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Abstract. This study examined the relationship between the 
expression of p16, a tumor suppressor gene, and lymph node 
metastasis, as well as patient prognosis, in cases with ovarian 
cancer. SKOV-3, an ovarian cancer cell line, and IOSE80, a 
normal human ovarian cell line, were selected for testing. 
Western blot analysis was used to detect the p16 expression 
in ovarian cell culture samples. In the study, 20 cases with 
normal ovarian tissue and 64  cases with ovarian cancer 
tissue, including 38 cases with lymph node metastasis and 
26 cases without lymph node metastasis, were also selected 
for testing. Immunohistochemical techniques were used to 
detect the expression of p16 protein in ovarian tissue samples. 
The influence of p16 protein on SKOV-3 cell invasion ability 
was studied using p16 gene high-expression vector transfec-
tion. Clinical and prognosis data were summarized and the 
influence of p16 on patient prognosis was analyzed through 
Kaplan-Meier single-factor survival analysis. The results 
showed that p16 expression in SKOV-3 was decreased signifi-
cantly compared with that in IOSE80. The positive rate of 
p16 protein expression in ovarian cancer tissue was notably 
decreased compared with that in normal ovarian tissue. The 
positive rate of p16 protein expression in ovarian cancer tissue 
of patients with lymph node metastasis was significantly 
decreased compared with that of patients without lymph 
node metastasis. Therefore, transfection of the p16 gene 
significantly inhibited the protein expression and invasion 
ability of p16 in SKOV-3. Correlation analyses between p16 

and survival prognosis demonstrated that lower expression of 
p16 was negatively correlated with the prognosis of patients 
with ovarian cancer. Overall, the abnormal expression of p16 
in ovarian cancer is associated with an increased invasion 
ability of ovarian cancer and the lower expression of p16 in 
tissue samples indicates a poor prognosis in patients with 
ovarian cancer.

Introduction

Ovarian cancer is one of the most common malignant 
tumors in women, ranking third in incidence after cervical 
and endometrial cancers. Epithelial ovarian cancer is the 
most common type of ovarian cancer (1,2). Clinical treat-
ment of ovarian cancer mainly consists of surgery combined 
with chemotherapy. However, over time, cancer cells can 
develop resistance to chemotherapy, leading to a failure in 
the efficacy of therapy. At present, the 5-year survival rate 
of ovarian cancer is low and poses a serious health threat to 
women (3,4).

Multiple tumor suppressor 1, also known as p16 gene, 
was found and isolated in 1993 and is regarded as a tumor 
suppressor gene  (5,6). p16 gene is the inhibiting factor of 
cyclin-dependent kinase 4, which is involved in the regulation 
of normal cell growth. The deficiency or mutation of p16 gene 
is closely related to the formation of tumors and poor prog-
nosis of the patient (7-9).

This study compared the expression of p16 protein in 
ovarian cancer tissue and normal ovarian tissue, and tested the 
influence of p16 protein expression on the invasion of ovarian 
cancer cells. In addition, combined with clinical research data, 
our investigation assessed the correlation between the p16 
gene and the lymph node metastasis in human ovarian cancer 
cases and the patient prognosis.

Materials and methods

Materials. SKOV-3 (ovarian cancer cells) and IOSE80 (normal 
ovarian cells) were sourced from Cell Bank of the Chinese 
Academy of Sciences (Beijing, China). TRIzol, the RT-PCR kit 
and Lipofectamine 2000 were from Invitrogen (Thermo Fisher 
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Scientific, Waltham, MA, USA). Fetal bovine serum (FBS) was 
from GE Healthcare Life Sciences HyClone Laboratories, Inc. 
(Logan, UT, USA). p16, rabbit monoclonal GAPDH primary 
antibody (dilution, 1:500; cat. no.  10494‑1‑AP) and goat 
anti‑rabbit HRP-labeled secondary antibody (dilution, 1:2,000; 
cat. no. SA00001-2) were from Wuhan Sanying Biological 
Technology Co., Ltd. (Wuhan, china). RPMI-1640 medium 
and a Transwell chamber were from Corning Inc. (New York, 
NY, USA). Immunohistochemical staining  kits  (SP-9001) 
were from Beijing Zhongshan Golden Bridge Biotechnology 
Co., Ltd. (Beijing, China). pEGFP-N1 was from Clontech 
Laboratories, Inc. (Mountain View, CA, USA). The primer 
was synthesized by GenePharma (Shanghai, China).

All patients, as well as tissue samples, in clinical research 
were selected from the Qilu Hospital of Shandong University.
This study was approved by the Ethics Committee of Qilu 
Hospital. Signed written informed consents were obtained 
from all participants before the study. There were 20 cases 
with normal ovarian tissue and 64 cases with ovarian cancer 
tissue, including 38 cases with lymph node metastasis and 
26 cases without lymph node metastasis.

Cell culture. IOSE80 and SKOV-3 cells were cultured at 
5% CO2 and 37˚C in an incubator, using RPMI-1640 medium 
(containing 10% FBS). The medium was changed every day, 
followed by subculture after cell overgrowth.

Detection of p16 protein expression in cells using western blot 
analysis. IOSE80 and SKOV-3 cells were each cultured and 
cell lysis buffer was added to extract the total protein. Protein 
concentration was determined by BCA method, followed by 
electrophoresis and membrane transfer. It was then sealed 
by 5%  skimmed milk powder, p16 and GAPDH antibody 
were added, and then it was incubated overnight at 4˚C. The 
following day, it was incubated with HRP-labeled secondary 
antibody at room temperature for 2 h, followed by photography 
and film development.

Detection of p16 protein expression in tissues using immu-
nohistochemical techniques. Detection of p16 was carried 
out according to a protocol, as follows: a paraffin section was 
dewaxed and 3% H2O2 solution and used to block the endog-
enous peroxidase, followed by high-pressure antigen repair. 
It was sealed by 10% goat serum and the primary antibody 
was added (diluted in the ratio of 1:100), then incubated at 
4˚C overnight and washed three times using PBS. The biotin-
labeled secondary antibody was added and incubated for 
30 min, washed three times using PBS, developed using DAB 
and redyed using hematoxylin. It was then sealed by neutral 
gum and photographed under a microscope (BX-42; Olympus, 
Tokyo, Japan).

According to the following scoring standard, the number 
of positive stained cells was calculated and divided into the 
p16 low-expression group (the number of positive cells <10%) 
or the p16 high-expression group (the number of positive 
cells >10%). The scoring results were then summarized and 
analyzed.

Construction and transfection of p16 gene high-expression 
vector. SKOV-3 cells in logarithmic phase were centrifuged 

after digestion, and collected. The total RNA was extracted 
using TRIzol, followed by reverse transcription using a reverse 
transcription kit. Then, the p16 primer was added (Table Ⅰ) for 
gene amplification. The reaction conditions were as follows: 
94˚C for 5 min, degeneration at 94˚C for 30 sec, annealing at 
63˚C for 30 sec, extension at 72˚C for 30 sec, amplification 
for 30 cycles, extension at 72˚C for 5 min and termination of 
the reaction at 4˚C. The amplified fragment was then inserted 
between HindⅢ and KpnⅠ of pEGFP-N1, constituting the 
recombinant plasmid, pEGFPN1‑p16.

The cells were divided into the normal group, the empty 
plasmid group and the high-expression group in the transfec-
tion experiment. SKOV-3 cells in logarithmic phase were 
prepared into a single-cell suspension liquid using trypsin 
digestion. The cells were cultured using 6-well plates. After 
adherence, a p16 gene high-expression vector was used by 
Lipofectamine 2000 to transfect the SKOV-3 cells in strict 
accordance with the protocol.

Influence of the transfection of p16 gene on the expression 
and cell invasion ability of p16 protein. At 48 h after trans-
fection, according to the above method, the expression of 

Table Ⅰ. p16 gene primer sequence.

Gene	 Sequence

p16	 U: 5'-GCCGGAAGCTTATGGTGCGCAGGTTCTTGGT-3'
	 D: 5'-CTAATGGTACCCAGCCAGGTCCACGGGCAGA-3'

Τhe underlined basic group indicates the digestion sites. U, upstream primer; 
D, downstream primer.

Figure 1. Detection of p16 protein expression in IOSE80 and SKOV-3 using 
western blot analysis. Expression of p16 was significantly higher in SKOV-3 
cells compared to IOSE80 cells (**P<0.01).
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p53 protein in the cells of each group was detected using the 
method as identified earlier. A Transwell chamber was used 
to prepare the cells at 48 h after transfection into a single-
cell suspension liquid, according to the protocol. A total of 
100 µl single-cell suspension liquid at the concentration of 
4x105/ml and 100 µl serum-free medium were added to the 
upper chamber and 500 µl medium containing 30% FBS was 
added to the lower chamber. After 48 h, it was fixed, dyed 
and analyzed.

Correlation between p16 expression in ovarian cancer and 
prognosis. The patients were divided into the p16 low-expres-
sion group and the p16 high-expression group. There were no 
statistically significant differences in the gender, age, smoking 

history, drinking history and family history between the two 
groups (P>0.05). The 5-year survival rate was then calculated. 
Based on the results of the follow-up visit, the influence of p16 
expression on the prognosis of patients with ovarian cancer 
was determined.

Statistical analysis. SPSS  16.0 software (SPSS, Inc., 
Chicago, IL, USA) was used for all analyses in the study. 
One-way ANOVA and Kaplan-Meier survival analysis were 
used for the clinical prognosis results. P<0.05 suggested that 
the difference was statistically significant.

Results

p16 protein expression in IOSE80 and SKOV-3. The results 
of western blot analysis showed that p16 protein expression in 
SKOV-3 was lower than that in IOSE80 and the difference was 
statistically significant (P<0.01) (Fig. 1).

p16 protein expression in ovarian cancer tissue. Immuno
histochemical results showed that p16 protein was stained 
brownish, with the normal ovarian tissue and p16 high‑expres-
sion tumor tissue stained with deep brown color. The positive 
cells occupied a larger proportion than the normal cells, as 
shown in Fig. 2. There were 25 cases with p16 high expression 
(positive) (39.06%) among the 64 cases with ovarian cancer, 
and 14 cases with p16 high expression (positive)  (70.00%) 
among the normal tissue, and the differences between the 
two groups were statistically significant (P<0.01) (Table Ⅱ). 
The expression of p16 protein was associated with lymph 
node metastasis in ovarian cancer, and the positive expression 
rate of p16 protein in the tissue of ovarian cancer patients 
with lymph node metastasis was significantly lower than that 
without lymph node metastasis  (P<0.01) (Table Ⅲ).

Influence of p16 gene transfection on p16 protein expression. 
After SKOV-3 cell transfection, western blot analysis was used 
to demonstrate p16 protein expression (Fig. 3). The p16 protein 
expression in the high-expression group was significantly 
increased compared with that in the blank group (P<0.01). p16 
protein expression had no significant difference between the 
blank group and the empty plasmid group (P>0.05).

Influence of p16 gene transfection on SKOV-3 cell invasion 
ability. The results showed that, after the transfection of 

Table Ⅱ. p16 protein expression in normal tissue and ovarian 
cancer tissue.

	 p16 expression
	 ----------------------------------
Group	 Cases	 Positive	 Negative	 Positive rate (%)

Normal tissue	 20	 14	 6	 70.00
Ovarian cancer	 64	 25	 39	 39.06a

tissue

aThe difference in the rates between normal tissue and ovarian cancer 
tissue was statistically significant (P<0.01).

Table Ⅲ. Correlation between p16 protein expression and 
lymph node metastasis.

	 p16 expression
	 ----------------------------------------	 Positive
Group	 Cases	 Positive	 Negative	 rate (%)

Lymph node	 38	 11	 27	 28.95
metastasis
No lymph node	 26	 14	 12	 53.85a

metastasis

aThe difference in the rates between lymph node metastasis and no 
lymph node metastasis was statistically significant (P<0.01).

Figure 2. Detection of p16 protein expression in clinical pathological tissue using immunohistochemical methods (magnification, x400). The images represent 
(left to right) normal tissue, tissue with low expression of p16 and tissue with high expression of p16.
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SKOV-3 cells by the p16 gene, the number of crossing cells was 
significantly increased in the high-expression group compared 
with that in the blank group, and the difference was statisti-
cally significant (P<0.01). There was no statistically significant 
difference between the blank group and the empty plasmid 
group, indicating that p16 high expression could restrain the 
SKOV-3 cell invasion ability (Fig. 4).

p16 expression and prognosis in ovarian cancer. There were 
39 cases of p16 low-expression with 23 cases of death and 
25 cases of p16 high-expression with 10 cases of death among 
a total of 64 patients with ovarian cancer in the follow-up 
visit (Table Ⅳ). Kaplan-Meier single-factor analysis showed 

that the expression of p16 had a significant effect on the prog-
nosis of patients (P<0.05) (Fig. 5).

Discussion

Ovarian cancer is one of the three most common malignant 
tumors of the female reproductive system. Despite advance-
ments in clinical treatment options for ovarian cancer, the 
persisting poor prognosis of patients underscores the need for 
further improvements (10).

p16 is one of the members of the INK family, which plays a 
role in regulating the cell cycle, inhibiting tumor proliferation 
and promoting apoptosis in cells (11). Research has shown that 
the mutation rate of p16 gene is 29% in ovarian cancer cells 
and 15-30% in ovarian cancer tissue (12,13). p16 is known 
to undergo mutation, gene deletion and methylation in many 
tumors, thereby losing its normal function (14-17). It has been 
found that p16 can inhibit the expression of VEGF, thereby 
inhibiting tumor cell metastasis (18,19). Other studies have 
confirmed that low p16 protein expression is associated with a 
negative prognosis for cancer cases (20).

The results of this study demonstrated that the levels of p16 
protein expression were decreased in SKOV-3 cells, ovarian 
cancer tissues and ovarian cancer tissue with lymph node 
metastasis. In order to further study the role of p16 protein, 
gene transfection technology was used to increase the expres-
sion of p16 protein in SKOV-3 cells, and the results showed that 
the high p16 protein expression could significantly inhibit the 
SKOV-3 cells invasion ability. Correlation analysis of survival 

Figure 3. Influence of p16 gene transfection on p16 protein expression, com-
pared with that in blank group. The difference in p16 expression between 
the high expression group and the blank group was statistically significant 
(**P<0.01).

Figure 4. Influence of p16 gene transfection on SKOV-3 cell invasion ability, 
compared with that in blank group. The difference in invasion ability 
between the high expression group and the blank group was statistically 
significant (**P<0.01).

Table Ⅳ. Basic information of patients in the follow-up visit.

	 Survival
	 Cases	 -------------------------------------
p16	 Cases	 of death	 Cases	 Ratio (%)

Low expression	 39	 23	 16	 41.02
High expression	 25	 10	 15	 60.00

Figure 5. p16 expression in patients with ovarian cancer and survival curve 
of patient prognosis. The prognosis of patients with low p16 expression was 
significantly poorer than those with high expression (P<0.05).
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prognosis showed that lower p16 expression was negatively 
correlated with the prognosis of patients with ovarian cancer. 
These results suggest that p16 protein can be used as a new 
therapeutic target and predictor of prognosis of patients with 
ovarian cancer.
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