
Abstract. The resistance of transformed colon epithelial cells
to immune system-mediated extrinsic apoptosis allows the
development of fast growing colon cancer. Several tactics
have been shown to clarify how colon adenocarcinomas
avoid cell deletion and remain viable. Regardless of the
presence of active membrane receptors, colorectal cancer
cells resist interferon-mediated cell death. Similarly, they are
refractory to TNF-α-dependent apoptosis. In our studies, we
assumed that IFN-R and TNF-R1 receptors compete for
STAT-1α kinase. Western blot and immunoprecipitation
analyses were used to evaluate the protein to protein
interactions. Cell viability was measured by MTT assay. We
observed that STAT-1α kinase is bound to TRADD protein in
TNF-R1 signalosome irrespective of the TNF-R1 bound
ligand. The amount of STAT-1α kinase associated with
TRADD was diminished after pretreatment with IFNs. IFN-α
stimulated the survival of COLO 205 cells rather than
promoted cell death. The latter was accompanied by NF-κB
activation, a fact known to promote anti-apoptosis. STAT-1α
renders colon adenocarcinoma COLO 205 cells less
susceptible to TNF-α-induced apoptosis but IFN-α further
extends the immune escape. 

Introduction

One group of cytokines used in anti-cancer therapy is
represented by the family of interferons (IFNs) (type I and
type II). IFNs, administrated alone or combined with anti-
tumor drugs were reported to be successful in the treatment
of chronic myelogenous leukemia, myeloma, hairy cell
leukemia, Kaposi's sarcoma, lymphomas, melanomas, renal

cell and bladder carcinomas (1-4). However, despite the
beneficial effects of IFNs in certain types of malignant
tumors, a substantial portion of patients fail to respond to
IFNs. Thus, a better understanding of the mechanisms that
underline IFN anti-tumor effect and the factors that are
responsible for the lack of response to IFNs would probably
improve the efficacy of cytokines used to treat neoplastic
diseases. Hitherto, there are no available data concerning the
molecular mechanisms of the IFN action in colon adeno-
carcinoma cells.

The IFN family includes two main classes of related
cytokines (type I and type II). There is a variety of type I
interferons, all of which have a considerably similar structure.
In humans, this group includes IFN-α, IFN-ß, IFN-ε, IFN-κ
and IFN-ω (5,6). All type I IFNs assemble with a common cell
surface receptor, which is known as the type I IFN receptor
(IFNAR) (5). By contrast, there is only one type II interferon
called IFN-γ that binds another cell surface receptor known
as the type II IFN receptor (IFNGR) (6). The type I receptor is
composed of two subunits, IFNAR1 and IFNAR2, which are
associated with the Janus activated kinase (JAK1) and
tyrosine kinase 2 (TYK2), respectively. The type II receptor
is also composed of two subunits: IFNGR1 and IFNGR2,
which are in turn associated with JAK1 and JAK2,
respectively (7,8). Upon JAK-mediated receptor protein
tyrosine phosphorylation, the signal transducers and
activators of transcription (STATs), (STAT-1α, STAT-2 and
STAT-3) dimerize and translocate to the nucleus to activate
transcription of IFN-stimulated genes (9).

It is apparent that the activation of JAK-STAT pathway
alone is not sufficient for the generation of all of the
biological activities of IFNs. There is accumulating evidence
that several other IFN-regulated signaling elements and
cascades are required for the generation of many cellular
responses to IFNs. Some of these pathways cooperate with
the JAK-STAT pathway, whereas others only with STATs.
TNF-α signaling pathway is one of the postulated targets for
IFNs. For the first time in 1997 Kumar et al (10) observed
that the U3A STAT-1α-null cells were resistant to TNF-α-
induced apoptosis. The authors did not explain the
mechanism of STAT-1α cooperation with TNF-α signaling
cascade. The possible scenario was described by Wang et al
(11), who revealed that in HeLa cells STAT-1α is bound to
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TRADD protein in TNF-R1 signalosome and thus inhibits
NF-κB activation and promotes apoptosis induction. The
TRADD-STAT-1α association was detected only in immuno-
precipitates from TNF-α-treated cells, whereas STAT-1α did
not assemble with TRADD in untreated cells. The authors
assumed, that STAT-1α plays a role in either stabilizing the
death signaling complex (TRADD-FADD) or preventing
TRADD-RIP complex formation. In cells lacking STAT-1α,
TRADD-FADD complex formation was unaffected, whereas
TRADD-RIP and TRADD-TRAF2 interactions in response
to TNF-α treatment were enhanced and comparable to
parental cells. Moreover, Wang et al (11) showed that TNF-α
treatment caused Y701 phosphorylation of STAT-1α. In spite
of constitutive S727 residue phosphorylation, which
determines the transcriptional activity of STAT-1α, no DNA
binding activity was detected. It was concluded, that STAT-1α
recruited to TNF-R1 might function as a signal transducer
rather than as an activator of transcription. The steps in the
pathway through which TNF-α induces such a response are
still not fully understood. Neither TNF-α receptor contains a
protein tyrosine domain or any motif suggesting such
biochemical activity (12,13). However, Guo et al (14)
identified protein tyrosine kinases involved in TNF-α signal
transduction. In 3T3-L1 adipocytes the TNF-α-induced
tyrosine phosphorylation and activation of JAK1, JAK2 and
TYK2, although the most evident was the JAK2
phosphorylation. Moreover, direct interaction between
JAK2 and TNF-R1 was also demonstrated (14). In addition to
promoting JAK kinase activity, TNF-α also induced tyrosine
phosphorylation of a selected group of STAT proteins, among
them also the STAT-1α. Similarly to Wang et al (11), in
3T3-L1 adipocytes, despite the tyrosine phosphorylation of
STAT-1α, no DNA-binding activity was detected. In contrast,
Wesemann et al (15) showed that TNF-α did not stimulate
TRADD-STAT-1α complex formation in macrophages. This
association was induced by IFN-γ treatment. Interestingly, the
previous studies (15) described TNF-α-induced formation of
TNF-R1-STAT-1α complexes. In both cases the authors
concluded that the complexes formed do not require STAT-1α
phosphorylation. In contrast to Guo et al (14), via
coimmunoprecipitation assay the authors were unable to
detect any TNF-R1-JAK1 or TNF-R1-JAK2 associations in
the absence or presence of either TNF-α or IFN-γ. Finally,
Wesemann et al (15), similarly to Wang et al (11) confirmed
that STAT-1α is able to inhibit TNF-α-mediated NF-κB
activation. Furthermore, the transcriptional action of TRADD-
STAT-1α complexes and their involvement in IFN-γ-induced
gene expression was also postulated (15). The other point of
view was presented by Mukhopadhyay et al (16), who found
that in U3A fibroblasts STAT-1α which had a minimal effect
on TNF-α-induced NF-κB activation, was involved in IFN-α-
induced suppression of TNF-α-mediated IκB degradation. It is
also widely known that in colon cancer cells, STATs are often
constitutively activated (17). According to our previous
results, in COLO 205 cells regardless of the dose and time
TNF-α did not induce NF-κB activation (18). Hitherto, there
are no studies concerning the role of STAT-1α kinase in
TNF-α signaling pathway in human colon adenocarcinoma
cells. The aim of our study was to investigate if STAT-1α

kinase is involved in TNF-α signaling pathway in COLO 205
cells stimulated by IFNs.

Materials and methods

Reagents. All reagents: dimethyl sulfoxide (DMSO), Tris,
4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid
(HEPES), ethylenediaminetetraacetic acid (EDTA), (2-amino-
ethoxyethane)-N,N,N',N'-tetraacetic acid (EGTA), poly-
oxyethylene sorbitan monolaurate (TWEEN-20), sodium
chloride (NaCl), bovine serum albumin (BSA), 3-(4,5-
dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide
(MTT), phenylmethylsulphonylfluoride (PMSF), dithiothreitol
(DTT), 2-(4-morpholinyl)-8-phenylchromone (LY 294002),
interferon-α (IFN-α), interferon-γ (IFN-γ) were cell culture
tested, of high purity and unless otherwise stated they were
purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO,
USA). Reagents for experimental applications were prepared
according to the manufacturer's instructions and if possible
stored as stock solutions (1000-fold the highest working
concentration). Primary polyclonal rabbit anti-NF-κB, anti-IκB,
anti-FADD and goat polyclonal anti-TRADD, anti-ß-actin
and mouse monoclonal anti-STAT-1α, anti-Y701p-STAT-1α
IgG antibodies and secondary horseradish peroxidase (HRP)
conjugated donkey anti-rabbit, donkey anti-goat and donkey
anti-mouse antibodies were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Other reagents were
purchased as stated in the description of the respective
methods. Sodium dodecyl sulphate (SDS) 100 g/l, sequi-blot
polyvinylidene fluoride (PVDF) membrane 0.2 μm and all
reagents for immunoblotting were obtained from Bio-Rad
Laboratories (Hercules, CA, USA). Sera, media and
antibiotics were obtained from Gibco Life Technologies
(Paisley, UK).

Cell culture. Human colon adenocarcinoma cell line COLO
205 was purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were maintained in the
exponential phase of growth in growth medium [GM, 100 ml/l
Fetal Bovine Serum (FBS)/Dulbecco's Modified Eagle
Medium (DMEM) with Glutamax and antibiotic-antimycotic
mixture (penicillin G sodium salt 50 IU/ml, streptomycin
sulphate 50 μg/ml, gentamycin sulphate 20 μg/ml, fungizone -
amphotericin B 1 μg/ml)]. The cells were grown at 37˚C, in a
controlled, humidified 50 ml/l CO2 atmosphere, on a
multiwell (4) Lab-Tek Chamber Slide w/Cover (Permanox
Slide Sterile, Nalge Nunc International, Naperville, IL, USA)
or tissue culture Petri dishes (100-mm diameter, BD
Biosciences, Franklin Lakes, NJ, USA).

Experimental procedure. During propagation, the medium was
changed every other day until cultures reached 100%
confluence. One-day (24 h) prior to the experiment, confluent
cells (cells of this same cell density fully covering the surface
of the dish) were then switched to post-mitotic status to induce
quiescence (withdrawal from cell cycle) by replacing GM with
20 g/l BSA/DMEM designated as a control medium (CTRL).
In the above-mentioned conditions divisions of COLO 205 cell
have been completed. During the study, freshly prepared media
with or without experimental factors were changed according
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to the experimental schedule. With regard to DMSO as
solvent, the lowest DMSO concentration (0.1% v/v) was
used in the control system, while for other treatments a fresh
control medium became the control system (CTRL). Exactly
30 min prior to the application of water-soluble reagents,
DMSO-dissolved reagents (LY 294002) were added.

Cell viability. Assessment of cell viability based on
mitochondrial function was assayed by the ability of cells to
convert soluble MTT into an insoluble purple formazan
reaction product with minor modifications to protocol
described by Jacobson et al (19). For this assay, during the last
1 h of incubation time the media were replaced by MTT
solution (5 mg/ml in DMEM without phenol red, sterilized by
filtration). MTT solution was then aspirated and formazan in
cells was instantly dissolved by the addition of 100 μl DMSO.
Cells were examined under phase-contrast microscopy before
application of MTT to visually assess the degree of cell death.
The absorbance was measured at 570/630 nm with ELISA
reader type Infinite 200 (TECAN, Grodig, Austria).
Percentage cell viability (MTT conversion into purple
formazan in comparison with CTRL (20 g/l BSA/ DMEM) or

1 ml/l DMSO in control medium indicates cell viability
(mitochondrial respiration or activity of mitochondrial
dehydrogenases).

Preparation of whole-cell lysates. Cells were grown on
100-mm diameter culture Petri dishes. To obtain whole-cell
lysates a 1 ml aliquot of ice-cold Phosphate-Buffered Saline
Ca2+ and Mg2+ (PBS) was added and cells were immediately
scraped from the plastics and collected by centrifugation
(10000 x g for 10 min, 4˚C). An aliquot (1.0 ml) of RIPA
buffer (1x PBS, 10 ml/l Igepal CA-630, 5 g/l sodium
deoxycholate, 1 g/l SDS) supplemented with 0.4 mM PMSF,
10 μg/ml of aprotinin and 10 μg/ml of sodium orthovanadate
(Sigma-Aldrich Chemicals Co.) was added to lyse the cell
pellet and cells were broken up by repetitive trituration with
the syringe with an attached needle (0.6-mm diameter). Cell
suspension was then left on ice (4˚C) for 30 min, then
centrifuged for another 5 min (4˚C, 10000 x g). Next, viscous
solution was divided into smaller volumes and transferred to
fresh Eppendorf tubes and stored at -80˚C until used.

Preparation of cytoplasmic and nuclear lysates. Cells were
grown on 100-mm diameter culture Petri dishes. Following
each experiment the cells were washed twice with PBS,
scraped off in PBS and centrifuged (4˚C, 10000 x g, 5 min).
Cell pellets were stored at -80˚C to the end of the experiment.
Cell pellets were resuspended in 400 μl of ice-cold buffer
(10 mM HEPES pH 7.9; 10 mM KCl; 0.1 mM EDTA; 0.1 mM
EGTA; 1 mM DTT; 0.5 mM PMSF), were then incubated on
ice for 15 min, after which 25 μl of a 100 ml/l solution of
Igepal CA-630 was added. After centrifugation (20˚C,
1000 x g, 30 sec), supernatants containing cytoplasm were
transferred to fresh tubes and were stored at -20˚C. Nuclear
pellets were resuspended in 200 μl RIPA buffer as described
for whole-cell lysates. PMSF (0.1 mg/ml) was added and
cells were incubated 30 min on ice. After centrifugation (4˚C,
10000 x g, 5 min) nuclear lysates were stored at -80˚C until
analysis. Soluble protein concentrations in the whole-cell, the
cytoplasmic and the nuclear fractions were determined by a
protein-dye-binding method (20) with commercial reagent
(Bio-Rad Laboratories).

Immunoprecipitation and Western blotting. Whole-cell lysates
containing 900 μg of protein were incubated overnight at 4˚C
with 1.5 μg (7.5 μl) rabbit polyclonal anti-FADD or mouse
monoclonal anti-STAT-1α and for an additional 3 h with 30 μl
protein A/G bead slurry (Santa Cruz, CA, USA). Beads were
then washed four times with cold RIPA buffer, boiled in
sample buffer (2 x Laemmli buffer, Sigma-Aldrich Chemical
Co.) for 3 to 5 min, separated by 10% SDS-PAGE, transferred
to a PVDF membrane and probed with a mouse monoclonal
anti-STAT-1α or a goat polyclonal anti-TRADD IgG
antibody (1 μg/ml) for detection of endogenous protein
associations. For detection of activated proteins RIPA lysates
from these same collections were separated by SDS-PAGE,
transferred to PVDF membrane (0.2 μm) and probed with an
appropriate antiserum. Finally, probing with primary antibody
against immunoprecipitation antibody and subsequent species-
specific secondary antibody were used to verify equal protein
loading. The enhanced chemiluminescence (ECL or ECL Plus)
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Figure 1. MTT assay of COLO 205 cells in the presence of (a) interferon-γ

(IFN-γ) (10, 100, 1000 ng/ml), (b) interferon-α (IFN-α) (10, 100, 1000 ng/ml).
Viability was calculated as a percentage of initial control value at time ‘0’. No
significant differences between IFN-treated and untreated cells were
observed (P>0.05).

Figure 2. Western blot analysis of cytoplasmic (c) and nuclear (n) lysates of
COLO 205 cells showing the expression and localization of NF-κB and IκB
proteins after TNF-α (10 ng/ml, 5, 15, 30, 60 min) treatment. Equal protein
loading was checked by ß-actin protein level.
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method was used for protein detection (Amersham
International, Aylesbury, UK).

Electrophoresis and immunoblotting. Equal amounts of
sample protein (either 50 μg or 30 μg) isolated from the
treated or untreated COLO 205 cells were then resolved by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) followed by immunoblotting. Electrotransfer of
proteins to PVDF membranes (0.2 μm) was performed for
1.5 h at 100 V and followed by overnight blocking (4˚C) in
TBS buffer (20 mM Tris, 500 mM NaCl, pH 7.5)
supplemented with 50 g/l non-fat powdered milk. Membranes
were stained with Poinceau S. dye to check equal and
homogeneous loading. After washing in TBST (TBS
containing 0.5 ml/Tween-20), the membranes were
immunostained by standard methods provided by the
manufacturer (Santa Cruz, CA, USA). They were probed with
a primary antibody (rabbit polyclonal anti-NF-κB or anti-IκB)
(Santa Cruz, CA, USA) for 1 h at 20˚C or overnight at 4˚C,
washed three times in TBST and were further incubated with
the secondary donkey anti-rabbit or donkey anti-goat
antibodies conjugated with HRP (see Reagent's section).
Membranes were also probed with goat polyclonal anti-ß-actin
antibody to normalize proteins level in whole-cell, cytoplasmic
and in nuclear lysates (21). The blots were developed using the
enhanced chemiluminescence (ECL or ECL Plus) detection
system (Amersham International) according to the
manufacturer's instructions. After exposure, photographs were
taken with a Kodak DC 290 zoom digital camera and were
scanned and analyzed using the Kodak EDAS 290/Kodak 1D
3.5 system (Eastman Kodak Company, Rochester, NY,
USA).

Statistical analysis. Each treatment was carried out in triplicate
and each experiment was repeated at least twice. The results
were statistically evaluated with one-way ANOVA and
Tukey's multiple range test when compared to control
treatments, or by two-way ANOVA with Benferroni post-test
to compare replicate means between the treatments. These
analyses were performed using GraphPad PrismTM version
4.03 software (GraphPad Software Inc., San Diego, CA,
USA). In order to show the quantitative differences,
percentage of initial control value set arbitrary as 100%
(experimental value/initial control value x 100) at each time
point were used. Statistical differences were interpreted as
significant at P<0.05 and highly significant at P<0.01.

Results

COLO 205 cells are resistant to cytotoxic effect of interferons
(IFN-α and IFN-γ). To examine whether interferons disturb
vital cellular processes in COLO 205 cells, a series of viability
tests (MTT assay) was carried out. Experimental values were
compared with the control value from the hour ‘0’, which
indicates the viability of cells measured after the end of 24-h
preincubation with 20 g/l BSA/DMEM (% of initial control)
and is convenient to show the dynamics of changes. The
reduction of MTT into insoluble formazan was not
significantly different in IFN-γ (Fig. 1A) or IFN-α-treated
(Fig. 1B) COLO 205 cells in comparison to untreated ones

(P>0.05). Neither IFN-γ nor IFN-α if used individually can
reduce COLO 205 cell viability, irrespective of dose (10, 100
and 1000 ng/ml) and time of incubation (6, 12 and 24 h).

IFN-α and IFN-γ diminish the STAT-1α kinase level in TNF-R1
signalosome. According to our previous observations TNF-α
does not activate the NF-κB signaling pathway in COLO 205
cells as demonstrated by immunocytochemistry studies (22).
These same results were obtained from Western blot
analysis, which have shown ultimately cytoplasmic
localization of NF-κB and the lack of IκB degradation (Fig. 2).
We hypothesized, that the presence of additional protein(s) in
TNF-α-TNF-R1 complex is in charge of inhibiting signal
transduction. We performed the immunoprecipitation study
according to Wang et al (11), to verify whether the STAT-1α
kinase is bound to TRADD protein. The STAT-1α immuno-
precipitate both from untreated control and TNF-α-treated
COLO 205 cells (10 ng/ml, 5, 15, 30 and 60 min) demonstrated
TRADD protein was bound to STAT-1α kinase, however, the
concentration of the ligand (TNF-α) acting on its cognate
receptor (TNF-R1) or the time of incubation were irrelevent
to the level of associated protein (Fig. 3A). The immuno-
precipitate of TRADD protein and subsequent immunoblotting
of STAT-1α kinase revealed similar results (data not shown).
The presence of TRADD in TRADD-STAT-1α complexes in
control cells suggests, that STAT-1α could be preferentially
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Figure 3. The analysis of protein-protein interactions by immunoprecipitation.
The whole-cell lysates from: (a) TNF-α- (10 ng/ml, 5, 15, 30, 60 min) or (b)
IFN-α- or IFN-γ-treated (10 ng/ml, 24 h) and untreated cells (CTRL) were
immunoprecipitated with anti-STAT-1α antibody on A/G agarose beads. After
PAGE the TRADD proteins were detected by immunoblotting. (c) Bar charts
represent relative integrated optical density values.
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linked to TNF-R1 irrespective to IFN-R in COLO 205 cells.
Actually, the levels of TRADD protein in STAT-1α
immunoprecipitates from IFN-α- or IFN-γ-stimulated cells
(10 ng/ml, 24 h) were also lower in comparison to control cells
(Fig. 3B).

IFN-α pretreatment allows TNF-α to induce NF-κB in COLO
205 cells. Keeping in mind the hypothesis of Wang et al (11)
concerning the inhibitory role of STAT-1α in TNF-R1
signalosome, we decided to determine whether IFNs affect
TNF-α-dependent NF-κB activation. Prior to TNF-α
administration, COLO 205 cells were pre-treated with IFN-α
or IFN-γ (10 ng/ml) for 24 h. Following pretreatment, the
TNF-α (10 ng/ml) was added for 5, 15, 30 and 60 min and
NF-κB intracellular location was examined. Surprisingly, if
assessed by the nuclear position of NF-κB only IFN-α
pretreatment allowed TNF-α to activate NF-κB. After 15 and
30 min of TNF-α administration the Western blot revealed a
higher level of the NF-κB in the nucleus and a diminished level
of cytoplasmic IκB (Fig. 4B). In spite of IFN-γ-mediated
decrease in the level of STAT-1α-TRADD complexes (Fig. 3B)
and regardless of the time of TNF-α treatment, NF-κB still
remained in the cytoplasm (lack of NF-κB in nucleus and the
presence of IκB in the cytoplasm, Fig. 4A). It is known, that
IFN-α is able to support cell survival via other signaling
pathways, such as through the phosphatidylinositol 3-kinase/
protein kinase B-Akt (PI3-K/PKB-Akt). To find out, whether
the IFN-α-mediates TNF-α-dependent NF-κB nuclear
translocation through the PI3-K/Akt signaling pathway we
performed an experiment with LY 294002 (20 μM), a highly

specific PI3-K inhibitor (the concentration of LY 294002 was
evaluated previously). We found that during TNF-α
treatment, the PI3-K inhibitor did not affect the TNF-α-
induced NF-κB activation (Fig. 4C). Similarly to IFN-α
pretreated cells, the NF-κB shifted to the nucleus at least
15 min after TNF-α addition. At this same time the level of
IκB dropped. NF-κB activation, after IFN-α preincubation with
the subsequent TNF-α administration evoked a nuclear signal
that lasted for at least 30 min (after 60 min of TNF-α action
NF-κB was detected only in the cytoplasm). Probably, it
suggests the existence of dynamic competition for STAT-1α
between TNF-R1 and IFNAR. We observed extended NF-κB
nuclear signal ultimately in cells pretreated with IFN-α and
subsequently co-treated with TNF-α (10 ng/ml) and IFN-α
(10 ng/ml). It appeared, that concomitant stimulation with
IFN-α and TNF-α resulted in accelerated NF-κB nuclear
translocation. We assume that the presence of IFN-α was
crucial for NF-κB activation, because the combined
treatment with TNF-α and IFN-α can keep NF-κB in the
nucleus for at least 60 min as shown in Fig. 4D. Taken
together, these results provide strong evidence for crosstalk
between IFN-α and TNF-α signaling pathways.

IFN-α but not IFN-γ stimulates STAT-1α expression and Y701
phosphorylation. STAT-1α is the major transducer of IFN
signals. To explain the resistance of COLO 205 cells to the
cytotoxic action of IFNs (Fig. 1) we performed Western blot
analysis. To examine the level of Y701 phosphorylated form
of STAT-1α (p-Y701-STAT-1α) cells were initially
incubated with IFN-α or IFN-γ (10 ng/ml) for 24 h. It was
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Figure 4. Western blot analysis of cytoplasmic (c) and nuclear (n) lysates of COLO 205 cells showing the expression and localization of NF-κB and IκB
proteins after: (a) 24-hour preincubation with IFN-γ (10 ng/ml) and subsequent TNF-α treatment, (b) 24-hour preincubation with IFN-α (10 ng/ml) and
subsequent TNF-α treatment, (c) 24-hour preincubation with IFN-α and LY 294002 (20 μM, 30 min) and subsequent TNF-α and LY 294002 treatment, (d)
24-h preincubation with IFN-α and subsequent TNF-α and IFN-α treatment. Equal protein loading was checked by ß-actin protein level.
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found that the p-Y701-STAT-1α level was higher in IFN-α-
than in IFN-γ-stimulated cells (Fig. 5). Likewise, a higher
expression of STAT-1α was found in IFN-α-treated cells.

Discussion

In the present study, we provided direct evidence for
crosstalk between TNF-α and IFN-α signaling pathways in
human colon adenocarcinoma COLO 205 cells. Colon cancer
cells are extremely resistant to the natural immune system that
mediates apoptosis. Therefore, considerable attention has been
paid to death ligands and interferons as therapeutic agents to
treat human cancers. It was previously demonstrated that the
combined treatment of IFN-γ together with TRAIL caused
caspase-8 cleavage, the loss of mitochondrial potential,
cytochrome c release and cell death (23). Similarly, Park et al
(24) and Abadie et al (25) demonstrated that IFN-γ mediated
the TRAIL-induced apoptosis through stimulation of IRF-1
(Interferon Regulatory Factor 1). Moreover, Abadie et al (25)
reported on the exposure of mitochondria membranes to
Apo2.7 antigen (antigen restricted to cells undergoing
apoptosis) in IFN-γ or IFN-γ and IFN-α or IFN-γ and TNF-α-
treated cells. No such effects were observed when cells were
treated individually with IFN-α or TNF-α, even in high, non-
physiological concentrations. Irrespective to numerous reports
describing the anti-cancer activity of IFNs and their synergistic
action with death ligands, our observations revealed that no
such response occurred either in IFN-α- or in IFN-γ-treated
COLO 205 cells, even when those cytokines were used in a
very high concentration (1 μg/ml) (Fig. 1). Furthermore, the
preincubation with either IFN-α or IFN-γ did not sensitize
COLO 205 cells to the TNF-α apoptotic signal. Also, the

simultaneous exposure to IFNs and TNF-α did not render
cells reactive to apoptogenic stimuli (data not shown).
Assumed lack of IFN-dependent signal transduction in colon
cancer cells prompted us to verify if the resistance to IFNs
resulted from the limited accessibility of STAT-1α kinase, the
main transducer of IFN signals. Confronting Wang et al (11)
and Wesemann et al (15,26) studies, the STAT-1α kinase
might be timely and spatially restricted to TNF-R1-TRADD
signalosome, where it inhibits NF-κB. As we previously
demonstrated, in COLO 205 cells, TNF-α did not stimulate
NF-κB nuclear translocation, irrespective to time of incubation
(0.5, 1, 2, 4 h) and concentration (1, 10, 100 ng/ml) of TNF-α
(18). In accordance with Wang et al (11) and Wesemann et al
(26) we performed the immunoprecipitation analyses, which
revealed STAT-1α complexed with TRADD protein (Fig. 3A).
In contrast to Wang et al (11), however, we found that a non-
phosphorylated form of STAT-1α was prevalent in complexes
with TRADD and that TNF-α did not enhance the level of
p-Y701-STAT-1α in COLO 205 (22). Noteworthy, our data
indicate that IFN-Rs can dynamically compete with TNF-R1
for STAT-1α in COLO 205. Moreover, TNF-R1 is the main
target for STAT-1α kinase since the IFN administration led to
a decrease of STAT-1α level associated with TRADD protein
in comparison to untreated cells (Fig. 3B). Therefore, the lack
of STAT-1α phosphorylation at the IFN-γR but not IFN-αR
might explain the resistance of COLO 205 cells to IFN-γ
stimuli.

An intriguing question remains to be answered: what is the
role of constitutive presence of STAT-1α-TRADD complexes
in COLO 205 cells which are neither affected by IFNs nor
TNF-α? In particular, it would be advantageous to know if the
presence of STAT-1α affects the TRADD-FADD complex
formation and if it contributes to the resistance to TNF-α-
induced apoptosis. According to Wang et al (11) and
Wesemann et al (26) STAT-1α plays the negative role in
NF-κB activation. Based on our data, the reduced level of
STAT-1α in TNF-R1 complex results in TNF-α-induced NF-
κB activation. Thus, one can admit the pretreatment with
IFNs and subsequent TNF-α administration as a stimulus to
the NF-κB nuclear translocation and IκB degradation. In any
case, the series of Western blot analyses clearly showed, that
although STAT-1α is involved in both of IFN signaling
pathways, it was IFN-α but not IFN-γ that led TNF-α to
evoke NF-κB nuclear signals (Fig. 4A, B). IFN-α can also act
on other targets, such as PI3-K/Akt signaling pathway which
maintains cell viability using NF-κB. We therefore, used
LY294002 to exclude the commitment of PI3-K to IFN-α/
TNF-α-dependent NF-κB activation. For the first time, we
provide evidence that IFN-α supports TNF-α-induced NF-κB
activation via STAT-1α- but not PI3-K/Akt-dependent route.
It is not clear why IFN-α but not IFN-γ exerted such an effect.
The TNF-α-dependent NF-κB activation is determined by the
phosphorylation status of STAT-1α kinase. In Fig. 5, it is
shown that p-Y701-STAT-1α level was increased in IFN-α-
treated cells. It was not the case for IFN-γ. 

In conclusion, it is possible that ultimately non-phos-
phorylated STAT-1α kinase possesses the ability to ligate
with TRADD, whereas once activated it is most likely
released from TNF-R1 signalosome. Lack of p-Y701-STAT-1α
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Figure 5. (a) Western blot analysis of whole-cell lysates of COLO 205 cells
showing the expression of p-Y701-STAT-1α, STAT-1α and TRADD
proteins after IFN-α or IFN-γ (10 ng/ml, 24 h) treatment. (b) Bar charts
represent relative integrated optical density values.
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after IFN-γ treatment was previously reported by Boudny et al
(27) and was indicative for malignant melanoma cells. It is
possible that by immunoediting (28) - phenotypical changes,
such as by turning off the IFN-γ/STAT-1α signaling pathway
cancer cells acquire the ability for extensive growth. 

The presented studies define an unexpected novel
mechanism of immunoediting and provide new insight into the
cooperation between IFN-α and TNF-α. Based on the
presented results we conclude that the IFN-α, which is
postulated in the widely accepted anti-cancer therapy, should
be used with caution in certain types of malignant tumors.
Human colon adenocarcinoma cells treated with IFN-α are
unlikely to undergo apoptosis, moreover, they would probably
gain a feature to progress in growth via NF-κB-dependent
anti-apoptosis. Altogether, our findings show that the more
the immune system is trying to eliminate cancer cells, the
more resistant they become. To provide rationale for more
specific and more suitable targets of anti-cancer immuno-
therapy better insight into the IFNs or death ligand actions on
cancer cells is urgently needed.

Acknowledgements

Support for this work was provided by a grant no. 0056/
P01/2006/31 from the State Committee for Scientific Research
in Poland. Beata Pajak dedicates this report to her parents
Hanna and Roman Pajak for their love and support.

References

1. Fischl MA, Uttamachandani RB, Resnick L, Agarwal R,
Fletcher MA, Patrone-Reese J, Dearmas L, CHidekel J,
McCann M, Myers M: A phase I study of recombinant human
interferon-alpha 2a or human lymphoblastoid interferon-alpha n1
and concomitant zidovudine in patients with AIDS-related
Kaposi's sarcoma. J Acquir Immune Defic Syndr 4: 1-10, 1991.

2. Son MJ, Song HS, Kim MH, Kim JT, Kang CM, Jeon JW,
Park SY, Kim YJ, Groves MD, Park K, Kim JH, Nam DH:
Synergistic effect and condition of pegylated interferon alpha
with paclitaxel on glioblastoma. Int J Oncol 28: 1385-1392,
2006.

3. Stark GR, Kerr IM, Williams BRG, Silverman RH, Schreiber RD:
How cells respond to interferons. Ann Rev Biochem 67: 227-264,
1998.

4. Yang H, Grossniklaus HE: Combined immunologic and anti-
angiogenic therapy reduces hepatic micrometastases in a murine
ocular melanoma model. Curr Eye Res 31: 557-562, 2006.

5. Pestka S: The human interferon α species and hybrid proteins.
Semin. Oncology 24: S9-4-S9-7, 1997.

6. Pestka S, Kotenko SW, Muthukumaran G, Izotova LS, Cook JR,
Garotta G: The interferon γ (IFN-γ) receptor: a paradigm for the
multichain cytokine receptor. Cytokine Growth Factor Rev 15:
563-591, 1997.

7. Friedman RL, Stark GR: Alpha-interferon-induced transcription
of HLA and metallothionein genes containing homologous
upstream sequences. Nature 341: 637-639, 1985.

8. Larner AC, Chaudhuri A, Darnell JEJ: Transcriptional induction
by interferon. New protein(s) determine the extent and length of
the induction. J Biol Chem 261: 453-459, 1986.

9. Darnell JEJ, Kerr IM, Stark GR: Jak-STAT pathways and
transcriptional activation in response to IFNs and other
extracellular signaling proteins. Science 264: 1415-1421, 1994. 

10. Kumar A, Commane M, Flickinger TW, Horvath CM, Stark GR:
Defective TNF-α-induced apoptosis in STAT1-null cells due to
low constitutive levels of caspases. Science 278: 1630-1632,
1997.

11. Wang Y, Wu TR, Walte T, Chin YE: Stat1 as a component of
tumor necrosis factor alpha receptor 1-TRADD signaling
complex to inhibit NF-kappaB activation. Mol Cell Biol 20:
4505-4512, 2000.

12. Loetscher H, Pan HC, Lahm HW, Gentz R, Brockhaus M,
Tabuchi H, Lesslauer W: Molecular cloning and expression of the
human 55 kDa tumor necrosis factor receptor. Cell 61: 351-359,
1990.

13. Schall TJ, Lewis M, Koller KJ, Lee A, Rich GC, Wong GHW,
Gatanga T, Granger GA, Lentz R, Raab H: Molecular cloning and
expression of a receptor for tumor necrosis factor. Cell 61:
361-370, 1990.

14. Guo D, Dunbar JD, Yang CH, Pfeffer LM, Donner DB: Induction
of Jak/STAT signaling by activation of the type 1 TNF receptor. J
Immunol 160: 2742-2750, 1998.

15. Wesemann DR, Qin H, Kokorina N, Benveniste EN: TRADD
interacts with STAT1-α and influences interferon-γ signaling.
Nature Immunol 5: 199-207, 2004.

16. Mukhopadhyay A, Shishodia S, Fu XY, Aggarwal BB: Lack of
recruitment of STAT1 for activation of nuclear factor-κB, c-Jun
NH2-terminal protein kinase and apoptosis by tumor necrosis
factor-α. J Cell Biochem 84: 803-815, 2002.

17. Bromberg J: STAT proteins in oncogenesis. J Clin Invest 109:
1139-1142, 2002.

18. Pajak B, Orzechowski A: Cycloxehimide-mediated sensitization
to TNF-α-induced apoptosis in human colorectal cancer cell line
COLO 205: role of FLIP and metabolic inhibitors. J Physiol
Pharmacol 56: 101-118, 2005.

19. Jacobson MD, Burne JF, Raff MC: Programmed cell death and
Bcl-2 protection in the absence of a nucleus. EMBO J 13:
1899-1910, 1994.

20. Bradford MM: A rapid and sensitive method for the quantification
of microgram quantities of protein utilizing the principle of
protein dye binding. Anal Biochem 72: 248-254, 1976.

21. Percipalle P, Visa N: Molecular functions of nuclear actin in
transcription. J Cell Biol 20: 1-5, 2006.

22. Pajak B, Gajkowska B, Orzechowski A: Position of STAT-1α in
cycloheximide-dependent apoptosis triggered by TNF-α in human
colorectal COLO 205 cancer cell line: role of polyphenolic
compounds. J Physiol Pharmacol 56: 119-141, 2005.

23. Fulda S, Debatin KM: IFNγ sensitizes for apoptosis by
upregulating caspase-8 expression through the STAT1 pathawy.
Oncogene 21: 2295-2308, 2002.

24. Park SY, Seol JW, Lee YJ, Cho JH, Kang HS, Kim IS, Park SH,
Kim TH, Yim JH, Kim M, Billiar TR, Seol DW: IFN-γ enhances
TRAIL-induced apoptosis through IRF-1. Eur J Biochem 271:
4222-4228, 2004.

25. Abadie A, Besancon F, Wietzerbin J: Type I interferon and TNFα
cooperate with type II interferon for TRAIL induction and
triggering of apoptosis in SK-N-MC EWING tumor cells.
Oncogene 23: 4911-4920, 2004.

26. Wesemann DR, Benveniste EN: STAT-1α and IFN-γ as
modulators of TNF-α signaling in macrophages: regulation and
functional implications of the TNF receptor 1: STAT-1α
complex. J Immunol 171: 5313-5319, 2003.

27. Boudny V, Dusek L, Adamkova L, Chumchalova J, Kocak I,
Fait V, Lauerova L, Krejci E, Kovarik J: Lack of STAT 1
phosphorylation at TYR 701 by IFNgamma correlates with
disease outcome in melanoma patients. Neoplasma 52: 330-337,
2005.

28. Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD: Cancer
immunoediting: from immunosurveillance to tumor escape. Nat
Immunol 3: 991-998, 2002.

ONCOLOGY REPORTS  18:  1039-1045,  2007 1045

1039-1045  10/9/07  10:46  Page 1045


