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Abstract: Endometrial cancer (EC) is the most common gynecological malignancy in women and is the leading cause
of cancer-related deaths worldwide. Estrogenic stimulation significantly increases endometrial cell proliferation,
and both insulin resistance and hyperinsulinemia are associated with the development of EC in women. It has long
been known that insulin resistance occurs in women with polycystic ovary syndrome (PCOS) and/or obesity, but one
important unanswered question is whether the insulin resistance associated with PCOS and obesity is part of the
etiology of the initiation and development of EC. Therefore, research efforts to understand the common and specific underlying endometrial responses to insulin resistance in women with PCOS and obesity could provide further
therapeutic options for early endometrial carcinoma.
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Introduction
Endometrial cancer (EC) is the most common
gynecological malignancy in women and is the
leading cause of cancer-related deaths worldwide [1]. In the US, there were 43,470 new diagnoses of EC and 7,950 women died from this
disease in 2010 [2]. It has also recently been
reported that more than 1,900 women die
each year in the United Kingdom due to EC
(http://www.cancerresearchuk.org). Approximately 25% of women with EC are pre-menopausal and 5% of all cases are diagnosed at less
than 40 years of age [3]. Although numerous
risk factors, including reproductive factors and
obesity, have been implicated in the development of EC [4], the exact underlying molecular
and cellular mechanisms involved in endometrial carcinogenesis and progression are not
completely understood. Surgical procedures
are still the first line and most effective treatments for the early stage of endometrial cancer
[5], but such procedures preclude any further
fertility. The significant individual and public

health concerns associated with EC underscore
the importance of understanding its etiologies
as a means of prevention and for the development of effective nonsurgical treatments [6]. In
this article, we provide an overview of current
knowledge regarding the connection between
estrogen production and the onset of EC.
Because the common pathological complication between PCOS and diabetes is insulin
resistance, we discuss how the interaction
between PCOS, obesity, and insulin resistance
can contribute to EC development.
Estrogens and EC
ECs can be classified as estrogen-dependent,
well-differentiated type I endometrial-like carcinomas or as the less common, but clinically
aggressive, estrogen-independent type II
Fallopian tube-like carcinomas [4]. It have been
estimated that 75%-85% of ECs are type I EC
[5]. The development, progression, and metastasis of type I EC are strongly influenced by hormonal factors, and recent epidemiological stud-

PCOS and obesity
Polycystic ovary syndrome and
EC
Polycystic ovary syndrome
(PCOS) is the most common
reproductive endocrine disorder in the world and affects
approximately 4%-18% of all
reproductive-aged women [15].
PCOS has adverse impacts on
female endocrine activity, metabolism, and reproduction [16,
17] and is generally associated
with chronic anovulation that
results in a persistent progesterone deficiency. Thus, the
endometrium in women with
PCOS tends to remain in a proliferative state due to the lack
Figure 1. Local estrogen production in endometrial carcinoma. 17βHSD,
of counterbalance by proges17β-hydroxysteroid dehydrogenases; EST, estrone sulfotransferase; STS,
terone [11, 18]. Young women
steroid sulfatase.
with PCOS have a high risk of
developing EC [19], and it has
ies suggest that estrogen-driven proliferation
been reported that PCOS women with endomemight also be involved in the development of
trial hyperplasia have a four times greater risk
type II EC [7].
of developing EC than non-PCOS women [20].
Although women with PCOS have an increased
The endometrium lines the uterus and responds
risk of developing EC [11], the risk is not the
to cyclical steroid hormonal stimulation during
same in all women as evidenced by the fact
the menstrual cycle [8], and EC originates in the
that not all women with PCOS develop EC and
single layer of epithelial cells that line the endonot all women with EC suffer from PCOS.
metrium and form the endometrial glands [9]. It
Progesterone has been implicated as a protechas been presumed that the primary cause of
tive factor against estrogen-driven growth and
EC is the continuous exposure of the endomeproliferation in the endometrium [1]. Protrium to estrogens [10, 11] that act as proliferagesterone-based oral contraceptives are used
tive factors in the endometrial tissue and can
to inhibit endometrial hyper-proliferation and
lead to endometrial overgrowth and hyperplaimprove menstrual dysfunction [21], but
sia [9].
approximately 30% of women with PCOS fail to
respond to such treatment [22]. This results in
Hyperestrogenism can be exogenous or endogthe development and progression of atypical
enous in origin, and a number of studies have
hyperplasia and further transformation to EC.
shown that women with EC have aberrant alterMoreover, more than 30% of women with type I
ation of local estrogen biosynthesis (Figure 1).
EC fail to respond to progesterone treatment
For example, women with EC tend to have
due to progesterone resistance [23]. It is specdecreased expression of endometrial 17βulated that the persistence of an incomplete
hydroxysteroid dehydrogenase (17βHSD) 2 and
proliferative-to-secretory transition in the endoelevated levels of cytochrome P450 aromatase
metrium might result in progesterone resisand 17βHSD 5 compared to healthy women
tance. This raises the question of whether pro[12]. Thus, the changes in steroidogenic
gesterone resistance in women with PCOS
enzymes might play a role in the elevated local
might be a primary cause of EC. This seems
estrogen levels seen in women with EC [13, 14].
unlikely to be the case, however, because proIn addition, endometrial estrogen production in
gesterone resistance is also seen in women
cancer cells might amplify the effect of estrowith endometriosis [22, 24] but is not associgens naturally produced in the ovaries and
ated with an increased risk of EC in these
delivered via the circulation.
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onset of type I EC. Obesity
develops through hypertrophy (enlarged adipocytes),
hyperplasia (an increased
number of adipocytes), or a
combination of the two [30].
Adipose tissue is highly
dynamic and insulin is a key
hormone that regulates adipocyte volume and number
[30]. Adipocyte dysfunction
is a major contributory factor to obesity-related insulin
resistance [31].
It has been demonstrated
that estrogens can be produced by stromal cells in
the adipose tissue in
women [32]. In addition,
because the preadipocyte
cells in adipose tissues conFigure 2. Clinical observations explained by the endocrine interactions linktain high levels of P450 aroing insulin resistance and endometrial carcinoma development in women with
PCOS and/or obesity. When insulin resistance occurs, both PCOS and obesity
matase, increased fat mass
induce estrogen biosynthesis to activate estrogen receptor signaling in the enin women with obesity or
dometrium. Activation of IGF-1/IGF-1R in epithelial cells further enhances the
diabetic overweight can
development of endometrial carcinoma. IGF-1, insulin-like growth factor-1; IGFenhance the aromatization
1R, insulin-like growth factor-1 receptor; SHBG, sex hormone binding globulin;
of adrenal androgens and
↑, increase; ↓, decrease.
consequently increase the
levels of systemic estrogens
women [25]. Thus, it appears that other as yet
[33]. The levels of sex hormone binding globulin
unidentified effects are involved in the developare decreased in obese women [33], and this
ment of EC in women with PCOS independently
can also contribute to increased activity of free
of progesterone resistance.
estrogens that amplifies estrogenic activity in
the endometrium (Figure 2). These hormonal
Of note, obesity is a common feature of PCOS
changes might act in an additive manner to pro[16, 17], and obese women with PCOS have a
mote the development of EC in PCOS women
more abnormal endocrine and metabolic profile
with insulin resistance. Histological observathan lean women with this disease [26]. It has
tions suggest that the enhanced endometrial
been reported that 50%-70% of women with
proliferation in obesity is closely correlated to
PCOS exhibit insulin resistance [27], and this
increased risk of type I EC [34, 35], and obesity
implies that an alternative pathological process
and overweight are clearly associated with
might contribute to the development of EC in
insulin resistance and hyperinsulinemia [36].
women with this disorder.
Thus, it is likely that the increased risk of EC in
obese women is related to disturbances in steObesity and EC
roid hormone regulation during the insulinresistant state.
A variety of clinical and epidemiological investigations suggest that obesity and type 2 diabeInsulin resistance and EC
tes are strong risk factors for increased EC incidence and mortality [28]. Furthermore, a
Insulin resistance is traditionally defined as a
prospective study by Crosbie and colleagues
decreased sensitivity or responsiveness to the
[29] has shown a tight association between
metabolic actions of insulin. This results in a
women with obesity (body mass index (BMI) >
requirement for increased levels of insulin to
30) or diabetic overweight (BMI > 25) and the
achieve a given level of metabolic activity [37].

75

Am J Cancer Res 2014;4(1):73-79

PCOS and obesity
PCOS and obesity are linked through their common symptom of insulin resistance [27, 36].
Circulating insulin, acting in an endocrine fashion, is produced and secreted from β-cells in
the pancreas and plays an essential role in glucose homeostasis by regulating the balance
between hepatic glucose production and glucose uptake by adipose tissue and muscle
[38]. Insulin has a variety of effects in different
tissues and cells [39], and one explanation for
insulin’s ability to perform an array of biological
actions in different tissues could be the differential expression and regulation of the two
insulin receptor (IR) subunits IRα and IRβ [39].
The α-subunit contains the ligand-binding
domain, and the β-subunit is activated by
ligand-mediated autophosphorylation [39]. It
has been shown that elevated levels of circulating insulin increase the aggressiveness of EC
[40, 41] and are high risk factors for the estrogen-independent development of EC [41]. In
humans, the expression of total IR and IRα is
increased in endometrial carcinomas compared to normal endometria [42], and overexpression of IRα enhances the growth of EC cells
in vitro [42]. These results suggest that activation of insulin signaling is directly involved in
the development of EC in vivo. There is now an
extensive body of evidence demonstrating the
direct action of insulin in insulin-sensitive tissues including liver, muscle, and adipose tissues [39]. However, whether the mitogenic
action of insulin plays a direct role in the carcinogenesis of the endometrium or whether insulin promotes carcinogenesis through its metabolic effects remains to be elucidated in the
future [43].
The transition from normal to malignant endometrial epithelial cells involves changes in several different molecular pathways regulating
normal cell proliferation and differentiation
such as insulin-like growth factor-1 (IGF-1) signaling [44] (Figure 2). An elevated circulating
IGF-1 level is an established risk factor for different types of human cancers [38].
Interestingly, IGF-1 null mice have hypoplastic
uteri [45] and mice that overexpress IGF binding protein-1 (IGFBP-1), a negative regulator of
IGF-1 signaling, have reduced IGF-1 responses
in the uterus [46]. These results indicate the
importance of the coordinated expression of
IGF-1 and IGFBP-1 in normal uterine function.
In the endometrium, estrogen increases the
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level of IGF-1 expression [47] but progesterone
increases IGFBP-1 synthesis, which in turn
inhibits IGF-1 expression and activity [33].
Moreover, insulin is also capable of increasing
the bioactivity of IGF-1 through downregulation
of IGFBP-1 synthesis in the endometrium [47].
Chronic hyperinsulinemia induces ovarian
hyperandrogenism and increases peripheral
aromatization of androgens to estrogen [47].
Thus, it is possible that normal endometrial
cells undergoing this regulatory program
described above might transform into EC cells
as has been shown to occur with insulin
resistance.
Sequence analysis has demonstrated that
insulin and IGF-1 share 40%-50% homology
and IRα and IGF-1 receptor share 84% homology [36]. Moreover, IR and IGF-1 receptor can
assemble to form hybrid heterotetramers in
response to both insulin and IGF-1 stimulation
in an equivalent manner in vivo [48]. Because
both insulin and IGF-1 can stimulate cell proliferation, it is possible that when endometrial
cells co-express both IR and IGF-1 receptor the
insulin and IGF-1 signaling pathways might
cross talk with each other to contribute to EC
development. Although insulin and IGF-1 activity appears to play an important role in the
development of EC, several intercellular molecules, such as PI3K, PTEN, AKT, and mTOR,
have been shown to play an important role in
endometrial cancer cells [28, 43]. Given the
impact of PCOS and obesity on insulin resistance and hyperinsulinemia (a surrogate marker for insulin resistance), we reason that PCOS
and obesity share a common etiologic process,
insulin resistance, for the initiation and development of EC.
Towards clinical management of early EC in
women with PCOS
Clinical lines of evidence converge to support a
stage-wise progression of endometrial hyperplasia associated with EC [4]. These stages
include simple hyperplasia, complex hyperplasia without atypia, and complex hyperplasia
with atypia [9]. Approximately 30% of PCOS
women with atypical endometrial hyperplasia
develop cancer if not treated [49]. Recent progress has been made in the treatment of women
with PCOS and insulin resistance through a
combinatorial strategy [37]. Our laboratory and
others have shown that the combination of
Am J Cancer Res 2014;4(1):73-79
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metformin (N,N-dimethylbiguanide) and oral
contraceptives are sufficient to reverse atypical
endometrial hyperplasia in women with PCOS
and insulin resistance, [50, 51]. Very recently,
we have reported that similar treatment is
capable of reverting early EC to normal endometria in addition to reducing insulin resistance
in women with PCOS (Li et al. in submission).
Metformin is a biguanide antihyperglycemic
agent frequently used to treat women with type
2 diabetes. The most commonly described
function of metformin is the reduction of insulin
resistance and modulation of glucose metabolism in women with PCOS [52]. Our patients
had insulin resistance with compensatory
hyperinsulinemia before treatment. Thus metformin might have stimulated insulin activity in
the endometrium in addition to other insulintarget tissues such as liver, muscle, and adipose tissues [39]. It is also possible that metformin might exert direct anti-tumor effects in
the endometrium in vivo.
The initiation and development of EC is a complex and dynamic pathological process that
involves a multitude of cellular pathways and
signaling cascades [4]. The reversion from
hyperplasia and/or carcinoma to normal endometria in response to combined treatment with
metformin and oral contraceptives in women
with PCOS is of great interest in both clinical
medicine and basic research. Because type I
EC occurs in young women with PCOS and insulin resistance, it will be interesting for future
studies to investigate the cellular and molecular mechanisms of insulin resistance-induced
type I EC in women with PCOS as well as to
determine which processes do not lead to EC.

at the time of clinical presentation, the initiation and progression of EC in these patients
has not yet been substantially explored. In addition, there are insufficient data to assess
whether obese women with early type I EC tend
to also suffer from PCOS and whether PCOS
women who might develop EC require changes
in insulin levels or endometrial insulin sensitivity. PCOS and obesity have insulin resistance
as a common trait, and this raises the possibility that the two diseases might have similar
ways of regulating insulin signaling in the endometrium. In addition, the insulin resistance
found in both diseases might also contribute to
dysregulated metabolism that drives EC development. Future studies are warranted to delineate the mechanistic connection between
PCOS and obesity in women with insulin resistance during the development of EC.
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type I EC. Due to significant variations in symptomatology in women with PCOS, and because
most women already have established disease

[1]

77

[2]
[3]
[4]
[5]

Yang S, Thiel KW and Leslie KK. Progesterone:
the ultimate endometrial tumor suppressor.
Trends Endocrinol Metab 2011; 22: 145-152.
Jemal A, Siegel R, Xu J and Ward E. Cancer statistics, 2010. CA Cancer J Clin 2010; 60: 277300.
Amant F, Moerman P, Neven P, Timmerman D,
Van Limbergen E and Vergote I. Endometrial
cancer. Lancet 2005; 366: 491-505.
Di Cristofano A and Ellenson LH. Endometrial
carcinoma. Annu Rev Pathol 2007; 2: 57-85.
Lee WL, Lee FK, Su WH, Tsui KH, Kuo CD,
Hsieh SL and Wang PH. Hormone therapy for
younger patients with endometrial cancer. Taiwan J Obstet Gynecol 2012; 51: 495-505.

Am J Cancer Res 2014;4(1):73-79

PCOS and obesity
[6]

[7]

[8]
[9]

[10]

[11]
[12]

[13]

[14]

[15]

78

Tong XM, Lin XN, Jiang HF, Jiang LY, Zhang SY
and Liang FB. Fertility-preserving treatment
and pregnancy outcomes in the early stage of
endometrial carcinoma. Chin Med J (Engl)
2013; 126: 2965-2971.
Setiawan VW, Yang HP, Pike MC, McCann SE,
Yu H, Xiang YB, Wolk A, Wentzensen N, Weiss
NS, Webb PM, van den Brandt PA, van de Vijver
K, Thompson PJ, Strom BL, Spurdle AB, Soslow
RA, Shu XO, Schairer C, Sacerdote C, Rohan
TE, Robien K, Risch HA, Ricceri F, Rebbeck TR,
Rastogi R, Prescott J, Polidoro S, Park Y, Olson
SH, Moysich KB, Miller AB, McCullough ML,
Matsuno RK, Magliocco AM, Lurie G, Lu L, Lissowska J, Liang X, Lacey JV Jr, Kolonel LN, Henderson BE, Hankinson SE, Hakansson N,
Goodman MT, Gaudet MM, Garcia-Closas M,
Friedenreich CM, Freudenheim JL, Doherty J,
De Vivo I, Courneya KS, Cook LS, Chen C, Cerhan JR, Cai H, Brinton LA, Bernstein L, Anderson KE, Anton-Culver H, Schouten LJ and HornRoss PL. Type I and II endometrial cancers:
have they different risk factors? J Clin Oncol
2013; 31: 2607-2618.
Critchley HO and Saunders PT. Hormone receptor dynamics in a receptive human endometrium. Reprod Sci 2009; 16: 191-199.
Horn LC, Meinel A, Handzel R and Einenkel J.
Histopathology of endometrial hyperplasia and
endometrial carcinoma: an update. Ann Diagn
Pathol 2007; 11: 297-311.
Chittenden BG, Fullerton G, Maheshwari A and
Bhattacharya S. Polycystic ovary syndrome
and the risk of gynaecological cancer: a systematic review. Reprod Biomed Online 2009;
19: 398-405.
Hardiman P, Pillay OC and Atiomo W. Polycystic
ovary syndrome and endometrial carcinoma.
Lancet 2003; 361: 1810-1812.
Ito K, Utsunomiya H, Yaegashi N and Sasano
H. Biological roles of estrogen and progesterone in human endometrial carcinoma--new developments in potential endocrine therapy for
endometrial cancer. Endocr J 2007; 54: 667679.
Berstein LM, Tchernobrovkina AE, Gamajunova
VB, Kovalevskij AJ, Vasilyev DA, Chepik OF,
Turkevitch EA, Tsyrlina EV, Maximov SJ, Ashrafian LA and Thijssen JH. Tumor estrogen content and clinico-morphological and endocrine
features of endometrial cancer. J Cancer Res
Clin Oncol 2003; 129: 245-249.
Naitoh K, Honjo H, Yamamoto T, Urabe M, Ogino Y, Yasumura T and Nambara T. Estrone sulfate and sulfatase activity in human breast
cancer and endometrial cancer. J Steroid Biochem 1989; 33: 1049-1054.
Moran LJ, Hutchison SK, Norman RJ and Teede
HJ. Lifestyle changes in women with polycystic

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

ovary syndrome. Cochrane Database Syst Rev
2011; CD007506.
Norman RJ, Dewailly D, Legro RS and Hickey
TE. Polycystic ovary syndrome. Lancet 2007;
370: 685-697.
Ehrmann DA. Polycystic ovary syndrome. N
Engl J Med 2005; 352: 1223-1236.
Kim JJ, Kurita T and Bulun SE. Progesterone
action in endometrial cancer, endometriosis,
uterine fibroids, and breast cancer. Endocr Rev
2013; 34: 130-162.
Haoula Z, Salman M and Atiomo W. Evaluating
the association between endometrial cancer
and polycystic ovary syndrome. Hum Reprod
2012; 27: 1327-1331.
Fearnley EJ, Marquart L, Spurdle AB, Weinstein
P and Webb PM. Polycystic ovary syndrome increases the risk of endometrial cancer in women aged less than 50 years: an Australian
case-control study. Cancer Causes Control
2010; 21: 2303-2308.
Vrbikova J and Cibula D. Combined oral contraceptives in the treatment of polycystic ovary
syndrome. Hum Reprod Update 2005; 11:
277-291.
Aghajanova L, Velarde MC and Giudice LC. Altered gene expression profiling in endometrium: evidence for progesterone resistance. Semin Reprod Med 2010; 28: 51-58.
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.
Burney RO, Talbi S, Hamilton AE, Vo KC,
Nyegaard M, Nezhat CR, Lessey BA and Giudice LC. Gene expression analysis of endometrium reveals progesterone resistance and
candidate susceptibility genes in women with
endometriosis. Endocrinology 2007; 148:
3814-3826.
Munksgaard PS and Blaakaer J. The association between endometriosis and gynecological
cancers and breast cancer: a review of epidemiological data. Gynecol Oncol 2011; 123:
157-163.
Kiddy DS, Sharp PS, White DM, Scanlon MF,
Mason HD, Bray CS, Polson DW, Reed MJ and
Franks S. Differences in clinical and endocrine
features between obese and non-obese subjects with polycystic ovary syndrome: an analysis of 263 consecutive cases. Clin Endocrinol
(Oxf) 1990; 32: 213-220.
Gambineri A, Pelusi C, Vicennati V, Pagotto U
and Pasquali R. Obesity and the polycystic ovary syndrome. Int J Obes Relat Metab Disord
2002; 26: 883-896.
Schmandt RE, Iglesias DA, Co NN and Lu KH.
Understanding obesity and endometrial cancer risk: opportunities for prevention. Am J Obstet Gynecol 2011; 205: 518-525.

Am J Cancer Res 2014;4(1):73-79

PCOS and obesity
[29] Crosbie EJ, Roberts C, Qian W, Swart AM,
Kitchener HC and Renehan AG. Body mass index does not influence post-treatment survival
in early stage endometrial cancer: results from
the MRC ASTEC trial. Eur J Cancer 2012; 48:
853-864.
[30] Prins JB and O’Rahilly S. Regulation of adipose
cell number in man. Clin Sci (Lond) 1997; 92:
3-11.
[31] Park J, Euhus DM and Scherer PE. Paracrine
and endocrine effects of adipose tissue on
cancer development and progression. Endocr
Rev 2011; 32: 550-570.
[32] Simpson ER, Ackerman GE, Smith ME and
Mendelson CR. Estrogen formation in stromal
cells of adipose tissue of women: induction by
glucocorticosteroids. Proc Natl Acad Sci U S A
1981; 78: 5690-5694.
[33] Kaaks R, Lukanova A and Kurzer MS. Obesity,
endogenous hormones, and endometrial cancer risk: a synthetic review. Cancer Epidemiol
Biomarkers Prev 2002; 11: 1531-1543.
[34] Villavicencio A, Aguilar G, Arguello G, Dunner C,
Gabler F, Soto E, Gaete F, Penaloza P, Celis M
and Rojas C. The effect of overweight and obesity on proliferation and activation of AKT and
ERK in human endometria. Gynecol Oncol
2010; 117: 96-102.
[35] Villavicencio A, Aguilar G, Acuna J, Gabler F,
Soto E, Gaete F, Penaloza P, Celis M and Owen
GI. The identification of two subgroups of
obese women with differing endometrial proliferation levels: potential consequences in the
development of endometrial cancer. Int J Obes
(Lond) 2012; 36: 1012-1015.
[36] De Pergola G and Silvestris F. Obesity as a Major Risk Factor for Cancer. J Obes 2013; 2013:
291546.
[37] Diamanti-Kandarakis E and Dunaif A. Insulin
resistance and the polycystic ovary syndrome
revisited: an update on mechanisms and implications. Endocr Rev 2012; 33: 981-1030.
[38] Pollak M. The insulin and insulin-like growth
factor receptor family in neoplasia: an update.
Nat Rev Cancer 2012; 12: 159-169.
[39] Matthaei S, Stumvoll M, Kellerer M and Haring
HU. Pathophysiology and pharmacological
treatment of insulin resistance. Endocr Rev
2000; 21: 585-618.
[40] Tsugane S and Inoue M. Insulin resistance and
cancer: epidemiological evidence. Cancer Sci
2010; 101: 1073-1079.
[41] Gunter MJ, Hoover DR, Yu H, WassertheilSmoller S, Manson JE, Li J, Harris TG, Rohan
TE, Xue X, Ho GY, Einstein MH, Kaplan RC, Burk

79

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

RD, Wylie-Rosett J, Pollak MN, Anderson G,
Howard BV and Strickler HD. A prospective
evaluation of insulin and insulin-like growth
factor-I as risk factors for endometrial cancer.
Cancer Epidemiol Biomarkers Prev 2008; 17:
921-929.
Wang CF, Zhang G, Zhao LJ, Qi WJ, Li XP, Wang
JL and Wei LH. Overexpression of the insulin
receptor isoform a promotes endometrial carcinoma cell growth. PLoS One 2013; 8:
e69001.
Mu N, Zhu Y, Wang Y, Zhang H and Xue F. Insulin resistance: a significant risk factor of endometrial cancer. Gynecol Oncol 2012; 125:
751-757.
Yeramian A, Moreno-Bueno G, Dolcet X, Catasus L, Abal M, Colas E, Reventos J, Palacios J,
Prat J and Matias-Guiu X. Endometrial carcinoma: molecular alterations involved in tumor
development and progression. Oncogene
2013; 32: 403-413.
Baker J, Hardy MP, Zhou J, Bondy C, Lupu F,
Bellve AR and Efstratiadis A. Effects of an Igf1
gene null mutation on mouse reproduction.
Mol Endocrinol 1996; 10: 903-918.
Rajkumar K, Dheen T, Krsek M and Murphy LJ.
Impaired estrogen action in the uterus of insulin-like growth factor binding protein-1 transgenic mice. Endocrinology 1996; 137: 12581264.
Murphy LJ and Ghahary A. Uterine insulin-like
growth factor-1: regulation of expression and
its role in estrogen-induced uterine proliferation. Endocr Rev 1990; 11: 443-453.
Moxham CP and Jacobs S. Insulin/IGF-I receptor hybrids: a mechanism for increasing receptor diversity. J Cell Biochem 1992; 48: 136140.
Samarnthai N, Hall K and Yeh IT. Molecular
profiling of endometrial malignancies. Obstet
Gynecol Int 2010; 2010: 162363.
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.
Session DR, Kalli KR, Tummon IS, Damario MA
and Dumesic DA. Treatment of atypical endometrial hyperplasia with an insulin-sensitizing
agent. Gynecol Endocrinol 2003; 17: 405-407.
Palomba S, Falbo A, Zullo F and Orio F Jr. Evidence-based and potential benefits of metformin in the polycystic ovary syndrome: a comprehensive review. Endocr Rev 2009; 30:
1-50.

Am J Cancer Res 2014;4(1):73-79

