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SOUHRN

Molekularné biologické zmény u karcinomu endometria

Karcinom endometria patti mezi nejcastéjsi malignity Zenskych pohlavnich orgdn(. Jeho stale
stoupajici incidence je zplsobena zménami Zivotniho stylu a prostredi. Podobné jako ostatni
maligni nadory je karcinom endometria komplexni onemocnéni, na jehoz vzniku se podili
mnoho faktor(, véetné genetickych a epigenetickych alteraci. Detailni prozkoumani

a porozumeéni téchto zmén umozni v budoucnu nalezeni novych diagnostickych

a terapeutickych moznosti pro pacientky s endometridlnim karcinomem.

Cilem disertacni prace bylo vysetfit vybrané molekularné biologické zmény u karcinomu
endometria v porovnani se zdravou endometridlni tkani.

Prvnim specifickym cilem bylo vysetfit pfitomnost K-ras mutace ve vzorcich endometridlni
tkdné a porovnat ji s klinicko-patologickymi charakteristikami (stadium a grading nadoru).
Vysetieno bylo celkem 79 vzork(, z toho 59 vzorkd s endometroidnim karcinomem
endometria ve stadiu | dle FIGO a 20 vzorkd nenadorového endometria jako kontrolni
skupina. Ke stanoveni K-ras mutace byla pouzita metoda K-ras StripAssay™ (Viennalab
Diagnostics GmbH). Nebyl prokdzan zadny rozdil ve vyskytu K-ras mutace v nadorové a
kontrolni skupiné (24% vs. 15%). Nebyl prokdzan zadny vztah sledované mutace s ohledem
na stddium onemocnéni a grading nadoru.

Druhym specifickym cilem bylo vysSetfit pfitomnost metylace promotorovych oblasti
vybranych tumor-supresorovych gent a porovnat ji s klinicko-patologickymi
charakteristikami (stadium a grading nadoru). Ke stanoveni metylaénich zmén byly pouZzity
dvé metody: MS-MLPA a MSP. Pomoci MS-MLPA bylo vysetfeno celkem 79 vzorku
endometria (59 nadorovych a 20 nenadorovych) a pomoci MSP bylo vysetfeno 72 vzork( (54
nadorovych a 18 nenddorovych). Ve skupiné vzork( s endometridlnim karcinomem byla
prokazana statisticky vyznamnd hypermetylace genu CDH13 (p<0.0001) a GATA4 (p<0.0001)
oproti kontrolni skupiné. Ve stadiu IB byla prokazana hypermetylace genu WT1 (p=0.002) a
GATAS (p=0.05) oproti stadiu IA. Ve skupiné nizce diferencovanych karcinomu byla
prokazana hypermetylace genu GATAS (p=0.05) oproti skupiné s dobre a stfedné
diferencovanymi nadory.

Zatimco uloha K-ras mutace neni zcela jasnd, nase vysledky svédci o dllezZitosti metylace
genll CDH13, WT1, GATA4 a GATAS v procesu karcinogeneze endometrialni tkané.
Hypermetylace WT1 a GATAGS je pravdépodobné zodpovédnad za invazi nddoru do myometria
a jeho agresivni chovani.



SUMMARY

Molecular biological changes in endometrial carcinoma

Endometrial cancer is the most common cancer of the female reproductive tract. The
incidence has increased with lifestyle and environmental changes. Similar to other cancers,
endometrial cancer has been shown to be a complex disease driven by different factors,
including genetic and epigenetic alterations. Understanding these changes underlaying
cancer development or progression is important for finding of new standards for both
diagnosis and therapy of individual patients.

The aim of the study was to evaluate selected molecular biological changes in endometrial
carcinoma comparing to non-neoplastic endometrium.

The first specific aim was to compare presence of K-ras mutation in early stages of
endometrioid type of endometrial carcinoma with normal endometrium, and to evaluate
association to clinical-pathological characteristics (tumor stage and grade). We analyzed 79
samples of endometrium (59 samples of endometrioid endometrial carcinoma stage |, and
20 samples of normal, non-neoplastic endometrium). Detection of K-ras mutation was made
by using of K-ras StripAssay™ (Viennalab Diagnostics GmbH). The frequency of K-ras
mutation in the carcinoma group did not differ from the group of control samples (24% vs.
15%). No association between K-ras mutation and tumor stage and grade was observed for
the patients with endometrioid carcinoma of endometrium.

The second specific aim was to compare promoter methylation in selected tumor suppressor
genes in early stages of endometrioid type of endometrial carcinoma with normal
endometrium, and to evaluate association to clinical-pathological characteristics (tumor
stage and grade). MS-MLPA was used to analyze 79 samples of endometrium (59 samples of
endometrioid endometrial carcinoma stage |, and 20 samples of normal, non-neoplastic
endometrium). We observed higher methylation in CDH13 gene (p<0.0001) in the group of
endometrioid carcinoma of endometrium compared to the group of control samples. MSP
was used to analyze 72 samples of endometrium (54 samples of endometrioid endometrial
carcinoma stage |, and 18 samples of normal, non-neoplastic endometrium). We observed
higher methylation in GATA4 gene (p<0.0001) in the group of endometrioid carcinoma of
endometrium compared to the group of control samples. Both WT1 (p=0.002) and GATAS
(p=0.05) genes showed a higher methylation in stage IB compared with stage IA of
endometrial cancer samples. Methylation in GATAS gene (p=0.05) was higher in grade 3 of
endometrial cancer samples compared with the group of grade 1 and grade 2 tumors.

Whereas the role of K-ras mutation in endometrial carcinogenesis remains unclear, our
finding suggests the importance of CDH13, WT1, GATA4 and GATAS5 methylation in this
process. Hypermethylation in WT1 and GATAS genes could play an important role in tumor
myometrial invasion and its aggressive behavior.



1 BACKGROUNDS

Neoplastic diseases represent one of the most common causes of death in both the Czech
Republic and worldwide. Knowledge of the molecular biological characteristics of the tumor
tissue, including epigenetic plays a particularly important role in modern diagnosis and
treatment of cancer.

Endometrial carcinoma is the most commonly diagnosed gynecological malignance with
approximately 150 000 cases annually worldwide. Approximately 90% of cases are sporadic,
and the remaining 10% are hereditary (Okuda T, et al., 2010). The incidence has increased
with lifestyle and environmental changes. In the Czech Republic, the incidence is the highest
in developed countries.

Multiple risk factors for endometrial cancer have been identified (Cibula D, et al., 2009). The
risk of endometrial carcinoma increases with age. The vast majority of cases are diagnosed
after the menopause, with the highest incidence around the seventh decade of life.

About 75% of all endometrial carcinomas are of endometrioid type (Cibula D, et al., 2009).
Most endometrioid carcinomas are well to moderately differentiated and arise on a
background of endometrial hyperplasia. These tumors, also known as type 1, are associated
with long-duration unopposed estrogenic stimulation (Potischman N, et al., 1996). About 10-
20% of sporadic endometrial carcinomas, designated as type 2 carcinomas, are not estrogen
driven, and most arise in the background of atrophic endometrium (Sherman ME, et al.,
1995). These tumors are characterized by an aggressive clinical course and poor prognosis.
The histological type is either poorly differentiated endometrioid or non-endometrioid
including serous and clear-cell carcinomas.

Abnormal uterine bleeding is the most frequent symptom of endometrial carcinoma.
Transvaginal ultrasonography (TVU) is considered as the first step in any woman presenting
with abnormal uterine bleeding (Clark TJ, 2004).

The International Federation of Gynecology and Obstetrics (FIGO) introduced in 1988 and
updated in 2009 the staging system for endometrial cancer, which is surgical-pathological
and defined after total abdominal hysterectomy, bilateral salpingo-oophorectomy, pelvic
and para-aortic lymphadenectomy, and peritoneal cytology.

Multiple factors have been identified for endometrial carcinoma that appear to have
significant predictive value for these women. The most important prognostic features are
FIGO stage, histological type and grade of the tumor (Cibula D, et al., 2009).

The most important therapy for endometrial carcinoma is surgery. It appears that in patients
with grade 1 tumors, surgery can be limited to total abdominal hysterectomy, bilateral
salpingo-oophorectomy and peritoneal cytology examination unless deep myometrial
invasion is present. Because of appreciable lymph node metastases in grade 2 and grade 3
disease, it is suggested that a pelvic and para-aortic lymphadenectomy should be added to
the surgical procedure described for grade 1 disease (DiSaia PJ and Creasman WT, 2007).
Indications for radiotherapy are generally in the adjuvant settings. Radical radiotherapy
should be applied in patients with contraindications for surgery, or inoperable advanced
disease. Systemic chemotherapy can be used as a palliative therapy in metastatic and
recurrence disease (Cibula D, et al., 2009).



Currently, two different pathways are distinguished for carcinogenesis of sporadic
endometrial cancer. In 1983, Bokhman introduced his dualistic model of endometrial
tumorigenesis based on clinical and pathological characteristics (Bokhman JV, 1983). This
hypothesis was subsequently broadened by the inclusion of molecular aspects,
approximately a decade later. Most type 2 cancers contain mutations of p53, while type 1
carcinomas contain larger number of genetic changes. Common genetic changes in
endometrioid type of endometrial carcinoma include, but are not limited to, microsatellite
instability, or specific mutation of PTEN, K-ras, and B-catenin (Hecht JL and Mutter GL, 2006).

One of the first genetic alterations described in endometrial carcinoma, which are present in
about 20-30% of endometrioid carcinomas, are mutations of the K-ras proto-oncogene
(Enomoto T, et al., 1990; Caduff RF, et al., 1995). There is evidence that the development of
endometrioid carcinoma resembles the Vogelstein progression model for colorectal
carcinoma, where K-ras mutations occur during the step from atypical hyperplasia to grade 1
endometrial carcinoma, and mostly during the progression to less differentiated tumors (Lax
SF, 2004). However, the role of the K-ras mutations in endometrial carcinogenesis is not yet
fully understood.

Epigenetic changes are now being examined. In particular, aberrant DNA methylation is
thought to play a key role in endometrial carcinogenesis (Cannistra SA, 2004). Epigenetics
can be described as stable alteration in gene expression potential that takes place during
development and cell proliferation, without any changes in gene sequence. DNA methylation
is one of the most common epigenetic events taking place in the mammalian genome. This
change, though heritable, is reversible, making it a therapeutic target. Studies have shown
that epigenetics plays an important role in carcinogenesis in various organs. DNA
methylation in a covalent chemical modification, results in addition of a methyl group at the
carbon 5 position of the cytosine ring. Most cytosine methylation occurs in the sequence
kontext 5'CG'3 (Das PL and Singal R, 2004). Methylation is mediated by the DNA cytosine
methyltransferases. Increased methylation in the transcribed region has a variable effect on
gene expression. New model for mechanism of carcinogenesis has been proposed in which
hypermethylation of unmethylated cytosine-phosphate-guanine (CpG) islands in the
promoter regions of cancer-related genes in normal cells silence these genes and leads to
the cells becoming cancerous (Muraki Y, et al., 2009). An epigenetic mechanism has been
proposed for development of type 1 endometrial cancer based on DNA MMR deficiency,
which is a typical genetic defect in this cancer. Strong association between MMR gene
hMLH1 promoter methylation and transcriptional silencing and MSI+ phenotype was
reported in sporadic endometrial cancer, particularly in the endometrioid type (Zighelboim |,
et al., 2007; Tao HM and Freudenheim JL, 2010). Different studies have shown that PTEN
promoter methylation is present in about 20 % of sporadic type 1 endometrial carcinomas
(Salvesen HB, et al., 2001, Salvesen HB, et al., 2004). Promoter methylation of p16 gene has
been observed in some studies in between 11-75% of sporadic endometrial carcinomas
(Wong YF, et al., 1999; Furlan D, et al., 2006; Yang HJ, et al., 2006; Ignatov A, et al., 2008),
however, other studies have reported much lower frequencies (Nakashima R, et al., 1999,
Salvesen HB, et al., 2000; Guida M, et al., 2009). Promoter methylation of RASSF1A has also
been reported to be present in endometrial carcinoma and associated with reduced
expression of RASSF1A (Liao X, et al., 2008; Pallarés J, et al., 2008; Arafa M, et al., 2008).
Methylation of APC gene, tumor suppressor gene that regulates B-catenin in the Wnt
pathway, E-cadherin and p73 has also been observed (Banno K, et al., 2006, Yang HY, et al.,



2006). As well as Sprouty 2, GPR54 and RSK4 (Cannistra SA, 2004). Methylation of some
other genes have been associated with endometrial carcinoma: HOXA10, HOXA11, THBS2,
CDH13, HSPA2, SOCS2, PER1, RARB2, GSTP1, SFN, SESN3, TITF1 (Whitcomb BP, et al., 2003;
Mhawech P, et al., 2005; Yeh KT, et al., 2005; Yoshida H, et al., 2006) and COMT (Sasaki M, et
al., 2003). miRNAs have been found to be down regulated by methylation of DNA in various
cancers including endometrial carcinoma (Cannistra SA, 2004).

Similar to other cancers, endometrial cancer has been shown to be a complex disease driven
by different factors, including genetic and epigenetic alterations. Understanding these
changes underlaying cancer development or progression is important for finding of new
standards for both diagnosis and therapy of individual patients.



2 OBJECTIVES

In our study we set following specific aims:

1 a) To compare presence of K-ras mutation in early stages of endometrioid type of
endometrial carcinoma with normal endometrium.

b) To evaluate association of K-ras mutation to clinical-pathological characteristics of
endometrioid carcinoma of endometrium.

2 a) To compare promoter methylation in selected tumor suppressor genes in early stages of
endometrioid type of endometrial carcinoma with normal endometrium.

b) To evaluate association of methylation in selected tumor suppressor genes to clinical-
pathological characteristics of endometrioid carcinoma of endometrium.

10



3 MATERIAL AND METHODS

3.1 SAMPLES

Formalin-fixed and paraffin-embedded (FFPE) samples from both endometrioid carcinoma of
endometrium and normal endometrial tissue were obtained from 79 women (59 patients
with endometrial cancer, 20 patients with normal endometrium) treated in 2006-2010 at the
Department of Obstetrics and Gynecology, Faculty Hospital Hradec Kralové (FNHK), Czech
Republic. The samples of normal endometrium were obtained from patients surgically
treated for non-malignant diagnosis. The paraffin blocks were retrieved from the archive of
the Fingerland Department of Pathology, FNHK. All slides were reviewed by an experienced
pathologist. The tumors were classified according to the current World Health Organization
(WHO) classification of tumors of the female reproductive system (Tavassoli FA and Devilee
P, 2003). The study was approved by the Ethics Committee of FNHK.

3.2 DNAISOLATION

DNA was extracted from FFPE samples using a Qiagen DNA extraction kit (Hilden, Germany)
according to the manufacturer's protocol with minimum modification. The procedure
consists of 6 steps: 1. Removing paraffin: paraffin is dissolved in xylene and removed; 2.
Lysis: sample is lysed under denaturing conditions with proteinase K (56 °C, overnight); 3.
Heating: 10 min incubation at 70°C reverses formalin crosslinking; 4. Binding: DNA binds to
the membrane and contaminants flow through; 5. Washing: residual contaminants are
washed away; 6. Elution: pure, concentrated DNA is eluted from the membrane. The
concentration of isolated DNA was measured according to the manufacturer's protocol. We
used two approaches: fluorimetric (Qubit, Invitrogen) and spectrophotometric (Nanodrop
ND-1000, Thermo Fisher Scientific).

3.3 K-RAS

Detection of K-ras mutation was made by using of K-ras StripAssay™ (Viennalab Diagnostics
GmbH). This assay covers 10 mutations in K-ras gene (codon 12 and 13). Polymerase chain
reaction (PCR) amplification with use of biotinylated primers was performed according to
the manufacture’s protocol, for analysis was used 25 ng of isolated DNA. PCR was carried out
in a Veriti Thermocycler (Applied Biosystems, CA). The cycling condition consisted of an
initial denaturation at 94 °C for 2 min, 40 cycles of denaturing at 94 °C for 50s, annealing at
56 °C for 50s, and extension at 60 °C for 60s, followed by final extension for 3 min at 60 °C.
Amplified products were analyzed by control electrophoresis on 2% agarose gels (fragment
lengths 151 bp and 204 bp), and visualized under ultraviolet light after staining with
ethidium bomide. Amplified products were hybridized to a test strip containig allele-specific
oligonucleotide probes immobilized as an array of parallel lines. Bound biotinylated
sequences were detected using streptavidin-alkaline phosphatase and color substrat.
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3.4 MS-MLPA

The present study used the MS-MLPA probe set MEO02-B1 (MRC-Holland, Amsterdam, The
Netherlands), which can simultaneously check for aberrant methylation in 25 tumor
suppressor genes. Probe sequences, gene loci and chromosome locations can be found at
http://www.mlpa.com. Individual genes were evaluated by two probes, which recognized
different Hhal restriction sites in their regions. The experimental procedure was carried out
according to the manufacturer’s instructions, with minor modifications.

In short, DNA (100 ng) was dissolved up to 5 ul AE-buffer (10 mM Tris-Cl; 0.5 mM EDTA; pH
9.0) denatured and subsequently cooled down to 25°C. After adding the probe mix, the
probes were allowed to hybridize (overnight at 60°C). Subsequently, the samples were
divided into two: in one half, the samples were directly ligated, while for the other half
ligation was combined with the Hhal digestion enzyme. This digestion resulted in ligation of
the methylated sequences only. PCR was performed on all the samples using a standard
thermal cycler (GeneAmp 9700, Applied Biosystems), with 35 cycles of denaturation at 95°C
for 30 s, annealing at 60°C for 30 s and extension at 72°C for 1 min with a final extension of
20 min at 72°C. Aliquots of 0.6 ul of the PCR reaction were combined with 0.2 ul LIZ-labeled
internal size standard (Applied Biosystems, Foster City, CA, USA), and 9.0 pl deionized
formamide. After denaturation, fragments were separated and quantified by electrophoresis
on an ABI 3130 capillary sequencer and analyzed using GeneMapper4.0 (both Applied
Biosystems). Peak identification and values corresponding to peak size in base pairs (bp), and
peak areas were used for further data processing. Methylation dosage ratio was obtained by
the following calculation: Dm = (P,/Pcn)Dig/ (Px/Pcn)Undig, where Dm is the methylation
dosage ratio, Py is the peak area of a given probe, P, is the sum of the peak areas of all
control probes, Dig stands for Hhal digested sample and Undig for undigested sample. Dm
can vary between 0 and 1.0 (corresponding to 0-100% of methylated DNA). Based on
previous experiments, we considered a promoter to show methylation if the methylation
dosage ratio was 2 0.15, which corresponds to 15% of methylated DNA (Moelans CB, et al.,
2011).

CpG universal methylated and unmethylated DNA (Chemicon International, Temecula, CA)
were used as controls.

3.5 GATA4 AND TP53 MSP

DNA methylation patterns in the CpG islands of the promoter region of the GATA4 and TP53
genes were determined by methylation-specific PCR (Herman JG, et al., 1996). Sodium
bisulfite modification was performed using the EZ DNA Methylation-Gold™ Kit (Zymo
Research Corporation, USA) according to the manufacturer’s protocol, with minor
modifications.

Primer sequences for GATA4 gene were designed using MethPrimer. 5°-
GGTTAGTTAGTGTTTTAGGGTTGA-3" (sense) and 5'- AACAAAAACAAAAAAACTCCAAA-3’
(antisense) for unmethylated reaction (PCR product 230 bp), and 5'-
GTTAGTTAGCGTTTTAGGGTCGA-3’ (sense) and 5'- CAAAAACGAAAAAACTCCGAA-3’
(antisense) for methylated reaction (PCR product 228 bp). Primer sequences for TP53 gene
have been reported previously (Amatya VJ, et al., 2005). 5 -TTGGTAGGTGGATTATTTGTTT-3’
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(sense) and 5°- CCAATCCAAAAAAACATATCAC-3 (antisense) for unmethylated reaction (PCR
product 247 bp), and 5°- TTCGGTAGGCGGATTATTTG-3" (sense) and 5-
AAATATCCCCGAAACCCAAC-3’ (antisense) for methylated reaction (PCR product 193 bp). PCR
was carried out in a 25 pl mixture containing 10x Takara buffer (2.5 ul), dNTPs 2.5 mM
solution Takara (2.0 pl), primers (1 pl each 10 pmol/ pl solution), polymerase Taq HS Takara
5U/ ul (0.3 pl) (Takara Bio Europe S.A.S, France), water and 2 pl of bisulfite-modified DNA in
a Veriti Thermocycler (Applied Biosystems, CA). The cycling condition for GATA4 gene
consisted of an initial denaturation at 95°C for 5 min, 40 cycles of denaturing at 95°C for 45s,
annealing at 53.7°C for 35s, and extension at 72°C for 35s, followed by final extension for 5
min at 72°C. The cycling condition for TP53 gene consisted of an initial denaturation at 95°C
for 7 min, 40 cycles of denaturing at 95°C for 45s, annealing at 59°C for 45s, and extension at
72°C for 60s, followed by final extension for 5 min at 72°C.

CpG universal methylated and unmethylated DNA (Zymo Research Corporation, USA) were
similarly treated with bisulfite and were used as controls.

Amplified products were separated by electrophoresis on 2% agarose gels and visualized
under ultraviolet light after staining with ethidium bromide.

3.6 STATISTICAL ANALYSIS

The demographic and clinical characteristics were compared using either unpaired t-tests for
continuous variables, and presented as mean £ SD, or the nonparametric Mann-Whitney U
test, and presented as median (range). Categorical variables were compared using Fisher’s
exact test, or using Chi-square test, and presented as n (%). The normality of the data was
tested using the D’Agostino-Pearson omnibus normality test and the Shapiro-Wilk test.
Spearman partial correlation was used to adjust the data for potential confounders.
Differences were considered statistically significant at p<0.05. All p-values were obtained
from two-sided tests, and all statistical analyses were performed using SPSS 19.0 for MAC OS
X (SPSS Inc., Chicago, IL, USA).

13



4 RESULTS

4.1 SPECIFIC AIM 1A

In the present study we used K-ras StripAssay™ (Viennalab Diagnostics GmbH) to analyze
samples of endometrial tissue for presence of K- ras mutation, obtained from 79 patients.
The patients were categorized into two groups: there were 59 patients with endometrioid
endometrial carcinoma and 20 patients with normal endometrium as a control group. K-ras
mutation was found in 14 (24%) cases of specimens with endometrioid carcinoma and in 3
(15%) cases in control group. The frequency of K-ras mutation in the carcinoma group did
not differ from the group of control samples.

4.2 SPECIFIC AIM 1B

The results of K-ras mutation from the endometrioid carcinoma specimens were compared
with clinical-pathological characteristics, including tumor stage and tumor grade. No
association between K-ras mutation and any of these parameters was observed for the
patients with endometrioid carcinoma of endometrium.

4.3 SPECIFIC AIM 2A

We used the MS-MLPA probe set MEOO2 (MRC-Holland, Amsterdam, The Netherlands) to
analyze 79 samples of endometrium. Using a 15% cut-off for methylation we

observed higher methylation in CDH13 gene in crude analysis (p<0.0001) and in adjusted
analysis (p<0.0001) for potential confounders (patients™ age, BMI, hypertension, and breast
cancer), and border-line methylation in Wilm’s tumor (WT1) gene (p=0.057) in endometrial
cancer patients compared to control group. For MutS homolog 6 (MSH6) gene we observed
high methylation (about 40%) in both endometrial cancer and control samples. For genes
BRCA1, BRCA2, ATM, TP53, PTEN, TP73, VHL, RB1, THBS1, STK11 and RARB, the methylation
rate did not exceed the 15% threshold; the remaining genes also showed relevant
differences in methylation between endometrial carcinoma and control samples.

To search for promoter methylation of GATA4 and TP53 genes we used MSP to compare the
methylation status of 54 patients with endometrioid carcinoma of endometrium and 18
patients with normal endometrial tissue. Amplification failed in the remaining 7 samples.
MSP revealed higher methylation in GATA4 gene in crude analysis (p<0.0001) and in
adjusted analysis (p<0.0001) for potential confounders (patients™ age, BMI, hypertension,
and breast cancer) in the group of endometrioid carcinoma of endometrium compared to
the group of control samples. Promoter of GATA4 gene was methylated in 44 of 54 in the
carcinoma group (82%), and in none of the control group. No methylation was observed in
TP53 gene.

4.4 SPECIFIC AIM 2B

Methylation results from endometrial cancer specimens were compared with clinical-
pathological characteristics, including tumor stage and tumor grade. Both WT1 (p=0.002)

14



and GATAGS (p=0.05) genes showed a higher methylation in stage IB compared with stage IA
of endometrial cancer samples. Methylation in GATAS gene (p=0.05) was higher in grade 3 of
endometrial cancer samples compared with the group of grade 1 and grade 2 tumors.

No association between GATA4 methylation and tumor stage and tumor grade was observed
for the patients with endometrioid carcinoma of endometrium.

15



5 DISCUSSION

5.1 SPECIFIC AIM 1

In our study, mutation of the K-ras gene was detected in 24% of endometrial carcinoma
cases. The frequency of K-ras mutation in the carcinoma group did not differ from the group
of control samples. We also did not report association between K-ras mutations and tumor
stage and tumor grade. Our findings are similar to those in the study by Semczuk A, et al.
Authors assessed the relationship between K-ras gene activation and clinico-pathological
features as well as patients' outcome. Mutational activation in codon 12 of the K-ras gene
was detected in 8 out of 57 (14%) endometrial carcinomas, and K-ras gene mutation was not
related to the patients' age, surgical stage, histological grade or to the depth of myometrial
invasion. Authors reported that point mutations in codon 12 of the K-ras gene are a rare
event in human endometrial carcinomas. The lack of correlation between K-ras mutations
and clinical-pathological features (except histological type) supports the hypothesis of a
random activation of the K-ras gene in human neoplastic endometrium (Semczuk A, et al.,
1998). Also Esteller M, et al. reported point mutations at codon 12 of K-ras oncogene in 8 of
55 (15%) tumour specimens. No correlation was found between K-ras gene mutation and
age, histological type, tumor grade, clinical stage or current patient status. Authors
concluded that K-ras mutation is a relatively common event in endometrial carcinogenesis,
but with no clear prognostic value (Esteller M, et al., 1997). Neither Jones MW, et al. did not
establish prognostic value of the mutations in K-ras oncogene. Authors evaluated predictive
value of p53 and K-ras mutations in determining tumor aggressiveness and survival in
patients with endometrial carcinoma. p53 genotyping strongly correlated with short survival,
and had potential prognostic value in endometrial carcinoma, but the finding of K-ras
alterations did not (Jones MW, et al., 1997). On the other hand, Mizuuchi H, et al. detected
K-ras mutation in 6 of 49 cases (12%), and reported presence of mutations in K-ras appeared
to be an unfavorable prognostic factor determining the aggressiveness of endomettrial
carcinoma (Mizuuchi H, et al., 1992). In the study made by Ito K, et al., K-ras mutations were
significantly associated with the presence of lymph node metastases, and with patients who
died or experienced recurrence. These findings point to a possible role for K-ras activation in
the mechanism responsible for more aggressive clinical behavior of endometrioid
endometrial carcinoma that is observed in postmenopausal patients (/to H, et al., 1996).

5.2 SPECIFIC AIM 2

We used the MS-MLPA probe set MEOO2 (MRC-Holland, Amsterdam, The Netherlands) to
analyze 79 samples of endometrium. Using a 15% cut-off for methylation we observed
higher methylation in CDH13 gene (p<0.0001) in endometrial cancer patients compared to
control group. The gene CDH13 (H-cadherin) encodes a member of the cadherin superfamily.
The protein acts as a negative regulator of axon growth during neural differentiation,
protects vascular endothelial cells from apoptosis due to oxidative stress and is associated
with resistance to atherosclerosis. The gene is hypermethylated in many types of human
cancer including endometrial and ovarian carcinomas. In the study made by Seeber LM, et
al., using MS-MLPA probe mix MEQO1, targeting different CpG islands within promoter
region of the CDH13 gene, 93% of samples were methylated. Authors presented methylation
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of CDH13 to be characteristic for endometrioid endometrial carcinoma. CDH13 methylation
predicted the correct tumor type in almost 90% of endometrioid endometrial carcinoma
samples, which is promising as a diagnostic test but requires further validation (Seeber LM,
et al., 2010). In our study, we observed almost 80% of methylated carcinoma samples. In the
study made by Suehiro Y, et al., 71% of endometrial cancer samples were methylated.
Authors revealed that stage in combination with either DNA aneuploidy or lack of CDH13
hypermethylation was an independent prognostic factor (Suehiro Y, et al., 2008). On the
other hand, Yang HJ, et al. reported the incidence of 35% for CDH13 hypermethylation in
endometrial cancer samples, and no association to clinical-pathological characteristics was
observed (Yang HJ, et al., 2006). CDH13 is frequently methylated in ovarian cancer.
Chmelafova M, et al. and Bol GM, et al. presented the methylation of CDH13 to be an
important event in ovarian carcinogenesis (Chmelarovd M, et al., 2012; Bol GM, et al., 2010).

MSP revealed higher promoter methylation of the GATA4 gene (p<0.0001) in the group of
endometrioid carcinoma of endometrium than in the control group. Promoter of GATA4
gene was methylated in 44 of 54 in the carcinoma group (82%), and in none of the control
group. Transcription factors of the GATA family are essential regulators of the specification
and differentiation of numerous tissues. They all share 2 highly conserved zinc fingers of the
C2H2 type that mediate not only DNA binding but also the great majority of protein
interactions (Zheng R and Blobel GA,2010). Mutations, loss of expression, or overexpression
of GATA factors have all been associated with a broad variety of cancers in humans,
including leukemia, breast cancer, gastrointestinal cancers, and others. Whilst GATA1 and
GATAS3 have been very well studied in the context of human malignancies, other members of
the GATA family need further investigation. Studies suggest that GATA-4, -5, and -6 factors
are important regulators of tissue-specific gene expression in multiple endoderm- and
mesoderm-derived tissues. GATA factors are important regulators of both structural and
regulatory genes in the heart. GATA-4 and -6 have been implicated in the regulation of liver-
specific gene expression. GATA-4, -5, and -6 have also been implicated in the regulation of
epithelial cell differentiation in the gut and are also important regulators of gene expression
within the gonads (Molkentin JD, 2000). Expression of the Mullerian inhibiting substance
promoter is regulated by GATA-4 in Sertoli cells and Mullerian ducts (Tremblay JJ and Viger
RS, 1999; Viger RS, et al., 1998, Watanabe K, et al., 2000), and GATA-4 regulates expression
of the steroidogenic acute regulatory protein promoter in the ovary (Silverman E, et al.,
1999). While, to date, no mutations or deletions of the GATA4 gene have been discovered in
human cancers, silencing of its expression seems to be widespread in different types of
cancers. Expression of GATA4 was extinguished in the majority of cell lines from colorectal
and gastric cancers as well as in primary tumors. Silencing was associated with
hypermethylation of the GATA4 promoter sequences (Akiyama Y, et al., 2003; Wen XZ, et al.,
2010). GATA4 was found to be extinguished in a large proportion of lung (Guo M, et al.,
2004), and oesophageal cancers (Guo M, et al., 2006). GATA-4 has also been reported to be
aberrantly methylated in 23% of glioblastoma tumors but not in normal brain (Vaitkiene P,
et al., 2013). Methylation was observed in human ovarian cancer cell lines and primary
ovarian cancers as well (Wakana K, et al., 2006). These studies support the idea that loss of
GATA4 by epigenetic silencing might contribute to malignant transformation. Based on the
importance of methylation in the GATA4 gene described in previous studies we focused our
analysis on GATA4 methylation in endometrioid carcinoma of endometrium, and our finding
suggests the importance of GATA4 methylation in endometrial carcinogenesis.
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In our study, using MSP, no methylation in TP53 gene was observed. Protein p53 is a 53-kD
nuclear phosphoprotein (393 amino acids) (Lane DP, 1994). It is a tumor suppressor protein
containing transcriptional activation, DNA binding, and oligomerization domains. The
encoded protein responds to diverse cellular stresses to regulate expression of target genes,
thereby inducing cell cycle arrest, apoptosis, senescence, DNA repair, or changes in
metabolism (Oren M and Rotter V, 1999). Activation of p53 would prevent the perpetuation
of the genomic damage, and ensure that potentially dangerous cells will not multiply and
take over the normal population (Lane DP, 1992). TP53 gene is frequently affected by loss of
alleles and by point mutations in almost all cancers (Szymanska K and Hainaut P, 2003).
Mutated TP53 results in a non-functional protein that accumulates in the cell and acts as a
dominant negative inhibitor of wild-type TP53, leading to propagation of aberrant cells
(Okuda T, et al., 2010). TP53 mutations or TP53 overexpression in endometrial carcinoma is
twice as frequent in tumors without hyperplasia (estrogen unrelated) than in those with
hyperplasia (estrogen related) (Koul A, et al., 2002; Kaku T, et al., 1999). TP53 mutation is
present in about 90% of serous carcinomas of endometrium (Tashiro H, et al., 1997). In the
studies made by Pilka R, et al., p53 overexpression was found to be related to poor grade of
differentiation and deep myometrial invasion (Pilka R, et al., 2010; Pilka R, et al., 2008).
Because of the high frequency of TP53 mutations in human cancers, promoter methylation
of this gene has also been examined in several studies. TP53 promoter methylation was
observed in extra-axial brain tumors (Almeida LO, et al., 2009), gliomas (Amatya VJ, et al.,
2005), acute lymphoblastic leukemia (Agirre X, et al., 2003) and ovarian cancer (Chmelarova
M, et al., 2013). TP53 promoter methylation was also studied in breast cancer (Barekati Z, et
al., 2010), gastric cancer (Lima EM, et al., 2008) and adrenocortical cancer (Sidhu S, et al.,
2005), but was not proved to be significant. TP53 promoter methylation in endometrial
carcinoma has not yet been examined. Our study as the first study examined methylation in
the TP53 promoter region. In our study we observed no methylation in the analyzed region.
Based on these results it could be concluded that despite frequent mutations in the gene
TP53 in endometrioid carcinoma of endometrium, methylation in TP53 promoter region is
not an important event in endometrial carcinogenesis.

According to tumor stage and grade we observed higher methylation of WT1 (p=0.002) and
GATAS (p=0.05) genes in stage IB of endometrial carcinoma and higher methylation of
GATAS (p=0.05) gene in grade 3 of endometrial carcinoma. These findings suggest that
hypermethylation in WT1 and GATAS genes could play an important role in tumor
myometrial invasion and its aggressive behavior.

The WT1 gene, located on chromosome 11p13 and consisting of 10 exons, plays a crucial
role in kidney and genital system development (Bruening W, et al., 1992). The Wilms' tumor
gene WT1 is overexpressed in various kinds of solid tumors (Choi EJ, et al., 2013; Kaneuchi
M, et al., 2005). However, it remains unclear whether WT1 plays a pathophysiological role in
endometrial carcinoma. In the study made by Ohno S, et al. WT1 overexpression was
associated with advanced FIGO stage, myometrial invasion and high-grade histological
differentiation. The results suggested that tumor-produced WT1 provided additional
prognostic information in endometrial cancer patients (Ohno S, et al., 2009). Dohi S, et al.
presented WT1 to play an important role in endometrial cancer-associated angiogenesis,
probably via induction of angiogenesis by vascular endothelial growth factor (VEGF). Authors
suggested that WT1 may regulate tumor progression and angiogenesis, and this may prove
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of great benefit in finding a rational approach to therapy of endometrial carcinoma (Dohi S,
etal., 2010).

The GATA family of transcription factors plays essential role in cell growth and
differentiation during embryogenesis and early development (Patient RK and McGhee JD,
2002). GATAS have been implicated as important regulators in the normal development and
differentiation of mesoderm- and endoderm-derived tissues, including lung, liver, gonad and
pancreas (Molkentin JD, 2000). Loss of GATA4 and GATAS expression second to promoter
hypermethylation has been identified in primary ovarian, lung and gastrointestinal cancer
(Wakana K, et al., 2006; Guo M, et al., 2004; Akiyama Y, et al., 2003). To the best of our
knowledge, our present study is the first study to demonstrate methylation of GATAS in
endometrial carcinoma. This finding suggests the importance of GATAS5 methylation in
endometrial carcinogenesis.
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6 CONCLUSION

= K-ras mutations in carcinoma group do not differ from the group of control samples.

= No association between K-ras mutations and tumor stage and tumor grade were
found.

= Higher methylation of CDH13 and GATA4 genes in endometrioid endometrial
carcinoma samples compared to non-neoplastic samples was revealed.

= Higher methylation of WT1 and GATAS genes in stage IB samples compared to stage
IA samples of endometrial carcinoma was found.

= Higher methylation of GATAS gene in grade 3 samples compared to grade 1 and 2
samples of endometrial carcinoma was identified.
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