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Abstract

AIM To study persistence and replication of
hepatitis C virus (HCV) in patients’ peripheral
blood mononuclear cells (PBMC) cultured in
vitro.

METHODS Epstein-Barr virus (EBV) was used
to transform the hepatitis C virus from a HCV
positive patient to permanent lymphoblastoid
cell lines (LCL). Positive and negative HCV RNA
strands of the cultured cells and growth media
were detected by reverse transcriptase-
polymerase chain reaction (RT-PCR) each
month. Core and NS5 proteins of HCV were
further tested using immunohistochemical SP
method and in situ RT-PCR.

RESULTS HCV RNA positive strands were
consistently detected the cultured cells for one
year. The negative-strand RNA in LCL cells and
the positive-strand RNA in supernatants were
observed intermittently. Immunohistochemical
results medicated expression of HCV NS3 and
C proteins in LCL cytoplasm mostly. The positive
signal of PCR product was dark blue and mainly
localized to the LCL cytoplasm. The RT-PCR
signal was eliminated by overnight RNase
digestion but not DNase digestion.
CONCLUSION HCV may exist and remain
functional in a cultured cell line for a long
period.

Institute of Hepatology, People’s Hospital, Medical Center of Beijing
University, Beijing 100044, China

Ji Lin Cheng, received hisM.D. from Beijing Medical University in
1999. He is currently undergoing postdoctoral training of the Second
Medical University in Shanghai. Dr. Cheng studies mechanism and
therapy related to chronic hepatic diseases.

Correspondenceto: Ji Lin Cheng, Department of Gastroenterology,
Xinhua Hospital of Shanghai Second Medical University, Shanghai
200092, China

The paper was supported by a grant from the Ministry Youth
Research Funds of China, N0.98-1-269

Received 2000-09-29 Accepted 2000-10-26

INTRODUCTION

Hepatitis C virus has apositive-strand RNA genome
of about 10kb inlength, whichisgroupedinthefamily
Flaviviridagi*3. Theviral particlesare spherical with
spike-likeprojections, and havemorphol ogical features
similar to those of the Flavivirus®. Theliver isthe
main target for replication of HCV invivo*®, which
occurs via minus-strand RNA as a replicative
intermediatel’®. Recently, positive and negative
strands have been detected in peripheral blood
mononuclear cells (PBMC) isolated from HCV
infected patients by both RT-PCR!®" and in situ
hybridization!®. PBMC are therefore suspected asa
possible site of extra-hepatic replication of HCV. It
has been recognized for almost 31 yearsthat Epstein-
Barr virus (EBV) is capable of transforming
lymphocytesinto immortal cell lines*®. We detected
HCV RNA of the cultured cellsand growth mediaby
reversetranscriptase-polymerase chain reaction (RT-
PCR) each month. Antigens of HCV were further
tested using the immunohistochemical and the
streptavidin/peroxidase (SP) staining methodsand in
situ RT-PCR. Our results offer strong evidence for
the persistence of HCV RNA in mononuclear blood
cells.

MATERIALS AND METHODS

Human peripheral blood mononuclear cells
PBMCs were obtained from a female patient.
PBM Cs were whose serum tested positive for both
anti-HCV antibodies and HCV RNA isolated from
heparinized peripheral blood by using adiatrizoate-
Ficoll (Eurobic) density gradient and washed three
timesin PBS before being resuspended in RPMI -
1640 medium containing 20% fetal calf serum (FCS)
(Gibco BRL).

Ebstein-Barr virus preparation

Viral stockswere prepared from the growth medium
of a B95-8 cell line EBV-transformed marmoset
lymphocyte cells. Theviral stockswere centrifuged
at 400 x g to sediment cells, frozen and thawed three
times, and then passed through a 0.45 um Millipore
filter. They were determined to be free of
mycoplasmaand bacteria by culture.
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Cell culture*2
Beforeexposureto EBV, isolated PBM C populations
were maintained for 13-24 hoursat 2 x 10° cells/mL
in 96-well plates. This procedure removed many
phagocytic cells. Medium was RPMI-1640
supplemented with 20% heat-inactivated (56°C, 30
min) fetal calf serum, penicillin (50U/mL), and
streptomycin (50 pg/mL). The cellswere cultured at
37°C in an atmosphere of 5% CO,.
Phytohemagglutinin A-M (PHA-M) (Difco) was
dissolved in RPMI-1640, sterilized by passage
through a0.45 um Milliporefilter, and added to the
lypmphocytes 24 hours before addition of EBV.
Twenty-four hours after EBV transformation, the
cultures were treated with Cyclosporin A (0.5 g/mL
and 1.0 g/mL).

Stock of B lymphocytestransformed by EBV and
its growth medium. After about one month, B
lymphocytestransformed by EBV and subcultured
wereobservedto haveachievedimmortalization. The
culture medium was exchanged semi-quantity every
week. The exchanged LCL was centrifuged at 400
x g for 5 minutes to sediment the cells. The cell
pellets were placed in RPMI medium containing
20% FCS and 10% DMSO. The cells and
supernatants were separately stored in liquid
nitrogen. Before PCR, the fresh or stored
sedimentary cells were washed ten timesin DEPC-
treated PBS. Thelast wash was collected and saved.
Thecellswerediluted at 5 x 107 cells/mL.

RNA purification
Total RNA was extracted from 100 uL of
culture supernatant or from 5 x 107 cells
resuspended in 100 pL of DEPC-treated water
by a single-step method as described by
Chomczinsky!*3.

Reverse transcription and nested PCR417

The synthesis of cDNA and the two rounds of PCR
were performed using oligonucl eotide primersfromthe
highly conserved, untrand ated 5’ - region of thegenome:
P1 (Sense strand: 57" -
CTGTGAGGAACTACTGTCTT-3, nucleotides 28-
47), P2 (Antisense strand: 5’-
AACACTACTCGGCTAGCAGT-3', nucleotides229-
248) for thefirst PCR round and P3 (Sense strand: 5'-
TTCACGCAGAAAGCGTCTAG-3', nucleotides 46-
65 ), P4 (Antisense strand: 5'-
GTTGATCCAAGAAAGGACCC-3,nucleotides171-
190) for the second PCR round. Detection of the HCV
positivestrand: ten L of theRNA solutionwasdenatured
at 70°C for 10 min and incubated in 42°C for 40 min
with 1U AMV and 50pmol the outer antisense
oligonucletide primer (P2). Synthesis of cDNA was
stopped by heating the samples at 95°C for 10 min.

Amplification of the DNA was performed using 10
uL cDNA solution and 50pmol one of the outer
primers (P1). Thirty cycles of DNA amplification
were carried out, followed by an extension step
for 10 min at 72°C. Each cycle of PCR consisted
of 95°C for 60s, 55°C for 90s and 72°C for 120s.
The second PCR was carried out in the same way
with 5 uL of the first PCR mixture and 50pmol of
each inner primer (P3 and P4). Theamplified DNA
was detected by 6% polyacrylamide gel
electrophoresisand ethidium bromidestaining. The
size of the second DNA fragment generated by the
PCR was 145 bp. Detection of the HCV negative-
strand: 10 uL RNA solution was denatured at 70
‘C for 10 min and incubated in 42°C for 40 min
with 1U AMV and 50pmol of the outer sense
oligonucleotide primer (P1). The following PCR
was as same as the detection of the HCV positive-
strand.

Immunocytochemistry

Immunocytochemistry was performed according
to streptavidin/peroxidase (SP) staining method
[18-21] ysing antibodies against HCV Core and
NS5. The anti-HCV Core monoclonal antibody
was kindly supplied by L Haoying (Academy of
Military Medical Sciences, Beijing, China). The
antibody was produced by immunizing a mouse
with synthetic peptide based on the sequence
of the HCV genome. Monoclonal antibodies to
HCV NS3 proteins were produced against a
recombinant HCV NS5 protein and were kindly
supplied by Zhan Meiyun (Institute of Virology,
Chinese Academy of Preventive Medicine) and
Gao Jianen (Institute of Hepatology, People’s
Hospital, BeijingMedical University). Histostain
TM-SP kit was a ZY MED product (U.S.A.).

In situ RT-PCRI2%30

LCL cellswere carefully washed in sterile saline,
resuspended inice-cold 10% buffered formal dehyde
solution and kept for 2 hoursat 4°C. For each set of
experiments, 2 x 10° cellswere aliquoted in 0.5 mL
Eppendorf tubes and treated with a 1% sterile saline
solution of Triton-X 100 (Sigma,St Louis, MO)at 4°C
for 10min with gentle shaking. Permeabilized LCL
cellswere then resuspended in 20 uL RT buffer (50
mmol/L Tris-HCI, 75 mmol/L KCI, 3mmol/L MgCl,)
containing 10 mmol/L dithiotreitol, 200U cloned
Moloney’s murine leukemiavirus RT (Gibco-BRL,
Gaithersburg, MD), 40U RNase inhibitor (RNA
guard; Pharmacia), 1 mmol/L each dGTP, dATP,
dTTP, dCTP, and 50pmol of the outer antisense
oligonucletide primer (P2) of HCV. The tubeswere
incubated at 37°C for 1 hour, 95°C for 10 min to
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inactivate residual RT activity, and immediately
chilled on ice. After the RT step, LCL cells were
washed again withice-cold sterile saline, spun down,
and resuspended in 25 uL of PCR buffer (50 mmol/
L KCI, 10 mmol/L Tris-Cl,2.5 mmol/L MgCl,)
containing 1 mmol/L each of dGTP, dATP, dTTP,
dCTP, and 25pmol of both antisense (P2) and sense
(P1) primers. After preheating the tubes for 7 min
at 82°C, 1U Tag DNA polymerase (Promega) was
added to each sample. Pre-melting at 95°C for 5min
was followed by 20 cycles of 1min each at 94°C
(DNA denaturation), 55°C (primer annealing), and
72°C (primer extension). After the first PCR, LCL
cellswerewashed again with ice-cold sterile saline,
spun down, and resuspended in 25 uL PCR buffer
(50 mmol/L KCI, 10 mmol/L Tris-Cl, 2.5 mmol/L
MgCl,) containing 1 mmol/L each dGTP, dATP,
dTTP, dCTP, and 25pmol of both antisense (P3, its
N-end labelled biotin) and sense (P4) primers. The
second PCR processes were the same as the first.
At the end of suspension PCR, LCL cells were
carefully washed 3 times again with ice-cold sterile
salineand 1 timein TE buffer (10 mmol/L Tris-HCI,
1 mmol/L EDTA, pH 7.4), with gentle agitation at
37°C. Cells (between 2 x 10° and 4 x 10% were
spread on a glass slide coated with
polytetrafluoroethylene. Theslideswereair dried and
then washed in 2 x saline sodium citrate (SSC),
buffer (0.3M sodium chloride and 0.03M sodium
citrate). Amplification productswereincubated with
alkaline phosphatase-conjugated streptavidin (AP-
SA) for one hour at 37°C. After incubation, slides
were thoroughly washed with phosphate-buffered
saline. The color was developed with nitroblue
tetrazolium /5-bromo-4-chloro-I-3 indolyphosphate
(NBT/BCIP) asthe chromagen, which yieldsadark
blue color at the site of biotin binding avidin. The
counterstain, nuclear fast red, stainsnuclei pale pink
and does not stain the cytoplasm.

RESULTS

Hepatitis C virus persistence in cell lines

We observed two distinct morphologies as early
as 24 hours post-infection with EBV, indicating
successful transformation of the virusinto the B
cells: (U blastogenesis became evident resulting
in enlargement of the lymphocytes or @ therewas
increasing development of cell aggregates of
proliferativelymphoblast cells(Figure1). After one
month, the EBV transformed lymphocytes
exhibited huge, spherical cell bodies, a few
projections on the body surface, and large, varying
nuclei (Figure2).

HCV of LCL and medium detected by nested RT-
PCR

In order to observe the persistence of HCV in LCL,
theappearanceof viral plus-strandsand minus-strands
of the cell line were assayed in cell lysates and
cultured mediaand thetenth wash of LCL each month
during culturing continuously. The plus-strand HCV
RNA in cell was successively detected during 12
monthsin the subcultured cells. The plus-strand HCV
RNA in supernatantsand the minus-strand HCV RNA
incellswereintermittently positive RT-PCR(Table 1,
Figures 3-5).

Table 1 Detection of HCVV-RNA positive-strand and negative-
strand by RT-PCR in EBVTB and their growth medium after
incubation

Incubation months

1 2 3 4 5 6 7 8 9 10 11 12

Cells (p/n)
Growth medium (p/n) +/- -/- /- -/+ -/+ /- /- /- +/- /- -/+ -/-

+/+ +/- +/- +/+ /- +f- +/+ +/- +/- +/- +/- +/+

p = plus-strand, m = minus strand; +:PCR positive; -: PCR
negative.

HCV core and NS3 antigens of
immunocytochemistry positive in LCL
Expression of thevirus-encoded proteinsinthecellswas
tested by immunocytochemistry using a monoclonal
antibody to syntheticHCV core peptideand recombinant
HCV NS3. Theimmunocytochemical staining for both
antigens was detected in the cytoplasm. The staining
granular was seen asabrown lumpinaside cytoplasm
(Figures6-8).

Toverify thespecificity of theimmunocytochemica
staining, the following controls were employed: (U
negative control, the PBMC of the normal donors;
(@ staining with a mouse monoclonal antibody to
surface antigen of hepatitis B virus as a negative
control antibody; (3) PBStaking the place of specific
antibody asareplacement test; 4 thenormal human
PBMC transformed by EB virus as a negative
control; and & omission of incubation with
horseradi sh-peroxidase-label ed streptavidin to test
for endogenous peroxidase activity in LCL. The
immunocytochemical staining reaction was absent
in the negative controls and endogenous peroxidase
activity wasnot detected in the cellsunder the current
condition of immunocytochemistry.

HCV RNA signal of PCR product in situ RT-PCR
The positive signal of PCR product was dark blue
and mainly localized to LCL cytoplasm (Figure 9).
The specificity of thein situ cDNA product was
checked in LCL cells. The RT-PCR signal was
eliminated by overnight RNase digestion but not
DNase digestion (Figure 10).
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Figure 1 There was increasing development of cell aggregates of proliferative lymphoblast cells.

Figure 2 The immortal cell line of human peripheral blood mononuclear cells transformed by Epstein-Barr virus. The cell bodies are larger
and sphereical. There are the false foot-like hairs or thorns on their surface. The cell nuclei are large and varied. The cells multiply and grow
as cell regiments or clusters.

Figure 3 Identification of HCV RNA with RT-PCR in serum and PBMC with the chronic hepatitis C patient.

Lane 1: negative control; Lane 2: the last wash; Lane 3: HCV RNA positive serum; Lane 4: PBMC from hepatitis C patient; Lane 5: positive
control. Lane M: pGEM-72f(+)/Haelll markers

Figure 4 Identification of HCV RNA plus-strand with RT-PCR in the EBV transformed PBMC and the growth medium.
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Lane 1: Negative control; Lane 2: LCL cells; Lane 3: the last wash of LCL; Lane 4: growth medium; Lane 5: positive control; Lane M: pGEM-

72f(+)/Haelll markers

Figure 5 HCV RNA minus strand with RT-PCR in the EBV transformed PBMC and the growth medium.
Lane 1: Negative control; Lane 2: growth medium; Lane 3: In cells; Lane 4: Positive control; Lane M:pGEM-72f(+)/Haelll markers
Figure 6 Immunohistochemical SP method, DAB staining and hematoxylin counter staining of cell nuclei. NS3 antibody positive granules

seen as a brown lump in the cytoplasm of LCL. x400

Figure 7 Immunohistochemical SP method, DAB staining and hematoxylin counter-staining cell nuclei. Core antibody positive granules

are seen as a brown lump with in the cytoplasm of LCL. x400

Figure 8 Immunohistochemical negative control (anti-HBs replaced anti-HCV), a positive brown granule is not seen in the cytoplasm.

x400

Figure 9 The blue-black positive signals of HCV RNA are exhibited in the LCL cell plasma but not in the nucleolus. x400
Figure 10 The blue-black signals are not exhibited in negative control cells in situ RT-PCR. x400

DISCUSSION

Our results indicate that PBMCs from hepatitis C
patients may be easily transformed into immortal
lymphocytesand subcultured over along period of time.
We did not observe any signs of humoral or cellular
immunity against LCL cellsinthe culture media. The
presence of HCV in cells was not achieved by
incubation with HCV -positive sera. HCV plus-strand
or minus-strand RNA was detected in the cells, and
theplus-strand HCV wasdetected inthegrowth media
Our results offer strong evidence for in vivo HCV
infection of PBMC, and indicatethat HCV may persist
inthe cellstransformed by EBV and cultured invitro.
The detection of viral particles and HCV gene
expressing proteins in the cells by
immunohistochemistry!*®2Y and in situ PCRI%29
confirmed further that such cellsmay support complete
HCV multiplication. Investigationof thehepatitisCvirus
lifecycleandtheevaluation of novel anti-viral strategies
are limited by the lack of an efficient cell culture
systems. Although chimpanzees can be successfully
infected with HCV serafrom human patients, they do
not serve as agood animal model dueto their limited
numbers and high cost. Many researchers have
reported using the HCV positive seraincubated with
Molf-41, HPB-MAEY and H9 cellg* (the human T
cell lines), fetal hepatocytes®, bone marrow-derived
B cell ling*!, PBMC fromahealthy donor™!, and daudi
cells(ahuman B cell line)i?? asacell modd of invitro
HCV replication. These experiments have provided
abundant material fowards the establishment of new
satisfactory models. PBM Cs have been suspected as
apossible site of extra-hepatic replication of HCV and
abank of latent infection of HCV. It relates closely to
relapse of chronic hepatitis C%44,

Just for this reason, PBMCs from hepatitis C
patientsweretransformed by EBV intoimmortal cell in
vitro and subcultured. We hopeto establish anew cell
model which is more representable of the true state of
invivo HCV infection.

The development of human cytogenetics
demonstrates scientific progress on new
methodological approaches. Thus, the real
beginning of clinical cytogenetics was marked by

introduction of the lymphocyte culture technique asan
easily accessible source of mitotic cell. However, due
to thelimited life-span of cells, new blood samplingis
necessary in cases of re-examination. This might be
difficult or evenimpossibleif patientsare not available
for different reasons. Our procedure is available for
routine use and allows efficient transformation of
peripheral B lymphocytes by EBV and thus the
establishment of lymphoblastoid cell lines*?. Compared
to other methodsof long-term cultivation, thesecell lines
have anumber of advantages: (U the original material
can easily be obtained from any hepatitis C patient. @
LCL istheideal source for HCV molecular biology
studiesin humans asrepeated HCV RNA preparations
can be obtained without effort.
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