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In situ hybridization (ISH) technique was applied to 60 liver biopsies obtained from Egyptian patients 
with chronic HCV hepatitis in an attempt to: assess the tissue localization of HCV RNA in the liver and 
to investigate its relationship to the liver pathology, serum level of alanine transaminase (ALT) and viral 
load in the serum. No similar studies have been reported from Egypt, which is an area of high HCV 
prevalence. ISH labeling for HCV was observed in 24 of the 60 liver biopsies from HCV infected patients 
(40%) as compared to the complete negative ISH results in the 10 control liver biopsies from patients 
with non HCV hepatitis. ISH positivity was seen only in the liver cells and it was usually cytoplasmic. 
ISH results were not significantly related to the patients’ age, sex, histologic features of HCV hepatitis, 
grade of disease activity, stage of fibrosis, serum ALT levels or serum HCV RNA. However, ISH was 
statistically correlated to the grade of liver cell dysplasia (r = 0.49, P < 0.0001). The latter was also 
significantly correlated to the level of HCV RNA in the serum as measured by branched DNA technique 
(r = 0.75, P < 0.0001). In conclusion, the present study suggests that the load of HCV RNA in the liver is 
not related to extent of liver injury, serum ALT levels or the viral load in the serum. More importantly, 
the significant correlation between the grade of dysplasia and both the tissue and serum load of the 
virus, leads to the assumption that HCV has a direct carcinogenic effect on liver cells. 
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INTRODUCTION 
 
Liver biopsy is an essential investigatory tool in patients 
with chronic hepatitis C, since it is used to confirm the 
presence of hepatitis C virus (HCV) infection (Lok and 
Gunaratnqm, 1997). It is also important in determining 
the degree of the inflammatory activity and the stage of 
fibrosis, which have been shown to correlate with the risk 
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of developing cirrhosis (Yano et al., 1996). The stage of 
fibrosis has also been regarded as the most important 
predictor of response to interferon therapy (Tuboto et al., 
1994; Chemello et al., 1995; Tsubota et al., 1996). 
 Although detection of HCV-RNA in the serum using 
polymerase chain reaction (PCR) is the gold standard to 
confirm HCV infection (Weiner et al., 1990), direct dem-
onstration of the virus in the liver tissue seems necessary 
because it gives more insight into the pathophysiology of 
the disease. This has been achieved by reverse trans-
cription polymerase chain reaction (RT-PCR) (Fong et al., 
1991; Chn et al., 1994; Sakanoto et al., 1994; De Moliner 
et al., 1998). Nevertheless, RT-PCR could not provide 
data about localization of HCV-RNA and its intracellular 
distribution in the liver tissue. 
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Recently, many studies have reported the use of in situ 
hybridization (ISH) technique which has the advantage of 
direct visualization of HCV-RNA, while keeping tissue 
architecture (Negro et al., 1992; Lamas et al., 1992; Tan-
aka et al., 1993; Yamada et al., 1993; Haruna et al., 
1993; Gastaldi et al., 1995; Kojima et al., 1996; Cho et al 
1996; Felgar et al., 1996; Angello et al., 1998; Gosalvez 
et al., 1998; Chang et al., 2000; de Lucas et al., 2001). 
However, these ISH studies have shown several conflict-
ing issues.  

First, the percentage of positive biopsies from infected 
patients is quite variable ranging from 40% (Lamas et al., 
1992; Tanaka et al., 1993; Yamada et al., 1993) to 100% 
(Gosalvez et al., 1998; Chang et al., 2000). Second, the 
site of HCV-RNA in the liver is also a matter of contro-
versy. Some investigators have demonstrated HCV-RNA 
in the hepatocytes only (Tanaka et al., 1993; Haruna et 
al., 1993; Kojima et al., 1996; Cho et al., 1996; Felgar et 
al., 1996; Angello et al., 1998; Gosalvez et al., 1998). 
Others have reported its presence not only in the hepato-
cytes but also in the mononuclear cells (Lamas et al., 
1992; Tanaka et al., 1993; Yamada et al., 1993; Haruna 
et al., 1993; Gastaldi et al., 1995; Kojima et al., 1996; 
Cho et al., 1996; Felgar et al., 1996; Angello et al., 1998; 
Gosalvez et al., 1998; Chang et al., 2000) and bile duct 
epithelium (Gastaldi et al., 1995). Third, assessment of 
the relationship between the ISH results on one hand and 
liver histopathology, serum alanine aminotransferase 
(ALT), serum HCV-RNA measurement on the other hand, 
has yielded very confusing data. Moreover, most of the 
studies correlated ISH with only one parameter, that is, 
liver histology (Angello et al., 1998), ALT (Kojima et al., 
1996; Cho et al., 1996), serum HCV-RNA (Gosalvez et 
al., 1998), or two of them (Haruna et al., 1993; Haruna et 
al., 1993; Rod-riguez-Ingo et al., 1999). The studies 
which investigated the relationship between ISH and all 
these factors simultaneously are very few (Morimoto et 
al., 1997). 
 In the present study, liver biopsies from Egyptian pati-
ents with chronic HCV hepatitis were analyzed by ISH 
technique for detection of HCV RNA and assessment of 
its distribution at the cellular and subcellular levels within 
the liver tissue. In addition, the hepatic viral load has 
been correlated to histopathologic changes, serum ALT 
levels and viral load in the serum. To the best of our 
knowledge, no similar documented studies have been 
reported from Egypt, which is an area of high HCV preva-
lence (Abdel-Wahab et al., 1994; Arthur et al., 1997; 
Abdel et al., 2000). 
 
 
MATERIALS AND METHODS 
 
Patients 
 
The current study included 60 patients (32 females and 28 males 
with aged ranged between 20 and 65 years and mean age 44.7  

 
 
 
 
years), with chronic liver disease due to HCV infection. The latter 
was confirmed by estimation measurement of serum HCV antibo-
dies using enzyme linked immunoassay according to Kuo et al. 
(1989) as well as detection of HCV-RNA in the serum performed by 
reverse transcriptase polymerase chain reaction (RT-PCR) as 
described by Castillo et al. (1992). HCVRNA template was prepared 
by taking 3 ml of patient's serum to which 7 ml of PBS was added. 
This mixture was heated at 95°C for 3 min for denaturation of the 
sample. In positive cases, quantitation of serum HCV-RNA was 
achieved by using branched DNA technology designed by Chiron 
Diagnostics (NJ, USA). HBsAg and HBcAb were determined by 
enzyme immunoassay to make sure that HCV infected patients 
included in the study had no associated hepatitis B virus infection. 
Liver function was assessed by estimation of serum alanine amino-
transferase (ALT) levels. The cut off value was 25 U/L. Ten patients 
negative for HCV antibodies and HCV-RNA in the serum were sel-
ected as negative control. Three subjects were positive for HBsAg 
and HbcAb, 5 had schistosomal hepatic fibrosis and 2 had auto-
immune hepatitis. 
 
 
Histopathology 
 
Liver tissue was obtained from all patients by needle biopsy under 
informed consent and before starting any type of therapy. The 
tissue specimens were fixed in 10% buffered formalin and embed-
ded in paraffin. Standard hematoxylin and eosin (H and E) and 
Masson trichrome-stained sections were prepared and examined 
histologically for;  
 
i.) The characteristic histopathologic features of HCV infection 
which included bile duct damage, portal lymphoid aggregates, stea-
tosis and lymphocytic infiltrate of the hepatic lobules (Scheuer et 
al., 1992; Gerber, 1994; Sheuer et al., 1997).  
ii.) The grade of disease activity and stage of fibrosis according to 
Scheuer (1991) and Tsui (1996). Grading of disease activity varied 
from 0 to 4 depending on the degree of portal and/or lobular inflam-
mation and necrosis. Staging of fibrosis was also based on 0 - 4 
scale according to the extent of portal and periportal fibrosis.  
iii.) The degree of dysplasia was assessed following the criteria pro-
posed by the International Working Party to define low and high 
grade dysplasia (International Working Party, 1995). 
 
 
In situ hybridization (ISH) 
 
ISH was performed using a commercially synthesized biotinylated 
probe (Pharmacia Biotech, NJ, USA). It is an oligo-nucleotide 
probe, with a 50 base sequence 
(5/CGGGGCACTCGCAAGCACCCTATCAGGCAGTACCACAAGG
CCTTTCGCGA-3/). The technique of ISH was performed by using 
the supersensitive ISH kit (Biogenex, CA, USA) according to the 
method of Felgar et al. (1996). The specificity of the technique was 
assessed by:  
 
i.) Use of negative control tissue from 10 patients with no HCV 
infection.  
ii.) Use of a positive control tissue from a case that was known to be 
positive for HCV-RNA in the liver tissue by PCR.  
iii.) Pretreatment of the tissue sections with RNase before 
hybridization.  
iv.) Omission of the probe in the hybridization solution to evaluate 
any potential endogenous peroxidase activity.  

For analysis of the results, the degree of ISH positivity was 
semiquantitated according to the percentage of positive cells as: 1+ 
(< 10%), 2+ (10 - 50%), 3+ (> 50%). 



 
 
 
 
 

Table 1. Histopathologic data of liver biopsies from 60 patients 
with chronic HCV hepatitis. 
  

Histopathology Number % 
* HCV Criteria 60 100 
- Lymphoid aggregates  56 93.3 
- Lobular lymphoid infiltrate 44 73.3 
- Steatosis  40 66.7 
- Bile duct damage 36 60.0 
* Grade of disease activity    

0  0 0.0 
1 20 33.3 
2 28 46.7 
3 10 16.7 
4 2 3.3 

* Stage of Fibrosis   
0 16 26.7 
1 16 26.7 
2 6 10.0 
3 2 3.3 
4 20 33.3 

* Dysplasia   
0 52 86.7 
LG 2 3.3 
HG 6 10.0 

 

* LG, Low grade; * HG, High grade. 
 
 
 
Statistical analysis 
 
Chisquare and Fisher’s exact tests were used to assess the 
significance of association between the ISH results and the various 
histopathologic features. Spearman and Pearson correlation coeffi-
cients were applied to assess the linearity between the degree of 
ISH positivity and both ALT and HCV RNA levels in the patients’ 
sera. The grade of liver cell dysphasia was correlated to the degree 
of ISH positivity and the level of serum HCV RNA by using Pearson 
correlation coefficient. 
 
 
RESULTS 
 
Histopathologic findings: Table 1 
 
All liver biopsies obtained from the 60 patients with HCV 
infection showed the characteristic histologic features of 
HCV hepatitis. The most common feature was portal lym-
phoid aggregates (93, 3%) followed by lobular 
lymphocytic infilterate (73.3%), steatosis (66.7%) and bile 
duct demage (60%). Furthermore, all specimens showed 
variable grades of inflammatory activity with grade 2 as 
the commonest (46.7%). Fibrosis was evident in 44 bio-
psies (73.3%) 20 of which had cirrhosis (stage 4 fibrosis). 
Eight liver specimens (13.3%) showed dysplasia, which 
was low grade in 2 cases and high  grade in 6. 
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Table 2. In situ hybridization results of liver biopsies 
from 60 patients with chronic HCV hepatitis. 
  

ISH Results Number % 

O 36 60.0 
1+ 8 13.3 
2+ 6 10.0 
3+ 10 16.7 

 
 
 

 
 
Figure 1. Liver biopsy from a patient with chronic 
HCV hepatitis showing strong positive cytoplasmic 
staining of hepatocytes for HCV RNA by in situ Hybri-
dization (X 250). 

 
 
 

 
 
Figure 2A. Liver biopsy from a patient with chronic 
HCV hepatitis showing moderate positive cytoplasmic 
staining of hepatocytes for HCV RNA by in situ hybri-
dization. Positive cells are seen within an area of 
piece-meal necrosis. (X 250). 

 
 
 

In situ hybridization (ISH) findings: Table 2 
 
ISH labeling was observed in 24 out of the 60 liver biop-
sies (40%) under study. Positivity for HCV RNA was 
observed in the liver cells only as cytoplasmic brown gra-
nular staining (Figure 1). HCV–positive hepatocytes were 
found in areas of piece meal necrosis (Figure 2A), in 
areas with  steatosis (Figure 2B) or in areas  howing liver 
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Figure 2B. Liver biopsy from a patient with chronic 
HCV hepatitis showing hepatocytes positive for HCV 
RNA distributed in the area of steatosis (X 250). 

 
 
 

 
 
Figure 2C. Liver biopsy from a patient with chronic HCV 
hepatitis showing dysplastic liver cells with cytoplasmic 
positivity for HCV RNA by in situ hybridization (X 250). 
 
 
 

 
 
Figure 3. Liver biopsy from a patient with chronic 
HCV hepatitis showing weak staining of the cyto-
plasm and nuclei of hepatocytes for HCV RNA by in 
situ hybridization (X 250). 

 
 
 
cell dysplasia (Figure 2C). Occasional nuclear staining 
was also seen in 6 of the 24 positive cases (Figure 3). No 
HCV RNA signals could be detected in the mono-nuclear 
cells, bile duct epithelium or other sites.  

 
 
 
 

 

 
 
Figure 4. Liver biopsy from a negative control show-
ing no HCV-RNA signals by in situ hybridization (X 
250). 
 
 
 

 

 
 

Figure 5. Scatter diagram showing a statistically significant 
positive linear association between the degree of positivity 
for HCV RNA by in situ hybridization and the grade of 
dysplasia (r = 0.49, P < 0.0001). 

 
 
 
Negative hybridization results were obtained in the liver 
biopsies from the 10 patients used as negative controls 
(Figure 4). No hybridization was observed after RNase 
treatment of the tissue sections. 
 
 
Relationships between ISH results and other factors 
 
There was no statistically significant association between 
ISH finding and either patients’ sex, age or histologic 
features of HCV hepatitis, grade of inflammation or stage 
of fibrosis. At the same time, no correlation could be 
obtained between the degree of HCV positivity and either 
the levels of ALT or serum HCV RNA levels. 
 The only significant relationship was the correlation 
between the extent of HCV RNA positivity and the grade 
of liver cell dysplasia (r = 0.49, P < 0.0001) (Figure 5). 
The latter was also significantly correlated to the level of 
serum HCV RNA (r = 0.75, P < 0.0001) (Figure 6). 



 
 

 
 
 

 
 

Figure 6. Scatter diagram showing a statistically significant 
positive linear association between the level of serum HCV 
RNA and the grade of dysplasia (r = 0.75 , P < 0.0001). 

 
 
 
DISCUSSION 
 
HCV is encountered worldwide where prevalence among 
blood donors in USA, Europe, Africa and Japan ranges 
between 0.01 to 1.5% (Van der Poel et al., 1994). Unfor-
tunately, several international documented reports have 
shown that the prevalence of HCV among Egyptian blood 
donors is 10 to 15 times higher than the worldwide preva-
lence (Abdel-Wahab et al., 1994; Arthur et al., 1997; 
Abdel et al., 2000). The possible role of schistosomiasis 
in promoting HCV infection among Egyptian patients has 
been discussed previously (Helal et al., 1998). Follow up 
studies revealed that 20 - 30% of HCV infected patients 
develop cirrhosis (Yano et al., 1996; Seeff et al., 1992). 
Other studies reported that HCV infection is a major fac-
tor for the development of hepatocellular carcinoma 
(Blum, 1994; Trerisani et al., 1995). By combining the 
high prevalence of HCV infection among Egyptians and 
the fatal complications of this disease, it becomes clear 
that HCV infection represents a major health problem in 
Egypt. Therefore, we found it necessary to direct the clini-
copathologic and molecular biology research to this 
important area in order to understand the molecular mec-
hanisms of HCV pathogenesis and establish a reliable 
diagnostic policy that helps to evaluate the severity of the 
disease and predicts its prognosis. 
 This study applied the recently described technique for 
detection of HCV RNA in the liver tissue by in situ hybridi-
zation (ISH) (Felgar et al., 1996). Although the sensitivity 
of this technique was 60% as published by Felgar et al. 
(1996), we preferred this technique because it has two 
main advantages. First, it can be used on formalin-fixed 
tissue. Second, it uses non-radioactive biotinylated pro-
bes and streptavidin-conjugated horseradish peroxidase-
based detection system which requires short hybridiza-
tion time. Therefore, this method has the potential privi-
lege of being rapid, simple and can be performed in rou-
tine pathology laboratories as a confirmatory tool for the 
diagnosis of active HCV infection. 
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In the present study, HCV RNA was not detected in all 
liver biopsies from patients who where tested positive for 
HCV RNA in their sera. This finding, which is consistent 
with other studies (Haruna et al., 1993; Felgar et al., 
1996), can be explained by the possibility that the tissue 
sections (in cases with positive serum HCV RNA) might 
be taken from noninfected areas and accordingly, these 
areas showed no HCV RNA- positive hepatocytes (Felgar 
et al., 1996). Another assumption is that the amount of 
HCV RNA in the liver tissue might be too small to be 
detected by ISH without amplification. This assumption 
was supported by Haruna et al. (1993) who found that 
while HCV RNA could be detected by RT-PCR in all 7 
liver biopsies studied, HCV RNA positive hepatocytes 
were demonstrated in 3 specimens only by ISH.  
 Regarding the cell types infected by HCV; ISH signals 
were exclusively detected in the liver cells. No staining 
was found in the bile duct epithelium, sinusoidal cells or 
the infiltrating mononuclear cells. This hepatocellular dis-
tribution of the HCV RNA was in agreement with other 
studies (Tanaka et al., 1993; Haruna et al., 1993; Kojima 
et al., 1996; Cho et al., 1996; Felgar et al., 1996; Angello 
et al., 1998; Gosalvez et al., 1998). Hepatocytes showed 
cytoplasmic localization of the viral signals in all positive 
cases. Additional focal nuclear staining was noted in 6 of 
the positive specimens. This occasional nuclear positivity 
was also detected by other investigators (Lamas et al., 
1992; Cho et al., 1996; Angello et al., 1998; Gosalvez et 
al., 1998). The reasons for the nuclear staining observed 
in this study were not obvious. However, Lamas et al. 
(1992) and Gasalvez et al. (1998) suggested that HCV 
has a nuclear phase in its replication cycle as other flavi-
viruses. Conversely, Angello et al. (1998) believed that 
the nuclear positivity may be false because cytoplasmic 
staining for HCV was also present and confocal 
microscopy showed that the staining which appears to be 
nuclear by conventional microscopy may be due to cyto-
plasmic staining overlying the nucleus (Barba et al., 
1997). Moreover, electronmicroscopic immunolocalization 
studies using anti-NSS peptide HCV antibodies showed 
labeling of the cytosol and failed to reveal nuclear locali-
zation of this antigen (Tsutumi et al., 1994).  
 The most important objective in the current study was 
the correlation of ISH results with the various histopatho-
logic and biochemical data. In consistence with other 
reports (Haruna et al., 1993; Chang et al., 2000; Rodri-
guez-Ingo et al., 1999; Nouri et al., 1993), no significant 
relationship could be obtained between the results of ISH 
and grade of disease activity, stage of fibrosis or other 
individual criteria of HCV. This lack of relation between 
HCV RNA in the liver and hepatic injury might suggest 
that the accumulation of HCV RNA may represent some 
form of viral latency or inactivity in the infected liver tis-
sue. In a recent study using ISH, Chang et al. (2000) 
detected both genomic and replicate of HCV RNA in the 
liver  biopsies  from infected patients. They demonstrated 
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that the hepatocellular injury significantly correlated with 
the levels of replicate of HCV RNA but not with genomic 
HCV RNA. Accordingly, it has been proposed that active 
replication of HCV in the liver tissue is the determining 
factor for hepatic pathology.  

The most striking and interesting observation in the 
present work was that although HCV RNA levels in the 
liver and the patient’s sera did not correlate with any his-
tologic data of liver injury, both parameters were signi-
ficantly correlating with the grade of dysplasia. To the 
best of our knowledge, the relationship between HCV 
RNA viral load in the liver and/or serum and liver cell dys-
plasia was not no previously reported in the literature. 
Haruna and associates (Haruna et al., 1993) proposed 
that the pathogenesis of hepatocellular carcinoma asso-
ciated with HCV infection may be caused by either conti-
nuous regeneration of hepatocytes due to chronic necro-
inflammatory process, or HCV may have a direct carcino-
genic effect on infected liver cells. Since liver cell dyspla-
sia was claimed to be a precursor for the development of 
hepatocellular carcinoma (International Working Party, 
1995; Bannasch, 1996), the significant correlation bet-
ween HCV RNA positivity in the liver and the grade of 
dysplasia reported in this study might support the hypo-
thesis that HCV might have direct oncogenic effect on the 
liver cells. Yet, this hypothesis deserves further investiga-
tion, because if it is confirmed, treatment with interferon 
should be extended to patients having no active hepatic 
pathology despite chronic HCV infection (Haruna et al., 
1994). Recently, Lei et al. (2002) investigated the freq-
uency of HCV infection in hepatocellular carcinoma tissue 
by means of immunohistochemistry and in situ hybridiza-
tion. On the other hand, Donato et al. (2001) compared 
the degree of liver cell proliferation and dysplasia in 
hepatitis B and C virus cirrhotics. The association bet-
ween dysplasia and HCV-RNA in the liver tissue was not 
concerned in both studies. Thus, it is obvious that the 
current work is unique in focusing on the correlation 
between the degree of liver cell dysplasia and the level of 
HCV-RNA in both the serum and liver tissue in patients 
with HCV hepatitis. 
 The relationship between HCV-RNA results using ISH 
and serum ALT levels is controversial. Although some 
authors could obtain a significant association between 
the levels of HCV-RNA in the liver by ISH and the levels 
of serum ALT (Cho et al., 1996; Morimoto et al., 1997), 
we and others (Haruna et al., 1993; Kojima et al., 1996) 
could not achieve such an association. The lack of corre-
lation between HCV RNA in the liver and serum ALT 
levels might suggest that the direct cytopathic effects of 
HCV plays a minor role in the pathogenesis of chronic 
HCV infection (Kojima et al., 1996).  

In the present study, the degree of tissue positivity for 
HCV RNA was not significantly correlated with the serum 
viral load as measured by b-DNA technique. Although 
this  finding  was  consistent  with  Chang  et  al. (2000), it  

 
 
 
 
contrasts with the findings of other investigators (Gosal-
vez et al., 1998; Rodriguez-Ingo et al., 1999; Morimoto et 
al., 1997). In fact, the absence of a significant association 
between the levels of viral RNA in the serum and the 
degree of liver RNA positivity was mostly attributed to the 
negative ISH results in patients positive for serum HCV 
RNA. Therefore, the lack of relationship between the le-
vels of viral load in the serum and liver tissue might be 
due to small number of infected hepatocytes which were 
missed by ISH without prior amplification (Haruna et al., 
1993; Felgar et al., 1996). Alternatively, an extrahepatic 
site of HCV replication was suggested to explain the con-
tinuous viremia in the absence of HCV RNA in the liver 
(Negro et al., 1992). 
 In conclusion, the current study has demonstrated that 
HCV RNA detected by ISH in HCV infected patients was 
related neither to the extent of liver injury, the levels of 
ALT nor the levels of viremia. More importantly, the deg-
ree of HCV RNA positivity in the liver tissue as well as its 
level in the serum was significantly correlated with the 
grade of liver cell dysplasia. Thus, a direct carcinogenic 
effect of HCV on liver cells seems more likely. Undoub-
tedly, more large scale molecular biologic studies are 
needed not only to confirm the present data, but also to 
investigate the mechanism of HCV-induced liver damage 
and its role in the development of hepatocellular carci-
noma. 
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