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Correlation of p16 and cyclin D1 expression with the
incidence and prognosis of cardiac carcinoma
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Abstract. Correlation of pl6 and cyclin D1 expression with
the incidence and prognosis of cardiac carcinoma was inves-
tigated. Thirty-six patients with cardiac carcinoma treated in
The Second Affiliated Hospital of Zhengzhou University were
selected. After the radical operation of cardiac carcinoma,
carcinoma tissues were taken, and the corresponding para-
carcinoma tissues were used as controls. pl6 and cyclin D1
messenger ribonucleic acid (mMRNA) and protein expression
in cardiac carcinoma tissues and para-carcinoma tissues were
detected via quantitative polymerase chain reaction (QPCR)
and western blot analysis. The survival time and patho-
logical conditions of patients with cardiac carcinoma were
recorded in detail, and correlation of pl6 and cyclin D1 with
incidence and prognosis of cardiac carcinoma was studied.
In cardiac carcinoma tissues, the pl6 mRNA and protein
expression levels were significantly lower than those in para-
carcinoma tissues (P<0.01), but the cyclin DI mRNA and
protein expression levels were significantly higher than those
in para-carcinoma tissues (P<0.01). The expression of p16 and
cyclin D1 protein had correlation with the tumor size, lymph
node metastasis and tumor-node-metastasis stage of cardiac
carcinoma (P<0.01). There was a negative correlation between
expression of p16 and cyclin D1 in cardiac carcinoma (P<0.01).
According to Kaplan-Meier survival analysis, the survival rate
of patients with high expression of pl6 was obviously higher
than that of patients with low expression of p16 (P<0.01), while
the survival rate of patients with high expression of cyclin D1
was obviously lower than that of patients with low expression
of cyclin D1 (P<0.01). Both p16 and cyclin D1 are closely
related to the incidence and prognosis of cardiac carcinoma,
which may become indexes for the incidence and prognosis of
cardiac carcinoma.
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Introduction

Cardiac carcinoma is a kind of malignant tumor in the cardia,
which has the poorest prognosis in gastric carcinoma, seriously
harming the quality of life and health of patients (1,2). According
to the epidemiological survey, the incidence of cardiac carci-
noma shows an increasing trend year by year in China, and it
has increased more than five-fold over the decades (3). It has
been proven that smoking, stimulating beverages, irregular diet,
gastrointestinal inflammation and gastroesophageal reflux are
precipitating factors for cardiac carcinoma. Currently, surgical
resection is the most effective treatment means for cardiac
carcinoma, but the poor prognosis of patients is still an impor-
tant reason affecting the therapeutic effect (4,5).

The pl6 gene can inhibit the progression of a variety of
tumors and encode the nucleotide protein (pl6 protein) to
significantly inhibit the cyclin-dependent kinase 4 (CDK4),
thus playing an important role in the progression of various
tumors (6). Cyclin D1, as akey cell cycle regulatory protein, can
bind to CDK4/6 to form the binary complex and keep cells in
S phase, thus promoting cell proliferation (7). Dreyer et al (8)
showed that both p16 and cyclin DI can competitively bind to
CDKA4, thereby regulating the occurrence and development of
tumors. Feng et al (9) found that when the expression level of
pl6 is blocked, it leads to dominant binding between cyclin D1
and CDK4 and continuous cell proliferation, thus resulting in
tumors. According to the study of Pu et al (10), p16 is a predis-
posing gene of cardiac carcinoma, and it has been shown in
several animal models that the p16 expression level in cardiac
carcinoma tissues is significantly reduced. However, the corre-
lation of pl6 and cyclin D1 with incidence and prognosis of
cardiac carcinoma remains unclear.

This study analyzed the p16 and cyclin D1 gene and protein
expression levels in carcinoma tissues of patients with cardiac
carcinoma, and aimed to clarify the correlation of their expres-
sion with the incidence and prognosis of cardiac carcinoma to
provide a theoretical basis for clinical diagnosis, treatment and
prognosis estimation of cardiac carcinoma.

Patients and methods

Research subjects and sampling. Patients with cardiac carci-
noma who attended the Department of Gastroenterology
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of The Second Affiliated Hospital of Zhengzhou University
(Zhengzhou, China) from March 2012 to March 2013 were
collected, of which 36 cases (28 males, 8 females) definitely
diagnosed with primary cardiac carcinoma and treated
with radical operation of cardiac carcinoma were selected.
The patients were aged 42-69 years with an average age of
58.6 years. According to the tumor-node-metastasis (TNM)
staging system issued by the Union for International Cancer
Control (UICC), there were 3 cases in stage I, 5 cases in
stage II, 25 cases in stage III and 3 cases in stage I'V. Inclusion
criteria were: 1) patients without a history of severe cardiovas-
cular, cerebrovascular diseases and immune system disease,
ii) patients without severe hepatic and renal impairment,
iii) patients receiving no chemotherapy or radiotherapy before
operation, iv) patients definitely diagnosed with cardiac carci-
noma by pathologic examinations, and v) patients who agreed
to participate in follow-up visits and finished 5-year follow-up
Visits.

Informed consent was signed by patients themselves or
their family members. All clinical and pathological data and
complete treatment schedule were preserved. The plan of
this experiment was reviewed and ethically approved in The
Second Affiliated Hospital of Zhengzhou University.

For sampling, cardiac carcinoma tissue was excised
surgically while para-carcinoma tissue was resected at the
cardia over 3 cm away from the edge of the cancerous tissue.
Specimens of cancerous tissue and para-carcinoma tissue
were partially made into paraffin sections and were definitely
diagnosed by the Department of Pathology. The remaining
cancerous and para-carcinoma tissue was immediately
cryopreserved in liquid nitrogen and then transferred to a
refrigerator at -80°C for standby application.

Detection of expression levels of pl6 and cyclin DI mRNA
in cardiac carcinoma tissue and para-carcinoma tissue by
quantitative polymerase chain reaction (qPCR). Cardiac carci-
noma tissue and para-carcinoma tissue of all the patients were
weighed and added into TRIzol (Thermo Fisher Scientific,
Inc., Waltham, MA, USA) at a ratio of 100 mg:1 ml. Tissues
were smashed to fragments invisible to the naked eye in an ice
bath using an ultrasonic homogenizer, placed on ice for 10 min
of incubation and then centrifuged at 4°C and 12,000 x g for
10 min. The supernatant was collected and added with 700 pl
of trichloromethane, which was placed on ice for 10 min of
incubation after repeated shaking for 10 sec, followed by
centrifugation at 4°C and 12,000 x g for 15 min. The upper
layer aqueous phase was collected and added with isopropanol
of equal volume. After 10 sec of repeated shaking, the mixture
was centrifuged at 4°C and 10,000 x g for 10 min. The mixture
was washed with 1 ml of newly-prepared 75% ethanol after
the supernatant was discarded, shaken repeatedly for 10 sec
and centrifuged at 4°C and 12,000 x g for 10 min. After the
supernatant was discarded, the cover of the centrifuge tube
was opened to make it dry naturally. RNA was obtained after
30 ul DEPC-treated water was added. RNA concentration and
purity were determined using an ultraviolet spectrophoto-
meter. In this experiment, the absorbance (A) 260/A280 ratio
of RNA was between 1.8 and 1.9 and the concentration and
purity of RNA were both high. The agarose gel experiment
indicated that RNA was not degraded, so it could be used
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Table I. PCR primer sequences.

Gene name Primers

pl6 F:5'-ACCAGAGGCAGTAACCATGC-3'
R: 5'-CCTGTAGGACCTTCGGTGAC-3'

Cyclin D1 F:5-ACCTGAGGAGCCCCAACAAC-3
R: 5'-GCTTCGATCTGCTCCTGGC-3'

GAPDH F: 5'-CTCTGGTAAAGTGGATATTGT-3'

R: 5'-GGTGGAATCATATTGGAACA-3'

F, forward; R, reverse.

in follow-up experiments. Reverse transcriptional reaction
system was configured strictly according to instructions of the
reverse transcription kit (Vazyme Biotech Co., Ltd., Nanjing,
China). Reverse transcription was carried out after 5 min of
reaction at 65°C and 2 min of incubation at 37°C. gPCR system
was configured strictly following instructions of qPCR kit
(Vazyme Biotech Co., Ltd.), which was amplified on qPCR
device. Amplification conditions were: 15 min of predegen-
eration at 95°C, 10 sec of degeneration at 95°C and 32 sec of
annealing at 60°C, 40 cycles in total. The amplification volume
of pl6 gene and cyclin DI gene and that of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene in all specimens
were compared using 2°42% (11). Expression levels of p16 and
cyclin D1 in cardiac carcinoma and para-carcinoma tissue
were presented as pl6/GAPDH and cyclin DI/GAPDH and
analyzed with ImagelJ professional image analysis software
(NIH, Bethesda, MD, USA).

The primer sequences in this experiment were produced
by Invitrogen (Thermo Fisher Scientific, Inc.) and the primer
sequences are shown in Table I.

Detection of pl6 and cyclin DI protein expression in cardiac
carcinoma tissues and para-carcinoma tissues via western
blotting. After sodium dodecyl sulphate-polyacrylamide gel
(SDS-PAGE), cardiac carcinoma tissues and para-carcinoma
tissues were taken, added with radioimmunoprecipitation
assay (RIPA) lysis solution (1 mg:1 ml) and then added with
1% protease inhibitor and 1% phosphatase inhibitor, followed
by homogenization in an ice bath using an ultrasonic homog-
enizer until there were no visible tissues to the naked eye. After
standing for 5 min in an ice bath, centrifugation was performed
at 12,000 x g and 4°C for 10 min. The supernatant was trans-
ferred into a new EP tube, and the total protein concentration in
the sample in each group was detected using the bicinchoninic
acid (BCA) protein assay kit (Pierce). The 5X SDS loading
buffer and RIPA lysis solution were added to prepare the protein
sample in the protein loading buffer in an equal concentration,
and the protein was boiled at 95°C for 15 min for denaturation.
Loading buffer (15 ul) was added to each well, and 10%
SDS-PAGE was performed under a constant pressure of 80 V,
after which the membrane transfer ‘sandwich’ was prepared.
The protein was transferred onto a polyvinylidene fluoride
(PVDF) membrane (IPVH00010; EMD Millipore, Billerica,
MA, USA) after being soaked in methanol at low temperature
and 100 V for 90 min. Subsequently, the protein band was sealed
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with freshly-prepared 5% skim milk powder at room tempera-
ture. After 1 h, the band was cut according to the size of the
target band, and rabbit anti-human pl16, cyclin D1 and GAPDH
monoclonal antibodies (1:1,000; cat. nos. 80772, 2978 and 2118,
respectively; all obtained from Cell Signaling Technology, Inc.,
Danvers, MA, USA) were incubated at 4°C overnight. The next
day, the membrane was taken, washed with Tris-buffered saline
with Tween-20 (TBST) 3 times (10 min/time), incubated with
the horseradish peroxidase-labeled secondary goat anti-rabbit
polyclonal antibody (1:5,000; cat. no. 7074; Cell Signaling
Technology, Inc.) at room temperature for 1 h, and washed again
with TBST 3 times (10 min/time). The liquid on the surface of
PVDF membrane was sucked dry using the filter paper, and the
enhanced chemiluminescence (ECL) solution was added (liquid
A and B were mixed in an equal volume), followed by incuba-
tion in the dark for 1 min, and image development using the
gel imaging system (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). After the image was scanned and saved, the gray value
of band was analyzed. The pl6/GAPDH and cyclin DI/GAPDH
represented the expression levels of p16 and cyclin D1 in cardiac
carcinoma tissues and para-carcinoma tissues.

Collection of clinicopathological data and survival analysis.
Various clinicopathological data, clinical data and clinical
therapeutic schemes of all included patients were preserved in
detail and the postoperative basic treatment for patients was
consistent. Enrolled patients were divided into the low- and
high-expression pl6 group, and the low- and high-expression
cyclin D1 group according to differences in the expression
levels of p16 and cyclin D1. Patients were followed up for 5 years
and relevant follow-up data were recorded, the correlation of
the expression levels of pl6 and cyclin D1 with prognosis was
analyzed. Kaplan-Meier survival curves were plotted.

Statistical analysis. Research data are presented as mean + stan-
dard deviation. Statistical Product and Service Solutions (SPSS)
19.0 software (IBM Corp., Armonk, NY, USA) was used for
analytical processing of data. The Chi-square test was used for
analysis of enumeration data, which were tested by homogeneity
test of variance. The Bonferronic method was used for pairwise
comparison if variance was homogeneous, while the Welch
method was conducted if not. The Students' t-test was applied
for comparison between two groups and Pearson correlation
analysis was performed for correlation analysis between pl6
and cyclin D1. The correlation of clinicopathologic data with
expression levels of pl6 and cyclin D1 protein was analyzed
using Fisher's precise test and survival analysis was carried out
with Kaplan-Meier and log rank test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression levels of pl6 and cyclin DI mRNA in cardiac
carcinoma tissues and para-carcinoma tissues. pl6 and
cyclin D1 mRNA expression in cardiac carcinoma tissues and
para-carcinomatissues were detected viaqPCR. Results showed
that in cardiac carcinoma tissues, the pl6 mRNA expression
was significantly lower than that in para-carcinoma tissues
(P<0.01), but the cyclin D1 mRNA expression was significantly
higher than that in para-carcinoma tissues (P<0.01) (Fig. 1).
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Figure 1. Expression levels of pl6 and cyclin DI mRNA in cardiac carci-
noma tissues and para-carcinoma tissues. (A) Relative expression level of p16
mRNA. (B) Relative expression level of cyclin DI mRNA. In cardiac carci-
noma tissues, the pl6 mRNA expression is significantly lower than that in
para-carcinoma tissues, but the cyclin DI mRNA expression is significantly
higher than that in para-carcinoma tissues (“P<0.01).

Expression levels of pl6 and cyclin DI proteins in cardiac
carcinoma tissues and para-carcinoma tissues. pl6 and
cyclin D1 protein expression levels in cardiac carcinoma
tissues and para-carcinoma tissues were detected via western
blotting. Results revealed that in cardiac carcinoma tissues,
the pl6 protein expression was significantly lower than that
in para-carcinoma tissues (P<0.01), but the cyclin D1 protein
expression was significantly higher than that in para-carcinoma
tissues (P<0.01) (Fig. 2).

Correlation analysis between pl6 and cyclin DI in cardiac
carcinoma tissues. The correlation between p16 and cyclin D1
protein expression in cardiac carcinoma tissues was analyzed.
Results demonstrated that there was a negative correlation
between pl6 and cyclin D1 protein expression in cardiac carci-
noma tissues (r’=0.2751, P<0.01) (Fig. 3).

Correlation of pl6 and cyclin DI protein expression levels
with clinicopathological factors of patients with cardiac carci-
noma. The clinicopathological data of patients with cardiac
carcinoma were recorded in detail, and their correlations with
relative expression levels of pl6 and cyclin D1 protein were
analyzed. The relative expression levels of pl6 and cyclin D1
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Figure 2. Expression levels of p16 and cyclin D1 proteins in cardiac carcinoma tissues and para-carcinoma tissues. (A) Band diagram. (B) Statistical graph of
pl6 protein expression level. (C) Statistical graph of cyclin D1 protein expression level. In cardiac carcinoma tissues, the pl6 protein expression is significantly

lower than that in para-carcinoma tissues, but the cyclin D1 protein expression is significantly higher than that in para-carcinoma tissues (“P<0.01).

Table II. Correlation of relative expression levels of p16 and cyclin D1 with clinicopathological factors of patients with cardiac

carcinoma.
Pathological detail n  Relative expression level of pl6  P-value  Relative expression level of cyclin D1~ P-value
Carcinoma tissue 36 1.08+0.12 <0.01 0.83+£0.15 <0.01
Para-carcinoma tissue 36 1.72+0.36 0.52+0.12
Age (years)
<60 15 1.28+0.52 >0.05 0.78+0.22 >0.05
=60 21 1.33£0.45 0.75+0.26
Sex
Male 28 1.22+0.49 >0.05 0.69+0.32 >0.05
Female 8 1.26+0.55 0.72+0.29
Tumor size (cm)
<3 20 1.69+0.13 <0.01 0.49+0.11 <0.01
>3 16 1.12+0.18 0.92+0.08
Lymph node metastasis
No 8 1.76+0.06 <0.01 0.45+0.09 <0.01
Yes 28 1.05+0.16 0.86+0.13
TNM stage <0.01
I 3 1.42+0.06 <0.01 0.42+0.05
I 5 1.25+0.12 0.56+0.08
I 25 1.03£0.18 0.85+0.13
v 3 0.96+0.05 0.86+0.07

protein in cardiac carcinoma tissues had no correlation with
the age and sex of patients with cardiac carcinoma (P>0.05),

but was correlated with the tumor size, lymph node metastasis
and TNM stage of cardiac carcinoma (P<0.01) (Table II).



ONCOLOGY LETTERS 17: 4859-4864, 2019

P=0.2751, p<0.04 °

Cyclin D1 protein in cardiac
carcinoma tissues

0.0 0.5 1.0 15
p16 protein in cardiac carcinoma tissues

Figure 3. Correlation analysis between pl6 and cyclin D1 proteins in cardiac

carcinoma tissues. There is a negative correlation between p16 and cyclin D1
protein expressions in cardiac carcinoma tissues.
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Figure 4. Survival curves of patients with high- and low-expression pl6 in

cardiac carcinoma tissues. The survival rate of patients with high expression
of pl6 is significantly higher than that of patients with low expression of p16.

-

=3

=1
]

=l High expression of cyclin D1

wedes | ow expression of cyclin D1

8

Survival rate (%)
] 3

o T T 1
20 40 60
Follow time (month)

Figure 5. Survival curves of patients with high- and low-expression cyclin D1
in cardiac carcinoma tissues. The survival rate of patients with high
expression of cyclin DI is significantly lower than that of patients with low
expression of cyclin DI.

Effects of pl6 and cyclin DI expression on the prognosis of
patients with cardiac carcinoma. All the patients enrolled
were grouped based on the relative expression levels of p16 and
cyclin D1 proteins in cardiac carcinoma tissues, and followed
up for 5 years. The survival data of patients were recorded,
and the survival curve was drawn. According to Kaplan-Meier
survival analysis, the survival rate of patients with high
expression of pl6 was obviously higher (58%) than that (26%)
of patients with low expression of p16 (P<0.01), while the
survival rate of patients with high expression of cyclin D1 was
obviously lower (19%) than that (52%) of patients with low
expression of cyclin D1 (P<0.01) (Figs. 4 and 5).
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Discussion

With the continuous development of medical technology,
the 5-year survival time of tumor patients has also increased
continuously, and the quality of life and health of patients have
been greatly improved. However, the 5-year survival rate of
patients with cardiac carcinoma is still approximately 30%,
and lymph node metastasis and postoperative recurrence of
cardiac carcinoma are important factors seriously affecting
the therapeutic effect on cardiac carcinoma (12,13). Research
evidence has demonstrated that cardiac carcinoma frequently
occurs in high-incidence regions of gastric carcinoma and
esophageal carcinoma, but neither incidence trend nor influ-
encing factors of cardiac carcinoma are correlated with gastric
carcinoma and esophageal carcinoma (14). Zhao et al (15)
found that the pl6/cyclin DI signaling pathway plays an
important role in glioma, which is involved in the regulation
of the cell cycle. The decrease in pl6 expression level or the
increase in cyclin DI expression level is closely related to
the occurrence and development of glioma. pl16 is a kind of
cyclin kinase inhibitor playing an important role in inhibiting
tumorigenesis. In case of deletion, methylation or point muta-
tion of pl6 gene, the pl6 protein expression level will decline,
and the number of abnormal cells will increase, leading to
the tumor (16). According to the study of Zhou and Gu (17),
the incidence rates of various tumors will be significantly
increased after pl6-knockout mice are exposed to various
carcinogenic conditions. The expression level of cyclin DI, as
a molecule playing an important role in the regulation of cell
cycle, has been found to be obviously increased in a variety of
tumors (18). Moreover, Cao et al (19) found that the expression
level of cyclin D1 in gastric carcinoma tissues is significantly
higher than that in para-carcinoma tissues, and the prognosis
of patients with high expression of cyclin D1 is poorer.

In this study, the pl6 gene and protein expression levels in
carcinoma tissues and para-carcinoma tissues of 36 patients
with cardiac carcinoma were detected. Results revealed that
the p16 gene and protein expression levels in cardiac carcinoma
tissues were significantly lower than those in para-carcinoma
tissues. The pl6 protein expression level in carcinoma tissues
was significantly reduced with the enlargement of the cardiac
carcinoma tumor and the increase of TNM stage. The above
results strongly indicate that the pl6 protein expression is
closely related to the occurrence and development of cardiac
carcinoma. Due to the particularity of cardiac carcinoma,
lymph node metastasis is closely associated with the prognosis
of patients. It was found that the p16 expression in carcinoma
tissues of patients with lymph node metastasis of cardiac
carcinoma was significantly lower than that in patients without
lymph node metastasis of cardiac carcinoma. The 5-year
follow up showed that the 5-year survival rate (58%) of patients
with high expression of pl6 was significantly higher than that
(26%) of patients with low expression of pl6, indicating that
pl6 is closely related to the prognosis of patients. Moreover,
the correlation between pl6 and cyclin D1 protein expres-
sion in cardiac carcinoma tissues was analyzed in this study,
and results showed that pl6 was negatively correlated with
cyclin DI in cardiac carcinoma tissues. Previous findings have
demonstrated (20,21) that there is a steady balance between
p16 and cyclin D1 in normal human body, both of which jointly
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regulate the cell cycle. If the pl16 expression is inhibited in the
body, the cyclin D1 expression will be increased significantly,
thereby leading to a tumor. At the same time, it was found in
this study that the cyclin DI expression was closely related
to the tumor size, lymph node metastasis and TNM stage
of cardiac carcinoma, and the 5-year survival rate (19%) of
patients with high expression of cyclin D1 was obviously lower
than that (52%) of patients with low expression of cyclin DI.
In conclusion, the expression of p16 and cyclin D1 is closely
related to the incidence and prognosis of cardiac carcinoma,
which is expected to be developed into important genes for
predicting the incidence and prognosis of cardiac carcinoma.
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