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The primary goal of HCV therapy is to achieve a sustained virological response (SVR). Many host and viral factors
influence the treatment response. Cytokines play an important role in the defense against viral infections, where suc-
cessful treatment of hepatitis C depends on a complex balance between pro- and anti-inflammatory responses. In the
present study, we investigated the relationship between the presence and percentage of some cytokines (IL-28, IFN-v,
and TNF-o) regarding different clinicopathological parameters including response to therapy in chronic HCV patients
using immunohistochemical technique. This study was carried out on 64 chronic HCV patients (34 responders and 30
non-responders). Of cases, 54% showed IL-28 expression, which was associated with low AST (p = 0.002) and low
HALI score (p = 0.006). Of cases, 67 and 45% showed IFN-y and TNF-o expression, respectively, where the median
percentage of TNF-o expression was higher in grade II spotty necrosis compared to grade I. Some inflammatory cyto-
kines expressed by intrahepatic inflammatory cells in chronic HCV patients promote inflammation and injury (pro-
inflammatory) such as TNF-a. Other cytokines aid in resolving inflammation and injury (anti-inflammatory) such as
1L-28. The balance between these cytokines will determine the degree of inflammatory state. None of the investigated
cytokines proved its clear cut role in affecting response to therapy, however, their levels varied between responders and
non-responders for further investigations to clarify.
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About 150 million people worldwide are chronically
infected with hepatitis C virus (HCV) and more than
350,000 people die every year from hepatitis C-
related liver diseases (1). The primary goal of HCV
therapy is to achieve a sustained virological response
(SVR), in which HCV RNA remains undetectable
for 24 weeks after the end of therapy. The current
standard therapy is based on a combination of pegy-
lated interferon (Peg-IFN) and ribavirin (RBV) (2).
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Many host and viral factors including the genotype
of HCV and variation in certain genes influence the
treatment response to Peg-IFN and RBV combina-
tion therapy (3).

Moreover, side effects from the therapy such as
hematological abnormalities could result in dose
reduction or even premature discontinuation of the
treatment (2). So, it is necessary to predict an indi-
vidual’s response before or at an early stage of the
treatment, to increase treatment success rate and
avoid potential adverse events in patients who do
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not benefit from the treatment and also to reduce
the cost of therapy (4).

The outcome of therapy may be influenced by a
dynamic complex relationship that exists between
the pharmacological characteristics of the therapeu-
tic regimen, viral kinetics, and host immune
responses (5).

Cytokines play an important role in the defense
against viral infections, determining the pattern of
host immune response and inhibiting viral replica-
tion (6). Both Peg-IFN and RBV have not only an-
tiviral but also immunomodulatory properties such
as alteration of immune functions and Thl/Th2
cytokine balance (7, 8). Increased Th2 and altered
Thl cytokine production have been associated with
viral persistence and failure of antiviral treatment
in chronic HCV patients (9, 10). Thl cytokines
such as IL-2 and interferon gamma are required for
host antiviral immune responses, while Th2 cyto-
kines (IL-4, IL-10) can inhibit the development of
these effector mechanisms (11).

Cytokines are key mediators of inflammation,
apoptosis, necrosis, and fibrosis, and they are
actively involved in the regeneration process of liver
tissue after injury. It has been hypothesized that suc-
cessful treatment of hepatitis C depends on a com-
plex balance between pro- and anti-inflammatory
responses (12, 13).

In the present study, we investigated the relation-
ship between the presence and percentage of some
cytokines (IL-28, IFN-y, and TNF-a) regarding dif-
ferent clinicopathological parameters including
response to therapy in chronic HCV patients. IL-
28, IFN-y, and TNF-o had been evaluated by
means of immunohistochemical staining.

MATERIALS AND METHODS

This retrospective study was carried out on 64 chronic
HCV patients who were submitted to pretreatment liver
biopsy and were eligible to receive Peg-IFN plus RBV for
48 weeks. Clinical and follow-up data were retrieved from
medical records of HCV outpatient Clinic, National Liver
Institute, Menofiya University. The patients were divided
into two groups:

Group A: Responders to interferon therapy, who had
negative HCV RNA by polymerase chain reaction (PCR)
6 months following completion of a 48-week course.

Group B: Non-responders to interferon therapy who
were one of the followings:

1. Non-responders with no disappearance of HCV RNA
at the end of the 12th week.

2. Partial responders at the end of 12th week, but null
response at 24th week.

3. Breakthrough patients who had complete response
at 12th week, but detectable HCV RNA at any time
during the course of treatment (48 weeks).

© 2014 APMIS. Published by John Wiley & Sons Ltd

Inclusion criteria used to choose chronic HCV patients
were:

1. Positive for HCV only by ELIZA and PCR.

2. Liver biopsy done within 3 month before initiation of

therapy.

Age is not less than 18 years.

4. Patients eligible to interferon therapy depending on
clinical and laboratory data [ANA titer less than 1/60,
normal TSH and kidney functions, no evidence of
decompensated liver disease or thrombocytopenia (PLT
<75,000/mm?), moderate to severe anemia (Hb<10 g/
dL), or neutropenia (neutrophil count <2000/mm?)].

S. Complete follow-up data at least 6 months after
cessation of therapy.

6. Treatment naive patients

(5]

All patients received combined Peg-IFN and RBV ther-
apy (Peg-IFN2o at a dose of 180 pg once weekly plus
RBYV). The dose of RBV was adjusted according to body
weight (less than 75 kg: 1000 mg per day, 75 kg or more:
1200 mg per day).

The following data were collected from patients’ medi-
cal records and included age (years), gender, ALT, AST,
alpha fetoprotein, and serum HCV RNA level by quanti-
tative PCR, which was divided into mild (viremia <106
copies/mL), moderate (viremia 106-108 copies/mL), and
severe (viremia >108 copies/mL).

Pretreatment liver biopsies were retrieved from Pathol-
ogy Archives for suitable biopsy length (12-22 m) and
re-evaluation for further histopathological analysis of the
followings.

1. Evaluation of grade of inflammation was performed
according to the criteria described by Ishak et al. (14).
Grades of necroinflammatory changes (HAI grading)
were grouped into three categories for statistical pur-
poses as follows: Minimal activity score (1-3), mid
activity score (4-8), and moderate/severe activity score
(9-18). The degree of portal inflammation (Identified by
mononuclear infiltration of portal tracts) (15) was
divided into scores 0, 1,2,3,4 and for statistical pur-
poses, scores 1 and 2 were lumped as a grade I and
scores 3 and 4 as a grade II. The degree of interface hep-
atitis was grouped for statistical purposes, where score 1
was alone (I) and scores 2 and 3 were lumped (I1I) (no
cases showed score 4). The degree of spotty necrosis was
also grouped, where score 1 was alone (I) and scores 2
and 3 were lumped (II) (no cases showed score 4). Con-
fluent necrosis was assigned as present or absent.

2. Staging of fibrosis was performed according to the cri-
teria described by Ishak et al. (14). Stages of architec-
tural changes (fibrosis Ishak score) were grouped for
statistical purposes as follows: Mild portal fibrosis
{scores 1 and 2}, bridging fibrosis {scores 3 and 4},
and cirrhosis {scores 5 and 6} (no cases showed cirrho-
sis). Degree of fibrosis was also assessed by META-
VIR score (16).

3. Steatosis was graded according to the Brunt’s grading
system, based on percentage of involved hepatocytes in
the biopsy specimen as follows: Grade 0 = none
involved, grade 1 (mild) = up to 33%, grade 2 (mod-
erate) = up to 66%, and grade 3 (severe) = more
than 66% (17). These grades were grouped into three
categories for statistical purposes as follows: grade 0,
grade I (1, 2), and grade II (3).

19

85UB01 7 SUOWILLIOD SAIIRID 3cedt [dde 8y Aq pauenob ae oIl VO ‘8sN JO SajnI Joj A%iqiT 8ulUO AS]IA LD (SUORIPUOD-PUE-SWRIALI0D" A3 1M Afe.q1Bul Uo//:Sty) SUORIPUOD pue SWLB | 8U) 89S *[9202/70/80] Uo ArelqiTauliuo AB|im ‘(lBulisuz) slomeN ‘IS fuolieN uendAB3 Aq ToEZT Wide/TTTT OT/I0p/L0d A8 i Akeiq 1 puljuo//:Sdny woy pepeojumod ‘T ‘GTOZ ‘S970009T



ABDOU et al.

4. Lymphoid aggregates, bile duct injury, and vascular
changes were identified by their presence or absence.

Immunohistochemistry

Several paraffin sections, each one was 4 um in thickness,
were cut from each case, one section for hematoxylin and
eosin staining and the others for immunohistochemical
process. The method used for immunostaining was strepta-
vidin-biotin amplified system. Paraffin-embedded tissue
sections were deparaffinized in xylene, rehydrated in a
graded series of ethanol, and then incubated with 3%
hydrogen peroxide. Slides were rinsed in phosphate-buf-
fered saline (PBS) and then exposed to heat-induced epitope
retrieval in citrate buffer solution (pH 6) for 20 minutes.
After cooling, the slides were incubated overnight at room
temperature with rabbit polyclonal anti-interleukin-28 anti-
body (SIGMA, St. Louis, USA) (100 pg concentrated and
diluted by PBS in a dilution 1:100), mouse monoclonal
anti-IFN-y antibody (Biomedical laboratories, Florida,
USA) (100 pg concentrated and diluted by PBS in a dilu-
tion 1:100) and rabbit polyclonal anti-TNF-o (BIOTEC,
Washington, USA) (1.0 mL concentrated and diluted by
PBS in a dilution 1:50). Positive tissue controls were tissue
containing activated T cells (active autoimmune hepatitis)
for 1L-28 and IFN-y and hepatocellular carcinoma for
TNF-a. Detection of immunoreactivity was carried out
using the ultravision detection system, ready-to-use
anti-polyvalent horseradish peroxidase/diaminobenzidine
(NeoMarkers, LabVision, California, USA). Finally, the
reaction was visualized by an appropriate substrate/
chromogen (diaminobenzidine) reagent. Counter stain
was carried out using Mayer’s hematoxylin. The staining
procedure included negative controls obtained by substitu-
tion of primary antibodies with phosphate-buffered saline.

Interpretation of 1L-28, IFN-y, and TNF-a
immunostaining

The cases were assigned positive for 1L-28, ITFN-y, and
TNF-o when cytoplasmic expression was seen in lympho-
cytes either in portal tract or in adjacent parenchyma. The
extent of immunoreactivity for each cytokine was assessed
as a percentage of positivity of lymphocytes out of total
infiltrate. Percentage of positivity was expressed as mean,
median, and range.

Statistical analysis

Data were collected, tabulated, and statistically analyzed
using a personal computer with “Statistical Package for the
Social Sciences (SPSS) version 16” program. Chi square
and Fisher’s exact tests were used in comparison between
qualitative variables, while Mann-Whitney and Kruskal—
Wallis tests were used in comparison between quantitative
variables. Corrected p < 0.002 was considered significant.

RESULTS

Clinical data of studied cases are presented in
Table 1 and histopathological data are presented in
Table 2.
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Table 1. Demographic and routine laboratory data of the
studied cases

Total (n = 64)

n %
Age (years)
Mean + SD 35.8 £ 10.0
Median 34
Range 19-57
Sex
Male 41 64.1
Female 23 359
Viremia
Mild 35 54.7
Moderate 26 40.6
High 3 4.7
AST (u/L)
Mean + SD 49.8 + 39.1
Median 38
Range 20-256
ALT (u/L)
Mean + SD 56.5 £ 39.5
Median 42
Range 10.3-231
oFP (ng/mL)
Mean + SD 3.6 52
Median 2.0
Range 0.4-37
Response to therapy
Responder 34 53
Non-responder 30 47

Immunohistochemical results

IL-28 expression in studied cases — 1L-28 immune
positive lymphocytes were seen distributed in portal
tract, interface hepatitis, and hepatic parenchyma
(Fig. 1). Thirty five cases of 64 cases (54%) were
positive for IL-28, 17 of them were responders
(10.8%) and 18 were non-responders (11.52%). Per-
centage of expression ranged between 2 and 70%
of inflammatory cells with a mean + SD of
34.5 4+ 21.5 and a median of 32.5.

There was no significant difference between
responders and non-responders regarding IL-28
expression, however, mean and median percentage
of TL-28 were higher in responders in comparison
to non-responders (Table 3). Positive IL-28 expres-
sion was significantly associated with low AST level
(p = 0.002) and low HALI score (p = 0.002) (Fig. 2).
Furthermore, grade 1 interface hepatitis and
absence of confluent necrosis and vascular changes
were all in favor of IL-28 expression, although the
significance could not be reached.

IFN-y expression in studied cases — Forty three cases
of 64 cases (67%) showed positive expression of
IFN-y in lymphocytes (Fig. 3) either in portal tract
and hepatic parenchyma, 23 were responders and
20 cases were non-responders. Percentage of
expression ranged between 2 and 80% of inflamma-

© 2014 APMIS. Published by John Wiley & Sons Ltd
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Table 2. Histopathological data of studied cases
Total (n = 64)

n %

Portal tract inflammation

1 53 82.8

11 11 17.2
Nature of infiltrate

Lymphocytes only 28 43.8

Lymphocytes+plasma cells 17 26.6

Lymphocytes+eosinophils 19 29.7
Lymphoid aggregates

Present 35 54.7

Absent 29 354
Interface hepatitis

0 1 1.6

1 39 60.9

11 24 37.5
Spotty necrosis

1 1.6

1 33 51.6

11 30 46.9
Confluent necrosis

Present 27 42.2

Absent 37 57.8
HAI score

Mean + SD 54+ 18

Median 5

Range 2-11
HALI grade

Minimal (1-3) 10 15.6

Mild (4-8) 44 68.8

Moderate (9-12) 10 15.6
Fibrosis stage (IShak)

Mild 49 76.6

Bridging 15 234
Fibrosis stage (METAVIR)

I 50 78.1

11 10 15.6

111 4 6.2
Steatosis

Present 28 43.8

Absent 38 56.2
Steatosis grade

0 36 56.2

1 22 34.4

11 4 6.2

111 2 3.1
Bile duct injury

Present 19 29.7

Absent 45 70.3
Vascular changes

Present 11 17.2

Absent 53 82.8

tory cells with a mean + SD of 24.4 £+ 22.5 and a
median of 20.

There was no significant difference between
responders and non-responders regarding IFN-y
expression (p > 0.05), however, mean and median
percentage of IL-28 were higher in responders in
comparison to non-responders (Table 3).

There was no significant association between
IFN-y positivity or percentage of expression and

© 2014 APMIS. Published by John Wiley & Sons Ltd

Fig. 1. IL-28 immunoreactivity in inflammatory cells of
portal tract (A) with adjacent steatosis (B) in chronic
HCV patient (Immunohistochemical staining x 400 in A
and x 100 in B).

the studied parameters in all investigated cases
(p > 0.05). However, 62.2% (33/53) of grade I por-
tal tract inflammation showed IFN-y expression,
but the association was away of significance.

TNF-o. expression in studied cases — TNF-o positive
expression was localized to lymphocytes in portal
tract, interface hepatitis, and hepatic parenchyma
(Fig. 4). Twenty nine cases of 64 (45%) were posi-
tive for TNF-o, 15 were responders and 14 were
non-responders (11.52%). Percentage of expression
ranged between 2 and 50% of inflammatory cells
with a mean + SD of 18.1 + 18.0 and a median
of 12.5.

There was no significant difference between
responders and non-responders regarding TNF-o
expression (p > 0.05), however, the median value
was higher in non-responder compared to non-
responder (Table 3).

There was no significant association between
TNF-a positivity or percentage of expression and
the studied parameters (p > 0.05). However, the
percentage of TNF-a was of higher median value
(20%) in grade II spotty necrosis compared to
grade 1 (5%) (Fig. 5)
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Table 3. Differences between responders and non-responders with regard to IL-28, IFN-y and TNF-a

Groups Test p-value
Responders Non-
Cases 64 (n = 34) responders
(n = 30)
n % n % n %
IL-28
Mean + SD 345 £ 21.5 29.6 £ 25.8 24.0 £ 16.4 U =0.08 0.943
Median 32.5 40.0 32.5
Range 2-70 4-70 2-65
1L-28
Positive 35 54.3 17 50.0 18 60.0 x* = 0.64 0.423
Negative 29 45.7 17 50.0 12 40.0
IFN-y
Mean + SD 24.4 £+ 22.5 223 +£ 189 19.0 £+ 18.3 U=20.38 0.703
Median 20 17.0 7.5
Range 5-80 2-70 5-80
Positive 43 67.2 23 67.6 20 23 x> =0.01 0.934
Negative 21 32.8 11 324 10 11
TNF-a
Mean + SD 18.1 £+ 18.0 15.1 £ 155 13.5 £ 124 U =044 0.658
Median 12.5 10.0 15.0
Range 2-50 2-50 4-50
TNF-a
Positive 29 45.7 15 44.1 14 46.7 x> =0.04 0.838
Negative 35 543 19 55.9 16 533
x* = chi square U, Mann—Whitney.
-~ Positive 128 0 Of cases, 79% (42/53) showing grade I portal
" Negative IL28 a5 tract inflammation was seen in mixed group com-
pared to 11% (6/53) in positive group, but the asso-
40 ciation was not significant (Fig. 6).
35
“ Characteristics of mixed group
Twenty nine of 48 cases of the mixed group (60%)
» showed either IL-28 or IFN-y or both expressions.
20 While TNF-o was expressed alone in one case and
in combination with either IFN-y or IL-28 in 18
15 cases (37.5%). In addition, the mean value of TNF-
i, o in the group showing positivity for the three
markers was higher than its corresponding value in
5 the mixed group where the latter mean £ SD was
42 + 11.34 in comparison to 18.10 + 18.0 in
Median HAI score Median AST 0 positive group.

Fig. 2. The association of IL-28 expression with parame-
ters of less inflammatory states such as low HAI score
and low AST level in chronic HCV patients.

The cases were divided according to profile of
IL-28, IFN-vy, and TNF-a into:

Positive group: positive for the three markers (10
cases, 15.6%)

Mixed group: positive for one or two markers (48
cases, 75%)

Negative group: negative for the three markers (6
cases, 9.4%)
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The cases that showed positive expression for
any of the studied markers were 58 cases. They
were further classified according to TNF-a expres-
sion into two groups: group showing positive
expression for TNF-a either alone or in combina-
tion with other markers (IL-28 or IFN-y) (29
cases) and another group that lacked TNF-a
expression, but showed positivity to other mark-
ers (IL-28 or IFN-y or both) (29 cases).
Group positive for TNF-o was in favor of grade
IT portal tract inflammation (8/11) in compari-
son to those lacked TNF-a expression (1/11)
(Fig. 7).

© 2014 APMIS. Published by John Wiley & Sons Ltd
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Fig. 3. Inflammatory cells of portal tract in a case of chronic HCV showed strong IFN-y expression in A and moderate
expression in B (Immunohistochemical staining x 200 in A and x 400 in B).

The relationship between the studied markers (IL-28,
IFN-y, and TNF-o)

Positive cases for IFN-y showed high percentage
of IL-28 expression in responders and in all
patients, as the median percentage in positive cases
was 30% (responder) and 32% (all patients) in
comparison to 10% in negative group (either
responder or all patients). Also, positive cases for
TNF-o was associated with high median percent-

A e

Fig. 4. Low and high power views of scattered expression
of TNF-o in inflammatory cells in a case of chronic
HCV (Immunohistochemical staining x 200 for A and x
400 for B).

© 2014 APMIS. Published by John Wiley & Sons Ltd

age of IL-28 (30%) compared to negative group
(10%) expression in non-responder group only.

DISCUSSION

Recent studies focused on IL-28 as a new cytokine
for predicting response to therapy in chronic
HCV patients. Previous studies focused on IL-28
polymorphism such as Agundez et al. (18) or its
level in the serum such as Langhans et al. (19).
However in the present study, we tried to detect its
expression in tissue by immunohistochemistry.
Thirty five cases of 64 were positive for IL-28
(54%), 17 were responders (10.8%) and 18 cases

Median value of TNF alpha expression

25

®m Median value of TNF alpha expression

20

15

10

Grade Il spotty necrosis Grade | spotty necrosis

Fig. 5. The association between TNF-oo expression and
grade II spotty necrosis.
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45
m Grade | portal tract inflammation
m Grade |l portal tract inflammation

40

35

30

25

20

15

10

O

Mixed group Positive group

Fig. 6. The mixed group (positive expression for one or
two markers) tended to show less degree of inflammation
compared to the positive group for the three markers.

were non-responders (11.52%). The expression was
localized to the mononuclear inflammatory cells.
IL-28B polymorphism has been associated with
spontaneous HCV clearance (20, 21) and with SVR
in patients with chronic HCV genotype 1 who are
treated with Peg-IFN plus RBV in the non-trans-
plant setting (22, 23). The present study showed
absence of significant difference between responders
and non-responders regarding IL-28 expression
(p > 0.05), however, the percentage of IL-28

30

M Grade i portal tract inflammation
M Grade ii portal tract inflammation

25

20

15

10

Negative TNF alpha

Positive TNF alpha

Fig. 7. The group that showed TNF-o expression was in
favor of higher grade of portal tract inflammation com-
pared to the group lacking TNF-o expression.
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expression was higher in responders compared to
non-responders. This finding agreed with Langhans
et al. (19) who found that high IFN-lambda (IL-28
A/B and 1IL-29) levels measured by ELIZA
predisposed to spontaneous clearance of HCV
infection.

The present study demonstrated an association
between IL-28 expression and low HAI Ishak
score of necroinflammation (p = 0.002) and low
AST level (p = 0.002) referring to its anti-inflam-
matory role. According to Abe et al. (24) and
Thompson et al. (25), there was a significant rela-
tionship between the IL-28B gene polymorphism
and the histological necroinflammatory activity,
however, this association was not proved by other
reports (18).

TNF-a is a cytokine with pleiotropic properties
that is expressed in a variety of pathological condi-
tions including viral infection (26). TNF-a produc-
tion is an early event in the pathogenesis of liver
damage, triggering the synthesis of other cytokines.
It is required for the proliferation of normal
hepatocytes in liver regeneration, but it also mediates
hepatocyte death (27). The present study demon-
strated TNF-a expression in lymphocytes of 29 cases
of 64 (45%), 15 were responders and 14 cases were
non-responders. Previous studies have shown that
serum TNF-a levels were elevated in all chronic
HCV patients (26). While other investigators
reported that detectable serum TNF-o was found to
be elevated in 74% of HCV patients affected by dia-
betes and in 64% not affected by diabetes (28).

IFN-vy, or type II interferon, is a cytokine that is
critical for innate and adaptive immunity against
viral and intracellular bacterial infections and for
tumor control. Aberrant IFN-y expression is associ-
ated with a number of autoinflammatory and auto-
immune diseases. The importance of IFN-y in the
immune system stems in part from its ability to inhi-
bit viral replication directly (29). The present study
demonstrated IFN-y expression in mononuclear
inflammatory cells of 43 cases of 64 cases (67%), 23
were responders and 20 cases were non-responders.

The present study revealed that TNF-o and INF-
v immunohistochemical expression did not correlate
with response to therapy. However, higher levels of
INF-y and lower levels of TNF-o were found in
responder compared to non-responders. Par et al.
(30) found that patients with RVR (rapid viral
response) showed an increased baseline TNF-o
production by TLR-4 activated monocytes and
increased IFN-y. On the other hand, Dumoulin
et al. (31) semiquantify mRNA of IFN-y and TNF-
o on pretreatment liver biopsies by reverse
transcription/competitive polymerase chain reac-
tion. They found that higher intrahepatic mRNA

© 2014 APMIS. Published by John Wiley & Sons Ltd
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levels of IFN-y and TNF-a may reflect interferon
resistance of HCV strains and may contribute to
tissue damage in patient’s refractory to antiviral
treatment. According to Lio et al. (32), low TNF-a
and high IL-10 were associated with resolved HCV
infection. This finding was supported by Larrea
et al. (26) who found that high levels of TNF-a
may play a role in resistance to interferon therapy.
That controversy about the impact of these cyto-
kines (IFN-y and TNF-a) on response to therapy
in chronic HCV patients may be due to differences
in methodology as previous studies measured these
cytokines in serum by PCR (31) or in peripheral
blood cells by cell sorting techniques (30), while in
the present study, these cytokines were assessed in
tissue by immunohistochemical technique.

The present study demonstrated that high per-
centage of TNF-o was seen in higher grades of
spotty necrosis. TNF-a is an inflammatory cytokine
secreted mainly by activated macrophages known
to upregulate adhesion molecules and to provoke
hepatocyte apoptosis (33). HCV infection enhanced
TNF-a-induced cell death by suppressing of NF-
kB. Therefore, TNF-o contribute to immune-medi-
ated liver injury in chronic HCV patients (34). This
may explain increased presence of TNF-a in lobular
inflammation like spotty necrosis as liver macro-
phages (kupffer cells) are mainly localized in sinu-
soids. Also TNF-a system is not only involved in
the elimination of viral pathogens but also has been
linked to the severity of HCV-associated liver dis-
ease (35, 36). Dumoulin et al. (31) detected a signif-
icant correlation in intrahepatic TNF-o mRNA
levels between viral load and histological fibrosis
scores (indicator of severity of inflammation). Fast-
ing serum TNF-o in chronic HCV patients was
higher than normal persons and it is associated
with the severity of disease, but it did not correlate
with antiviral therapy (37).

The present study showed that positive cases for
IFN-y demonstrated high percentage of IL-28
expression in responders and in all patients and this
may be explained as both markers belong to the
same group of cytokines (Interferons). IFN-y is a
dimerized soluble cytokine which is the only
member type II class of interferons. The recently
classified type III interferon group consists of three
IFN-A (lambda) molecules called TFN-A1, IFN-A2,
and IFN-A3 (also called IL-29, IL-28A, and IL-28B
respectively) (38, 39).

The current study demonstrated that in non-
responders group, TNF-o was associated with high
median percentage of 1L-28 (30%) compared to neg-
ative group (10%). As TNF-a expression may reflect
severe inflammatory state (its association with spotty
necrosis), so the increased level of IL-28 in these
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cases is to counteract action of TNF-o. This again
reflects the presence of an interaction between pro-
inflammatory cytokines represented by TNF-a and
anti-inflammatory cytokines represented by I1L-28.

In this study, cases were further classified with
regard to the expression of the three cytokines into
positive group (positive for the three cytokines),
mixed group (positive for one or two cytokines),
and negative group (negative for the three cyto-
kines). Twenty nine of 48 cases of the mixed group
(60%) showed either IL-28 or IFN-y or both
expressions. While TNF-a was expressed alone in
one case and in combination of either IFN-y or
IL-28 in 18 cases (37.5%). So, the mixed group
tended to show more expression toward anti-
inflammatory cytokines (IL-28 and IFN-y) than
pro-inflammatory cytokines (TNF-o). This may
explain why the mixed group showed more associa-
tion with grade I portal tract inflammation (42/53)
compared to positive group (6/53). In addition,
the mean value of TNF-a in the group showing
positivity for the three markers was higher
(18.10 £ 18.0) than its value in the mixed group
(4.2 4+ 11.34). Therefore, we suggested that the pro-
inflammatory cytokines were highly reduced in the
mixed group, which explained its association with
less inflammatory state.

Therefore, based on the results of comparison
between mixed and positive groups, we further
divided our cases according to presence or absence
of TNF-a. This division showed that the cases dem-
onstrating TNF-o were in favor of higher grade of
portal tract inflammation compared to the group
lacked this cytokine.

Finally, the present study demonstrates that some
inflammatory cytokines expressed by intrahepatic
inflammatory cells in chronic HCV patients promote
inflammation and injury (pro-inflammatory) such as
TNF-a. However, other cytokines aid in resolving
inflammation and injury (anti-inflammatory) such as
1L-28. The balance between these cytokines will
determine the degree of inflammatory state. None of
the investigated cytokines proved its clear cut role in
affecting response to therapy, however, their levels
varied between responders and non-responders for
further investigations to clarify.

REFERENCES

1. Zhang L, Gwinn M, Hu DJ. Viral hepatitis C gets
personal — the value of human genomics to public
health. Public Health Genomics 2013;16:192-7.

2. McHutchison JG, Lawitz EJ, Shiffman ML, Muir AJ,
Galler GW, McCone J, et al. Peginterferon alfa-2b or
alfa-2a with ribavirin for treatment of hepatitis C
infection. N Engl J Med 2009;361:580-93.

25

85UB01 7 SUOWILLIOD SAIIRID 3cedt [dde 8y Aq pauenob ae oIl VO ‘8sN JO SajnI Joj A%iqiT 8ulUO AS]IA LD (SUORIPUOD-PUE-SWRIALI0D" A3 1M Afe.q1Bul Uo//:Sty) SUORIPUOD pue SWLB | 8U) 89S *[9202/70/80] Uo ArelqiTauliuo AB|im ‘(lBulisuz) slomeN ‘IS fuolieN uendAB3 Aq ToEZT Wide/TTTT OT/I0p/L0d A8 i Akeiq 1 puljuo//:Sdny woy pepeojumod ‘T ‘GTOZ ‘S970009T



26

ABDOU et al.

. Wui L, Wang H, Geng X. Two IL28B polymorphisms

are associated with the treatment response of different
genotypes of hepatitis C in different racial popula-
tions: a meta-analysis. Exp Ther Med 2012;3:200-6.

. Shirakawa H, Matsumoto A, Joshita S, Komatsu M,

Tanaka N, Umemura T, et al. Pretreatment prediction
of virological response to peginterferon plus ribavirin
therapy in chronic hepatitis C patients using viral and
host factors. Hepatology 2008;48:1753-60.

. Kamal SM, Fehr J, Roesler B, Peters T, Rasenack

JW. Peginterferon alone or in combination with riba-
virin enhances HCV specific CD4" T helper 1
responses in patients with chronic hepatitis C. Gastro-
enterology 2002;123:1070-83.

. Mogensen TH. Pathogen recognition and inflamma-

tory signaling in innate immune defenses. Clin Micro-
biol Rev 2009;22:240-73.

. Clark V, Nelson DR. The role of ribavirin in direct

acting antiviral drug regimens for chronic hepatitis C.
Liver Int 2012;32:103-7.

. Atsukawa M, Nakatsuka K, Kobayashi T, Shimizu

M, Tamura H, Harimoto H, et al. Ribavirin down-
modulates inducible costimulator on CD4™ T cells
and their interleukin-10 secretion to assist in hepatitis
C virus clearance. J Gastroenterol Hepatol
2012;27:823-31.

. Yoneda S, Umemura T, Katsuyama Y, Kamijo A,

Joshita S, Komatsu M, et al. Association of serum
cytokine levels with treatment response to pegylated
interferon and ribavirin therapy in genotype 1 chronic
hepatitis C patients. J Infect Dis 2011;203:1087-95.

. Umemura T, Joshita S, Yoneda S, Katsuyama Y, Ich-

jjo T, Matsumoto A, et al. Serum interleukin (IL)-10
and IL-12 levels and IL28B gene polymorphisms: pre-
treatment prediction of treatment failure in chronic
hepatitis C. Antivir ther 2011;16:1073-80.

. Cacciarelli TV, Martinez OM, Gish RG, Gish RG,

Villanueva JC, Krams SM. Immunoregulatory cyto-
kines in chronic hepatitis C virus infection: pre- and
post-treatment  with interferon alfa. Hepatology
1996;24:6-9.

. Tsai SL, Sheen IS, Chien RN, Chu CM, Huang HC,

Chuang YL, et al. Activation of Thl immunity is a
common immune mechanism for the successful treat-
ment of hepatitis B and C: tetramer assay and thera-
peutic implications. J Biomed Sci 2003;10:120-35.

. Wan L, Kung YJ, Lin YJ, Liao CC, Sheu JJ, Tsai Y,

et al. Thl and Th2 cytokines are elevated in HCV-
infected SVR(-) patients treated with interferon-alpha.
Biochem Biophys Res Commun 2009;379:855-60.

. Ishak K, Baptista A, Bianchi L, Callea F, De Groote

J, Gudat F, et al. Histologic grading and staging of
chronic hepatitis. J Hepatol 1995;24:289-93.

. Theise ND, Bodenheimer HC Jr., Ferrell LD. Acute

and chronic viral hepatitis. In: Burt AD, Portmann
BC, Ferrell LD, editors. MacSween’s Pathology of the
Liver, 5th Edition, Chapter 8. Philadelphia, USA:
Elsevier, 2007; 399-442.

. Bedossa P, Poynard Y. An algorithm for the grading of

activity in chronic hepatitis C. The METAVIR Cooper-
ative Study Group. Hepatology 1996;24:289-93.

. Brunt EM, Janney CG, Di Bisceglie AM, Neuschwan-

der-Tetri BA, Bacon BR. Nonalcoholic steatohepati-
tis: a proposal for grading and staging the histological
lesions. Am J Gastroenterol 1999;94:2467-74.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

Agindez JA, Garcia-Martin E, Maestro ML, Cuenca
F, Martinez C, Ortega L, et al. Relation of IL28B
gene polymorphism with biochemical and histological
features in hepatitis C virus-induced liver disease.
PLoS ONE 2012;7:¢37998.

Langhans B, Kupfer B, Braunschweiger I, Arndt S,
Schulte W, Nischalke HD, et al. Interferon-lambda
serum levels in hepatitis C. J Hepatol 2011;54:859-65.
Ge D, Fellay J, Thompson AJ, Simon JS, Shianna
KV, Urban TJ, et al. Genetic variation in IL28B pre-
dicts hepatitis C treatment-induced viral clearance.
Nature 2009;461:399-401.

Suppiah V, Moldovan M, Ahlenstiel G, Berg T, Welt-
man M, Abate ML, et al. IL28B is associated with
response to chronic hepatitis C interferon-alpha and
ribavirin therapy. Nat Genet 2009;41:1100-4.

Thomas DL, Thio CL, Martin MP, Qi Y, Ge D,
O’Huigin C, et al. Genetic variation in IL28B and
spontaneous clearance of hepatitis C virus. Nature
2009;461:798-801.

Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio J,
Mueller T, et al. Genetic variation in IL28B is associ-
ated with chronic hepatitis C andtreatment failure:
a genome-wide association study. Gastroenterology
2010;138:1338-45.

Abe H, Ochi H, Maekawa T, Hayes CN, Tsuge M,
Miki D, et al. Common variation of IL28 affects
gamma-GTP levels and inflammation of the liver in
chronically infected hepatitis C virus patients. J Hepa-
tol 2010;53:439-43.

Thompson AJ, Clark PJ, Zhu M, Zhu Q, Ge D, Sul-
kowski MS, et al. Genome wide-association study
identifies IL28B polymorphism to be associated with
baseline ALT and hepatic necro-inflammatory activity
in chronic hepatitis C patients enrolled in the IDEAL
study. Hepatology 2010;52:1220A—1A.

Larrea E, Garcia N, Qian C, Civeira MP, Pricto J.
Tumor necrosis factor alpha gene expression and the
response to interferon in chronic hepatitis C. Hepatol-
ogy 1996;23:210-7.

Zhu N, Khoshnan A, Schneider R, Matsumoto M,
Dennert G, Ware C, et al. Hepatitis C virus core pro-
tein binds to the cytoplasmic domain of tumor necro-
sis factor (TNF) receptor 1 and enhances TNF-
induced apoptosis. J Virol 1998;72:3691-7.

Knobler H, Zhornicky T, Sandler A, Haran N, Ashur
Y, Schattner A. Tumor necrosis factor-alpha-induced
insulin resistance may mediate the hepatitis C virus-
diabetes association. Am J Gastroenterol 2003;
98:2751-6.

Schoenborn JR, Wilson CB. Regulation of interferon-
gamma during innate and adaptive immune responses.
Adv Immunol 2007;96:41-101.

Par G, Szereday L, Berki T, Palinkas L, Halasz M,
Miseta A, et al. Increased baseline proinflammatory
cytokine production in chronic hepatitis C patients
with rapid virological response to peginterferon plus
ribavirin. PLoS ONE 2013:8:¢67770.

. Dumoulin FL, Wennrich U, Nischalke HD, Leifeld L,

Fischer HP, Sauerbruch T, et al. Intrahepatic mRNA
levels of interferon gamma and tumor necrosis factor
alpha and response to antiviral treatment of chronic
hepatitis C. J Hum Virol 2001;4:195-9.

Lio D, Caruso C, Di Stefano R, Colonna Romano G,
Ferraro D, Scola L, et al. IL-10 and TNF-o polymor-

© 2014 APMIS. Published by John Wiley & Sons Ltd

85UB01 7 SUOWILLIOD SAIIRID 3cedt [dde 8y Aq pauenob ae oIl VO ‘8sN JO SajnI Joj A%iqiT 8ulUO AS]IA LD (SUORIPUOD-PUE-SWRIALI0D" A3 1M Afe.q1Bul Uo//:Sty) SUORIPUOD pue SWLB | 8U) 89S *[9202/70/80] Uo ArelqiTauliuo AB|im ‘(lBulisuz) slomeN ‘IS fuolieN uendAB3 Aq ToEZT Wide/TTTT OT/I0p/L0d A8 i Akeiq 1 puljuo//:Sdny woy pepeojumod ‘T ‘GTOZ ‘S970009T



33.

34.

35.

36.

IL-28, IFN-y, AND TNF-o IN CHRONIC HCV

phisms and the recovery from HCV infection. Hum
Immunol 2003;64: 674-80.

Bumgardner GL, Li J, Apte S, Heininger M, Frankel
WL. Effect of tumor necrosis factor alpha and inter-
cellular adhesion molecule-1 expression on immunoge-
nicity of murine liver cells in mice. Hepatology
1998;28:466-74.

Park J, Kang W, Ryu SW, Kim WI, Chang DY, Lee
DH, et al. Hepatitis C virus infection enhances TNF-
alpha induced cell death via suppression of NF-kB.
Hepatology 2012;56:831-40.

Zylberberg H, Rimaniol AC, Pol S, Masson A, De
Groote D, Berthelot P, et al. Soluble tumor necrosis
factor receptors in chronic hepatitis C: a correlation
with histological fibrosis and activity. J Hepatol
1999;30:185-91.

Itoh Y, Okanoue T, Ohnishi N, Sakamoto M,
Nishioji K, Nakagawa Y, et al. Serum levels of
soluble tumor necrosis factor receptors and effects

© 2014 APMIS. Published by John Wiley & Sons Ltd

37.

38.

39.

of interferon therapy in patients with chronic hep-
atitis  C virus infection. Am J Gastroenterol
1999;94:1332-40.

Ren Y, Duan ZH, Meng QH, Li Z, Li J. [Relation-
ship between the level of serum TNF-alpha of patients
with chronic hepatitis C and treatment with inter-
feron-alpha and the influencing factors]. Zhonghua
Shi Yan He Lin Chuang Bing Du Xue Za Zhi
2009;23:129-31.

Kotenko SV, Gallagher G, Baurin VV, Lewis-Antes
A, Shen M, Shah NK, et al. IFN-lambdas mediate
antiviral protection through a distinct class II cytokine
receptor complex. Nat Immunol 2003;4:69-77.
Sheppard P, Kindsvogel W, Xu W, Henderson K,
Schlutsmeyer S, Whitmore TE, et al. 1L-28, 1L-29 and
their class II cytokine receptor IL-28R. Nat Immunol
2003;4:63-8.

27

85UB01 7 SUOWILLIOD SAIIRID 3cedt [dde 8y Aq pauenob ae oIl VO ‘8sN JO SajnI Joj A%iqiT 8ulUO AS]IA LD (SUORIPUOD-PUE-SWRIALI0D" A3 1M Afe.q1Bul Uo//:Sty) SUORIPUOD pue SWLB | 8U) 89S *[9202/70/80] Uo ArelqiTauliuo AB|im ‘(lBulisuz) slomeN ‘IS fuolieN uendAB3 Aq ToEZT Wide/TTTT OT/I0p/L0d A8 i Akeiq 1 puljuo//:Sdny woy pepeojumod ‘T ‘GTOZ ‘S970009T



