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Hepatitis C virus is a major risk factor for hepato-
carcinogenesis in humans. In situ detection of the
virus in early sequential lesions of hepatocarcino-
genesis could provide information about the role of
the virus in the transformation and promotion pro-
cess. Parallel in situ detection of HCV proteins and
RNA in human tissues were performed in 55 pos-
thepatitis C cirrhosis, 17 dysplastic nodules (DN),
and 25 hepatocellular carcinomas (HCC), using im-
munohistochemistry and tissue quantitative RT-
PCR. A consistent cytoplasmic hepatocellular stain-
ing was obtained in 73% of cirrhosis cases (with or
without HCC) and in 55% DN cases. A few tumoral
hepatocytes were unambiguously stained in 28%
HCC. The percentage of positive cells and the inten-
sity of immunostaining significantly decreased from
cirrhosis to HCC through DN, whereas there was no
difference in the prevalence of positivity or the
number of viral copies between cirrhosis and HCC
using tissue-quantitative RT-PCR. Finally, RT-PCR
levels were found parallel with the immunostaining
in cirrhosis but not in HCC. These results suggest
that HCV protein synthesis may persist but be
down-regulated during sequential hepatocarcino-
genesis. A putative role of HCV proteins on cell
proliferation and differentiation during the early
steps of carcinogenesis cannot therefore be
excluded.
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Studies of rodent models of hepatocarcinogenesis
and, more recently, pathological examination of
cirrhotic liver explants in humans have provided
evidence that hepatocarcinogenesis is a sequential
process (1). Indeed, in human cirrhotic livers, some
of the hepatocellular carcinoma (HCC) may de-
velop from early neoplastic lesions recently re-
ported as dysplastic nodules (DN; 2). In Western
countries and Japan, hepatitis C virus (HCV) is the
main risk factor for cirrhosis and HCC, and DN are
frequently diagnosed in HCV-induced cirrhosis (3-
5). However, despite significant advances in the
knowledge of HCV biology, little is known concern-
ing the mechanisms involved in HCV-associated
hepatocarcinogenesis. Clearly, chronic hepatitis,
with its association of chronic inflammation, liver
cell necrosis and regeneration, and extensive fibro-
sis, is a major step in this process (6). Another
relevant hypothesis is that HCV acts more directly
on hepatocytes via viral proteins. This is supported
by a series of arguments: HCC can occur in HCV-
positive livers without inflammation and cirrhosis
(7) and some in vitro experiments have shown that
HCV core proteins NS3 and NS5A may play a role in
the modulation of cell phenotype, cell proliferation,
viability, or apoptosis or may favor clonal cell ex-
pansion (8). However, most of these data come
from cell culture models or molecular studies per-
formed on blood or tissue extracts. Very few mor-
phologic studies have tried to find relevant infor-
mation in this field, and the results are still
controversial (9-21).



In the present work, we have developed in situ
detection of HCV proteins in human tissues from
cirrhosis, DN, and HCC using an immunohisto-
chemistry procedure (IHC), and we have quanti-
tated HCV-RNA in the same tissue samples of cir-
rhosis and HCC, with a quantitative reverse
transcription-polymerase chain reaction (qtRT-
PCR) assay to find relevant information about HCV-
associated sequential hepatocarcinogenesis in hu-
man tissues.

MATERIAL AND METHODS

Tissues

Fifty-five patients who underwent liver trans-
plantation for cirrhosis secondary to HCV were the
study population. After gross and microscopic ex-
amination of the 55 corresponding liver explants,
they were divided into two groups: 31 with neopla-
sia, either DN or HCC (Group 1); and 24 without
(Group 2). In both groups, tissue specimens from
the different lesions (cirrhosis and, when present,
DN and HCC) were taken, frozen in liquid nitrogen—
cooled isopentane, and stored at —80°C before use.
As a result, we could analyze 31 cirrhotic speci-
mens, 17 DN specimens, and 25 HCC specimens
from Group 1; and 24 cirrhotic specimens from
Group 2, for a total of 97 specimens.

In Group 1, cirrhoses were mostly micronodular
or mixed (n = 29/31), with moderate activity (n =
22/31) according to the METAVIR system (22) and
frequent liver cell dysplasia (small- and/or large-
cell dysplasia, n = 24/31). The mean diameter of
the 25 HCC found in Group 1 was 17 mm (range,
2—-60 mm). The tumors were almost always trabec-
ular in architecture (n = 22/25) and moderately
differentiated (n = 19/25); that is, they were Grade
II or III according to Edmondson (23). The mean
diameter of the 17 DN was 11 mm (range, 7-20
mm). Microscopically, 12 DN were classified as low
grade, and 5 as high grade, as defined by the inter-
national consensus (2).

The cirrhotic livers in Group 2 (n = 24) had
similar histological characteristics as in Group 1:
the cirrhoses were mostly of micronodular or mixed
type (n = 22/24), with moderate activity (n = 18/
24), and areas of small- and/or large-cell dysplasia
were found in half of the cases (n = 11/24).

Patients

All patients (n = 55) were HCV antibody (Ab)
positive in serum (ELISA 2 and 3 and RIBA III tests).
They were 38 males and 17 females, with a mean
age of 54.5 years (range, 29 to 68). They underwent
liver transplantation for either Child C-decompen-
sated cirrhosis (n = 37) or known HCC in cirrhosis

(n = 11); in seven cases, HCC was incidentally
discovered on the explanted liver. In a small pro-
portion of patients (9/31 in Group 1 and 6/24 in
Group 2), there was a history of interferon therapy
before transplantation. Results of qualitative HCV
RNA detection in serum before transplantation
were also available in 14 of the 25 patients with
HCC and were positive in 10 cases (Table 1). The
remaining patients were positive for HCV antibody
in serum, had a medical history and histology in
favor of HCV infection, and had no other factor of
chronic liver disease.

Immunohistochemistry

IHC was performed in 97 samples (31 of cirrhosis
with and 24 of cirrhosis without HCC; 17 DN; and
25 HCC), using a modification of a procedure de-
scribed elsewhere (24). Briefly, 5-um-thick frozen
sections were incubated overnight at 4°C with a
fluorescein-conjugated, purified IgG fraction from a
pool of spontaneous human polyclonal antibody
(Ab) isolated from a same HCV-human sera and
directed against C100 (NS4), C33 (NS3), C22 (core),
and NS5 viral proteins (same batch as described
earlier, 24), which was diluted 1:20 in phosphate
buffered saline (PBS) containing 50% normal hu-
man AB serum. After washing in PBS (twice for 10
min each), the sections were incubated for 30 min-
utes with a mouse monoclonal Ab to fluorescein
(DAK-FITC4, DAKO A/S, Glostrup, Denmark) di-
luted 1:50 in PBS containing 5% normal human AB
serum. After rinsing in PBS (twice for 10 min each),
the revelation technique consisted in incubating
the sections for 30 minutes with a drop of goat
anti-mouse immunoglobulins conjugated to
peroxidase-labeled polymer (EnVision TM+ anti-
mouse HRP, DAKO), as stated by the manufacturer.
After a rinse in PBS buffer, the colored reaction was
developed for 3—4 minutes with diamino-benzidine
(Liquid 3,3'-diaminobenzidine + large volume
substrate-chromogen solution, DAKO). Sections
were counterstained with hemalum, dehydrated in
graded alcohol, cleared in xylol, and mounted with
Eukitt. Negative controls consisted of 13 liver tis-
sues from patients who were HCV-Ab negative in
serum. Seven cases had cirrhosis due to hepatitis B
virus (HBV; n = 3), alcohol (n = 3), or primary
biliary cirrhosis (n = 1); another control showed
lesions of HBV chronic hepatitis without cirrhosis,
and the remaining five liver samples were histolog-
ically normal or subnormal (n = 5) and came from
partial hepatectomies for colorectal metastasis.
Other controls consisted of the use of a normal
fluorescence isothiocyanate (FITC)-conjugated
polyclonal Ab instead of the anti-HCV Ab and the
omission of the primary Ab, both of which were
applied to HCV-positive tissues.
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TABLE 1. Main Clinical, Biological, and Histological Data in the 25 Patients with Cirrhosis and HCC from Group 1

Cirrhosis (n = 25) HCC (n = 25)
PCR
Cases IFN Serum PCR THC HC PCR THC THC
Tissue % Intensity Tissue % Intensity

1 No nd 3118 3+ S 1157 1+ L
2 No - 1684 3+ M 5 0 —
3 No nd 89 3+ M 0 0 —
4 No nd 2090 3+ S 282 1+ M
5 No nd 863 3+ M 17 0 —
6 No + 839 3+ S 1537 2+ M
7 Yes + 2210 3+ M 810 0 —
8 No - 623 3+ S 553 2+ M
9 Yes nd 282 2+ M 170 0 —
10 No + 4 2+ M 176 0 —
11 Yes + 3720 2+ M 24 0 —
12 Yes - 6 2+ M 11 2+ M
13 No + 1210 2+ S 2151 1+ S
14 Yes + 299 2+ S 588 0 —
15 Yes + 154 2+ M 107 1+ L
16 Yes + 724 2+ M 4 0 —
17 No nd 13 1+ M 0 0 —_
18 No nd 55 1+ L 1446 0 —
19 Yes nd 5 1+ L 54 0 —_
20 Yes nd 0 0 — 0 0 —
21 No + 0 0 —_ 0 0 —_
22 No + 4 0 — 0 0 —
23 No nd 4 0 —_ 0 0 —_
24 No - 0 0 — 132 0 —
25 No nd 0 0 —_ 0 0 —_

HCC, hepatocellular carcinomas; IFN, interferon therapy before transplantation; PCR serum, RT-PCR in serum before surgery (nd, not done); PCR
Tissue, quantitative RT-PCR in tissue expressed as the HCV RNA copy number per microgram of total extracted RNA; IHC %, percentage of positive cells
by immunohistochemistry (0, 0%; 1+, <10%; 2+, 10 to 50%; 3+, >50% positive cells); IHC Intensity, intensity of the immunohistochemical staining (—,

no staining; L, M, S, low, moderate, and strong, respectively).

For analysis of the results, the location of the
staining was first evaluated within the tissues and at
the cellular and subcellular levels. Thereafter, the
percentage of positive cells was semi-quantitated as
follows: 0, 0%; 1+, <10%; 2+, 10-50%; 3+, >50%
positive cells. Furthermore, the intensity of stain-
ing, whether low, moderate, or strong, was appre-
ciated. Because it was often heterogeneous in a
single sample, the intensity observed in the largest
number of cells was considered. This evaluation
had been shown to be reproducible in a previous
study with four observers (BLB, PBS, and two other
members of our group; data not shown).

HCV RNA Quantitation in Frozen Liver Tissues

This technique was performed in the tissues from
the 25 patients of Group 1 who presented with both
cirrhosis and HCC. Tissue fragments were taken
from the same frozen blocks used for IHC and
digested for 1 hour at 55°C in 400 ul of proteinase K
reagent (10 mM Tris, 1 mM ethylenediaminetet-
raacetic acid, 250 pg proteinase K, 1% SDS). The
amount of HCV RNA in each biopsy was quantified
by RT-PCR using the Amplicor HCV Monitor 1.0
assay (Roche Diagnostic Systems, Branchburg, NJ;
25). The technique was adapted from the Agence
Nationale de Recherche sur le SIDA method used
for HIV RNA quantitation in lymph nodes (26).
Briefly, 100 ul of the proteinase K-digested speci-
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mens were mixed with 400 ul of Monitor lysis buffer
containing guanidine thiocyanate with addition of
the Roche-supplied internal quantitative standard
(IQS) required for determining RNA levels. IQS is an
in vitro-transcribed RNA molecule with HCV
primer-binding sites and a unique probe-binding
site. IQS is added at a known concentration to each
specimen to provide a reference for quantitation of
HCV-RNA.

After lysis, the RNA was precipitated by isopropyl
alcohol and washed in 70% ethanol. At this stage,
the pellet was digested with 4 U of an RNAse-free
DNAse I (Promega, Madison, WI) for 60 minutes at
37°C to eliminate the residual DNA. The total RNA
yield was determined by spectrophotometric read-
ings at 260 nm, and the pellet was resuspended in 1
ml of specimen diluent. Fifty microliters of this
suspension containing total RNA in known quantity
was mixed with 50 ul of the PCR Master Mix. The
combined RT-PCR was performed in a Perkin-
Elmer GeneAmp PCR System 9600 thermal cycler
(Perkin-Elmer, Norwalk, CT). When complete, 100
ul of denaturation solution was added to each PCR
tube. After denaturation, a series of 5-fold dilutions
of the biotinylated amplicons was performed in the
appropriate wells coated with HCV-specific probe.
HCV RNA was detected by addition of 100 ul of
avidin horseradish peroxidase conjugate followed
by 100 ul of substrate and stopping reagent with the



appropriate washing solution. The concentration of
native viral RNA was calculated using the manufac-
turer’s formula, which is based on the ratio of
native-bound HCV RNA compared with the internal
quantitation standard. For serum samples, the limit
of detection (cutoff) of the assay quoted by the
manufacturer is 5 X 10> HCV RNA copies per mil-
liliter. The results, in HCV RNA copies per milliliter,
which were obtained automatically using Roche’s
computerized program, were converted into HCV
RNA copies per microgram of total liver RNA. The
results were calculated as follows: the value of HCV
copies per milliliter was divided successively by
200, as optical densities were produced from 100 ul
of serum and 50 ul of extracted RNA and converted
automatically into copies per milliliter and by the
quantity of total RNA present in the 50 ul of ex-
tracted RNA used for PCR reaction. The sensitivity
of the assay was four copies per microgram of RNA,
calculated as the minimum detectable quantity,
which is five standard deviations above the mean
copy number of five duplicate Amplicor HCV Mon-
itor negative controls (27). The reproducibility of
RT-PCR results was assessed by replicates per-
formed in 10 cases. Negative- and positive-kit con-
trols were included in each run. Two patients who
received allogenic liver transplants for reasons
other than HCV infection and who were proven to
be negative by serum polymerase chain reaction
were also included as negative controls.

Statistical Analysis

The results of IHC were compared using a x* test.
The values of qtRT-PCR were expressed as mean =
SEM and as median and range. Comparison of
quantitative data was performed using the non-
parametric Mann-Whitney test and Kruskal-Wallis
test as appropriate.

RESULTS

Immunohistochemistry

The specific staining was granular or powderlike,
as described elsewhere (24). It was exclusively lo-
cated in the cytoplasm of hepatocytes (Fig. 1A). On
very rare occasions, a few hepatocytes also showed
slight nuclear staining that was not found in nega-
tive controls. Lymphocytes, biliary, endothelial, and
Kupffer cells were always negative (Fig. 1A). The
positive hepatocytes were distributed at random in
the tissue, either tumoral or nontumoral. The in-
tensity of staining was generally heterogeneous
(from low to strong) in a given case (Fig. 1B). Neg-
ative results were obtained with FITC-conjugated
non-HCV normal polyclonal Ab and with the omis-

sion of the primary Ab (Fig. 1C) and in HCV-
negative tissues (Fig. 1D).

Seventy-three percent (40/55) of all cirrhosis
cases were positive for HCV immunostaining. In
these cases, the staining was rarely 1+ (7/40 =
17.5%) and was mostly 2+ (19/40 = 47.5%) or 3+
(14/40 = 35%). The intensity was mostly moderate
(24/40 = 60%) and was strong on occasion (10/40 =
25%). There was no group difference in staining in
the cirrhosis; that is, cirrhosis with DN and/or HCC
(Group 1: 22/31), and cirrhosis without DN and/or
HCC (Group 2: 18/24) were the same in terms of
rate of positivity, percentage of positive cells, and
intensity (Table 2).

Within Group 1, positive staining was observed in
70% (22/31), 59% (10/17), and 28% (7/25) of cirrho-
sis, DN, and HCC respectively (Table 3). In this
group, the percentage of positive cells in cirrhosis
was 2 to 3+ in the majority of cases (17/31, 55%),
whereas in DN and HCC, it was =1+ in most cases
(11/17, 65% and 22/25, 88%, respectively; x°, P =
.0039; degree of freedom = 2). The most frequent
intensity found in cirrhosis was moderate to strong
(19/22 = 86%), whereas in DN and HCC, it was low
or undetectable (12/17 = 71% and 20/25 = 80%,
respectively; x>, P = .004; degrees of freedom = 2;
Table 3; Fig. 1E-F). There was no difference in
staining (in terms of rate of positivity, percentage of
positive cells, and intensity of staining) in the group
of DN according to their size and grade. There was
also no difference in staining in the HCC group,
whatever the size, grade, or architecture of the tu-
mor (Fig. 1G-H), and the distribution of the positive
cells was at random. In each individual case for
which the three types of lesions were available (i.e.,
cirrhosis, DN, and HCC; n = 11), the percentage of
positive cells and the intensity of staining were
almost always lesser in the HCC specimen than in
the cirrhosis specimen, with DN specimen(s) show-
ing intermediate values (Table 4).

Quantitative RT-PCR

Using qtRT-PCR, the frequency of positivity was
84% (21/25) in cirrhosis and 72% (18/25) in HCC
from the same livers previously tested by IHC. The
mean values were 720 * 211 (median = 154; range
= 0 to 3720) HCV RNA copies per microgram of
total extracted RNA in cirrhosis and 369 + 119
(median = 54; range = 0 to 2151) per microgram of
total extracted RNA in HCC, which was not signifi-
cantly different (Mann-Whitney test = 257.50, P =
.28, n.s.; Table 1). However, in 10 individual cases,
qtRT-PCR value was lower in HCC than in the un-
derlying cirrhosis. In eight cases, the values were
identical in cirrhosis and HCC, and in the seven
remaining cases, the number of HCV RNA copies
was higher in HCC than in cirrhosis.
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TABLE 2. Results of Immunostaining of HCV Proteins in
Cirrhosis with DN and/or HCC (Group 1) and in Cirrhosis
without DN and/or HCC (Group 2)

Cirrhosis Cirrhosis Cirrhosis
Variable Group 1 Group 2 P Total
(n=31) (n=24) (n = 55)
Positive cases, n (%) 22 (70%) 18 (75%) x*>=0.11, 40 (73%)
P=0.74 (n.s.),
df =1
% Positive cells
0 9 6 X° =0.79,2 15
P=0.37 (n.s.),
df =1
1+ 5 2 7
2+ 8 11 19
3+ 9 5 14
Intensity
No staining 9 6 x? = 0.008,° 15
P=10.927,
df = 1, n.s.
Low 3 3 6
Moderate 13 11 24
Strong 6 4 10

HCV, hepatitis C virus; DN, dysplastic nodule; HCC, hepatocellular
carcinoma; df, degree of freedom; n.s., not significant; % positive cells, 0:
0%, 1+: <10%, 2+: 10 to 50%; 3+: >50%.

20 or 1+ versus 2+ or 3+.

b0 or low versus moderate or strong.

Comparison between IHC and qtRT-PCR

Results of qtRT-PCR were compared with those
of IHC, defined either as a percentage of positive
cells or as the intensity of staining, for cirrhotic (Fig.
2A-B) and carcinomatous tissues (Fig. 2C-D) from
Group 1. In cirrhosis, when the percentage of pos-
itive cells by IHC was =1+, the mean value of
qtRT-PCR was 9 = 6 HCV RNA copies (median = 4,
range = 0 to 55). When the percentage of positive
cells was 2 or 3+, the mean value of qtRT-PCR was
800 * 441 (median = 290.5, range = 4 to 3720) or
1440 *= 356 (median = 1274, range = 89 to 3118)
HCV RNA copies, respectively. Comparison of the
mean value of qtRT-PCR showed a statistically sig-
nificant difference among the three groups
(Kruskal-Wallis = 15.54, P = .0004; Fig. 2A). When
the intensity of the staining was low or undetect-
able, the mean value of qtRT-PCR was 9 £ 7 copies
(median = 2, range = 0 to 55), and when the
intensity was moderate or strong, it reached a
mean of 886 * 361 (median = 282, range = 4 to
3720) or 1363 * 432 (median = 1025, range = 299
to 3118) HCV RNA copies, respectively. Compar-
ison of the mean value of qtRT-PCR showed a
statistically significant difference among the
three groups of intensity (Kruskal-Wallis test =
14.58, P = .0007; Fig. 2B).

TABLE 3. Comparison of the Immunostaining in the
Different Lesions of Group 1

. Cirrhosis DN HCC
Variable (=31 (n=17) (n=25 P
Positive cases, n (%) 22 (70) 10 (59) 7 (28) x> = 10.52,
P = 0.005,
df =2
% Positive cells
0 9 7 18 x> = 11.08,2
P = 0.0039,
df =2
1+ 5 4 4
2+ 8 5 3
3+ 9 1 0
Intensity
No staining 9 7 18 x> =10.84,°
P = 0.004,
df = 2
Low 3 5 2
Moderate 13 5
Strong 6 0 1

DN, dysplastic nodule; HCC, hepatocellular carcinoma; df, degree of
freedom; number of positive cells, 0: 0%, 1+ <10%, 2+: 10 to 50%, 3+:
>50%.

20 or 1+ versus 2+ or 3+.

b0 or low versus moderate or strong.

In HCC, the percentage of positive cells varied
from 0 to 1+ (0 to 10%) to 2+ (10 to 50%), and
corresponding qtRT-PCR levels were 324 = 122
(median = 39, range = 0 to 2151) and 700 = 447
(median = 553, range = 11 to 1537) copies per
microgram of total extracted RNA, respectively. The
results were not statistically different (Mann-
Whitney = 19.000, P = .273, n.s.; Fig. 2C). The
intensity of staining varied from low or undetect-
able to moderate and strong and corresponding
qtRT-PCR, from 235 = 95 (median = 21, range = 0
to 1446), 596 * 333 (median = 418, range, 11 to
1537), and 2151 (one case) HCV RNA copies, re-
spectively, without significant difference between
the first two groups (Mann-Whitney = 19.000, P =
.114, n.s.; Fig. 2D).

DISCUSSION

In this study, we have adapted two feasible and
sensitive technics for the detection of HCV in tis-
sues, one morphological and semiquantitative
(IHC), and one quantitative (qtRT-PCR), which
could be used in routine practice when frozen tis-
sues are available. For THC, we used a purified
fraction of polyclonal IgG human isolated from a
spontaneous human sera directed against struc-
tural (C22-3, corresponding to core protein) and
nonstructural (C33 and C100-3, corresponding to

positive tissue (C) or detection on a tissue from HVC-negative patients (D), were satisfactory (80x). Although most hepatocellular carcinomas (star)
were negative for HCV immunohistochemistry, contrasting with the surrounding cirrhotic tissue (E, 130X), some tumors (star) displayed a variable
number of scattered positive cells (F, 130x). The HCV proteins could be detected either in well-differentiated (G) or poorly differentiated tumors (H)
and were located in the cytoplasm of tumor cells, sometimes around vacuoles of steatosis, and was usually low or moderate in intensity (G-H, 500X).
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TABLE 4. Comparison of Immunohistochemical Results in the Different Tissues (Cirrhosis, DN, and HCC) in Each
Individual Case of Group 1, for the Percentage of Positive Cells and Intensity of Staining

% Intensity
Cases Total Positive Cells of Staining

Cirrhosis with DN and HCC 11

Number of cases in which cirrhosis = DN > HCC 7 7

Number of cases in which cirrhosis = DN = HCC = neg. 4 4

Number of cases in which cirrhosis < DN < HCC 0 0
Cirrhosis with DN alone 6

Number of cases in which cirrhosis = DN = pos. 3 3

Number of cases in which cirrhosis = DN = neg. 3 3

Number of cases in which cirrhosis < DN 0 0
Cirrhosis with HCC alone 14

Number of cases in which cirrhosis = HCC = pos. 11 11

Number of cases in which cirrhosis = HCC = neg. 3 3

Number of cases in which cirrhosis < HCC 0 0

DN, dysplastic nodule; HCC, hepatocellular carcinoma; %, percentage of positive cells by immunohistochemistry; Intensity, intensity of the
immunohistochemical staining; n, number of cases; neg., immunohistochemistry negative; pos., immunohistochemistry positive.
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FIGURE 2. Comparison of tissue-quantitative reverse-transcription polymerase chain reaction (RT-PCR) and immunohistochemistry in cirrhosis (A,
B) and hepatocellular carcinoma (C, D) from Group 1. A, Comparison of RT-PCR and percentage of positive cells by IHC in cirrhosis indicates that
the tissular viral load is significantly different in the three groups defined by the percentage of positive cells and that PCR and
immunohistochemistry results grow parallel. B, RT-PCR and intensity of staining in cirrhosis: although viral load grows parallel in the three classes of
intensity. C, RT-PCR and percentage of positive cells in HCC. D, RT-PCR and intensity of staining in HCC: no parallelism between RT-PCR and

immunohistochemistry. Results are expressed as mean values = SEM.

NS3 and NS4, respectively, and NS5) viral proteins
(24). Modification of the original protocol of IHC
(24) consisted of changing the simple peroxidase-
labeled anti-mouse immunoglobulin of the third
step for a peroxidase-labeled dextran polymer to
which many anti-mouse immunoglobulins are at-
tached (DAKO, Envision system). This resulted in a
superior sensitivity and specificity and allowed us
to clearly reclassify some doubtful results into def-
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initely weak positive staining or negative staining.
Using this protocol, we obtained a high rate of
positivity in the group of cirrhosis (73% of cases)
with a high percentage of positive cells (>50% in
more than one third of cases and >10% in 82% of
cases). Taking into account the cirrhotic status of all
our specimens, the probable long delay since viral
contamination (28), and the history of antiviral
therapy in some patients, these results suggest a



high sensitivity. The pattern of staining was also
very similar to that described by Ballardini and
collaborators (24) and showed an excellent repro-
ducibility. In the literature, papers about HCV in
situ detection using IHC, in situ hybridization
(ISH), or in situ RT-PCR are scarce, the protocols
have not been standardized, and the results are
controversial (9-21). Among the various techniques
tested in our laboratory, such as ISH with radioac-
tive or nonradioactive oligoprobes or riboprobes, in
situ RT-PCR, or HIC with Tordji 22 antibody (data
not shown), the IHC protocol described in this pa-
per was the most feasible and specific in our hands.
Although it is not suitable for formalin-fixed,
paraffin-embedded tissues at this time, we hope
that progress in antigen retrieval will allow such
work very soon.

We also elaborated a method of detection of HCV
RNA in tissues. Indeed, tissular RT-PCR is regarded
as the most sensitive method for detecting HCV (9),
but most of the studies have used qualitative RT-
PCR (20, 29-32). For our quantitative RT-PCR in
tissue, we used a commercial kit previously elabo-
rated for blood tests; the process was quite easy to
perform, with good feasibility, in our own labora-
tory. In our hands, the sensitivity of qtRT-PCR in
cirrhotic tissue was high, but not significantly su-
perior to that of IHC (84 versus 72%). Recently, the
first-generation Roche assay for HCV (Version 1.0)
used in this study has been shown to underestimate
viral loads in HCV infections with Genotypes 2 and
3 (25, 33-34). The lack of correlation between IHC
and qtRT-PCR for some patients (Patients 3, 10, and
12 for example) may be explained by an incomplete
detection of Genotypes 2 and 3 with Version 1.0
assay. Unfortunately, in this retrospective study,
serum samples were not available for all patients to
confirm the genotypes. Finally, both methods, IHC
and qtRT-PCR, were sensitive enough to detect
HCV in tissues from patients who were HCV nega-
tive in serum (three cases in our study), a situation
that has been observed elsewhere (35).

This study is also, to our knowledge, the first one
to provide both in situ morphological and molecu-
lar data concerning the presence of HCV in the
sequential lesions, in other words, cirrhosis, DN,
and HCC, of virus-associated carcinogenesis in hu-
man cirrhosis (5). We have been able to unambig-
uously demonstrate expression of HCV proteins in
cells clearly exhibiting a tumor phenotype. Thus,
our report definitely establishes persistence and ex-
pression of the viral genome, at least in a subset of
tumor cells. This confirms previous studies based
on immunohistochemistry (20, 21, 36) or molecular
biology (37).

Among the different viral proteins detected by
our THC technique, NS3, core, and NS5A proteins
have been shown in the literature to be able to

modulate liver cell proliferation and viability in
vitro. For instance, in vitro, stable expression in
NIH 3T3 cells of the N-terminal part of NS3 can
induce a transformed phenotype (38). The non-
structural NS5A protein could also play a role in the
control of cell growth and viability because it might
bind to the double-stranded RNA-induced protein
kinase R, a protein involved in the control of apo-
ptosis, and could also contribute to cell transforma-
tion, as shown in some in vitro studies (39).

The HCV core, in addition to its role in the pack-
aging of the viral RNA, modulates cellular transduc-
tion pathways such as tumor necrosis factor alpha
(TNFa) signaling (40, 41) and transactivates NF-«B
and AP-1 elements, interacting with the c-jun
N-terminal kinase and MAPKK (42). This protein
seemed also to be capable of inducing (43) or, in
contrast, inhibiting apoptosis induced by various
stimuli (44, 45). Some in vivo studies with trans-
genic mice have also raised the idea of the role of
HCV core expression in the induction of HCC (46).
Although HCV core is mostly a cytoplasmic protein
located on endoplasmic reticulum membranes and
around lipid vesicles, C-terminally truncated core
translocates to the nucleus, where it might exert
distinct biological effects (47-49). During natural
HCV infection, some reports have suggested that
such truncated core might be identified in the tu-
mor tissues of patients with HCC (50, 51). The oc-
casional faint nuclear staining obtained in our
study might correspond to such a protein, but a
specific ~ immunostaining is needed for
confirmation.

A further important issue in our study is the dem-
onstration of a significantly decreased expression of
the viral antigens in the sequential lesions of hepa-
tocarcinogenesis, whereas HCV RNA was still de-
tectable at similar levels in HCC and cirrhosis.
These results suggest that the viral genome does
persist within tumor cells but that the expression of
viral proteins is down-regulated when clonal tumor
cell expansion occurs as early as the dysplastic nod-
ule stage. Thus, the expression of the viral proteins
might be involved at early steps of the liver cell
transformation. The final result on cell phenotype
of the opposing effects of viral proteins, that is, cell
proliferation and apoptosis, is depending on their
intracellular concentration, and on various extra-
cellular signals. It is therefore plausible that low
levels, barely detectable, of HCV proteins would
allow liver cell proliferation, whereas higher levels
would sensitize infected cells to apoptosis.

In conclusion, the in situ demonstration of viral
proteins within dysplastic and tumoral cells, even
at a low level, makes possible the direct role of HCV
proteins in the early stages of carcinogenesis, alone
or in combination with other factors, such as the
regenerative process. Further studies will be neces-
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sary to identify which specific viral proteins are
expressed in these different cell types and which
specific in vivo effects they may have on cell pro-
liferation and apoptosis.
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