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At tempt s  made  to generate  cytotoxic lymphocytes  (Tc) a against  mino r  locus- 
encoded h i s tocompat ib i l i ty  ant igens (i.e., non-H-2)  in p r ima ry  in vitro cul tures  using 
responder  cells from normal  mouse strains have not been successful (1-3), a l though  
secondary responses after  in vivo p r iming  are readi ly  demons t r ab le  (4-7). In  some 
reports (1-6), an M locus (Mls) incompa t ib i l i t y  was inc luded  and  in others (4), not. 
The  Mls is a genetic locus (8), not l inked to H-2, whose product(s)  induce a s t rong 
prol i ferat ive response in incompat ib le  responder  cells in a m a n n e r  analogous  to the 
class II ant igens coded for by genes in the I region of  the  H-2 gene complex.  W e  have 
repor ted  a low level of  p r imary  in vivo genera ted  T ce l l -media ted  cytotoxic  act ivi ty  
in spleen cells of  B A L B / c  mice injected 10-12 d previously wi th  H-2 compat ib le ,  Mls, 
and  other  minor  loci incompat ib le  t umor  cells of  D B A / 2  origin, which was ten ta t ive ly  
pos tu la ted  to be Mls specific (9). A n u m b e r  of  groups (10-14) have recent ly  descr ibed 
such a p r imary  in vitro response to non-H-2  a l loant igens  using responder  cells from 
the a u t o i m m u n e  mouse strain NZB that  was pos tu la ted  to be caused by  hyperac t ive  
helper  cells (13), which we feel is unl ikely for reasons e l abora ted  below (see Discussion) 

and  from our  observat ion on the role of  suppressor  cells in this type  of  response. 
It was possible, using a l imi t ing  di lu t ion assay (LDA),  to ob ta in  a p r i m a r y  in vitro 

Tc response to non-major  h i s tocompat ib i l i ty  complex  (MHC)  a l loant igens  using 
responder  cells from a normal  mouse strain (15). In  the LDA,  decreased responses 
were observed at the higher  responder  cell doses, suggesting the presence of  re la t ively 
infrequent  suppressor cells too di lute  to exert an effect at the lower responder  cell 
numbers .  Such pu ta t ive  suppressor cells could also expla in  the  lack of  response 
observed in bulk  cultures that  conta in  five t imes the n u m b e r  of  responder  cells per  
well of  the highest L D A  concentra t ion.  W e  also showed (16) tha t  by  p re t rea t ing  a 
popu la t ion  of  responder  cells with an an t i - Ia  an t i se rum (which exh ib i ted  s t rong ant i -  
I-J k activity) and  complement  (C) before s t imula t ion  in a bulk  M L R  cul ture  with 
H-2-compat ih le  non-H-2- incompa t ib le  s t imula tor  cells, a p r ima ry  in vitro Tc  response 
was obta inable .  This  suggested a role for I-J + suppressor cells in the lack of  a p r ima ry  
Tc response observed in p r imary  bulk  cultures. Based on these facts, we dec ided  to 

* Supported by grants CA-29803, CA-08748, and CA-17818 from the U. S. Public Health Service. 
1 Abbreviations used in this paper: C, complement; CD, cytotoxic determinant; Con A, concanavalin 

A; CML, cell-mediated lympholysis; EHAA, extra high amino acids (abbreviation used in ref. 17 for the 
enriched medium used for mouse serum cultures); FCS, fetal calf serum; H-199, ttepes-buffered medium 
199; HBSS, Hanks' balanced salt solution; IL-2, interleukin 2; LDA, limiting dilution assay; LPS, 
lipopolysaccharide; MLR, mixed lymphocyte reaction; Mls, M locus; MS, mouse serum; To, cytotoxic T 
lymphocyte; Ts, suppressor T effector cell; Tsp, suppressor T cell precursor. 
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test more directly for suppressor activity in cells recovered from pr imary  bulk  mixed 

lymphocyte reaction (MLR) cultures against H-2-compatible ,  non-H-2-  ( including 
Mls) incompat ible  cells. 

In  the present report, we show that  despite the fact that  we cannot  generate a 

pr imary  Tc  response to non-H-2  al loantigens in convent ional  bulk culture,  a good 
secondary H-2-restricted response is observed in mouse serum (MS) med ium using 
BALB/c  responder and  DBA/2  st imulator  cells. This  has been shown previously in 
fetal calf  serum (FCS) med ium (4-6). Cells obta ined  from a BALB/c  (H-2 a Mls b) 
an t i -DBA/2  (H-2 a Mls a) M L R  were able to totally suppress an in vitro ant i -H-2 
response. The  precursor of the suppressor cell (Tsp) in normal  spleen was found to be 

Thy-1+, Lyt-1 +,2-, I-J-.  The  suppressor effector cell (Ts) was shown to express exactly 
the same phenotype and  to be highly radiosensitive. 

M a t e r i a l s  a n d  M e t h o d s  
Mice. BALB/cByJ, DBA/2J, B10.D2nSnJ, C3H/HeJ, and AKR/J  mice were purchased 

from The Jackson Laboratory, Bar Harbor, ME. B10.A, B10.A(1R), B10.HTG, B10.RIII, 
B10.S, and B10.S(7R) were obtained from the animal facility of the Immunobiology Research 
Center at the University of Wisconsin, Madison, WI. C57BL/6ByJ mice were bred in our 
mouse colony at the Sloan-Kettering Institute. Mice between 6 and 12 wk were used and were 
sex-matched in each individual experiment. 

Serological Reagents. The anti-Lyt-l.2 reagent was a monoclonal antibody prepared and 
provided by Dr. F.-W. Shen, and the anti-Thy-1.2 and anti-Lyt-2.2 were monoclonal antibodies 
prepared and provided by Dr. U. H~.mmerling, both of the Sloan-Kettering Institute. The 
anti-I-J a reagent was an antiserum prepared in the mouse strain combination (D2.GD X 
B10.A)FI anti-B10.D2 by and provided by Dr. C. S. David of the Mayo Clinic Foundation, 
Rochester, MN. Rabbit sera selected for low toxicity for mouse cells were used as a source of 
lytic C. 

Media Components. All media components were supplied by Flow Laboratories, Rockville, 
MD, unless otherwise stated. 

In Vitro Generation of Cytotoxic Cells. Single-cell suspensions were prepared by gentle teasing 
of mouse spleens on sterile steel screens in Hanks' balanced salt solution buffered with 20 mM 
Hepes (HBSS). Where secondary responses were measured, the BALB/c mice had been 
immunized 2-4 weeks previously by intraperitoneal injection of 2 × 10 7 DBA/2 spleen cells. 
Responding cells (2.5 X 106/well) were dispensed together with X-irradiated (2,000 rad) 
stimulator cells (5 × 106/well) in a final volume of 2.5 ml into the wells of 24-well culture plates 
(76-033-050; Linbro Chemical Co., Hamden, CT). The culture medium was EHAA (extra- 
high amino acids) (17) supplemented with 0.6% mouse serum from mice syngeneic to the 
responder strain, 0.135% sodium bicarbonate and 5 X 10 -5 M 2-mercaptoethanol. The cultures 
were incubated for 5 d (3 d for a secondary response) in a humidified atmosphere of 5% CO2 
in air. 

Cell-mediated Lympholysis (CML) Assay and MLR. Concanavalin A (Con A) -induced blast 
cells used as target cells were prepared 2-3 d before the assay by culturing 3 X 10 v mouse spleen 
cells in a final volume of 10 ml of medium (EHAA supplemented with 5% FCS and 0.135% 
sodium bicarbonate) with Con A (3 ~g/ml, Pharmacia Fine Chemicals, Uppsala, Sweden). EL 
4 lymphoma cells of C57BL/6 origin and P815 mastocytoma cells of DBA/2 origin were also 
used for targets and were maintained by continuous passage in RPMI medium supplemented 
with 10% FCS, 1% glutamine (200 mM), and 1% nonessential amino acids (100 X). After 
harvesting the effector cells, 0.2 ml aliquots were dispensed into the wells of flat-bottomed 
microtiter plates (76-002-05; Linbro Chemical Co.) to assay for cell proliferation by culturing 
for a further 6 h in the presence of [3H]thymidine (1 /tCi/well) and measuring the level of 
incorporation of [3H]thymidine into the cells precipitated onto glass fiber discs with a Skatron 
automatic cell harvester (Flow Laboratories). The effector cells were tested for Tc activity in a 
~XCr-release assay as previously described (15). Six control wells to obtain the spontaneous 5XCr 
release (i.e., background values) contained target cells and medium only, and another six wells 
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conta ining target cells and  acid (1 N HC1) gave the values of maximal  51Cr release. Percent 
cytotoxicity was calculated according to the formula: ([experimental  release (cpm) - sponta- 
neous release ( cpm)] / [max imum release (cpm) - spontaneous release (cpm)]) × 100. All values 
shown are the means of four replicate samples. S t anda rd  deviations are indicated.  

Generation and Testing of Suppressor Cells. The  exper imental  procedure used is d iagrammat i -  
cally represented in Fig. 1. Puta t ive  suppressor cells were generated by cul tur ing BALB/c  
responder spleen cells with  DBA/2,  B10.D2, or control B A L B / c  s t imulator  cells under  exactly 
the same conditions described for the generat ion of Tc. They  were assayed for suppressive 
activity by transfer into cultures conta in ing fresh BALB/c  responder cells and  th i rd-par ty  H-2 
incompat ible  (usually C57BL/6)  i rradiated s t imulator  cells. C M L  activity against target  cells 
of this th i rd  party s t imulator  strain was tested for on day 5 of culture.  

Cytotoxic Eliminations. Thy- l .2  +, Lyt- l .2 +, or Lyt-2.2 + uns t imula ted  B A L B / c  spleen cells 
were e l iminated by a single-step, two-cycle serological procedure. 20 million spleen cells were 
treated with the relevant monoclonal  an t ibody  (at a final di lut ion of 1:500) and  C (at a final 
dilution of 1:25) in medium 199, buffered to pH 7.2 with 20 m M  Hepes (H-199) in a final 
volume of 1 ml at 37°C for 40 min. The  cells were washed once with H-199, resuspended in 1 
ml of the same dilut ion of an t ibody  and  C and  again  incuba ted  at 37°C for 40 min. They  were 
then washed three times and  viable cells were counted by t rypan  blue exclusion. Controls  were 
treated with C only at the same final di lut ion and  also given two cycles of t rea tment .  

I-J + cells were e l iminated in a two-step, two-cycle procedure in which 2 X 107 spleen cells 
were t reated with 1 ml of a 1:10 dilut ion of anti-I-J  d an t i serum in H-199 at 4°C for 30 min. 
The  cells were washed once, resuspended in 1 ml of C at a di lut ion of 1:25 in H-199, and  
incubated  at 37°C for 40 min. After a single wash, the same procedure was repeated. The  cells 
were then washed three times, and  viable cells were counted.  Controls  were t reated with H-199 
only in the first step and  C only in the second step and  were also given two cycles of t rea tment .  

Suppressor effector cells recovered from the first-step culture were t reated with the reagents 
in exactly the same way, except tha t  the monoclonal  ant ibodies (ant i -Thy-l .2 ,  ant i -Lyt- l .2 ,  

BALB/c (If-2 d Mls b) mice 

Responder spleen cell suspension 
$ 

(Cell treatment [antibodies and C]) 

First-step MLR 

Second-step MLR 

FIG. 1. 

Suppressor generating MLR: Treated or untreated BALB/c responder cells 
and irradiated stimulator cells [DBA/2 (H-2 d Mls"), B 10.D2 (H-2 a, Mlsh), 
or BALB/c] 

~. 5-d culture 
Cultures harvested 

Aliquots removed Suppressor cells washed once and counted 
for proliferation as- J, 
say (Cell treatment ]antibodies and C/irradiation]) 

Suppressor assay MLR: treated or untreated suppressor cells 
with fi'esh BALB/c responder cells and fresh third-party 
H-2-incompatible [C57BL/6 (H-2bMls b) in most experi- 
ments[ irradiated stimulator cells 

~, 5-d culture 
Cultures harvested 

Aliquots removed Cells washed once, counted, and tested for Tc 
for proliferation as- activity against target cells of third-party tI- 
say 2-incompatible strain used for stimulator cells 

in second-step MLR 

Experimental design for suppressor cell generation and assay for suppression. 
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and anti-Lyt-2.2) were used at a final dilution of 1:50. 
Preparation of Lectin-acticated Blasts. Lectin-activated blasts were prepared to test whether 

blast cells nonspecifically exerted suppressive activity. BALB/c  Con A blasts were prepared as 
described above in the section on the C M L  assay, except that the E H A A  medium used was 
supplemented with 0.6% MS and not FCS. Lipopolysaccharide (LPS) blast cells were also 
prepared from BALB/c  spleen cells in the same medium at the same cell concentration using 
the LPS Salmonella typhosa (Difco Laboratories, Detroit, MI) at a concentration of 50 #g/ml .  
The blast cells were harvested on day 2, the height of the blastogenic response, and were tested 
for suppressor activity in the same way as the MLR-generated suppressor cells. 

Results 

Lack of a Primary Tc Response to Non-MHC Alloantigens. Cells  r ecove red  f rom a b u l k  

M L R  of  B A L B / c  (H-2  a Mls  b) r e s p o n d e r  cells a n d  D B A / 2  (H-2 d Mls  a) s t i m u l a t o r  cells, 

in M S  m e d i u m ,  show no  cy to tox ic  ac t iv i ty  aga ins t  t a rge t  cells o f  t he  s t i m u l a t o r  cell  

s t ra in  (Tab le  I), even  t h o u g h  a h i g h  level  o f  ac t iv i ty  was seen i f  r e s p o n d e r  cells were  

o b t a i n e d  f rom mice  in jec ted  2 -4  wk  p rev ious ly  w i t h  D B A / 2  sp leen  cells. T h i s  was 

t rue  w h e t h e r  P815 t u m o r  or  D B A / 2  C o n  A blas t  t a rge t  cells were  used. T h e  cy to tox ic  

ac t iv i ty  o f  these secondar i ly  s t i m u l a t e d  T c  was cross- reac t ive  on  the  B 10 b a c k g r o u n d  

a n d  H-2  res t r ic ted  ( T a b l e  II) as shown  by  B e v a n  (4-6),  w h o  in i t i a l ly  desc r ibed  the  

p h e n o m e n o n  us ing  F C S - s u p p l e m e n t e d  med ia .  C o n s i d e r i n g  the  nonspec i f i c  effects a n d  

p o l y c l o n a l - a c t i v a t i n g  p roper t i e s  o f  F C S  (18-20) ,  we feel t ha t  it is i m p o r t a n t  to ca r ry  

ou t  these e x p e r i m e n t s  in M S - s u p p l e m e n t e d  med ia .  S e c o n d a r y  p ro l i f e ra t ive  responses  

to Mls  h a v e  also been  shown  to be  specif ic  for Mls  a n d  no t  H-2  res t r ic ted  w h e n  the  

cu l tu re  m e d i u m  used for t he  p r i m a r y  response  is s u p p l e m e n t e d  w i t h  syngene ic  M S  

(21). H o w e v e r ,  i f  F C S  m e d i u m  was used,  non-Mls - spec i f i c  bu t  H-2 - re s t r i c t ed  prol i f -  

TABLE I 

Lack of a Cytotoxic T Cell Response (Tc) in a Primary MLR to Non-H-2 Alloantigens* 

Percent CML Effector/ 
Type of Responders Stimulators target DBA/2 Con A 
response ratio P815 

blasts 

Primary:~ BALB/c DBA/2x 

Secondary§ BALB/c DBA/2x 

Secondary BALB/c BALB/cx 

50:1 -2.3 ± 1.25 -0.4 ± 0.8 
10:1 -2.0 ± 1.20 1.0 ± 1.5 

1:1 - 1 . 8 ±  1.0 1.8+ 1.9 

50:1 73.6 ± 7.3 26.7 ± 3.9 
10:1 38.9 ± 5.3 18.8 ± 4.6 

1:1 8.9 ± 3.0 6.1 ± 4.4 

50:1 1.4 ± 2.9 --2.0 + 2.5 
10:1 1.0 ± 2.6 - 0 . 3  ± 4.0 
1:1 1.8 ± 2.1 0.6 ± 3.5 

* The responder cells were stimulated with either DBA/2 or BALB/c stimulators for 5 d and then tested 
for cytotoxic activity against P815 or DBA/2 Con A blast target cells as described in Materials and 
Methods. Primary responses were tested for with responder spleen cells from normal BALB/c mice, and 
secondary responses were assayed with responder spleen cells from BALB/c mice injected 2-4 wk 
previously with 2 × 107 DBA/2 spleen cells. 

~: Primary BALB/c, normal BALB/c spleen cells. 
§ Secondary BALB/c spleen cells obtained from BALB/e mice injected 2-4 wk previously with 2 × 107 

DBA/2 spleen cells. 
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TABLE II 

Cytotoxic Activity of Secondarily Stimulated Tc was Restricted by the K-I and D 

Subregions of the H-2 Complex * 

H-2 
Percent Target cell Mls 

K I-A I-B I-J I-E I-C S G D cytotoxicity 

DBA/2 d d d d d d d d d a 41.0 ___ 3.:3 
C3H k k k k k k k k k b -1.5--- 1.5 
AKR k k k k k k k k k a 3.4 + 2.6 
C57BL/6 b b b b b b b b b b 3.9 + 1.2 
B10.D2 d d d d d d d d d b 25.7 + 2.8 
B10.HTG d d d d d d d ? b b 15.7 + 2.9 
B10.S(7R) s s s s s s s s d b 39.7 __ 1.5 
B10.S s s s s s s s s s b -2.9 +- 4.2 
B10.A k k k k k d d d d b 19.1 + 2.0 
BI0.A(1R) k k k k k d d ? b b 2.5 --- 3.0 

* Tc generated by culturing responder spleen cells from BALB/c mice (injected 2 4 wk previously with 
DBA/2 spleen cells) with irradiated DBA/2 stimulator cells for 3 d were tested for cytotoxic activity 
against the various Con A blast target cells. Effector/target cell ratio for all values was 50:1. The genetic 
information shown in this table was taken from ref. 22. 

e ra t ive  and  T c  responses were  observed .  These  l a t t e r  responses were  even  obse rved  

w h e n  s t imula to rs  au to logous  to the  r e sponde r  were  used for the  seconda ry  s t imu la t ion .  

T h e  H-2  res t r ic t ion is shown by the  f i nd ing  tha t  D B A / 2  (H-2 d) a n d  B 10.D2 (H-2 d) 

targets  were  lysed by  the  Tc ,  whereas  C 3 H  (H-2k), A K R  (H-2k), C 5 7 B L / 6  (H-2b), 

a n d  B10.S (H-2 s) were  not.  In te res t ing ly ,  the  A K R  ta rge t  wh ich  has the  s a m e  Mls  

al lele (Mls a) as the  D B A / 2  s t imu la to r  cells was not  lysed. Thus ,  by  the  sensi t iv i ty  o f  
ou r  assay, no unres t r i c t ed  k i l l ing  is obse rved  even  if  the  ta rge t  a n d  s t i m u l a t o r  share  

the  same  Mls  allele. T h e  res t r ic t ion  is l inked  to the  D end  of  H-2  gene t ic  locus as 

ev idenced  by pos i t ive  cy to tox ic i ty  on B10.A a n d  B10.S(7R)  a n d  no k i l l ing  o f  

B10.A(1R)  or  B10.S ta rge t  cells, a n d  to some reg ion  to the  left o f  the  I -C  subreg ion  as 

B 1 0 . H T G  a n d  not  B 10.A(1R) ta rge t  cells were  lysed. 

Suppressor Cells are Generated in an Anti-Non-H-2 MLR.  Because  we suspec ted  tha t  

the  suppressor  cells were  i nvo lved  in the  lack o f  a p r i m a r y  T c  response  to n o n - H - 2  

a l loant igens ,  we dec ided  to look d i rec t ly  for the  presence  o f  suppressor  cells in cells 

r ecovered  f rom a p r i m a r y  M L R  agains t  n o n - H - 2  a l loant igens .  B A L B / c  spleen cells 

were  s t i m u l a t e d  in v i t ro  wi th  i r r ad i a t ed  D B A / 2  spleen cells for 5 d, ha rves t ed ,  a n d  

then  t ransfer red  into  cu l tures  o f  B A L B / c  responders  a n d  t h i r d - p a r t y  H-2  i n c o m p a t i b l e  

s t imu la to r  cells. O n  day  5, the  cy to tox ic  ac t iv i ty  o f  ef fec tor  cells r ecove red  f rom these  

second-s tep  cu l tures  was assayed agains t  t a rge t  cells o f  the  t h i r d - p a r t y  s t i m u l a t o r  cell 

s train.  T h e  p ro l i f e ra t ive  ( M L R )  response o f  cells in these cu l tu res  was also m e a s u r e d  
by [ aH] thymid ine  inco rpora t ion .  T w o  e x p e r i m e n t s  are  shown in T a b l e  III.  In  exper -  

imen t  1, suppress ion o f  the  B A L B / c  a n t i - C 5 7 B L / 6  M L R  a n d  T c  responses  was 

observed  by the  cells r ecovered  f rom the  B A L B / c  a n t i - D B A / 2  M L R ,  bu t  no t  by cells 

f rom the  cont ro l  B A L B / c  a n t i - B A L B / c  cul tures .  In some e x p e r i m e n t s  (4 out  o f  30) 

the  u n s t i m u l a t e d  cells were  s l ight ly  suppress ive  (see Fig. 2, for e x a m p l e )  bu t  neve r  by 

> 2 0 %  of  the  response.  S o m e t i m e s  (13 out  o f  30 expe r imen t s )  t hey  even  exe r t ed  an  

a u g m e n t i n g  effect on b o t h  the  p ro l i f e ra t ive  a n d  T c  responses in the  second step M L R  
(Tab le  III,  e x p e r i m e n t  2, for example ) .  
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TABLE III 
Suppressor Cells that Suppress Anti-H-2 Allogeneic MLR and Tc Responses Are Generated in a Primary 

MLR to Non-H-2 Alloantigens if  There Is an Mls Incompatibility* 

Suppressor/ Percent cytotoxlclty 
Suppressors MLRa responder MLRb [ C 5 7 B L / f ( H - 2 b ) E L 4  cells] 

ratio 

Experiment 1 
BALB/c (H-2dMls h) 6443 + 585 0.5:1 4153 + 907 7.8 + 1.2 

+ 

D B A / 2 x  (H-2 d) Mls ' )  0.25:1 4539 + 413 4.7 "¢" 1.2 

0.125:1 3980 "¢- 372 11.5 + 0,9 

BALB/c 726 + 256 0.5:1 15846 :t: 1163 78.9 + 2.6 
+ 

BALB/c ,  
None 16325 ~ 4153 81.4 -¢" 5,2 

[B 10 ,RII I (H-2 ' )b las t  cells] 

Experiment 2 
BALB/c 12243 + 1099 0.5:1 15790:1 :562  --2.3 + 3.0 

+ 

DBA/2~  0.125:1 31657 + 1203 22.0 + 3.3 

BALB/c 474 + 123 0,5:1 54161 ± 2130 25.6 -- 6.8 
+ 

BI0 .D2(H-2  d Mlst') 0.125:1 55136 + 1740 22.2 + 3.9 

BALB/c 592 + 31 0.5:1 54247 ~ 2910 46.7 -¢- 5.1 
+ 

BALB/cx 0.125:1 41546 + 1107 30.7 + 2.9 

None 41284 :l: 907 22,6 :t: 4.3 

* The suppressor cells were generated in primary MLR cultures as described in Materials and Methods. The  MLRa column shows the degree 
of  cell proliferation in cpm of  [ZH]thymidine incorporated into the cells in the first step suppressor generating cultures. The  suppressor/ 
responder ratio indicates the relative number of  suppressors added to a constant number of  BALB/c  responder cells (2.5 x 10n/well) in 2.5 

ml complete EHAA medium. 2.5 × l0  s irradiated stimulator cells (C57BL/6 in experiment I and B 10.RII] in experiment 2) were added per 
well. The MLRb column shows the degree of  cell proliferation in cpm of  [aH]thymidine incorporated into the cells in the second step 
suppressor assay cultures. The  level of  Tc activity in cells recovered from the cultures, when tested against EL4 (experiment I) and B10.RIII  

Con A blast (experiment 2) target cells at an effector to target cell ratio of 40:1, is given in the last column. 

Part of  experiment 2 (in Table III) is a titration of BALB/c  suppressor cells 
generated by stimulation with D B A / 2  spleen cells and tested in a BALB/c  anti- 
B10.RIII (H-2 r Mls b) Tc response. When BALB/c  cells were cultured with B10.D2 
(H-2 d Mls b) stimulators (an H-2- and Mls-compatible combination) and then tested 
for suppressive activity, at the suppressor/responder ratios used, no suppression was 
detected. In this combination (i.e., BALB/c  anti-B10.D2), no proliferative response is 
observed, whereas a strong M L R  is induced across the Mls incompatibility (i.e., 
BALB/c  anti-DBA/2) (Table III). Both D B A / 2  and BI0.D2 were shown to differ 
from responder BALB/c  mice with respect to alleles at seven out of  eight different 
non-H-2 loci (23). Thus, it is probable that it is the proliferation inducing incompat- 
ibility at the Mls locus that facilitates the generation of  the suppressor cells. However, 
to confirm this, a segregation analysis of  backcross animals should be carried out. 
These experiments are in progress. 

The suppression is not selective, as both a BALB/c  anti-B57BL/6 (experiment 1) 
and a BALB/c  anti-B10.RIII (experiment 2) response were suppressed. It appears 
from the two experiments shown that the suppression was far more potent in the anti- 
C57BL/6  response than that observed in the anti-B10.RIII combination used in the 
second-step assay cultures. However, this effect is not a consistent one, and reflects 
variability in the strength of  the suppressors generated rather than higher suscepti- 
bility of  one anti-H-2 MLR combination to suppression than another. Because of  this 
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Fro. 2. Suppressor cell activity is inversely proportional to the proliferation observed in suppressor 
generating cultures. BALB/c anti-DBA/2 suppressor cells were generated in MLR cultures at 
different responder/stimulator cell ratios. The degree of cell proliferation was measured at the time 
of harvesting (day 5), and the suppressor activity of the cells obtained was assayed in terms of 
their ability to suppress a BALB/c anti-C57BL/6 Tc response in second-step suppressor assay 
cultures. Suppressor cells were added at a suppressor/responder ratio of 0.25.1, and Tc activity was 
tested for against C57BL/6 Con A blast target cells at an effector target cell ratios of 40:1. Counts 
per minute of [aH}thymidine incorporated into cells in the suppressor generating cultures are 
indicated on the left-hand ordinate. Tc activity of the cells recovered from the suppressor assay 
cultures (in percent cytotoxicity) is shown on the right-hand ordinate. The ratios of responder/ 
stimulator cells at which the different suppressors were generated are shown on the abscissa. El, cpm 
of incorporated [aH]thymidine in suppressor-generating cultures; II, percent cytotoxicity in cells 
recovered from suppressor assay cultures. Standard deviations are indicated, and the percent 
suppression is the figure in parenthesis at the head of columns showing percent cytotoxicity. Percent 
suppression = ([x - y}/x) X 100, where x = percent cytotoxicity of cells recovered from cultures 
without suppressors, y = percent cytotoxicity of cells recovered from suppressed culture. 

variability, in all further experiments, at least three suppressor cell concentrat ions 
were tested, although, to keep the tables and figures as uncluttered as possible, not all 
are shown. Suppression was observed when stimulator cells expressing H-2 haplotypes 
other than those shown here (i.e., H-2 s, H-2 k, and H-2 q) were used in the suppressor 
assay cultures (data not shown). 

An experiment was carried out to determine the ratio of  responder to st imulator 
cells that would give op t imum suppression. Constant  numbers  of  BALB/c  responder 
cells (2.5 × 106/well) were cultured for 5 d with various numbers  of  X-irradiated 
DBA/2  stimulator cells, harvested, and then tested for suppressive activity. As the 
stimulator cell number  was increased, a proport ionate increase in the proliferative 
response in the suppressor generating cultures was found and a proport ional  decrease 
in the suppressor activity of  the cells was observed (Fig. 2). It appears that  some 
degree of  stimulation, and perhaps cell proliferation, is required for the activation of  
these suppressors, as control unstimulated cells (Table III  and Fig. 2) or cells 
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st imulated with H-2-compatible ,  Mls-compatible  st imulators (Table III, experiment  

2) were not significantly suppressive. However, "s trong" s t imula t ion  results in a 

decreased suppressor cell response (Fig. 2). The  f inding that  the cells recovered from 
cultures, in which strong proliferation was observed, showed decreased suppressive 
activity, suggests that  the observed suppression is not a totally nonspecif ic  effect 

mediated by any blast cells. If  this were the case, one would predict that  the cells 
obta ined from the cultures with the higher s t imulator  cell numbers ,  in which a far 
greater n u m b e r  of blast cells were observed, would be more suppressive. Tha t  the 
suppression is not a nonspecific property of any  blast cell is also shown by the data  in 
Table  IV, in which the suppressive activity of cells generated in an Mls M L R  is 
compared with those of Con A and  LPS blast cells. Con A is a T cell mitogen (24) 
and  LPS is a B cell ant igen (25). Strong suppression was observed with the M L R  
generated cells bu t  none was seen with Con A and  LPS blasts when tested at the same 
concentrations.  

The Phenotype of the Suppressor Precursor Cells. The  Thy-1,  Lyt-1, and  Lyt-2 and  I-J 
phenotypes of the suppressor cell precursor were investigated by pret reat ing normal  
BALB/c  spleen cells with the relevant antibodies and  C, as described in Materials 

and  Methods, before s t imulat ion in bulk  M L R  with X-i r radia ted D BA / 2  spleen cells. 
Cells recovered from cultures of responder cells pretreated with C only, anti-Lyt-2.2 
and  C or anti-I-J  d and  C were strongly suppressive when tested in a second suppressor 
assay culture (Fig. 3). However, the suppressive activity was totally inhibi ted  by 
pret reatment  of the responder cells with ant i -Thy-1.2 and  C and  ant i -Lyt - l .2  a nd  C. 
To  test whether the anti-Lyt-2.2 and  C t rea tment  had been complete or not, a port ion 

TABLE IV 

Lectin-activated Blast Cells Are Not Suppressive* 

Ratio of added 
Cells added to test culture cells to responders Percent cytotoxicity 

None None 72.7 + 3.4 

BALB/c + DBA/2x MLR 0.25:1 5.5 ± 1.4 
0.125:1 39.9 ± 5.4 
0.06:1 80.1 ± 5.1 

BALB/c Con A blasts 0.25:1 81.7 + 3.5 
0.125:1 79.9 + 3.9 
0.06:1 78.3 + 2.3 

BALB/c LPS blasts 0.25:1 82.1 ± 5.7 
0.125:1 77.1 ± 3.4 
0.06:1 75.3 ± 4.7 

BALB/c + BALB/cx MLR 0.25:1 76.2 ± 2.5 
0.125:1 79.7 + 5.2 
0.06:1 72.2 ± 4.4 

* BALB/c anti-DBA/2x and BALB/c anti-BALB/c MLR cells and Con A and 
LPS blast cells were generated as described in Materials and Methods and 
tested for suppressor activity in a BALB/c anti-C57BL/6 Tc response. Tc 
activity was tested against EL4 tumor target cells at an effector/target cell 
ratio of 40:1. 
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Fro. 3. Phenotype of the suppressor cell precursor. Normal BALB/c spleen cells were treated with 
the different antibodies and C before being stimulated with DBA/2 stimulator cells in suppressor- 
generating MLR cultures. The different cultures were harvested, and the cells were tested for 
suppressive activity in a BALB/c anti-C57BL/6 Tc response at two suppressor/responder ratios 
(0.25:1 and 0.125:l). Tc activity of cells recovered from these cultures was assayed against EL4 
tumor target cells at an effector/target cell ratio of 40:1. Suppressor precursors treated with: C 
alone (ll), anti-Thy-l.2 and C (A), anti-Lyt-l.2 and C (O), anti-Lyt-2.2 and C (0), anti-I-J a and C 
(A); no suppressors (D). Significantly different from values obtained with effector cells from cultures 
without added suppressors (*). P < 0.050. Standard deviations were not >4%. 

of  the t rea ted  cells was tested for their  ab i l i ty  to m o u n t  a T c  response,  as T c  precursors  

have repea ted ly  been  shown to be Lyt-2  + (26, 27). Whereas  a h igh  level of  ac t iv i ty  

was seen wi th  responders  t rea ted  wi th  C alone,  n o n e  was observed w h e n  the  responders  
were t rea ted  wi th  an t i -Ly t -2  a n d  C (da ta  no t  shown).  T h u s ,  it appears  tha t  the  
cytotoxic e l i m i n a t i o n  wi th  an t i -Ly t -2  a n d  C was efficient a n d  the  suppressor  precursor  
cell was indeed  Lyt-2- .  T h e re  was no  i n t e r n a l  posi t ive cont ro l  for the  an t i - I - J  a a n d  C 
t rea tment .  However ,  the  e x p e r i m e n t  shown is a represen ta t ive  one  of  five a n d  was r u n  
us ing  the same  C used for the  e l im ina t i ons  wi th  an t i -Thy-1 .2 ,  a n t i - L y t - l . 2  a n d  an t i -  
Lyt-2.2. Also us ing  the  same  a n t i s e r u m  a n d  C, it has recent ly  been  shown  by  col leagues 
in our  l abora to ry  tha t  suppressor  cells from t u m o r - b e a r e r  an ima l s ,  which  suppress  
B C G - p o t e n t i a t e d  a n t i - t u m o r  responses, are I-J +, i.e., the  same a n t i s e r u m  at the  s ame  
d i lu t ion  a n d  C t r e a t m e n t  was effective (28). These  t u m o r  i n d u c e r  suppressor  cells 
were also from B A L B / c  mice. Thus ,  we conc lude  tha t  the  suppressor  cell gene ra t ed  
in the  an t i -Mls  M L R  is der ived  from a precursor  T cell tha t  is Thy-1  ÷, Ly t - l÷ ,2  - ,  a n d  
I-J-s.  W e  shall  refer to this cell as Tsp.  

The Phenotype of the Suppressor Effector Cells. T h e  same p h e n o t y p i c  d e t e r m i n a n t s  tha t  
were tested for on  the  Tsp  were e x a m i n e d  on  the  suppressor  effector cells by  t r ea t i ng  
cells recovered from bu lk  B A L B / c  a n t i - D B A / 2  M L R  cul tures  wi th  the  four different  

an t ibod ies  a n d  C, as descr ibed in Mate r i a l s  a n d  Methods ,  before tes t ing  t h e m  in  a 
second cu l tu re  for their  ab i l i ty  to suppress a n  a n t i - H - 2  T c  response. 

T r e a t m e n t  wi th  C alone,  an t i -Lyt -2 .2  a n d  C, a n d  an t i - I - J  a a n d  C had  no  effect on  
the suppression,  b u t  bo th  a n t i - L y t - l . 2  a n d  C a n d  a n t i - T h y - l . 2  a n d  C t r e a t m e n t  
comple te ly  e l i m i n a t e d  the  suppressive ac t iv i ty  of  these cells (Tab le  V). It is our  
exper ience that  T cells recovered from cu l tu re  are of ten  refractory to t r e a t m e n t  wi th  



S. MACPHAIL AND O. STUTMAN 1407 

TABLE V 

Phenotype of the Suppressor Effector Cell* 

Suppressor/ Percent 
Suppressors Treatment responder 

ratio cytotoxicity 

Experiment 1 
None None - -  44.1 + 5.2 
BALB/c + DBA/2x C alone 0.25:1 -0.3 ± 0.8 

0.08:1 -1.0 + 1.4 
BALB/c + DBA/2. anti-Thy-l.2 + C 0.25:1 48.9 ± 3.5 

0.08:1 52.1 ± 1.7 
BALB/c + DBA/2x anti-Lyt-l.2 + C 0.25:1 48.9 ± 1.0 

0.08:1 39.8 ± 0.5 

Experiment 2 
None 
BALB/c + DBA/2x 

BALB/c + DBA/2x 

None - -  56.6 + 6.3 
C alone 0.25:1 3.2 + 1.0 

0.125:1 25.1 + 7.8 
anti-Lyt-2.2 + C 0.25:1 2.7 + 0.6 

0.125:1 11.3 ± 0.8 

Experiment 3 
None None 
BALB/c + DBA/2x C alone 

BALB/c + DBA/2x anti-I-J d + C 

- -  2 7 . 1  + 5.8 
0.25:1 0.3 + 1.4 
0.125:1 4.2 + 2.0 
0.25:1 -0.8 + 1.8 
0.125:1 0.5 + 1.9 

* Normal BALB/c spleen cells were stimulated in MLR cultures with irradiated 
DBA/2 stimulator cells for 5 d, harvested, and then treated with C alone (experi- 
ments 1, 2, and 3), anti-Thy-l.2 and C, anti-Lyt-l.2 and C (experiment 1), anti- 
Lyt-2.2 and C (experiment 2), or anti-I-J a and C (experiment 3), as described 
in Materials and Methods. They were then tested for suppressive activity in a 
BALB/c anti-C57BL/6 Tc response at two suppressor/responder ratios (0.25:1 and 
0.08:1 in experiment 1 and 0.25:1 and 0.125:1 in experiments 2 and 3). Tc activity 
of cells recovered from these cultures on day 5 was assayed at an effector/target cell 
ratio of 40:1 against EL4 target cells in experiments 1 and 2 and C57BL/6 Con A 
blasts in experiment 3. 

s o m e  a n t i b o d i e s  to  T h y - 1  a n d  Ly t  d e t e r m i n a n t s  a n d  C,  a n d  so we h a d  to  e n s u r e  t h a t  

t h e  m o n o c l o n a l  a n t i - L y t - 2 . 2  we u s e d  c o u l d  e l i m i n a t e  f u n c t i o n a l  Ly t -2  + cells r e c o v e r e d  

f r o m  cu l tu r e .  T c  g e n e r a t e d  in a n t i - H - 2  b M L R  u s i n g  B A L B / c  sp l en i c  r e s p o n d e r  cells 

were  t o t a l l y  e l i m i n a t e d  b y  t r e a t m e n t  w i t h  a n t i - L y t - 2  a n d  C,  w h e r e a s  C a l o n e  h a d  n o  

effect  ( d a t a  n o t  s how n) .  As  T c  t h e m s e l v e s  h a v e  also b e e n  s h o w n  to b e  Ly t -2  + (26, 27), 

we c o n c l u d e  t h a t  o u r  a n t i - L y t - 2 . 2  a n t i b o d y  was  e f f ic ien t  a t  e l i m i n a t i n g  Ly t -2  + cells 

r e c o v e r e d  f r o m  c u l t u r e .  A g a i n ,  t h e r e  was  n o  pos i t i ve  c o n t r o l  for  t h e  a c t i v i t y  o f  t h e  

a n t i - I - J  d a n t i s e r u m .  Bu t ,  b y  t h e  s a m e  c r i t e r i a  u sed  for  T s p ,  we w o u l d  a r g u e  t h a t  t h e  

s u p p r e s s o r  e f fec to r  was  I - J - .  T h u s ,  we c o n c l u d e  t h e  s u p p r e s s o r  e f fec to r  cell,  w h i c h  we 

d e s i g n a t e  Ts ,  is a T h y - 1  +, L y t - l + , 2  - ,  I - J -  T cell. 

Radiosensitivity of the Ts. B A L B / c  sp l een  cells t h a t  h a d  b e e n  c u l t u r e d  for  5 d w i t h  

D B A / 2  s t i m u l a t o r s  we re  y - i r r a d i a t e d  w i t h  100, 250,  500,  1,000, or  1,500 r a d  be fo re  

b e i n g  a s s ayed  for  s u p p r e s s o r  a c t i v i t y  in  a B A L B / c  a n t i - C 5 7 B L / 6  T c  r e s p o n s e  ( T a b l e  

VI) .  I t  a p p e a r s  t h a t  all  f ive doses  o f  i r r a d i a t i o n  we re  su f f i c i en t  to  e l i m i n a t e  t h e  

supp re s s ive  ac t iv i ty .  T h u s ,  t h e  T s  g e n e r a t e d  in  t h e  a n t i - M l s  M L R  a r e  h i g h l y  r a d i o -  
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TABLE V I  

Radiosensitivity of Suppressor Cells* 

Dose of Suppressor/ Percent 
responder 

Suppressors y irradiation ratio cytotoxicity 

rad 
None None - -  55.4 ± 1.1 

BALB/c + DBA/2x None 0.25:1 9.3 ± 2.9 
0.125:1 17.0 ± 2.4 

BALB/c + DBA/2x 1,500 0.25:1 78.3 ± 3.5 
0.125:1 40.4 ± 4.3 

BALB/c + DBA/2x 1,000 0.25:1 80.4 ± 1.5 
0.125:1 75.4 + 2.9 

BALB/c + DBA/2x 500 0.25:1 73.7 + 2.9 

0.125:1 75.0 + 2.9 

BALB/c + DBA/2x 250 0.25:1 82.4 + 7.3 
0.125:1 82.0 ± 8.9 

BALB/c + DBA/2x 100 0.25:1 65.6 + 2.2 
0.125:1 58.1 + 1.6 

* Normal BALB/c spleen cells were stimulated in M LR cultures with irradi- 
ated DBA/2 stimulator cells, harvested, and aliquots were exposed to five 
different doses o f y  irradiation. Each was then tested for suppressive activity 
in a BALB/c anti-C57BL/6 Tc response at two suppressor/responder ratios 
(0.25:1 and 0.125:1). Tc activity of cells recovered from these cultures was 
assayed against EL4 tumor target cells and an effector/target cell ratio of 
40:1. 

sensitive. Not only does the irradiation eliminate suppression, but enhanced Tc 
responses were observed in cultures to which irradiated cells had been added. This 
finding is consistent with the contention that elimination of the suppressor cells 
exposes the expression of radioresistant helper cells generated in the first-step MLR 
and that these helper cells then enhance the anti-H-2 Tc response in the second-step 
assay MLR. 

Discuss ion  

We have shown that whereas a secondary in vitro H-2-restricted response to non- 
H-2 alloantigens was readily obtainable in bulk cultures, no such pr imary  response 
was observed (Table I). This is true whether MS- (our data) or FCS- (4-7) supple- 
mented media were used. We mapped  the H-2 restriction to the D end and some 
region to the left of  the I-C subregion of  the H-2 complex (Table II). It has been 
postulated that the pr imary in vitro Tc response to non-H-2 alloantigens of  responder 
cells from au to immune  NZB mice was mediated by hyperactive helper cells (13). 
However,  this seems unlikely in the light of  the recent demonstrat ion of  defective 
interleukin 2 (IL-2) product ion by cells from NZB mice (29). Also, in the non-H-2 
system described in this report and in others (1-6), Mls incompatibilities, which have 
been shown to stimulate powerful help in normal  mouse responder cells (30), are 
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usually included. In fact, a number  of cloned helper cell lines with Mls specificity 
have been derived (31). So the lack of such a Tc pr imary response in non-autoimmune 
normal mice does not seem to be caused by the lack of a help-generating stimulus. 
Indeed, we have shown that, whereas a strong NZB (H-2 a Mls a) ant i-BALB/c (H-2 d 
Mls u) primary Tc response was observed in FCS-supplemented medium, no such 
response was observed in MS-supplemented medium, even though the latter medium 
did support the generation of a good anti-H-2 response in the same NZB responder 
cells (15). Thus, whatever the actual mechanism of such cytotoxic responses in the 
NZB cells, it is dependent on the presence of xenogeneic serum in the medium. 

Among the possible explanations for the failure to generate Tc after primary in 
vitro sensitization against non-H-2 antigens, one is that suppressors are induced 
during the reaction that are sufficient to inhibit a pr imary response. During the course 
of an allogeneic M L R  there is simultaneous generation of Tc, helper, and suppressor 
T cells. The activity detected in effector cell populations recovered from culture must 
be an average of the augmenting and suppressive influences generated during the 
reaction. In a pr imary anti-H-2 response that includes an I region incompatibility, 
the help-suppression balance is probably tipped in the favor of help, whereas in the 
case of a non-H-2 response it is shifted in the favor of suppression. It is unlikely that 
there is a defect in the presentation of cytotoxic determinants (CD) to Tc precursors, 
as strong secondary responses are easily inducible. It is possible, however, that a lower 
density of CD is required to restimulate Tc memory cells than to stimulate Tc 
precursors in a primary response. However, in support of the role of suppressor cells 
in the lack of a primary response, it was possible, using a LDA procedure, to generate 
a primary Tc response to non-H-2 alloantigens in normal mouse responder cells (15). 
At the higher responder cell concentrations, a markedly decreased response was 
observed, suggesting the presence of relatively infrequent suppressor cells which, at 
the lower dilutions, are not sufficient to exert an effect. 

For these reasons, we decided to test directly whether suppressor cells were generated 
in an anti-non-H-2 alloantigen MLR.  Clearly, a strong nonspecific suppressor cell 
response was produced (Table III). This response required, at least, some antigenic 
stimulation, as cells from unstimulated control cultures either had no effect, minimally 
suppressed (never by >20% of the response), or sometimes augmented the Tc response 
in the second step anti-H-2 suppressor assay MLR. This latter finding would appear  
to be at variance with the previously described (32-34) work on the culture generated 
suppressor cells, where unstimulated cells were cultured alone for 3-5 d in the 
generating phase. However, all those experiments were carried out in FCS or horse 
serum medium, and indeed, if we carry out our suppressor generating M L R  in FCS 
medium, "unstimulated" control cells also exert powerful suppressive activity (data 
not shown), suggesting that these culture generated suppressor cells are activated by 
FCS determinants. Cells recovered from an M L R  across non-H-2 non-Mls incompat- 
ibilities in which no cell proliferation is observed showed no suppressive activity 
(Table III), suggesting that there is a requirement for a proliferative stimulus for the 
induction of the suppressor cells. However, increasing the stimulator cell number  in 
the BALB/c anti-DBA/2 suppressor generating MLR,  which caused a proportional 
increase in the proliferative response, actually resulted in a decreased level of sup- 
pression (Fig. 2). Thus, it is possible that IL-2 (and/or  other lymphokines) levels 
critically determine whether a response is shifted in the favor of help or suppression. 
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We are currently investigating the ant igenic / lymphokine  requirements for the gen- 
eration of  these suppressor cells. 

The  finding that an increased proliferative response, with the concomitant  gener- 
ation of  a greater proport ion of  blast cells (as observed microscopically), resulted in 
less suppression, would also suggest that  the suppression itself is not a totally 
nonspecific phenomenon mediated by all blast cells. This contention is also supported 
by the fact that  Con A and LPS blast cells were not suppressive when tested at the 
same concentrations as those at which anti-Mls MLR-genera ted  suppressors were 
active (Table IV). We do not, however, exclude the possibility that  the suppressor 
effector is in the blast cell populat ion generated during the M L R .  

We have shown that Tsp in normal  spleen are Thy-1 +, Lyt-1+,2- by their sensitivity 
or lack of  sensitivity to pretreatment  with the various monoclonal  antibodies and C 
(Fig. 3). By the same criteria, the Ts recovered from anti-Mls M L R  are also Thy-1 +, 
Lyt-1+,2 - (Table V). Although we lack an internal positive control for the activity of  
the anti-I-J d antiserum we used, it appears that  both the Tsp and the Ts are I - J -  (Fig. 
3 and Table  V). The  Ts is highly radiosensitive, shown by the fact that  it is eliminated 
by doses of  y-irradiation as low as 100 rad (Table VI). Macrophages  or adherent  non- 
T cells have also been shown to exhibit suppressive activity (35, 36), and we do not 
exclude a role for them in the suppression described here. However,  as they are 
relatively radioresistant (37) and are not sensitive to t reatment  with anti-Thy-1 and 
anti-Lyt-1 and C, macrophages alone are not able to mediate the observed phenom- 
enon. 

The  suppression observed was not antigen specific. Attempts  made  to detect specific 
suppression were unsuccessful (data not shown). As no pr imary Tc response is 
observable in the system, the specific suppressor cells had to be tested for in a 
secondary response using responder spleen cells from previously primed animals. A 
possible reason for the failure to detect suppression is that the secondary response is 
not as sensitive to suppression as a pr imary response. It has in fact been shown that 
a secondary response to non-H-2 alloantigens can be specifically suppressed by cells 
recovered also from a secondary M L R  to non-H-2 alloantigen but not by cells from 
a pr imary M L R  (38). Immuniza t ion  of  mice with Mls-disparate spleen cells results in 
the product ion in the lymph nodes, of  suppressive activity which effects M L R ,  in 
vitro Tc responses and polyclonal proliferative responses (39-41). The  mechanism of 
this in vivo generated suppression may be the same as the in vitro generated 
suppression described here. 

The mechanism of action of  the Ts is not clear. Because it is Lyt -2-  and Tc are 
Lyt-2 + (26, 27), it would seem that in this system, at least, the Ts is not a Tc act ing 
against either the responder or stimulator in the second-step assay cultures, as has 
been suggested in other systems (42, 43). The  conclusion is also supported by the fact 
that  Ts are not detectable in a conventional bulk ant i-non-H-2 M L R  culture. Most 
suppressor T effector cells have been shown to be Lyt - l - ,2  + (44-46). However,  an 
Lyt-l+,2 - culture generated suppressor of  an in vitro ant ibody response has been 
observed (47) and in an in vivo graft-vs.-host system, an Lyt-l+,2 + suppressor of  
ant ibody responses was described (48). More recently, a number  of  groups have 
described suppressor circuits in which Lyt-1 + suppressor-inducer cells act via soluble 
factors and an Lyt-l+,2 + intermediate cell to induce Lyt-2 + suppressor effectors (49, 
50). It is possible that  the Lyt-1 + suppressor cell generated in the anti-Mls M L R  
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induces, by a similar mechanism, a second suppressor effector in the normal responder 
population of the second step assay cultures. A report has been published (51) in 
which a factor from a predominantly Lyt-2 + responder cell population, from an anti- 
H-2 MLR,  has been shown to induce a second suppressor of Tc in a normal spleen 
cell population. The actual suppressor effector cell could be acting directly on the 
Lyt-2 + Tc precursors themselves or indirectly on Lyt-2- helper cells or the soluble 
lymphokines they produce (i.e., IL-2). We have preliminary evidence that they act by 
either inhibiting production of, inactivating or absorbing IL-2 (data not shown). In 
an LDA designed to estimate the precursor frequencies of IL-2 producing cells 
responding in both anti-H-2 and anti-Mls MLR,  it was shown that at lower responder 
cell doses higher levels of IL-2 per precursor were observed than both at the higher 
cell doses or in conventional bulk M L R  culture (52). This finding is also suggestive of 
a relatively infrequent suppressor cell that acts either on the IL-2 producing cell or on 
the soluble IL-2 itself. 

I f  these I -J-  suppressor cells do indeed mask a Tc response to non-H-2 alloantigens, 
the interpretation of our earlier finding that pretreatment of a responder spleen cell 
population with an anti-Ia serum, which included a high titer of anti-I-J activity, and 
C led to significant primary anti-minor locus response was probably incorrect (16). As 
I-J-encoded determinants have been demonstrated on suppressor cells in a variety of 
systems (53-55), we interpreted the result as indicating that anti-Ia and C treatment 
removed a suppressor cell and thus facilitated a non-H-2 alloantigen-specific Tc 
response. It is possible that the suppressor expresses some Ia determinant(s) other than 
I-J, because the antiserum which was prepared in the mouse combination (B 10.HTT 
X A.TH)F1 anti-A.TL also contained strong anti-I-A k specificities. It is also possible 
that some non-C-fixing antibodies in the antiserum exerted a nonspecific or polyclonal 
activating effect on responder cells expressing the appropriate antigens. The Tc 
responsiveness seen in primary M L R  of NZB spleen cells to non-H-2 alloantigens 
might reflect a deficiency of suppressor cells of the kind reported here or insensitivity 
of Tc precursors or helper cells to suppression rather than hyperactive helper cells as 
previously postulated (13). There is evidence for a decreased level of suppressor 
activity in (NZB × NZW)Fa (56) and sensitivity to suppression in NZB mice (57). 

Thus, it seems that radiosensitive nonspecific Thy-1 +, Lyt-1+,2 -,  I - J -  suppressor T 
cells are generated in a pr imary M L R  to non-H-2 alloantigens, including a stimulatory 
Mls antigen or group of antigens. These suppressor cells probably play a role, together 
with other factors, such as low Tc precursor frequency, in the lack of a pr imary Tc 
response to non-H-2 alloantigen. 

S u m m a r y  

Normal mouse spleen cells are not capable of mounting a primary cytotoxic T 
lymphocyte (To) response to non-H-2 alloantigens in vitro, although a good secondary 
H-2-restricted response is observable after in vivo immunization of the responder 
animals. Suppressor cells are generated in such a pr imary response provided a Mls 
incompatibility exists between the responder and stimulator. These suppressors are 
not antigen specific, are Thy-1 +, Lyt-l+,2-,  I-J- ,  and are highly radiosensitive. The  
suppressor cell precursors in normal spleen express the same phenotype. These 
suppressor cells are probably implicated in the lack of a pr imary Tc response in a 
primary mixed lymphocyte reaction across non-H-2 incompatibilities that include an 
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Mls difference. 

NON-tt-2-ACTIVATED T SUPPRESSOR CELLS 

We wish to acknowledge the technical assistance of Mr. H. Borrero and are grateful for helpful 
discussions with the following people: Dr. F. H. Bach, Dr. C. Orosz, Dr. P. A. Paciucci, and 
Ms. B. Alter. We thank also Ms. L. Stevenson for help in preparation and typing of the 
manuscript. 

Received for publication 7June 1982 and in revised form 27July 1982. 

Refe rences  

1. Abassi, K., and H. Festenstein. 1973. Antigenic strength investigated by cell-mediated 
lympholysis in mice. Eur. J. Imrnunol. 3:430. 

2. Peck, A. B., and F. H. Bach. 1974. Mouse cell-mediated lympholysis assay in serum-free 
and mouse serum supplemented media: culture conditions and genetic factors. Scand. J. 
Immunol. 4:53. 

3. Rollinghoff, M., K. Pfizenmeir, H. Trostman, and H. Wagner. 1975. T cell proliferation in 
the mixed lymphocyte culture does not necessarily result in the generation of cytotoxic 
effector cells. Eur. J. Imunol. 5:560. 

4. Bevan, M. J. 1975. Interaction antigens detected by cytotoxic T cells with the major 
histocompatibility complex as modifier. Nature (Lond.). 256:419. 

5. Bevan, M. J. 1975. Cross-priming for a secondary cytotoxic response to minor H antigens 
with H-2 congenic cells which do not cross-react in the cytotoxic assay. J. Exp. Med. 
143:1283. 

6. Bevan, M. J. 1975. The major histocompatibility complex determines susceptibility to 
cytotoxic cells directed against minor histocompatibility antigens.,]. Exp. Med. 142:1349. 

7. Gordon, R. D., E. Simpson, and L. E. Samelson. 1975. In vitro cell-mediated immune 
responses to the male specific (H-Y) antigen in mice, J. Exp. Med. 142:1108. 

8. Festenstein, H. 1973. Immunogenetic and biological aspects of in vitro lymphocyte allo- 
transformation (MLR) in the mouse. Transplant. Rev. 15:62. 

9. Macphail, S. 1980. Non-H-2 T-lymphocyte-mediated cytotoxicity after primary in vivo 
sensitization. Scand. J. Immunol. 12:303. 

10. Botzenhardt, U., J. Klein, and M. Ziff. 1978. Primary in vitro cell-mediated lympholysis 
reaction of NZB mice against unmodified targets syngeneic at the major histocompatibility 
complex.J. Exp. Med. 147:1435. 

11. Theofilopoulos, A. N., D. L. Shawler, D. H. Katz, and F. J. Dixon. 1979. Patterns of 
immune reactivity in autoimmune murine strains. I. Cell-mediated immune responses 
induced by H-2 identical and H-2 incompatible stimulator cells. J. hnmunol. 122:2319. 

12. Rich, R. R., D. A. Sedberry, D. L. Kastner, and L. Chu. 1979. Primary in vitro cytotoxic 
response of NZB spleen cells to O Qa-lb-associated antigenic determinants. J. Exp. Med. 
150:1555. 

13. Stockinger, B., and U. Botzenhardt. 1980. On the T cell hyperreactivity of NZB mice 
against H-2 identical cells. Evidence for primary response characteristics and an increased 
helper potential.J. Exp. Med. 152:196. 

14. Fischer-Lindahl, K., and B. Hausmann. 1980. Qed-1 a target for unrestricted killing by T 
cells. Eur. J. Immunol. 10:289. 

15. Macphail, S., I. Yron, and O. Stutman. 1982. Primary in vitro cytotoxic T-cell response to 
non-MHC alloantigens in normal mice..]. Exp. Med. 156:610 

16. Hayes, C. E., S. Macphail, and F. H. Bach. 1980. Generation of primary cytotoxic 
lymphocytes against non-major histocompatibility complex antigens by anti-Ia serum plus 
complement-treated lymphocytes. J. Exp. Ivied. 151:1305. 

17. Peck, A. B., and F. H. Bach. 1973. A miniaturised mouse mixed leukocyte culture in serum 



S. MACPHAIL AND O. STUTMAN 1413 

free and mouse serum supplemented media.J. ImmunoL Methods. 3:147. 
18. Goldstein, P., M. F. Luciani, H. Wagner, and M. Rollinghoff. 1978. Mouse T cell-mediated 

cytophilic xenogeneic serum determinants: a caveat for the interpretation of experiments 
done under "syngeneic" conditions.J. ImmunoL 121:2533. 

19. Golstein, P., B. Rubin, F. Denizot, and M. F. Luciani. 1979. Xenoserum-induced cytolytic 
T cells: polyclonal specificity with an apparent antiself component, and cooperative 
induction. Immunobiologr. 156:121. 

20. Forni, G., and I. Green. 1976. Heterologous sera: a target for in vitro cell-mediated 
cytotoxicity. J. Immunol. 116:1561. 

21. Peck, A. B., L. C. Andersson, and H. Wigzelh 1977. Secondary in vitro responses of T 
lymphocytes to non-H-2 alloantigens. Self-H-2 restricted responses induced in heterologous 
serum are not dependent on primary-stimulating non-H-2 alloantigens. J. Exp. Med. 
145:802. 

22. Altman, P. L., and D. D. Katz (editors). 1979. Inbred and genetically defined strains of 
laboratory animals. Part 1: Mouse and rat. Biol. Handb. III:21. 

23. Graft, R. J. 1970. Polymorphism of histocompatibility genes in the mouse. Transplant. Proc. 
2:15. 

24. Stobo, J. D., A. Rosenthal, and W. E. Paul. 1972. Functional heterogeneity of murine 
lymphoid cells. I. Responsiveness to and surface binding of concanavalin A and phytohae- 
magglutinin. J. Immunol. 108:1. 

25. Janossy, G., and M. F. Greaves. 1972. Lymphocyte activation. I. Response of T and B 
lymphocytes to phytomitogens. Clin. Exp. Immunol. 9:423. 

26. Cantor, H., and E. A. Boyse. 1975. Functional subclasses ofT lymphocytes bearing different 
Ly antigens. I. Generation of functionally distinct T-cell subclasses is a differentiative 
process independent of antigen..]. Exp. Med. 141:1376. 

27. Roehm, N. W., B. J. Alter, and F. H. Bach. 1981. Lyt phenotypes of alloreactive and 
effector cytotoxic T lymphocytes. J. Immunol. 126:353. 

28. Hawrylko, E., C. A. Mele, and O. Stutman. 1982. Tumor bearer T cells suppress BCG- 
potentiated antitumor responses. III. Cllaracteristics of the efferent phase suppressor. Cell 
Immunol. 66:139. 

29. Dauphinee, M. J., S. B. Kipper, D. Wofsy, and N. Talal. 1981. Interleukin-2 deficiency is 
a common feature of autoimune mice.J, lmmunol. 127:2483. 

30. Schendel, D. J., and F. H. Bach. 1975. H-2 and non-H-2 determinants in the genetic 
control of cell-mediated lympholysis. Eur. J. Immunol. 5:880. 

31. Glasebrook, A. L., and F. W. Fitch. 1980. Alloreactive T cell lines. I. Interactions between 
cloned amplifier and cytolytic T cell lines.J. Exp. Med. 151:876. 

32. Hodes, R. J., and K. S. Hathcock. 1976. In vitro generation of suppressor cell activity: 
suppression of in vitro induction of cell-mediated cytotoxicity. J. lmmunol. 116:167. 

33. Ferguson, R. M., S. M. Anderson, and R. L. Simmons. 1978. Characterization of suppressor 
lymphocytes generated in vitro. Transplantation (Baltimore). 26:331. 

34. Rollwagen, F. M., and O. Stutman. 1979. Ontogeny of culture-generated suppressor cells. 
J. Exp. Med. 150:1359. 

35. Mater, A. 1978. Regulation of a cytotoxic response toward alloantigens by T-amplifier and 
non-T-suppressor cell. Cell, lmmunol. 37:107. 

36. Anaclerio, A., M. L. Moras, L. Honorati, A. Ruggeri, G. Conti, and F. Spreafico. 1979. In 
vitro generation of nonspecific suppressor cells and their characterization. Transplantation 
(Baltimore). 27:329. 

37. Anderson, R. E., and N. L. Warner. 1976. Ionising radiation and the immune response. 
Adv. lmmunoL 24:215. 

38. Pilarski, L. M. 1981. Regulation of the cytotoxic T cell response to minor histocompatibility 
antigens. Transplantation (Baltimore). 32:188. 



1414 NON-H-2-ACTIVATED T SUPPRESSOR CELLS 

39. Matossian-Rogers, A., and H. Festenstein. 1976. Modifications ofmurine T-cell cytotoxicity 
by preimmunization with M locus and H-2 incompatibilities.J. Exp. Med. 143:456. 

40. Matossian-Rogers, A., and H. Festenstein. 1977. Generation of suppressor cells in mice 
immunized with M locus-incompatible lymphocytes. Transplantation (Baltimore). 23:316. 

41. Matossian-Rogers, A. 1979. Contrasting effects of H-2 and Mls immunization on the 
polyclonal mitogenicity of murine lymphocytes, hnrnunology 37:801. 

42. Fitch, F. W,, H. Engers, J.-C. Cerottini, and K. T. Brunner. 1976. Generation of cytotoxic 
T lymphocytes in vitro. VII. Suppressive effect of irradiated MLC cells on MLC responses. 

J. Immunol. 116:716. 
43. Sinclair, N., R. Lees, M. Wheeler, E. Vichos, and F. Fung. 1976. Regulation of the immune 

responses. XI. Cell-mediated feedback of an in vitro cell-mediated immune response. Cell. 
Imrnunol. 27:153. 

44. Feldmann, M., P. C. L. Beverley, M. Dunkley, and S. Kontainen. 1975. Different Ly 
antigen phenotypes of in vitro induced helper and suppressor cells. Nature (Lond.). 258:614. 

45. Vadas, M. S., J. F. A. P. Miller, I. F. C. McKenzie, S. E. Chism, F.-W. Shen, E. A. Boyse, 
J. R. Gamble, and A. M. Whitelaw. 1976. Ly and Ia antigen phenotypes ofT cells involved 
in delayed-type hypersensitivity and in suppression.,/. Exp. Med. 144:10. 

46. AI-Adra, A. R., L. M. Pilarski, and I. F. M. McKenzie. 1980. Surface markers on the T 
cells that regulate cytotoxic T cell responses. I. The Ly phenotype of suppressor T cell 
changes as a function of time and is distinct from that of helper or cytotoxic T cells. 
Imrnunogenetics. 10:521. 

47. Parish, C. R. 1977. Appearance of non-specific suppressor T cells during in vitro culture. 
Immunology. 33:597. 

48. Pickel, K., and M. K. Hoffman. 1977. The Ly phenotype of suppressor T cells arising in 
mice subjected to a graft-versus-host reaction.J. Exp. Med. 145:1169. 

49. Cantor, H., and R. K. Gershon. 1979. Immunological circuits: cellular composition. Fed. 
Proc. 38:2051. 

50. Germain, R., and B. Benecerraf. 1980. Helper and suppressor T cell factors. Spnnger Sere. 
lmmunopathol. 3:92. 

51. Beckwith, M., and S. S. Rich. 1982. Suppressor-target interaction in alloantigen-induced 
responses: induction of a second cell in the suppressive pathway. J. Immunol. 128:791. 

52. Miller, R. A., and O. Stutman. 1982. Enumeration of IL-2 secreting helper T cells by 
limiting dilution analysis, and demonstration of unexpectedly high levels of IL-2 production 
per responding cell. J. lmmunol. 128:2258. 

53. Greene, M. I., M. E. Doff, M. Pierres, and B. Benacerraf. 1977. Reduction of syngeneic 
tumor growth by an anti-I-J alloantiserum. Proc. Natl. Acad. ScL U. S. A. 74:5118. 

54. Fujimoto, S., T. Matsuzawa, K. Kakagawa, and T. Tada. 1978. Cellular interaction 
between cytotoxic and suppressor T cells against syngeneic tumors in the mouse. Cell. 
Immunol. 38:378. 

55. Rich, S. S., and C. S. David. 1979. Regulatory mechanisms in cell-mediated immune 
responses. VIII. Differential expression of I-region determinants by suppressor cells and 
their targets in suppression of mixed leukocyte reactions. J. Exp. Med. 150:1108. 

56. Krakauer, R. S., T. A. Waldmann, and W. Stober. 1976. Loss of suppressor T cells in adult 
NZB/NZW mice.J. Exp. Med. 144:662. 

57. Huston, D. P., R. R. Rich, A. D. Steinberg, and G. A. Truitt. 1979. Regulation ofcytotoxic 
lymphocyte responses in New Zealand mice by alloantigen-activated spleen cells.J. Immunol. 
122:1476. 


