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Abstract
AIM: To investigate the relationship between low mo-
lecular polypeptide-7 (LMP-7) gene polymorphism and 
response to interferon (IFN) therapy in chronic hepati-
tis C virus (HCV) patients. 

METHODS: LMP-7 polymorphism at codon 49 with 
nucleotide substitution from A to C was amplified in 
104 chronic HCV patients of genotype 4. The amplicons 
were digested with restriction endonuclease BsmI and 
the produced restriction fragment length polymorphism 
was analyzed. Patients received IFN + regional blood 
volume therapy for 48 wk and the frequency of this 

single nucleotide polymorphism (SNP) was statistically 
correlated with treatment response. The exclusion 
criteria for these patients were stated by the national 
health program for treating viral hepatitis. Main exclu-
sion criteria included co-infection with hepatitis B virus 
or schistosomiasis, thyroid dysfunction, uncontrolled 
diabetes mellitus, history of long term drug or alcohol 
intake and autoimmune hepatitis. Multivariate analyses 
were done to correlate LMP-7 SNP plus several factors 
such as age, gender, weight, serum alpha-fetoprotein 
(AFP) and alanine aminotransferase levels, liver activity, 
fibrosis score and viral load with response to therapy. 

RESULTS: The data presented in this study clearly 
demonstrated statistically significant differences be-
tween sustained virological response (SVR) (defined 
as the absence of HCV RNA levels in the patient’s 
sera at least 6 mo after discontinuation of treatment) 
and non-response (NR) (where HCV RNA levels in the 
patient’s sera never become undetectable for 6 mo 
during or after treatment). Variables were described 
as odds ratio with 95%CI. The data were considered 
significant if P  values were ≤ 0.05; highly significant 
if P  < 0.01 and very highly significant if P  < 0.001. 
Current data showed that 91.7% of patients carrying 
LMP-7 C/C allele were associated with SVR, while the 
other two genotypes C/A and A/A were associated with 
NR patients, 83.3% and 64.3% respectively, showing 
that genotype CC was strongly associated with re-
sponse to interferon (95%CI: 12.0719-134.6572, P  = 
0.0001). The majority of parameters recorded in SVR 
and NR patients included higher values of mean age (P  
= 0.004), alanine aminotransferase (P  = 0.001), AFP 
(P  = 0.001), body weight (P  = 0.025), viral load (P  = 
0.025), higher fibrosis and histological activity index 
indices among NR vs  SVR patients. Also, the multivari-
ate statistical analysis of the different factors of fibro-
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sis score, liver activity grade, genotypes and alleles of 
LMP-7 gene polymorphism in responders and NRs of 
HCV patients in this study showed that HCV patients 
with A allele had a very highly significant association 
with the NRs, high fibrosis and higher liver activity, 
while the C allele had a very highly significant associa-
tion with the responders, low fibrosis and lower liver 
activity (95%CI: 3.5800-13.2519, P  = 0.0001). 

CONCLUSION: LMP-7 SNP is a candidate gene that 
should be considered when designing a mathematical 
model for predicting response to therapy and disease 
progression in HCV patients. 

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
More than 170 million people are currently affected by 
chronic hepatitis C virus (HCV) infection worldwide, 
with the highest prevalence in Africa and Asia[1]. HCV 
cirrhosis, fibrosis and hepatocellular carcinoma are ma-
jor sequelae of  HCV chronic infection. The latter is one 
of  the leading causes of  mortality, morbidity and liver 
transplantation worldwide. Pegylated interferon (IFN) 
and ribavirin combined therapy is the standard approved 
treatment for HCV and is only effective in around 50% 
of  patients[2]. Both virus and host-related elements have 
been reported as factors correlated to therapeutic effects 
of  combination therapy, such as viral load, genotype and 
viral kinetics gender, age, ethnicity, obesity, degree of  
liver fibrosis and genetic polymorphisms[3]. The role of  
host genetic factors encoding gene products involved 
in the immune response following HCV infection are 
likely to influence the disease susceptibility and progres-
sion. As it has been shown that different host gene’s 
single nucleotide polymorphisms (SNPs) were mediators 
of  the antiviral and antiproliferative effects of  IFN[4], 
it is plausible that host genetic factors control the im-
mune responses and play a critical role in determining 
the outcome of  HCV infection. Viral infection of  host 
cells by HCV leads to the release of  the INFs (α, β, γ) 
which induce the formation of  immunoproteosomes 
[catalytic core that consists of  low molecular polypep-
tide-2 (LMP-2), LMP-7 and LMP-10] that produce 
immunogenic epitopes that bind to major histocompat-

ibility complex (MHC) Ⅰ molecules and when presented 
to CD8+ CTLs, enhances antigen presentation and trig-
gers an antiviral response in the infected organism[5]. 
LMP-7 gene is a subunit of  proteosomes encoded in the 
class Ⅱ region of  MHC on chromosome No. 6 adjacent 
to the TAP transporter genes[6]. The antigen recognition 
by cytotoxic CD8+T cells is dependent upon a number of  
crucial steps in antigen processing, including LMP-7 that 
can alter the pool of  peptides available for class Ⅰ antigen 
presentation, improving the CD8+T cells in response to 
viral antigens[7,8].

Previously, the relationship between LMP-7 genetic 
variation and some diseases has been reported. It has also 
been shown that LMP-7 might play an important role in 
the immunological reaction to HCV infection[7-9]. Thus, 
the aim of  the current study is to determine the fre-
quency of  SNP at codon 49 of  LMP-7 gene in chronic 
HCV patients receiving IFN therapy and to correlate the 
SNP frequency with clinical status of  patients and the 
response to therapy.

MATERIALS AND METHODS
Subjects
Patients: The current study comprises of  104 patients 
(85 males and 19 females with an age range of  7-64 years 
old) infected with chronic HCV genotype 4. Only those 
patients fulfilling the criteria for being covered by the na-
tional health program for treating viral hepatitis were in-
cluded. The criteria include absence of  co-infection with 
hepatitis B virus (HBV), human immunodeficiency virus 
or schistosomiasis, patients with co morbid disorders such 
as thyroid dysfunction, uncontrolled diabetes mellitus, his-
tory of  long term drug or alcohol intake and autoimmune 
hepatitis were excluded. Liver biopsy was carried out for 
histological examination and assessment of  the stages of  
fibrosis and activity. Liver fibrosis score was divided into 5 
stages from F0 to F4 and liver activity grade divided into 4 
stages from A0 to A3. The number of  patients belonging 
to each stage was detected in the two studied groups [re-
sponders and non-responders (NR)]. In NR, patient HCV 
viral loads persisted at or more than 2 logs of  pre-treat-
ment levels. Among those patients with an initial response 
to treatment, up to 50% will relapse after treatment is dis-
continued and are known as relapsed responders, whereas 
the rest will achieve a sustained virological response (SVR), 
as determined by the absence of  detectable viremia six 
months after the end of  treatment response. Patients re-
ceived weekly sc injection of  pegylated IFN α + daily oral 
ribavirin at a dose of  1000-1200 mg, depending on body 
weight, for 48 wk.

Controls: Healthy subjects (n = 33) with no history of  
acute or chronic disease and absence of  any other viruses, 
diseases or disorders served as controls for LMP-7 typing.  

Methods   
HCV RNA tests: These include qualitative HCV nested 
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reverse transcription-polymerase chain reaction (RT-PCR), 
quantitative real-time PCR determination and genotyping 
of  HCV RNA genome. Methods used for these assays 
were previously described as nested RT-PCR[10], quantita-
tive test of  HCV RNA (Copus Amplicore, HCV monitor 
test roche, United States) and HCV genotyping[11].

DNA extraction: A salting out technique was used to 
extract DNA from whole blood[12]. 

Genotyping of  LMP-7 gene: The second exon of  
LMP-7 at codon 49 spanning the tested SNP was ampli-
fied by PCR using sequence specific primers as follows 
forward primer (F): 5’-CGGACAGATCTCTGGGT-
GCT-3’ and reverse primer (R): 5’-TCTCCGGGACT-
GAAGGCT-3’. Reaction mix (50 µL) contained 2 units 
Taq polymerase (finnzyme, Finland), 5 µL of  10 × PCR 
buffer (supplied with the enzyme), 0.2 mmol/L dNTPs 
(Promega, Madison WI, United States), 1.5 mmol/L 
MgCl2, 5 µmol/L from each primer, 3 µL of  DNA and 
DDW to 50 µL. Thermal cycling protocol comprised 
of  initial denaturation at 94 ℃ for 5 min, followed by 35 
cycles, each includes 94 ℃ for 1 min, 57 ℃ for 1 min and 
72 ℃ for 1 min and a final extension step at 72 ℃ for 10 
min. Amplification product was resolved on 2% agarose 
gel electrophoresis. A fragment of  304 bp indicates suc-
cessful amplification (Figure 1). Amplified products were 
subjected to digestion with 10 units of  BsmI restriction 
endonuclease (Amersham Pharmacia-Biotech, St Albans, 
United Kingdom) at 37 ℃ overnight. Restricted fragments 
were resolved on 2% agarose gel electrophoresis parallel 
with a DNA size marker (Amersham Pharmacia-Biotech) 
where C/C homozygotes appear as 2 bands at 174 and 
130 bp, C/A heterozygotes appear as 3 bands of  174, 130 
and 304 bp and uncut fragment at 304 bp represents A/A 
genotype (Figure 1).

Statistical analysis
Data were expressed as mean ± SD of  percentage of  each 
genotype (C/C, A/A or C/A) among the subject popula-
tion whether SVR or NR. Comparison between mean 
values of  different variables among SVR and NR patients 
was performed using unpaired student t test. Comparison 
between categorical data [n (%)] was done using χ 2 test. 

Multinomial logistic regression with forward stepwise 
variable selection was used to identify predictors associ-
ated with SVR rates. Variables were described as odds ra-
tio with 95%CI. The data were considered significant if  P 
values were ≤ 0.05; highly significant if  P < 0.01 and very 
highly significant if  P < 0.001[13,14].

RESULTS
Demographic data
The data presented in Table 1 clearly demonstrate statisti-
cally significant differences between SVR and NR patients 
in the majority of  parameters recorded, including higher 
values of  mean age, alanine aminotransferase (ALT), 
alpha-fetoprotein (AFP), body weight, viral load, higher fi-
brosis and histological activity index (HAI) indices among 
NR vs SVR patients, whereas low fibrosis and HAI indices 
were statistically elevated in SVR patients compared with 
NR patients. All CHC patients in this study (n = 104) had 
genotype 4a of  HCV RNA, using the method described 
previously[11].

Frequencies of LMP-7 genotypes 
Current data showed that 91.7% of  patients carrying LMP7 
C/C allele were associated with SVR, showing that geno-
type CC was strongly associated with response to inter-
feron and these data were very highly significant (P = 0.001) 
(Tables 2 and 3). However, the LMP-7 C/C allele consti-
tuted 54.5% of  the healthy population which is slightly 
higher than the CHC patients 46% (Table 2, Figure 2), 
suggesting a possible protective role of  C/C genotype. 
On the other hand, the genotypes C/A and A/A were 
more associated with NR, since 69% and 57% of  NR 
patients were associated with C/A and A/A respectively, 
while 14.3% and 7.3% of  relapsers carried C/A and A/

99 March 27, 2013|Volume 5|Issue 3|WJH|www.wjgnet.com

NR (n  = 48) SVR (n  = 56) P  value

  Age (yr) 0.004
     min-max          12-64          7-58
     mean ± SD          44.17 ± 10.97        37.91 ± 10.91
  Gender  0.9061

     Female            9 (18.75)        10 (17.86)
     Male          39 (81.25)        46 (82.14)
  Weight (kg)          85.05 ± 13.98        78.54 ± 15.10 0.025
  ALT          89.15 ± 62.70        48.39 ± 40.52 0.001
  AFP          30.56 ± 22.58        11.28 ± 15.33 0.001
  Viral load 686 150.38 ± 680 474.25 15 656.09 ± 452 782.09 0.001
  Low fibrosis 
  (F0-F1) (n = 39)

           7 (17.95)        32 (82.05) 0.001

  High fibrosis 
  (F2-F4) (n = 65)

         41 (63.08)        24 (36.92) 0.035

  A0-A1 (n = 71)          24 (33.8)        47 (66.2) 0.006
  A2-A3 (n = 33)          24 (72.73)          9 (27.27) 0.009

Table 1  The demographic data of chronic hepatitis C virus 
patients infected with hepatitis C virus type 4a (sustained vi-
rological response vs  non-response) after treatment

Data are expressed as mean ± SD or n (%). NR: Non-response; SVR: Sus-
tained virological response; ALT: Alanine aminotransferase; AFP: Alpha-
fetoprotein. 1Not significant.

304 bp
174 bp
130 bp

1          2         3           M          4          5          6

Figure 1  Agrose gel electrophoresis of digested low molecular polypep-
tide-7 amplicons. Purified genomic DNA from each patient was subjected to 
polymerase chain reaction amplification using specific primers bracketing the 
low molecular polypeptide-7 gene followed by BsmI digestion and the products 
were resolved on 2% agarose gel. Lanes 2, 3 and 6 represent heterozygous C/A; 
Lanes 1 and 5 show C/C genotype; Lane 4 shows A/A genotype; M indicated 
molecular weight marker.
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A genotypes respectively, thus making a total of  83.3% 
C/A and 64.3% A/A as NR+ relapsed patients (Tables 
2 and 3, Figure 3).

Genetic association of LMP-7 SNP with pathobiology of 
the liver in CHC patients  
The strongest association between LMP-7 variations and 
pathological changes in the liver of  chronic C patients was 
observed during stages of  fibrosis where the percentage of  
C/C genotype was the highest in the lower fibrosis stage, i.e., 
F0 and F1 (70% and 62.07%) respectively and these data 
were highly significant (P = 0.045 and P = 0.004, respec-
tively) and decreases gradually till it reaches 0% at the severe 
fibrosis stage (F4). Also, C/C genotype was the highest 
at lower grades of  liver activity, i.e., A0-A1 (77.78% and 
54.84% respectively) which was also highly significant (P 
= 0.018 and P = 0.001, respectively) and decreases gradu-
ally until it reaches its lowest value (16.67%) at (A3) (Table 4, 
Figures 4 and 5). 

Multivariate analysis of different host factors, including 
LMP-7 variants in SVR and NR patients
The data presented in Table 5 summarize the role of  
several factors in achieving SVR to combined therapy. 
Patients with lower stages of  fibrosis (F0-F1) are more 
associated with SVR than patients with advanced fibrosis 
(F2-F4) (95%CI: 0.0490-0.3346, P = 0.0001). Likewise, pa-
tients with higher liver activity (A2-A3) had lower chances 
of  SVR compared to those with high activity (A0-A1) 
(95%CI: 0.0777-0.4759, P = 0.0004). Patients with higher 
levels of  AFP (> 5 ng/mL) had less chance of  SVR com-
pared to those with AFP levels below 5 ng/mL (95%CI: 
0.0871-0.5948, P = 0.0002). LMP-7 C/C genotype had 
significant association with SVR compared with C/A and 
A/A variants (95%CI: 12.0719-134.7572, P = 0.0001). In 
general, patients with A allele had significant association 
with NR, while C carriers had significant association with 
SVR (95%CI: 3.5800-13.2519, P = 0.0001).
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Figure 2  Frequencies of low molecular polypeptide-7 genotypes in con-
trol Egyptian subjects compared with chronic hepatitis C virus patients. 
Typing of low molecular polypeptide-7 (LMP-7) single nucleotide polymorphism 
was determined in 33 control subjects and 104 chronic hepatitis C virus pa-
tients. The frequency of each LMP-7 genotype in both patient groups was pre-
sented as columns.
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Figure 3  Rates of sustained virological response and non-response 
among the three genotypes of low molecular polypeptide-7 gene. Genotyp-
ing of low molecular polypeptide-7 (LMP-7) was determined in 56 sustained vi-
rological response (SVR) patients and in 48 non-response (NR) patients. Rates 
of SVR (black column) and NR (white column) were independently plotted as a 
function of each LMP-7 genotype, i.e., CC, CA and AA.

NR 
(n  = 48)

SVR 
(n  = 56)

All patients 
(n  = 104)

Control
(n  = 33)

  AA (n = 14)   9 (64.29)   5 (35.71) 14 (13.46) 3 (9)
  CA (n = 42) 35 (83.33)   7 (16.67) 42 (40.38)    12 (36.5)
  CC (n = 48) 4 (8.33) 44 (91.67) 48 (46.15)    18 (54.5)

Table 2  The percentage of sustained virological response and 
non-response patients compared with control subjects in vari-
ous genotypes of low molecular polypeptide-7 gene  n  (%)

NR: Non-response; SVR: Sustained virological response.

AA (n  = 14) CA (n  = 42) CC (n  = 48) P  value

  NR (n = 48)   9 (18.75) 35 (72.92) 4 (8.33) 0.001
  SVR (n = 56) 5 (8.93)   7 (12.50) 44 (78.57) 0.001

Table 3  Sustained virological response and non-response fre-
quencies in various low molecular polypeptide-7 genotypes  n (%)

Polymerase chain reaction-restriction fragment length polymorphism anal-
ysis were performed on chronic hepatitis C virus patients and the low mo-
lecular polypeptide-7 genotype frequencies were calculated as percentages 
of each group. NR: Non-response; SVR: Sustained virological response.

AA (n  = 14) CA (n  = 42) CC (n  = 48) P  value

  F0 (n = 10) 1 (10.00) 2 (20)   7 (70) 0.045
  F1 (n = 29) 4 (13.79)     7 (24.14)      18 (62.07) 0.004
  F2 (n = 36) 4 (11.11)   14 (38.89)      18 (50.00) 0.013
  F3 (n = 23) 4 (17.39)   14 (60.87)        5 (21.74) 0.019
  F4 (n = 6) 1 (16.67)     5 (83.33) 0 (0)  0.1021

  A0 (n = 10) 1 (11.11)     1 (11.11)        7 (77.78) 0.018
  A1 (n = 29) 9 (14.52)   19 (30.65)      34 (54.84) 0.001
  A2 (n = 36) 3 (11.11)   18 (66.67)        6 (22.22) 0.001
  A3 (n = 6) 1 (16.67)     4 (66.67)        1 (16.67) 0.023

Table 4  The relationship of the genotypes of low molecular 
polypeptide-7 gene polymorphism within different liver fibrosis 
and activity stages in sustained virological response and non-
response groups after treatment  n (%)

1Not significant.
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DISCUSSION
Recently, it has been shown that there is a complex re-
lationship between HCV and immune responses of  
the host. MHC is a crucial molecule which initiates or 
regulates the immune response by presenting foreign 
or self-antigens to T lymphocytes that play essential 
roles in the HCV infection or even viral clearance[15]. It 
has been shown that LMP-7 is important in the MHC 
class Ⅰ antigen presentation pathway. LMP-7 is a subunit 
of  a multifunctional proteosome that plays a pivotal role 
in selective degradation of  endogenous proteins into pep-
tides suited for binding to human MHC class Ⅰ molecule[9]. 
LMP-7 polymorphisms were found to be related to a 
number of  immune diseases and HBV infection, while 
actually few studies have examined the relationship be-

tween LMP-7 and HCV infection[8,16,17]. The aim of  the 
present study is to investigate the possible association 
between LMP-7 polymorphism and HCV infection in 
response to IFN therapy. Data of  the current study 
show that demographic and clinical factors influence 
the likelihood of  HCV viral clearance. Age is considered 
one of  the contributing factors to treatment outcome. 
This was supported by earlier reports[18,19] that younger 
patients responded better to current HCV treatments 
than older ones. This is due to a couple of  reasons: the 
immune system of  someone who is younger is more 
intact and better able to help with the task of  fighting 
HCV. Here, the longer that one has hepatitis C, the more 
the virus can replicate and possibly cause damage to the 
liver. This is why some medical providers now believe 
that people should be treated early before any liver dam-
age has a chance to occur. The present work found no 
significant difference in gender distribution, similar to an 
earlier study[17]. However, others reported that females 
seem to respond better than males which is likely to be 
related to the positive effects of  estrogens on immune 
responses that are influenced by IFN therapy[20,21]. Our 
data confirm the relationship between a patient’s weight 
and response to interferon therapy, in agreement with 
other studies which showed that obesity is a predictor 
of  disease progression in patients with chronic hepatitis 
C[22,23]. Serum ALT level is a marker of  liver cell damage 
and the efficacy of  antiviral treatment[24], as shown in our 
results where the mean value of  ALT in SVR is much less 
than that in NR patients. Viral load is a key in predicting 
response to IFN. Many studies have shown that the lower 
the viral load, the more likely a patient is to eradicate the 
virus with IFN-based therapies[25,26]; these data support 
our results as the mean value in NR is much higher than 
in SVR patients. In general, lower viral loads are associ-
ated with less circulating viral quasispecies and also with 
a faster time towards HCV RNA negativity during treat-
ment. A significant association was observed between 
LMP-7 polymorphism and viral clearance following IFN 
therapy. A strikingly higher frequency of  the C/C geno-
type (91.67%) was observed in SVR vs 8.33% in NR cas-
es (P = 0.001). Also, C allele was detected in 68.84% of  
SVR vs 31.16% in NR patients (P = 0.001). On the other 
hand, A allele frequency was 24.29% in SVR vs 75.71% 
in NR patients (P = 0.001). In addition to that, C/A gen-
otype distribution was 16.67% in responders vs 83.33% 
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Regression 
coefficient SE Odds 

ratio 95%CI P  value

  F0-F1 vs F2-F4  2.0553 0.490   0.128    0.0490-0.3346  0.0001
  A0-A1 vs A2-A4 -1.6529 0.465   0.192    0.0771-0.4759  0.0004
  AFP (< 5 ng/mL 
  vs > 5 ng/mL)

-1.4800 0.490   0.228    0.0871-0.5948  0.00025

  CC vs CA + AA  3.6972 0.616 40.333  12.0719-134.7572  0.0001
  C allele vs A allele  1.9298 0.334   6.888    3.5800-13.2519  0.0001

Table 5  Multivariate analysis of different clinical factors and 
alleles of low molecular polypeptide-7 gene polymorphism in 
responders and non-responders hepatitis C virus patients (%)

F0                F1                F2               F3                F4

100

90

80

70

60

50

40

30

20

10

0

AA
CA
CC

Pa
tie

nt
s

70.0

20.0

10.0

24.1

62.1

13.8

50.0

38.9

11.1

60.9

17.4
21.7

16.7

83.3

0.0

Figure 4  The fibrosis stages among low molecular polypeptide-7 geno-
types polymorphism in patient groups (sustained virological response 
and non-response) after treatment. Frequencies of low molecular polypep-
tide-7 genotypes were determined in chronic hepatitis C virus patients after 
treatment with different fibrosis scores (F0-F4). 
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Figure 5  Distribution of low molecular polypeptide-7 genotypes in chronic 
hepatitis C virus patients after treatment with various hepatic activities 
(A0-A3). Frequencies of low molecular polypeptide-7 genotypes in chronic 
hepatitis C virus patients after treatment with various hepatic activities (A0-A3).
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in non-responders, while that of  A/A was 35.71% in 
responders vs 64.29% in non-responders. Earlier studies 
reported conflicting data where some reported that CA 
or AA genotypes LMP7 could increase the risk of  HCV 
persistence compared with C/C genotype[21], while oth-
ers showed that LMP-7 A/A genotype is higher in SVR 
patients than in non-responders[27]. 

The mechanism by which LMP-7 influences response 
to IFN remains unclear. Several reports have indicated 
that patients who display successful clearance of  HCV 
either spontaneously or after IFN α therapy express 
strong T-cell reaction and increased IFN γ production 
in response to HCV antigens[28,29]. Since the expression 
of  LMP-7 is up-regulated by IFN γ, the differences of  
LMP-7 phenotypes could alter the proteosome function 
of  patients treated with IFN α. Moreover, an amino acid 
substitution [LMP-7-Q (Gln) of  genotype (CC) and LMP-
7-K (Lys)] of  genotype (AA) alters its electric charge (from 
non-charged polar to charged polar) with possible func-
tional consequences. This confirms the phenotypic ef-
fects of  LMP-7 on IFN response in patients with chronic 
hepatitis[27,30].   

The present work also shows a relationship between 
LMP-7 gene polymorphisms with different fibrosis stages 
and indicates that frequency of  C/C genotype was the 
highest in lower fibrosis stage F0 and F1 (70% and 62.07%, 
respectively, P = 0.045 and P = 0.004). C/C genotype fre-
quency decreases gradually until it reaches 0% during the 
severe fibrosis stage (F4). On the other hand, C/A geno-
type frequency was the highest in advanced fibrosis stages 
F3 and F4 (60.87% and 83.33%, respectively, P = 0.019) 
and decreases gradually until it reaches its lowest value (20%) 
at F0. In agreement with our data, other studies reported 
that LMP-7 activity influences the rate of  progression of  
liver fibrosis and the increased risk of  the clinical course of  
HBV and HCV infection[17,21,27]. Even further, impairment 
of  LMP function may enhance human tumorigenesis[8,31]. 

 In conclusion, the present findings implicate genetic 
variation of  LMP-7 gene polymorphisms in the outcome 
of  HCV infection and have a great association with re-
sponse to IFN-therapy and could be used as a diagnostic 
marker for disease progression and prediction of  drug 
response.   
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