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RELATIONSHIP OF CLONING INHIBITION FACTOR, 
"LYMPHOTOXIN" FACTOR, AND PROLIFERATION INHIBITION 
FACTOR RELEASE IN VITRO BY MITOGEN-ACTIVATED HUMAN 

LYMPHOCYTES 1 

EDWARD W. B. JEFFES,  III, AND G. A. GRANGER 

From the Department of Molecular Biology and Biochemistry, University of California, Irvine, California 92664 

Human lymphocytes were stimulated in vitro with mito- 
gens, phytohemagglutinin and concanavalin A to secrete 
proliferation inhibitory factor (PIF), cloning inhibitory 
factor (CIF), and lymphotoxin (LT). These three activities 
were demonstrable in the same supernatant, moreover, the 
particular effect observed was  shown to depend on the 
concentration of the medium and the type of target cell 
employed. In general, the medium effects on target cells 
were: a) cytotoxic at high concentrations, b) growth inhibi- 
tory at intermediate concentrations, and c) only tempo- 
rarily growth inhibitory at low concentrations. The abso- 
lute concentration producing a certain effect varied, 
depending on the target cell type employed. In addition, the 
sensitivity of the target cells to LT parallels the sensitivity 
of the cell to each of the other activities, PIF and CIF, and 
no species specificity was  observed. 

In vitro studies have demonstrated that when small lympho- 
cytes from experimental animals or humans become activated 
in vitro, they become functional effector cells in in vitro models 
of cell-mediated immune (CMI) 2 reactivity (1). This activation 
refers to the morphologic and biochemical changes that occur 
when a normally quiescent small lymphocyte undergoes trans- 
formation into a biosynthetically active, enlarged blast cell. 
Activation can be specific when the cells are taken from 
preimmunized donors and incubated with the cellular or 
soluble antigen, or it can be nonspecific, typified by incubating 
cells from non-immune donors with a family of agents called 
mitogens (1-4). It is the activated cell which appears to be the 
functional effector cell in such important in vitro models of 
CMI reactions as target cell destruction (3, 4), inhibition of cell 
growth (5), and secretion of a family of soluble effector 
molecules termed lymphokines (5, 6). 

Lymphokines are a complex family of macromolecules whose 
effects range from frank in vitro cytotoxicity on somatic cells 
(7-13) to stimulatory effects on lymphoid cells (14, 15). At 
present, it is not absolutely clear whether these diverse 
activities all present in a single supernatant are due to separate 
molecule(s), or reflect differences in the in vitro assay systems. 
However, guinea pig lymphotoxin (LT) and migration inhibi- 
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tion factor have been shown to have different physical proper- 
ties (9). In a similar fashion, human migration inhibition factor 
and blastogenic factor appear to have different physical 
properties (5, 16). 

The present report is concerned with a group of human 
lymphokines that can have an inhibitory or direct cytotoxic 
effect on cells in culture. These are typified by LT (7-13), 
proliferation inhibitory factor (PIF) (17-20), and cloning inhib- 
itory factor (CIF) (21, 22). This is the first in a series of 
manuscripts whose objective was to determine if all these 
effects are due to single or multiple moieties secreted by 
activated human lymphocytes. The present paper shows that 
all these activities can be present in the same culture superna- 
tant. Which effect is observed depends on such parameters as 
concentration and the in vitro target indicator cell employed. 
Moreover, the evidence presented here suggests that these 
inhibiting activities may all be due to a single substance which 
has different effects on cells at various concentrations. 

MATERIALS AND METHODS 

Tissue culture reagents. Culture media used in all experi- 
ments was Eagle's minimal essential media (MEM) {Flow 
Labs, Los Angeles, Calif.), supplemented with 5, 10, or 15% 
newborn calf serum (NCS), 0.29 mg/ml glutamate, 100 
units/ml penicillin, 100 ~g/ml streptomycin, and either 25 
units/ml mycostatin or 2.5 #g/ml Fungizone. 

Cell lines. Established cell lines were initially obtained from 
Flow Labs or donated by Dr. Edward Wagner, and were 
maintained by weekly passages in complete MEM containing 
5% NCS. The cell lines used were HeLa (human carcinoma of 
the cervix), Chang (human liver), and KB (human epidermal 
carcinoma of nasopharynx), and aL 929 (C3H mouse fibro- 
blast). 

Generating human LT. Suspensions of human adenoid and 
spleen lymphocytes were obtained by mincing the correspond- 
ing tissues in MEM and performing differential centrifugation 
as described elsewhere (23). In addition to the standard 
procedure, gelatin sedimentation was performed on one spleen 
lymphocyte preparation as described by Coulson and Chalmers 
(24). This procedure yielded cell suspension which contained 
from 90 to 95% small lymphocytes. One hundred milliliters of 
complete MEM culture media containing 10% NCS, nonessen- 
tial amino acids (100X Flow Labs), and 1 mM Pyruvate 
(Grand Island Biological Co., Berkeley, Calif.) was adjusted to 
1 to 3 x l0 s lymphocytes/ml, and 2000 ~g of concanavalin A 
(Con A) (Sigma Chemicals, Los Angeles, Calif.) or phytohe- 
magglutinin-P (PHA) (Difco, Detroit, Mich.) were added. 
These cultures were incubated in 32-oz prescription bottles for 
4 to 6 days and then the media were collected and cells were 
removed by centrifuging at 800 × G. The lymphokine-contain- 
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ing supernatant media were filtered through a 0.45-# filter, dis- 
pensed into small aliquots, and stored at -20°C until use. In 
addition, one batch of Con A was chemically isolated according 
to the method of Agrawal and Goldstein from Jack Beans {25). 

Assay systems 

Colony inhibition assay. Three milliliters of MEM (10% 
NCS) containing 500 to 700 viable HeLa cells were placed in 
35-ml Falcon flasks. These plates were incubated overnight at 
37°C in an atmosphere of 5% CO=, 95% air, to a) allow 
attachment of the trypsinized cells to the surface of the flasks, 
and b) to permit the HeLa cells to recover fully from trauma 
resulting from the various treatments and begin dividing. 
Next, dilutions of lymphocyte supernatants were made in fresh 
MEM (10% NCS), added to the plates, and incubated for an 
additional 3 to 10 days at 37°C. At the end of the incubation 
period, the medium was poured off, gently washed with 5 ml of 
phosphate (0.01 M) buffered saline (PBS), and the cells were 
stained by adding 3 ml of 0.05% crystal violet in PBS. The 
plates were cleared of stain by washing with 5 ml of PBS, and 
allowed to air dry. A colony was defined in these experiments 
as a cluster of four or more cells. Time periods of 4 or more days 
allowed the colonies to become large enough so that they stuck 
to the plastic much more tightly. Routine observations of the 
colonies were made before staining in order to eliminate the 
possibility that the staining protocol might have affected the 
number of colonies. The plating efficiency of cells employed in 
these experiments was determined to be approximately 50% 
and was not greatly affected over a range of 5 to 30% serum 
concentrations. 

Tube culture assay. Tube cultures were established contain- 
ing I ml of MEM with 10,000 or 50,000 cells per tube. The cells 
were allowed to attach to the glass during a 12-hr preincuba- 
tion at 37°C. The medium was discarded, various dilutions of 
lymphocyte supernatants were added to the tubes, and they 
were allowed to incubate at 37°C for periods of 1 to 6 days. 
After incubation, the number of adherent cells was determined 
as previously described (26). Briefly, the adherent cells were 
washed with PBS, trypsinized off the glass with 0.05% trypsin, 
10 -3 EDTA solution, and then counted on a Model F Coulter 
Counter with a 100-# aperture. 

Assay for DNA synthesis. The levels of DNA synthesis of the 
cells in the tube cultures described above were measured by 
adding 2 #Ci 3H-TdR (6 Ci/mM) in 0.1 ml MEM to each tube. 
The cells were incubated at 37°C for 4 hr, the labeling media 
were poured off, and 10 ml of cold 10% trichloroacetic acid 
(TCA) were added to the tube. The cells which were fixed to 
the glass by TCA were washed again with 10 ml of cold TCA. 
After draining, the adherent cells were dissolved in 0.5 ml 
Nuclear Chicago Solubilizer, 10 ml of Omnifluor-Toluene 
Scintillation Fluor were added, and were finally counted in a 
Beckman LS-100 scintillation counter. 

RESULTS 

The effect of lymphokine concentration on HeLa cells as 
assessed by the colony inhibition assay. It has been reported 
previously that lymphocyte supernatants generated from 
PHA-stimulated human lymphoid cell suspensions can have 
both cytotoxic (7-13) and growth inhibiting effects (17-22) on 
HeLa cells in culture. Our first experiments were designed in 
an attempt to study the relationship between both toxic and 
growth inhibitory activities in the standard plating efficiency 
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assay with human HeLa cells as target indicators, since it is the 
cell type used in the PIF and CIF assays. In this assay, we were 
able to distinguish cytotoxicity from growth inhibitory activi- 
ties because killed cells detached from the plastic surface and 
floated in the medium, whereas inhibited cells were still visible 
as a colony (albeit, reduced in numbers from the control). 
HeLa cells were established in two cell colonies, as described in 
Materials and Methods, 24 hr before use. The medium was 
discarded, and various dilutions of standard lymphokine-con- 
taining supernatant were added. The lymphokine supernatant 
was generated by activating human adenoidal lymphocytes 
with PHA. These particular experiments were repeated a total 
of seven times, and the results of a typical experiment are 
shown in Figure 1. It is obvious that there is a striking 
concentration-dependent effect of the lymphocyte supernatant 
on the plating efficiency of the HeLa cells. At a 1:2 dilution, 
frank cell destruction occurred because no colonies appeared 
over the entire 10-day period, as compared to 100 colonies in 
control. This was clearly toxicity rather than growth inhibition 
because initial plates had colonies containing two HeLa cells at 
the outset of the experiment, while no cells were found 
attached to the dishes after 3 to 6 days. Additional experiments 
were performed to verify that cells which detached were 
nonviable. The inhibitory effect appeared to plateau at dilu- 
tions beginning at 1:16, and continued on to dilutions of 1:128 
to 1:256. The inhibitory effect of these high dilutions was about 
30% below untreated controls. Thus it appears that serial 
dilution does not dramatically separate cytotoxic events from 
growth inhibitory steps. In fact, the reverse is true. There 
appears to be a gradual disappearance of cytotoxic effects 
which blend into those which are growth inhibitory. 

Comparison of lymphokine-containing supernatants gener- 
ated from different lymphoid cell sources in the colony 
inhibition assay. We reasoned that it was possible to expect the 
LT and PIF activities may be released differentially by 
activated lymphoid cells in vitro from different lymphoid 
tissues. If this is true, then the different activities may be 
present in grossly different concentrations, and therefore be 
separable by serial dilution. Supernatants from activated 
spleen and adenoidal lymphoid cell preparations were com- 
pared in a system similar to that previously described. Two 
different PHA-stimulated spleen activated supernatants were 
prepared. One was established with the entire unseparated 
spleen cell population and the other was prepared with a 
gelatin-sedimented lymphocyte cell suspension which was 
from 90 to 95% small lymphoid cells. The third supernatant 
was prepared from normal human adenoids, as previously 
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Figure 1. The dependence of colony formation on lymphokine 

concentration. The relative number of HeLa cells forming colonies in 
untreated control cultures was compared to cultures treated with 
various lymphokine dilutions for 3 to 6 days. 
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described. Plates of target indicator HeLa cells were estab- 
lished, and dilutions of the various media were tested at the 
same time, as described in the previous section. The results of 
this experiment are shown in Figure 2. The effect observed was 
basically identical to that  observed with the prior s tandard 
adenoid preparation. The supernatants  from all three cell 
preparations appeared to have basically the same general 
effect on the target indicator cells. The 50% endpoint or L D ,  of 
the colony inhibition assay was all evident at dilutions at 
around 1:4. Thus the general effect of the supernatants  from 
several different sources appeared to be the same. 

The effect of lymphokine concentration on HeLa cell num- 
bers and DNA synthesis in tube culture. Although the colony 
inhibition assay has the advantage of being simple, it does not 
provide an opportunity to actually monitor the total number  
and assess the DNA biosynthetic capacity of the cells. We 
therefore decided to examine the effect of various dilutions of 
the lymphokine-containing supernatants  on the cell number  
and DNA biosynthetic capacity of HeLa cells in tube culture. 
One-milli l i ter cultures containing 10,000 HeLa cells in a 
monolayer were established 24 hr before use as described in 
Materials and Methods. Each of the monotayers was prese- 
lected for uniformity, the medium was discarded, and 1 ml 
containing a varying dilution of test medium was added. The 
lymphokine-containing supernatant  for these experiments was 
derived from PHA-act ivated human adenoid cultures. Parallel  
tubes were assessed at each 24-hr interval for the total number  
cells remaining in the monolayer. These experiments were 
repeated a total of four times. The da ta  shown in Figure 3,4 are 
typical of one experiment and reveal that  the dilutions of 
supernatant  from 1:2 to 1:t6 did not allow an increase in cell 
number over a total  4-day t ime period. In a similar fashion, 
dilutions from 1:64 to 1:256 caused a reduction in cell numbers 
over the unst imulated control, and this reduction was directly 
related to the dilution of the medium. It  was clear tha t  at 
dilutions below 1:16 the effects were directly cytotoxic and 
inhibitory, whereas above 1:16 the effects appeared to be 
inhibitory rather than directly cytotoxic. However, one inter- 
pretation of these da ta  is that  rather than indicating a growth 
inhibition, these curves represent killing a small portion of the 
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Figure 2. Comparison of the activity of lympholine batches ob- 
tained from cultures of different lymphoid cell populations on colony 
formation. • ..... • ,  unstimulated unseparated spleen cells; × - - - - - × ,  
PHA stimulated unseparated spleen calls; O O, PHA stimulated 
gelatin separated spleen ceils; • -, PHA stimulated unseparated 
adenoid cells. 
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Figure 3. The dependence of cytotoxicity and cell proliferation of 
HeLa cells in tube cultures on tymphokine concentration. A) Kinetics 
of growth in HeLa celt cultures treated with different lymphokine 
concentrations. B) The data from Figure A has been plotted to better 
illustrate the effect of concentration on HeLa cells. The hashed lines 
are the range of the controls. 

growing population of cells. This question was examined in 
four experiments,  a summary of which is shown in Table I. I t  is 
clear tha t  viabil i ty of the monolayer cells at  high lymphokine 
dilutions, i.e., 1:8 and above, is mainta ined at the untreated 
control levels, although the growth rate is slow compared to 
controls. However, at  lower dilutions, i.e., 1:2, it was clear that  
killing occurred, because there was a reduction in cell viabil i ty 
determined by dye exclusion and a reduction in cell number  
below controls. Thus, it appears that  there is a gradual 
transit ion of cytotoxicity to growth inhibition as was seen in 
the colony inhibition assay. 

The relationship of cellular DNA synthesis to cell numbers 
in these cultures can be seen in Figure 4A and B. In general, the 
rate of cell growth correlates with the rate of DNA synthesis. At 
dilutions which were toxic, there was a correlation between cell 
number and the amount  of t r i t ia ted thymidine incorporated 
into DNA. However, it  is interesting that  there is a reduction in 
the rate of DNA synthesized per cell in dilutions of medium 
above 1:8. It is also obvious tha t  cells receiving the lower 
lymphokine dilutions, i.e., 1:32, were inhibited for the first 2 to 
3 days and then escaped the effect and began dividing at  rates 
comparable to the untreated control. 

Often da ta  are represented at  one " t ime point"  as a dilution 
curve. An endpoint  at  the 50% level is assumed to be a measure 
of toxicity. Since the control cultures continue to grow, the 
dilution of lymphokine giving 50% inhibition increases with the 
period of incubation, as can be seen in Figure 3B. Therefore, the 
endpoint used must be carefully defined with respect to t ime. 
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TABLE I 
Viability of the adherent HeLa cells after treatment with 

lymphokine(S) 

Adherent Cell Treatment Viability = ± Range No. ± Range 

Untreated (day 0) 82% ± 3 22,410 ± 1,030 
Untreated (day 3) 85% ± 3 57,100 ± 2,910 
1:2 LK (day 3) 62% ± 4 13,180 ± 1,020 
1:8 (day 3) 86% ± 2 22,390 ± 5,500 
1:20 (day 3) 86% ± 1 40,270 + 1,370 
1:80 (day3) 79% ± 1 61,130 ± 1,410 

Viability was determined by Eosin Y dye exclusion. 
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Figure 4. The effect of lymphokine concentration on HeLa cell 

growth as measured by cell number and DNA synthesis. 

The effect of lymphokine concentration on different cell 
types in tube culture. Previous studies revealed that cells from 
various tissue sources have a differential sensitivity to LT- 
induced lysis in vitro (7). With these results in mind, we tested 
the effect of supernatants from PHA-activated adenoid lym- 
phocyte cultures on L-929, KB, and Chang cells to see if 
sensitivity to lysis and growth inhibition paralleled each other. 
The various indicator cells were established in tube cultures as 
described in Materials and Methods, and after careful selec- 
tion of monolayers for uniformity and viability, they were 
exposed to various dilutions of a standard lymphocyte superna- 
tant. 

From the data shown in Figure 5, it is apparent that L-929 
cells undergo cytolysis when exposed to dilutions of superna- 

PIF RELEASED BY MITOGENS 67 

tant below 1:10 and are growth inhibited at medium dilutions 
above 1:10, in this particular experiment. At higher dilutions 
(i.e., 1:100), the cells proceed for a short time at normal growth 
rates and then become growth inhibited. The same general 
trend from toxicity blending into growth inhibition was appar- 
ent in four experiments with L cells, but it must be emphasized 
that the upper limit of detectable growth inhibition on L cells 
varied from 1:100 to 1:1,000, depending upon the L cell strain 
used and the length of the assay. 

Chang and KB cells were also tested for their sensitivity to 
various dilutions of the same supernatant as shown in Figure 6. 
Rather than monitor continuous cell growth over a 5-day 
period, as was done in the previous experiments, various 
concentrations of supernatants were tested on these cells for 2 
and 5 days. The rationale for these experiments was that the 
effect observed on day 2 would predominantly represent 
toxicity, and on day 5, growth inhibition. On day 2, the effect 
below the IDso would represent primarily toxicity and that 
above this, growth inhibition. In order to detect small amounts 
of growth inhibition, we allowed the cells to complete approxi- 
mately five rounds of division during the 5 days of culture. On 
day 5, in contrast to day 2, the effect below the IDlo would 
represent toxicity, and above this, growth inhibition. Thus, 
lymphokine dilutions producing more than 50% inhibition after 
2 days, or more than 90% inhibition after 5 days, are exhibiting 
cytotoxic effects, whereas dilutions showing inhibition of lesser 
degrees have only cytostatic effects. 

For example, KB cells on day 2 are similar in sensitivity to 
HeLa cells to killing at 1:2 dilutions, however, they are growth 
inhibited at dilutions above 1:2. At day 5, the same cells at 
dilutions of 1:8 are completely growth inhibited, while cultures 
at higher dilution are dividing more slowly than controls. 
Chang cells, on the other hand, show no evidence of toxicity at 
any dilution on day 2, and only a small amount of growth 
inhibition at dilutions of 1:2 to 1:8 by day 5. Thus, KB has a 
sensitivity similar to HeLa, whereas Chang cells are considera- 
bly more resistant to the lymphocyte supernatants. 
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Figure 6. Concentration dependent lymphokine effects on KB and 
Chang cells. The hashed area represents the range of control cultures. 

DISCUSSION 

Many in vitro systems have been described during the past 
few years that are purported to detect activities ascribed to 
lymphokines released into the supernatant media by antigen- 
or mitogen-activated lymphocytes (5, 6). Each of these activi- 
ties has been given a different name, usually descriptive of the 
assay system employed, for example: colony inhibition factor, 
migration inhibition factor, and chemotactic factors (5). Each 
of these activities has been treated more-or-less as a separate 
entity, and while these agents have both broad and diverse 
effects, typified by their names, there is a group of lympho- 
kines whose major effect is suppressive. These are CIF (21, 22), 
PIF (16-20), and lymphotoxic factor (7-13). An alternative 
explanation for this latter group of activities is that they may 
be the result of a single material which can exert diverse effects 
on cells, depending on the differences in the basic in vitro assay 
systems employed by different investigators. 

In this report, which is the first of a series, PIF, CIF and LT 
activities were measured in vitro in the same lymphocyte 
supernatant at various dilutions on different types of indicator 
cells. We attempted to insure that we could separate the 
different activities, that is cytotoxicity, which was indicative of 
LT activity, and growth inhibition, which was indicative of PIF 
and CIF activity. One of the most obvious conclusions, based 
on the data presented in this manuscript, is that the concentra- 
tion of the supernatant employed is very important in deter- 
mining what the overall effect on the target indicator cells will 
be. The dilution curves could be divided into three regions: a) 
at high concentrations, the effects were primarily cytotoxic; b) 
at intermediate dilutions, the effect was permanent growth 
inhibition; and c) at low concentration, there was only a 

transient, reversible effect on cell division. This general trend 
was evident in media from several lymphoid cell sources and 
many different lymphokine batches. The transition from 
cytotoxicity to growth inhibition by decreasing the lymphokine 
concentration was not abrupt, but was a smooth curve, 
gradually shading from one effect into the other. 

In the present studie~, media were preselected to have high 
levels of LT. This was insured by stimulating normal human 
cells with a mitogen which results in large numbers of cells 
responding. Antigen stimulation and/or culture conditions, by 
virtue of the fact that they result in fewer cells responding, may 
result in lower levels of lymphokine(s). In the latter situation, 
one may not observe the frank in vitro cytotoxic reaction, but 
would be more apt to observe growth inhibition or transitory 
growth inhibition of target cells. 

The cell type used in the assay is a very crucial factor in 
studying supernatants for growth inhibitory or toxic effects. It 
was clear that you could almost pick the effect in these 
experiments that was desired by carefully choosing the appro- 
priate target cell. For example, a given dilution of supernatant 
media could be chosen which would' have no effect on Chang 
cells, would be cytotoxic for aL cells, and be growth inhibitory 
for HeLa cells. The particular strain of HeLa cells used in the 
PIF assay is quite insensitive to LT-induced cytolysis when 
compared to our a strain L cells, for example: media with a 
toxicity titer, i.e., LDs0, of 1:16 on HeLa cells, had an LDso of 
1:1250 on the aL cell. As previously reported, Chang cells were 
found to be highly resistant to LT-induced toxicity, and we 
found they were quite resistant to growth inhibition (7). It was 
also apparent that the amount of PIF or CIF activity it took to 
inhibit the growth of L cells was much less than that which 
would inhibit HeLa cells. A tremendous difference between 
L-929 cell strains in their sensitivity to human LT has been 
revealed by studies in our laboratory performed by Dr. Sandra 
Kramer. These data indicate that the same cells in continuous 
culture in different laboratories may have variable sensitivities 
to the same material. Although there are great differences in 
cell sensitivities to cytotoxic and growth inhibition effects, the 
sensitivities of the various cells used in our studies to both LT 
and PIF are parallel. Namely, if a cell is highly sensitive to LT, 
it is also highly sensitive to PIF and CIF, and vice versa. 

There are conflicting results from different laboratories 
about the susceptibility of L cells to PIF (11, 13, 17, 18), and 
there has been the suggestion that PIF released in vitro by 
mitogen-stimulated human lymphocytes is species-specific 
(20). Several laboratories have demonstrated growth curves 
which reveal that their strains of L-929 fibroblasts are growth 
inhibitible by partially purified human LT (11, 13). Cooper- 
band and his associates, on the other hand, have reported that 
PHA-stimulated human lymphocyte supernatants with PIF ac- 
tivity are species-specific, that is, not effective on mouse L 
cells or primary chick embryo fibroblasts, but are effective on 
several human cell lines. Out data conflict and would suggest 
that there is little or no species specificity because the most 
sensitive cell was the xenogeneic mouse aL cell, and the most 
resistant, the human Chang cell. The sensitivity was not due to 
the species of origin but more to the characteristics of the 
individual cell line itself. However, with the above results in 
mind, it is not surprising that reports on these factors are 
confusing and conflict. 

Data in the present manuscript support the concept that 
PIF, CIF, and LT activity are the result of the same molecule 
or family of closely related molecules. When present in high 
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concentration, it causes cytodestruction, at lower levels, a 
permanent  growth inhibition, and at still  lower concentrations,  
only a temporary inhibit ion from which the cells can escape. 
This concept is supported further by two observations; one, 
tha t  while the magni tude of sensit ivity varies, the basic effect 
of each dilution on each cell type was the same, second, tha t  
the sensit ivity of the cell to LT parallels the sensit ivity of the 
cell to the other activities, PIF,  and CIF. Finally,  prel iminary 
studies performed in our laboratory suggest that  dilutions of 
purified human LT give the exact same curve of effects as tha t  
seen with whole unfract ionated medium. However, unti l  fur- 
ther fractionation studies are performed, we cannot say tha t  
there are not other molecules in addi t ion to LT which also 
possess the property of preventing cells from dividing. 

Acknowledgments.  We thank St. Joseph Hospital,  Orange, 
California, Gloria Stangl,  and L. T. Furbrush for invaluable 
support  in the preparat ion of this manuscript .  

REFERENCES 
1. Lawrence, H. S. and Landy, M. (Editors), Mediators of Cellular 

Immunity, Academic Press, New York, 1969. 
2. Perlmann, P. and Holm, G., Adv. Immunol., 11: 117, 1969. 
3. Rosenau, W., Fed. Proc., 27: 34, 1968. 
4. Goldstein, P., Wigzell, H., Blomgren, H., and Svedmyr, E. A., J. 

Exp. Med., 135: 890, 1972. 
5. Ruddle, N. H., Curt. Top. Microbiol. Immunol., 57: 75, 1972. 
6. Granger, G. A., Set. Haematol., 5: 8, 1972. 
7. Williams, T. W. and Granger, G. A., Cell. Immunol., 6: 171, 1973. 

8. Rosenberg, S. A., Henrichon, M., Coyne, J. A., and David, J. R., J. 
Immunol., I10: 1623, 1973. 

9. Coyne, J. A., Remold, H. G., Rosenberg, S. A., and David, J. R., J. 
Immunol., 110: 1630, 1973. 

10. Walker, S. M. and Lucas, Z. J., J. Immunol., 109: 1223, 1972. 
11. Walker, S. M. and Lucas, Z. J., J. Immunol., 109: 1233, 1972. 
12. Walker, S. M. and Lucas, Z. J., Transplant. Proc., 5: 137, 1973. 
13. Russell, S. W,  Rosenau, W., and Lee, J. C., Amer. J. Pathol., 69: 

103, 1972. 
14. Kasakura, S. and Lowenstein, L., Transplantation, 5: 459, 1967. 
15. Prehn, R. T., Science, 176: 170, 1972. 
16. Horvat, M., Havemann, K., Sodomann, C. P., and B~irger, S., Int. 

Arch. Allergy, 43: 446, 1972. 
17. Green, J. A., Cooperband, S. R., Rutstein, J. A., and Kibrick, S., 

J. Immunol., 105: 48, 1970. 
18. Badger, A. M., Cooperband, S. R., and Green, J. A., J. Immunol., 

107: 1259, 1971. 
19. Badger, A. M., Cooperband, S. R., and Green, J. A., Cell. 

Immunol., 8: 12, 1973. 
20. Badger, A. M., Cooperband, S. R., Merlazzi, V. J., and Green, J. 

A., Clin. Exp. Immunol., 15: 435, 1973. 
21. Holzman, R. S., Lebowitz, A. S., Valentine, F. T., and Lawrence, 

H. S., Cell. Immunol., 8: 249, 1973. 
22. Holzman, R. S., Valentine, F. T ,  and Lawrence, H. S., Cell. 

Immunol., 8: 249, 1973. 
23. Williams, T. W. and Granger, G. A., Nature, 219: 1076, 1968. 
24. Coulsen, A. S. and Chalmers, D. G., Lancet, Feb. 29: 468, 1964. 
25. Agrawal, B. B. L. and Goldstein, I. J., Biochem. J., 26: 236, 1965. 
26. Spofford, B., Daynes, R., and Granger, G. A., J. Immunol., 112: 

2111, 1974. 




