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Introduction

1 Introduction

Cancer is a disease of uncontrollably abnormal cell growth with the potential to invade to neighbor
organs as well as spread to distant organs. The genes that regulate cell growth and cell differentiation
must be altered to initiate the carcinogenic process in the development of normal cell into a cancer
cell (Croce 2008). The genetic alterations in somatic cells can occur on different levels and by different
mechanisms. For example, gain or loss of a section of a certain chromosome, or gene mutations which
are variations in the nucleotide sequence of a genomic DNA could cause cancer. For an effective cancer
treatment an early and accurate diagnosis is essential. Early diagnosis improved cancer outcomes by
providing individualized therapy at the earliest possible stage. Consequently, it reduces mortality and
improves the quality of life. Cytogenetic along with molecular biology techniques are a valuable tool
in the field of cancer research and cancer treatment due to their great potential in early diagnosis and
targeted therapeutic agents. In the last decade, many experimental and computational approaches
have been developed to discover genomic variants. Among them array comparative genomic
hybridization (aCGH) as one of the methods designed to detect segmental genomic alterations by
identifying copy number variations (CNVs), has become an important tool in cancer research and

cancer diagnosis.

1.1. Gynecological malignancies

Most common gynecological cancers include uterine, cervical and ovarian malignancies. Similar to
other types of cancers, gynecological malignancies are complex diseases driven by different factors,
including genetic and epigenetic alterations. Therefore, clarification of the molecular and genetic
mechanisms of development or progression of gynecological cancers are critical for discovery of new
targets for both diagnosis and treatment of the patients. This thesis will focus on endometrial cancer,
which is one of the most common malignancies of gynecological cancers. Endometrium is the
innermost lining layer of the uterus. Over the whole fertile years of a women'’s life, it is subject to a
process of cyclical change. The majority of cancers that occur in the body of uterus are endometrial

cancers, which arise from the epithelial lining of the uterine cavity (Amant et al. 2018).

1.1.1. Epidemiology

Endometrial cancer is the most common gynecological malignancy in developed countries and its
incidence is increasing (Morice et al. 2016). The recent report from the National Cancer Institute
estimated the age-adjusted endometrial cancer incidence rate (new cases per 100,000 person years)
in the Unites States is 27.8/ 100,000 and rates for new cases have been rising on average 0.8% each

year over 2008-2017 (National Cancer Institute). In 2020, according to an estimate, there will be
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65,620 new endometrial cancer cases diagnosed in the Unites States (Siegel et al. 2020). In Europe, the
endometrial cancer is reported to be the fourth most frequent cancer type in women. In 2020, the
estimated age-standardized incidence rates are 28.9/100,000 in Europe and 24.8/100,000 in Germany
(Figure 1) (European Cancer Information System 2020). 11,200 new cases are estimated to be
diagnosed in Germany in 2020 (Robert-Koch-Institut). Overall, the prognosis of endometrial cancer is
good with 5-year relative survival rates 81 % (National Cancer Institute). Endometrial cancer is the 9t
cause of cancer death for women in Europe, with an estimated mortality rate of 6.2/100,000 (European
Cancer Information System 2020). Although at the moment of diagnosis the majority of women of
endometrial cancer have early-stage disease and a good long-term prognosis, about 13 % of those

patients end up relapsing and have the mortality rate around 25 % (Fung-Kee-Fung et al. 2006).

Estimated incidence by country {

EU-27, Female, Corpus uteri, All ages, 2020

19.5 - 25.2
25.2-30.8
30.8 - 36.5
M 36.5 - 42.1
W 42,1 -47.8

Age standardised rate (European new) per 100.000

Figure 1: Estimated age-standardized incidence rate of corpus uteri cancer per 100,000 person-years
in EU 2020 (European Cancer Information System 2020, https://ecis.jrc.ec.europa.eu/).

In cancer incidence and mortality registries, endometrial cancers are recorded within the cancer of
uterine corpus, the latter also include uterine sarcomas. Uterine sarcomas are rare tumors that
account for less than 5 % of all uterine malignancies and incidence rate is 1.5-3/100,000 (Sherman and
Devesa 2003; Denschlag et al. 2019), supporting that the observed incidence of uterine corpus cancer
mainly reflects the increased incidence of endometrial cancer.

1.1.2. Etiology and Risk factors
Approximately 90 % of endometrial cancers are sporadic, and the remaining 10 % are hereditary
(Okuda et al. 2010). Bokhman categorized endometrial cancer into two pathogenetic types using both

clinical and histopathological variables: estrogen-dependent endometrioid endometrial cancer or type
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I, and non-endometrioid endometrial cancer, or type Il tumors (Bokhman 1983). Many factors affect
the risk of developing endometrial cancer. The risk of endometrial cancer increases with age, more
than 90 % of cases of endometrial cancer occur in women older than 50 years of age (Colombo et al.
2016). In Germany, women older than 70 years of age have highest incidence rate of getting

endometrial cancer (Figure 2).

Germany (2 registries)
Corpus uteri

80 1

60 4

40

rate per 100,000

201

W

T T T
1998 2003 2008

year

W34 MWsoeo W70+

International Agency for Research on Cancer (IARC) - 3.11.2020

Toggle Arithmetic/Logarithmic scale

Figure 2: Trends in the incidence of corpus uteri cancer by age group in Germany (International Agency
for Research on Cancer, https://ci5.iarc.fr/)

Another established risk factor for the development of endometrial cancer is obesity. Women with
body mass index (BMI) greater than 25 kg/m? have an increased risk of getting endometrial cancer
(Bianchini et al. 2002). A recent study by Shaw et.al (Shaw et al. 2016) showed that obesity (defined
as BMI > 30 kg/m?and < 35 kg/m?) was associated with a 2.6-fold increase in endometrial cancer risk,
while severe obesity (BMI > 35 kg/m?) was associated with a 4.7-fold increase in endometrial cancer
risk compared to normal-weight women (BMI < 25 kg/m?). Overweight women have more risk
developing an endometrial cancer. The reasons for this can be the increased production of estrogen in
adipocytes (Zhang et al. 2012b), or the increased chance of producing cancer cells due to insulin
resistance (Shao et al. 2016). Diabetes mellitus also increase the risk of endometrial cancer in women.

The prospective study from Frieberg et al. established that diabetes was associated with a 2-fold
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increased risk for endometrial cancer, and combination of diabetes with obesity and low physical

activity was associated with a further increased risk for endometrial cancer (Friberg et al. 2007).

Tamoxifen, a nonsteroidal antiestrogen agent, is normally used for the treatment of both early and
advance estrogen receptor-positive breast cancers. Simultaneously, tamoxifen can increase the risk of
endometrial cancer, as it is thought to have a similar effect as estrogen on the endometrial. Risk of
endometrial cancer increased with longer duration of tamoxifen use. The tamoxifen-induced
endometrial cancers often belong to less favorable subtypes and have relatively poor prognoses (Jones
et al. 2012). In addition, postmenopausal women who use hormone replacement therapy containing
estrogen or tibolone alone, without gestagen protection are at increased risk of endometrial cancer

(Beral et al. 2005).

Polycystic ovarian syndrome (PCOS) is also well established as a risk factor for endometrial cancer. In
women with PCOS younger than 54 years old, the risk of developing endometrial cancer is 3.8-fold
higher than premenopausal women (Barry et al. 2014). Additionally, increased risk is associated with
early age at menarche, late menopause, nulliparity, irregular menstruation and family history of

endometrial cancer (Haidopoulos et al. 2010).

Endometrial cancer can also be a part of hereditary Lynch syndrome, which is also called hereditary
nonpolyposis colorectal cancer (HNPCC). HNPCC is caused by mutations in DNA mismatch repair (MMR)
genes (MLH1, MSH2, PMS2, or MSH6), which is a hereditary predisposition to many tumors, in the
forefront of which endometrial cancer in women. The age at diagnosis of HNPCC associated
endometrial cancer is approximately 2 decades younger than that for sporadic endometrial cancers
(Marra and Boland 1995). Cumulative risk for HNPCC of developing endometrial cancer by age 70 years
for women are approximately 42 % to 60 % (Aarnio et al. 1999; Win et al. 2012).

1.1.3. Pathogenesis and histological or molecular classifications

1.1.3.1. Histopathology

Endometrial cancer is characterized by neoplasia of the glandular tissue of the endometrium and is
subdivided into type | and type Il based on histologic properties, hormone receptor expression and
grade (Table 1.1). Type |, due to its histological similarity to the endometrium, is also called the
endometrioid type, which is primarily a low-grade endometrioid hormone receptor-positive tumor and
arises on the basis of endometrial hyperplasia. Type | occurs in obese women afflicted by
hyperlipidemia / diabetes and it is caused by hyperestrogenism. Type Il endometrial cancer is also
described as non-endometroid and it is associated with atrophic endometrium. It is hormone -
receptor-negative tumor and occurs more common in non-obese women. Type |l endometrial cancer

is high grade tumor which is clinically aggressive and has tendency to metastases. Normally it is
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diagnosed in the advanced stages of the disease and has unfavorable prognosis (Bokhman 1983;

Creasman et al. 2003; Hamilton et al. 2006; Wilczynski et al. 2016).

Table 1.1: Characteristic of type | and type Il endometrial cancer.

typel type ll
grade low high
hormone receptor expression positive negative
tumor grade low (gradel-2) high (grade3)
histology endometroid non-endometroid (serous, clear
cell)
background endometrium hyperplasia atrophy
obesity yes no
prognosis good poor
genetic factors PTEN, KRAS and TP53 mutation
CTNNB1 mutations,
MSI

Histologically, epithelial carcinoma comprises endometrioid, high grade serous, clear cell, mucinous,
squamous cell, transitional cell, small cell and undifferentiated, mixed carcinoma (two of above
histological types in which minor component accounts for 10 % or more of the tumor) (Tavassoli and
Devilee 2003). Endometrioid, serous and clear cell carcinoma account for 75 %, 5-10 %, and 1-5 %

respectively (Murali et al. 2014; Tavassoli and Devilee 2003).

Histopathologic grades of endometrial cancer according to International Federation of Gynecology and
Obstetrics (FIGO) classification. FIGO grade is based on the degree of glandular differentiation, which

are grouped as follows (Table 1.2) (Amant et al. 2018).

Table 1.2: FIGO histopathologic grade classification of endometrial cancer.

G1 <5% nonsquamous or nonmorular solid growth pattern
G2 >5-50% nonsquamous or nonmorular solid growth pattern
G3 >50 % nonsguamous or nonmorular solid growth pattern

1.1.3.2. Molecular classification
The Cancer Genome Atlas (TCGA) has provided a comprehensive genomic and transcriptomic analysis
of 373 endometrial cancer and described the molecular process of these tumors in detail, which

allowed them to stratify endometrial cancer into four distinct molecular subtypes: ultra-mutated/
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POLE-mutant, microsatellite instable (MSI)/ hypermutated, microsatellite stable (MSS)/ copy number
low, and serous-like/ copy number high(Table 1.3) (Kandoth et al. 2013).

Ultra-mutated/ POLE-mutant group includes approximately 10 % of endometrial cancers with
significantly better prognosis compared to other subtypes. It consists of a stable somatic copy number
alterations (CNAs) but highly mutant genes, in particular POLE. POLE is a catalytic subunit of DNA
polymerase epsilon involved in nuclear DNA replication and repair. Significantly mutated genes (SMGs)
which contribute to classification of this group included POLE (100 %), PTEN (94 %), BRCA2 (77 %), APC
(88 %), PIK3CA (71 %), PIK3R1 (65 %), FBXW?7 (82 %), ARID1A (76 %), KRAS (53 %) and ARID5B (47 %)
(Kandoth et al. 2013).

MSI/ hypermutated subtype is characterized by a high mutation rate and a microsatellite instability
phenotype that is indicative of defective mismatch repair resulting from MLH1 silencing (Hong et al.
2015; Park et al. 2013). In addition, it consists mainly endometrioid type with less favorable prognosis

(Kandoth et al. 2013).

MSS/copy number low group is classified by genomic stability and microsatellite stability. It has lower
mutation rate and mostly belongs to endometroid type. The difference from the MSI group depends
on 100 % mutation in chromosomelq and 52 % mutation in CNNB1. Compared with MSI subtype, it

has a better prognosis (Kandoth et al. 2013).

The fourth subgroup is serous-like/copy number high group, it is genomically unstable and almost all
TP53 mutant. This type comprises mainly serous endometrioid cancer and 19 % grade 3 endometroid
cancer. Unsurprisingly, the prognosis is worse than the other 3 clusters. (Hong et al. 2015; Kandoth et

al. 2013; Cosgrove et al. 2018).
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Table 1.3: TCGA molecular classification of endometrial cancer.

ultra-mutated/ MSI/ MSS/copy serous-
POLE-mutant hypermutated number low like/copy
number high
CNAs low low low high
mutation rate very high high low low
commonly POLE (100 %) PTEN (88 %) PTEN (77 %) TP53 (92 %)
tated
MULated 8ENES  pren (94 %) PIK3CA (54%)  PIK3CA(53%)  PIK3CA (47 %)

CCNB3 (94 %)
APOB (94 %)
CSMD3 (94 %)
ABCA5 (88 %)
APC (88 %)
FBXW7 (82 %)
ZFHX3 (82 %)
BRCA2 (77 %)
ARIDIA (76 %)
PIK3CA (71 %)
KRAS (53 %)
ARID5B (47%)
TP53 (35%)
RPL22 (29%)

ARIDIA (37 %)
RPL22 (37 %)
ARI1D5B (23 %)
KRAS (35 %)
ZFHX3 (31 %)
CTNNBI (20 %)
FGFR2 (14 %)
FBXW7 (11 %)

CTNNBI (52 %)
ARIDIA (42 %)
KRAS (16 %)
FGFR2 (13 %)
CHD4 (12 %)
SPOP (10 %)
CSMD3 (10 %)
FBXW7 (6 %)

FBXW7 (22 %)
PPP2RIA (22 %)
CHD4 (13 %)
PTEN (10 %)
CSMD3 (10 %)

microsatellite
status

microsatellite
variable

MSI

MSS

MSS

tumor grade

grade 1-3

grade 1-3

grade 1-2

grade 1-3

histology endometrioid endometrioid endometrioid serous,
endometroid
and serous
mixed,
endometroid

prognosis good medium medium poor
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1.1.4. Classification systems for stage of disease at diagnosis

The stage is one of the most important factors in deciding the adequate treatment and in determining
the successful rate. The staging system should not be changed after biopsy or initial treatment has
been determined, the subsequent course of the disease does not affect the initial extent of the disease.
There are two main systems used for staging endometrial cancer, the FIGO system and the Union for

International Cancer Control (UICC) Tumor Node Metastasis (TNM) staging system.

1.1.4.1. FIGO staging
FIGO staging classification system is unique to gynecological tumors. The staging guidelines apply to
all histological subtypes of endometrial cancer (Table 1.4). Rules for classification include histologic

verification of grading and extent of the tumor (Amant et al. 2018).

1.1.4.2. TNM staging

Endometrial cancer can also be staged using the TNM system. This system codes the extent of the
primary tumor (T), regional lymph nodes (N), and distant metastases (M) and provides a “stage
grouping” based on T, N, and M. Individual TNM values can be combined to create a grouped variable

representing stages I-IV, which are compatible with FIGO stage |-V (Edge and Compton 2010).



Introduction

Table 1.4: FIGO staging compared with the TNM classification (Amant et al. 2018).

FIGO Union for International Cancer description
stage Control (UICC)
T N? (lymph  MP
(tumor) nodes) (metastasis)

I T1 NO MO tumor confined to the corpus uteri

IA Tla NO MO no or less than half myometrial invasion

IB Tlb NO MO invasion equal to or more than half of the
myometrium

Il T2 NO MO tumor invades cervical stroma, but does not
extend beyond the uterus

1] T3 NO-N1 MO local and/or regional spread of the tumor

A T3a NO MO tumor invades the serosa of the corpus uteri
and/or adnexae

1]} T3b NO MO vaginal involvement and/or parametrial
involvement

nca1  T1-13 N1 MO metastases to pelvic lymph nodes

nmcz2  T1-T13 N1 MO metastases to para-aortic nodes with or without
positive pelvic lymph nodes

IVA T4 Any N MO tumor invades bladder and/or bowel mucosa

IVB Any T Any N M1 distant metastasis, including intra-abdominal

metastases and/or inguinal nodes

1.1.5. Endometrial cancer management

1.1.5.1. Surgical treatment

Endometrial cancer is usually treated primarily by surgery, and surgical staging has become part of the
initial management of endometrial cancer for both the prognostic stratification and determine of

whether patients may benefit from chemotherapy or radiation therapy.

Surgery includes a total hysterectomy and bilateral salpingo-oophorectomy. The standard operation
for women with advanced-stage endometrial cancer consists of removal of the uterus, ovaries, and
tubes, pelvic and para-aortic lymphadenectomy, and if possible, resection of all visible tumor.
Omentectomy is usually included for clear cell and serous cancer. Conventional oncologic surgery for
endometrial cancer is performed by laparotomy, but nowadays the medical and technological
advances allow the performance of the surgery through minimally invasive techniques such as

laparoscopic surgery or robot-assisted laparoscopic surgery (Ghazali et al. 2019; Salehi et al. 2017).
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1.1.5.2. Adjuvant treatment

No adjuvant treatment is indicated for patients with low-risk endometrial cancer (stage | endometrioid,
grade 1-2, <50 % myometrial invasion, lymph-vascular space invasion (LVSI) negative) (ASTEC/EN.5
Study Group 2009; Sorbe et al. 2009). For patients with intermediate-risk endometrial cancer (stage |
endometrioid, grade 1-2, 250 % myometrial invasion, LVSI negative), adjuvant brachytherapy is
recommended to reduce vaginal recurrence. Patients with grade 1-2 tumors with deep (250 %)
myometrial invasion and unequivocally positive (substantial, not focal) LVSI, and those with grade 3
tumors with <50 % myometrial invasion regardless of LVSI status, are referred to as high-intermediate-
risk in the current classification. For these patients, brachytherapy or external beam radiotherapy is
recommended as adjuvant therapy. External beam pelvic radiotherapy is the standard therapy for
high-risk endometrial cancer (stage | endometrioid, grade 3, 250 % myometrial invasion, regardless of
LVSI status) and is indicated to maximize pelvic control. Sequential adjuvant chemotherapy may be

considered to improve progression free survival and cancer specific survival (Colombo et al. 2016).

1.1.5.3. Fertility-preserving therapy

Young patients who are still planning to have children and wish to have fertility preservation and have
been established a diagnosis of a well-differentiated (G1) type | endometrial cancer expressing
progesterone receptors, the uterus and adnexa may be left in place. Most commonly used conservative
medical treatments are medroxyprogesterone acetate or megestrol acetate or a levonorgestrel
intrauterine device. If complete remission of the endometrial cancer is observed after 6 months of
treatment, the planned pregnancy should be attempted, if necessary, in collaboration with a
reproductive medicine specialist. Hysterectomy should be carried out when the cancer does not
respond after 6 months of conservative treatment. When the patient is not currently wishing to have
a child, maintenance therapy and endometrial biopsy should be done every 6 months. Total
hysterectomy and bilateral salpingo-oophorectomy should be recommended once the patient has had
children or no longer wishes to have children (German Cancer Society, German Cancer Aid, AWMF

2018).

1.1.5.4. Targeted treatment

Unlike some cancers that exhibit oncogenic addition to one signaling cascade, endometrial carcinoma
is a tumor marked by numerous gene and protein alterations that coexist and can evade targeted
therapies. Finding suitable biomarkers, predictive of response to a therapeutic, will be essential in

making the targeted therapies fulfill their goal.

The PI3K /AKT/mTOR signaling pathway has been reported to be frequently activated in endometrial
cancer (Kanamori et al. 2001). Over the last decade this pathway has been assessed as a target for

novel therapeutic strategies. PIK3CA mutations or loss of PTEN may be indicators of sensitivity to

-10-
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PI3K/AKT/mTOR pathway inhibition, while activating KRAS mutations may predict resistance. (Janku et
al. 2012; Miyake et al. 2008; Lax et al. 2000; Hayes et al. 2006). Studies have shown that endometrial
tumors with POLE mutations and defective MMR might be excellent candidates for programmed cell
death proteinl (PD-1) and programmed death-ligand 1 (PD-L1) directed immune therapies (Howitt et
al. 2015). Activating FGFR2 mutations are found in 10-16 % of primary endometrial cancers and it
indicates a worse prognosis (Jeske et al. 2017). There are ongoing clinical trials on FGFR2 inhibitor to
find a better treatment for FGFR2-mutated or FGFR2-non-mutated advanced or metastatic

endometrial cancer (Konecny et al. 2015).

1.2.Genomic aberrations and techniques for genetic profiling

Genomic instability is a characteristic of solid cancers, which can result in the accumulation of
structural chromosome aberrations, including CNAs. There are several methods such as aCGH,
Fluorescence in situ hybridization (FISH), next generation sequencing (NGS) to detect genomic
aberrations. Array CGH is used as the main method in our research and is described in more detail in

method section.

1.2.1. Genomic aberrations

CNVs are deletions, insertions, duplications, and more complex variations of DNA segments that is
larger than 50 bp in the human genome (Girirajan et al. 2011). CNAs, which are pathogenic CNVs,
accumulate somatically, emerge after many selection events and play an important role in the
progressive molecular rearrangement that takes place during the cancer evolution. (Bhattacharya et
al. 2020; Davoli et al. 2013). If this is the case, study methods such as aCGH may be able to detect the
presence of CNAs. Identifying CNAs that are affecting important cancer genes provides useful

knowledge for the development of new targeted cancer therapies or patient stratification.

In addition to CNVs, the single nucleotide polymorphism (SNP) also contributes a lot in human genomic
variations. SNP is a single base locus in the genome that occurs in two allelic variants (A and B) in the
population, the fact that our DNA contains one paternal and one maternal copy means that for any
given SNP locus, we may obtain genotypes AA (homozygous A), AB (heterozygous), or BB (homozygous
B) (van Loo et al. 2012). However, one parental copy of a region can sometimes be lost, resulting in
only one copy in the region. The single copy cannot be heterozygous at SNP locations and therefore
the region shows loss of heterozygosity (LOH). An LOH also exists if the remaining allele is present in
multiple copies. LOH is a common molecular genetic alteration observed in cancer development. The
detection of LOH could be used to identify genomic regions that contain putative tumor suppressor
genes and to characterize tumor and evaluate progression (Thiagalingam et al. 2002; Zhang et al.

2012a).
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1.2.2. Techniques for genetic profiling

Array CGH is a sensitive and efficient molecular cytogenetic method that serves as a detection system
for the genomic alterations. It allows for a high-resolution evaluation of CNVs associated with
chromosome abnormalities and it is mainly directed at detecting genomic abnormalities in cancer.
Similar to conventional CGH, aCGH is based on detection of CNVs due to the ratio of fluorescent signal
intensities in labeled test DNA and reference DNA. However, instead of metaphase chromosomes
acting as targets for analysis, aCGH uses slides arrayed with small segments of DNA as the targets

(Lucito et al. 2003).

Fluorescence in situ hybridization (FISH) is a molecular cytogenetic technique and is based on the
hybridization of fluorescent probes with specific labels to a complementary DNA sequence on its
corresponding sequence on the chromosome. It can detect and locate the presence or absence of
specific DNA sequences on chromosomes. FISH probes have already been used for diagnosis of genetic
diseases and identification of various type of cancers (Bishop 2010). Cloning vectors come in diverse
seizes to suit the needs of biology and genetic research. Bacterial artificial chromosome (BAC) clones
typically come in various size, generally ranging from 75 to 300 kb, while Yeast Artificial Chromosomes
are ideal for very large fragments, spanning from hundreds of kilobases to megabases. Plasmids are
compact, usually 1-10 kb, whereas cosmid and fosmid can carry intermediate-sized DNA fragments

(35-45 kb).

NGS is a high-throughput sequencing technology which can be used to analyze DNA and RNA samples
and study of genomics and molecular biology (Behjati and Tarpey 2013). Unlike aCGH method, this
sequence-based approach can directly detect the nucleic acid sequence of a given DNA or cDNA
molecule and makes it possible to determine related genes. Despite the costs associated with NGS
have dropped a lot, arrays are still more economic and provide significant advantages when processing

a large number of samples.
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1.3. Aim of the study

Endometrial cancer is the most common gynecologic malignancy. Although most patients with low-
grade endometrioid endometrial cancer that is amenable to treatment, patients with advanced stage
or non-endometrioid types tend to have a poor prognosis. As a result, early detection by simultaneous
classification of endometrial cancer is the main challenge for an adequate therapy success. Our aim
was to overcome this challenge, thus, allowing further risk stratification on genetic level to guide
optimal surgery, adjuvant therapy, and cancer surveillance regimes for women with endometrial

cancer.

The implementation of array into clinical practice marked a new milestone for genetic diagnosis.
Oligo/SNP combination array enables genome-wide detection of copy number changes and SNPs. The
identification of CNAs and LOH have been integral in improving our understanding of the molecular

basis for many diseases.

In order to improve the diagnosis and thus the patient’s outcomes, we follow the strategy to identify
cancer cells by simple techniques like FISH, obtained by brushing out of vaginal cavity. To generate
suitable FISH-probes, it is necessary to know the most common imbalances in endometrial cancer.

Therefore, the array has been applied for searching for aberrated regions in endometrial cancer.
The specific objectives of the thesis were:

1. Is it possible to identify endometrial cancer based on genomic imbalances?

2. Is it able to differ between type | and type Il endometrial cancers by array-based CNVs?

3. Is it possible to establish a molecular classification of endometrial cancer by assessing CNVs?
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2 Material and Methods

2.1. Material

2.1.1. Patient samples

65 endometrial cancer samples were collected from Kiel Biobank P2N, gynecology sub-Biobank BMB-
Gyn and sub-Biobank BMB-Patho. For the use of patient material, we have received an ethics vote
from the ethics committee of the Medical Faculty of the Christian-Albrechts-Universitat, Kiel (D
440/17). The samples were apportioned into 30 formalin-fixed, paraffin-embedded (FFPE) tumor tissue
blocks and 35 fresh tumor tissues. Sample information is listed below (Table 2.1).

Table 2.1: Information about histological type, material type and source of 65 tested endometrial
cancer samples.

Case number Histological type Material
1 1 FFPE
2 1 fresh tissue
3 1 fresh tissue
4 1 fresh tissue
5 1 FFPE
6 1 FFPE
7 1 FFPE
8 1 FFPE
9 1 fresh tissue
10 1 fresh tissue
11 1 fresh tissue
12 1 fresh tissue
13 1 fresh tissue
14 1 fresh tissue
15 1 FFPE
16 1 FFPE
17 1 FFPE
18 1 FFPE
19 1 FFPE
20 1 FFPE
21 1 FFPE
22 1 FFPE
23 1 fresh tissue
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Case number Histological type Material
24 1 fresh tissue
25 1 fresh tissue
26 1 fresh tissue
27 1 FFPE
28 1 FFPE
29 1 fresh tissue
30 1 fresh tissue
31 1 FFPE
32 1 fresh tissue
33 1 FFPE
34 1 fresh tissue
35 1 FFPE
36 1 FFPE
37 1 fresh tissue
38 1 fresh tissue
39 1 fresh tissue
40 1 fresh tissue
41 1 fresh tissue
42 1 FFPE
43 2 fresh tissue
44 2 fresh tissue
45 2 fresh tissue
46 2 fresh tissue
47 2 fresh tissue
48 2 fresh tissue
49 2 fresh tissue
50 2 fresh tissue
51 2 fresh tissue
52 2 FFPE
53 2 FFPE
54 2 FFPE
55 2 FFPE
56 2 FFPE
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57 2 FFPE
Case number Histological type Material
58 2 FFPE
59 2 FFPE
60 2 FFPE
61 2 fresh tissue
62 2 fresh tissue
63 2 fresh tissue
64 2 FFPE
65 2 fresh tissue

2.1.2. Appliances

Description

Company

Tissue homogenizer, Precellys® 24

Bertin Technologies, Yvelines, France

Vortex, Vortex-Genie 2

Scientific industries Inc., Bohemia, USA

Platform shaker, Unimax 1010

Heidolph GmbH, Schwabach

Microcentrifuge, 5415R

Eppendorf, Hamburg

Thermomixer, 5436 comfort

Eppendorf, Hamburg

Fluorometer, Qubit 2.0

Life technologies corporation, Carlsbad, USA

Spectrophotometer, NanoDrop™ 2000

Thermo Fisher Scientific Inc, Waltham, USA

Focused-ultrasonicator, Covaris 5220

Covaris, Woburn, USA

Vacum Centrifuge, SCANVAC SCANSPEED 40

LaboGene™, Lynge, Denmark

Carl Roth™ Micro Centrifuge

Thermo Fisher Scientific Inc, Waltham, USA

Hybridization Oven, SHEL LAB 1013

VWR International Ltd, Radnor, USA

Mini-Shaking-Hybridisierungsofen OV3

Biometra GmbH, Goéttingen

SureScan Dx Microarray Scanner

Agilent Technologies, California, USA

Peltier Thermal Cycler, PTC-200

MJ Research Inc. Waltham, USA

ABI 3100 Genetic Analyzer

Applied Biosystems, Waltham, USA

Heating circulator HAAKE DC3

Gebrider HAAKE GmbH, Karlsruhe

NoZone® Ozone Scrubber

SciGene Corporation, Sunnyvale, USA

NoZone® WS Workspace

AlphaMetrix Biotech GmbH, Rodermark

Universal 16R Centrifuge

Andreas Hettich GmbH & Co. KG, Tuttlingen

Clifton™ DuoBath™ Waterbath

Nickel Electro Ltd, Oldmixon Cres, UK

2.1.3. Materials

Description

Company

GenetiSure Unrestricted aCGH +SNP (4x180 k)

Agilent Technologies, California, USA

Micro tubes (0.5ml, 1,5ml)

Sarstedt, Nimbrecht

PCR SingleCap 8er-Softstrips 0.2mL

Biozym Scientific GmbH, Oldendorf

Hybridization Gasket Slide Kit

Agilent Technologies, California, USA

Hybridization Chamber

Agilent Technologies, California, USA

SureScan Slide Holders

Agilent Technologies, California, USA

Multiply PCR plate(96-well)

Sarstedt, Nimbrecht

Pipettor, Research

Eppendorf, Hamburg
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Pipette Tips ‘

Sarstedt, Niimbrecht

2.1.4. Chemicals, reagents, substrates, kits

Chemicals, reagents, substrates

Company

Dulbecco’s-Phosphate Buffered Saline (PBS)

Gibco®, Life Technologies, Darmstadt

Ethanol pure

Carl Roth GmbH, Karlsruhe

Reference Female DNA, 5190-8850

Agilent Technologies, California, USA

Human Cot-1 DNA™, 15279011

Thermo Fisher Scientific Inc, Waltham, USA

Agilent Oligo aCGH/ChIP-on-Chip Wash Buffer 1

Agilent Technologies, California, USA

Agilent Oligo aCGH/ChIP-on-Chip Wash Buffer 2

Agilent Technologies, California, USA

AmpliTag Gold® DNA Polymerase (5 U/ul)

Thermo Fisher Scientific Inc, Waltham, USA

Hi-Di™ formamide

Thermo Fisher Scientific Inc, Waltham, USA

LiChrosolv® Water for chromatography

Merck KGaA, Darmstadt

Kits Content Company
QlAamp® DNA Mini QlAamp Mini Spin Columns Qiagen,
Kit (Cat No.51304) Collection Tubes (2 ml) Hilden

Buffer AL

Buffer ATL

Buffer AW1 (concentrate)

Buffer AW2 (concentrate)

Buffer AE (10 mM Tris-Cl, 0.5 mM EDTA; pH 9.0)

Proteinase K
BlOstic® FFPE Solution FP1 MO BIO
iofation ki Solution FP2 i, Gingen,
(Cat No.12250-50) Solution FP3 (Proteinase K) Hilden

Solution FP4 (chaotropic salt buffer)

Solution FP5 (100 % ethanol)

Solution FP6 (wash buffer)

Solution FP7 (ethanol-based wash buffer)

Solution FP8 (10 mM Tris pH 8.0)

Spin Filters

2 ml Collection Tubes
QIAGEN® QlAamp MinElute® Columns Qiagen,
Ef;;ﬁ;ad DNA Collection Tubes Hilden
(Cat N0.180134) Deparaffinization Solution

Buffer FTB

Buffer AL

Proteinase K

Buffer AW1 (concentrate)
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Buffer AW2 (concentrate)

Uracil-N-glycosylase

RNase-Free Water

RNase A (100 mg/ml)

Buffer ATE (10 mM Tris-Cl pH 8.3, 0.1 mM EDTA,
0.04 % NaN3)

Qubit dsDNA BR
Assay Kit
(Cat. No. Q32850)

Qubit® dsDNA BR Reagent
(Component A)

Qubit® dsDNA BR Buffer
(Component B)

Qubit® dsDNA BR Standard #1
(Component C)

Qubit® dsDNA BR Standard #2
(Component D)

Thermo
Fisher
Scientific Inc,
Waltham,
USA

CytoSure Genomic
DNA Labelling Kit
(Cat. No. 020020)

Reaction Buffer

Random Primer

Cy3-dCTP

Cy5-dCTP

dCTP Labelling Mix

Control DNA

Klenow

Nuclease-Free Water

purification columns

collection tubes

Oxford Gene
Technology,
Oxfordshire,
UK

Oligo aCGH/ChIP- 2X Hi-RPM Hybridization Buffer Agilent

on-Chip Technologies,

Hybridization Kit 10X Oligo aCGH/ChIP-on-Chip Blocking Agent California,
USA

MSI Analysis MSI 10X Primer Pair Mix Promega,

System, version 1.2 Gold ST*R 10X Buffer &a:lson,

Nuclease-Free Water

K562 High Molecular Weight DNA (10ng/ul)

Internal Lane Standard 600

2.1.5. Software

Description Company
Agilent Feature Extraction Software Agilent Technologies, California, USA
3.0.5.1

CytoSure Interpret Software 4.8.32

Oxford Gene Technology, Oxfordshire, UK

GeneMapper 4.0

Applied Biosystems, Waltham, USA

Date collection software v3.0

Applied Biosystems, Waltham, USA
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2.2.Methods

2.2.1. Array design

Genomic data from the TCGA support classification of endometrial cancer into four prognostically
significant subgroups, each subgroup has specific characteristics and signature genes. We targeted 13
relevant genes, which are distributed differently in the four groups and may help us to classify
endometrial cancer at the molecular level (Table 1.3). With the support of Oxford Gene Technology
(OGT), we devised aCGH +SNP array (1500-KIE; design_0001 Additional POLE; CGH+SNP 4x180k Array)
that analysis of CNV and LOH combined in a single assay. In order to cover imbalances of genes
suspicious in endometrial cancer, the design was fitted with increased resolution for these 13 genes

(Table 2.2).

Table 2.2: Gene list of customized high-resolution-array.

Gene Chromosome Start position Stop position
ARIDI1A chrl 27022402 27108721
CTNNB1 chr3 41236208 41301707
PIK3CA chr3 178865782 178958001
FBXW7 chrd 153242290 153457373
APC chr5 112043075 112182056
PTEN chrl0 89622750 89731807
FGFR2 chrl0 123237724 123358092
KRAS chrl2 25357603 25403990
POLE chrl2 133200224 133264170
BRCA2 chrl3 32889491 32973929
ZFHX3 chrl6é 72816664 73093717
TP53 chrl7 7564977 7590988
SPoOP chrl7 47676126 47755716

2.2.2. DNA extraction

2.2.2.1. gDNA extracted from fresh tissue

QlAamp® DNA mini kit was used to extract gDNA from fresh tissue. The fresh tissue (up to 25 mg) was
removed from storage and placed in a 1.5 ml microcentrifuge tube which contains no more than 80 pl
PBS. The sample was homogenized using the tissue homogenizer. 100 pl buffer ATL and 20 pl
proteinase K were added, mixed under vortex and then incubated at 56 °C on a platform shaker until
the tissue was completely lysed (normally 1-3 hours). 200 pl buffer AL was added to the sample, mixed

by pulse-vortexing for 15 seconds and incubated at 70 °C for 10 minutes. 200 pl ethanol (96-100 %)
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was added to the sample and mixed by pulse-vortexing for 15 seconds. The lysate was transferred to
the QlAamp mini spin column (in a 2 ml collection tube) and centrifuged at 6000 x g for 1 minute. The
QlAamp mini spin column was placed in a newly provided collection tube. 500 ul buffer AW1 was added
into the QlAamp mini spin column, spun at 6000 x g for 1 minute. The QlAamp mini spin column was
placed in a 2 ml newly provided collection tube. 500 pl buffer AW2 was added into the QlAamp mini
spin column, centrifuged at full speed (13,000 x g) for 3 minutes. QlAamp mini spin column was again
transferred in a new 1 ml collection tube and centrifuged at full speed for 1 minute. QlAamp mini spin
column was then placed in a 1.5 ml microcentrifuge tube, 200 pl buffer AE was added into the spin

column.

2.2.2.2. gDNA extracted from FFPE tissue

Based on the protocol BIOstic® FFPE tissue DNA isolation kit, the procedure is as follows:

180 pl of solution FP1 and 20 pl of solution FP2 were added together to a 1.5 ml microcentrifuge tube
which contains 1 or more FFPE tissue slices (up to 15 mg). 20 ul solution FP3 was added into the tube
and mixed well under vortex. Samples were incubated at 55 °C for 1 hour, then transferred to the heat
block set to 90 °C and incubated for 1 hour. Samples were centrifuged at 13,000 x g for 1 minute and
the digested lysate was transferred to a newly provided 2 ml collection tube. 200 pl of solution FP4
and 200 pl of solution FP5 were sequentially added to the 2 ml collection tube and thoroughly mixed
under vortex. The entire lysate (620 pl) was loaded onto the spin filter and centrifuged at 10,000 x g
for 1 minute. The filtrate was discarded, and the column was back into the collection tube. The spin
filter was washed with 500 ul of solution FP7 and centrifuged at 10,000 x g for 1 minute, the filtrate
was discarded. The spin filter was spun for 2 minutes at full speed and transferred to a new 2 ml
provided collection tube. 50-100 pl of Solution FP8 was directly added to the column membrane. The
column was then incubated at room temperature for minimum 5 minutes and centrifuged at 10,000 x

g for 1 minute. Elute was then transferred to a new clean microcentrifuge tube and quantified.
Based on the protocol QIAGEN ® GeneRead DNA FFPE kit, the procedure is as follows:

FFPE tissue was cut with a thickness up to 10 um and put it into a 1.5 ml microcentrifuge tube. 160 pl
deparaffinization solution was added into the tube and mixed for 10 seconds under vortex. The sample
was then incubated at 56 °C for 3 minutes and cooled at room temperature. 55 ul RNase-free water,
25 pl buffer FTB, and 20 ul proteinase K were added sequentially to the tube, mixed well under vortex,
incubated at 56 °C for 1 hour, then transferred to the heat block set to 90 °C and incubated for 1 hour.
The lower, clear phase was transferred into a new microcentrifuge tube. 115 pl RNase-free water and
35 ul Uracil-N-glycosylase were added to the sample sequentially and mixed under vortex, incubated
at 50 °C for 1 hour. 2 pl RNase A was added to the sample and mixed, incubated for 2 minutes at room

temperature. 250 ul buffer AL and 250 ul ethanol (96-100 %) were added to the sample sequentially
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and mixed by vortex. 700 ul lysate was transferred to the QlAamp MinElute® column and spun at
maximum speed for 1 minute, the filtrate was discarded and collection tube was reused. This step was
repeated until the complete lysate was used. 500 pl buffer AW1 was then added to the spin column
and centrifuged at maximum speed for 1 minute, the filtrate was discarded and collection tube was
reused. 500 ul buffer AW2 and 250 pl ethanol (96-100 %) were added separately to the spin column
and handled in the same way as 500 pl buffer AW1. The spin column was transferred to a new provided
2 ml collection tube and centrifuged at maximum speed for 1 minute. The QlAamp MinElute® column
was placed in a newly 1.5 microcentrifuge tube. 20-40 ul buffer ATE was directly added to the column
membrane. The sample was incubated at room temperature for 1 minute and centrifuged at maximum

speed for 1 minute. Elute was then transferred to a new clean centrifuge tube and quantified.

2.2.3. Quantification and qualification of DNA

Qubit dsDNA BR assay kit was used to quantify the DNA. Qubit® working solution was prepared by
diluting the Qubit® dsDNA BR reagent 1:200 in Qubit® dsDNA BR buffer. 190 pL of Qubit® working
solution and 10 plL of each Qubit® standard were sequentially added to a 0.5 ml micro tube. 199 plL
Qubit® working solution and 1 pl sample DNA to individual assay tubes so that the final volume was
200 pL, then mixed by vortexing 2—3 seconds. All tubes were incubated at room temperature for
2 minutes. The “Standards” screen was displayed on the home screen of the Qubit® 2.0 fluorometer
by choosing “dsDNA Broad Range” as the assay type. Calibration was then completed by reading tubes
containing standard #1 and standard #2, respectively. “Read sample” screen was then displayed, each
sample was read two times and the quantification of the samples was calculated based on the better
read of every two readings of each sample. To calculate the concentration of sample, the following

equation was used:

200 X QF value

Concentration of sample =
x

where QF value is the value given by the Qubit® 2.0 fluorometer and x is the number of microliters of

sample added to the assay (ug/mL).

The quality of extracted DNA was also measured by using spectrophotometer NanoDrop™ 2000. The
spectrometer was blanked with 1.5 ul of water. Then 1.5 pl of sample DNA was subsequently placed
on top of the detection surface and scanned. The 260/280 and 230/260 wave lengths were recorded
for each sample. The acceptable 260/280 ratio exceeds 1.8 and ideally the 260/230 ratio should also

exceed 1.5.
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2.2.4. DNA labeling

Equivalent amounts of patient and reference DNA (500-1000 ng) were labelled by random primer with
either Cy3-dCTP or Cy5-dCTP using the CytoSure Genomic DNA labelling kit. Patient samples were
labelled with Cy3-dCTP and reference DNAs were labeled with Cy5-dCTP. Normal Agilent female DNA
was used as reference DNA for fresh patient samples. According to the protocol in Table 2.3, reference
DNA of FFPE samples were prepared by shearing Agilent female DNA with focused-ultrasonicator

Covaris S220, the target peak for base pair size is 150 bp to 200 bp.

Table 2.3: Agilent female DNA shearing protocol.

Parameter Settings

Sample Type Agilent Female DNA
Duty Cycle 10%

Peak Power 175

Cycles per Burst 200

Timer 6 cycles of 1 minute each
Temperature 5to025°C

The amount of DNA required for the equivalent of 500-1000 ng were calculated for each sample and
the appropriate amount was transferred into a 0.2 ml PCR tube, nuclease-free water was added until
get a volume of 18 pul. 10 ul random primer and 10 pl reaction buffers were added to each tube and
mixed by flicking the tube, then centrifuged for 15 seconds. The tubes were denatured in a PCR block
with heated lid for 20 minutes at 99 °C for fresh tissue samples and reference DNAs, 3 minutes at 95 °C

for FFPE samples and shredded reference DNAs, then immediately placed on ice for 5 minutes.

12 pl of dCTP labeling mix/ Cy3/5-dCTP/Klenow master mix (on ice) was added to each tube using the
volumes illustrated in Table 2.4 as a guidance. Tubes were mixed by flicking and shortly spun
(< 10 seconds). All tubes were incubated at 37 °C for 2 hours, 65 °C for 10 minutes, then placed on ice

for 5 minutes followed by 15 seconds of centrifugation.

Table 2.4: dCTP labeling mix/ Cy3/5-dCTP/Klenow master mix.

Sample Reference
dCTP labelling mix 10 pl 10 pl
Cy3-dCTP 1l -
Cy5-dCTP - 1l
Klenow 1l 1l
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2.2.5. Purifying the labeled target

Two purification columns (supplied in the CytoSure Genomic DNA Labelling Kit) were prepared by
vortexing the resin briefly. The cap was loosened one-quarter turn and the bottom closure was
snapped off. The column was placed in a collection tube and pre-spun the column for 1 minute at 2,000
X g. The spin column was removed from the tube and placed in a fresh microcentrifuge tube, the eluate
was discarded. Samples were added to the center of the resin and centrifuged at 2,000 x g for 1 minute,
the final volume should be ~45 pl. The concentration of each sample was measured using the
NanoDrop™ 2000. DNA concentrations greater than 225 ng/ul and dye concentrations greater than

2.6 pmol/ul were considered adequate to continue with array. The labeled targets were combined

together and dried to ~39 ul by SpeedVac vacuum concentrator.

2.2.6. Hybridization of arrays with labelled target

The 10x blocking agent was prepared by adding 1,350 pl water to the 10x Blocking Agent tube (supplied)
and incubated at room temperature (15-25 °C) for 60 minutes. The hybridization master mix was
prepared as suggested in Table 2.5. Seventy-one pl of the master mix was added to each sample and
mixed thoroughly by pipetting. The target was denatured at 94 °C for 3 minutes and incubated at 37 °C

for 30 minutes, then spun down for 10 seconds.

Table 2.5: Hybridization Master Mix.

Volumes required for each Volumes for
110 pl hybridization mix master mix (4x) *
Cy3 and Cy5-labelled genomic
DNA 39ul
Cot-1 (1 mg/ml) 5 ul 25 ul
Agilent 10x Blocking Agent 11 ul 55 ul
Agilent 2x HiRPM 55 1l 275 ul

Hybridization Buffer

The Agilent hybridization gasket was placed into an Agilent chamber base, 100 pl of the hybridization
mix was pipetted onto each chamber of the gasket slide. The CGH+SNP array was placed onto the
gasket slide. The clamp was placed on the slide and thumbscrew tightened firmly, then the

hybridization chamber placed in the hybridization oven at 65 °C for 22 hours at a speed of 20 rpm.

2.2.7. Washing and scanning of arrays

Wash buffer 2 and containers were pre-warmed overnight at 37 °C. The slide was placed in the
disassembly bath (filled with wash buffer 1) and the gasket slide was prized from the Cytosure array
under the surface of the buffer. The slide was then transferred quickly to the wash buffer 1 bath, which

was placed a stirring flea, stirred at room temperature for 5 minutes. The slide was then changed
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quickly into the pre-warmed wash buffer 2 bath and stirred at 37 °C for exactly 1 minute. The slide was
then dried under ozone-free air and placed into the Agilent slide holder and scanned by SureScan Dx

Microarray Scanner. Figure 3 is a sample of array scanned image.

Figure 3: SureScan Dx Microarray Scanner Raw Image. Equal hybridization of both tumor and reference
DNA are indicated by yellow spots while control spots with no hybridization of DNA are indicated by
blank spots.

A. CGH+SNP array 4x180K scan; B. Increased hybridization of patient DNA representative of a gain
indicated by green spot and green arrow; C. Decreased hybridization of patient DNA representative of
a deletion indicated by a red spot and red arrow.

2.2.8. Data generation and computer analysis

The scanned image was extracted using Agilent Feature Extraction Software 3.0.5.1. Quality of the
hybridization was assessed using the Feature Extraction Quality Control (QC) report, which sets the
derivative log 2 ratio spread below 0.2. QC reports were used to confirm array processing results, verify
reliability of image processing results, detect common array hybridization or washing artifacts. The QC-
metrics table was also used to check signal intensities and background noise. Figure 4 shows a screen
shot of the QC report. Data analysis has been performed using the CytoSure Interpret Software.
Annotations are based on the Human and the results were displayed. Gene contents of aberrations

were cross-checked with the UCSC (http://www.genome.ucsc.edu) and Ensemble databases

(http://www.ensembl.org). Figure 5 displays a representative array plot and Figure 6 shows a table

views of a tested sample, both figures are generated by CytoSure Interpret Software 4.8.32.
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QC Report - Agilent Technologies : 2 Color CGH

Date Thursday, October 20, 2016 - 11:54 Sample(red/green)

User Name Admin FE Version 12.0.3.1
Image 5615435056 _257581310100_S001 [1_3] BG Method Detrend on (NegC)
Protocol CGH_1200_Jun14 (Read Only) Multplicative Detrend True
Grid CytoSure 4x180k+LOH Dye Norm Linear
Saturation Value 65526 (r), 65526 (g)

DyeNorm List NA

No of Probes in DyeNorm List NA

Spot Finding of the Four Corners of the Array

Evaluation Metrics for CGH_QCMT_Jun14
Excellent {7) ; Goed (5) ; Evaluate {1)

Metric Name Value Excellent Good Evaluate
IsGoodGrid 1.00 >1 NA <1
AnyColorPrentFeatNonU.... 0.08 <1 105 =5
DerivativeLR_Spread 0.23 <0.20 0.20t0 0.30 >0.30
gRepro 0.056 0to 0.05 0.05t0 0.20 <0 or >0.20
g_BGNoise 5.91 <5 51015 >15
g_SignalZNoise 163.82 >100 30to 100 <30
K g_Signalintensity 968.91 =180 50 to 150 <50
Grid Normal rRepro 0.0 0t0 0.05 0.05 10 0.20 <0 or >0.20
R . R ; . R r_BGNoise 5.51 <5 5to 15 =15
Outlier Numbers with Spatial Distribution _SignalzNoise 173.26 ~100 30 to 100 <30
1064 rows x 170 columns r Signallntensity 954.61 >150 50 to 150 <50
"y . oq‘ RestrictionControl -1.00 080101 <0.80 or >1
[N . LogRatiolmbalance -0.02 -0.26t0 026 (-0.75t0-02.. <0750r>0.75
¥ L] -
. o +
Y * Excellent ® Good ® Evaluate
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Figure 5. CytoSure Interpret Software Output, array plot illustrates identical gains and losses. Green
arrow pointed a gain and red arrow represented a loss.
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Figure 6: CytoSure Interpret Software Output, table view of a tested sample. Information regarding
copy number variants, known pathogenicity, size, and location are provided.
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2.2.9. Assessing of MSI using the panel of 5 mononucleotide repeats loci

The detection of MSI was conducted with MSI Analysis System, which includes 5 mononucleotides
repeat markers (BAT-25, BAT-26, NR-21, NR-24 and MONO-27) and 2 pentanucleotide repeat markers
(Penta C and Penta D). Amplification Mix for the MSI Analysis System for the volume of 2 ulin a 10 pl

reaction volume was prepared using the protocols detailed below (Table 2.6):

Table 2.6: Amplification Mix for the MSI Analysis System

Component Volume Per Reaction
Nuclease-Free Water 5.85 ul
Gold ST* R 10X Buffer 1.00 pl
MSI 10X Primer Pair Mix 1.00 pl
AmpliTaq Gold® DNA Polymerase (5 U/ul) 0.15 ul
Total reaction volume 8.00 ul

8 ul of amplification mix was transferred to the PCR tube, 2 ul of gDNA (2 ng) for was added to the
tube containing amplification mix, mixed by pipetting several times. For the positive amplification
control, the K562 high molecular weight DNA was diluted 1:10 to 1 ng/ul in nuclease-free water and 2
ng diluted DNA added to the amplification mix, for the negative amplification control, 2 ng nuclease-

free water was added to the amplification mix.

The 96-well reaction plate was placed in the PCR thermal cycler and the bellowed cycling profile was

implemented as shown in Figure 7:

95 °Cfor 11 min

96 °Cfor 1 min

94°Cfor30s o 90°Cfor30s N

Ramp 685 to 58 °C 10 R 60sto58°C
cycles amp 60s to :
‘ hold for30s ’ ¥ hold for 30 s 20 cycles 60 °C for 30 min

Ramp 50sto70°C
hold for 1 min - Ramp 50s to70°C 4 °C soak
hold for 1 min _—

Figure 7: Details of thermal profile for DNA amplification using PCR.

HH

-27-



Material and Methods

A loading cocktail was prepared as follows and vortexed for 10-15 seconds:
[(0.5 pl ILS 600) + (9.5 ul Hi-DITM formamide)] x (#injections)

10 pl of formamide/internal lane standard mix was pipetted into each well and 1 ul of amplified sample
was then added. The wells were covered with septa and briefly centrifuged, then denatured at 95 °C
for 3 minutes and immediately chilled on ice for 3 minutes. The samples were then analyzed by an ABI
3100 Genetic Analyzer equipment. The evaluation of the data was done with the GeneMapper 4.0
software. Detection of MSI is based on comparing allelic profiles generated by amplifying matching
normal and tumor sample DNA. The appearance of novel alleles in the tumor sample indicates
microsatellite instability. MSl is defined when > 40 % markers show instability in tumor DNA, samples

with less than 40 % mononucleotide repeat markers altered be classified as MSS (Figure 8).

: 5 = & & -
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enta C,
o Penta C,D
- . |
NR-21 BAT-26 BAT-25 NR-24 MONO-27 l\‘ }“
o | |
oy \ I l
i Y| Y
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Figure 8: Capillary electrophoresis results of the MSI Analysis System.
Red peaks are internal size standards. Green, blue, and black peaks are amplification products from
microsatellite loci. An example of one shifted locus is demonstrated (arrow) in the tumor sample.

2.3.Statistical analyses

Differences in frequencies of parameters were calculated using the chi-square test with or without
Fisher’s exact test. Differences were regarded as statistically significant for p<0.05. Descriptive values

were presented as median and range. Excel statistical software was used to analyze the data.
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3 Results

3.1. Copy number variation

CNV is a large part of structure variation, whereby whole or parts of chromosomes are deleted or
amplified. It has higher mutation rates than SNP and affects large fragments of genome. Thus, CNV
correlates with the development of cancer and can therefore be used as a strategy to identify novel
markers or mechanisms that are susceptible to cancer. In this study 65 endometrial cancer samples
were examined using aCGH. Figure 9 displays the total number of regions in which the chromosomal
copy number was abnormal. The overall screen shot detects that aberrations were found in different
cases in the same places. However, it is apparent that the specific aberrant locations and the number
of aberrations were difficult to be obtained in this picture. Figure 10 shows the frequency of copy
number gains in all recruited tumor samples. Closer examination of the data, the minimal overlapping
regions of most frequent gains are showed in Table 3.1. The regions at 3p22.1, 5q22.2, 4931.3,
10g26.13 were gained in more than 50 % of our endometrial cancer patients, 1921.1, 3g26.32, 4p16.3,
5q15, 7935, 10g23.31, 12p12.1, 13913.1, 159q11.2, 15926.1, 16g22.2 and 17921.33 gained in 32.3 % -
44.6 % of 65 patients.

Il{ . I'I | ill I.~

Figure 9. Overview of copy number aberrations in endometrial cancer were generated using CytoSure
interpret software. The Ideogram represents the global CNVs which were manifested across the whole
genome of the recruited 65 tumor samples. Each columnized line denotes a single sample, in which all
chromosomes were shown to display CNVs. Positions showing losses are on the left side of the
chromosome whereas gains are on the right side.
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Figure 10. Frequency of copy number gains in 65 endometrial cancer samples.

Table 3.1. The minimal overlapping regions of most common copy number gains detected by aCGH in
65 patients with endometrial cancer.

Chromosomal Start (bp) Stop (bp) Size (Kb) Patients with gains Representative
location Number Percentage genes
[%]
3p22.1 41281477 41281777 0.3 53 81.5 CTNNB1
4q931.3 153269677 153269977 0.3 42 64.6 FBXW7
5022.2 112164360 112164659 0.3 42 64.6 APC
10926.13 123237773 123238072 0.3 37 56.9 FGFR2
4931.3 153332101 153332434 0.3 36 55.4 FBXW7
10g26.13 123238662 123238961 0.2 34 52.3 FGFR2
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Chromosomal Start (bp) Stop (bp) Size (Kb) Patients with gains Representative

location genes’
Number Percentage

[%]

13q13.1 32900128 32900427 0.3 29 44.6 BRCA2
10g23.31 89685180 89685480 0.3 27 41.5 PTEN
13g13.1 32950650 32950950 0.3 27 41.5 BRCA2
17921.33 47713706 47714268 0.6 27 41.5 SPOP
4p16.3 44394 59942 15.2 26 40.0
16q22.2 72818203 72821070 2.8 26 40.0 ZFHX3
1g21.1 145805123 145883187 76.2 25 38.5
3926.32 178928017 178928317 0.3 25 38.5 PIK3CA
3926.32 178937437 178937736 0.3 24 38.5 PIK3CA
7935 143315179 143536260 215.9 25 38.5
15q11.2 22683827 22717524 32.9 25 38.5
15q11.2 23432887 23596399 159.7 25 38.5
17921.33 47676904 47677364 0.5 25 38.5 SPOP
16q22.3 73092864 73093164 0.3 24 37.0 ZFHX3
10926.13 123285513 123285812 0.3 23 354 FGFR2
15q11.2 20759256 22319603 1523.8 23 354
5q15 92922322 92922819 0.5 22 334 NR2F1
13g13.1 32918537 32918836 0.3 22 33.8 BRCA2
12p12.1 25362434 25362734 0.3 21 32.3 KRAS
13q13.1 32906474 32906774 0.3 21 32.3 BRCA2
15qg26.1 93428882 93435270 6.2 21 32.3

“Representative genes are the endometrial cancer related genes encompassed in the region.
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Figure 11. Frequency of copy number losses in 65 endometrial cancer samples.

Figure 11 displays the overview of the frequency of copy number losses in all endometrial cancer
samples. To gain further insight, we listed the minimal overlapping regions of most frequent losses in
Table 3.2. The regions at Xq22.33 were lost in 36.9 % and the regions 4p16.3, 9934.3, 12¢24.33,
15q11.2, 16p13.3, 16q12.2, 16922.1, 16¢q24.2q24.3, 17p13.1, 19p13.2, 19p13.3, Xq28 in 20 %-26.1 %

of the 65 patients.
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Table 3.2. The minimal overlapping regions of most common copy number losses detected by aCGH in
65 patients with endometrial cancer.

Chromosomal Start (bp) Stop (bp) Size Patients with losses Representative
location (kB) genes’
Number Percentage
[%]
Xp22.33 1047029 1106951 58.5 24 36.9
17p13.1 7579476 7579877 0.4 17 26.1 TP53
15q11.2 25425129 25469275 43.1 17 26.1
Xq28 152643761 152968889 317.5 16 24.6 BGN
16p13.3 2122529 2139286 16.4 16 24.6 75C2
17p13.1 7572966 7573886 0.9 15 23.1 TP53
16912.2 56370474 56374162 3.6 14 21.5
9g34.3 139398117 139409336 11 15 23.1 NOTCH1
12q24.33 133218931 133220645 1.7 15 23.1 POLE
16922.1 70169117 70195196 25.5 14 21.5
4p16.3 1796047 1806500 10.2 14 21.5 FGFR3
19p13.3 291709 460661 165 14 21.5
16p13.3 565954 1287835 705 13 20.0 MSLN; SOX8
16qg24.2q24.3 88505908 88796498 283.8 13 20.0 IL17¢

"Representative genes are the endometrial cancer related genes encompassed in the region.

Further step, we analyzed the most common imbalanced chromosomal band regions, aim to identify

endometrial cancer with genomic imbalances. Specifically, we proposed a theoretical definition: with

the presence of at least one imbalance region in one of the three most common regions, will be served

as a confirmation of endometrial cancer. Figure 12 below represents the frequency of CNVs of the

recruited 65 samples, the most three common minimal overlapping regions are 3p22.1 (41281477-

41281777), 4931.3 (153269677-153269977) and 5g22.2 (112164360-112164659), where the genes

CTNNB1, FBXW7 and APC located, respectively. Table 3.3 listed the copy number changes of each

patient in above three regions. As it can be seen from the Table 3.3, there are 62 tumor samples with

at least one aberration among three selected regions, where 20 patients have one imbalanced

chromosomal band region, 13 patients have two imbalanced chromosomal band regions and 29
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patients show aberrations in all three regions, only three tumor cases were found without aberrations
in these regions. To obtain the sensitivity, which can correctly measure the proportion of actual
endometrial cancer cases, and help correctly identify endometrial cancer, we used the following
formula:

Quotient of true positive test results (cancer =copy number gain or loss) and the sum of true positive
test results (cancer = copy number gain or loss) and false negative test results (also cancer, but copy

number neutral in all three locations).

true positive test results
X 100 %

Sensitivity = - -
true posive test results + false negative test results

. one aberration + two aberrations + three aberrations
Sensitivity = - - - - X 100 %
no aberration + one aberration + two aberrations + three aberrations

o 20+ 13+ 29
Sensttlvlty = m X 100 %

Sensitivity = 95.4 %
The higher the sensitivity of a test, the more reliable when it recognizes the illness. Which means that
by combination of these three promising imbalanced regions, the sensitivity for identifying the

endometrial cancer is really promising.
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Figure 12. Overview of the frequency of copy number changes in 65 endometrial cancer patients.
Arrows are the most common minimal overlapping regions and related genes.

Table 3.3. Copy number changes of three most common minimal overlapping regions in 65 endometrial
cancer patients.

Chromosomal 3p22.1 5¢22.2 (112164360- 4q31.3 (153269677-

location (41281477- 112164659) 153269977)
41281777)

Related genes CTNNB1 APC FBXW7

Patients with CNV [%] 84.6 66.2 64.6

Case number Copy number changes

1 gain gain gain

2 gain gain gain

3 gain gain gain
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Chromosomal local 3p22.1 5g22.2 (112164360- 4931.3 (153269677-
location (41281477- 112164659) 153269977)
41281777)
4 gain gain Gain
5 gain gain gain
6 gain gain gain
7 gain gain gain
8 gain gain gain
9 neutral neutral neutral
10 gain neutral neutral
11 neutral gain neutral
12 gain neutral gain
13 gain neutral neutral
14 neutral neutral gain
15 gain gain neutral
16 gain neutral gain
17 gain gain gain
18 gain gain gain
19 gain neutral gain
20 neutral gain gain
21 gain gain gain
22 gain gain neutral
23 gain neutral neutral
24 gain neutral neutral
25 gain gain gain
26 gain gain gain
27 gain neutral neutral
28 gain neutral neutral
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Chromosomal local 3p22.1 5g22.2 (112164360- 4931.3 (153269677-
location (41281477- 112164659) 153269977)
41281777)
29 gain gain Gain
30 gain gain gain
31 gain gain neutral
32 gain gain gain
33 gain gain gain
34 gain gain gain
35 gain neutral neutral
36 gain gain gain
37 gain neutral gain
38 gain neutral neutral
39 gain gain gain
40 gain neutral gain
41 gain gain gain
42 gain gain gain
43 gain neutral gain
44 gain gain gain
45 gain gain gain
46 gain gain neutral
47 neutral gain gain
48 neutral neutral neutral
49 loss neutral neutral
50 gain gain gain
51 neutral neutral neutral
52 neutral gain gain
53 gain gain gain
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Chromosomal local 3p22.1 5g22.2 (112164360- 4931.3 (153269677-

location (41281477- 112164659) 153269977)
41281777)

54 neutral gain Neutral

55 gain neutral gain

56 gain gain neutral

57 gain gain gain

58 gain gain gain

59 gain gain neutral

60 gain neutral gain

61 gain neutral neutral

62 neutral gain gain

63 gain gain gain

64 gain loss neutral

65 loss gain neutral
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Figure 13. CTNNB1, FBXW7 and APC genes are located within the three genomic regions showing the
most frequent gains and losses in 65 endometrial cancers analyzed in this study.

3.2.Distinguish between type | and type Il endometrial cancer

Endometrial cancers are typically designed as type | and type Il tumors. Type | tumors are more
commonly develop in premenopausal or perimenopausal women and mostly low-grade (G1 or G2)
tumors. They are normally diagnosed at an early stage before extra-uterine spread, and therefore,
often have a relatively favorable prognosis. In contrast, type |l endometrial cancers tend to develop in
postmenopausal, non-obese women, it is normally poorly differentiated high-grade tumor and
associated with higher risk of metastasis and poor prognosis. As there are big different in pathogenesis
between two types, it is important to accurate classification, which could play an important role in
patients’ treatment and prognosis. To determine whether it is possible to distinguish the two
endometrial cancer types through array-based CNVs, the most common overlapping abnormal regions
were classified and analyzed based on two different types. Figure 14 illustrates the proportion of most
common overlapping copy number gain regions in two different types of endometrial cancer. The most
common copy number gain regions in both groups are the same, 3p22.1 (41281477-41281777),4q31.3
(153269677-153269977) and 5g22.2 (112164360-112164659). More than 30 % of Type | cases were
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gained at all listed chromosomal band regions, except 3q26.32 (178937437-178937736) and 15¢26.1
(93428882-93435270), which were gained in 28.6 % of type | cases. In type Il group, 13g13.1
(32950650-32950950) were gained in 17.4 % of patients, 16922.3 (73092864-73093164) were gained
in 21.7 % of patients and 26.1 % of patients were gained at 5q15 (92922322-92922819), rest of the
listed regions are all gained in more than 30 % of type Il endometrial cancer patients. Only 13g13.1

(32950650-32950950) were statistically significant between two groups (p<0.05).

Chromosomal locations and endometrial cancer related genes

15¢26.1(93428882-93435270) I
3026.32 (178937437-178937736), PIK3CA I
3026.32 (178928017-178928317), PIK3CA ]
13913.1(32906474-32906774), BRCA2 | |
12p12.1(25362434-25362734), KRAS I
10g26.13 (123285513-123285812), FGFR2 I
7935 (143315179-143536260) I
17¢21.33, (47713706-47714268), SPOP I
17q21.33 (47676904-47677364), SPOP I
15011.2 (20759256-22319603) | |
13913.1(32918537-32918836), BRCA2 I
15011.2 (23432887-23596399) I
5q15 (92922322-92922819), NR2F1 I
16q22.2 (72818203-72821070), ZFHX3 | | mType 1%
15q11.2 (22683827-22717524) I W Type Il %
10q23.31 (89685180-89685480), PTEN I
4p16.3 (44394-59942) | ]
1q21.1 (145805123-145883187) ! |
16022.3(73092864-73093164), ZFHX3 I
13913.1(32900128-32900427), BRCA2 - ||
13913.1 (32950650-32950950 ), BRCA2 ]
10q26.13 (123238662-123238961), FGFR2 I
10926.13 (123237773-123238072), FGFR2 ./ |
4q31.3 (153332101-153332434), FBXW7 . |
5022.2 112164360-112164659), APC 1
4031.3 (153269677-153269977), FBXW7 ./ |
3p22.1(41281477-41281777), CTNNB1 ! |
100.0% 80.0% 60.0% 40.0% 20.0% 0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

Figure 14. The minimal overlapping regions of most common copy number gains in two different types
of endometrial cancers.

Figure 15 shows the proportion of most common overlapping copy number loss regions in two
different types of endometrial cancer. As shown in Figure 15, 38.1 % of type | patients were lost at
Xp22.33 (1047029-1106951), less than 20 % of type | patients were lost at rest of the most common
chromosomal band regions. In type Il group, 26.1 % of patients were lost at 16p13.3 (565954-1287835)
and 16q24.2¢24.3 (88505908-88796498), rest of the chromosomal band regions were lost in more

than 30 % of type Il patients. No significant differences between the two groups were evident (p>0.05).
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Chromosomal locations and endometrial cancer related genes

16q24.224.3 (88505908-88796498), IL17C I
16p13.3 (565954-1287835), MSLN; SOX8 I .
4p16.3 (1796047-1806500), FGFR3 |
16q22.1(70169117-70195196) ! |
16q12.2 (56370474-56374162) I .
12624.33 (133218931-133220645), POLE I
Xq28 (153215751-153229917) I — N
e 1%
Xp22.33 (1047029-1106951) I e — .T:Ze 1%
19p13.3 (291709-460661) I —
17p13.1(7572966-7573886), TP53 |
16p13.3 (2122529-2139286), TSC2 |
9g34.3 (139398117-139409336), NOTCH1 I .
15¢11.2 (25425129-25469275) I e ——
17p13.1(7579476-7579877), TP53 |

50.0% 40.0% 30.0% 20.0% 10.0% 0.0% 10.0% 20.0% 30.0% 40.0% 50.0%

Figure 15. The minimal overlapping regions of most common copy number losses in two different types
of endometrial cancers.

Clearly, by comparing the most common copy number gains and losses between two groups are not
sufficient to distinguish the two endometrial cancer types. To further analysis, a criterion to look for

the significantly aberrant regions was established:

1. Areas with the most different number of aberrations in cases of both classes

2. One class must account for more than 30 % of cases
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Figure 16. The frequency of CNVs compared in two different groups. Blue indicates type |, light yellow
represents type Il cases and light blue regions indicate the overlapping area of the two types.

Table 3.4. The most significantly imbalanced regions which could differentiate between two types.

Chromosomal Start (bp)  Stop (bp) Aberrations-type | Aberrations-type Il  p-value

location
Number Percentage Number Percentage
[%] [%]

16922.1 67937732 68100313 0 0 7 30.4 0.0002
17921.32 46062980 46159303 0 0 7 30.4 0.0002
22q12.2 30098053 30126722 2 4.8 7 30.4 0.0042
1p36.11 27879864 27884157 1 2.4 8 34.8 0.0003
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Chromosomal Start (bp)  Stop (bp) Aberrations-type | Aberrations-type Il  p-value
location
Number Percentage Number Percentage
[%] [%]
Xp22.33 305511 316464 3 7.1 8 34.8 0.0045
1p36.32 2722682 2788698 4 9.5 8 34.8 0.0121
19p13.3 6060066 6303724 4 9.5 8 34.8 0.0121
19913.32 46267865 46287563 4 9.5 11 47.8 0.0005
20913.2 52106616 52128270 1 2.4 7 30.4 0.001
20913.2 52234495 52265011 1 2.4 7 30.4 0.001
7p21.1 16663156 17270949 1 2.4 8 34.8 0.0003
7p22.3 1531412 1635547 3 7.1 8 34.8 0.0045
1p36.33 1024155 1150571 5 11.9 8 34.8 0.0275
19p13.3 2068056 2533713 5 11.9 10 43.8 0.0039
7931.1 110404154 111065282 2 4.8 7 30.4 0.0042
3g26.1 167454903 167467350 2 4.8 8 34.8 0.0013
19q12 30435443 30496101 2 4.8 8 34.8 0.0013
7p22.3 1981050 2071279 4 9.5 8 34.8 0.0121
11p13 31828251 31831554 4 9.5 8 34.8 0.0121
13q913.1 32950650 32950950 24 57.1 4 17.4 0.002

Figure 16 displays a whole overview of the CNVs frequency in two different types. In Table 3.4 is shown

the data from the summarized imbalanced regions. In total of 20 abnormal regions differentiated

significantly between two types (p<0.05). To increase the sensitivity of distinguish between two types,

the two sensitive regions with the largest differences between two subgroups were combined, 16g22.1

(67937732-68100313) with no type | and 30.4 % type Il, 13g13.1 (32950650-32950950) with 57.1 %

type | and 17.4 % type Il. In order to maximize the effectivity of this combination for successfully

distinguish between two different types, the data were assessed by using the criteria mentioned below

(Table 3.5).

-43-



Results

Table 3.5. Interpretation logic to distinguish between two endometrial cancer types.

Imbalanced region Aberration- Balanced- Aberration- Balanced-type Il
typel typell typelll

Chrl6qg22.1 Type I=no Type I=yes Type ll=yes  Typell=no

Chr13q13.1 Type I=yes Type I=no Type ll=no Type ll=yes

Table 3.6 exhibits the aberration status of each endometrial cancer patient. 25 cases (38.5 %) could be
correctly identified as type | and 7 cases (10.8 %) could be correctly identified as type Il. However, 4
type Il cases (6.2 %) would be misidentified as type | and 29 cases (44.6 %) could not be classified by
using this interpretation logic. Closer examination of 55.4 % of endometrial cancer cases, which could
be classified using our interpretation logic, the sensitivity of correct classification was then calculated

as follows:

Sensitivit (t I/ ) _ correctly classified samples x 100%
enstivityltype /i) = correctly classified samples + indetermined samples + misidentified samples 0

L 2547
SenSltlUlty = m X 100 %

Sensitivity = 49.2 %

Table 3.6. The aberration status of two sensitive regions with the largest differences between two
types in 65 endometrial cancer cases.

Case Histological 16q22.1 (67937732- 13q13.1 (32950669- Interpretation logic
number type 68100313) 32950968)
1 1 no no indetermined
2 1 no gain classified as type |
3 1 no gain classified as type |
4 1 no no indetermined
5 1 no gain classified as type |
6 1 no gain/LOH classified as type |
7 1 no gain classified as type |
8 1 no gain classified as type |
9 1 no no indetermined
10 1 no no indetermined
11 1 no no indetermined
12 1 no gain classified as type |
13 1 no gain classified as type |
14 1 no no indetermined
15 1 no gain classified as type |
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Case  Histological 16q22.1(67937732- 13q13.1 (32950669- Interpretation logic
number type 68100313) 32950968)
16 1 no no indetermined
17 1 no gain classified as type |
18 1 no no indetermined
19 1 no no indetermined
20 1 no gain classified as type |
21 1 no gain classified as type |
22 1 no gain classified as type |
23 1 no no indetermined
24 1 no no indetermined
25 1 no gain classified as type |
26 1 no gain classified as type |
27 1 no no indetermined
28 1 no no indetermined
29 1 no gain classified as type |
30 1 no no indetermined
31 1 no gain classified as type |
32 1 no no indetermined
33 1 no gain classified as type |
34 1 no gain classified as type |
35 1 no loss classified as type |
36 1 no gain classified as type |
37 1 no gain classified as type |
38 1 no gain classified as type |
39 1 no no indetermined
40 1 no gain classified as type |
41 1 no no indetermined
42 1 no gain classified as type |
43 2 no gain classified as type |
44 2 no no indetermined
45 2 no no indetermined
46 2 no no indetermined
47 2 no no indetermined
48 2 no no indetermined
49 2 loss no classified as type Il
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Case  Histological 16q22.1(67937732- 13q13.1 (32950669- Interpretation logic
number type 68100313) 32950968)

50 2 no no indetermined
51 2 no no indetermined
52 2 no no indetermined
53 2 loss no classified as type Il
54 2 no no indetermined
55 2 no no indetermined
56 2 no no indetermined
57 2 loss no classified as type Il
58 2 loss no classified as type Il
59 2 loss no classified as type Il
60 2 loss no classified as type Il
61 2 loss no classified as type Il
62 2 no gain classified as type |
63 2 no gain classified as type |
64 2 no no indetermined
65 2 no gain classified as type |

3.3. Loss of heterozygosity

LOH is a common phenomenon in a variety of human cancers. As previously described, LOH is thought

to contribute to localize tumor suppressor genes. Examining the link between LOH and endometrial

cancer may help us identify tumor suppressor genes which are associated with endometrial cancer.

There are 22 (33.8 %) of samples exhibited LOH, in which 11 (26.2 %) type | and 11 (47.8 %) type Il

tumors. Figure 17 below displays the overview of the whole LOH regions of these 22 endometrial

cancer samples, LOH aberrations were distributed throughout all the autosomes and the X

chromosome, except for chromosome 19-22. At least three cases showed LOH at Table 3.7 listed

regions, the related genes and copy number aberrations of these cases are also displayed in the table.

From this data, we can see that at 4 cases were observed LOH at 17q12q21.2, at 4p15.2p15.1 and

12q24.13924.22 LOH were observed only in type Il cases, and LOH at 10922.2g22.3 and 10g25.2g26.11

were showed only in type | cases.

-46-



Results

QLN
(IEEXY

Figure 17. Loss of heterozygosity profiles of 22 endometrial cancer patients. Each columnized line
denotes a single sample, red arrow indicates most overlapping LOH regions.
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Table 3.7.Copy number changes of minimal most common overlapping LOH regions in 22 endometrial
cancers.

Chromosomal Start Stop Case No. Type Copy number
location
4p15.2p15.1 27571339 29799673 46 1] loss
61 Il loss
57 1] gain
10922.2g22.3 77550153 78805067 24 I gain
18 I gain
25 I neutral
10925.2g26.11 112922379 119602345 25 I neutral
3 I neutral
24 I gain
11922.3g23.2 103957598 112794247 46 Il loss
61 Il loss
21 I neutral
12924.13q24.22 113748561 117975814 49 1] neutral
61 Il loss
57 1] gain
17q12q21.2 36032814 38904276 61 Il loss
53 Il gain/loss
46 Il loss
9 I neutral

DNA double-strand-breaks can be repaired by homologous recombination (HR) pathway (Shrivastav et
al. 2008). Defects in HR repair related genes can lead to HR deficiency. Genomic scars as biomarkers
of HR deficiency, can be observed by large-scale state transitions (LST), telomeric allelic imbalance (TAl)
and LOH (Watkins et al. 2014). To investigate the possible role of HR deficiency in endometrial cancer,
we also looked into the LOH status of HR related genes: ARID1A, ATM, ATRX, BAP1, BARD1, BLM,
BRCA1/2, BRIP1, CHEK1/2, FANCA/C/D2/E/F/G/L, MRE11A, NBN, PALB2, RAD50, RAD51, RAD51B, or
WRN (Musacchio et al. 2020). In our cancer samples, LOH were observed at gene loci ATM, BRCA1/2,
RAD51, RAD51B, CHEK1, NBN and FANCC, rest of the genes didn’t show LOH (Table 3.8).
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Table 3.8. Copy number status of HR related genes with LOH in 22 endometrial cancer.

HR related genes Case Number Type Copy number change
ATM 46 I loss
65 I loss
BRCA1 46 I loss
61 I loss
53 I loss
BRCA2 6 [ gain
RAD51 46 I loss
RAD51B 15 I neutral
CHEK1 21 I neutral
NBN 57 Il neutral
FANCC 46 Il loss

Furthermore, we looked into the LOH status of most common aberrated regions, we can see from the

Table 3.9 below, 7 most common minimal overlapping chromosomal band regions showed LOH.

Table 3.9. Most common CNV regions with LOH.

Chromosomal Start Stop Related Case Type CNV
location gene No.
3p22.1 41281477 41281777 CTNNB1 22 I gain
3026.32 178937437 178937736 PIK3CA 24 I gain
4p16.3 1796047 1806500 FGFR3 61 I loss
10923.31 89685180 89685480 PTEN 25 I gain
13g13.1 32950650 32950950 BRCA2 6 I gain
16qg12.2 56370474 56374162 61 Il loss
17p13.1 7572966 7573886 TP53 61 I loss

3.4. Microsatellite instability

Microsatellite instability is a molecular tumor phenotype resulting from genomic hypermutability.
MMR system corrects spontaneous mutations in repetitive DNA sequence. It can result in MSI, when
MMR system arises impairments. MSI is relatively common in endometrial cancer and is a potential

marker for molecular classification and treatment of endometrial cancer. Therefore, microsatellite
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instability was investigated in our tumor samples. Fifty-six cases were tested with Promega MSI
analysis system, 9 cases were ruled out due to lack of corresponding normal tissue. MSI was identified
in 14/56 cases (25 %), in which 9 cases of type | and 5 cases of type Il endometrial cancers, no significant

differences were found between the two histological types (p>0.05) Table 3.10.

Table 3.10: Statistical analysis of microsatellite status of 56 tested endometrial cancer cases.

Microsatellite status Type | cases Type Il cases p-value
instable 9 5 0.26
stable 27 15 0.26

3.5. Molecular classification includes LOH by aCGH

In 2018 our group presented a classification scheme to assign endometrial cancer to one of the four
molecularly classified subgroups which proposed by TCGA study (Weimer et al. 2018; Kandoth et al.
2013). This cluster analysis was performed based on a combination of aCGH, microsatellite status and
histological type information. The first step in this process was to assess microsatellite instability. By
testing, when the samples tested MSI, they would be classified into the MSI group. The remaining MSS
cases were then evaluated based on CNVs, LOH and histological type. Type Il cases that were aberrated
in gene locus TP53 would be classified as serous like/TP53 group. POLE group was then defined when
aberrations in POLE gene locus appeared. Finally, the rest of the MSS cases were classified as MSS

group, the cases without microsatellite status would remain unclassified (Figure 18).

Yes MSI
no

serous like /copy
number high

yes

no

POLE
no

yes MSS/copy number low

no

unclassified

i

Figure 18: Classification scheme for endometrial cancer in combination of histology, aCGH and MSI-
test analysis.
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Table 3.11 shows the results of classification of all 56 endometrial cancer cases by the above
classification scheme, tumor samples are classified into four distinct subgroups using our above-
mentioned algorithm. Due to the lack of microsatellite instability information, 9 samples are
unclassifiable. Among the tested samples, 14 cases (25 %) classified as MSI group, 11 cases (19.6 %) as
serous like group, 17 samples (30.4 %) as POLE group and 14 cases (25 %) as MSS group. Interestingly,
although the classification of POLE group was not based on the histological type, 94 % of our samples
in this group were type | cancer. With help of high-resolution array, we were able to identify the CNVs
in the interesting genes loci. As listed in the Table 3.11 below, the incidence of CNVs in related gene
loci is different among the four subgroups.

Table 3.11. Classification of endometrial cancer according to histology, aCGH and microsatellite
instability analysis.

MSI serous- POLE MSS
like/TP53

Number of 25% 19.6 % 30.4% 25%
samples
Microsatellite MSI MSS MSS MSS
status
Type | 64 % 0 94 % 71%
Type Il 36% 100 % 6% 29%
Frequency of FBXW7 (86 %) TP53(100%) POLE (100 %) FGFR2 (100 %)

CNVs identified

in gene loci BRCA2 (79%) APC(100%)  CTNNBI (100 %) FBXW?7 (100 %)
CTNNB1 (79 %) FGFR2 (100 %) FGFR2 (94 %) CTNNB1 (93 %)
FGFR2 (79%)  SPOP (100 %) BRCA2 (88 %) APC (86 %)
APC (71 %) BRCA2 (91%) SPOP (88 %) BRCA2 (79 %)
POLE(64%)  KRAS(82%)  FBXW?7 (82 %) PTEN (50 %)
PTEN (64 %)  ZFHX3(91%) PTEN (71 %) PIK3CA (57 %)
PIK3CA (64 %) CTNNBI1(91%) PIK3CA (77 %) SPOP (36 %)
SPOP (64 %)  FBXW7(91%) KRAS (71 %) KRAS (36 %)
KRAS (64 %)  PIK3CA (82%) ZFHX3 (77 %) CSMD3 (21 %)
TP53(57%)  POLE(82%)  APC(71%) TP53 (21 %)

ZFHX3 (50 %)
ARIDIA (36 %)
RPL22 (29 %)
CSMD3 (14 %)
CCNB3 (14 %)

PTEN (73 %)
ARIDIA (64 %)
CSMD3 (27 %)
RPL22 (27 %)
ABCA5 (18 %)

TP53 (59 %)
ARIDIA (41 %)
CSMD3 (24 %)
APOB (24 %)
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Furthermore, the number of CNVs in all tested cases were summarized. We focused on the four
categories of cases that were classified by our criteria and plotted to observe the differences of CNVs
among the four subgroups (Figure 19). The number of CNVs in the MSI group ranged from 22 to 505
with a median of 56.6, in serous like/ TP53 group was between 75 and 335, with a median of 143. In
the POLE group, the number of CNVs was between 29 and 454, with a median of 68, in the MSS group,
it ranged from 24 to 140 with a median of 37. Welch t-test (unpaired t-test with unequal variance) was
used to compare the CNVs between four subgroups. Stratifying the CNVs by endometrial cancer
subtypes revealed considerable differences, with the highest fraction of CNVs for the serous like/TP53
group (mean=174, p=0.041) and the lowest fraction for the MSS group (mean=47, p=2.42x107%). The
fraction of CNVs in POLE group and MSI group didn’t show significantly differences in compare with
other subtypes. The distribution of CNVs, especially in serous like and MSS group, are in line with

Hong's molecular classification.
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Figure 19. Comparison of copy number variations of across the four endometrial cancer subgroups.
The box plot represents the median (thick lines) and the range of CNVs (boxes). The distance between
the upper and lower horizontal black lines (upper and lower whiskers) and the 75th and 25th
percentiles is 1.5 times the interquartile range. Whereas serous like/TP53 group harbored the highest
levels of CNVs (p = 0.041, unpaired t test with unequal variance, testing for differences between the
serous like/TP53 subtype and all other three subtypes), tumors of the MSS group displayed the lowest
fraction of CNVs (p = 2.42x107°, unpaired t test with unequal variance, testing for differences between
MSS subtype and all other three subtypes). POLE group and MSI group didn’t show significantly
differences in compare with other subtypes.
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4 Discussion

4.1. Copy number variation

Most malignant tumors are characterized by chromosomal alterations, like CNVs. Therefore, identify
and understand CNVs could also be regarded as potential biomarkers, which may provide a
considerable opportunity for a patient's diagnosis, prognosis, and refinement of further treatment.
Thus far, previous studies have attempted to evaluate the impact of CNVs in endometrial cancer. A
CGH analysis of 43 endometrial cancer samples revealed copy number gains at 1925-941 (23 %),
8911.1-921.1 (23 %), and 8q21.3-qter (21 %) (Hirasawa et al. 2003). In comparison, copy number gains
were observed in 27.7 %, 35.4 % and 27.7 % of our 65 endometrial cancer patients at 1925-q41, 8q11.1-
g21.1 and 8q21.3-qter, respectively. A series of genome wide association study in European
populations have identified 16 endometrial cancer genetic risk regions: 1p34.3, 2p16.1, 6q22.3,
6022.31, 8q24.21, 9921.3, 11p13, 12p12.1, 12924.12, 12924.21, 13922.1, 15q15.1, 15921.2, 17911.2,
17912 and 17g21.32 (O'Mara et al. 2019), all of these CNVs have also been occasionally found in our
tested endometrial cancer samples except 1p34.3. Almost 85 % of our endometrial cancer samples
presented CNVs at chromosome regions 3p22.1, where the oncogene CTNNB1 is located. Around 65 %
of cases harbored CNVs at 5g22.1 and 4g31.3, where tumor suppressor genes APC and FBXW?7 are
located, respectively. These three genes have been reported to be frequently mutated in endometrial
cancer (Kandoth et al. 2013). With the information in which genomic regions the most common
imbalances occur, FISH probes can be generated and used as biomarkers. While examining our data,
we found that the smallest overlapping regions we observed were restricted to a size of 300 bp, making
them too small for detection using FISH. Figure 13 shows in the very tiny CNV peaks many cases that
exclusively have 300 bp in extent, which cannot be detected with FISH. The figure also shows CNVs in
all three loci, which extend over larger areas that can certainly be detected with FISH. Thus, the
combination of these three loci increases the probability of detecting a FISH signal pattern in
endometrial cancer cells that deviates from the diploid pattern. The basis for this increased detection
of non-diploid patterns is the accumulation of CNVs in endometrial cancers, detected here with aCGH,

which reflects typical chromothripsis.

The study's findings suggest the potential development of a 3-Color FISH probe for diagnosing
endometrial cancer by targeting three specific regions. This could lead to a FISH panel for identifying
endometrial cancer. Moreover, the FISH technique can be applied to cells collected through vaginal
smears, offering a noninvasive diagnostic possibility. However, it's essential to emphasize that the
proposed diagnostic method requires further validation through randomized controlled trials to
establish a reliable algorithm for identifying potential cancer patients. While the study shows promise,

further work is required to confirm its clinical usefulness.
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Type Il endometrial cancers are typically more aggressive than type | cancers and have a poorer
prognosis. Although Type Il endometrial cancers only represent less than 10 % of all cases, they account
for a disproportionate number of deaths from endometrial cancer. Therefore, we deliberately
increased the proportion of type Il endometrial cancers up to 35 % in our cohort in order to reduce the
bias caused by a small sample size. Accurate pathological assessment of histology and tumor grade is
essential for the patient management, because these classifications play big rule in determining the
therapy and patient prognosis, all of which will used to direct surgery and adjuvant treatment.
However, a histopathological misclassification in grade assignment, especially in high-grade
endometrial cancers and also histologically misclassified cases have already been reported (Clarke and
Gilks 2010; Kim et al. 2013; Kandoth et al. 2013). So far, very little research has been carried out on
classifying endometrial cancer by array-based CNVs. Integrated assessment may be help identify
histologically misclassified cases, with this aim, we approached to classify endometrial cancer by
assessing the difference of CNVs between two types. Combining of 16g22.1 (67937732-68100313) and
13913.1 (32950650-32950950), around half of our tumor samples can be divided into two subgroups
(sensitivity 49.2 %). The sensitivity of correctly distinguishing between two types is relatively low, with

the limited sample size, the findings might not be reassured.

4.2.Loss of heterozygosity

LOH has been used to localize tumor suppressor genes and is seen in 33.8 % of our samples. The most
common regions are 4p15.2p15.1, 10g22.2922.3, 10g25.2926.11, 11922.3923.2, 12924.13924.22 and
17912921.2, suggesting that tumor suppressor genes located within these regions might be involved
in the initiation and progression of endometrial cancer. LOH at 4p15.2p15.1 has been reported at other
types solid tumors before, including cervical cancer and colorectal cancer, which indicates the
possibility of multiple putative tumor suppressor genes located in this region (Shivapurkar et al. 2001;
Sherwood et al. 2000). Tumor suppressor genes PTEN, ATM, BRCA1 located at 10q, 11q and 17q,
respectively. Mutations on these genes have been verified in endometrial cancer (Hong et al. 2015).
We found three cases with copy number loss at BRCA1 locus and two cases with copy number loss at
ATM gene locus, these under expressed genes may influence tumorigenesis through haploinsufficiency
(Ryland et al. 2015). We found one copy number gain LOH at PTEN gene locus. LOH occurs at a gene
locus as loss of one functional tumor suppressor gene allele and leaves only non-functional allele of
the tumor suppressor gene. Copy number gain can duplicate the remaining allele and result in multiple
non-functional tumor suppressor gene alleles, which may lead to the loss of function of tumor
suppressor gene (Ching et al. 2011). This hypothesis provides some explanations of a link between
gene copy number aberrations and loss of function. In further research, we can sequence these copy

number gain LOH cases to verify this hypothesis.
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Defects in homologous HR related genes can lead to HR deficiency, which can be detected by
evaluating LST, TAl and LOH. Our result showed LOH in HR deficiency genes are more frequently in
non-endometrioid cancer, which is in line with a previous publication (Jonge et al. 2019; J6nsson et al.
2021).LOH in BRCA1 and BRCA2 were observed in 1 type | case and 3 type |l cases, respectively. Familial
breast and ovarian cancers with BRCA1 or BRCA2 loss are highly sensitive to treatment with poly (ADP-
ribose) polymerases (PARPs) inhibitors. Several studies demonstrated that HR deficiency in tumors
could be a therapeutic target for PARPs inhibitors regardless of the BRCA mutational status (Turner et
al. 2004; Dizdar et al. 2015). Given that PARP inhibitors targeted HR deficiency, endometrial cancers in
patients with HR deficiency may benefit from these HR-targeted therapies. Recently, small size studies
on PARP inhibitors targeting HR deficiency in Tp53 mutated group showed promising results
(Musacchio et al. 2020). Clearly, additional studies are needed with focus on HR deficiency in

endometrial cancers and resolve the therapeutic value of PARPs in endometrial cancers.

4.3.Biomarker genes

CNVs has a positive linear effect on gene expression for the majority of genes (Shao et al. 2019). Copy
number gain could increase the gene dosage and level of expression. Gain-of-function mutation are
often generated by gene overexpression (Alberts B, Johnson A et al 2002). Thus, copy humber gains in
oncogenes could lead to the tumorigenesis. 84.6 % (55/65) of the tumors in our data showed
imbalances at CTNNB1 gene loci, most of which are copy number gains. CTNNB1 gene is an oncogene
that encodes B-catenin and plays an essential rule in activation of Wnt/B-catenin signaling pathway. In
previous reports by others, the gain-of -function of CTNNB1 gene in endometrial cancer has been
linked to nuclear accumulation of B-catenin and CTNNB1 mutation (Inomata et al. 1996; Nei et al. 1999;
Machin et al. 2002; Wang et al. 2017; Kurnit et al. 2017). Nuclear B-catenin expression is associated
with CTNNB1 exon 3 mutations (Moreno-Bueno et al. 2002). The publication of the TCGA endometrial
cancer data suggests that tumors with CTNNB1 mutation were predominantly contained within the
MSS and copy number low endometrioid cluster (Hong et al. 2015). Several studies have identified that
CTNNB1 exon 3 mutation is implicated in aggressive subset of low-grade and low-stage endometrioid
endometrial carcinoma (Liu et al. 2014; Myers et al. 2014; Kurnit et al. 2017). Comparison of our
findings with those of other studies suggests that copy number gains and mutations in CTNNB1 may

complement each other in gain-of-function mutation.

CNVs were observed in 66.2 % (43/65) of our tumor samples at APC gene locus 5g22.1, where only one
sample (2.3 %) harbored copy number loss. APC gene is a tumor suppressor gene, its protein regulates
B-catenin levels by cooperating with kinase glycogen synthase kinase-3 B (GSK-3 B) via phosphorylation
of multiple serine/threonine residues coded on B-catenin and induces the Wnt/B-catenin signaling

pathway (Im Barth et al. 1997; Chan et al. 2012). APC mutations are reported in around 64 % of
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colorectal cancers and 14 % of endometrial cancers (TCGA Pan Cancer Atlas). Since loss-of-function is
the typical mechanism of tumor suppressor genes, copy number loss in APC should reduce gene dosage
and lead to insufficient active protein for normal function, which contribute to tumorigenesis. Prior
study noted that APC haploinsufficiency can be responsible for familial adenomatous polyposis with
gene deletion being a possible cause of reduced gene expression (Venesio et al. 2003). The APC three-
hit hypothesis proposed that colorectal cancers can respond by regulating Wnt/B-catenin signaling
pathway through CNVs (Segditsas et al. 2009). This hypothesis may can also explain the rule of copy
number gains in APC gene in endometrial cancer. APCand CTNNBI1 genes are promising in endometrial
cancer because of their potential therapeutic relevance. They moderate the Wnt/B-catenin signaling
cascade in different ways, which could be a rational approach for targeted therapeutics (Anastas and

Moon 2013; Katoh and Katoh 2017; Krishnamurthy and Kurzrock 2018).

FBXW?7, is a tumor suppressor involved in protein degradation. Numerous studies have suggested that
inactivation or downregulation of FBXW?7 can lead to tumorigenesis (Sailo et al. 2019). In previous
studies by others, lower expression of FBXW?7 in endometrial cancer and also in other types of cancers
(breast cancer, gastric cancer etc.) have been reported (Sailo et al. 2019; Liu et al. 2020). FBXW7
mutations are observed in 10 % endometrial cancers, in type Il endometrial cancers the mutation rate
isup to 22 % (Kuhn et al. 2012; Kandoth et al. 2013; Yeh et al. 2018). Yeh's studies have described that
47 % FBXW?7 mutant cells harbor APC gene mutation, but it is not yet clear whether these co-
occurrences can accelerate cancer progression. In contrast to former reports, 64.6 % (42/65) of our
tumor samples present copy number gains in FBXW?7 locus, which could increase FBXW7 gene dosage
and upregulate its function. CNV is a large segment of DNA in comparison with a reference genome, a
CNV can encompass more than one gene, which in our case, the copy number gain in FBXW?7 could be

an effect of other neighborhood genes.

ARID1A locus 1p36.11 showed CNVs in 35.4 % (23/65) of our endometrial cancer patients, two third of
them are lost at this gene locus. ARID1A, a tumor suppressor involved in transcriptional regulation, it
is a key member of the SWI/SNF chromatin-modeling complex and a potential biomarker in
endometrial cancer. It has also been found that inhibition of the PI3K pathway contributes to the
tumor-suppressor activity of ARID1A (Liang et al. 2012). Loss of ARID1A expression has been reported
to be correlated with the ARID1IA mutational status in gynecological cancers (Khalique et al. 2018). A
recent study reported ARID1A expression is downregulated in Colorectal cancer tissues which
correlates with it being a tumor suppressor protein (Erfani et al. 2020). Another study showed that
uterine low-grade endometrioid carcinoma harbored high frequency of ARIDIA mutations and
frequent loss of ARID1A expression (Guan et al. 2011). In a classification of endometrial cancer, a 9
gene panel including ARID1A, ARIDIA mutation was detected in 47 % of low-grade endometrioid

adenocarcinomas, 60% of high-grade endometrioid adenocarcinomas, 11% of serous
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adenocarcinomas, and 24 % of carcinosarcomas (McConechy et al. 2012). Interestingly, according to
our classification scheme, there are no aberrations in the ARID1A gene locus in the MSS group. Unlike
the TCGA classification, in which the ARID1IA mutation was detected in all molecular classes except
serous like group. These findings reflect differences in gene CNVs and mutations, further research

should be undertaken to confirm our classification hypothesis.

There are 61.5 % (40/65) of our cases showed aberrations in chromosome 12q24.33, where the POLE
gene is located. POLE encodes the catalytic subunit of DNA polymerase epsilon, an enzyme involved in
DNA replication and repair. Since the loss-of-function is the typical mechanism that tumor suppressor
genes involve in tumorigenesis, copy number loss in POLE gene may involve in initiation and
progression of endometrial cancer. Among our POLE aberrated cases, 37.5 % (15/40) harbor copy
number loss. POLE mutated tumors were identified as one of the four proposed molecular subgroups
in TCGA classification. POLE mutations have been identified in 7-17 % endometrial cancer (Kandoth et
al. 2013; Lopez-Reig et al. 2019). Importantly, despite POLE mutated endometrial cancer shown a tight
association with high histologic grade, it has a favorable prognostic when compared to other tumors
of similar type, grade, and stage. (McConechy et al. 2016; Church et al. 2013). We classified 30.4 %
(17/56) of our tumor samples as POLE group based on the aberration on POLE gene locus, which was
much higher than TCGA classification scheme (7 %). 10.7 % (5/56) of our cases showed copy number
loss in POLE gene in POLE group, which is more closer to the TCGA classification and also in consistent
with previous reports (Kandoth et al. 2013; Lépez-Reig et al. 2019). It is important to keep in mind our
classification scheme is based on copy number aberrations, therefore, comparison with TCGA
classification must be interpreted with caution. Furthermore, we deliberately increased the proportion

of type Il in our study, with a small sample size, these findings might not be reassured.

4.4, Microsatellite instability

The repair of DNA damage is a complex process that depends on particular pathways to remedy lesions
to DNA. The MMR pathway is one of the excision pathways, which is able to repair single base
mismatches and a variety of small insertions and deletions to the genome (Gavande et al. 2016).
Microsatellites are short repeated sequences of DNA, they are prone to slippage or replication errors
because of their repeat structure (Kanopiene et al. 2015). Usually, MMR system corrects errors that
spontaneously occur during DNA replication. However, when MMR system is not functioning normally,
it can result in MSI. MSI is relatively common in endometrial cancer, approximately 30 % of
endometrial cancer cases indicated MSI (Bonneville et al. 2017; Kim et al. 2013). By comparison, 25 %
of our tested samples with endometrial cancer included in our study presented MSI. In recent years
MSI was intensively studied as a prognostic marker, but the role of MSI on outcomes in patients with

endometrial cancer was controversial. Basil et al. report that MSI occurs in early stage of disease (Basil
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et al. 2000). An et al. suggests that MSI represents poor prognostic (An et al. 2007). However,
Kanopiene et al. found that there was no statistically significant relationship between MSI and survival
of endometrial cancer patients (Kanopiene et al. 2015). Recent studies have shown that endometrial
tumors with defective MMR/MSI high status might be excellent candidates for PD- 1 and PD-L1 check
inhibitors. In an ongoing phase I/1l study, PD-1 inhibitor dostarlimab showed an overall response rate
of 49 % in MSI high advanced endometrial cancer versus 20 % in MSS tumors (Green et al. 2020;
NCT03981796). A recent study on PD-1 antibody pembrolizumab included 49 unresectable or
metastatic MMR- deficiency endometrial cancer patients showed an overall response rate of 57 %
(Marabelle et al. 2020). The TCGA classification defined MSI as a new molecular subgroup and
demonstrated the importance of MSI in endometrial cancer. Thus, we included the MSI testing in our
research with the purpose of simulating the TCGA molecular classification using different algorithm.
According to some studies, MSI is more common in endometrioid endometrial cancer (Kanopiene et
al. 2015; An et al. 2007). However, in our test results, there was no significant difference in
microsatellite status between the two main histological types (p>0.05). A possible explanation for this
result may be the deliberate increase in the proportion of type Il or the lack of adequate samples in

our study.

4.5. Molecular classification of endometrial cancer

The TCGA network performed a landmark molecular study of 373 endometrial cancers and identified
four major genomically defined subgroups, 7 % of cases were classified as POLE-mutated, 28 % were
grouped as MSI, 39 % as MSS/copy-number-low and 26 % were identified as serous-like/copy-number-
high group, these groups were also clinically significant and prognostic. This molecular classification
presented a novel insight to interpret endometrial cancer. Subsequently, two research teams
developed a simplified, low cost classification methodologies which could be applicable in routine
diagnostic practice for identifying molecular subgroups of endometrial cancer (Talhouk et al. 2015;
Stelloo et al. 2015; Stelloo et al. 2016; Talhouk et al. 2017). Talhouk’s classification is also known as
ProMisE (Proactive Molecular Risk Classifier for Endometrial Cancer) algorithm, which tested the
surrogate markers of these molecular subgroups through immunohistochemistry for MMR proteins,
sequencing with digital PCR to identify POLE exonuclease domain mutations (POLEEDM) and TP53
immunohistochemistry. It classifies endometrial cancer as MMR-deficient subgroup, POLEEDM, p53wt
(wild type) or p53abn (aberrant) and recapitulates the distinct prognostic outcomes observed in the
TCGA subgroup classification. Similar to ProMisE, Stelloo et al. has identified four prognostic subgroups
with potential therapeutic implications (Stelloo et al. 2016). TP53 immunohistochemistry and
sequencing of TP53 mutations are combined to identify the TP53 mutant subgroup; MSI was

determined by Promega analysis system, immunohistochemistry for MMR proteins was performed as
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supplemental test to identify the MSI subgroup, POLE-mutated group was then classified by means of
sanger sequencing, the fourth group was then a group with no specific molecular profile. These
pragmatic classification systems have established clinically applicable methodologies to assign

endometrial cancers to different molecular subtypes with particular clinical outcomes.

Our custom-designed array was fitted with high resolution for 13 genes that described by TCGA (Table
2.2). It enables us to identify CNVs in these gene regions and provides us with genomic information
from the perspective of cytogenetics. It has been established that genomic classes of endometrial
cancer are associated with phenotypes. Thus, we attempt to design a simple classification algorithm in
combination with aCGH, analysis of MSI and histology, which might also recapitulate the TCGA
subtypes. 55 cases were analyzed and assigned to four distinct subtypes based on our classification
scheme. We used Promega MSI analysis system to test MSI, 25 % cases were identified as MSI cluster.
In the TCGA analysis, more than 90 % of cases were noted to be TP53 mutated in the copy-number
high group and most of them were in serous histology. While clear cell carcinomas were not analyzed
by TCGA, Dalair’s study confirmed that most of the clear cell endometrial cancers are TP53 mutated
and can be categorized into serous like group (Delair et al. 2017). Afterwards, we assessed the CNVs
in TP53 gene locus using aCGH and combined with histology, classified 19.6 % of cases into serous like
group. Following determination of MSI and serous like groups, we classified 30.4 % of cases as POLE
group when imbalances were observed in POLE gene locus. Finally, 25 % of cases were defined as MSS
group. In addition, CNVs in different subgroups were also observed (Figure 19), the CNVs distribution
are consistent with TCGA classification. Serous like group and MSS group can also be described as copy-
number-high group and as copy-number-low, respectively. While our molecular analysis is limited to
aCGH, above findings indicate that our classification scheme could be a novel approach for classifying
endometrial cancer. However, this classification system is the lack of clinical data support, of which
could verify this approach by recapitulate the clinical prognosis. Clearly additional studies are needed
to resolve any significant relationship between different subtypes and clinical relevance. Our POLE
group (30.4 %) is considerably higher than the TCGA classification (7 %), aberrant of genes are much
more in serous like group rather than POLE group, which are inconsistence with TCGA classification.
These differences may partly be explained by the fact that aberrations in gene copy number is
inconsistence with gene mutation. The fact that inadequate samples and artificially increased
proportion of type Il can also be the reason. Further studies are required to establish the viability of
our classification. A possible area of future research would be done to reanalyze the above cases by

NGS to confirm our classification algorithm.

Studies on the molecular characteristics of endometrial cancer have led to the identification of
targetable molecular alterations in four subgroups and promoted genomic-guided therapy (Urick and

Bell 2019). POLE-mutant and MSI subgroups are highly immunogenetic and with high concentrations
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of tumor infiltrating lymphocytes, they have high PD-1 and PD-L1 expression and may benefit from PD-
1/PD-L1 inhibitors. A clinical study on PD-1 blockade, which included 15 endometrial cancer patients,
showed an objective radiographic responses rate of 53 % (Le et al. 2017). Mehnert et al. reported a
POLE-mutant endometrial cancer patient experienced a prolonged response (>14 months) to anti-PD-
1 therapy (Mehnert et al. 2016), further clinical trials specifically target POLE mutations with PD-1
antibody in endometrial and other cancers are in process (Mehnert 2020). Molecular-integrated risk
stratification to determine the adjuvant therapy may reduce both under- and overtreatment of women
with endometrial cancer. An ongoing PORTEC-4a trial leads by the Dutch Gynecologic Oncology Group
is a randomized trial to implement the use of an integrated clinic-pathological and molecular risk
profile to determine adjuvant treatment for endometrial cancer. In this trial, the four molecular
subgroups are combined with other prognostic factors (L1-cell adhesion molecule expression, LVSI,
CTNNB1 mutation) to designate favorable, intermediate, and unfavorable profile with a significantly
different recurrence-free survival (van den Heerik et al. 2020a; van den Heerik et al. 2020b). The
molecular classification should help sort patients into different prognostic groups, with the
consequences of better predicting evolution and better orienting the treatment. In the coming years,
the molecular classification of endometrial cancer would be a prognostic factor and guide for the

treatment decision and the practice of targeted therapy should improve patient outcomes.
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5 Conclusion

Endometrial cancer, arising from the lining of the uterus, is the most common gynecologic malignancy
in the developed countries. Prognosis varies based on the histologic subtype and other clinical
pathologic features (stage, tumor grade, LVSI). However, the determination of histological subtype and
grade is unreliable, particularly in high-grade tumors, misclassified cases have already been reported.

Early diagnosis of the cancer is essential for the treatment and prognosis, but it is still a major challenge.

We identified three imbalanced regions using aCGH, 3p22.1 (41281477-41281777), 4q31.3
(153269677-153269977) and 5922.2 (112164360-112164659). In combination of BAC clones to target
these three regions, it is possible to develop a FISH panel to identify endometrial cancer. For further
research endometrial cells will be collected through vaginal smears and analyzed by FISH panel to
confirm the imbalances. This study should be carried out to establish the appropriate method for early

diagnosis of endometrial cancer.

33.8 % of our endometrial cancer samples harbored LOH. The most common regions are 4p15.2p15.1,
10922.2922.3,10925.2926.11,11922.3g23.2,12924.13924.22 and 17q12g21.2, suggesting that tumor
suppressor genes located within these regions might be involved in the pathogenesis of endometrial
cancer. LOH in HR deficiency genes were observed in our cases including BRCA1/BRCA2 genes,

indicating the possibility of therapeutic target for PARPs inhibitors.

The correct determination of histological subtype is essential for the treatment and prognosis of the
endometrial cancer, as type Il endometrial cancer is a highly aggressive variant of cancer. Two
imbalanced areas were identified to distinguish between two histological types, 16q22.1 (67937732-
68100313) and 13q13.1 (32950650-32950950). Approximately half of the cases could be correctly
classified. These findings could become a cytogenetic tool to aid in the accurate and reproducible

diagnosis of endometrial carcinoma subtypes.

We identified CNVs in endometrial related oncogenes and tumor suppressor genes. Particularly, the
rule of CNVs tumorigenesis in CTNNB1, ARID1A and POLE genes are consistence with other previous
studies. We established a classification scheme in combination of histological type, array-based CNVs
and microsatellite status to recapitulate the TCGA molecular classification of endometrial cancer.
Compared with the TCGA classification, the distribution of CNVs in serous like group and MSS group
are highly consistent. It is worth emphasizing that inadequate sample size and artificially increased
type Il proportion may be responsible for the different proportion of the cases compare with TCGA
classification. This is an important issue for future research, it is worth pursuing further is to test all

our tumor samples with NGS to confirm our classification algorithm.
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