ORIGINAL ARTICLE

Relationship Between CIP2A and Endometrium Cancer

Figen Aslan’, Glrhan Glney', Ayla Solmaz Avcikurt', Mine Islimye Taskin' and Gizem Akkas Akgin’

'Department of Gynecology, Balikesir University Medical Faculty, Cagis Yerleskesi, Bigadic Yolu 17. km Altieylul, Balikesir, Turkey
’Department of Pathology, Dumlupinar University Medical Faculty, Istiklal, Okmeydani cd, Merkez/Kiitahya, Turkey

ABSTRACT

Objective: To determine whether there is a relationship between endometrium cancer and the oncoprotein cancerous inhibitor of
protein phosphatase 2A (CIP2A).

Study Design: A descriptive study.

Place and Duration of Study: Balikesir University Medical Faculty Hospital, Balikesir, Turkey, from January 2013 to July 2018.
Methodology: CIP2A was studied immunohistochemically and molecularly in paraffin blocks. The correlation between CIP2A expres-
sion and different endometrial pathologies were evaluated. In addition, the relationship between CIP2A expression in tumor tissue
and clinicopathological prognostic parameters and also between Ki67, P53, HER2 with CIP2A expression were investigated.

Results: A higher expression of CIP2A was found in endometrium cancer tissues compared to normal endometrial tissues. In addi-
tion, CIP2A expression according to molecular and immunohistochemical results was associated with significant poor prognostic
factors such as FIGO Stage, FIGO Grade, cervical involvement, myometrial invasion and HER2 positivity.

Conclusion: CIP2A could be a promising and therapeutic target in endometrium cancer. Invention of the complex connections of
CIP2A with other oncoproteins may lead to amazing and interesting developments in both early diagnosis and treatment.
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INTRODUCTION

Endometrium cancer, as the most common gynecologic cancer,
may not have risk factors such as endometrial thickness, obesity,
PCOS (polycysctic ovary syndrome) and unopposed estrogen
levels. Regardless of the stage or grade, unexpected decrease in
mean total survival time has highlighted the need to discover new
biological markers by focusing on cancer cell metabolism both in
diagnosisand pathogenesis."*

In cancer cell metabolism, oncoproteins have important roles
such as regulation or synthesis of proteins for cancer cell growth.
Antibodies that can bind to these oncoproteins inside cancer cell
constitutes the basics of current treatment modalities as they
suppress cancer cell growth. There are many different oncogenes
encoding for several oncoproteins. One of them is the cancerous
inhibitor of protein phosphatase 2A (CIP2A). CIP2A inhibits, PP2A
(protein phosphatase 2A) and stabilise MYC (Transcription factor
p64)inhuman cancers. Oncoproteinssuchas E2F1 (E2F transcrip-
tion factor 1) and AKT (protein kinase B) are phosphorylated by
CIP2A

In some of the solid and hematological cancers overexpression of
CIP2Awere approved.
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As a result of clinical researches, CIP2A overexpression was
shown as a poor prognostic sign in ovarian, gastric and tongue
cancer. CIP2Aappearstobeanoncoproteinthatis generally asso-
ciated with highertumorgrade andtreatmentresistance.**

Itis a well-known fact that the most important treatment method
for cancer is early diagnosis. When literature is examined, we
have seenlots of studies about endometrial cancer, but no results
could be reached for its etiology and early diagnosis.” Identifying
new molecular markers such as CIP2A for endometrial carcinoma
by elucidatingdisease mechanisms may beahopeforfuturetreat-
mentmodels.

So, the aim of this study was to investigate whether there is any
relationship between CIP2A oncoprotein in patients diagnosed
with endometrial cancer.

METHODOLOGY

A total of 129 patients admitted to Balikesir University Medical
Faculty Hospital for endometrial sampling between 2013 and
2018 were considered for this descritive study. Fifty- five of these
patients had endometrial adenocarcinoma, 33 had endometrial
hyperplasia without atypia, 18 had atypical endometrial hyper-
plasia, and 23 had normal endometrium as a control group. All
cases of endometrial carcinoma were selected from patients with
endometrioid type adenocarcinoma, who did not receive chemo-
orradiotherapy priortosurgery.

Hematoxylin and eosin (H&E) stained slides, paraffin blocks and
pathology reports were retrospectively reviewed. Histological
grading of endometrial carcinoma cases were based on the
degreeofglandulardifferentiation,inaccordancewiththelnterna-
tional Federation of Gynecology and Obstetrics (FIGO) in 2009.
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Clinicopathological parameters such as age, histologic grade,
myometrial invasion, lymphatic invasion, lymph node involve-
ment, cervical involvement, and FIGO stage for each endometrial
carcinomawererecorded from patients cards.
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Figure 1: Repre

endometrial carcinoma and atypical endometrial hyperplasia. (A, B) Strong
CIP2A expression in the endometrial carcinoma (x200). (C,D) Strong CIP2A
expressionintheatypicalendometrialhyperplasia(x200).
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Figure 2: (A) Expression levels of CIP2A mRNA in normal endometrium and
endometrial carcinoma. (B) The relationship between CIP2A mRNA expres-
sion and endometrial groups. (C) The relationship between CIP2A mRNA
expressionand CIP2Aproteinexpression.

NE: Normal endometrium, EH: Endometrial hyperplasia, AEH: Atypical
endometrialhyperplasia, EC: Endometrial carcinoma.

CIP2A was studied immunohistochemically and molecularly in
paraffin blocks. In addition, Ki67, P53 and HER2 (human
epidermal growth factor receptor 2) expression was investigated
immunohistochemically in endometrial cancer tissues. Four
micron thick sections were taken from paraffin blocks and paraffin
melting was performed withVentana Benchmark XT. After the
CC1 (Cell Conditioner 1) solution was applied for antigen release,
7 min hydrogen peroxide was applied to mask the endogenous
peroxidase. Primary antibodies CIP2A (Novus Biologicals - 1/40
dilution), HER2 (Cell Marque /RabMab - 1/50 dilution), Ki-67 (Dako

Flex - 1/100 dilution) and P53 (Dako Flex - 1/100 dilution) were
dropped manually and incubated for 30 minutes duration. Ultra
view universal DAB detectionkitsecondary antibody wasadminis-
tered for 10 min and staining was completed according to the
instructions of the staining device (Ventana HX Bench Mark). The
slidesremoved from the device were dehydrated with alcoholand
transparented with xylene and covered with coverslip.
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Figure 3: Relationship of CIP2A mRNA expression with clinicopathological
parameters.

The evaluation of immunohistochemical expressions of CIP2A,
HER2, Ki67, and P53 were performed by two pathologists without
any clinical and pathological information about the cases. For
CIP2A, the degree of cytoplasmic staining of epithelial cells was
considered. Stromal areas were not evaluated. CIP2A expression
was scored semiquantitatively according to staining intensity and
percentage of staining in tissues. According to staining intensity,
if there was no staining 0 point, weak staining 1 point, moderate
staining 2 point, and strong staining was graded as 3 point.
According to the dispersion of staining, no staining was graded as
'0', 10-25% staining '1', 26-50% staining '2', 51-75% staining '3'
and 76-100% staining '4'. As a result, the staining score was 0-1,
negative (-), 2-5, low expression; and =6 was recorded as high
expression.®

Immunohistochemical evaluation for HER2 was performed
accordingtotherecommendationsofthe AmericanSociety of Clin-
ical Pathology (ASCO / CAP) for the evaluation of HER2 in breast
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cancer.” HER2 immunostaining was considered positive when
strong membranous staining (score 3+) was observed in at least
30% of tumor cells. Brown nucleus staining was considered posi-
tive for Ki-67 and the percentage of positive cells were recorded.
Immunohistochemical evaluation for P53 were accepted as posi-
tive expression, if there was =10% staining in the nuclei of tumor
epithelial cells and with <10% staining or no staining were
accepted as negative expression.*

Table I. Characteristics of CIP2A expression in different endometrial
groups.

Negative Low expression High expression
n (%) n (%) n (%)
Endometrial carcinoms 9(16.36) | 18(3273) 28 (50.91)
Atypical endometrial
hyperplasia 5(27.78) 8 (44.44) 5(27.78)
n=18
ﬁ:‘é‘;’“e”ia' hyperplasia 19(57.58) |  12(36.36) 2 (6.06)
Normal endometrium 16 (69.57) |  6(26.09) 1(4.35)
*p<0.05
Tablell. Expressionof CIP2Aindifferentendometrial groups.
CIP2A (+) CIP2A (-) value
n (%) n (%) P
Erldometrlal carcinoma 46 (83.64) 9 (16.36)
n=55
ﬁiylpécal endometrial hyperplasia 13 (72.22) 5(27.78)
<0.001
Endometrial hyperplasia
n=33 14 (42.42) 19 (57.58)
rl\]lgrzrgal endometrium 7 (30.43) 16 (69.57)

Total RNA isolation was obtained from the paraffin block of all
patient groups using trizol reagent (Invitrogen, Carlsbad, CA,
USA) kit according to the user protocol. Complementary DNA
(cDNA) was transcribed from 100 ng of total RNA using a high-ca-
pacity cDNA reverse transcription kit (Applied Biosystems, Foster
City, CA, USA), in a total volume of 20 uL. Reverse transcription
(RT) master mix contained the following: 10 x RT buffer, 25 X
dNTP (deoxynucleotide) mix (100 mM), 10 x RT random primers,
MultiScribe™ reverse transcriptase, RNase inhibitor, and
nuclease-free water. The RT reaction was performed in a thermo-
cycler (Eppendorf, Hamburg, Germany) in the following condi-
tions: 5minat 25°C, followed by 60 min at42°C, then the samples
were heated to 70 °C for 5 min. The gPCR conditions were 45
seconds at95°C, followed by 40 cycles at 95°Cfor 10 seconds and
60°C for 45 seconds. Gene expression was assessed by normal-
ising with the 2 — AACT method and the internal control gene B-
actinaccording to CT values. The following primers were used for
amplification: CIP2A Forward 5-AAAGCGCGGCGAAAGCTAAA-3
and Reverse, 5-GCG TTCGCCTCTGACTTCAC-3. ACTB forward: 5
CCTGACTGACTACCTCATGAAGATCCTC 3'. Reverse: 5 CGTAG-
CACAGCTTCTCCTTAATGTCACS3..

Tablelll.Therelationbetween CIP2A expressionand endometrial groups.

CIP2A (+) CIP2A (-)

n (%) n (%) p-value
Endometrial carcinoma 46 (83.64) 9 (16.36) <0.001*
Normal endometrium 7 (30.43) 16 (69.57) |7
Endometrial carcinoma 46 (83.64) 9 (16.36) <0.001*
Endometrial hyperplasia 14 (42.42) 19(57.58) |7
Endometrial carcinoma 46 (83.64) 9 (16.36) 0.286
Atypical endometrial hyperplasia |13 (72.22) 5(27.78) '
Atypical endometrial hyperplasia |13 (72.22) 5(27.78) 0.012 *
Normal endometrium 7 (30.43) 16 (69.57) '
Atypical endometrial hyperplasia |13 (72.22) 5(27.78) 0.077 *
Endometrial hyperplasia 14 (42.42) 19 (57.58) ’
Endometrial hyperplasia 14 (42.42) 19 (57.58) 0.362
Normal endometrium 7 (30.43) 16 (69.57) '
*p<0.05

Table IV. Relationship of CIP2A protein expression with clinicopathological
parameters.

CIP2A (+) CIP2A (-)
n=46 ( %) n=9 (%) p-value
Age
<55 14 (30.43) 3(33.33 >0.999
>55 32 (69.57) 6 (66.67)
FIGO Grade
Grade | 13 (28.26) 5 (55.56) 0.119
Grade Il 20 (43.48) 4 (44.44) )
Grade llI 13 (28.26) 0 (0.00)
FIGO Stage
Stage | 20 (43.48) 8 (88.89) 0.042%
Stage Il 17 (36.96) 1(11.11)
Stage lll-IV 9 (19.57) 0 (0.00)
Myometrial invasion
=1/2 25 (54.35) 1(11.11) 0.027*
<1/2 21 (45.65) 8 (88.89)
Cervix involvement
Present 19 (41.30) 0 (0.00) 0.020*
Absent 27 (58.70) 9 (100)
Lymphovascular invasion
Present 24 (52.17) 5 (55.56) >0.999
Absent 22 (47.83) 4 (44.44)
Lymph node metastasis
Present 11 (23.91) 0 (0.00) 0.179
Absent 35 (76.09) 9 (100)
HER2
17 (36.96) 2(22.22)
HER2(+) 0.473
HER2(-) 29 (63.04) 7(77.78)
Ki67-Index
>40 % 22 (47.83) 3(33.33) 0.487
<40 % 24 (52.17) 6 (66.67)
P53
P53(+) 15 (32.61) 5 (55.56) 0.261
P53(-) 31 (67.39) 4 (44.44)
*n<0.05

The descriptive characteristics of the data were given as number,
percentage and ratio. SPSS 25.0 statistical package version was
used for analysis. Chi-square test for categorical variables, Fish-
er's corrected chi-square (Fisher Exact Test) and Chi-square on
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slope (Linear by Linear Assosiation) tests were applied. The p
<0.05 was accepted for significance. Normality of quantitative
data was checked by Shapiro-Wilk test and found to be normally
distributed therefore for statistical evaluation one-way ANOVA
and the student t test was used. Data are presented as mean
percent £ SD. The p-level of <0.05 was accepted as statistically
significant.

RESULTS

In our immunohistochemical study for 4 different endometrial
groups, the results showed that CIP2A protein expression was

higher in patients with endometrial carcinoma and atypical
endometrial hyperplasia (Figure 1).

The highest CIP2A protein expression was in endometrial carci-
noma patients. Table | shows the immunohistochemical staining
characteristics of differentgroups. There was a statistically signifi-
cant difference in CIP2A expression between the groups (Table I,
p<0.001).

As shown in Table Ill, dual comparisons were also made between
different endometrial groups for CIP2A expression. There was a
significant difference in endometrial carcinoma cases when
compared with the normal endometrium and endometrial hyper-

plasia in terms of CIP2A expression (p <0.001 and p <0.001,
respectively). Comparison of atypical endometrial hyperplasia
with normal and endometrial hyperplasia showed a significant
difference for CIP2A expression (p=0.027 and p=0.042, respec-
tively). However, there was no significant difference between
endometrial carcinoma and atypical endometrial hyperplasia
casesandendometrial hyperplasiaand normalendometrial cases
in terms of CIP2A expression (p=0.286 and p=0.362, respec-
tively).

According to the FIGO Stage, myometrial invasion and cervix
involvement there was a positive correlation with CIP2A expres-
sion (Table IV). Age, FIGO Grade, lymphovascular space invasion,
lymph node metastasis, HER2, P53 and Ki67-Index values were
notstatistically significantfor CIP2Aexpression.

CIP2A mRNA level was measured by gRT-PCR and normalised to
ACTB levels. The mRNA expression of CIP2A was significantly
higher in endometrium cancer patients than in control tissues
(Normal endometrium) (p <0.001) (Figure 2A). There was also a
statistically significant difference between endometrial groups in
terms of mRNA expression (Endometrial hyperplasia = 0.91
+0.36, Atypical endometrial hyperplasia = 2.63 £0.34, Endome-
trial carcinoma = 3.93 +£0.83, p<0.001). Expression levels of
CIP2A mRNA in atypical endometrial hyperplasia and tumor
tissueswerehighercomparedwith controlandendometrial hyper-
plasiatissues (Figure 2B). Moreover, CIP2A mRNA expression was
higher too in the tumor group with positive CIP2A protein expres-
sion (CIP2A negative = 2.77 £0.41, CIP2A positive = 4.16 +0.70,
p<0.001, Figure2C).

When the relationship between CIP2A expression and clinico-
pathological parameters were examined, there was no significant
difference in CIP2A expression with age (=55 =3.73 £0.87 °55 =
4.02 £0.82) and different FIGO stages (Stage | = 3.76 +£0.84,
Stage Il = 4.13 +0.79, Stage Il = 4.19 +0.80; p=0.248 and
p=0.189, respectively). However, there was a statistically signifi-

cant difference between CIP2A expression and FIGO grade (FIGO
gradel=3.58 £0.88, FIGO grade Il = 3.98 £0.78, FIGO grade lll =
4.32+0.71,p=0.046).Inaddition, there was nostatistically signifi-
cantdifferencein mRNA expression due to the state of prognostic
parameters such as lymphovascular space invasion (Lenfovascu-
lar invasion negative = 3.80 +0.87, invasion positive = 4.05
+0.80), lymph node involvement (Lymph node negative = 3.83
+0.83, Lymph node positive =4.41 £0.75), and myometrial inva-
sion (Myometrial invasion =50% = 4.08 +0.68, Myometrial inva-
sion<50%=3.79+0.94,p=0.286,p=0.066and p=0.197, respec-
tively). However, in positive cervical invasion cases, CIP2A mRNA
expression levels were statistically significantly higher than the
negative invasion group (Cervical invasion negative = 3.73
+0.79, cervical invasion positive = 4.30 £0.80, p=0.015).

Immunohistochemically in HER2 positive patients, CIP2A mRNA
expression increased statistically significantly (HER2 negative =
3.77 £0.80, HER2 positive = 4.23 £0.84) (p=0.049). However,
there was no relationship between CIP2A expression and P53

expression (P53 positive =3.99 +1.02, P53 negative = 3.90
+0.72, p=0.699), Ki67 proliferative index (Ki67 <40% = 3.84

+0.82, Ki67 >40% = 4.04 £0.86, p=0.365). The quantitative
distribution of the CIP2A mRNA expression among the prognostic
parametersispresentedinFigure 3.

DISCUSSION

In the present study, higher CIP2A expression was seen in
endometrium cancer tissues compared to normal endometrial
tissues. In addition, CIP2A expression according to molecularand
immunohistochemical results was associated with significant
poor prognostic factors such as FIGO Stage, FIGO Grade, cervical
involvement, myometrialinvasionand HER2 positivity.

AsHER2isanoncoproteinlike CIP2A, its overexpression may have
result in abnormal cell proliferation, formation of tumor blood
vesselsviavascularendothelialgrowthfactorandvascularperme-
ability factor, it may play a role in endometrium cancer. In a study
with 110 cases of endometrial cancer, HER2 was shown to corre-
late only with histological grade when compared to age, clinical
stage, histological type or the depth of myometrial invasion.' In
another study performed by Xiao et al., HER2 were associated
with clinical stage, histological grade and lymph node metastasis
in endometrium cancer cases. They also showed that
endometrium cancers with FIGO stages lll-1V, grade G2-3, deeper
invasion and lymphovascular invasion had higher HER2 expres-
sion.”” In this study, CIP2A mRNA expression was statistically
significantly higher in HER2 positive patients. Therefore, the
results of both studies suggest that there may be a relationship
between CIP2Aand HER2, which we do not know the mechanism.

Molecular genetic alterations or inactivation of the p53 gene was
blamed for endometrial cancer in so many studies. For example,
Enomoto et al. investigated the role of p53 gene mutations in
endometrial cancers and detected mutations in 23% of the
cases.” In a similar study made by Kiyoshi et al., 221 cases of
endometrium cancerwere studied and overexpression of p53 was
foundin47o0f221 cases(21.3%). Theyalsoclaimedthatp53 over-
expression has a statistically significant correlation with poor
prognosis in early-stage disease." In this research, the P53 posi-
tive or negative endometrial cancers were not significantly
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differentin terms of CIP2A expression. It is well known that CIP2A
inhibits protein phosphatase 2A (PP2A) and transcriptional
activity of p53isregulated by PP2A.* Due to complexinteractions
between these enzymatic steps and relatively fewer number of
cancer patients, itmightberesponsible forthisresult.

Ki-67 is related to estrogen receptor content in the cyclic
endometrium asa proliferationindex.*® In this study, Ki67 prolifer-
ative index was not statistically significant between CIP2A posi-
tive and negative endometrium cancers. This may be due to the
different estrogen receptor content in endometrium. Evaluation
oftheestrogenreceptors may havefounddifferentresults.

Parameters that may be a poor prognostic indicator in endome-

trial cancer such as Figo Stage, myometrial invasion and cervical
involvement were significantly correlated with CIP2A protein
expression in our study.”™® In a study performed by Yu et al.,
CIP2A was overexpressed in endometrium cancer cases and
strong relation with tumor grade, FIGO stage and cervix involve-
ment, like in this study. They also found that Cyclin D1 regulates
cell proliferation by preventing cells from progressing beyond the
G1 controlphase pointand CIP2Adepletion significantly downreg-
ulates cyclin D1 expression. Similar to Cyclin D1, the protein
product of the P53 gene recognises damaged DNA in cells at the
G1 point and prevents them from entering the cell division cycle.
Considering the similarity of Cyclin D1 to P53,%*%° the same
results were expected with the above study, but there was no
significantrelationship between P53 expressionand CIP2A.

Inaddition, higher mRNA expression was observed in endometrial
carcinoma and endometrial atypical hyperplasia cases compared

to normal endometrial and endometrial hyperplasia cases. Since
the CIP2A positivity in the literature was also associated with poor
prognosisin other cancertypes, our study was consistent with the
literature.”**

This study has some limitations. The small number of patients and
theinability tofollow whetherthe patientshave chemotherapy-re-
sistance, constitute the weakness of this study as CIP2A expres-
sion has been associated with drug resistance in other cancersin
the literature. To the best of authors’ knowledge, this is the first
study investigating and comparing CIP2A levels in different
endometrial pathologies with different molecular markers and
that’swhy we believethisisthe strongestpartofourstudy.

CONCLUSION

CIP2A could be a promising and therapeutic target in endo-
metrium cancer. Detection of the complex relationship of CIP2A
with other oncoproteins may lead to exciting improvements in
both early diagnosis and treatment; but we need lots of studies to
understand the underlying molecularand cellular mechanisms of
CIP2Ainendometrium cancer.
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