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Abstract

AIM: To evaluate the immunohistochemical localization
of interleukin-6 (IL-6) and IL-6 receptor (IL-6R) on tu-
mor tissue specimens from patients with hepatocellular
carcinoma (HCC) and the serum levels of IL-6 and sIL-6R
in a group of patients with HCC as well as liver cirrhosis
(LC) in a group of patients with LC alone and in a control

group.

METHODS: Three groups of subjects were studied:
group I (n=83) suffering from HCC and LC, group
IT (n=72) suffering from LC alone and group III
(n=42) as healthy controls. All patients had hepati-
tis C virus infection. Serum IL-6 and IL-6R levels were
determined using a commercially available ELISA
kit. Immunohistochemistry was performed using the
streptavidin-biotin complex and rabbit polyclonal anti-
bodies against IL-6 and IL-6R.

RESULTS: Immunohistochemistry analysis showed a
medium to strong cytoplasmic and membrane reactivity
for IL-6 and IL-6R respectively, in at least 40% of cases
of HCC, whereas liver cirrhosis patients and controls
were negative for IL-6 or showed a very mild and focal
dot-like cytoplasmic reaction for IL-6R. Serum IL-6 levels
in HCC group were significantly higher than those in LC
and control groups (£ < 0.0001). There was no significant
difference in sIL-6R concentrations among 3 groups.
When the patients with HCC were divided into groups
according to Okuda’s classification, a significant serum

increase of IL-6 and sIL-6R level was observed from
stage I to stage III (P<0.02, £<0.0005). When HCC
and LC patients were divided into 3 classes of cirrhosis
severity according to Child-Pugh, values in HCC patients
were significantly higher than those in LC patients for
each corresponding class (P<0.01).

CONCLUSION: IL-6 serum levels in HCC patients are
higher than those in LC patients and controls, suggesting
an increased production of this cytokine by neoplastic
cells. sIL-6R values are similar in all groups, increasing
only in stage III HCC patients. These data suggest that
they have a closer relationship with the neoplastic mass
rather than with the residual functioning hepatic mass.
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INTRODUCTION

Interleukin-6 (IL-6) is a proinflammatory cytokine which
plays an important role in the host defence mechanism.
Serum IL-6 levels are low in physiological conditions, but
increase considerably in pathological conditions such as
trauma, inflammation and neoplasia. In tumors, IL-6 may
be involved in promoting the differentiation and growth
of target cells. In fact, several neoplastic cell lines (such as
esophageal cancer, renal cell carcinoma, multiple myeloma,
prostate and ovarian cancer) have been shown to produce
high i vitro levels of 11-6"", and high concentrations of
this cytokine are associated iz vivo with a poor outcome of
the disease in many types of tumours'®'?, It has also been
hypothesized that activation of the IL-6 gene is responsi-
ble for the derangement of some events which can lead to
neoplastic degeneration"”

IL-6 activity is mediated through the binding to its
membrane receptor (IL-6R), which in turn promotes the
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interaction with another receptor component, gp130, able
to transduce I1.-6 signalling at the intracellular level”,
High concentrations of soluble IL-6R, like IL-6, are
present in serum and other biological fluids in different
pathological conditions, because it is released from cells
expressing it on their surface”.

Many works have reported high serum levels of 1L-6
in various liver diseases, such as acute hepatitis[m], alcoholic
cirrhosis"”, HBV-associated chronic hepatitis, primary
biliary cirthosis (PBC)"™, chronic hepatitis and HCV-cor-
related liver cirrhosis'™*” and in hepatocellular carcinoma
(HCC)[21-24].

Studies on animal models have shown that transgenic
mice expressing high levels of IL-6 and sIL-6R develop
hepatic nodular hyperplasia and signs of sustained hepa-
tocyte proliferation, suggesting that 1L.-6 and sIL-6R could
provide the primary stimulus to cell proliferation and are
involved in development of HCC™,

This study aimed to evaluate the immunohistochemical
expression and localization of IL-6 and sIL-6R on tissue
specimens from patients with HCC-associated liver cirrho-
sis and liver cirrhosis alone, and the serum levels of IL-6
and sIL-6R in patients with HCC- associated liver cirrhosis
(LC) and to compate them in patients with LC alone and
healthy controls.

MATERIALS AND METHODS

Patients

The study was performed in 207 subjects divided into
three groups. Group I included 93 patients with HCC
(61 males, 32 females, mean age (2.2 years, range 43-76
years). Diagnosis was made in 41 cases based on biopsy
or cytological findings, diagnosis of the remaining cases
was made on the basis of multiple, concordant imaging
techniques (ultrasound, helicoidal computed tomography
(CT), lipiodol-CT, selective angiography) and biochemical
examination (AFP >400 ng/mL). Some of the patients
known as cirrhotics were enrolled in a prospective study
for HCC screening, and others were referred to our center
diagnosed as HCC. HCC was associated with the presence
of serum HCV antibodies in all cases. The patients were
then divided into the 3 stages of Okuda’s classification'™
which as well as neoplasia size were also taken into ac-
count of serum values of bilirubin and albumin and the
presence of ascites. The last three parameters were used to
evaluate the hepatic functioning mass and the severity of
the underlying cirrhosis. In brief, stage I was an initial stage
in which the neoplasm (or the sum of the nodules) meas-
ured less than 50% of the whole liver section on CT scan.
There was no ascites, albumin levels were over 3 g/dL and
bilirubin levels were below 3 mg/dL. Stage II was mod-
erately advanced, with two or more indices of advanced
disease. Stage 111 was very advanced, with three or all indi-
ces of advanced disease. Group 1I included 72 patients (48
males, 24 females, mean age 56.5 years, range 36-75 years)
suffering from liver cirrhosis, consecutively selected from
out- or in-patients examined at our hospital. Diagnosis was
made in 46 cases based on biopsy findings and diagnosis
of the remaining cases was made on the basis of unequiv-
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ocal clinical, biochemical and instrumental data. A post-
study follow-up for at least 6 mo excluded the existence of
neoplasia. The disease was associated with hepatitis C vi-
rus infection in all cases. The control group was composed
of 42 healthy asymptomatic subjects (31 males, 11 females,
mean age of 54.9 years, range 45-61 years recruited from
donors at the blood bank of our hospital. Liver disease
was excluded on the basis of anamnestic, biochemical and
instrumental data. There were no cases of neoplastic dis-
ease, evaluated by a follow-up for at least six months. Daily
alcohol consumption of above 30 g/d was found in none
of the three groups.

Methods

Blood samples were taken after overnight fasting. After
centrifugation part of the sera was used to assay the main
parameters of liver function by routine methods. The re-
mainder was frozen at - 40 ‘C for IL-6 and sIL-GR assay.
Serological testing for anti-HCV was performed using the
third generation of enzyme-linked immunosorbent assay
(ELISA) (Orthodiagnostic System, Raritan, New Jersey,
USA) in accordance with the manufacturer’s instructions.
Anti-HCV reacting samples were confirmed using the
third generation of anti-HCV recombinant immunoblot
assay (RIBA III, Chiron Corporation, Emeryville, CA,
USA). Markers of HBV were tested using the Abbott RIA
kit.

Liver biopsy samples were obtained for diagnostic put-
poses percutaneously according to the Menghini technique
using 1.0-1.2 mm diameter needles (Surecut, Hospital
Service, Rome, Italy). In some cases HCC was diagnosed
with a thin needle (20 gauge, Surecut) guided by ultrascan
using a Toshiba SSA 240 A apparatus with a 3.5 MHz
probe.

Serum IL-6 and sIL-6R levels wetre determined using a
commercially available ELISA kit (Quantikine, human IL.-6
and sIL-6R, R & D Systems, Minneapolis, USA) in accord-
ance with the manufacturer’s instructions.

Immunohistochemistry analysis was performed on
ten different HCC samples, five cirrhotic and two not-
mal liver samples. Histologically normal liver tissues were
obtained from patients during surgery for cholelithiasis.
Written informed consent was obtained. The specimens
were fixed in formalin and embedded in paraffin. Five- um
thick sections were cut and dewaxed, hydrated and incu-
bated in 3% hydrogen peroxide for 20 min. Sections were
then heated in microwave oven and non-specific binding
was blocked by incubation with 3% rabbit normal serum
for 20 min. Immunohistochemistry was performed us-
ing the streptavidin-biotin complex (StreptABC) with the
following antibodies: rabbit polyclonal antibody against
IL-6 (Santa Cruz Biotechnology, Santa Cruz, CA), rabbit
polyclonal antibody against IL6R (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) at a dilution of 1:100 overnight in
a 4 C moist chamber and mouse monoclonal antibody
against proliferating cell nuclear antigen (PCNA, Dako,
Santa Barbara, CA) at a dilution of 1:100 for 30 min at
room temperature. Sections were then incubated for 30
min at room temperature with biotinylated anti-rabbit and
anti-mouse immunoglobulin diluted in phosphate-buffered
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Table 1 Median and range of serum values of IL-6 (pg/mL) and sIL-6R (ng/mL) in controls, liver

cirrhotoc (LC) and hepatocellular carcinoma (HCC) patients and divided according to stage of

disease
Controls LC HCC HCC HCC HCC 1= P
Stage | Stage 11 Stage 111
(n=42) (n=72) (n=93) (n=28) (n=46) (n=19)
median median median median median median
(range) (range) (range) (range) (range) (range)
(@ (b) © @ © )
1L-6 3.6 6.4 14 6.5 12 32 b-c:z=3.1 0.002
(3-17) (3-155) (3-301) (3-270) (3-301) (3-110) a-c:z=54 0.0001
a-b:z=23 0.03
d-f:z=28 0.005
ef:z=27 0.01
b-d:z=1.9 0.05
sIL-6R  34.8 39.2 424 342 39.6 56 a-c:z=21 0.04
(7.2-80) (4.8-80) (17.6-80) (17.6-65.6)  (18-80) (30-80) bf:z2=27 0.01
d-f:z=32 0.002
ef:z=29 0.004

Table 2 Median and range of serum values of IL-6 (pg/mL) and
sIL-6R (ng/ml) in HCC and LC patients divided into groups

according to Child-Pugh classes

RESULTS

Table 1 shows the median, range and ratio of serum IL.-6
and sIL-6R values in the 3 study groups, and also in the
HCC group divided according to Okuda’s classification.

Class A Class B Class € Analysis performed with the Mann-Withney U test showed
L Hcc L Hcc Lc Hce that the HCC group had significantly higher 1L.-6 values
I(Zezdzlg)n ::dﬁ:i 53;31 f;l:digl f;le:dlli glle:dllin than the LC (z=3.1, P<0.002) and control group (z=54,
(range) (range) (range) (range) (range)  (range) P.< 0.0001). However, the LC patients had significantly
. . ) ) higher IL-6 serum levels than controls (z=2.3, P<0.03).
-6 3:;2 ; ';70 38i555 31;10 noG 332 323%1 A significant difference was found in sIL-6R serum levels
S e e A B between the HCC group and controls (z=2.1, P<0.04),
SIL-6R 498" 368" 2 @k 68' 562" but not between the HCC and LC groups.
(212:80) (17.6-67.2) (4.872) (18-72.8) (24.4-57.2) (24-80)

*P<0.04 vs sIL-6R ; "P<0.04, “P<0.03 vs IL-6.

saline (PBS), with streptavidin-biotin complex for 50 min
at room temperature and colour was developed with di-
aminobenzidine (DAB) for 40 min at room temperature,
counterstained with Mayer haematoxylin for 1 min. The
expression of 1L-6 and IL-6R was considered positive
when >30% of cells showed cytoplasmic or membrane
staining, The percentage of PCNA- stained nuclei was cal-
culated by counting the number of stained nuclei out of
1000 cells per high-power field for 10 different tumor sec-
tions.

Statistical analysis

The data were expressed as mean = SD. Groups were com-
pared using the Mann-Whitney U test. ZZ test was used
for the frequency analyses. Simple linear regression test
and Spearman’s rank correlation test were used where ap-
propriate. The cut-off values IL-6 and sIL-6R were calcu-
lated as the value of the maximized likelithood ratio (LR)
obtained using the following formula: LR = probability of
true positives + probability of true negatives/probability
of false positives + probability of false negatives. P<0.05
was considered statistically significant.

Analysis of the values after division of the HCC group
according to Okuda’s classification showed that serum val-
ues of IL-6 were significantly higher in stage III patients
than in stage II and stage I patients (z=2.7, P<0.01 and
z=2.8, P<0.005, respectively). Moreover, IL-6 values in
stage I HCC patients were also significantly higher than
those in the LC patients (z=1.9, P<0.05). There was no
significant difference in sIL-6R values between stage I and
stage 11 patients and the LC patients. The only significant
difference was found between the stage 111 HCC patients
and the LC patients, stage I and stage II HCC patients
(P<0.004).

Spearman’s rank correlation test showed a significant
increase in 1L.-6 and sIL-6R levels from stage I to stage 111
(r=0.28, P<0.02; r=0.39, P<0.0005, respectively).

Table 2 shows the median and range of 1L-6 and
sIL-6R in the HCC and LC groups divided according to
Child-Pugh classes. The median I.-6 value was higher in
HCC group than in the LC group, but the difference was
significant only in classes A and C (P<0.0005 and <0.04,
respectively) when compared to the corresponding LC
groups. The median sIL-6R value decreased from class
A to C in the cirrhotic group, but increased in the HCC
group. Consequently, in the L.C group the median sIL-6R
value was significantly higher in class A (P<0.04), while in
the HCC group it was higher in class C (P<0.03).

www.wjgnet.com



2566 ISSN 1007-9327

CN 14-1219/ R World ] Gastroenterol

April 28, 2006 Volume 12 Number 16

Figure 1 shows the results of the imunohistochemistry
analysis. In the HCC group (ten cases), moderate to strong
cytoplasmic and membrane reactivity for IL-6 and IL-6R
respectively, was observed in at least 40% of cases (Figures
1A, 1B), whereas control cases of normal liver (two cases)
were negative (Figure 1C) or showed a very mild and focal
dot-like cytoplasmic reaction for IL-6R (Figure 1D). In liv-
er cirrhosis group (ten cases) immunohistochemistry was
negative on the whole or similar to control cases. PCNA
immunoreactivity was observed in some nuclei of neoplas-
tic cases with a mean value of 50% in the evaluated areas

(Figure 1E).

DISCUSSION

Circulating I1.-6 levels are elevated in patients with chronic
viral"*” and alcoholic hcpatitis[m. Increased I1.-6 is corre-
lated with the stage of disease in liver cirrhosis e, Higher
levels of IL-6 correlated with tumor size and cancer ag-
gressiveness in patients with HCCP,

At present, there are no data about the behaviour of
circulating sIL-6R in patients with HCC and very few for
other neoplasms. However, in multiple myeloma higher
sIL-6R values correlate with a poor outcome of the dis-
case™. Therefore, the aim of this study was to evaluate
the expression and localization of IL-6 and sIL-6R in
pathological liver tissue specimens as well as the serum
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Figure 1 Results of immunohistochemical
analysis of cytoplasmic and membrane
reaction of IL-6 and IL-6R in HCC (A,
B), normal liver (C, D), and cirrhotic (E)
patients.
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concentrations of these two cytokines and their ratio in
patients with LC-associated HCC and to compare them
with patients with L.C alone and healthy controls.

Our results showed that the median I1.-6 levels in
HCC patients were higher than those in L.C patients and
the controls, indicating that production of the cytokine
is increased by the tumor cells. This is supported by the
immunohistochemistry result and the fact that the high-
est IL-6 values were found in Okuda’s stage I1I, in which
the neoplastic mass is the most extensive. However, L.C
patients also had higher median IL.-6 values than controls,
but only for Child’s classes B and C, while values in class A
were close to control levels. In classes B and C, increased
IL-6 serum levels compared to control values might reflect
a response of the residual hepatic cells to cytolysis and to
the attempt to recover the liver mass”™ associated with a
clear impairment. In contrast, in HCC patients, whatever
class of the disease, the median values were higher than
those in LC patients, indicating that I1.-6 serum levels in-
crease when patients pass from cirrhosis to HCC. This was
not true in the sIL-6R values, because the median value in
HCC patients was significantly higher than that in controls
(P<0.04), and similar to that of LC patients. When the pa-
tients with HCC and L.C were divided according to Child-
Pugh’s classification, the median serum values of sIL-6R
tended to decrease from class A to class C in LC patients,
while the opposite occurred in HCC patients, indicating
that in cirrhotic patients sIL-6R production and release
decrease as the disease progresses owing to the reduction
of the liver parenchymal mass. On the other hand, in HCC
patients, increased sIL-6R serum concentration might be
due to the increasing tumor mass.

When the patients with HCC were divided according
to Okuda’s classification, IL.-6 values significantly increased
as the disease worsened. At all the stages the median I1.-6
values were significantly elevated compared to the cirrhotic
patients, indicating that neoplastic degeneration even in its
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initial stages, causes variations in II.-6 levels, which could
enable us to discriminate cirrhotic from HCC patients.
Interestingly, sIL-6R levels were clevated only in patients
with a more severe disease (stage 111).

The high serum levels of IL-6 and sIL-6R were cot-
roborated by the immunohistochemistry analyses, which
showed the marked expression of both cytokines and their
receptor in the tumor. This expression correlates to cell
proliferation, as demonstrated by the concomitant pres-
ence of a high percentage of PCNA positive nuclei. The
existence of such a relationship has also been reported for
colorectal cancet™. On the whole, our results suggest that
HCC cells, especially in advanced stages of the disease,
may produce and secrete 1L-6 and sIL-6R to stimulate
their growth by an autocrine/paracrine mechanism as sug-
gested by previous reports concerning cells derived from
hepatomas or other types of cancer™ ™,

IL-6 production by tumor cells might also contribute
to systemic complications such as induction of cachexia
in the host" and local immunosuppression rather than
immunopotentiationps]. Thus, the present study might
highlight the potential therapeutic benefits of approaches
such as use of anti-sense nucleotides or IL-6R super an-
tagonists, which can overcome the adverse effects of 1L.-6
in HCC, as in hepatoma cells, multiple myeloma, prostate
cancer and other tumors”" 7.

In conclusion, the IL-6 levels in patients with LC-
associated HCC are higher than in patients with LC alone
and controls, indicating that production of this cytokine is
increased by tumor cells. This has been confirmed by the
higher IL-6 values in stage III than in stages I and II of
the disease. These results might be of help in differentiat-
ing cirrhosis from LC-associated HCC suggest that meas-
ures aimed at blocking adverse effects of IL-6 may be of
potential clinical utility in HCC.
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