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Existence of HCV NS5A Proteins in Peripheral 
Blood Mononuclear Cells of Responder Patients

is Associated with Viral Relapse

Abstract

Background: Hepatitis C Virus (HCV) RNA and proteins have been detected in peripheral blood mononuclear cells (PBMCs). The replication 
of HCV in PBMCs and its role in relapse is still not confirm. Objective: The objective of the study was to detect the HCV NS5A Protein in PBMCs 
of responder patients and to find out its association with viral relapse. 

Method: A total of 77 chronic HCV patients who cleared HCV RNA in plasma after completion of 6 months of Interferon (IFN) plus Ribavirin 
(RBV) therapy were enrolled in the study. PBMCs were isolated from whole blood and the expression of NS5A protein in PBMCs was checked. 
After six months of completion of treatment, viral RNA was tested in the blood samples of all patients to trace the relapse. 

Results: At the end of treatment stage, HCV NS5A protein was detected in 22 (28.6%) of the 77 responder patients. After 6 months from 
end of treatment, 62 (80.5%) of the responder patients had undetectable HCV RNA in plasma (SVR) while 15 (19.5%) patients were detected 
with viral RNA in their blood (relapse). Out of the 22 patients positive for NS5A protein in PBMCs at end treatment stage, 50% (11) showed 
viral relapse as compared to only 7.3% (4) of the patients negative for NS5A protein in PBMCs at same stage. There was a significant difference 
(P=0.000) of relapse rate between both groups. 

Conclusion: There is an association of HCV NS5A protein in PBMCs and risk of viral relapse in future. 
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Ribavirin; DAA: Direct Acting Antiviral Agents; ISH: In Situ Hybridization; CD: Cluster of Differentiation; ELISA: Enzyme Linked Immunosorbent 
Assays; 5’ UTR: Untranslated Region; SB-JFH-1: Splenoma B-Cell-Derived Japanese Fulminant Hepatitis-1; RPMI: Roseman Park Memorial 
Institute; SPSS: Statistical Package for Social Sciences

Introduction
Hepatitis C virus (HCV) is the main causative agent for liver 

disease and is a major health problem worldwide as more than 
185 million people are chronically infected with HCV and about 70-
80% of them suffer liver cirrhosis and hepatocellular carcinoma 
[1-4]. Genotype 1 of HCV is the most widespread genotype in 
the world which comprises of about 83.4 million (46.2%) of the 
total HCV patients [5,6]. Genotype 3 is the second most prevalent 
genotype globally and is predominant genotype in Pakistan with 
about 71% of the total HCV patients in the country [5,6].

HCV belongs to Flaviviridae family. It is a small enveloped virus 
having positive-sense RNA genome of about 9.6 kb consisting 
long open reading frame (ORF) that encodes ten structural and 
nonstructural proteins [7-9]. Till now, there is no effective and 
licensed vaccine available for the prevention of this infection 
[10]. Combination therapy of polyethylene glycol Interferon alpha 
(peg-IFN-α) plus ribavirin (RBV) is still used for the treatment of 
HCV infection but SVR rate of this therapy is about 40 to 80 % 
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depending on genotype [11]. The new and advanced standard of 
care treatment of HCV infection consists of direct acting antiviral 
agents (DAA) including HCV protease and polymerase inhibitors 
with or without the use of PEG IFN alfa and ribavirin [12-15]. 
Sofosbuvir, a DAA, is a new oral NS5B polymerase inhibitor 
approved by FDA for all genotypes of HCV [12,13]. Daclatasvir, an 
NS5A inhibitor, was approved by FDA in July 2015 to be used with 
sofosbuvir for the treatment of chronic HCV infection of genotype 
3 in treatment-naive and treatment-experienced patients [14]. 
The combination of ledipasvir and sofosbuvir without INF and 
ribavirin is the first oral course of therapy approved by FDA for 
HCV infection in persons with severe liver disease. The use of 
these agents considerably improved sustained virologic response 
in patients with genotype 1 infection and can be used in shorter 
treatment durations [15]. These new drugs are more effective; 
however, they can create several serious side effects in treated 
patients due to which the treatment may be discontinued or even 
stopped [16]. 

The exact mechanism of HCV chronicity is still a question mark, 
it may be due to some mutations in viral genome which make HCV 
escape from immune system or it may be due to the ability of 
virus to infect the immune cells/tissues [17,18]. Although HCV is 
strongly hepatotropic as it mainly replicates in liver but in specific 
conditions, it can also replicate in lymph nodes, oral epithelial 
cells, adrenal glands, brain, pancreas, PBMCs and thyroid glands 
[19,20]. HCV genomic RNA has been detected and separated 
from PBMCs and other blood cells by in situ hybridization (ISH) 
[21]. Viral RNA has also been found in platelets from the patients 
having no viral RNA in serum samples at the end of treatment and 
its association has been found with relapse as reported previously 
[22]. It was also reported that cluster of differentiation 81 (CD81) 
or the classical LDL-R platelets do not express in platelets. 
Therefore, some other receptors may be responsible for the entry 
of HCV-RNA to the platelets [23,24]. 

The existence of positive strand of HCV RNA in PBMCs after 
end of treatment is linked with viral relapse and resistance 
to IFN/Ribavirin therapy [20,25]. It is now clear that the viral 
RNA enters and replicates in extrahepatic compartments like 
PBMCs [25-28]. Furthermore, studies have demonstrated that in 
individuals infected with HCV, core proteins have been detected 
in kidney samples and same protein has also been separated 
from glomerular and tubular epithelial cells of kidney tissues 
[29,30]. The nonstructural protein 5 A (NS5A) is a multifunctional 
phosphoprotein comprising of 447 amino acids. NS5A protein 
is limited to cytoplasm of cells [31]. The protein plays a critical 
role for replication of HCV and RNA-dependent RNA polymerase 
(NS5B). It has been described that NS5A modulates β-catenin 
signaling that plays an important role in HCV pathogenesis [32].

At present, a few studies are available on the expression of 
HCV NS5A protein in immune cells and their association with viral 
relapse. The present study was aimed to investigate the expression 
of NS5A protein in PBMCs of the responder patients at the end of 
therapy. 

Methods
Patients and sampling 

a) A total of 103 patients including 58 male and 45 females 
were enrolled in the study for treatment. All the enrolled 
patients were fulfilling following criteria:

b) Anti HCV antibodies positive confirmed by 3rd 
generation enzyme linked immunosorbent assays (ELISA); 
HCV RNA detection confirmed by PCR;

c) No co-infection; 

d) No evidence of other liver related disease. A written 
informed consent was provided to all patients and the 
institutional ethical committee approved the study. All the 
patient was administered with a dose of 3MU interferon 
α-2b, three times per week subcutaneously along with an 
oral dose of 800-1200 mg Ribavirin daily according to body 
weight for a period of six months. After completion of therapy, 
patients were followed up for another six months. Patients 
with positive HCV RNA in plasma at the end of treatment were 
designated as non-responders and excluded from the study.

Extraction and detection of plasma HCV RNA 
Quantitative detection of viral RNA in plasma was performed 

after six months of treatment and after six months of completion 
of treatment. Plasma HCV RNA was extracted and quantified 
using RoboGene® HCV RNA extraction and Quantification Kits (aj 
Roboscreen, Analytikjena, Germany) using real-time PCR (Corbett 
Research TM, Australia) by an internal RNA standard derived 
from the 5’ untranslated region (5’ UTR) as described previously 
[33,34].

PBMCs isolation and counting 
PBMCs were separated on Ficoll-Histopaque density gradient 

(Sigma-Aldrich) from whole blood, following the previously 
described protocol [33]. 

In-vitro transcription of HCV RNA in B cell lines
A digested splenoma B-cell-derived Japanese Fulminant 

Hepatitis-1(SB-JFH-1) plasmid DNA was used for in-vitro 
transcription of HCV mRNA. The purified mRNA was electroporated 
into B cell line according to the previously published protocol 
[35]. Both uninfected healthy PBMCs (negative controls) and 
transfected Raji cells (positive controls) were used for comparison 
of patient’s cells.

Detection of HCV NS5A proteins in PBMCs
The cell suspension volume was adjusted to 1×106 cells/

ml with Roseman Park Memorial Institute (RPMI) medium. HCV 
nonstructural protein NS5A was detected in PBMCs by indirect 
immunofluorescence method according to the previously 
described procedure [36,37]. 

Statistical analysis
The data was analyzed using Statistical Package for Social 

Sciences (SPSS), version 16.0 (SPSS Inc. Chicago, IL). Chi-square 
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and Fisher’s Exact test were used for the association of HCV 
proteins in PBMCs with patient’s relapse or response. 

Results

Virological response at end of treatment
A total of 77 patients (74.8%) were found to be negative 

for viral RNA in plasma at the end of treatment which were 
designated as end treatment responders while the remaining 26 
patients (25.2%) were detected with viral RNA in their plasma 
(non-responders). Among 58 male patients, 42 (72.4%) were 
responders and 16 (27.6%) were non-responders while in total 
of 45 females, 33 (77.8%) showed response to treatment and 
10 (22.2%) were non-responders. These 26-end treatment 
non-responders were excluded from further study while all 77 
responder patients were included and followed up for a period of 
another six months. 

Sustained virological response and relapse
At the end of one year of treatment (six months after the end 

of treatment), samples were taken from all patients and tested 

for presence or absence of HCV RNA. Out of the 77 patients, 62 
(80.5%) had undetectable HCV RNA in plasma at this stage (SVR), 
while 15 (19.5%) patients were detected with viral RNA in their 
blood (relapse). Among 42 male patients, 71.4% achieved SVR and 
28.6% showed relapse while among 35 female patients, 91.4% 
achieved SVR and remaining 8.6% showed relapse.

HCV protein detection and relapse
At the end of six months treatment, purified PBMCs from the 

whole blood of 77 patients were tested for presence or absence of 
HCV NS5A proteins. Out of the total 77 responder patients, HCV 
NS5A protein was observed in 22 (28.6%) patients while it was 
not found in remaining 55 (71.4%) patients. Out of the 22 patients 
having NS5A protein in their PBMCs, 11 (50%) showed sustained 
virological response while other 11 (50%) showed relapse within 
6 months. Among 55 patients with negative HCV proteins in 
PBMCs, 92.7% (51/55) achieved SVR while 7.3% (4/55) sowed 
relapse. The patients with positive NS5A protein in PBMCs at ETR, 
showed significantly higher relapse (P=0.000) rate as compared to 
those who did not have NS5A protein in PBMCS at the same stage 
(Table 1). 

Table 1: Comparison of positive and negative patients for NS5A protein in PBMCs at end of the treatment stage for relapse at week 48.

NS5A Positive in PBMCs (n=22) NS5A Negative in PBMCs (n=55) Odds Ratio P

Relapse (n=15) 11 (50 %) 4 (7.3 %)
12.7 0

SVR (n=62) 11 (50 %) 51 (92.7 %)

Figure 1: PBMCs sample used for HCV NS5A protein expression in the cell cytoplasm of responded patients a-d) positive control, e-h) 
post infection of healthy cells in-vitro, i-l) negative control, m-p) Immunofluorescence analysis; red signals indicating HCV proteins (a, e, i). 
Blue signal indicating nuclei of cells (b, f j, m), no signal, indicating back ground cells (c, g, k, o), red and blue signals indicating protein in 
cytoplasm and nuclei infected cells (d, h, l). The cells were observed under LCM-510 Confocal Microscope with 63X objective.
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NS5A protein was observed evenly in the cytoplasm of 
infected PBMCs (Figure 1: a-d). In positive control cells, HCV NS5A 
protein was observed in the cytoplasm of these cells (Figure 1: 
e-h). Uninfected PBMCs were used as negative control (Figure 1: 

m-p). For further authentication, uninfected PBMCs were isolated 
from healthy individuals and incubated with HCV in cell culture 
media and the cells were observed for HCV proteins (Figure 1: i-l).

The rate of HCV NS5A positivity in PBMCs population 

Table 2: concentration of HCV NS5A protein in PBMCs and its association with relapse after 72 weeks.

Less than 60% in PBMCs (n= 8) More than 60% PBMCs (n= 11) P

Relapse 2 (25%) 4 (36.4%)
0.49

SVR 6 (75%) 7 (63.6%)

In this study, HCV protein was observed in cytoplasm of 
PBMCs. No sample was observed with 100 % infectivity of PBMCs. 
The patients were divided into two groups: one with more than 
60 % infectivity and the other with less than 60 %. There was no 
significant difference of relapse between both of the groups (Table 
2). These results indicate that HCV cannot infect all the cells and 
some cells have the ability to resist against HCV invasion. However, 
it was unclear whether the population consists of same cells or 
different number of cells.

Discussion
The SVR rate of the current study (80.5%) was slightly lower 

than the SVR rate reported in a previous study (88.2%) from 
Pakistan for same treatment regimen [34]. However, the SVR 
rate in the current study is quiet higher as compared to another 
previous study for same treatment [2]. Previously, we detected 
HCV RNA in PBMCs of patients at end of treatment stage and found 
a significant influence on HCV relapse [36]. Similar results were 
found in the current study with HCV NS5A protein in PBMCs. It 
means the presence of HCV in PBMCs at any stage after infection 
can affect the treatment response. Therefore, the present results 
are in agreement with the findings of our previous studies [33,34]. 
Although, the true mechanism behind the occurrence of HCV 
replication in PBMCs is not yet known, some studies have reported 
that the virus can infect and replicate in PBMCs [38]. 

The existence of HCV negative RNA in immune cells strongly 
supports the concept of HCV replication in immune cells of the 
body because minus strand RNA indicates active replicative 
intermediates in such cells. Although few researchers don’t support 
this concept as they consider it as artifact, miss or self-priming in 
PCR reaction [39], or passive adsorption (contamination) of HCV 
from plasma [40]. Hanno et al. [41] conducted a study in HCV 
infected patients at the completion of treatment. They detected 
HCV RNA in PBMCs of patients (32%) with undetectable HCV 
RNA in their sera. The patients who were positive for HCV RNA 
in PBMCs showed 50% relapse compared to 6% relapse in those 
who have no HCV RNA in PBMCs. This study is very much similar 
to the current results. The relapse rate was reduced to 25% when 
these patients were treated with same treatment for six more 
months [42].

In the current study, HCV NS5A protein was checked by IF 
method in the PBMCs of end treatment responder patients. HCV 
NS5A protein was detected in 22 (28.6%) patients while it was 

not found in remaining 55 (71.4%) patients. Out of the 22 patients 
having NS5A protein in their PBMCs, 11 (50%) showed sustained 
virological response while other 11 (50%) showed relapse within 
6 months. Among 55 patients with negative HCV proteins in 
PBMCs, 92.7% (51/55) achieved SVR while 7.3% (4/55) sowed 
relapse. Our findings are not in agreement with the findings of 
some previous studies who reported that the presence of HCV 
RNA in PBMCs at ETR stage could not predict the relapse [43,44]. 
However, Taliani et al. [43] described the association of SVR with 
absence and presence of HCV RNA in serum and PBMCs. 

In the current study, the expression of NS5A proteins was 
recorded in cytoplasm of PBMCs. This finding is in accordance 
with the report of a previous study [36], that HCV NS5 protein 
expression was seen in cytoplasm of PBMCs from patients with 
chronic hepatitis C. Further, some HCV proteins such as core, NS3 
and NS5 have also been detected in PBMCs. In another study by 
Chen et al. [42], the link between the expression of HCV proteins 
in PBMCs it was found that the core protein is expressed in the 
nucleus of PBMCs from extreme chronic infected patients than 
that from the modest patients. In the current study, we observed 
NS5A protein in cytoplasm of infected PBMCs. It can now be said 
that the NS5A is cytoplasmic protein and the core proteins are 
nuclear proteins.

The present results are in accordance to the findings of our 
previous study [33], in which ETR positive patients were tested 
for the presence of HCV RNA in PBMCs. Significantly high relapse 
rate was observed in those patients who had detectable HCV RNA 
in their PBMCs than those who did not have HCV RNA in PBMCs.

The present study is also similar to a previous study [45], 
which reported the presence of HCV core proteins in lymphocytes 
and monocytes which are the subclasses of PBMCs. HCV proteins 
were also reported from the monocytes/ macrophages as well as 
B and T cells which are the fraction of the PBMCs. Furthermore, 
it was assumed the deposition of HCV antigens and HCV RNA 
with the presence of hepatitis virus in these cells. Both minus and 
plus strands of HCV RNA genome were detected in macrophage/
monocyte and B cell fractions as well as in T cell fractions from 
either BMMC or PBMC. HCV core proteins, and NS3 protein 
expression was also reported in PBMCs previously [21]. The 
efficacy of antiviral regimen and risk of liver cirrhosis may be 
affected by presence of HCV RNA in extrahepatic tissues for long 
time. High level expression of HCV core proteins in PBMCs has 
been linked with complex type of HCV infection [42]. It is thought 
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that the negative strand of HCV RNA may induce the expression 
of viral proteins, which subsequently can stimulate an anti-HCV 
immune response as well [46,47].

HCV proteins such as core NS3, NS4A, NS4B and NS5A 
were detected in PBMCs of patients in a previous study [48]. 
These results indicate translation of HCV RNA within PBMCs. 
Furthermore, they suggested that PBMCs are a major extrahepatic 
site for the dynamic replication of this virus.

The results of present study are also confirmed by the study 
of Pawelczyk et al. [49], who conducted their study separately on 
CD3 cells, CD14 cells and CD19 cells for detection of HCV RNA and 
proteins. They detected negative strand of HCV RNA in 27% of 
the cells and NS3 proteins in 57.6% of PBMCs. They also found a 
replication marker in 50% of CD3 cells and 30.8% of both CD14 
and CD19 cells. Relatively high concentration (2.4%) of marker 
was observed in CD3 cells while low concentration (1.2%) was 
detected in CD14 cells and lowest concentration (0.4%) in CD19 
cells. The results of our study show that HCV cannot infect all cells 
of a PBMCs population and some cells have the ability to resist 
against HCV invasion.

Conclusion
The present study supports the idea of HCV viral replication 

as well as translation in PBMCs even after clearance of viremia in 
plasma. The study concludes that PBMCs may act as secondary site 
for HCV replication. We suggest testing of replicative intermediates 
and proteins of HCV in PBMCs of patients treated with DAA. 
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