E L L S

TIM E OF C U L T U R E  (h )

FIG .2. Proliferation of in-situ H3T-labelled killer P, spleen cells during homografi reacción in SCDCh. 
Mean grain count and mitotic index.

The ac tive  p ro life ra tio n  rate  of k il le r  c e lls  was a lso  estim ated by 
determ in ing  the m ean g ra in  count per ce ll. The re su lts  a re  shown in 
F ig .2 . It can be observed that the mean g ra in  count decreased to a half 
in about 12 h. A cco rd in g ly , the number of m itotic  ce lls  increased  with 
tim e a fte r cu ltu re.

Tab le  I shows the resu lts  on the effect of k i l le r  spleen ce lls  upon 
the immune response capacity  of target ce lls . In  th is experiment 
12 m illio n  k i l le r  sp leen ce lls  sensitized with P2 antigens two days e a r lie r  
w ere  cu ltured , together w ith 12 m illio n  target P 2 spleen ce lls  prim ed 
against ra t R B C  plus th ree  m illio n  ra t R B C . The resu lts  show a great 
decrease  in the im m une response by target c e lls  on the fifth day of 
cu ltu re . In te rm s of re la t ive  a c t iv ity  94% of the target c e lls  were 
destroyed. C om parative  re su lts  when pre-sensitized  or non-sensitized 
P l  spleen ce lls  w ere  cu ltured w ith P 2 o r F j  spleen ce lls  re sp ective ly  
a re  shown in F ig . 3. It is  possib le  to see a dep ress ive  effect of non-sensi- 
tized P j  spleen ce lls  on the immune response capacity  of F j  hybrid. In 
th is case , in te rm s of re la t ive  antibody a c tiv ity , 86% of the target ce lls  
w ere  destroyed.



* T A B L E  I.  S E C O N D A R Y  A G G L U T IN IN  R E S P O N S E  B Y  T A R G E T  P 2 
S P L E E N  C E L L S  C U L T U R E D  W IT H  O R  W IT H O U T  K I L L E R  P j  
S P L E E N  C E L L S  IN  SC D C h .

T im e afier
Anti-rat

a
agglmmin titre (log 2)

incubación
(d) Target cells alone

Target cells plus 
killer cells

4 5.00 3.60

5 8 .20 4.20

Chamber fluid samples

FIG .3. Effect of pre-sensitized and non-sensitized killer Pj spleen cells upon the immune capacity of 
P2 or Fj spleen cells pre-immunized against rat RBC assayed on the fifth day of culture in SCDCh.
A = primed P2 or F, spleen cells plus rat RBC. R. Ab. F. Act. 100*J5>.
B = F spleen cells cultured with non-presensitized P, spleen cells. R. Ab. F. Act. 14 %
C = primed P2 spleen cells cultured with pre-sensitized P, cells. R. Ab. F. Act. 6 0̂.
D = killer P ' cells cultured with rat RBC. R. Ab. F. Act. 0%.

Double-com partm ent diffusion-cham ber studies.

B y  using the single-com partm ent diffusion cham ber it was possible 
to c a r r y  out cyto log ica l studies during homograft reaction  of both k ille r



.  • EXPT KILLER COMP.

FIG .4. Number of free recoverable spleen cells per chamber with time after culture in DCDCh. during 
homograft reaction. Four samples per poim,

and target H3T-labe lled  spleen ce lls  in an adequate m anner because, in 
this system , cu ltured ce lls  a re  kept separated from  those of the recip ien t 
an im al. H ow ever, because in this model the k il le r  and target ce lls  are 
m orpho log ica lly  s im ila r  (sp leen c e lls ), p rec ise  cytom orphological studies 
of each ce ll population during the homograft reaction  are  not possible 
because both types of c e lls  a re  cu ltured together. In seeking a system  
whereby k il le r  and ta rget c e lls  can be kept separated from  each other 
during the homograft reaction , \ve devised a double-com partm ent dif- 
fusion cham ber (see m a te ria l and m ethods). In this cham ber both ce ll 
populations rem ain  separated from  each other by means of a porous 
niem brane im perm eab le  to nucleated ce lls . W ith this model we intended 
to study the m orphological changes occurring  in the k ille r  and in the 
target com partm ents providing that k ille r  ce lls  can be sensitized by 
target antigens through the f i lte r  m em brane, and that k ille r  c e lls  produce 
a m obile factor which can diffuse through the porous m em brane and 
reac t with target ce lls .

A s  in previous experim ents we f irs t  determ ined the number of 
re co ve rab le  ce lls  cu ltured in each com partm ent during the tim e after 
cu ltu re . F ig u re  4 shows the resu lts  of th is experim ent. The experim ental 
group cham bers w ere filled  with 24 m illio n  spleen ce lls  from  C3H donors 
sensitized to P 2 (C 5 7 B L ) spleen ce lls  in one side and, on the opposite.



>24 m illion  P 2 spleen ce lls  im m unized against ra t H BC  plus three m illion 
rat R B C . Contro l-group cham bers contained 24 m illion  target P 2 ce lls  
plus three m illio n  rat R B C , on one side and few drops of Tyrode solution 
in the other com partm ent. Sam ples w ere taken at 1, 24, 48 and 120 h 
a fte r cham ber im plantation. It was observed tliat, im m ediately after 
im plantation, there was a sliarp  decrease  in the total number of free 
recoverab le  c e lls  per cham ber of each com partnient in the experim ental 
as w ell as in the contro l group, representing , in 48 h of cu lture, about 
12% of the in it ia l inoculum . How ever, by the fifth day a fte r cu lture, 
d ifferent figu res were obtained fo r each com partm ent. Thus, average 
num bers of 1. 1, 1.9, and 3.8 m illio n  were obtained for target experi­
m ental, target contro l, and k i l le r  com partm ent resp ective ly .

In most experim ents w ith double-com partm ent diffusion cham bers 
we considered data obtained on the second and fifth days a fte r culture 
for p ro life ra tive  and cytom orpho log ical studies, and data on the fifth day 
only for studies on the degree of depression by k il le r  ce lls  of the 
secondary agglutinin response by target ce lls .

In one experim ent, perform ed to investígate the p ro life ra tive  rate of 
k il le r  and target ce lls , cultured ce lls  were labelled one hour after 
cham ber im plantation by an in traperitonea l in jection of 5 /uCi of H3T into 
the ir rad ia ted  rec ip ien t m ice. The percentages of labelled ce lls  in each 
com partm ent was determ ined in sam ples taken at 1, 12, 24, 36, and 48 li 
a fte r labe lling . In this case, as was found with SCDCh. , k ille r  ce lls  
p ro life ra te  with a mean doubling tim e of 12 h. The same doubling time 
was observed fo r target c e lls  of the control group undergoing a secondarv 
an ti-rat response. T h is  agrees with the resu lts  we obtained previously 
[4-5], Bu t, on the co n trary , the p ro life ra tive  rate of target ce lls  of 
the experim ental group showed a m arked decrease  and the number of 
H3T-labelled  target c e lls  decreased considerab ly during the f irs t  24 h 
afte r cu ltu re  and labelling .

F ig u re  5 shows the ra tio  between the total number of H3T-labelled 
target c e lls  of the experim ental group per cham ber to the total number 
of labelled  ce lls  of the target com partm ent in the control group, on 
sam ples taken 1, 12, 24, 36 and 48 h afte r pulse labelling . A decrease 
in the num ber of labelled  target ce lls  per cham ber in the experim ental 
group com pared with those of the control group was observed. These 
resu lts  ind ícate the existence of a mobile factor produced by k ille r  ce lls , 
capable of diffusing through the f i lte r  m em brane and exerting a de- 
s tru ctive  effect upon target spleen ce lls  cultured in the opposite 
com partm ent.

F ig u re  6 shows the re su lts  obtained with the experim ents performed 
to investígate , by means of the degree of depression of the immune 
capacity  of target ce lls , the existence of a diffusib le hom ograft-rejection 
factor and the sensitization  of k il le r  ce lls  without having cióse contact 
with target ce lls . Two reaction  models w ere considered. The f irs t pre- 
sensitized ce lls  against P 2 c e lls  and the second had no pre-sensitized 
l 1! ce lls  against F j spleen ce lls , i . e .  a secondary and a p r im a ry  homo­
graft reaction , re sp ective ly . In te rm s of re la tive  a c tiv ity  89% of the
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FIG .5. Fate of H3T-labelled target P2 spleen cells cultured in DCDCh. as expressed by the ratio H3T- 
target cells per chamber of the experimental g r o u p / H 3 T - l a b e l l e d  target cells per chamber of the control 
group (without killer cells). Arrow indicates labelling of cultured spleen cells with H3T.
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FIG .6. Effect of pre-sensitized and non-sensitized killer Pj spleen cells upon the immune capacity of P2 
or Fj spleen primed with rat RBC assayed on the fifth day of culture.
A = primed P2 or Fj spleen cells undergoing secondary agglutinin response and cultured without killer cells 
(control group). R .A b .F .A ct. 100%.
B = primed Fj spleen cells cultured with non-sensitized Pj spleen cells. R, Ab. F. Act. 22%.
C= primed P2 cells cultured with primed P cells. R .Ab .F.Act. 11%.
D = 3 x l 0 6 o r 6 x i 0 6 RBC in DCDCh. or blank chambers. R. Ab. F. Act. 0%.



' target ce lls  were destroyed during secondary reaction  and 78% during 
the p r im a ry  reaction on the fifth day of cu ltu re.

W ith  this system  then, p r im a ry  sensitization of competent spleen 
ce lls  was obtained without mediating in the ce ll- to-ce ll contact with 
homologous c e lls .

These resu lts  agree with those of Dvorak and Waksman (17] and of 
X a ja r ian  and Fe ldm an {18].

W ith  the knowledge that the k ille r  ce lls , when cultured together or 
separated by rneans of a porous m em brane from  target ce lls , provoke 
a depression of the p ro life ra tive  and the immune capacities of target 
ce lls , we wished to a sce rta in  to what extent this depression was due to 
ce ll destruction o r to the inhibition of protein  synthesis. We present data 
concerning the f irs t  question.

In F ig . 7 a re  represented the varia tions in number of ce lls  per 
cham ber per ce ll type in the target com partm ent during p r im a ry  homo- 
graft reaction  as com pared with the contro l group on the second and fifth 
days of cu ltu re.

PRIMARY HOMOGRAFT T -K □  T . K

<D 0

8 , 16 200. bm

1 6. I  12' ■  150■ m ~1111 i i

WlMül

G(M .I)

48 120 48 120
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FIG. 7. Primary homograft reaciion in DCDCh. Variation iii the number of target cells per chamber re- 
covered at 48 and 120 h after culture. R-B = reticulum blast cells; IL = immature lymphocytes; IP = 
immature plasmacytes; ML = mature lymphocytes; MP = mature plasmacytes; G = mature and immature 
granulocytes; H-Ph = hisriocytes and phagocyres; Eb = erythroblasts. i 1 Experimental group.
H l  Control group.

A sign ifican ! decrease  is observed among re ticu lum -b last-ce lls , 
im m ature p lasm acytes and m ature p lasm acytes groups as compared 
with the Controls. T h is  d ifference  is  m ore pronounced on the fifth day, 
sp ec ia lly  among m ature p lasm acytes where about a three-fold decrease 
is  observed.
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FIG .8. SeconiJary homograft reaction in DCDCh. Variation in number of target cells per chamber re- 
covered ai 4tí and 1 'JO h of culture. (R-B, ÍL, IP, ML, MP, G, li-Ph, Eb, are Usted in the caption of 
Fig. 7). 1 1 Experimental group. M H  Control group.

Oti tlie co n trary , cotnpared with the contro l group, granulocytes 
in crease  w itliin this tim e. T h is  was a lso  true  for e rv th rob lasts , although 
in this group tlie sam ple size was too sm all to valídate  this resu lt.

F igu re  3 shows the resu lts  of a s im ila r  experim ent during secondary 
homograft reaction. H ere, as expected, the decrease  of target ce lls  
is  m ore accentuated than in the p r in ia ry . The g reatest decrease , about 
six-fold, is found among b last-ce lls  and m ature p lasm acytes. G ranu lo ­
cytes do not va ry  com pared with the contro l group. A significant de- 
c rease , about three-fold, is a lso  seen among hystiocytes and phagocytic 
ce lls .

Tab les II and I I I  show the absolute num bers per ce ll type per chamber 
in the target com partm ent of experim ental and contro l groups on the fifth 
day of cu lture during p r in ia ry  and secondary homograft reaction, 
re sp e c t iv e ly .

A better estim ation of the decrease  in the number of target ce lls  is 
seen in F ig . 9 where the ratio  of ce ll num ber per cham ber per ce ll type 
between the experim ental and the contro l group is represented during 
p r in ia ry  and secondary reactions On the fifth day of cu ltu re. In over-all 
decrease  that of the re ticu lum -b last c e lls  and the m ature and im m ature 
p lasm acytes p redom ínate .

In genera l it can be seen that the effect of the d iffusib le  factor in this 
system  is n iam ly upon blast- and lym phoidal-type ce lls . G ranulocytes 
rem ain  unaltered both in the p r in ia ry  and in the secondary reaction.

F ig u re  10 shows the ra tio  of H 3T-pulse-labelled  target ce lls  per cell 
type per cham ber between experim ental and contro l groups on the fifth



1 TA  B L E  I I .  N U C L E A T E D  C E L L  N l 'M B E R  (X  1 0 '3) IN  T A R G E T  
C O iM P A R T M E N T  D U R IN G  P R IM A R  Y H O M O G R A F T  R E A C T IO N  
ON F I F T H  U A Y  O F  C U L T U R E  IN  D C D C h .

Ci*ll type R-B IL ML IP MP IG MC H-Ph Eb

Controla 73.2 39.0 1290.0 114.4 74.2 11.7 36.0 81.9 3. 7

b
Experimental 29.3 30.5 810.0 39.6 25.5 14.5 45.1 45. 6 4.4

a
Average oí 1-5 samples 

^Average of 16 samples

T A B L E  I I I .  N U C L E A T E D  C E L L  N U M B E R  (X  1CT3 ) IN  T A R G E T  
C O M P A R T M E N T  D U R IN G  S E C O N  D A R  Y  H O M O G R A F T  R E A C T IO N  
ON F I F T H  DA Y O F  C U L T U R E  IN  D C D C h .

Cell type R-B IL ML IP MP IG MG H-Ph Eb

a
Control 118.8 54.4 1172.7 108. 0 173.0 13.0 51.6 107.0 13.0

Experimental^ 31.0 32.5 835.0 43.0 26.0 21. 0 39.5 30.0 44.0

a
Average of 13 samples

b
Average of 14 samples

day of cu ltu re . In agreem eüt with the previous experim ent a high de- 
crease  is observed among blast ce lls  and lym pho-p lasm acytic ce lls  during 
the p r im a ry  and the secondary reaction.

If  we consider the absolute number of c e lls  per cham ber (F ig . 7) a 
two-to three-fold decrease  in re ticu lum -blast c e lls  and lym phoplasm acytic 
ce lls  was observed in the experim ental group as com pared with that of the 
contro l group. How ever, when only H3T-labelled  ce lls  of the same type 
are  considered a four-fold decrease was observed. T h is  d ifference 
suggests that the d iffusib le  hom o-rejecting facto r in some degree affects 
the DNA synthesis p rocess of target ce lls .

If the reduction of agglutinin titre  w ere only due to ce ll loss then, 
according to the valúes obtained on the absolute number of nucleated 
ce lls  per cham ber on the fifth day (See T ab les I I  and I I I )  in R - B , IM and



DCDCh.
5 - DA Y CULTURE □  PRIMARY REACHION 

■  SECONDARY REACTION
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FIG .9. Destructive effect of killer Pj spleen cells on the differeni morphological types of P2 or F: 
target spleen cells on the fifth day of culture in DCDCh. as expressed by rhe rario, experimental/contro 
group. (R-B, 1L, IP, ML, MP, G, H-Ph, and Eb are listed in the capción of Fig .7 .)

H 3T - CELLS Tr  / r  E*0/ C

FIFTH OAY OF CULTURE

□ PRIMARY 
HOMOGRAFT REACTION

■ SECONOARY 
HOMOGRAFT REACTION

D C O C h
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FIG. 10. Effect of killer Pj spleen cells upon the number of H3T-labelled P2 or Fj target spleen cells per 
chamber on the fifth day of culture in DCDCh. as expressed by the ratio experimental over the control 
group. R-B, IL, IP, ML, MP, G, H-Ph, and Eb are the same as the Figs 7,8 and 9. Samples were taken 
one hour after H3T injection.



FIG. 11. Parcicipation of cell desiructioa on the total depression of the secondary agglutinin response by 
target P2 or F, spleen cells when cultured in DCDCh. with pre-sensitized or non-sensitized Pt spleen cells.
P = primary homograft reacción; S = secondary honiograft reaction. R-B, IL, IP, and MP are the same 
as in Fig. 7.

M P  groups, and re la ting  ce ll nuraber to antibody-form ing a c tiv ity , the 
depression of the immune response on the p r im a ry  and the secondary 
reaction  should be equal to G4% and 75%, re sp e c t ive ly . Ilow ever, the 
actual valúes of the depression  of the immune response were higher 
(78°» and 89%, re sp ec tive ly ). Thus, we can assum e that, out of the 
total depression of the agglutin in-form ing ac tiv ity  by target ce lls , 80% 
is  due to ce ll lo ss and 20% to other causes such as the inhibition of protein 
synthesis.

T h is  assum ption is expressed in F ig . 11, in which the corresponding 
valúes a re  g iven in F ig . 11 (A ), taking mto consideration the valúes on 
re ticu lum -b last c e lls  and m ature and im m ature  p lasm acytes, and in 
F ig . 11 (B )  if  the im m ature  lym phocytes a re  included. In both cases the 
valúes a re  v e ry  c ióse.

F ig u re  12 shows the varia tion  in number per cham ber per ce ll tvpe 
in the k il le r  com partm ent expressed by the ra tio  of the experim ental to 
the contro l group. A five-fold in crease  occurs on the fifth day of culture 
among the re ticu lum -b last ce lls  and h istio cytes as com pared with the 
contro l group. A two-and-a-half tim es in crease  is observed in im m ature 
p lasm acytes with a s ligh tly  higher valué for im m ature lym phocytes.
Among m ature p lasm acytes only a one-and-a-half tim es in crease  compared 
w ith the contro l was observed.
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k i l l e r  c o m p a r t m e n t 5- DAY CULTURE

JL
R-B !L IP MP ML H Ph G Eb

FIG.12. Relative change in the proportion of cell lypes between experimental and control groups in 
killer comparment. R-B, 1L, IP, ML, MP, G, H-Ph, and Eb are the same as in Fig. 7.

T h is  d iffe rs  ¡rom  what we have observed in previous experim ents un 
cytok in es is  of mouse spleen ce lls  during secondary agglutinin response 
(anti-sheep R B C )  [6] where a four-fold in crease  was observed among 
p lasm acytes on the fifth dav of cu lture in diffusion cham bers.

In agreem ent with the resu lts  of André et a l. [19] the present obser- 
vation suggests that, in the re jection  of allogeneic nucleated ce lls , the 
blast ce lls , h is tio cytes and lym phocytes play the m ajor ro le, ra the r than 
the p lasm acytes. T h is  is supported by experim ents in which the fate of 
the k il le r  and target c e lls  was followed for m ore than 10 days a fte r cultur' 
T h e re  was no s ign ificant in crease  of p lasm acytes by that tim e.

SU M M A R  Y

Using single-and double-com partm ent diffusion cham bers, studies 
w ere  pérform ed on hom ograft reaction  by mouse spleen ce lls  differing 
at the H-2 locus. T a rg e t c e lls  a re  destroyed and probably functionally 
inhibited (an ti- ra t response) when cultured in contact with k ille r  ce lls  
or separated from  them by a porous m em brane. How ever, k ille r  ce lls  
p ro life ra te  at a h igher ra te  than non-stimulated ce lls  as was seen in the 
im m une response. Ev id ence  is reported on p r im a ry  sensitization of 
com petent spleen c e lls  against homologous ce lls  without mediating cell- 
to-ce ll contact.
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SU M M A R Y  OK D ISC U SS IO X

The use of the tern i homograft for the double-compartment diffusion 
cham ber was discussed at length since the mechanism  seem s to be that 
o;' a c la s s ic a l hum oral innnune response and probably different from 
the m echanism  included in, for instance, the destruction of a skin graft.


