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SUMMARY

Natural inhibitors to various cytokines including interfer-
on (IFN), have been documented in vitro as well as in vivo.
The aim of this study was to investigate the existence of
IFN inhibitors in the serum of patients with hepatocellular
carcinoma and to postulate their possible clinical signifi-
cance. Sera from 16 patients with hepatocellular carcino-
ma, collected before any treatment, were tested while sera
from 24 healthy blood donors were used as controls. All
serum samples were tested for IFN- blocking and endog-
enous IFN-like activity. These activities were measured by
a bioassay based on the IFN displaying antiviral state in
three different cell lines highly sensitive to IFN: A549 , Intes-
tine-407 and Chang liver cells. IFN-blocking activity was
detected in the cell lines mentioned above in 93.7%, 12.5%
and 37.5% of patients� sera respectively. No IFN-blocking
activity was detected in the controls. The results support a
cytokine and cytokine inhibitor network mediating patho-
physiolïgical events in the cellular level as well as in the
whole organism. The limited responsiveness of hepatocel-
lular carcinoma to rIFNá may potentially be due to the pres-
ence of such inhibitors.
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INTRODUCTION

Early work on interferons (IFNs) revealed the exist-

ence of several inactivators and/or inhibitors in a variety
of cultures, tissues and body fluids, including human
sera.1.2 An antagonistic action between IFN, sarcolectins,
growth factors and colony stimulating factors has also
been documented in models in vitro.3,4 Furthermore, IFN
is already known to act synergistically or antagonistical-
ly with tumor necrosis factor (TNF) and other cytokines,
while natural inhibitors to various cytokines have also
been described.5

In the last several years, extensive application of IFN
and evaluation of its clinical potential in cancer and vi-
ral diseases has rekindled interest in the IFN inactiva-
tors and/or inhibitors (anti IFN activity). Interestingly,
nonantibody type IFN inhibitors were found in the cir-
culation of patients with neoplastic and viral diseases.6,7

The net biological effect would depend on the relative
concentrations of various cytokines and inhibitors in the
pericellular environment of any diseased tissue. IFN in-
hibitors have been implicated in IFN ineffectiveness dur-
ing IFN treatment in patients with malignant neoplasia.2,7

The aim of this study was to investigate IFN inhibiting
activity in sera from patients with hepatocellular carci-
noma (a type of cancer not responding to IFN treatment),
exerted in a variety of cellular types, as well as to eluci-
date the determinants of cellular sensitivity to such IFN
inhibitors and/or antagonists.

METHODOLOGY

Patients and controls

Sixteen patients with clinically evident hepatocellu-
lar carcinoma (HCC), diagnosed by physical examina-
tion, imaging and other laboratory examinations, were
included in the study. The diagnosis was histologically
confirmed in all cases. All patients, 14 men and 2 wom-
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en, with a mean age of 62.4 years (range: 42-76 years),
were hospitalized in NIMTS Hospital, Athens. Serum
samples from all patients were collected before any kind
of treatment and stored at -70o C until use. Sera controls
were collected from 24 apparently healthy blood donors,
with a mean age of 48.5 years (range: 40-58 years).

Method

IFN-inhibiting activity, as well as endogenous IFN-
like activity, were determined in all serum samples in
three established cell lines of different origin, cell type
specificity and sensitivity to IFN: A549 (ATCC, CCL 185,
epithelial like cell line, lung carcinoma, human), Intes-
tine-407 (Int-407, ATCC, CCL 6, epithelial like cell line,
embryonic intestine, human) and Chang liver cells
(ATCC, CCL 13, epithelial like cell line, liver, human).8

Assay of endogenous IFN activity: 50% inhibition of
cytopathogenic effect (cpe) in a biological microculture
system was used.9,10 A standard amount (0.2ml) of serum
diluted 1:10 was added to each of four wells of a 96 well
microplate. After incubation for 18-20 hours at 37o C in
an atmosphere of 5% CO2 for the establishment of the
antiviral state, vesicular stomatitis virus (VSV) was add-
ed as a challenged virus (100 TCID/50/0.2ml/well). The
development of virus specific cpe was observed after 24-
48 hours. Inhibition of cpe indicates the presence of se-
rum antiviral (protecting) activity in the cell cultures.

Assay of serum IFN-inhibiting activity: This activity
was also determined in bioassay systems, based on the
IFN antiviral activity.9,10 Briefly, equal volumes of serum
dilutions and an optimum amount of rIFN-á (interferon
alpha-2b, Intron A, Schering CO, USA) at 20u/ml were
mixed and incubated for 1 hour at room temperature.
Then, 0.2ml of the mixture was inoculated into 4 wells of
a 96 well microplate for each of the 3 human epithelial-
like cell lines. After incubation for 18-20 hours at 37oC
in an atmosphere of 5% CO2, VSV was added and incu-

bated again for 48 hours. Serum IFN-inhibiting activity
was expressed as the reciprocal of serum dilution result-
ing in 50% cpe. Given that the final IFN concentration
(10u/ml) protects control cell cultures (no virus cpe)
100%, all serum samples exhibiting IFN-inhibiting ac-
tivity at a higher than 1:20 dilution were considered pos-
itive.

Concerning the statistical analysis of the results, x2

test was used. Concerning the comparison with zero fre-
quency, the exact test of Fisher (LSD) was used.

RESULTS

There was no endogenous IFN-like activity in any of
the patient group or control group. Our results on IFN-
inhibiting activity of sera in the three cell lines used are
summarized in Table 1. The IFN-blocking activity in A549

cell cultures was expressed by a high percentage (93.7%)
of sera (p<0.001 vs. controls). In the Intestine-407 cell
line only 2/16 sera expressed IFN-blocking activity, while
in Chang liver cultures 6/16 sera exerted IFN-inhibiting
activity (p<0.01 vs. controls). In 24 serum samples from
apparently healthy donors, the bioassay did not detect
any anti-IFN activity.

DISCUSSION

According to our findings, there was no endogenous
IFN-like activity in any patient or control group. These
results agree with data from various studies, according
to which, detection of endogenous IFN is not usual ei-
ther in the sera of normal individuals11 or in cancer pa-
tients� sera.12,13

Concerning the IFN inhibitors, in our study, a high
percentage of sera from patients with hepatocellular
carcinoma exerted IFN-blocking activity in the A549 cell
line, which is a cell line highly sensitive to IFN. The well

Table 1. Incidence of sera from patients with hepatocellular cancer exerting IFN-blocking activity in 3 different cell lines

Sera with IFN-blocking activity in the cell line

A
549

Int. 407 Chang-Liver

Hepatocellular cancer *15/161 (93.7%) 2/16 (12.5%) **6/16 (37.5%)

Controls 0/24 0/24 0/24
1Numerator: number of sera bearing activity; denominator: number of sera tested

*P<0.001 **P<0.01 VS controls

P<0.001 A
549

 VS Int-407

P<0.01 A
549

 VSChang-Liver

P<0.05 Int-407 VS Chang-Liver
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candidates: IL-6 activity,19 â2 microglobulin and IgG or
IgM immunoglobulins. Immunoglobulins have been re-
ported to share anti-IFN activity and have been suggest-
ed to regulate cytokines, at least in part.20 Prostagland-
ins have also been noted to modulate the ability of hypo-
reactive cells to respond to IFN-induction. Thus, solu-
ble modulators such as prostaglandins, corticosteroids,
etc., underscore both cytokine regulation and immune
responsiveness.21

The hepatocellular carcinoma is considered to be a
type of cancer which does not respond to IFN treatment.
A systematic review of randomized controlled trials on
HCC, mostly in non resectable patients, indicate that the
non-surgical current treatments, including IFN treat-
ment, are ineffective or minimally and uncertainly effec-
tive.22 Other studies indicate that IFN is not properly tol-
erated in patients with advanced HCC and that its ad-
ministration prompts no benefit in terms of tumor pro-
gression rate and survival.23 It seems that interferon reg-
ulatory factor � 1 gene abnormality is responsible for loss
of growth inhibitory effect of IFN�á in human hepato-
ma cell lines.24 On the other hand, interferon-á has been
reported to have beneficial long term effects that reduce
the occurrence of HCC in patients with chronic hepati-
tis C, even in those who do not have complete responses
to IFN.25 Other studies demonstrated that IFN-á would
express growth suppression effects in human liver can-
cer cell lines, by inducing inhibition of cell- cycle pro-
gression with or without apoptosis, regardless of the ex-
pression level of Hu-IFN-á receptor protein on the cell
surface.26

The presented data from the cell-dependent IFN-in-
hibiting activities of patients� sera with hepatocellular
cancer, further support an as yet unclear concept of cy-
tokines and cytokine inhibitor network mediating auto-
physiologic events. Further exploration of serum cytokine
levels may reveal the clinical significance or may lead to
the development of more specific and effective thera-
peutic schemes of IFNs, other cytokines and their inhib-
itors. Serum cytokine levels may therefore potentially be
of clinical significance in follow-up of malignant diseas-
es including hepatocellular carcinoma.
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known limited responsiveness that this type of cancer
shows to IFN treatment might be due to the presence of
these IFN inactivators. Recent studies confirm the pres-
ence of IFN inhibitors/antagonists in sera from cancer
patients and verify our results.12,16

Chadha et al14 reported the presence of IFN inhibi-
tors in the serum of patients with ovarian cancer. The
level of these inhibitors was reduced after successful ir-
radiation or chemotherapy. Aszalos et al15 observed that
sera from patients with AIDS, malignancies and SEL
inhibited the IFN antiproliferative activity in Daudi cell
cultures. This activity was due to the presence of IFN
inhibitors in these. Tsantakis et al12 observed IFN-inhib-
iting activity in sera from patients with hematological
malignancies and solid tumors, while Karmaniolas et al13

observed a similar activity in sera from patients with lung
cancer. Huschart et al16 also showed the presence of an
IFN inhibiting factor (IIF) in patients suffering from
multiple sclerosis and cancer.

The role of cell specificity (kind of cell culture used)
in the IFN-blocking activity of cancer sera was really very
important. Our findings support that there is a pattern
of serum IFN-inhibiting activity which is expressed dif-
ferentially in various biological systems. Among the test-
ed lines, A549 cells originating from lung cancer tissue,
seem to be quite good responders to IFN-blocking activ-
ity of sera from hepatocellular carcinoma. On the con-
trary, the human embryonic cell line Intestine 407 and
the Chang liver cells were not proved to be the best can-
didates in detecting cell type specific inhibitors of the
IFN action in the case of HCC. Thus, Chang liver cells
responded poorly, while IFN blocking activity in Int-407
cells was determined only in two cases (p<0.001 A549 vs.
Int-407, p<0.01 A549 vs. Chang liver, p<0.05 Int-407 vs.
Chang liver). Different responsiveness, depending on the
cell line used, was also observed in recent studies con-
cerning other types of cancer.13,17 Thus, sera from lung
cancer patients have been reported to show a different
proportion of anti-IFN activity in three different types
of cell lines.13 Morover, sera from patients with solid tu-
mors have also been reported to exert a different pro-
portion of IFN-blocking activity in different biological
systems.17

The nature and the role of such IFN-inhibiting activ-
ities are still an open field, since serum is rich in many
kinds of non-specific as well as specific inhibitors.10 Even
naturally occurring antibodies to IFN-á have been de-
tected, although rarely, before any IFN treatment.18 The
implication of non antibody type IFN-inhibitors has also
been postulated to include a great number of probable
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