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Abstract: Lung cancer metastasis is correlated with prognosis. Epithelial E-cadherin (EC) inhibits tumor invasion, 
and EC deficiency facilitates tumor metastasis. Protocadherin-20 (PCDH20) plays important roles in intracellular 
signal transduction and inhibits the growth and clonal formation potency of non-small cell lung cancer (NSCLC). This 
study measured PCDH20 and EC expressions in lung cancer tissues to investigate their relationship with prognosis. 
A total of 68 NSCLC patients were recruited during the period January 2013 to June 2015. Immunohistochemical 
(IHC) staining was used to measure PCDH20 and EC protein expressions to analyze their correlations with the 
cohort's clinical/pathological features. The Kaplan-Meier approach plotted survival curves, and the Cox ratio risk 
model was employed to conduct a multi-variate survival analysis. NSCLC tissues had 20.59% and 44.12% positive 
rates of PCDH20 and EC expression respectively, which were significantly lower than in adjacent tissues (58.82% 
and 61.76%, p<0.05). Protein expressions were correlated with TNM stage and lymph node metastasis (p<0.05) but 
not with the pathology subtype or tumor size. A Kaplan-Meier curve revealed 12.0 months of median survival time 
in the PCDH20-negative groups, as compared to the PCDH20-positive rate (20.0 months). The EC-negative patients 
also showed a shorter median survival span than the EC-positive groups (14.0 months vs. 23.0 months, p<0.05). 
The Cox regression analysis identified the TNM stage, differentiation grade, PCDH20/EC protein expression, and 
lymph node metastasis as independent prognostic factors for NSCLC (p<0.05). PCDH20 and EC may play important 
roles in NSCLC progression and might work as reference points for prognostic evaluation.
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Introduction

Primary lung cancer is a common malignant 
tumor in clinics, with a relatively high incidence 
and mortality. Based on its differential histo-
pathological features, it can be subdivided into 
small cell lung cancer and non-small cell lung 
cancer (NSCLC), the latter of which occupies 
80-85% of total lung cancer cases. The treat-
ment strategies and prognostic evaluation of 
lung cancer are correlated with early diagnosis 
and histology subtype [1, 2]. Lung cancer me- 
tastasis is correlated with prognosis, involving 
multiple genes and factors, such as the vas- 
cular angiogenesis factor, extracellular matrix 
metalloproteinase (MMP) and adhesion mole-
cules. During the invasion and metastasis of 
malignant tumors, both the epithelial-mesen-
chymal transition (EMT) and depressed cell 

adhesion play important roles [3, 4]. EMT can 
potentiate cell invasion or metastasis potency, 
and epithelial EC can inhibit tumor metastasis 
by regulating cell adhesion. EC knockdown or 
deficiency may facilitate tumor cell infiltration 
and metastasis [5, 6]. Protocadherin-20 (PCD- 
H20) plays important roles in the formation of 
intracellular signal transduction. The PCDH20 
gene is located on chromosome 13q-21, and 
promoter methylation or cell mutation may lead 
to the inactivation of gene expression. In the 
NSCLC cell line, PCDH20 is downregulated. The 
down-regulation of PCDH-PC in prostate cancer 
tissues is correlated with the methylation level 
in the promoter region, and PCDH20 overex-
pression can inhibit prostate cancer cell grow- 
th [7, 8]. Previous studies showed that the 
PCDH20 promoter methylation level is correlat-
ed with prognosis, and PCDH20 can inhibit the 
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growth or clonal formation of NSCLC cell line 
A459, thus exerting an antitumor role in NSCLC 
[9, 10].

Previous studies also showed that the adhe-
sion molecule E-cadherin could induce tumor 
angiogenesis and plays important roles in 
tumor vascular formation and distal metasta-
sis. In various tumors such as pancreatic can-
cer and colorectal carcinoma, E-cadherin ex- 
pression is downregulated and is closely corre-
lated with lymph node metastasis. As an 
endogenous negative regulator, E-cadherin at 
its normal expression level can inhibit cancer 
cell metastasis. In malignant tumors, the deac-
tivation of the E-cadherin gene is correlated 
with promoter methylation [11, 12]. However, 
the exact role and mechanism by which E- 
cadherin and PCDH20 are involved in the occur-
rence/progression of lung cancer remains poor- 
ly understood. This study measured PCDH20 
and EC protein expression levels in lung cancer 
tissues to evaluate their correlation with prog-
nosis, thus providing evidence for the diagno-
sis, treatment and prognostic evaluation of 
lung cancer in clinics.

Materials and methods

General information

A total of 68 NSCLC patients who were admit-
ted from January 2015 to June 2017 and diag-
nosed by pathology or histology in the Affiliated 
Cancer Hospital of Zhengzhou University were 
recruited in this study. None of the patients had 

University, and all the patients gave their in- 
formed consent before the study began.

Inclusive criteria

All the patients received a confirmed diagnosis 
by histology or pathology, including percutane-
ous puncture, lymph node biopsy, fiber bron-
choscopy biopsy, thoracic cavity fluid cytology 
assay, or sputum cytology. All recruited patients 
had their complete clinical information record-
ed and clear stage determined, and they re- 
ceived systemic post-op treatment (including 
intravenous chemo-therapy and focal treat- 
ment). 

Exclusive criteria

Those patients complicated with other primary 
malignant tumors or who were lost during fol-
low-up were excluded.

Reagent and equipment

PCDH20, EC antibody and SP immunohisto-
chemistry (IHC) staining kits were provided by 
Boster Bio (China). The secondary antibody was 
provided by Zhongshan Jinqiao Biotech (China). 
The inverted microscope was from Olympus 
(Japan). The tissue embedding equipment was 
from SAKURA (Japan). The Microtome was fr- 
om Leica (Germany). The oscillator was from 
Jinghong Equipment (China). The heat-resis- 
tant glass slide rack was from Maixin Biotech, 
(China). The computer-assisted image analysis 
system was from HP (United States).

Figure 1. PCDH20 and EC protein expression in lung cancer tissues (×100).

received any chemo- or radio-
therapy before surgery. Can- 
cer tissues samples were col-
lected from surgical resec-
tions and were confirmed by 
pathology. Tumor adjacent tis-
sues with a distance of >5 cm 
from the cancer edge were 
also collected. In the patient 
cohort, there were 32 males 
and 36 females, aged bet- 
ween 31 and 76 years (aver-
age age = 60.5±6.7 years). 

The study protocol was app- 
roved by the Research Ethics 
Committee of the Affiliated 
Cancer Hospital of Zhengzhou 
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Patient follow-ups

The patients received post-op follow-ups by 
electronic charts and telephone interviews. 
Progression-free survival (PFS) was evaluated 
from the time of confirmed diagnosis until the 
treatment efficacy evaluation revealed any pro-
gression of the disease (PD). Overall survival 
(OS) was deduced from the time of diagnosis 
until mortality or January 2017, using months 
as the unit. Till the endpoint of the observation 
window, the survivors were treated as cut-tail 
data. The correlation between PCDH20/EC 
expression and clinical pathology or prognosis 
was analyzed, along with survival period follow-

elds were randomly selected from each slide 
for recording.

Deduction of positive expression

Positive expression was deduced as brown-yel-
low granules in the nucleus, cytoplasmic mem-
brane or cytoplasm. The IHC staining results 
were analyzed in a semi-quantitative manner. 
Scores were given according to the percentage 
of positive cells: 0 for no positive cells; 1 for 
<25% positive cells, 2 for 25%~50% positive 
cells, 3 for 50%~75% positive cells, and 4 for 
>75% positive cells. Staining intensity was gi- 
ven for 0, 1, 2, and 3 for no significant stain- 

Table 1. PCDH20 and EC protein expressions in lung cancer tissues
Tissue type PCDH20 (%, n) EC (%, n) χ2 value P value
Tumor tissue 20.59 (14/68)* 44.12 (30/68)* 20.762 0.000
Tumor adjacent tissue 58.82 (40/68) 61.76 (42/68) 4.250 0.032
Note: *, p<0.05 compared to control group.

Table 2. The correlation between PCDH20 and EC protein expres-
sion and clinical/pathological features

Item N PCDH20  
positive rate

EC  
positive

χ2  
value

P  
value

Sex
    Male 32 6 (18.75) 14 (43.75) 0.125 >0.05
    Female 36 8 (22.22) 16 (44.44) 0.033 >0.05
Age
    <60 46 10 (21.74) 18 (39.13) 0.112 >0.05
    ≥60 22 4 (18.18) 12 (54.54) 1.434 >0.05
Tumor size (cm)
    <5 25 4 (16.00) 10 (40.00) 0.509 >0.05
    ≥5 43 10 (23.26) 20 (46.51) 1.809 >0.05
Pathology time
    Adenoma 49 11 (22.45) 23 (46.94) 0.417 >0.05
    Squamous carcinoma 19 3 (15.79) 7 (36.84) 0.824 >0.05
Differentiation grade
    Low 47 13 (27.66) 25 (53.19) 4.655 <0.05
    Moderate to high 21 1 (4.76) 5 (23.81) 5.083 <0.05
Infiltration depth
    No reaching serosa 50 11 (22.00) 26 (52.00) 3.118 >0.05
    Penetrating serosa 18 3 (16.67) 4 (22.22) 0.230 >0.05
Lymph node metastasis
    Yes 16 0 (0.00) 1 (6.25) 5.425 <0.05
    No 52 14 (26.92) 29 (55.77) 12.169 <0.05
Tumor TNM stage
    I+II 32 10 (31.25) 24 (75.00) 23.382 <0.05
    III+IV 36 4 (11.11) 6 (16.67) 4.205 <0.05

ups. The Kaplan-Meier app- 
roach was used to plot the 
survival curve, and the Cox 
ratio-risk model was em- 
ployed for multi-variant sur-
vival analysis.

Experimental approaches

IHC staining was employed  
to measure PCDH20 and EC 
expression in lung cancer 
and adjacent tissues. In bri- 
ef, the tissues were fixed in 
formalin, followed by being 
dehydrated and then immer- 
sed in paraffin for tissue 
embedding. Paraffin-based 
tissues were cut into sec-
tions, which were dried, de- 
hydrated, and processed in 
heat antigen retrieval. After 
blocking, normal goat serum 
(NGS) was added, followed 
by 1 h room temperature in- 
cubation with 50 μl rabbit 
anti-human monoclonal anti-
body of PCDH20 or EC (1: 
100 for both). 50 μl of sec-
ondary antibody (1:100) was 
then added for 10 min incu-
bation, followed by incuba-
tion with 50 μl streptavidin-
peroxidase for 10 min at 
room temperature. After de- 
velopment, quenching, coun-
ter-staining and differentia-
tion, a computer-assisted im- 
aging system was used to 
capture the images. Five fi- 
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ing, light yellow, brown-yellow and dark brown, 
respectively. The total score was determined  
by calculating the product of staining intensity 
score and the positive cell score. The product 
was deduced as negative (-) for scores of 0~3, 
weak positive (+) for scores of 4~8, and posi-
tive (++) for scores of 9~12.

Data processing

Data were analyzed using SPSS 19.0 software. 
Enumeration data were processed using a chi-
square test. The measurement data were test-

ed for normality using a Kolmogorov-Smirnov 
test. The biased distribution was described 
using median ± quadrille (M ± Q). A rank-sum 
test was used to compare the independent 
samples. The measurement data that were fit-
ted into a normal distribution were presented 
as the mean ± standard deviation (SD) and 
analyzed using an analysis of variance (ANOVA) 
and Student’s t-test. The Kaplan-Meier app- 
roach was used to plot the survival curve, and 
the Cox ratio risk model was employed to do a 
multi-variant survival analysis. Statistical sig-
nificance was defined as p<0.05.

Results

PCDH20 and EC protein expressions in lung 
cancer tissues

In NSCLC tissues, the positive rates of PCDH20 
and EC protein expressions were 20.59% and 
44.12%, respectively, which were significantly 
lower than those in controlled tumor adjacent 
tissues (58.82% and 61.76%, χ2=20.762 and 
4.250, p<0.05). Positive expression of the tar-
get protein was shown as light yellow to dark 
brown colors. PCDH20 positive expression was 
mainly shown in the nuclei and cytoplasms,  
but EC protein was mainly expressed in the 
cytoplasmic plasma and cytoplasms. T-cadhe- 
rin expression is mainly located on the mem-
branes, and CD34 positive expression exists 
on the membranes and cytoplasms (Figure 1, 
Table 1).

Correlation analysis between PCDH20/EC pro-
tein expressions in NSCLC and clinical/patho-
logical features

PCDH20 and EC protein positive expressions 
were found to be correlated with the tumor dif-
ferentiation grade, TNM stage and lymph node 
metastasis (p<0.05), but not with tumor size, 
age, sex, or pathological type. The patients wi- 
th lymph node metastasis had a lower PCD- 
H20/EC protein positive expression rate com-
pared to those without lymph node metastasis. 
In the advanced clinical stages, the PCDH20 
and EC proteins showed decreased positive 
expressions (Table 2).

PCDH20 and EC expressions in lung cancer 
tissues and their relationship with prognosis

A total of 68 patients received post-up follow 
ups until January 2017, with median overall sur-
vival (OS) at 15 months (95% CI: 13.716~ 

Figure 2. Correlation analysis between PCDH20 pro-
tein expression in NSCLC and its prognosis.

Figure 3. Correlation between EC protein expression 
and prognosis in NSCLC patients.
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17.088). Those patients with PCDH20-negative 
expression showed a significantly shorter sur-
vival span than the PCDH20-positive ones 
(11.0 months vs. 17.0 months, p<0.05). The 
EC-negative patients also showed shorter OS 
than the EC-positive individuals (12.0 months 
vs. 18.0 months, p<0.05, Figures 2 and 3).

Cox regression analysis for the independent 
prognostic factors of NSCLC

Various factors, including age, sex, clinical st- 
age, pathological type, and PCDH20/EC protein 
expression were included in the Cox ratio risk 
model for multi-variate survival analysis, and 
we found that clinical TNM stage, tumor differ-
entiation grade, PCDH20/EC protein expres-
sions and lymph node metastasis were inde-
pendent prognostic factors of NSCLC (p<0.05, 
Table 3).

Discussion

PCDH is an important member of the cadhe- 
rin protein family and plays important roles in 
intracellular signal transduction. Mainly expre- 
ssed in the nervous system, PCDH has cell 
adhesion properties. Such extracellular fea-
tures of transmembrane PCDH20 exerts im- 
portant roles in cell-to-cell adhesion [13, 14]. 
PCDH20 is a non-clustered PCDH, and its gene 
is located on chromosome 13q21.2, with six 
extracellular cadherin domains. Previous stud-
ies showed decreased PCDH20 expressions  
in the NSCLC cell line, and NSCLC tissues also 
showed higher a PCDH20 gene methylation 
rate than normal lung tissues. After treatment 
with de-methylation drugs, PCDH20 expression 
is significantly up-regulated. The promoter me- 
thylation level of the PCDH20 gene is closely 
correlated with its expression in NSCLC tissues 
[15-17]. In epithelial cell adhesion, the epitheli-
al EC protein complex has important roles, and 
lowly differentiated EC is correlated with tumor 
cell differentiation. Previous studies have gen-

erated inconsistent results regarding the rela-
tionship between NSCLC prognosis and EC 
expression [18, 19]. This study measured PCD- 
H20 and EC expression in lung cancer tissues 
to investigate their correlation with prognosis. 
The results showed lower PCDH20 and EC 
expression in NSCLC tissues, which were high-
er in tumor tissues compared to the adjacent 
tissues, indicating that they might be involved 
in NSCLC onset and progression.

Previous studies showed important roles of 
tumor cell adhesion lost and separated during 
the tumor invasion and metastasis process. 
The EC protein is a major mediator for epithelial 
cell adhesion and intracellular connections [20, 
21]. By transfecting highly invasive tumor cells 
with the wild type EC gene, tumor invasion or 
metastasis was inhibited. EC down-expression 
is correlated with the lymph node metastasis  
of various malignant tumors. A previous study 
showed a correlation between PCDH20 meth-
ylation levels and unfavorable cancer progno-
ses [22]. In the present study, we did not reveal 
a significant correlation between PCDH20/EC 
protein expression and sex, age, or patients’ 
pathological subtypes. However, tumor differ-
entiation grade, TNM stage, lymph node metas-
tasis, and EC expression affect tumor cell reat-
tachment and de-attachment. During tumor 
progression, EC down-regulation or deficiency 
is directly correlated with tumor infiltration and 
metastasis [23, 24]. This study further proved 
that PDH20/EC protein down-regulation or defi-
ciency caused decreased cell adhesion poten-
cy, making tumor cells detach from primary 
lesions, thus facilitating tumor infiltration or 
metastasis. A Kaplan-Meier curve showed that 
the PCDH20-negative patients had a signifi-
cantly shorter survival period than the PCD- 
H20-positive patients did, and the EC-negative 
patients had a shorter survival than the EC- 
positive ones, indicating possible roles of PC- 
DH20 and EC in NSCLC progression. PCDH20 

Table 3. Cox regression analysis for the adverse factors of prognosis in NSCLC patients
Relevant factors β S

_
x Wald χ2 P value OR value 95% CI

Clinical TNM stage 0.839 0.354 5.610 0.019 2.314 1.156 4.633
PCDH20 0.623 0.292 4.548 0.035 1.865 1.052 3.305
EC 0.677 0.313 4.689 0.034 1.968 1.066 3.632
Tumor differentiation 0.986 0.416 3.782 0.01 2.680 1.186 6.058
Lymph node metastasis 0.864 0.365 3.582 0.01 2.372 1.161 4.848
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and EC expression thus might be used as re- 
ference points for the prognostic evaluation of 
NSCLC.

A Cox regression analysis showed that TNM 
stage, tumor differentiation grade, PCDH20/EC 
protein expression and lymph node metastasis 
were independent prognostic factors for NS- 
CLC, suggesting that patient prognosis could 
be primarily evaluated according to PCDH20 
and EC expression, which might be beneficial 
for the clinical evaluation of NSCLC patient 
prognosis. Due to the limited sample size 
included in the present study, a large cohort 
clinical study should be performed to demon-
strate the correlation between PCDH20/EC 
expression and post-op survival time in NSCLC 
patients. Moreover, determining the roles and 
mechanisms of E-cadherin and PCDH20 in lung 
cancer onset and progression is also worthy of 
further investigation.

Conclusion

PCDH20 and EC may play important roles in 
NSCLC progression, and their expressions may 
serve as reference points for evaluating the 
post-op prognosis of NSCLC.
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