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: Endometrial cancer is the most common malignancy of

gynecological tract. The incidence of endometrial cancer
has been increasing over the last few decades, especially
in the reproductive-aged women. Among reproductive-aged
women, those with polycystic ovary syndrome (PCOS) have a
3- to 8-fold increase in the risk of developing endometrial
cancer when compared to women without PCOS. Because a large
proportion of PCOS women are presented with
overweight/obese or defective insulin sensitivity and
because PCOS and endometrial cancer are associated with the
genetic background of patients, we hypothesize that PCOS
susceptibility associated genetic variants and mutations in
key endometrial cancer risk genes -could contribute to the
pathogenesis of PCOS associated endometrial cancer. Because
PCOS is characterized by an aberrant endocrine profile, we
further hypothesize that PCOS-associated endometrial cancer
1s associated with the interplay of genetic background and
PCOS specific endocrine aberrations. Based on this
understanding, we propose to develop a prediction biomarker
panel that estimates the risk of endometrium cancer in PCOS



women by combining the forecasting power of PCOS-specific
genetic alterations, genetic variants and endocrine
biomarkers.

# % B 43 © biomarker, risk predicting, endometrial cancer, PCOS



Background and Significant
Endometrial cancer is the most common gynecologic cancer and lacks an early detection method

Endometrial cancer is the most common malignancy of gynecological tract. In developed
countries, women have a 2-3% lifetime risk of developing this malignancy. An estimated 60,050
new cases are expected to occur in the United States in 2016, and an estimated 10,170 women are
expected to die of the disease
(http://www.cancer.org/research/cancerfactsstatistics/cancerfactsfigures2016/;
http://www.ncbi.nlm.nih.gov/books/NBK65786/). The incidence of endometrial cancer has been
increasing over the last few decades, presumably because of the growing obesity epidemic [1].
Unfortunately, most young cases (~85%) cannot be diagnosed at the early stage in spite of common
use of transvaginal ultrasound screening [2-4]. It is obvious that current screening procedure is
inadequate to improve the care of endometrial cancer patients, especially those at their reproductive
age. New approaches that can predict the risk of endometrium cancer and / or efficiently detect
endometrial cancer at its early stages of development are urgently needed.

Polycystic ovary syndrome (PCOS) is a strong risk factor for endometrial cancer

Although the exact mechanisms underlying
endometrial carcinogenesis are not well Origins of increased risk of endometrial cancer in PCOS patients

understood, risk factors such as obesity and
insulin resistance have been implicated inthe ' Genotypes) —»
development of this malignant disease [5-9].
Earlier studies have shown that the risk of
endometrial cancer increases 1.59-fold per
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In addition to obesity and insulin yslipigemia and turnover

resistance, polycystic ovary syndrome (PCOS) Fig.1
represents a significant risk factor for the

development of endometrial cancer [2]. PCOS affects about 5-12% of women worldwide,

and is the most common endocrine abnormality of reproductive-age women [11-14]. PCOS was first
reported by Stein and Leventhal in 1935 as Stein-Leventhal syndrome, and is characterized by a
complex phenotype, including oligo- or anovulation, hyperandrogenism, hirsutism, amenorrhea,
obesity, and/or enlarged polycystic appearing ovaries [15-19]. While defective reproduction is the
main outcome of PCOS, >42% of women with PCOS in developed countries are overweight/obese,
and have a high risk of developing type 2 diabetes (T2D), atherosclerosis and cardiovascular events
[18, 20-22]. Importantly, women with PCOS have a 3- to 8-fold increase in the risk of developing
endometrial cancer when compared to women without PCOS. In Caucasian PCOS patients, the
lifetime risk is ~9%, and women with recurrent and/or metastatic endometrial cancer have a median


http://www.cancer.org/research/cancerfactsstatistics/cancerfactsfigures2016/
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survival of 7-12 months despite systemic treatments with endocrine and combination chemotherapy
[23]. This enhanced risk is specific for endometrial cancer because the risk of ovarian and breast
cancers is not significantly increased overall in PCOS patients [24, 25]. With this background, a
popular hypothesis suggested that hyperinsulinemia, dyslipidemia and obesity in PCOS patients not
only act on the ovary to increase theca cell proliferation and testosterone synthesis, but also
contribute to the development of PCOS-associated endometrial dysplasia and cancer [9] (Fig. 1).
Mitogenic insulin signaling pathway could enhance malignant cell growth

Under chronic hyperinsulinemia condition, insulin can directly promote cell proliferation and
survival, and reduce apoptosis through activation of the ras—-ral-MAPK and PI3K-AKT pathways
[29, 30]. Indirectly, insulin may exert its pro-survival effects by enhancing growth factor-dependent
cell proliferation [29, 31, 32]. For example, insulin can (1) increase the synthesis of sex hormones
and reduce sex hormone-binding globulin (SHBG) level, which increases estrogen bioavailability
[31-33] and (2) increase the bioactivity of
insulin-like growth factors (IGF-1 and IGF-
I1) by enhancing hepatic IGF synthesis or by

: - - Fig.2
reducing hepatic production of the IGF-
binding proteins 1 (IGFBP-1) and 2 ‘[ ]'
d
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(IGFBP-2) [31-33]. Likewise, obesity, [shec | —— Imﬂ‘g:";'::
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could lead to a low-grade inflammatory
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condition in which overproduction of

proinflammatory cytokines enhances
malignant transformation [26] (Fig. 2).
Because dysreqgulation of tyrosine-kinase receptor-mediated mitogenic pathways has been implicated
in the development of many types of cancers, high levels of insulin and IGFs could enhance
malignant cells growth in PCOS patients (Fig. 2) [30, 35-37]. Specifically, endometrial stromal cells
have been shown to produce IGF-1 and IGF-I1, and these growth factors act as mitogens in uterine
cells by increasing the proliferation rate [38]. IGFs are also potent simulators of endometrial cancer
cell growth, and levels of IGF-I receptor and IGF-I1 receptor mRNA have been shown to increase in
endometrial cancer samples compared to normal endometrium samples [39-41]. Furthermore,
clinical conditions that have an increased risk of endometrial cancer (i.e., PCOS and obesity) are
characterized by the absence or decreased expression of IGFBP-1. In addition, insulin may enhance
IGF signaling in the uterus by inhibiting IGFBP-1 expression [38, 42-44]. Consistent with these
findings, genetic variations within in IGF-11, IGFBP-3 and insulin receptor substrate-2 (IRS-2) have
been shown to influence endometrial cancer risk [45, 46]. Therefore, the interaction of insulin, IGF




and steroid hormones in the endometrial tissue of PCOS patients may activate a molecular chain of
events that eventually lead from a phenotypically normal cell to one harboring neoplastic traits.
Molecular signatures of endometrial cancer in PCOS patients

It is well known that molecular mechanisms that drive insulin resistance in PCOS differ from
those in other common insulin-resistant states, such as T2D and obesity [11]. PCOS is associated
with a unique profile of hormonal changes which are manifested as elevation of a plethora of
endocrine hormones including, androgens, insulin, glucose-dependent insulinotropic peptide (GIP),
irisin, SHBG, and anti-mullerian hormone (AMH) [47]. In addition, strong evidence suggested that
(1) adipocytes and adipose functions are aberrant in most PCOS patients, and the hormonal
environment favors insulin resistance and subclinical inflammation [17, 24]. Studies of isolated
endometrial cell populations from PCOS women have shown that endometrial stromal cells play a
paracrine role in the regulation of epithelium-derived endometrial cancer development in PCOS
patients, and that inflammation and pro-oncogenic changes occur independent of BMI [48].
Consistently, it has been shown that (1) genes in the insulin and IGF signaling pathways are
frequently mutated in endometrial cancer, (2) increased plasma levels of insulin and IGFs are
associated with endometrial cancer risk in PCOS patients, and (3) the expression of total insulin
receptor (IR) and insulin receptor isoform alpha (IR-A) are upregulated in endometrial carcinoma [8,
34, 48-51]. Thus, the unique endocrine environment in PCOS patients could play a critical role in
carcinogenesis of PCOS-associated endometrial cancer [17, 24].

There is a strong genetic component in the development of endometrial cancer
Endometrial carcinomas can be classified based on histopathological characteristics (e.g.,

endometrioid, serous, or clear-cell adenocarcinoma), or as type I or Il on the basis of clinical and
endocrine features [52]. However, there is actually substantial heterogeneity in biological,
pathological, genetic, and molecular features among these endometrial cancer subtypes. Like many
other cancers, the development of

endometrial cancer appears to have a Insulin/IGF-I1 signaling pathway in the initiation &
strong genetic component [53, 54]. progression of endometrium cancer in women with PCOS
Genetic studies in the last decade indicated e 9
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that endometrial cancer can be roughly %
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estrogen receptor (ER+), progesterone
receptor (PR+) and TP53(-), which is
mainly found in young patients, and Type ‘,,
B: (ER-), (PR-), and TP53(+), which PI3K/AKT/mTOR pathway | AKT Fig.3
occurs mainly in old-age patients [54]. v

Type A is also characterized by frequent s
loss of tumor suppressor PTEN,
mutations in KRAS, FGFR2 and PIK3CA,




and microsatellite instability. In addition, mutations in PIK3CA and PTEN, a major negative
regulator of the phosphatidylinositol 3-kinase (PI3K) pathway, appeared to occur in a large fraction
of endometrial cancers, whereas aberrations in the PI3K pathway often occur with co-mutations of
multiple cancer genes such as TP53, KRAS, AKT, and CTNNBL. Likewise, germline mutations in
mismatch repair (MMR) genes (e.g., MLH1, MSH2, and MSH®6) appear to contribute to the
development of endometrial cancer in young patients [53].

In more recent molecular studies, it has become clear that endometrial carcinomas could harbor
a wide spectrum of genetic mutations. For example, studies of endometrioid tumors indicated that
there are at least four principle categories of endometrial cancers: (1) POLE ultramutated, (2)
microsatellite instability hypermutated, (3) copy-number low, and (4) copy-number high [55]. A
recent whole-exome sequencing study also revealed 12 potential endometrial cancer ““driver” genes
that functionally contribute to endometrial tumorigenesis [56]. These driver genes include 10 tumor-
suppressor candidates (ARID1A, INHBA, KMO, TTLL5, GRM8, IGFBP3, AKTIP, PHKA2,
TRPS1, and WNT11) and two oncogene candidates (ERBB3 and RPS6KC1). Because PISK/AKT
pathway was aberrant in more than 90% of endometrial cancer [55], and because PCOS, T2D and
obesity are all closely associated with insulin resistance [6], it is believed that endometrial cancer
could be a disease driven by aberrant PI3K mutations (Fig. 3). Theoretically, endometrial cancer
could be rooted in an excess insulin/IGF-1I or IGF-II signaling which interacts with insulin/IGF
receptors on endometrial cells, followed by the formation of an activated dimeric receptor complex
(i.e., IR-A, IR-B, and IGF1R) and subsequent activation of PI3K-AKT-mTOR signaling pathway.
This process could lead to increased endometrial cell proliferation and the accumulation of mutations
in key driver genes, thereby leading to carcinogenic transformation (Fig. 3).

Levels of irisin and glucose-dependent insulinotropic peptide (GIP) are novel biomarkers of PCOS

To better understand the molecular attributes of PCOS patients, we have studied the levels of a
variety of serum hormones in lean and obese PCOS patients. Importantly, we have recently
reported that serum levels of irisin, a newly discovered muscle-derived brown adipose-
differentiation factor, and glucose-dependent insulinotropic peptide (GIP) are significantly
elevated in PCOS patients [47].

Because serum levels of the newly identified irisin have been shown to be abnormal in patients
with T2D or gestational diabetes mellitus (GDM) [57-66], and because GIP induces obesity in
transgenic animals, we hypothesized that the development of PCOS could be partly attributed to
dysregulation of these hormonal factors. Consistent with our hypothesis, we found that the “irisin-
resistant” phenotype is parallel with insulin resistance in PCOS patients [47]. In addition, we
documented that the level of GIP, which plays a particularly important role in the regulation of the
deposition of triglycerides in the adipose, muscle and liver tissues, is abnormally elevated in PCOS
patients when compared to those of control women regardless of whether they are obese/overweight
or not. Analysis of the effect size indicated that both fasting irisin and glucose-induced GIP response
are significant risk factors for PCOS with odds ratios of 6.63 and 4.21, respectively. Importantly, our



findings have been independently verified by several laboratories [67-70].

More recently, we have expanded the study, and investigated the hormonal profile of a total of
156 normal and 444 PCOS patients (please see preliminary study). Consistent with our earlier
finding, levels of irisin are significantly increased in PCOS patients when compared with normal
volunteers. On the other hand, the level of a newly identified white adipose tissue-derived glucose-
mobilizing hormone, asprosin, is not altered in PCOS patients [71, 72].

Because the levels of irisin and GIP are positively correlated with insulin resistance in PCOS
patients, and because increased GIP levels may lead to dyslipidemia, we hypothesize that elevated
levels of GIP and irisin in PCOS patients could also contribute to the development of endometrial
cancer in these patients. Theoretically, the elevated irisin and GIP could enhance the mitogenic action
of insulin in uterine tissues by promoting adipogenesis and associated proinflammatory environment.
Alternatively, the elevated GIP and irisin signaling could facilitate endometrial carcinogenesis by
actually acting upstream of the insulin signaling pathway by stimulating insulin expression and
secretion.

Identification of specific endometrial cancer biomarkers and a refined sample collection method
are needed to develop an early prediction tool for endometrial cancer in PCOS patients

Currently, endometrial cancer is mainly detected by the sign/symptoms, and followed by
hysteroscopy, endometrium curratage, and pathological endometrial biopsy diagnosis. These
approaches are inadequate for early prediction and prevention. Because many PCOS patients with
endometrial cancer are at their reproductive age, an effective and sensitive endometrial cancer
prediction method is urgently needed in order to preempt the progression of endometrial cancer and
preserve the fertility in these patients.

Because PCOS patients have a particularly high risk of developing endometrial cancer, we have
hypothesized that endometrial cancer in PCOS patients is associated with a unique set of genetic and
endocrine biomarkers, and that the identification of these biomarkers represents a promising strategy
for devising an early screening method of endometrial cancer in PCOS patients [73]. To test these
hypotheses, we propose to integrate recent advances in cancer genetics and the power of next
generation sequencing (NGS) to systemically define clinically relevant genetic biomarker in
endometrial cancer of PCOS patients as well as endometrial cancer-associated endocrine biomarkers
in PCOS patients (Aim 1). We will also perform a feasibility study to investigate the efficiency of
detecting endometrial cancer genetic biomarkers in endometrial tissue samples collected
noninvasively by always infinity pads sampling (Aim 2). By combining the convenience of at home
collection of endometrial samples with always infinity pads and the power of genetic profiling, the
proposed study represents an expedited route to understand the development of endometrial cancer in
PCOS patients, and to develop a novel screening method for early prediction of endometrium cancer
in a high-risk population.

Always infinity pads is a convenient noninvasive device for uterine tissue sampling
In the last three decades, Pap smear tests have revolutionized the management of patients with
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human papillomavirus and cervical cancers. However, cervical cytology is not sensitive for detecting
upper female reproductive tract cancers, and is not a good screening test for endometrial cancer or
other noncervical gynecologic cancer [74]. Among the various uterine sampling methods, the use of
Always Infinity Pads could be the most convenient approach [75]. always infinity pads have been
widely marketed for over 60 years and are currently used by up to 50% of menstruating women in
developed countries. In addition to this long history of usage and acceptance, the safety of pads has
been well documented [76]. As early as 1957, it has been proposed that tissue and blood samples in
pads represent a source of material for the detection of cancers of endometrial or ovarian origins, and
for the detection of infectious agents. Earlier studies have shown that the amount of DNA isolated
from vaginal pad is sufficient for the detection of (1) human papillomaviruses, (2) tumor cells in the
vagina of women with serous ovarian cancer based on the analysis of TP53 [77], and (3) aberrant
methylation pattern in endometrial cancer candidate genes [75, 78]. Likewise, studies of dry pad
samples indicated that this method has reasonably high sensitivity and specificity for the detection of
high-grade cervical intraepithelial neoplasia [79].

Because pads can collect large amount of DNA during each menses, the detection of rare
endometrial cancer cells in menses would pose little technical challenges when we incorporate the
power
of quantitative PCR (gPCR) and NGS into the screening procedure, and have a clearly defined panel
of endometrial cancer-associated genes. In addition to early detection, the proposed screening
method could offer potential therapeutic targets (e.g., the identification and inhibition of the EGFR,
VEGFR, FGFR2 and PISK/PTEN/AKT/mTOR signaling pathways by existing targeted therapies)
for efficient treatment of growing endometrial tumors [54].

Previous and current Studies

Select SNPs in insulin signaling pathway 25 targeted genetic risk variants in 12 susceptible loci
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indicated that genetic variants may play little role in the development of PCOS, we suspected that
earlier GWAS studies could be mired by inherent heterogeneity issues of samples. We reasoned that
an integrated investigation focusing on high priority SNPs could be a better approach to reveal (1)
potential genetic risk factors and (2) important genotype-phenotype relationships among PCOS
patients. In an ongoing study in my laboratory, we have focused on SNPs within genes that have
been implicated in the regulation of insulin resistance and adipogenesis because these pathological
features are overtly related to the development of PCOS. In this study, we have collected DNA
samples from more than 600 PCOS patients and 300 control patients, and genotyped SNPs within 43
candidate genes using the Applied Biosystems TagMan® SNP Genotyping Assays. These genes and
loci were selected based on their relevance to PCOS, glucose and lipid metabolism, or have high
genome-wide significance for BMI, weight gain, adipogenesis, obesity, or T2D in multiple clinical
studies. These SNPs include those from GIP, CDKAL1, CYB5R4, GAD2, PPARG, FTO, GIPR,
CAPN10, BDNF, ETV5, FAIM2,GNPDA2, KTCD15, LYPLAL1, MC4R, MSRA, MTCH2, NEGR1,
SEC16B, SH2B1, TFAP2B, TMEM18, ARAP1, AP3S2, C2CD4A/B, GLIS3, GRB14, PEPD, FITM2-
R3HDML-HNF4A, HMG20A, HNF4A, KCNK16, MAEA, GCC1-PAX4, PSMD6, SLC30A8,
ST6GAL1L, TCF7L2, VPS26A, and ZFAND3. Most of these loci are related to pathways (e.g., mTOR,
insulin and IGF signaling and PI3K/AKT) that have been implicated in the development ofdiabetes,
obesity, PCOS, and/or endometrial cancer [37]. So far, we have genotyped 25 SNPs in 12 susceptible
loci in over 300 PCOS and control patients (Fig.4). In this ongoing study we have investigated the
relationship between these targeted variations and BMI, BAI, SBP, DBP, waist circumference, hip
circumference, waist/hip ratio, F-M score, levels of free-testosterone, DHEA-S, ASD, TSH,
prolactin, LH, FSH, estradiol, testosterone, C-peptide, GIP, glucose AUC, insulin AUC, insulin Ab,
Apo-Al, Apo-B, HDL-C, VLDL-C, LDL-C, T-CHOL/HDL-C, LDL-C/HDL-C, T-cholesterol,
triglyceride, non-HDL-C, SHBG, adiponectin, and irisin as well as OGTT sugar (O, 1, 2, and 3 hr),
OGTT insulin (0, 1,
2, and 3 hr), HOMA-IR, beta-cell function, QUICK, ISI Matsuda, 1S1 0,120, and insulenic index.

In addition, allele frequencies,
Mendelian errors, sex-assignment
discrepancies, and Hardy- Weinberg

Significant associations between risk variants in candidate
genes and metabolic phenotypes in PCOS patients

CDKAL1 TSH, testosterone, insulenic index, adiponectin

Equilibrium were analyzed to root CYB5R4  Ins 1hr, 2hr, HOMA-IR, QUICK, ASD, testosterone
out sample switches, duplications, or GAD2  InsOhr, HOMA-IR, Insulenic index, LDL, LDL/HDL, T-CHO/HDL, Irisin
contamination. These studies GIP F-M score, LH

. HHEX Ins 1hr, C-peptide 1hr, LDL, T-CHO, Irisin
revealed that 11 of the 12 candidate KCNQ1  Sugar 1hr

] C e .. KLF14  Sugar 1hr, HDL, adi t
loci have significant associations Rl

. . ; NRIP1 BMI, Ins 1hr, 2hr, Matsuda ISI, C-peptide Ohr, 1hr, estradiol, testosterone
with a variety of anthropogenic or

PPARG Irisin, testosterone

clinical phenotypes of PCOS patients promzg TSP Ins Ohr, 2hr, T-CHO/HDL, SBP, DBP, estradiol, SHBG, adiponectin,
and (2) 23 of the 25 candidate SNPs o e )
RBL1 Sugar 1hr, lipid levels Flg.5

have significant associations with at



least one of the phenotypes (p<0.01) (Fig. 5).

For example’ the diabetes-associated IGF-Il is overexpressed in endometrial cancer

CDKALL1 rs7754840 and rs10806920 Fig.6

Adenocarcinoma grade Ill, 45yr Adenocarcinoma grade IIl, 53yr

variants are associated with testosterone level
and insulenic index in PCOS patients. The
identification of these novel genotype-
phenotype relationships not only provides a
better understanding of the etiology of PCOS
but also allows future prediction of the risk of
PCOS among women. Importantly, these A 0 N - L
studies also indicate that these PCOS-related TEERE  oatRGEY DNEEY epEmEw
SNPs may play a role in the development of
endometrial cancer in PCOS patients.
IGF-11 and insulin receptor isoform alpha (IR-A) are overexpressed in endometrial cancer
To characterize the role of insulin signaling in endometrial cancer, we have analyzed the

expression of IGFs and insulin receptors in a variety of human endometrial cancer tissues (Biochain
Company). Importantly, we have found that immuno-reactive IGF-I1 is abundantly expressed in
endometrium gland and stromal cell of endometrial adenocarcinoma tissues when compared to
normal endometrial tissues

(Fig 6). Likewise, the expression of immuno-reactive IR-A in endometrioid cancers is more
widespread and intense than that of normal endometrial tissues. These data clearly suggested that
there is an aberrant upregulation of insulin and IGF signaling in a wide spectrum of endometrial
tumor tissues, and hyperinsulinemia could

Table 1. Metabolic profiles and the irisin level of PCOS patients
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increased in PCOS patients
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Insulin-3Hr 39.21+60.28 17.91+17.32 P<0.05

have shown that asprosin is a glucogenic factor, [HOMA-R  243+2.39 1.4£0.97 P<0.05

QUICKI 0.35+0.04 0.38+0.04 P<0.05

and its level is elevated in humans and animals [isimatuda 7.2945.77 10.7145.84 P<0.05
L N . N HDL-C (mg/dL)  54.17+13.57 56.59+12.27 N.S.

with insulin resistance. Accordingly, we VLDL-C (mg/dL)  19.31%+11.42 15.48+13.14 P<0.05

LDL-C (mg/dL) 103.44+28.51 96.33+22.68 P<0.05

hypOtheSIZed that aSprOSIn ma‘y play a rOIe In T-Cholesterol 177.25431.1 168.28+28.54 P<0.05

the manifestation of PCOS. As expected, irisin, ~ [rglyceride 977726351 77.43£70.1 P<0.05
Irisin (ng/ml) 78.99+38.79 69.96+34.77 P<0.05

Asprosin (ng/ml) |65.72+110.43 50.01+93.36 N.S.




the F-M  score, LH, FSH, testosterone, fasting sugar, fasting insulin  and select lipids are
characteristically elevated in PCOS patients (Table 1). However, the asprosin level in PCOS and
normal patients are  similar, suggesting that irisin isa unique PCOS biomarker whereas asprosin
does not have a role in the development of PCOS.

Research Design and Methods
To identify endometrial cancer-risk gene mutations that specifically occur in endometrial cancer

tissues of PCOS patients, and the genotype-phenotype relationships

Hypothesis: The development of endometrial cancers in PCOS patients is associated with specific
mutations in endometrial cancer-risk genes, and PCOS-related SNPs.

Rationale

Because many PCOS patients who develop endometrial cancer are at their reproductive age
before the family planning is completed, they suffer not only aggressive cancer progression but also
the loss of ability to carry out a pregnancy in the future due to hysterectomy. Therefore, novel
methods that can forecast the risk of endometrial cancer in reproductive-aged women would not only
allow these patients to be properly treated but also enhance the prospectus of carrying out a
pregnancy in the future by sparing unnecessary hysterectomy. The major goal of this Aim is to
identify (1) endometrial cancer-risk gene mutations that are prone to occur specifically in
endometrial dysplasia/cancers of PCOS patients, and (2) the relationships between key mutations and
the development of endometrial hyperplasia/cancer in PCOS patients.

Because mutations in key cancer-risk genes are essential steps in the process of carcinogenesis
of most cancers, and that cancer progression is in parallel with the accumulation of cancer type-
specific mutations (i.e., mutational load) in risk genes, it is important to differentiate endometrial
cancer driver mutations and random mutations that accumulated during the process of
carcinogenesis.

To achieve this goal,
we will perform three
distinct sets of studies in

Candidate biomarkers for the prediction of
endometrium cancer development in women with PCOS

Tabel 2. Genetic Biomarkers Serum Biomarkers

order to reveal: (1) the
repertoire of mutations in
endometrial cancer-risk

AKT1 HSPA2 PPP2R1A IGF1 CDKAL1 androgens
genes that frequently AKTIP INHBA PR IGF2 CYBSR4 triglycerides
. . AMPK KMO PTEN IGFBP1 GAD2 GIP
occur in endometrial APC KRAS RAF IGFBP3 GIP irisin
ARID1A MAPK RASSF1A IRS2 HHEX insulin
cancers of PCOS BRAF MLH1 RNF43 PPAR KCNQ1 AMH
. . . CDH13 MLH2 RPS6KC1 SNAIL KLF14
patients, (2) relat|onsh|ps CTNNB1 MLH6 S0CS2 TGFB1 NRIP1
EGFR MLL2 SOX17 TGFBR1 PPARG
between the newly ER MTOR TP53 TWIST1 PRDM16

identified PCOS-
associated

Published endometrial cancer risk genes;
PTEN-PIK3-mTOR, Ras-MAPK-ERK, beta-

catenin, and other pathways

Genes implicated in
endometrial cancer
cell proliferation

PCOS-associated
SNPs and Genes

Published PCOS
endocrine
biomarkers

ERBB3

FBXW?7
FGFR2
GRM8
HER2

NRAS
P16
PHKA2
PI3K
PIK3CA

TRPS1
TTLL5
WNT11

VEGF

RBL1




polymorphisms and endometrial cancer , and (3) relationships between serum PCOS biomarkers and
endometrial cancer . By combining these three sets of information, we would be able to calculate the
life-time risk of endometrial cancer in PCOS patients, and generate a prediction model that comes
with high sensitivity and specificity. In Aim 1a, we will test the hypothesis using formalin-fixed
paraffin embedded (FFPE) endometrial dysplasia/cancer samples that have been collected and
curated in Tissue Banks, and focus on published endometrial cancer-risk genes and genes that have
been implicated in the proliferation of endometrial cells (Table 2; e.g., PPAR, VEGF, TGFB1,
TGFBR1, SNAI1, IR-A, IGF-11 and IGF-II receptor). The Tissue Bank at CGMH contains more than
5000 endometrium biospecimens from patients with a variety of endometrial pathology.

Because carcinogenesis could involve a wide spectrum of mutations in risk genes, we will
identify both known mutations in risk genes using qPCR and sporadic de novo mutations in target
genes using NGS in order to obtain a comprehensive inventory of potential endometrial cancer-
related mutations. By sorting the relationships between mutations and disease progression, we will
identify the most critical mutations that predispose the development of endometrial cancer in PCOS
patients. Furthermore, we will investigate the role of PCOS-associated variants in endometrial cancer
based on genotyping of a selected group of PCOS-associated SNPs (Figs, 4 and 5). All genotype-
phenotype relationships that are identified using FFPE samples in Aim 1a will be then verified using
freshly collected endometrial hyperplasia/cancer tissues from PCOS and control patients.

Material and Method
FFPE *7 & & & ¢hi# 15 ¥ DNA extraction
AR R ke £ F i (COGMH) L4 chle 3447 ¥ P ko FFPE & g pocfo 8

BAF R & o FFPEfR AP 2006 # 1 2017 & #p & {2~ p %5}‘2}?5 Boeqkp ki
23 &3 PCOS~+ g PoHa ~FFPLE ~FFNEHET Ao F P ROE A D

Fes e AR g Al S E A 500 B F AR A o 50 JUFFPE MY g kw T
% % ¥ 4 %% DNA(gDNA) - & * QlAamp® DNA FFPE Tissue Kit (Qiagen) % B~ FFPE %
=

[

4

FFPE # # QC &2 &
Pt Reference DNA (intact gDNA) FIG. 7

_ —p
4+ 4} house-keeping —

op - - ;V—)

gene %3+ A £ PCR  Amplicon A, 42 bp , ACq_, = Cq,—Cqg, =0
, = »t: ¥ re

product o B Amplicon B, 123 bp

Control DNA # gPCR

Ct e % & dn iz FFPE

FFPE DNA (fragmented DNA)

—_d X X
DNA ez § B » ¥ 2 —
Sl . SR
\:’J- *’i L amp“flable Amplicon A, 42 bp

/ Acqsamp[e = CqB - CqA - U

DNA £ - )

Amplicon B, 123 bp
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A EFOFFPEfRAZ E RGP H2ZRE S T RiEE > QC RS EERFET pfe s o &
Agllent NGS FFPE QC Kit #- FFPE gDNA RAEFIHETEL AR BB FEREIE
i3 & F i (& 2 DNAinputamount ~ Fragmentation time ~ PCR cycle %) » 4% $& & #ic oL &_
e bfz» PIYg & T2 2 FFPE fi 4 -

# I & JT A FRPE $R & 3 FIG. 8 SureSelect XT HS2 sequencing library %f#
EHFILCHZERE TR IEE

Molecular

Sample Barcode, 3 bp
SureSelect XT HS2 DNA Index. 8 bp iy (+2bp dork]
\: eal !
System ¥_% 16 FFPE-optimized — _
dur BiEA > o 10ng M b i Read 2 Sa:nple
, Barcode, 3 bp Index. 8 bp
DNA r¥3E R » & g’ﬁ %—g‘% [+ 2 bp dark)

N 2 M AR
e (DUpleX Molecular Content of SureSelect XT HS2 sequencing library. Each fragment contains one
Barcodes) » ¥ OIY 4)3 ks 3 K,lf 7] target insert (blue) surrounded by the lllumina paired-end sequencing ele-
. " ments (black), unique dual sample indexes (red and green), duplex molecular
E’ pu i 7 L" » » [
PCR & & T A R¥TA 2 barcodes (brown) and the library PCR primers (yellow).

duplicate reads ~ # # p|yEah &2
#of PCR & %A & A 4 chig 35 (random error) - library & 4374 ¢ unique index » & + g
Wms (UDI) > it F > 38 lllumina 28 i 8 24 6 soenfh SR Emem & (index
hopping ) (FIG. 8) o 14 } 4 BE¥>0 e 5 & e MU 3 % B (<1% VAF)# 11 4& < enfles o

Result
FFPE # * QC 5% N7 A £ iR

PIRIE-BUEEIRETLRERE S FLEFTNERT ALRRAToRr AP
PG E R T &0 REDREF S RPPLREEHEZIFSARTRELF § P ROk G
G APk FFPE R A1 0 N XA RERS RN R PR A PR FAES 57
lﬁﬁ%é'—]l“%ﬁ AEHRE PE 124 £ FFPEgDNAﬁﬂ\ B Z IR PAELE 3
WA 23 g pEz ® FFPEQDNA T 5 F %kt + > H S5AHAE2 & HF0 1194
BAQC- 5 QC %R 119 A A RBHRASF ~ B ~ ,};e}i % s %5 (Table.3) - A ACq
BAXF & gDNA sl 4% 3 & §_DNAcrosslinked f2 & 4% % > 19454 T2 § A A
Co>2 > 2 A R #7F v A £ (sequencing throughput) #p#ie Class 1 chfk & 7 & 3 4e 5~10 & &
b & B ESER KA E S 39.923 Mbp (5 200 & Mean coverage) - #1714 Table.3 # Class
4-~Class5 £ Class6 stk A T R & » 32 A € 1 > 400 Mbp (¥ 2000 % Mean
coverage) ™Mb > 4 EAis g adrd ko

Class Class 1 Class2 | Class3 Class 4 Class 5 Class 6
Sample No. 55 19 11 18 4 12
Quality (AACg<2) 0 o) o) X X

DNA Amount (>400ng) 0] 0] X 0] 0]
Concentration(>28.5/ul) 0 X X 0 X

Table3 119 #r xR * & F ~ RE ~ERDAER S
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Pilot study % %

PO EMSR AT AAE RS 0 A A Pilot study $4:% 15 & class 1 0 FFPE & »
2 1 3£ NA12878 control cell line gDNA 1z SureSelect DNA DeS|gn L %l it panel &+ 1 3
fiz SureSelect XT HS2 DNA System i& {7:& & » & ik 5 NovaSeq 6000 - % % & & £ 20Gb > =
B A~Tioe A E 5 1.25Gb (3% £ raw mean coverage = 6200 ) ; 2 f dupllcated reads i »
I 32 unique reads i+ total reads 70% - Mean target coverage ¥ i 1724 & - 16 % & ~ Aligned
base%-L 32 5 99.5% - # 57 reads ic 7 >zt v GRCh38 %+ B 7| » % 4 customized probe
SRR RIR I FEDS L R AT G 4F K3 o % Ontarget (7T 39 7E 5 80.9% 0 TABn
reads~80% ¥ iz Bdp WA R o S lkE Y H@ mMiEA»c % 4p % - Target base at 0X
(unique reads) = 0% > &7 #73 3+ %3 ¥ 7 #RE-IH k2 DNA ¥ 2B - Target base at 30X
(unique reads) = 99.9% - % 7+ 99.9% % ¥ ¥ i& {7 3 »x<H Germline mutation 4 47 - Target base at
100X % 99.7% - Target base at 500X = 95.0% > &1 95.0% 1 F % 3 ¥ 3 »xds i {7 ~500 MO ¢
BE LT o

Pilot study #1.% % -FFPE DNA #: & 22 Control DNA #k % st &

v i Class 1 =1 FFPE & & 22 NA12878 1% 38 performance - On-Target%:38 p FFPE & » T
2 5 80.8% ~ NA12878 % 83.4% ; { Target base at 250X (unique reads))Z + p¥ » 5 1%L
BE > 500 02+ B4t 5% Fend B oo v b B FFPE 4% A 7] DNA 2 B A f £ 3 5 ot 2
BR#EORERRM (SR X B R KB bty (Tabled) o

) Average of 15
Analysis NA12878
FFPEs
On-Target 80.8% 83.4%
PCT_TARGET_BASES 1X 100.0% 100.0%
PCT_TARGET_BASES 2X 100.0% 100.0%
PCT_TARGET_BASES_10X 100.0% 100.0%
PCT_TARGET_BASES_20X 99.9% 100.0%
PCT_TARGET_BASES_30X 99.9% 99.9%
PCT_TARGET_BASES_ 40X 99.9% 99.9%
PCT_TARGET_BASES 50X 99.8% 99.9%
PCT_TARGET_BASES_100X 99.7% 99.8%
PCT_TARGET_BASES 250X 98.8% 99.7%
PCT_TARGET_BASES_ 500X 94.7% 99.0%
PCT_TARGET_BASES_1000X 75.0% 95.5%
PCT_TARGET_BASES_2500X 16.2% 48.8%

Table.4 FFPE DNA #: & £# Control DNA #k & i &
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Discussions
{8 4 #4339 Pilot study A3t senif it > &= Pilotstudy ® 16 * # + Fold 80 base

penalty T 327 5 1.89 » H % & % The fold over-coverage necessary to raise 80% of bases in "non-
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