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Abstract

Breast cancer is the most common cause of cancer among women in most countries (WHO). Ovarian hormone disorder is
thought to be associated with breast tumorigenesis. The present study investigated the effects of estrogen and progesterone
administration on cell proliferation and underlying mechanisms in breast cancer MCF-7 cells. It was found that a single
administration of estradiol (E2) or progesterone increased MCF-7 cell viability in a dose-dependent manner and promoted cell
cycle progression by increasing the percentage of cells in the G2/M phase. A combination of E2 and progesterone led to
a stronger effect than single treatment. Moreover, cyclin G1 was up-regulated by E2 and/or progesterone in MCF-7 cells.
After knockdown of cyclin G1 in MCF-7 cells using a specific shRNA, estradiol- and progesterone-mediated cell viability
and clonogenic ability were significantly limited. Additionally, estradiol- and progesterone-promoted cell accumulation in the
G2/M phase was reversed after knockdown of cyclin G1. These data indicated that estrogen and progesterone promoted breast
cancer cell proliferation by inducing the expression of cyclin G1. Our data indicated that novel therapeutics against cyclin G1 are
promising for the treatment of estrogen- and progesterone-mediated breast cancer progression.
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Introduction

Breast cancer is a serious health problem in females
worldwide. The incidence and mortality rates of this
disease are increasing rapidly. According to GLOBOCAN
2008, breast cancer is the most frequently diagnosed
cancer and leading cause of cancer-related deaths among
females, accounting for 458,000 of total cancer cases and
1,380,000 of deaths, making it the most common non-skin
cancer in women (1,2). The etiology of breast cancer is
very complex. Current knowledge considers this malig-
nancy a multistep disease that involves the coordinated
interaction of multiple genes and accumulation of multiple
molecular and morphologic changes within a cell (3).
Although these intracellular changes are influenced by
the transcriptional control of key genes (4,5) or epigenetic
modifications of histones (6,7), hormone disorders may be
the most important determinants (8).

Epidemiological and experimental evidence have impli-
cated estrogens as the most important risk factors in the
etiology of breast cancer; estrogens are thought to function
through hormone-related pathways (9). Moreover, endoge-
nous estrogens are strongly associated with an increased risk
of breast cancer in postmenopausal women (10), whereas
the anti-estrogens raloxifene and tamoxifen reduce the

incidence of breast cancer (11). Evidence from animal
studies also supports that estrogens promote mammary
tumors, and a decreased exposure to estrogens has an
opposite effect (12). Thus, disorders of endogenous
hormones, particularly estrogens, are great risk factors
for human breast cancer.

However, the effects of estrogen alone do not fully
account for breast cancer development. Other hormones
such as progesterone may also be involved. Thus, the
current study aimed to 1) investigate whether progester-
one alone or in combination with estrogen affects breast
cancer cell proliferation, and 2) explore the possible
mechanisms underlying hormone-mediated breast cancer
progression in vitro. Given that estradiol (E2) is the principal
form of estrogen, breast cancer MCF-7 cells were treated
with E2 to provoke the effects mediated by estrogen.

Material and Methods

Reagents and cell culture
E2 and progesterone were purchased from Sigma

Co. (USA). A specific shRNA against cyclin G1 (shCyclin
G1) was designed and synthesized by GenePharma
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(Shanghai, China). Scrambled shRNA was also synthe-
sized as a negative control. Specific primary antibodies
against cyclin G1 and glyceraldehyde-phosphate dehydrog-
enase (GAPDH) were commercially purchased from Santa
Cruz Biotech. (USA). Breast cancer MCF-7 cells were
obtained from American Type Culture Collection (ATCC,
USA). Cells were maintained in RPMI 1640 (Gibco, USA)
containing 10% fetal bovine serum (Gibco) at 37°C in
humidified atmosphere of 5% CO2.

Lentivirus-mediated RNA interference of cyclin G1
The small hairpin RNA (shRNA)-encoding oligonucleo-

tides for cyclin G1 (shCyclin G1) were synthesized by
Sangon (China). The lentivirus-delivered shCyclin G1 was
packaged as previously described (13).

Quantitative real-time PCR (qRT-PCR)
Total RNAs of cell lysates were extracted using Trizol

reagent (Invitrogen, USA) 24 h post-infection and were
immediately inversely transcribed into cDNA, using a Primer-
Script RT reagent Kit (Takara, Japan) according to the
manufacturer’s instructions. The cDNAs were then sub-
jected to quantitative PCR with primers chemically synthe-
sized by Sangon Biotechnology (Shanghai, China). Primers
sequences were as follows: cyclin G1, forward: 50-TCTAA
GCTTATGATAGAGGTACTGACAAC-30, reverse: 50-TTTG
AATTCTGTAATAATCCAGTTAAGG-30; GAPDH, forward:
50-ACCACAGTCCATGCCATCAC-30, reverse: 50-TCCAC
CACCCTGTTGCTGTA-30.

Real-time PCR was performed using SYBR Premix
EX Tag (Takara) on an ABI 7900 thermal cycler (Applied
Biosystems, USA). The PCR conditions were as follows:
95°C for 30 s, 40 cycles of 95°C for 5 s, and 60°C for 34 s.
All experiments were performed in triplicate.

Western blotting
MCF-7 cells were harvested 48 h after infection in

each group. The total protein concentration was deter-
mined by the Bio-Rad DC protein Assay (Bio-Rad, USA).
Equal amounts of protein (30 mg) were fractionated by
10% SDS-PAGE and transferred to polyvinylidene fluoride
membranes. Thereafter, the membranes were blocked
with 5% fat-free milk for 1 h and subjected to incubation
with the primary antibodies overnight at 4°C. Membranes
were then incubated with the corresponding secondary
antibodies at room temperature for 1 h. The reactivity was
developed by enhanced chemiluminescent autoradiogra-
phy (ECL kit, Amersham, UK).

Cell viability assay
A cell counting kit-8 (CCK-8, Japan) assay was

conducted to assess cell viability under distinct treat-
ments. Briefly, MCF-7 cells subjected to the indicated
treatments were plated in 96-well plates at an initial
density of 2� 103 per well. Cell numbers were evaluated
for 5 consecutive days or on the first and fifth day after

plating, based on the experimental design. Before each
time point, an aliquot of 10 mL of CCK-8 reagent was
added to each well and the cells were further incubated for
4 h at 37°C in a humidified incubator. The absorbance was
measured at 450 nm, using a microplate reader (Molec-
ular Devices, USA). The experiments were assayed in
triplicate and repeated at least three times.

Colony formation assay
MCF-7 cells were treated with E2 or progesterone either

alone or in combination prior to testing. Briefly, MCF-7 cells
under each treatment were seeded into 12-well plates (300
cells per well) to allow for continuous free growth. At the
end of the 14th day, the cells were stained with crystal violet
(Beyotime, China) and the number of colonies in each
group was quantified. A colony was considered only when
the number of assembled cells was greater than 50.

Cell cycle analysis
MCF-7 cells in the logarithmic growth phase were

harvested and randomly seeded into 6-well plates at
an initial density of 5� 106 cells per well. After overnight
culture, MCF-7 cells were treated as indicated. Cells were
then harvested and 1 mL of propidium iodide stain was
added to each sample. Thereafter, the percentage of cells
in each cell cycle phase was analyzed by flow cytometry
on a FACScan instrument (BD Biosciences, USA).

Statistical analysis
Data are reported as means±SD. Student’s t-test was

performed to evaluate the statistical difference between
groups. A P value of less than 0.05 was considered
statistically significant.

Results

Estradiol or progesterone alone promoted MCF-7 cell
viability

Initially, we assessed the effects of E2 or progesterone
on MCF-7 cell viability. To this end, MCF-7 cells were
treated with E2 at final concentrations of 10–13, 10–12, 10–11,
10–10, and 10–9 M, and with progesterone at final con-
centrations of 10–10, 10–9, 10–8, 10–7, and 10–6 M. Cell
viability was significantly increased on the fifth day of
treatment with E2. Higher concentrations of E2 had even
greater effects on MCF-7 cell viability (Figure 1A). Similarly,
single treatment of MCF-7 cells with progesterone led
to increased number of viable cells in a dose-dependent
manner (Figure 1B). These data indicated that treatment of
MCF-7 cells with either E2 or progesterone alone was
sufficient for promoting cell viability in vitro.

Combination of estradiol and progesterone had a
greater effect on cell proliferation

Next, we treated MCF-7 cells with E2 alone, proges-
terone alone, or a combination of both. In the cell viability
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assay, treatment of MCF-7 cells with either E2 or proges-
terone had a continuous viability promotion effect, although
progesterone appeared to have a relatively lower ability to
promote viability than estradiol. Notably, after combined
treatments with E2 and progesterone, MCF-7 cells showed
the highest viability among all groups (Figure 2A). Moreover,
in the colony formation assay, a combination of E2 and
progesterone resulted in greater colony numbers than
single treatments in MCF-7 cells (Figure 2B). These data
indicated that E2 combined with progesterone promoted
higher proliferation than either single treatment.

Estradiol and progesterone treatment promoted cell
cycle progression

Since the dysregulation of cell cycle progression is a
hallmark of tumor growth (14), we assessed the percent-
age of cells in each cell cycle phase in MCF-7 cells after
different treatments (Figure 3A). Our data showed that when
MCF-7 cells were treated with either E2 or progesterone, the
cell cycle distribution was disturbed and cells accumulated in
the G2/M phase. Moreover, when the cells were treated with
both E2 and progesterone, the percentage of cells in G2/M
phase showed an even greater increase, whereas the G0/
G1 population were significantly decreased (Figure 3B).
These data indicated that cell cycle progression was
promoted by estradiol and progesterone and the effect
was greater with a combination of the two.

Estradiol and progesterone treatments increased the
expression of cyclin G1

Cyclin G1 is a critical regulator of cell cycle progres-
sion. Notably, our data showed that treatment of MCF-7
cells with either E2 or progesterone increased the
expression of cyclin G1 at both the mRNA (Figure 4A)
and protein (Figure 4B) levels. More importantly, co-
treatment with E2 and progesterone caused an even
higher expression of cyclin G1. These data indicate that
cyclin G1 was regulated by E2 and progesterone in
MCF-7 cells.

Knockdown of cyclin G1 reduced estradiol- and
progesterone-mediated MCF-7 cell proliferation

To assess whether cyclin G1 has a functional role in
the E2- and progesterone-mediated MCF-7 cell proliferation,
a specific shRNA targeting cyclin G1 (shCyclin G1) was
used to deplete the expression of cyclin G1 in MCF-7 cells.

Figure 2. Combination of estradiol (E2, 10-10 M) and progester-
one (P, 10-8 M) in cell proliferation effects. A, Cell viability in each
group was monitored over five continuous days. B, Colony
formation ability in each group of cells stained with crystal violet
(upper panel) and counted (lower panel). Data are reported as
means±SD. *Po0.05; **Po0.01 vs DMSO group (control)
(Student’s t-test).

Figure 1. Effect of different concentrations of estradiol (A) or
progesterone (B) alone in MCF-7 cell viability. DMSO was used as
control. Data are reported as means±SD. *Po0.05; **Po0.01 vs
DMSO group (control) (Student’s t-test).
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As shown in Figure 5, E2 and progesterone treatment
(either alone or combined) enhanced the expression of
cyclin G1, whereas infection of MCF-7 cells with shCyclin
G1 significantly decreased the mRNA level of cyclin G1
(Figure 5A). The protein level of cyclin G1 was also
consistently decreased upon infection with shCyclin G1
(Figure 5B). These data indicated the high efficiency of
synthesized shCyclin G1 in downregulating cyclin G1.

Next, MCF-7 cells depleted or not of cyclin G1
(shCyclin G1 groups) were treated with the indicated
hormones and subjected to cell viability determination and
colony formation assay. The viability of cells depleted of
cyclin G1 was significantly lower on the fifth day compared
with that in the corresponding samples (Figure 6A).
Colony counting revealed that knockdown of cyclin G1
decreased the colony number by up to 28% in E2 alone
treatment groups, 25.5% in progesterone alone treatment
groups, and 40% in E2 plus progesterone treatment
groups (Figure 6B). These data strongly indicate that

knockdown of cyclin G1 limited E2- and progesterone-
mediated cell proliferation in vitro.

Figure 3. A, Effect of estradiol (E2) and progesterone (P) treat-
ments on cell cycle progression. B, Cell accumulation in the G2/M
phase of the cell cycle with each treatment. DMSO was used as
control. Data are reported as means±SD.

Figure 4. Effect of estradiol (E2) and progesterone (P) treatments
on the mRNA expression of cyclin G1 (A), and on the protein level
of cyclin G1 (B). Data are reported as means±SD. **Po0.01 vs
DMSO; ***Po0.001 vs DMSO (Student’s t-test).

Figure 5. Synthesized shRNA against cyclin G1 (shCyclin G1)
successfully depleted the expression of cyclin G1 in MCF-7 cells.
A, Cyclin G1 mRNA expression was detected by q-PCR in the
cells treated with estradiol (E2) and progesterone (P). B, The
protein level of cyclin G1 was detected by western blot. Data are
reported as means±SD. **Po0.01 vs shCon (scrambled shRNA
as control) (Student’s t-test).
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Knockdown of cyclin G1 limited estradiol- and
progesterone-mediated cell accumulation in G2/M
phase in MCF-7 cells

Next, we analyzed cell cycle progression in MCF-7
cells infected with or without shCyclin G1 (Figure 7A).
Single or combined administration of E2 and progesterone
caused cells to accumulate in the G2/M phase, which was
consistent with the results of the cell cycle analysis
described in Figure 3. More importantly, the percentage of
cells in the G2/M phase was significantly decreased in the

cyclin G1-depleted group versus the hormone-treated
counterparts that were not depleted of cyclin G1. In
contrast, the percentages of cells in the S phase were
increased in cyclin G1-depleted groups compared to that
in their control counterparts (Figure 7B). These observa-
tions indicated that knockdown of cyclin G1 reduced E2-
and progesterone-mediated cell accumulation in the G2/M
phase.

Discussion

Previous studies showed that continuous hormone
replacement treatment with estrogen plus progesterone
is linked to a reduced risk of endometrial cancer (15,16),
but associated with an increased risk of developing breast
cancer (17). These data indicate that estrogen and
progesterone are involved in the development of breast
cancer.

The present study investigated the effects of estrogen
plus progesterone on breast cancer MCF-7 cell prolifera-
tion. As ligands of the receptors, estrogen and proges-
terone are thought to have functional roles in MCF-7

Figure 6. A, Knockdown of cyclin G1 (shCyclin G1) limits
estradiol (E2)- and progesterone (P)-mediated MCF-7 cell
proliferation. B, Knockdown of cyclin G1 decreased the colony
number by up to 28% in single E2 treatment groups, 25.5% in
single P treatment groups, and 40% in E2+P treatment groups
(lower panel). Data are reported as means±SD. *Po0.05 and
**Po0.01 vs shCon groups (Student’s t-test).

Figure 7. Knockdown of cyclin G1 (shCyclin G1) limits estradiol
(E2)- and progesterone (P)-mediated cell accumulation in G2/M
phase in MCF-7 cells. A, Cell cycle analysis. B, Percentage of
cells in cell cycle phases with each treatment. Data are reported
as means±SD. *Po0.05 vs shCon (Student’s t-test).
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cell proliferation. The results of this study showed that admin-
istration of estrogen (mainly estradiol) or progesterone
alone was sufficient to promote MCF-7 cell proliferation
and clonogenic abilities. After a 5-day treatment, E2 and
progesterone increased MCF-7 cell proliferation in a dose-
dependent manner. Furthermore, E2 and progesterone
promoted cell cycle progression by accumulating large
number of cells in G2/M phase. Since dysregulated cell
cycle progression is a hallmark of tumorigenesis (14,18–20),
the cell cycle analysis results support our hypothesis that
estrogen and progesterone promote MCF-7 cell prolif-
eration. Furthermore, combined treatment of MCF-7 cells
with E2 and progesterone caused even stronger effects
on cell proliferation, indicating that progesterone can
promote MCF-7 cell proliferation on its own (21), and
enhance estrogen-mediated breast cancer cell prolifera-
tion. In fact, progesterone has been proposed to augment
the effects of estrogen on breast cancer development (9).
Therefore, our data indicate that progesterone and
estrogen had a synergistic role in promoting tumor growth in
MCF-7 cells.

One novel aspect of this study is that cyclin G1 was
found to be a critical target gene that mediated estradiol-
and progesterone-induced breast cancer cell proliferation.
Cyclin G is a member of the cyclin family and contains a
well-conserved cyclin box (22). Cyclins function by regulat-
ing the activities of cyclin-dependent kinases and are
thereby involved in cell cycle regulation (14). Two members,
cyclin G1 and cyclin G2, have been identified, of which
cyclin G1 is a negative regulator of the tumor suppressor
gene p53 (23). The negative regulation of p53 indicates that
cyclin G1 promotes tumor growth. However, unlike other
cyclins, cyclin G1 has two-sided effects on cell growth,
depending on the cell type (24). For example, cyclin G1 is
known to exert negative control of cell proliferation in
endometrial carcinoma (24) in a progesterone-dependent

manner (25). A deficiency in progesterone and its receptors
is an important cause of decreased expression of cyclin
G1 in endometrial carcinoma (25). In contrast, in hepatic
tumors (26) and cervical carcinoma (27), overexpression of
cyclin G1 has been shown to promote cell growth, which
contradicts the results for endometrial carcinoma. These
conflicting results indicate that cyclin G1 has a dual role in
human tumorigenesis. In this study, we identified that cyclin
G1 was under positive control by E2 and progesterone. Both
E2 and progesterone promoted the expression of cyclin G1
in MCF-7 cells, which is consistent with a previous report
(25). Functionally, knockdown of cyclin G1 blunted estradiol-
and progesterone-mediated MCF-7 cell proliferation by 28
and 25.5%, respectively, as well as disrupted estrogen- and
progesterone-mediated cell cycle progression in MCF-7
cells. These data indicate that in breast cancer, cyclin G1 is
a positive regulator of cell proliferation despite its dual role
in other cancer types. In contrast, our data suggest that
targets against cyclin G1 are promising therapeutics for the
treatment of breast cancer.

In summary, we found that E2 plus progesterone
exerted greater detrimental effects on the risk of breast
cancer than either E2 or progesterone alone. The increased
proliferation of breast cancer cells was achieved by induc-
ing the expression of cyclin G1. Therefore, therapeutics
against cyclin G1 might prove to be promising for the treat-
ment of breast cancer.

Acknowledgments

This study was supported by Health Department of
Sichuan Province: ‘‘Cyclin G1-mediated regulation of
ovarian hormones on breast cancer cell proliferation’’
(No. 100226) and Technology Bureau of Luzhou ‘‘Cyclin
G1-mediated regulation of ovarian hormones on breast
cancer cell proliferation’’ [No. (2011) 108-5].

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA Cancer J Clin 2011; 61: 69–90,
doi: 10.3322/caac.20107.

2. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin
2015; 65: 87–108, doi: 10.3322/caac.21262.

3. Zhang H, Stephens LC, Kumar R. Metastasis tumor antigen
family proteins during breast cancer progression and
metastasis in a reliable mouse model for human breast
cancer. Clin Cancer Res 2006; 12: 1479–1486, doi: 10.1158/
1078-0432.CCR-05-1519.

4. Lu Z, Luo RZ, Peng H, Huang M, Nishmoto A, Hunt KK,
et al. E2F-HDAC complexes negatively regulate the tumor
suppressor gene ARHI in breast cancer. Oncogene 2006;
25: 230–239, doi: 10.1038/sj.onc.1209025.

5. Li L, Gao P, Li Y, Shen Y, Xie J, Sun D, et al. JMJD2A-
dependent silencing of Sp1 in advanced breast cancer
promotes metastasis by downregulation of DIRAS3. Breast

Cancer Res Treat 2014; 147: 487–500, doi: 10.1007/
s10549-014-3083-7.

6. Feng W, Lu Z, Luo RZ, Zhang X, Seto E, Liao WS, et al.
Multiple histone deacetylases repress tumor suppressor
gene ARHI in breast cancer. Int J Cancer 2007; 120: 1664–
1668, doi: 10.1002/ijc.22474.

7. Li LL, Xue AM, Li BX, Shen YW, Li YH, Luo CL, et al.
JMJD2A contributes to breast cancer progression through
transcriptional repression of the tumor suppressor ARHI.
Breast Cancer Res 2014; 16: R56, doi: 10.1186/bcr3667.

8. Travis RC, Key TJ. Oestrogen exposure and breast cancer risk.
Breast Cancer Res 2003; 5: 239–247, doi: 10.1186/bcr628.

9. Pike MC, Spicer DV, Dahmoush L, Press MF. Estrogens,
progestogen, normal breast cell proliferation, and breast
cancer risk. Epidemiol Rev 1993; 15: 17–35, doi: 10.1093/
oxfordjournals.epirev.a036102.

10. Key T, Appleby P, Barnes I, Reeves G, Endogenous Hormones
and Breast Cancer Collaborative Group. Endogenous sex

Braz J Med Biol Res | doi: 10.1590/1414-431X20175612

E2/progesterone promote breast cancer cell proliferation 6/7

http://dx.doi.org/10.3322/caac.20107
http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.1158/1078-0432.CCR-05-1519
http://dx.doi.org/10.1158/1078-0432.CCR-05-1519
http://dx.doi.org/10.1038/sj.onc.1209025
http://dx.doi.org/10.1007/s10549-014-3083-7
http://dx.doi.org/10.1007/s10549-014-3083-7
http://dx.doi.org/10.1002/ijc.22474
http://dx.doi.org/10.1186/bcr3667
http://dx.doi.org/10.1186/bcr628
http://dx.doi.org/10.1093/oxfordjournals.epirev.a036102
http://dx.doi.org/10.1093/oxfordjournals.epirev.a036102
http://dx.doi.org/10.1590/1414-431X20175612


hormones and breast cancer in postmenopausal women:
reanalysis of nine prospective studies. J Natl Cancer Inst
2002; 94: 606–616, doi: 10.1093/jnci/94.8.606.

11. Cuzick J, Powles T, Veronesi U, Forbes J, Edwards R, Ashley
S, et al. Overview of the main outcomes in breast-cancer
prevention trials. Lancet 2003; 361: 296–300, doi: 10.1016/
S0140-6736(03)12342-2.

12. Maynadier M, Chambon M, Basile I, Gleizes M, Nirde P,
Gary-Bobo M, et al. Estrogens promote cell-cell adhesion of
normal and malignant mammary cells through increased
desmosome formation. Mol Cell Endocrinol 2012; 364: 126–
133, doi: 10.1016/j.mce.2012.08.016.

13. Tiscornia G, Singer O, Verma IM. Production and purification
of lentiviral vectors. Nat Protoc 2006; 1: 241–245, doi:
10.1038/nprot.2006.37.

14. Sherr CJ. Cancer cell cycles. Science 1996; 274: 1672–
1677, doi: 10.1126/science.274.5293.1672.

15. Mayor S. Continuous HRT with oestrogen plus progestogen
is linked to reduced risk of endometrial cancer. BMJ 2015;
351: h6627, doi: 10.1136/bmj.h6627.

16. Grant EC. Endometrial cancer with progestagen and
oestrogen oral contraceptives. Lancet Oncol 2015; 16:
e527, doi: 10.1016/S1470-2045(15)00278-8.

17. Olsson HL, Ingvar C, Bladstrom A. Hormone replacement
therapy containing progestins and given continuously
increases breast carcinoma risk in Sweden. Cancer - Am
Cancer Soc 2003; 97: 1387–1392, doi: 10.1002/cncr.11205.

18. Kawazu M, Saso K, Tong KI, McQuire T, Goto K, Son DO,
et al. Histone demethylase JMJD2B functions as a co-factor
of estrogen receptor in breast cancer proliferation and
mammary gland development. Plos One 2011; 6: e17830,
doi: 10.1371/journal.pone.0017830.

19. Lan ZJ, Hu Y, Zhang S, Li X, Zhou H, Ding J, et al. GGNBP2
acts as a tumor suppressor by inhibiting estrogen receptor

alpha activity in breast cancer cells. Breast Cancer Res
Treat 2016; 158: 263–276, doi: 10.1007/s10549-016-
3880-2.

20. Ahn HN, Jeong SY, Bae GU, Chang M, Zhang D, Liu X, et al.
Selective estrogen receptor modulation by Larrea nitida on
MCF-7 cell proliferation and immature rat uterus. Biomol
Ther 2014; 22: 347–354, doi: 10.4062/biomolther.2014.050.

21. Azeez JM, Sithul H, Hariharan I, Sreekumar S, Prabhakar J,
Sreeja S, et al. Progesterone regulates the proliferation of
breast cancer cells - in vitro evidence. Drug Des Devel Ther
2015; 9: 5987–5999, doi: 10.2147/DDDT.S89390

22. Tamura K, Kanaoka Y, Jinno S, Nagata A, Ogiso Y, Shimizu
K, et al. Cyclin G: a new mammalian cyclin with homology to
fission yeast Cig1. Oncogene 1993; 8: 2113–2118.

23. Ohtsuka T, Jensen MR, Kim HG, Kim KT, Lee SW. The
negative role of cyclin G in ATM-dependent p53 activa-
tion. Oncogene 2004; 23: 5405–5408, doi: 10.1038/sj.onc.
1207693.

24. Liu F, Gao X, Yu H, Yuan D, Zhang J, He Y, et al. Effects of
expression of exogenous cyclin G1 on proliferation of
human endometrial carcinoma cells. Chin J Physiol 2013;
56: 83–89, doi: 10.4077/CJP.2013.BAA091.

25. Liu F, Gao X, Yu H, Yuan D, Zhang J, He Y, et al. The role of
progesterone and its receptor on cyclin G1 expression in
endometrial carcinoma cells. Reprod Sci 2012; 19: 1205–
1210, doi: 10.1177/1933719112446073.

26. Jensen MR, Factor VM, Fantozzi A, Helin K, Huh CG,
Thorgeirsson SS. Reduced hepatic tumor incidence in
cyclin G1-deficient mice. Hepatology 2003; 37: 862-870,
doi: 10.1053/jhep.2003.50137.

27. Kimura SH, Ikawa M, Ito A, Okabe M, Nojima H. Cyclin G1 is
involved in G2/M arrest in response to DNA damage and in
growth control after damage recovery. Oncogene 2001; 20:
3290–3300, doi: 10.1038/sj.onc.1204270.

Braz J Med Biol Res | doi: 10.1590/1414-431X20175612

E2/progesterone promote breast cancer cell proliferation 7/7

http://dx.doi.org/10.1093/jnci/94.8.606
http://dx.doi.org/10.1016/S0140-6736(03)12342-2
http://dx.doi.org/10.1016/S0140-6736(03)12342-2
http://dx.doi.org/10.1016/j.mce.2012.08.016
http://dx.doi.org/10.1038/nprot.2006.37
http://dx.doi.org/10.1126/science.274.5293.1672
http://dx.doi.org/10.1136/bmj.h6627
http://dx.doi.org/10.1016/S1470-2045(15)00278-8
http://dx.doi.org/10.1002/cncr.11205
http://dx.doi.org/10.1371/journal.pone.0017830
http://dx.doi.org/10.1007/s10549-016-3880-2
http://dx.doi.org/10.1007/s10549-016-3880-2
http://dx.doi.org/10.4062/biomolther.2014.050
http://dx.doi.org/10.2147/DDDT.S89390
http://dx.doi.org/10.1038/sj.onc.1207693
http://dx.doi.org/10.1038/sj.onc.1207693
http://dx.doi.org/10.4077/CJP.2013.BAA091
http://dx.doi.org/10.1177/1933719112446073
http://dx.doi.org/10.1053/jhep.2003.50137
http://dx.doi.org/10.1038/sj.onc.1204270
http://dx.doi.org/10.1590/1414-431X20175612

	title_link
	Introduction
	Material and Methods
	Reagents and cell culture
	Lentivirushyphenmediated RNA interference of cyclin G1
	Quantitative realhyphentime PCR lparqRThyphenPCRrpar
	Western blotting
	Cell viability assay
	Colony formation assay
	Cell cycle analysis
	Statistical analysis

	Results
	Estradiol or progesterone alone promoted MCFhyphen7 cell viability
	Combination of estradiol and progesterone had a greater effect on cell proliferation
	Estradiol and progesterone treatment promoted cell cycle progression
	Estradiol and progesterone treatments increased the expression of cyclin G1
	Knockdown of cyclin G1 reduced estradiolhyphen and progesteronehyphenmediated MCFhyphen7 cell proliferation

	Figure 2.
	Figure 1.
	Figure 3.
	Figure 4.
	Figure 5.
	Knockdown of cyclin G1 limited estradiolhyphen and progesteronehyphenmediated cell accumulation in G2solM phase in MCFhyphen7 cells

	Discussion
	Figure 6.
	Figure 7.
	Acknowledgments

	REFERENCES
	References


