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AHHOTauuA

AKTyanbHOCTb. [JuarHocTvka ypoTenuanbHOW KapLuMHOMBbI in Situ nMeeT 6onbLuoe 3Ha4YeHue, MNOCKOMbKY
obnagaeT NPOrHOCTUYECKOM N TepaneBTUYECKOW LieHHOCTL0. Llenblo uccnepgoBaHua 6bino onpenenntb
pornb EZH2 n ARID1A B gnarHoctuke kapumHomel in situ. MaTepuan n metoabl. PeTpocnekTnBHoe nepe-
KpecTHoe uccredoBaHue Bktovano 24 obpasua nnockux ypotenuanbHbix onyxonen, 20 obpasuos CIS un
10 obpasLoB HOPManbHOrO NpuUeratLero ypoTenus, B3dTbIX NPy LMcTockonuyeckon Guoncun. Bo Bcex
cnyyasx 6bina oueHeHa MMMyHormcToxummyeckas akcnpeccus EZH2 nARID1A. Pe3ynbTaTthl. Bee o6pasupl
HOpMarnbHOro ypoTenus nokasanu BbICOKoe saepHoe okpalwmeaHue Ha ARID1A n oTpuuartensHoe saepHoe
okpawwmBaHune Ha EZH2. Beicokas akcnpeccusa EZH2 nabnioganack B 80 % o6pasuos CIS no cpaBHeHUto ¢
20 % nnockux ypoTtenuaneHbIx onyxonen ¢ atunven (p=0,001), B To BpeMs Kak Bbicokas akcnpeccus ARID 1A
Habntopanack B 70,8 % Nnockunx ypoTenuanbHbIX ONyXonew ¢ atunuen no cpaesHeHumto ¢ 25 % obpasuos CIS
(p=0,001). EZH2 6b1n 60onee TO4HBIM 1 cneundUYHbIM NPU AMarHOCTUKE KapUMHOMBI in Situ. 3aknto4veHue.
EZH2 v ARID1A sBnstTCa NepcnekTMBHbIMM ANarHOCTUYECKMMU MapKepamy ypoTenuanbHOW KapLuMHOMBI
in situ. EZH2 6onee To4eH u cneunduyeH, yem ARID1A, B AnarHoCTUKe KapuuHOMBI in Situ NO CpaBHEHMUIO
C APYTYIMU NAOCKNMUW YpOTenmanbHbIMU ONyXOnsMu.

KnioyeBkle cnoBa: aucnnasus, KapumHomMma in situ, peaktuBHasa atunus, EZH2, ARID1A, MMMYHOrMCTOXUMUSA.
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Abstract

Background. Diagnosis of urothelial carcinoma in situ is of great importance because it has prognostic and
therapeutic value. We aim to determine the utility of EZH2 and ARID1A as a new tool in the diagnosis of
carcinoma in situ. Material and Methods. This retrospective cross-sectional study included Twenty-four
specimens of flat urothelial lesions, twenty specimens of CIS, and 10 of normal adjacent urothelium that was
taken by cystoscopic resection biopsy procedure. immunohistochemical expression of EZH2 and ARID1A.
were evaluated in all studied cases. Results. All normal urothelium specimens showed high nuclear staining
for ARID1A and negative nuclear staining for EZH2. High EZH2 expression was observed in 80 % of CIS
specimens compared to 20 % of flat urothelial lesions with atypia (p=0.001 ), while high ARID1A expression
was observed in 70.8 % of flat urothelial lesions with atypia compared to 25 % of CIS specimens (p=0.001).
EZH2 was more accurate and specific in the diagnosis of carcinoma in situ. Conclusion. EZH2 and ARID1A
are promising diagnostic markers for urothelial CIS. EZH2 is more accurate and specific than ARID1A in the
diagnosis of carcinoma in situ versus other flat urothelial lesions.

Key words: dysplasia, carcinoma in situ, reactive atypia, EZH2, ARID1A, immunohistochemistry.

Introduction

Urothelial carcinoma is a major health problem.
The incidence of urothelial carcinoma worldwide is
approximately 4.5 % in males and 1.5 in females [1].
In Egypt, It represents the second mostly diagnosed
cancers in men [2]. Early diagnosis of UC may de-
crease the mortality and morbidity rates [3]. According
to the latest WHO 2016 committee, flat urothelial le-
sions with atypia were classified as reactive urothelial
atypia, urothelial proliferation of uncertain malignant
potential (UPUMP), urothelial dysplasia and urothelial
carcinoma in situ [4]. UPUMP contains no true papil-
lary projections but undulations are common with a
thickened urothelium but minimal or no cytological
atypia. These entities may be seen de novo, and in
this setting, the clinical relevance is unknown. More
frequently they are seen in patients who have a his-
tory of prior carcinoma or seen adjacent to papillary
lesions. It is likely that most represent lateral extension
(“shoulder lesion”) of a papillary neoplasm [5]. Reac-
tive urothelial atypia may in some instances lead to
confusion with dysplasia or cause concern for patients.
Nucleomegaly is the most prominent finding in reac-
tive urothelial changes, but the cells often have a single
prominent nucleolus and evenly distributed vesicular
chromatin. The nuclear borders are smooth. The nuclei
are frequently round, and nuclear pleomorphism is
lacking [6]. Architecturally, the cells maintain their
polarity to the basement membrane although a minimal
loss of polarity may be evident. The mitotic rate may
be increased with mitoses present predominantly in the
basal and intermediate urothelium, but atypical forms
are not seen. Intraurothelial acute or chronic inflam-
mation is commonly identified [7]. It is important to
recognize that even intraepithelial lymphocytes, by
themselves, can result in reactive changes. The cyto-
plasm may become more basophilic or eosinophilic
with loss of cytoplasmic clearing. Clinical history of
stones, infection, or frequent instrumentation may be
present. Reactive urothelium may be denuded with
only a single residual layer of basal cells remaining;
the residual cells are not hyperchromatic, not enlarged,
and do not possess nuclear membrane irregularity
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[8]. Urothelial dysplasia (UD) is defined as the loss
of polarity with nuclear rounding and crowding and
cytologic atypia that is not severe enough to diagnose
CIS. CIS and UD are precursor lesions of invasive
urothelial carcinoma and their detection, especially
CIS, is associated with a significant risk of progres-
sion and recurrence [9]. CIS is often multifocal and
can occur in the upper urinary tracts and in the pro-
static ducts and urethra. CIS exists in two settings;
isolated (primary) CIS and secondary CIS associated
with papillary urothelial carcinoma. Isolated CIS was
rare, accounting for about 10 % of all CIS and 1 %
to 3 % of bladder neoplasm [10]. Although nuclear
and architectural features are the primary criteria for
differentiation between CIS and other flat epithelial
lesions with atypia, it may be difficult in some patients.
Expression of markers as EZH2 and ARID1A may be
helpful [11, 12].

The Enhancer of Zeste Homolog 2 (EZH2) is a
core subunit of the polycomb repressor complex 2
(PRC2), which is overexpressed in numerous cancers
and mutated in several others. Notably, EZH2 acts
as a critical epigenetic repressor through its role in
histone methylation, it is also an activator of gene ex-
pression, acting through multiple signaling pathways
in distinct cancer types. Increasing evidence suggests
that EZH2 is an oncogene and is central to initiation,
growth and progression of urological cancers [13].
AT-rich interacting rich domain 1(ARID1A) belongs
to a family of proteins containing a highly conserved,
approximately 100-amino acid DNA binding domain
called ARID (AT-rich interacting domain). Although
the ARID domains in general preferentially bind AT-
rich DNA sequences, the ARID1A domain of mamma-
lian ARID1A exhibits general DNA binding character
without sequence specificity [14]. The ARID1A gene
maps to chromosome 1p36.11, a region frequently
deleted in cancer. Initial clues that ARID1A was a
tumor suppressor came from expression analyses
that showed decreased ARID1A expression in 30 %
of renal cancer and 10 % of breast cancer [15]. A syn-
thetic lethality relationship between other SWI/SNF
components including ARID1A and EZH2 has been
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revealed revealed in several tumor entities [16]. We
evaluate the validity of EZH2 and ARID1A expression
in distinction between carcinoma in situ and other flat
urothelial lesions

Material and Methods

This retrospective cross-sectional study was per-
formed after approval by the local ethical Committee
Zagazig University, Institutional Review Board (IRB)
for human studies (reference number is ZU-IRB
#:3986-18-9-2017). This study included 54 patients
were selected from pathology department archival
blocks in collaboration with urology department,
Faculty of Medicine, Zagazig University, Egypt, in the
period from June 2016 to June 2020. The control group
included 10 specimens from adjacent normal mucosa.
Twenty-four patients with flat urothelial lesions with
atypia (nine specimens of UPUMP, eight specimens of
reactive atypia and seven specimens of dysplasia) and
20 specimens of CIS. All specimens were obtained by
urethrocystoscopy and biopsies. They were classified
according to 2016 WHO/ ISUP [4].

Immunohistochemical staining

Staining was performed with Dako Autostainer link
48 (Dako) according to manufacturer’s guide.

Iry antibodies

1 — ARID1A [Rabbit polyclonal antibody (Cat.
GTX129433) isotype: IgG, 1:100-1000 dilution, Gene
Tex international corporation].

2 — EZH2 [Rabbit polyclonal antibody, Clone
144CT2.1.1.5, isotype: IgG, 1:50-100 dilution, US
Biological life sciences USA] Normal human tes-
ticular tissue was used as positive control for EZH2
while normal human breast and kidney tissue served
as positive control for ARID1A. Negative controls
were obtained by replacing the primary antibodies
with non-immune serum.

The evaluation of ARID1A immunostaining

Nuclear ARID1A expression was considered posi-
tive. Immunoreactivity was assessed by considering
the extent and the intensity of nuclear staining in the
tumor cells. Grades of 0—3 were assigned according to
the percentage of positive tumor cells (0=0 %; 1<25 %;
2=25-50 %; 3>51 %) and the intensity of staining in
tumor (O=absence of staining; 1=weak; 2=intermedi-
ate; 3=strong intensity). The combined score was
calculated by multiplication of the percentage and the
intensity grade [17]. Receiver operating characteris-
tic (Roc) curve analysis was used for calculating the
cutoff point.

The evaluation of EZH?2 immunostaining

The EZH2 expression was considered positive in
nuclear expression only. The extent of nuclear EZH2
protein staining was graded as follows: 1 (<25 % stain-
ing of tumor cells), 2 (25-50 % staining of tumor cells),
3 (50-75 % staining of tumor cells), 4 (>75 % staining
of tumor cells). Moreover, the staining intensity was
quantified as 0 (indicated no expression), 1 (indicated
weak expression), 2 (indicated intermediate expres-
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sion), 3 (indicated strong expression).

The intensity was multiplied by the extension val-
ues to obtain the final immunostaining score (range
0-12) [18]. Receiver operating characteristic (Roc)
curve analysis was used for calculating the cutoff
point.

Statistical Analysis

Statistical analysis was carried out by using SPSS
version «20.0» (SPSS Inc.). Fisher's exact and y* tests
were applied for comparisons between the nominal
variables. Independent student t-test (t) was used to
compare two groups of normally distributed data
Mann-Whitney U (MW) was used to compare two
groups of non-normally distributed data. Sensitivity,
specificity, accuracy, and positive predictive values
were calculated. The designations true and false
were based on the study hypothesis that high EZH2
is expressed in malignancy and true positivity for
ARID1A is expected in benign and other flat epithelial
lesions.

Results

Mean age of the cases was 39.8 £+ 1.3, most cases
were males (79.2 %). According to Roc curve analy-
sis the cutoff point of EZH2 immunoreactivity in all
studied cases was 4 (Fig. 1). They were reclassified
into two group; low expression (score<4,) and high
expression (score>4 was). However, the cutoff point
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Puc. 1. a) ROC-kpuBas ansa oueHkn EZH2; b) ROC-kpuBas ons
oueHkn EZH2
Fig. 1. a) ROC curve for EZH2 cut-off point estimation; b) ROC
curve for EZH2 cut-off point estimation
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Puc. 2. MukpodoTo: a) Bbicokas sagepHasi
akcnpeccus ARID1A B HopmanbHOM anu-
Tenuu; b) Bbicokas saepHas akcnpeccus
ARID1A B cnyyae UPUMP;
C) Bbicokas sgepHas akcnpeccus ARID1A
B Clly4Yae peakTUBHOW aTunuu;
d) Huskas skcnpeccus ARID1A B cnyvae
CIS
Fig. 2. Microphoto: a) high ARID1A
nuclear expression in normal epithelium;
b) high ARID1A nuclear expression in a
case UPUMP; c) high ARID1A nuclear
expression in a case reactive atypia; d)
low ARID1A expression in a case of CIS

of ARID1A immunoreactivity in all studied cases was
(Fig. 1).

Furthermore, they were reclassified into two
groups: low expression (score<3) and high expression
(score>3). High ARID1A expression was significantly
low in CIS (25 %) compared to its high expression in

100 % of normal epithelium and 70.8 % of all flat le-
sions with atypia with a highly statistically significance
difference between them (p-value=0.0002) (Table 1)
(Fig. 2).

ARIDI1A expression level was significantly lower
in CIS compared to normal, UPUMP and reactive aty-

Ta6nuua 1/Table 1

CpaBHeHue EZH2 n ARID1A mexay CIS n gpyrumm nnockumm ypotenumanbHbIMU ONyXONsMM € aTUnuen
Comparison of EZH2 and ARID1A between CIS and other flat urothelial lesions with atypia

EZH2 ARIDIA
Immunoreactivity Immunoreactivity
No . p-value . p-value
Low High Low High
(cut off <4) (cut off >4) (cut off <3)  (cut off >3)
Normal/HopmasbHbie 10 10 (100.0 %) 0 (0.0 %) 0 (0 %) 10 (100 %)
[Inockue snurenuanb-
HbIE OITyXOJIU C aTUIHEH/ o o o o
Flat epithelial lesions 24 20(80 %) 4(20 %) 7(129.2%) 17 (70.8 %)
with atypia
¢ UPUMP! 9 9 (100 %) 0(0 %) <0.001** (11 1%) 8(88.9%)  <0-.001**
o PeakTuBHAasI aTHITHs/ 0 o o o
« Reactive atypia 8 7 (87.5 %) 1(12.5 %) 2(25.0%)  6(75.0%)
e Jlucrutasusi/Dysplasia 7 4 (57.1 %) 3(42.9 %) 4(57.1%)  3(42.9%)
CIS? 20 4 (20 %) 15 (80 %) 16 (75 %) 5 (25 %)

IMpumeyanne: ' —UPUMP: yporenuanbHas nponudepaius ¢ HeonpeaeIeHHbIM 3JI0Ka4eCTBEHHbIM TToTeHImanom; 2 — CIS: kapunHoma in situ;

** — pa3nuums cTaTUCTHYECKH 3HaunMBbIe (p<0,001).

Note: '— UPUMP: urothelial proliferation of uncertain malignant potential, > — CIS: Carcinoma in situ, ** — p<0.001 is highly significant.
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Ta6nuua 2/Table 2

Akenpeccus EZH2 B ARID1A B CIS no cpaBHeHUI0 ¢ APYrMMU NAOCKUMU ONMYXONSAMM

Expression of EZH2 in ARID1A in CIS versus other flat lesions

EZH2 level ARID1A level
Bapuants/ Menuana Menuana
. Versus -value -value
Variable Mean + SD (I[I’Iaﬂa.?'OH)/ p Mean + SD (I[I/Ial'[a.SOH)/ p
Median Median
(Range) (Range)
CIS 6.5+3.1 6(2-12) 33+1.7 3 (0.0-6)
CIS' vs Hopmbl/ Tlnockmit 0.001%* 0.001%*
CIS' vs normal HopMambHb/ 1.7+ 1.1 1 (1-4) 71+1.8 6 (4-9)
Flat normal
CIS 6.5+3.1 6 (2-12) 33+1.7 3 (0.0-6) 0.004*
CIS vs UPUMP? 0.001**
UPUMP 1.9+1.2 1.5 (1-4) 57+24 5(4-9)
CIS 6.5+3.1 6 (2-12) 33+1.7 3 (0.0-6)
CIS vs peakTUBHOI
anmmn/ PeaxTuenas 0.01% 0.02%
CIS vs reactive atypia aT.I/Il'[I/Iﬂ/ . 2014 1.5 (1-4) 53+1.6 5(4-8)
Reactive atypia
CIS 6.5+3.1 6 (2-12) 33+£1.7 3 (0.0-6)
CIS vs nucrutazun/ y 0.006* 0.6
CIS vs Dysplasia Aucnnasis 25+14 2.5 (1-4) ' 37+2.1 3.5(1-7) '
Dysplasia

Ipumeyanue: * = Tect Manna-VYurtau; ' — CIS: kapunnoma in situ; > — UPUMP: yporenunanbHas npoiudeparys ¢ HeOpeIeIeHHbIM
37I0Ka4eCTBEHHBIM IIOTCHIMAIOM; * — pasiH4usl CTaTUCTHICCKH 3HaduMble (p<0,05); ** — pasmuuns cratuctiudecku 3Hagumble (p<0,001).

Note: “= Mann-Witenny test; ' — CIS: carcinoma in situ; > — UPUMP: urothelial proliferation of uncertain malignant potential; * — p<0.05 is signifi-

cant, ** — p<0.001 is highly significant.

pia (0.001, 0.004, 0.02) respectively. However, there
was no statistically significant difference in ARID1A
expression levels in differentiating CIS from dysplasia
(p=0.6) (Table 2) (Fig. 3).

In contrast, Overexpression of EZH2 was higher in
CIS (80 %) compared to its overexpression in 20 % of
all flat epithelial lesions with atypia and 0 % of normal
epithelium, with a highly statistically significant differ-
ence between them (p=0.001) (Table 1) (Fig. 4).

Moreover, EZH2 expression levels were statistically
increased in CIS compared to normal, UPUMP, reactive
atypia and dysplasia (0.001, 0.001, 0.01, 0.006) respec-
tively (Table 2) (Fig. 5).

Sensitivity, Specificity, and accuracy of high EZH2
expression in diagnosis of carcinoma in situ versus
other flat urothelial lesions were 80 %, 88.24 %,
85.19 % respectively while sensitivity, specificity,
and accuracy of low ARID1A expression were 75 %.
79.41 %, 77.78 % respectively (Table 3).

Discussion

Early detection of CIS would help in reduction of
bladder cancer incidence, morbidity and mortality.
The differentiation of CIS from other flat lesions with
atypia is critical because it has both therapeutic and
prognostic importance [19, 20] Even after publication
of the 4th edition of WHO/ISUP classifications, the
distinction between reactive and dysplastic changes
has not been resolved, There are still no definite mor-
phological criteria to diagnose CIS, and there is great
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Fig. 3. Box plot chart for EZH2 immunoreactivity levels in normal,
flat epithelial lesions and CIS
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Puc. 4. MukpodoTo: e) HM3kast akcnpeccust
EZH2 B HOpmanbHOM anuTenuu;

f) Hu3Kkas akcnpeccus EZH2 B cnyyae
UPUMP; g) Bbicokasi akcnpeccus EZH2 B
cryvyae ymepeHHon avucnnasuu; h) Bbico-

Kas akcnpeccus EZH2 B cnyyae CIS

Fig. 4. Microphoto: e) low EZH2
expression in normal epithelium; f) low

EZH2 expression in a case of UPUMP;

g) high EZH2 expression in acase of

moderate dysplasia; h) high EZH2
expression in a case of CIS

inter- and interobserver disagreement [4]. Some forms
of CIS may be difficult in diagnosis such as clinging
and pagetoid type. So morphology alone is frequently
insufficient to differentiate CIS from other flat lesions
with atypia [21]. There is always a thorough work to
discover a diagnostic marker of CIS to differentiate
it from other flat epithelial lesions. Moreover, UP-
UMP has 40 % risk to turn into low grade urothelial
carcinoma after 5 years [4]. Earlier studies suggested
the use of CK20, CD44, Ki67, p53, p16 and CK5/6
immunostains as a diagnostic panel for problematic
flat lesions with atypia [22], this is a large panel with
a high cost and the discriminatory performance may
be unsatisfactory in some cases.
EZH2-immunohistochemistry was used in dis-
tinction between malignant and reactive mesothelial
cells, with 95.5 % sensitivity providing a promising
diagnostic marker for malignancy [23]MOC-31,
CEA, or B72.3. Also, ARID1A was used as a diag-
nostic marker for atypical endometrial hyperplasia to

Ta6nuua 3/Table 3

BanugHoctb EZH2 n ARIDIA B anarHoctuke CIS no cpaBHeHUIO ¢ HOPMarnbHbLIMU U MAIOCKUMM
nopaxeHusIM1 ¢ aTunuen

Validity of EZH2 and ARIDIA in diagnosis of CIS versus normal and flat lesions with atypia

[Mapamerp/ UyscrBurenbHoCcTs/  CrienuduaHOCTS/
Parameter Sensitivity Specificity
EZH2 80.0 % 88.24 %
ARIDIA 75.0 % 79.41 %

54

PVP PVN TounoCTB/
Accuracy
80.0 % 88.24 % 85.19 %
68.18 % 84.38 % 77.78 %
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differentiate it from benign hyperplasia [24]. These
findings raised our interest for testing both markers
in bladder tissue.

There are no previous data about the role of EZH2
and ARID1A in distinction between carcinoma in situ
and other flat urothelial lesions. In current study, we
investigated the use of EZH2 and ARIDI1A as a diag-
nostic marker of CIS. We reported that expression of
high EZH2 was observed in (80 %) of cases of CIS
compared to 20 % of flat epithelial lesions with atypia
and 0 % of adjacent normal epithelium with a highly
statistically significant difference between them (p-
value=0.001), suggesting that EZH2 is a diagnostic
marker for CIS. This observation goes in agreement
with Warrick et al. (2016) study which found that
EZH2 expression was common in bladder cancer with
greatest expression seen in CIS in comparison to nor-
mal urothelium and recommended EZH?2 as a specific
marker of CIS and invasive bladder cancer compared to
benign urothelium [11]. J.D. Raman et al., (2005) also
demonstrated that EZH2 protein levels were higher in
UC compared with benign urothelium [25].

Concerning ARID1A our results revealed that
ARIDIA expression was significantly low in CIS
cases (either isolated or concomitant), compared to
its high expression in 100 % of normal epithelium
and 70.8 % of flat epithelial lesions with atypia with
a highly statistically significance difference between
them (p-value=0.0002) suggesting the use of ARID1A
as a diagnostic marker for CIS. Similarly, T. Aso et al.,
(2015) reported that loss of ARID1A tumor suppres-
sor gene may play an important role in carcinogenesis
and progression of gastric dysplastic lesions to overt
carcinoma [26]. This observation goes in agreement
with Q. Cao et al. (2019) who reported that ARID1A
expression was significantly downregulated in carci-
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