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Down-Regulation of Nogo-B Expression as a Newly Identified
Feature of Intrahepatic Cholangiocarcinoma

Atsushi Nanashima,'” Go Hatachi,' Tetsurou Tominaga,' Goushi Murakami,'
Katsunori Takagi,' Junichi Arai,' Hideo Wada,' Takeshi Nagayasu' and
Yorihisa Sumida'

'Department of Surgical Oncology, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki,
Nagasaki, Japan

’Division of Hepato-Biliary-Pancreas Surgery, Department of Surgery, University of Miyazaki Faculty of
Medicine, Miyazaki, Miyazaki, Japan

Nogo-B, located in the endoplasmic reticulum, is an isoform belonging to the reticulon protein family, which
is expressed specifically in cholangiocytes and non-parenchymal cells in the liver. Nogo-B expression is
down-regulated with the progression of liver fibrosis, but its distinct function in liver malignancies has not
been fully clarified. We have hypothesized that Nogo-B expression may be altered in intrahepatic
cholangiocarcinoma (ICC), a relatively rare type of primary liver cancer with highly malignant behavior. The
present study aimed to investigate the relationship between Nogo-B expression, assessed by
immunohistochemical staining, and clinicopathological factors and prognosis in 34 ICC patients. Positive
expression was observed in 19 (56%) of 34 ICC specimens: 6 patients (18%) with positivity levels of 1+
(positive cells in 10-50% of cancer cells) and 13 patients (38%) with 2+ (positive cells over 50%).
Importantly, the remaining 15 patients (44%) were categorized as negative expression (Nogo-B-positive
cells, less than 10%). Conversely, the mass-forming type of ICC tended to express Nogo-B with the degree
of 2+ positivity, compared to the periductal infiltration type (p = 0.064), and the mass-forming type showed
a better 5-year survival rate (66% vs. 5%) after hepatectomy (p < 0.05). However, the degree of positivity
was not associated with tumor relapse rate, disease-free and overall survival, although each of the
periductal infiltration type, intrahepatic metastasis, larger tumor size, and lower microvessel counts was
associated with lower survival rates. We propose that Nogo-B expression is down-regulated in ICC, the

implication of which, however, remains to be investigated.
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Introduction

Peripheral intrahepatic cholangiocarcinoma (ICC) is a
relatively rare type of primary liver cancer that shows
highly malignant behavior (Kokudo and Makuuchi 2002;
Poultsides et al. 2010). Although hepatic resection is cur-
rently the only curative option for radical treatment of ICC,
the cancer recurrence rate after resection remains high and
patient survival is still unsatisfactory. Although some con-
ventional clinicopathological and operative factors in ICC
have been shown to be related to oncological features or
patient prognosis, useful markers that could indicate an ICC
patient’s prognosis are largely unknown (Malaguarnera et
al. 2013). In addition, the mechanisms underlining malig-
nant behavior of ICC are not fully elucidated (Sirica et al.
2009; Malaguarnera et al. 2013).

Nogo isoforms (Nogo-A, -B and -C) belong to the
reticulon family of proteins (Dodd et al. 2005). These share
a reticulon homology domain containing a 66-amino-acid
loop domain. Nogo-B (Reticulon 4B) is a 55-kDa protein
located in the endoplasmic reticulum and is widely
expressed in many cell types (Harrison et al. 2009). In the
liver, Nogo-B is expressed specifically in cholangiocytes
and non-parenchymal cells, but not in hepatocytes (Zhang
et al. 2011). Studies in cirrhotic patients and experimental
models of fibrosis/cirrhosis suggest that Nogo-B is down-
regulated in liver fibrotic/cirrhosis or apoptosis of hepatic
stellate cells (Tashiro et al. 2013; Men et al. 2015). Further,
deletion of Nogo-B results in amelioration of liver cirrhosis
and portal hypertension in mice with biliary cirrhosis
(Tashiro et al. 2013; Men et al. 2015). From the above pre-
vious reports, given that Nogo-B is expressed in cholangio-
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cytes and that deletion of Nogo-B results in attenuation of
biliary cirrhosis in which cholangiocyte proliferation plays
a central role (Zhang et al. 2011), we hypothesized that
decreased Nogo-B expression might stimulate cancer cell
proliferation, tumor growth or invasion, and may play a sig-
nificant role in poor prognosis of patients with ICC.
Currently, the roles of Nogo-B in hepatobiliary malignan-
cies have not been fully determined (Liu et al. 2014).

In the present study, to test our hypothesis, we exam-
ined the relationship between prognosis and expression of
Nogo-B in ICC using immunohistochemical staining meth-
ods and conventional clinicopathological factors of 34
patients with ICC who underwent hepatic resection.

Materials and Methods

Patients

A total of 34 consecutive patients (20 men, 14 women) with
ICC who were admitted to Nagasaki University Graduate School of
Biomedical Sciences (NUGSBS) between 1997 and 2012 (minimum
follow-up 24 months) were analyzed retrospectively in this study.
Data were retrieved from both anesthetic and patient charts to cover
the period of hospitalization following hepatectomy. The study
design was approved by the Ethics Review Board of our Institute and
signed consent for clinical research using tissue or blood samples was
obtained from each patient. Follow-up included measurement of
serum tumor markers and abdominal computed tomography (CT)
every 3-6 months. Pathological and morphological parameters, mac-
roscopic findings and Japanese tumor-node-metastasis (TNM) classi-
fication, which were compared to Nogo-B expressions, were used as
defined by the Liver Cancer Study Group of Japan (Liver Cancer
Study group of Japan 2003).

Immunohistochemical staining

Resected specimens were fixed in 10% formalin and embedded
in paraffin. Thin sections (4 um) were deparaffinized twice using
xylene and rehydrated in an ethanol series (100%, 90%, and 80%).
Sections were then treated with 3% of H,O, for 30 minutes to inhibit
intrinsic peroxidase. For Nogo-B, to inhibit non-specific reactions,
specimens were treated by normal rabbit serum for 10 min. A 100-
fold diluted antibody to Nogo-B (goat anti-human Nogo-B; N-18,
Santa Cruz Biotechnology, Santa Cruz, CA; recognizing epitopes
1-18) (Zhang et al. 2011) was used as a primary antibody and reacted
overnight at 4°C. The Simple Stain max PO (mouse, monoclonal;
Cosmo Bio, Carlsbad, CA, USA) was used as a secondary antibody
and reacted for 30 min.

For CD34 and proliferating cell nuclear antigen (PCNA) stain-
ing, tissue sections were digested with 0.2% trypsin in 0.01 mol/l
phosphate-buffered saline (PBS) for 20 min at 37°C. Sections were
incubated overnight at 4°C with mouse monoclonal antibody to CD34
(1:25, QB-END/10; Novocastra Laboratories, Newcastle, UK), or for
1 h at room temperature with 1:100 diluted monoclonal mouse anti-
body to PCNA antibody (PC-10; Dako) as the primary antibody. This
was followed by reaction with biotinylated anti-immunoglobulin and
reagent using labeled streptavidin-biotin (LSAB) kit peroxidase
(Dako). The peroxidase reaction was visualized with 0.01% H,O,
and 3,3'-diaminobenzidine under light microscopy (x200)
(Nanashima et al. 2004).

For Nogo-B (Fig. la-c), staining of fewer than 10% of cells was

defined as negative expression, that between 10 and 50% was defined
as positive expression (1+), and that over 50% was defined as positive
expression (2+). A positive control was defined on an intra-Glisso-
nian cholangiole in the normal liver specimen (Fig. 1d). Fig. le
shows the 2+ positivity of Nogo-B expression in both cholangiole and
cholangiocarcinoma. For microvessel counts using CD34 staining, an
average count was determined for the five most vascular areas in the
section examined under X200 magnification. The average percentage
of cells exhibiting positive PCNA nuclear expression among 1,000
nuclei in five areas of the tumor was estimated.

Statistical analysis

Continuous data are expressed as mean + standard deviation.
Data from different groups were compared using one-way analysis of
variance and examined with Student’s z-test or Dunnett’s multiple
comparison test. Categorical data were analyzed using Fisher’s exact
test. Survival rates were calculated according to the Kaplan-Meier
method, and differences between groups were tested for significance
using the log-rank test. Two-tailed values of p < 0.05 were consid-
ered statistically significant. Statistical Package for the Social
Science (SPSS) version 18.0 software (SPSS, Chicago, IL, USA) was
used for all statistical analyses.

Results

Expression of Nogo-B and relationship with microvessel
counts, proliferation activity or clinicopathological feature

Nogo-B is expressed in the normal cholangiole, the
staining intensity of which was equivalent to (2+) positivity
(Fig. 1). In contrast, negative expression of Nogo-B was
observed in 15 patients (46%). Positive expression of
Nogo-B was found in 19 patients (56%): (1+) positivity in
6 patients (18%) and (2+) positivity in 13 patients (38%).
Thus, among the 34 patients, 21 patients (62%) showed the
smaller population of Nogo-B-positive cancer cells: 15
patients with negative expression and 6 patients with (1+)
positivity.

The relationships between Nogo-B expression and
clinicopathological features were examined, and the results
are shown in Table 1. Prevalence of strong Nogo-B expres-
sion in the mass-forming type of ICC was slightly higher
than that in the periductal infiltration types (p = 0.064).
Otherwise, Nogo-B expression was not significantly associ-
ated with other tumor-related clinic-pathological parameters
of ICC or prevalence of tumor relapse. Nogo-B expression
was not significantly associated with the presence of
chronic liver injury and degree of fibrosis, microvessel
counts (CD34) or PCNA labeling index of tumors (Table 1).
The median microvessel count by CD34 was 126 + 52 /
mm? and a median PCNA labeling index of 149 + 78 /field
(x200) was applied as a cutoff value (Table 2).

Relationship between Nogo-B expression and patient prog-
nosis

Table 2 shows the relationship between disease-free
and overall survival rate and clinicopathological factors
including expression of Nogo-B. Periductal infiltrating
type of ICC, intrahepatic metastasis and lower CD34 level
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Fig. 1. Representative figures of Nogo-B expression.

Cases of negative (a) and 1+ positive (10-50% of positive cancer cells) (b) and 2+ positive (over 50% positive cancer
cells) (c) expressions of Nogo-B (white arrow). Positive control was defined on the intra-Glissonian cholangiole (d).
Black arrow shows the 2+ positive cholangiole and the arrowhead show the sinusoid. Positive control was used from a
normal liver specimen. In a section of the mass-forming type cholangiocarcinoma specimen, positive expression was
observed in both cholangiole (arrowhead) and cholangiocarcinoma (arrow) (e). Findings at X200 magnification.

were significantly associated with a lower 3-year disease-
free survival rate after hepatectomy (p < 0.05). In addition,
higher blood loss tended to be associated with lower 3-year
disease-free survival rate (p = 0.075). Nogo-B positivity
level was not significantly associated with disease-free sur-
vival rate (Table 2, Fig. 2a). With respect to 5-year overall
survival rates after hepatectomy, each of periductal infiltrat-
ing type, intrahepatic metastasis, and tumor size was signif-
icantly associated with a lower 5-year survival rate (p <
0.05). Nogo-B positivity was not significantly associated
with overall survival rate (Table 2, Fig. 2b).

Discussion

Various biological factors of ICC have been reported
as candidates for prognostic markers (Cao 2008; Nanashima
et al. 2008; Nathan et al. 2009). In both preliminary studies
(Nanashima et al. 2009) and the present study, we focused
on microvessel counts or tumor enhancement patterns by
CT as markers of tumor angiogenesis for ICC. We propose
the inclusion of this examination in conventional pathologi-
cal diagnosis to predict tumor malignancy because of the
simplicity of examining immunohistochemistry. Tumor
angiogenesis can be related to patient prognosis in ICC for
those who undergo radical hepatectomy (Cao 2008;
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Table 1. Correlation between Nogo-B expression and clinicopathological parameters or postoperative recurrence rate in intrahepatic
cholangiocarcinoma.
Nogo-B
Negative 1+ Positive 2+ Positive p-value
(n=15) (n=106) (n=13)
Gender
Male (n = 20) 9 (60) 3 (50) 8(62) 0.886
Female (n = 14) 6 (40) 3(50) 5(38)
Age (years) 67+8 62+ 10 73+ 11
Cholecysto- or hepatolithiasis, yes (n = 6) 2(13) 1(17) 3(23) 0.794
Chronic viral hepatitis, yes (n = 18) 6 (40) 3(50) 7 (54) 0.760
Serum tumor marker
CEA (ng/ml) 80 + 289 8+12 59+£197
CA19-9 (U/ml) 340 + 1,020 1,103 £ 1,389 584 + 1,356
AFP (ng/ml) 93+13.2 53+29 3619
Tumor size (cm) 43+25 50+2.8 7.9+8.8
Macroscopic finding®
Mass-forming (n = 14) 3 (20) 2(33) 9 (70)
Periductal infiltrate (n = 18) 11 (74) 3(50) 4(30) 0.072
Intraductal growth (n = 2) 1(6) 1(17) 0
Histological differentiation
Good (n=28) 5(33) 1(17) 2 (15)
Moderate (n = 20) 8 (53) 4 (66) 8(62) 0.803
Poor (n = 6) 2 (14) 1(17) 3(23)
Intrahepatic metastasis, yes (n = 8) 4(27) 1(17) 3(23) 0.965
Bile duct invasion, yes (n = 6) 3(20) 2(33) 1(8) 0.912
Lymph node metastasis, yes (n = 12) 5(33) 4 (66) 3(23) 0.170
Serosal invasion, yes (n = 8) 3 (20) 2(33) 3(23) 0.810
Tumor-related factor
I(n=2) 2 (13) 0 0
I (n=3) 1(7) 1(17) 1(8) 0.500
I (n=19) 6 (40) 4 (66) 9 (69)
IV (n=10) 6 (40) 1(17) 3(23)
Tumor-node-metastasis stage®
I(n=2) 2 (13) 0 0
I(n=2) 1(7) 1(17) 0
I (n=13) 3(20) 2(33) 8(62) 0.237
IVA (n = 6) 4(27) 0 2(17)
IVB (n=11) 5(33) 3 (50) 3(23)
Knodell’s histological fibrosis stage
0(n=14) 6 (40) 2 (33) 6(8)
I1(n=7) 4 (27) 1(17) 2 (15)
2(n=4) 1(7) 0 3(23) 0.105
3,4(n=3) 1(7) 3 (50) 0
CD34 (/mm?) 98 £40 130 £55 105+ 30
PCNA (cells/1,000 cells) 151 £90 154 £ 44 139+ 100
Postoperative tumor recurrence, yes (n = 23) 11 (73) 4(67) 8 (62) 0.689

Values in parentheses are %.

CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; AFP, alpha-fetoprotein; PCNA, proliferating cell nuclear antigen.
2Macroscopic classification of intrahepatic cholangiocarcinoma (Liver Cancer Study group of Japan 2003).

bJapanese TNM stage for classification of intrahepatic cholangiocarcinoma (Liver Cancer Study group of Japan 2003).



Nogo-B Expression in Cholangiocarcinoma 13

Table 2. Relationship between clinicopathological factors and survival rates in intrahepatic cholangiocarcinoma.

Disease-free 3 years Overall 5 years

survival rate, % p-value survival rate, % p-value
Gender
Male (n =2
ale (n =20) 75 0.349 58 0333
Female (n=14) 31 41
Age, years
< =
<60(=7) 75 0.508 37 0.903
> 60 (n=27) 39 46
Chronic viral hepatitis
No (n=18) 31 0236 50 0.580
Yes (n=16) 71 46
CEA (ng/ml)
< =
<10(=28) 33 0.765 48 0.146
>10 (n=6) 0 0
Macroscopic finding
Mass-forming (n = 14) 63 66
Periductal infiltrate (n = 18) 5 0.005 5 0.040
Intraductal growth (n = 2) 100 100
Lymph node metastasis
No (n=22) 60 0.237 53 0.142
Yes (n=12) 0 0
Intrahepatic metastasis
No (n=26) 54 0.006 59 0.007
Yes (n = 8) 5 0
Size of tumor (cm)
< =
=5(=22) %0 0.590 2 0.049
>5m=12) 27 27
Histological differentiation
Good (n=28) 50 51
Moderate (n = 20) 53 0.241 56 0.301
Poor (n=6) 0 0
CD 34 (/mm?)
<126 (n=18 0 50
<126(n=18) 0.013 0.363
> 126 (n=16) 75 46
PCNA L.I. (/100 nuclei)
< =
<149 (n=17) 50 0.984 44 0.626
>149 (n=17) 33 50
Blood loss (ml)
< =
< 1,000 (n=16) 58 0.075 53 0.269
> 1,000 (n=18) 25 45
Nogo-B
Negative (n=15) 33 47
1+ positive (n = 6) 100 0.666 33 0.323
2+ positive (n = 13) 63 58

CEA, carcinoembryonic antigen; CD 34, microvessel counts; PCNA, proliferating cell nuclear antigen; L.1., labeling index.
Each survival rate is shown as % value, based on our analytical software.

Nanashima et al. 2008, 2009; Nathan et al. 2009; Thelen et study we studied Nogo-B, which has recently been identi-
al. 2010). However, few new markers associated with fied as a potential marker of hepatic fibrosis (Zhang et al.
prognosis or malignant behavior of ICC has been deter- 2011; Gao et al. 2013; Tashiro et al. 2013; Men et al. 2015)
mined (Oishi et al. 2012; Shimada et al. 2010). In this and as a potential enhancer of bile duct proliferation (Zhang



14 A. Nanashima et al.

a Disease Free Survival

100 P =0.667
(1+) positive
80t
I
S
o 60 '1|
© |_ ot iti
§ — (2+) positive
S 404 R I
> .
(7] negative
20
0 T T T T 1
0 2 4 6 8 10

Time after hepatectomy (years)

b Overall Survival

100 — —l
g0t P=0.323
g :| 1+) positive
S ol T (14)p
©
S =3
= |_.. e ——
< 40+ | negative
N e e e
20 (2+) positive
0 T T T T \
0 2 4 6 8 10

Time after hepatectomy (years)

Fig. 2. Survival curves associated with Nogo-B positivity.
Disease-free and overall survivals in ICC patients who
underwent radical hepatectomy in each expression of
Nogo-B. Patients were divided into 3 groups: negative
(Nago-B-positive cells, less than 10% of cancer cells), 1+
positive (10-50%), and 2+ positive (over 50%).

et al. 2011). In addition, studies showed that Nogo-B can
be a promising parameter for lower malignancy in breast or
lung carcinomas (Wang et al. 2013; Pula et al. 2014).
Nogo-B expression indicates neuronal regeneration in the
central nervous system, and was identical to that of the
apoptosis-inducing gene in human carcinomas (Li et al.
2001). On the other hand, Nogo-B was associated with epi-
thelial-mesenchymal transition and cellular migration of a
cervical carcinoma cell line (Xiao et al. 2013). It remains
unclear whether Nogo-B expression is closely related to
digestive tract carcinogenesis. The mechanism of Nogo-B
expression in the digestive tract has not been fully clarified
at this stage. In hepatocellular carcinoma (HCC), another
Nogo isoform was closely related to progression of liver

cirrhosis and tumor carcinogenesis (Liu et al. 2014).
Nogo-C is a tumor suppressor gene in HCC but the role of
Nogo-B is known only in the development of liver fibrosis.

Regarding the cause of carcinogenesis in ICC, exis-
tence of biliary stones, chronic viral hepatitis and patient
occupation have been proposed to be related factors
(Poultsides et al. 2010; Malaguarnera et al. 2013). Nogo-B
expression was related to the progression of chronic liver
injury, hepatic fibrosis and portal hypertension as above.
Thus, we proposed to examine the correlation between
Nogo-B expression and clinicopathological malignant
behavior of ICC in this study. However, we found that
expression of Nogo-B was not associated with factors of
chronic liver or biliary injuries and we were unable to spec-
ulate on the mechanism of specific carcinogenesis in ICC.

Significant Nogo-B positivity was observed in mass-
forming type by macroscopic findings, and this type exhib-
ited a lower malignant potential in ICC (Shimada et al.
2007; Yamamoto et al. 2009). This type may not infiltrate
along intrahepatic ducts and invade adjacent lymphatic or
venous ducts and perineural tissues, which can lead to
lower tumor metastasis and better prognosis. On the other
hand, periductal infiltration type, showing cancer migration
to Glissonian vessels, has a worse prognosis. The role of
Nogo-B expression for cell-cell adhesion in biliary cancer
has not been clarified yet. Nogo-B expression induced
apoptosis in cancer cells and this might indicate non-
aggressiveness of biliary cancer cells. Microvessel density,
as indicated by CD34 and PCNA, is a remarkable prognos-
tic factor in malignant tumors, including ICC (Ohashi et al.
1994; Nanashima et al. 2009). However, relationship
between these oncological parameters and Nogo-B positiv-
ity has also not been fully elucidated. The associations
between Nogo-B expression and these markers were not
significantly correlated in the present study. Thus, malig-
nant cancer behavior of Nogo-B was not observed by our
results.

The goal of this study was to clarify the relationship
between promising biological parameters and survival in
patients with ICC. Predictive factors for patient prognosis
have been proposed by many investigators, but no consen-
sus has yet been reached (Cao 2008; Nathan et al. 2009;
Sempoux et al. 2011). The present study showed that peri-
ductal infiltration type and intrahepatic metastasis were
associated with lower disease-free survival rate, as in previ-
ous reports (Yamamoto et al. 2009; Yamamoto and Ariizumi
2011; Yeh et al. 2013). Expression of Nogo-B was not sig-
nificantly associated with disease-free and overall survival
rate. In the present study, the number of participants was
limited and therefore multivariate analysis was not per-
formed. If a larger number of subjects could be obtained,
discrimination of survivals between staining intensity
would be significant. Peripheral ICC is a relatively rare
liver malignancy, comprising around 3% of resectable pri-
mary liver cancers, and therefore it is difficult to increase
the sample size at a single institute (Ikai et al. 2004). To
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resolve this problem, a further study in a larger population
of patients at multiple institutes is necessary. As ICC is not
a common disease, a multi-institutional comprehensive
study to investigate various candidate factors is required.

In conclusion, the present study examined the relation-
ship of Nogo-B expression as a marker of chronic liver
injury with clinicopathological features and survival in 34
patients with ICC. Out of the 34 patients, 21 patients (62%)
showed the smaller population of Nogo-B-positive cancer
cells: negative expression in 15 patients and (1+) positivity
in 6 patients. Thus, Nogo-B expression might be down-
regulated in ICC, which may cause the malignant behavior
of ICC, including tumor infiltration. As a tumor biological
factor, Nogo-B expression was associated with mass-form-
ing type of ICC, the most popular phenotype. However,
Nogo-B expression was not significantly associated with
any clinicopathological parameters, tumor relapse rate or
prognosis at all. A further study in a larger population of
patients with ICC undergoing surgical resection will clarify
the role of Nogo-B expression in ICC.
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