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Abstract: Several studies have reported the anticancer e�ects of ibuprofen on cervical cancer cells,
but the molecular pathway is still unclear in many aspects. This study aimed to investigate the
e�ects of cytotoxic dose of ibuprofen on BAX, BCL-2, caspase-3, MMP-9, KAI-1 and NM23 gene
expression levels and evaluation of caspase-3, -8 and -9 activity level in cervical cancer (HeLa) cells.
Cervical cancer cells were divided into untreated (control) group and ibuprofen treated groups.
Expression levels of BAX, BCL-2, caspase-3, MMP-9, KAI-1 and NM23 genes were evaluated
by Real-time PCR and caspase-3, -8 and -9 activity levels were determined using colorimetric
method. Hoechst staining was used to con�rm apoptosis. The data were statistically analyzed
between groups using ANOVA and independent t-test. Signi�cant increase in expression levels of
caspases-3, and BAX/BCL-2 ratio, caspase-3, -8 and -9 activity level and signi�cant decrease in
NM23, KAI-1 genes expression level were observed in HeLa cells treated with ibuprofen cytotoxic
concentration. The apoptosis observed in HeLa cells was con�rmed by Hoechst 333285 staining
and �ow cytometry analysis. Ibuprofen increased nuclear condensation and induced apoptosis in
HeLa cells by both intrinsic and extrinsic apoptosis pathways.
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1 Introduction

Currently cervical cancer is the second most common cancer among women worldwide (Schi�-
man et al., 2007). Exponential growth of this fatal disease and the struggle against cancer has
led to development of current therapeutic agents and investigation of the most potent and novel
therapeutic approaches. It has become a major area of interest to explore new agents with no
or less unpleasant side-e�ects that could be used against the aggressive tumor. Using and pro-
ducing novel antitumor agents including natural or synthetic non-cytotoxic nutrients have gained
signi�cant attention over the last decades (Hussain et al., 2011). Non-steroidal anti-in�ammatory
drugs (NSAIDs) presents a good case in this respect. Several epidemiological studies showed
that NSAIDs have been associated with reduced risks of cancers (Zhou et al., 2014). Consistent
evidence has demonstrated both selective and non-selective NSAIDs have protective e�ects and
remarkably prevent chemically induced carcinogenesis of epithelial tumors (Collet et al., 1999;
Harris et al., 2005). Anti-in�ammatory, antipyretic, and analgesic properties of NSAIDs have
made them a potential option for clinical use (Kim et al., 2003). Carcinogenesis pathway in many
cancers is involving overexpression of the inducible cyclooxygenase-2 (COX-2) gene and deregula-
tion of prostaglandin (PG) biosynthesis (Harris et al., 2005). NSAIDs suppress the production of
prostaglandins by blocking cyclooxygenase (COX), an essential enzyme in PG production (Zhou et
al., 2014). NSAIDs by involving and stimulating the production of arachidonic acid and ceramide
play an essential role in apoptosis commencement (Kim et al., 2003). NSAIDs show their anti-
cancer e�ects either on both the tumors or the tumor microenvironment and inhibit proliferation,
decrease migration, prevent angiogenesis, and overcome apoptosis resistance in a COX-2 depen-
dent and independent manner (De Groot et al., 2007; Rayburn et al., 2009). Apoptosis occurs
resulted from a subset of enzyme activity including caspase proteases, in particular, caspase-3, -6,
and -7 (executioner caspases) that can be activated by caspase- 8, -9, and -10 (initiator caspases),
cleaving speci�c substrates (proteins) and lead to biochemical and morphological changes in the
cell and �nally cell death (Green and Kroemer, 2005; Große et al., 2016). These events can trigger
apoptosis via two main ways: the extrinsic pathway (death receptor-mediated) involving the cell
surface death receptor, and the intrinsic pathway (mitochondrial-mediated) (Hu and Kavanagh,
2003; Green and Kroemer, 2004). BCL-2 family (a negative regulator of apoptosis proteins) plays
a critical role in controlling mitochondrial pathway (Hu and Kavanagh, 2003; Willis et al., 2003).
BCL-2 protein has also a key role in drug resistance in cancer patients and prevents cell death
induced by anticancer agents (Oltersdorf et al., 2005). BAX and BAK (BCL-2 family proteins)
can switch apoptosis on or o� by assembling at mitochondria and releasing cytochrome C (Große
et al., 2016; Salvador-Gallego et al., 2016). Metalloproteinase-9 (MMP-9) is produced mainly
by the tumor cells and has an essential role in metastasis triggering and cellular invasion. This
protease breaks down extracellular matrix components and exposes cryptic peptide epitopes in
the extracellular matrix that leads to cell death (Mehner et al., 2014; Guo et al., 2016). The
NM23 gene is a metastatic suppressor gene and involves metastasis by a�ecting the MAPK and
the cytoskeleton-organizing pathways (Yoshida et al., 2002; Prabhu et al., 2012). As reported, it
exerts its metastasis-suppressing impacts at early stages of metastatic propagation, hence inhibit-
ing invasive migration (Boissan and Lacombe, 2012). KAI-1/CD82 is a member of TM4SF family
and has a central role in cell fusion, adhesion, migration, signaling, fertilization, di�erentiation,
and invasion (Yu et al., 2014). It appears that decreased CD82/KAI-1 expression contributes
to metastasis which makes it an ideal marker. The mechanism and how KAI-1/CD82 exhibit
their inhibitory e�ects on metastasis of cancers is not clear, however, it has been suggested that
KAI-1/CD82 inhibits cell cycle progression (Wu et al., 2012; Zhang et al., 2013).
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Although ibuprofen is widely used in patients with cancer as anti-in�ammatory and analgesic
drug, few studies have been carried out to investigate the apoptotic e�ects of ibuprofen on cancer
cells in vitro and in vivo. The present study aimed to reveal the cytotoxic e�ects of ibuprofen
on cervical (Hela) cancer cells and expression level of BAX, BCL-2, caspase3, MMP9, NM23,
KAI-1/CD82 genes.

2 Materials and Methods

2.1. Ibuprofen:

Ibuprofen was purchased from Abureyhan Pharmaceutical Company (Tehran, Iran). Stock
solution was prepared in DMSO at 200 mM concentration and aliquots were kept at -20 ºC.

2.2. Cell culture:

HeLa cell line was obtained from National Cell bank of Iran (NCBI) a�liated to Pasteur
Institute of Iran and maintained at 37 °C in a humidi�ed atmosphere (90 %) containing 5 %
CO2. The cells were cultured in DMEM (Dulbecco's Modi�ed Eagle Medium;SIGMA, USA)
supplemented with 10 % Fetal Bovine Serum (FBS) and 1 % antibiotic (gentamicin). Cells were
then incubated in a humidi�ed atmosphere with 5 % CO2 at 37 °C incubator. PBS and trypsin-
EDTA were used to wash the cultured cells at 70-80 % con�uency and to detach the cells from
the �ask, respectively. Culture medium containing 10 % FBS was added to neutralize the excess
trypsin-EDTA activity. The cell suspension was centrifuged, and the cell pellet was re-suspended
in fresh culture medium and ready for the use of subsequent experiments (Sun et al., 2020).

2.3. Cell viability assay:

Cell viability was analyzed using the MTT method. The viability of HeLa cells treated by
ibuprofen was determined. Cells were seeded into 96-well plates at a density of 5 Ö 04 cells in a well,
after 24 hours incubation, the culture medium discarded and changed with DMEM (supplemented
with 10 % FBS. Then, the cells treated with ibuprofen (0.0001, 0.001, 0.01, 0.1, 1 and 10) mg/mL
were incubated for 24 hours. After treatments, the culture medium was discarded and washed with
PBS. Finally, the MTT solution was added into the culture (25 µL) and incubated for another 3
hours. The culture medium discarded and 125 µL DMSO was added to dissolve the MTT formazan
crystals and absorbance was measured at 570 nm by plate reader (BioTek, USA). Cells cultured in
DMEM were used as negative control (NC). Cell viability was calculated as percentage of viable
cells in total population were and inhibitory concentration (IC50) of ibuprofen was calculated from
curve constructed by plotting cell survival (%) versus drug concentration. Each experiment was
performed in eight replicates (Marks et al., 1992).

2.4. Morphological studies of HeLa cells before and after treatment with ibuprofen:

Morphological changes in HeLa cells elicited by ibuprofen were studied using a normal inverted
microscope (Labomed). The untreated cells and cells treated with IC50 concentration of ibuprofen
for 24 hours were used for the morphological studies.
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2.5. RNA extraction and quantitative RT-PCR:

The total RNAs were extracted with the high purity RNA extraction kit (Takara, Japan)
according to the manufacturer's instructions and reverse-transcribed into cDNAs. Then, real-time
quantitative PCR (RT-PCR) was conducted to analyze BAX, BCL-2, caspase-3, KAI-1, NM23,
MMP9 and GAPDH expression levels. The primer sequences are shown in Table 1.

Table 1. Primer Sequences used in RT-PCR.

Genes Directions Primers
BAX F 5'CGGCAACTTCAACTGGGG-3'
= R 5'TCCAGCCCAACAGCCG-3'
BCL-2 F 5'GGTGCCGGTTCAGGTACTCA-3'
= R 5'TTGTGGCCCTTCTTTGAGTTCG-3'
Caspase-3 F 5'GCCTGCCGTGGTACAGAACT-3'
= R 5'GCACAAAGCGACTGGATGAAC-3'
MMP9 F 5'GGCGTCGTGGTTCCAACT-3'
= R 5'CGGTCGTCGGTGTCGTAGT-3'
NM23 F 5'GTTGACCTGAAGGACCGTCC-3'
= R 5'GATGGTCCCAGGCTTGGAGT-3'
KAI-1 F 5'ACAACTGGACAGACAACGCTGA-3'
= R 5'GCCACGCCTGCACCTTC-3'
GAPDH F 5'CCCACTCCTCCACCTTTGAC-3'
= R 5'CATACCAGGAAATGAGCTTGACAA-3'

The expression level of genes was calculated based on 2∆∆Ct method and was normalized to the
loading control, GAPDH (Luo et al., 2017).

2.6. Caspase activity assay:

Cells were treated with IC50 concentration of ibuprofen for 24 hours. A caspase colorimetric
protease assay kit (Abnova, Taiwan) was used to measure enzymatic activity of caspases. In brief,
harvested cell pellets were lysed in the lysis bu�er and supernatants were collected. Equal amounts
of protein were incubated with reaction bu�er and colorimetric substrate, for instance, Acetyl-Ile-
Glu-Thr-Asp p-nitroaniline (Ac-IETD-pNA) for caspase-8, acetyl-Leu-Glu-His-Asp-p-nitroaniline
(Ac-LEHD-pNA) for caspase-9, and Acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) for
caspase-3, at 37 °C for 2 hours in the dark. Caspase activity was calculated following the manu-
facturer's instructions (Li et al., 2017).

2.7. Measurement of apoptotic morphology:

The morphological analysis of (HeLa) cell apoptosis was con�rmed by nuclear staining with
Hoechst 33258 dye. The cells were seeded at a concentration of 5 Ö 04 in a 25 mL culture �ask
for 24 hours to allow cell attachment. The cells were then treated with IC50 concentration of
ibuprofen and incubated for 24 hours. After removal of the culture medium, the cells were �xed
with ethanol acetone 80 % for 30 minutes. The cells were then washed twice with PBS and stained
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with Hoechst 33258 dye (5 µg/mL) for 5 min in an incubator with 5 % CO2. The cells were
identi�ed by �uorescence microscopy (Nikon Corporation, Chiyoda-ku, Tokyo, Japan). Apoptotic
cells were identi�ed according to the characteristic nuclear morphological changes in cells, this
includes reduction in volume and chromatin condensation (Li et al., 2017).

2.8. Flow Cytometry Analysis:

The Annexin-V-FITC/PI double staining assay was used to detect cellular apoptosis. The
HeLa cells were treated with ibuprofen at a concentration of IC50, for 24 hours. The cells collected
after washing twice with cold PBS bu�er, were suspended at 1 Ö 04 cells/mL in Annexin-V binding
bu�er. The cells were then incubated with 5 µL Annexin-V-FITC and 5 µL PI solution at room
temperature for 15 min. Finally, the cells were washed with Annexin bu�er and binding bu�er (400
µL) was then added into each tube. Apoptotic cells were quanti�ed by �ow cytometer within 1 hour
of staining and analyzed by the Cell Quest software. Data were obtained from three independent
experiments (Li et al., 2017).

2.9. Statistical analysis:

Data were analyzed by SPSS and Excel software. The Kolmogorov-Smirnov test was used to
normalize the distribution of data. Then, the one-way ANOVA and student's t-test was used to
analyze the data followed by Tukey's post hoc multiple comparison test. All data were expressed
as the mean±standard deviation (S.D.) and P<0.05 was considered signi�cant.

3 Results and Discussions

3.1. IC50 of Ibuprofen:

The data obtained from the curve constructed by plotting HeLa cell viability (%) versus ibupro-
fen concentration. The IC50 value obtained for ibuprofen was at 3.22 mg/mL (Figure 1).

Figure 1: IC50 of ibuprofen calculated from
curve constructed by plotting HeLa cell via-
bility (%) versus ibuprofen concentration.

3.2. E�ects of Ibuprofen on BAX, BCL-2, Caspase-3, KAI-1, MMP9 and NM23

genes expression level:

Relative quanti�cation (RQ) of apoptotic BAX, anti-apoptotic BCL-2, and caspase-3 genes
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expression levels signi�cantly increased in ibuprofen (IC50 at 3.22 mg/mL) treated cells compared
to control group (P<0.001). However, there was signi�cantly higher BAX than BCL-2 expression
level (P<0.05). Compared to control group, RQ of KAI-1 and NM23 signi�cantly decreased in
ibuprofen (IC50) treated cells (P<0.001). MMP9 gene expression level did not change signi�cantly
in ibuprofen (IC50 at 3.22 mg/mL) treated cells compared to untreated cell (Figure 2).

Figure 2: Relative gene expression level of
BAX, BCL-2, caspase3, KAI-1, MMP9 and
NM23 genes in cervical cancer cells treated
with IC50 at 3.22 mg/mL of ibuprofen com-
pared with control group. *** represents sig-
ni�cant di�erence compared to control group
(***: P<0.001).

3.3. E�ects of Ibuprofen on the caspase-3, caspase-8 and caspase-9 activity levels:

Compared to control group, the caspase-3, -8 and -9 activity levels signi�cantly increased
in HeLa cells treated with IC50 at 3.22 mg/mL of ibuprofen (P<0.001, P0.001 and P<0.01,
respectively) (Figure 3).

Figure 3: Activity level of caspase-3, -8 and
-9 in HeLa cells treated with IC50 at 3.22
mg/mL of ibuprofen compared with control
group.*. *, ** and *** represent signi�-
cant di�erence compared to control group (*:
P<0.05, **: P<0.01 and ***: P <0.001).
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3.4. Morphological characteristics of HeLa cells nuclei with Hoechst staining:

Hoechst staining method was used to further con�rm apoptosis and to determine nuclear
morphology characteristics of HeLa cells. Nuclear morphology was evaluated with membrane-
permeable blue Hoechst 33258. Figure 3 shows representative Hoechst 33258 �uorescence pho-
tomicrographs of cultured HeLa cells with and without treatment of ibuprofen at IC50 of 3.22
mg/mL. In the untreated HeLa cells, nuclei of the cells appeared with regular contours and were
round and large. Rarely HeLa cells with smaller nuclei and condensed chromatin were seen. In con-
trast, most nuclei of ibuprofen-treated HeLa cells appeared hyper-condensed (brightly �uorescent),
this is due to chromatin being dense caused by apoptosis (Figure 4).

Figure 4: Hoechst staining left image is
control cells and the right image is ibupro-
fen -treated cells. The right image demon-
strates that IC50 at 3.22 mg/mL of ibuprofen
on HeLa cells causes morphological changes.
Arrows indicate nuclear condensation and
apoptosis body in HeLa cells treated with
ibuprofen.

3.5. Detecting HeLa cells apoptosis by �ow cytometry:

The apoptosis of HeLa cells was detected using Annexin V-FITC/PI-FCM. The results indi-
cated a signi�cant increase in early and late apoptotic cells (from 2.0 % to 83.7 %) and a signi�cant
decrease in normal live cells (from 92.4 % to 4.98 %) which con�rmed the apoptosis-induced after
treatment of HeLa cells with IC50 at 3.22 mg/mL of ibuprofen (Figures: 5 and 6).

Figure 5: Flow cytometry analysis of HeLa
cells after treatment with IC50 at 3.22
mg/mL of ibuprofen. Numbers in the respec-
tive quadrant pro�les indicate the percentage
of the cells present in this area. Q1: Necro-
sis; Q2: Late apoptosis; Q3: Early apoptosis;
Q4: Viable cells.
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Figure 6: Percentage of apoptosis in HeLa
cells induced by IC50 at 3.22 mg/mL of
ibuprofen compared to control groups. Q1:
Necrosis; Q2: Late apoptosis; Q3: Early
apoptosis; Q4: Viable cells. (***) repre-
sents signi�cant di�erence compared to con-
trol group (***: P<0.001).

3.6. Ibuprofen e�ects on BAX and BCL-2 gene expression level in HeLa cells:

This research demonstrated that the IC50 at 3.22 mg/mL of ibuprofen signi�cantly increased
the BAX/BCL-2 ratio, indicating that ibuprofen exerts its cytotoxic e�ect on HeLa cells through
BAX dependent apoptotic pathway. The ratio of BAX to BCL-2 is one of the important factors in
apoptosis investigations and its increase has a signi�cant e�ect on caspase-3 activity and apoptosis
induction in cancer cells (Fridman and Lowe, 2003). It has been reported that ibuprofen can
induce BAX dependent apoptosis in cancer cells. In a study, the �ndings demonstrated that
NSAIDs inhibited cell proliferation and induced apoptosis in both gastric cancer (AGS) cell lines
(wild-type p53) and MKN-28 (mutant p53) with an increase in caspase-3 activity level. Also, there
was a signi�cant increase in BAX pro-apoptotic protein levels after treatment with the NSAIDs
(Zhang et al., 2001). Another study proved that BCL-2 plays an important role in melanoma
pathogenesis (Iervolino et al., 2002). However, it has been shown that change in BCL-2 expression
level may have no impact on apoptosis induction (Tiwari, 2012).

3.7. Ibuprofen e�ects on KAI-1 gene expression level in HeLa cells:

We found that IC50 at 3.22 mg/mL of ibuprofen led to a remarkable decrease of KAI-1/CD82
gene expression level in HeLa cells. It has been shown that there is a close association between the
positive expression of KAI-1 gene and the development of carcinoma cells (Huang et al., 2016).
KAI-1 gene, as a tumor suppressor gene, inhibits the migration and invasion of gastric carcinoma
cells (Guo et al., 2015). Recent studies showed that the expression of KAI-1 is associated with
tumor grade, invasive depth, lymph node metastasis, and prognosis of cervical squamous cell
carcinoma (CSCC). Also demonstrated a clear relationship between the increased expression of
KAI-1 and higher survival rate among patients (Gong et al., 2015). It has been shown that KAI-1
is a metastasis-related factor in cervical cancer and low expression of this gene promotes cervical
cancer progress and metastasis, such that KAI-1 expression was related negatively to the clinical
stage of cervical cancer and positively to di�erentiation degree and lymph node metastasis (Zhou
and Wang, 2015). In this study, IC50 at 3.22 mg/mL of ibuprofen resulted in a signi�cant decrease
in KAI-1/CD8 gene expression and showed that although ibuprofen has apoptotic e�ects, it does
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not have KAI-1/CD8 dependent anti-metastatic e�ects on HeLa cell.
3.8. Ibuprofen e�ects on NM23 gene expression level in HeLa cells:

This study showed that the IC50 at 3.22 mg/mL of ibuprofen caused a considerable reduction
in NM23 gene expression in HeLa cells. NM23 was the �rst identi�ed tumor metastasis suppressor,
which has been reported to relate to genomic stability maintenance and cancer (Xue et al., 2019).
So, we can conclude that IC50 at 3.22 mg/mL of ibuprofen does not have an NM23 dependent
anti-metastatic impact on cervical cancer cells in vitro; however, in vivo research is needed to
clarify the anti-metastatic e�ects of ibuprofen on cervical tumors. On the contrary, some studies
have shown the opposite results, for example, an investigation by Liu and other researchers in
2002 showed that increased expression level of NM23 gene is associated with cell di�erentiation
in thyroid follicular carcinomas (FTC) and metastasis in papillary carcinomas (PTC)(Liu et al.,
2002).

3.9. Ibuprofen e�ects on MMP9 gene expression level in HeLa cells:

MMPs play a central role in many biological processes, such as angiogenesis and metastasis in
cancers (Visse and Nagase, 2003). There is no doubt that MMPs have a major role in metastasis
and are involved in the facilitation of the physical barrier's breakdown in this process (Visse and
Nagase, 2003). It has been proven that there is a positive correlation between matrix metallopro-
teinase (MMPs) overexpression and an invasive phenotype in numerous cancer types and in many
cancer cell lines (Martinella-Catusse et al., 2001). We found that the cytotoxic concentration (IC50

at 3.22 mg/mL) of ibuprofen does not have any signi�cant e�ects on MMP9 gene expression in
HeLa cells. As MMP9 protein has an important role in extracellular matrix proteins digestion
and metastasis induction, we concluded that the cytotoxic concentration (IC50 at 3.22 mg/mL)
of ibuprofen does not have signi�cant impact on MMP9 dependent metastasis in cervical cancer
cells.

3.10. Ibuprofen e�ects on caspase-3 expression level in HeLa cells:

Our �ndings revealed a signi�cant increase in caspase-3 expression level in ibuprofen (IC50

at 3.22 mg/mL) treated cervical cancer cells, triggering the apoptosis pathway in HeLa cells.
Caspase-3 gene encodes a protein that belongs to a highly conserved family of proteases. Caspase-
3 is also considered as an essential regulator of programmed cell death and leads to proteolytic
cleavage of apoptotic target proteins. It is involved in tissue di�erentiation, regeneration, and
neural development as well (Shalini et al., 2015). Caspase-3 is one of the most important enzymes
in apoptosis and it is involved in both intrinsic and extrinsic apoptosis pathways.

3.11. Ibuprofen e�ects on caspase-8, -9 activity levels in HeLa cells:

Di�erent investigations have proven the inhibitory e�ects of non-steroidal anti-in�ammatory
drugs on caspases activity, including a recent study, in which, inhibitory e�ects of diclofenac on
di�erent caspases were evaluated and it was revealed that although diclofenac does not have any
impacts on caspase-8 activity, it signi�cantly a�ects caspase-9, so the mitochondrial pathway is the
only pathway involved in diclofenac-induced apoptosis (G�omez-Lech�on et al., 2003). Diclofenac also
in�uenced caspase-9 activity in cervical cancer cells after treatment but did not have any impacts
on caspase-8 activity (Robertson et al., 1998). In our study, there was a signi�cant increase in
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caspase-8, -9 gene activities in HeLa cells after treatment with IC50 at 3.22 mg/mL of ibuprofen.
Because caspase-9 is a part of the intrinsic apoptosis pathway and caspase-8 acts in the extrinsic
pathway, we suggest that 3.22 mg/mL of ibuprofen induces both intrinsic and extrinsic apoptotic
pathways in HeLa cells.

4 Conclusion

In conclusion, the results of the present study suggest that ibuprofen induce cytotoxic e�ects on
HeLa cells and the e�ects are mediated by apoptotic pathways. In this study, ibuprofen triggers
extrinsic and intrinsic apoptotic pathways by increasing the BAX and caspase-3 genes expression
and increasing the caspase -3, -8 and -9 activities in HeLa cells. In a broader context, this study may
provide fundamental knowledge to further �nd out the association between ibuprofen treatment
and cervical cancer recurrences among patients, thereby laying the groundwork for further clinical
investigations and improving patients' conditions.
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