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Abstract: HCV 5′-UTR of 3 non-responding isolates (Sohag 1, 2 and 3), collected from Sohag-Egypt was compared 

with the 6 genotypes collected from GenBank and HCV database sequences included a responder isolate from 

Egypt. Multiple alignment comparison showed that TTGGGT sequence located in the IIId subdomain loop was 

conserved in all genotypes. Phylogenetic tree revealed that isolate Sohag 1 was clustered with the responder isolate 

within subtype 4a.  Sohag 2 was clustered with isolates of subtypes g and o, however, isolate 3 was grouped with 

isolates from subtype 4a and q. Two transitions T175→C and C183→T were detected in the stem of IIId subdomain 

and were highly represented in genotype 2 followed by genotype 6: 1.0, 95.5, 2.0, 14.5, 0.0 and 33.5% for genotypes 

1, 2, 3, 4, 5 and 6, respectively. The predicted secondary structure of HCV 5′-UTR showed that the formation of 

UUGGGU loop was affected by the 2 transitions T175→C and C183→T. In the absence of these 2 transitions, the 
apical loop was replaced by double helix structure in most predicted folding. Taken together, the % of the 2 

transitions in different genotypes and the modification in the apical loop structure could affect the response to 

therapeutic treatment.  
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1. Introduction 

Egypt has the highest prevalence of 
Hepatitis C virus (HCV) worldwide, where it infects 

about 15% of the general population (Egyptian 

Ministry of Health, 2007). The infection with the 

HCV is the leading cause of chronic hepatitis 

worldwide, progressing to liver cirrhosis in 

approximately 20% of patients after 10 years and to 

hepatocellular carcinoma (HCC) in a subset of them 

with a yearly incidence of 3% (Zein, 2000). 

HCV is an RNA virus and a member of the 

Hepacivirus genus classified into the Flaviviridae 

family. HCV presents high mutation rates and 

because of that it has been evolved to different 
genotypes based on nucleotide sequence 

heterogeneity and classified in six major genotypes 

and more than 80 subtypes (Mizokami et al., 1996; 

Robertson et al., 1998 and Simmonds et al., 2005).  

The 5′-UTR of HCV is an essential 

component of the internal ribosome entry site (IRES) 

that regulates Cap-independent translation of HCV 

(Wang et al., 1994). Three domains: I, II, and III, are 

inside this region.  Mutations in IIId domain disrupt 

IRES-mediated translation initiation and also affect 

the RNA structure, demonstrating the importance of 
correct RNA folding to IRES function (Jubin et al., 

2000). Hazari et al., 2005 suggested that the antiviral 

action of IFN-2b blocks IRES-mediated translation 

and this effect is the same among HCVs of other 

genotypes. 
In this study, a comparison between our 

non-responder isolates with a responder one and a 

classification at the subtype level in the 5`-UTR of 

HCV was done. We analyzed the effect of 2 

transitions exist in IIId subdomain of the IRES on its 

secondary structure. 

 

2. Material and Methods  

2.1. Samples 

In a previous study, (Hemeida et al., 2011), 

We collected 92 HCV positive isolates from Center 

of Cardiac and Digestive System, Sohag, Egypt. The 
confirmed patients were received 12 vials of PEG- 

IFNα-2a for 12 weeks (180IU/ml weekly) plus 

ribavirin (1000 mg for ≤ 75 Kg or 1200 mg for > 

75Kg- Roche) and follow up by RT-PCR. The results 

showed that 67 patients (72.8%) responded to the 

treatment, while 25 patients (27.2%) were non 
responders. We selected 3 non responder isolates 

(Sohag 1, 2 and 3), then were sequenced and 

analyzed (Hemeida et al., 2011).  

 

2.2. Sequence analysis 
DNA sequencing of three random serum 

samples from HCV non-responder patients (sohag 1, 

2 and 3) was carried out as previously described 

(Hemeida et al., 2011). BLAST program (NCBI) was 
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used to identify the similarity between isolates.    

Secondary structure of 5′-UTR of HCV was deduced 

using mFOLD software. Version 3.2 

program(Zucker,1989) (http://mfold.bioinfo.rpi.edu/). 

al., 2007). Standard error estimates are shown and 

were obtained by a bootstrap procedure (500 

replicates).

Our sequences were submitted to GenBank database. 

[GenBank: JQ228803–JQ228805 for isolates Sohag 
2, 3 and 1, respectively]. Sequences of HCV different 

genotypes were retrieved from GenBank and HCV 

database. An isolate responded to the pegylated IFN 

alpha-2a plus ribavirin treatment from Egypt was 

used in this study for comparison (Zekri et al. 2007). 

Phylogenetic and molecular evolutionary analyses 

were conducted using MEGA version 4 (Tamura et  

.  

3. Results  

3.1. Multiple sequence alignment of HCV 5′-UTR 
Our non-responder isolates (Sohag isolates) 

showed identity of 94-98% with those of GenBank 

databases. The alignment of the responder isolate 

against Sohag isolates (192nt) resulted in 8 variable 

sites (highlighted positions is in Fig. 1). The 

responder isolate was characterized by one insertion 

(T9) and 2 deletions (C36 and A117). 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 1. Nucleotide sequence alignment comparison of the HCV 5′-UTR region between responder and non-

responders isolates (Sohag-1, 2 and 3). 

 
Multiple alignment comparison with the 6 

known genotypes retrieved from GenBank database 

is shown in Fig. 2. Hyper variable region was located 

from nt 85 to 161 in the 5'UTR of different HCV 

isolates. Located in the IRES IIId subdomain loop, 

TTGGGT sequence at position 177-182 nt, this 

sequence was conserved in all genotypes (highlighted 

and boxed in Fig. 2). Two transitions T175→C and 

C183→T exist in the stem of IIId subdomain were 

highly represented in genotype 2 and 6. Using HCV 

database, we retrieved 200 sequences for each 

genotype to analyze the percentage of the T175→C 
and C183→T transitions in each genotype and it was 

as follow: 1.0, 95.5, 2.0, 14.5, 0.0 and 33.5% in 

genotypes 1, 2, 3, 4, 5 and 6, respectively. Also, the 2 

transitions were detected in isolate Sohag 3 but not in 

Sohag 1, 2 or the responder isolate. Multiple 

alignment comparison against hepatocellular 

carcinoma (HCC), responder and non-responder 

isolates, collected from HCV database was done (Fig. 

3). We noticed that the occurrence of the 2 transitions 

was not related to HCC or response to therapeutic 

treatment (Fig. 3). 
 

3.2. Phylogenetic subtyping of HCV 5′-UTR of 

Sohag isolates 

According to the phylogenetic analysis, 

genotypes 1, 2, 3, 4, 5 and 6 were separated in 6 

clusters (Fig. 4a). The Egyptian isolates (responder 

and non-responders) were clustered into genotype 4. 

Phylogentic relationship between our isolates and 

genotype 4 is shown in Fig. 4b.  Sohag 1 and the 

responder isolates were clustered with subtype 4a. 

However, isolate Sohag 2 was clustered with isolates 

FJ462432 (4g), AB548316.1 (4o) and FJ462440 (4o). 

Isolate Sohag 3 was clustered with isolates FJ462434 

(4q) and AB550017.1 (4a). 

 
 

3.3. Secondary structure of HCV 5′-UTR 

To investigate the effect of the 2 transitions 

T175→C and C183→T, located within IIId subdomain 

stem, the secondary structure was analyzed using 

mFOLD where the window parameter controls how 

many foldings will be automatically computed and 

how different they will be from one another. The 

secondary structure of the 5′-UTR III domain resulted 

in 4 stem loop subdomains IIIa-d (Fig. 5A). The 

absence of the 2 transitions T175→C and C183→T in 
IIId subdomain stem, affected the formation of the 

UUGGGU apical loop, it was replaced by double 

helix structure in most predicted folding (Fig. 5B and 

C, respectively).  
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Figure 2. Multiple alignments of the nucleotide sequence of HCV 5′-UTR genotypes. The TTGGGT conserved 

sequences located in the IRES IIId (177-182nt) are boxed; T175→C and C183→T substitutions could be related to IIId 

loop formation are parenthesized. 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3. Multiple alignments of the nucleotide sequence of HCV 5′-UTR using isolate Sohag 3 against 

hepatocellular carcinoma (HCC), responder (RS) and non-responder (NR) isolates. Arrows mention to the 2 

transitions T175→C and C183→T. 

 

http://www.lifesciencesite.com/
http://www.sciencepub.net/life
mailto:lifesciencej@gmail.com


Life Science Journal, 2012;9(1)                                                         http://www.lifesciencesite.com 

 

http://www.sciencepub.net/life             lifesciencej@gmail.com  906 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Rooted neighbor-joining tree of HCV 5′-UTR using genotypes 1-6 (a) and subtypes of genotype 4 (b). 

Bootstrapping of 1000 replicates was carried out. 
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Figure 5. RNA secondary structures of the IRES IIId subdomain of HCV5′ UTR isolates, predicted by mFOLD 

version 3.2 program. (A) Secondary structure of the entire IRES III domain resulted in 4 stem loop subdomains 

(IIIa-d). The absence of the 2 transitions T175→C and C183→T in IIId subdomain stem, affected the formation of the 

UUGGGU apical loop, it was replaced by double helix structure in most predicted folding (B and C, respectively). 

 

4. Discussion 

We have previously reported the isolation, 

amplification and sequence analysis of HCV non-
responder isolates (Sohag 1, 2 and 3) from Egypt and 

they were grouped with genotype 4 (Heimeda et al., 

2010). 

In the present study, sequence of 5′-UTR of 

the three non-responder isolates (sohag 1, 2 and 3) 

and one responder isolate reported by Zekri et al. 

(2007) were analyzed.  Alignment comparison 

between the responder and non-responder isolates 

resulted in one insertion and 2 deletions in the 

responder isolate. The substitution G154→A resulted 

in our non-responder isolates similar to results 

reported by Zekri et al. (2007). Anila et al. (2009) 
showed that the nucleotide substitutions within the 

HCV 5`UTR may influence the viral translation and 

its sensitivity to the antiviral action of interferon.   

Extensive studies indicated the importance 

of HCV genotyping and subtyping in interferon 

treatment and progression of chronic liver disease 

(Dammacco et al., 2000; Farci and Purcell, 2000 and 

Anila et al., 2009).  Our non-responder and the 

responder isolates were clustered within genotype 4. 
Sohag 1 and the responder isolates were clustered 

with subtype 4a.  Sohag 2 was clustered with isolates 

of subtypes g and o, however, isolate 3 was grouped 

with  isolates from subtype 4a and q. Regrouping of 

some isolates was previously noticed with isolates 

genotyped as type 1a or 1b and were found to be 

wrongly subtyped (Stuyver et al., 1995).  

Mutations in IIId domain disrupt IRES-

mediated translation initiation and also affect the 

RNA structure, demonstrating the importance of 

correct RNA folding to IRES function. (Psaridi et al., 

1999 and Jubin et al., 2000). Sequence comparison 
showed that apical loop nucleotides (UUGGGU) 

were absolutely conserved across HCV genotypes 

(Fig. 2), this was also reported by Jubin et al., (2000). 

This conserved sequence corresponds to position 

262-270 of the strain H77, Honda et al. (1999). Two 

transitions T175→C and C183→T were highly 
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represented in genotype 2 followed by genotype 6 

and were not found in the analyzed isolates of 

genotype 5. Hazari et al., (2005) and Klinck et al., 

(2000) mentioned to the presence of these 2 changes 

in the primary sequence of IIId shows between the 

six major HCV genotypes. Dual substitution mutants 
within the IIId terminal loop demonstrated reductions 

in activity in the range of 18–42% for the U264:U269 

series (Klinck et al., 2000). Prediction of secondary 

structure showed that the 2 transitions affect the 

formation of the apical loop of IIId subdomain. In the 

absence of these 2 transitions, the apical loop was 

replaced by double helix structure in most predicted 

folding. These 2 transitions could be related to the 

therapeutic response in genotype 2 and 6. Treatment 

with pegylated interferon and ribavirin resulted in a 

significantly higher rate of SVR in patients infected 

with genotype 2 and 6 than in those infected with the 
other genotypes (Dev et al., 2002, Fung et al., 2008, 

Hui et al., 2003 and Phillip et al., 2009). Our results 

showed that the occurrence of the 2 transitions was 

not related to HCC. 

This study revealed that our Egyptian 

isolates were clustered with subtypes 4a, g, o and q.  

A correlation between the two transitions T175→C 

and C183→T in IIId subdomain, the different 

genotypes and the secondary structure was detected. 

The 2 transitions were highly represented in genotype 

2 followed by genotype 6 where a significantly high 
rate of SVR was detected for both genotypes. The 

formation of UUGGGU loop was highly affected by 

the presence of the 2 transitions T175→C and 

C183→T.  Taken together, the % of the 2 transitions in 

different genotypes and the modification in the apical 

loop structure could affect the response to therapeutic 

treatment. 
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