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Abstract
Although proliferating cell nuclear antigen (PCNA) plays an important role in tumor proliferation and its expression level is closely
related to the biological activity of tumor cells, PCNA expression in non-small cell lung cancer (NSCLC) has been seldom reported. In
this study, we aimed to investigate the significance of PCNA expression in NSCLC tissues. PCNA expression in NSCLC and adjacent
tissues were assessed by immunohistochemistry (IHC), western blotting, and reverse transcription polymerase chain reaction. Single
factor analysis was used to study the relationship between the expression of PCNA and clinicopathological features of NSCLC. Multi-
factor Cox survival analysis was used to evaluate the relationship between the expression of PCNA and overall survival of
postoperative NSCLC patients. The areas under the receiver operating characteristics were calculated to evaluate the value of PCNA
expression level in predicting the 3-year survival of NSCLC patients. IHC analysis showed that the positive expression rates of PCNA
protein in NSCLC and adjacent tissues were 91.79% (257/280) and 25.83% (31/120), respectively. Western blotting confirmed that
PCNA protein level was significantly higher in NSCLC tissues than in the adjacent tissues (P< .05). Reverse transcription polymerase
chain reaction showed that the positive rate of PCNA mRNA in NSCLC was 88.93% (249/280), which was significantly higher than
that in adjacent tissues 29.17% (35/120) (P< .05). Both PCNA mRNA and protein levels were correlated with tumor differentiation,
size, metastasis, and stage in NSCLC. Patients exhibiting higher PCNA protein expression had a significantly shorter disease-specific
survival rate than the other patients. PCNA protein level and tumor pathological type, metastasis, differentiation degree, and stage
were independent factors affecting the overall survival of postoperative patients. The areas under the receiver operating
characteristics of PCNA mRNA for predicting the 3-year survival of NSCLC patients was 0.89 (0.79–0.98), with a sensitivity and
specificity of 0.84 and 0.76, respectively. In conclusion, high PCNA protein andmRNA levels may be associated with the occurrence,
development, and prognosis of NSCLC.

Abbreviations: AUROC = areas under the receiver operating characteristics, IHC = immunohistochemistry, NSCLC = non-small
cell lung cancer, PCNA = proliferating cell nuclear antigen.
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1. Introduction

Lung cancer is one of the most common malignancies in China,
among which non-small cell lung cancer (NSCLC) accounts for
approximately 85%.[1,2] In recent years, the incidence and
mortality of lung cancer have been increasing in China.[3,4]

Epidemiological studies have estimated that the average annual
incidence of lung cancer can reach (283–593)/100,000.[5] Studies
have shown that long-term smoking is closely related to the
occurrence of lung cancer.[6,7] Environmental and genetic factors
can influence the occurrence and progression of lung cancer and
affect the clinical and pathological characteristics.[8,9] As a
common malignant tumor of the respiratory system, the cancer-
free survival period in lung cancer is <38 months. Even after a
comprehensive treatment, including surgery, the 3-year mortality
rate of lung cancer patients is still >35%.[10] Many studies have
shown that surgery is still the most effective choice for the
treatment of lung cancer, but by the time a diagnosis is made,
most patients already have advanced cancer and have lost the
opportunity for surgery.[11,12] Therefore, radiotherapy and
chemotherapy have become indispensable in the treatment of
lung cancer despite their toxicity, side effects, and long-term use
of cancer cells to reduce their toxicity.[13,14]

Proliferating cell nuclear antigen (PCNA) is a nuclear protein
that regulates cell cycle and participates in DNA synthesis.[15,16]

The level of PCNA increases before DNA synthesis with the
transition of the cell from the G1 phase to S phase and decreases
back during the M phase.[17] Accordingly, PCNA largely reflects
cell proliferation activity and is commonly used as a marker of
cell proliferation in healthy and tumor tissues.[18] Furthermore,
the expression level of PCNA is closely correlated with the
biological activity of tumor cells, suggesting an active role of
PCNA in tumorigenesis.[19,20] Since tumor cells with high
proliferation activity are more likely to metastasize, PCNA
levels in various malignant tumors, such as breast and duodenal
cancers, are commonly found significantly higher than the levels
Figure 1. Screening flow chart for no
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in normal tissues.[21,22] PCNA expression is almost ubiquitous in
mammals. Tumorigenesis results from unrestricted proliferation
and suppression of apoptosis.[23,24] PCNA levels in proliferating
cells cycle. PCNA is rarely expressed in stationary cells and begin
to be synthesized in the G1 phase, peaking in the S phase, and
significantly decreasing in theM and G2 phases.[25] Juríková et al
have found that breast cancer patients with clinical stage III-IV
and lymph node metastasis increased have increased levels of
PCNA protein.[26] These observations all show that the
expression of PCNA has a significant correlation with cell
proliferation, and accordingly, PCNA can be used as an
endogenous marker to determine the proliferative activities
of cells.
Although PCNA is a good indicator of cell proliferation and is

used in the prognoses of cancer patients, the correlation between
PCNA expression and NSCLC remains unclear. Clarification of
the relationship between PCNA and NSCLC can facilitate the
prevention, diagnosis, and treatment of this debilitating disease.
Accordingly, in this study, we aimed to evaluate the role and
prognostic value of PCNA in NSCLC.

2. Materials and methods

2.1. Patients and controls

We retrospectively analyzed a cross-sectional group of 280
eligible NSCLC patients selected from a total of 348 patients
from the Fifth People’s Hospital of Wuxi, the First People’s
Hospital of Yancheng City, Linyi Traditional Hospital, Yan-
cheng Hospital of Traditional Chinese Medicine, and the First
Affiliated Hospital of Zhejiang Chinese Medical University
between January, 2013 and January, 2017. Figure 1 shows the
flow chart of the screening procedure for the NSCLC patients
from these 5 hospitals. All patients underwent surgical resection.
The inclusion and exclusion criteria in diagnosing NSCLC were
as follows:
n-small cell lung cancer patients.
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Inclusion criteria:
Primer sequences for RT-PCR analysis.
(1)
 NSCLC had been diagnosed clinically and pathologically;

Primers Primer sense Primer sequences 50-30 Product size
(2)
 paraffin specimens were available;
PCNA Forward TGATGAGGTCCTTGAGTG 332 bp
(3)
Reverse GAGTGGTCGTTGTCTTTC 332 bp
the patients had received no preoperative radiotherapy or
chemotherapy; and
b–actin Forward TTCCAGCCTTCCTTCCTGGG 231 bp
(4)

Reverse TTGCGCTCAGGAGGAGGAAT 231 bp
the complete clinical data were available.

Exclusion criteria:

PCNA = proliferating cell nuclear antigen, RT-PCR = reverse transcription polymerase chain reaction.
(1)
 presence of other malignant tumors;

(2)
 presence of primary organ dysfunction;

(3)
 presence of an autoimmune disease;

(4)
 incomplete clinical data; or

(5)
 the patients lost during the follow-up.

Among the selected 280 NSCLC patients (aged 30–88 years,
mean age of 59 years), 185 were males and 95 were females. The
pathological types of the tumors were squamous cell carcinoma
(125 cases), adenocarcinoma (91 cases), and adenosquamous
carcinoma (64 cases). There were 106 and 174 cases with tumor
size <5cm and >5cm, respectively. Poor, high-to-moderate,
grade I–II, or grade III–IV differentiation was observed in 195,
85, 65, and 215 cases, respectively. Adjacent tissue specimens
were collected from 120 paired adjacent tissues (aged 36–90
years, mean age of 55 years) to serve as a control group.
The follow-up results for the 280 patients enrolled in this study

were obtained from the telephone interviews. Postoperative
follow-ups were performed every 2, 3, and 6 months in the first,
second, and third years, respectively, and then every 8 months
until mortality. All the specimens were obtained under informed
consent upon the approvals of the Ethics Committees of the 5
hospitals (Identification No. HMU (Ethics) 2017-k-133 and
2017003).
2.2. Immunohistochemical (IHC) staining

IHC was performed to analyze the cellular distribution of PCNA.
The Envision and DAB chromogenic reagent kit (antibody
diagnostic inc, ADI) were used to immunohistochemical staining.
Paraffin specimens were de-waxed in xylene, and successively
rehydrated with washes of 100%, 95%, 85%, and 75% ethanol.
Antigen retrieval was performed with the citrate buffer. The
samples were incubated in 10% goat serum for 30minutes at
about 25°C against non-specific antibody-binding. Subsequently,
they were incubated with the rabbit anti-PCNA polyclonal
antibodies (1:200) (Abcam Company) overnight and then with
the secondary antibody solution for 1hour at 4°C. Afterward, the
samples were washed with the DAB solution (Jinqiao Company,
China) for 5minute and stained with hematoxylin for 20 seconds
at about 25°C. Finally, they were washed with 1% hydrochloric
acid in ammonia water and mounted with PBS buffer. The
samples were examined under an optical microscope, and the
proportion of positive area was calculated.
The IHC results were determined by 2 pathologists, who

scored the NSCLC samples and adjacent tissues and considered
the cells with stained nuclear granules positive. Each slice was
randomly selected and 10 visual fields per slice were examined
and 100 tumor cells were counted in each field under a light
microscope. Staining score criteria were as follows: negative (–),
no brown-yellow staining in tumors or glandular epithelial cells;
weakly positive (+), the number of positive cells was <25%;
positive (++), the number of positive cells ranged from 25% to
50%; highly positive (+++), the number of positive cells was
3

>50%. For the convenience of statistical analyses, negative (-) or
weakly positive (+) are defined as low expression, positive (+ +) or
strongly positive (+ + +) are defined as high expression.
2.3. Western blotting

The tissue sample was homogenized and lysed by RIPA lysate
(10:1) (Beyotime Biotech, Haimen, China), centrifuged, and the
supernatant was harvested as the total protein sample. The
protein concentration of each extract was determined by the BCA
kit (Beyotime Biotech, China). Concentrated gum and separating
gum were made and water-sealed for 30 minutes. Gel
electrophoresis of twelve alkylbenzene sulfonate was carried
out for 1 to 2hours, and then wet to 30 to 50minutes. Five
percent skimmed milk powder was sealed for 1hour, and the
membranes were incubated with polyclonal antibodies (rabbit
anti-human PCNA, dilution 1:100) overnight at 4°C. On the
second day, the membrane was incubated with the secondary
antibodies (dilution 1:100; Beyotime Biotech, Haimen, China)) at
about 25°C for 1 to 2hours. Exposure in gel imaging system.
2.4. Semi-quantity reverse transcription polymerase
chain reaction

Total RNA was isolated from tissues using the TRIzol reagent
(BioTeke, Beijing, China) and quantified by Nanodrop spectro-
photometer. Total RNA (4mg per sample) was isolated and used
to generate the complementary DNA, which was then amplified
by semi-quantitative PCR with b-actin as reference. The
sequences of the primers used in this study are provided in
Table 1. Thermal cycling conditions were as follows: pre-
denaturation at 94°C for 30 seconds, amplification at 51°C for 35
seconds and 72°C for 65 seconds, totaling 30 cycles, and final
extension at 72°C for 5minutes. The amplicons were examined
by agarose gel electrophoresis using a Quantity-One electropho-
resis apparatus. The absorbance (a) values of the belt and the
reference were determined, and the results were expressed by the
ratio (sample value/reference value). If the ratio of NSCLC value
and reference value was greater than the value, it was expressed
positively. Otherwise, it was negative.
2.5. Statistical methods

SPSS13.0 statistical software was used for statistical analysis. The
x2 test was used to compare the association between the
expression status of PCNA and clinicopathological parameters in
cancer and adjacent tissues. The Kaplan-Meier survival analysis
was performed to analyze disease-specific and -free survival rates.
The log-rank test was performed to analyze the difference in
survival curves. The multivariable regression analysis was
performed to detect prognostic factors using the Cox propor-
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Figure 2. Immunohistochemical analysis of NSCLC and adjacent tissues for PCNA expression.
∗∗
P< .05. Weak PCNA expression in adjacent tissues at 100� (A)

and 400� (B) magnification. Strong PCNA expression in NSCLC tissues at 100� (C) and 400� (D). The expression rates of PCNA protein in NSCLC and adjacent
tissues (E). NSCLC = non-small cell lung cancer, PCNA = proliferating cell nuclear antigen.
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tional hazards model. A value of P< .05 was considered
statistically significant. Areas under the receiver operating
characteristics (AUROCs) were calculated to evaluate the value
of PCNA mRNA for predicting the 3-year survival of NSCLC
patients.
3. Results

3.1. PCNA protein expression in NSCLC and adjacent
healthy tissues

IHCwas used to evaluate the expression of PCNA inNSCLC and
adjacent tissues. PCNA proteins were mainly found in the nucleus
of NSCLC cells. The PCNA protein level in NSCLC tissues was
significantly higher than in adjacent tissues (Fig. 2A-D). The
positive expression rates of PCNA protein in NSCLC and
adjacent tissues were 91.79% (257/280) and 25.83% (31/120),
Figure 3. The expression of PCNA protein and mRNA in NSCLC and adjacent tis
adjacent tissues. (B) Semi-quantity reverse transcription polymerase chain reaction
NSCLC = non-small cell lung cancer, PCNA = proliferating cell nuclear antigen.
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respectively (P< .05; Fig. 2E). Western blotting also revealed that
PCNA protein level in NSCLC tissues was significantly higher
than that in the adjacent tissues (P< .05; Fig. 3A).

3.2. PCNA mRNA levels in NSCLC and adjacent healthy
tissues

Next, we evaluated PCNA mRNA levels in NSCLC and adjacent
tissues by reverse transcription polymerase chain reaction. The
results displayed that the positive rate of PCNAmRNA inNSCLC
tissueswas 88.93%(249/280),whichwas significantly higher than
that in adjacent tissues 29.17% (35/120) (P< .05; Fig. 3B).

3.3. Relationship between PCNA mRNA and protein levels
and clinicopathological features in NSCLC

PCNA mRNA and protein levels in NSCLC tissues were
consistently extremely high in NSCLC tissues. Single factor
sues. (A) Western blot showing the expression of PCNA protein in NSCLC and
results showing the expression of PCNAmRNA in NSCLC and adjacent tissues.



Table 2

Correlation of PCNA protein and gene expression with clinicopathological features in NSCLC [N(%)].

Characteristic n PCNA protein positive rate x2 P PCNA mRNA positive rate x2 P

Gender
Male 185 169 (91.35) 0.155 .532 165 (89.19) 0.020 .883
Female 95 88 (92.63) 84 (88.42)

Age (years)
<60 78 72 (92.31) 0.190 .766 70 (89.74) 0.029 .969
≥60 202 185 (91.58) 179 (88.61)

Tumor diameter (cm)
<5 106 89 (83.96) 0.154 .018 84 (79.25) 0.114 .025
≥5 174 168 (96.55) 165 (94.83)

Tumor pathological type
squamous cell carcinoma 125 114 (91.20) 0.221 .963 111 (88.80) 0.131 .169
adenocarcinoma 91 84 (92.31) 80 (87.91)
adenosquamous carcinoma 64 59 (92.19) 58 (90.63)

Degree of tumor differentiation
high and moderate differentiation 85 68 (80.00) 0.249 .012 65 (76.47) 0.241 .010
poor differentiation 195 189(96.92) 184 (94.36)

Lymph node metastasis
YES 176 169 (96.02) 0.221 .019 163 (92.61) 0.202 .024
NO 104 88 (84.62) 86 (82.69)

Tumor stage
I-II 65 52 (80.00) 7.566 .017 50 (76.92) 7.091 .026
III-IV 215 205 (95.35) 199 (92.56)

NSCLC = non-small cell lung cancer, PCNA = proliferating cell nuclear antigen.
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analysis showed both PCNA mRNA and protein are not
correlated with gender, age, or tumor pathological type (all
P> .05), but related to tumor size, stage, tumor metastasis, and
the degree of tumor differentiation (all P< .05; Table 2).
3.4. Prognostic values of the expression status of PCNA
protein for the overall survival of postoperative NSCLC
patients

We performed follow-up examinations up to 4 years. Patients
with high PCNA protein levels in the NSCLC tissues had a
significantly shorter disease-specific survival rate than the other
patients. Kaplan-Meier survival analysis showed that there was
statistically significant difference between these 2 groups of
patients (P< .001) (Fig. 4). Among the 228 patients exhibiting
high PCNA protein levels in the NSCLC tissues, 206 patients
died, whereas among the 52 patients with low PCNA protein
levels, 29 patients died. The median survival times of the patients
with high and low PCNA levels were (12.0+1.2) and (24.6+6.8)
Figure 4. Proliferating cell nuclear antigen expression and survival analyses of
the non-small cell lung cancer patients.
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months, respectively, indicating that high expression of PCNA
affected the prognosis of NSCLC patients.
Multi-factor Cox survival analysis showed that PCNA protein

level, tumor pathological type, metastasis, stage, and differentia-
tion degree were independent factors affecting the overall survival
of postoperative patients. Additionally, gender, age, and tumor
size were not independent factors affecting the overall survival of
postoperative patients (Fig. 5).

3.5. The accuracy of predicting the three-year survival of
NSCLC patients via PCNA mRNA levels

To further clarify the role of PCNA in the overall survival of
postoperative patients, AUROCs were calculated to evaluate the
value of PCNA mRNA in predicting the 3-year survival of
NSCLC patients. The AUROC of PCNAmRNA in predicting the
3-year survival was 0.89 (0.79–0.98), with a sensitivity of 0.84
and specificity of 0.76 (Fig. 6).

4. Discussion and conclusions

PCNA is considered as an important prognostic indicator of
cancer. Its expression has been found to be significantly higher in
various malignant tumors, such as breast and duodenal cancers
than in normal tissues.[21] PCNA protein level increases as the
pathological grade, TNM stage, and the number of lymph node
metastases increase in breast cancer. In addition, PCNA
expression has been shown to be related to the degree of cell
proliferation in oral mucosal lesions and to the histological grade
of oral precancerous lesions.[27,28] During oral mucosal epithelial
tumorigenesis, PCNA level gradually increases up to 4- to 10-
fold. Only the PCNA labeling index increased significantly, and
the amount of PCNA per labeled cell also increased. Mumbuc
et al[29] have also found that the PCNA protein levels in nasal and
paranasal sinus cancer tissues were significantly higher than that

http://www.md-journal.com


Figure 5. Correlation between the proliferating cell nuclear antigen expression and prognosis of the non-small cell lung cancer patients: Multi-factor Cox survival.
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in normal nasal mucosa tissues, and the proportion of PCNA-
positive cells increases with the increase of the histological grade,
indicating that the expression of PCNA might be related to the
nasal and paranasal sinus tumorigenesis. All these changes are
consistent with the temporal changes in DNA replication,
confirming that the expression of PCNA is closely related to
the cell cycle. Therefore, changes in PCNA levels can reflect the
changes in cell dynamics and represent the proliferative potentials
of cells, and it can be used as an alternative endpoint marker for
the chemoprevention of cancer.
In our study, we investigated the significance of PCNA

expression in NSCLC and adjacent healthy tissues. Our study
Figure 6. The areas under the receiver operating characteristics of proliferating
cell nuclear antigen mRNA for predicting the 3-year survival of non-small cell
lung cancer patients.
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confirmed that PCNA protein was localized in the nucleus of
NSCLC cells. This study revealed that the levels of both PCNA
mRNA and protein were higher in NSCLC than in adjacent
tissues, presumably indicating a relationship between high PCNA
expression and tumorigenesis in NSCLC. The relationship
between PCNA expression and the clinical pathological features
of NSCLC patients are consistent. Our study also found that the
expression of PCNA in NSCLCwas not related to gender, age, or
tumor pathological type. Both PCNA protein and mRNA levels
were related to tumor differentiation, size, stage, and metastasis
in NSCLC. The levels of PCNA protein and mRNA in the poor
differentiation group and lymph node metastasis group were
significantly higher than those in the high and moderate
differentiation groups and without lymph node metastasis group.
The levels of PCNA protein and mRNA in stage III-IV group and
tumor size ≥5cm group were significantly higher than those in
stage I-II group and tumor size<5cm group. All of these indicate
that PCNA may play an important role in the formation,
invasion, and metastasis of NSCLC.
Moreover, we further studied the relationship between the

expression of PCNA and overall survival of NSCLC patients. The
median survival time of the patients with high PCNA expression
was significantly shorter than those with low expression. Multi-
factor Cox survival analysis showed that PCNA protein level and
tumor stage, differentiation degree, pathological type, and
metastasis were independent factors affecting the overall survival
of NSCLC patients. All these results revealed that PCNA
expression was related to the prognosis of NSCLC patients. Of
note, PCNA mRNA had a good AUROC in predicting the three-
year survival, with a sensitivity of 0.84 and specificity of 0.76,
suggesting that PCNA mRNA can be used to predict the
prognosis of NSCLC patients effectively.
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The present study also had a few limitations that warrant
consideration. First, all the patients were enrolled from 5
hospitals in different regions of China. Therefore, the study may
suffer from selection bias or heterogeneity among these hospitals.
Therefore, although this study is the largest among its peers that
have addressed PCNA protein expression in NSCLC, validation
in more patients is necessary. Next, the ability of PCNA mRNA
as a clinical predictor for the 3-year survival of NSCLC patients
needs to be further validated. In summary, our study revealed that
high PCNA protein and mRNA levels were closely related to the
occurrence, development, and prognosis of NSCLC. Therefore,
the study results presented here may facilitate the development of
new therapeutic and diagnostic strategies in NSCLC.
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