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Abstract

Background: Protein kinase RNA (PKR-regulated) is a double-stranded RNA activated protein kinase whose
expression is induced by interferon. The role of PKR in cell growth regulation is controversial, with some studies
supporting a tumour suppressor function and others suggesting a growth-promoting role. However, it is possible
that the function of PKR varies with the type of cancer in question.

Methods: We report here a detailed study to evaluate the function of PKR in hepatitis C virus genotype 4 (HCV-4)
infected patients. PKR gene was quantitated in HCV related malignant and non-malignant liver tissue by RT-PCR
technique and the association of HCV core and PKR was assessed.

Results: If PKR functions as a tumour suppressor in this system, its expression would be higher in chronic hepatitis
tissues. On the contrary our study demonstrated the specific association of HCV-4 with PKR expressed in
hepatocellular carcinoma (HCC) tissues, leading to an increased gene expression of the kinase in comparison to
chronic hepatitis tissues. This calls into question its role as a tumour suppressor and suggests a positive regulatory
role of PKR in growth control of liver cancer cells. One limitation of most of other studies is that they measure the
levels rather than the quantitation of PKR gene.

Conclusion: The findings suggest that PKR exerts a positive role in cell growth control of HCV-4 related HCC,
obtaining a cut-off value for PKR expression in liver tissue provides the first evidence for existence of a viral
activator of PKR.

Virtual Slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/
vs/1267826959682402.
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Introduction
Chronic infection with hepatitis C virus (HCV) is the
predominant aetiology for the development of hepato-
cellular carcinoma (HCC) worldwide [1-3]. HCV
accounts for about 70% of cases with chronic hepatitis,
40% with cirrhosis, 60% with HCC and 15-30% of liver
transplantation [4,5]. The prevalence of HCV infection
varies throughout the world, the highest number of
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infections is reported in Egypt [6]. HCV genotype 4
(HCV-4) is common in the Middle East and Africa,
where it is responsible for more than 80% of HCV infec-
tions. Although HCV-4 is the cause of approximately
20% of the 170 million cases of chronic hepatitis C in
the world, it has not been the subject of widespread re-
search [7]. Mechanisms by which HCV infection results
in HCC are not well defined, HCV per se increases the
risk for HCC through an indirect mechanism mediated
by chronic hepatocellular infection; it may also increase
the risk of cirrhosis which is by itself a precancerous
condition [8]. Hepatocellular carcinoma is the fifth
leading cause of cancer death in the world; it is respon-
sible for approximately one million deaths annually
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worldwide, with a 5 year survival rate of less than 5%
[9]. The marked disparity in the incidence of HCC,
based on geographic region, always has suggested a role
for environment-related and hereditary factors in the de-
velopment of HCC [10]. Patterns of gene expression in
HCC have recently been shown to be of value in predict-
ing prognosis. The genes involved are implicated in cell
proliferation and apoptosis [11,12]. Apoptosis is a gen-
etic program of cell death initiated by many different
stimuli. Deregulation of the apoptotic process can lead
to pathological conditions as cancer, autoimmunity and
neurodegeneration [13,14].
PKR (protein kinase RNA-regulated) is a double

stranded RNA (dsRNA) activated protein kinase that
activates cellular apoptosis pathways [15-17]. PKR is
present in a latent or inactive state in cells and is acti-
vated by very low concentrations of dsRNAs. Most nat-
ural dsRNA activators of PKR are synthesized in virus
infected cells as by-products of viral replication or tran-
scription [18,19]. PKR is induced by type I and III inter-
feron, it mediates apoptosis to destroy the cell before the
virus can fully replicate and assemble [20,21]. Otherwise,
PKR remains inactive and accumulates in the cell lead-
ing to continued viral protein translation and viral repli-
cation [22]. PKR plays an important role in variety of
physiologic processes, including a tumour suppressor
function with inhibition of cell proliferation and tumour
genesis [23,24]. Increased PKR levels have been observed
in a broad range of human tumours but, it is not known
whether the loss of PKR activity by inactivating muta-
tions or overexpression of PKR inhibitors in these
tumours resulted in higher kinase levels [25-28]. We aim
at quantifying PKR gene expression in HCV-4 infected
patients and evaluating its role in HCV induced
hepatocarcinogenesis.

Results
Baseline characteristics
The age of the studied control group GI ranged from
30–73 years with a mean age of 57.24 ±8.87, patients in
GII ranged from 30–62 years with a mean age of
45.25 ± 7.84, while GIII ranged from 45–72 years with a
mean age of 56.72 ± 6.97. Sex distribution in GI was 12
(60%) females and 8 (40%) males, in GII number of
females was 12 (48%) and number of males was 13(52%)
while in GIII, there were 7(28%) females and 18(72%)
males. There was no statistically significant difference
between the three groups as regards the distribution of
age and sex.

Results of laboratory investigation
We found a highly statistically significant elevated me-
dian levels of ALT in GII as compared with GI and G III
(P < 0.0001and <0.02 respectively) in which the median
value of ALT concentration in GI was 29 IU/L with
interquartile range (IQR) of 26–35 IU/L, in GII was
41.00 IU/L with (IQR of 37–110 IU/L) while in GIII, it
was 40.00 IU/L with (IQR of 30–60 IU/L).. Also a highly
statistically significant increase in median AST levels
was observed in GIII as compared with GI and GII
(P < 0.0001) in which the median value of AST concen-
tration in GI was 31 IU/L with (IQR of 26–37.5 IU/L),
in GII was 40.00 IU/L with (IQR of 30–60 IU/L) while
in GIII, it was 90.00 IU/L with (IQR of 67–140 IU/L).
The median value of total bilirubin concentration in GI
was 0.8 mg/dl with (IQR of 0.6 -0.9 mg/dl), in
GII 1.2 mg/dl with (IQR of 1–1.7 mg/dl) and in GIII
1.1 mg/dl with (IQR of 0.7-2 mg/dl).By statistical ana-
lysis there was a very highly significant elevated median
levels of total bilirubin in all HCV cases GII and G III as
compared with the controls (P < 0.0001 and <0.007 re-
spectively). But there was no statistical significant differ-
ence between GII and GIII regarding total bilirubin
levels. The median value of serum AFP levels in GI was
6 ng/ml with (IQR of 4–7.25 ng/ml), in GII was 9 ng/ml
with (IQR of 6–10 ng/ml) and in GIII was 600 with
(IQR of 510–720 ng/ml). A very highly statistically sig-
nificant elevated median level of AFP was obtained in
patients with HCV-4 related HCC as compared with the
other two groups (P < 0.0001). The median value of
serum viral load in GII was 7000 IU/ml with (IQR of
300-3E + 800 IU/ml) while in GIII median value was
30.000 IU/ml with (IQR of 700-3E + 007 IU/ml). But no
significant correlation was detected between serum viral
loads in GIII when compared with GII. Genotyping was
performed for groups II and III by RFLP method and all
cases included in the study were genotype 4.

Results of liver tissue sample examination
Chronic hepatitis patients showed that 28% had histo-
logical activity index score = 0 (no portal inflammation),
44% had score 1–2 (minimal inflammation) and 28%
had score 3–8 (mild inflammation). Regarding the stage
of fibrosis 64% of patients had fibrosis score 0 (no fibro-
sis), 12% of patients had score 1 and 24% had score 2.
On the other hand, Chronic hepatitis patients with asso-
ciated HCC showed that 12% of patients had histological
activity index (HAI) score 3–8 (mild inflammation), 60%
of patients had HAI score 9–12 (moderate inflamma-
tion) and 28% of patients had HAI score >12 (severe in-
flammation). Regarding the stage of fibrosis 40% of
patients had fibrosis score 3 (bridging fibrosis), 24% of
patients had score 4 (marked bridging fibrosis), and 36%
of patients had score 5 (incomplete cirrhosis). The me-
dian value of HAI in GII was 2 with (IQR of 0–3) and of
fibrosis was 0 with (IQR of 0–1.5) while in GIII, the me-
dian value of (HAI) was 11 with (IQR of 9–12) and fi-
brosis was 4 with (IQR of 3–5). Patients with chronic



Table 1 List of PCR results in HCV related chronic liver
disease patients (group II)

Case Number GII (HCV-4)

Quantitative PKR
gene expression

Quantitative
HCV PCR

1 26 2x101

2 23 8x107

3 2 6x109

4 24 2x103

5 22 4x108

6 2 4x109

7 23 3x106

8 23 2x102

9 26 3x102

10 2 9x108

11 2 7x1010

12 22 4x103

13 24 6x103

14 25 7x104

15 28 2x102

16 2 9x102

17 23 4x102

18 26 3x101

19 2 8x109

20 2 4x101

21 25 7x103

22 23 4x106

23 22 3x108

24 25 4x106

25 23 2x102
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HCV-4 related HCC (GIII) showed a highly statistically
significant higher stage of fibrosis and higher HAI score
when compared to patients with chronic hepatitis only
(GII), P < 0.0001.
A positive correlation was found between AST and de-

gree of inflammatory activity in which higher AST was
associated with higher grades (HAI) of HCV related
chronic hepatitis. No correlation was observed between
grading and staging of chronic hepatitis and ALT or
total bilirubin. There was statistically significant negative
correlation between serum viral load and HAI index in
both GII and GIII, (p < 0.0001and p = 0.02 respectively)
in which the score of HAI increase with the decrease of
serum viral load but no statistically significant correl-
ation was detected between fibrosis and serum viral load
in GII and GIII. Histopathological examination of HCC
cases revealed 6 (24%) well differentiated tumours, 12
(48%) moderately differentiated and 7 (28%) poorly dif-
ferentiated tumours.
The median value of calculated endogenous reference

of PKR gene expression in liver tissue in GI was 24 with
(IQR of 23–26) while in GII 23 with (IQR of 2–24) and
in GIII, the median value was 211 with (IQR of 28–213).
PKR gene expression in liver tissues of GIII was exactly
the same in tumorous and non-tumorous tissue. Mann–
Whitney test showed that there was a significant eleva-
tion in median levels of PKR gene expression in GI
(P = 0.023) as compared with GII. Also a very highly sig-
nificant increase in PKR gene expression was observed
in GIII (P < 0.0001) as compared with GII. The results of
quantitation of HCV and PKR in both group II and III
are shown in (Tables 1 and 2). A significant negative cor-
relation was detected between PKR gene expression in
liver tissue and serum viral load in HCV-4 patients and
those with HCV-4 related HCC as shown in (Table 3).
On the other hand, (Table 4) shows a significant positive
correlation between PKR gene expression in liver tissue
and both HAI and stage of fibrosis in these studied
groups (P < 0.0001 and P < 0.004 respectively). There was
no correlation between PKR gene expression in liver tis-
sue and age, ALT, AST, bilirubin, AFP and degree of dif-
ferentiation in HCC.
PKR gene quantification was found to be a reliable test

to predict HCC development and a cut-off value of 27

was obtained with high sensitivity, specificity and diag-
nostic accuracy, in which cases with PKR >27 were more
likely to be involved with HCC than those with level <27

(P < 0.0001) as shown in (Figure 1).

Discussion
Chronic infection with HCV is a major health problem
affecting more than 170 million individuals in the world.
Although the initial infection is largely asymptomatic,
prolonged infection carries a high risk of chronic
hepatitis, cirrhosis, and HCC. The mechanism of HCV
related hepatocarcinogenesis remains to be clarified
[5,7]. PKR is an integral part of human innate immune
response mechanism, which is the cell's first line of de-
fence against viral infection [24]. The molecular
mechanisms that regulate PKR function in normally div-
iding cells are largely unknown. PKR is implicated in
controlling HCV replication and mediating interferon-
induced antiviral state against HCV replication [20].
Some viruses including hepatitis viruses can evolve vari-
ous devices to down-regulate PKR and overcome the
host defence mechanism against virus replication [29].
Our results showed that hepatitis C viraemia was

much higher in HCC cases but no significance was
detected. Others reported a significant increase in viral
load after the development of HCC denoting the in-
volvement of HCV in the process of hepatocarcinogen-
esis [2,3]. On the contrary, Hung observed that HCV



Table 2 List of PCR results in HCV related HCC patients
(group III)

Case Number GIII (HCV-4 related HCC) same results in
tumour and non-tumour tissue

Quantitative PKR
gene expression

Quantitative PKR
gene expression

1 28 6x108

2 218 2x104

3 29 7x107

4 211 5x108

5 28 6x104

6 27 4x105

7 217 3x104

8 28 4x108

9 215 3x103

10 211 5x106

11 213 7x102

12 29 5x106

13 212 6x107

14 215 3x10

15 211 7x103

16 27 4x108

17 210 3x107

18 213 4x103

19 26 4x102

20 27 3x106

21 29 7x102

22 215 2x102

23 217 6x102

24 211 3x102

25 212 5x10
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replication persists in HCC cells at a lower level than
non-malignant cells as they reported significantly lower
viraemia in HCC patients [23]. We correlated fibrosis
and HAI in all patients with HCV-4 and we got
Table 3 Correlation between hepatitis C virus
quantitation in serum and protein Kinase R in liver tissue

Serum viral load

PKR gene expression in liver GII
(HCV-4)

GIII
(HCV-4 related HCC)

Spearman's correlation
coefficient (rs)

−0.56 −0.46

P-value 0.004 0.02

A significant negative correlation is shown between both studied groups, in
which lower serum viral load was associated with higher PKR gene expression
GII (HCV-4): group II with hepatitis C virus genotype 4; GIII (HCV-4 related
HCC): group III with hepatitis C virus genotype 4 related hepatocellular
carcinoma; PKR: protein kinase R.
significant results in which patients with chronic HCV-4
related HCC showed higher stage of fibrosis and higher
HAI when compared to chronic hepatitis patients with-
out HCC; this may be explained by advanced viral C in-
fection with severe tissue insult. A positive correlation
was found between AST but not ALT and the degree of
inflammation in chronic hepatitis patients. These results
disagree with others who found that ALT was signifi-
cantly correlated with HAI while, AST was correlated
with stage of fibrosis [30]. We obtained a significant
negative correlation between viral load and HAI in both
HCV-4 chronic hepatitis cases and HCV-4 related HCC
cases in which the increase in score of HAI is associated
with decrease in the viral load. This correlation was not
previously discussed in literature. Consistent with previ-
ous reports, no correlation was found between serum
HCV-RNA levels and stage of fibrosis in HCV-4 patients
[31]. Thus we can deduce that serum HCV-RNA level
does not determine the degree of hepatic injury precisely
and liver biopsy is mandatory to evaluate the extent of
liver damage. In contrast a correlation was suggested by
other authors between serum HCV-RNA levels and the
fibrosis stage in HCV patients without cirrhosis [32].
HCV participates in the oncogenic mechanisms lead-

ing to the development of HCC via inhibiting PKR func-
tions on cell growth control and host apoptotic program
[11]. Although, PKR is generally thought to be regulated
solely by dsRNA, an intermediate in replication of many
viruses including HCV, recent studies have proven the
existence of other PKR activation pathways which in-
volve cellular activators that are independent of dsRNA,
such as growth factors, lipopolysaccharide, Ca2+ and
PKR-activating protein [15]. Thus HCV core protein
may induce a shift of PKR activity from its classical
pathway by targeting other substrates [14,33]. Chen and
his colleagues found that PKR level was much reduced
in HCC than that in non-tumour tissues [34]. This is
not surprising, as PKR is considered a tumour suppres-
sor in some cancer cells. Those cells with low PKR are
resistant to apoptosis, thus promoting the growth of
tumour. However, in the present study, there was a sig-
nificantly higher PKR gene expression in HCC tissues
and non-tumorous tissues adjacent to malignancy than
in tissues of chronic liver disease without a nearby ma-
lignancy. Comparing gene expression in chronic liver
disease without HCC to those with adjacent malignancy
may indicate that higher PKR expression is acquired in
premalignant state and during the process of cancer de-
velopment or even it may be a step in HCV induced
hepatocarcinogenesis. This is the first time that PKR-
RNA is quantified in HCV-4 related tumour and non-
tumour tissues, giving an explanation for the difference
from those results obtained by Chen as their study of
PKR was immunohistochemical expression, thus lacking



Table 4 Correlation between grading and staging of
chronic hepatitis and protein kinase R in liver tissue

PKR gene expression in liver

GII
(HCV-4)

GIII
(HCV-4 related HCC)

Spearman's correlation
coefficient

rs P-value rs P-value

HAI 0.83 0.0001 0.89 0.0001

Fibrosis o.56 0.004 0.84 0.0001

A significant positive correlation is obvious in which higher HAI and fibrosis
scores are associated with high rate of PKR gene expression.
GII (HCV-4): group II with hepatitis C virus genotype 4; GIII (HCV-4 related
HCC): group III with hepatitis C virus genotype 4 related hepatocellular
carcinoma; HAI: histological activity.
Index; PKR: protein kinase R.
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a quantitative measurement. Moreover, in our study we
have reached a sensitive and specific cut-off for PKR
level which can be used in segregation of HCV patients
into low risk and high risk groups for tumour develop-
ment. Some authors support our findings as they sug-
gested that PKR was not acting as a classical tumour
suppressor protein but rather as a potential growth
stimulus [35]. Also other studies showed that expression
Figure 1 Sensitivity and specificity of protein kinase R (PKR)
quantitation in liver tissue: Receiver Operating Characteristic (ROC)
curve showing highly statistically significant results in which AUC
(area under the curve) is 99% and the best cut off value PKR gene
expression is 27 with sensitivity of 96%, specificity of 96%, PPV of
96% and NPV of 96% with a diagnostic accuracy of 96% (P<0.0001).
Cases with PKR >27 are more likely to be involved with HCC than
those with level <27 (odd ratio = 24, 95%CI: 3.5 to 164).
of PKR was lower in liver of HCC with HBV than in
HCV infection [26,36]. These findings may reflect the
difference in viral impact on PKR expression and suggest
that PKR might have a tumour promoting action in
some cancer cells.
The PKR activation pathway may be inhibited as a sur-

vival benefit for the cancer cell. Increased PKR expres-
sion has been documented in cancer cells, but its
activity was in-fact decreased; therefore we can add that
increased PKR expression is a finding but this PKR is
non-functioning. This may be attributed to mutation in
PKR gene induced by the virus or epigenetics changes
whether caused by methylation or phosphorylation. It
should however be noted that increased PKR expression
was recently described in breast cancer-derived cell lines
[25]. Defective programmed cell death mechanisms con-
tribute significantly to the origin and progression of can-
cer. These tumours show high levels of PKR, suggesting
that the ability of PKR to inhibit cell proliferation is
impaired in some way [27]. Thus loss of PKR function
may constitute one step in the pathway to tumorigenesis.
Our observations imply that liver cell proliferation
observed during liver carcinogenesis is associated with
the selection of viral genomes whose core products acti-
vate PKR. The specific association of HCV core protein
expressed in HCC tissues with PKR leads to the
increased activity of the kinase. PKR activation is not
sufficient to cause cell death because of the strong anti-
apoptotic signalling in HCV infected cells [16]. Our
work showed no significant difference in expression of
PKR among patients with well differentiated tumours
and those with poor or moderate differentiation, this is
in concordance with other study [34]. While a previous
report showed that the expression of PKR was increased
significantly in well-differentiated HCC related HBV in-
fection, compared with that in poorly differentiated
HCC [36]. These different results from ours may be due
to the method used for PKR measurement. A TaqMan
RT-PCR used in the present study is a quantitative
method while the immunohistochemical staining
method used in the previous report is not. Also the im-
pact of HCV on PKR may be different from that of
HBV.
Further studies showed that normal tissues tend to

have lower PKR levels than their neoplastic counterparts
[18]. This was in parallel with our data as we found a
significant increase in PKR in HCV-4 related HCC cases
when compared with normal subjects. There was no cor-
relation between PKR gene expression in liver tissue and
age, ALT, AST, bilirubin and AFP. So, PKR was found to
be an independent prognostic factor indicating the im-
portant biological significance of this gene in the HCC
disease process. In a study on peripheral adenocarcin-
oma of the lung, PKR showed a prognostic impact in



Mohamed et al. Diagnostic Pathology 2012, 7:103 Page 6 of 8
http://www.diagnosticpathology.org/content/7/1/103
which patients with high PKR expression had signifi-
cantly shorter survival periods than those with low PKR
expression [37]. This may be of great help if estimated
in HCC patients. We also found that higher PKR gene
expression was associated with higher scores of fibrosis
and HAI in both HCV-4 and HCV-4 related HCC cases.
No other thesis evaluated this relationship.
We detected a significant negative correlation between

PKR gene expression and serum viral load in HCV-4
and HCV-4 related HCC cases, in which HCV copy
number was significantly decreased by increasing PKR
gene expression, these data are compatible with those
obtained by others [35]. It appears that HCV protein ex-
pression is directly dependent on PKR expression. PKR
is antiviral towards HCV thus the over-expression of
PKR significantly suppressed HCV levels. From these
correlative data, we suggest that PKR is potentially func-
tional in decreasing viral replication. Other authors
demonstrated that the expressed endogenous PKR plays
a role in controlling the initiation of HCV infection but
does not affect HCV replication in infected cells in
which persistent viral replication is fully established [5].
Once activated by these low concentrations of dsRNA,
PKR cannot be inhibited by subsequent addition of high
concentrations of dsRNA [16]. Our findings therefore
suggest that the activation of PKR may reduce HCV pro-
tein expression and the elimination of infected cells, thus
favouring viral persistence.

Conclusions
We conclude that PKR is involved in the pathogenesis of
HCV-4 related HCC by inhibiting viral and cellular pro-
teins related to cell growth and proliferation. PKR gene
expression is a reliable marker to predict HCC develop-
ment and the best cut-off value of PKR gene expression
is 27 with high sensitivity, specificity and diagnostic ac-
curacy. We suggest that using a cut-off value of >27 for
PKR level might help in identifying HCV patients that
are developing HCC. Subsequently, these patients may
benefit from novel therapeutic strategies targeting PKR
to control malignancy. Further investigations on a larger
scale using well-standardized techniques are recom-
mended to validate this cut-off value or define an appro-
priate one.

Methods
Study population
This case control study was conducted on a total num-
ber of 70 patients subdivided as follows:

Group I: included 20 normal healthy subjects (as
controls to trace changes occurring in the other groups
specifically induced by HCV infection), while the cases
were represented by Group II: 25 patients with chronic
hepatitis C and positive PCR and Group III: 25 patients
with proven chronic hepatitis C and developed HCC.
Tissue specimens were collected from Ain Shams
University Specialized Hospital and Ain Shams
University Al-Demerdash Hospital during the period
from June 2008 to December 2010.

The Ethical Committee of Ain Shams University Spe-
cialized Hospital approved the study protocol, which
was prepared in accordance with the ethical guidelines
of the 1975 Declaration of Helsinki and later revisions.
On admission to the hospital during the study period,
every patient fulfilling the inclusion criteria is allocated
to one intervention group and informed written consent
for the study was obtained from all patients.
The inclusion criteria of HCV cases were: adult male

or female (30–73 years old) with proven genotype 4
chronic hepatitis C, positive serum HCV RNA by quan-
titative polymerase chain reaction (PCR). Those with
HCC proved by liver biopsy were allocated to GIII. Be-
sides the necessary investigations needed to fulfill the se-
lection criteria all individuals included in this study were
subjected to the following:

1. Full History taking

Full history was taken with special reference to risk
factors for HCV infection: as previous exposure to
HCV in surgical wards, blood transfusions, dental
clinics, needle stick injury, history of HCV in the
spouse and i.v. injection.

2. Serum samples
Ten ml of venous blood were withdrawn from each
patient in dry sterile vacutainers. After
centrifugation, the serum was tested for: a- liver
function tests: which included serum
aminotransferases (AST), (ALT) and total bilirubin
(Beckman Synchron systems; Galway, Ireland).
b- Quantitative determination of serum alpha
fetoprotein (AFP) level by using Monobind INC. kit
USA. c- Quantitation of HCV-RNA using Real Time
polymerase chain reaction (RT-PCR) (Strata gene)
was done after RNA Extraction (by Viral RNA
Extraction Kit, Qiagen-Germany). d- Genotyping of
HCV was performed by restriction enzyme digestion
(Restriction fragment length polymorphism "RFLP")
[38,39]. e- ELISA for HBcAb and HBsAg was done
for all cases to exclude presence of hepatitis B viral
etiology of liver disease.

3. Tissue Samples
For cases with HCC, liver samples were collected
intraoperative after the patients were surgically
operated for hepatic lobectomy and two specimens
were obtained, one from the tumour tissue and the
other from the surrounding non tumour tissue. The
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Non HCC patients were subjected to ultrasound-
guided liver biopsy. All specimens were divided into
two portions. The first part was fixed in formalin
and embedded in paraffin blocks for
histopathological examination. Using a microtome,
sections 5 μm thick were cut from formalin-fixed
paraffin embedded tissue blocks and subjected for
H&E staining and pathological diagnosis, grading
and verification of an underlying viral C aetiology.
Histopathological grading and staging of chronic
hepatitis was done according to Modified Knodell's
score [40]. The second part was kept frozen at
−80 °C in RNA-Later solution for polymerase chain
reaction. Quantification of PKR-RNA gene
expression in liver tissue (tumour and non-tumour
tissue) was done by RT-PCR using TaqManW Gene
Expression (Applied -Bio systems) after total RNA
extraction from liver tissues using Resay Mini Kit
(Qiagen Inc, CA Cat-No. 74104). mRNA
quantification was calculated by using the arithmetic
formula: 2-Δct. In which ΔCT is the difference
between the CT of a given target cDNA and an
endogenous reference cDNA. Thus, this value yields
the amount of the target normalized to an
endogenous reference [41].
Statistical analysis
The data were coded, entered and processed on com-
puter. All statistical work was performed using SPSS
(version 15). All values were expressed as mean± SE.
Statistical comparisons were analysed by the two-tailed
Student's t-test (parametric data) and Mann–Whitney
test (non-parametric data). Regression and correlation
were done by spearman’s correlation and Pearson's
method. A P-value of less than 0.05 was considered the
cut-off value for significance.

Abbreviations
AFP: Alpha fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; AUROC: Area under receiver operator characteristic;
dsRNA: Double stranded ribonucleic acid; HAI: Histological activity index;
HBcAb: Hepatitis B core Antibody; HBsAg: Hepatitis B surface antigen;
HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV-4 related
HCC: Hepatitis C virus genotype 4 related hepatocellular carcinoma;
IQR: Interquartile range; PKR: Protein kinase RNA regulated; RNA: Ribonucleic
acid; RT-PCR: Real Time polymerase chain reaction.

Competing interests
All The authors declare that they have no competing interests.

Authors’ contributions
AAM: carried out the molecular genetic studies and lab tests. OHN: carried
out the histopathological examination and manuscript writing. MAE:
participated in study design and coordinated and helped to draft the
manuscript. All authors read and approved the final manuscript.

Author details
1Department of Biochemistry, National Hepatology and Tropical Medicine
Research Institute, Cairo, Egypt. 2Department of Pathology, Faculty of
Medicine, Ain Shams University, Cairo, Egypt. 3Department of Biochemistry,
Faculty of Science, Cairo University, Cairo, Egypt. 4Ain Shams University-
Faculty of medicine-Pathology department-Abbassia, Cairo, Egypt.

Received: 27 February 2012 Accepted: 10 August 2012
Published: 15 August 2012

References
1. Michielsen PP, Francque SM, van Dongen JL: Viral hepatitis and

hepatocellular carcinoma. World J Surg Oncol 2005, 3:27–44.
2. De Mitri MS, Cassini R, Bagaglio S, Morsica G, Andreone P, Marino N,

Bernardi M: Evolution of hepatitis C virus non-structural 5A gene in the
progression of liver disease to hepatocellular carcinoma. Liver Int 2007,
27(Suppl 8):1126–1133.

3. Koike K: Hepatitis C virus contributes to hepatocarcinogenesis by
modulating metabolic and intracellular signalling pathways.
J Gastroenterol Hepatol 2007, 22(Suppl 1):108–111.

4. Komurian-Pradel F, Rajoharison A, Berland JL, Khouri V, Perret M, Van
Roosmalen M, Pol S, Negro F, Paranhos-Baccalà G: Antigenic relevance of F
protein in chronic hepatitis C virus infection. Hepatology 2004,
40(Suppl 4):900–909.

5. Jiang CM, Diao ZY, Cui GX, Qian WH, Deng XZ, Xu K, Ding WL, Tan YF,
Zhang Y: Expression and preliminary study of HCV F protein gene. Xi Bao
Yu Fen Zi Mian Yi Xue Za Zhi 2007, 23(Suppl 2):134–137.

6. Fallahian F, Najafi A: Epidemiology of hepatitis C in the Middle East. Saudi
J Kidney Dis Transpl 2011, 22(Suppl 1):1–9.

7. Khattab MA, Ferenci P, Hadziyannis SJ, Colombo M, Manns MP, Almasio PL,
Esteban R, Abdo AA, Harrison SA, Ibrahim N, Cacoub P, Eslam M, Lee SS:
Management of hepatitis C virus genotype 4: recommendations of an
international expert panel. J Hepatol 2011, 54(Suppl 6):1250–1262.

8. Afzal S, Idrees M, Akram M, Awan Z, Khubaib B, Aftab M, Fatima Z, Badar S,
Hussain A: Mutations in the E2-PePHD region of hepatitis C virus
genotype-3a and correlation with response to interferon and ribavirin
combination therapy in Pakistani patients. Virol J 2010, 7:377–381.

9. Dong H, Cong WL, Zhu ZZ, Wang B, Xian ZH, Yu H: Evaluation of
immunohistochemical markers for differential diagnosis of
hepatocellular carcinoma from intrahepatic cholangiocarcinoma.
Zhonghua Zhong Liu Za Zhi 2008, 30(Suppl 9):702–705.

10. Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R, Burroughs AK,
Christensen E, Pagliaro L, Colombo M, Rodés J: Clinical management of
hepatocellular carcinoma. Conclusions of the Barcelona-2000 EASL
conference. European Association for the Study of the Liver. J Hepatol
2001, 35(Suppl 3):421–430.

11. MacQuillan GC, de Boer WB, Platten MA, McCaul KA, Reed WD, Jeffrey GP,
Allan JE: Intrahepatic MxA and PKR protein expression in chronic
hepatitis C virus infection. J Med Virol 2002, 68(Suppl 2):197–205.

12. Lee JS, Chu IS, Heo J, Calvisi DF, Sun Z, Roskams T, Durnez A, Demetris AJ,
Thorgeirsson SS: Classification and prediction of survival in hepatocellular
carcinoma by gene expression profiling. Hepatology 2004,
40(Suppl 3):667–676.

13. Green DR, Reed JC: Mitochondria and apoptosis. Science 1998,
281:1309–1312.

14. Alisi A, Mele R, Spaziani A, Tavolaro S, Palescandolo E, Balsano C: Thr 446
phosphorylation of PKR by HCV core protein deregulates G2/M phase in
HCC cells. J Cell Physiol 2005, 205(Suppl 1):25–31.

15. Deb A, Zamanian-Daryoush M, Xu Z, Kadereit S, Williams BR: Protein
kinase PKR is required for platelet-derived growth factor signalling of
c-fos gene expression via Erks and Stat3. EMBO J 2001,
20(Suppl 10):2487–2496.

16. Shir A, Friedrich I, Levitzki A: Tumor specific activation of PKR as a non-
toxic modality of cancer treatment. Semin Cancer Biol 2003, 13:309–314.

17. Onuki R, Bando Y, Suyama E, Katayama T, Kawasaki H, Baba T, Tohyama M,
Taira K: An RNA-dependent protein kinase is involved in tunicamycin
induced apoptosis and Alzheimer’s disease. EMBO J 2004,
23(Suppl 4):959–968.

18. Terada T, Ueyama J, Ukita Y, Ohta T: Protein expression of double-
stranded RNA-activated protein kinase (PKR) in intrahepatic bile ducts in
normal adult livers, fetal livers, primary biliary cirrhosis, hepatolithiasis
and intrahepatic cholangiocarcinoma. Liver 2000, 20(Suppl 6):450–457.

19. García MA, Gil J, Ventoso I, Guerra S, Domingo E, Rivas C, Esteban M: Impact
of protein kinase PKR in cell biology: from antiviral to ant proliferative
action. Microbiol Mol Biol Rev 2006, 70(Suppl 4):1032–1060.



Mohamed et al. Diagnostic Pathology 2012, 7:103 Page 8 of 8
http://www.diagnosticpathology.org/content/7/1/103
20. Gale M Jr, Foy EM: Evasion of intracellular host defence by hepatitis C
virus. Nature 2005, 436(7053):939–945.

21. Zhang P, Samuel CE: Protein kinase PKR plays a stimulus- and virus
dependent role in apoptotic death and virus multiplication in human
cells. J Virol 2007, 81:8192–8200.

22. Short JAL: Viral evasion of interferon stimulated genes. Bioscience Horizons
2009, 2(Suppl 2):212–224.

23. Hung CH, Chen CH, Lee CM, Wu CM, Hu TH, Wang JH, Yen YH, Lu SN:
Association of amino acid variations in the NS5A and E2-PePHD region
of hepatitis C virus 1b with hepatocellular carcinoma. J Viral Hepat 2008,
15(Suppl 1):58–65.

24. Toroney R, Nallagatla SR, Boyer JA, Cameron CE, Bevilacqua PC: Regulation
of PKR by HCV IRES RNA: importance of domain II and NS5A. J Mol Biol
2010, 400(Suppl 3):393–412.

25. Kim CJ, Cho YG, Park JY: Human breast cancer cells contain elevated
levels and activity of the protein kinase, PKR. Oncogene 2000,
19(Suppl 27):3086–3094.

26. Tamada Y, Nakao K, Nagayama Y: p48 Overexpression enhances
interferon-mediated expression and activity of double-stranded RNA-
dependent protein kinase in human hepatoma cells. J Hepatol 2002,
37(Suppl 4):493–499.

27. Nussbaum JM, Major M, Gunnery S: Transcriptional up regulation of
interferon-induced protein kinase, PKR, in breast cancer. Cancer Lett 2003,
196(Suppl 2):207–216.

28. Hii SI, Hardy L, Crough T: Loss of PKR activity in chronic lymphocytic
leukemia. Int J Cancer 2004, 109(Suppl 3):329–335.

29. Yan XB, Battaglia S, Boucreux D, Chen Z, Brechot C, Pavio N: Mapping of
the interacting domains of hepatitis C virus core protein and the
double-stranded RNA-activated protein kinase PKR. Virus Res 2007,
125(Suppl 1):79–87.

30. Esmat G, Metwally M, Zalata KR: Evaluation of serum biomarkers of
fibrosis and injury in Egyptian patients with chronic hepatitis C. J Hepatol
2007, 46(Suppl 4):620–627.

31. Saleem N, Mubarik A, Qureshi AH: Is there a correlation between degree
of viremia and liver histology in chronic hepatitis C? J Pak Med Assoc
2004, 54(Suppl 9):476–479.

32. Adinolfi LE, Utili R, Andreana A: Serum HCV RNA levels correlate with
histological liver damage and concur with steatosis in progression of
chronic hepatitis C. Dig Dis Sci 2001, 46(Suppl 8):1677–1683.

33. Garaigorta U, Chisari FV: Hepatitis C virus blocks interferon effector
function by inducing protein kinase R phosphorylation. Cell Host Microbe
2009, 6(Suppl 6):513–522.

34. Chen GG, Lai PB, Ho RL, Chan PK, Xu H, Wong J, Lau WY: Reduction
of double-stranded RNA-activated Protein Kinase in hepatocellular
carcinoma associated with hepatitis B virus. J Med Virol 2004,
73:187–194.

35. Hiasa Y, Kamegaya Y, Nuriya H, Onji M, Kohara M, Schmidt EV, Chung RT:
Protein kinase R is increased and is functional in hepatitis C virus-related
hepatocellular carcinoma. Am J Gastroenterol 2003, 98(Suppl 11):2528–2534.

36. Shimada A, Shiota G, Miyata H, Kamahora T, Kawasaki H, Shiraki K, Hino S,
Terada T: Aberrant expression of double-stranded RNA-dependent
protein kinase in hepatocytes of chronic hepatitis and differentiated
hepatocellular carcinoma. Cancer Res 1998, 58(Suppl 19):4434–4438.

37. Roh MS, Kwak JY, Kim SJ, Lee HW, Kwon HC, Hwang TH, Choi PJ, Hong YS:
Expression of double-stranded RNA-activated protein kinase in small-
size peripheral adenocarcinoma of the lung. Pathol Int 2005,
55(Suppl 11):688–693.

38. McOmish F, Yap PL, Dow BC, Follett EA, Seed C, Keller AJ, Cobain TJ, Krusius
T, Kolho E, Naukkarinen R: Geographical distribution of hepatitis C virus
genotypes in blood donors: an international collaborative survey. J Clin
Microbiol 1994, 32(Suppl 4):884–892.

39. Abdel-Hamid M, Edelman DC, Highsmith WE, Constantine NT: Optimization,
assessment, and proposed use of a direct nested reverse transcription-
polymerase chain reaction protocol for the detection of hepatitis C virus.
J Hum Virol 1997, 1(Suppl 1):58–65.
40. Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, Denk H,
Desmet V, Korb G, MacSween RN, Philips MJ, Portmann BG, Poulsen H,
Scheuer PJ, Schmid M, Thaler H: Histological grading and staging of
chronic hepatitis. J Hepatol 1995, 22(Suppl 6):696–699.

41. Roh V, Laemmle A, Von Holzen U: Dual induction of PKR with E2F-1 and
IFN-alpha to enhance gene therapy against hepatocellular carcinoma.
Cancer Gene Ther 2008, 15(Suppl 10):636–644.

doi:10.1186/1746-1596-7-103
Cite this article as: Mohamed et al.: Implication of protein kinase R Gene
quantification in hepatitis C Virus Genotype 4 induced
Hepatocarcinogenesis. Diagnostic Pathology 2012 7:103.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion
	Virtual Slides

	Introduction
	Results
	Baseline characteristics
	Results of laboratory investigation
	Results of liver tissue sample examination

	Discussion
	link_Tab1
	link_Tab2
	link_Tab3
	link_Tab4
	link_Fig1
	Conclusions
	Methods
	Study population
	Statistical analysis

	Competing interests
	Authors´ contributions
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41

