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ORIGINAL RESEARCH ARTICLE ABSTRACT  

ARTICLE INFORMATION  Background: All-trans retinoic acid (ATRA) is known to regulate cell growth, 
differentiation and apoptosis in human. However, its action on cancer cell 
proliferation is not clear whether it act through regulatory molecules at gene level or 
directly acts on the cells by inducing apoptosis and delaying cell growth. To analyze 
the effect of ATRA on the proliferation of cervical cancer cell line HeLa.  
Materials and methods: The growth inhibitory effect was analyzed by MTT and 
Trypan blue assay. The morphology of HeLa cell lines after treatment with ATRA was 
also studied with the help of Haematoxyline and Eosin staining which showed an 
improved shape for the cells. This inhibition may be due to growth arrest or due to 
cell death by apoptosis and measured by TUNEL assay. 
Results: The percentage inhibition of ATRA on HeLa cells were found to be in a dose 
dependent manner and a 78% of inhibition was observed for ATRA at 10

-3
mM 

concentration at 48 hours of treatment. The TUNEL assay result has shown higher 
percentage apoptotic cells (67 cells) per field for 10

-3 
mM ATRA treatment.  

Conclusions: The study indicates that the ATRA has a very good growth inhibitory 
effect on HeLa cell line with an induction of apoptosis at significant level. 
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INTRODUCTION   

Cervical cancer is the second most common cancer in 

women worldwide (Berlin-Grace et al., 2006; Zeng et al., 

2002). In 2008, an estimated 5,30,000 cases of cervical 

cancer and 2,75,000 deaths from the disease was 

reported (Berlin-Grace et al., 2006; Zeng et al., 2002). 

An estimated 12,800 new cases of cervical cancer were 

diagnosed in the United States and in 1999, 4800 patients 

have died of this disease. In India, the highest cervical 

cancer frequency with 134,000 cases and 73,000 deaths 

were reported in 2008 (Arbyn et al., 2011). The highest 

rate of incidence is observed in Guinea, with 6.5% of 

women developing cervical cancer before 75 years of age 

(Arbyn et al., 2011). Therefore, it is necessary to search 

a novel approach to combat cervical cancer. We have 

reported a direct association of reduced serum ATRA 

level with different stages of cervical cancer in patients 

(Berlin-Grace et al., 2006).  

Till now there is no curable drug discovered for cervical 

cancer (Huang et al., 1998). Retinoic acid, being a 

metabolite of vitamin A plays a vital role in prevention of 

cancer development. It is a lipophilic molecule, that 

effects gene transcription by acting as a transcription 

factor and modulates a variety of biological processes 

like cell proliferation, differentiation and apoptosis 

(Malcolm and Matthew, 2003). The most active form of 

vitamin A (Retinoids) is all-trans retinoic acid (ATRA), 

derived mostly from animal sources such as liver, egg, 

milk as retinol/retinyl ester or from plant sources as 

carotinoid precursor. It plays a multirole in body 

functions, it is vital for immune system, maintenance of 

growth and development of tissues. The deficiency of 

vitamin A can lead to risk of cancer development (Basu et 

al., 2003). The effects of retinoids are mediated through 

two classes of receptors-RAR and RXR. Both of them have 

α, β and γ subclasses with various isoforms (Malcolm and 

Matthew, 2003). An in vitro growth inhibition study of 

ATRA on thyroid tumor cell line has reported that both 

apoptosis and decrease in DNA synthesis in terms of delay 

in cell cycle progression are the mechanism of growth 

inhibition (Elisei et al., 2005). A significant number of 

cancers are often failed to respond to the conventional 

chemotherapy, radiotherapy and surgery with high 

percent of recurrence. ATRA is being explored as a 

potent drug for cancer therapies. ATRA is clinically 

proven to be an efficient and sole therapeutic drug for 

acute promyelocytic leukemia (APL) and is a good anti-

viral agent too (Gianni et al., 2000). The cervical cancer 

cell line HeLa is a human papilloma virus (HPV) infected 

cancer cell line. Hence, the ATRA may have a therapeutic 

effect on HeLa cell line. The ideal therapeutic target for 

retinoids is cancers of epithelial tissue origin which 

include cervical cancer because of their growth and 
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differentiation are modulated by retinoids (Lippman et 

al., 1987, 1987a). 

The purpose of this study is to find out whether ATRA has 

direct action on inhibition of cancer cell proliferation, 

cytotoxicity and induction of apoptosis in HeLa cells in 

vitro. 

MATERIAL AND METHODS  

Cell culture 

Human cervical cancer cell line HeLa was purchased from 

National Center for Cell Sciences (NCCS) Pune, India. The 

HeLa cells were incubated in CO2 incubator with 37ºC 

atmosphere and 5% CO2 until confluent. The cells were 

harvested in RPMI-1640 and supplemented with penicillin, 

streptomycin, and 10% fetal calf serum (FCS). When the 

HeLa cells were halted to produce 70-80% confluent 

cultures, the cells were isolated by using trypsin-EDTA 

and adjusted to 1X10
6
 cells/mL in phosphate-buffered 

saline (PBS, pH 7.4). 

Chemicals 

ATRA was purchased from Sigma Chem. Co. (St. Louis, 

MO). All other chemicals used were of analytical grade. 

Study on the growth inhibition effect of ATRA on HeLa 

cells by MTT assay  

MTT (3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl 

tetrazolium bromide) assay was performed after 24 and 

48 hours drug treatment. HeLa cells (1x10
4
 cells) were 

harvested in 96-well plates. After 24 hours of cell 

seeding, different concentrations of ATRA (10
-3
, 10

-6
, 10

-9
 

mM) were added to each well. Before 4
th
 hour of the 

completion of incubation at next 24 hrs and 48 hrs, 20µl 

of MTT (Sigma Aldrich) (5 mg/mL) was added to each well 

including the control wells (without ATRA) (Cole, 1986; 

Campling et al., 1991). Well plates were centrifuged at 

2000 rpm for 10 min; medium was then removed, and 100 

µL of DMSO was added to each well. After thorough 

mixing with a mechanical plate mixer, absorbance of the 

wells was read at a wavelength of 570 nm. Percentage 

growth inhibition was expressed over the control. All 

assays were taken in 6 replicates for statistical analysis. 

Study on the cytotoxic effect of ATRA on HeLa cells by 

Trypan blue dye exclusion method  

Short term cell death study by trypan blue exclusion 

method is a very simple method which was carried out 

within a short period of 3 hours.  HeLa cells (1x10
4
 

cells/wells) were incubated with various concentrations 

(10
-3
, 10

-6
, 10

-9
 mM) of ATRA in a final volume of 1mL for 

3 hours at 37
0
C.  After incubation, the cytotoxicity was 

determined by counting the dead cells (Talwar, 1974). 

Study on the cytopathologic effect of ATRA on HeLa 

cell morphology by Hematoxylin and Eosin (H&E) 

staining. 

HeLa cells were grown on cover slips with 70-80% 

confluence, followed by incubation with different 

concentrations of ATRA (10
-3
, 10

-6
, 10

-9
 mM) for 24 hrs. 

Control (untreated) and the treated cells were washed 

with cold PBS (phosphate-buffered saline: 137 mM NaCl, 

2.7 mM KCl, 10mM Na2HPO4, 1.76m MKH2PO4, pH7.4) 

and then the cells were fixed with 4% paraformaldehyde 

in PBS for 20 mins at room temperature. The cells were 

washed with PBS for 3 times and treated with 0.2% Triton 

X-100 in PBS for 5 minutes. The cells were again washed 

3 times with cold PBS followed by staining with H&E at 37 

°C for 1 hour (Ming et al., 2012). The stained cells were 

washed 3 times with cold PBS, mounted on a microscopic 

slide with glycerol, and the morphology of the HeLa cells 

were visualized under light microscope. The 

cytopathologic changes were verified by a chief 

pathologist. 

Study on the effect of ATRA on induction of apoptosis 

in HeLa cells by TUNEL assay 

For detection of apoptosis, in situ DNA fragmentation in 

HeLa cells was performed by using Dead End Colorimetric 

TUNEL system (Promega, Madison, WI) as per the 

recommendation of the manufacturer. Briefly, cells were 

fixed in poly-L-lysine coated slides and then washed with 

PBS followed by fixation with 4% paraformaldehyde and 

permeabilized with proteinase K solution (10 mg/ml). 

Cells were incubated with TdT at 37°C for 60 min. The 

activity of TdT was terminated by addition of 2X saline 

sodium citrate. The endogenous peroxidase was blocked 

by 0.3% H2O2. After mounting with 80% glycerol the slides 

were observed under a light microscope (Gavrieli et al., 

1992). For the quantification of TUNEL expression (i.e. 

TUNEL score), positive cells (intense brown) were 

counted in six random fields (Suresh et al., 2001). Cells 

that had granular brown pigment in the nucleoplasm 

were scored as apoptosis positive. 

Statistical analysis 

All data were expressed as mean ± S.D. The statistical 

analysis was done using one-way analysis of variance 

(ANOVA) followed by a Dunnett's test (using Graphpad 

InStat version 3.00 for Windows XP; GraphPad Software, 

Inc., La Jolla, CA). P-value ≤ 0.05 was considered 

significant. 

RESULTS  

Growth inhibitory effect of ATRA on HeLa cell line by 

MTT assay  

The results obtained in MTT assay reveals that the growth 

inhibitory or anti-proliferative effect of ATRA increase in 

time and dose dependent manner as shown in Fig. 1. 

Figure 1. Growth inhibition activity of ATRA toward HeLa 

cells by MTT assay: Cytotoxic effect of ATRA towards HeLa 

cell line was determined by the trypan blue exclusion 

method and the percentage of viable cells, dead cells were 
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determined. Values were expressed in mean ± S.D. (n=6 

determinations/dose). 

This is expressed in percentage of inhibition on cell 

growth in comparison with control growth inhibition. The 

highest percent (78%) is observed for 10
-3
 mM ATRA 

treatment at 48
th
 hour of treatment. 

Level of HeLa cell death by Trypan blue assay  

The death rate of HeLa cells increased (16 to 62%) with 

increase in concentration of ATRA treatment (10
-9
 to 10

-3
) 

as shown in Fig. 2. 

 
Figure 2. In vitro cytotoxicity effect of ATRA towards HeLa 
cell line by Trypan blue exclusion method: Percentage of 
growth inhibitory caused by ATRA is shown. Values shown are 
expressed as mean ± S.D. (n = 6 determinations/dose). 

Effect of ATRA on the HeLa cell morphology by H & E 

staining  

The morphological changes of HeLa cells were observed 

by light microscope. On light microscopic examination of 

HeLa cells, the nuclei were clearly visible. The shape of 

the membrane, however, differed according to the 

treatments. In untreated cells, the membranes were 

nearly circular, but changed into irregular polygons 

following ATRA treatment. After treatment with ATRA, 

HeLa cells showed physical changes: the cells became 

oval, and the surface became extremely rough. Because 

of the nuclei of the treated cells had exploded, as 

indicated by the large area of the bright region.  

Effect of ATRA on induction of apoptosis by TUNEL 

assay   

The TUNEL signal, as an apoptosis marker, appeared as 

dark brown nuclei as shown in Fig. 3 and the TUNEL score 

in terms of number of positive cells are given in Fig. 4. 

More number of apoptotic positive cells was observed 

with increase in ATRA concentration. Treatment with 10
-3
 

mM has shown 67 ± 3.0 TUNEL positive cells and that of 

for 10
-6
 mM as 44 ± 2.0, and 10

-9
 mM as 30 ± 3.0. The 

control has shown only 5 ± 1.0 apoptotic positive cells per 

field.  

DISCUSSION 

To stop the progression of preneoplastic lesions, 

chemoprevention is an important strategy in cancer 

therapy (Sun and Lotan, 2002). The natural derivatives of 

vitamin A are ATRA, 9-cis retinoic acid (9-cRA) and 13-cis 

retinoic acid (13-cRA), currently being used in the 

treatment of cancer. Retinoids are very effective in 

suppressing the development of tumor in many animal 

models of carcinogenesis and are being evaluated for 

treatment and prevention of cancers (Swift et al., 2006; 

Tang and Gudas, 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Apoptosis positive cells in the ATRA treatment on 
HeLa cells: (a) HeLa cells treated with DMSO after 24 hrs as 
control with only five number of TUNEL positive cells which 
might be the normal level of apoptosis. (b) HeLa cells 
treated with 10-9 mM concentration ATRA for 24 hrs shows 
minimum number of positive apoptotic cells, but more than 
the control. (c) HeLa cells treated with 10-6 mM 

concentration ATRA for 24 hours shows few numbers of cells 
with apoptotic positive signal. (d) HeLa cells treated with 
ATRA with concentration 10-3 mM for 24 hours shows 
maximum number of positive apoptotic cells when compared 
to other concentrations and control. 

Retinoids are known for regulation of gene expression, 

which leads to inhibition of cellular proliferation, 

induction of differentiation and apoptosis in a variety of 

cancer cells (Crowe et al., 2003; Gumireddy et al., 2003; 

Zeng et al., 2002). Various studies and clinical trials have 

revealed the anti-leukemic effect of ATRA in patients 

with acute promyelocytic leukemia (Siddikuzzaman and 
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Berlin-Grace, 2012). However, the in vitro studies on the 

effects of ATRA on cancer cell lines to show its direct 

action on cancer cells are limited. As vitamin A plays a 

vital role in reproduction, its metabolite retinoids may 

play a major role in regulating the epithelial cell growth 

and differentiation in the uterine cervix. The mode of 

action of retinoids in cervical cancer is still unclear. The 

results of the present study may provide interesting new 

insights for the understanding of the mechanisms of 

action of anti-cancer effect of ATRA on HeLa cells. 

Retinoid signaling is often compromised early in 

carcinogenesis. Through the retinoids the receptors (RARs 

and RXRs), are ligand-dependent transcription factors, 

they either induce or repress the transcription of target 

genes.  

Figure 4. Number of apoptosis positive cells HeLa cells upon 
ATRA treatment: Apoptotic positive cells per field were 
observed. Values were expressed in mean ± S.D. (n=6). The 
significant level was determined between control vs. 10-3 
mM ATRA treatment (**P ≤ 0.01). Control vs. 10-6 mM ATRA 
treatment (**P ≤ 0.01). Control vs. 10-9 mM ATRA treatment 
(**P ≤ 0.01). 

We observed a 78% growth inhibition for 10
-3
 mM ATRA at 

48 hours on HeLa cells by MTT assay which may be due to 

delaying the cell cycle as well as induced apoptotic death 

of cells. A delay of cell cycle progression was already 

demonstrated for ATRA by a previous study on NPA cell 

line (Elisei et al., 2005). The retinoid suppression of 

growth does not involve the death of tumor cells but 

rather arrested during the G1 stage of the cell cycle (Wu 

et al., 1997). Further, we found that the ATRA could also 

influence the cytopathology of HeLa cells. The 

characteristic round morphology of cancer cells also 

started changing to oval shape and surface became very 

rough with reduced cytoplasm as observed in the H & E 

stain after ATRA treatment. 

The significant in vitro inhibition on cell proliferation 

observed in our study may also be due to the death of 

HeLa cells after growth. Hence, we performed the 

cytotoxicity study by trypan blue assay to check for dead 

cells. We have observed a significant number of dead 

cells (62 ± 3 cells for 10
-3
 mM) also in ATRA treatment 

which was also dose dependent action. Then we 

performed TUNEL assay to find out whether the dead 

cells were by increased level of apoptosis induced by 

ATRA in HeLa cell. As we expected, we found 67 ± 3 

apoptotic positive cells per field in 10
-3
 mM ATRA 

treatment. In this study, ATRA was found to have 

cytotoxic effect on Hela cells at a dose dependent 

manner i.e. 10
-3
 mM showed more toxicity effect as 

compared to 10
-9
 mM treatment. The HeLa Cells 

undergoing apoptosis have shown a characteristic 

morphology: Cell shrinkage and rounding, cytoplasm 

appeared dense, and the organelles appeared tightly 

packed. The cell membrane showed irregular buds and 

the cell broke apart into several vesicles called apoptotic 

bodies. It was already reported that high concentration 

and long exposure time of ATRA was required to induce 

cell apoptosis (Hsu et al., 1998). 

The induction of apoptosis was already reported as an 

effective therapeutic approach with many 

chemotherapeutic agents showing their antitumor effects 

in cancer cells (Kamesaki, 1998; Ricci and Zong, 2006). 

The TUNEL assay in our study has thus confirmed that the 

cell death observed in trypan blue assay could be induced 

due to the apoptosis. TUNEL is a highly sensitive 

procedure designed to detect free 3’OH single-strand 

DNA breaks produced by DNA fragmentation, typically 

localized to cell death (Siddikuzzaman and Berlin-Grace, 

2012). The induction of apoptosis by a polysaccharide 

treatment on HeLa cells was already reported (Xiao et 

al., 2007). In our study, higher concentration of ATRA 

induced higher number of apoptosis positive cells, 

whereas 10
-9
 mM ATRA showed less apoptosis positive 

cells. So, it is clear that the 10
-3
 mM ATRA can enhance 

apoptosis significantly in HeLa cells when compared with 

untreated control cell line. We found good association in 

the levels of inhibition of HeLa cell line growth or 

proliferation, cell death (cytotoxicity) and apoptosis 

positive cells induced by ATRA treatment at 10
-3
 mM 

concentration as shown in Fig. 1, 2 and 4. This in vitro 

study indicates a significant action of ATRA directly on 

stopping HeLa cell line proliferation. Studies using 

topically applied Vitamin A to the cervix have resulted in 

up to 50% complete reversal of cervical dysplasia in 

phase-II and III clinical trials (Lippman et al., 1993). This 

suggests that the application of ATRA directly may have 

better result. In our previous studies ATRA has been 

reported to exhibit anti-cancer activity against in vivo 

lung cancer in mice models (Siddikuzzaman et al., 2011; 

Siddikuzzaman and Berlin-Grace, 2012). 

Further study is required to find out to what extent the 

ATRA is inhibiting growth of the cancer cells or enhancing 

the apoptosis for cancer cells death in vitro for better 

understanding of its mechanism of action. 

CONCLUSION 

The present study indicates that the ATRA at 10
-3
 mM 

concentration effectively inhibit the HeLa cell growth in 

vitro and significantly induce the process of apoptosis. 

Furthermore, the ATRA treated HeLa cells showed 

morphological changes which were an indication of anti-

cancer effect of ATRA. Therefore, this helps for the 

understanding of how retinoids work as chemopreventive 

or chemotherapeutic agents in cervical cancer cells. So, 

we can propose that ATRA can be a potent 

chemotherapeutic agent against several diseases 
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including cancer which are ATRA sensitive. However, in 

solid cancer patients, the therapeutic outcome was not 

as efficient as it works out for APL, which may be due to 

many other factors such as reach ability of ATRA in active 

form to the target site, concentration and so on. Further 

study is warranted to analyze the mechanisms in detail. 
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