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Abstract. Lung cancer is a malignant tumor with high 
morbidity and mortality rates. To date, no suitable molecular 
diagnostic tool to predict disease recurrence and metastasis 
has been identified. The current study aimed to evaluate 
the potential of N‑terminal truncated carboxypeptidase E 
(CPEΔN) to predict the recurrence and metastasis of lung 
adenocarcinoma. Western blotting revealed the co‑expression 
of CPE and CPEΔN in the surgically collected pathological 
and pericarcinoma tissues tissues of 62.1% (59/95) lung 
adenocarcinoma patients. The full length CPE protein was 
predominantly expressed in pericarcinoma tissues and 
CPEΔN expression was identified in the pericarcinoma 
normal tissues of only 5.26% (5/95) patients. The 3‑year post-
operative recurrence and metastasis rates were significantly 
higher in patients with positive CPEΔN expression than in 
patients with negative CPEΔN expression (P=0.009). Further-
more, the overall survival rate of patients with predominant 

nuclear CPE expression was lower than that of patients with 
predominant cytoplasmic CPE expression (46.3 vs. 64.7%); 
however, no statistically significant difference was identified 
(P=0.125). Thus, the results of the current study indicated 
that CPEΔN may present a novel molecular biomarker for 
predicting recurrence and metastasis of lung adenocarcinoma, 
which may aid with stratifying patients by risk and thus, may 
facilitate individualized therapy.

Introduction

Lung cancer is a malignant tumor characterized by high 
morbidity and mortality rates, accounting for ~1.2 million 
mortalities annually worldwide, which usually result from 
disease recurrence and metastasis (1). Although diagnostic 
methods and treatments have markedly improved in recent 
years, the 5‑ and 10‑year survival rates remain at <15 and 
<7%, respectively  (2). At present, the lack of appropriate 
molecular diagnostic tools to predict the potential metastasis 
of lung cancer represents a major clinical obstacle. Therefore, 
identification of biomarkers that accurately predict future 
recurrence and metastasis of lung cancer may improve 
treatment strategies.

Carboxypeptidase E (CPE) is a metal ion‑dependent 
exopeptidase that is predominantly expressed in endocrine 
and nervous tissues, which converts the prohormones 
secreted by endocrine or nerve cells, such as adrenocortico-
tropin/lipotropin (ACTH/LPH), proinsulin, opiomelanocortin 
and enkephalin, into an active form or into neuropep-
tides (3‑5). Recent studies have demonstrated that abnormal 
expression of CPE occurs in epithelium‑derived cancer 
tissues, including liver cancer, renal clear cell carcinoma, 
colorectal cancer, cervical cancer and melanoma (6‑14). In 
2011, a novel form of CPE, N‑terminal truncated carboxy-
peptidase E (CPEΔN), was identified in hepatocellular 
carcinoma (HCC)  (15,16). Truncated CPE interacts with 
histone deacetylase (HDAC) 1 and HDAC2 to form a complex, 
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which regulates the expression of metastasis‑associated 
proteins. Furthermore, it was reported that CPEΔN was an 
independent predictor for recurrence and metastasis of HCC. 
HCC patients with high CPEΔN expression levels exhibited 
significantly higher recurrence rates in the 2 years following 
surgery and lower median survival times than patients with 
low CPEΔN expression levels (15).

Similar findings have been observed in primary pheo-
chromocytomas/paragangliomas (PHEO/PGL) and colorectal 
cancer patients  (17,18). Previous studies, which have used 
quantitative polymerase chain reaction to analyze CPEΔN 
expression, revealed that elevated CPEΔN expression is a 
statistically significant predictor of poor prognosis  (17,18). 
Since HCC, PHEO/PGL and colorectal cancer are extremely 
different tumors with distinctive tumor origins, these findings 
suggest that CPEΔN may be a predictor of metastasis with a 
broad spectrum.

To evaluate the function of CPEΔN in lung adenocarci-
noma, in the present study, CPEΔN expression was analyzed 
in lung adenocarcinoma tumors by western blot analysis and 
immunohistochemistry. It has been demonstrated that CPEΔN 
expression was associated with lymph node metastasis and 
distant metastasis of lung adenocarcinoma, and that the 
three‑year tumor‑free survival rates were significantly lower in 
patients with CPEΔN expression than in those without CPEΔN 
expression. The present study aimed to evaluate the potential 
of CPEΔN as a biomarker for predicting future metastasis of 
lung adenocarcinoma.

Materials and methods

Patients. A total of 95  lung adenocarcinoma patients 
who underwent radical resection between January 2010 
and June 2011 in Liaoning Cancer Hospital and Institute 
(Shenyang, Liaoning, China) were recruited for the current 
study. The patient cohort included 50 female and 45 male 
patients, with a mean age of 58.7 years (range, 35‑75 years). 
Of the 95 patients, 34, 30, 27 and 4 patients were diagnosed 
with clinical stage I, II, III and IV disease, respectively. None 
of the patients had received any treatment prior to surgery. 
Patients at clinical stages II, III and IV received adjuvant 
chemotherapy (docetaxel and cisplatin or docetaxel and 
nedaplatin regimens) and/or immunotherapy after surgery. 
Follow‑up interviews were conducted every 3 months. Of 
the 100 patients initially included, 3 were lost to follow‑up 
and 2 were without adequate protein samples for analysis. 
Therefore, 95 samples were included in the final analysis. The 
date of recurrence/identification of metastasis, data regarding 
metastasis‑affected organs and the date of patient morality 
were recorded. The study was approved by the Ethics 
Committee of Liaoning Cancer Hospital and Institute, and 
informed consent was obtained from all participants.

Reagents. Monoclonal mouse anti‑human CPE antibody 
was purchased from BD Biosciences (Franklin Lakes, NJ, 
USA; cat.  no. 610762). Total protein isolation kit (catalog 
no. WLA019) was purchased from Wanlei Bio (Shenyang, 
China) and a lung adenocarcinoma protein array (150‑µm 
spots) was purchased from Shanghai Xinchao Biotechnology 
(Shanghai, China).

Western blot analysis. Adenocarcinoma and pericarcinoma 
tissues (obtained >5 cm away from the primary tumor) were 
maintained in a sterile cryopreservation tube and stored in 
liquid nitrogen. All stored samples were subject to western blot 
analysis within 1.5 years of collection. Western blot analysis 
was performed to analyze the expression of CPE and CPEΔN 
in adenocarcinoma and pericarcinoma tissues, as previously 
described (19). Expression levels of CPEΔN were quantified by 
grayscale scanning (CanoScanLiDE120; Canon, Inc., Tokyo, 
Japan) and analyzed with Gelpro32 (Media Cybernetics, Rock-
ville, MD, USA). No CPEΔN expression was defined as score 
‘0’; positive expression was defined as score ‘1’ (grayscale ratio 
of CPEΔN; and actin, 0.5‑1) and strong expression was defined 
as score ‘2’ (grayscale ratio of CPEΔN and actin, 1.0‑1.5).

Immunohistochemistry. The immunohistochemistry assay 
was performed, as previously described (20). The expression 
levels and intracellular localization of CPE and CPEΔN were 
determined by immunohistochemistry using a 150‑µm spot 
lung adenocarcinoma protein array. Based on immunohisto-
chemical analysis of patients with positive CPE expression, 
patients were classified into two groups, nuclear CPE expres-
sion and cytoplasmic CPE expression, to allow the comparison 
of overall survival rates between the groups.

Statistical analysis. Data was analyzed using SPSS 17.0 (SPSS 
Inc., Chicago, IL, USA). The association between CPEΔN 
expression and T stage, lymph node metastasis and distant 
metastasis was analyzed by χ2 test. Disease‑free survival and 
overall survival curves were established using the Kaplan‑Meier 
method and intergroup comparisons were analyzed using the 
log‑rank test. Multivariate analyses of prognostic factors were 
performed using the Cox regression model. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

CPEΔN expression is higher in lung adenocarcinoma tumor 
tissues than non‑tumor tissues. CPEΔN expression in 95 tumor 
and non‑tumor tissues was analyzed by western blotting. A total 
of 5 samples were excluded due to minimal total amount of 
protein. The results revealed that the co‑expression rate of CPE 
and CPEΔN in lung adenocarcinoma tissue was 62.1% (59/95). 
Full‑length CPE was expressed at similar levels in tumor and peri-
carcinoma normal tissues from the same patients, and CPEΔN 
expression was identified in only 5.26% (5/95) of non‑tumor 
tissues (Fig. 1). Furthermore, the χ2 test revealed that CPEΔN 
expression was closely associated with lymph node metastasis 
(P=0.026) and distant metastasis (P=0.002), however, no signifi-
cant association was identified between CPEΔN expression and 
age (P=0.555), gender (P=0.291) or T stage (P=0.109) (Table I).

CPEΔN expression is associated with lung adenocarcinoma 
recurrence and metastasis. Of the 95 patients included in the 
study, 36 patients exhibited negative CPEΔN expression and 
56 patients exhibited positive CPEΔN expression. The negative 
and positive CPEΔN patient groups were both followed up for 
36 months. A disease‑free survival Kaplan‑Meier curve was 
established, which revealed that patients of the positive CPEΔN 
expression group exhibited significantly higher postoperative 



ONCOLOGY LETTERS  12:  4659-4664,  2016 4661

recurrence and metastasis rates (87.5%) when compared with 
patients of the negative CPEΔN expression group (69.2%) 
(P=0.009) (Fig. 2). Subsequently, the 59 patients of the posi-
tive CPEΔN expression group were divided into high CPEΔN 
expression (immunohistochemistry score, 2) and low CPEΔN 
expression immunohistochemistry score, 1) groups. The 2‑year 
disease‑free survival rate of the low CPEΔN expression group 
(39.3%; 13/33) was significantly higher than that of the high 
CPEΔN expression group (11.5%; 3/26) (P=0.020; Table II).

Patients with predominant nuclear expression of CPE exhibit 
a lower overall survival rate than those with predominant 
cytoplasmic CPE expression. Immunohistochemistry was 

Figure 1. Total proteins were extracted from adenocarcinoma and pericarcinoma tissues collected during surgery in 10 patients. Expression of CPE was 
detected by western blotting. Actin was used as an internal control. T, adenocarcinoma; N, pericarcinoma; CPE, carboxypeptidase E.

Figure 2. Kaplan‑Meier analysis revealed that the 3‑year recurrence rate of 
patients with positive CPEΔN expression (87.5%) was significantly higher 
than that of patients without CPEΔN expression (69.2%). CPEΔN, N‑terminal 
truncated carboxypeptidase E.

Table I. Correlation between CPEΔN protein expression and clinicopathological features in 95 lung adenocarcinoma patients.

	 CPEΔN expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Patients, n	 (‑), n	 (+), n	 P‑value

Gender				    0.291
  Female	 50	 18	 32
  Male	 45	 21	 24
Age at diagnosis, years				    0.555
  ≤55	 30	 11	 19
  >55	 65	 28	 37
T status				    0.109
  T1	   3	   1	   2
  T2	 68	 31	 37
  T3	 20	   6	 14
  T4	   4	   1	   3
N status				    0.026
  N0	 45	 25	 20
  N1	 24	   6	 18
  N2	 24	   8	 16
  NX	   2	   0	   2
M status				    0.012
  M0	 91	 39	 52
  M1	   4	   1	   3
Clinical stage				    0.061
  I	 34	 19	 15
  II	 30	 11	 19
  III	 27	   9	 18
  IV	   4	   1	   3

CPEΔN, N‑terminal truncated carboxypeptidase E; (‑), negative expression; (+), positive expression; T, tumor; N, node; M, metastasis.
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used to measure CPE expression using a 150‑µm spot protein 
array of lung adenocarcinoma. The expression level of CPE 
in tumor tissue appeared to be higher than that in the peri-
carcinoma normal tissues from the same patients, and CPE 
was predominantly localized in the cell nucleus or cytoplasm 
(Fig. 3). Patients were classified into two groups, a nuclear 
CPE expression group (n=41) and a cytoplasmic CPE expres-
sion group (n=34), based on where CPE was predominantly 
expressed in tumor cells. The overall survival rate of patients 
with nuclear predominant nuclear CPE expression was lower 
(46.3%) than that of patients with predominant cytoplasmic 
CPE expression (64.7%), however, the difference was not 
statistically significant (P=0.125) (Fig. 4).

Table III. Multivariate regression analysis of prognostic markers in 95 patients with lung adenocarcinoma.

Clinicopathological variable	 β	 χ2	 P‑value	 HR	 95% CI

TNM status	 0.424	 5.195	 0.023	 1.527	 1.061‑2.198
Tumor recurrence	 0.342	 8.104	 0.004	 1.407	 1.112‑1.780
Distant metastasis	 1.316	 5.498	 0.019	 3.729	 1.241‑11.204
CPEΔN expression	 0.551	 4.705	 0.030	 1.735	 1.055‑2.854

HR, hazard ratio; CI, confidence interval; CPEΔN, N‑terminal truncated carboxypeptidase E.

Table II. Correlation between CPEΔN protein expression and tumor recurrence 2 years after surgery in 59 lung adenocarcinoma 
patients.

Tumor recurrence	 Patients, n	 High CPEΔN expression, n	 Low CPEΔN expression, n	 P‑value

Yes	 43	 23	 20	 0.020
No	 16	 3	 13

CPEΔN, N‑terminal truncated carboxypeptidase E.

Figure 4. Kaplan‑Meier analysis revealed the overall survival rate of patients 
with cytoplasmic CPE expression (64.7%) was higher than that of patients 
with nuclear CPE expression (46.3%), however, the difference was not statis-
tically significant (P=0.125). CPE, carboxypeptidase E.

Figure 3. CPE expression in (A‑C) lung adenocarcinoma and (D‑F) pericarcinoma tissue was analyzed by immunohistochemistry (magnification, x400). CPE 
expression was significantly higher in lung adenocarcinoma tissues compared with pericarcinoma tissue and CPE was predominantly localized in the cell 
nucleus or cytoplasm. CPE, carboxypeptidase E.

  A   B   C

  D   E   F
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CPEΔN expression is an independent prognostic factor for 
recurrence and metastasis of lung adenocarcinoma. To 
determine independent prognostic factors for lung adenocarci-
noma, a number of significant variables, including TNM status 
(stages according to National Comprehensive Cancer Network 
2010 guidelines) (21), tumor recurrence, distant metastasis and 
CPEΔN expression were assessed by multivariate regression 
analysis. Cox regression analysis revealed that CPEΔN expres-
sion was an independent prognostic biomarker for recurrence 
and metastasis of lung adenocarcinoma (P=0.03; Table III).

Discussion

CPE is a multifunctional protein that exhibits both enzymatic 
and non‑enzymatic functions. CPE exists in three different 
forms, which are expressed in various subcellular localiza-
tions with distinct functions (18). The first type is released by 
secretory granules, which results in the cleavage of basic resi-
dues to generate mature peptide hormones and neuropeptides. 
Recently, Skalka et al (22) demonstrated that this secreted form 
of CPE forms a complex with the Wnt3a ligand and frizzled 
receptor to negatively regulate the canonical Wnt signaling 
pathway (22). The second type of CPE exists in the membrane, 
anchored at the trans‑Golgi network, which functions as a 
sorting receptor for prohormones (23). The third type of CPE 
is located in both the cytoplasm and nucleus, and is involved in 
cell signal transduction and transcription regulation. The func-
tion of this type of CPE is the most diverse, however, further 
investigation is required with regard to this protein.

In the present study, the association between CPEΔN 
expression and prognosis of lung adenocarcinoma patients 
was evaluated. The results revealed that two forms of CPE, 
full‑length CPE and CPEΔN, are co‑expressed in the lung 
adenocarcinoma tissues. CPEΔN expression was identified 
in the primary tumor tissues of 62.1% (59/95) patients and 
non‑tumor tissues of 5.26% (5/95)  patients. Furthermore, 
multivariate Cox regression analysis demonstrated that 
CPEΔN expression was closely associated with the occurrence 
of lymph node and distant metastasis. Patients with positive 
CPEΔN expression exhibited significantly lower disease‑free 
survival rates than patients with negative CPEΔN expres-
sion (87.5 vs. 69.2%, respectively; P=0.009). These findings 
suggested that CPEΔN expression indicates a higher risk of 
recurrence and metastasis in primary lung adenocarcinoma.

Western blot analysis requires a large amount of sample 
tissue, which is a major problem in clinical research. Devel-
opment of simplified methods for the analysis of CPEΔN or 
CPE expression is required. In our previous studies (Sun et al, 
unpublished data), the subcellular localization of CPEΔN was 
investigated using confocal microscopy, which revealed that 
CPEΔN was localized to the nucleus in H1299, A549, 95D, 
H1395 and Calu3 lung cancer cell lines, whereas full‑length 
CPE was predominantly localized in the cytoplasm. Therefore, 
it was hypothesized that similar findings may be observed in 
primary lung adenocarcinoma. The hypothesis was tested with 
tissue microarray. Since one array can simultaneously test 
75 samples along with corresponding pericarcinoma tissues, 
75 patients with intact overall survival and progression‑free 
survival profiles were selected. Patients were divided into two 
groups, a nuclear CPE expression group and a cytoplasmic 

CPE expression group. A difference in overall survival rate 
was identified between the nuclear and cytoplasmic CPE 
expression groups (46.3 vs. 64.7%, respectively); however, this 
was not statistically significant (P=0.125). However, future 
studies that include more lung adenocarcinoma patients and 
samples are required to validate the results of the present study.

In conclusion, the results of the present study demonstrated 
that CPEΔN expression is associated with poor prognosis in 
lung adenocarcinoma. These findings may improve under-
standing with regard to the underlying molecular mechanisms 
of CPE/CPEΔN expression, which promote lung cancer 
metastasis. Thus, the evaluation of CPEΔN expression status 
may aid to identify primary lung adenocarcinoma patients that 
require more intensive treatment. Furthermore, CPEΔN may 
present a potential target for therapeutic intervention in the 
future.
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