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Introduction

Cervical cancer is the third most common diagnosed 

cancer and leading cause of the death among female 

worldwide (Vici et al., 2014; Torre et al., 2015). (Kimman 

et al., 2012) reported that it was the second highest 

incidence of cancer in ASEAN female. in Indonesia, it was 

ranked as the third most commonly caused of female death 

of cancer. The burden of this disease is majority in low and 

middle income country (Sahasrabuddhe et al., 2013). The 

pattern of cervical cancer shifted from more developed 

to less developed country (Torre et al., 2015). Since the 

incidence is rapidly rising, many drugs were developed to 

prevent and treat cervical cancer. Many studies work on 

new cervical cancer drugs by targeting specific biomarker 
without effecting normal cells. 

Drug discovery and development is a very complex 

process and costly. It needs approximately US$ 802 

million for 10 to 20 years to bring a drug from laboratory 

to market (Dickson and Gagnon, 2009). Drug repurposing 

is one of alternative approach to increase the effectivity 

of drug discovery (Gupta et al., 2013). Celecoxib(4-[5-

(4-methylphenyl)-3- (trifluoromethyl)-1H-pyrazol-1-yl]
benzenesulfon-amide), a selective cyclooxygenase-2 
(COX-2) inhibitor, is a potentially developed as anticancer 

in cervical cancer. It was first launched by US Food and 
Drug Administration in 2009 to treat osteoarthritis (Audo 

et al., 2007; Zweers et al., 2011). COX-2 expression is 

linked to cancer progression including cervical cancer. 

When Human Papiloma Virus (HPV) infected cervical 
cells, it inserted E6 and E7 oncogene that induced COX-2 
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Abstract

 Celecoxib, a selective inhibitor of COX-2, showed cytotoxic effects in many cancer cell lines including cervical 

cancer cells. This study investigated the effect of celecoxib on cell cycle arrest in HeLa cervical cancer cells through 

p53 expression. In vitro anticancer activity was determined with the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 

tetrazolium bromide (MTT) method. A double staining method was applied to investigate the mechanism of 

cell death, cell cycling was analyzed by flow cytometryand immunocytochemistry was employed to stain p53 
expression in cells. Celecoxib showed strong cytotoxic effects and induced apoptosis with an IC

50
 value of 40 

µM. It induced cell cycle arrest at G2/M phase by increasing level of p53 expression on HeLa cells.
 

Keywords: Celecoxib - HeLa cells - apoptosis - cell cycle - p53

RESEARCH ARTICLE

Celecoxib, a COX-2 Selective Inhibitor, Induces Cell Cycle 

Arrest at the G2/M Phase in HeLa Cervical Cancer Cells

Agustina Setiawati

expression in cells (Kim et al., 2013). 

In vitro studies reported celecoxib revealed cytotoxic 

activity on cervical, liver, colon, breast, gastric and 

prostate cancer cells (Hsu et al., 2000; Kim et al., 2004, 
2007; Ang et al., 2012; Wang et al., 2009, 2013; Chu et 

al., 2013). In cervical cancer cells, it induced cell cycle 

arrest at G1 and G2/M phase depended on its concentration 

(Kim and Pyo, 2013). However, the molecular mechanism 
of celecoxib through p53 was still unclear. Protein p53 is 
a key inducer of apoptosis and cell cycle arrest process 

(Nair et al., 2003; Li et al., 2012) by degrading E6 and 
E7 oncogene (Nair et al., 2003). p53, a tumor suppressor 

gene, was frequently mutated in several cancer cell lines 

but the mutation of p53 was low frequent in cervical cancer 

(Pinheiro and Villa, 2001). p53 is potential biomarker that 
could be investigated in HeLa cells. This work focused 
on molecular mechanism of celecoxib on HeLa cervical 
cancer cell line by inducing apoptosis and cell cycle arrest 

through p53 expression. 

Materials and Methods

C y t o t o x i c ,  A p o p t o s i s ,  F l o w c y t o m e t r y  a n d 

Immunocytochemistry  

The sample of this study was prepared from celecoxib 

(Sigma) with 99.995% purity while cisplatin as positive 

control was prepared from Cisplatin Kalbe. This subject 

of this study was HeLa cells, a cell culture collection 
of Parasitology Department, Faculty of Medicine, 
Universitas Gadjah Mada. The cells were maintained in 

Dubelcco Modified Eagle Media (Gibco) containing Fetal 
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Bovine Serum (FBS) 10% (v/v) (Gibco) and penicilin-
streptomycin 1% (v/v) (Gibco). Cytotoxic assay was 

measured by 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 
tetrazolium bromide (MTT) (Sigma) method while the 
apoptosis assay was examined by ethidium bromide 

and acridine orange (Sigma) staining. Propidium iodide 
reagent contained 0.1% triton X (E.Merck, Germany), 

0.2% RNAse and 5% propidium iodide (Sigma) in 

Phosphate Buffer Saline (PBS). Immunocytochemistry 
used p53 primary antibody purchased form Novus Bio 

NB 200-103, while the universal secondary antibody was 

derived from Starr Trek Universal HRP Detection System 
No.901-STUHRP700-090314. All culture plates used in 
this study were Iwaki® and all tips and micro tubes were 

supplied by Axigen®.

MTT cytotoxic assay 

Cytotoxic assay was designed based on previous 

study on HeLa cells (Yuliani et al., 2015). The cells were 
cultured in culture tissue flask until 70-80% confluent, 
and then 5x103 cells were seeded into 96-well plate. The 

plate was incubated at 37oC and 5% CO
2
 for 24 hours. The 

medium was removed and the cells were rinsed twice by 

using PBS. The stock solution of celecoxib was prepared 
by dissolving them into DMSO and diluted them in 

medium into various concentrations. Each concentration 

(100 µL/well) was added into 96-well plate and measured 
in triplicates. Later, the plate was incubated at 37oC and 

under 5% CO
2
 for 24 hours. The medium was removed and 

10% MTT containing medium was added into each well. 

The plate was further incubated in the same as previous 

condition for 4 hours. At the end of incubation time, 100 

µL SDS was added to each well to dissolve formazan 
crystals. The plate was incubated in dark room for 12-24 

hours and formazan crystals were measured by using 
ELISA reader at a wavelength of 595 nm.

Apoptosis induction assay

HeLa cells were seeded into coverslips in 24-well 
plate (5x104/well). The cells were adapted at 37oC and 

5% CO2 for 24 hours. The medium was removed and 

twice rinsed by using PBS. The celecoxib and cisplatin 
at 40 µM concentration were added into the plate and 

incubated in the same condition as previously described. 

The medium was removed from the cells and rinsed by 

using PBS. The coverslips transferred to object glasses, 
then acridine orange-ethidium bromide (AE) was dropped 

into the coverslips. The cells were immediately observed 

under fluorescence microscope (Yuliani et al., 2015). 

Cell cycle analysis

HeLa cells were seeded in a 6 well plate at a density 
of 1 x 106 cells each well. After 24 hours incubation, 

celecoxib and cisplatin at concentration 40 µM were 

added to the respective flask and incubated for 12 and 24 
hours. The cells were removed and harvested from flask 
using tripsin. After incubation, the cells were centrifuged 

at 2000 rpm for 3 minutes. The cells were washed using 

cold phosphate buffer saline (PBS) three times. The 
pellets were resuspended in 500 μL propidium iodine 
(10 μg/mL) containing 300μg/mL RNase (Sigma, MO, 

USA). The cells were incubated at 37°C for 10 minutes 

in waterbath. Cell suspension was homogenized and 
transferred in flowcyto tube. Then the cells were analyzed 
by flowcytometer. 

Immunocytochemistry assay

HeLa cells were cultured in 6-well plate and incubated 
under 5% CO

2
 and 37°C for 24 hours. Celecoxib and 

cisplatin at 40 µM concentration were added to the 

cells and incubated for further 24 hours. At the end of 

incubation time, cells were collected and washed by 

PBS. The cells were suspended in medium, placed and 
fixed in object glass for 5 minutes. Hydrogen peroxidase 
was dropped into the object glass and incubated at room 

temperature for 10-15 minutes. The cells were washed 

twice with PBS and monoclonal antibody of p53 was 
added into the cells and incubated at least for an hour at 

room temperature. The cells were washed three times with 

PBS and added with secondary antibody, incubated at 
room temperature for ten minutes, and washed four times 

with PBS. The solution of 3, 3’-diaminobenzidine (DAB), 
as chromogen, was added to the cells and incubated for 

3-8 minutes. Finally, the cells were washed with distilled 
water and added with hematoxylin solution followed 

by 3-4 minutes incubation. The expression of p53 was 

observed under inverted microscope (Yuliani et al., 2015).

Data analysis

To calculate IC
50

 of celecoxib and cisplatin, the 

viability data was plotted in linear regression using 

Microsoft Excel 2013. Apoptotic, necrotic and living 

cells was qualitatively counted in three different areas of 

the object glass. This analysis was performed in triplicate 

of each treatment. Cell cycle distribution was calculated 

from 10,000 cells with ModFit LT 3.0 TM software using 
FACScaliber. The number of p53 expressing cells was 
qualitatively analyzed. 

Results 

This study determined anticancer activity of celecoxib 

on HeLa cervical cancer cells by arresting cell cycle 
through inducing p53 expression. Cytotoxic effect was 

assessed with MTT assays that measured absorbance of 

Figure 1. Celecoxib and Cisplatin Effect on HeLa Cells 

Viability and Morphology. (a) Untreated Cells, (b) 40 µM 

Celecoxib, (c) 40 µM Cisplatin. Red arrows showed the death 

cells in population
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formazan complex at 595 nm that equaled to the number 
of living cells. As presented in Figure 1, celecoxib showed 
dose dependent cytotoxic activity (R

2
=0.9924) on HeLa 

cells with IC
50

 43 µM, respectively. Cisplatin was used 

as positive control since it was widely used as therapy 

in cancer patient (Dasari and Tchounwou, 2014; Vici et 

al., 2014). 

Based on our previous work, cisplatin performed 

cytotoxic activity and apoptosis induction on HeLa cells 
with IC

50
 40 µM (Yuliani et al., 2015). Celecoxib and 

cisplatin changed HeLa cells morphology and induced 
cell death at concentration 40 µM. Double staining method 

investigated the mechanism of cells death (Figure 2). 
Celecoxib and cisplatin induced apoptosis in HeLa cells. 
This method clearly identified apoptosis stage insignificant 
different from flowcytometry method (Liu et al., 2015). 

Cell cycle analysis counted that HeLa cells were 
accumulated on G2/M phase in celecoxib (61.70%) and 

cisplatin treatment (56.65 %) compare to untreated cells 

(17.41 %) (Figure 3). Molecular mechanism of cell cycle 
arrest was determined by immunocytochemistry method. 

Since p53 is a major regulator of apoptosis pathway and 

cell cycle arrest, further we investigated p53 expression. 

HeLa cells that express p53 were stained as intense 
brown color in nuclei while none were stained as blue 

color. Qualitative analysis of Figure 4 indicated that both 
of celecoxib and cisplatin increased p53 expression. 

This data suggested that cytotoxic activity of celecoxib 

induced cell cycle arrest through inducing p53 expression 

in HeLa cells. 

Discussion

This pre-clinical study investigated celecoxib 

repurposing to be anticancer drug on cervical cancer. 

Previous research revealed celecoxib had cytotoxic effect 
and induced apoptosis in HeLa cervical cancer cells (Kim 
et al., 2007, 2004). Non Steroid Inflammation Drugs 
(NSAIDs), including selective COX-2 inhibitor, have 

been associated with reduced incidence and mortality in 

many cancer cells (Gurpinar et al., 2013; Setiawati et al., 

2016). Since it inhibited COX-2 expression, celecoxib 

reduced prostaglandin E2 and thromboxane A2 that play 

important role in cell proliferation, invasion and survival 

(Allaj et al., 2013). Moreover, molecular mechanism was 

not always associated with COX-2 expression (Kang et al., 

2009; Kim et al., 2004). The study of Ang and colleagues 

(2012) showed by reducing COX-2, celecoxib sensitized 
radiotherapy in HeLa cells (Ang et al., 2012). However, 
COX-2 expression increased survival on cervical cancer 

patients (Doll et al., 2013). Therefore, other proteins might 

interference anticancer activity of celecoxib. 

In this study, cisplatin was used as positive control 

since it was clinically used in cervical cancer therapy 

both single and combination (Vici et al., 2014; Grigsby 

et al., 2013). It revealed drug resistance (Galluzzi et al., 
2014) and severe side effect such as kidney toxicity, 

allergic reaction, immunity problem, gastrointestinal 

disorder, hemorrhage and hearing loss (Dasari and Bernard 

Tchounwou, 2014). Celecoxib performed strong cytotoxic 

activity and induced apoptosis on HeLa cells (Figure 1 

Figure 2. Observation of Cells on Double Staining 

Method Under Flourecence Microscope Using 400X 

Magnification. (A)Untreated cells,  (B) Celecoxib 40 µM (C) 

Cisplatin 40 µM. White arrows showed living cells and yellow 

arrows showed apoptotic cells

(a) (b) 

(c) 

Figure 3. Analysis of Cell Cycle Progression. HeLa 
cells were (A) Untreated, (B) 40 µM celecoxib and (C) 40 µM 

cisplatin. The cells were harvested after 24 hours then they were 

analyzed for DNA content. The distribution and percentage of 
cells in pre-phase, G1, S and G2/M phase of the cell cycle were 

indicated
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Figure 4. The Observation of p53 Expression on HeLa 

cells by Using Imunocytochemistry Method Under 

Light Microscope in 400x Magnification. (A)Untreated 

cells (B) Cells treated with 40 µM celecoxib. (C) Cells treated 

with  40 µM cisplatin. Brown colour (black arrows) in cells 

refer to p53 expression

(A) (B) 

(C) 



Agustina Setiawati

Asian Pacific Journal of Cancer Prevention, Vol 17, 20161658

and 2). Based on IC
50

 value, celecoxib (IC
50

=43 µM) had 

strong cytotoxic activity equal to cisplatin in HeLa cells. 
Cell cycle regulation is an essential target in HPV-

associated carcinogenesis (Fernandes and Syrjanen, 
2003). Flow cytometry data showed that HeLa cells were 
primarily arrested in the G2/M phase due to celecoxib 

and cisplatin treatment (Figure 3). Since G1 and G2/M 
checkpoint in cell cycle are interfered by HPV in cervical 
cancer (Fernandes and Syrjanen, 2003), anticancer drugs 
possibly address on both of cell cycle. Other effects of 

celecoxib and cisplatin on cell cycle progression were 

reported it induced cell cycle arrest in different phase. 

At different concentration, cisplatin induced G1 arrest 

in HeLa cells (Larasati et al., 2014). Celecoxib induced 
different cell cycle arrest at G1 phase in bladder, glial and 

colon cancer (Gee et al., 2009; Kang et al., 2009; Kim 

and Pyo, 2013). In cervical cancer, celecoxib induced 
cell cycle arrest in G1 and G2/M phase depended on its 

concentration (Kang et al., 2009). 

To observe molecular target, this study targeted p53 

as a key protein that responsible to apoptosis and cell 

cycle arrest. Vast efforts based on p53 activation had 

been successfully treat cancer (Lane et al., 2010; Chen et 
al., 2010), especially cervical cancer (Lee et al., 2006). 
Both of celecoxib and cisplatin induced p53 expression in 

HeLa cells to arrest cell cycle at G2/M phase (Figure 4). 
This finding opened an interesting question whether p53 
expression involved in apoptosis and cell cycle arrest in 

HeLa cells. Based on our p53 immunocytochemistry data, 
both of celecoxib and cisplatin executed apoptosis and cell 

cycle arrest by involving p53. Stabilization of p53 possibly 
pushed cell cycle arrest at G2/M phase and apoptosis in 

HeLa cells (Larasati et al., 2014). When p53 is activated, it 
stimulates cell cycle arrest and induces apoptosis (Pflaum 
et al., 2014). Active form of p53 activated several genes 

which were involved in G1, S and G2/M arrest. Therefore, 

it might induce multiple cell cycle arrest (Garofalo and 

Surmacz, 2006). Another possible molecular mechanism 
was reported by Kim and colleagues (2007) that celecoxib 

induced apoptosis in cervical cancer cells through 

GADD135, a transcription factor. Target proteins which 

are activated by p53, involving apoptosis and cell cycle 

arrest HeLa cells, are suggested to be observed in further 
study to settle detailed molecular pathway of celecoxib.

In conclusion, celecoxib induced cell cycle arrest at 

G2/M phase through inducing p53 expression on HeLa 
cervical cancer cells. It is interesting to investigate p53-

dependent molecular pathway in further study.
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