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Abstract 

Background. Carboxypeptidase A4 (CPA4) belongs to a member of the metallocarboxypeptidase 
family, and its expression in lung cancer samples and clinical significance are still not investigated until 
now. In this study, we aimed to evaluate the level of CPA4 in non-small-cell lung cancer (NSCLC) 
samples and correlate its level with clinical outcome. 
Methods. CPA4 gene expression in lung cancer tissues were analyzed by using the Oncomine database 
(www.oncomine.org). The expression of CPA4, Survivin and VEGF in lung cancer and adjacent normal 
tissues were evaluated by IHC using the corresponding primary antibodies on two different commercial 
tissue arrays (Shanghai Biochip Co., Ltd., Shanghai, China). Their levels in serum were determined by 
using commercial human enzyme-linked immunosorbent assay kits. We also examined their relations to 
clinicopathologic parameters, and explored the diagnostic and prognostic value in NSCLC. 
Results. We identified an elevation of CPA4 in mRNA level and gene amplification in lung cancer 
tissues in comparison to normal lung tissues. High CPA4 expression was observed in 120/165 (72.7%) 
NSCLC samples, and significantly correlated with Tumor size, Depth of invasion, Lymph Node 
Metastasis, Stage, VEGF level and Survivin level. High CPA4 expression is associated with poor 
prognosis of NSCLC patients. Multivariable Cox regression analysis demonstrated that CPA4 
expression was an independent prognostic factor. Furthermore, serum CPA4 level was also significantly 
higher in NSCLC patients than in healthy controls. Logistic regression analysis revealed that serum 
CPA4 and CYFRA21-1 level were the significant parameters for detecting NSCLC. Receiver operating 
characteristic curves (ROC) in NSCLC patients versus normal people yielded the optimal cut-off value 
was 2.70 ng/ml for CPA4 and 19 ng/ml for CYFRA21-1, respectively. The area under ROC curve (AUC) 
was 0.830 for the combination of the two tumor markers. 
Conclusion. Our results demonstrated that overexpression of CPA4 in NSCLC is associated with an 
unfavorable prognosis, and serum CPA4 level combining with serum CYFRA21-1 level could be used to 
aid early detection of NSCLC. 
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Introduction 
Lung cancer is the leading cause of 

cancer-related death worldwide and non-small-cell 
lung cancer (NSCLC) accounts for approximately 
80-85% of lung cancers [1]. Early detection and 

surgical resection of cancer confined to the primary 
site could significantly improve survival for lung 
cancer patients [2]. Currently, the widely used 
diagnostic markers for lung cancer are 
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neuron-specific enolase (NSE), carcinoembryonic 
antigen (CEA), cytokeratin 19 fragment (CYFRA21-1) 
and squamous cell carcinoma antigen (SCC)[3]. 
However, these tumor markers in the diagnosis of 
lung cancer display relatively low sensitivity and 
specificity [4, 5]. Thus, there is an urgent need to 
identify new biomarkers that can help to diagnose or 
monitor treatment for lung cancer. 

Tumor angiogenesis is an essential step for 
tumor progression, which plays playing key roles in 
tumor invasion and metastasis [6]. And tumor cells 
can secrete factors that promote the 
neo-vascularisation. Among these growth factors, 
Survivin and vascular endothelial growth factor 
(VEGF) which have been reported to play important 
roles in formation of blood vessels [7, 8]. 

Carboxypeptidase A4 (CPA4) is a member of the 
metallocarboxypeptidase family [9].  

Like other secreted proteins, CPA4 has been 
proved to be secreted from cells to catalyze the release 
of carboxy-terminal amino acids, which might help to 
establish a tumor micro-environment [10]. Although it 
has been reported that CPA4 was associated with 
prostate cancer aggressiveness, the clinical 
significance of CPA4 expression in NSCLC still 
remains unclear. 

In this study, we firstly demonstrated that CPA4 
level was significantly elevated in NSCLC tissues as 
well as serum samples, and was closely associated 
with poor prognosis of lung cancer. Furthermore, 
serum CPA4 might be a candidate diagnostic 
biomarker for NSCLC patients. 

Materials and methods 
Analysis of Oncomine Data 

To determine the expression pattern of CPA4 in 
lung cancer, the datasets in Oncomine database 
(https://www.oncomine.org) were used. Briefly, 
CPA4 gene was queried in the database and the 
results were filtered by selecting lung cancer and 
Lung Cancer vs. Normal Analysis. The data were 
displayed by using Box chart. P-values for each group 
were calculated using student t-test. Details of 
standardized normalization techniques and statistical 
calculations are provided on the Oncomine.  

Clinical samples and Evaluation of 
Immunostaining 

Two different commercial tissue arrays were 
constructed by Shanghai Biochip Co. Ltd. as described 
[11]. One contains 90 cases of lung adenocarcinoma 
patients with matched adjacent normal tissues, and 
another contains 75 cases of Lung squamous cell 
carcinoma with matched adjacent normal tissues, 

respectively. For all the specimens, clinicopathological 
information (age, gender, pathology, differentiation, 
TNM stage, and follow-up data) was available. The 
expression of CPA4, VEGF and Survivin in the tissues 
was evaluated by immunohistochemical staining with 
specific antibodies. Standard Avidin-biotin complex 
peroxidase immunohistochemical staining was 
performed. Briefly, after deparaffinizationin xylene 
and graded alcohols, heated antigen retrieval was 
done in citrate buffer (10mmol/L pH 6.0) by 
water-bath kettle heating for 30min. Endogenous 
peroxidase was blocked in 0.3% hydrogen peroxide 
for 10 min. Nonspecific binding was blocked by 
incubation in 10% normal animal serum for 10min. 
Sections were incubated at 4°C for 24 h with primary 
antibodies including polyclonal antibody against 
anti-CPA4 (Sigma-Aldrich), anti-Survivin and 
anti-VEGF (Santa Cruz Inc., USA). Protein expression 
levels were scored by staining intensity and the 
percentage of immunoreactive cancer cells. Tissues 
with no staining were rated as 0, with faint staining or 
moderate to strong staining in 10% of cells as 1, with 
moderate staining or strong staining in 10% to 50% of 
cells as 2, and with strong staining in >50% of cells as 
3. Lung cancer tissues that registered levels 0 and 1 
were defined as negative for expression, whereas 
samples at levels 2 or 3 were defined as positive.  

Measurement of Human Plasma Levels of 
CPA4 VEGF and Survivin 

For ELISA study, blood samples were obtained 
from 100 lung cancer patients (median age at 58 with a 
range of 31 to 79 years) during 2007-2008 including 52 
lung squamous cancer samples and 48 lung 
adenocarcinoma samples. 80 specimens of healthy 
individuals with similar age (median age at 56 with a 
range of 36 to 81 years) and sex distribution were 
analyzed, which were donated on a voluntary basis. 
For all the specimens, clinical data were obtained 
retrospectively for all lung cancer patients, including 
age, gender, differentiation, and TNM stage. The 
study was approved by the medical ethics committee 
of Cancer Institute and Hospital, CAMS. CPA4 
(SEF317Hu, Cloud-Clone Corp.), Survivin 
(Quantikine Human survivin Immunoassay, R&D 
System, USA), and VEGF (Quantikine Human VEGF 
Immunoassay, R&D System, USA) concentrations 
were determined by means of an enzyme linked 
immunosorbent assay (ELISA) method according to 
the manufacturer's instructions. The range of the 
immunoassays for CPA4, Survivin and VEGF were 
0.156 to 10ng/mL, 1.58 to 9.96 pg/ml, and 31.20 to 
2,000 pg/mL, respectively. Each serum sample was 
run in duplicate. Briefly, 100 ml of serum (1:5 dilution) 
were placed into each well of the ELISA plate and 
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incubated for 45 min at 37℃. The plates were washed 
four times with buffer and incubated with 100 ml of 
detection antibody at 37℃ for 45 min. After four 
washes, the plates were incubated with substrate 
solution for 15 min at room temperature, then the 
reaction was stopped and the plates were read by a 
spectrophotometer at wavelength 450 nm. A standard 
curve was generated with the provided standards and 
used to calculate the quantity of CPA4 in each serum 
sample. 

Statistical Analysis 
The SPSS 15 software package (SPSS, Inc., 

Chicago, IL) was used for statistical analysis. The 
independent sample t test was used for ELISA group 
analysis. The association between the markers and 
clinicopathologic features was analyzed using χ2-test 
or two-sided t-test as appropriate. Kaplan-Meier 
analysis was adopted to evaluate the effects of CPA4 
expression on the overall survival (OS) of patients 
with lung cancer. Whether CPA4 could serve as a 
prognostic marker in lung cancer was estimated by 
Cox-regression analysis. Logistic regressions were 
used to assess association between CPA4 
overexpression and NSCLC. Receiver Operating 
Characteristic (ROC) curves of biomarkers levels were 
also calculated. All comparisons were two-tailed, and 
p-value of < 0.05 was considered significant. 

Results 
CPA4 is overexpressed in lung cancer at DNA 
and mRNA level 

To roundly investigate CPA4 expression in lung 
cancer tissues, we analyzed three independent 

datasets from Oncomine. The results showed that 
CPA4 gene copy number was increased in lung cancer 
tissues in comparison to normal lung tissues in TCGA 
and Weiss Lung datasets (Figure 1A). And, we also 
observed the upregulation of the CPA4 mRNA level 
in lung cancer tissues compared with normal tissues 
in Hou lung dataset (Figure 1B). These observations 
suggested that CPA4 was highly expressed in lung 
cancer tissues especially in NSCLC. 

CPA4 expression in NSCLC tissues by 
immunohistochemistry 

To examine the clinical relevance of CPA4 in 
human NSCLC, we evaluated its levels and 
distribution in Human NSCLC tissue arrays by 
immunohistochemistry. The results showed that 120 
of 165 of the primary lesions exhibited positive 
staining for CPA4, but there was no staining of 
adjacent normal tissues (Figure 2A). Furthermore, 
CPA4 positive staining was observed in cancer cells as 
well as interstitial tissues especially around 
micro-vessels areas in lung cancer tissues. Then, we 
detected tumor-related angiogenesis factors including 
vascular endothelial growth factor (VEGF) and 
Survivin in the same type of tissue arrays. The results 
demonstrated that the positive rates of Survivin and 
VEGF were 57.6% (95/165) and 49.7% (82/165), 
respectively (Figure 2B, 2C). Statistical analysis 
revealed that the levels of CPA4 were significantly 
correlated with Tumor size (P=0.005), Depth of 
invasion (P=0.008), Lymph Node Metastasis 
(P=0.001), Stage (P=0.001), VEGF (P=0.037) and 
Survivin level (P=0.049).  

 
 

 
Figure 1. CPA4 mRNA or DNA expression in human lung cancers using the Oncomine database. A. CPA4 gene copy number in human lung cancers vs. 
normal tissues. B. CPA4 mRNA expression in human lung cancers vs. normal tissues. 
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Figure 2. CPA4, Survivin and VEGF expression in lung cancer tissues were determined by immunochemistry. A. Positive expression of CPA4, B. 
Positive expression of VEGF, and C. Positive expression of Survivin. 
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However, no statistically significant correlations 
were identified between the expression of CPA4 and 
other clinicopathologic characteristics including age, 
gender, grade and distant metastasis (Table 1). 
Furthermore, Pearson correlation analysis 
demonstrated that the expression of CPA4 was closely 
associated the level of Survivin (r=0.398, p=0.000) and 
VEGF (r=0. 258, P=0.001)  (Table 2). 

Table 1. Correlation between CPA4 expression and 
clinicopathological characteristics in 165 lung cancer cases. 

   CPA4   
p-value negative positive 

Gender (Male: Female) 34:12 86:33 0.832 
Age 62.56±10.19 63.32±9.32 0.649 
Tumor size(cm)   0.005  

< 10 cm3 14 15  
> 10 cm3 31 105  

Grade   0.169  
1 11 15  
2 24 76  
3 10 29  

Depth of invasion   0.008 
T1 17 18  
T2 19 70  
T3 8 21  
T4 1 11  

Lymph node involvement   0.001  
N0 33 51  
N1 7 25  
N2 5 44  

Stage   0.001  
Ⅰ 24 34  
Ⅱ 13 25  
Ⅲ 8 59  
Ⅳ 0 2  

M   0.384  
M0 45 118  
M1 0 2  

VEGF   0.037  
negative 25 45  
positive 20 75  

Survivin   0.049  
negative 17 66  
positive 28 54   

 

Table 2. Correlations between the expression of CPA4, VEGF 
and Survivin. 

   Survivin VEGF 
 
CPA4 

Pearson Correlation 0.398** 0.258** 
Sig. (2-tailed) 0.000  0.001 
N 165 165 

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at 
the 0.05 level (2-tailed). 

 

Overexpression of CPA4 correlates with poor 
prognosis in NSCLC 

To determine the correlation between CPA4 
expression and clinical outcome, we analyzed the 
prognostic significance of CPA4 using Kaplan-Meier 
analysis.  

As shown in Figure 3A, the overall survival time 
of lung cancer patients with CPA4-positive expression 
was markedly shorter than those with CPA4-negative 
expression (Figure 3A). Similarly, we found that 
patients with high Survivin or VEGF expression had a 
poor prognosis, respectively (Figure 3B, 3C). 
Moreover, the subsequent univariate Cox regression 
model demonstrated that CPA4 level (HR=1.832; 95% 
CI: 1.055-3.179; P=0.031) and lymph node metastasis 
(HR=2.075; 95% CI: 1.122-3.836; P=0.020) were 
statistically independent predictive factors of poorer 
prognosis for lung cancer (Table 3). 

 

Table 3. Multivariate analysis of Cox Proportional Hazards Model 
for lung cancer. 

Characteristics  B SE Wald df Sig. Exp(B) 95.0% CI for 
Exp(B) 
Lower Upper 

CPA4 level .605 .281 4.629 1 .031 1.832 1.055 3.179 
Tumor Size 
(cm3) 

-.156 .311 .251 1 .616 .856 .465 1.574 

Depth of 
invasion 

.511 .345 2.194 1 .139 1.667 .848 3.278 

Lymph node 
metastasis  

.730 .314 5.421 1 .020 2.075 1.122 3.836 

Stage -.076 .364 .043 1 .835 .927 .454 1.892 
VEGF level -.160 .210 .578 1 .447 .852 .564 1.287 
Survivin level -.179 .218 .675 1 .411 .836 .546 1.281 

 
 

Elevated Serum Levels of CPA4 in NSCLC 
Patients 

To investigate the potential of CPA4 as a 
serological marker for NSCLC, we analyzed the level 
of CPA4 in sera from NSCLC patients (n=100) and 
healthy controls (n= 80) by ELISA. The result 
demonstrated that the serum levels of CPA4 in 
patients with NSCLC were significantly higher than 
those of the healthy group (CPA4: 2915±747 vs 
2170±767 pg/mL, P=0.000) (Figure 4A). When 
classified according to histologic type of lung cancer, 
the serum levels of CPA4 were 2961±814 pg/mL in 
lung squamous cell carcinoma (LSCC, n=52), and 
2.866±0.672 in lung Adenocarcinoma (AD, n=48), 
which were also higher than normal ones (Figure 4B). 

Clinical significance of CPA4 serum level in 
NSCLC 

ROC curves for serum CPA4 concentrations 
were constructed to determine the cutoff values. The 
approximate area under the ROC curve assessing 
serum CPA4 as a diagnostic tool for the detection of 
lung cancer against normal controls was 0.781, at a 
cutoff value of 2700 pg/ml. (Fig. 4C). Then, we 
analyzed the association between serum CPA4 level 
above the cutoff level and clinicopathological 
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parameters. As demonstrated in Table 4, the 
concentrations of CPA4 were significantly correlated 
with Lymph node involvement (p=0.038) and 
differentiation (p=0.041). Thus, the elevation of serum 
CPA4 levels appears to be closely associated with 
lung cancer progression. 

The diagnostic value of CPA4 as a serologic 
biomarker for NSCLC 

To further evaluate the potential clinical utility of 
CPA4 only or combining with other indicators as the 
diagnostic serum markers, we employed the ROC 
curve analysis to assess other five common serum 
markers (VEGF, Survivin, NSE, CYFRA21-1 and 
SCCA) to discriminate between NSCLC patients and 
healthy volunteers. As shown in Figure 4D, the AUCs 
of VEGF, Survivin, NSE, CYFRA21-1 and SCCA were 
0.531 (95% CI: 0.445–0.618), 0.368 (95% CI: 
0.287–0.450), 0.288 (95% CI: 0.214–0.362), 0.607 (95% 
CI: 0.522–0.692) and 0.493 (95% CI: 0.408–0.578), 
respectively. To further improve diagnostic accuracy, 
Logistic regression was used to calculate the 
respective significance of each candidate marker for 
NSCLC diagnosis. The results indicated that CPA4 
and CYFRA21-1 showed diagnostic performance 
(P<0.05), and the odds ratios were 14.823 and 4.16, 
respectively (Table 5). Then, the logistic regression 
equation was built: logitP =-1.776+2.696*CPA4+1.425* 
CYFRA21-1, where the levels of CPA4 and 
CYFRA21-1 in serum were standardized for 
normalized value. According to the discriminant 
equation, “0” was defined as the cut point. Using the 
two biomarkers, the diagnostic assay can effectively 
discriminate NSCLC patients from normal controls. 

The sensitivity and specificity were 86% and 
70%, respectively. Moreover, the combination had an 
AUC-ROC=0.830. 

Table 4. Correlation between CPA4 level in NSCLC serum. 

 Serum CPA4 
 negative positive p value 
Sex (Male: Female) 19:12 53:16 0.110 
Age 59.84±10.68 57.28±8.06 0.188 
Differentiation   0.041 
high 18 25  
moderate+low 13 44  
    
Depth of invasion   0.249 
T1 7 14  
T2 7 29  
T3 9 16  
T4 8 10  
Lymph node involvement   0.038 
N0 7 12  
N1 12 11  
N2 12 44  
N3 0 2  
Distant Metastasis   0.428 
M0 29 61  
M1 2 8   

 

Table 5. Logistic regression analysis of 6 serum markers. 

              95% C.I.for 
EXP(B) 

  B S.E. Wald df Sig. Exp(B) Lower Upper 
VEGF 0.544 0.415 1.718 1 0.190  1.722 0.764 3.884 
Survivin 0.013 0.52 0.001 1 0.980  1.013 0.366 2.804 
NSE -1.012 0.503 4.043 1 0.044  0.363 0.136 0.975 
CYFRA21 1.425 0.431 10.921 1 0.001  4.16 1.786 9.688 
SCCA1 -0.328 0.435 0.57 1 0.450  0.72 0.307 1.688 
CPA4 2.696 0.439 37.804 1 0.000  14.823 6.276 35.012 
Constant -1.776 0.508 12.213 1 0.000  0.169     

 
 

 
 

 
Figure 3. Survival curves for NSCLC cancer using the Kaplan-Meier method and the log-rank test. A. Overall survival curves for patients with negative 
CPA4 expression (blue line) and patients with positive CPA4 (green line); B. Overall survival curves for patients with negative Survivin expression (blue line) and 
patients with positive Survivin (green line); C. Overall survival curves for patients with negative VEGF expression (green line) and patients with positive VEGF (blue 
line). 
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Figure 4. Elevated Serum CPA4 levels in lung cancer serum samples. A. Serum levels of CPA4 in healthy controls (n=80) and lung cancer patients(n=100). 
B. Serum levels of CPA4 in healthy controls (n=80), lung squamous cell carcinomas (LSCC, n=52) and Adenocarcinoma(AD, n=48). C. Receiver operator curves 
demonstrating the ability of CPA4. D. Receiver operator curves demonstrating the ability of serum CPA4, CYFRA21-1, NSE, SCCA, VEGF and Survivin alone to 
predict lung cancer. E. Receiver operator curves demonstrating the ability of the combination between CPA4 and CYFRA21-1. 

 

Discussion 
Lung cancer is a leading cause of cancer death 

worldwide, and early diagnosis can greatly improve 
cancer survival rates [12]. Serum tumor markers 
including neuron specific enolase (NSE), cytokeratin 
fragment (CYFRA21-1) and squamous carcinoma 
antigen (SCCA) has been used in the diagnosis of lung 
cancer [4, 13]. However, the diagnostic effectiveness 
of a single marker is limited by its low specificity 
and/or sensitivity. Therefore, there is an urgent need 
to find out other potential biomarkers in clinical 
practice.  

Recent studies indicated that tumor cells can 
release factors that facilitate angiogenesis and create 
unique tumor microenvironment [14]. Moreover, 
these secreted protein could be measured as cancer 
markers in early detection of cancers [15, 16]. 
Carboxypeptidase A4 (CPA4) is a secreted protein 
with metallocarboxypeptidase activity [9]. In prostate 
cancer, CPA4 gene is imprinted and may become a 

strong candidate gene for prostate cancer- 
aggressiveness [17]. Our previous study also 
indicated that CPA4 level was significantly elevated 
in pancreatic cancer tissues as well as serum samples, 
and was closely associated with tumor progression. 

Despite the potential implication of CPA4 for the 
cancer progression, no previous studies have 
examined its level and clinical significance in lung 
cancer. In this study, we firstly demonstrated that 
CPA4 was overexpressed in NSCLC tissues in both 
RNA and DNA level by using the publicly available 
gene expression datasets in the Oncomine. Then, we 
evaluated the CPA4 level in human NSCLC tissue 
arrays by using IHC. We found that CPA4 was highly 
expressed in NSCLC cancer tissues, with a positive 
rate of 72.7%. We also observed that CPA4 positive 
staining was observed in cancer cells as well as 
stromal compartment especially around micro-vessels 
areas in lung cancer tissues. It has been reported that 
angiogenesis-related factors including VEGF and 
Survivin were involved in neo-angiogenesis [18], 
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which were significantly correlated with poor 
prognosis in certain types of cancers, such as NSCLC 
[19], ovarian carcinoma [20] and thyroid carcinoma 
[21]. Then, we detected their levels in the same type of 
tissue arrays, and found that overexpression of CPA4 
was significantly associated with the high level of 
Survivin or VEGF. 

Clinical relevance analysis showed that positive 
expression of CPA4 in NSCLC tissues was 
significantly correlated with Tumor size, Depth of 
invasion, Lymph Node Metastasis and Stage. 
Moreover, high CPA4 expression was significantly 
associated with for NSCLC patients, as an 
independent prognostic factor. 

CPA4 is a secreted protein and highly expressed 
in lung cancer tissues, so we tested whether serum 
level of CPA4 could be used as a tumor marker for 
NSCLC. 

Our results demonstrated that CPA4 serum 
levels in the NSCLC patients were much higher than 
that in healthy controls. Furthermore, we showed that 
the serum level of CPA4 was significantly correlated 
with Lymph node involvement (p=0.038) and 
differentiation (p=0.041) and could be an independent 
prognostic factor.  

Then, we evaluated the value of CPA4 serum 
level for the early diagnosis of lung cancer. Because 
the diagnostic effectiveness of a single marker is 
limited, we also analyzed the most commonly 
investigated tumor markers including NSE, 
CYFRA21-1 and SCCA individually or in combination 
[22, 23]. ROC curve analysis revealed that the 
accuracy of serum CPA4 and CYFRA21-1 for the 
diagnosis of NSCLC was superior to that of NSE, 
SCCA, Survivin and VEGF. 

We also found that combinations of CPA4 and 
CYFRA21-1 can improve diagnostic efficacy 
compared with a single marker, and area under the 
ROC curve (AUC) was increased to 0.830. 

In conclusion, our study demonstrated that 
CPA4 overexpression in NSCLC tissues is 
significantly associated with poor survival. CPA4 can 
be used as a novel diagnostic and prognostic serum 
marker for human non-small-cell lung cancer, and 
serum CPA4 level combining with serum CYFRA21-1 
level could be used to aid early detection of NSCLC. 
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