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Abstract Cervical cancer is the most common cancer in

Indian females and is associated with infection with high-

risk Human papilloma viruses (HPVs) which encode viral

oncoprotein E6 and E7. Estradiol has been established as a

risk factor for cervical cancer and has been shown to play

a synergistic role with viral oncoproteins. Curcumin

(Diferuloyl methane), a chemopreventive agent, is a natural

compound extracted from Curcuma longa that allows

suppression and retardation of carcinogenesis in many

types of cancer and is currently being tested in various

human clinical trials as it has been found to be well tol-

erated at higher doses with a relatively well established

safety profile. The objective of this study was to test the

effect of curcumin on HPV-positive and negative cervical

cancer cell lines HeLa, SiHa, CaSki, and C33A pretreated

with estradiol. It was found that HPV-positive cells pre-

treated with estradiol show reduced apoptosis as compared

to curcumin by itself. However, curcumin was able to

counteract the proliferative response of estradiol, and

induce apoptosis. There was no difference in percentage

apoptosis as compared to estradiol pretreatment in HPV-

negative cell line C33A. Molecular studies showed eleva-

tion of Telomerase, viral oncoproteins E6 and E7, PCNA,

p16, Cyclin D1 in HPV-positive cell lines on treatment

with estradiol but after treatment with curcumin the level

of E7, PCNA, and Cyclin D1 was reduced but the level of

E6, Telomerase, and p16 was unaltered. Furthermore,

estradiol-pretreated HPV-negative cell line C33A showed

reduction in level of Telomerase, PCNA, p16, and activa-

tion of both p53 and p73 tumor suppressor proteins, thus,

demonstrating the importance of E6 in estradiol-mediated

protective effect.
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Introduction

Cervical cancer is the second most common cancer in

women worldwide. Epidemiologic and laboratory data

support the conclusion that human papilloma virus (HPV)

is the etiologic agent for the vast majority of premalignant

and malignant epithelial lesions of the cervical mucosa, as

HPV DNA can be detected in 95–100% of all cases [1].

HPV infections are usually transient and do not necessarily

lead to clinically significant lesions of the cervical mucosa

except persistent infection over a considerable period of

time. Given the high incidence of HPV infection compared

with the low prevalence of cervical cancer, other factors

must be involved in the malignant transformation of the

cervical mucosa. Cofactors may include smoking, oral

contraceptive use, parity, infection with other sexually

transmitted diseases such as Herpes simplex and host fac-

tors [2–4].

Sex hormones have been shown to increase gene

expression of HPV-16 and -18, the two HPV genotypes

frequently associated with cervical cancer. In addition,

most cases of cervical cancer arise in the transformation

zone, the most estrogen-sensitive region of the cervix

[5, 6]. Furthermore, studies suggest that DNA damage

by estrogen metabolites may be a factor in cervical
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carcinogenesis [7]. Several studies have shown a link

between hormonal exposure and risk of cervical cancer.

One study has shown that women taking oral contracep-

tives are at an increased risk of developing cervical cancer

and that their carcinomas possessed higher levels of

estrogen receptor than women who have not taken estro-

gen-containing oral contraceptives [8, 9]. Furthermore,

women whose mothers were prescribed the synthetic

estrogen diethylstilbestrol during pregnancy are at high risk

of developing cervical adenocarcinomas [10]. Similar

lesions were observed in mice that were exposed to

diethylstilbestrol perinatally. It is shown that direct hor-

monal activation by estradiol of the viral genome in K14

promoter-HPV transgenic mice induced multistage neo-

plastic progression in the squamous epithelium of cervix

and vagina in 100% of transgenic mice [11]. These results

highlight the role of estrogen in cervical carcinogenesis and

show that estradiol enhances HPV persistence and con-

tributes to subsequent neoplastic progression via enhanced

expression of viral oncogenes.

Natural products offer an excellent alternative for

therapeutic use as opposed to synthetic compounds because

of their relatively well established safety profile. Curcumin

is a natural compound extracted from Curcuma Longa

that allows suppression, retardation, and inversion of

carcinogenesis. Curcumin [1,7-bis-(4-Hydroxy-3-methox-

yphenyl)-1,6-heptadiene-3,5-dione] is a major constituent

of turmeric powder extracted from the rhizome of the plant

Curcuma longa found in South and Southeast tropical Asia.

Curcumin has been shown to be a potent chemopreventive

agent inhibiting tumor progression against skin, oral,

intestinal, breast, colon, prostate, and cervical cancer [12].

This study is an attempt to assess the effect of curcumin

on cervical carcinoma cells pretreated with estradiol and to

study whether the proliferative effect of estradiol can be

overcome by curcumin. Our findings reveal that curcumin

was able to overcome the proliferation induced by estradiol

and it in turn induced apoptosis. Estradiol-treated cells

showed an increase in level of E6 and E7 oncoproteins in

all HPV-positive cervical cancer cell lines. Curcumin

treatment in estradiol-pretreated cell lines resulted in

downregulation of cyclin D1, PCNA, and E7 but not E6.

Telomerase and p16 remained unchanged. Involvement of

E6 in estradiol-mediated proliferation in HPV-positive cell

lines was further confirmed by the fact that estradiol pre-

treatment did not induce proliferation in HPV-negative cell

line lacking E6 and the percentage apoptosis induced by

curcumin in this cell line was similar to estradiol-pretreated

and -untreated cells. This was accompanied by decrease in

level of Telomerase, p16, PCNA, and Cyclin D1. The

HPV-negative cell line undergoes apoptosis via p53-

dependent pathway as reflected by increase in level of both

p53 and p73 on treatment by curcumin.

Materials and methods

Cell culture and chemicals

HeLa, SiHa, CaSki, and C33A cells were obtained from

National Centre for Cell Sciences, Pune, India and were

maintained in Dulbecco’s modified Eagle’s medium and

RPMI1640 (Sigma, USA) supplemented with 10% (v/v)

heat-inactivated fetal bovine serum (Hyclone), antibiotics,

in a humidified atmosphere of 95% air and 5% CO2 at

37�C. Cells were treated with Estradiol (Sigma, USA) and

Curcumin (Sigma, USA).

Antibodies against p16, PCNA, E6, E7, and Cyclin D1

as well as secondary AP conjugated antibodies were

obtained from Santa Cruz, USA.

Flow cytometery

Cells (10,000 cells) were treated either with estradiol by

itself for 24 h or followed by treatment with 25 and 50 lM

Curcumin and then harvested. Cells were fixed in 70%

ethanol and left overnight at -20 degree centigrade. Cells

were then washed with PBS and incubated in staining

solution (20 lg/ml propidium iodide, 50 lg/ml RNase,

0.1% Triton X-100, and 0.1 mM EDTA) for 2 h at 40�C in

the dark. The DNA content of the cells was measured by

flow cytometer (Becton Dickenson, USA) using Diva

software [13].

MTT assay for cell viability/proliferation

The effect of Estradiol on the cell proliferation was

determined using MTT assay. In brief, 5 9 103 cells/well

were plated in 96-well culture plates. After overnight

incubation, the cells were treated with varying concentra-

tions of estradiol (0, 10, 20, 30, 40, 50 60, 70, and 80 nM)

for 24 h. The cells were incubated with 5 mg/ml MTT, and

the resulting formazan crystals were dissolved in dimeth-

ylsulfoxide (150 ll). Absorbance was recorded at 540 nm

with a reference at 650 nm serving as the blank. The effect

of Estradiol on cell viablilty was assessed as percent cell

viability or stimulation index as compared to vehicle-

treated control cells, which were arbitrarily assigned 100%

viability. The dose of 20 nM Estradiol was selected for

HeLa and CaSki while SiHa was treated with 30 nM

Estradiol.

Assay of telomerase activity

This was measured using the PCR-ELISA kit (Roche

Molecular Biochemicals, Germany). The samples were

lysed, and an aliquot containing 2 lg protein was used for

the assay. Telomerase-positive embryonic kidney cell line
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(HEK-293) was used as positive control, whereas heat-

inactivated HeLa extract was used as negative control. The

telomerase activity detected was expressed as relative units

(RUs) [14].

Immunocytochemistry

Protein expression of p16 and PCNA was assessed by

immunocytochemistry (ICC) in control and treated cells

grown on coverslips as described previously [15].

Western blot analysis

The expression of various proteins was determined in

control and treated cells by Western blotting as described

previously [16]. In brief, cells were washed twice in PBS

and lysed in RIPA lysis buffer. Total protein was deter-

mined by the Bradford assay. Equal amount of protein was

loaded and run on 10–15% SDS–polyacrylamide gel, and

the proteins were transferred to a nitrocellulose membrane.

The membrane was blocked with 5% BSA, followed by

hybridization with respective primary and secondary anti-

body. Final detection was performed with BCIP/NBT

substrate (Promega, USA). The bands were analyzed and

quantified using a9 image scanner densitometer (Alpha

innotech, USA) and normalized with b actin control. The

density of control was taken as 1, and results of treatment

were expressed in relation to the control as RU.

Statistical analysis

Results are expressed as mean of three individual experi-

ments, and standard deviation (SD) was calculated using

Microsoft excel.

Results

Estradiol-induced proliferation in HPV-positive cell

lines HeLa, SiHa, and CaSki but not in HPV-negative

cell line C33A

To study the effect of estradiol on cervical cancer, we

selected four cell lines, namely, HeLa which is HPV-18

positive, SiHa and CaSki which are HPV-16 positive, and

C33A which is HPV-negative cell line. Our data shows that

estradiol-induced proliferation in HPV-positive cell lines

with SiHa showing maximum proliferation at a dose of

30 nM estradiol for 24 h, whereas HeLa and CaSki showed

maximum proliferation at a dose of 20 nM estradiol. No

proliferation was observed in C33A on treatment with

varying concentration of estradiol (Fig. 1).

Curcumin counteracts the proliferative effect

of estradiol in HPV-positive cell lines

HeLa cells showed 22 and 32.6% apoptosis on treatment with

25 and 50 lM curcumin alone for 24 h whereas in cells

Fig. 1 Effect of estradiol on cervical cancer cells after 24 h as measured by MTT assay
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pretreated with estradiol 11.2 and 13.2% apoptosis was

observed. Similarly, SiHa cells showed 24.5 and 36% apop-

tosis, and CaSki showed 26.7 and 35% apoptosis on treatment

with 25 and 50 lM curcumin alone for 24 h but in cell pre-

treated with estradiol, 10.2 and 15.4% apoptosis was seen in

SiHa, and 8.3 and 16.2% apoptosis in CaSki cells was

observed. HPV-negative cell line C33A showed 24.5 and

36% apoptosis on treatment with 25 and 50 lM curcumin

alone and in estradiol-pretreated cells the apoptosis remained

at 24.5 and 36%. These results show that curcumin overcomes

the proliferative effect of estradiol in HPV-positive cervical

cancer cell lines since no proliferation was observed on

estradiol treatment in HPV-negative cell line C33A, hence the

percentage apoptosis induced by curcumin in these cells with

and without estradiol remains the same (Fig. 2).

Curcumin treatment in estradiol primed HPV-positive

cells showed no reduction in telomerase activity

whereas C33A showed reduction in telomerase activity

Telomerase has been identified as a marker of cervical

dysplasia and cancer, in cervical biopsy specimens.

Fig. 2 Percentage apoptosis by flow cytometery in cervical cancer cells sensitized by estradiol for 24 h followed by treatment with 25 and

50 lM Curcumin. Results shown are mean of three individual experiments ± SD
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Telomerase activity was studied using PCR-ELISA. The

HPV-positive cell lines showed increase in Telomerase

activity on treatment with Estradiol as compared to HPV-

negative cell line. However, the increase remained unaf-

fected on challenging HPV-positive cells with curcumin

but decreased significantly in HPV-negative C33A cells.

Treatment of HeLa, SiHa, and CaSki cells for 48 h with

estradiol showed a 5, 29, and 18% increase in telomerase

activity, respectively, as compared to control. Pretreatment

of these cell lines for 24 h with Estradiol followed by 25 or

50 lM curcumin treatment further increased telomerase

activity to 16, 44, 26, and 23%, 45 and 19%, respectively.

However, treatment of C33A cells for 48 h with estradiol

showed increase of 12% in Telomerase activity. Pretreat-

ment of these cells for 24 h with Estradiol followed by 25

and 50 lM Curcumin showed marked decrease in telo-

merase activity, i.e., by 51 and 93%, respectively (Fig. 3).

Thus, curcumin did not affect telomerase activity in

estradiol primed HPV-positive cells whereas it significantly

decreased it in HPV-negative cells.

Curcumin causes reduction in p16 levels in HeLa

and C33A but not in SiHa and CaSki cells

A wide range of studies have reported the immunocyto-

chemical detection of p16 in cervical cytological speci-

mens and that it can be a marker of cervical dysplasia and

carcinoma. p16 is detected in a subset of cases that test

positive for high-risk HPVs. We performed ICC to deter-

mine expression of p16 in the cervical carcinoma cell lines

following curcumin treatment of estradiol-pretreated cells.

Our results show localization of p16 in the nucleus in all

the cell lines on exposure to estradiol. Following treatment

with curcumin, p16 level remained unchanged in HPV-16-

positive cell lines SiHa and CaSki but it was found to be

reduced in HPV-18-positive cell line HeLa and the HPV-

negative C33A cells (Fig. 4).

Curcumin reduces PCNA level

The PCNA has been established as an important prolifer-

ative marker in cervical cancer; hence, we studied the level

of PCNA using ICC and Western blotting. ICC results

show localization of PCNA in the nucleus in both control

and estradiol-treated cell lines. Curcumin treatment resul-

ted in disappearance of PCNA in all the cell lines indi-

cating that curcumin caused reduction in its level. These

finding were confirmed by western blotting. Treatment of

SiHa, CaSki, and C33A cells with estradiol showed a 5, 18,

and 15% increase in PCNA level as compared to control

but remained unchanged in HeLa cells. Treatment with

25 lM Curcumin showed a marginal decrease in PCNA

level. However, treatment with 50 lM Curcumin showed

reduction of 75, 42, and 8% in HeLa, SiHa, and CaSki,

respectively, but its level remained unchanged in C33A

cells (Fig. 5).

Curcumin resulted in reduction of Cyclin D1 similarly

in all the cell lines

Cyclin D1 plays an important role in transition of cells

from G1 to S cell cycle phase, and its overexpression has

been regarded as an important marker to monitor progress

of cervical cancer. Increase in level of Cyclin D1 was

found in HeLa, SiHa, CaSki, and C33A cells post estradiol

exposure which increased to 42, 34, 39, and 19%, respec-

tively. 25 lM Curcumin treatment showed reduction in

Cyclin D1 with respect to estradiol-treated cells. However,

treatment with 50 lM curcumin showed reduction of 52,

15, and 15% in HeLa, CaSki, and C33A cells (Fig. 6).

Curcumin reduced the estradiol mediated upregulation

of E6 and E7 oncoprotein in HPV-positive cervical

cancer cell lines

E6 is an oncoprotein encoded by HPV which causes

ubiquitin-mediated degradation of p53. One of the

hypothesis proposed by which estradiol has been proven as

a risk factor in cervical cancer is that it causes elevation in

level of E6 and E7 thereby acting as a potential carcinogen.

We investigated whether there was any increase in level of

E6 following treatment with estradiol. Our results show a

marked elevation in E6 level in all the cell lines with HeLa,

SiHa, and CaSki showing 60, 70, and 48% increase on

Fig. 3 Telomerase activity in

cervical cancer cells sensitized

by estradiol for 24 h followed

by treatment with 25 and 50 lM

Curcumin. Results shown are

mean of three individual

experiments ± SD
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treatment with estradiol. Treatment with 25 and 50 lM

Curcumin showed marginal reduction in level of E6 with

respect to estradiol-treated cells implicating that pretreat-

ment of estradiol nullified the effect of curcumin on E6.

This might be the potential mechanism by which these cells

survive curcumin-mediated cytotoxicity thereby showing

reduced apoptosis as compared to curcumin itself, as cur-

cumin has been shown to reduce E6 level in these cell lines

(Fig. 7).

E7 is another oncoprotein encoded by HPV which

interacts with various proteins most of which are important

regulators of cell growth, especially retinoblastoma tumor

suppressor family of protein. These interactions are the

likely mechanism by which E7 deregulates cell cycle and

hence leads to cell proliferation, immortalization, and

finally transformation. We observed a marked elevation in

E7 level in all the cell lines with HeLa, SiHa, and CaSki

showing 30, 45, and 80% increase, respectively,

on treatment with estradiol. Curcumin treatment showed

distinct reduction in E7 with HeLa, SiHa, and CaSki

showing 77, 66, and 32% reduction indicating that unlike

E6, curcumin is causing the more downregulation of E7

protein (Fig. 7).

C33A cells undergo apoptosis via p53-dependent

pathway

HPV-negative C33A cells have been shown to undergo

apoptosis via p53-dependent pathway in response to cur-

cumin treatment. We investigated whether the same

mechanism operates in estradiol-pretreated cells. We

observed an increase of 72 and 83% in level of both p53

and p73 in response to 25 lM curcumin treatment which

was sustained even at a dose of 50 lM curcumin, sug-

gesting that these cells are undergoing apoptosis via same

mechanism as by treatment with curcumin alone (Fig. 7).

CCaaSSkkii

HHeeLLaa

CC EEssttrraaddiiooll                  EEssttrraa//CCuurrcc2255μμMM EEssttrraa//CCuurrcc5500μμMM

SSiiHHaa

CC3333AA

Fig. 4 Immuno cytochemistry to determine expression of p16 in SiHa, HeLa, CaSki, and C33A cervical cancer cells sensitized by estradiol for

24 h followed by treatment with 25 and 50 lM Curcumin
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Discussion

Curcumin exhibits great promise as a therapeutic agent,

and is currently in human clinical trials for a variety of

conditions, including multiple myeloma, pancreatic cancer,

myelodysplastic syndromes, colon cancer, psoriasis, and

Alzheimer’s disease. The antitumor and antiviral properties

of curcumin, in HPV-associated cervical cancer cells have

been attributed to the inhibition of expression of viral

oncogenes E6 and E7 which have been shown to be

upregulated in response to estradiol treatment. The objec-

tive of this study was to investigate whether curcumin was

able to inhibit estradiol-mediated upregulation of E6/E7

oncoproteins and subsequently induce apoptosis, in cervi-

cal cancer and to compare these effects with the HPV-

negative cell line C33A.

The ‘‘high-risk’’ HPV types, such as HPV-16 and -18,

are found in 70–80% of invasive cervical cancers. How-

ever, infection with HPVs in human cervical squamous

epithelium does not always progress to in situ or invasive

carcinomas implicating either environmental or genetic

cofactors in those rare cases where progression occurs [17].

Another cofactor that has been repeatedly associated with

HPV neoplasia is exposure to estrogen.

Pregnancy appears to be a permissive environment for

persistent HPV infection while the prolonged use of oral

contraceptives, most of which contain estrogen, has been

shown to double the risk of HPV neoplasia and malig-

nancy. The 1-kb enhancer/promoter of both HPV-16

and -18 has been shown to contain response elements for

progesterone and glucocorticoids [18]. Further, estrogen

itself has been shown to transactivate the viral genome in

HPV-containing cell lines. Thus, estrogen contributes to

HPV persistence and subsequent neoplastic progression by

increasing viral gene expression. However, other mecha-

nisms of estrogen action have been reported which suggest

that estrogen and the HPV oncogenes cooperate at different

levels to facilitate neoplastic progression [18]. In addition,

SSiiHHaa

CC EEssttrraaddiiool EEssttrraaddiiooll//CCuurrcc2255μμMM EEssttrraaddiiooll//CCuurrcc5500μμMM

HHeeLLaa

CCaaSSkkii

CC3333AA

l

Fig. 5 Immuno cytochemistry to determine expression of PCNA in SiHa, HeLa, CaSki, and C33A cervical cancer cells sensitized by estradiol

for 24 h followed by treatment with 25 and 50 lM Curcumin
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estrogen has been shown to be a direct carcinogen, an

effect apparently linked to a specific pathway of oxidative

hormone metabolism. HPV infection has also been shown

to markedly increase the formation of potentially carcino-

genic estrogen metabolites [19, 20].

Most human cancers have short telomeres and express

high levels of telomerase activity as compared to normal

tissue [21], cervical carcinoma cells have been shown to

possess high level of telomerase protein [22]. Our data

show that Telomerase activity was elevated in all the cell

lines which indicate that Estradiol is causing upregulation

of Telomerase activity. However, on treatment with cur-

cumin further elevation in telomerase activity was seen in

HPV-positive cell lines but a marked inhibition in HPV-

negative cells. This partly explains the reduced apoptosis in

HPV-positive cell lines as compared to curcumin alone and

acute cytotoxicity in C33A as elevation of Telomerase

activity has been shown to be sufficient to immortalize

these cells.

The repression of p16 gene expression by hypermethy-

lation or mutation is a common occurrence in a wide range

of cancer cell lines and primary human tumors. However,

in most cervical carcinomas, the functional inactivation of

pRb by HPV E7 results in the reciprocal over expression of

p16, because of a negative feedback loop between pRb and

p16. Thus, p16 overexpression in cervical neoplasia is a

surrogate marker of HPV E7-mediated pRb catabolism,

reflecting disruption of mechanisms that control cell pro-

liferation and indicating persistent infection with high risk

of development of neoplasia [23, 24]. ICC results show

PCNA

Cyclin D1

β Actin

HHeeLLaa

SSiiHHaa

CCaaSSkkii

CC3333AA

CC EEssttrr EEss//CC2255 EEss//CC5500

HHeeLLaa

SSiiHHaa

CCaaSSkkii

CC3333AA

CC EEssttrr EESS//CC2255 EESS//CC5500

Fig. 6 Western blot analysis to demonstrate the effect of Estradiol and Estradiol/25/50 lM Curcumin on PCNA and Cyclin D1. Results shown

are mean of three individual experiments ± SD
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strong nuclear staining in the HPV-16-positive cell lines on

treatment with curcumin thereby demonstrating that p16

level remains unchanged even after curcumin challenge.

However, p16 was reduced in case of HPV-18-positive cell

line HeLa demonstrating that in this cell line there is

reduction in level of p16. C33A showed reduced nuclear

staining of p16 because of the absence of negative feed-

back loop and the absence of HPV. These results demon-

strate that in HPV-16-positive cells estradiol stabilizes p16

and its level is not altered on curcumin treatment but in

HeLa and C33A curcumin it was able to downregulate the

level of p16.

The proliferating cell nuclear antigen (PCNA) is an

essential component of DNA replication, cell cycle regu-

lation, and epigenetic inheritance. High expression of

PCNA is associated with poor prognosis in patients

with breast cancer [25]. The 50-region of the PCNA gene

contains two computationally detected estrogen response

element (ERE) sequences, one of which is evolutionarily

conserved. Both of these sequences are of undocumented

cis-regulatory function [26, 27]. It has been demonstrated

that estradiol enhances PCNA mRNA expression in MCF7

breast cancer cells. Here, we report that in cervical cancer

cell lines estradiol induces expression of PCNA which was

found to be localized to the nucleus. Quantification by

western blotting demonstrates increase in expression of

PCNA on treatment with estradiol in all the cell lines and

reduction in its levels after treatment with curcumin, but to

varying extents thereby demonstrating cell type to cell type

variation. This data demonstrate that curcumin causes

reduction in level of PCNA. Thus, this might be one of the

potential mechanism by which curcumin is contributing to

growth arrest.

Cyclin D1 is important for development and progression

of several cancers including those of breast, esophagus,

bladder, and lung [28, 29]. Overexpression of cyclin D1

E6

E7

C33A

CC EEssttrr EESS//CC2255 EESS//CC5500

HHeeLLaa

SSiiHHaa

CCaaSSkkii

Fig. 7 Western blot analysis to demonstrate the effect of Estradiol

and Estradiol/25/50 lM Curcumin Viral protein E6 and E7 in HPV-

positive cell lines and activation of p53 and p73 on treatment of

estradiol-pretreated C33A by curcumin. Results shown are mean of

three individual experiments ± SD
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has been linked to the development of endocrine resistance

in breast cancer cells [30]. Curcumin has been shown to

inhibit Cyclin D1 in prostate cancer cells and various breast

cancer cell lines [29, 30]. We demonstrate that estradiol

causes activation of Cyclin D1, thereby contributing to

increased proliferation. However, Curcumin resulted in

decrease of cyclin D1, thereby implicating that curcumin is

causing decrease in level of Cyclin D1.

The E6 and E7 proteins of oncogenic HPVs can play

critical roles in immortalization and malignant transfor-

mation of cervical epithelial cells. From previous epide-

miologic data, it has been showed that long-term use of

oral contraceptives may be a risk factor for cervical cancer.

Investigation of the estrogenic and antiestrogenic effects on

the proliferation of cervical cancer cells and the gene

expression of HPV would help to explain the role of

estrogen in the HPV-associated pathogenesis of cervical

cancer. Data from previous studies show that estradiol

induces increase in level of E6 and E7 HPV viral proteins.

We found that estradiol results in increased expression of

E6 and E7, but on treatment with curcumin it was unable to

cause substantial decrease in level of E6. Curcumin was

able to substantially inhibit expression of E7 in all the three

HPV-positive cell lines. Thus, curcumin is partially able to

overcome the effect of viral oncogenes. Data from previous

studies have shown that E6 synergizes with estradiol to

induce tumors and its enhanced expression, and pleiotropic

effect is sufficient to immortalize cells in vitro. Though

curcumin caused decrease in expression of E7 it was

unable to decrease level of E6, This may be one of the

major reason why curcumin is unable to induce apoptosis

in estradiol-treated cells as it is able to do by itself. The

observed increase in level of both p53 and p73 on treatment

with curcumin implicates that C33A cells are undergoing

apoptosis via p53 pathway.

In conclusion, our data provide the first insight into the

therapeutic potential of curcumin in vitro in estradiol-pre-

treated HPV-positive and negative cervical cancer cell

lines. Our findings show that curcumin treatment was

partially able to overcome the proliferative effect of

estradiol by causing decrease in level of PCNA, Cyclin D1,

and viral oncoprotein E7, but was unable to inhibit the

activity of telomerase, and E6 viral oncoprotein. We

hypothesize that curcumin is having an overriding effect as

reduced apoptosis was seen in estradiol-pretreated cells,

but curcumin able to overcome the proliferative effect of

estradiol and induce apoptosis. In contrast, HPV-negative

cell line C33A showed good response to curcumin

reflecting the importance of viral oncoproteins E6 in

estradiol-mediated effect as we observed a good decrease

in level of Telomerase level resulting in apoptosis which is

mediated through p53 pathway in C33A. Based on our

findings, we propose a hypothesis for effect of curcumin in

these cervical cancer cell lines (Fig. 8). This data has vital

importance in designing curcumin-based therapies for

cervical cancer as estradiol is physiologically present at the

tumor sites, and disrupting its effect on HPV may be an

important aspect of anti cervical cancer therapy.

Inhibition of PCNA and 
Cyclin D1 

    HPV- cells 

Decreased Apoptosis

No change in Telomerase 
and p16 level  

   HPV+ cells 

Estradiol 

Curcumin 

E6, E7 elevation and 
Proliferation 

Inhibition of PCNA, p16 
Cyclin D1 

p53, p73 activation 

 Inhibition of Telomerase  

Estradiol 

Curcumin 

No proliferation 

Apoptosis 

Fig. 8 Schematic diagram to

demonstrate the effect of

Estradiol in HPV-positive and

negative cervical cancer cells

against curcumin-induced

cytotoxicity
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