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Aim: The aim of this study was to investigate the relationship between the expression of neutral 

endopeptidase (NEP) and dipeptidyl peptidase IV (DPP IV) proteins, and the clinical significance 

of the two proteins in patients with intrahepatic cholangiocarcinomas (IHCC).

Methods: Expression patterns and subcellular localizations of NEP and DPP IV pro-

teins in 186 primary IHCC and 60 noncancerous liver tissue specimens were detected by 

immunohistochemistry.

Results: Both the expression of NEP and DPP IV proteins in IHCC tissues were significantly 

higher than those in noncancerous liver tissues (both P,0.001). Of 186 patients with IHCC, 

128 (68.82%) highly expressed both NEP and DPP IV proteins. In addition, the coexpression 

of NEP and DPP IV proteins was significantly associated with advanced tumor stage (P=0.009), 

positive lymph node metastasis (P=0.016) and distant metastasis (P=0.013), and the presence 

of  recurrence (P=0.027). Moreover, Kaplan–Meier analysis showed that IHCC patients with 

high NEP expression, high DPP IV expression, and combined overexpression of NEP and DPP 

IV proteins all had poorer overall survival and early recurrence after surgery. Furthermore, 

Cox analysis suggested that NEP expression, DPP IV expression, and combined expression 

of NEP and DPP IV proteins were all independent prognostic markers for overall survival and 

recurrence-free survival in patients with IHCC.

Conclusion: Our data suggest, for the first time, that both the expression of NEP and 

DPP IV proteins may be upregulated in human IHCC tissues and the combined expression 

of NEP and DPP IV proteins may play important roles in progression and prognosis of 

patients with IHCC.
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Introduction
Cholangiocarcinomas are relatively rare malignancies that arise from the malignant 

transformation of bile duct epithelium anywhere along the biliary tree from the small 

bile ducts and bile ductules to the large bile ducts at the hilum of the liver or outside 

the liver.1 Cholangiocarcinomas include intrahepatic cholangiocarcinomas (IHCC) and 

extrahepatic cholangiocarcinomas. IHCC accounts for 5% of primary malignant liver 

tumors and is one of the most malignant solid tumors found in the digestive organs.2 

It is characterized by strong invasiveness and early metastasis.3 Although the surgical 

resection provides the opportunity for long-term survival, the clinical outcome of 

patients with IHCC is very poor, with a 5-year survival rate ranging from 25% to 35% 
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because lymph nodal/distant metastasis or micrometastasis 

are present early in patients, limiting the surgery option.4 

Since recent studies have demonstrated that complex molecu-

lar and cellular events may be implicated in carcinogenesis 

and prognosis of IHCC, it is very important to investigate the 

molecular mechanisms and to identify the efficient diagnostic 

and prognostic markers of IHCC.

Neutral endopeptidase (NEP) is a zinc-dependent, cell 

surface metallopeptidase that is involved in the cleavage and 

inactivation of certain peptide hormones and is important for 

signal transduction, including transduction of enkephalins, 

bombesin, and substrate P.5,6 Under nonpathological condi-

tions, NEP is widely distributed in the epithelial cells of the 

kidney, liver, stomach, intestine, breast, lung, and prostate 

gland.7 Under pathological conditions, NEP has been dem-

onstrated to play a crucial role in migration, survival, and 

apoptosis of various cancer cells.8 NEPs’ diagnostic and 

prognostic values were originally discovered in acute lympho-

blastic leukemia with elaboration of rabbit antisera against  

leukemic cells.9 Subsequently, accumulating studies have 

indicated that NEP is not specific to hematopoietic malig-

nancies, but is also abnormally expressed by several solid 

tumors such as nephroblastoma, neuroblastoma, melanoma, 

renal carcinoma, lung cancer, gastric cancer, liver cancer, 

pancreatic cancer, breast cancer, endometrial stromal 

 sarcoma, prostate cancer, and bladder cancer.10–18 It also can 

distinguish primary hepatocellular carcinoma from secondary 

liver metastases originating from other organs.19 However, 

the NEP functions in IHCC are still unknown.

Dipeptidyl peptidase IV (DPP IV) is a transmembrane 

serine protease that is a multifunctional membrane-bound 

glycoprotein containing a short cytoplasmic domain 

 comprising of six amino acids, a transmembrane region, 

and an extracellular domain with DPP IV activity, capable 

of cleaving NH2-terminal dipeptides from polypeptides with 

either L-proline or L-alanine at the penultimate position.20 

Under nonpathological conditions, DPP IV is widely 

expressed in many tissues including placenta, kidney, lung, 

liver, skeletal muscle, heart, brain, and pancreas.21 Func-

tionally, it acts as a serine protease, receptor, costimulatory 

protein, adhesion molecule, and mediator of apoptosis.22 

Accumulating evidence has demonstrated the involvement of 

DPP IV in a variety of cancer-derived cell lines and tissues. 

The upregulated DPP IV expression is associated with the 

aggressiveness of T and B lymphomas, leukemias, thyroid 

follicular cancer,  papillary carcinomas, astrocytic tumors, 

and gastrointestinal stromal tumor.23–27 DPP IV acts either 

as a tumor suppressor or a tumor promoter by suppressing 

or promoting tumor  metastasis and tumor growth. However, 

the roles of DPP IV in IHCC are still unknown.

As mentioned above, both NEP and DPP IV function as 

regulatory proteins in cancer progression and development 

by modulating the effects of biologically active peptides. 

Their roles in tumorigenesis and development of IHCC 

are an emerging issue with potential clinical implications. 

Therefore, the aim of the current study was to investigate both 

the relationship between the expression of NEP and DPP IV 

proteins, and the clinical significance of the two proteins in 

patients with IHCC.

Materials and methods
Patients and tissue samples
The study was approved by the Research Ethics Committee of 

Navy General Hospital and 302nd Hospital of PLA, Beijing, 

People’s Republic of China. Informed consent was obtained 

from all patients. All specimens were handled and made 

anonymous according to the ethical and legal standards.

One hundred and eighty-six formalin-fixed and paraffin-

embedded IHCC tissues and 60 noncancerous liver tissues 

obtained from 186 consecutive patients who underwent pri-

mary hepatectomy due to IHCC in the Navy General Hospital 

and 302nd Hospital of PLA, Beijing, People’s Republic of 

China, from December 2000 to January 2006 were retrieved 

for immunohistochemistry analysis. Noncancerous liver 

tissues were used as control tissues. The study population 

consisted of patients with IHCC as confirmed by pathologi-

cal analysis. Tumor staging was determined according to the 

sixth edition of the tumor–node–metastasis classification of 

the International Union against Cancer.28  None of the patients 

recruited in this study had chemotherapy or radiotherapy 

before the surgery. Patients were excluded from this cohort 

with the following exclusion criteria: uncontrolled infection; 

previously received any anticancer therapy; pregnancy and 

lactation; prior malignancy; impaired heart, lung, liver, or 

kidney function; and/or previous malignant disease. The 

background of primary liver diseases of the 186 patients 

with IHCC in this study was in all cases liver cirrhosis. The 

clinicopathological features of 186 patients with IHCC are 

summarized in Table 1.

All 186 IHCC patients received follow-up until death 

from disease, or until the latest clinical therapy at the end 

of this study. Overall survival was defined as the interval 

between the dates of surgery and death. Recurrence-free sur-

vival was defined as the interval between the dates of surgery 

and recurrence; if recurrence was not diagnosed, patients 

were censored on the date of death or the last follow-up. 
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Deaths from other causes were treated as censored cases. The 

patients’ follow-up time ranged from 0.8–132.2 months, and 

the median survival at the last follow-up was 21.8 months. 

The median follow-up period was 22.6 months. All patients 

were observed until March 2012. Postoperative surveillance 

included routine clinical and laboratory examinations every 

3rd month, computed tomography scans of the abdomen, and 

radiographs of the chest every 3rd month. After 5 years, the 

examination interval was extended to 12 months.

immunohistochemistry analysis
The expression of NEP and DPP IV proteins was detected in 

IHCC and noncancerous liver specimens from 186 patients 

with IHCC by immunohistochemistry analysis.  Surgical spec-

imens were fixed in 10% formalin, embedded in paraffin, and 

sectioned at a 4 µm thickness. Staining was done using avidin-

biotin complex with a microprobe manual stainer (Thermo 

Fisher Scientific, Waltham, MA, USA). The slide to which a 

paraffin section was attached went through deparaffinization 

and hydration, and was then treated with a solution of perox-

idase-blocking reagent (Agilent Technologies, Santa Clara, 

CA, USA) to exhaust endogenous peroxidase activity. The 

sections were processed with antigen retrieval by being boiled 

in citrate buffer (pH 6.0) for 20 minutes and then cooled for 

an additional 20 minutes at room temperature.  Subsequently, 

the slides were incubated overnight with the primary 

antibodies against anti-NEP mouse monoclonal antibody 

(#sc-46656; Santa Cruz Biotechnology, Inc., Dallas, TX, 

USA) or anti-DPP IV goat polyclonal antibody (#AF1180, 

R&D Systems, Minneapolis, MN, USA) at 4°C. Secondary 

antibodies (mouse anti-goat IgG-B [#sc-2489] and goat 

anti-mouse IgG-B [#sc-2039]; Santa Cruz Biotechnology,  

Inc) for the detection of primary antibodies were attached to 

biotin and reacted for 10 minutes and then washed with buf-

fer solution and reacted with horseradish peroxidase for 10 

minutes. Being washed again, peroxidase activity was visual-

ized with  3,3’-diaminobenzidine (DAB) as a chromogen. All 

sections were rinsed and counterstained lightly with Harris’s 

hematoxylin. The negative controls were processed in a 

similar manner with phosphate-buffered saline (PBS) instead 

of primary antibody. The positive expressions of NEP and 

DPP IV proteins confirmed by western blotting were used 

as positive controls for immunostaining.

Following a hematoxylin counterstaining, immunostain-

ing was scored by two independent experienced pathologists 

who were blinded to the clinicopathological parameters and 

clinical outcomes of the patients. The scores of the two pathol-

ogists were compared and any discrepant scores were trained 

Table 1 Correlation of NEP and DPP IV expression with clinicopathologic features of IHCCs

Clinicopathologic  
features

Number  
of cases 

NEP-high  
(n, %)

P DPP IV-high  
(n, %)

P NEP-high/DPP  
IV-high (n, %)

P

age (years)
  ,50 86 68 (79.07) ns 68 (79.07) ns 58 (67.44) ns

  $50 100 80 (80.00) 72 (72.00) 70 (70.00)
sex
  Male 112 92 (82.14) ns 86 (76.79) ns 78 (69.64) ns

  Female 74 56 (75.68) 54 (72.97) 50 (67.57)
histological grade
  g1 52 30 (57.69) ns 30 (57.69) ns 30 (57.69) ns

  g2 86 75 (87.21) 70 (81.40) 60 (69.77)

  g3 48 43 (89.58) 40 (83.33) 38 (79.17)
Tumor stage
  i+ii 89 58 (65.17) 0.01 58 (65.17) 0.01 48 (53.93) 0.009

  iii+iV 97 90 (92.78) 82 (84.54) 80 (82.47)
lymph node metastasis
  negative 106 70 (66.04) 0.006 75 (70.75) ns 63 (59.43) 0.016

  Positive 80 78 (97.50) 65 (81.25) 65 (81.25)
Distant metastasis
  negative 110 76 (69.09) 0.008 78 (70.91) ns 66 (60.00) 0.013

  Positive 76 72 (94.73) 62 (86.11) 62 (86.11)
recurrence
  negative 108 86 (79.63) ns 68 (62.96) 0.012 66 (31.11) 0.027

  Positive 78 62 (79.49) 72 (92.31) 62 (79.49)

Note: “NS” refers to the difference without statistical significance.
Abbreviations: DPP iV, dipeptidyl peptidase iV; ihccs, intrahepatic cholangiocarcinomas; neP, neutral endopeptidase.
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through re-examining the stainings by both pathologists to 

achieve a consensus score. The number of positive-staining 

cells showing immunoreactivity in cytoplasm and membrane 

for both NEP and DPP IV in ten representative microscopic 

fields was counted and the percentage of positive cells was 

calculated. The percentage scoring of immunoreactive tumor 

cells was as follows: 0 (0%); 1 (1%–10%); 2 (11%–50%); 

and 3 (.50%). The staining intensity was visually scored and 

stratified as follows: 0 (negative); 1 (weak); 2 (moderate); and 

3 (strong). A final immunoreactivity score (IRS) was obtained 

for each case by multiplying the percentage score and the 

intensity score. Therefore, tumors with an IRS exceeding 

median of total IRSs for NEP or DPP IV were deemed to be 

high expressions of NEP or DPP IV; all other scores were 

considered to be low expressions of NEP or DPP IV.

statistical analysis
The software of SPSS version 13.0 for Windows (IBM 

 Corporation, Armonk, NY, USA) and SAS 9.1 (SAS  Institute 

Inc, Cary, NC, USA) were used for statistical analysis. The 

chi-squared test was used to show differences in  categorical 

variables. Correlations between NEP and DPP IV expression 

were calculated using Spearman’s correlation. Patient  survival 

and the differences in patient survival were determined by 

the Kaplan–Meier method and the log-rank test, respectively. 

A Cox regression analysis (proportional hazard model) was 

performed for the multivariate analyses of prognostic factors. 

Differences were considered statistically significant when P 

was less than 0.05.

Results
Expression and localization of NEP  
and DPP iV in human ihcc tissues
Immunohistochemistry assay was performed to detect the 

expression patterns and subcellular localizations of NEP and 

DPP IV proteins in 186 primary IHCC and 60 noncancerous 

liver tissue specimens. As shown in Figure 1, both NEP and 

DPP IV positive immunostainings were localized in the cyto-

plasm and membrane of tumor cells in IHCC tissues, which 

was consistent with the previous studies of other cancers.17,27 

The expression of both NEP and DPP IV proteins were signifi-

cantly higher in IHCC tissues than those in noncancerous liver 

tissues (IRS for NEP: 5.66±0.38 versus 2.02±0.11, P,0.001; 

IRS for DPP IV: 6.18±0.41 versus 2.06±0.15, P,0.001). Of 

186 patients with IHCC, 128 (68.82%) had high expression 

of both NEP and DPP IV, 26 (13.98%) had low expression 

of both NEP and DPP IV, 20 (10.75%) had NEP-high and 

DPP IV-low expression, and 12 (6.45%) had NEP-low and 

DPP IV-high expression. According to the Spearman’s 

correlation analysis, a significant correlation was found 

between NEP expression and DPP IV expression in IHCC 

tissues (r=0.86, P,0.001).

Correlation of NEP and DPP IV 
expression with the clinicopathologic 
characteristics of human IHCC tissues
Next, we analyzed the correlations of NEP and DPP IV 

expression and combined expression of NEP/DPP IV with 

various clinicopathologic parameters of IHCC tissues. As 

shown in Table 1, aberrant NEP and DPP IV expression were 

both observed more frequently in IHCC tissues with advanced 

tumor stage than in those with early tumor stage (both P=0.01). 

In addition, the expression of NEP protein was significantly 

higher in the IHCC tissues with positive lymph node (P=0.006) 

and distant metastases (P=0.008) than in those with negative 

A B

C D

E F

Figure 1 Immunohistochemical staining for NEP and DPP IV in IHCC and 
noncancerous liver tissues.
Notes: Original magnification ×200. (A and B) neP and DPP iV strongly positive 
expression was found in cell membrane and cytoplasm at various levels in IHCC 
tissues. (C and D) NEP and DPP IV weakly positive expression was found in cell 
membrane and cytoplasm at various levels in IHCC tissues. (E and F) neP and 
DPP iV negative expression in noncancerous liver tissues.
Abbreviations: DPP iV, dipeptidyl peptidase iV; ihcc, intrahepatic cholangio
carcinoma; neP, neutral endopeptidase.
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lymph-node and distant metastases. Moreover, the abnormal 

DPP IV expression was significantly associated with IHCC tis-

sues with the presence of recurrence (P=0.012). Furthermore, 

the coexpression of NEP and DPP IV proteins was significantly 

associated with advanced tumor stage (P=0.009), positive 

lymph node (P=0.016) and distant metastases (P=0.013), and 

the presence of recurrence (P=0.027).

Prognostic implications of NEP and DPP IV 
expression in patients with ihccs
The associations of NEP and DPP IV expression with 

overall survival and recurrence-free survival of patients 

with IHCCs were analyzed by the Kaplan–Meier method 

and the log-rank test. As shown in Figure 2, there was a 

trend that 5-year overall survival in the group with high 

1.0
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Figure 2 Overall survival and recurrence-free survival curves for two groups defined by low and high expression of NEP or DPP IV, and for four groups defined by combined 
expression of NEP and DPP IV, of patients with IHCC. 
Notes: Kaplan–Meier analysis showed IHCC patients with high NEP expression, high DPP IV expression, and combined overexpression of NEP and DPP IV proteins all 
had poorer overall survival and early recurrence after surgery. (A and B) low and high expression of NEP. (C and D) low and high expression DPP iV. (E and F) combined 
expression of NEP and DPP IV.
Abbreviations: DPP iV, dipeptidyl peptidase iV; ihcc, intrahepatic cholangiocarcinoma; neP, neutral endopeptidase.
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NEP expression was significantly poorer than that in the 

group with low NEP expression (P,0.001, log-rank test; 

Figure 2A). Similarly, a significant relationship was also 

found between NEP expression and 5-year recurrence-free 

survival (P,0.001, log-rank test; Figure 2B). Regarding 

DPP IV, the overall survival (P,0.001; Figure 2C) and 

the recurrence-free survival (P,0.001; Figure 2D) of 

IHCC patients with high DPP IV expression were both sig-

nificantly shorter than those with low DPP IV expression. 

More interestingly, the association between coexpression 

of NEP/DPP IV and the survival rates were tested by the 

method of Kaplan–Meier. The chi-square value by log rank  

(Mantel–Cox) indicated a significant difference among dif-

ferent groups with regard to the conjoined expression status 

of NEP/DPP IV (Figure 2E and F). The results by pairwise 

comparison showed that the statistically significant differ-

ence of overall survival and recurrence-free survival existed 

between NEP-high/DPP IV-high patients and any of the other 

three groups (both P,0.001). In all four groups, NEP-high/

DPP IV-high patients had the poorest prognosis.

Furthermore, in a multivariate Cox model includ-

ing patients’ age, sex, histological grade, tumor stage,  

lymph node and distant metastasis status, recurrence status, 

resection margin status, perineural invasion status, NEP 

expression, DPP IV expression, and combined NEP/DPP IV 

expression, we found that tumor stage (both P=0.009), recur-

rence status (both P=0.006), resection margin status (both 

P=0.012), NEP expression (P=0.012 and 0.016, respectively), 

DPP IV expression (P=0.015 and 0.018, respectively) and 

combined expression of NEP and DPP IV proteins (P=0.008 

and 0.01, respectively) were all independent prognostic 

markers for overall survival and recurrence-free survival in 

patients with IHCC (Table 2).

Discussion
It is extremely important to identify efficient markers for early 

detection, treatment, prediction of disease progression, and 

prevention of IHCC. In the current study, we confirmed that 

the overexpression of NEP and DPP IV proteins both mainly 

occurred in the cytoplasm and cell membrane of tumor cells 

in IHCC tissues relative to noncancerous liver tissues. Both 

the increased expression of NEP and DPP IV proteins were 

significantly associated with aggressive clinicopathological 

features of IHCC. We observed the coexpression of NEP and 

DPP IV proteins to be associated with tumor stage, tumor 

metastasis, and patients’ prognosis. Taken together, our results 

suggest for the first time that the coexpression of NEP and 

DPP IV proteins may be a useful diagnostic and prognostic 

marker in IHCC patients.

A previous study has demonstrated that several protei-

nases are implicated in tumorigenesis, tumor growth, and 

dissemination of various human cancers.29 Most efforts have 

been directed towards the understanding of the role of matrix 

metalloproteinases. However, the role of other proteinases 

such as peptidases in tumor progression has not been fully 

elucidated. Both NEP and DPP IV are glycopeptidases 

and have been broadly related to pivotal roles in cancer 

pathophysiology.5,20 Functionally, the two proteins act as 

regulatory proteins in cancer progression and development 

by modulating the effects of biologically active peptides. 

Notably, NEP function in cancer varies by tissue type. For 

example, NEP promotes proliferation of gastric cancer 

cell lines16 but suppresses lung and pancreas cancer cell 

lines.13,17 In line with these opposing effects, the prognostic 

significance of NEP expression may vary between different 

tumor types. For example, NEP expression is a favorable 

prognostic factor in hepatocellular carcinoma19 and diffuse 

Table 2 Multivariate survival analysis of overall and recurrence-free survival in 186 patients with IHCC

Variables Overall survival Recurrence-free survival

RR 95% CI P RR 95% CI P

age 7.82 0.41–16.09 ns 7.52 0.61–16.56 ns
sex 6.62 0.32–13.36 ns 6.23 0.29–12.72 ns
histological grade 5.27 0.29–11.18 ns 5.01 0.22–11.69 ns
Tumor stage 19.33 1.32–40.61 0.009 19.25 1.26–39.98 0.009
recurrence 25.67 2.10–52.37 0.006 25.37 2.32–52.03 0.006
resection margin 10.69 1.12–20.16 0.012 10.25 1.10–19.98 0.012
Perineural invasion 6.37 0.33–12.46 ns 6.25 0.32–12.82 ns
neP expression 9.60 1.11–19.83 0.012 9.22 1.10–19.69 0.016
DPP iV expression 11.31 1.03–23.43 0.015 11.16 1.01–22.96 0.018
neP/DPP iV expression 22.57 2.10–45.21 0.008 15.92 1.32–31.79 0.010

Note: “NS” refers to the difference without statistical significance.
Abbreviations: DPP IV, dipeptidyl peptidase IV; IHCC, intrahepatic cholangiocarcinoma; NEP, neutral endopeptidase; RR, relative risk; CI, confidence interval.
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large B cell lymphoma,9 whereas it predicts poor outcome in 

prostate cancer, renal carcinoma, breast cancer, and endocrine 

pancreas cancer.10,11,17 According to our data in the current 

study, NEP expression was dramatically upregulated in IHCC 

tissues compared with noncancerous liver tissues. In addition, 

the increased expression of NEP protein was significantly 

associated with advanced tumor progression and unfavor-

able prognosis in patients with IHCC suggesting that NEP 

protein may function as a tumor promoter in IHCC. Regard-

ing DPP IV, it also has pro-oncogenic and anti-oncogenic 

activities in different human cancers. For example, the 

enhanced DPP IV activity has been found in lung squamous 

cell carcinoma as compared with that in normal lung tissue;23 

the upregulated DPP IV expression has been demonstrated 

to be associated with the aggressiveness of T and B lym-

phomas and leukemias, thyroid follicular cancer, papillary 

carcinomas, astrocytic tumors, and gastrointestinal stromal 

tumor.24,25 Contrarily, the decreased expression of DPP IV 

has been observed in prostatic, colorectal, hematological, 

and renal tumors.26,27,30 An inverse correlation between DPP 

IV expression and the grade of tumor has also been observed 

in endometrial cancers.31 We found here that the upregula-

tion of DPP IV protein may be significantly associated with 

aggressive clinicopathological features and unfavorable clini-

cal outcome of patients with IHCC, suggesting that DPP IV 

may have a pro-oncogenic activity in IHCC.

As mentioned above, our data showed the positive 

correlation between NEP and DPP IV expression in IHCC 

tissues, which prompted us to investigate the clinical 

significance of the combined expression of NEP and DPP IV 

proteins. More interestingly, simultaneous upregulation 

of NEP and DPP IV was significantly associated with the 

aggressiveness of IHCCs. Significant difference of prognosis 

was also found among four different statuses of NEP/DPP IV 

coexpression. The patients with NEP-low/DPP IV-low had 

the best outcome, while those with NEP-high/DPP IV-high 

had the worst. Multivariate analysis revealed that the NEP/

DPP IV coexpression profiles were independent prognostic 

indicators for IHCCs. The advantages of NEP/DPP IV 

coexpression to individual NEP or DPP IV in predicting the 

outcome of IHCCs has been shown in our result.

In conclusion, our data from the current study suggest for 

the first time that both the expression of NEP and DPP IV 

proteins may be upregulated in human IHCC tissues, and 

the combined expression of NEP and DPP IV proteins may 

play important roles in progression and prognosis of patients 

with IHCC. Given the synergistic effect on overall as well as 

recurrence-free survival of resected IHCC by the combined 

expression of NEP and DPP-IV proteins, a mechanistic link 

between the two biomarkers is worth investigating. Clinical 

implications on how these findings may improve patient 

selection for surgery should also be considered.
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