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Introduction

Intrahepatic cholangiocarcinoma (ICC) arises from 
the epithelial lining of intrahepatic bile duct beyond 
the second-order of the biliary system, and constitutes 
approximately 10% to 20% of primary liver cancer (1,2). 
According to anatomical location, ICC belongs to one of 
the three categories of cholangiocarcinoma (intrahepatic, 
hilar and extrahepatic). As a poorly understood variant of 
cholangiocarcinoma, ICC was histologically considered 
to be the least common category of the above three (3). 
The last three decades have witnessed a global increase 
in incidence and mortality of ICC, while the incidence of 
all other forms of cholangiocarcinoma has been stable or 

declined (4-8). The rarity of ICC poses a great obstacle 
not only to the understanding of disease pathogenesis but 
also to the development of effective treatment approaches. 
Surgery has been established as the mainstay of therapy and 
offered the hope of prolonged survival for patients with 
ICC. However, postoperative long-term outcome stays 
unsatisfactory, with 5-year survival rate of around 30% to 
35% (9). Similarly, no significant survival advantages were 
demonstrated by locoregional neoadjuvant or palliative 
therapies (10-12). 

With great improvement in tumor biology, bio-molecular 
markers from biopsy, serum sample, or postoperative 
specimen may be able to further predict tumor behavior. 
Therefore, identification of a novel prognostic predictor 
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for early diagnosis, preventive measures and therapeutic 
regimens of ICC is of clinical utility and urgent need. 

Leukemia related protein 16 (LRP16), identified and 
recognized as an important estrogen-responsive gene, 
was first isolated from human serum lymphocytes in 
the year 1999 (13); this novel gene was found to be on 
chromosome 11q12.1 and encodes nuclear factor (13-16).  
Increasing evidence has implied that LRP16 is closely 
involved in estrogen signaling pathway and can help 
activate estrogen receptor α (ERα) (17). Hence, LRP16 
might play functional roles in tumor progression and 
metastasis. To date, aberrant expression of LRP16 has 
been found in certain primary tumors and some cell lines 
of breast, stomach, colon and rectum, pancreas, kidney, 
ovary, endometrium and prostate. Specifically, LRP16 
expressions were shown to be of prognostic values in 
gastric carcinoma, breast cancer, colorectal carcinoma and 
neuroendocrine lung tumors (18-21). However, expression 
of LRP16 and its prognostic significance in ICC stays 
unexplored. Moreover, with reference to CD56 and CDX2, 
little data is available on the correlation of their expression 
with ICC outcome (association between their expression 
and survival outcome were not widely published, either). 
Given this, by using a tissue microarray approach, we 
evaluated immunohistochemically the expression of CD56, 
CDX2 and LRP16, and their prognostic values in ICC. 
Additionally, the associations between LRP16 expression 
and clinicopathological features of the included Chinese 
patients with ICC were also investigated.

Methods

Patients and tumor samples

The study was reviewed and approved by the Ethics 
Committees of the PLA General Hospital (Beijing, China). 
From 2005 to 2010, a total of 127 tissue samples (paraffin 
embedded sections) were collected from surgically resected 
specimens of 127 corresponding patients with pathologically 
confirmed ICC at the Department of Pathology, Chinese 
PLA General Hospital. For all the patients enrolled in the 
study, demographic data and preoperative presentations 
were collected and analyzed by reviewing the medical 
computerized database; the perioperative records and 
pathology reports were thoroughly reviewed; supplementary 
follow-up was carried out by telephone interviews with the 
patients. Patients with combined hepatocellular carcinoma 
and cholangiocarcinoma were excluded from this analysis. 

Construction of tissue microarray

All archival formalin-fixed, paraffin-embedded sections 
were carefully reviewed and selected from corresponding 
haematoxylin and eosin stained sections to identify and mark 
representative tumorous areas, as previously documented 
(22,23). Single 0.6-mm cores of tissue taken from the above-
mentioned representative tumorous area were used to assemble 
the arrays. The assembled array blocks were sliced into 4-mm-
thick sections and mounted on glass slides. Totally, 127 tumor 
samples were evaluated for staining on the array.

Immunohistochemistry

Immunohistochemical staining of the tissues was performed 
using the Envision two-step method (24). Briefly, formalin-
fixed, paraffin wax-embedded, and 4-µm-thick sections 
were prepared as previously described (24). The slides were 
incubated serially (40 min each, at room temperature) with 
the following primary antibodies: CD56 (dilution 1:100; 
Gene Tech, Shanghai), CDX2 (dilution 1:150; Dako, 
Denmark), and LRP16 (dilution 1:150; recognized and 
isolated in 1999 by Department of Molecular Biology of 
Chinese PLA General Hospital). Each incubation with 
primary antibody was followed by 40-min incubation at 
room temperature with horseradish peroxidase-labeled 
polymer. The staining was developed by incubation with 
diaminobenzidine substrate-chromogen for 5–10 min, and 
a hematoxylin counterstain was applied. Both negative and 
positive controls for each antibody were performed.

Evaluation of score

Immunohistochemical expression was assessed by  
2 investigators using light microscopy. Both were blinded to 
study design. Staining was graded for intensity of staining  
(0, negative; 1, weak; 2, moderate; 3, strong) and percentage 
of cells stained (0, ≤5%; 1, 6–25%; 2, 26–50%; 3, >50%).  The 
final score was determined by the combined staining score 
(extent + intensity). For all the 3 antibodies, score greater than 
or equal to 2 was defined as positive expression (18). 

Definition

In the present study, all 127 patients had received curative 
resection (R0 resection). Lymphatic invasion mostly 
referred to lymph node involvement at the site of the 
hepatoduodenal ligament [regional lymph nodes, N1 
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disease based on the 8th edition of the American Joint 
Committee on Cancer (AJCC) staging system]. According 
to the macroscopic appearances proposed by the WHO 
Classification of Tumors of the Digestive System [2010], 
ICC includes four morphological growth subtypes: the 
mass-forming (MF) subtype, the periductal infiltrating 
(PI) subtype, and the intraductal growth (IG) subtype, and 
the mixed subtype. Morphological growth subtypes were 
defined based on preoperative imaging and the macroscopic 
description in the pathological report. Tumor histological 
subtypes were pathologically identified according to the 
predominant features.

Statistical analysis

Statistical analyses were carried out using SPSS v14.0 (IBM, 
Armonk, NY, USA). Categorical variables were compared 
by the χ2 test or Fisher’s exact test, as appropriate. Long-
term survival was estimated using the Kaplan-Meier 
method and compared by the log rank test. Data are the 
mean ± standard deviation or median (range). P<0.05 was 
considered statistically significant.

Results

Demographic data and clinicopathological characteristics of 
the patients

Demographic data and clinicopathological characteristics of the 
patients were presented in Table 1. In our survey of 127 cases of 
ICC, there were 81 males and 46 females; the median age was 
54.85 years (range, 31–77 years). The tumor size ranged from 1 
to 24 cm (mean 6.47 cm). As with TNM staging, there were 67 
of T1 tumors, 37 of T2, and 23 of T3. Regarding histological 
subtypes, 122 were adenocarcinoma, and 5 were squamous cell 
carcinoma. As regards to histological differentiation, 17 were 
well differentiated, 28 moderately differentiated and 82 poorly 
differentiated. The follow-up length of the patients ranged 
from 12 to 92 months with a median of 24 months. And  
16 patients lost to follow-up. 

Expression of CD56, CDX2, and LRP16

Both CD56 and CDX2 staining were assessed by 
immunohistochemistry in all 127 ICC specimens. As 
illustrated in Figure 1A and 1B, CD56 was principally 
concentrated in the membrane of tumor cells (Figure 1A), 
whereas CDX2 protein was mainly concentrated in the 
nucleus of tumor cells (Figure 1B). CD56 expression was 

Table 1 Clinicopathological characteristics and corresponding 

survival

Variable Cases
Survival 
(months)

P value

Sex 0.19

Male 81 27.0

Female 46 18.7

Age, year 0.55

≤40 15 18.1

41–60 74 22.0

≥61 38 29.1

HBs Ag 0.78

No 90 25.2

Yes 37 18.8

Bile duct stone 0.20

No 100 22.3

Yes 27 27.2

Diabetes 0.57

No 117 23.9

Yes 10 24.3

Tumor nodules 0.013

Multiple 33 14.4

Single 94 27.5

Gross subtype <0.001

Mass-forming 75 24.1

Peri-ductal infiltrating 18 11.0

Intraductal papillary 19 39.3

Mixed-type 15 12.93

Tumor necrosis 0.001

No 79 29.1

Yes 48 16.1

Histological differentiation <0.001

Well 17 48.5

Moderate 28 28.1

Poor 82 15.9

TNM staging 0.012

1 67 14.5

2 37 12.0

3 23 8.0

Histological subtype 0.018

Adenocarcinoma 111 25.3

Mucinous adenocarcinoma 10 20.3

Signet-ring cell carcinoma 1 12.0

Squamous cell carcinoma 5 5.0

P<0.05 was considered statistically significant.
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detected in 27 cases (21.3%); CDX2 staining was observed in 
33 cases (26.0%). Similarly, immunohistochemical staining 
of LRP16 was performed in all cases. LRP16 expression was 
localized mainly in the cytoplasm of tumor cells (Figure 1C) 
and was noted in 119 ICC specimens (93.7%).

Further analyses revealed that LRP16 expression 
was negatively correlated with both CD56 (coefficient 
of correlation: −0.208, P=0.018) and CDX2 expression 
(coefficient of correlation: −0.218, P=0.013). 

Survival analysis

For survival analysis, the median overall survival (OS) of the 127 
patients was 12.2 month (range, 0.5–92.0 months, Figure 2A),  
and survival at 1, 3, and 5 years was 32%, 16%, and 12%, 
respectively. Patients were categorized into positive or negative 
groups according to the expression of the markers of interest. 
Patients with positive expression of CD56 had a longer 
median survival (39.3 months) than those with no expression 
(21.8 months), and the difference was statistically significant 

(P=0.026, Figure 2B). Cases with positive CDX2 expression 
had a median survival of 41.4 months, whereas those in the 
negative group showed a median survival of 17.6 months 
(P<0.001, Figure 2C). Of note, unlike the expression of CD56 
and CDX2, the positive expression of LRP16 was associated 
with inferior survival when compared to negative expression 
(median survival: 20.2 months in positive expression group 
and 74.5 months in negative expression group; P<0.001). 
Differences in 1, 3, and 5 years OS rates between positive 
LRP16 expression group and the negative group were also 
statistically significant (28% versus 100%, 12% versus 88%, 
and 9% versus 61%, respectively; P<0.0001). Kaplan-Meier 
survival curves suggested that patients with negative LRP16 
expression had inferior survival when compared to those with 
positive LRP16 expression (χ2=13.2, P<0.001; Figure 2D).

Association between survival and other clinicopathological 
features

Of the other clinicopathological features, tumor nodules 

Figure 1 Immunohistochemical stainings of CD56, CDX2, and LRP16 in ICC. (A) CD56 expression in ICC. A strongly immunostained 
membrane of tumor cell in yellow or brown color (×200); (B) CDX2 expression in ICC. A strongly immunostained nucleus of tumor cell in 
yellow or brown color (×200); (C) LRP16 expression in ICC. A strongly immunostained cytoplasm of tumor cell in yellow or brown color 
(×200). ICC, intrahepatic cholangiocarcinoma. 
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Figure 2 Kaplan-Meier survival analyses. (A) Kaplan-Meier survival analysis of all ICC patients. The y-axis represents the percentage of 
patients; the x-axis, their survival in months. A total of 127 patients were enrolled and followed with a median of 24 months; and 16 patients 
lost to follow-up. (B) Kaplan-Meier survival analysis by CD56 status. The y-axis represents the percentage of patients; the x-axis, their survival 
in months. The green line represents CD56-positive patients with a trend of longer survival than the blue line representing CD56-negative 
patients (P=0.026). A total of 127 patients were enrolled and followed with a median of 24 months; and 16 patients lost to follow-up. (C) 
Kaplan-Meier survival analysis by CDX2 status. The y-axis represents the percentage of patients; the x-axis, their survival in months. The green 
line represents CDX2-positive patients with a trend of longer survival than the blue line representing CDX2-negative patients (P<0.001). A total 
of 127 patients were enrolled and followed with a median of 24 months; and 16 patients lost to follow-up. (D) Kaplan-Meier survival analysis by 
LRP16 status. The y-axis represents the percentage of patients; the x-axis, their survival in months. The green line represents LRP16-positive 
patients with a trend of worse survival than the blue line representing LRP16-negative patients (P<0.001). A total of 127 patients were enrolled 
and followed with a median of 24 months; and 16 patients lost to follow-up. ICC, intrahepatic cholangiocarcinoma.
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(P=0.013), gross subtype (P<0.001), tumor necrosis 
(P=0.001), tumor histological differentiation (P<0.001), 
TNM staging (P=0.012), and histological subtype (P=0.018) 

were found to be significantly linked with survival. 
No positive associations were observed between long-
term outcomes and age, gender, hepatitis B, diabetes, 
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hepatolithiasis, perineural invasion, or vascular tumor 
thrombus (all P>0.05). 

Correlation between CD56, CDX2, and LRP16 expression 
and clinicopathological features

The pooled result demonstrated a negative correlation 
between tumor size and CDX2 expression (coefficient of 
correlation: −0.190, P=0.0036), indicating that larger tumors 
showed a lower expression rate of CDX2. With regard to 
LRP16, expression was inversely linked with patient age 
(coefficient of correlation: −0.183, P=0.0036). However, 
LRP16 was positively correlated with tumor differentiation 
(coefficient of correlation: 0.333, P=0.001). 

Discussion

The prognostic values of CD56, CDX2, and LRP16 have 
been documented in certain malignancies previously. However, 
their predictive significances in ICC yet stay undefined. To 
the best of our knowledge, the current study serves as the first 
and largest report to explore the relationships between CD56, 
CDX2, and LRP16 IHC expressions and survival outcome 
as well as clinicopathological characteristics in ICC patients. 
The results illustrated that patients with positive expressions 
of CD56 or CDX2 had significant survival advantages over 
those with negative expressions. However, patients with 
positive expression of LRP16 carried survival inferiority 
when compared to those with negative expression. Taken 
together, it conceivable that the above-mentioned molecular 
markers, particularly LRP16, might be markers of prognostic 
significances for ICC patients in the future.

The detailed definite mechanisms involved in the correlation 
between molecular markers’ expression and survival influence in 
ICC patients have not been clearly studied. To some degree, the 
following aspects could be related to the correlations.

Positive expressions of either CD56 or CDX2 have been 
proven to be involved in the inhibition of invasiveness and 
metastasis of ICC, and considered as independent indicators 
for improved long-term survivals by previous studies 
(25,26). Previously, Komuta reported that CD56 might 
be a prognostic marker of cholangiolocellular carcinoma 
featuring a better prognosis compared with conventional 
ICC (27). As to cholangiolocellular carcinoma, it has been 
proven to be a subtype of cholangiocellular carcinoma, 
and is thought to originate from the ductules/canals of 
Hering, where hepatic progenitor cells are located (28). 
Possibly, cholangiolocellular differentiation might be 

present in certain part of the IHC slides, due to the use 
of tissue microarray approach. However, it is regarded 
that cholangiolocellular carcinoma will be defined when 
more than 90% of all cells presented cholangiolocellular 
differentiation (28). Hence, due the predefined exclusion 
criteria (patients with combined hepatocellular carcinoma 
and cholangiocarcinoma were excluded from this analysis.), 
there were no patients with cholangiolocellular carcinoma 
in our case series. Moreover, in CD56 positive patients, all 
tumors were adenocarcinoma. Morphological differences 
were not obviously observed; in these patients, some were 
with well differentiated adenocarcinoma, and others were 
with moderately or poorly differentiated adenocarcinoma. 
But the differences were not significant. As to CDX2, 
16.46% biliary tract carcinoma patients carried positive 
expression of CDX2 (26). Additionally, it has been 
demonstrated that CDX2 was expressed in 37.3% of 
extrahepatic biliary tract carcinoma and more frequently in 
tumors with papillary growth and no vascular invasion (29). 
Commensurate results were also obtained by Jinawath (30). 
Furthermore, in Li’s report, the expression of CDX2 was 
found to be negatively linked with tumor size and lymph 
node metastasis; increased CDX2 expression was correlated 
with better prognostic outcome (31). Similarly, the rate 
of positive CDX2 expression was 26.2% in our research; 
CDX2 expression was also negatively associated with tumor 
size, but no significant relationship was found between 
CDX2 expression and morphological tumor subtype. 
Our study also confirmed the survival benefit of CDX2 
positive expression group in comparison with the negative 
one. On the other hand, LRP16 expression was negatively 
correlated with CD56 and CDX2 expressions. Herein, 
patients with positive LRP16 expression were relatively 
prone to negative expressions of either CD56 or CDX2. 
And this could partially mirror the prognostic significance 
of LRP16 expression for ICC. In addition, increased 
expression of LRP16 gene acts as an ERα or androgen 
receptor coactivator in tumor related pro-angiogenesis, 
carcinogenesis and progression, especially for the hormone-
dependent cancer like breast, endometrial and prostate 
(13,16,17,32). As to hormone-independent malignancies 
including gastric and colorectal adenocarcinomas, aberrant 
expressions of LRP16 were significantly found when 
compared with corresponding matched noncancerous 
tissues (18,20). Furthermore, recent research has reflected 
that LRP16 was regarded as a crucial mediator to the 
abnormal activation of nuclear factor kB (NF-kB) pathway, 
which has been demonstrated to be extensively involved 
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in cell survival and progression of malignancy (33). Taken 
together, the mechanisms or hypotheses aforementioned 
might explicate our finding that patients with positive 
LRP16 expression featured survival inferiority.

Our current work carries certain innovations and 
strengths. (I) To date, to our best knowledge, LRP16 
expression was not widely reported in solid tumors and 
the present work served as the first trail for addressing the 
association between LRP16 expression and survival outcomes 
as well as clinicopathological features in ICC patients. (II) By 
applying strict patient selection criteria, a total of 127 patients 
were included and analyzed, forming a large retrospective 
cohort (especially for a rare disease) from which to make 
clinical reasonable assumptions about patients. 

Despite the mentioned strengths or potential clinical 
utility, limitation should also be admitted. Namely, the 
detailed or definite molecular mechanisms implicated in 
this correlation or process were not explored, thus relatively 
weakening the conscientiousness and influencing the 
integrity of our results. Nevertheless, the current study 
undoubtedly took the first step in developing a persuasive 
argument for prognostic significance of LRP16 in ICC.

Conclusions

In conclusion, we evaluated CD56, CDX2, and LRP16 
expression by IHC assay in ICC specimens, and found that 
CD56 positive expression, CDX2 positive expression or 
LRP16 negative expression implied significant survival benefits 
for ICC patients. In particular, LRP16 positive expression was 
commonly identified in ICC and was significantly linked with 
inferior survival outcomes. Hence, LRP16 expression might 
provide a new tool to discriminate survival for ICC patients.
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