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Ki-67 is overexpressed in human laryngeal carcinoma
and contributes to the proliferation of HEp2 cells
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Abstract. Ki-67 is one of the most useful markers to evaluate
cell proliferative activity and has been widely used in tumor
treatment and research. However, its role in human laryngeal
carcinoma remains poorly defined. The aim of the present
study was to investigate the expression of Ki-67 in human
laryngeal squamous carcinoma and the effect of Ki-67 gene
silencing by small interfering (si)RNA on the proliferation of
human laryngocarcinoma HEp2 cells. Immunohistochem-
istry and reverse transcription-quantitative polymerase chain
reaction were performed to examine the expression of Ki-67
in human laryngeal squamous carcinoma tissues and adjacent
non-cancer tissues from 50 patients with laryngeal squamous
carcinoma. RNA interference was used to knock down the
expression of Ki-67 in the HEp2 cell line, and the prolifera-
tion of the treated cells was observed in vitro. Western blot
analysis was used to determine the expression levels of
epidermal growth factor receptor (EGFR) and E-cadherin
in the treated cells. The expression of Ki-67 in the laryngeal
squamous carcinoma tissues was significantly higher than
that of the adjacent non-tumor tissues (P=0.028). The high
expression of Ki-67 in cancer was significantly correlated
with cervical lymph node metastasis and clinical outcomes
(all P<0.001). The silencing of Ki-67 resulted in the inhibi-
tion of proliferation of the HEp2 human laryngocarcinoma
cells (P<0.001). In addition, compared with the control group,
the expression levels of EGFR and E-cadherin in the Ki-67
siRNA-treated cells were significantly decreased (P<0.001)
and increased (P<0.001), respectively. These results suggested
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that Ki-67 is important in regulating the proliferation of
human laryngocarcinoma HEp2 cells and that the mechanism
may at least partially be associated with the upregulation of
EGFR and the downregulation of E-cadherin. Overall, Ki-67
can be used as an important indicator for judging clinical
progress and estimating prognosis in human laryngeal squa-
mous carcinoma.

Introduction

Laryngeal carcinoma is the most common malignancy among
head and neck tumors, accounting for 1-2.5% of all malignan-
cies throughout the body. Although the clinical outcome of
laryngeal carcinoma has gradually improved, the prognosis of
this tumor remains poor, with a 5-year overall survival rate of
~60% (1). Local invasion, lymph node metastasis and distant
metastasis of laryngeal carcinoma are primarily responsible
for this unsatisfactory prognosis (2). The symptoms of laryn-
geal carcinoma are frequently non-specific and consequently,
the diagnosis and appropriate therapy are usually delayed. In
one study, only 27.8% of patients with laryngeal carcinoma
were noted to have undergone surgery due to a late diag-
nosis (3). Therefore, a better understanding of the molecular
mechanisms driving laryngeal carcinogenesis may aid in the
identification of novel predictive and prognostic biomarkers,
and in the development of novel treatment strategies for this
cancer.

The marker for cellular proliferation, Ki-67, has been
generally used in judging clinical progress and estimating
the prognosis of malignant tumors. It has been demonstrated
that Ki-67 acts as a positive regulator of cancer progres-
sion in gliomas, breast cancer, salivary gland tumors and
squamous cell carcinoma (4-7). However, Ki-67 expression
in laryngeal carcinoma and its significance in laryngeal
carcinoma progression remain largely unknown. The present
study investigated the expression of Ki-67 in human laryn-
geal squamous carcinoma tissues and adjacent non-cancerous
tissues from 50 laryngeal squamous carcinoma patients using
immunohistochemistry and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). Moreover, the effects
of Ki-67 gene silencing by small interfering (si)RNA on the
proliferation of HEp2 human laryngocarcinoma cells were
observed in vitro.
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Materials and methods

Cell culture and tissues samples. This study was approved by
the Institutional Review Board and Human Ethics Committee
of the First Affiliated Hospital of Xi'an Jiaotong University
School of Medicine (Xi'an, Shaanxi, China). All experiments
were performed in accordance with the principles of the Decla-
ration of Helsinki and all participants provided their written
informed consent to participate in the study. The human laryn-
geal carcinoma HEp2 cell line was obtained from the Center
of Biomedical Research in Xi'an Jiaotong University School
of Medicine and routinely cultured in RPMI 1640 medium
(Wuhan Boster Biological Technology, Ltd., Wuhan, China)
with 10% fetal bovine serum (Wuhan Boster Biological Tech-
nology, Ltd.) at 37°C. In total, 100 paraffin embedded tissues,
consisting of 50 laryngeal squamous carcinoma and 50 adja-
cent normal tissues, were obtained from patients treated with
surgical resection between January 2013 and February 2015 in
the First Affiliated Hospital of Xi'an Jiaotong University School
of Medicine. None of these patients received pre-operative
radiotherapy and chemotherapy regimens. The histological
diagnosis of the carcinoma was determined according to
World Health Organization criteria (8).

Immunohistochemicalstaining.Immunohistochemicalstaining
was performed by the standard streptavidin-peroxidase tech-
nique with the ready-to-use immunohistochemical detection
MaxVision kit (Fuzhou Maixin Biotech. Co., Ltd., Fuzhou,
China). Rabbit monoclonal antibody against human Ki-67
was obtained from Neomarkers (catalog no., PA5-16446;
1:100 dilution; Fremont, CA, USA). The primary antibody
was replaced with phosphate-buffered saline for the nega-
tive control group. For each tissue section, 10 representative
high-power fields (x400 magnification) were selected for histo-
logical evaluation. The expression of the protein was evaluated
based on the positive rate (the percentage of positively-stained
cells: <10% scored as 0, 11-30% scored as 1, 31-60% scored
as 2 and >60% scored as 3) and staining intensity (0, absence
of staining; 1, weakly-positive; 2, moderately-positive and
strongly-positive). The sum of the scores provide the final
score for Ki-67 expression in each sample, in which a final
score of <4 was defined as low/negative expression and a final
score of =4 was defined as high expression.

RT-qPCR. Total RNA was isolated from paraffin-embedded
tissues using the RecoverAll™ Total Nucleic Acid Isolation
kit (Ambion, TX, USA) according to the manufacturer's
instructions. For cultured cells, total RNA was extracted
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) according to the manufacturer's
protocols. RT-qPCR was performed to evaluate Ki-67
expression using the PrimeScript RT reagent kit (Takara
Bio, Inc., Shiga, Japan) according to the manufacturer's
instructions. Each reaction was performed in a total volume
of 25 pl, containing 12.5 ul of 2X Tli RNaseH Plus, 2 ul of
primers, 2 ul of template cDNA, and 8.5 ul of dH,O. The
thermal profile for the gPCR was 95°C for 30 sec, followed by
40 cycles of 95°C for 5 sec, 60°C for 30 sec and 72°C for 5 sec
on a Bio-Rad CFX96 RT-qPCR system (Bio-Rad, Hercules,
CA, USA). The primers for Ki-67 gene were as follows:
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Forward, 5'-AATTCAGACTCCATGTGCCTGAG-3' and
reverse, 5'-CTTGACACACACACATTGTCCTCAGC-3'.
The B-actin gene (forward, 5'-CATCCGTAAAGACCTCTA
TGCCAAC-3' and 5'-"ATGGAGCCACCGATCCACA-3') was
used as an internal control. Melting curve analysis was then
performed. The RT-qPCR procedures were performed in
triplicate and the data were analyzed using the comparative
Cq method (9).

siRNA transfection. For the downregulation of endogenous
Ki-67 expression, the following siRNA duplex (Aoke Biolog-
ical Technology Co., Ltd., Shanghai, China) was used: 5'-GGU
AUGAAAAUGAAAGUCUTT-3" The unspecific scrambled
siRNA duplex (5'-AAUGGGAAGAAUAUAGUCUTT-3';
Aoke Biological Technology Co., Ltd.) was used as negative
control.

A total of 1x10° HEp2 cells were seeded in 6-well plates
24 h prior to transfection. The transfection of the cells was
performed using Oligofectamine (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
Specific silencing of targeted genes was confirmed by at least
three independent experiments.

Four groups were included in the present study: i) The
blank control group; ii) the Lipo2000 group (cells treated
with 5 pl Lipofectamine 2000); iii) the control siRNA group
(cells treated with 5 ul Lipofectamine 2000 plus 50 pmol
negative control siRNA); and iv) the Ki-67-siRNA group
(cells treated with 5 ul Lipofectamine 2000 plus 50 pmol
Ki-67 siRNA).

Cell proliferation assay. Cell proliferation was evaluated
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) colorimetric assay daily over a 3-day
time course. The HEp2 cells were seeded into eight 96-well
plates and incubated in RPMI 1640 medium (Wuhan Boster
Biological Technology, Ltd.) at a density of 2x10° cells/well at
37°C for 24,48 and 72 h following treatment, respectively. Cell
culture was added with 20 ul of 5 mg/ml MTT agent (Sigma,
Saint Louis, MO, USA) and incubated at 37°C for 4 h, followed
by addition of 200 ul dimethylsulfoxide and a further 15-min
incubation. The absorbance was then determined using a
Multiskan Spectrum microplate reader (Thermo Fisher Scien-
tific Inc.) at 490 nm. A growth curve was produced according
to the optical density value alterations. The experiment was
performed three times independently.

Western blot analysis. Cells were lysed in radioimmunopre-
cipitation assay buffer. Cellular proteins were collected and
subjected to 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis,and then electrotransferred onto Immobilon-P
membranes (Invitrogen; Thermo Fisher Scientific, Inc.). The
membranes were then incubated for 2 h at 37°C with rabbit
anti-human EGFR (catalog no., sc-367974; 1:1,000 dilution;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) or rabbit
anti-human E-cadherin (catalog no., sc-7870; 1:1,000 dilu-
tion; Santa Cruz Biotechnology, Inc.). This was followed by
incubation with horseradish peroxidase-conjugated donkey
anti-rabbit immunoglobulin G secondary antibody for 1 h at
37°C (catalog no., NA934; 1:1,000 dilution; Amersham Phar-
macia Biotech, Piscataway, NJ, USA). The rabbit anti-human
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Figure 1. Immunohistochemical staining of Ki-67 protein of laryngeal squamous carcinoma tissues and the corresponding non-cancerous tissues (magnifica-
tion, x200). (A) Strong immunostaining for Ki-67 protein in laryngeal squamous carcinoma tissue. (B) Ki-67 protein expression is absent in non-cancerous

laryngeal tissue.
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Figure 2. Ki-67 is upregulated in laryngeal squamous carcinoma tissue (C)
compared with adjacent non-cancerous tissues (N). Data are presented as the
mean =+ standard deviation. "P=0.028 vs. N.
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Figure 3. Kaplan-Meier curves based on Ki-67 expression. Kaplan-Meier
estimates for overall survival (months) based on Ki-67 status. Log rank test;
P<0.001.

B-actin antibody (catalog no., sc-7210; 1:1,000 dilution; Santa
Cruz Biotechnology, Inc.) was used as an internal marker for
control purposes.

Statistical analysis. Continuous data were presented as
mean + standard deviation and categorical data were presented
as frequencies. Statistical differences were calculated by
Student's #-test or chi-square test using SPSS 16.0 statistical
software (SPSS Inc., Chicago, IL, USA). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Expression of Ki-67 protein in paired human laryngeal squa-
mous carcinoma tissues and corresponding non-cancerous
tissue samples. Ki-67 was detected in 34 out of 50 (68%)
laryngeal squamous carcinoma tissues and in only 8 out of
50 (16%) corresponding non-cancerous tissues (Fig. 1). The
frequency of Ki-67 in the laryngeal squamous carcinoma
tissues was significantly higher than that in the non-cancerous
tissues (P<0.001).

The study further analyzed the expression level of Ki-67
in the aforementioned tissue samples by RT-qPCR. As shown
in Fig. 2, Ki-67 expression was significantly increased in the
laryngeal squamous carcinoma tissues compared with the
adjacent normal tissues. These observations suggest that Ki-67
may be a tumor promoter in this cancer.

Increase in Ki-67 expression correlates with cervical lymph
node metastasis and clinical outcome. All 50 patients were
followed up regularly after surgery. The median follow-up
period was 32 months (range, 5-50 months). The expression of
Ki-67 in the patients was compared with regard to gender, age,
type of cancer, cervical lymph node metastasis, histological
grade, tumor-node-metastasis stage (10), recurrence and
clinical outcome. The levels of Ki-67 expression significantly
correlated with cervical lymph node metastasis and clinical
outcome. During the follow-up of 34 patients with high Ki-67
expression, 24 succumbed. This percentage was significantly
higher than that in the patients with low Ki-67 expression
(70.6 vs. 12.5%; P<0.001; Table I). Using the Kaplan-Meier
method, it was observed that the overall survival time was
significantly shorter in the high Ki-67 expression group than
that in the low/negative Ki-67 expression group (P<0.001)
(Fig. 3). These results imply that the high expression of Ki-67
may be a valuable predictor for the prognosis of laryngeal
squamous carcinoma.

Ki-67-knockdown in HEp2 cells. RT-qPCR and western
blot analysis were applied to validate the silencing effi-
ciency of the target gene after RNA interference. Stable
Ki-67 siRNA-transfected HEp2 cells (Ki-67-siRNA) and
a mock-transfected control cell line (control siRNA) were
established as aforementioned. Compared with the parental
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Figure 4. Knockdown of Ki-67 expression in HEp2 cells at 24 h after
siRNA transfection. (A) Ki-67 mRNA levels were determined by RT-qPCR.
Relative fold induction for Ki-67 mRNA (means = SD) in the mock- and
Ki-67 siRNA-transfected HEp2 cells is presented relative to the expression
in the parental HEp2 cells ('P<0.001 compared with the parental HEp2 cells).
(B) Western blot analysis for Ki-67 protein expression in the indicated cell
lines. B-actin was used as a loading control. Parental HEp2 cells, control
siRNA (mock-transfected control), and Ki-67-siRNA represent three dif-
ferent clones, respectively.
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Figure 5. Gene silencing of Ki-67 reduces cell proliferation in
HEp2 cells. Cell proliferation was analyzed in the cells using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and
monitored for 72 h. The optical density (OD)490 (mean + standard deviation)
for each cell line is shown. Cells transfected with Ki-67 small interfering
(si)RNA demonstrated a reduced cell growth relative to the blank control,
Lip02000 and control siRNA group cells at 72 h post-transfection ("P<0.001
compared with the blank control, Lipofectamine (Lip0)2000 and control
siRNA groups, respectively).

HEp2 cells and control siRNA cells, the mRNA and
protein expressions of Ki-67 was significantly reduced in
the Ki-67-siRNA cells at 24 h after siRNA transfection (all
P<0.001; Fig. 4A and B), which persisted for at least 72 h (data
not shown).
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Figure 6. EGFR expression in HEp2 cells 72 h after Ki-67 small interfering
(si)RNA transfection. Western blot assay of epidermal growth factor receptor
(EGFR) protein expression was performed in the indicated cell lines. $-actin
was used as a loading control. Control (parental HEp2 cells), Lipofectamine
(Lip0)2000, control siRNA (mock-transfected) and Ki-67-siRNA represent
the different clones, respectively.
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Figure 7. E-cadherin expression in HEp2 cells 72 h after Ki-67 siRNA trans-
fection. Western blot assay of E-cadherin protein expression was performed
in the indicated cell lines. B-actin was used as a loading control. Control
(parental HEp2 cells), Lipofectamine (Lip0)2000 group cells, control siRNA
(mock-transfected) and Ki-67-siRNA represent the different clones, respec-
tively.

E-cadherin

Gene silencing of Ki-67 reduces cell proliferation in HEp2
cells. To test the effect of the knockdown of Ki-67 on HEp2
cell growth, a MTT cell proliferation assay was performed.
As demonstrated by MTT assays, Ki-67-siRNA group cells
showed decreased cell proliferation compared with the blank
control, Lipo2000 and control siRNA group cells, supporting
the role of Ki-67 in cell growth in HEp2 cells (P<0.001; Fig. 5).

Silencing of Ki-67 by siRNA stimulates the activation of
E-cadherin and suppresses the activation of EGFR in
HEp?2 cells. In this study, changes in the protein levels of
EGFR and E-cadherin after transfection were detected by
western blot analysis. The results demonstrated that at 72 h
after Ki-67-siRNA transfection, the protein levels of EGFR
and E-cadherin were significantly decreased and increased,
respectively, in the treated HEp2 cells, compared with those in
the cells in the other groups (all P<0.001; Figs. 6 and 7).

Discussion

Ki-67 is a type of DNA binding protein that is mainly located
in the cell nucleus and is closely associated with cell prolifera-
tion. Ki-67 expression begins to appear in the G1 phase of the
cell cycle, then increases gradually, reaches the peak in the
M phase and declines quickly in the late stage of cell divi-
sion (11). Ki-67 is involved in maintaining the structure of the
stable DNA in mitosis and has been used as an indicator of
the proliferation rate in a number of human malignancies (12).
Various studies have shown that the level of Ki-67 is closely
associated with the development and progression of a variety
of cancer types, including lung adenocarcinoma, breast cancer,
adrenocortical carcinoma and gastric cancer (13-16). In laryn-
geal carcinoma, however, there is no consensus on the role of
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Table I. Association between clinicopathological variables and Ki-67.
Expression of Ki-67,n
Features Cases, n + - P-value
Gender 0.938
Male 34 23 11
Female 16 11
Age, years 0.895
>50 35 24 11
<50 15 10
Type of cancer 0.960
Supraglottic 31 21 10
Glottic 19 13 6
Cervical lymph node metastasis 0.021¢
Yes 37 29 8
No 13 5 8
Histological grade 0.884
I 15 10 5
I 17 11 6
I 18 13 5
TNM stage 0.909
I 7 4 3
I 15 10 5
I 18 13 5
v 10 7 3
Recurrence 0.054
Yes 19 16 3
No 31 18 13
Clinical outcome 0.000*
Alive 24 10 14
Succumbed 26 24 2

’P<0.05. -, Low/negative expression of Ki-67 in cancer tissues; +, high expression of Ki-67 in cancer tissues. TNM, tumor-node-metastasis.

Ki-67. Leopardi et al found a higher degree of Ki-67 positivity
in the neoplastic tissue of laryngeal epithelial lesions compared
with in the pre-cancerous tissues or in benign lesions (17).
Liu et al reported that Ki-67 expression was significantly
higher in primary squamous cell carcinoma of the larynx
and hypopharynx with lymph node metastasis compared with
the expression in those without lymph node metastasis, and
that it was correlated with pathological T-stage and tumor
differentiation. In univariate analysis, the high expression of
Ki-67 was inversely correlated with overall and disease-free
survival (18). However, in another study, Teppo et al reported
that Ki-67 did not significantly affect the prognosis of laryn-
geal cancer when using the Cox regression model (19). In
the present study, it was found that the mRNA and protein
levels of Ki-67 in the laryngeal squamous carcinoma tissues
were significantly higher compared with those in the adjacent
non-tumor tissues. Based on that, further clinical pathological
analysis found that the high expression of Ki-67 in cancer was
significantly correlated with cervical lymph node metastasis

and clinical outcome. These results suggested that Ki-67 may
play a promotive role in the development and progression of
laryngeal squamous carcinoma, and that it could be used as a
predictor of poor prognosis for laryngeal squamous carcinoma
patients.

To provide evidence for this assumption, the effect of
Ki-67 silencing on the proliferation of human laryngocarci-
noma HEp2 cells in vitro was investigated. The expression of
Ki-67 in the cells was specifically knocked down using RNA
interference. The results demonstrated that the downregula-
tion of Ki-67 resulted in a significant suppression of HEp2
cell proliferation, which strongly indicated that Ki-67 was
involved in the canceration processes of laryngeal carcinoma.
These data are in line with previous studies on the expression
and functional roles of Ki-67 (13-16).

EGFR is a member of the ErbB family of receptors and
activation of EGFR signaling may trigger a series of intracel-
lular signals that ultimately promote cell proliferation and
cell growth (20). Overexpression of EGFR has been found in
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numerous cancer types, including hepatocellular carcinoma,
lung cancer, bladder cancer and laryngeal carcinoma (21-24).
Li et al demonstrated that EGFR expression was significantly
correlated with separate Ki-67 expression in gliomas (25).
Yang et al reported that in primary and relapse nasopharyn-
geal cancer, a strong significant correlation between EGFR
and Ki-67 molecules expression was obtained (26). In the
present study, the expression of EGFR was significantly down-
regulated in the Ki-67 siRNA-treated cells compared with
that in the control group. This indicated a positive correlation
between Ki-67 and EGFR, and suggested that Ki-67 may
regulate the proliferation of HEp2 cells via modulating the
EGFR signaling pathway.

E-cadherin participates in calcium-dependent somatic cell
adhesion and loss of E-cadherin is believed to enable metas-
tasis by disrupting intercellular contacts (27). Nakagawa et al
found that in T1 esophageal squamous cell carcinoma,
reduced E-cadherin expression was observed in 58.1% of cases
and that E-cadherin expression were closely correlated with
nodal metastasis. The study concluded that after endoscopic
treatment, additional therapy may be required if reduced
E-cadherin expression is observed in the primary tumor
specimen (28). Rodrigo et al found that E-cadherin was an
independent predictor of nodal metastases in supraglottic
squamous cell carcinomas (29). In another study, Simio-
nescu et al found that in low-grade squamous intraepithelial
lesions, E-cadherin had a membranous pattern and the Ki-67
proliferation index was low, whereas in high-grade lesions,
E-cadherin expression became aberrant and the Ki-67 prolif-
eration index was high (30). Consistent with this finding, the
present study demonstrated that the expression of E-cadherin
was significantly upregulated in Ki-67 siRNA-treated cells
compared with that in the control group, which indicated a
negative correlation between Ki-67 and E-cadherin, and
suggested that Ki-67 may promote HEp2 cell proliferation
through the modulation of cell adhesion and contact.

In summary, the present study data revealed that the
Ki-67 expression in the examined laryngeal squamous
carcinoma tissues was significantly higher than that in the
adjacent non-tumor tissues. High Ki-67 expression was
significantly correlated with cervical lymph node metastasis
and may be a valuable predictor for the prognosis of laryngeal
squamous carcinoma. The cellular proliferation of Ki-67
siRNA-transfected HEp2 cells was significantly decreased,
indicating that Ki-67 may be involved in the canceration
processes of laryngeal carcinoma. The upregulation of EGFR
and the downregulation of E-cadherin may at least partly
contribute to the mechanisms of action of Ki-67. Further
studies are necessary to elucidate the detailed molecular
mechanisms underlying the involvement of Ki-67 in the
tumorigenesis and progression of human laryngeal squamous
carcinoma.
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