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Abstract

Tumor markers are important tools for early diagnosis, prognosis, therapy response and
endometrial cancer monitoring. A large number of molecular and pathologic markers have been
described in types | and 11 endometrial cancers, which has served to define the main oncogenic,
epidemiological, genetic, clinical and histopathological features. Ongoing attempts to stratify
biological markers of endometrial cancer are presented. However, data on changes in tumor
marker profiles in obesity-related endometrial cancer are scarce. Obesity is a pandemic in Western
countries that has an important impact on endometrial cancers, albeit through not very well-
defined mechanisms. Although endometrial cancer is more common in Caucasian women, higher
mortality is found in African Americans who also show higher incidence of obesity. Here, we
describe how obesity signals (estrogen, leptin, leptin induced-molecules, Notch; cytokines and
growth factors) could affect endometrial cancer. Leptin signaling and its crosstalk may be
associated to the more aggressive and poor prognosis type Il endometrial cancer, which affects
more postmenopausal and African-American women. In this regard, studies on expression of novel
molecular markers (Notch, interleukin-1 and leptin crosstalk outcome) may provide essential clues
for detection, prevention, treatment and prognosis.
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Introduction

Endometrial cancer (EmCa) is an adenocarcinoma of the endometrium and the most
common cancer of the female reproductive tract in developed countries and the seventh most
common cancer in women worldwide [1].

The development of cancer is characterized by self-sufficiency in growth signals,
insensitivity to growth inhibition, evasion of apoptosis, angiogenesis, invasion and
metastasis. All these features are unique in EmCa and have given origin to two major
divisions. Type |, associated with endometrioid histology, unopposed estrogen exposure and
often preceded by precancerous disease, occurs primarily in pre- and peri-menopausal
women and is most common in White population usually carrying a good prognosis. In
contrast, type Il EmCa, with no endometrioid histology and no association with hormonal
risk, occurs most commonly in postmenopausal women and are mostly seen in African-
American women (AAW), with an aggressive clinical course and generally with poorer
prognosis [2].

The incidence of EmCa is higher in well-developed countries and countries with high
obesity rates [2]. As of 2013, there were 49,560 new cases of EmCa reported and 8190
deaths reported in the USA. The American Cancer Society has estimated that 810,320
American women will suffer from cancer and 275,710 will die in the USA in 2014. From
these, 6% will present uterine cancer. Cancer lifetime probabilities show that 2.69% (1 in
37) of American women will present with uterine cancer, which places it as the fourth most
frequent cancer among women behind breast, lung and colorectal cancers. These figures
have been almost steady from 1975 to date in the USA [3].

Caucasian women (CSW) are at a higher risk of developing EmCa when compared to AAW
in the USA. However, AAW are more likely to develop the more aggressive form of EmCa
and are more likely to die from this disease [4]. The incidence rate of EmCa in CSW is 24.8
per 100,000 women, whereas in AAW it is 20.9 per 100,000 women [5]. The reason(s) for
this disparity is unknown [3].

Mainly modifiable factors impacting the rise of cancer incidence are the consumption of
highly caloric diets and low physical activity. EmCa is associated with obesity, diabetes and
excessive estrogen exposure. Indeed, in comparison with all obesity-related cancers, EmCa
incidence and death are associated most with increasing body mass index (BMI) [5].

Several tumor markers have been described for EmCa, which are mainly related to
classification, treatment outcome and epidemiology of EmCa. High levels of leptin
characterize obesity. Leptin is an adipokine with proliferative, pro-angiogenic and pro-
inflammatory effects on many cancer types [6]. Leptin crosstalks to oncogenic signaling
molecules, i.e., Notch and IL-1 could play important roles in the incidence and progression
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of EmCa, particularly in obese patients. However, currently, data on the expression patterns
and effects of such leptin signaling crosstalk in EmCa and its relation to obesity are scarce.

Endometrial cancer

EmCa is classified into two main types: type I, which is estrogen dependent, and type II,
which is usually associated with endometrial atrophy and is estrogen independent [2]. Type
Il is the more aggressive form with a poor prognosis. Approximately 85% of all EmCas are
type I, low grade with an excellent prognosis. In contrast, type Il is usually high-grade
tumors with some patients exhibiting early metastasis. Type Il tumors are associated with
high recurrences. Approximately half of all recurrences occur in patients with type Il tumors
[2] (Figure 1).

The common pathological type | is an endometrioid adenocarcinoma with some resemblance
to endometrial morphology. Type | EmCa is more differentiated and dependent on hormonal
cues and has a better prognosis (Figure 1A and B). In contrast, type Il represents 10% of
EmCa and has serous or clear cell appearance (Figure 1C and D). Type Il EmCa is less
differentiated, independent of sex hormones stimuli, more aggressive and shows poor
prognosis. There are other less abundant EmCa types that include the mixed mesenchymal
Mullerian malignant tumor (MMMT) or carcinosarcoma, mucinous, clear cell, squamous
cell, mixed and undifferentiated. Additionally, uterine sarcoma is a more rare type and forms
in the muscles or other tissues of the uterus [7].

Type | EmCa is probably derived from atypical hyperplasia, and its progression is closely
related to unopposed estrogenic stimulation. Type | EmCa shows few p53 mutations but
numerous mutations in other tumor suppressors and oncogenes (i.e., PTEN, PI-3K and
KRAS) and CTNNBL1 or p-catenin [8]. Type Il develops from atrophic endometrium. Type

Il EmCa had extensive copy number alterations, few DNA methylation changes, low
estrogen receptor (ER)/progesterone receptor levels and frequent p53 mutation. Additionally,
type Il serous EmCa have extensive mutations in DNA polymerase e (POLE) exonuclease
domain. However, about 10% of type | EmCa also shows high number of POLE mutations

[9].

Remarkably, type Il EmCa shares genomic features with basal-like breast cancer [8], which
shows low levels or absence of ER, progesterone and EGFR2 (Her2) receptors. Basal-like
breast carcinomas (triple negative) are very aggressive and have poor prognosis. Type 1l
EmCa are also very aggressive, have poor prognosis and no targeted therapies.

EmCa stage is an important feature related to progression of tumor and invasion of
surrounding tissues, which is currently based on the tumor-node-metastases (TNM) system 7
and FIGO (International Federation of Gynecology and Obstetrics) staging [3]. The FIGO
system and the American Joint Committee on Cancer TNM staging system are basically the
same. They both classify EmCa on the basis of three factors: the extent of the tumor (T),
whether the cancer has spread to lymph nodes (N) and whether it has spread to distant sites
(M). The American Cancer Society classifies EmCa by grades: grade 1 present =95% of the
cancerous tissue forming glands; grade 2 tumors show 50% to 94% of tissue forming glands
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and grade 3 <50% of tissue forming glands. Grade 3 tumors are more aggressive and show
poor prognosis [3].

Endometrial cancer and obesity

Obesity is a pandemic, particularly in developed countries. It is predicted that in 2015 about
700 million people will be obese worldwide [10]. Obesity, mainly due to unhealthy diets and
lifestyles, is a proven factor contributing to higher risk and poor prognosis of cancer [11].
Currently, obesity is considered the second major risk factor for several cancer types, only
surpassed by smoking. Interestingly, smoking is inversely correlated to EmCa. That could be
associated to the transformation of estrogen via 2-hydroxylation, which produces 2-
hydroxyestradiol and its methoxy derivative that are not proliferative factors for EmCa but
anti-apoptotic and can inhibit inflammatory cytokine actions [12, 13]. However, the precise
causes for the protective role of smoking on EmCa are not completely understood.

Accumulated evidence supports the notion that obesity is a risk factor for EmCa.
Approximately 40% of EmCa cases are related to obesity [14]. An increase in EmCa
incidence in the last 30 years is believed to be due to the increasing number of elderly
people and increasing rates of obesity. Indeed, a 5 kg/m? increment of BMI correlated to a
significant increase of EmCa [RR: 1.50 (1.42-1.59)] [15].

Several studies have found significant associations between obesity and increase of EmCa
mortality. In a large prospective epidemiological study including approximately half a
million women followed for 16 years, it was demonstrated that obesity increased EmCa
mortality [11]. Obesity was associated with earlier age at diagnosis of endometrioid-type
EmCa. Similar associations were not, however, observed with non-endometrioid cancers,
consistent with different pathways of tumorigenesis [11]. An association of BMI with age at
diagnosis was found in 985 cases of EmCa. Age at diagnosis was inversely proportional to
BMI only in patients suffering from type | EmCa (y=67.89-1.86x, R=0.049, p<0.001) but
not with type Il EmCa [16]. In vitro studies show the influence of adipose-derived factors on
EmCa. Conditioned media from adipose-derived stem cells increased proliferation and
secretion of vascular endothelial growth factor (VEGF) by Ishikawa cells (type | EmCa),
which demonstrates that adipose tissue secretes factors inducing EmcCa cell growth [17].
However, the specific mechanisms involved in obesity-related cancer incidence are still not
completely understood [18, 19].

Potential players involved in the relationships between EmCa incidence and progression, and
obesity are the elevated levels of estrogens (unopposed estrogen stimulus), insulin, insulin
growth factor-1 (IGF-1), adipokines (leptin, resistin) and cytokines [20-22].

Obesity is characterized by altered profiles of several cytokines and, therefore, is considered
a mild inflammatory condition [21, 22]. Adipose tissue secretes several cytokines including
leptin, VEGEF, interleukin-1 (IL-1), interleukin-6 (IL-6), hepatocyte growth factor (HGF) and
tumor necrosis factor-alpha (TNF-a). Several of these cytokines can induce tumor
angiogenesis contributing to the growth of solid tumors [6, 23-27]. Abnormal patterns of
these factors are associated to obesity-induced changes in tumor and stroma cells [28, 29].
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High levels of colony stimulator factor-1 (CSF-1) and its receptor, CSFR, have long been
associated with poor-prognosis uterine cancer, among others [30].

Recruitment of inflammatory cells significantly contributes to adipose neovascularization
and breast cancer inflammation and angiogenesis [31]. In addition, inflammatory cells and
cytokines found in tumors are more likely to contribute to tumor growth, progression, and
immunosuppression than they are to mount an effective host antitumor response [32]. It has
been proposed earlier that chronic inflammation is a principal mechanism inducing EmCa,
through the induction of mitosis, mutations and defective DNA repair [33, 34]. Higher levels
of VEGF were detected in type | EmCa and increased CSF-1 and TNF-a in tumor with deep
myometrium invasion. Many cytokines induce NFkB signaling pathway, which is involved
in cancer cell survival. Also, inflammatory cytokines and cells induce estrogen production
[33].

High levels of estrogen are produced by adipose tissue via overexpression of aromatase (that
converts androgens into estradiol and estrone) after the sharp decline of ovarian estrogen
production in postmenopausal women. Obesity induces high levels of estrogen, which in
turn increase the growth of endocrine responsive of cancer, in particular, type | EmCa. In
addition, skeletal and vascular tissues and the brain are important sites of postmenopausal
estrogen production. Furthermore, obesity leads to the development of metabolic syndrome,
which is generally characterized by insulin resistance [16], which is a risk factor for EmCa
[35].

Insulin is produced mainly by the pancreatic 8 cells and is a proliferation factor for EmCa,
which expresses insulin receptor (IR). Activation of IR induces direct and indirect effects
that contribute to the development of EmCa [36]. Insulin/IR directly promotes EmCa cell
proliferation and survival via P1-3K/Akt and Ras/MAPK signaling pathways. Additionally,
IGF-1 mainly synthesized in the liver is also a proliferation factor for endometrial cells.
Insulin crosstalk to IGF-1 contributes to the progression of EmCa [37]. IGF-1 is mainly
regulated by the actions of the growth hormone (GH). Insulin can increase IGF-1 through
the upregulation of GH receptors (GHR) and crosstalk to GH/GHR signaling [38].
Furthermore, hyperinsulinemia reduces the levels of IGF binding proteins that increase IGF
availability [39]. Insulin induces changes of sex hormone levels that further increase the
levels of estrogen in obese individuals. ERs can also crosstalk to IGF-1 signals inducing
proliferation and survival changes in EmCa cells [40].

Metformin, a common drug used in diabetes type Il patients, was earlier shown to inhibit
aromatase expression in adipocytes [41]. In addition to normalizing insulin levels,
metformin has been shown to downregulate IGF-1R and upregulate IGF binding protein-1 in
EmCa cell lines, and inhibit IGF-1 pathway in type | EmCa [42]. A recent report from a 10-
year retrospective cohort study of diabetic patients suffering from type 1l EmCa (non-
endometrioid EmCa) and treated with metformin showed an increase of overall survival
compared with a similar cohort of non-diabetic and EmCa patients not treated with
metformin. The association was significant (hazard ratio=0.54, 95% CI: 0.30-0.97, p<0.04)
after adjusting several variables (age, clinical state, grade and treatment). However, no
association between the use of metformin and overall survival in diabetics with endometrioid
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histology (type | EmCa) was observed [43]. Another recent report shows that non-diabetic
EmCa patients that did not use metformin had worst free (95% CI: 1.1-2.9, p=0.02) and
overall survivals (95% CI: 1.3-4.2, p=0.005) compared to EmCa diabetic and obese patients
treated with metformin after adjusting for age, stage, grade, histology and adjuvant treatment
[44].

Leptin and endometrial cancer

Leptin is a small non-glycosylated protein (16 kDa; 167-amino acid non-glycosylated)
secreted by adipose tissue that is coded by the obese (0b) gene. It is the most studied
adipokine since this protein was first cloned in 1994 [45]. Leptin is a pleotropic cytokine
that regulates energy intake and energy expenditure. The role of leptin involves the
regulation of glucose homeostasis, growth response, reproduction and immune response [6].
Leptin is secreted by adipocytes as well as cancer cells, and its circulating levels are
proportional to total body fat. Obese individuals exhibit high circulating levels of leptin in
the body due to what is known as leptin resistance [6].

Leptin exists as a unique protein with pro-inflammatory functions that belongs to the family
of helical cytokines. Leptin is structurally similar to IL-6, IL-12, IL-15, prolactin, GH,
granulocyte CSF (G-CSF) and oncostatin M. The N-terminal region (94 amino acids) of
leptin is essential for both the biological and the receptor binding activities [46].

The ob gene is preserved in mammals providing a high sequence identity for leptin. A
nonsense mutation in codon 105 (0b/0b) causes the lack of protein synthesis resulting in
morbid obesity, hyperphagia, hypothermia, insulin resistance and infertility [45]. Leptin
functions as a long-term signal from adipose tissue that regulates appetite and energy
balance. Exogenous administration of leptin on mutant obese mice recovered the normal
lean phenotype in C576J mice, which early demonstrated leptin’s role in energy balance
[47].

Leptin receptor [OB-R, the product of the diabetic (ab) gene], in contrast to leptin, shows at
least six alternative spliced isoforms: a long isoform (OB-RL, OB-Rb or LEPR) with full
intracellular signaling capabilities and shorter isoforms with less biological activity (OB-Rs
or OB-Ra) [48] and a soluble leptin isoform (OB-Re or sOB-R) [49]. The large extracellular
domain of OB-R (816 amino acids) is common to all OB-R forms, and the variable length
cytoplasmatic tail (300 amino acid residues) distinguishes the several isoforms [50]. OB-R
has a helical structure that is similar to those of gp130, the common signal-transducing
receptor component for the IL-6 family of cytokines, G-CSF (granulocyte colony
stimulating factor) and LIF (leukemia inhibitory factor) receptor. OB-R is related to class |
cytokine receptors, which includes the receptors of IL-1, IL-2, IL-6 and GH. This super-
family of receptors lacks auto-phosphorylation capabilities and needs auxiliary kinases for
activation [51].

Leptin binding to OB-R seems to be very specific and triggers several canonical (i.e., JAK2/
STAT3; MAPK; PI-3K/AKT1) and non-canonical signaling pathways (p38MAK; JNK and
AMPK). OB-RL and membrane-bound shorter isoforms of OB-R have a cytoplasmatic
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motif (Box 1) required for JAK (Janus kinases)-related activation of P1-3K
(phosphatidylinositol-3-kinase) and MAPK (mitogen-activated protein kKinase) pathways. A
second docking site (cytoplasmatic tail motif; Box 2) is essential for the activation of the
JAK-STAT (signal transducers and activators of transcription) pathway. Induced mutations
of the OB-Rb intracellular domain showed that Tyr 113s controls STAT3 [52]. In addition,
the SH2 domains of SOCS (suppressor of cytokine signaling) bind the phosphorylated
tyrosine residues on JAK2 regulating OB-Rb [53]. SOCS-3 plays an important role as a
negative regulator of leptin signaling. It seems that SOCS-3 is activated by a feedback
induced by leptin. The over-expression of SOCS-3 inhibits leptin-induced tyrosine
phosphorylation of JAK2 and ERK activation by binding to phosphorylated Tyr 985 of OB-
Rb [54].

Although the primary source of leptin is adipose tissue, several other tissues have been
found to synthesize leptin, however, in lower quantities (i.e., stomach, skeletal muscle, brain,
placenta and endometrium at the time of embryo implantation) [6, 55]. Leptin levels are
higher in women compared to males (pre-menopausal females>post-menopausal
females>males) even after correction by body weight [56]. These gender differences in
leptin levels could be related to subcutaneous synthesis and estrogen and androgen
regulations [57]. Leptin/OB-R seems to be involved in early embryo implantation [55, 58].
An active crosstalk between leptin secreted by embryos and OB-R expressed by decidual
tissue has been described. Moreover, it seems that leptins/OB-R function as essential
upstream events in the embryo implantation process [58].

Remarkably, leptin exhibits low or undetectable expression levels in normal endometrial
cells, but it is synthesized by uterine cancer cells [59]. Additionally, several other cancer
types express leptin including breast, ovarian, prostate, melanoma, esophagus, thyroid, brain,
lung and colon [6]. Leptin expressed by adipose or EmCa can promote in a paracrine or
autocrine manner the proliferation of cancer cells. However, the correlation between leptin
and OB-R expressions in the EmCa clinicopathology is still unclear [60].

We earlier reported that EmCa cell lines expressed higher levels of OB-R (full-length OB-
Rb and short isoforms) in contrast to benign primary non-malignant endometrial cells [61].
Leptin and OB-R are found in EmCa tissue. Positive staining for STAT3, HIF-1, leptin and
OB-R was detected in 75%, 79%, 60% and 31% of endometroid adenocarcinomas (type 1),
respectively [59]. Leptin and OB-R overexpression correlated to ER expression, tumor
invasion, metastasis and poor prognosis (3-year survival rate) [60].

Leptin signaling crosstalk in endometrial cancer

Elevated lifetime estrogen exposure is a major risk factor for EmCa. This is also true for
other hormone-dependent cancers (i.e., breast and ovarian) [62]. ER signaling regulates an
elevated number of genes affecting cancer proliferation and vascular function. Antiestrogens
could also stimulate the synthesis and release of leptin in the adipocytes [63].

A complex crosstalk between leptin and pro-angiogenic, inflammatory and mitogenic factors
occur in breast cancer, which could also be present in EmCa. Leptin actions would provide a
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link between pro-inflammatory and proangiogenic actions of IL-1, VEGF and macrophages
in cancer progression [6]. However, the individual contributions of these factors to obesity-
related cancers, including EmCa, are not well understood. We earlier reported that leptin
signaling was associated to several pro-angiogenic factors in EmCa cell lines. In malignant
endometrial epithelial cells (An3Ca, SK-UT2 and Ishikawa) leptin regulated in a dose-
dependent manner VEGF, IL-1pB, LIF and their respective receptors, VEGFR2, IL-1R tl and
LIFR. However, IL-1p was only increased by leptin in benign primary endometrial cells
[61]. Additional factors involved in leptin crosstalk are TNFa., IL-6 and resistin [6].

Additionally, vitamin D3 and microRNA signaling regulate the effects of leptin signaling on
EmCa growth. Molecular analyses showed that leptin increased human telomerase reverse
transcriptase ("nTERT) mRNA expression and cell growth through ERa activation. Real-time
polymerase chain reaction analyses revealed an inverse correlation between hTERT mRNA
and miR-498 in response to vitamin D3 (1,25(0OH)2D3) in estrogen-sensitive cancers,
including EmCa. The studies suggest that miR-498-mediated hTERT downregulation is a
key event mediating the anti-leptin activity of 1,25(0OH)2D3 in estrogen-sensitive EmCa
[64].

Notch-system signaling

Notch signaling is a complex transduction process initiated by the binding of a membrane-
bound ligand (in adjacent cells) to a membrane-bound receptor in the target cells. Notch
affects processes such as proliferation, apoptosis, cell survival, epithelial-mesenchymal
transition, differentiation and angiogenesis. Currently, four Notch receptors have been
identified in mammals (Notch 1-4). Each receptor consists of an extracellular domain,
which is involved in ligand binding and a cytoplasmic domain involved in signal
transduction. Five ligands for Notch have been identified: Jagged (JAG1 and JAG2) and
Delta-like (DLL1, DLL3 and DLL4). Once the ligand binds to its receptor, the Notch
receptor is proteolytically cleaved at the extracellular domain by an a-secretase (ADAM10),
which is subsequently followed by cleavage of the receptor’s intracellular domain by -y-
secretase, resulting in the formation of the intracellular domain of Notch (NICD or Notch-
IC). The Notch canonical pathway is characterized by the translocation of the cleaved NICD
to the nucleus to initiate transcription of target genes. Inside the nucleus, NICD interacts
with a transcription factor CSL (RBPjk), converting CSL from a transcriptional repressor to
a transcriptional activator [65]. Simultaneously, coactivators (CoA) are recruited and form a
transcription-activating complex with CSL to modulate the expression of the genes HES and
HERP (hairy/enhancer of split and hairy/enhancer of split-related protein), respectively [66,
67]. Polyubiquitination and degradation of NICD can occur in a proteasome-dependent
manner [65, 66]. However, Notch signaling can be regulated by canonical (CSL, ADAM)
and non-canonical pathways (Wnt/p-catenin) [68].

An uncommon characteristic of the Notch signaling pathway is the lack of an amplification
step during the canonic signal transduction process. Amplification usually involves
phosphorylation of multiple core proteins within the pathway to augment the signaling
process. Additionally, Notch signaling exhibits a 1:1 ratio of signaling input and output in
each reaction, wherein the Notch receptor is consumed yielding only one NICD. Therefore,
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to generate an appropriate cellular response, signal strength is an important factor [69].
Hence, the Notch signaling pathway can be extremely sensitive to deviations in gene
expression [70].

Aberrant activation of Notch signaling can lead to various pathological conditions such as
cancer [71]. Therefore, Notch is a hallmark for many cancers [65]. In tumorigenesis,
irregular Notch activation can be initiated through the abnormal expression of Notch ligands,
receptors and target genes, all of which have been reported in many solid tumors, including
breast, prostate and pancreatic tumors [70, 71]. The Notch signaling pathway exhibits
oncogenic properties in some tumors and suppressive properties in others, which suggests a
dual role in carcinogenesis [71]. In salivary gland carcinomas, the Notch pathway acts as an
oncogene via the translocation of a Notch transcriptional co-activator (Mastermind-like
gene). In contrast, Notch functions as a tumor suppressor in skin carcinomas through Wnt
and Hedgehog signaling pathways [72]. Hence, Notch signaling is cell and context
dependent [65].

Expression of Notch in endometrial cancer

Notch signaling has been studied in many gynecologic cancers, including ovarian cancer and
cervical cancer [73]. A role for Notch signaling molecules has been suggested in normal and
malignant endometria. The function of Notch signaling in EmCa is poorly understood.
However, there are only few reports of Notch signaling in EmCa. Moreover, the role of
Notch signaling in EmCa is controversial [70, 74, 75].

Notchl expression was significantly higher in the proliferative phase of the endometrium
when compared to the other phases, which may suggest that Notch signaling is necessary for
cell proliferation [74]. Additionally, the expression of Notch signaling molecules was higher
in EmCa when compared to normal endometrium [75]. Notably, Notchl expression was
increased in tumors with invasive properties. Consequently, Notchl expression was
positively correlated with high FIGO staging and lower survival rates for patients. Moreover,
high expression levels of JAG1/Notchl was associated with a poor prognosis [75]. In
contrast, it has been suggested that Notch signaling could function as a tumor suppressor in
EmCa due to the down-regulated expression of certain Notch ligands and receptors [70].
Notch receptors (Notch 1-4), ligands (JAG1, JAG2 and DLL1) and target (HES1) had an
overall decreased expression of mMRNA in EmCa when compared to the normal endometrium
[70]. Therefore, more studies must be conducted to identify the specific role Notch plays in
EmCa.

Notch crosstalk to many signaling pathways in endometrial cancer

An active crosstalk occurs between Notch, Wnt and Hedgehog signaling pathways.
Remarkably, Notch, Wnt and Hedgehog are involved in embryonic development. Abnormal
activation of these pathways is linked to many cancers. Indeed, the proliferation of EmCa
cells involves the aberrant activation of the Hedgehog signaling pathway [76, 77]. However,
there are few reports of Wnt signaling in EmCa. An essential player of Wnt signaling, p-
catenin, was abnormally expressed in type | EmCa. Deregulation of the Wnt/p-catenin
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signaling pathway by inactivating -catenin mutations was found in approximately 10%—
45% of EmCa [77]. In contrast, no significant difference in Wntl1, FZD1 and Wnt5
expression between EmCa and normal endometrium was found [78]. Additionally, Wnt and
Hedgehog expressions were lower in EmCa compared to normal endometrium, which may
suggest that Notch acts a tumor suppressor in these pathways [70, 79].

Notch, IL-1 and leptin crosstalk in endometrial cancer

Leptin is an important pro-inflammatory, pro-angiogenic and mitogenic factor [5, 80].
Studies have shown that high leptin levels are linked to poor cancer prognosis [5, 80]. Leptin
produced by cancer cells act in an autocrine and paracrine manner to promote tumor cell
proliferation, migration and invasion, pro-inflammation and angiogenesis [5, 81, 82].
Obesity and leptin significantly alter the profiles of numerous proteins linked to cellular
processes in cancerous tissues such as Notch and IL-1 [6, 65, 83]. OB-R short isoforms are
higher expressed than OB-R long isoform in EmCa [81]. High levels of leptin and OB-R are
associated with metastasis and decreased survival rates in breast cancer patients [80].
However, it is unknown whether this association is found in EmCa.

Leptin induces IL-1 system in endometrial and breast cancer cells [61, 82, 84, 85]. The IL-1
system is composed of ligands (IL-1a and IL-1p), receptors (IL-1R tl and IL-1R tIl) and an
antagonist (IL-1Ra). IL-1p is the more abundant ligand that preferably binds IL-1R tl in
normal and cancer cells. The IL-1 system is involved in various roles in both physiological
and pathological states [84]. In cancer cells, IL-1 promotes angiogenesis, tumor growth and
metastasis [85]. IL-1 is known to be up-regulated in many tumor types. Indeed, the presence
of IL-1 in some human cancers is associated with aggressive tumor biology [86]. IL-1 has
been shown to up-regulate leptin levels in some cancer cells. Overexpression of IL-1 is seen
in breast cancer and linked to proliferation of breast cancer cells [84]. However, we
previously showed that leptin up-regulates the IL-1 system in endometrial cells [61].
Moreover, we have shown that IL-1R tl levels were increased in EmCa cells in the presence
of leptin, which was related to the activation of JAK2/STAT3, MAPK/ERK1/2 and mTOR
pathways [61].

An active crosstalk exists between Notch, IL-1 and leptin in breast cancer termed NILCO
[83, 84, 87, 88]. Notch, IL-1, and leptin crosstalk outcome (NILCO) is involved in the
induction of breast cancer cell proliferation and migration. In these cells, leptin up-regulates
Notch ligands, receptors and target genes. Additionally, leptin up-regulates I1L-1 [85, 89].
Remarkably, the blockade of IL-1R tI abrogated leptin up-regulation of Notch [84].
Interestingly, IL-1/IL-1R tl signaling has been shown to mediate leptin up-regulation of
VEGF/VEGFR-2 in breast cancer [89]. Leptin can directly induce VEGF/VEGFR-2 up-
regulation and indirectly up-regulates VEGF/VEGFR-2 through IL-1 and Notch [83, 84, 88—
90]. However, this crosstalk has not been investigated in EmCa.

Currently, our lab is investigating NILCO in EmCa. We have shown that NILCO is
expressed significantly higher in type Il EmCa, the more aggressive non-hormonal form of
EmCa [91]. Paraffin sections were analyzed using malignant and surrounding benign tissue
biopsies from obese AAW (n=21). The patient samples were classified by a histopathologist
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as either type | or type Il EmCa. Patients had well-annotated clinicopathological data
(including race, age, parity, body weight and pathology). Institutional Review Board
approval was obtained from Morehouse School of Medicine and Grady Memorial Hospital,
Atlanta, GA. Expression levels of NILCO components (Notch 1-4, JAG1 and DLL4) and
targets (survivin, Hey2, IL-1R tl and OB-R) were determined via immunohistochemistry
(IHC) [91]. Staining intensity were assigned using semi-quantitative H-score [Zpi (i+1),
where “i”” is the intensity with a value of 0, 1, 2 or 3 (negative, weak, moderate or strong,
respectively) and “pi” is the percentage of stained cells for each intensity] calculated by two
independent observers in three different fields (100 cells/each) [87]. Preliminary
immunohistochemistry results showed that Notchl and 4 (receptors), JAG1 and DLL4
(ligands), survivin, OB-R and IL-1R tI were expressed higher in type Il EmCa (Figure 2).

These results were assessed in preliminary studies using tissue microarray from type Il
EmCa from Chinese patients (data not shown). Preliminary data suggested that the more
aggressive and non-hormonal form of EmCa (type I1) could be dependent on Notch
signaling. The results also might suggest that an active crosstalk between obesity signals
(leptin) and Notch occurs in EmCa. Therefore, NILCO expression in EmCa may serve as a
new tumor marker. Moreover, novel therapy strategies targeting Notch and leptin signaling
could be a new way to treat type Il EmCa. Identification of the role of NILCO is a current
research challenge that could provide information to better understand the mechanisms
involved in obesity-induced effects on EmCa.

Endometrial cancer markers

Tumor markers are molecules found in malignant cells or body fluids. These molecules are
produced by the cancer or host normal cells in response to the presence of cancer. Tumor
markers can be used to differentiate malignant from normal tissue. These molecules include
proteins and genes (i.e., cell receptors, growth and angiogenic factors, cytokines,
extracellular and cell adhesion molecules, serum proteins and tumor suppressor genes
among others). Since the description of first tumor marker by Henry Bence-Jone in 1846,
several tumor markers have been reported. Tumor markers are useful to identify the risk,
screen for early cancer, establish diagnosis, monitor disease progression and response to
therapy, detect recurrence and estimate cancer prognosis [92].

Mismatch repair genes (MMR) and microsatellite instability (MSI)

DNA repair and the mismatch repair system (MMR) play crucial roles in promoting genetic
stability. Microsatellites are simple repetitive DNA sequences in the genome susceptible to
replication errors. Microsatellite instability (MSI) is due to inactivation of intranuclear
proteins, which comprises the MMR, resulting in accumulation of structural mutations
during DNA replication [93]. MSI is a molecular phenotype found in approximately 20% of
sporadic endometrioid EmCas (type | EmCa) of all grades. MHL1 inactivation (MutL
homolog 1, a component of MMR) is the most common altered mechanism of DNA
mismatch repair in the endometrium, which is accomplished by hypermethylation of CpG
islands in gene promoters (epigenetic silencing). MSI may specifically target for inactivation
of those genes which contain susceptible repeat elements, such as transforming growth
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factor beta receptor Il (TGF-RII), BAX, insulin growth factor receptor (IGFIIR) and hMSH3
resulting in secondary tumor subclones with altered capacity to invade and metastasize.
However, MSI is rare (<5%) in type Il EmCa, where the primary genetic defect is in the p53
gene [94].

Tumor suppressor genes

Cell cycle

Tumor suppressor genes code for proteins that inhibit tumor growth. When mutated, they
become inactive and tumor growth is allowed. Phosphatase and tensin homolog (PTEN) is a
tumor suppressor gene encoding a phospholipid phosphatase, which acts to maintain G1
arrest and enable apoptosis, antagonizing the P13K/AKT pathway. Inactivation of PTEN
tumor suppressor gene is the most common genetic defect in type | EmCa. PTEN mutations
are found in endometrial hyperplasia suggesting that it is an early event in carcinogenesis
and is involved in the early phases of endometrial tumorigenesis [95, 96]. Discrete
premalignant phase of EmCa precedes the inactivation of PTEN in up to 83% of endometrial
abnormalities. PTEN inactivation may be caused by mutations, deletions or promoter
hypermethylation, and decreased PTEN activity causes increased cell proliferation, cell
survival and angiogenesis [92].

The serine/threonine kinase Akt (protein kinase B), a major downstream effector of PI-3K
and PTEN, is very frequent activated. This occurs in human cancers not only by inactivation
of PTEN but also through activation of Ras (a small GTPase family of kinases), PI3K and
growth factor receptors [95, 97]. The deficiency of Aktl has been shown to reduce the
development of tumors in endometrium induced by PTEN inactivation in mouse models
[98]. Thus, inhibition or ablation of Akt activity could be an approach of prognostic value
[99].

The p53gene regulates cell cycle, apoptosis and differentiation [95]. It can initiate cell cycle
arrest as a response to DNA damage, by increasing the cyclin-dependent kinase inhibitor
p21. p53 mutations have been found in 10%-20% of endometrial carcinomas [97, 98].
However, p53 protein overexpression is more frequent in serous papillary (type I1) than
endometrioid tumors (type 1) [99] and has been associated with higher FIGO stage.
Furthermore, overexpression of p53 (detected by IHC) is associated in several retrospective
studies with an unfavorable prognosis of EmCa [100, 101].

Additionally, the inactivation of the p27 gene, a downstream effector in the p53 pathway of
cell growth control, may potentially lead to EmCa progression. Low expression of p21
protein has been associated with significantly decreased survival of EmCa patients,
including those without p53 alterations [102].

regulation, proliferation and apoptosis

Ki67 (proliferation marker) is increased in serous papillary and high-grade tumors and at the
invasive front of EmCas [103, 104]. Ki67 expression has been correlated with clinical stage

and histological grade in a series of primary untreated EmCa patients [105], which could be

a strong prognostic indicator of EmCa recurrence. Moreover, Ki67 detection is related to the
efficacy of endocrine treatments [106]. Additionally, a few other studies estimating cell
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proliferation rate by determining cells in S phase have associated cell proliferation with
significant prognostic outcome in EmCa [106].

Mutations in Bax, an apoptosis inducer gene, induces a loss of Bax protein expression in
endometrial carcinomas [107, 108]. In contrast, Bcl-2, an inhibitor of apoptosis, is highly
expressed in endometrial hyperplasia but shows decreased expression in EmCa [109].

Cables is a cell cycle regulatory protein and tumor suppressor that is up-regulated by
progesterone and down-regulated by estrogen actions in the endometrium. Cables expression
is lost in type Il EmCa and more that 80% of type | EmCa. Nuclear immunostaining for
Cables is lost in a high percentage of cases of endometrial hyperplasia and EmCa, which are
likely the product of unopposed estrogen. Thus, loss or suppression of Cables may be an
early step in the development of endometrial cancer [110].

Steroid receptors

The presence of hormone receptors has been relevant for the phenotype classification and
targeted treatment in EmCa [100]. Activated ER can suppress the expression of Bax by
upregulating a group of microRNAs including hsa-let-7 family members and hsa-miR-27a.
Therefore, ER promotes the increase of Bcl2/Bax ratio as well as enhanced survival and
proliferation of endometrial cells. ER-regulated hsa-let-7 microRNAs can be detected in
most hyperplastic endometria, suggesting their potential utility as indicators of estrogen
over-exposure [107].

Protein kinase C-a (PKC-a) is aberrantly expressed in endometrioid tumors and is an
important mediator of EmCa cell survival, proliferation, and invasion. PKC-a signaling, via
P1-3K/Akt, may be a critical element of the hyperestrogenic environment and activation of
ER. This signaling crosstalk is thought to trigger the development of estrogen-dependent
endometrial hyperplasia and malignancy [92].

Progesterone receptor (PR) expression has been correlated to EmCa grade, histology,
adnexal spread and recurrence [111]. However, EmCa recurrence occurs more in PR-
negative tumors [112]. In recent years, the expression of PR-A and PR-B isoforms in
endometrial adenocarcinoma has been significantly associated with increasing tumor
differentiation [101].

Markers of invasion and metastasis

Genetic alterations in cellular adhesion molecules, such as catenins and cadherins, are
important for tumor stroma and tumor vascular interactions. It was found that several
features of type | EmCa occur significantly more often in tumors expressing nuclear -
catenin. These results suggest that abnormal Wnt/beta-catenin signaling pathway could be a
molecular feature of a subset of type | EmCa [113]. Mutations in the B-catenin gene have
been associated with a low metastatic potential [114].

CD146 (cell surface glycoprotein MUC 18) is a cell adhesion molecule found overexpressed
in various cancers including breast and ovarian cancers. CD146 promotes tumor growth,
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angiogenesis and metastasis, and its levels were higher in EmCa and positively correlated
with histological grade and myometrial invasion [114, 115].

DNA ploidy

Aneuploidy tumors are present in 20%—30% of endometrial carcinomas associated with a
high grade, non-endometrioid subtype, deep myometrial invasion and high FIGO stage.
DNA ploidy was the strongest independent predictor of poor outcome in series of EmCa and
was correlated to recurrence and survival patterns [116-118].

Serum tumor markers

Elevated pre-diagnostic concentrations of tumor necrosis factor-alpha (TNF-a) and its
soluble receptors TNFR1 and TNFR2 were related to a higher risk and advanced EmCa
stage [119, 120]. However, lower levels of TNF-a were found in endometrial hyperplasia
compared to normal controls. Estrogen-stimulated TNF-a expression from EmCa cells
induced the stromal expression of HGF that could be targeted with NK4 (HGF-antagonist/
angiogenesis inhibitor) [120].

Serum human epididymis protein 4 levels correlated with an aggressive tumor phenotype
and may constitute an independent prognostic factor for poorly differentiated EmCa [121].

YKL-40 (human cartilage glycoprotein-39) was elevated in 76% of EmCa patients, and its
pre-operative serum level may predict worse clinical outcome [100]. YKL-40 correlated to
VEGF overexpression and co-activation of syndecan-1 (S1), integrin avp3 and focal
adhesion and MAP kinases [122].

Higher levels of M-SCF (stem cell factor) were detected in 25%-73% of EmCa cases and
were predictive of aggressive clinical course [111, 114]. Elevated levels of serum sFas (Fas
ligand, a pro-apoptotic molecule) were found in endometrioid adenocarcinoma (p<0.0001).
Additionally, human serum amyloid A protein was overexpressed and actively secreted by
grade-3 endometrioid adenocarcinoma and serous papillary carcinoma [112].

Elevated serum CA 125 (cancer antigen 125 or MUC16) levels have been detected in 11%-—
43% of EmCa and related to disease stage, myometrial invasion, peritoneal cytology and
lymph node metastasis. CA 125 serum cutoff of 20 U/mL had a sensitivity of 69.0%,
specificity of 74.1%, positive predictive value of 58.8% and negative predictive value of
81.6% for assessment of myometrial infiltration. Serum CA 125 level usually parallels the
clinical course of the disease [123]. Other tumor serum markers, CA 15.3 and CA 72.4 were
found in 47% of EmCa patients with occult stage |11 compared to 18% of those with stages |
and Il [123].

Low levels of serum taurine (an organic acid) are found in EmCa patients [124].
Apolipoprotein A, pre-albumin and transferrin levels were found higher in early and late-
stage EmCa (71/88% sensitivity and 82/86% specificity) [125].
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Despite the abundant literature on EmCa markers, there are scarce data on relationships
between these molecular markers and obesity cues.

Treatment of endometrial cancers

High risk of EmCa recurrence correlates to deeply tumor invasion, type Il and advanced age.
For advanced stage EmCa, hysterectomy is the first therapy choice. Chemotherapy reduces
the mortality due to recurrent EmCa by a quarter and also reduces the risk of developing the
first recurrence outside the pelvis. Radiotherapy is commonly used in conjunction with
chemotherapy and surgery to treat EmCa [3].

Initial management of early EmCa is surgical staging with total hysterectomy, bilateral
salpingo-oophorectomy, bilateral pelvic and para-aortic lymph node dissection and pelvic
washings. Minimally invasive approach, such as laparoscopy or robotic assistance, is
preferred in certain situations over laparotomy due to similar outcomes and decreased
postoperative adverse events. Vaginal hysterectomy may be appropriate for patients with
increased risk of morbidity, however does not allow lymphadenectomy [126].

Lymphadenectomy is useful in triaging need for adjuvant therapy but can be eliminated for
patients identified as low risk by the Mayo criteria, with grade 1-2 of type | endometrioid
tumors, <50% myometrial invasion and tumor of 2 cm or less. Sentinel node dissection may
further clarify patients who need nodal dissection while minimizing morbidity. Vaginal
brachytherapy is the adjuvant therapy of choice for patients with early stage EmCa. For type
Il EmCa with high risk of recurrence, adjuvant therapy in addition to brachytherapy is often
considered, and there is a Gynecologic Oncology Group study ongoing; however, no
prospective data are currently available [126]. For advanced or recurrent EmCa, aggressive
surgical cytoreduction including exenteration have been shown to improve progression-free
and overall survival. Adjuvant therapy is given as combination of chemotherapy with
paclitaxel and carboplatin, along with radiation. Protocols often studied employ the
sandwich technique with three chemotherapy cycles, radiation and then additional three
chemotherapy cycles. Patients who are not candidates for surgery may be treated with
primary radiation therapy with adjuvant chemotherapy [127].

Conservative management with hormonal agents has been studied in women who are poor
surgical candidates or who desire fertility-sparing treatment. Most often studied are
medroxyprogesterone acetate and megestrol acetate. Other regimen studies include diverse
progestins, oral contraceptives, tamoxifen and intrauterine device containing levonorgestrel.
Failure or recurrence may occur. If medical therapy fails or childbearing has been
completed, definitive surgical therapy may be recommended [127].

Oncogenes and targeted treatment of EmCa

Oncogene overactivation stimulates cell division. However, few oncogenes have been found
over-activated in EmCa. Among them, mutations of K-Ras (a proto-oncogene involved in
growth control and differentiation) could be related to the progression of several cancers. K-
Ras mutations occur in 10%—-30% of EmCa, predominantly in type | as well as endometrial
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hyperplasia. These data suggest that K-Ras mutation is an early event in the development of
type | EmCa [128].

Her2 overexpression was found in approximately 20% endometrioid and serous carcinomas.
Her2 was associated with EmCa aggressive phenotype and poor survival. However,
trastuzumab therapy (anti-Her2 antibody) as a single agent did not demonstrate activity
against EmCa with Her2 overexpression or gene amplification [129].

Somatic mutations in the fibroblast growth factor receptor 2 (FGFR) were found in 12% of
the EmCa. Altered ligand specificity and constitutively activated FGFR2 mutations have
oncogenic roles in EmCa cell lines [130]. Dovitinib, a FGFR2 inhibitor induced complete
EmCa regressions in a long-term in vivo study in FGFR2 wild-type EmCa xenograft models.
mTOR pathway in concert with oncogenic FGFR2 may drive EmCa growth [131]. Indeed,
Ridaforolimus, a selective inhibitor of mTOR, reduced EmCa growth in vivo [132].
Additionally, amplifications of PI-K3CA, a catalytic subunit of PI-3K, correlated to PI-3K
activation and PTEN mutations in EmCa. This suggests that these molecules are potential
targets for therapy [133].

Increased levels of VEGF and angiogenic markers are associated with poor outcome and
high grade in type | EmCa [134, 135]. Detection of VEGF and its receptor type 1,
VEGFR-1, could be useful markers for predicting 5-year disease-free survival in
endometrioid EmCa [136]. Avastin, a humanized antibody against VEGF-A, retarded tumor
growth in athymic mice. Interestingly, c-Jun oncogene was detected in bevacizumab-treated
EmCa that suggests that c-Jun-mediated pathway(s) contributes to bevacizumab resistance
[137].

Cancer stem cells

Accumulating evidence has revealed that there are rare populations of cells that display adult
stem cell properties of self-renewal and differentiation in both epithelium and stroma of the
human endometrium. These cells are probably responsible for the regenerative capacity of
the endometrium. Epithelial stem cells might be located in the basal layer of the
endometrium [138]. Stem cells can be classified as embryonic stem cells [139], germ stem
cells [140], fetal stem cells [141], cancer stem cells (CSCS) and EmCa side population cells
(ECSP) as well as somatic or adult stem cells [142, 143].

Embryonic stem cells are pluripotent cells derived from the inner cell mass of the blastocyst.
Germ stem cells are defined as pluripotent stem cells having derived from germ cells. Fetal
stem cells are responsible for the initial development of all tissues before birth; they can be
isolated not only from fetal blood and hemopoetic organs but also from fetal organs,
amniotic fluid and placental membranes. Adult stem cells are found in several tissues, and it
has also been suggested that stem-like cells exist in cancerous tissues [143].

The human endometrium contains rare epithelial and stromal cells able to produce colony-
forming units: endometrial epithelial stem cell-like (also referred to as side population) and
endometrial mesenchymal stem cell-like (MSC). MSC are found in perivascular and basalis
and functionalis endometrial layers [144]. MSC express CD146+ (MCAM), PDGF-Rp+
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(CD140B), ITGB1 (9CD29), CD44, NT5E (CD730), THY1 (CD90) and ENG (CD105) but
not endothelial or hematopoietic markers [145]. Similar populations of cells, called EmCa
stem cells (CSCS), have been described.

CSCS have unlimited proliferative potential, show reduced level of differentiation markers,
resistance to conventional chemotherapeutic agents and high DNA repair capacity [138].
ECSP isolated and characterized from EmCa cell line express CD133, CD44, CD146,
PDGFRp and aldehyde dehydrogenase-1 markers. These cells may be identified as label-
retaining cells using their property to retain DNA synthesis label bromo-deoxyuridine
(BrdU) [146]. ICD133 (+) EmCa cells and/or ECSP cells can initiate tumor formation and
recapitulate the phenotype of the original tumor (Figure 3) [145].

Musashi-1, an evolutionary conserved marker for neural stem cells, was co-expressed with
Notch1l in a subpopulation of endometrial cells. Additionally, Musashi-1 and telomerase
expressing cells were found significantly increased in proliferative endometrium,
endometriosis and EmCa [147]. Also, Notchl pathway was increased in EmCa and
endometriosis suggesting the concept of a stem cell origin of EmCa and endometriosis
[147].

ECSP possess the following characteristics: (i) reduced expression levels of differentiation
markers, (ii) long-term repopulating properties, (iii) self-renewal capacity, (iv) enhanced
migration and podia formation, (v) enhanced tumorigenicity and (vi) bi-potential
development (tumor cells and stroma-like cells), suggesting that they have cancer stem-like
cell features. Recently, sodium butyrate, a histone deacetylase inhibitor, was shown to inhibit
the self-renewal capacity of ECSP by inducing a DNA damage response [148].

Race and endometrial carcinomas

The lifetime risk of being diagnosed with EmCa is as follows:
CSW>AAW>Hispanics>Asian Pacific islanders>Native American women. However, there
is a large disparity in the death rate. AAW have a 12% decrease in incidence rate and an
86% increase in death rate in comparison with CSW [148].

The 5-year survival rate of AAW is lower than in CSW for every stage of disease at the time
of diagnosis. AAW have a higher grade and more aggressive tumor types (serous, clear cell
type and carcinosarcomas) [149]. However, divergent data on race factor impact on survival
have been shown [149, 150]. CSW were more likely to have PTEN mutation, present in type
I EmCa histology and associated with better prognosis [151]. In contrast, AAW suffering
from EmCa have more p53 mutations and Her2 expression in cancer tissue, and show poor
treatment response, which are associated with type Il Emca [4, 152, 153]. Additionally,
incidence of obesity is significantly higher in AAW than in CSW. Obesity contributes to
EmCa morbidity, progression, recurrence and mortality [14]. These data suggest that
incidence of types | and Il EmCa, obesity and socio-economic factors may impact on the
AAW survival differences [4, 154, 155].
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Expert opinion

In spite of the important role suggested for tumor markers and CSCS in EmCa pathology,
recurrence and response to treatments, there are not comprehensive data available on how
obesity and race could impact on these factors. Moreover, whether health disparity in AAW
could be influenced by obesity-induced changes in CSCS and EmCa markers is unknown.
There is a need to better understand the mechanisms involved in obesity-related EmCa.
NILCO markers may provide additional information for obesity-related type 1l EmCa. These
important questions on EmCa biology, detection, potential prevention, treatment and
recurrence warrant further investigations.

Outlook
Determination of NILCO and other obesity-related molecules together with traditional
tumor markers may be used as additional tools to predict the impact of obesity on EmCa
prevention, treatment and recurrence.

Highlights

EmCa is a multifactorial disease classified in two major types: type | and type II.

Type | EmCa is responsive to steroid hormonal medium, more differentiated and shows
better prognosis.

Type Il EmCa is unresponsive to steroid hormones, less differentiated and shows poor
prognosis.

CSW show higher incidence of EmCa, but AAW show higher grade and poor prognosis.
Obesity correlates to higher incidence and poor prognosis of EmCa.

Race, obesity and socioeconomic factors could be related to higher incidence of type Il
EmCa in AAW. Frequent overexpression of p53 has been reported in type Il EmCa from
AAW. More studies are needed to better understand how race and obesity could impact on
EmCa health disparity.

Several tumor and serum markers are being used to detect and predict treatment response in
EmCa. However, no data are available on relationships between EmCa markers, CSCS
profiles and obesity cues.

NILCO may serve as novel biomarker for obesity-related type Il EmCa.
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Figure 1. Typel EmCa (A, B) and typell EmCa (C, D)
(A) Endometrioid carcinoma containing glandular features that resemble glands of the

benign endometrium (HE, 10x). (B) Estrogen receptor positive tumor (HE, 40x). (C) Serous
carcinoma of the endometrium (HE, 40x). (D) Endometrial carcinoma in situ (HE, 60x).
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Figure 2. H-scores from immunohistochemistry staining of NILCO components and targetsin
type | and typell EmCa from AAW

H-scores were significantly higher in type Il versus type | EmCa for Notchl (p=0.0044),
Notch4 (p=0.0081), JAG1 (p=0.0116), DLL4 (p=0.0042), survivin (p=0.0144), OB-R
(p=0.0008) and IL-1R tl (p=0.0028).
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Figure 3. EmCa derived from EmCa stem cells (ECSC). (A, B) Osteosarcomas; (C, D)
chondrosarcomas; (E) rhabdosarcoma; (F) epithelial sarcomatous and (G) choriocarcinoma
differentiation

(A) Sarcomatous stromal cells produce osteoid. Tumoral osteoid represented by amorphous
fibrillary eosinophilic deposits. Early osteoid deposition forms a lace-like pattern around
tumor cells, and advanced osteoid shows evidence of mineralization (darker pink-purple
color) (HE, 10x). (B) High magnification shows highly malignant cells with high nuclear-to-
cytoplasmic ratio, anaplastic hyperchromatic nuclei or clearing of the chromation and
conspicuous, cherry-red nucleoli (HE, 40x). (C) Sarcomatous stromal cells produce
chondroid matrix (HE, 10x). (D) Malignant nuclear anaplastic features (HE, 40x). (E)
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Anaplastic rhabdomyosarcoma showing large strap cells with abundant cytoplasm and
striations. The cells are mononuclear or multinucleated. Numerous mitoses are identified
(HE, 40x). (F) Epithelial and sarcomatous component blend in this tumor. The malignant
epithelial component is composed of cells with high nuclear-to-cytoplasm ratios that show
numerous mitoses. Spindle cells with large anaplastic nuclei and prominent nucleoli
representing the sarcomatous component are immediately adjacent to the epithelial
component (HE, 40x). (G) Malignant polygonal/round cells with single nucleus are
reminiscent of the cytotrophoblast. Few multinucleated cells reminiscent of the
syncytiotrophoblast are also present. Hemorrhagic background and necrosis areas are
present in this tumor (HE, 40x).
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