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In in vitro mixed leukocyte culture (MLC) J reactions, cytotoxic T lymphocytes 
(CTLs) are generated when responding and st imulat ing (usually y-irradiated or 
mitornycin-C treated) cells differ for certain antigens determined by the major 
histocompatibil i ty complex (1). Genetic experiments have revealed that in mice, the 
strongest of  the antigens recognized by CTLs  on the target cells are coded by K and 
D regions of  the H-2 complex (2). Although there is sufficient evidence to indicate 
that differences between responding and st imulating cells of  either the K or D region 
alone will lead to generation of  CTLs,  in most situations additional disparity for the 
H-2 I region is needed to obtain an optimal response. Such findings have led to the 
two signal hypothesis for in vivo and in vitro activation of  CTLs  (2, 3). 

In recent years, several groups have demonstrated that soluble factors found in 
M L C  supernates can, in the presence of  a K- or D-region difference, substitute for the 
I region different st imulating cells by enhancing a weak cytotoxic response to a strong 
one (3-7). These studies have used spleen or lymph node cells as responders for the 
generation o fCTLs .  Unfract ionated thymocytes,  on the other hand, are poor respond- 
ers to aliogeneic st imulation in M L C  and cell-mediated lympholysis (CML) assays 
unless supplemented with lymph node or spleen ceils (8-10). Recently, Simon and 
coworkers (11) have demonstrated that a supernatant  preparat ion from h u m a n  M L C  
can help in the generation of  in vitro C M L  response of  murine thymocytes to 
alloantigens. In this communicat ion,  we report that  thymocytes,  when stimulated 
with H-2 different allogeneic spleen cells, give a strong proliferative response without  
developing a significant C M L  response. Addit ion of  cell-free supernatant  factor (SF) 
to these cultures leads to a significant C M L  response. However, contrary to findings 
using spleen cells as responders (12), thymocytes do not respond (even minimally 
under  conditions tested) to either K- or D-region differences alone, irrespective of  the 
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presence of SF, unless addi t ional ly  s t imulated with an I-region encoded antigenic 
difference. 

M a t e r i a l s  a n d  M e t h o d s  
Mice. All inbred strains of mice used in this study are bred and maintained in this 

laboratory. Throughout this work, 4 to 6-wk-old mice of both sexes were employed. 
Generation of SF. Responding C57BL/6 (BL/6) spleen cells were treated with water for 5 s 

to lyse erythrocytes and reconstituted to normal osmolarity with 10X phosphate-buffered saline. 
Stimulating B 10.S cells were similar!~, treated and subsequently UV irradiated (13). 20 Million 
responders were mixed with 20 × 10 UVoirradiated stimulators in 20 ml Eagle's Hanks' amino 
acid (EHAA) containing 50/zM 2-mercaptoethanol and 0.5% normal mouse serum (NMS) in 
Falcon flasks (Falcon 3013 BioQuest, BBL, & Falcon Products, Cockeysville, Md.). After 7 days 
of incubation at 37°C in 5% COz atmosphere, the cultures were spun at 5,000 g for 15 min. 
Resulting supernates were filtered through 0.45-p,m Millipore filter (Millipore Corp., Bedford, 
Mass.) and stored in aliquots at -80°C. 

In Vitro Sensitization of Cells. 30 million responding thymocytes or spleen cells were cultured 
with appropriate numbers of y-irradiated (2,000 rads) spleen-stimulating cells in 20 ml EHAA 
containing 50 pM 2-mercaptoethanol and 0.5% NMS in Falcon flasks (Falcon 3013). The 
cultures were incubated and tested for MLC and CML. 

Assays. MLC and CML assays are performed after 5 days of in vitro culture (unless given 
otherwise) according to Peck and Bach (14). Briefly for MLC, the cells were dispersed from the 
bottom of the flasks. 0.2 ml of this suspension were transferred to microtiter plate (Linbro IS- 
MRC-96-TC, Linbro Chemical Co., Hamden, Conn.) wells to which 2.0 pCi of I'~H]TdR were 
added. Plates were harvested after 6 h and results expressed as counts per minute of [3H]TdR 
incorporated; standard deviations are included. For CML estimation, given number of viable 
effector cells were incubated with 1 × 104 '51Cr-labeled phytohemagglutinin-stimulated lymph 
node target cells in 0.2 ml of EHAA with 5% fetal calf serum in round bottom microtiter wells 
(Linbro IS-MRC-96-TC). The plates were incubated for 3 h and the radioactivity released into 
the supernate was recovered using Skatron Titertek Supernatant Collection System (Flow 
Laboratories, Inc., Rockville, Md.). Spontaneous release (SR) represents the counts per minute 
released by 1 × 104 target cells and maximum release (MR) is that released by 1 × 104 
detergent lysed target cells. Results are expressed as percent cytotoxicity calculated as: 

(cpm experimental release - cpm SR) 
x 100 

(cpm MR - cpm SR) 

or as lyric units (LU) per 1 × l0 s effector cells, where 1 LU is the number of effector cells 
needed to achieve 33.3% tysis of'SICr-labeled target cells. 

Resu l t s  

M L C  and CML Response of Thymocytes in the Presence of SF. Table  I shows that when 
thymocytes from B10.A animals  were s t imulated with C57BL/6  spleen cells in the 
absence of SF, a strong MLC response was obtained.  U nde r  these condit ions however, 
only a slight, if any, C M L  response was detected. On  the other hand  under  identical 

conditions, with control spleen cell responding cultures, both a strong MLC as well as 
a strong C M L  response could be observed. Addi t ion of SF 2 to a final concentrat ion of 
5% to the cultures conta in ing  thymocytes as responding cells, resulted in a strong 
C M L  response. CTLs  generated under  these condit ions were specific in killing targets 
having the H-2 haplotype of the sensitizing cell (H-2b). Thus,  with responding 
thymocytes, s t imulat ion with allogeneic cells differing by an entire H-2 haplotype in 

the presence of SF, results in the generation of CTLs  that are specific for the sensitizing 
alloantigen. 

Optimal concenlration of SF in cultures was separately determined and found to be 5% with thymus- 
responding cells and 20-25% with spleen cells as responders. 
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TABLE I 

Response of Thymocytes and Spleen Cells to H-2 Disparate Stimuli 
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BIO.A Re- 
sponding cells 

MLC Response 
Stimulating SF [3H]thymidine 
spleen cells incorporated 

CML + SD 
Targets 

B 10.A B 10.G BL/6 

Thymocytes 

Spleen 

cpm 

B10.A - 565 _ 172 
BI0.A + 613 __. 199 
C57BL/6 - 7,846 + 846 
C57BL/6 + 9,308 -+ 1,205 

B I0.A - 873 __ 259 
BI0.A + 1,107 +-- 212 
C57BL/6 - 17,839 + 1,866 
C57BL/6 + 11,335 + 1,522 

% 

2.9 + 5.2 - 5.3 + 4.2 
- 1 . 0  _ 3 . 3  - 2.9 _+ 2 . 1  

4.6 + 5.8 6.6 _ 3.4 7.8 + 1.8 
3.5 + 0.9 7.6--- 3.8 41.1 + 3.7 

2.0 _ 4.8 - 4.8 +__ 3.5 
-3 .6  + 3.1 5.6 + 4.5 3.4 ::l:: 5.1 

4.9 + 2.8 8.7 + 3.6 48.2 + 1.6 
5.5 + 2.6 8.2 + 5.3 53.8 + 2.4 

Ratio of effectors to '~lCr-labeled targets in CML assay (E/T) 40: 1. 

SF concentration as indicated in Table II. 

Does SF Provide Help for Generation of CTLs in the Presence of K /D  Region Stimulation? 
M a n y  previous reports have ind ica ted  that  cell-free superna tan t  p repa ra t ion  can 
subst i tu te  for T-he lpe r  cell function in in vitro humora l  an t ibody  (15) and  cytotoxic 
al lograft  responses (3-7, 11). In the present exper iments ,  using thymocytes  as respond- 
ing cells, we tested whether  T-he lper  cell function for C T L  deve lopment  could be 
replaced with SF prepara t ion .  Exper iments  were designed to see if SF could  subst i tu te  
for an H-2 I-different  s t imula t ing  cell in the presence of  K or D region different 
s t imula t ing  cells alone. T h e  results of  such an exper iment  are descr ibed in T a b l e  II. 
W h e n  responding  B 10.A thymocytes  were s t imula ted  with cells from ei ther  B 10.A(1 R) 
(H-2 D difference) or A Q R  (H-2 K difference), no de tec tab le  C M L  response could  be 
generated.  Add i t ion  of  SF to these cultures d id  not a l ter  the results. However ,  in the 
control  exper iment  using spleen cells as responders,  a modera t e  but  highly significant 
C M L  response is ob ta ined  against  D- or K-region different s t imula t ing  cells which 
can be further  enhanced  by  the add i t ion  of  SF. 

The  inabi l i ty  of  thymocytes  to respond in C M L  to s t imula t ion  with  H-2 K or H-2 
D differences could  not be changed  by  varying the dose of  s t imula t ing  cells. As shown 
in Fig. 1 under  the cul ture  condi t ions  employed ,  A Q R  thymocytes  in the presence of  
5% or 20% SF led to a significant C M L  response when s t imula ted  with  2 × 106 
C 5 7 B L / 6  spleen cells (entire H-2 difference), whereas under  ident ical  condi t ions,  
s t imula t ion  with  B 10.A (H-2 K difference) spleen cells over a wide range (2-50 × 10 n 
cells) d id  not result in any de tec tab le  C M L  response. In  control  exper iments  with 
A Q R  spleen cells as the responding  cells, a significant C M L  was ob ta ined  th roughout  
the range of  B10.A-s t imulat ing cell concentra t ions  tested. This  response could  be 
further  augmen ted  by  the add i t ion  of  20% SF. These  exper iments  suggest tha t  the 
failure of  thymocytes  to respond to a H-2 K or D difference alone is not due to a 
different ial  ant igen concent ra t ion  requi rement  as c o m p a r e d  with spleen cells. 
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TABLE II 

Response of Thymocytes and Spleen Cells to Differences.for K and D Regions or the Entire H-2 Complex 

B10.A Respond- St imula t ing  spleen H-2 Differ- 

ing cells cells ence 

CML* ± SD 

- s F  + SF~ 

Thymocytes  

Spleen 

% 

B I0.A - - 2 . 3  _+ 4.9 - 1 . 6  + 3.1 

B10.A(1R) D 0.6 + 2.8 - 2 . 0  ± 1.8 

A Q R  K - 1 . 7  ± 6.2 1.3 ± 3.8 

C57BL/6  K, L S, D 4.2 ± 2.9 33.7 + 4.9 

B10.A - 3 . 3  ± 5.6 1.9 ± 5.1 

B10.A(1R) D 24.7 + 3.5 63.6 _ 0.9 

A Q R  K 27.3 ± 6.2 54.9 ± 4.3 

C57BL/6  K , / ,  S, D 68.0 + 7.5 69.8 ± 3.8 

* E / T  40:1 on target cells syngeneic to st imulator.  

SF concentra t ion  with thymocytes as the responding cells was 5%, whereas in spleen cells it 

was added to a final concentra t ion of 20%. 

01 bl [c) o . 
NO SF 5% SF L 20Yo SF ~ 

t.) 

0 :~ 20 40 E O :~ 20 40  Z OZ 40 40 v 

ST IMULAT ING CELLS x I0 -6 

Fro. 1. Response of AQR cells to I1-2 differences. 30 X l()" AOR thymus cells were stimulated 
with increasing numbers of BI0.A (I )  or C57BL/6 (O) celts in lhe absence or presence of SF: and 
compared with the response of AQR spleen cells stimulated with B10.A cells (&). CML lested at an 
effector to target cell ratio of 40:1. 

A n o t h e r  poss ib le  e x p l a n a t i o n  for t he  a p p a r e n t  n o n r e s p o n s i v e n e s s  of  t h y m o c y t e s  to  

K / D  di f fe rence(s )  a lone ,  w o u l d  be  t h a t  a c t i v a t i o n  was  k ine t i c a l l y  a s lower  process  in 

th i s  sys tem;  t h u s  t h e  C M L  re sponse  c o u l d  r e q u i r e  a l o n g e r  p e r i o d  o f  t i m e  to b e  

d e t e c t a b l e .  T o  tes t  th is ,  A O R  t h y m o c y t e s  w e r e  s t i m u l a t e d  w i t h  sp l een  cells d i f f e r i n g  

for va r i ous  r eg ions  o f  H-2  a n d  t he  C M L  as sayed  o n  days  5 a n d  7. T h e  resul t s  

p r e s e n t e d  in T a b l e  I I I  s h o w  t h a t  in  c u l t u r e s  s t i m u l a t e d  w i t h  a K - r e g i o n  d i f f e r ence  
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TABLE III 
AQR Thymocyte Response to Various H-2 Differences 
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H-2 Differ- 
Stimulating Cells 

ence 

D a y 5 C M L  ± SD D a y 7 C M L  ± SD 

- S F  + SF - S F  + SF 

~J 

AQR - -1 .9 ± 3.4 2.5 ± 4.9 
BI0.A K 3.1 + 6.6 -1.2 ± 1.8 
BI0.T(6R) /, S 2.6 ± 1.5 4.6 ± 3.6 
B10.A + 

BI0.T(6R) K, I, S -0.2 ± 3.6 10.8 ± 2.3 
C57BL/6" K, I, S, D 5.6 ± 4.4 36.4 ± 2.8 

0.6 ± 4.3 1.5 ± 0.9 
2.9 ± 6.3 -0.3 ± 2.7 
4.4 ± 2.6 3.5 ± 5.1 

- 8 . 7  ± 4.4 
0.0 ± 3.4 23.4 ± 4.7 

E/T  40:1. 
Effectors were tested on B10.A targets, except * where C57BL/6 cells were used as targets. 

alone essentially no difference is observed whether the C M L  is tested on day 5 or 7. 
In some experiments (data not shown), the cultures, even when allowed to go for an 
additional 2 or 3 days, did not generate any significant C M L  response when stimulated 
with K / D  difference alone. Thus,  lack of  response to K / D  by thymocytes appears not 
to be due to a delayed response. 

Role of H-2 I Stimulation in CTL Activation in Thymocytes. It is evident from the 
preceding da ta  that  with thymocytes as the responding cells, I-region stimulation 
appears obligatory for C T L  development under  these conditions. Al though SF can 
markedly enhance the development of  a thymocyte  cytotoxic response when the 
st imulating cells present K / D -  and I-region encoded differences to the responding 
cells, SF appears to have no effect when only K / D  region encoded differences are seen 
by the responding cells. These findings are, of  course, in contrast to those seen with 
spleen cells as responders. 

As has been previously reported (16), I-region and K/D-reg ion  stimulation can be 
effectively presented to spleen-responding cells on separate st imulating cells (three 
cell protocol). To  investigate whether a similar situation exists with thymocytes as 
responding cells, A Q R  thymocytes were stimulated with B10.A spleen cells, and 
increasing numbers  of  BI0.T(6R) (I + S difference) cells in the presence or absence 
of  SF. As shown in Fig. 2, with spleen-responding cells, the addit ion of  2 X 106 
B 10.T(6R) cells strongly enhanced the C M L  response. The  identical three cell protocol 
in the thymocyte  system, even in the presence of  SF and with up to 50 × 106 
B10.T(6R) cells, resulted, at best, in only a weak C M L  response. In addition, the 
relatively weak response of  thymocytes in the three cell experiment could not be 
at t r ibuted to a delay of  the time of  the peak response because as shown in Table  III,  
the C M L  results obtained on day 7 were not significantly different from those 
obtained on day 5. These results suggest that  for an optimal C M L  response from 
thymocytes,  in addit ion to SF, K / D -  and I-region differences should be provided on 
the same st imulat ing cell. 

Is Nonresponsiveness of Thymocytes to K /  D a Quantitative Phenomenon? It is possible that  
thymocytes do react to K / D  difference alone, but  the response is so weak that  it 
cannot  be detected by our assay system. Obviously, due to technical reasons, this 
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FIG. 2. Response o f  A Q R  thymus (0)  or spleen (©) cells to BI0.A, as a function o f  increasing 
numbers o f  B10.T(6R) cells. 30 x 106 A Q R  thymocytes or spleen cells were stimulated with 15 x 
10 ~ B10.A cells a n d  i n d i c a t e d  n u m b e r s  o f  B 10 .T(6R)  cells. S F  c o n c e m r a t i o n  was  5% w h e n  a d d e d  to 
thymocytes and 20% when added to spleen cells. Effector to target ratio was 40:1. 

TABLE IV 
Comparison of Two Cell and Three Cell Protocols 

LU/1 
AQR Re- Stimulating spleen cell % CML :1: SD × 106 
sponders Effectors per target* cells 

Thymus 

Spleen 

50 12.5 3.1 

B10.A + SF~ 0.9 :1: 4.5 3.6 :1: 7.2 1.0 :1: 4.1 0.00 

B10.A + B10.T(6R) 13.6 :1: 4.2 5.1 :1: 3.5 0.3 :1: 3.0 0.08 
+ SF 16.0 +- 3.3 12.5 + 3.8 6.7 :1: 2.9 0.14 

C57BL/6 64.0 :1: 5.0 43.3 :1: 3.7 40.4 :!: 2.5 16.81 

C57BL/6 + SF 

B10.A 34.8 + 3.9 18.4 :1: 4.4 10.7 :1: 3.1 2.26 
B10.A + SF 62.9 :1: 4.2 47.5 :1: 3.2 27.2 :1: 2.6 21.21 
B10.A + B10.T(6R) 58.0 :1: 6.9 44.1 + 7.3 24.5 :1: 3.7 18.12 
C57BL/6 67.8 :1: 3.8 60.5 :1: 4.5 38.3 :1: 4.4 44.06 

* C157BL/6 was used as the target cells in those groups that were stimulated with C57BL/6, in 

all others B10.A was used as the target cell. 
SF concentrations as shown in Table II. 

po in t  c a n n o t  be  ru led  out .  However ,  it is possible to c o m p a r e  the  m a g n i t u d e  of  
response u n d e r  o p t i m a l  condi t ions ,  i.e., in the  presence  o f  SF, be tween  K / D  a n d  K / D  
+ I s t i m u l a t i o n  a n d  ascer ta in  the  m i n i m u m  difference be tween  the  levels o f  responses 
to these s t imul i .  Such  a c o m p a r i s o n  is p resen ted  in  T a b l e  IV,  where  results have  been  
also expressed in  te rms  of  L U / 1  × 10 6 effector cells. W h e n  the  n u m b e r  of  lyt ic un i t s  
gene ra t ed  in A Q R  thymocy tes  s t i m u l a t e d  wi th  B10.A in  the  presence  o f  SF (line 1) 
is c o m p a r e d  wi th  tha t  aga ins t  C 5 7 B L / 6  (l ine 4), it is ev iden t  tha t  the  response aga ins t  
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Ft(;. 3. Effect of time of addition of SF on the response of thymocytes. BI0.A thymocytes were 
stimulated with C57BL/6 cells and SF added at the indicated time tn a final concentration of 5%. 
Effector to target ratio was 50: I. 

B10.A, if any, cannot  be detected. Because, under  these conditions even 0.05 L U / 1  
× l06 effector cells is a significant C M L  response, this thymocyte  response to an H-2 
K difference is at least 200-fold lower than against an entire H-2 difference. Under  
identical conditions, response of  A Q R  spleen cells to K region difference alone was 
only ~ 20-fold lower than against an entire H-2 difference. This difference was further 
reduced to only = twofold upon the addit ion of  SF, a l though different target antigens 
are involved in this comparison. 

The Effect of Time of Addition of SF on the Response of Thymocytes to Allogeneic Stimula- 
tion. Fig. 3 shows the effect of  time of  addit ion of  SF to the cultures on the response 
of  BI0.A thymocytes st imulated with C57BL/6  spleen cells; optimal restoration of  
C M L  response follows the addit ion of  SF within 48 h o f  the culture initiation. The  
inability of  the SF to activate a C T L  response beyond this period could not be 
at t r ibuted to a delay in the course of  events, because results obtained on day 8 of 
culture (data not shown) were essentially the same as those on day 5 as presented in 
Fig. 3. 

Discuss ion  

The  studies described herein show that, under  the conditions employed, thymocytes 
stimulated with H-2-different s t imulat ing cells show a significant proliferative re- 
sponse, but  fail to generate a significant cell-mediated cytotoxic response. Addit ion of  
SF to these cultures significantly improves the C M L  response, which is directed 
specifically against the sensitizing H-2 haplotype. There  are, however, two surprising 
findings when the cytotoxic response of  thymocytes is compared  with that  of  spleen 
cells. First, with spleen as responding cells, as reported elsewhere (3), s t imulation with 
H-2 differences localized to the K or D region alone, leads to a moderate  but highly 
significant C M L  response, which can be enhanced by addit ion of  I-region different 
st imulating cells or addit ion of  SF preparations. However,  with thymocytes as 
responding cells under  these conditions, stimulation with K/D-reg ion  different spleen 
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cells both in the presence or absence of SF was ineffective in the activation of a CTL 
response. Second, although with spleen cells as a responding population, an enhancing 
influence of H-2 I-region different stimulating cells is detected even when K/D-  and 
I-region differences are presented on separate stimulating-cell populations (the three 
cell protocol), with thymocyte-responding cells the three cell protocol, even in the 
presence of SF, engenders, at best, a very weak response. 

Thus, in contrast to results obtained with spleen cells, in vitro CTL activation in 
thymocytes seems dependent not only on the presence of an H-2 K or D difference, 
but also on an H-2 I-region difference, which can be enhanced but not replaced with 
SF preparations. Furthermore, a three cell protocol with thymocytes as responding 
cells is a very inefficient stimulatory system for the activation of CTLs. A significant 
C M L  response is obtained only in the presence of SF and only when H-2 disparity 
between the responding thymocytes and the stimulating spleen cell includes both 
K/D- and I-region differences on the same stimulating cell. 

The results summarized above may indicate a basic difference between thymocytes 
and the spleen cells in the response to an allogeneic stimulus. It is well established 
that a majority of thymocytes (>90%) are Ly-l+2+3 +, whereas a good proportion of 
peripheral T cells express the Ly-1+2-3 - and Ly-1-2+3 + phenotypes separately (17). 
Experiments using Ly antisera in MLC combinations differing by an entire H-2 
complex have suggested that T cells of the Ly-l-2+3 + phenotype proliferate and 
differentiate in response to H-2 K- and D-region determinants and generate cytotoxic 
killer cells, whereas Ly-1+2-3 - cells respond to I-region determinants and provide T- 
helper Cell function (17, 18). These and other experiments have led to the postulation 
of a two signal hypothesis for the activation of cytotoxic T-cells (2), in which a K /D-  
region difference provides signal 1 and an I-region difference stimulates Ly-l+2-3 - 
helper T cells which provide signal 2 to the CTL for generation of a cytotoxic 
response. 

Because the predominant population in thymocytes is an Ly-l+2+3 + T cell, it is 
possible that, in contrast to the situation in peripheral T cells, in thymocytes both 
signals are received by the same cell. If  such a situation exists, presentation of two 
signals on two different stimulating cells (three cell protocol) might be less effective as 
a result of competition and steric hindrance between two stimulating cells for the 
same precursor CTL. This suggestion however does not exclude the possibility of 
functional heterogeneity of responding thymocytes. 

It is possible that the thymocyte response to K / D  differences alone may not reflect 
any fundamental difference between the response of thymocytes as compared with 
that of spleen cells, but merely a difference in degree of response which is so weak that 
it is beyond the sensitivity of our methods of detection. If  this is the case, our 
calculations (based on LU in Table IV) suggest that the reactivity o f A Q R  thymocytes 
to B 10.A cells (K-region difference) would be at least 200-fold lower than the C M L  
response of AQR thymocytes to C57BL/6 cells (entire H-2 difference). Alternatively 
in the thymocyte system, absence of C T L  response to a K / D  difference alone, may 
result from the generation of suppression. Development of suppressor cells in response 
to HLA antigens (in the absence of functional help), has been previously demonstrated 
(19). The role of I-region stimulation in part may be to alleviate this suppression. 

At this stage, we do not fully understand the role of SF in the generation of 
thymocyte CTLs. Under the present experimental conditions, it appears that addition 
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of SF to thymocyte cultures in the presence of K/D-  plus I-region stimulation, leads 
to a significant CTL response, but unlike the situation with spleen responding cells, 
SF cannot substitute for the I-region stimulatory function in thymocytes. Because 
optimal levels of CTL response are only obtained if the factor is added within 48 h of 
the initiation of cultures, it seems likely that the factor(s) may at some level influence 
the differentiation of precursor CTLs or CTLs in very early stages after antigenic 
recognition. These studies further support the validity of a two-signal hypothesis for 
the activation of CTLs, and describe a stringent dependence of thymocyte activation 
on the presence of both signals. 

S u m m a r y  

Stimulation of thymocytes in vitro by spleen cells differing for the entire H-2 
complex leads to a significant proliferative response without a significant cell-mediated 
lympholysis (CML) response. Addition of soluble cell-free supernates (SF), (taken 
from a 7-day mixed leukocyte culture) enables these cultures to develop CML 
response. For optimal CML response, the SF has to be added within 48 h of onset of 
cultures. Although with spleen cells as responding cells, SF could quantitaiively 
replace I-region different stimulating cells for generation of CML responses, with 
thymoeytes as responding cells, stimulation with I-region cells appeared obligatory 
for the generation of CML responses. The implications of these findings are discussed. 

We thank Dr. Marilyn Bach and Barbara Alter for their helpful discussions of these data and 
Ms. Karen Heim for her editorial assistance. " .... 

Received for pubh'cation 20June 1978. 

References 

1. Bach, F. H., O. J. Kuperman, H. W. Sollinger, J. M. Zarling, P. M. Sondel, B. J. Alter, 
and M. L. Bach. 1977. Cellular immunogenetics and LD-CD collaboration. Transplant. Proc. 
9:859. 

2. Bach, F. H., M. L. Bach, and P. M. Sondel. 1976. Differential function of major 
histocompatibility complex antigens in T-lymphocyte activation. Nature (Lond.). 259:273. 

3. Sundharadas, G., M. L. Sopori, C. E. Hayes, P. R. Narayanan, B. J. Alter, M. L. Bach, 
and F. H. Bach. 1978. Differentiation of precursor cytotoxic T lymphocytes following 
alloantigenic stimulation. Cold Spring Harbor Conf. Cell Proliferation. 5:In press. 

4. Ahman, A., and I. R. Cohen. 1975. Cell-free media of mixed lymphocyte cultures 
augmenting sensitization in vitro of mouse T lymphocytes against allogeneic fibroblasts. 
Eur. ] .  Immunol. 5:437. 

5. Plate, J. M. D. 1976. Soluble factors substitute for T-T cell collaboration in generation of 
T-killer lymphocytes. Nature (Lond.). 260:329. 

6. Bach, F. H., C. GrillotiCourvalin, O. J. Kuperman, H. W. Sollinger, C. Hayes, P. M. 
Sondel, B. J. Alter, and M. L. Bach. 1977. Antigenic requirements for triggering ofcytotoxic 
T lymphocytes. Immunol. Rev. 35:76. 

7. Sopori, M., B. J. Alter, F. H. Bach, and M. L. Bach. 1977. Cell-free factor substitute for 
"signal 2" in generating cytotoxic reaction. Eur. J.  Immunol. 7:823. 

8. Wagner, H. 1973. Synergy during in vitro cytotoxic allograft responses. I. Evidence for cell 
interaction between thymocytes and peripheral T cells.J. Exp. Med. 138:1379. 

9. Dyminski, J. W., and R. T. Smith. 1975. B-cell-like helper function in mixed lymphocyte 
cuhure between immunocompetent thymus eells.J. Exp. Med. 111:360. 



962 ACTIVATION OF CYTOTOXIC T CELI,S FROM TIIYMOCYTES 

10. Pilarski, L. M. 1977. A requirement for anigen-specific helper T cells in the generation of 
cytotoxic T cells and thymocyte precursors.J. Exp. Med. 146:887. 

11. Simon, L. P., J. J. Farrar, and P. D. Kind. 1977. The xenogeneic effect. III. Induction of 
cell-mediated cytotoxicity by alloantigen-stimulated thymocytes in the presence of xeno- 
geneic reconstituted factor. J. lmmunol. 118:1129. 

12. Klein, J., J. Forman, V. Hauptfeld, and I. Egorov. 1975. Immunogenetic analysis of H-2 
mutations. III. Genetic mapping and involvement in immune reactions of H-2 ka mutations. 
J. lmmunol. 115:716. 

13. Kuperman, O. J., and F. H. Bach. 1977. Genetic basis of memory in cell mediated immune 
response: Scand. J. lmmunoL 6:161. 

14. Peck, A. B., and F. H. Bach. 1975. Mouse cell-mediated lympholysis assay in serum-free 
and mouse serum supplemented media: culture conditions and genetic factors. Scand. J. 
Imrnunol. 4:53. 

15. Farrar, J. J. 1975. The xenogeneic effect. I. Antigen and mitogen stimulated human 
lymphocytes produce a non-antigen-specific factor which reconstitutes the antibody re- 
sponse of T-cell deficient mouse spleen cells. J. lmmunol. 115:1295. 

16. Schendel, D. J., B. J. Alter, and F. H. Bach. 1973. The involvement of LD- and SD-region 
differences in MLC and CML: a three cell experiment. Transplant. Proc. 5:1651. 

17. Beverley, P. C. L. 1977. Lymphocyte heterogeneity. In B and T Cells in Immune Recog- 
nition. F. Floor and G. E. Roelants, editors. John Wiley & Sons, Inc. New York. 35. 

18. Cantor, H., and E. A. Boyse. 1975. Functional subclasses ofT lymphocytes bearing different 
Ly antigens. II. Cooperation between subclasses of Ly + cells in the generation of killer 
activity.J. Exp. Med. 141:1390. 

19. Sondel, P. M., M. W. Jacobson, and F. H. Bach. 1977. Selective activation of human 
suppressor cells by a nonproliferative stimulus. Eur. J. Immunol. 7:38. 


