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Abstract: Progestin is commonly used for young patients suffering from endometrial hyperplasia or cancer. However,
there is approximately 30% failure rate with unclear mechanism. We investigated if Nrf2-survivin pathway contributes the progestin resistance (PR) in this setting. Current study detected Nrf2 and survivin protein expression in
post progestin treated endometrial tissue samples by using immunohistochemistry. Transfection of Nrf2 and survivin into endometrial cancer cells in vitro was done to determine the roles of Nrf2 and survivin in progestin resistance. Silence of survivin was then performed to explore if Nrf2-driven progestin resistance is mediated by survivin.
Medorxyprogesterone acetate (MPA) and metformin were applied to examine the cellular proliferations under the
controlled conditions. Overexpression of survivin and Nrf2 were found in progestin-resistant endometrial samples
as well as in those areas with only partial responses after MPA treatment. In contrast, all responded endometrial
tissue with complete decidualization showed negative expression of these two biomarkers. Exogenous overexpression of Nrf2 and survivin resulted in progestin resistance. In addition, reduction of survivin in endometrial cancer
cells overcame the Nrf2 overexpression induced progestin resistance. Furthermore, Nrf2 and survivin expressions
were effectively suppressed after withdrawal of MPA. Interestingly, metformin increased the progestin sensitivity by
down regulation of Nrf2 and survivin. The findings suggest that dysregulation of Nrf2-survivin may represent part of
the molecular mechanisms of progestin resistance in endometrial cancer. Detecting survivin and Nrf2 may predict
progestin resistance, while targeting Nrf2 and survivin may represent a promising prevention and treatment strategy for endometrial cancer.
Keywords: Endometrial cancer, endometrial precancer, endometrial hyperplasia, progestin resistance, survivin,
Nrf2

Introduction
Type I endometrial cancer is encountered most
frequently in the peri- and postmenopausal
women, when the hormone level is out of balance. It can also occur, however, in young
women and even teenagers, in whom anovulatory cycles are common. Endometrial precancers, referred as atypical hyperplasia or endometrial intraepithelial neoplasia, and well differentiated endometrial endometrioid cancers
tend to occur in younger women. Surgical management with hysterectomy may not be an ideal
approach for those patients when they either
have a desire to maintain their fertility or not
suitable for surgery. When this happens, pro-

gestin treatment as a conservative management is commonly applied. However, approximately 30% of such patients fail to respond to
progestin therapy [1-3]. The molecular mechanism of progestin resistance is currently unclear.
To better understand the mechanism of progestin resistance, significant research efforts
including ours have been made in the last 2
decades. Downregulation of progestin receptor
(PR) resulting from continuous progestin administration leads to desensitization to progestin,
which was thought to be one of the reasons of
progestin resistance [4, 5]. The other molecules
including those in the EGF/EGFR and insulin sig-
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naling pathways may also contribute to progestin resistance [4, 5]. In our earlier studies, significant decrease of survivin expression in
human tissues with endometrial hyperplasia
was seen in progestin responders, whereas, no
significant level changes of survivin expression
were found in those non-responders [1]. It was
additionally noted that increased ratio of Fas/
FasL expression is consistent with a better
response to progestin treatment, while dysregulation of Fas/FasL expression contributes to
progestin resistance [6]. Despite all these
efforts and progresses received in the past,
however, the detail molecular mechanism is
still unclear. Increasing evidence from recent
studies showed that the transcription factor
NF-E2-related factor 2 (Nrf2) plays a critical
role in cancer recurrence through increased tolerance to adjuvant chemo- and/or radiation
therapies. The mechanisms of Nrf2 mediated
drug resistance involve multiple genes and
details of the molecular pathways of such drug
resistance have been summarized elsewhere
[7-13]. It has recently been reported that Nrf2
involves in endometrial cancer progestin resistance [3, 14], however, how does it contribute
to progestin resistance remains to be clarified.
Evidence accumulated over the past 10 years
suggests that survivin, a small inhibitor of
apoptosis (IAP) protein has multiple functions
as an essential regulator of cell division, a modulator of apoptotic and non-apoptotic cell
death, and a promoter of angiogenesis. The
survivin gene has been mapped to the chromosomal region 17q25, and encodes a 1.9-kb
transcript, which contains 4 exons resulting in a
142-amino acid (16.5 kDa) protein. In the antiapoptotic network, survivin interacts with other
adaptors or cofactors, provides a heightened
cell survival threshold and hinges on multiple
signaling pathways. In contrast, survivin is highly expressed in most human tumors, including
lung, breast, and prostate cancer. In human
endometrium, survivin is expressed in normal
and proliferative endometrium and is overexpressed in hyperplastic and malignant endometrium. Overexpression of survivin in neoplastic endometrium suggests that survivin may
play an important role in the process of estrogen dependent endometrial carcinogenesis.
Meanwhile, progesting resistance may also be
related to the survivin overexpression since it
blocks cellular apoptotic pathway [15-17]. With
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these understandings, we hypothesize that
Nrf2-driven progestin resistance is probably
mediated through survivin regulation to make
the cells of endometrial cancer or hyperplasia
not to respond progestin treatment properly.
In this study, we examined the role of Nrf2 and
survivn in the process of progestin resistance
with the following approaches: 1) to test the
level of Nrf2 and survivin proteins expression in
post progestin-treated endometrial samples; 2)
to examine the relationship between Nrf2 and
survivin in terms of progestin resistance through a molecular manipulation process; and
3) to test if the progestin resistance could be
reversed by addition of metformin, and the
effects of the agent on Nrf2 and survivin
expression.
Material and methods
Patients and tissue samples
A total of 35 patients were enrolled in the study.
These included 26 atypical hyperplasia, 3 atypical hyperplasia bordering endometrial cancer,
and 6 well differentiated endometrioid carcinoma. Pathological diagnosis of endometrial
hyperplasia or well-differentiated carcinoma
was reviewed and confirmed by a gynecologic
pathologist (WZ) according to WHO classification [18]. Patient age ranged from 23 to 38 with
an average age of 31.6 years. Among the 35
patients, 15 were known to have polycystic
ovarian syndrome, 3 had Lynch syndrome, and
17 had unknown etiology. Regarding the body
weight, we summarized the BMI for the studied
patients. There were 20 patients their BMI
more than 35, 8 between 25 and 35, and 7
were 25 or less but within normal range. All
patients received at least 6 months of Medorxyprogesterone acetate (MPA) treatment and
followed in the clinic regularly. Endometrial
curetting samples were received at 6 months (n
= 14), 9 months (n = 10), and between 10 and
14 months (n = 11). Patients were considered
to have complete regression of hyperplasia
(responders) if post progestin treated samples
showed decidualized stroma with attenuated
endometrial glands in more than 95% of the
samples and without any evidence of residual
hyperplasia or cancer; If more than 50% of the
entire sample contained residual hyperplasia
similar or worse than the findings prior to the
progestin treatment, the patient was considAm J Transl Res 2017;9(3):1483-1491
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ered to have persistent disease (non-responder); If residual hyperplastic glands comprising
50% or less, it was classified as partial
response. The criteria for the responders vs
non-responders were referenced based on previous publications [1, 3, 6].
All the tissue samples were obtained from the
Department of Pathology, University of Arizona
and the study was approved by the Institutional
Review Board.
Immunohistochemical staining
IHC analyses of Survivin and Nrf2 protein levels
were performed as previously described. Briefly, specimens were de-paraffinized in xylene
and rehydrated in a graded series of ethanol,
subsequently, endogenous peroxidase activity
was blocked by a 10-minute treatment with
3.0% hydrogen peroxide. Following, sections
were subjected to antigen retrieval by boiling in
citrate buffer (pH 6.0) and incubated for 30 min
with 0.01% Trixon, then incubated for 20 min
with 5% bovine serum albumin. The 5 um sections were incubated overnight either with rabbit anti-survivin antibody (diluted to 1:100;
Sigma, St. Louis, MO, USA) or with anti-Nrf2
antibody (diluted to 1:100; Abcam, Cambridge,
UK), followed by a 50-minute incubation with
biotinylated secondary antibody (Dako, Carpinteria, CA, USA). Omitted primary antibodies
served as negative controls. Expression of Nrf2
or Survivin protein were assessed using a semiquantitative method: the slides were evaluated
for the percentage of positively stained cells
(0-4) and the intensity of the staining (0-3).
Index of Nrf2 or Survivin expression was calculated as percentage × intensity of the staining.
Therefore, score 0 present negative, 1-4 as
weak positive, 5-8 as positive, and 9-12 as
strong positive. All IHC slides were reviewed
independently by two investigators.
Cell lines and cell culture
The RL95-2 cell line, a hormone-responsive
Type I endometrial cancer cell line purchased
from American Type Culture Collection (ATCC).
The cells with positive estrogen and progesterone receptor expression were maintained in
Dulbecco’s modified Eagle’s medium (DMEM)
F-12 1:1 medium (GIBCO) with 10% fetal bovine
serum (FBS; Gibco, Gaithersburg, MD, USA),
100 U/ml penicillin, sodium pyruvate and
L-glutamine in a humidified atmosphere of 5%
CO2 at 37°C.
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Transient transfection of plasmids and hormone administration
To investigate the roles of Nrf2 and survivin in
progestin resistance, exogenous transfection
of Nrf2 and survivin were performed. Briefly,
after serum starvation for 24 hours, RL95-2
cells were transfected with pCI-Nrf2 and pcDNA-survivin plasmid using Lipofectamine™
3000 (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s protocol, respectively.
After transfection for 16 hours, Nrf2-transfected
or survivin-transfected cells and their corresponding control cells were treated with different dose of MPA for another 48 hours.
Metformin (1 mM) was used for the progestin
resistant reserve tests. Cell proliferation was
determined by the MTT assay. All experiments
represented results of triplicate test.
Small interfering RNA transfection and hormone stimulation
RL95-2 derived stable cell lines, with incorporation of Nrf2 or an empty vector, were established using lentivirus system as described previously. Stable RL95-2 cells were continuously
cultured in medium containing 1.5 μg/ml puromycin (sigma). The acute knockdown of survivin
in above stable cell lines was performed as previously described. Briefly, cells were seeded in
0.1 ml of growth medium in 96-well plate without antibiotics. After 24 hours, transfection of
survivin siRNA was done according to the manufacturer’s instructions with Hi-perfect transfection reagent (Qiagen, Boston, Massachusetts). After knockdown for 16 hours, the cells
were treated with different dose of MPA for
another 48 hours. The cell viability was then
determined by MTT assay.
Western blot analysis
Western blots were carried out as described
elsewhere [19]. Briefly, cells treated with various drugs and hormones were lysed, and proteins (60 μg) were separated by SDS-PAGE.
After transferring to polyvinylidene fluoride
(PVDF) membranes, proteins of interest were
determined using specific antibodies.
MTT assay
The MTT assay was performed to determine
cell viability. Briefly, RL95-2 cells were plated in
a 96-well plate (2,000 cells per well) and incuAm J Transl Res 2017;9(3):1483-1491
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highly expressed in the
samples of partial responders and non-responders
Responders Partial Responders Non-responders
p
Marker scores
(P < 0.001). The detailed
(n = 18)
(n = 6)
(n = 11)
Values
results are summarized in
Survivin
0.52 ± 0.03
6.15 ± 0.82
8.52 ± 1.25
< 0.001
Table 1. Interesting to note,
Nrf2
0
4.21 ± 0.62
5.12 ± 0.48
< 0.001
responded areas of partial
responding cases showed
bated for 24 hours. The culture medium was
negative staining of both markers, too. Survivin
and Nrf2 expression were mainly cytoplasmic
then changed to serum-free DMEM F-12 1:1
in endometrial epithelial cells. No statistical difmedium for 24 hours. After various hormone
ferences of the marker stains were observed
and metformin treatments, MTT solution (20 μL
between cases of atypical hyperplasia versus
of 5 mg/mL MTT in PBS) was added to the
endometrioid carcinoma (data not shown).
treated cells. After 4 hours of incubation at
Representative pictures of survivin and Nrf2
37°C, the culture medium was removed, and
expression are presented in Figure 1.
150 μL of dimethylsulfoxide was added to dissolve the formazan. Finally, absorbance at 490
Nrf2 and survivin enhanced the progestin
nm was measured with a GENios multifunction
resistance
reader (Tecan, Zurich, Switzerland).
Table 1. Survivin and Nrf2 expression in progestin treated endometrial samples

Statistical analysis
The statistical significance of the differences in
the IHC staining in endometrial tissues was calculated using the Chi-squared test. The differences in various protein levels and cell proliferation between groups were analyzed using
the Student’s t-test. A two-sided test with P <
0.05 was considered statistically significant. All
statistical analyses were performed using SAS
Release 8.02 (SAS Institute Inc., Cary, NC, USA)
or SPSS 11.0 (SPSS Inc., Chicago, IL).
Results
Patients responding to progestin treatment
All H&E slides from studied patients were
reviewed under light microscopy. Based on the
defined criteria, we have identified overall responses to progestin treatment as follows.
There were 18 progestin responders (successfully treated), 6 partial responders, and 11 nonresponders (failures to response to progestin
treatment).
Nrf2 and survivin expression in post progestintreated endometrial samples
Immunohistochemical stain showed that survivin and Nrf2 expression were positively correlated to the status of progestin resistance. In
the responder group, survivin and Nrf2 were
basically negative in all 18 endometrial samples of patients who received progestin treatment. In contrast, both survivin and Nrf2 were
1486

To determine the role of survivin and Nrf2 in
endometrial cancer progestin resistance, we
overexpressed Nrf2 and survivin by transfecting each plasmid. As shown in Figure 2A,
increased level of Nrf2 expression resulted in
progestin resistance. Similarly, transfection of
survivin led to reduced susceptibility to progestin treatment (Figure 2B). These findings suggest that survivin plays an important role in
endometrial cancer progestin resistance.
Survivin expression controlled by Nrf2 in the
process of progestin resistance
To examine if survivin overexpression is driven
by Nrf2 in the scenario or progestin resistance,
we established Nrf2-overexpressed RL95-2
stable cell line (RL95-2-Nrf2). siSurvivin and its
negative control (siCon) were transfected in to
RL95-2-Nrf2 cells, respectively. Compared with
the cells transfected with siCon, the cells with
siSurvivin showed a significant suppression of
survivin expression (Figure 3A), which subsequently enhanced the sensitivity to progestin
treatment (Figure 3B).
After the plasmids with different Nrf2 doses
constructed, we examined if the level of survivin expression could be regulated accordingly. As shown in Figure 4A, a dose response relationship between survivin expression and the
dose of Nrf2 plasmid was observed. This relationship was further confirmed by using different doses of tBHQ to replace Nrf2 plasmids
(Figure 4B). The results suggest that Nrf2
directly regulates survivin expression.
Am J Transl Res 2017;9(3):1483-1491
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Figure 1. Expression of surviving and Nrf2 in endometrial precancer/cancer tissues after progestin treatment. An
example of partial response to progestin treatment is shown on the upper panel, while non-response of a carcinoma
case is on the lower panel. Staining of survivin and Nrf2 were performed in the deeper sections of the same tissue
block. Within the partial response case, area at the left side represented endometrium responded to progestin
treatment, while right side was partial responded area (H&E, upper left panel). As illustrated, survivin and Nrf2 were
stained only in the partially responded area (upper panel) and all non-responding cancerous area (lower panel).

Figure 2. Effect of Nrf2 and survivin on the susceptibility to progestin treatment. Nrf2 plasmid (A) and survivin plasmid (B) were transiently transfected into endometrial cancer RL-95-2 cells, following treated with indicated dose of
MPA for 48 hours. MTT assay was used to determine the relative proliferative ability of the cells. The cancer cells
survived better after transfection of either Nrf2 or survivin.

Nrf2, survivin and PR expressions after MPA
withdrawal
As hormone withdrawal usually causes ‘breakdown’ of the endometrium, we assessed whether the removal of MPA may change Nrf2, survivin and PR expression level in the RL95-2 cell
line. MPA removal experiments showed that the
level of Nrf2 and survivin expression became
apparent at 48 hours and was most pro1487

nounced at 72 hours (Figure 5). In contrast, the
PR expression level increased in the time
course of MPA withdraw experiments.
Progestin resistance overcome by metformin
through down-regulation of survivin and Nrf2
It has been shown that metformin is able to
reverse progestin resistance for patients with
atypical endometrial hyperplasia [12, 20]. The
Am J Transl Res 2017;9(3):1483-1491
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Figure 3. Survivin mediated Nrf2-driven progestin resistance in endometrial
cancer cells. Survivin siRNA was transfected into stably overexpressed Nrf2
RL-95-2 cells. Western blot was used to detect the efficiency of the gene silence with siCon as a negative control (A). MTT assay was used to examine
the proliferative activity after treatment with indicated doses of MPA (B). After
the level of survivin was knocked down, the cancer cells survived significantly
less (P < 0.01).

cell viability assay revealed
that treatment with 10 μM
MPA alone has no significant
inhibition effect on progestin-resistant RL-2-Nrf2 cells
compared with its control,
whereas treatment with metformin (1 mM) plus MPA
remarkably reduced the cell
viability of both control and
progestin-resistant cells (P <
0.05) compared with treatment with MPA or metformin
individually. This may attribute to the decrease of Nrf2
and survivin protein levels
by metformin as shown in
Figure 6.
Discussion

Endometrial carcinoma is
one of the leading causes of
death in women. More than
80% of endometrial cancers
are adenocarcinoma (type I),
Figure 4. Nrf2 upregulated survivin expression in endometrial cancer cells.
and approximately 14% occDifferent doses of Nrf2 plasmids were transfected into RL-95-2 cells for 24
urs in younger women who
hours and the effect of Nrf2 on survivin expression was determined by Westhave wished to preserve ferern blot (A). Different doses of tBHQ were used to treat endometrial cancer
tility [21, 22]. For these pacells in a similar condition as a control (B). The cells were harvested after 24
hours in a culture system to investigate the effect of Nrf2 inducer on Nrf2 and
tients, hysterectomy with bisurvivin expression. The level of survivin expression positively correlated with
lateral oophorectomy is not
Nrf2 levels.
the first choice. Therefore, in
clinical practice, MPA, a synthetic progestin, is commonly used for those
patients who suffer from estrogen driven endometrial neoplastic diseases and meanwhile
who desire future fertility. Although MPA treatment has an encouraging 70% response rate,
approximately 30% of patients are resistant to
progestin therapy, thus it presents a major
obstacle for the treatment. Meanwhile, researches to overcome progestin resistance
become a heated topic in the field. It is widely
accepted that loss of PR impairs the therapeutic effect of progestin administration, low dose
and long term MPA-induced progestin-resistant
endometrial cancer cells presented a declined
Figure 5. Effect of MPA withdrawal on Nrf2, survivin
PR expression pattern, which could be one
and progestin receptor expressions. Western blot
was used to determine the expressions of Nrf2,
mechanism of progestin resistance in endomesurvivin and progestin receptor in RL95-2 cells aftrial precancer/cancer [23-27]. We previously
ter MPA withdrawal. Both Nrf2 and survivin proteins
reported that high level of survivin was present
were significantly down-regulated in the time course
in patients who fail to respond to progestin
of MPA withdrawal, whereas the level of progestin receptor (PR) increased with the time.
therapy, whereas decrease of survivin expres1488
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expressed endometrial cancer
cells, reducing survivin level
alone overcame the Nrf2-associated progestin resistance
(Figure 3). These findings indicate that Nrf2-survivin pathway
may not only be responsible to
the progestin resistance, but
also shows survivin being one
of the key downstream regulators. Recently, we have demonstrated that progestin resistance may also be mediated
by Nrf2-AKR1C1 pathway [31].
Both Nrf2 mediated survivin
Figure 6. Metformin reversed progestin resistance by inhibition of Nrf2
and survivin expression. Western blot was used to determine the effect
and AKR1C1 pathways are
of metformin on Nrf2 and survivin expression. Treatment with MPA plus
probably linked by the down
metformin (1 mM) enhanced the sensitivity of RL95-2-Nrf2 cells to MPA
regulation of progesterone readministration. *P < 0.05 by student’s t-test, when compared with the conceptor B by decreasing progestrol group.
tin-dependent PR activation
[32]. This is consistent with
sion can be seen in progestin responders [1].
what we observed in our current study that the
Recently, Nrf2, a transcript factor, has been
level of Nrf2-survivin was decreased, while prodemonstrated to contribute to endometrial
gesterone receptor was elevated in endometricancer progestin resistance [3, 14]. However, it
al cancer cells after MPA withdrawal. This is
is not clear if Nrf2-drived progestin resistance
also supported by our previous observations
is mediated by survivin.
[1, 6]. It seems that the decreased level of progestin potentiated by either survivin or AKR1C1
Survivin plays an essential role in the drug
may limit its interactions with progesterone
resistant phenotype of multiple human cancers
receptors and probably contribute to the pro[28-30]. Enforced high survivin expression
gestin resistance.
could effectively suppress apoptosis induced
by chemotherapeutic agents and increase drug
Metformin (dimethylbiguanide) is a biguanide
resistance in various cancers [28-30]. As previdrug that has been widely used as a first-line
ously demonstrated, survivin is overexpressed
pharmacologic treatment of type 2 diabetes. It
in neoplastic endometrial tissues including
has recently been demonstrated to possess
atypical endometrial hyperplasia and well difanti-proliferative properties that can be exploitferentiated endometrial cancer [1]. Based on
ed for the prevention and treatment of a variety
these understandings, we hypothesize that the
of cancers including endometrial cancers [33elevated survivin and Nrf2 in endometrial can35]. The mechanism of metformin action is
cer may be responsible to the emergence of
complex, all processes ultimately lead to enprogestin resistance. To further investigate
hanced tissue insulin sensitivity and reduction
how Nrf2 and survivin contribute to endometriof blood glucose and insulin levels. However,
al precancer or cancer progestin resistance, we
recent studies have suggested that metformin
performed the mechanism related experiments
has direct anticancer effects, part of which may
in vitro. Transfection of Nrf2 significantly inbe related to the induction of apoptosis pathcreased resistance to progestin treatment.
way [36]. Current study showed that reduction
Conversely, knockdown of Nrf2 in these stable
of Nrf2-survivin is benefit to endometrial cancells sensitized them to progestin treatment. In
cer cells responding to progestin. In our previterms of survivin regulation, the results paralous study we have shown that metformin is
leled those of Nrf2 (Figure 2). Exogenous overable to reverse progestin resistance in the
expression of survivin also resulted in an
endometrial cancer cell lines by decreasing the
enhanced progestin resistance. However, while
level of Nrf2 expression [31]. These findings
maintaining a high level of Nrf2 in Nrf2 stablyare consistent with the clinical and experimen-
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tal studies previously [20, 37]. Our finding of
metformin reduced the level of survivin expression in endometrial cancer further supports
that therapeutic effect of metformin may also
involve Nrf2-survivin pathway. It may be worth a
clinical trial to apply metformin simultaneously
or prior to progestin treatment for those endometrial precancer or cancer patients in near
future.
In conclusion, our findings show that survivin
expression in endometrial samples is mainly
controlled by Nrf2. The Nrf2-survivin pathway
plays an important role in progestin resistance
for patients with endometrial precancers/cancers. Detecting survivin and Nrf2 may predict
progestin resistance, while targeting Nrf2 and
survivin may represent a promising prevention
and treatment strategy for endometrial cancer.

[4]

[5]

[6]

[7]

Acknowledgements
This work was partially supported by grants
from the Department of Science and Technology
of Henan province (project numbers: 162102410040, 162102310028), China. The project
was also supported in part by the start-up fund
of Department of Pathology, University of Texas
Southwestern Medical Center and Mark and
Jane Gibson Endowment fund to WZ.

[8]

[9]

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Li Wei, Department
of Obstetrics and Gynecology, Henan Province People’s Hospital, Zhengzhou University People’s Hospital, 7 Weiwu Rd, Zhengzhou 450003, China. Tel:
01186-18638650069; E-mail: wangyiying1008@
126.com

[10]

[11]

References
[1]

[2]

[3]

Chen X, Zhang Z, Feng Y, Fadare O, Wang J, Ai
Z, Jin H, Gu C and Zheng W. Aberrant survivin
expression in endometrial hyperplasia: another mechanism of progestin resistance. Mod
Pathol 2009; 22: 699-708.
Perez-Medina T, Bajo J, Folgueira G, Haya J and
Ortega P. Atypical endometrial hyperplasia
treatment with progestogens and gonadotropin-releasing hormone analogues: long-term
follow-up. Gynecol Oncol 1999; 73: 299-304.
Zhao S, Li G, Yang L, Li L and Li H. Responsespecific progestin resistance in a newly charac-

1490

[12]

[13]

terized Ishikawa human endometrial cancer
subcell line resulting from long-term exposure
to medroxyprogesterone acetate. Oncol Lett
2013; 5: 139-144.
Smuc T and Rizner TL. Aberrant pre-receptor
regulation of estrogen and progesterone action in endometrial cancer. Mol Cell Endocrinol
2009; 301: 74-82.
Xu Y, Tong J, Ai Z, Wang J and Teng Y. Epidermal
growth factor receptor signaling pathway involved in progestin-resistance of human endometrial carcinoma: in a mouse model. J Obstet
Gynaecol Res 2012; 38: 1358-1366.
Wang S, Pudney J, Song J, Mor G, Schwartz PE
and Zheng W. Mechanisms involved in the evolution of progestin resistance in human endometrial hyperplasia--precursor of endometrial
cancer. Gynecol Oncol 2003; 88: 108-117.
Akhdar H, Loyer P, Rauch C, Corlu A, Guillouzo
A and Morel F. Involvement of Nrf2 activation
in resistance to 5-fluorouracil in human colon
cancer HT-29 cells. Eur J Cancer 2009; 45:
2219-2227.
Solis LM, Behrens C, Dong W, Suraokar M, Ozburn NC, Moran CA, Corvalan AH, Biswal S,
Swisher SG, Bekele BN, Minna JD, Stewart DJ
and Wistuba II. Nrf2 and Keap1 abnormalities
in non-small cell lung carcinoma and association with clinicopathologic features. Clin Cancer Res 2010; 16: 3743-3753.
Homma S, Ishii Y, Morishima Y, Yamadori T,
Matsuno Y, Haraguchi N, Kikuchi N, Satoh H,
Sakamoto T, Hizawa N, Itoh K and Yamamoto
M. Nrf2 enhances cell proliferation and resistance to anticancer drugs in human lung cancer. Clin Cancer Res 2009; 15: 3423-3432.
Wang XJ, Sun Z, Villeneuve NF, Zhang S, Zhao
F, Li Y, Chen W, Yi X, Zheng W, Wondrak GT,
Wong PK and Zhang DD. Nrf2 enhances resistance of cancer cells to chemotherapeutic
drugs, the dark side of Nrf2. Carcinogenesis
2008; 29: 1235-1243.
Bao LJ, Jaramillo MC, Zhang ZB, Zheng YX, Yao
M, Zhang DD and Yi XF. Nrf2 induces cisplatin
resistance through activation of autophagy in
ovarian carcinoma. Int J Clin Exp Pathol 2014;
7: 1502-1513.
Upson K, Allison KH, Reed SD, Jordan CD, Newton KM, Swisher EM, Doherty JA and Garcia
RL. Biomarkers of progestin therapy resistance
and endometrial hyperplasia progression. Am J
Obstet Gynecol 2012; 207: 36, e31-38.
Shibata T, Kokubu A, Saito S, Narisawa-Saito
M, Sasaki H, Aoyagi K, Yoshimatsu Y, Tachimori
Y, Kushima R, Kiyono T and Yamamoto M.
NRF2 mutation confers malignant potential
and resistance to chemoradiation therapy in
advanced esophageal squamous cancer. Neoplasia 2011; 13: 864-873.

Am J Transl Res 2017;9(3):1483-1491

Nrf-2 driven progestin resistance through surviving
[14] Chen N, Yi X, Abushahin N, Pang S, Zhang D,
Kong B and Zheng W. Nrf2 expression in endometrial serous carcinomas and its precancers.
Int J Clin Exp Pathol 2010; 4: 85-96.
[15] Bing L, Wu J, Zhang J, Chen Y, Hong Z and Zu H.
DHT inhibits the Abeta25-35-induced apoptosis by regulation of seladin-1, survivin, XIAP,
bax, and bcl-xl expression through a rapid PI3K/Akt signaling in C6 glial cell lines. Neurochem Res 2015; 40: 41-48.
[16] Zarogoulidis P, Petanidis S, Kioseoglou E, Domvri K, Anestakis D and Zarogoulidis K. MiR-205
and miR-218 expression is associated with
carboplatin chemoresistance and regulation
of apoptosis via Mcl-1 and Survivin in lung cancer cells. Cell Signal 2015; 27: 1576-1588.
[17] Lin Y, Yue B, Xiang H, Liu Y, Ma X and Chen B.
Survivin is expressed in degenerated nucleus
pulposus cells and is involved in proliferation
and the prevention of apoptosis in vitro. Mol
Med Rep 2016; 13: 1026-1032.
[18] Kurman RJ, Carcangiu ML, Herrington CS and
RH. Y. WHO classification of tumours of female
reproductive organs. Lyon: WHO Press; 2014.
[19] Zhang DD, Lo SC, Cross JV, Templeton DJ and
Hannink M. Keap1 is a redox-regulated substrate adaptor protein for a Cul3-dependent
ubiquitin ligase complex. Mol Cell Biol 2004;
24: 10941-10953.
[20] Shen ZQ, Zhu HT and Lin JF. Reverse of progestin-resistant atypical endometrial hyperplasia
by metformin and oral contraceptives. Obstet
Gynecol 2008; 112: 465-467.
[21] Jemal A, Siegel R, Ward E, Hao Y, Xu J and Thun
MJ. Cancer statistics, 2009. CA Cancer J Clin
2009; 59: 225-249.
[22] Kim MK, Seong SJ, Kim YS, Song T, Kim ML,
Yoon BS, Jun HS and Lee YH. Combined medroxyprogesterone acetate/levonorgestrel-intrauterine system treatment in young women
with early-stage endometrial cancer. Am J Obstet Gynecol 2013; 209: 358, e351-354.
[23] Wang Y, Liao H, Zheng HC, Li L, Jia L, Zhang Z
and Zheng W. Effect of luteinizing hormone-induced prohibitin and matrix metalloproteinases on ovarian epithelial tumor cell proliferation. Am J Cancer Res 2015; 5: 114-124.
[24] Ben-Arie A, Perlman S, Hazan Y, Solomon LA,
Edwards C and Kaplan AL. High-risk endometrial cancer in young indigent women. Int J Gynecol Cancer 2004; 14: 927-930.
[25] Gu C, Zhang Z, Yu Y, Liu Y, Zhao F, Yin L, Feng Y
and Chen X. Inhibiting the PI3K/Akt pathway
reversed progestin resistance in endometrial
cancer. Cancer Sci 2011; 102: 557-564.
[26] Shah MM and Wright JD. Management of endometrial cancer in young women. Clin Obstet
Gynecol 2011; 54: 219-225.
[27] Chaudhry P and Asselin E. Resistance to chemotherapy and hormone therapy in endometrial cancer. Endocr Relat Cancer 2009; 16:
363-380.

1491

[28] Du J, Li B, Fang Y, Liu Y, Wang Y, Li J, Zhou W
and Wang X. Overexpression of Class III betatubulin, Sox2, and nuclear Survivin is predictive of taxane resistance in patients with stage
III ovarian epithelial cancer. BMC Cancer 2015;
15: 536.
[29] Kar R, Palanichamy JK, Banerjee A, Chattopadhyay P, Jain SK and Singh N. Survivin siRNA
increases sensitivity of primary cultures of
ovarian cancer cells to paclitaxel. Clin Transl
Oncol 2015; 17: 737-742.
[30] Berinstein NL, Karkada M, Oza AM, Odunsi K,
Villella JA, Nemunaitis JJ, Morse MA, Pejovic T,
Bentley J, Buyse M, Nigam R, Weir GM, MacDonald LD, Quinton T, Rajagopalan R, Sharp K,
Penwell A, Sammatur L, Burzykowski T, Stanford MM and Mansour M. Survivin-targeted immunotherapy drives robust polyfunctional T
cell generation and differentiation in advanced
ovarian cancer patients. Oncoimmunology
2015; 4: e1026529.
[31] Wang Y, Wang Y, Zhang Z, Park JY, Guo D, Liao
H, Yi X, Zheng Y, Zhang D, Chambers SK and
Zheng W. Mechanism of progestin resistance
in endometrial precancer/cancer through
Nrf2-AKR1C1 pathway. Oncotarget 2016; 7:
10363-10372.
[32] Ji Q, Aoyama C, Nien YD, Liu PI, Chen PK,
Chang L, Stanczyk FZ and Stolz A. Selective
loss of AKR1C1 and AKR1C2 in breast cancer
and their potential effect on progesterone signaling. Cancer Res 2004; 64: 7610-7617.
[33] Christodoulou MI and Scorilas A. Metformin
and anti-cancer therapeutics: hopes for a
more enhanced armamentarium against human neoplasias? Curr Med Chem 2016; [Epub
ahead of print].
[34] Gadducci A, Biglia N, Tana R, Cosio S and Gallo
M. Metformin use and gynecological cancers:
A novel treatment option emerging from drug
repositioning. Crit Rev Oncol Hematol 2016;
105: 73-83.
[35] Iglesias DA, Yates MS, van der Hoeven D, Rodkey TL, Zhang Q, Co NN, Burzawa J, Chigurupati S, Celestino J, Bowser J, Broaddus R, Hancock JF, Schmandt R and Lu KH. Another
surprise from Metformin: novel mechanism of
action via K-Ras influences endometrial cancer response to therapy. Mol Cancer Ther
2013; 12: 2847-2856.
[36] Han G, Gong H, Wang Y, Guo S and Liu K.
AMPK/mTOR-mediated inhibition of survivin
partly contributes to metformin-induced apoptosis in human gastric cancer cell. Cancer Biol
Ther 2015; 16: 77-87.
[37] Zhang Z, Dong L, Sui L, Yang Y, Liu X, Yu Y, Zhu
Y and Feng Y. Metformin reverses progestin resistance in endometrial cancer cells by downregulating GloI expression. Int J Gynecol Cancer 2011; 21: 213-221.

Am J Transl Res 2017;9(3):1483-1491

