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ABSTRACT

Hepatitis C virus (HCV) represents a major public health prob-
lem, affecting 3% of the world’s population. In majority of infected
patients, HCV can effectively evade innate immunity resulting
in chronic hepatitis, which can progress to cirrhosis and hepa-
tocellular carcinoma (HCC). Similar to most solid tumors, HCCs
are believed to contain poorly differentiated cancer stem cell-like
cells (CSCs) that initiate tumorigenesis and confer resistance to
chemotherapy. The present work attempted to study the mRNA
expression of cancer stem cell markers (CD133 and CD44)
in patients with chronic hepatitis C virus (reflecting the role of
HCV) and their correlation with progression toward cirrhosis and
HCC. Peripheral blood mononuclear cell (PBMC) prepared from
chronic HCV patients (either with or without complications) were
probed for mRNA expression of CD133 and CD44 by RT-PCR
and compared to that of non-HCV cirrhotic patients as well as
healthy control subjects. Our results showed that mRNA expres-
sion of CD133 was significantly elevated in all HCV patients ei-
ther with or without complications but not in those with non-HCV
cirrhosis, with maximal expression in patients without compli-
cations (HCV patients only). On the other hand, maximal CD44
MRNA expression was recorded in HCC patients. Taken togeth-
er, these results suggests that, chronic HCV infection appear to
predispose cells towards the path of acquiring cancer stem cell
traits by inducing CD133 and CD44 expression and it prove the
hypothesis that the viral interference with signaling network of
normal stem cells leads to their transformation into CSCs.
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INTRODUCTION

Hepatitis C virus (HCV) infection remains a
serious burden to public health affecting 2-3%
of the world population Y, HCV is a positive-
strand RNA virus with an enveloped virion
belonging to the family Flaviviridae ?. The viral
genome (9,600 nucleotides) encodes a single
polyprotein that is processed co-translationally
into three structural proteins (core, envelope
E1l, and E2) and seven non-structural proteins

(p7, NS2, NS3, NS4A, NS4B, NS5A and NS5B)
@

It is believed that control of HCV infection is
determined by the interplay between virus and
the host immune system ®). In the majority of
HCV infected patients (70-80%), HCV can
effectively evade immune challenge ® resulting
in delayed HCV specific immune response in
addition to alteration in maturation and
functional differentiation of immune cell leading
to persistent viral infection ¢-8), Banerjee et al.,
(2010) @ reported that, HCV proteins interact
with host-cell factors that are involved in cell
cycle regulation, transcriptional regulation, cell
proliferation and apoptosis which contribute to
the viral oncogenic processes. Strong positive
correlation between HCV-induced chronic liver
disease and the development of hepatocellular
carcinoma (HCC) is widely accepted, the
molecular mechanisms underlying
hepatocarcinogenesis is not fully elucidated 0.

Hematopoietic stem cells are the only cells that
possess the ability of both multi-potency and
self-renewal MY, Warr et al., (2011)*? proved
that, cancer stem cells may arise from an
intrinsic mutation leading to disturbance of
signaling network implicated in regulating self-
renewal of normal stem cells as well as
proliferation or differentiation of progenitor cells.

Therefore, blood derived CSCs represent an
interesting source of biological information to
understand the malignancy-associated
dissemination, drug resistance and treatment-
induced cell death @3, They found that co-
expression of CD44 antigen in addition to

http://escipub.com/american-journal-of-cancer-research-and-reviews/

CD133 in HCC cells represented more precise
stem cell properties of CSCs, including self-
renewal, differentiation, aggressive proliferation
and hematogenous metastasis 1415),

Mak et al., (2012) 16 demonstrated that CD133
Is located well-suited for a cell protrusion to
participate the signaling pathway regulating the
epithelial mesenchymal transition. Also, CD133
expression associated with suppression of
cancer cell differentiation.

Mima et al., (2012) @7 found that CD44 plays
an important role in inducing epithelial
mesenchymal transition and in maintaining the
mesenchymal phenotype in HCC. Also its
elevation is correlated with increased
metastasis, recurrence, resistance to chemo- or
radiation therapy, and decreased survival 8),

However, the role of HCV infections in
promoting the expression of potential cancer
stem cell markers and its role to initiate tumor
growth is poorly understood. So, the present
study was design to find out the relation that
link between HCV as one of causative agent for
persistent inflammation and the expression of
CSC marker (CD133 and CD44) that mirror
CSC state to understand the factor that has an
important role in cancer initiation.

SUBJECTS AND METHODS
Subjects and clinical parameters:

The present study was conducted on a total of
58 subjects. Of them, 48 were patients
recruited from those admitting and attending
the in- and out-patient clinics of the Department
of Internal Medicine, Medical Research
Institute, Alexandria University. They included 4
main groups: The first group chronic HCV
patients without manifestations of liver cirrhosis
(12 patients), the 2"¥ was chronic HCV patients
with radiological and serological evidence of
liver cirrhosis (12 patients) and another group
of 12 non-HCV patients with radiological and
serological evidence of liver cirrhosis. The last
group was chronic HCV patients with HCC
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confirmed by radiological and laboratory
assessment (12 patients).

In addition, 10 healthy age- and sex-matched
individuals were involved in the study as
healthy controls. The control group had absent
serological markers of HBV, HCV, Bilharziasis
and autoimmune hepatitis. In addition, they had
normal liver transaminase and with normal liver
homoeostasis assessed by unremarkable
radiographic findings on ultrasound study. The
HCC group was diagnosed by abdominal
ultrasonography, triphasic CT abdomen, serum
alfa fetoprotein and confirmed
histopathologically;  Cirrhotic  group  was
diagnosed by abdominal ultrasonography while
patients with chronic HCV were diagnosed by
clinical examination, abdominal ultrasound,
laboratory investigations and liver biopsy. All
cases were newly diagnosed cases that had
not received prior chemotherapy. All HCV
studied cases were HCV-positive and HBV
negative as confirmed by polymerase chain
reaction (PCR) and serologic tests.

Written informed consent was obtained from all
participants prior to enrollment in the study,
which conformed to the ethical guidelines of the
2004 Declaration of Helsinki. Ethical approval
for the study was obtained from the Local
Ethical Committee of the Medical Research
Institute, Alexandria University.

Methods:
RNA Extraction

Blood samples from peripheral veins (15 ml)
were obtained from each group. The
mononucleated cell fraction was isolated by
centrifugation on a Ficoll-Hypaque gradient at
400g for 30 minutes ®. Total RNA was
isolated using RNeasy Mini Kit (Qiagen,
Germany) and generate cDNA using
QuantiTect Reverse Transcription Kit (Qiagen,
Germany) according to  manufacturer's
instructions.
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Quantitative reverse PCR
analysis (g-RT-PCR)

Real-time quantitative (g-RT-PCR) analysis
was performed with the SYBR Green PCR
Master Mix (Applied Biosystems, USA).
Primers for CD-133 (#QT00075586), CD-44
(#QT00998333) (Applied Biosystem, AB) and
for GAPDH as house keeping gene were used

in the analysis.

transcription

Real-Time PCR was performed in total volume
of 25 ul containing 12.5 yl SYBR Green PCR
Master Mix, (Applied Biosystems, USA), 2 ul of
each reverse transcribed DNA (cDNA), 2.5 pl
of the relevant primer (Applied Biosystems,
USA) and 8 pl of distilled water. Cycling
conditions were 95°C for 15 minutes, followed
by 40 cycles at 94°C for 15 sec, 55°C for 30
sec and 72°C for 30 sec. Real-time PCR
assays were carried out in duplicate for each
sample and mean values were used for the
calculation of the mRNA levels.

Data interpretation: Relative quantification (RQ)
was calculated from the following equation:

AC (t) sample = C (1) target - C (t) house keeping gene

AC (1) catibrator = C (t) target - C (t) house keeping gene
The AAC is then determined using the
following formula:

AAC (t) = AC (t) sample - AC (t) catibrator
Quantitative expression of the target gene

normalized to the house keeping gene and
relative to the calibrator (RQ) = 2-24C 1),

RESULTS
CD133 mRNA expression

The fold increase in CD133 mRNA expression
in control subjects ranged from 0.31-1.7 with
mean+SD of 1.35+1.29; while in patients with
chronic HCV, it ranged from 1.45-14.82 with
mean+SD of 945.6. In HCV patients with liver
cirrhosis, CD133 ranged from 0.76-10.3 with
meanzSD of 3.6+3.3. In non HCV patients with
liver cirrhosis, CD133 ranged from 0.11-5.8 with
meanzSD of 1.3+1.67. Finally, in HCV patients
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with HCC, it ranged from 0.417-10.8 with
meanzSD of 4.4+3.1 (table 1).

Statistical analysis of these results revealed
that mMRNA gene expression of CD133 was
significantly elevated in all HCV infected
patients (either with or without hepatic
complications) but not in those with non-HCV
cirrhosis as compared to normal controls
(p=0.0005, 0.025, 0.01 and 0.647 respectively).
Interestingly, the mRNA expression levels in

chronic HCV patients without complications
was highly significant as compared to those
with complications (cirrhosis and HCC); with
p=0.005 and 0.025 respectively. In addition,
CD133 mRNA expression was significantly
higher in cirrhotic HCV patients when compared
to their non-HCV cirrhotic partners (p=0.025);
however, no significant difference was recorded
upon comparing HCV patients with cirrhosis
and HCC (p=0.19) (table 1).

Table (1): Statistical analysis of the results of relative quantification (RQ) of CD133 among
HCV infected patient groups either without complications (group II), with liver
cirrhosis (group Ill) or HCC (group V) as compared to non-HCV cirrhotics and

healthy subjects.

Groups i
eatty | without | MEVpAtenis | nomHCY | oy
CD13 subjects complication cirrhosis patients with HCC
i(;(llrdease) oo (grmsm 1) (group 1) (group IV) ooy
Range 0.31-1.7 1.45-14.82 0.76-10.3 0.11-5.8 0.417-10.8
Mean 1.35 9 3.6 1.3 4.4
SD 1.29 5.6 3.3 1.6 3.1
P1 0.0005" 0.025" 0.647 0.01"
P2 0.005 0.0005" 0.025
P3 0.025 0.19

*Statistical significant at p < 0.05; P1= p value between studied groups and control subjects;

P2=p value between HCV patients and other studied groups; P3= p value between HCV patients with liver cirrhosis
and other studied groups

CD44 mRNA expressions

CD44 mRNA expression in control subjects
ranged from 0.13-3.03 with meantSD of
1.26+0.81; while in patients with chronic HCV, it
ranged from 2.46-5.3 with meanzSD of
3.95£1.1. In HCV patients with liver cirrhosis,
CD44 ranged from 0.4-5.5 with mean+SD of
2.1+1.7 while in non-HCV cirrhotic patients,
CD44 ranged from 0.1-4.2 with meantSD of
1.1+1.4. Finally, in HCV patients with HCC,
CD44 mRNA expression ranged from 3.1-10.8
with meanzSD of 6.8+2.7 (table 2).

Statistical analysis of these results
revealed that mRNA gene expression of CD44
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was significantly elevated in chronic HCV
patients and in HCC patients as compared to
normal subjects (p=0.0001). On the other hand
no significant variation in CD44 expression was
recorded in cirrhotic patients either HCV or non-
HCV as compared to normal subject (p=0.1,
0.86 respectively). In addition, HCV patients
with HCC still had significantly elevated CD44
MRNA expression when compared to HCV
patients without complications (p=0.005) and
HCV cirrhotics (p=0.0001). Also, CD44 was
found to be significantly elevated in HCV
patients without complications when compared
to those with liver cirrhosis (p=0.005).
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cirrhotic patients either due to HCV or non-HCV

no significant difference was

observed in CD44 mRNA expression between

infection (table 2).

Table (2): Statistical analysis of the results of relative quantification (RQ) of CD44 among
HCV infected patient groups either without complications (group II), with liver
cirrhosis (group Ill) or HCC (group V) as compared to non-HCV cirrhotics and

healthy subjects.

Groups i
eatthy | without | HCY patients | nontCV oy
CD44 subjects complication cirrhosis patients with HCC
Range 0.13-3.03 2.46-5.3 0.4-55 0.1-4.2 3.1-10.8
Mean 1.26 3.95 2.1 1.1 6.8
SD 0.81 1.1 1.7 1.4 2.7
P1 0.0001" 0.1 0.86 0.0001"
P2 0.005 0.0001" 0.005
P3 0.1 0.0001"

*Statistical significant at p < 0.05; P1= p value between studied groups and control subjects; P2= p value between
HCYV patients and other studied groups; P3= p value between HCV patients with liver cirrhosis and other studied
groups

Correlation studies

2. Significant positive correlation between

CD44 and SGPT (figure 2).

3. Significant negative correlation between
CD44 and albumin and prothrombin activity

Pearson’s correlation was performed between
all parametrs among all subjects under study.
The results revealed the following:

1. Significant positive correlation between (figure 3).
CD133 and CD44 (figure 1).
Significant positive correlation
between CD133 and CD44
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Figure 1. Significant positive correlation between CD133 and CD44
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Significant positive correlation
between CD-44 and SGPT
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Figure 2: Significant correlations between CD-44 and SGPT
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Figure 3: Significant correlations between CD-44 and other study parameters

DISCUSSION

The hematological and liver function data of the
present study revealed that platelet counts
were reduced in all patient groups relative to
healthy individuals. These results were
accompanied with parallel decrease in serum
albumin level and prothrombin activity with
elevated serum total bilirubin and serum
glutamic pyruvic transaminase (SGPT).

The results of CD133 and CD44 mRNA
expression of the present study revealed that
maximal expression was recorded in chronic
HCV patients with no complications. Those with
hepatic complications had relatively lower
expression rate with no significant difference
between patients with cirrhosis and HCC was
noticed. Meanwhile, minimal expression was
registered in non-HCV cirrhotic patients.
Concerning CD44 mRNA transcripts, maximal
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expression was noticed in PBMCs of HCC
patients that was even significantly higher than
their HCV cirrhotic partners and, interestingly,
in chronic HCV patients than cirrhotic and
controls. Again, minimal expression was
observed in non-HCYV cirrhotic subjects.

Our results of CD133 were in accordance with
Bahnassy et al., (2014) ©?9 who found that
CD133, determined by flow cytometry, was
significantly higher in blood of chronic HCV
patients compared to those with HCC where
both were higher as compared to healthy
controls. The authors explained this finding on
the basis that CD133* cells represent a subset
of "normal" stem cells that are released from
the bone marrow into circulation during early
inflammatory stage of HCV-associated liver
disease in order to repair hepatic damage,
compensate for the cell loss and prevent or
0006
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eliminate fibrosis. They stated also that, when
these cells fail to clear viral infection and/or
repair the damage, they set the stage for the
development of HCC on top of the chronically
inflamed or cirrhotic liver due to their ability to
proliferate unlimitedly. The same authors
concluded that CD133 expression may
predispose to a poor prognosis in HCC
patients, since it was significantly correlated
with tumor size and stage. They indicated that
monitoring CD133 might be a good prognostic
marker for the development of HCC in high risk
patients (9,

In a recent study conducted by Romano et al.,
(2015) @Y it was found that CD133 over-
expression is associated with rupture of tumor
capsule that prevent the spread of tumor cells.
It seems that CD133 tends to be actively
expressed in tumors showing potential for
invasion and metastasis. Moreover, Ma et al.,
(2008) @2 proved that CD133 was upregulated
in association with the liver regeneration
process. They found that isolated CD133* HCC
cells have higher proliferative and tumorigenic
potential and express lower levels of normal
mature hepatocyte markers. They also detected
that the expression of CD133* cells acquires
the HCC resistance to  conventional
chemotherapy. However, they found that
CD133 was expressed in only a minimal
proportion of HCC cells, and not expressed at
all in normal hepatocytes suggesting that the
CD133* cells are responsible of the origin of
liver cancer. Moreover, Sasaki et al., (2010) 3
and Chan et al., (2014) @4 demonstrated that
cytoplasmic expression of CD133 in HCC is
associated with accelerated tumor invasion to
the major branch of the portal vein and also
with elevated serum a-fetoprotein levels and
histologically high tumor grade. They showed
also that, a significant association was
observed between cytoplasmic expression of
CD133 and the overall survival of patients with
HCC attributing that to multifocal
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carcinogenicity and hematogenous metastasis
to the liver and other remote organs.

In a most recent study by Zhong et al., (2015)
(25 who proved that CD133 over expression
was significantly correlated with conventional
clinicopathological aspects of HCC, such as low
tumor differentiation, advanced tumor stage,
vascular invasion and vascular thrombosis.

These results support the hypothesis that
CD133 possesses the capacity to play an
important role as stem cell marker in HCC
development. On the other hand, HCV infection
itself increases CSC traits during chronic
infection by accelerating CD133 expression.
This goes in accordance with Ali et al., (2011)
(26) who demonstrated that the expression of an
HCV subgenomic replicon in cultured cells
results in the acquisition of CSC traits. These
traits include enhanced expression of CD133,
a-fetoprotein, cytokeratin-19 (CK19), and c-
Myc. Conversely, curing of the replicon from
these cells results in diminished expression of
these factors. The authors further demonstrated
that HCV-expressing cells in liver tissues from
chronic HCV patients are predisposed to the
acquisition of characteristics of CSCs (including
CD133 over-expression) and hepatic progenitor
cells.

As a further investigation to the relationship
between HCV infection and the CD133-
dependent pathway predisposing to hepatic
malignancy, Park et al., (2009) ¢ proposed
that the NS5A of HCV polyprotein increased the
stability of B-catenin (central molecule of the
signaling pathway predisposing to CD133 over
expression) through protein interplay in
hepatoma cell lines, and thus [B-catenin was
accumulated in NS5A stable cells and in the
HCV replicon cells. Also, Liu et al., (2011) @8
showed that HCV core protein enhances Wnt/[3-
catenin signaling activity, hence playing an
important role in HCV-associated
carcinogenesis. These observations are
indications for the links that contribute to the
association between chronic HCV infection and
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the development of HCC. Similarly, Ding et al.,
(2013) ? and Kanno et al., (2012) 9 showed
that mMRNA and protein levels of HDAC6
(intimately associated with CD133 expression)
were also up-regulated in HCV infected cells,
HCC tissues and cell lines, and contributes to
accelerated migration and invasion activity of
HCC cells. These observations are all in favor
of the relationship between chronic HCV
infections and the development of virus-induced
malignancy.

The results of the present study revealed also a
6.8 folds increase in CD44 mRNA expression in
HCC patients than controls. This was
accompanied with a parallel increase in chronic
HCV patients without complications.

These results are in agreement with Lingala et
al., (2010) ®Y who found that the degree of
CD44 protein staining (by anti-CD44 in
immunohistochemical (IHC) assays) in liver
biopsies from patients with chronic viral
hepatitis was significantly higher than other
stages of the disease (including cirrhosis and
HCC). A possible explanation for this
discrepancy may be due to differences between
liver tissue (targeted in their study) and PBMCs
(targeted in the present study). Another
possible reason is that liver specimens were
recruited from heterogenous population of
patients with HBV and HCV either with or
without advanced fibrosis or cirrhosis unlike the
current study that was almost devoted to HCV
patients where negativity for HBV was a major
exclusion criteria. The authors found cell
surface expression of CD133, CD44, CD90 and
ALDH in peri-HCC, mildly inflamed or nearly
normal liver tissue, not only in patients with
advanced disease indicating that circulating,
bone marrow-derived stem cells may be
attracted to normal or inflamed livers to
facilitate tissue repair and that regenerative
populations of hepatocytes might be the source
of positive staining for CSC markers in livers
from viral inflammation or even from healthy
individuals. In addition, Oliva., (2010) ©2
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showed that HCC tissues had a more intense
IHC staining for variable CSC markers
(including CD44) than in cirrhotic liver tissues; a
finding that goes in accordance with the present
study.

On the other hand, recent findings by Hu et al.,
(2014) ®3 and Niu et al., (2015) @4 indicated
that high CD44 expression in patients with HCC
is positively correlated with circulating a-

fetoprotein  level, tumor  size, tumor
differentiation, tumor stage, portal vein
thrombosis, vascular iInvasion, tumor

recurrence and metastasis. These findings
suggest that CD44 expression might be useful
as a predictive marker for HCC progression,
metastasis and recurrence.

Our study indicated also that CD44 mRNA is
significantly expressed in PBMCs of patients
with chronic HCV even without complications
suggesting a role for HCV infection per se as
important factor contributing to enhanced CD44
expression. This goes in agreement with Abe et
al., (2012) ®3 who investigated that cell surface
expression of CD44 detected by DNA
microarray analysis was upregulated in Huh7
cell line harboring an HCV subgenomic RNA
replicon of genotypes 1b and 2a. This finding is
enforced by a more recent observation by
Andre et al., (2015) ®% who found increasing
CD44 expression in cells harboring viral

replicon and that blocking of HCV viral
replication led to a reduction in CD44
expression.

Furthermore, Igbal et al., (2014) @7 investigated
that HCV infection induces epithelial
mesenchymal transition and cell migration via
osteopontin/CD44-dependent pathway followed
by B-catenin activation which can lead to tumor
progression and epithelial mesenchymal
transition of human hepatoma cells.

The current study show also that the
unelevated CD133 and CD44 expression in
cirrhotic patients might be due to the fact that
chronic HCV infections can continuously trigger
production of reactive oxygen species
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(including hydrogen peroxide, hydroxyl radicals
and superoxide radicals) by macrophages,
neutrophils and cytotoxic T lymphocytes®®),
which induces cell cycling, resulting in stem cell
differentiation 9,

Our data revealed also dismatched pattern of
CD133 and CD44 expression between study
groups indicating that individual alterations of
the CD133 and CD44 expression is not
sufficient for HCC development, suggesting that
there might be further changes in the liver
microenvironment  facilitating both HCC
initiation and progression.

In the present study, correlation analysis
revealed that CD44 was positively correlated
with CD133, SGPT while showed negative
correlation with albumin and prothrombin
activity. The negative correlation between
prothrombin activity and CD44 indicating that
as long as the disease progresses, the
expression of CD44 increases since
prothrombin activity is one of the surrogate
markers of profound liver affection. Also, there
was a strong positive correlation between
SGPT and CD44 indicating the loss of
hepatocytes as a result of virus infection and
persistent inflammation inducing cytokine
production and inhibiting albumin synthesis
(this was also manifested by negative
correlation with CD44 that induces cell
proliferation increasing metastasis potential).
These data are confirmed by the observation of
Khalifa et al., (2008) “9 who reported that the
levels of CD44s were significantly higher in
Non-Hodgkin's lymphoma patients than in
controls correlating negatively with albumin and
positively with clinical outcome of the disease.
The authors attributed this finding to the release
of high levels of inflammatory cytokines (TNF-q,
in particular). They added that increased levels
of CD44s are associated with high tumor
burden and poor prognostic criteria and are
potentially = recommended as  prognostic
markers in Non-Hodgkin's lymphoma.
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In addition, the present study showed positive
correlation between CD44, CD133. In
accordance with these findings,
immunohistochemical study of human HCC
specimens by Hou et al., (2012) ®® revealed
that the number of CD133* CD44* cells is
increased and associated with portal vein
invasion, indicating the strong association
between CD44, CD133 in invasion, metastasis,
recurrence and HCC progression.

These findings highlight the important role of
deregulated signaling network induced by HCV
infection in transformation of stem/progenitor
cells and initiation of tumor. Our results and
previous findings in this research area firmly
indicate that CD133/CD44 positive HCC cells
were critical for hematogenous metastasis;
where CD133 is not only responsible for tumor
initiation or progression, but also essential for
self-renewal function. Additionally, CD44 seems
to be important for invasion and extra hepatic
metastasis. However, both molecules play an
important  role  in inducing epithelial
mesenchymal transition and maintaining the
mesenchymal phenotype in HCC.

It seems likely that, chronic HCV infection
appears to predispose circulating stem cells
towards the pathway of acquiring cancer stem
cell characteristics, eventually by inducing
accelerated expression of CD133/CD44. The
current data together with other related
investigations  might  promote  potential
assumptions that tumors not only arise as a
result of successful escape from immune
surveillance, but also as a result of breakdown
of signaling network in normal stem cells due to
persistent HCV infection that leads to their
transformation into CSCs. These events might
lead to modification in niche surrounding stem
cell, thus increasing the migration, invasion
potential and facilitate tumor progression.
However, the underlying mechanisms
responsible for virus entry into stem cell are still

remaining unclear. Whether HCV infection
perse creates the physiological and
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biochemical milieu predisposing to stem cell
transition or the later should be invaded with
viral particles to shuttle down to this destination
remains another area of discrepancy and active
research.

REFERENCES

1

10

11

12

Alter MJ. Epidemiology of hepatitis C virus
infection. World J Gastroenterol 2007; 13:
2436-41.

Lindenbach BD, Rice CM. Flaviviridae: The
viruses and their replication. Philadelphia,
PA: Lippubcott Williams and Wilkins, 2001.:
991-1041.

Sharma SD. Hepatitis C virus: Molecular
biology and current therapeutic options.
Indian J Med Res 2010; 13: 17-34.

Tarr AW, Urbanowicz RA, Ball JK. The role of
humoral and innate immunity in hepatitis C
virus infection. Viruses 2012; 4: 1-27.

Liu HM, Gale M. Hepatitis C Virus evasion
from RIG-I dependent hepatic innate
immunity. Gastroenterol Res Pract 2010; 9:
548390.

Buonaguro L, Petrizzo A, Tornesello ML,
Buonaguro FM. Innate immunity and
hepatitis C virus infection: A microarray’s
view. Infectious Agents and Cancer 2012; 7:
7-15.

Golden-Mason L, Rosen HR. Natural Kkiller
cells: Multifaceted players with key roles in
hepatitis C immunity. Immunol Rev 2013;
255: 68-81.

Dolganiuc A, Chang S, Kodys K, Mandrekar
P, Bakis G, Cormier M, et al. Hepatitis C
virus (HCV) core protein-induced, monocyte-
mediated mechanisms of reduced IFN-alpha
and plasmacytoid dendritic cell loss in
chronic HCV infection. J Immunol 2006; 177:
6758-68.

Banerjee A, Ray RB, Ray R. Oncogenic
potential of hepatitis C virus proteins.
Viruses 2010; 2: 2108-33.

Bartosch B, Thimme R, Blum HE, Zoulim F.
Hepatitis C virus-induced
hepatocarcinogenesis. J. Hepatol 2009; 51:
810-20.

Seita J, Weissman IL. Hematopoietic Stem
Cell: Self-renewal versus differentiation. Rev
Syst Biol Med. 2010; 2(6): 640-53.

Warr MR, Pietras EM, Passegue E.
Mechanisms controlling hematopoietic stem

http://escipub.com/american-journal-of-cancer-research-and-reviews/

13

14

15

16

17

18

19

20

21

22

23

cell functions during normal hematopoiesis
and hematological malignancies. Advanced
review 2011; 145: 1-21.

Strijpos MH, Gratama JW, Kraan J, Lamers
CH, den Bakker MA, Sleijfer S. Circulating
endothelial cells in oncology: Pitfalls and
promises. Br J Cancer 2008; 98: 1731-5.

Zhu Z, Hao X, Yan M. Cancer stem/progenitor
cells are highly enriched in CD133"CD44*
population in hepatocellular carcinoma. Int J
Cancer 2010; 126: 2067-78.

Hou Y, Zou Q, Ge R, Shen F, Wang Y. The
critical role of CD133*CD44%/high tumor cells
in hematogenous metastasis of liver
cancers. Cell Research 2012; 22: 259-72.

Mak AB, Kittanakom S, Stewart JM, Gingras
AC, Mazitschek R, Moffat J, et al. Regulation
of CD133 by HDACG6 promotes [(-catenin
signaling to  suppress cancer cell
differentiation. Cell Reports 2012; 2: 951-63.

Mima K, Okabe H, Ishimoto T, Hayashi H,
Nakagawa S, Kuroki H, et al. CD44s
regulates the TGF-beta- mediated
mesenchymal phenotype and is associated
with  poor prognosis in patients with
hepatocellular carcinoma. Cancer Res 2012;
72(13): 3414-23.

Okabe H, Ishimoto T, Mima K. CD44s signals
the acquisition of the mesenchymal
phenotype  required for  anchorage-
independent cell survival in hepatocellular
carcinoma. British Journal of Cancer 2014;
110 (4): 958-66.

Boyum A. Isolation of leukocytes from human
blood. Scond J Clin Invest 1986; 21: 9-29.

Bahnassy A, Omran D, El-Bastawisy A,
Fawzy A, Shetta M, Hussein N, et al
Circulating tumor and cancer stem cells in
hepatitis C virus associated liver disease.
World J Gastroenterol 2014; 20(48): 18240-
8.

Romano M, Pirozzi G, Gringeri E, Boetto R,
Zavan B, Cillo U, et al. Expression of cancer
stem cell biomarkers as a tool for a correct
therapeutic approach to hepatocellular
carcinoma. Oncoscience 2015; 2 (5): 443-
57.

Ma S, Lee TK, Zheng BJ, Chan KW, Guan
XY. CD133" HCC cancer stem cells confer
chemoresistance by preferential expression
of the Akt/PKB survival pathway. Oncogene
2008; 27:1749-58.

Sasaki A, Kamiyama T, Yokoo H, Nakanishi
K, Kubota K, Haga H, et al. Cytoplasmic

0010



24

25

26

27

28

29

30

31

32

33

Laila Hamdy El Sayed et al., AJCRR 2017,1:1

expression of CD133 is an important risk
factor for overall survival in hepatocellular
carcinoma. Oncology Reports 2010; 24: 537-
46.

Chan AW, Tong JH, Chan SL, Lai PB, To KF.
Expression of stemness markers (CD133
and EpCAM) in prognostication of
hepatocellular carcinoma. Histopathology
2014; 64: 935-50.

Zhong C, Wu JD, Fang MM, Pu LY.
Clinicopathological significance and
prognostic value of the expression of the
cancer stem cell marker CD133 in
hepatocellular carcinoma: A meta-analysis.
Tumor Biology 2015; 4: 6-18.

Ali N, Allam H, May R, Sureban SM, Bronze
MS, Bader T, et al. Hepatitis C virus-induced
cancer stem cell-like signatures in cell
culture and murine tumor xenografts. J Virol
2011; 85(23): 12292-303.

Park CY, Choi SH, Kang SM, Ahn BY, Kim H,
Jung G, et al. Nonstructural 5A protein
activates b-catenin signaling cascades:
Implication of hepatitis C virus-induced liver
pathogenesis. J Hepatol 2009; 51: 853-64.

Liu J, Ding X, Tang J, Cao Y, Hu P, Zhou F, et
al. Enhancement of canonical Wnt/ B -
catenin signaling activity by HCV core
protein promotes cell growth of
hepatocellular carcinoma cells. PLoS ONE
2011; 6: 27496-500.

Ding G, Liu HD, Huang Q, Liang HX, Ding ZH,
Huang G, et al. HDAC6 promotes
hepatocellular carcinoma progression by
inhibiting P53 transcriptional activity. FEBS
Letters 2013; 587: 880-6.

Kanno K, Kanno S, Nitta H, Uesugi N, Sugai
T. Overexpression of histone deacetylase 6
contributes to accelerated migration and
invasion activity of hepatocellular carcinoma
cells. Oncol. Rep 2012; 28: 867-73.

Lingala S, Cui YY, Chen X, Ruebner BH,

Qian XF, Zern MA, et al.
Immunohistochemical staining of cancer
stem cell markers in hepatocellular

carcinoma. Exp Mol Pathol 2010; 89(1): 27-
35.

Oliva J. The identification of stem cells in
human liver diseases and hepatocellular
carcinoma. Exp Mol Pathol 2010; 3: 1003-
21.

Hu S, Wu X, Zhou B, Xu Z, Qin J, Lu H, et al.
IMP3 combined with CD44s, a novel
predictor for prognosis of patients with

http://escipub.com/american-journal-of-cancer-research-and-reviews/

34

35

36

37

38

39

40

hepatocellular carcinoma. J Cancer Res Clin
Oncol 2014, 140: 883-93.

Niu ZS, Niu XJ, Wang M. Management of
hepatocellular carcinoma: Predictive value of
immunohistochemical markers for
postoperative survival. World J Hepatol
2015; 7(1): 7-27.

Abe T, Fukuhara T, Wen X, Ninomiya A,
Moriishi K, Maehara Y, et al. CD44
participates in IP-10 induction in cells in
which hepatitis C virus RNA is replicating,
through an interaction with toll-like receptor 2
and hyaluronan. J Virol 2012; 86: 6159-70.

Andre R, Racine RR, Hennig MJ, Lokeshwar

VB. The role of CD44 in disease
pathophysiology and targeted treatment.
Front Immunol 2015; 6: 182-90.

Igbal J, McRae S, Mai T, Banaudha K,
Sarkar-Dutta M, Waris G. Role of hepatitis C
virus induced osteopontin in epithelial to
mesenchymal transition, migration and
invasion of hepatocytes. PLOS ONE 2014;
9: 1-16.

Hernandez-Gea V, Friedman SL.
Pathogenesis of liver fibrosis. Annu Rev
Pathol 2011; 6: 425-56.

Bigarella CL, Liang R, Ghaffari S. Stem cells
and the impact of ROS signaling.
Development 2014; 141: 4206-18.

Khalifa KA, Alkilani AA, Ismail H, Soliman
MA. Evaluation of some biochemical
markers as prognostic factors in malignant
lymphoma. Journal of the Egyptian Nat.
Cancer Inst 2008; 20 (1): 47-54.

0011



	content

