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1 Introduction 
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Immunoregulation by mouse T cell clones 
111. Cloned H-Y -specific cytotoxic T cells secrete a 
soluble mediator(s) that inhibits cytotoxic responses by 
acting on both Lyt-2- and L3T4- lymphocytes 

In this study we report that cloned Thy-l +, L3T4-, Lyt-l-, Lyt-2+, H-Y-specific and 
H-2Db-restricted cytotoxic T ce11 lines (CTLL) when indueed by lectin or antigen 
secrete a soluble mediator(s) (SF) that inhibits proliferation and generation of 
cytotoxic lymphocytes (CTL) in mixed lymphocyte cultures (MLC). The biological 
activity was separable by gel filtration and appeared as a broad peak in the moleeular 
mass range between 10000 and 50000 kDa. It was found that the suppressive activity 
released by CTLL neither strictly correlates with their cytotoxic potential nor with 
their ability to produce immune interferon or Iymphotoxin. SF was shown to elicitits 
activity in an antigen-nonspeeific manner in that it suppressed the maturation of T 
lymphocytes responding to both, the appropriate H-Y antigen as weH as to unrelated 
H_2d alloantigens or to the hapten 2,4,6-trinitrophenyl (TNP). The effect of SF on 
CTL responses was most pronounced in early phases of primary or secondary MLC. 
When analyzed for its inhibitory activity on precursor ceHs in populations selected for 
either Lyt-2- or L3T4- lymphocytes, it was found that SF interfered with the matura­
tion of both subsets. The inhibition of CTL responses elicited by SF could not be 
reversed by the addition of exogenous interleukin 2. The findtng that SF also inhi­
. bited the proliferation of some but not a11 antigen-dependent cloned T ceHs with 
helper or eytc'toxic potential provides evidence that the faetor also may regulate 
effector lymphl)cytes. In addition, the results support the assumption that SF exerts 
its effect direetly on the responder rather than the stimulator population, and demon­
strate that the development of CTL from their preeursor eeHs is contro11ed at least in 
part by the eytotoxic effeetor cells themselves via a soluble factor(s) that interferes 
with distinct stages of T ce11 maturation. These findings again emphasize the expres­
sion of multiple functions by CTL and indieate their possible role du ring the course of 
an immune response by their capability to eliminate target cells and to secrete a 
soluble product(s) that mediates feedback contro!. 

Regulation of both humoral and cellular immune responses by 
T eells involves complex interactions between subsets of Iym­
phoeytes with distinct functions. Recent investigations have 
demonstrated in antigen- and lectin-sensitized mouse Iympho-

cyte cultures the existenee of suppressor T Iymphocytes (Ts, 

[1-13]) and of soluble suppressor T cell factors (SF, [14-17]) 
that inhibit proliferative responses in mixed lymphocyte cul­
tures (MLC) and/or the generation of cell-mediated cytotoxic­
ity. However, since in most studies heterogeneous populations 
of cells or the supernatants (SN) thereof were used it was 
difficult to associate the regulatory capacities observed with 
either an individuallymphocyte subset or with a distinct solu­
ble mediator and to reveal the mechanism oftheir action. With 
the technique for establishing cloned T cell lines that is now 
available, a more effective analysis of the regulatory mechan­
isms operative in the development of cell-mediated immune 
responses ean be accomplished. Reeent studies have revealed 
that individual cloned T effector cells and their soluble prod­
ucts are able to elicit more than one bioJogicaJ activity which 
may even have opposite effeets on the immune response 
[18-26]. 
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Abbreviations: B6: C57BU6 mouse B6pr: Female C57BU6 mouse, 
previously primed in vivo with male C57BU6 spleen cells MLC: 
Mixed Iymphocyte cuIture MLR: Mixed Iymphocyte reaction CTL: 
Cytotoxic T lymphocyte CTLP: Precursor cell of CTL CTLL: 
Cloned CTL line Th: T helper Iymphocyte ThP: Precursor cell of T. 
T.: T suppressor Iymphocyte SF: Suppressor factor SN: Culture su­
pernatant CTLL-SNconA: Culture supernatant from concanavalin A­
activated CfLL CTLL-SNAg: Culture supernatant from antigen-ac ti­
vated CfLL Con A-SN: Supernatant from ConA-stimulated rat 
spleen cells EL4-SN: Supernatant from EL4 thymoma stimulated 
with phorbol myristate acetate MLC-SN: Supernatant from secon­
dary mixed Iymphocyte culture IL2: Interleukin 2 TCGF: T cell 
growth factor (Iymphokine sources including IL 2) ree.hIL 2: 
Recombinant human interleukin 2 IFN.y: Immune interferon 
FMF: F10w microfluorometry PBS: Phosphate-buffered saline SC: 
Spleen cells PMA: Phorbol myristate acetate TNBS: 2,4,6-Trinitro­
benzene sulfonic acid C: Complement eH]dThd: Tritiated thy­
midine 
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We have previously demonstrated that lymphocytes from 
c\oned T cell lines (CTLL) selected for cytotoxic function in 
addition expressed suppressor and/or helper aetivities for the 
generation of cytotoxic responses in an antigen-nonspecific 
manner [24]. We now report that sensitization of H-Y-specifie 
CTLL by either lectin oe antigen may lead to the production of 
a soluble mediator(s) that inhibits the development of 
cytotoxic Iymphoeytes (CTL) in culture. We show that this 
CTLL-derived soluble suppressive activity can be enriehed by 
gel filtration and acts in an antigen-nonspecifie way by inter­
fering with the activation and/or expansion of precursor cells 
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(ThP, CfLP) of both T helper Iymphocytes (Th) and CfL as 
weil as with the proliferation of so me but not all c10ned T cell 
lines. The data suggest that cytotoxic effector cells regulate the 
magnitude and duration of CTL responses by secreting Iym­
phokine(s) that interfere with distinct steps of T cell activa­
tion. 

2 Materials and methods 

2.1 Mice, in vivo immunization 

Adult mice of the strains C57BLl6 (B6), BlO.D2, BI0.BR, 
BlO.A(4R), BlO.A(SR), BlO.MBR, DBA/2 were obtained 
from the animal colony maintained at the Max-Planck-Institut 
für Immunbiologie, Freiburg, FRG. Mice of both sexes were 
used between 6 weeks and 6 months of age. Female B6 mice 
were injected Lp. with 3 x 107 male B6 spleen cells (SC). 
Tbree weeks to 4 months later, SC from these mice were used 
for in vitro cultures. 

2.2 Medium 

RPMI 1640 medium (Gibco, Bonn, FRO) was supplemented 
with L-glutamine (2 mM), kanamycin (100 !Ag/mI), tylosine 
(10 !Ag/mI), HEPES buffer (25 mM), 2-mercaptoethanol 
(2 x 10-5 M) and 10% selected fetal calf serum. 

2.3 Preparation or Iymphokine sources 

Tbe preparation of supernatant (SN) from concanavalin A 
(Con A)-induced rat SC has been described in detail previ­
ously [27]. Briefly, Con A supernatant (Con A-SN) was pre­
pared by stimulating SC from Spraque Dawley rats with 
Con A (5 !Ag/mI) at 5 x 106 ceils/ml in RPMI 1640 culture 
medium. SN was coIlected after 24 h of incubation and sup­
plemented with 20 mg/mI of methyl-a-D-mannoside (a-MM; 
Sigma Chemical Co., Munieh, FRG). EL4 supernatant (EL4-
SN) was obtained by stimulating a c10ned subline of EL4 thy­
moma with 10 ng/ml phorbol myristate acetate (PMA) as 
described elsewhere [28]. Secondary MLC supernatant (MLC­
SN) was prepared as deseribed by Ryser et al. [29] by mixing 
1 X 107 viable ceIls recovered from pools of 14-day-old primary 
BALB/e anti-DBA/2 MLC with 4 x 106 irradiated (2000 rds) 
DBA/2 SC in 10 ml of RPMI 1640 culture medium in 50 ml 
tissue culture flasks (Nune, 16337, Wiesbaden, FRG). SN was 
colleeted after 24 h of ineubation and sterilized by filtration. 

2.4 Gel chromatography 

For gel filtration of SF activity the SN was eoneentrated 10 
times by filtration using an Amicon Ultra filter YMS (cut off at 
5000 Da; Amicon, Witten, FRO). Chromatography was per­
formed at 4°C using degassed phosphate-buffered saline 
(PBS) as running buffer. Sephadex G-200 (No. 17-0080-03, 
Pharmacia Fine Chemieals, Freiburg, FRO) was expanded 
and equilibrated in PBS. Two ml of eoncentrated SN were 
layered on top of the Sephadex 0-200 columns (1.5 x 85 em, 
Pharmacia) and eluted with PBS at a flow rate of 20 mlIh. The 
protein content of 60-70 3-ml fractions was determined using a 
speetrophotometer (Dual Path Monitor UV-2, Pharmacia) 
calibrated for absorbance at 280 nm. The eolumn was eali-
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brated with the molecular weight standards (Pharmacia): 
aldol ase (158000), bovine serum albumin (67000), ovalbumin 
(43000) and ribonuclease A (13700). Tbe void volume and 
column volume were determined with Blue Dextran 2000 and 
phenol red, respectively. For the test of SF aetivity, pools of 
three fractions (9 mI) were concentrated 18 times and added to 
the detection system at 10% and 2% final coneentration, re­
speetively. 

2.S Selection for Iymphocyte subsets 

For selection of Lyt-2- Iymphoeytes, SC were incubated with 
monoclonal anti-Lyt-2.2 antibodies (kindly provided by Dr. 
U. Hämmerling, Sioan Kettering Institute, New York, NY) 
and selected rabbit complement (C) as described in detail else­
where [11]. Selection for L3T4- lymphocytes was aehieved by 
treating SC with monoclonal anti-L3T4 antibodies (H-129-
19.6, kindly provided by Dr. M. Pierres; Centre d'Im­
munologie, Luminy) and se1ected rabbit C. It was found that 
only few of the selected C sources tested were suitable for 
cytolysis in the presenee of H -129-19.6 monoclonal antibodies. 

2.6 Cloning of CTL 

All cloned H-Y-speeific cytolytie T eells were derived from 
long-term MLC containing female B6 responder T eells [pre­
pared by nylon wool passage of SC derived from mice previ­
ously primed to male B6 eells (B6pr)] and male B6 stimulator 
cells as described [24]. Briefly, the H-Y-specific Teellline was 
restimulated in vitro in SO ml tissue eulture flasks (Nune, 
16337, Wiesbaden, FRO) at weekly intervals with 2.5 x 107 

irradiated male B6 stimulator eells in RPMI 1640 medium in 
5% COz atmosphere. After 6 weeks the H-Y-specifie T eell 
line was maintained and expanded in SO ml tissue eulture 
flasks together with antigen in Con A-SN-conditioned 
medium (10%). H-Y-specific CTL clones were obtained by 
limiting dilution proeedures seeding 10 to 0.3 long-term cul­
ture responder eells/well on 5 x 105 irradiated (2200 rds) male 
B6 stimulator eells in Con A-SN-conditioned medium (10-
20%) in round-bottom microtiter plates (Nune, 163320). After 
2-3 weeks, eytotoxic activities were tested in individual wells 
on 51Cr-Iabeled Con A-stimulated male B6 target eells. Posi­
tive cultures from weHs whieh had received either 1 or 0.3 cell! 
weil were picked, expanded on antigen in the presenee of 
Con A-SN in a volume of 2 ml in macrotiter plates (Linbro, 
New Hamden, Cf, 1624 TC) and subsequently transferred to 
50 ml tissue eulture flasks for further growth. All CTLL were 
recloned twice on antigen and Con A-SN at dilutions of 0.3 
cell/well under similar eonditions. Two subclones, CfLL 
1.2C5 and 1.3E6, were adjusted to grow in Con A-SN-con­
ditioned medium in the absence of antigen and subsequently 
recloned by limiting dilution procedures as described above. 
Specificity and cytotoxic activity of CfLL were tested on 
Con A-stimulated SC of male and female B6 mice, on P8I5 
tumor target cells and for leetin-mediated Iympholysis on P815 
tumor cells in the presence of PHA (Gibco, 670-0576; final 
concentration, 4% of stock solution). 

2.7 Preparation of CTLL-derived factor 

Leetin-indueed factor(s) from CTLL (CfLL-SNcon A) was pre­
pared by sensitizing 1 x 106/ml H-Y-specifie CTLL with 5 !Ag1 
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rol Con A for 3 h at 37°C. Afterwards, the activated Iympho­
cytes were washed three times in RPMI 1640 medium and 
subsequently cultivated for additional 24-48 h at 37°C. SN 
was collected, supplemented with 20 mg/mi of a-MM and 
stored at -20°C until use. For the generation of antigen­
induced factor(s) from CTLL (CTLL-SNAg) 1 x 106/ml H-Y­
specific CTLL were incubated with 5 x 106 irradiated male B6 
SC previously treated with anti-Thy-1.2 plus C. After 24 h SN 
was colleeted and stored at -20°C until use. 

2.8 Assays for Iymphokine activity in Con A-SN, EL4-SN, 
MLC·SN or in SN of c10ned T eell 

2.8.1 T eell growth raetor (TCGF) activity 

SN were tested for interleukin 2 (IL 2) activity by incubatinS serial dilutions of SN (50% initial concentration) with 2 x 10 
cells of the lymphokine-dependent cytotoxic T cellline CTLL-
2 (kindly provided by Dr. S. GiIles) in a total volume of 200 !ll 
in round-bottom microtiter plates (Nune, 163220). After 20 h 
of incubation, 1.25 !lCi = 46.25 kBq tritiated thymidine 
([3H]dThd) was added for the last 4 h. Cells were harvested 
onto filter strips using an automatie cell harvester and counted 
in a liquid seintillation f3 counter. A standard titration of 
recombinant human IL2 (rec.hIL2, kindly provided by Dr. 
M. Wrann, Sandoz Forschungsinstitut, Wien, Austria) at dilu­
tions ranging from 100 ng-60 pg was set up with each assay (1 
arbitrary unit = dilution of IL 2 source (150-200 pg), at which 
CTLL-2 gave 50% of maximal incorporation of [3H]dThd). 
The data were subjeeted to probit analysis, compared to the 
standard eurve, and the activity of each sampie was expressed 
in units of IL2. 

2.8.2 Immune interferon (IFN-y) activity 

SN were tested for IFN-y aetivity by a plaque reduction assay 
in microtiter plates using vesicular stomatitis virus and L cells, 
as described [30]. Titers are expressed in laboratory units using 
as reference standard recombinant mouse IFN-y (rec.IFN-y; 
produced by Genenteeh, Ine., and kindly supplied by 
Boehringer, Inge\heim, FRG). 

2.8.3 Lymphotoxin activity 

SN were tested for cell growth inhibitory aetivity as described 
before [31] with slight modifieations. Briefly, SN were added 
to L929 cells that had been seeded 24 h previously (8 X 103 

cells/well) in 0.2 ml medium in flat-bottom microtiter plates 
(Nune, 167008). [3H]dThd was added for the last 5 h of a 72-h 
incubation period, sampies were harvested onto filter strips 
using an automatie eell harvester and counted in a liquid sei­
ntillation counter. Inhibition was calculated as follows: 

cprn of L929 cultured with SN 
% Inhibition = 100 x 1 - . 

cprn of L929 cultured Wlthout SN 

2.9 MLC and test of activities in CTLL-SN 

MLC was set up by eultivating 1 x 106-3 X 106 responder SC 
together with 5 x 106 irradiated (2200 rds) stimulator eells 
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(unmodified or modified with 2,4,6-trinitrobenzene sulfonic 
acid (TNBS, 3 mM, 10 min, 37°C) in 2-m! in flat-bottom tissue 
culture plates (Linbro 1624 TL). Cells were cultured at 37°C in 
a humified 5% CO2 atmosphere. Various concentrations of 
CTLL-SN or SN from different sourees were added to these 
cultures on day 0 to day 5 of the eulture period. In vitra 
indueed eell-mediated cytotoxieity (CML) was assayed on 
day 4 - day 6 on the appropriate SICr target cells. For the 
simultaneous determination of proliferative responses, tripli­
cates of 100 JJ.l cell suspension were removed from the above 
cultures on day 3 to day 5 and pulsed for an additional 18 h by 
adding 1.25 llCi of [3H]dThd/well. In experiments in which 
only proliferative responses were determined, cell cultures 
were set up in round-bottom microtiter plates (Nune, 163320) 
containing 2 x 104-4 X 105 responder cells and 4 x 105 - 5 X 105 
stimulator cells and various concentrations of SN from differ­
ent sources in a volume of 0.2 ml. At day 3 or day 4 individual 
cultures were pulsed for the last 18 h of incubation with 
1.25 !lCi of [3H]dThd per weil. Cells were harvested onto filter 
strips using an automatie cell harvester and counted in a liquid 
scintillation ß counter. 

2.10 Assay for cell-mediated cytotoxicity 

Specifie 51Cr release was determined by incubating serial dilu­
tions of effector cells derived from macrocultures with a fixed 
number (2 x lQ3/well) of 51Cr-Iabeled day 2 Con A-activated 
blasts from male or female B6 miee (unmodified or modified 
with TNBS), or with 51Cr-labeled P815 tumor cells in a final 
volume of 0.2 ml for 4 h. Afterwards, plates were centrifuged 
and 100 JJ.l of SN was removed for eounting. The percentage 
specifie lysis was calculated by using the equation: % 51Cr 
release = (x-y)/(z-y) x 100 in which (x) is cpm in the SN of 
target eells mixed with effeetor cells; (y) is cpm in the SN of 
target cells incubated alone; (z) is cpm after lysis oftarget cells 
in 1 NHCI. 

3 Results 

3.1 Characterization of T cell clones 

The H-Y-speeifie CTLL used in this study were derived from 
long-term in vitra cultures by limiting dilution proccdures as 
outlined in Sect. 2.6 and described in detail previously [24]. 
Five of them, 2.A4.1, 2.A4.2, 2.A4.3, 2.ClO.1 and 2.E12.2, 
were maintained in the presence of antigen and Con A-SN and 
showed high to intermediate specific cytolytie activity on 
syngeneic male target cells (Fig. 1; CTLL 2.A4.2 with 
cytotoxic activity similar to that of 2.A4.1 and 2.A4.3 was not 
tested in this experiment). Two clones, 1.2C5 and 1.3E6, grew 
in the presence of Con A-SN only and lost their antigen­
specifie cytotoxicity (Fig. 1) but not their lytic potential [32]. 
When stained by indireet immunofluorescence with anti-Thy-
1.2, anti-Lyt-1.2, anti-Lyt-2.2 and anti-L3T4 antibodies fol­
lowed by FITC-conjugated second-step reagent and analyzed 
by flow microfluorometry (FMF), all 6 elones showed similar 
intensities for each of thc three antibodies and expressed the 
phenotype Thy-1.2+, L3T4-, Lyt-1.Z-, Lyt-2.2+ (data not 
shown). All antigen-dependent CTLL were restricted to H-
2Db as shown in a representative experiment for the prolifera­
tive response of CTLL 2.A4.2 (Fig. 2). In contrast, CfLL 
1.2C5 and 1.3E6 which were maintained in Con A-SN in the 
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Figure 1. Cytolytie activity of H-Y-reactive crLL. Individual c10ned 
T effector cells were tested in a 4-h 51Cr-release assay in various effec· 
tor to target cell ratios on male B6 (e) or female B6 (A) target cells. 
Numbers on the abscissa indieate effector to target (E : T) cell ratio. 
Percent specific lysis was calculated as described in Sect. 2.10. 
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Figure 2. H·2 restriction specificity of H-Y-specific CTLL. Two X 10" 
cells from CTLL 2.A4.2 were sensitized with the indicatcd stimulator 
cells for 3 days. Proliferation was measured by [3HldThd incorpora­
tion. 

absence of antigen showed comparable growth characteristics 
on all feeder cells, irrespective of their H-2 haplotype (data 
not shown). 

3.2 EtTect of CTLL-derived lymphokine(s) on the generation of 
CTL 

SN derived from lectin-activated CfLL (CfLL-SNConA) were 
tested for their effect on the development of CTL in vitro. 
CfLL-SNCon A from different clones were added on day 0 to 
MLC of responder cel1s from female B6 mice previously 
primed to H-Y antigen (B6pr) and male B6 stimulator cel1s 
and the generation of CTL was assayed on day 6 of culture. 
Fig. 3 demonstrates that SNConA from CfLL 2.A4.3 total1y 
abrogated H-Y-specific cytotoxic responses at concentrations 
of 0.5 and 5%. In contrast, SNCon A derived from the other 
CfLL either reduced CTL responses only marginally 
(2.ClO.l, 2.E12.2) or had no inhibitory activity at all (1.2C5, 
1.3E6). Moreover, some ofthe CTLL-SNConA (1.2C5, 1.3E6) 
even showed amplifying rather than suppressive activities 
when tested for their effect on the generation of H-Y-specific 
CTL under the same conditions (Fig. 3, panel 5,6). 

Fig. 4 i1Iustrates that the amount of CTLL-SNconA that was 
able to suppress the generation of H-Y-specific CTL varied 
considerably between the three subclones, 2.A4.3 (high), 
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Figure 3. Effect of crLL-SNCon A on the generation of H-Y-specific 
CTL. Three x 106 female B6pr responder cells were cultured with 
5 x lij6 male B6 stimulator cells in the absence (0, panel 1) or pres­
ence (panel 2-6) of 5% (0) or 0.5% (.0.) of SNCon A from the indicated 
H-Y-specific crLL. After 6 days of incubation, effector activity was 
tested on 2 x 103 slCr-labeled male B6 target cells. Numbers on the 
abscissa indieate the number of fern ale B6pr responder cells (x 10') 
cultured on day 0, the descendants of which were tested on day 5. 
Percentage specific lysis was calculated as described in Sec!. 2.10. 
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Figure 4. Effect of CTLL-SNCon A from three H-Y -specific T cell sub· 
clones on the generation of H-Y-specific crL. Three x Hf female 
B6pr responder cells were cultured with 5 x 106 male B6 stimulator 
cells in the absence (e, panel 1; crL activity in four individual culture 
wells) or presence (panels 2-4) of either 10% ( ... ), 5% (e), 1% (_), 
0.5% (0) or 0.1 % (0) of SNConA from CTLL 2.A4.1, 2.A4.2 and 
2.A4.3. After 6 days of incubation effector activity was tested on 51Cr_ 
labeled male B6 target rells. For numbers on the abscissa and percent 
specific lysis, see legend to Fig. 3. 

2.A4.1 (intermediate) and 2.A4.2 (low), previously developed 
from the parental li ne CTLL 2.A4. Note that a11 clones 
showed similar cytotoxic activity when tested at the same time 
(Fig. 1). We have even observed that individual SNConA pre­
parations derived from the same CTLL 2.A4.3 contained vari­
able amounts of SF activity (data not shown). 
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In Fig. 5, it is shown that SN from CTLL 2.A4.2 sensitized 
with male antigen (CTLL-SNAg) also eontained SF that inhi­
bited the development of H-Y-speeific CTL (paneIl vs.2). SN 
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Figure 5. Effect of SN Ag from CILL 2.A4.2 on the generation of H­
Y-specific CTL. Three x 10" female B6pr responder cells were cul­
tured with 5 x 106 male B6 stimulator cells in the absence (0, panel 1) 
or in the presence of antigen SNAg (e, 20%; A, 5%) from CTLL 
2.A4.2 (panel 2) or with SN (e, 20%; A. 5%) derived from cultures 
containing male B6 stimulator cells alone (panel 3). After 6 days of 
incubation effector activity was tested on 51Cr-Iabe1ed male B6 target 
cells. For numbers on the abscissa and percent specifie lysis, see 
legend to Fig. 3. 
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Figure 6. Effect of SNconA from CILL 2.A4.3 on the generation of 
H-Y (A) or TNP-(B)-specific CfL from unselected SC (a) and 
selected Lyt-2- Iymphoeytes (b). Three x 106 unselected female B6 
splenic responder cells (B6pr for anti-H-Y CTL responses, B6 
unprimed for anti-TNP responses) or SC selected for Lyt-2- Iympho­
cytes by pretreatment with anti-Lyt-2 antiserum plus C were cultured 
with either male B6 or with TNP-modified syngeneic female 86 SC in 
the absence (e) or presence (0, 10%) of SNCcn A from CTLL 2.A4.3. 
After 6 days of incubation effector activity was tested on either 51Cr_ 
labeled male B6 or syngeneic TNP-modiried female B6 target cells. 
For numbers on the abscissa and pereent speeific lysis, see legend to 
Fig. 3. (A) Cultures containing responder eells alone; (.) cultures 
containing stimulator cells alone. 
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derived from a culture containing only male B6 stimulator cells 
did not show any suppressive aetivity (Fig. 5, panel 3). How­
ever, sinee the amount of SF activity found in different prepa­
rations of CTLL-SNAg varied considerably, only SN from lee­
tin-activated CfLL were used in the following experiments. 

3.3 Antigen-specificity of SF activity and the susceptibility or 
developing CTL to the Iymphokine(s) 

Experiments were earried out to determine whether the effect 
of SF (CTLL-SNeon A, 2.A4.3) is dependent on the presenee of 
H-Y antigen(s) in MLC. As demonstrated in Figs. 6 and 7, the 
same CTLL-SN Con A suppressed similarly the generation of 
CTL responding to either the H-Y antigen (Figs. 6,7), to 
TNP-modified syngeneie cells (Fig. 6, Ba) or to H_2d alloanti­
gens (DBA) (Fig. 7). These results clearly showed that the 
clonally derived faetor aets in a nonspecific way. 

To test the period of time in which MLC were susceptible to 
suppression, SF from CTLL 2.A4.3 was added at different 
times after eulture initiation to responder eell cultures sen­
sitized with either minor H-Y or major H-2 alloantigens 
(H-2d). Fig.7 shows that addition of SF (CTLL-SNeonA, 

2.A4.3) to MLC containing female B6pr responder cells and 
male stimulator eells on day 0 or on either day 1, 2 or 3 after 
initiation of culture resulted in total abrogation of cytotoxic 
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Figure 7. Suseeptibility of anti-H-2d and anti-H-Y CTL responses to 
suppression by SNeon A of CfLL 2.A4.3. Cultures contained either 
3 x 1~ fern ale B6pr responder celJs and 5 x 10· male 86 stimulator 
cells or 1 x 10" female B6 responder cells and 5 x 1~ DBN2 
stimulator cells_ SNeon A (10%) from CTLL 2.A4.3 was added onee to 
these cultures on either day 0 (e) or day 1 to day 5, (A, day 1; _, 
day 2; ., day 3; 0, day 4; 0, day 5) of the incubation period. Anti-H-
2d CTL response was tested on day 4 of culture on 51Cr-labeled P81S 
tumor target cells, anti-H-Y CTL response was assayed on day 6 of 
culture on 5JCr-Iabeled male B6 target eells. For numbers on the abs­
cissa and pereent specifie lysis, see legend to Fig. 3. 
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responses (Fig. 7, panel 2). Tbe addition of the SF source to 
similar cultures on day 4 or day 5 had no effect on the devel­
opment of H-Y-specific CTL activity. In contrast. maximal 
suppression for the generation of alloreactive CTL by the 
same SF source was only seen when the Iymphokine was added 
at day 0 of culture (Fig. 7, panel 4). Addition of SF to these 
cultures at day 1 or later had only marginal effects or did not 
interfere with the generation of CTL responses specific for 
H-2d alloantigens. 

3,4 EtTect of exogenous TCGF on Iymphokine-mediated 
suppression 

The possibility that the effect exerted by SF on the develop­
ment of CTL was due to the inhibition of TCGF production 
was tested in the experiment shown in Fig. 8. Female B6pr 
responder cells and male B6 stimulator cells were cultured 
with SNConA derived from either CTLL 2.A4.3 or from CTLL 
1.3E6 in the absence or presence of EL4-SN. Cultures were 
assayed on day 6 for CTL activity on male target cells. As 
shown before, SNConA derived from CTLL 2.A4.3 but not 
SNConA derived from CTLL 1.3E6 totally abolished CTL 
responses (Fig. 8, panel 3). Although the addition of EL4-SN 
to MLC considerably enhanced cytolytic activities (Fig. 8, 
panel 1 VS. 2) the same lymphokine source did not reverse the 
suppression of H-Y-specific CTL responses elicited by SF 
(CTLL 2.A4.3). 

3.5 EtTect ofSF activity on the activation ofLyt-r and L3T4-
T cells 

We next examined the effect of CTLL-derived SF on the acti­
vation and/or expansion of selected ThP and CTLP. Unprimed 
female B6 or B6pr responder cell populations were left un­
treated or were treated with anti-Lyt-2.2 antiserum and C and 
were incubated with either male B6 or TNP-modified female 
B6 stimulator cells for 6 days in the absence OI presence of SF 
(CTLL-SNconA, 2.A4.3). As shown in Fig. 6, cytotoxic effec­
tor cells to either H-Y (A) or TNP (B) were only generated in 
cultures containing unselected lymphocytes but not in those 
which were negatively seleeted for Lyt-2- cells. This observa­
tion is considered as a control for the proper elimination of 
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Figure 8. Effect of exogenous TCGF on suppression induced by 
CTLL-derived factor. Three x 106 female B6pr. responder cells were 
cultured with 5 x 106 male B6 stimulator cells alone (e, panel 1) or in 
the presence of either EL4-SN (10%, 0, panel 2). SNcon A from CfLL 
2.A4.3 (6) or SNcoo A from CTLL1.3E6 (10%, 0, panel 3) or a mix­
ture (5% + 5%) of EL4-SN with either SNConA from CfLL 2.A4.3 
( .... panel 4) or SNConA from CTLL l.3E6 (., panel 4). After 6 days 
of incubation effector activity was tested on 5lCr-labeled male B6 
target cells. For numbers on the abscissa and percent specific lysis, see 
legend to Fig. 3. 

CTLP _ Proliferation of Lyt-2- responder cells was assessed by 
incorporation of [3H]dThd on day 3 or day 5 of culture. It is 
seen in Table 1 that in the presence of SF proliferative 
responses were considerably reduced in both unselected and 
seleeted Lyt-2- responder populations cultured with male B6 
stimulator cells_ Furthermore, the inhibitory aetivity elicited 
by SF on the proliferative responses of both responder popula­
tions was antigen independent since suppression was also seen 
in lymphocyte populations responding to syngeneic and TNP­
modified stimulator eells. Additional experiments showed that 
SF also interfered with the antigen-driven production of IL2 
from Lyt-2- lymphocytes and that the effeet of SF on the 
proliferative responses of unselected and selected Lyt-Z- T eell 
populations was not reversed by exogenous sourees of TCGF 
(data not shown). 

To determine whether SF also interferes with the maturation 
of CTLP, we studied its effect On the population enriched for 

Table 1. Effect of CfLL-SNcon A on the proliferation of unselected T cells and selected Lyt-2- Iymphocytes sensitized with either male or TNP­
modified syngeneic stimulator cells') 

Re- Treatment Stimulator SN Incorporation of [.lHJdThd 
sponder with 2.A4.3 (cpm) 

antiserum (W'Yt:) 
to day 3-4 day 5-6 

Bbpr B6o' 14904 ± 730 32167±2115 
B6pr B6o' + 2589± 59 5307± 4H! 
B6pr Lyt-2.2 (+ C) B6o' 6999± 488 6122 ± 55 
B6pr Lyt-2.2 (+ C) Bbo' + 1515± 104 1 RR9± 34 a) Unselected female 86 or 86pr responder cells 

B6o' 235± 137 280± 24 (3 x 106) OI the equivalent number of the selected 
B6S' B6S'-TNP 19432 ± 1146 41585 ± 1409 Lyt-2- Iymphocyte populations were cultured with 
B6S' B6<?-TNP + 4642± 441 903~ ± 396 either 5 x 106 male B6 OI with 5 x 106 TNP-mod-
B6S' Lyt-2.2 (+ C) B6S'-TNP 6R66± 83 9529± 401\ ified female B6 stimulator ceHs. A1iquots of cultures 
B6S' Lyt-2.2 (+ C) B6S'-TNP + 139R± 200 1028± 49 were pulsed with [3HJdThd on either day 3 or day 5 

B6<?-TNP 331 ± 173 32± 6 for the last 18 h of the incubation period as de-
scribed in Sect. 2.9. 
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Table 2. Effect of SNConA from H-Y'specific CTLL 2.A4.1 and 2.A4.3 on the induction of CfL from L3T4- lymphoeytes') 

Respon· Stimu· Lymphokine Sllurce Addi· Percent 5'Cr release from 
der Imor tion to male target eells 
popula- eulturc Effcetor eclh x 1tJ ' 
tion (day) 30 15 

Exp. I 
L3T4' B/id 5.0 0 

EL4·SN (5'; ) () XIJ.9 /i8.7 
EL4·SN + SF2.A4.1 (ZIVi) () 50.5 19.3 
EL4·SN + SF2.A4.1 (50,) () 57.8 28.4 
EL4·SN + SF2.A4.3 (20",. ) 0 6X.S 16.4 
EL4-SN + SF2.A4.3 (5'i) (I 47.7 33.0 

Exp.2 
L3T4 . B/id 27.8 16.7 

EL4-SN (5'.:, ) U 7R.4 72.6 

EL4·SN + SF2.A4.1 (ZU<;; ) () 26.X 19.5 
EL4-SN + SF2.A4.1 (20%) I 80.2 70.5 
EL4-SN. SF2.A-U (ZWi) 0.1 72. X 64.0 
EL4-SN, SF2.A4.1 (20C,i) (J.] 77.2 67.2 

rec.hlL2 (IOn V) () 88.3 7U! 
rcc.hlL2 + SF2.A4.1 (2()Ci) () 19.0 12.4 

rcc.hlLZ (20 V) (I 51.7 35.0 
ree.hlL2 + SF2.A4.1 (2W;) 0 17,4 11.7 

this funetional T eell subset. For this purpose responder eeIls 
from female B6pr mice were seleeted for L3T4-lymphocytes, 
known to be devoid of classieal helper cells and to contain the 
majority of a11 CTLP ([33] and own unpublished results) by 
treatment with the appropriate monoclonal antibody (H-129-
19.6) and C. The seleeted population was restimulated with 
male B6 SC in eultures supplemented with either EL4-SN or 
ree.hIL 2 in the absence or presenee of SF. The data in Table 2 
(Exp. 1,2) illustrate that L3T4 - Iymphoeytes did not develop 
into H-Y-specifie CTL unless exogenous sources of TCGF 
(EL4-SN, rec.hIL2) were added. The admixture of SF from 
either CTLL 2.A4.1 or CTLL2.A4.3 to these eultures from 
the beginning resulted in significant reduetion of eytolytie 
aetivities. On the other hand the addition of SF 1 or 3 days 
after the initiation of similar eultures or the admixture of both 
EL4-SN and SF 24 h after sensitization of L3T4 - responder 
eells with antigen alone did not have any effeet on the develop­
ment of CTLL (Table 2, Exp. 2). Thus the data reveal that the 
susceptibility of L3T4 - responder ee11s to suppression was eon­
fined to early stages of their maturation. 

3.6 Effect or SF on the proliferation of c10ned T celliines with 
helper or cytotoxic potential 

The previous experiments showed that in primary (anti-H-2d
) 

or seeondary (anti-H-Y) in vitra immune responses SF exerted 
its effect mainly in the first days of eulture suggesting a 
deerease of sensitivity of responder ee11s to suppression during 
their maturation. To test whether SF also interferes with the 
reaetivation and/or expansion of effeetor eells, CTLL-SN was 
added to eultures of cloned T eelllines with helper or eytolytic 
potential. As shown in Table 3, two of the I-Ab-restricted Th 

lines with speeificity for the H-Y antigen, A3 and A5, were 
maintained on stimulator eells alone whereas another Th !ine 
with similar antigen and H-2 restrietion specificities (08) and a 
H-Y-specifie CTLL (2.A4.1) were eultivated on antigen in the 

7.5 1.9 

0 () 

M.9 35.3 
7.9 U 

24.0 3.9 
16.3 0 
IX.3 0 

8.U 3.8 
51).5 41.0 

13.8 3.0 
59.2 39.8 a) Female B6pr responder cells (3 x l!t) selected for 60.n 35.1) 
62.8 40.1 

L3T4- Iymphocytes were cultured with 5 x l!t male 
B6 stimulator cells in the absence or presence of 

61.3 37.2 EL4-SN (5%) or ree.hIL2 (100 V/mi, 20 Ulml) and 
B.O 4.2 the indicated concentrations of CTLL-SNcon A (SF). 
29.9 10.0 CytolOxic activity was tested on day 6 on s'Cr_ 
6.2 D labeled male target cells. FOT the number of effector 

cells and percent specific lysis, see legend to Fig. 3. 

presenee of Con A-SN. It is seen that SNConA from CTLL 
2.A4.3 strongly inhibited the proliferation of Th A5 (71 %) but 
had only a marginal effeet on the growth of Th A3 (13%) or Th 
G8 (11 %). The same SNcon A also significantly suppressed the 
expansion of CTLL 2.A4.1 (36%). In the same experiment, 
SNConA or SNAg from CTLL 2.A4.1 or 2.A4.2, respeetively, 
showed only marginal or no suppressive aetivity at a11. The 
observation that the proliferative responses of Th A3 and Th 

G8 was not inhibited by SF ean be eonsidered as an indication 
that the suppressive aetivity elicited by SF is not due to a mere 
toxie effect on the stimulator population. 

3.7 Behavior of SF aetivity on gel filtration 

Coneentrated SNcon A from CTLL 2.A4.1 was subjeeted to gel 
chromatography. The eluted fractions were tested for suppres­
sive aetivity on the proliferation of B6pr Iymphocytes respond­
ing to male B6 stimulator cells. In Fig. 9 an activity profile of 
fraetions eluted from Sephadex G-200 is depicted. SF aetivity 
was eluted as a broad peak ranging from about 10 to about 
50 kDa. When SNConA from CTLL 2.A4.3 was separated 
under similar eonditions on a Sephadex G-75 column, SF 
aetivity eluted within the void volume (data not shown). It is 
possible that the wide moleeular mass range of the clona11y 
derived soluble mediator(s) as revealed by gel filtration is due 
to the presenee of multiple faetors. 

3.8 SF activity does not correlate with the secretion of either 
IFN-y or lymphotoxin 

As shown in Tables 4 and 5, SN from lectin- or antigen-sen­
sitized CTLL eontained various amounts of the two Iym­
phokines, IFN-y (Table 4) and Iymphotoxin (Table 5). In 
comparing the aetivity for the two faetors with the suppressive 
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Table 3. Effect of SN from H-Y specific CTLL on the proliferative response of c10ned H-Y specific Th and crU) 

Responding Culturc Supernatant Incorporation 
Tcell conditions or ['H]dThd 
(clone) (cpm) 

Th A3 B6d' 7243 
2.A4.1 (Con Al 141128 
2.A4.3 (Con Al 6304 

Th A5 Bod' 7654 
2.A4.1 (Con Al 5976 
2AU (Con A) 2219 

Th G8 Bf1d'; Con A-SN 13183 
2.M.I (Con A) 12466 
2.A4.2 (Con Al 13935 
lAU (B6d') 10787 
2.A4.3 (Con Al 11791 

CTLL 2.A4.1 B6d': Con A-SN 5951\ 
2.A4.1 (Con A) 6738 
2.A4.2 (Con Al 0738 
2.A4.2 (B6d') H349 
2.A4.3 (Con Al 3HI4 
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Figure 9. SF activity assayed after Sephadex G-200 gel exclusion 
chromatography. Tenfold concentrated CTLL-SNeonA from 2.A4.1 
(2 ml) was layered on the column and the eluted fractions were tested 
for suppressive activity in MLC at 10% final concentration as 
described in Sects. 2.4 and 2.9. The effects on [JH]dThd uptake in 
cultures containing B6pr responder cells and male B6 stimulator cells 
are shown. Dala are plotted as deviations of cpm from cpm in control 
cultures set up in medium without CTLL-derived SN. 

activity described so far in individual SN, it became obvious 
that SF must be distinct from the other two Iymphokines. This 
is indicated by the finding that SNConA from CTLL 2.ClO.1 
and 2A4.1 ,2,3 contained similar titers of IFN-y (Table 4) yet 
expressed quite different degrees of SF activity (see Figs. 3, 
4). Moreover, Iymphotoxin activity was highest in SNConA of 
CTLL 2.A4.2 when compared with those in SNconA from 

Inhihition 

(r,O 

0 
13 

22 
71 

5 
0 

18 
11 a) One x 104 of the indicated c10ned T cells were incu-

bated with 2 x 105 irradiated male B6 stimulator 
() cells in the presence or absence of Con A-SN 
6 (10%). SN from mitogen (Con A) or antigen 
() (B6d') activated CILL were added to the culture 

36 on day 0 at 10% final concentration. On day 2 
[lH)dThd was added for the last 6 h of incubation. 

Tab1e 4. IFN-y activities in SNConA or SNAg from H-Y-specific 
CTLL') 

Supernatant Stimulation Days of IFN 
sourcc with cuhure titer 

1.2C5 Con A I XI 
I.3E6 COIl A I 9 
2.CIO.1 Con A I 243 
2.M.1 Con A 1 RI 
2.A4.1 ("oIlA 2 2.:13 
2.A4.2 COIlA 2 243 
2.M.3 Con A I 243 
2.A4.3 Con A 2 243 
2.A4.2 Ag I 9 

EL4-SN 3 
Con A-SN HI 
MLC-SN 27 
rec.hIL 2 3 

a) T cells from individual CTLL were cultured at 1 x lcf/ml with 
either Con A or male B6 stimulator cells (2.5 x lcf/ml) for the 
indicated time. SN was collected and tested for IFN-y activity as 
described in Sect. 2.8.2. 

CTLL 2.A4.1 or 2.A4.3 (Table 5), yet SF activity was only 
detectable in the latter two (Fig. 4). In addition the experi­
ments depicted in Tables 4 and 5 also reveal that there is no 
strict correlation between IFN-y and Iymphotoxin activities. 
The data therefore suggest that the three biological activities 
expressed by sensitized CTLL are the features of distinct solu­
ble mediators. 
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Table 5. Effect of SNCon A fram H-Y-specifie CTLL on the proliferative response of L929 cells') 

Souree of ('HJdThd incorporation in L'I29 cdls ';( Inhibition 01" L9~9 
supcrnatant epm ± (SEM) proliferation 
from CTLL 25<:~ SN 1~.5t:i SN 2~Vi SN 

Exp.1 
195()!!O (9925) 

2.M.1 (24 h) 103985 (1310) 97749 (4lJh) ~7 
2.A4.2 (4K h) 533h7 (179) h7074 (!!O) Ti 
2.A4.3 (2~ h) IOMßh (!!36) 1Il.~ 215 (X9S) :2 
1.2C5 (24 h) 13i655 (25(~) 117279 (1157) 32 
ConA-SN HI095 (152K) 32035 (672) 91 
EL4-SN 170712 (29IlIJ) I~X 346 (17(~)) 12 

Exp. :2 
1223fl() (M70) 

2.A4.1 (24 h) 49422 (32(H) h2519 (lhlOl fl() 
(48 h) 25154 (1549) 34012 (lH4) 79 

2.A4.2 (48 h) 15 156 (l79X) 27~l!4 (835) llli 
2.A4.3 (24 h) 52741 (759) 63547 (IIK)4) 57 

(48 h) 42291 (221l1) 440f>7 (223X) ~ 
EL4-SN 1180115 (1649) 11631h (R7) 3 
ConA-SN 19124 (99X) 42939 (350) X4 
MLC-SN 35534 (XXO) (,9457 (113) 71 

4 Discussion 

It has been shown recently that cloned H-Y -specific CfLL 
may express multiple immunological functions: in addition to 
their cytotytic potential they are able to suppress or augment 
the development of cytolytic responses [24]. The experiments 
described here provide evidence that cloned CTL secrete SF 
activity that acts in an antigen-nonspecific fashion and inhibits 
the development of T cell cytotoxicity by preventing the acti­
vation and/or expansion of both ThP and CTLP. 

Production of SF could be induced in cultures of some but not 
all H-Y-specific Thy-l+, L3T4-, Lyt-1-, Lyt-2+ CTLL by sen­
sitization with either Con A or the appropriate H-Y antigen 
(Figs. 3-5). The fact that SF was also found in SN of lectin­
induced CTLL previously separated from residual stimulator 
cells argues against the remote possibility that cells other than 
CTLL are the source of this lymphokine(s). Secretion of SF by 
CTLL was more consistently found after lectin vs. antigen 
stimulation and in the latter case irradiation of CTLL prior to 
their activation increased the amount of SF detected in SN. 
These differences may be due to the requirement of particular 
membrane alterations for an efficient release of SF. However, 
other explanations are possible and further experiments are 
required to clarify this point. 

Tbe observation that different CTLL or even freshly estab­
lished subclones with similar levels of cytotoxic activity pro­
duced quite different amounts of SF in response to Con A 
(Figs. 1,3 and 4) is in line with our previous'findings on the 
suppressive effects of lymphocytes from CTLL [24] and sug­
gests that both activities are dissociated. It is possible that SF 
activity is only expressed at certain phases of the growth of 
CfL whereas the cytotoxic potential remains constant. 
Indeed, we were unable to find phase-dependent fluctuations 
in cytolytic activities of our CTLL (M. M. Simon, unpub­
lished). This would also be an explanation for our findings that 
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a) T cells from individual CTLL were cultured at 1 x 
106/ml with Con A for the indieated time. SN was 
collected and tested in the lymphotoxin assay as 
described in Sect. 2.8.3. 

the amount of SF activity detected in different SN prepara­
tions trom the same CTLL varied considerably. It is interest­
ing that lang-term culture T cell Iines derived from H-Y­
specific CTLL lost their specific cytotoxic activity (CTLL 
1.2C5, 1.3E6) and the ability to produce SF under the condi­
tions described herein (Fig. 3), though lymphocytes from 
CTLL 1.3E6 could still inhibit CTL responses ([24], and data 
not shown). Moreover, in some of the CTLL-SNconA and 
CTLL-SNAg preparations, augmenting activities for the gener­
ation of CfL responses were found together with SF or in the 
absence of it (Fig. 3, and [24]). These results suggest that 
CfLL have the potential to secrete either simultaneously or 
alternating factors with multiple biological activities that can 
regulate CfL responses in a positive and/or negative way. The 
mechanism(s) leading to the secretion of the distinct soluble 
activities by an individual CTLL is unknown at present. 

The suppression of MLC by SF was not antigen specific since it 
inhibited the proliferative and CTL responses to either the 
appropriate B-Y antigen or to unrelated antigens like TNP­
modified syngeneic or H-2-incompatible cells. Nonspecific 
suppressive lymphokines with similar activities in CTL (15-17, 
34] and/or proliferative responses [14,15,17,34,35] have been 
described before in SN of responder populations sensitized 
with either antigen [14-17] or Con A [34,35]. However, since 
in all other studies total cell populations rather than c10ned T 
celliines were used, a direct comparison of these factors with 
our SF does not seem feasable. The SF activity described here 
was also not restricted to the H-2 haplotype of the responder 
population (data not shown) as reported for another SF (MLR 
SF) by Rich et al. [36]. However, we observed that the degree 
of SF-mediated inhibition of MLC varied for responder popu­
lations with different H-2 haplotypes (M. M. Simon, unpub­
lished results). 

A differential susceptibility of eiL responses to SF was seen 
in unselected Iymphocyte populations responding to either 
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H-Y or to H_Zd antigens (Fig. 7). Whereas the H-Y-specific 
CTL responses with a maximum at day 6 of culture could still 
be inhibited by addition of SF to MLC on day 3, the genera­
tion of H-2d-specific CTL with the maximum on day 4 of cul­
ture was only sensitive to SF when added at the beginning of 
culture but not tater. It is possible that the differential effects 
of SF on both CTL responses is merely quantitative and a 
reflection of different numbers of precursor cells for Th and 
CTL responding to either H-Y or H_Zd alloantigens ([37-39], 
and H. Moll, unpublished results). On the other hand the data 
could also be explained by assuming different kinetics for the 
aetivation of H-Y -specifie compared to that of H-2-specific Th 
andJor CTL wirh a eoncomitant prolongation of their sensitiv­
ity to suppression by SF. Although the observation that SF 
interferes with early events in the activation of H-Y-specific 
CTLP as weH as preliminary experiments on the influenee of 
SF on Th maturation (data not shown) are in favor of the first 
assumption, a ele ar answer to this question eannot be given. 

The experiments with lymphoeytes selected for Lyt-T or 
L3T4- eells which are enriched for either ThP or CTLP, 
respectively, ([33], and own unpublished results) strongly sug­
gest that SF interfered with the induction and/or differentia­
tion of both T cel! subsets. This was also supported by the 
findings that the production of IL 2 was inhibited together with 
proliferative responses in unselected or selected Lyt-T popu­
lations (Table 1, and unpublished results) and that exogenous 
sources of TCGF (EL4-SN, rec.hIL2) did not reverse SF­
mediated suppression of CTL responses (Table 2, Fig. 8). 
Although the exact sequence of events leading to the inhibi­
tion of CTLP maturation was not revealed in this study, it was 
shown that (a) TCGF-driven CTL responses in L3T4- Iym­
phocytes were only suppressed when SF was present at the 
time of cuIture initiation, and (b) SF did not interfere with 
TCGF-dependent expansion of CTLP previously sensitized 
with antigen alone. These findings led to the conelusion that 
SF inhibits the development of both Th and CTL from their 
precursors by interfering with antigen activation and/or early 
phases of CTLP differentiation rather than with their expan­
sion. 

Although the data discussed so far elearly showed that SF 
prevents the generation of effector eells from both Th and 
CfLP, they did not address the question whether the targets 
of SF are the responder cells themselves or the stimulator 
population or both. Such an indirect suppressive effeet via 
accessory cells cannot be formally exeluded but seems 
unlikely, since the same SF preparation when tested on two 
individual antigen-dependent eloned Th lines inhibited the pro­
liferation of one but not the other. These observations are not 
only eonsidered as a control to show that SF does not merely 
eliminate or inactivate the stimulator populations but they 
indieate in addition that effector cells can also be modulated 
by this lymphokine(s). Furthermore, the differential sensitiv­
ity of established T cell lines to SF suggests that the control 
mechanism exerted by this regulatory molecule on activated 
Iymphocytes is restricted to certain growth phases. 

The SF activity was separable biochemieally and eluted from a 
Sephadex G-ZOO column as a broad peak with molecules rang­
ing from 10 to 50 kDa thus exeluding low molecular substances 
such as glucocorticoids, prostaglandins and cAMP which are 
known to interfere with T cell activation [40]. The data how­
ever do not reveal whether the wide range in the molecular 
mass of SF is due to the presence of different factors or to the 
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association of related proteins. Interestingly, it has been 
shown recently that granules isolated from cloned T celllines 
contain a set of unique proteins in the range between 14 and 
75 kDa that may be responsible for cytolytic aetivity by a 
mechanism involving protein polymerization [41]. A similar 
phenomenon of assembling of proteins was also observed with 
a soluble mediator(s) with cytotoxic and suppressive activity 
derived from pig leukocytes ([42] and M. Kramer, personal 
communication). Thus it is possible that structures used by 
CTL for target cell lysis are also involved in suppression of 
immune responses as described herein. 

We have shown that the cloned cytolytic T celllines in addition 
to SF activity secrete to a various extent two other lym­
phokines, IFN-y and Iymphotoxin, which have been implied as 
regulatory molecules in the generation of CTL responses [31, 
43, 44]. However, their biological aetivities did not coincide 
with the aetivity elicited by SF. It thus appears that the three 
biological activities secreted by individual CTLL are the 
charaeteristics of distinct factors. On the other hand, since the 
molecular mass of both Iymphokines IFN-y (17 kDa [45]) and 
lymphotoxin (25 kDa; D. V. Goeddel, personal communica­
tion) are related to the size of the Iymphokine(s) with SF 
activity as separated from the column, it is possible that one or 
both of these faetors contribute to suppression by acting in 
concert with other Iymphokines. 

In summary the observations in this study support the conclu­
sion that factors from CTLL mediate suppression of T cell 
responses by interfering with the activation of precursor cells 
in both the Tb and CTL compartment. The inhibition of CTLP 
and Tb maturation seems to be confined to certain phases of 
maturation. Moreover, the data also reveal that CTLL­
derived factors mayaIso modulate the expansion of estab­
lished T eell lines. Although the exact mechanism of SF 
remains to be determined the results suggest an effective con­
trol of the maintenance of cytotoxic responses by CTL. Tbe 
data might have implications for the in vivo regulation of pre­
cursor and effector cells of CTL, i.e. , not only antigen elimina­
tion by CTL may negatively effect CTLP, but also the number 
of activated T cells may control via soluble mediators further 
generation and expansion of CTL. 
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Rapid activation of ornithine decarboxylase by 
mitogenic (but not by nonmitogenic) ligands in human 
T lymphocytes* 
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The T eell mitogens, concanavalin A and the monoelonal antibody OKT3, eause a 
rapid activation of omithine deearboxylase (ODC) activity in human T Iymphoeytes, 
maximal within 10 min of mitogen addition. Nonmitogenie ligands to T eell surface 
structures do not induce ODe. The enzyme induction is dependent upon an intact 
mobility of ligand-receptor eomplex, requires a functioning energy metabolism, but is 
independent of de nova protein synthesis_ The early induction of pre-existing ODe 
molecules appears to be specifically linked to the initiation of T lymphocyte prolifera­
tion. 
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1 Introduction 

Various cells carry specific surfaee membrane receptors by 
whieh they can receive proliferation signals from the surround­
ing environment. Substances which induce DNA synthesis and 
cell division, such as mitogenic lectins , tissue-specific growth 
factors ete" have been identified. The cell stimulus system 
most extensively studied is the initiation of lymphocyte prolif­
eration by mitogenic lectins. This phenomenon has been sug­
gested to reflect the amplifieation event which is required to 
create efficient effector mechanisms during an immune 
response. The intracellular mechanisms which transfer signals 
from the triggered surface membrane receptors to the cell nu­
deus and thereby induce DNA synthesis are, however, still 
poorly understood. 
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