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Growth Inhibition of a Human Colorectal Carcinoma Cell Line by Interleukin 1 Is
Associated with Enhanced Expression of y-Interferon Receptors1
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ABSTRACT

Recombinant human tumor necrosis factor and recombinant human y
Interferon (IFN-y) exert synergistic growth inhibitory effects in WiDR

human colorectal carcinoma cells. In this cell line, tumor necrosis factor
increases II V binding. Interleukin 1 ill.-li is a cytokine that mimics

many of the biological actions of TNF. Therefore, in the present study, we
investigated the effects of recombinant human II -I on cell growth and
II V . receptor expression in WiDR cells. II.-I slightly inhibited the

growth of WiDR cells, and exerted additive growth inhibitory effects in the
presence of II V .. II -I caused a time- and dose-dependent increase in
'"â€¢-labeled IFN-y binding that was maximal at 6 h, persisted for at least

24 h, and was blocked by both actinomycin D and cycloheximide. The
increase in binding was associated with an increase in cell surface IFN-y

receptor protein expression as determined by Scatchard analysis of equi
librium binding data and by immunofluorescent staining with an anti-
human IFN-y receptor monoclonal antibody. II -I also produced a time-
and dose-dependent increase in IFN-y receptor mKN \ levels that was

maximal at 3 h and persisted for at least 24 h. Actinomycin D, but not
cycloheximide, completely blocked the IL-1-mediated increase in IFN-y
receptor mRNA levels. However, IL-1 did not alter IFN-y receptor mRNA
half-life. These data indicate that IL-1 and IFN-y exert additive growth
inhibitory effects on colon cancer cell growth, and suggest that IL-1 in
creases IFN-y receptor expression in these cells by enhancing IFN-y

mRNA levels.

INTRODUCTION

IL-14 is a plurifunctional cytokine that plays a central role in

immune regulation and inflammation (1). IL-1 exerts cytostatic and

cytotoxic effects on neoplastic cells and may contribute to macro
phage tumoricidal activity (2-5). TNF is biochemically and immuno-
logically distinct from IL-1 and binds to receptors which are distinct
from the IL-1 receptor (6). Nonetheless, TNF shares many of the
diverse regulatory and inflammatory effects of IL-1 (6). These activ

ities include the regulation of monocyte antitumor activity (5), acti
vation and regulation of T-cells, neutrophils, and endothelial cells
(2, 7-12), modulation of hematopoietic cell growth and differentiation
(13, 14), osteoclast activation and cartilage rÃ©sorption(15-17). pyro-
genic and mitogenic activity (18-20), and the inhibition of tumor cell
growth (2, 3, 21, 22). Some of the biological actions of IL-1 and TNF

are associated with regulating the expression of various cell surface
molecules, including endothelial cell and neutrophil adhesion mole
cules (11, 12), the IL-2 receptor (8, 23), and the epidermal growth

factor receptor (24).
We have previously reported that TNF upregulates IFN-y binding

in WiDR human colorectal carcinoma cells, a cell line in which TNF
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and IFN-y exert synergistic growth inhibitory effects (25). In the
present study, we wanted to determine whether IL-1 mimics the bio

logical actions of TNF in WiDR cells and to identify the mechanism(s)
involved in IFN-y receptor upregulation. We now report that IL-1
up-regulates IFN-y receptor protein expression and mRNA levels in

WiDR cells.

MATERIALS AND METHODS

Cell Culture. WiDR cells were obtained from the American Type Culture
Collection. The cells were routinely propagated in monolayer culture in a
humidified incubator at 37Â°Cin a 5% CO2/95% air atmosphere. Cells were
grown in Dulbecco's modified Eagle's medium supplemented with 10% heat-

inactivated fetal bovine serum (Gemini Bioproducts. Calabasas. CA), 100
units/ml penicillin, and 100 ug/ml streptomycin (complete medium).

Reagents. The following were purchased: Actinomycin D. cycloheximide,
and 3-4.5-dimethylythiazol-2-yl-2.5-diphenyltetrazolium bromide, nonspecific
mouse IgG antibody, and fluorescein-conjugated goat anti-mouse IgG from
Sigma Chemical Co. (St. Louis, MO); l,3,4,6-tetrachloro-3,6-diphenylgly-
couril (lodo-Gen) from Pierce Chemical Co. (Rockford. IL); PD-10 columns
from Pharmacia (Piscataway, NJ); Nal25I and [a-"P]dCTP (3000 Ci/mmol)

from New England Nuclear (Boston. MA); random labeling kit from Boer-

hinger Mannheim (Indianapolis, IN); and Nytran nylon blotting membranes
(0.20 urn) from Schleicher Â¿kSchuell (Keene, NH). Recombinant human TNF
(specific activity, 4.6-5.02 x IO7 units/mg), and recombinant human IFN-y
(specific activity, 2-2.5 X IO7 units/mg) were a gift from Genentech, Inc.

(South San Francisco. CA). Recombinant human IL-la was a gift from Hoff-
man-LaRoche (Nutley. NJ) and had a specific activity of 3 X 10" units/mg. a

concentration of 1000 units/ml equaling 0.19 nst IL-1. Monoclonal antibody
177-1 raised against the human IFN-y receptor (26) was a gift from Dr.

Menachem Rubinstein. The Wei/mann Institute of Science. Israel.
Binding Experiments. Biologically active I25l-labeled IFN-y was pre

pared as previously described (25). Binding experiments were carried out in
24-well plates that were seeded with 3 x 10s cells/well. Cell monolayers were
washed with complete medium at 4Â°C.and incubated for 6 h at 4Â°Cwith

binding medium (complete medium, 20 HIM 4-(2-hydroxyethyl)-l-pipera-
zineethanesulfonic acid, pH 7.4) in the presence of '25I-IFN-y. To determine

the effects of IL-1 on IFN-y receptor number and affinity, cells were incubated
for 6 h at 4Â°Cwith 400.000 cpm/ml of l25I-IFN-y and increasing concentra

tions of unlabeled IFN-y (25). Binding was terminated by washing the cells 4
times at 4Â°Cwith Hanks' balanced salt solution containing 0.1% BSA. Cells

were then solubili/ed in 0.5 M NaOH. and cell-associated radioactivity was

measured by using a gamma counter. Nonspecific binding was determined in
the presence of a 200- to 500-fold excess of unlabeled IFN-y, and was never

greater than 20% of total binding. All data are provided as specific binding,
which was calculated by subtracting nonspecific binding from total binding.

To determine the effect of the inhibition of RNA synthesis and protein
synthesis on 12iI-IFN-y binding, cells were incubated with I ug/ml Act D and

10 ug/ml CHX. respectively. Under these conditions. Act D inhibited the
incorporation of ['H]thymidine into DNA by 78% and CHX inhibited the
incorporation of ['H]phenylalanine into protein by 90%. without altering cell

ular viability (25).
Anti-IFN-y Receptor Monoclonal Antibody Labeling and Fluorescence-

activated Cell-sorting Analysis. Cells (5 x IO5) in 12-well plates were
incubated in the absence or presence of either IL-1 or TNF for 6 h at 37Â°C.All
subsequent incubations were carried out at 4Â°Cin PBS. pH 7.3, containing 3%

BSA. Cells were incubated for 20 min in PBS/BSA containing 10 ug/ml of
nonspecific mouse IgG antibody, washed, and then incubated for I h with
either PBS/BSA or a 1:100 dilution of mouse ascites fluid derived from
anti-IFN-y receptor monoclonal antibody hybridoma 177-1 (26). Cells were
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washed and then incubated for 30 min with a 1:200 dilution in PBS/BSA of a
fluorescein-conjugated goat anti-mouse secondary antibody (Sigma). After

washing, cells were fixed in 1% paraformaldehyde and then analyzed by
fluorescence-activated cell sorting (FACSCAN. Becton Dickinson, Mountain

View, CA).
RNA Isolation and Analysis. Cells (80% confluent; 100-mm culture dish

es) were incubated with agents as indicated and the reactions were terminated
by washing with PBS at 4Â°C.Cytoplasmic RNA was then isolated by using

a 0.5% Nonidet P-40 lysis buffer containing 20 mM NaCI. 2 ITIMMgCU, and
20 mM Tris-HCl, pH 7.5, as previously described (27). Following removal of

nuclei and cell debris by centrifugation (3 min, 12,000 X g), the supernatants

were adjusted to 1.25% sodium dodecyl sulfate (w/v) and 125 HIMNaCI. and
subjected to phenol/chloroform/isoamyl alcohol (24:24:1) extraction. RNA
samples were size fractionated on 0.9% agarose/2.2 M formaldehyde gels,
stained with ethidium bromide (to verify RNA integrity and to assess equiv
alent loading), transferred onto nylon membranes and were UV cross-linked.
Blots were sequentially probed with a 1.7-kilobase IFN--y receptor cDNA (28)

and a 0.5-kilobase glyceraldehyde-3-phosphate dehydrogenase cDNA (29)
under high stringency conditions (27). cDNA probes were labeled with [32P]-

dCTP by using random hexanucleotide primers and Klenow enzyme to a
specific activity of 0.5 to 3 X IO5 cpm/ng as per manufacturer's instructions.

Autoradiography was carried out from I to 4 days at -80Â°C with the use of

Kodak XAR film and intensifying screens. The intensity of autoradiographic
bands were quantified by laser densitomelry.

Growth Inhibition Assay. Cytostatic/cytotoxic effects of TNF and IFN-y

in WiDR cells were determined by using the MTT metabolic assay, as previ

ously described (25).
Statistical Analysis. Statistical analyses of binding data were carried out as

described by using analysis of variance and Student's t test, using the STAT-

VIEW computer program on a Macintosh computer. Cellular viability data
were analy/.ed by a dose-effect analysis computer program that allows deter

mination of synergistic interaction between drugs (30). Northern blots are
representative of at least 3 independent experiments.

RESULTS

Growth Inhibitory Effects of IL-1 and IFN-y in WiDR Cells. To
determine the growth inhibitory effects of IL-1 and IFN-y in WiDR
cells, cells were incubated for 48 h at 37Â°Cwith various concentra

tions of either IL-1, IFN-y, or with various concentrations of IL-1 and
IFN-y in a 1:1 ratio of each cytokine. Slight to moderate growth
inhibitory effects were observed with either IL-1 (19%) or IFN-7

(30%) at a concentration of 1000 units/ml of each of the cytokines
(Fig. 1). When added concomitantly, IL-1 and IFN-y exerted additive
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Fig. I. Growth-inhibitory effects of IL-1 and IFN-y in WiDR cells. Cells (25,000) were
incubated for 48 h a! 37Â°Cwilh various concentrations of IL-1, IFN-y, or IL-1 + IFN-y

in a 1:1 ratio of each cytokine. Growth-inhibitory effects were determined by the 3-4,5-
dimethylylthiazol-2-yl-2,5-diphenyItetrazolium bromide assay. Points, mean of 3 experi
ments; bars, SEM.
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Fig. 2. Effects of IL-1 on i:5I-IFN--y binding in WiDR cells. A, 3 X 10" cells were
incubated at 37Â°Cwith 2000 units/ml of IL-1 for the indicated times. Cells were then
washed (wice and incubated for 6 h at 4Â°Cwith 200.000 cpm/ml of '-5I-IFN-y. Specific
binding was determined as described in "Materials and Methods." B, 3 x 10s cells were
incubated for 6 h at 37Â°Cwith the indicated concentrations of IL-1. i:'I-IFN--y binding

was then determined as in A. Paints, mean of 3 experiments; bars, SEM.

growth inhibitory effects (Fig. 1). However, dose-effect analysis (30)
of these data indicated that the actions of IL-1 and IFN-y could also

be interpreted as being synergistic.
Effects of IL-1 on l2SI-IFN-y Binding. Treatment of WiDR cells

with IL-1 produced a time- and dose-dependent increase in l25I-IFN-y

binding (Fig. 2). This increase was evident by 4 h of incubation and
was maximal by 6 h of incubation. The up-regulatory effect of IL-1

persisted for 24 h, but decreased below maximal levels at 24 h
(Fig. 2A). The increase in binding was significant at 10 units/ml
(1.9 pM) of IL-1 and was maximal between 600 and 2000 units/ml

(Fig. 2B). The transcriptional inhibitor Act D (1 ug/ml) and the protein
synthesis inhibitor CHX (10 ug/ml) completely blocked the IL-1-
mediated increase in l25I-IFN-y binding (Table 1). To determine

whether IFN-7 receptor induction was associated with alterations in
receptor affinity, Scatchard analysis (31) of l25I-IFN-y binding data

was performed with the use of the LIGAND program (32). This
analysis demonstrated that the increase in l25I-IFN-y binding medi

ated by 0.19 nM IL-1 was due to a 70% increase in the number of
binding sites without any change in receptor affinity (K,, = 0.6 nM in
control and IL-1-treated cells).

IL-1 Increases IFN-y Receptor Protein Expression. To confirm
that the increase in l25I-IFN-y binding mediated by IL-1 was due to

enhanced expression of cell surface IFN-y receptors, we labeled both
control and IL-1-treated cells with an anti-IFN-y receptor monoclonal
antibody and analyzed the labeled cells by fluorescence-activated cell
sorting following incubation with a fluorescein-conjugated secondary
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Table I Effects ofactinommn D and c\cloheximide on the IL-I'-mediated increase
in '"1-lFN-y binding

Cells (3 x IO5)were incubated for 6 h with or without IL-I (2000 units/ml) in the
absence or presence of Act D (0.5 Lig/ml)or CHX (5 ug/ml). Cells were washed and then
incubated for 6 h at 4Â°Cwith 200,000 cpm/ml of l25I-IFN-y. Specific binding was then
determined as described in "Materials and Methods." Data are the means Â±SEM of

3 experiments.

AdditionNoneAct

DCHXIL-IIL-I

+ACIDIL-l
+CHXl25I-IFN--y

bound(cpm)4008

Â±2343
164Â±361569

Â±59"7788
Â±860"'fc3125

Â±292012
Â±70"

" Significantly different from control, P < 0.01, by analysis of variance.
'' Significantly different from all other groups, P < 0.001, by analysis of variance.
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strated that a maximal increase (~ 10-fold) in IFN-y receptor mRNA
levels was seen at 3 h of incubation with IL-l, persisted for 6 h, and

then decreased below maximal levels by 24 h (Fig. 4A). Even after 2
h, a threshold increase in IFN-y receptor mRNA levels occurred at 0.1
unit/ml of IL-l (0.1 PM), and a maximal increase occurred with 1000
units/ml of IL-l (Fig. 45).

TNF (250 units/ml) mimicked the up-regulatory effects of IL-l on
both IFN-y receptor protein expression (Fig. 3B) and mRNA levels
(Fig. 5). In contrast, IFN-y (250 units/ml) did not alter IFN-y receptor

mRNA levels (Fig. 5).
Effects of Inhibition of RNA and Protein Synthesis on IFN-y

Receptor mRNA Expression. To determine the requirement of RNA
and protein synthesis in the up-regulation of IFN-y receptor mRNA
levels by IL-l, we incubated WiDR cells for 2 h with or without IL-l
in the presence or absence of actinomycin D (5 ug/ml) or cyclohex-
imide (5 |jg/ml). Actinomycin D did not significantly alter basal IFN-y
receptor mRNA levels, but completely blocked the IL-l-mediated

increase (Fig. 6). In contrast, cycloheximide slightly enhanced basal
IFN-y receptor mRNA expression and did not block the IL-l-medi

ated increase (Fig. 6).
To determine whether the IL-l-mediated up-regulation of IFN-y

receptor mRNA levels was due to increased stability of the mRNA, we
incubated cells with or without IL-l and then examined IFN-y recep

tor mRNA expression following actinomycin D treatment. In control

hrs 0 1 2 3 4 6 24
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Fig. 3. Flow cytometric analysis of TNF and IL-1-mediated modulation of IFN-y
receptor expression in WiDR cells. Cells were incubated in the absence ( ) or presence
( ) of either IL-l (A), or TNF (B) foro h at 37Â°C;10.000cells were then analyzed for
IFN-y receptor expression as described in "Materials and Methods."

antibody. WiDR cells were 100% positive for IFN-y receptor expres
sion as determined by anti-IFN-y receptor antibody staining (Fig. 3).
IL-l, at a concentration of 1000 units/ml (0.19 niu), induced a 53%
increase in the mean fluorescence intensity of IFN-y receptor-positive
cells, demonstrating that IL-l induced an increase in the density of
IFN-y receptor protein expressed in the cell population (Fig. 3).

Effects of IL-l on IFN-y Receptor mRNA Expression. To de
termine if IL-l increased IFN-y receptor mRNA levels, we next

performed Northern blot analysis of RNA extracted from control and
IL-l-treated cells. Incubation of WiDR cells with IL-l produced a
time- and dose-dependent increase in IFN-y receptor mRNA (Fig. 4).
A 2.3-kilobase band, representing the IFN-y receptor mRNA, was

consistently observed in all experiments. In addition, a minor hybrid
ization band ( 1.6 to 1.8 kilobases) of unknown significance was some
times observed in both control and IL-l-treated samples (Fig. 4).

Densitometric analysis of the autoradiographic bands and comparison
to glyceraldehyde-3-phosphate dehydrogenase mRNA levels demon-

O
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O OI I/â€žI â€¢¿� *â€”' *â€¢-**â€”' *â€”'U/ml o o i- i- T- i- i-

B â€¢¿�IFN-yR
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Fig. 4. Effects of IL-l on IFN-y receptor mRNA expression in WiDR cells. A. cells
were incubated in the absence or presence of 2000 units/ml of IL-1 for the indicated times
(h). B, cells were incubated for 2 h in the absence or presence of the indicated concen
trations of IL-I (units/ml). RNAs (10 (jg/lane) were sequentially probed with ':P-labeled
IFN-y receptor cDNA and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA
inserts and subjected to autoradiography.The 2.3-kilobase IFN-y receptor mRNA and the
1.4-kilobaseGAPDH mRNA are indicated by arrows.
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I IFN-Y R

â€¢¿�GAPDH

Fig. 5. Effects of TNF and IFN-y on IFN-y receptor mRNA expression in WiDR
cells. Cells were incubated for 6 h with or without either TNF (250 units/ml) or IFN-y

(250 units/ml). Northern bloi analysis of RNAs were carried out as described in Fig. 4.
GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Fig. 6. Effects of actinomycin D and cycloheximide on IFN-y receptor mRNA expres
sion. Cells were incubated for 6 h with or without 2000 units/ml of IL-1 in the presence
or absence of Act D (0.5 ug/ml) or CHX (5 ug/ml), as indicated. RNAs ( 10 ug/lane) were
subjected to Northern blot analysis as described in Fig. 4. GAPDH, glyceraldehyde-3-

phosphate dehydrogenase.

cells, actinomycin D treatment increased IFN-y receptor mRNA levels
at l h of incubation, then caused a time-dependent decline (Fig. 7).
Following IL-1 treatment, actinomycin D caused little or no increase
in IFN-y receptor mRNA levels at l h of incubation, and then caused
a time-dependent decline (Fig. 7). The half-life of IFN-y receptor

mRNA (determined following l h of incubation with actinomycin D)
was 2.7 h in both control and IL-1-treated cells (Fig. 7).

DISCUSSION

We previously reported that TNF increases IFN-y binding in WiDR
human colorectal carcinoma cells, a cell line in which TNF and IFN-y
exert synergistic cytotoxic effects (25). We now show that IL-1, a

cytokine that shares many diverse biological activities with TNF (6),
exerts additive (and possibly synergistic) growth inhibitory effects

with IFN-y in WiDR cells, and increases IFN-y binding. The IL-1-
mediated increase in l2AI-IFN--ybinding was time and dose dependent

and was associated with an increase in the expression of cell surface
IFN-y receptor protein. Further, the IL-1-mediated effect was blocked

by both actinomycin D and cycloheximide, inhibitors of transcription
and translation, respectively. Taken together, these results suggest that
IL-1 acted by enhancing the synthesis of IFN-y receptors.

IL-1 also caused a time-dependent increase in IFN-y receptor
mRNA levels that reached maximal levels 1-2 h earlier, but paralleled
the time course of the IL-1-mediated increase in IFN-y binding. In
addition, the dose-response effects of IL-1 on receptor mRNA levels
and IFN-y binding were virtually identical. Thus, these results suggest
that the increase in IFN-y receptor synthesis by IL-1 was due to an

increase in the corresponding mRNA levels.
Three lines of evidence suggest that the IL-1-mediated increase in

IFN-y receptor mRNA levels may be due to transcriptional activation
of the IFN-y receptor gene. First, inhibition of RNA synthesis with
actinomycin D completely blocked the IL-1-mediated increase in
IFN-y receptor mRNA levels. Second, inhibition of protein synthesis
with cycloheximide did not attenuate the IL-1-mediated increase in
IFN-y receptor mRNA, suggesting that the IL-1 effect did not require
the synthesis of accessory proteins. Third, IL-1 did not significantly
alter IFN-y receptor mRNA half-life, demonstrating that the increase
in IFN-y receptor mRNA levels by IL-1 was not due to an increase in
IFN-y receptor mRNA stability. Furthermore, the existence of short
lived proteins that control IFN-y receptor mRNA stability and turn
over was suggested by the fact that short-term treatment (1-2 h) with
either actinomycin D or cycloheximide increased basal IFN-y receptor

mRNA expression.
Although IL-1 and TNF bind to separate receptors (6), these cyto-

kines appear to activate common intracellular mechanisms. In the
present study, TNF caused an increase in both IFN-y receptor protein
expression and IFN-y receptor mRNA levels. Thus, it is probable that
TNF, like IL-1, increases the synthesis of IFN-y receptors by enhanc
ing IFN-y receptor mRNA levels. The increase in IFN-y receptor

mRNA levels in WiDR cells appeared to be relatively specific for TNF
and IL-1 inasmuch as IFN-y did not alter IFN-y receptor mRNA
levels. Both IL-1 and TNF have been shown to activate nuclear factor
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Fig. 7. Half-life of IFN-y receptor mRNA. Cells were incubated with or without 2(XK)
units/ml of IL-1 for 2 h. Cells were then incubated with actinomycin D (0.5 pg/ml) for
0, I, 2, 4, and 6 h. Northern blot analysis of RNA was carried out as in Fig. 4. Autora-
diographic bands were quantified by laser densilometry and IFN-y receptor mRNA levels
were plotted as the percentage of mRNA remaining (compared to cells not exposed to
actinomycin D) versus time of exposure to actinomycin D. IFN-y receptor mRNA half-life
was determined from logarithmic regression data from actinomycin D-treated cells. D,
control cells; â€¢¿�.IL-1-treated cells. Points, mean of 4 experiments; bars, SEM.
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KB, a pleiotropic transcription factor that is associated with the tran-

scriptional activation of various cellular genes (33, 34). Therefore, it
is possible that IL-1 and TNF may act by up-regulating IFN-y receptor
gene expression through the induction or activation of a transcrip-
tional factor(s) like nuclear factor. For example, up-regulation of IL-2
receptor a-chain expression by TNF has been shown to be associated
with the induction of proteins that interact with kB-like enhancer
elements in the IL-2 receptor a- chain gene (34).

It is not clear whether the actions of IL-1 observed in the present
study are physiological. However, stimulatory effects on IFN-y
mRNA levels and IFN-y binding were observed at 0.1 and 1.9 pM of
IL-1, respectively. Both concentrations are significantly below the K0
of IL-1 receptor as determined in the present study (0.6 nM) and in

other studies (0.26 to 0.88 nM) in different cell types (6, 35). Further
more, the maximally effective concentration of IL-1 with respect to
IFN-y mRNA induction (0.19 nM), is comparable to its maximally

effective concentrations with respect to TNF mRNA induction in
MCF breast cancer cells (36) and phosphatidylinositol kinase stimu
lation in human fibroblasts (37).

It has been proposed that the up-regulation of TNF receptors by
IFN-y may contribute to TNF and IFN-y synergistic growth inhibition

in some cells (38. 39). However, the precise mechanisms involved are
still largely unclear. The fact that both IL-1 and TNF up-regulate
IFN-y receptors and exert additive/synergistic growth inhibitory ef
fects with IFN-y in WiDR cells raises the possibility that IFN-y
receptor up-regulation may contribute to the mechanisms underlying

the growth inhibition. In view of the numerous regulatory functions of
all three cytokines, the IL-1/TNF-mediated regulation of IFN-y re

ceptor expression may represent an important mechanism for modu
lating IFN-y action.
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