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Supernatants from human mixed leukocyte cul- 
tures or lectin-depleted supernatants from cultures 
of PHA-activated human peripheral blood leuko- 
cytes were  depleted of IL 2 by passage over an anti- 
human rIL 2 immunoadsorbent column.  The  column 
eluates were concentrated, dialyzed, and tested for 
their ability to synergize with human rIL 2 in  facil- 
itating human cytolytic T lymphocyte (CTL) re- 
sponses to allogeneic, uv-irradiated HT144 mela- 
noma cells in  vitro. CTL were generated in the pres- 
ence of 1 x 1 0-4 M hydrocortisone sodium succinate 
in  order to minimize the generation of nonspecific 
lymphokine-activated  killer (LAK) cells. IL 2-de- 
pleted  lymphokine-containing supernatant (LKS), 
alone or in the presence of sl U/ml  rIL 2 did not 
stimulate significant CTL responses. Recombinant 
IL 2 at >2 U/ml stimulated weak CTL responses in 
the absence of LKS. However, strong synergistic 
CTL responses were  observed  when both IL 2-de- 
pleted LKS and >2 U/ml  rIL 2 were  added to  the 
cultures. CTL generated in these  cultures could  be 
distinguished  from  nonspecific LAK cells on the 
basis of their i) specificity,  ii) T3 phenotype, and iii) 
kinetics of generation. Nevertheless, rIL 2 and IL 2- 
depleted LKS were sometimes observed to synergize 
in facilitating the generation of nonspecific LAK 
cells as well as the generation of specific CTL. When 
the times at which  rIL 2 and IL 2-depleted LKS were 
added to  the  cultures were varied, IL 2 was  found to 
be required early in CTL responses, whereas the 
synergistic factor(s) in LKS seemed to  act later. 
Recombinant human interferon-y was unable to re- 
place LKS in synergizing with rIL 2 to elicit CTL 
responses. In summary, these experiments suggest 
that LKS contains a late-acting factor@), antigeni- 
cally distinct from IL 2, which synergizes with IL 2 
in facilitating human CTL responses. 

Cytolytic T lymphocytes (CTL)’ are believed to play a 
major  role in the host  defense  against viral infections (1, 
2) and possibly against neoplasia (3, 4). In addition, it 
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hydrocortisone sodium succinate: LAK. lymphokine-activated killer: LKS. 
’ Abbreviations used in this paper: CTL, cytolytic T lymphocyte: HC, 

lymphokine-containing supernatant; MLTC. mixed leukocyte-tumor cul- 
ture; PBMC, peripheral blood mononuclear cell; rIFN-uA, recombinant 
human interferon-nA: rIFN-y. recombinant human interferon-y: rIL 2, 

uration  factor; uv. ultraviolet. 
recombinant human IL 2: TCM. tissue  culture medium: T,MF.  CTL mat- 

appears  that CTL may mediate at least some forms of 
homograft rejection (5, 6) and  certain immunopathologic 
processes (7-9). Thus, an understanding of the molecular 
mechanisms involved in  the generation of  CTL responses 
may lead to the development of methods by which CTL 
responses  can be usefully modulated in  the  treatment of 
various  disease states. 

Substantial evidence (reviewed in Reference 10)  sug- 
gests  that  at least  three.  distinct  types of cell populations 
play a role in  the generation of  CTL responses: CTL 
precursors,  helper  T cells, and Ia+ accessory cells, includ- 
ing  dendritic cells and Ia+ macrophages. Lytically inactive 
CTL precursors  are triggered to proliferate and differen- 
tiate  into  mature, lytically active CTL as  a result of the 
receipt of two types of signals, both of which are  essential 
for activation  (10-12).  Signal  one  results from the  inter- 
action of  CTL precursors  with specific antigen,  whereas 
signal two results from their  interaction  with nonspecific 
helper  factors. One such nonspecific factor that  appears 
to play an  essential role in CTL responses is interleukin 
2 (IL 2) (13-15). However, recent evidence from several 
laboratories  suggests that  an additional  factor(s), some- 
times  referred  to as  T cell differentiation  factor, may 
synergize with IL 2 or act  in place of added IL 2 in 
facilitating CTL responses. Murine models in which such 
a  factor has been  demonstrated include i) the generation 
of lectin-induced polyclonal CTL responses (16-1 8), ii) 
the generation of antigen-induced specific CTL responses 
(19-23). and iii) the induction of cytotoxic activity in CTL 
hybridomas (24, 25). In contrast  to  the  substantial liter- 
ature on synergy between IL 2 and an additional  factor(s) 
in eliciting murine CTL responses, relatively little has 
been published regarding the existence of similar  syner- 
gistic interactions  in  the generation of human CTL.  In 
this report we demonstrate synergy between recombi- 
nant  human IL 2 (rIL 2)  and IL 2-depleted lymphokine- 
containing supernatants (LKS) in  facilitating allogeneic 
human CTL responses  to ultraviolet (uv)-irradiated mel- 
anoma cells in vitro. The  synergistic  factor@) is antigen- 
ically distinct from IL 2 and  appears to act  later than IL 
2 in  the CTL response. 

MATERIALS AND METHODS 

mixture of RPMI 1640 and Dulbecco’s  modified Eagle’s  medium, 
Media and reagents. Tissue  culture  medium (TCM) was a 1 :1 

supplemented  with 5 x lo-’ M 2-mercaptoethanol. 0.1 mM nones- 

@dm1 streptomycin (GIBCO Laboratories.  Grand  Island. NY). and 5% 
sential  amino  acids, 2 mM L-glutamine, 100 U/ml penicillin, and 100 

tisone  sodium  succinate (HC) was  from  Sigma  Chemical Co.. St. 
human AB serum (M. A. Bioproducts,  Walkersville, MD). Hydrocor- 

Louis, MO, and  phytohemagglutinin-P (PHA-P) from Difco Labora- 
tories,  Detroit, MI. Purified human rIL 2 was  generously  donated by 
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Dr. C. Harvey. Department of Bioseparations Research, Hoffmann- 
La Roche, Inc. The rIL 2 was  greater  than  98%  pure  as  assessed by 
SDS-polyacrylamide gel electrophoresis and  had a specific  activity 
of 2 X lo7 U IL 2  activity/mg  protein.  When the rIL 2 was tested  for 
endotoxin contamination by the Limulus  amebocyte  lysate assay, no 

toxin contamination  was (0.1 ng  endotoxin/3.6 X lo5 U IL 2. Purified 
endotoxin was detected, indicating  that  the maximum possible endo- 

combinant interferon-uA (rIFN-uA) were donated by  Dr. M. Brunda. 
human  recombinant  interferon-? (rlFN-y) and purifed human re- 

Department of Experimental Virology and Oncology. Hoffmann-La 
Roche, Inc. 

Cell lines. Human  melanoma lines HT144 and RPMI-7951 were 
obtained  from  American Type Culture Collection. Rockville. MD. and 
were maintained by weekly passage  in TCM with 5% AB serum.  The 
erythroleukemia  line K562 was passed in TCM with 5% fetal bovine 
serum. 

Production of LKS.  Mixed leukocyte culture (MLC) supernatants 
were produced as described (26). In brief, 4 x lo6 human peripheral 
blood mononuclear  cells (PBMC) were incubated with  4 to 6 X lo6 y- 
irradiated (2000  rad) allogeneic PBMC in 2 ml TCM with 1% AB 
serum, After the  cultures were incubated for 48  hr  at 37°C. the 
culture  supernatants were harvested.  The  supernatants were  de- 
pleted of IL 2 as described below, concentrated 5- to 10-fold by 
ultrafiltration  through an Amicon PM-10 membrane (Amicon Corp., 
Lexington, MA), dialyzed against TCM. and sterilized by filtration 
through a  0.2-gm Millex filter (Millipore Corp.. Bedford. MA). The 
supernatants were then stored at  -20°C until used. 

PHA-induced LKS were produced by incubation of human PBMC 
at  a density of 2 x lo6 cells/ml  with 0.1 % PHA-P in  serum-free TCM. 
Culture supernatants were harvested  after  incubation of the  cultures 
for 48  hr  at 37°C. The  supernatants were concentrated 10-fold by 
Amicon ultrafiltration  and  then depleted of  PHA by ammonium 
sulfate precipitation (27).  Sufficient  crystalline  ammonium  sulfate 

final  concentration of 50%  saturation. The LKS was  then held on 
(Schwarz-Mann, Cambridge, MA) was added to the LKS to give a 

ice for  1 hr.  and  the precipitate was removed by centrifugation at  
10,000 X G for 10 min at  4°C. Additional crystalline  ammonium 
sulfate  was added to  the  supernatant  to give a final  concentration 
of 85% saturation.  The  mixture  was again incubated on ice and  then 
centrifuged as  described above. The precipitate was redissolved in 
Hanks' balanced salt solution (HBSS), and  the resulting  solution was 
dialyzed overnight against HBSS. The lectin-depleted, dialyzed LKS 
was  then depleted of IL 2 as described below, filter  sterilized, and 
stored at -20°C until used. 

Depletion of IL 2from LKS.  LKS were  depleted of IL 2 by use of 
a n  anti-rIL  2 immunoadsorbent column as follows. Neutralizing anti- 
rlL 2 antiserum prepared by immunizing  rabbits with purified hu- 
man rlL 2 was kindly provided by Dr. P. Osheroff. Department of 
Molecular Genetics,  Hoffmann-La Roche, Inc. Anti-rIL 2 IgG was 
prepared by passage of 2 ml  of antiserum  through a column of 
protein  A-Sepharose (Pharmacia, Piscataway. N J )  and elution of the 
bound IgG with  0.1 M citric acid, pH 3.5. The  eluate  was dialyzed 
against  phosphate-buffered  saline, pH 7.2 (PBS), and  concentrated 
to approximately  1 ml  by Amicon ultrafiltration.  The  anti-rlL 2 IgG 
was  then coupled to Affi-Gel 10 resin (Bio-Rad, Richmond, CA) for 
construction of a n  anti-rlL 2 immunoadsorbent column. One milli- 
liter of packed resin, which had been washed with isopropyl alcohol 
and  then with distilled water,  was mixed with a n  equal volume of 
anti-rIL  2 IgG, 12.8 mg/ml in PBS, and  the  mixture  was tumbled  for 
5 hr  at 4°C.  To block any  remaining reactive sites,  0.2 ml of 1 M 
ethanolamine HCl,  pH 8.0, was  then added, and  the  mixture  was 
tumbled  for a n  additional hour a t  4°C. Subsequently,  the  resin  was 
poured into a  1  x 5-cm  glass column (Bio-Rad), and  any  unbound 

Finally, the column was equilibrated with PBS. This coupling pro- 
protein was washed out with 0.15 M NaCI, 0.1 M NaHCO,,  pH 8.0. 

cedure resulted  in the binding of approximately 90% of the IgG to 
the  resin. To  deplete LKS of IL 2  activity, the  supernatants were 
passed  through the column at  a flow rate of 2 ml/hr.  This procedure 
routinely removed greater  than 98% of the IL 2  activity  from the LKS 
(see  Table I) .  To regenerate  the column  for  repetitive use, bound IL 
2 was eluted with 0.2 M acetic acid,  0.15 M NaCI. and  the column 
was  then re-equilibrated  with PBS. 

fMLTC1. PBMC were isolated from the blood  of normal human  donors 
Sensitization of lymphocytes  in  mixed  leukocyte-tumor  cultures 

as described (28). Accessory cells  were depleted from the PBMC either 
by plastic adherence or by treatment of the PBMC with L-leucine 
methyl ester (Sigma). Removal of plastic-adherent cells was per- 
formed by incubation of 40  to 70 x lo6 PBMC in  20 ml TCM with 
5% AB serum in  Corning 25110  tissue  culture  flasks for  1 hr  at  

bated  for another  hour  at 37°C before use.  Treatment of  PBMC with 
37°C. Nonadherent  cells  were transferred  to a fresh  flask  and  incu- 

Thiele et  al.  (29). Removal of accessory  cells  from PBMC  by plastic 
5 mM L-leucine methyl ester  was performed  exactly as described by 

adherence reduced the percentage of esterase-positive  cells (Sigma; 
Kit  No. 180-B) from  20-26% to 4-6%.  whereas  treatment with L- 
leucine  methyl ester reduced the  number of esterase-positive  cells 
to  less  than  0.5%. Nevertheless. both types of accessory cell-depleted 
PBMC populations  responded  similarly  in these experiments. Cyto- 

plates (Costar,  Cambridge, MA) by incubation of 1.5 X lo6 accessory 
lytic lymphocytes  were  generated in MLTC in 24-well tissue  culture 

cell-depleted PBMC with  1 x lo5 allogeneic uv-irradiated (960  rW/ 
cm2 for 5 min) melanoma cells or 5 X lo4 allogeneic ?-irradiated 

at  a final  concentration of M was included  in the  cultures to 
(10,000  rad) melanoma  cells in  1.5 ml TCM with 5% AB serum. HC 

suppress  the  generation of nonspecific  lymphokine-activated killer 
(LAK) cells (26). Effectors  were harvested from the MLTC after 5 or 
6 days,  unless indicated  otherwise. 

Cytolytic assays. Cell-mediated lysis of melanoma  cells (28)  and 

scribed. The percent  specific 51Cr release was calculated as [(e - c)/  
K562 (26)  was measured  in  overnight "Cr release assays a s  de- 

target  cells incubated with  lymphocytes and c is the percentage of 
(100 - c)] x 100, where e is the percentage of  "Cr released from 

51Cr released from target  cells  incubated  alone. Spontaneous 'lCr 
release  in these  experiments varied from 30 to 38% for  melanoma 

effector population was assayed  for lytic activity a t  three  to  four 
targets  and from 16  to  31%  for K562. In every experiment,  each 

of effectors required to  cause  30% specific 51Cr release  from the 
effector to target ratios. One lytic unit  was defined to be the  number 

targets. Lytic units were calculated as described (28). 
Treatment of effector cells with OKT3 and complement.  T3+ 

cells  were depleted from effector  populations by incubation of effec- 
tor cells  with the monoclonal anti-T cell antibody OKT3 (Ortho 

rabbit complement (Pel-Freez Biologicals, Rogers, AR) for 60 min at 
Pharmaceutical Corp., Raritan. N J )  for 15 min at  37°C  followed by 

37°C as described (28). 

the  basis of their ability to  stimulate  the proliferation of a n  IL 2- 
IL 2 bioassays.  Supernatants were assayed  for IL 2 content on 

dependent  murine T cell line (30). Units of IL 2  activity  were  ex- 

tained from Dr. Gary Thurman, Biological Resources Branch, NCI- 
pressed  relative to the BRMP human IL 2  reference standard ob- 

Frederick Cancer Research Facility. 

RESULTS 

Synergy  between rIL 2 and IL 2-depleted LKS in 
promoting  cytolytic  lymphocyte  responses. In prelimi- 
nary experiments, we observed that crude LKS were more 
effective than rIL 2 in facilitating CTL responses of ac- 
cessory cell-depleted human PBMC to uv-irradiated allo- 
geneic melanoma cells (data not shown).  These observa- 
tions suggested that  the LKS might contain  a  factor(s) 
distinct from 1L 2 that played a role in  the generation of 
human CTL responses. To study  this possibility in more 
detail, LKS were depleted of 1L 2 by passage over an  anti- 
human rIL 2  immunoadsorbent column. This routinely 
removed greater than 98% of the IL 2 activity from these 
supernatants [Table I). We then investigated whether 
these IL 2-depleted LKS could synergize with rIL 2 to 
facilitate human CTL responses in vitro (Table 11). 

In these  experiments,  the specificity of the effectors 
that were generated  was  examined by measuring the lysis 
both of cells of the melanoma line used for sensitization 

TABLE I 
Depletion of IL 2 from LKS by passage over an anti-rlL 2 

irnmunoadsorbent column" 
Total IL 2 Activity (units) 

Before anti-rIL 2 After anti-rlL 2 
column column 

<loo 

LKS Lot No. 

199 25.540 
258 30.7 12 <50 

an anti-rlL 2 immunoadsorbent column as described In Materials and 
" Two lots of PHA-induced LKS were  depleted of IL 2 by passage  over 

Methods. Three milliliters of No. 199 LKS.  which  had  been concentrated 

sulfate precipitation [see Materials and Methods). were  applied  to the 
50-fold by the combined use of Amicon ultrafiltration and ammonium 

column. The final volume of IL 2-depleted No. 199 LKS was 14 ml. Four 
milliliters of 125-fold concentrated No. 258 LKS were  applied  to the 
column, and  the final volume of IL 2-depleted LKS was 17 ml. 
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TABLE 11 
Sunerqu  between IL 2 and IL 2-depleted LKS in facilitatina  alloqeneic human CTL responses to UV-irradiated  melanoma  cells  in uitro 

Contents of Cultures 

Expt. 
P B M p  HT144,, rlL2* LKS 

1 + 
+ + + R + S f  

+ 
+ + + 
+ 
+ 

+ 
+ 

+ + 
+ + 
+ 

+ + 
+ R + S  
+ + R + S  
+ + Control-' 

+ 

2 + 
+ 

+ + 
+ 

+ 
+ + + 

+ 
+ 
+ + + 

+ + 
+ 

Viable Cells 
per Culture 

x lo+ 

0.8 

0.7 
1.2 

0.9 
0.9 
1.5 
1.1 
2.0 

R + PHAg 
0.6 
1.3 
0.5 

R + PHA 0.7 
1.3 

R + PHA 
Control9 

1.9 
1.2 
1.6 

% Specific 51Cr Release from' 

HT144  K562 

24: ld  8: 1 24: 1 8: 1 

5 + 2   - 4 f 1  
1 0 2 2  

I f 1  O f 1  
6 f l  

4 f 3  
6 f 1   4 f 1  

0 1 3  2 2 1  
20 + 3 

2 2 1  
6 f l   3 f 1  

3 + 2   - 2 + l   1 f 1  O f  1 
1 + 1  

4 0 + 1   2 5 f 3  8 f l  
1 O f 2  

5 + 1  
3 f 3  3 f 2   O f 1  

3 8 + 6   2 5 f  1 5 8 f 1  3 8 f 5  

2/16 

6 2 4  
1 4 f 3  
11 f 2  
31 + 4  
1 3 f 3  
56f 3 

2 7 f  1 
1 0 2 4  

0.711 1811 
_ _ ~  

9 2 2  1 4 + 2  
2 + 5  - 4 f l  

- 3 + 4  3 + 1  
1 4 + 3  2 f 2  
9 * 2  2 f 2  

- 2 + 6  3 f 1  
3 8 f 3  1 2 + 2  

8 k 4  58+3 

61 1 

-2 f 1 
9 + 2  
2 2 1  
I f 1  
2 + 1  
7 + 2  
1 + 1  

32 f 2 

Lytic Units per 
Culturee 

HT144  K562 

1 0 
3 2 
1 
4 

1 
1 

1 0 
25 
3 

3 

31 
1 

67 

11 
58 

0 

15 
7 
1 

137 
28 

1 

760 8 
1 

140 53 
36 1 

a PBMC were depleted of accessory  cells by treatment  with L-leucine methyl  ester  in  Expt.  1  and by plastic  adherence  in  Expt.  2. 
bThe  concentration of  rIL 2 was  10 U/ml in Expt.  1  and  6.7 U/ml in  Expt.  2. 
All values for percent  specific 51Cr release  represent  the  means + 1 SEM  of triplicate  determinations.  The  spontaneous 51Cr release from HT144 

Effector to  target  ratio in the lytic assay. 
targets  was 33% and 38% in  Expts.  1  and 2, respectively. The  spontaneous 51Cr release from K562 was  18%  in Expt. 1 and  31%  in Expt.  2. 

'R = responder PBMC: S = stimulator PBMC. IL 2-depleted LKS used in  Expt.  1 was from MLC (R + S] or from  control  cultures  containing PBMC 
'One lytic unit  was  defined  to be the  number of effector cells required  to  cause 30% specific 51Cr release from the  targets  (28). 

from  a single donor  incubated  alone. In this  experiment  0.2 ml of experimental or control IL 2-depleted LKS. which  was 10-fold concentrated  relative 
to the original culture  supernatant.  was added per well. 

g1L 2-depleted L K S  used in  Expt.  2  was from cultures of PHA-activated PBMC or from control  cultures  that  contained PBMC from  a  single  donor 
incubated  alone  and to which PHA was  added at  the  end of the  culture period. Twenty  microliters of experimental or control IL 2-depleted LKS. which 
was 10.7-fold concentrated  relative  to  the  original  culture  supernatant.  were  added  per well. In other wells (data  not  shown],  addition of fourfold more 
or  fourfold  less  control  supernatant  to  cultures  containing PBMC, uv-irradiated  HT144  cells, and rIL 2 likewise failed to  enhance  the CTL response  to 
a level above that  seen  in  cultures  that received rIL 2  without LKS. 

and of cells of the erythroleukemia line K562. K562 cells 
lack HLA and la-like antigens  (31)  but  are highly suscep- 
tible to lysis by the nonspecific lytic effectors,  which 
have been called anomalous  killers  (26, 32) or LAK cells 
(33). We previously reported that  the generation of such 
nonspecific effector cells can be selectively suppressed 
by addition of HC at concentrations that have little effect 
on CTL responses  (26). In the  experiments shown  in 
Table 11, when  effectors were from control cultures in 
which LAK cells had been generated by incubation of 
PBMC with rIL 2 in the  absence of  HC, substantial lysis 
of both melanoma cells and K562 was observed. In con- 
trast, effectors from cultures  containing HC caused little 
lysis of K562, even though in some cases  substantial 
lysis of melanoma cells was observed (reflecting the lytic 
activity of specific CTL). 

Two types of IL 2-depleted LKS were used in these 
experiments: LKS derived from human MLC (Table 11, 
Expt. 1)  and LKS from cultures of PHA-activated human 
PBMC (Table 11, Expt.  2). PHA-induced LKS were depleted 
of lectin by ammonium  sulfate  precipitation (27) before 
depletion of IL 2. As can be seen from Table 11, both types 
of IL 2-depleted LKS yielded similar  results in these ex- 
periments. Accessory cell-depleted PBMC in  the  absence 
of added helper factors did not  make  significant CTL 
responses to uv-irradiated HT144 melanoma cells. Addi- 
tion of  rIL 2 without IL2-depleted LKS resulted  in modest 
CTL responses to the uv-irradiated  melanoma  cells. On 
the  other hand, addition of IL 2-depleted LKS without rIL 
2 did not lead to the  generation of significant CTL re- 
sponses. However, when both rIL 2 and IL 2-depleted LKS 
were added to cultures of accessory cell-depleted PBMC 
and uv-irradiated HT144 cells, strong specific CTL re- 
sponses were generated.  These  responses were synergis- 

tic in the  sense  that  they were greater than would  be 
expected on the  basis of addition of  CTL responses ob- 
served in cultures  that received rIL 2  without LKS and 
cultures that received LKS without rIL 2. The  enhanced 
CTL activity in cultures receiving both rIL 2 and LKS 
largely reflected an increase  in  the lytic activity per cell. 
In the experiments  shown  in  Table 11, the  number of cells 
recovered from cultures receiving both rIL 2 and LKS was 
increased approximately 1.5-  to 1.7-fold over the cell 
number  in  cultures that received  only rIL 2. However, 
this constituted only a minor component of the observed 
increase  in lytic units per culture, which was 5.5- to 6.2- 
fold. In contrast  to  the  strong CTL responses  generated 
in  cultures  containing PBMC, HT144 cells, rIL 2, and 
LKS, significant CTL responses to HT144 were not gen- 
erated  when rIL 2 and LKS were added to  cultures con- 
taining PBMC without HT144 cells. However, in certain 
other  experiments  (see below), nonspecific LAK re- 
sponses were generated  in such  cultures.  The two blood 
donors used in  experiments 1 and 2 of Table I1 differed 
substantially  in  the  magnitude of the CTL responses that 
their PBMC made. Although the magnitude of the CTL 
responses  generated in experiment 2 were much  greater 
than in experiment 1 .  the relative magnitudes of the CTL 
responses  generated in cultures  containing both rIL 2 
and LKS as compared with  cultures  containing rIL 2 
without LKS and LKS without rlL 2 were similar in both 
experiments. 

A final point demonstrated by the experiments in Table 
I1 is that lymphoid cell activation is required for the 
production of the  factor(s) in LKS that synergizes  with IL 
2 to facilitate CTL responses. In experiment 1, when an 
equivalent volume of a control supernatant from a cul- 
ture  containing PBMC from only a single donor was  sub- 
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stituted for the MLC-derived LKS, the CTL response  gen- 
erated  in  cultures  containing rIL 2 and control superna- 
tant was no greater  than  the response in cultures  con- 
taining rIL 2 without LKS. Likewise, in experiment 2, a 
control supernatant  was generated by incubation of 
PBMC from a single donor in  the  absence of mitogen, and 
PHA was added at  the end of the  culture period. PHA was 
then depleted by ammonium  sulfate  precipitation, and 
the control supernatant  was passed over the anti-rIL 2 
column. This  control supernatant  was likewise unable  to 
synergize with rZL 2 in facilitating CTL responses,  sug- 
gesting both that  the production of the synergistic  fac- 
tor[s) required lymphoid cell activation and  that  the  syn- 
ergistic activity of PHA-induced LKS was not simply due 
to residual PHA. The  latter conclusion is consistent  with 
the observation that MLC-derived LKS, which contained 
no PHA, behaved similarly  to PHA-induced LKS in these 
experiments. 

The  effects of simultaneously varying the  concentra- 
tions of rZL 2 and IL 2-depleted LKS on the magnitude of 
the CTL responses  generated were examined in three 
experiments, and  the  results of a  representative experi- 
ment are shown in Figure 1. Addition of  rIL 2 at concen- 
trations <1 unit/ml  resulted in little CTL generation  re- 
gardless of the  amount of LKS added. Concentrations of 
rIL 2  greater  than 2 U/ml appeared to be required for 
strong CTL responses to be generated  in the presence of 
LKS. Because the largest volume of LKS tested  in this 
experiment  contained  less than 0.4 U of IL 2 activity, it 
is evident that  the synergistic  factor  in LKS was  distinct 
from 1L 2. In other  experiments  (not  shown),  inhibition 
of  CTL generation  was observed when the concentration 
of IL 2-depleted LKS was increased beyond that used in 
the experiment  shown in Figure 1. It is unknown  whether 
this was  due to an excess of the synergistic  factor  or to 
the effects of a  distinct  inhibitory  component of the LKS 
that became dominant  when LKS was added in large 

1 1  1 I I 

140 t 

IC-2 = 2 ulml - 
IL-2 = 0.7 ulml 

- 

0 2  a 32 
LKS (pl/CULTURE) 

Figure I .  Effects of varying the concentrations of rIL 2 and IL 2- 
depleted LKS on CTL responses to uv-irradiated HT144 melanoma cells. 
The LKS used in this experiment was IL 2-depleted No. 199 LKS (cf. Table 
I). which was  10.7-fold concentrated relative t@ the original culture su- 
pernatant. PBMC were  depleted of accessory cells by plastic adherence. 
All cultures contained M HC. and the effectors that were generated 
in these cultures did  not cause signifkant lysis of K562. 
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amounts. 
Characterization of eflectors  generated in the  pres- 

ence of rIL 2 and LKS. The specificity of the  effectors 
generated in these  experiments  was further examined in 
reciprocal specificity experiments.  Similar  results were 
obtained in one  experiment with MLC-derived LKS and 
in two experiments with PHA-induced LKS, and  the re- 
sults of one of these  experiments is shown in Figure 2. 
In this experiment,  uv-irradiated HT144 melanoma cells 
were used as  stimulator cells in some MLTC, and uv- 
irradiated RPMI-795 1 melanoma cells were used in  oth- 
ers. Effector cells produced in all cultures were tested for 
their ability to lyse both "Cr-labeled HT144 cells and 
5'Cr-labeled RPMI-7951 cells. It was found that effector 
cells produced in response to HTl44 cells in the presence 
of rlL 2 and IL 2-depleted LKS lysed HTl44 cells well but 
were only weakly active  against RPMI-7951 cells. Like- 
wise, effectors  generated in the presence of uv-irradiated 
RPMI-7951 cells, rIL 2, and IL 2-depleted LKS caused 
substantial lysis of RPMI-7951 targets  but little lysis of 
HT144. Thus,  the effectors  generated in these experi- 
ments demonstrated a high degree of specificity in their 
lysis of melanoma targets,  suggesting that  the effectors 
were in fact specific CTL. In the experiment shown in 
Figure 2, the specificity of the effectorsgenerated  against 
uv-irradiated  melanoma cells in  the presence of rIL 2 and 
LKS was  similar to the specificity of the effectors  gener- 
ated  against  7-irradiated melanoma cells in rIL 2 without 
LKS. y-Irradiated melanoma cells, unlike uv-irradiated 
melanoma cells, did not require the addition of LKS to 
elicit strong CTL responses. 

To define further  the  nature of the effector cells gen- 
erated in these experiments, we examined the sensitivity 
of the effectors to lysis by treatment with the monoclonal 
anti-T cell antibody OKT3 and complement. We previ- 

CONTENTS OF MLTC: 

PBMC TUMOR  HC rIL-2 LKS 

+ HT,, + k 
Y I 

+ HT,, + + b TARGET: 

HTl44 I 
+ HT, + 

+ HT,, + + +  

+ RPuv + 

+ RPu, + + b  
+ RP,, + 

+ HT7 + + 

+ RP7 + + 

0 1 0 2 0 3 0 4 0  

LYTfC UNflS/CULTURE 

HT144 melanoma cells (HT,,) or RPMI-7951 melanoma cells (RP,) in the 
Figure 2. Specificity of effectors generated against uv-irradiated 

presence of rlL 2 and IL 2-depleted LKS. PHA-induced LKS and plastic- 
nonadherent PBMC were  used  in this experiment. For purposes of com- 
parison, the specificity of effectors generated against y-irradiated HTI 44 
(HTy) and RPMI-7951 (RP,) in the presence of rlL 2 without LKS is also 
shown. 
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ously showed that under  the  culture conditions that we 
use to generate effector cells, specific CTL are T3', 
whereas nonspecific LAK cells (which we previously re- 
ferred  to as anomalous killers) appear to be T3- (26,  28). 
Similar  results have been reported by others  (34,35).  The 
results of an experiment in which MLC-derived LKS was 
used to facilitate CTL generation are shown in Figure 3. 
Similar  results were obtained  in  a second experiment 
with PHA-induced LKS (not  shown). In the experiment 
shown in Figure 3, the incubation of  PBMC with both rIL 
2 and IL 2-depleted LKS in the absence of HT 144 resulted 
in  the generation of nonspecific LAK cells, which lysed 
K562 to a  greater  extent than HT144. The lytic activity 
of these cells was unaffected by treatment with OKT3 
and complement even though this  treatment lysed ap- 
proximately 75% of the cells harvested  from  these cul- 
tures. In contrast,  incubation of  PBMC with both rIL 2 
and IL 2-depleted LKS in  the presence of uv-irradiated 
HT144  led to the generation of a mixture of  CTL (indi- 
cated by the greatly enhanced lysis of  HT 144  targets)  and 
LAK cells (indicated by the lysis of K562). Treatment of 
this population of effectors  with OKT3 and complement 
led to a large reduction in the lysis of HT144 but no 
change in the lysis of K562. Thus,  the lysis of HT144 
targets  in  this  case  was largely due  to the action of  T3'- 
specific CTL; however, a minor  component  resulted from 
the action of T3--nonspecific LAK. 

Kinetics of effector  generation  in  the  presence of rlL 
2 and LKS.  The  distinction between specific CTL and 
nonspecific LAK cells generated in these  cultures is fur- 
ther illustrated in the kinetics  experiment  shown in Fig- 
ure 4.  Two such  experiments were performed with simi- 
lar  results. In the experiment  shown in Figure 4,  the CTL 
response, as  detected by lysis of HT144 cells, was ob- 
served to peak between days  4  and 6 of culture,  whereas 
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Figure3. Treatment of effectors generated in  the  presence of rlL 2 
and IL 2-depleted L K S  with monoclonal OKT3 and  complement (C) .  Effec- 

or with C alone before assay for lytic activity.  Treatment  with OKT3 and 
tors were harvested after 5 days of culture and treated with OKT3 and C 

C reduced the  number of viable  cells, as determined by trypan blue dye 
exclusion. by 75 to 78%. whereas  treatment  with C alone did not  affect 
cell  viability. LKS in this  experiment  was MLC-derived. and  the PBMC 
were depleted of accessory  cells by treatment with L-leucine methyl ester. 
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LAK activity, as measured by lysis of K562, was  already 
at a high level on day 3 and gradually declined thereafter. 
The more rapid kinetics of LAK generation as compared 
with CTL generation is consistent with previously re- 
ported results from other  laboratories (32, 33). Moreover, 
the  results shown in Figure 4  demonstrate  that  the dif- 
ference in the magnitude of the CTL response  generated 
in  the presence of both rIL 2 and IL 2-depleted LKS as 
compared with the magnitudes of the responses  gener- 
ated  in  the presence of either rIL 2  alone or LKS alone is 
not attributable  to  differences in the kinetics of  CTL 
generation. Finally, the  results of the  experiments  shown 
in Figures 3 and 4  indicate that rIL 2 and IL 2-depleted 
LKS are capable of synergizing in  facilitating LAK re- 
sponses as well as in  facilitating CTL responses.  Whether 
these two activities are mediated by the  same or different 
cytokines is  at  present  unknown. Synergy between rIL 2 
and LKS in  the induction of LAK responses  was observed 
only in  cultures  containing HC. As  shown  in  Table 11, in 
the  absence of  HC addition of  rIL 2 without LKS was 
sufficient to elicit strong LAK responses,  consistent with 
the previous results of Rosenberg et al. (36). 

Effects of delaying  the  addition of rIL 2 and/or LKS 
on  subsequent CTL responses. In additional experi- 
ments, we investigated the  effects of varying the  times 
of the addition of  rIL 2 and IL 2-depleted LKS to MLTC. 
If IL 2  and/or  the  active  factor(s)  in LKS were required 
very early in the process of  CTL generation, then delaying 
the addition of  rIL 2 and/or LKS by 2  days would be 
expected to  shift  the  kinetics of  CTL generation so that 
little or no CTL response would be detected 3 days  later 
(cf. Fig. 4), on day 5 of culture. On the  other  hand, if IL 2 
and/or the active  factor(s) in LKS were required only after 
the initial  2  days of culture, delaying the addition of  rIL 
2 and/or LKS by 2 days  should  not  alter the kinetics of 
CTL generation, and one would expect to observe a  strong 
CTL response on day 5. Similar  results were obtained in 
four  experiments with PHA-induced LKS and in one ex- 
periment with MLC-derived LKS. The  results of a  repre- 
sentative  experiment are shown  in Figure 5. Addition of 
both rIL 2 and IL 2-depleted LKS at  the initiation of 
cultures  resulted in a strong,  synergistic CTL response to 
uv-irradiated HT144 melanoma cells, as had been ob- 
served in previous experiments. However, if IL 2-depleted 
LKS was added on day 0 and addition of rIL 2  was delayed 
until  day 2, only a small CTL response  was observed on 
day 5. Thus rIL 2  was required early in culture for a 
strong CTL response  to  be detected on day 5. This is 
consistent with the  results of Mannel et  al.  (37), who 
found IL 2 to  be required early in the induction of murine 
CTL responses  in vitro. In contrast,  when rIL 2  was added 
at  the initiation of culture, addition of IL 2-depleted LKS 
on  day  2  resulted  in the generation of a maximum CTL 
response, as  measured on day 5. Thus, in this experiment 
preincubation of the PBMC with rIL 2 and melanoma 
cells permitted a strong CTL response to be generated 
within 3 days  after  the addition of LKS. In a  separate 
experiment  (not  shown),  a  half-maximum CTL response 
was  generated  in  2  days  after addition of LKS on day  4 
to  a  culture  that had received rIL 2 on day 0. The  gener- 
ation of substantial CTL activity  within  2 to 3 days  after 
the delayed addition of LKS is clearly faster  than a de- 
tectable CTL response can be generated in conventional 
cultures  to  which rIL 2 and LKS are both added on day 0 
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Figure 4. Kinetics of CTL and LAK cell generation  in  the  presence of rlL 2 and 1L 2-depleted LKS. Effectors  were  harvested from MLTC after  the 

indicated  number of days in culture  and  assayed  for  their  ability to lyse HT144  melanoma  cells (left) and K562  (right). Lysis of K 5 6 2  reflects the 
amount of LAK activity,  whereas  lysis of HT144  reflects  primarily,  but not solely. the activity of specific CTL (cf. Fig. 3). All MLTC contained M 
HC and  uv-irradiated  HT144  melanoma  cells (HT,,). Responder PBMC [R) were depleted of accessory  cells by plastic  adherence,  and  the LKS was from 
cultures of PHA-activated PBMC. 

CONTENTS OF MLTC: ADDITION: 
DAY OF 

I I I I - " _ "  PBMC HTIUu, HC rlL-2 LKS 140 - 
I I I I I I I -  TARGET = HT144 

f 

+ + + 
TARGET: 

+ + + DIO 120 - - 
+ t + D a  

- 
t + + D.0 DIO loo - 

w a 
3 

3 80- + + + D82 0.0 
5 

c" 
- . 

t + + DKI D82 
3 

+ + + DL2 D.2 

LYTIC UNITS/CULTURE 

Figure 5.  Effects of delayed  addition of rIL 2  or IL 2-depleted LKS on 
the  generation of CTL responses  to  uv-irradiated HT144 melanoma cells. 

indicated  days of culture.  and  effectors  were  harvested  from  all  cultures 
Recombinant IL 2 and IL 2-depleted LKS were  added  to the MLTC on  the 

and  assayed  for lytic activity  on  day 5. In this  experiment  plastic-nonad- 
herent PBMC and PHA-induced LKS were  used. 

(cf. Fig. 41. These  observations  suggest that  the synergis- 
tic factor(s) in LKS may act  at a  late  stage of the CTL 
response, perhaps to promote the  final  maturation of  CTL 
precursors  into lytically active CTL. These  results  further 
distinguish the synergistic  factor(s) in LKS from IL 2. 

The  active  factor  in LKS is dflerent from interferon. 
Farrar  et al. (38) have  presented evidence suggesting that 
IFN-y may play a role in facilitating CTL responses. It 
was  thus  important to  determine  whether the synergistic 
factor  in LKS might be IFN-7.  In two separate experi- 
ments, one of which is illustrated in Figure 6, rIFN-y at  
a range of concentrations  similar to the concentration of 
interferon  activity in the LKS did not synergize with rIL 
2 to promote strong CTL responses.  This  indicates  that 
there  are  factors  other  than IFN-y in  the LKS that con- 

/ 
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INTERFERON  ACTIVITY  IUNITSIML) 

facllitating IL 2-dependent CTL responses  to  uv-irradiated HT144 mela- 
Figure6. Inability of rIFN-y to  substitute  for IL 2-depleted LKS in 

noma cells. These  data  are from the  same  experiment  shown  in Figure 1. 
All cultures  for  which  data  are  shown  in  Figure 6 contained 6 U/ml rIL 2 
in  addition  to  plastic  nonadherent PBMC and  uv-irradiated HT144 cells. 
IL 2-depleted LKS or rIFN-y were  added to the MLTC to give the  concen- 
trations of interferon  activity  indicated on the  abscissa.  The  interferon 
antiviral  activity of the IL 2-depleted LKS and  the rIFN-y was  measured 
in a cytopathic  effect  inhibition  assay by using  human  amniotic WISH 

expressed  relative to  the NIH human IFN-y reference  standard Gg 23- 
cells  and  vesicular stomatitis  virus  (39).  Units of interferon  activity  were 

90 1-530. 

tribute  to  the ability of LKS to synergize with rIL 2 in 
facilitating CTL responses. However, these  results do not 
exclude the possibility that IFN-y might act  in concert 
with such  factors.  Interferon-a  activity was not  detecta- 
ble in  the LKS used in  these experiments, and  human 
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rIFN-nA, like human rIFN-y,  did not synergize with rIL 2 
to promote strong CTL responses (data not  shown). 

DISCUSSION 

Synergy between IL 2 and a  cytokine(s)  distinct from IL 
2 in facilitating the induction of murine CTL responses 
in vitro has been described in reports from a  number of 
laboratories  (16-19, 22-25). Likewise, in some in vitro 
models a factor(s)  distinct from IL 2 has been reported to 
act in the  absence of added IL 2  to promote the generation 
of murine CTL (20,  21). In contrast, little has been pub- 
lished regarding the involvement of factors  other  than IL 
2 in the generation of human CTL responses. Okada et 
al.  (40)  demonstrated that a human T hybridoma super- 
natant  that lacked IL 2 could facilitate the development 
of human cytolytic effector cells in cultures  containing 
uv-irradiated human B-lymphoblastoid cells. Likewise, 
the  same  investigators (41) reported that when human T 
hybridoma supernatants were passed over a gel filtration 
column,  fractions  containing molecules of 45,000 to 
50.000 m.w.  but  lacking IL 2 could facilitate the genera- 
tion of cytolytic effectors  in this model system. However, 
the experiments described by these  authors lacked spec- 
ificity controls, and it was  unclear  whether  the  presence 
of uv-irradiated B lymphoblastoid cells in the  cultures 
was  actually required for the cytolytic effectors to be 
generated. Hence it is uncertain  whether  the cytolytic 
effectors  generated in the experiments of Okada  et  al. 
were specific CTL or nonspecific LAK. 

In the  experiments described in this report we demon- 
strate  that  human LKS that had been depleted of IL 2 by 
passage over an anti-rIL 2  immunoadsorbent column 
contained  a  factor(s) that synergized with human rIL 2 
in facilitating allogeneic human CTL responses  to uv- 
irradiated melanoma cells in vitro. The CTL generated in 
our  experiments could  be distinguished from nonspecific 
LAK cells on the  basis of their specificity (Fig. 2), T3 
phenotype (Fig. 3). and  kinetics of generation (Fig. 4). 
Nevertheless, in some experiments (e.g., Figs. 3 and  4) IL 
2-depleted LKS was  found  to synergize with rIL 2  in  the 
induction of nonspecific LAK cells as well as in  the 
induction of specific CTL.  In contrast to the generation 
of specific CTL, which required the presence of allogeneic 
melanoma cells as well as the addition of cytokines  (Table 
11, Fig. 3). the induction of LAK cells by  rIL 2 and IL 2- 
depleted LKS could occur in  cultures  to  which  no mitogen 
or  antigen-bearing  stimulator cells had been added (e.g., 
Fig. 3). Our results  with regard to synergy between IL 2 
and an additional  factor(s) in the induction of nonspecific 
LAK cells are  consistent  with  those in a recent report by 
Yang et  al.  (42) of synergy between IL 2 and a  factor(s) 
distinct from IL 2 in the induction of murine lymphokine- 
induced cytotoxic cells. Whether the  factor  that  syner- 
gizes with IL 2 in the induction of LAK cells is the  same 
as  the factor that synergizes in the induction of  CTL is 
unknown; however, this question  should be answered 
during the course of purification of the active  factors in 
IL 2-depleted LKS. 

Factors that synergize with IL 2 or  act in the  absence 
of added IL 2  to  facilitate CTL responses  in  murine sys- 
tems  have  frequently been referred to as  T cell differen- 
tiation  factors. However, factors reported to be active  in 
different model systems  have differed in their biologic 
and physicochemical properties. Moreover,  in some cases 

more than one factor  (in addition to IL 2) have been shown 
to be required (19,  43). or multiple distinct  factors  have 
appeared  to  possess activity (44). Because the relation- 
ship of the factor identified in  our  experiments to the 
various  factors described in murine models is unknown, 
we have provisionally called the  factor(s) identified in our 
experiments CTL maturation  factor (TcMF).  It is evident 
that T,MF is antigenically distinct from IL 2, for T,MF 
was identified in LKS that  had been depleted of IL 2 by 
passage over an anti-rIL  2 column (Table I) so that  the 
maximum residual  contamination of IL 2 in the LKS was 
too small  to  have an appreciable effect in  the  assay for 
T,MF (Fig. 1). T,MF could be further distinguished from 
IL 2 on the  basis of the time  during  the CTL response 
when it was required. IL 2  was required early in  the 
induction of  CTL responses,  whereas T,MF appeared to 
act  later (Fig. 5). In this regard, T,MF appears similar to 
TCF2 described by Mannel et al. (37) in studies on the 
induction of antigen-specific  murine CTL responses,  to 
CTDF described by Hardt et  al.  (43)  in  studies on lectin- 
induced murine CTL responses, and to CCDF described 
by  Yang et al. (42) in studies on the generation of murine 
lymphokine-induced cytotoxic cells. In contrast,  TCFl 
(37). RIF (43). CHF (45). and IL 3 (46). as well as IL 2  (37). 
have all been reported to act early in the generation of 
CTL responses.  The  observation that T,MF acts  later 
than IL 2  in  the process of  CTL generation  also  suggests 
that T,MF acts by a mechanism  different from the induc- 
tion of endogenous IL 2 production. 

In our  experiments, rIL 2 in the  absence of IL 2-depleted 
LKS was  consistently  able to facilitate modest CTL re- 
sponses to uv-irradiated melanoma cells. Hence it is pos- 
sible that TcMF is not  essential for CTL responses to 
occur but  enhances weak IL 2-dependent  responses. 
However, IL 2 has been shown to cause lymphoid cells to 
release  other  lymphokines, including IFN-.). (47). B cell 
growth factor  (48).  and lymphotoxin (49). It is thus pos- 
sible that  the addition of  rIL 2  to  cultures of  PBMC and 
uv-irradiated melanoma cells may have evoked the  en- 
dogenous production of a  small  amount of  T,MF that 
facilitated the  maturation of IL 2-activated CTL precur- 
sors.  This may also explain prior observations  indicating 
that addition of  rIL 2  alone  was  sufficient to promote 
strong CTL responses by unfractionated human PBMC 
to uv-irradiated, allogeneic peripheral blood lymphocytes 
(36) or melanoma cells (50). Moreover, because the acces- 
sory cell-depleted PBMC used in the  current experiments 
were composed of a heterogeneous population of lymph- 
oid cells, we cannot exclude the possibility that T,MF as 
detected in  these  experiments promoted the  maturation 
of  CTL indirectly by acting on T  helper cells rather  than 
via a  direct  action  on CTL precursors. 

A number of other  important  questions regarding TcMF 
also  remain to be answered.  The  cellular  source of  T,MF 
is  at  present  unknown.  The T,MF-containing LKS used 
in  these  experiments were from cultures  containing mix- 
tures of lymphocytes and monocytes. Although lymphoid 
cell activation  was required for T,MF production (Table 
11). TcMF could have been produced by either activated 
lymphocytes or monocytes. The physicochemical prop- 
erties of  T,MF and  its relationship to other  cytokines 
likewise remain to be established.  Recombinant human 
IFN-y lacked T,MF activity (Fig. 6), suggesting that a 
factor(s) in the LKS other than IFN-y is required. Recent 
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preliminary  experiments  indicated that recombinant  hu- 
man IL la (51) lacks  significant T,MF activity (Wilson 
and Gately, unpublished  results), but  recombinant  hu- 
man IL 18 has not yet been available  to us for testing. 
Further  studies to characterize  the physicochemical 
properties of  T,MF and to define its role in  T cell-mediated 
immune  responses are  in progress. 
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