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Abstract

Objective. To investigate the combined effect of the major tea polyphenol, (−)-epigallocatechin gallate (EGCG) and retinoic acid (RA) on
cervical adenocarcinoma.

Methods. Cell growth rate was examined after treatment for 4, 7 and 10 days with 0–100 μM EGCG and/or 1 μM RA in two cervical
adenocarcinoma cell lines, HeLa and TMCC-1. The effect of EGCG treatment was examined for the induction of apoptosis by DNA ladder assay
and caspase-3-related protease activity in cell lysate. Telomerase activity was detected by stretch PCR telomere extension assay. hTERT expression
levels were quantified by a real-time PCR system.

Results. Combining EGCG and RA increased the antiproliferative effect in adenocarcinoma cell lines, whereas EGCG or RA treatment alone
caused a less sensitive response in these cells. Neither EGCG nor RA treatment alone affected apoptosis and telomerase activity. The combination
treatment of EGCG and RA induced apoptosis and inhibited telomerase activity in adenocarcinoma cell lines. These results were consistent with
those of an antiproliferative effect of EGCG and/or RA in cervical adenocarcinoma cells.

Conclusion. Our data suggest that EGCG and RA combined to prevent the carcinogenesis of cervical adenocarcinoma, induce apoptosis and
inhibit telomerase activity. The treatments of combining EGCG and RA may be effective in preventing or treating cervical adenocarcinoma.
© 2007 Elsevier Inc. All rights reserved.
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Introduction

Cervical cancer is the second most common cancer in the
world. Adenocarcinoma, including adenosquamous carcinoma,
represents only 15–20% of all primary carcinoma of the cervix,
but this percentage is increasing greatly [1,2]. It has been
suggested that adenocarcinoma of the uterine cervix tends to
metastasize earlier to lymph nodes and is less sensitive to ra-
diation therapy and to chemotherapy than is squamous cell
carcinoma [3,4]. Radical surgery seems to be the treatment of
choice for this tumor; however, treatments for advanced or
recurring cases have been most often unsuccessful.
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Green tea is one of the most common beverages consumed
worldwide, and its possible beneficial health effects have received
much attention. A number of epidemiological and rodent carcino-
genesis studies have provided evidence that green tea has chemo-
preventive effects for a wide range of malignancies [5–7]. Green
tea contains a variety of polyphenols known as catechins. (−)-
Epigalocatechin gallate (EGCG) is a major component of
polyphenols in green tea [8]. The antitumor effect of EGCG has
been demonstrated [5,6,8–11]. Previously, we reported that the
treatment with EGCG prevented the carcinogenesis of cervical
cancer, induced apoptosis and inhibited telomerase activity
[12,13]. It is also reported that EGCG inhibits the growth of
human squamous cervical cancer cell lines through apoptosis
[12]. EGCG was effective in HPV-18 immortalized endocervical
cell lines (premalignant cell) but less effective in cervical adeno-
carcinoma cell lines. These results suggest that the sensitivity to
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Table 1
Origin and human papillomavirus status of cervical cells and cell lines

Cell line Origin HPV DNA type Tumorigenicity

HEN-18 Endocervix HPV-18 (−)
HEN-18-S a Endocervix HPV-18 (−)
HeLa Cx, adenocarcinoma HPV-18 (+)
TMCC-1 Cx, adenocarcinoma HPV-18 (+)

HEN=human endocervical cells; −=negative; +=positive.
a Non-tumorigenic, adapted to growth in serum.

Table 2
Effect of epigallocatechin gallate (EGCG) and/or retinoic acid on cell growth
rate of endocervical and cervical adenocarcinoma cell lines

Cell line Treatment Growth rate (% of untreated control)

Day 4 Day 7 Day 10

HEN-18 EGCG 100 μM 15.4±4.1⁎ 9.5±0.8⁎ 9.0±0.8⁎

EGCG 50 μM 35.3±1.8⁎ 10.9±0.3⁎ 8.2±1.4⁎

EGCG 10 μM 51.4±4.1⁎ 9.2±4.8⁎ 7.8±1.3⁎

HEN-18S EGCG 100 μM 42.1±0.8⁎ 14.6±0.8⁎ 8.6±0.9⁎

EGCG 50 μM 94.2±1.8⁎⁎⁎ 68.2±6.9⁎⁎⁎ 66.6±3.1⁎⁎

EGCG 10 μM 120±12.6⁎⁎⁎⁎ 89.3±1.5⁎⁎⁎ 91.1±4.3⁎⁎⁎⁎

TMCC-1 EGCG 100 μM 72.8±4.5⁎⁎⁎ 92.5±1.1⁎⁎ 108±2.1⁎⁎⁎

EGCG 50 μM 89.8±4.5⁎⁎⁎⁎ 106.2±2.3⁎⁎ 99.5±3.1⁎⁎⁎⁎

RA 79±5.1⁎⁎ 57.7±2.3⁎ 62.2±4.2⁎

EGCG50 μM+
RA

53.0±00⁎⁎ 22.4±00⁎ 25.4±00⁎

HeLa EGCG 100 μM 78.3±5.6⁎⁎⁎ 93.2±1.6⁎⁎⁎ 63.1±1.2⁎

IEGCG 50 μM 89.5±3.8⁎⁎⁎ 103±1.5⁎⁎⁎⁎ 101.4±3.8⁎⁎⁎⁎

RA 66.4±5.8⁎⁎ 80.1±3.8⁎⁎ 78±4.3⁎⁎

EGCG50 μM+
RA

62.1±7.2⁎⁎ 17.5±5.4⁎ 20.2±6.3⁎

HEN-18=human papillomavirus type 18-immoratalized human endocervical
cell; HEN-18S=non-tumorigenic serum adapted HEC-18; RA=retinoic acid;
EGCG=epigallocatechin gallate. The results represent the mean±standard
deviation of percent. P is the statistical significance of difference in cell growth
rate between each day treated and untreated control cells. ⁎Pb0.001, ⁎⁎Pb0.01,
⁎⁎⁎Pb0.05, ⁎⁎⁎⁎not significant.
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EGCGdecreases with the progression of the carcinogenic process
[12]. The inhibitory effect in cell lines derived from cervical
adenocarcinoma cells was less than that from cervical squamous
carcinoma cells [12], although several studies have shown that
EGCG possesses anticarcinogenic effects in adenocarcinoma,
including stomach, colon and breast cancer [5–10]. Recently,
Tachibana et al. [14] reported that the combination of EGCG and
vitamin A increased expression of the receptor that mediates the
anticancer activity of EGCG and enhances the anticancer activity
of EGCG.

In the present study, we investigated whether the combined
use of EGCG and retinoic acid (RA), the direct acting vitamin A
metabolite, possesses growth inhibitory properties in human
cervical adenocarcinoma cell lines. Furthermore, we investigat-
ed whether the mechanism involves the induction of apoptosis
and inhibition of telomerase activity.

Materials and methods

Cells, cell culture and cell growth assay

Primary human end cervical cells (HEN) were prepared as described pre-
viously [15,16]. Cervical cell lines are summarized in Table 1. Keratinocyte
serum-free medium (K-SFM, GIBCO, Grand Island, NY) was used for growth of
HEN; HPV-18-immortalizes HEN. Other cell lines were cultured in Dulbecco's
modified Eagle's medium plus 10% fetal calf serum (GIBCO). The uterine cervix
adenocarcinoma cell line, TMCC-1, was kindly provided by M. Sakamoto
(Tokyo Medical College, Tokyo, Japan). For growth assay, EGCG (Wako Pure
Chemical Industries, Osaka, Japan) and RA (Sigma, St. Louis, NY) were diluted in
100% ethanol and stored at−20 °Cbefore use. Cells seeded at 2×105 cells per 5 cm
plate were incubated with or without 0–100 μMEGCG and/or 1 μM all-trans RA,
which was changed every other day. Cell growth rate was determined by counting
the number of cells with a Coulter counter and expressed with the following
formula:

Growth rate %ð Þ ¼ cell number ðexperimentÞ
cell number ðcontrolÞ

DNA ladder apoptosis assay

Cells were cultured in medium with 0 μM (control) EGCG and 50–100 μM
EGCG and/or 1 μM all-trans RA for 4 days. High molecular weight DNAwas
extracted, resolved by 1.5% agarose gel electrophoresis and stained using an
apoptosis ladder detection kit (Wako Pure Chemicals Industries, Osaka, Japan).

Caspase-3 activity

Caspase-3-related protease activity in cell lysate was determined using a
caspase-3 assay kit, fluorometric (Sigma, St. Louis, MO). Briefly, cell lysate was
mixed with assay buffer and the caspase-3 substrate, Ac-DEVD-AMC, followed
by incubation at room temperature for 1.5 h. Absorbance was then read with a
plate fluorometer. The excitation and emission wavelengths were 360 nm and
460 nm, respectively. Caspase-3 activity was expressed as the fluorescence
value relative to that for untreated cells (control).

Telomerase assay

Telomerase activity was quantified with the overlap extension PCR assay
method using TeloChaser (Toyobo Co., Osaka, Japan). Briefly, 2×104 cells
grown in medium with 0 μM (control) EGCG and 50–100 μM EGCG and/or
1 μM all-trans RA for 4 days were obtained and suspended in Lysis solution.
Cell extracts were assayed in extension mixture. After 30 min incubation at
30 °C for telomerase extension, the telomerase products were purified by Clean-
Up solution, followed by isopropyl alcohol precipitation. Recovered pellets
were mixed with 30 μl of PCR mixture, heated at 95 °C for 150 s and then
subjected to 30 PCR cycles of 95 °C for 30 s, 68 °C for 30 s and 72 °C for 45 s.
PCR products were resolved by electrophoresis in a 7% polyacrylamide gel and
visualized with SYBR Green I nucleic acid stain (Molecular Probes, Inc.,
Eugene, USA).

Quantitation of hTERT mRNA

hTERT expression levels were quantified by a real-time PCR system, Light
Cycler Telo TAGGG hTERT Quantification kit (Roche Molecular Biochem-
icals, Indianapolis, IN) according to the manufacture's instructions. Briefly, cells
grown in medium with 0 μM (control) EGCG and 50–100 μM EGCG and/or
1 μM all-trans RA for 4 days were obtained. Two hundred nanograms total RNA
of each sample was analyzed. hTERT encoding mRNA was reversely trans-
cribed and amplified in a one-step RT-PCR protocol using the LightCycler
instrument. Relative expression levels were calculated by dividing the amount of
the housekeeping gene PBGD. The resulting ratio is an hTERT value normalized
to the expression of PBDG. Duplicates for each sample were performed. PCR
products were resolved by electrophoresis in a 7% polyacrylamide gel and
visualized with SYBR Green I nucleic acid stain (Molecular Probes, Inc.,
Eugene, USA).



Fig. 2. Effect of epigallocatechin gallate (EGCG) and/or retinoic acid (RA) on
caspase-3 activity in HeLa and TMCC-1.
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Results

To investigate the effect of EGCG and/or RA on premalignant
and malignant cervical adeno cell lines (Table 1), we treated cells
for 4, 7 and 10 dayswith EGCG and/or RA.Cell growth inhibition
assays demonstrated that the combination of EGCG and RA
treatment inhibited 75–80% growth in cervical adenocarcinoma
cell lines, HeLa and TMCC-1, whereas EGCG or RA treatment
alone caused a less sensitive response in these cells (Table 2).
TMCC-1was less sensitive thanHeLa in EGCG treatment, but the
inhibitory effect of RA in TMCC-1 was more than that in HeLa.

The effect of EGCG or RA treatment on apoptosis was
examined by DNA ladder apoptosis assay. Cells treated with 0
and 100 μM EGCG or 1 μM RA for 4 days showed that neither
EGCG nor RA treatment resulted in the formation of DNA
fragments in HeLa and TMCC-1 (Fig. 1, lanes 2, 3, 6 and 7). In
comparison with these treatments, the combination of EGCG
and RA treatment induced the formation of DNA fragments
(Fig. 1, lanes 4 and 8). These results are consistent with those of
an antiproliferative effect of EGCG and/or RA in these cell
lines.

As caspase-3 plays an important role in apoptotic events, the
influence of EGCG and RA on the caspase-3 activity was exa-
mined by using a specific flurogenic substrate for caspase-3. The
TMCC-1 and HeLa treated with the combination of EGCG and
RA had significantly higher activity of caspase-3 than that of no
treatment (Fig. 2). These results showed that the activation of
caspase-3 was associated with the induction of apoptosis in the
combination treatment of EGCG and RA.

Telomerase has been proposed to represent a novel and
potentially selective target for cancer therapy. It is also reported
that the inhibition of telomerase is one of the major mechanisms
Fig. 1. Effect of epigallocatechin gallate (EGCG) and/or retinoic acid (RA) on
apoptosis in TMCC-1 and HeLa. Apoptosis was assayed by DNA ladder
formation analysis. TMCC-1 (lanes 1, 2, 3 and 4) and HeLa (lanes 5, 6, 7 and 8)
were cultured in medium with EGCG and/or RA. M: 123 bp ladder marker;
lanes 1 and 5: control medium; lanes 2 and 6: 1 μM of RA; lanes 3 and 7:
100 μM of EGCG; lanes 4 and 8: 1 μM of RA and 100 μM of EGCG. DNA by
ladder formation obtained from cells after EGCG and RA treatment confirmed
apoptosis.
of the anticancer effects of EGCG. We studied whether EGCG
and RA inhibit telomerase activity by the stretch PCR assay
methods. Telomerase was dramatically decreased in HeLa with
the combination of EGCG and RA treatment (Fig. 3, lanes 4).
Neither EGCG nor RA treatment inhibited the telomerase
activity.

A strong correlation between telomerase activity and the
expression level of hTERT mRNA has been described in cancer
cells. We investigate hTERT expression level by a real-time PCR
system. EGCG and RA treatment showed that hTERTexpression
was decreased inHeLa and TMCC-1 (Fig. 4, lanes 2 and 4). These
Fig. 3. Effect of epigallocatechin gallate (EGCG) and/or retinoic acid (RA) on
telomerase activity in HeLa. Semiquantitative telomerase activity was assayed
by stretch PCR assay method. HeLa was cultured in medium with 1 μM of RA
and/or 100 μM of EGCGM:φX174/Hinf I marker; lane 1: control medium; lane
2: 1 μM of RA; lane 3: 100 μM of EGCG; lane 4: 1 μM of RA and 100 μM of
EGCG; lane 5: positive control (HeLa cell); lane 6: negative control. The arrow
indicates the internal standard DNA (65 bp).



Fig. 4. Effect of epigallocatechin gallate (EGCG) and/or retinoic acid (RA) on the
expression of hTERT mRNA in HeLa (lanes 1 and 2) and TMCC-1 (lanes 3 and
4). hTERT expression levels were quantified by a real-time PCR system. Lanes 1
and 3: no treatment; lanes 2 and 4: 1 μM of RA and 100 μM of EGCG; lane 5:
negative control; lane 6: positive control (HeLa). The arrow indicates the PBDG.
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results are consistent with those of telomerase activity by stretch
PCR assay.

Discussion

It has been suggested that cervical adenocarcinoma has
relatively more aggressive biological activity, poor prognosis,
earlier metastasis and less sensitivity to radiation and chemother-
apy, compared to squamous cell carcinoma [3,4]. It is necessary to
develop a new anticancer agent for treatment of cervical adeno-
carcinoma. Polyphenols derived from green tea, particularly
EGCG, have been reported to control the proliferation of various
cancers and possess the anticarcinogenic and chemopreventive
effects in various cancers both in vitro and in vivo [5–7,9–11,17–
19]. Previously, we reported that EGCG prevented the carcino-
genesis of cervical cancer [12]. It is also reported that the inhi-
bitory effect was less in cervical adenocarcinoma cell lines than
squamous cell carcinoma cell lines [12]. EGCG may be effective
for treatment of cervical cancer, but, alone, it is inadequate for
cervical adenocarcinoma.

Recently, Tachibana et al. [14] reported that all-trans-retinoic
acid (RA) enhanced the binding of EGCG to the cell surface of
cancer cells. It is also revealed that the cell surface 67-kDa
laminin receptor (67 LR) is the target for EGCG and acts as the
receptor for antitumor action of EGCG. The growth inhibitory
activity of EGCG correlated with the binding strength of EGCG
to the cell surface. Our previous study showed that RA EGCG
inhibited cell growth for cell lines derived from the endocervix
and cervical adenocarcinoma generally less effectively than
those derived from their squamous cell counterparts [12]. In the
present study, we investigated the efficacy of EGCG and/or RA
in cervical adenocarcinoma cells. Our study showed that the
combination treatment of EGCG and RA increased the anti-
proliferative effect in cervical adenocarcinoma cell lines. It is
reported that the expression of 67 LR was enhanced by RA
treatment [14]. The enhancement of 67 LR by RA treatment
may result in the combination effect of EGCG and RA.

The mechanism of cancer inhibition of EGCG is not clear,
but several hypotheses have been proposed [20]. It has been
reported that EGCG induced apoptosis, and G1 or G2-M arrest
of the cell cycle [13,17,21–25]. We previously reported that
EGCG treatment resulted in DNA ladder formation in the cell
lines from squamous cell, but not the adenocarcinoma counter-
parts [12]. EGCG treatment induced DNA ladder formation in
HPV-18 immortalized endocervical cells, but not in serum
adapted HPV-18 immortalized endocervical cells, which con-
fers greater cervical cell growth potential and higher grade
cervical lesion [12]. These results supported the hypothesis that
the sensitivity to EGCG and induction of apoptosis by EGCG in
the carcinogenesis of cervical adenocarcinoma decreases ac-
cording to the progression to the carcinogenic process. The
present study demonstrated that the combination treatment of
EGCG and RA induced apoptosis in adenocarcinoma cells.
EGCG or RA treatment alone, which was less effective in
growth inhibition, did not induce apoptosis. We previously
found that RA did not induce apoptosis [26]. These results
suggest that the induction of apoptosis by the combination
treatment of EGCG and RA is one of the important mechanisms
for the EGCG-mediated anticancer effects in cervical adeno-
carcinoma. The induction of 67 LR by RA may be associated
with the induction of apoptosis thorough the enhancement of the
binding strength of EGCG to the cell surface. Although the
mechanism of EGCG-induced apoptosis is not clear, the acti-
vation of caspases has been shown in cancer cells treated with
EGCG [27–29]. In the present study, caspase-3 activity was
induced by combination treatment of EGCG and RA. These
results were consistent with those of an antiproliferative effect
of EGCG and/or RA in adenocarcinoma cells.

The activation of telomerase has been proposed to be a critical
event in the immortalization of human cells and is characteristic
of most human cancer cell lines and tumors, including cervical
cancer carcinogenesis [30–32]. It is reported that telomerase
inhibition could be one of the major mechanisms in the anti-
cancer effects of EGCG [20,33–36]. Previously, we reported
that EGCG treatment inhibited telomerase activity in immortal-
ized cervical cell lines, as well as non-transformed, serum-
adapted HPV-18 immortalized endocervical cell lines and trans-
formed HPV-18 immortalized ectocervical cell lines [12]. In this
study, we demonstrated that EGCG treatment did not inhibit
telomerase activity in cervical adenocarcinoma cells, but the
combination treatment of EGCG and RA did. The effect was
associated with a decrease of the hTERT expression.

With regard to in vivo studies, EGCG has been reported to
prevent the formation of various solid tumors. The effective EGCG
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levels were lower than those of in vitro models. The concentration
of EGCG shown to have an effect in these previous in vitro studies
(10–200 μM) is much higher than those observed in the blood or
tissue after drinking tea [37], although the concentration of RA,
1μM,was a peak plasma level of oral retinoid therapy. There is the
disparity between the concentrations needed to achieve the various
effects observed in vitro and the plasma levels at which significant
anticancer and chemopreventive effects were observed in animal
and epidemiological studies. Several mechanisms of cancer
inhibition by EGCG in vivo have been proposed [38–40]. It is
reported that EGCG inhibited angiogenesis and matrix metallo-
proteinase in vivo [38,40]. Recently, Tachibana et al. [14] reported
that the 67-kDa laminin receptor (67 LR) was associated with
EGCG responsiveness to cancer cells at physiologically relevant
concentrations. It is also reported that the combination of EGCG
and vitamin A increased the expression of the 67 LR that mediates
the anticancer activity of EGCG and enhances the anticancer
activity of EGCG. Vitamin A in plasma may result in lower levels
of effective EGCG in animal and epidemiological studies. Con-
sidering our results and these reports, the combination treatment of
EGCG and RA could therefore be a promising strategy in treat-
ment for cancer, including cervical adenocarcinoma.
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