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Abstract

AIM: To investigate the expression of Neurensin-2
(WRSNZ) in hepatocellular carcinoma (HCC) and its
prognostic values in predicting survival.

METHODS: The expression and prognostic significance
of NRSN2 in HCC was examined by performing
immunohistochemical analysis using a total of 110 HCC
clinical tissue samples, and Western blotting analysis to
further confirm the result.

RESULTS: Decreased NRSN2 expression was shown
in 70.9% cases. Loss of NRSN.2 expression in HCC was
significantly related to tumor size (P = 0.006). Larger
tumor size was related to negative expression of
NRSNZ2. Patients showing negative NVRSNZ expression
had a significantly shorter overall survival than those
with positive expression (P = 0.008). Multivariate Cox
regression analysis indicated that NRSN.2 expression
level was an independent factor of survival (P = 0.013).
Western blotting analysis further confirmed decreased
expression of NRSNZ in tumor tissues compared with
non-tumorous tissues.

CONCLUSION: Our study indicated that NRSN.2 could
be a tumor suppressor gene for HCC and a candidate
biomarker for long-term survival in HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most
common cancer wotldwide and the third most common
cause of cancer-related death in the wotld”. In China,
it is the second leading cause of cancer death among
males”. Factors associated with increased risk of HCC
include HBV infection, HCV infection, chronic alcohol
consumption, cirrhosis, hemochromatosis and aflatoxin
ete. Among them, chronic HBV infection is the most
common cause of HCC especially in China. However,
there are currently very limited therapeutic options for
advanced or metastatic HCC. It is therefore critical
to understand the genetic background and molecular
pathogenic processes involved in the carcinogenesis
of HCC, to aid the development of rational, targeted
therapies™.

In a recent publication, Zender e 4/ combined an
integrated cancer genomic analysis, RNA interference
(RNAI) technology and cancer-susceptible mouse
models to discover and validate tumor suppressor genes
contributing to HCC. The approach resulted in the
functional validation of 13 tumor suppressor genes,
including Exportin 4 (XPO4), DEAD box polypeptide
20 (DDXZ20), Gap junction protein, delta 4 (G]D4),
Follistatin-like 5 (FSTL5) and Neurensin-2 (NRSN2) ete.
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Interestingly, the vast majority of these identified genes
had not previously been linked to cancer.

To validate and further study the potential value of
these tumor suppressors, we randomly selected NRSNZ2
from those genes showing a higher possibility of being
tumor suppressors, and performed immunohistochemical
analysis and Western blotting analysis to determine the
expression of NRSN2 in HCC, further identified its
relationship to clinicopathological features and evaluated
its prognostic value to post-resectional survival in HCC.

MATERIALS AND METHODS

Patients and tumor tissue sample

A total of 110 HCC surgical resection specimens were
collected at the Sun Yat-sen University Cancer Center
between January 2001 and December 2002. The 110
patients included 96 males and 14 females with a
median age of 45 years (range, 22-74 years). None of
the patients had received radiotherapy or chemotherapy
prior to surgery. Both tumor and corresponding non-
tumorous tissues not less than 2 cm away from the HCC
were sampled, respectively, and proved by pathological
examination. All tissue samples were fixed in 10%
formalin and embedded in paraffin, and consecutive 4 pum
sections were cut. The histological types were assigned
according to the criteria of the World Health Organization
classification. The diagnosis of liver cirrhosis was based
on the case records and pathological data of HCC patients
from Sun Yat-sen University Cancer Center.

Immunohistochemical analysis

The sections were deparaffinized and rehydrated
through graded ethanol, then endogenous peroxidase
was inhibited with 0.3% hydrogen peroxide. For antigen
rettieval, slides were boiled in EDTA (1 mmol/L, pH 8.0)
for 15 min in a microwave oven. After rinsing with PBS,
the sections were incubated with primary antibody (rabbit
anti-NRSN2, Sigma-Aldrich, Inc. USA) in PBS (1:100)
at 37°C for 3 h, and then incubated with horseradish
peroxidase (ChemMate™ DAKO EnVision™ Detection
Kit) at 37°C for 30 min. Finally, the visualization
signal was developed with 3,3’-diaminobenzidine
tetrahydrochloride (DAB) and then all of the slides
were counterstained in hematoxylin. For negative
controls, tissue sections were immunoreacted without
anti-NRSN2 antibody under the same experimental
conditions.

Semi-quantitative method

The total NRSNZ immunostaining score was calculated
as the sum of the percent positivity of stained tumor
cells and the staining intensity. The percent positivity was
scored as “0” (< 5%, negative), “1” (5%-25%, sporadic),
“27 (25%-50%, focal), “3” (> 50%, diffuse). The staining
intensity was scored as “0” (no staining), “1” (weakly
stained), “2” (moderately stained), and “3” (strongly
stained). Both percent positivity of cells and staining
intensity were decided under double-blind conditions.
The final NRSNZ2 expression score was calculated using

the value of percent positivity score X staining intensity
score, which ranged from 0 to 9. We defined NRSN2
expression level as follow: “-” (score 0-1), “+” (score
2-3), “++” (scote 4-6) and “+++" (scote > 0).

Western blotting analysis

The frozen HCC samples including tumor or non-
tumorous tissue were homogenated in a RIPA lysis buffer,
and lysates were cleared by centrifugation (14000 rpm)
at 4C for 30 min. About 40 pg protein samples were
run on a 15% SDS-PAGE gel and transferred to PVDF
membrane. After blocking non-specific binding sites
for 60 min with 5% non-fat milk, the membranes were
incubated overnight at 4C with primary polyclonal
antibody against NRSN2 (at 1:200 dilution). The
membrane was then washed three times with TBST for
10 min and probed with HRP-conjugated secondary
antibody (at 1:2000 dilution) for 30 min at room
temperature. After being washed three times, the membrane
was developed by an enhanced chemiluminescence system

(ECL, Pierce).

Statistical analysis

Quantitative values were expressed as mean * SD or
median (range). Categorical variables were enumeration
data from counting the number of samples. The Xz test
for proportion and Pearson’s correlation were used to
analyze the relationship between NRSNZ2 expression
and various clinicopathologic characteristics. For
survival analysis, the main outcome was overall survival
rates which were calculated from the date of surgery
to the date of death. Follow-up time was censored
if the patient was lost to follow-up. Survival curves
were calculated using the Kaplan-Meier method and
compared by the log-rank test. Cox proportional-hazard
analysis was used for univariate and multivariate analysis
to explore the effect of clinicopathological variables and
NRSN2 expression on survival. The SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA) was used for all statistical
analyses and a P-value < 0.05 was considered significant.

RESULTS
Expression of NRSN2 in HCC tissues

NRSNZ2 immunostaining was mostly in the cytoplasm.
Overall, 32 of 110 (29.1%) cases had positive expression
(NRSN2 + or ++) in tumor cells (Figure 1A and B), 78
of 110 (70.9%) cases had negative expression (INRSNZ2-).
In cases with adjacent hyperplastic tissue, we often
observed a sharp contrast between infiltrative tumor
areas of negative staining and the adjacent non-tumorous
tissue of positive staining (Figure 1C). In addition, we
further performed Western blotting analysis to detect
the expression of INRSNZ and the result was consistent
with that of immunohistochemical analysis (Figure 2).
Correlations between the expression of NRSNZ2 and
various clinicopathologic parameters are listed in Table 1.
The NRSNZ2 expression was significantly related to tumor
size (P = 0.000). Negative expression of NRSNZ2 was

associated with larger tumor size. However, there was
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Figure 1 Immunohistochemical staining of NRSN2 in HCC. A and B: Positive staining of NRSN2 at two different magnifications (x 100 and x 400), respectively,
scored as NRSN2 (++); C: Immunostaining of HCC and adjacent surrounding non-tumorous tissue showing a sharp contrast between infiltrative tumor area of negative
staining (“T”) and the adjacent non-tumorous tissue of positive staining (“N”) (x 200). The length of the bar in A, B and C is 500, 100 and 200 um, respectively.

Table 1 Correlations between NRSNZ2 expression and

clinicopathologic variables of 110 cases of HCC

Clinicopathologic n NRSNZ2 expression x P-value

variables Negative  Positive

All cases 110 32 78

Age 0.037  0.848
<50 60 43 17
=50 50 35 15

Gender 0341  0.559
Female 14 9 5
Male 96 69 27

Tumor size (cm) 7.678  0.006"
<5 37 20 17
=5 73 58 15

Histological differentiation 0.879  0.258
Well 18 12 6
Moderate 69 49 20
Poor 23 17 5

Liver cirrhosis 0176  0.675
Yes 55 38 17
No 55 40 15

Metastasis 0.152 0.697
Yes 16 12 4
No 94 66 28

HBsAg status 3.400  0.065
Positive 96 71 25
Negative 14 7 7

Serum AFP (ug/L) 0.360  0.549
Positive (= 25) 80 58 22
Negative (< 25) 30 20 10

°P < 0.05. NRSN2: Neurensin-2; HCC: Hepatocellular carcinoma.

no statistically significant difference between NRSN2
expression and age, gender, histological differentiation,
liver cirrhosis, metastasis, HBsAg status, or serum AFP.

Univariate and multivariate analyses of prognostic
variables in HCC patients

The 5-year overall survival rates were 61.2% and 29.8%,
respectively, in patients with positive and negative
NRSNZ expression. Patients showing negative NRSN2
expression had a significantly shorter overall survival
than those with positive expression (P = 0.008, log-rank
test; Figure 3). Univariate Cox regression analysis also
identified that clinical variables including tumor size,
liver cirrhosis, serum AFP and INRSNZ2 expression were
significantly associated with overall survival (Table 2).

Table 2 Owverall survival Cox regression analysis

Variables Relative risk (95% CI) P-value
Univariate
Gender 0.674 (0.308-1.474) 0.320
Age 0.689 (0.423-1.123) 0.133
Tumor size 1.752 (1.028-2.986) 0.037*
Histological differentiation 1.728 (0.855-3.495) 0.083
Liver cirrhosis 1.689 (1.047-2.725) 0.030°
HBsAg 1.488 (0.680-3.252) 0.316
Serum AFP 1.990 (1.105-3.585) 0.019"
Metastasis 1.368 (0.733-2.554) 0.323
NRSN2 0.470 (0.265-0.836) 0.008"
Multivariate
Liver cirrhosis 1.739 (1.076-2.808) 0.024*
Serum AFP 1.957 (1.086-3.528) 0.025"
NRSN2 0.481 (0.270-0.854) 0.013*
P <0.05.
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Figure 2 Western blotting analysis of NRSN2 expression in HCC. Protein
extracted from paired tumor tissues (T) and surrounding non-tumorous liver
tissues (N) in four patients with HCC.

Furthermore, to evaluate the potential of NRSN2
expression as an independent predictor for overall
survival of HCC, multivariate Cox regression analyses
(Forward: LR) were performed. While the others failed
to demonstrate independence, liver cirrhosis, serum AFP
level and NRSNZ2 expression may play a role in predicting
the overall survival in HCC (P = 0.024, 0.025, and 0.013,
respectively, Table 2).

DISCUSSION

HCC is one of the most deadly human catcinomas.
Even with improved diagnosis and compositive therapy,
the prognosis of HCC remains dismal”. Therefore,
prognostic molecular biomarkers are invaluable for the
clinician to evaluate patients and to aid in tumor control.

Recently, Zender ez a/” introduced a new, effective
and high-yield approach for identifying liver tumor
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Figure 3 Kaplan-Meier survival analysis of primary hepatocellular
carcinoma patients (n = 110) after surgical resection with negative NRSN2
expression (n = 78) and positive NRSN2 expression (n = 32). The survival
rate for patients in the NRSN2 negative group (") was significantly lower than
that for patients in the NRSN2 positive group (“+") (log rank, P = 0.008).

suppressors. They first used representational oligo-
nucleotide microarray analysis (ROMA), a high-resolution
array-based comparative genomic hybridization (CGH)
platform, to narrow down the field of potential candidate
genes. To further accelerate the study of cancer genes
in vivo, they adapted stable RNAI technology, utilizing
microRNA-based short hairpin RNAs (shRINAs), that are
potent triggers of the RNAi machinery and can efficiently
suppress gene expression when expressed from a single
genomic copy™, to downregulate tumor suppressor
genes in mice!'”. In addition, to facilitate a more rapid and
cost-effective analysis of cancer gene action # vivo, they
developed a “mosaic” mouse model of HCC". In this
mouse model, HCCs with different oncogenic lesions can
be rapidly produced by genetic manipulation of cultured
embryonic liver progenitor cells (hepatoblasts) followed
by their retransplantation into the livers of recipient
mice!"',

According to Zender'”, they selected 16 shRNAs
targeting 14 different genes for validation. The result
showed that many of the candidate shRNAs triggered
tumor growth above background, with those targeting
Xpo4, Ddx20, Gjd4, Fst/5, and Nrsn2 showing the most
prominent acceleration of tumor growth. Interestingly,
most of these genes previously have not been linked to
cancet.

To validate and further study the potential value
of tumor suppressors in the results of Zender, we
randomly selected NRSNZ2 as a sample, and performed
immunohistochemical analysis and Western blotting
analysis to determine the expression of NRSNZ in HCC
and evaluate its potential clinical relevance.

To our knowledge, there are no studies of NRSNZ in
cancet, not to mention HCC. NRSN2 encodes a 21983 Da
protein composed of 204 amino acids, belongs to the
vesicular membrane protein (VMP) family, and shows a
high sequence homology to Neurensin-1. So far, there
is no definite function for NRSN2. After retrieval in
UniProt Knowledgebase, it may play a role in maintenance
and/or transport of vesicles, according to its sequence
similarities with Neurensin-1, and it is uncertain whether
Met-1 or Met-2 is the initiator (http://www.uniprot.org/

uniprot/ QIGZP1#section_comments).

In the present paper, using immunohistochemistry
technology, we demonstrated that negative NRSN2
protein expression was found in 70.9% of HCC samples
(78/110). This was significantly associated with larger
tumor size (P = 0.006) and was significantly correlated
with poor patient outcome (P = 0.008). Regardless of
whether NRSNZ has prognostic significance, dectreased
expression of NRSN2 was observed in larger tumors,
which does support the hypothesis that NRSNZ2 may
play a role in inhibiting tumor progression. Metastasis
is one of the characteristics of progression of HCC.
However, in our studies, no significant correlation was
observed between NRSN2 expression and metastasis,
indicating that some other mechanisms may be more
important in moderating the metastasis of HCC, since
hepatocarcinogenesis is a multi-step and complex
process associated with accumulation of genetic and
epigenetic changesm. Further multivariate Cox regression
analysis indicated that NRSNZ2 expression level was an
independent factor of survival and may constitute a
prognostic factor for patients with HCC after surgery.
Western blotting analysis further confirmed decreased
expression of NRSNZ in tumor tissues compared with
paired non-tumorous tissues.

At the same time, we also performed some experi-
ments with the gene XPO4 to investigate its expression
and prognostic values in HCC, and the result was similar
to that of NRSNZ (data not shown). All these data
supported the result of Zender and further validated the
utility of this new approach. Therefore, we have reason
to believe other genes identified by Zender are tumor
suppressors, although more studies are still needed to
further confirm this.

What’s more, in the study of Zender, NRSN2 was
also found to be frequently deleted in human breast
cancet, indicating that NRSN2 may be relevant to other
epithelial malignancies as a tumor suppressor. However,
to elucidate the molecular mechanism role of NRSN2
in liver carcinogenesis and its relation with other tumor
types, more studies still should be done.

ACKNOWLEDGMENTS

We gratefully acknowledge Professor Min-Shan Chen for
his help in collecting tumor tissue samples.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is one of the most deadly human carcinomas.
Even with improved diagnosis and compositive therapy, the prognosis of HCC
remains dismal. Therefore, prognostic molecular biomarkers are invaluable for
the clinician to evaluate patients and to aid in tumor control.

Research frontiers

A research article published on November 26, 2008 in “Cell” introduced a
new, effective and high-yield approach for identifying liver tumor suppressors
by combing an integrated cancer genomic analysis, RNA interference (RNAi)
technology and cancer-susceptible mouse models. The approach resulted in
identification of 13 tumor suppressor genes, including Exportin 4 (XPO4), DEAD
box polypeptide 20 (DDX20), Gap junction protein, delta 4 (GJD4), Follistatin-
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like 5 (FSTL5) and Neurensin-2 (NRSN2) efc. Interestingly, the vast majority
of these identified genes had not previously been linked to cancer. Therefore,
more work is needed to validate and further study the potential value of these
tumor suppressors.

Innovations and breakthroughs

In the present study, for the first time, by using immunohistochemistry technology,
NRSN2 expression was found to be decreased in 70.9% of cases (n = 110). Loss
of NRSN2 expression in HCC was significantly related to tumor size (P = 0.008).
Larger size tumors were related to negative expression of NRSN2. Patients
showing negative NRSN2 expression had a significantly shorter overall survival
than those with positive expression (P = 0.008). Multivariate Cox regression
analysis indicated that NRSN2 expression level was an independent factor of
survival. Western blotting analysis further confirmed decreased expression of
NRSNZ in tumor tissues compared with paired non-tumorous tissues.
Applications

Because NRSN2 down-regulation frequently occurs in HCC, the authors
propose that NRSN2 may be a candidate tumor suppressor gene for HCC, and
may be used as a candidate biomarker for long-term survival in HCC.
Terminology

NRSN2 encodes a 21983 Da protein composed of 204 amino acids, belongs
to the vesicular membrane protein (VMP) family, and shows a high sequence
homology to Neurensin-1. So far, there is no definitive function for NRSN2.

Peer review

Ma et al investigated the expression of NRSN2 in 110 cases of HCC
immunohistochemically and by Western blotting, and found a correlation
between its negative expression and tumor progression. Although the function
of NRSN2 has not been clarified, their result was interesting and this molecule
might be a new prognostic marker of HCC.
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