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Can the Presence of C-Kit-Positive Hepatic Progenitor
Cells in Chronic Hepatitis C Have a Role in the

Follow-Up of the Disease?

Kronik Hepatit C'de C-Kit Pozitif Hepatik Progenitor Hicrelerinin Hastaligin

Takibinde Rolci Var mi?

Siida Tekin Koruk', ilyas Ozardali?, Dilnur Dincoglu?, Muhammed Emin Giildiir2, Celal Cahsir'

Objective: The aim of this study was to compare the clinical
and pathological properties of cases of hepatitis C virus (HCV)
infection with respect to the presence or absence of hepatic
progenitor cells positive for the proto-oncogene c-Kit (CD117)
in hepatic tissue.

Material and Methods: The study was performed on hepatic
biopsy specimens from 61 cases with HCV infection. Stained
hepatic biopsy slides were examined. Immunohistochemical
staining was performed using an anti-c-Kit antibody. The cases
were divided into four groups (minimal, mild, moderate and se-
vere according to their total hepatic activity index and into two
groups (none/mild, moderate/severe) according to fibrosis grade.

Results: c-Kit-positive oval cells were detected in 30 cases
(49.1%). There was no statistically significant difference in c-
Kit positivity status with respect to the ALT, AST or HCV RNA
results. c-Kit positivity increased with increasing hepatitis
grade (p<0.001). In cases with moderate/severe fibrosis, c-Kit
positivity was found to be higher than in cases with no fibrosis
or low-grade fibrosis (p<0.02).

Conclusion: It was found that HCV patients with more inflam-
mation and fibrosis were more likely to present c-Kit-positive
hepatic progenitor cells. c-Kit expression in hepatic progeni-
tor cells could possibly be used in the follow-up of patients
with HCV. Larger patient cohorts are needed to confirm these
results.
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Introduction

Amag: Bu calismanin amaci, kronik C hepatiti (KHC) tanisi al-
mis olan olgularin klinik ve patolojik 6zelliklerinin, karaciger
dokusundaki protoonkogen c-Kit (CD117) pozitif hepatik pro-
genitor hucrelerin varligi agisindan karsilastiriimasi idi.

Gereg ve Yontemler: Calisma, 61 kronik hepatit C enfeksiyonu
olgusunun karaciger biyopsi 6rneklerinde yapildi. Boyali kara-
ciger biyopsi lamlari incelendi. Anti c-Kit antikoru kullanilarak
immunhistokimyasal boyama yapildi. Olgular almis oldukla-
ri toplam hepatik aktive indeksi puanina gore olusturulmus 4
gruba (minimal, mild, modereta, severe) ve fibrozis derecesine
gore 2 gruba (no-mild, moderate to severe) ayrildi.

Bulgular: Calismada olgularin 30’unda (%49,1) c-Kit pozitif
oval hiicreler saptandi. C-Kit boyanma durumu ile alanin ami-
notransferaz, aspartat aminotransferaz ve HCV RNA diizeyleri
arasinda istatistiksel olarak anlamli farkhilik bulunmadi. He-
patit derecesi arttikca c-Kit pozitifligi artmakta idi (p<0,001).
Orta-agir derecede fibrozis gosteren olgularda, fibrozis goster-
meyen ve hafif derecede fibrozis gosteren olgulara gore c-Kit
pozitifligi daha yiiksek bulundu (p<0,02).

Sonug: Calismamizdaki olgularda, artan inflamasyon ve fibro-
zis derecesi ile c-Kit pozitif hepatik progenitor hiicre sayisinda
artig saptanmistir. Bulgularimiz, hepatit C olgularinda c-Kit po-
zitif oval hiicre varliginin hastalarin takibinde bir kriter olabile-
cegini dustindiirmektedir. Ancak sonuglarin dogrulanmasi icin
genis calismalara ihtiyag vardir.

Anahtar kelimeler: CD 117 antijeni, hepatitis c viriisii

The most important life-threatening consequence of chronic HCV infection is the development of hepatic fibro-
sis, which is often followed by cirrhosis and hepatocellular carcinoma (HCC) (1). HCV infections are usually
asymptomatic. Serological and molecular tests are useful for the diagnosis of the disease; however, liver biopsy is
considered the most direct way of visualising the necroinflammatory status of the liver (2). Hepatic biopsy reveals
the underlying causes of the hepatic disease as well as the grade of fibrosis and degree of necroinflammation (3).

The proto-oncogene c-Kit (tyrosine-protein kinase Kit or CD117) is a protein that in humans is encoded by the KIT
gene. c-Kit is primarily expressed in haematopoietic stem cells, basal cells of the skin, melanocytes, germ cells and
Cajal cells in the intestinal tract (4). It has been reported that this receptor has roles in cellular apoptosis, cell dif-
ferentiation, proliferation, chemotaxis and the regulation of cellular adhesion (5). c-Kit overexpression is observed
in many human malignancies, notably in gastrointestinal malignancies, colon cancer, and neuroblastomas (6, 7).

Progenitor cells (oval cells) of the liver are small, narrow cells with a basophilic cytoplasm and an oval nucleus, and
they appear after all kinds of liver damage. These oval cells are bipotential and have the ability to differentiate into
either hepatocytes or biliary epithelial cells. c-Kit is considered to be a determinant marker for these cells (8). In addi-
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tion, it has also been reported in several studies that oval cells may
be the progenitor cells of HCC and cholangiocarcinoma (8-10).

c-Kit expression has been mainly studied in HCC patients in previ-
ous publications. In the present study, the aim was to compare the
clinical and pathological properties of cases diagnosed as chronic
hepatitis C infection with respect to the presence or absence of c-
Kit-positive hepatic progenitor cells in hepatic tissue.

Material and Methods

Patients

The study was performed on hepatic biopsy specimens of 61 cases
of hepatitis C infection whose treatment and follow-up were on-
going between the dates of January 2008 and December 2009 in
the Department of Infectious Diseases and Clinical Microbiology.
The diagnosis and treatment approach were in accordance with the
guideline criteria (11). HCV genotyping was performed with a line
probe assay (Inno-LiPA HCV I, Bayer Diagnostics, USA) or with an
in-house method (12, 13). Pre-treatment levels of alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alkaline phos-
phatase, y-glutamyl transferase, urea, creatinine, bilirubin, platelets,
complete blood count, HBsAg, anti-HBs, anti-HDV, anti-HIV and
autoantibodies were determined in these patients.

Liver biopsies were taken from patients who were anti-HCV and
HCV RNA-positive by reverse transcriptase- polymerase chain re-
action (RT-PCR) (Amplicor; Roche Diagnostic Systems, USA) after
obtaining their written informed consent. Patients with chronic
liver disease (decompensated cirrhosis, hemochromatosis, Wil-
son’s disease and autoimmune hepatitis), patients presenting with
findings of HCC by ultrasonography or computerised tomography,
a history of alcohol consumption and those receiving immuno-
suppressive treatments were excluded from the study. The clinical
and laboratory data of the cases were obtained from the follow-up
records. The study was conducted upon review and approval of
Harran University Medical Faculty Ethics Committee.

The histopathological evaluation of the biopsy specimens taken
from the patients was performed in the Department of Pathology.
For this purpose, slides stained with haematoxylin-eosin, reticulin
and Masson’s trichrome were examined and the inflammation den-
sity and fibrosis grade were determined in each case. Specimens
containing less than four portals in this evaluation were not in-
cluded in the study. Inflammation density and fibrosis grades were
performed according to the Modified Knodell system suggested by
Ishak (14).

Accordingly, all the scores obtained in each case for periportal in-
flammation, interface hepatitis, confluent necrosis and lobular ne-
crosis were summed and thus a total hepatic activity index (grade)
was calculated. The cases were classified into four groups with re-
spect to inflammation density according to their hepatic activity in-
dex score and were considered minimal if 1-3, mild if between 4-8,
moderate if between 9-12 or severe if between 13-18. Each case
was evaluated again with respect to the fibrosis grade according
to the system suggested by Ishak. After this evaluation, the cases
were divided in two groups in which cases with 0-2 points were
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designated none/mild fibrosis, while those with 3-6 points were
designated moderate/severe fibrosis.

Immunohistochemical Staining

Paraffin blocks were taken from the archives for immunohistochem-
ical examination and 4 pm-thick cross-sections were taken. The sec-
tions were deparaffinised and rehydrated by passing them through
an alcohol series. Sections were treated in a T mmol/L EDTA (pH 8.0)
solution in a microwave oven for 20 minutes for antigen retrieval.
The sections were incubated for 5 minutes in 3% hydrogen peroxide
solution for the inactivation of endogenous peroxidase. c-Kit (Dako,
polyclonal rabbit-antihuman, code no: A4502) was applied as the
primary antibody for 80 minutes. Then, biotinylated anti-mouse anti-
rabbit 1gG was applied to the sections, streptavidin-conjugated per-
oxidase was applied and the sections were stained with 3,3’diami-
nobenzidine tetrahydrochloride. Haematoxylin was used for contrast
staining. In prepared specimens, oval round cells stained with c-Kit
were evaluated by light microscopy. Accordingly, the cases were di-
vided into two groups, i.e., cases containing c-Kit -positive oval cells
and cases not containing them.

Statistical Analysis

Continuous variables were not normally distributed by the Kol-
mogorov-Smirnov test. Therefore, the Mann-Whitney U test and
the Chi-square test were used in the statistical analysis. P<0.05 was
taken as the significance level.

Results

In this study, 60.7% (n=37) of the participants were male, 39.3%
(n=24) were female, and the mean age was 48.3+12.8 (range 15-
66) years. The average alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) values of the cases were found to be
70.0+£57.1 (range 19-264) U/L and 53.8+46.4 (range 16-228) U/L,
respectively. The average HCV RNA level was 4.8x10°+5.8x10°
(range 2.7x10*-3.4x107) IU/mL. The genotype distribution of the
cases was 77.0% (n=47) genotype 1 (1, Ta, 1b) and 23.0% (n=14)
genotype 2 (2, 2a, 2b). a-Fetoprotein (AFP) levels in patients were
within normal levels (<10 ng/mL), and abdominal ultrasound re-
sults were normal.

The distribution of the age, ALT, AST and HCV RNA levels of the
cases according to their fibrosis grade is presented in Table I. No
statistically significant differences were observed between the fi-
brosis grade groups with respect to age, ALT, AST or HCV RNA
(p>0.05) (Table 1).

The distribution of the ALT, AST and HCV RNA levels of the cases
according to the c-Kit staining status of tissue sections is presented
in Table 2. No statistically significant differences were observed
between the c-Kit staining status groups with respect to ALT, AST or
HCV RNA (p>0.05).

The distribution of the cases according to genotype and the pres-
ence of c-Kit positive cells is presented in Table 3. Although there
were fewer cases containing c-Kit positive cells among the geno-
type 2 patients, there were no statistically significant differences
between the two groups.
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Table 1. Distribution of age, ALT, AST and HCV RNA levels of cases according to the fibrosis grade in tissue sections

None/mild fibrosis Moderate/severe fibrosis U p
median (min-max) (n=46) median (min-max) (n=15)
Age (years) 53 (15-66) 54 (16-64) 344.0 0.98
ALT (IU/mL) 53.0 (19-264) 59.0 (21-243) 294.5 0.39
AST (IU/mL) 35.5 (16-228) 48.0 (20-196) 249.5 0.11
HCV RNA 2100.0 (27-34000) 3820.0 (119-12000) 311.0 0.56
(IU/mLx10%)
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HCV: Hepatit C Virus
Table 2. Distribution of ALT, AST and HCV RNA levels of cases according to the c-Kit staining status of tissue sections
C-Kit U p
Negative (n=31) Positive (n=30)
ALT (IU/L) 44.0 (19-264) 58.0 (22-243) 389.9 0.27
AST (IU/L) 33.0 (16-228) 45.0 (20-196) 332.5 0.06
HCV RNA (IU/mLx103) 3100.0 (27-34000) 1865.0 (119-11000) 411.5 0.44
Values are median (min-max). ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HCV: Hepatit C Virus
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c-Kit-positive oval cells were found in 30 of the 61 cases (49.1%)
included in the study. All these cells were observed in the portal
areas or in the lobular border of the portal area. The vast majority
of c-Kit positive narrow cytoplasmic cells found had formed small
cellular clusters (Figure 1). In addition, c-Kit positivity of variable
grades was also seen in biliary epithelial cells in the vast majority of
the cases with moderate/severe fibrosis that contained c-Kit -posi-
tive oval cells (Figure 2).

Significant differences were found between the four different total
hepatic activity index groups and between the two different fibrosis
grade groups with respect to c-Kit oval cell positivity.

Discussion

Liver histology is the best prognostic indicator for chronic HCV in-
fection as aminotransferase levels are normal in one-third of HCV
patients. Histological damage is found to be advanced in some
normal cases (1). In our study, the enzyme levels in moderate/se-

Figure 1. Immunohistochemical staining using a polyclonal rabbit anti-
body against c-Kit. Positive c-Kit stained oval cells (marked by arrows)
were seen at the border of the portal area and the lobulus in a biopsy
showing mild hepatitis and moderate fibrosis (magnification 400)

vere fibrosis cases were found to be similar to those in none/mild
fibrosis cases. Thus, the importance of liver histology rather than
aminotransferase levels for HCV infection follow-up is once again
confirmed.

HCV RNA determination is the most sensitive method for the di-
agnosis of HCV infection (1). Although serum ALT levels can show
fluctuations, serum HCV RNA levels remain constant (15). How-
ever, HCV RNA levels are not indicative of the fibrosis grade, and
therefore cannot provide a prognosis of the disease (16). In our
study, HCV RNA levels were found to be high in advanced-stage
hepatitis; however, there was no significant difference between this
stage and the other stages.
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Table 4. Distribution of the fibrosis and inflammation grades of tissue sections according to the presence of c-Kit-positive cells

c-Kit
Negative Positive
n % n % Chi-square p

Fibrosis ~ None/mild fibrosis 29 63.0 17 37.0 9.2 0.02

Moderate/severe fibrosis 2 13.3 13 86.7
Grade Minimal? 13 92.9 1 7.1 16.9 0.001

Mild? 17 45.9 20 54.1

Moderate? 1 10.0 9 90.0
All three groups make a difference. As the grade increased, the percentage of C-kit positivity also increased

Figure 2. Positive c-Kit staining of biliary epithelial cells(marked by
arrows) in the biliary ductus in the portal area (magnification 1000)

Hepatic fibrosis occurs in response to all forms of liver injury, in
which collagen and other proteins are deposited between hepa-
tocytes and the sinusoidal endothelium. In viral hepatitis, fibrosis
starts in the periportal area, expands in the form of septa and is
observed as bridge formation between the portal areas (17). Pri-
mary HCC is a late complication of chronic HCV infection, and it
is generally seen in patients with cirrhosis (18). In a study done on
patients diagnosed with liver cancer, HCV was found in 71% and
HBYV infection in 15% of patients (19). Therefore, histopathological
examination of the liver is an important method in the follow-up of
patients diagnosed with chronic HCV infection for staging the dis-
ease, defining it with respect to cirrhosis, and for diagnosing HCC
which is the most important complication of this disease.

One of the factors that positively affects the response to treatment in
chronic HCV patients is infection with genotype 2 or 3 among the six
identified genotypes (20). In our study, we found that staining with
c-Kit in HCV genotype 2 cases was less but not statistically different
than in genotype 1 cases. We did not find any study in the literature
in which both genotype and c-Kit positivity were studied. However,
taking into consideration that genotype is an important prognostic
factor, our opinion is that c-Kit positivity will be correlated with gen-
otype in evaluations done with a larger number of cases.

Oval cells, which are small cells with a characteristic ovoid nucle-
us, are one of the important origins of liver stem cells. They appear
in the periportal region and then infiltrate along the bile canaliculi
(21). Ma et al. (22) observed that, in human livers with chronic
viral hepatitis, some c-Kit-positive cells with an oval-like morphol-
ogy were present, and an antibody against c-Kit was useful in de-
tecting them. These oval cells were characterised by ovoid nuclei
(7 pmx9 pmto 12pmx17 pm), small size and scant cytoplasm. They
were located predominantly in the periportal region, and were of-
ten found in close association with inflammatory cells in chronic
active hepatitis (22). As mentioned in the literature, in prepared
specimens, oval round cells stained with c-Kit were evaluated in
the present study. Lee et al. (8) stated that expression of c-Kit is also
noted in mast cells with a distinctive membranous pattern of stain-
ing. In addition to morphological differences, leukocyte common
antigen (CD45) immunostaining in consecutive sections allowed
the separation of mast cells from c-Kit positive progenitor cells.

c-Kit belongs to the type Il family of receptor tyrosine kinases ex-
pressed in normal cells, such as hematopoietic stem cells, germ
cells and ductal breast epithelium (23, 24). c-Kit has also been
found to be expressed in 46 different tumour types, including
gastrointestinal tumours (25). Mansuroglu et al. (26) showed that,
compared with the normal liver, stem cell factor (SCF) and/or c-Kit
gene expression increased in a rat model of cirrhosis and cholan-
giocarcinoma, which is the second most common primary hepatic
neoplasia. They concluded that SCF and its receptor c-Kit may
contribute to tumour development. In a study done by Medinger
et al. (27) in cancer patients, c-Kit immunopositivity was found in
22% of cases, although positivity was found in only 17% of pa-
tients with HCC. Although patients with chronic hepatitis C were
included in this study, patients who had developed HCC were not
included. However, c-Kit positivity has also been shown in the
early stages of the disease. There are publications in which c-Kit
positivity in HCC cases and its relationship with chronic hepatitis
were investigated, but few studies have addressed hepatitis grade
and c-Kit density in chronic hepatitis C infection.

A close correlation between the degree of progenitor cell activation
and the severity of inflammation and fibrosis has been shown in
chronic hepatitis (28). In chronic hepatitis B patients, c-Kit positiv-
ity was very significantly associated with both necroinflammatory
activity grade and the stage of the disease (9). In our study, the re-
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sults were similar to those obtained in chronic hepatitis B patients.
Although there was no group of patients with HCC, the c-Kit stain-
ing ratio was found to be higher in advanced stages of the disease.

In some cases in which c-Kit-positive oval cells were found, c-Kit
positivity was also found in biliary epithelial cells. The results of pre-
vious studies show that c-Kit-positive cells are bipotential cells that
can differentiate into either hepatocytes or biliary epithelium (29).

Some discrepancies exist between the results of studies in which
c-Kit positivity was investigated in HCC cases. Although c-Kit posi-
tivity in HCC was observed in some studies, c-Kit positivity was
not observed in other studies (9). Finding c-Kit expression in tumor
cells supports the theory that progenitor cell activation develops as
a result of chronic liver damage due to hepatitis and contributes
to the formation of HCC, because c-Kit expression is a feature of
progenitor cells. If this theory is proven to be correct, then hepatitis
cases in which c-Kit positivity is seen at early stages bear a higher
rate risk of developing carcinoma (HCC). However, we think that
advanced studies investigating genetic and molecular changes in
hepatitis C and HCC cases are required.

Conclusion

A statistical correlation was not found between biochemical pa-
rameters and c-Kit positivity in hepatitis C cases in our study. How-
ever, a significant relationship was found between fibrosis stage
(which is one of the most important prognostic determinants) and
c-Kit positivity and inflammation density. Therefore, c-Kit expres-
sion in hepatic progenitor cells could possibly be used as a marker
in the follow-up of patients with HCV.
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