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Abstract

AlM: To study hepatic virus C (HCV) RNA and HCV protein
expression in peripheral blood mononuclear cells (PBMCs)
of patients with HCV infection, and explore the relationship
between the HCV RNA in the PBMCs and response to
interferon (IFN) therapy.

METHODS: Type-specific primers were designed and RT-
nested PCR was used to detect the plus- and minus- strands
of HCV RNA in PBMCs of 54 patients with HCV infection;
Indirect immunofluorescence assay was applied to identify
HCVNSS5 protein expression in PBMCs; 6 month-, 3 MU-IFN
regiment was administrated to observe the responses to
IFN in 35 chronic hepatitis C patients with different HCV
RNA status in PBMCs.

RESULTS: HCV plus strand RNA was found in 10 of 19
(52.6 %) acute hepatitis C patients and 22 of 35 (62.9 %)
chronic hepatitis C patients. HCV minus strand RNA was
detected in 14 of 35 (40.0 %) chronic hepatitis C patients,
but only one patient (5.3 %) with acute HCV infection was
found to be minus HCV RNA positive. Though no HCV NS5
protein expression was found in the examined 10 cases of
acute HCV infection, it was positive in 17 of 20 (85.0 %)
chronic hepatitis C patients by indirect immunofluoresence
assay. There are significant differences of positive rate of the
minus-strand and HCVNSS protein between acute and chronic
hepatitis C groups(u=2.07, P<0.05and u=4.43, P<0.01
respectively). The patients with minus-strand HCV RNA
showed a significantly lower 6-month sustained response (SR-
6) to IFN compared to those without minus-strand HCVRNA
in PBMCs (biologically 14.3 % vs 42.8 %, c¢?=4.12, P<0.05
and virologically 7.1 % vs 23.9 %, c?=4.24, P<0.05).

CONCLUSION: HCV is capable of infecting and replicating
in PBMCs, and HCVNS5 protein was expressed in PBMCs.
The patients with minus strand HCV RNA in PBMCs showed
a significantly lower 6-month sustained response to IFN,
suggesting that minus-strand HCV RNA in PBMCs may be
one of the factors influencing response to IFN therapy.
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INTRODUCTION

Hepatitis C virus (HCV), asingle positive-strand RNA, belongs
to the Flaviviridae family, and is the major cause of post-
transfusion hepatitis. Infection with HCV usually resultsin
chronic hepatitis, which may progressto cirrhosisand finaly
to hepatocellular carcinoma. The mechanisms responsible for
the chronicity are unclear, one of which is supposed to be that
HCV hasthe ability to escape the host immunity by mutations
in genome. There are numerous genotypes of HCV worldwide,
and genotype 1b isfound to be responsible for the most cases
of HCV infection in southern China¥. IFN has been awidely
accepted drug for the treatment of patientswith HCV infection
for more than 10 years, and now combination of IFN with
ribavirin becomesthe choice of therapy®4. Reinfection of HCV
after orthotopic liver transplantation has postul ated that there
exists extrahepatic sites suitable for HCV repliacation’>®. The
possible extrahepatic cellsfor HCV replication may be PBMC,
cellsin pancreas, adrena gland, bone marrow and spleen, even
in the cerebrospina fluid?™¥, among them, PBM Cs have been
the most controversial, in which the minus strand HCV RNA,
areplicative intermediate of HCV, has been found. It still
remains unclear whether HCV replication in PBMC isafactor
influencing IFN therapy response. In this study, we not only
detected the minus strand HCVRNA and HCVNSS protein
expression in PBMC of patients with hepatitis C, but also
analyzed the relationship between minus strand HCVRNA in
PBMC and IFN response.

MATERIALS AND METHODS

PBMC preparation

Blood samples were collected from 54 patients with hepatitis
Cvirusinfection from January of 1994 to January of 1998, al
of them are positive for anti-HCV by ELISA (Sino-American
Biotech. Company, China) and HCV RNA by RT-PCR (Sino-
American Biotech. Company, China). PBMCs were separated
from 10 mL of whole blood mixed with sodium citrate by
density gradient centrifugation with ficoll-hypaque. The
separated PBM Cs were washed four timesin 10 mL of RPMI-
1640 and then frozen and stored at -70 °C until use.

Cellular total RNA extraction and RT-PCR

Total RNA of the PBMCs was extracted with an RNA
isolation kit (Shanghai Huaxun Company, China) according
to the manufacturer’ s instructions. Primers P1: 5’ -
CGCGCGACTAGGAAGACTTC-3' and P2: 5' -
ATGTACCCCCATGAGGTCGGC-3' (asthe externa pair),
and P3: 5 -AGGAAGACTTCCGAGCGCGGTC-3' and P4:
5 -GAGCCATCCTGCC CACCCCA-3' (astheinternal pair)
for RT-PCR were designed according to Okamoto et al*?. 5 ul
of PBMC RNA and 1 ni of P1 (for producing cDNA of minus
HCVRNA) or 1 m of P2 (for producing cDNA of plus
HCVRNA) were added to the reverse transcription system
(Promega, USA). The reverse transcription system includes
10xbuffer 2 m, 25 mmol/L MgCl2 4 m, RNasin 1 mi, AMVRT
15 U, 10 mmol/L dNTP 2 m with atotal volume of 20 m by
adding ddH,O. After incubation for 30 min at 42 °C, the
synthesized HCV RNA cDNA was exposed at 95 “C for 30 min
to destroy AMVRT. The first PCR was performed with the
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above synthesized HCVRNA cDNA asatemplate. Theexterna
primers (P1 and P2) were added into the PCR reaction mix.
After pre-denaturing for 5 min, the reaction mix denatured at
94 °C for 60sec, annealed at 55 ‘C for 60sec and extended at
72 °C for 90sec for 35 cycles. The second PCR was performed
same asin thefirst PCR except the production of the first PCR
was used as the template and with theinternal primers (P3 and
P4). A total volume of 7 m the second PCR product wasloaded
onto 2 % agarose gel containing 0.5 ug/mL EB. After
electrophoresis, the gel was placed under ultraviolet ray to
analyze the results (Figure 1).

B

Figure 1 Analysis of HCVRNA plus-stand (A) and minus-
strand (B). Lane 1, 2, 3, 4, 5: Serum Samples from the patients
with hepatitis C. 144bp means plus of minus strand HCVRNA.
Lane 6: DNA marker (pGEM-7 Hindll1/EcoRlI).

Immunofluorescence assay

After being separated, PBM Cswere suspended (1x107cell- mL™2)
in RPM1-1640, dropped on to slides, and air dried. The dides
were then fixed in acetone for 20 min at -20 C, washed with
PBS, and air-dried. Mouse anti-human HCV NS5 McAb (1:400,
Virostat, U.S.A) was added onto the slides. After 30 min
incubation at 37 C, the dideswere washed threetimesin PBS,
and then isothiocyanate-conjugated rabbit anti-mouse |gG was
added and incubated for 30 min. Slides were then washed and
observed under microscope (Figure 2).

Figure 2 Indirect immunofluorescent assay for detection of
HCV NS5A protein. HCV NS5A was stained in green and dis-
tributed mainly in the cytoplasm of PBMCs.

Treatment with IFN

Three MU of Interferon a-2b (Tianjing Hualida, China) was
administered intramuscularly three timesaweek for 6 months.
The efficacy of interferon therapy is defined biochemically as
normalization of serum (adding full term of ALT herel!!)
(ALT) and virologically as serum conversion of HCV RNA.
End-treatment response (ETR) refers to the response to IFN

when thetreatment ends, and the sustained response (SR) refers
to the response after the ending of treatment, i.e., SR-6 means
response at 6 months after the ending of treatment.

RESULTS

HCVRNA and HCVNS5 protein in PBMCs of patients with
hepatitis C virus infection

HCV plus-strand RNA wasfoundin 32 of 54 (59.26 %) patients
with HCV infection, among them 10 of 19 (52.63 %) with
acute hepatitis C and 22 of 35 (62.85 %) with chronic hepatitis
C were positive respectively, and there is no statistically
significant difference between the two groups. HCV minus-
strand RNA was detected positive in 14 out of the 35 patients
with chronic hepatitis C (14 of 35, 40 %) and 1of 19 patients
with acute hepatitis C and a significant difference was found
between these two groups (u=2.07, P<0.05). Regarding to
HCVNSS expression in PBMCs of patients with hepatitis C, 17
out of 20 patients with chronic hepatitis C were found positive,
but al the 10 patientswith acute hepetitis C were found negative,
and there is aremarkable statistically significant difference
between the two groups (u=4.43, P<0.01. see Table 1).

Table 1 HCV plus and minus RNA and HCVNS5S in PBMCs

HCVRNA HCVNS5

Plus minus positive

Acute hepatitis C 10/19 (52.6%) 1/19 (5.3%)>  0/10 (0%)¢

Chronic hepatitis C ~ 22/35 (62.9%) 14/35 (40.0%)° 17/20 (85%)°

PComparison of the detection rates of HCV minus-RNA be-
tween acute and chronic hepatitis C, u=2.07, P<0.05;
dComparison of the detection rates of HCV NS5 protein be-
tween acute and chronic hepatitis C, u=4.43, P<0.01.

The influence of HCV RNA status in PBMCs on therapy
response to IFN

Six-month regiment with 3MU of IFN-a 2b was completed in 35
patients with chronic hepatitis C, and the biochemical and
viralogical ETR and SR-6 were evauated. Thereisatendency to
have alower responseto IFN treatment in the patients with plus-
strand HCVRNA positive in PBMCs, although no statistically
sgnificant difference wasfound when compared with the negative
group. The patients with minus-strand HCV RNA in PBMCs
showed a significantly lower SR-6 to IFN therapy than those
without HCV RNA minus-strand, both biochemically (SR-6: 14.
3% vs42.8 %, c*=4.12, P<0.05), and virologically (SR-6: 7.1 %
VS 23.9 %, c2=4.24, P<0.05) (Table 2).

Table 2 The influence of HCVRNA in PBMC on interferon
response

HCVRNA plus strand HCVRNA minus strand

Positive  Negative Positive  Negative

ETR (Biochemical) 13 (59.1%) 7(53.7%)

11 (50.0%) 9 (69.2%)

8(57.1%) 13 (61.9%)

ETR (Virological) 6(42.9%) 12 (57.1%)

SR-6 (Biochemical) 8(36.7%) 6 (46.2%) 2 (14.3%)® 9 (42.8%)*

SR-6 (Virological)  6(27.3%) 5(385%) 1(7.1%)°¢ 7(33.3)

aComparison of biochemical SR-6 between HCV minus-RNA
positive and negative groups, c?=4.12, P<0.05; ‘Comparison of
virological SR-6 between HCV minus-RNA positive and nega-
tive groups, c?=4.24, P<0.05.
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DISCUSSION

Extrahepatic HCV replication has long been a controversial
topic since the finding of the high rate of re-infection of grafts
after orthotopic liver transplantation in the patients with the
end-stage HCV induced liver diseases. Weather PBMCs is
suitable for HCV replication is still uncertain. The detection
of the minus strand HCV RNA isthought to be reasonable for
the discovery of HCV replication because the minus strand
RNA isthe replicative intermediate of HCV. In recent years,
several reports on the detection of HCVRNA in PBMCs have
been published*>'4. Cribier et al incubated PBMCs healthy
donorswith HCV positive sera, and detected HCV RNA plus-
strand and minus-strand using RT-PCR and in situ
hybridization®. Our results showed that HCV RNA plus-
strand were common in the PBMCs of patients, in both acute
and chronic infection patients. This high rate of plus-strand
HCV RNA is usually thought to be resulted from the
contamination of plasma, therefore, minus-strand HCV RNA
was explored in the PBMCs from hepatitis C patients, which
indicates the replication of HCV in PBMCs. In acute HCV
infection, HCV RNA minus-strand israre in PBMCs, but in
the chronic group, the minus-strand HCV RNA is not
uncommon in the PBMCs (14 of 35, 40.0 %), which is similar
to what Chang et al reported*®. The ratio of HCV RNA minus-
strand detected in chronic hepatitis C is much higher than that
in acute hepatitis C, suggesting that the replication of HCV in
PBMCs may play an important role in the processes of
chronicity, and the mechanism could be that HCV in PBMCs
can escape from clearance resulting from host immununity,
and make the infection of HCV persistent. On the other hand,
the dysfunction of the HCV infected PBM Cs leads to immune
function decline or in disorder, and this becomes more difficult
for the host to clear intrahepatic HCV, so that the injure of
hepatocytes persistsd*?. Although minus-strand HCV RNA is
thereplicativeform and not found in patient’ sserum or plasma,
indicating that is a more convincing parameter for HCV
replication, some authors are still arguing that the minus-strand
HCV RNA intheblood cellsincluding PBMC may be artifacts
from self-priming or mispriming during PCR reaction!*#9, or
contamination or passive absorption by circulating virug?*24,
To overcome that point, the expression of HCV related proteins
in extrahepatic cells has become the key point for the
identification of HCV replication. Sansonno et al, found HCV
existsand replicates mainly in plasma of PBMCs, and the viral
proteins, such as core protein, NS3 were found to be expressed
in PBMCd?. Chen et al, andlyzed the relationship between HCV
core expression in PBMCs and the diseased state of hepatitis C
patients and found that the core protein was more intensely
expressed in the nucleus of PBMCs from advanced chronic
hepatitis C patients than that from the moderate patients*¥. We
further performed an indirect immunofluorescent assay for
HCVNSS5 protein and its expression was found mainly in
cytoplasma of PBMCsfrom patients with chronic hepatitis C.
Our results indicate that HCV not only replicates but also
producesits related protein in PBMCs.

IFN is known to possess both immunomodulatory and
antiviral activities. It is tempting to postulate that IFN therapy
may enhance the host immune response to promote the
clearance of HCV infection. IFN iscurrently the only approved
efficient drug for hepatitis C infection, and combined with
ribavirin, its antiviral activity will be increased®#23. Serum
HCV load and the HCV subtypes have been considered as the
major factors to influence the response to IFN therapy!229,
Others influencing factors include the increased amount of
MxA mRNA, the higher complexity of HCV quasispeciesand
the frequency of mutations in NS5A regiont®®3l, The
extrahepatic HCV replication, especially in the PBMCs, acts

as a predicator for the response to IFN therapy needs to be
explored. Omata et al, reported a prospective IFN study, in
which most of patientstreated with |FN obtained normalization
of serum aminotransferase, whereas only 3 cases from the
control showed such change (P<0.02); serum hepatitis C virus
RNA became undetectable in 10 of 11 treated cases, but in
only 1 of 12 patients of control group. IFN prevents the
progression of acute hepatitis C to chronicity by eradicating
HCV. Theresponse of patientswith chronic hepatitis C to IFN
treatment was significantly lower than that of patients with
acute hepatitis C. That the detection ratio of HC VRNA minus
in PBMC of chronic hepatitis C is significantly higher than
that of acute hepatitis C suggests that the replication of HCV
in PBMCsis an important factor influencing the response to
IFN treatment®1. Lohr et al, reported that there was no
relationship between HCVRNA minus-strand in PBMC and
the response to IFN treatment!?®. Others reported that the
replication of HCVRNA in PBMC may bethe source of relapse
after IFN treatment in chronic hepatitis C1%627, The different
HCV quasispeciesin liver or PBMC may response to |FN
differently and the quasispecies in PBMCs should be
considered to predicator in response to IFN therapy®+%, Our
results show the replication of HCV RNA in PBMC can
influence the response to |FN. The patients with HCVRNA
minus-strands in PBM C had a significantly lower 6-month
sustained response to IFN, both biochemically and
virologically, than those without minus-strand, suggesting
HCV replication in PBMCs may be one reason for relapse
after treatment with IFN.
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