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Abstract

AIM: To investigate the expression of nucleoporin 88
(Nup88) in hepatitis B virus (HBV) and C virus (HCV)-
related liver diseases.

METHODS: We generated a new monoclonal Nup88
antibody to investigate the Nup88 protein expression by
immunohistochemistry (IHC) in 294 paraffin-embedded
liver specimens comprising all stages of hepatocellular
carcinogenesis. In addition, in cell culture experiments
HBV-positive (HepG2.2.15 and HB611) and HBV-negative
(HepG2) hepatoma cell lines were tested for the Nup88
expression by Western-immunoblotting to test data
obtained by IHC.

RESULTS: Specific Nup88 expression was found in
chronic HCV hepatitis and unspecific chronic hepatitis,
whereas no or very weak Nup88 expression was detected
in normal liver. The Nup88 expression was markedly
reduced or missing in mild chronic HBV infection and
inversely correlated with HBCAg expression. Irrespective
of the HBV- or HCV-status, increasing Nup88 expression
was observed in cirrhosis and dysplastic nodules,
and Nup88 was highly expressed in hepatocellular
carcinomas. The intensity of Nup88 expression
significantly increased during carcinogenesis (P < 0.0001)
and correlated with dedifferentiation (P < 0.0001).
Interestingly, Nup88 protein expression was significantly
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downregulated in HBV-positive HepG2.2.15 (P < 0.002)
and HB611 (P < 0.001) cell lines as compared to HBV-
negative HepG2 cells.

CONCLUSION: Based on our immunohistochemical
data, HBV and HCV are unlikely to influence the
expression of Nup88 in cirrhotic and neoplastic liver
tissue, but point to an interaction of HBV with the
nuclear pore in chronic hepatitis. The expression
of Nup88 in nonneoplastic liver tissue might reflect
enhanced metabolic activity of the liver tissue. Our data
strongly indicate a dichotomous role for Nup88 in non-
neoplastic and neoplastic conditions of the liver.
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INTRODUCTION

Hepatocellular carcinoma (HCC) ranks fifth of the most
common cancers worldwide and its incidence is rising in
the Western world". Due to the high mortality associated
with HCC it is the third leading cause of cancer death
worldwide". The majority of HCCs develop due to
chronic hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection. However, the precise molecular etiology of
HBV- and HCV- related HCC development remains pootly
understood.

Bidirectional nuclear-cytoplasmic transport activity of
oncogenes and tumorsuppressors through the nuclear
pore is profoundly disturbed in cancer cells”. It is assumed
that transport through the nuclear pore is necessarily a
crucial event in the development and maintenance of
the tumor phenotype”. Nucleoporin 88 (Nup88) is a
protein located at the nuclear membrane and is involved
in the bidirectional nuclear-cytoplasmic transport of
proteins by forming nuclear pore complexes (NPC)
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with other nucleoporins™’. Nup88 is associated in a
dynamic subcomplex with CAN/Nup214, which has
been implicated in nuclear protein import, nuclear mRINA
export, and cell cycle regularjonm. Recently, overexpression
of Nup88 has been demonstrated in a wide range of
premalignant lesions and malignant tumors by using a
polyclonal antibody”™. Thus, Nup88 has been suggested
as a putative marker of malignant transformation. In
addition, it has been shown that overexpression of Nup88
is involved in the tumorigenesis and aggressiveness of
colorectal cancers’. Overexpression of Nup88 is also
linked to the enhanced metastatic potential of melanoma
cells and it has been shown that Nup88 expression is up-
regulated in primary foreskin melanocytes upon UV-A
irradiation "', In the present study we generated a new
monoclonal Nup88 antibody and analyzed the expression
of Nup88 in HBV- and HCV- related diseases of
hepatocellular carcinogenesis in a large patient cohort and
correlated major findings to cell culture experiments.

MATERIALS AND METHODS

Tissue samples

A total of 294 tissues were investigated for Nup88 expres-
sion by immunohistochemistry (IHC). One hundred and
forty-one specimens were assessed on a liver tissue micro-
array (TMA) consisting of premalignant dysplastic nodules
(DNs: # = 33) and hepatocellular carcinomas (HCCs: # =
108). Twenty-eight DNs and 43 HCCs were infected with
HCV, 16 DNs and 17 HCCs were infected with HBYV,
and 11 DNs and 8 HCCs were coinfected with HBV and
HCV. In addition, liver biopsies (# = 153) collected at the
Institute of Pathology at Cologne were tested for Nup88
expression. These included cases of chronic HBV hepati-
tis (7 = 24) and chronic HCV hepatitis (» = 38) with mild
inflammatory activity, 53 cases of liver cirrhosis (HBV-
positive, # = 24; HCV-positive, » = 24; alcohol induced, 7
= 5) and 18 cases of normal liver biopsies and 20 cases of
mild unspecific chronic hepatitis (UCH), i.e. patients who
underwent liver biopsies in the context of clinically el-
evated transaminases in the absence of HBV/HCV or any
other known liver diseases.

Antibody production

Mouse monoclonal antibodies (mAbs) to protein Nup88
were obtained by immunization with the peptide repre-
senting the amino acid sequence (aa 1-263) deduced from
the human cDNA sequence of Nup88 (NCBI, accession
number: NP002523). As an immunogen the peptide was
used to conjugate to keyhole limpet hemocyanin (KLH).
For screening the cartier protein conjugated to the peptide
was bovine serum albumin (BSA). Screening was pet-
formed using ELISA and Western immunoblotting follow-
ing standard protocols. The mAbs were raised according
to the method of Kéhler and Milstein!,

Immunohistochemistry

Nup88 IHC was established on paraffin-embedded and
formalin-fixed tissues. Colon adenomas and carcinomas
(n = 3), breast catcinomas (# = 2) and lymph nodes with

Hodgkin’s disease (# = 3) were used as positive controls™,
After deparaffinization and dehydration endogenous pet-
oxidase was blocked by 1% H20:2 in methanol for 30 min.
Without further pretreatment the slides were incubated
with the mAb (clone 7, 1:750) in diluent buffer (Zymed
Laboratories Inc., San Francisco, USA) at 4°C overnight.
The Envision System HRP mouse (DakoCytomation,
Carpintera, USA) was applied to signal amplification for
30 min. For signal detection 3,3’- diaminobenzidine (DAB;
Sigma Chemical Co., St. Louis, USA) was used. Slides were
weakly counterstained with hematoxylin. Staining intensity
and nuclear accumulation of Nup88 were evaluated by
four independent observers and scored as: 0 = no signal;
1 = weak, pale nuclear staining; 2 = moderate staining;
and 3 = strong staining. The HBV- and HCV-status was
assessed by serology. Biopsies without serological informa-
tion were tested for HBcAg and surface antigen (HBsAg)
by THC (see below) or by HCV-specific RT-PCR"*. Immu-
nohistochemical double staining for HBcAg and Nup88
was performed on tissue specimens from mild chronic
HBYV hepatitis patients. In brief, the specimens were first
treated with anti-HbcAg rabbit serum (DAKO, Hamburg,
Germany) at a dilution of 1:400 for one hour at 37°C.
After treatment with the secondary antibody for 30 min
at room temperature, fast red alkaline phosphatase (Dako)
was used as a chromogen. The Nup88 IHC was carried
out as a second step according to the above protocol.

Cell culture experiments and Western immunoblotting

To analyze Nup88 expression in relation to HBV in cell
culture, Nup88 and HbcAg expressions were tested in a
hepatoma cell line. The HBV-negative HepG2 hepatoma
cell line and its HBV-positive counterpart HepG2.2.15
were used"”. The latter contains the full length HBV ge-
nome and has been shown to produce infectious vitions'?
Western immunoblots were performed as previously de-
sctibed using 75 g/L polyactylamid gelm. The monoclonal
Nup88 antibody (clone 7, 1:2000 dilution) detected the
88 kDa Nup88 protein, the monoclonal HBcAg antibody
(1:1000 dilution) and the 23 kDa HBcAg protein. Equal
amounts of protein were loaded on the gel as tested by
Bradford assay, Ponceau staining and GAPDH-Western
blotting (Sigma, Germany; 1:1000) (Figure 3B).

Statistical analysis

For statistical analysis of the immunohistochemistry data
of the TMA, chi-square test was applied. Densitometric
evaluation of Western blot results from 6 independent
experiments using EASY plus Rev 4.16 were expressed as
mean * SE. Results were compared using Student’s #test.
P < 0.05 was considered statistically significant.

RESULTS

Nup88 expression in chronic HBV- and HCV-related
hepatitis

In order to determine the Nup88 expression in viral hepa-
tocellular carcinogenesis by IHC we first evaluated the
efficacy of the new mAb Nup88 using different positive
controls, i.e. colon carcinomas, breast carcinomas and
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Figure 1 Nuclear Nup88 expression (brown nuclei) in non-neoplastic hepatocytes
of a liver biopsy with mild unspecific chronic hepatitis (A), weak nuclear expression
of Nup88 in chronic HBV-related hepatitis with mild inflammatory changes (B), and
moderate nuclear expression of Nup88 in chronic HCV-related hepatitis with mild
inflammatory changes (C).

lymph nodes with Hodgkin’s disease™”. All positive con-
trols demonstrated specific nuclear staining for Nup88 in
the tumor cells whereas adjacent non-neoplastic tissue re-
vealed no Nup88 expression. Of interest, no or only very
weak Nup88 expression was detected in the 18 cases of
normal liver biopsies, but in all 20 cases with mild reactive
changes (mean staining score 2.4) (Figure 1A). In these
cases Nup88 expression was found in most hepatocytes
and occasionally in sinusoidal non-parenchymal liver cells.
In contrast, in mild chronic HBV infection Nup88 expres-
sion was patchy, remarkably weaker or missing (z = 24,
mean staining score 1.25) as compared to normal liver
biopsies (Figure 1B). Stage-matched mild chronic HCV-
infected liver samples (# = 38) revealed a moderate nuclear
Nup88 expression (mean staining score 1.94; Figure 1C).
No difference was observed in Nup88 expression between
HBV- and HCV-related cirrhosis (mean staining score
HBV-cirrhosis 1.91; HCV-cirrhosis: 2.04).

Double staining of Nup88 and HBcAg in mild chronic HBV-
related hepatitis

In chronic HBV-related hepatitis with mild inflammatory
activity HBcAg expression was patchy and restricted to sin-
gle clusters of hepatocytes. To determine whether Nup88
was co-expressed with HBcAg in mild chronic HBV-relat-
ed hepatitis we analyzed the relation between Nup88 and
HBcAg expressions in mild chronic HBV-related hepatitis
(7 =5) by IHC on serial sections and by IHC double stain-
ing. IHC staining for Nup88 and HBcAg on serial sections
revealed a mutually exclusive staining of Nup88 or HB-
cAg. This inverse correlation between Nup88 and HBcAg
expression patterns was confirmed by IHC double staining
in which hepatocytes expressing HBcAg showed negative
Nup88 expression and vice versa (data not shown).

Nup88 expression in hepatoma cell lines
To evaluate the impact of the presence of HBV on Nup88

www.wjgnet.com

HepG2
HepG2.2.15

- Nup88

GAPDH

o
-
N

1

Relative denity
o o o o o =
o N » ()} (o) o
T T T T T

1
HepG2.2.15 HB611

HepG2

Figure 2 Western blot analysis showing reduced expression of Nup88 in HBV-
positive HepG2.2.15 cells (A) and increased Nup88 expression in HBV-negative
HepG2 and HBV-positive HepG2.2.15 (P < 0.002) and HB611 (P < 0.001) cells (B).

Figure 3 Nuclear Nup88-expression in a DN (A) and in dark brown nuclei of an
undifferentiated HCC (B).

expression in cell culture the expression of Nup88 was
assessed in hepatoma cell lines, i.e. the HBV-negative
HepG2 and HBV-positive HepG2.2.15 and HB611 cell
lines, by Western blot analysis. As expected, in HBV-nega-
tive HepG2 cells (Figure 2A) Nup88 expression could be
clearly demonstrated. In contrast, Nup88 expression was
significantly reduced in the HBV-positive HepG2.2.15 (P
< 0.002) and HB611 (P < 0.001) hepatoma cell lines com-
pared to HBV-negative HepG2 cells (Figure 2A and B).

Nup88 expression in dysplastic nodules and hepatocellular
carcinomas

Nup88 was highly expressed in neoplastic hepatocytes of
DN (Figure 3A) and HCC, but no significant differences
were observed by IHC in Nup88 expression between
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HBV- or HCV- associated HCCs and DNs. Most if not all
HCCs revealed a strong nuclear expression of Nup88. The
strongest staining intensity was observed in undifferenti-
ated HCC (Figure 3B). The high overexpression of Nup88
correlated with the degree of tumor cell dedifferentiation (P
< 0.0001). In contrast, a weaker Nup88 expression was ob-
served in DNs. By comparing Nup88 expression intensity
between DNs and different grades of HCC, a significant
increase was observed (P < 0.0001).

DISCUSSION

HCC is a major global health problem”. The most com-
mon cause of HCC worldwide is chronic infection with
HBV and HCV"", Although the link of virus-related
hepatocellular carcinogenesis has been well established,
the underlying molecular pathogenesis is still poorly un-
derstood. In the present study we investigated the Nup88
expression in chronic viral hepatitis and virus-associated
hepatocellular carcinogenesis. Nup88 is one of the known
components of nucleoporins forming the nuclear pore
complex (NPC) which is involved in nuclear transport. By
using a polyclonal antiserum it has recently been shown
that Nup88 is highly expressed in premalignant and ma-
lignant conditions"". Here, we introduce a new mono-
clonal anti-Nup88 antibody which specifically detects
Nup88 in Western-immunoblotting. In addition, this is the
first monoclonal antibody to specifically detect Nup88 in
paraffin-embedded and formalin-fixed tissues by IHC. In
line with recently published data, our Nup88 antibody can
also specifically detect neoplastic colorectal, mammary and
lymphoma cells™”. Nup88 expression has recently been
suggested as a marker for premalignant or malignant trans-
formation. Therefore, the expression of Nup88 in non-
neoplastic hepatocytes is remarkable. According to our
results the expression of Nup88 in non-neoplastic liver
tissue might reflect an elevated metabolic activity of cells
that ensures the nuclear import and export of transcrip-
tion factors”. This hypothesis is supported by the finding
of nuclear Nup88 expression in viral hepatitis as well as
in HCC. In both cases hepatocytes exhibit an increased
metabolic activity due to inflammation or malignant trans-
formation. Until today Nup88 expression has only been
described in the context of malignant transformation or
tumor progression. Thus, our data might indicate addition-
al functions of Nup88 expression in non-neoplastic liver
tissue.

Reduced Nup88 expression in mild chronic HBV
hepatitis compared to normal liver tissue and liver samples
with mild uncharacteristic changes may contribute
new insights to the understanding of HBV and NPC
interaction. Recently, it has been shown that the HBV core
protein binds to the NPC*"*, However, the target domain
of the anti-NPC antibody used in this study has not been
exactly defined within the NPC, which consists of many
different nucleoporins™. We tempt to speculate that the
low Nup88 detection in mild chronic HBV-associated
hepatitis is due to an interaction of HBV with Nup88.
The mechanism of this interference is not clear. However,
it could occur directly by protein-protein interaction and
therefore masking the Nup88 epitope or HBV may be

able to downregulate Nup88 at the transcriptional ot
protein level. Another hypothesis is that HBV, most likely
the core antigen, might compete for NPC-components
like CAN/Nup214. This is suppotted by the mutual
exclusiveness of Nup88 and HBcAg expression in mild
chronic HBV-associated hepatitis. In line with these data
we have demonstrated in cell culture experiments that
Nup88 expression is significantly reduced in HBV-positive
HepG2.2.15 and HB611 cells compared to HBV-negative
HepG2 cells. Moreover, recent work has identified the
NPC-filament protein CAN/Nup214 as a docking site
for incoming adenovirus type 2 (Ad2) capsid proteins™
Therefore we hypothesize that NPC components like
CAN/Nup214 and/or Nup88 might serve as docking
sites for different viruses, e.g. HBV. Currently we are
investigating not only this hypothesis in our laboratories
by generating monoclonal Nup214 antibodies but also the
possible transctriptional regulation of Nup88 by HBV. It
is of interest that this phenomenon seems to be restricted
to mild chronic HBV hepatitis and is not observed
in later stages of hepatocellular carcinogenesis. Both
increased nuclear Nup88 expression and elevated intensity
correlate with the dedifferentiation of HCC and might
be of interest in histopathological diagnostics. Although
Nup88 expression in tumor cells is a marker for malignant
transformation, it is highly overexpressed especially in
undifferentiated HCC. Increased Nup88 expression has
also been found in the colorectal adenoma/carcinoma
sequence and overexpression of Nup88 mRNA has been
shown to be associated with high aggressiveness of breast
cancer™", In contrast to Emterling and coworkers" we
were not able to determine in our patient cohort whether
the expression of Nup88 is of relevance with the survival
of HCC patients, although undifferentiated HCCs tend to
have a worse clinical outcome.

In summary, Nup88 is expressed in non-neoplastic
and malignant hepatocytes, indicating that Nup88 plays
a dichitomous role in non-neoplastic and neoplastic
conditions of the liver. In addition, Nup88 is significantly
overexpressed in poorly differentiated HCCs. The
markedly reduced Nup88 expression in mild chronic HBV
hepatitis and significantly less Nup88 expression in HBV-
positive HepG2.2.15 and HB611 cells strongly point to an
interference of HBV with the nuclear pore.
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