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Colorectal cell line suppression of lymphokine
activated killer cell generation is reversed by suramin
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Progressive tumor growth is associated with a state of
immunosuppression. One mode of immunosuppression
is thought to be mediated by immunosuppressive factors
of tumour origin. We have investigated in vitro the pos-
sibility that suramin couid be used to blockade tumor
derived suppressor factors and enhance the effective-
ness of rhiL-2 therapy. These data show that factors
derived from cultures of the colorectal carcinoma cell
line LoVo suppressed the percentage of cells expressing
the natural killer cell antigen CD56 in 92% of individuals
and the cytotoxic T cell antigen CD8 in 77% of individuals
tested from a panel of 13 normal healthy volunteers.
Suramin at 200 pg/mi restored the percentage of cells
expressing CD56 to levels higher than the control cui-
tures and reduced the suppression in those expressing
CD8 to non-significant levels. LoVo produced factors also
suppressed the expression of the activation associated
antigens CD25, CD71 and HLA-Dr with suramin restoring
CD25 expression but not CD71 or HLA-Dr. Functional
studies using >'Cr-release assays showed that LoVo pro-
duced factors could suppress cytotoxicity in 46% of in-
dividuals tested, and of these a reduction in suppression
by suramin was demonstrated in 50% of individuals
against Daudi target cells and 33% against K562 target
cells.
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Introduction

Treatment of peripheral blood lymphocyte popula-
tions with recombinant human (rh) IL-2 in vitro
results in proliferation of natural killer (NK) cells
and T lymphocytes. There is also a concomitant
generation of lymphokine activated killer (LAK) cell
activity manifest as an increased cytotoxic activity of
the lymphocyte effector population towards stan-
dard target cell lines.! Intravenous administration
of rhIL-2 also induces a LAK response in vivo. A
variety of experimental treatment regimens which
achieve induction of this response either in vivo or
by a combination of in vivo and in vitro techniques
have resulted in clinical responses and complete
remissions in some patients with certain types of
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otherwise untreatable advanced solid malignan-
cies.>® Although patients suffering from metastatic
renal carcinoma and disseminated melanoma have
shown an encouraging response rate to a range of
rhiL-2-based treatment protocols, those with adeno-
carcinomas arising from mucin secreting glandular
epithelial organs, such as breast, colon and pan-
creas, have proven to be less amenable to rhiL-2
based therapies.? It has been previously suggested
that some tumors may elaborate substances which
inhibit the functional activity of LAK cells as mea-
sured by their cytotoxicity towards standard tumor
target cells.” A broad spectrum of substances includ-
ing cytokines, growth factors® and other partially
characterized substances have been implicated in
LAK cell suppression by in vitro experimentation.”'®
We have also shown that products of the colorectal
cell line LoVo are antiproliferative towards precur-
sors of LAK cell generation, and suppress both ac-
tivation associated antigen expression and in vitro
LAK cell function.® Therefore, blockade of these
deleterious substances may enhance the. effective-
ness of rhIL-2-based therapies.

Suramin is a polysulfonated aromatic compound
with a net anionic charge originally introduced for
the treatment of trypanosomiasis and onchocercia-
sis.'® There has been renewed interest in this drug
after it was shown to be a potent inhibitor of retro-
viral reverse transcriptase'' and to protect CD4"
cells from infection and the cytopathic effects of
the human immunodeficiency virus (HIV).'? The
physicochemical properties of the suramin mole-
cule enable it to bind to and block the activity of
a wide range of enzymes, including those of the
complement and coagulation systems.'®> More re-
cently, suramin has been shown to bind to or dis-
place certain growth factors from their respective
receptors. These include platelet derived growth
factor (PDGF), epidermal growth factor (EGP),
transforming growth factor (TGF)-f, members of
the fibroblastic growth factor (FGF) family, heparin
binding growth factor type 2 and insulin growth

© 1995 Rapid Communications of Oxford Lid



factor 1. It causes growth inhibition of a variety of
solid tumor cell lines'>!® and some but not all lym-
phoid cell lines."” Although toxicity appears to re-
duce its usefulness as an agent against HIV'® it is
currently being used in clinical trials against malig-
nant diseases.'”

These combined results prompted us to investi-
gate the possibility that suramin could act as an
adjuvant to rhIL-2-based immunotherapy by block-
ading suppressor factors released by the colorectal
cell line, LoVo. We report the effects of suramin on
LoVo induced suppression of LAK effector cell po-
pulations, activation associated antigen expression
and LAK cell function.

Materials and methods
Culture conditions

Peripheral blood samples were obtained from 13
normal healthy volunteers using a 1 in 10 dilution
of 3.13% sodium citrate as anticoagulant. Peripheral
blood mononuclear cells (PBMCs) were collected
after Ficoll-Hypaque density gradient centrifugation
(Lymphoprep; Nycomed, Norway). These cells
were seeded at a density of 10%/ml in 5 ml volumes
into a 50 ml plastic flask (Nunc). Four cultures were
initiated from each sample: (i) control cultures con-
taining RPMI (Gibco) with 10% heat inactivated fetal
calf serum (Gibco), L-glutamine (2 mM) (Sigma),
penicillin (100 U/ml) and streptomycin (100 pg/
ml), (ii) as above but with the addition of rhIL-2
(Proleukin; Eurocetus, The Netherlands) at a final
concentration of 1000 U/ml, (iii) as in (ii) with 20%
of the medium by volume containing medium con-
ditioned by exposure to the colorectal cell line LoVo
as described below (rhIL-2 was added at a final
concentration of 1000 U/mb) and (iv) as in (iii) but
with the addition of 200 pg/ml suramin (Germanin;
Bayer, Germany), rhIL-2 was again present at
1000 U/ml. All flasks were incubated in a humidi-
fied atmosphere containing 5% CO, at 37°C for 96 h
prior to phenotypic and functional analysis.

The colonic adenocarcinoma cell line LoVo was
obtained from the European Collection of Animals
Cell Cultures (ECACC, Porton Down, UK) and main-
tained mycoplasma free (screened by Hoechst
stain) in RPMI as described in (i). Conditioned med-
ium from the LoVo cell line was obtained by wash-
ing a confluent monolayer of LoVo cells, cultured in
a 50 ml flask, three times in fresh culture medium.
Supplemented RPMI medium minus fetal calf serum
(20 ml) was incubated with the monolayer for 24 h.

Suramin and LAK cell phenotype and function

This medium was then harvested and used in the
rhlIL-2 activation cultures, as described above, at a
concentration of 20% by volume.

Phenotypic and functional analysis

In this study CD3 was used to identify mature T
cells, and CD4 and CD8 to identify T helper and
T suppressor/cytotoxic subsets, respectively. CD56
was used to assess NK cell numbers. Lymphocyte
activation was assessed by measuring changes in
the expression of the IL-2 receptor « chain (CD25),
the transferrin receptor (CD71) and HLA-Dr. All an-
tibodies were FITC-conjugated (Becton Dickinson),
except for the anti HLA-Dr antibody which was
phycoerythrin-conjugated (Coulter), and all were
used at 10 pl/ 10° cells. Cells were incubated with
antibody for 30 min at 4°C, washed twice and ana-
lyzed on an Epics C flow cytometer (Coulter Elec-
tronics). Percentage positive cells were assessed by
the increase in fluorescence over and above the
background of isotype controls.

Cytotoxicity assays were performed as previously
described.?® Effector cells were taken from the cul-
tures described above, washed twice and incubated
with >*Cr-labeled target cells (K562 and Daudi) at an
effector target ratio of 12:1 for 4 h in RPMI plus 10%
fetal calf serum, L-glutamine and antibiotics. Each
assay was carried out in triplicate. The percentage
lysis in each assay was determined using the for-
mula: % cytotoxicity = (test c.p.m. — spontaneous
c.p.m.)/(total c.p.m. — spontaneous c.p.m.) where
test c.p.m. is the mean c.p.m. released from target
cells in the presence of effector cells, spontaneous
c.p.m. is the mean c.p.m. released by target cells
alone and total c.p.m. is the mean c.p.m. released by
targets lysed with detergent.

Statistics

Data has been analyzed using the Student’s paired *
test, where p < 0.05 was considered significant.
Results

Effects of suramin on LoVo modulation of

rhiL-2 induced changes in lymphoid

subset antigen expression of PBMCs

Across the panel of individuals, the mean percen-
tage antigen expression showed that the addition of
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thIL-2 induced a 2-fold increase in CD56" cells
(p < 0.001, 7 =13) and an augmentation of cells
expressing CD3 (p = 0.004, » = 9). This latter ob-
servation was brought about by an increase in those
expressing CD8 (p = 0.014, n = 13) and not those
expressing CD4. Addition of 20% by volume of LoVo
conditioned medium resulted in a suppression of
the rhIL-2 induced augmentation of CD8" lympho-
cytes (p=0.025, n=13) and the rhil-2 induced
increase in cells expressing CD56, which approa-
ched significance (p = 0.088, n = 13). There were
no changes due to LoVo conditioned medium in
cells expressing either CD3 or CD4 in this panel
of individuals. A closer look at the data reveals a
difference in response to stimuli by different indi-
viduals. The increase in cells expressing CD8 due to
rhil-2 was seen in nine of the 13 individuals
screened (p = 0.001, # = 9). There was no response
to rhIL-2 by one individual and a small fall in CD8"
cells was seen in three individuals. The proportion
of cells expressing CD56 was augmented by rhIL-2
in 12 of the 13 individuals (p < 0.001, # = 12). Ad-
dition of 20% LoVo supernatant to rhIL-2 containing
cultures caused suppression of CD8" cells in 10 of
the 13 individuals (» = 0.008, n = 10). There were
no significant changes in the other three individuals.
However, the presence of suramin in parallel cul-
tures of the same 10 individuals reduced the sup-
pression of CD8" cells by LoVo supernatants to non-
significant levels when compared with cultures
containing rhIL-2 only. Similarly, addition of LoVo
supernatants caused a suppression of rhIL-2 en-
hancement of CD56" cells in 12 of the 13 individuals
(p < 0.001, n = 12). Addition of suramin to parallel
cultures of these 12 individuals resulted in reversal
of the LoVo induced suppression and the subse-
quent enhancement in mean percentage of CD56"
cells to levels above that of cultures containing only
rthiL-2 (p = 0.024, n = 12) (Figure 1).

Suramin also induced a 50% fall in the proportion
of cells expressing CD4 (p < 0.001), which we have
reported previously (data not shown).?!

Effects of suramin on LoVo modulation of
“ rhIL-2 induced changes in activation
associated antigen expression on
PBMCs

Twelve donors from the panel were screened for
changes in activation associated antigen expression.
Overall, augmentation of the mean percentage of
cells expressing CD25 (p = 0.001), CD71 (p = 0.001)
and HLA-Dr (p < 0.001) was seen in cells cultured

Suramin and LAK cell pbenotype and function

in the presence of rhiL-2 when compared with con-
trol cultures. rhIL-2 induced rises in activation as-
sociated antigen expression were suppressed to a
significant degree with respect to CD25 (p = 0.014)
and HLA-Dr (p=0.006), and approached signifi-
cance for CD71 (p=0.059) by the presence of
20% by volume of LoVo supernatant.

Eleven of the 12 individuals responded to the
suppressive effects of LoVo supernatants with re-
spect to CD25 expression (p = 0.009, n = 11). The
addition of suramin to the same 11 cultures reduced
the LoVo induced suppression to non-significant
levels when compared with cultures containing
rthIL-2 only. LoVo supernatants caused a drop in
percentage of cells expressing CD71 in seven of
the 12 individuals tested (p = 0.014, # = 7), but sur-
amin had no significant effect on this suppression,
even though some individuals did respond. Similar-
ly, the rhIL-2 induced augmentation of HLA-Dr was
suppressed by LoVo products in 10 of the 12 vo-
lunteers studied (p = < 0.001, % = 10) but suramin
again had no statistically significant effect on this
suppression (Figure 1).

Effects of LoVo supernatants on rhiL-2
induced changes in cytotoxicity and its
modulation by suramin

The mean percentage cytotoxicity of all 13 indivi-
duals tested was increased by rhIL-2 against both
Daudi and K562 target cells. Of these 13, six showed
a suppression of cytotoxicity due to LoVo produced
factors against Daudi (p = 0.001, n = 6) and K562
(p = 0.009, n = 6) target cells. Seven of the 13 gave a
small additional increase in cytotoxicity, above that
induced by rhIL-2 alone, when LoVo supernatant
was added (Figure 2).

Of the six out of 13 individuals where LoVo pro-
duced factors caused a suppression of rhIL-2 action,
the addition of suramin reversed the LoVo induced
suppression in three of the six using Daudi target
cells and in two of the six using K562 as target cells.
An additional decrease in cytotoxicity observed due
to the presence of suramin in cultures containing
rhIL-2 and LoVo products seen in three of the six
individuals when using Daudi cells as targets and in
four of the six when using K562 as target cells was
not significant in either case (Figure 2). To show that
the functional variation in response to LoVo super-
natant and suramin is due to differences in response
by different individuals and not assay variability,
two donors from the panel were selected for further
investigation. LoVo supernatant suppressed rhiL-2
enhanced cytotoxicity in five of five assays against
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Figure 2. Top panel: the effect of LoVo cell line conditioned medium on the cytolytic ability of PBMCs isolated from the
panel of 13 normal individuals, against Daudi and K562 target cells using a ®'Cr-release assay. Bottom panel: the mod-
ulatory effect of 200 pg/ml suramin on the cytolytic ability of PBMCs isolated from normal individuals who responded to the

suppressive nature of LoVo cell line conditioned medium.
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Daudi (p=0.007, n=35) and K562 (p=0.017,
n = 5) target cells and 200 ug/ml suramin reversed
the suppression to non-significant levels in all ex-
periments (Figure 3). In a second individual, LoVo
supernatants suppressed rhIL-2 enhanced cytotoxi-
city in three of three assays but suramin failed to
reverse this suppression in all three experiments
(data not shown).

In control cultures containing rhIL-2 and suramin
only, suramin was shown to have no effect on rhiL-2
augmentation of cytotoxicity against either Daudi or
K562 target cell lines.

Control cultures

Throughout the experiments described above, sur-
amin had no significant effect on expression of any
of the antigens discussed hitherto or on cytotoxicity,
either in the presence or absence of rhIL-2 except
for the expression of CD4, which was always sig-
niﬁcgntly lower after 96 h incubation with sura-
min.?!

Discussion

Despite evidence of rhIL-2 activation of NK cells,
cytotoxic T lymphocytes (CTLs) and macrophages
in vitro, and the eradication of experimentally in-
duced tumors in rodent models, the efficacy of im-
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munotherapy has remained poor. There is evidence
to show that progressive tumor growth is accom-
panied by a concomitant immunosuppression irre-
spective of tumor location or etiology. It is also clear
that the suppression is directly or indirectly depen-
dant on the presence of tumor. Immunosuppres-
sion by tumor is particularly evident with large
tumors, even when ideal conditions of immuno-
genic tumor antigens and susceptibility to effector
cell lysis prevail.?> One mode of immunosuppres-
sion is thought to be mediated by a range of tumor
produced substances, including growth factors and
cytokines. These include TGF-8°, 1L-4,%4 prostaglan-
dins (25) and certain factors characterized by mo-
lecular weight only.”® Therefore a blockade of
these factors should enhance the effectiveness of
rhIL-2 therapy. We investigated the possibility that
suramin could act in this capacity.

The complexity of action of suramin and its multi-
plicity of target molecules renders its precise me-
chanism of inducing antiproliferative effects
difficult to determine. However, a consensus of opi-
nion suggests that its primary function is to block
growth factors essential for tumor survival and their
respective receptors. Its reported antitumor effects
could well be mediated by disruption of autocrine
growth factor loops which some tumors are thought
to use to promote their own growth.

In clinical trials on patients with adrenocortical
carcinomas, renal carcimomas, prostatic cancer and
acquired immunodifficiency syndrome (AIDS),*® it
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Figure 3. LoVo suppressed cytotoxicity against Daudi (61.20 = 17.96-48.00 * 16.78%, n = 5, p = 0.007) and K562
(64.00 = 15.51-47.60 + 15.51%, n =5, p = 0.017) target cell lines in five out of five experiments conducted on PBMCs
isolated from a single individual. Suramin reversed this suppression in all five experiments to non-significant levels (Daudi:
61.20 = 17.96 versus 70.20 * 19.12, n = 5, p = 0.094; K562: 64.00 * 15.51 versus 67.80 = 13.61, n=5, p = 0.585).
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has become clear that a major obstacle to suramin
therapies is its toxic effects when serum levels ex-
ceed 300 pg/ml. This makes the maintenance of a
serum suramin therapeutic window of 150-300 pg/
ml essential. It is for this reason that we used sur-
amin at a concentration of 200 pg/ml throughout
our experiments.

We have previously reported the suppressive nat-
ure of LoVo conditioned medium.’ This study pro-
vides evidence that suramin will reverse the
suppression of rhlL-2 activation of PBMCs by LoVo
conditioned medium.

In our panel of PBMC cultures from 13 indivi-
duals, rhIL-2 imparted a proliferative advantage for
cells expressing the NK cell antigen CD56 and the
CTL antigen CD8. There was a suppressive response
to LoVo produced factors in 92% of cultures with
respect to CD56 expression and in 77% of cultures
with respect to CD8. Where LAK effector cell phe-
notypes were suppressed, the additional presence
of suramin caused a reversal of these effects in 100%
of cases. Furthermore, the presence of suramin in
cultures containing LoVo conditioned medium en-
hanced the population of cells expressing CD56 to
levels in excess of the control cultures containing
rhIL-2 only. Suramin did not have a similar enhan-
cing effect on CD56 percentage expression in con-
trol cultures of PBMCs containing only rhIL-2 and
suramin, implying a factor present in LoVo super-
natants which enhances CD56 proportions if either
itself or another factor is removed by suramin.

Activation of both NK cells and T lymphocytes by
rhiL-2 is associated with increased expression of the
rhIL-2 receptor o chain CD25,%® CD71 (transferrin
receptor)?’ and the major histocompatibility class IT
antigens, HLA-Dr.?® These data confirm that rhIL-2
enhances the expression of each of these activation
associated antigens. The presence of LoVo products
reduced the enhancement in expression of CD25,
CD71 and HLA-Dr in 92, 67 and 92% of the cultures,
respectively. Suramin restored CD25 expression in
all cultures in which it had been suppressed, but it
had no overall effect on the proportion of cells ex-
pressing CD71 or HLA-Dr. Dividing cells require
iron which is delivered by the CD71. However, cells
expressing CD71 are not neccessarily in a prolifera-
tive state, since some cells express CD71 which
cannot divide.? Therefore CD71 is probably more
closely related to intracellular Fe** requirements
rather than proliferation or activation induced by
rhIL-2.

There was an augmentation of cytolysis in 100%
of the cultures incubated with rhIL-2 against both
Daudi and K562 target cells. Only 46% of the cul-
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tures responded to LoVo produced products and, of
these, suramin reversed the suppression to non-sig-
nificant levels in 50% of the suppressed cultures
against Daudi cell targets and 34% against K562.
However, in a single individual shown to be sus-
ceptible to LoVo supernatant suppression, suramin
reversed the suppression in five successive assays.
Similarly, failure to restore function in a second in-
dividual was also found to be a repeatable obser-
vation.

The variablity seen in individuals towards sup-
pression of cytotoxicity by LoVo produced factors
and the subsequent reversal or non-reversal by sur-
amin probably reflects the complex network of cy-
tokines in the effector/target cell environment and
during LAK cell generation.

For example, TGF-f is produced by a range of
tumor cell types®® as well as rhIL-2 generated LAK
cells®® and is readily bound by suramin.’* It has
been shown to inhibit LAK cell generation in vitro,
resulting in a reduced cytolytic capability and a con-
comitant reduction in CD25 expression. Secondary
cytokine production of tumor necrosis factor (TNF)-
a and IFN-y was also impaired.?? TGF-a induced
suppression of cytotoxicity was reversible by exo-
genous addition of TNF-x and IFN-y.>®> Moreover,
TGF-f§ suppression of CTL development in mixed
lymphocyte cultures was also reversed by addition
of TNF-a,>* suggesting that a balance between TNF-
o and IFN-y, on one side, and TGF-§, on the other,
could determine whether cytotoxicity or its inhibi-
tion prevails. IL-4 also suppresses IL-2 induced cy-
totoxicity with an associated suppression of CD25
expression. Again these effects proved reversible by
addition of exogenous TNF-a and IFN-y.>?

Therefore, whether cytolysis of target cells occurs
or not will depend upon the balance of cytokines
mentioned above and other factors, e.g. prostaglan-
dins. Moreover, the proportions of these factors will
influence the effect of suramin on whether cytotoxic
conditions can be maintained.

It has been shown that suramin can bind rhil-2, at
concentrations considerably higher than those used
here and thus block rhIL-2 activity.>> However, our
control cultures show suramin had no deleterious
effects on rhIL-2 activity at 200 pg/ml; a serum con-
centration with no toxic effects.

Conclusion

These results show that suramin maintains or en-
hances lymphoid cell populations which constitute



the effector cell populations of the rhIL-2 induced
LAK phenomenon in the presence of factors pro-
duced by a colorectal adenocarcinoma cell line
known to be antiproliferative towards these cell
populations. Also, it can maintain CD25 levels in
the presence of these factors and will reverse the
suppressive nature of these substances in functional
studies on PBMCs isolated from responsive indivi-
duals. We suggest that suramin has the potential to
block immunosuppressive factors released by tu-
mors. Using suramin in combination with rhiIL-2
based immunotherapy regimens would represent
a novel use for this anticancer agent.
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