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MOLECULAR CHARACTERISTICS OF THE HETEROGENEITY OF NON-INVASIVE PAPILLARY
UROTHELIAL CARCINOMAS AND THE MARKERS OF THEIR RECURRENCE

Kajaia D., Kochiashvili D., Muzashvili T., Gachechiladze M., Burkadze G.

Thilisi State Medical University, Georgia

Urothelial carcinoma represents the most common type of
bladder cancer (>90%) and is the most frequent malignancy of
the urinary tract [1]. It is the ninth most common cancer around
the world, with the greater incidence in men [1]. Most of the
cases of urothelial carcinoma are non-muscle invasive at the
time of diagnosis [2]. However, in almost 70% of cases the re-
currence is developed within 5 years of operation and 10-20%
of them is present with more advanced, metastatic disease [3].
Therefore, under the similar pathologic staging and grading, the
recurrence and progression of urothelial carcinoma vary signifi-
cantly among individuals, which is attributed to tumor hetero-
geneity [4].

There are four major types of tumor heterogeneity, including
(1) molecular and cellular differences between the same tumors
in different patients (intertumoral heterogeneity), (2) differences
in cancer cell types and/or molecular attributes within one tumor
in a single patient (intratumoral heterogeneity), (3) differences
in between primary and metastatic lesions and/or two metastatic
lesions in one patient (intermetastatic heterogeneity), (4) differ-
ences in cancer cell types and/or molecular attributes in single
metastatic lesion (intrametastatic heterogeneity) [5]. There are
many different levels of tumor heterogeneity in each subtype
and includes heterogeneity at the tissue, cellular and molecular
level [5]. Frequently the morphologic heterogeneity of urothe-
lial carcinomas, reflect their molecular heterogeneity [6]. Pap-
illary urothelial cancers represent the heterogeneous group of
lesions, with three major entities, including papillary urothelial
neoplasms with low malignant potential (PUNLMP), low grade
papillary urothelial carcinomas (LGPUC) and high grade papil-
lary urothelial neoplasms (HGPUC) [7,8]. First one is charac-
terised with relatively low recurrence rate [9]. However, due to
higher tumor heterogeneity predicting the recurrence in patients
with papillary bladder carcinoma is extremely difficult and cur-
rently there are lots of studies ongoing, which are investigating
an additional morphometric, histopathological and immunohis-
tochemical characteristics of papillary urothelial neoplasms.

Sangwan et al. [10], previously showed that mean nuclear
area (MNA) measured by image analysis, as well as high pro-
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liferation index, measured as Ki67 labelling index represent two
independent prognostic factors in patients with papillary uro-
thelial neoplasms [10]. Akkalp et al., investigated the prognos-
tic value of the presence of mitosis in haematoxylin and eosin
stained specimens. They found that recurrent cases were char-
acterised with the presence of >5 mitosis per HPF [11]. In ad-
dition, several studies identified the differential expression of
cytokeratins to be predictive of the recurrence of non-invasive
bladder carcinomas. For example, Jung et al., found that the loss
of CK5/6 represents an independent prognostic factor for dis-
ease recurrence [12]. Jiang et al., also demonstrated the variable
staining pattern of CK20 and CK7, which was corresponding
the expression pattern in matched lymph node metastasis [13].

The aim of our study was to investigate the morphometric,
histopathological and immunohistochemical characteristics
of non-invasive papillary urothelial neoplasms, low and high
grade papillary urothelial carcinomas, including nuclear area,
stromal/parenchymal index, mitotic counts as defined by H&E
and PHH3 staining, as well as proliferation activity, based on
Ki67 labelling index and tumor tissue heterogeneity, based on
the staining of cytokeratin 5, 7 and 20 (CK5, CK7, CK20).

Material and methods. Formalin fixed and paraffin embed-
ded tissue material was retrieved from the Research, Diagnostic
and Teaching Laboratory of Tbilisi State Medical University,
Georgia. Study included altogether 81 tissue samples, divided
into two following histopathological groups: normal urothelial
epithelium (n=10), urothelial papilloma (n=15), urothelial neo-
plasms with low malignant potential (PUNLMP) (n=8), non-
invasive low grade papillary urothelial carcinomas (LGPUC)
(n=29) and non-invasive high grade papillary urothelial carci-
nomas (HGPUC) (n=19). In addition to basic study cohort, we
have analysed 12 cases of relapsed papillary urothelial carcino-
mas (6 LGPUC and 6 HGPUC).

Standard haematoxylin and eosin stained specimens, were
evaluated for the following nuclear features: nuclear area, nucle-
ar perimeter and nuclear circularity using digital image analysis
software QuPath. QuPath employs a machine learning approach,
for significantly distinguishing various morphometric features.
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The following algorithm of morphometric evaluation has been
used: 10 HPF images were taken from each case and included in
the program. After adjustment the staining vectors, the cell de-
tection classifier has been applied which is based on the recogni-
tion of cell nuclei. Detected cells were analysed for the major
nuclear features, including nuclear area, nuclear perimeter and
nuclear circularity. Detection measurements were visualised as
tables and histograms. In addition, the nuclear polymorphism
has been also calculated, based on the variability of the nucle-
ar area, perimeter and circularity. the presence of mitosis was
counted manually, in the same images in QuPath software.
Tissue sections were stained using standard immunohisto-
chemical procedure. Ready to use antibodies against the follow-
ing antigens were used: Ki67 (K2), CK5(XM26), CK7 (RN7),
CK20 (Ks20.8) (Leica). Staining and visualisation has been
performed using Bond polymer refine detection system. The
expression of all markers was evaluated as the percentage of

marker positive cells, using digital analysis software QuPath.
Following steps of image analysis has been applied: 10 HPF im-
ages were taken from each case, for each marker and included in
the program. staining vectors were adjusted and the positive cell
detection classifier was run. Detected positive and negative cells
were transformed as detection points and recorded. In addition,
for the evaluation of staining and therefore tumor phenotypic
heterogeneity the results were visualised as histogram. In addi-
tion, the tumor tissue phenotypic heterogeneity was calculated
as following: First, the intensity of the staining was evaluated as
negative (0), weak (1+), moderate (2+) and strong (3+) by eye
together with the percentage of each intensity for each tissue
section and cases were classified as following: low heterogene-
ity — containing one of each above mentioned intensity in >50%
of cells and high heterogeneity — containing >2 intensities in
<50% of cells. Mitotic counts were obtained manually in the
same software.

Fig. 1. The morphometric evaluation algorithm in QuPath: A. adjustments of staining vectors,
B. cell detection, C. nuclear feature analysis, D. visualisation of the results
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C. non-invasive low grade papillary urothelial carcinoma (LGPUC), H&E, x400,
D. non-invasive high grade papillary urothelial carcinoma (HGPUC), H&E, x400),
E. non-invasive LGPUC showing relatively homogenous distribution of nuclear features,
reflecting relatively lower level of nuclear polymorphism,
E non-invasive HGPUC showing relatively heterogeneous distribution of nuclear features,
reflecting relatively higher level of nuclear polymorphism
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Comparisons between groups were made using Mann-Whit-
ney U test and Kruskal-Wallis test. The Kruskal-Wallis test is a
nonparametric (distribution free) test, and is used when the as-
sumptions of one-way ANOVA are not met. The Kruskal-Wallis
test can be used for both continuous and ordinal-level dependent
variables. Correlations were assessed using Spearman’s rank
correlation. The Spearman’s rank correlation is also used when
data is non-parametrically distributed. P values <0.05 were con-
sidered as significant. All statistical tests were performed using
SPSS software V20.00.

Results and discussion. Study of the nuclear feature distri-
bution showed the following results: in normal urothelium the
mean nuclear area was 56+20, in urothelial papilloma mean
nuclear area was 102+45, in PUNLMP the mean nuclear area
was 155+63, in non-invasive LGPUC the mean nuclear area was
241496 and in non-invasive HGPUC mean nuclear area was
2694102. In normal urothelium, the mean nuclear perimeter was
20+6, in urothelial papilloma the mean nuclear perimeter was
42412, in PUNLMP the mean nuclear perimeter was 51£21, in
non-invasive LGPUC the mean nuclear area was 62+33 and in
non-invasive HGPUC the mean nuclear perimeter was 64+35.
Nuclear circularity in normal urothelium and in urothelial papil-
loma was 0.9+0.1, in PUNLMP it was 0.8+0.2, in non-invasive
LGPUC nuclear circularity was 0.7+0.3 and in non-invasive
HGPUC it was 0.6+0.4.

The study of the mitotic count evaluated in standard H&E
stained sections did not detect any mitosis in normal urothelium
and in urothelial papilloma, in PUNLMP the average mitotic
count was 1.5+0.5, in non-invasive LGPUC it was 3.5+0.2 and
in non-invasive HGPUC it was 12+1.5. Mitotic count evaluated
as the PHH3 positive cell count also did not show the presence
of any mitosis in normal urothelium and in urothelial papilloma.
IN PUNLMP, the average number of PHH3 positive cells was
1.7+0.3, in non-invasive LGPUC it was 4.1+1.1 and in non-in-
vasive HGPUC it was 11.6£2.

The study of the proliferation activity based on Ki67 labelling
index showed the following results: in normal urothelium the
immunohistochemical expression of Ki67 was not detected. In
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urothelial papilloma the mean Ki67 labelling index was 0.7+0.2,
in PUNLMP the mean Ki67 labelling index was 2.9+0.8, in non-
invasive LGPUC the mean Ki67 labelling index was 5.5+1.3
and in non-invasive HGPUC the mean Ki67 labelling index was
15.2+£3.2.

The study of different cytokeratin distribution in groups
showed the following results: the mean CKS5 positivity was
17£2.9 in normal urothelium, 2343.1 in urothelial papilloma,
27+3.3 in PUNLMP, 52+5.6 in non-invasive LGPUC and
59+7.8 in non-invasive HGPUC. The mean positivity for CK7
was 954+4.2 in normal urothelium, 74+6.8 in urothelial papil-
loma, 63+5.7 in PUNLMP, 4743.6 in non-invasive LGPUC and
59+7.8 in non-invasive HGPUC. The mean positivity for CK20
was 154+4.8 in normal urothelium, 21+6.2 in urothelial papil-
loma, 24+7.7 in PUNLMP, 4849.3 in non-invasive LGPUC and
54+10.2 in non-invasive HGPUC.

The analysis of the nuclear features in study groups indicated
that the mean nuclear area is significantly increased in PUN-
LMP, non-invasive LGPUC and non-invasive HGPUC com-
pared to normal urothelium and urothelial papilloma, reaching
its maximum in HGPUC, similar to nuclear perimeter, which is
also characterised with the similar distribution pattern.

The analysis of nuclear circularity showed that the maximum
circularity is detected in normal urothelium and urothelial pap-
illomas. Whilst in PUNLMP the nuclear circularity is slightly
decreased. In non-invasive LGPUC and non-invasive HGPUC
the level of nuclear circularity is significantly decreased. In ad-
dition, mentioned nuclear features were characterised with sig-
nificant heterogeneous distribution in non-invasive LGPUC and
HGPUC.

With regard to mitotic count, there were no mitosis detected
in normal urothelium and urothelial papilloma, neither by evalu-
ation of H&E stained tissues, nor by the evaluation of PHH3
immunohistochemistry. Mitotic count was generally lower in
all PUNLMP cases, whilst it was significantly increased in non-
invasive LGPUC and non-invasive HGPUC. Mitotic count was
also characterised with significant heterogeneity in non-invasive
LGPUC and HGPUC.

Table 1. Distribution of nuclear characteristics and mitotic count in groups

Normal urothelium 5620 20+6 0.9+0.1 0 0
Urothelial papilloma 102+45 42+12 0.9+0.1 0 0
PUNLMP 155463 51421 0.8+0.2 1.5+0.5 1.7+0.3
Non-invasive LGPUC 241496 62433 0.7+0.3 3.5+0.2 4.1£1.1
Non-invasive HGPUC 269+102 64+35 0.6+0.4 12+1.5 11.6+2
Table 2. Distribution of Ki67, CK5, CK7 and CK20 in study groups

Ki67 CK5 CK7 CK20
Normal urothelium 0 17£2.9 95+4.2 15+4.8
Urothelial papilloma 0.7+£0.2 23+£3.1 74+6.8 21+6.2
PUNLMP 2.940.8 27433 63+5.7 24+7.7
Non-invasive LGPUC 5.5+1.3 5245.6 47+3.6 48+9.3
Non-invasive HGPUC 15.2+3.2 59+7.8 36+2.2 54+10.2
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Fig. 3. A. urothelial neoplasm with low malignant potential (PUNLMP) showing moderate heterogeneity in CKS5 staining,
B. non-invasive low grade papillary urothelial carcinoma (LGPUC) showing high grade heterogeneity of CK5 staining
C - CK5 expression in urothelial neoplasm with low malignant potential (PUNLMP) IHC, x40
D - CK5 expression in non-invasive low grade urothelial carcinoma (LGPUC) IHC, x40
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Total N Nuclear heterogeneity H:ItLE;r;c;faynpei(i:ty Mitotic Activity Proliferation Index
W Non-invasive LGPUC 29 16 13 16 13 16 13 16 13
M Non-invasive HGPUC 19 11 8 11 8 11 8 11
Relapsed non-invasive LGPUC 6 2 4 2 4 2 4 2
Relapsed non-invasive HGPUC 6 1 5 1 5 1 3 1 5

B Non-invasive LGPUC M Non-invasive HGPUC

Relapsed non-invasive LGPUC

Relapsed non-invasive HGPUC

Graph 4. Distribution of non-invasive LGPUC, HGPUC and relapsed cases in low and high risk groups

Ki67 proliferation marker was not detected in normal uro-
thelium and urothelial papilloma. In PUNLMP the prolifera-
tion activity was generally lower. The Ki67 proliferation index
was also significantly increased in non-invasive LGPUC and
HGPUC, showing the maximal labelling index in HGPUC. In
addition, KI67 labelling index was characterised with maximal
heterogeneity in non-invasive LGPUC and HGPUC groups.

The analysis of the distribution of cytokeratin markers in
groups showed quite heterogenous results. In particular, CK5
expression was significantly increased from normal urothelium
and urothelial papilloma, through PUNLMP and non-invasive
LGPUC, reaching its maximum in non-invasive HGPUC. The
expression of CK7 on the opposite was significantly decreased
from normal urothelium to non-invasive HGPUC, whilst CK20
was significantly increased. In addition, the mentioned cytokera-
tins were characterised with the homogenous distribution pat-
tern in normal urothelium, urothelial papilloma and PUNLMP,
whilst they were characterised with highly heterogeneous distri-
bution patterns in non-invasive LGPUC and HGPUC.

Providing the heterogeneity of the studied features in non-
invasive LGPUC and HGPUCs, we have further performed
the detailed analysis of the nuclear features and markers in this
groups. In addition, we have investigated the mentioned charac-
teristics in relapsed cases of non-invasive LGPUC and HGPUC.
Analysis results showed that, the mentioned groups were divid-
ed into two major groups, particularly phenotype I was charac-
terised with high heterogeneity based on nuclear features and
cytokeratin expression, higher mitotic count and higher Ki67
labelling index, whilst phenotype Il was characterised with rela-
tively low heterogeneity, lower mitotic count and lower Ki67
labelling index.

In non-invasive LGPUC phenotype I was detected in 13/29
(44.8%) cases and in non-invasive HGPUC the phenotype I was
detected in 11/19 (57.9%) cases. In relapsed cases, the pheno-
type I was detected in 4/6 (66.7%) cases in non-invasive LG-
PUC and 5/6 (83.3%) cases in non-invasive HGPUC. Based on
this results, we may speculate that phenotype I tumors are char-
acterised with the high risk of the development of subsequent
relapse, compared to phenotypic II tumors.
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One previous study also examined the morphometric charac-
teristics of different urothelial lesions and similar to our study,
they have also found that nuclear area is significantly increased
in cancerous compared to non-cancerous tissues [10]. However,
to the best of our knowledge we are first who also investigated
nuclear perimeter and nuclear circularity features by morphom-
etry in bladder lesions. We have found that in addition to nuclear
area, the other morphometric characteristics, such as nuclear pe-
rimeter and nuclear circularity can be used for the distinguishing
urothelial papilloma and PUNLMP, from the non-invasive LG-
PUC and HGPUC. In addition, providing the high heterogeneity
of nuclear features in non-invasive LGPUC and HGPUCs, they
can also be used to distinguish the groups, which are character-
ised with high risk of relapse.

Ko at al., also investigated the significance of Ki67 labelling
index in non-muscle invasive bladder cancers. According to the
results of the study of Ko et al., it has been shown that high level
of Ki67 labelling index is associated with the increased risk of
relapse [14]. In our study we have also found that phenotype [
tumors which are characterised with high level expression on
Ki67 are resembling to the relapsed cases, in which majority of
them are also characterised with the higher expression of Ki67.

Conclusions. Nuclear features, as well as the number of mito-
sis, Ki67 labelling index and intratumoral heterogeneity signifi-
cantly correlate with the presence of higher grade non-invasive
urothelial lesions. In addition, it is possible to distinguish two
major groups of non-invasive LGPUC and HGPUC, based on
nuclear and phenotypic heterogeneity and mitotic count and
Ki67 labelling index. I group which is characterised with higher
intratumoral heterogeneity, higher mitotic count and higher Ki67
labelling index, represents the high risk group of non-invasive
LGPUC and HGPUC recurrence.
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SUMMARY

MOLECULAR CHARACTERISTICS OF THE HETERO-
GENEITY OF NON-INVASIVE PAPILLARY UROTHE-
LIAL CARCINOMAS AND THE MARKERS OF THEIR
RECURRENCE

Kajaia D., Kochiashvili D., Muzashvili T.,
Gachechiladze M., Burkadze G.

Thilisi State Medical University, Georgia

Urothelial carcinoma represents the most common type of
bladder cancer (>90%) and is the most frequent malignancy of
the urinary tract. Most of the urothelial carcinomas are non-in-
vasive at the time of diagnosis, however they are characterised
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with the risk of recurrence after surgical treatment. The aim of
our study was to investigate the characteristics of tumor hetero-
geneity and markers of its progression in urothelial papillary
carcinomas. Study included following groups: normal urothe-
lial epithelium, urothelial papilloma, urothelial neoplasms with
low malignant potential (PUNLM), non-invasive low grade
papillary urothelial carcinomas (LGPUC) and non-invasive
high grade papillary urothelial carcinomas (HGPUC). In addi-
tion, study included relapsed cases of non-invasive LGPUC and
HGPUC. Nuclear features and mitotic counts was assessed us-
ing digital pathology software QuPath in standard H&E stained
specimens. In addition, the presence of mitosis was detected as
PHH3 labelled cells by immunohistochemistry. Proliferation
was measured as Ki67 labelling index by immunohistochem-
istry. Tumor heterogeneity was investigated by the differential
expression pattern of CK5, CK7 and CK20 by immunohisto-
chemistry. Study results showed, that Nuclear features, as well
as the number of mitosis, proliferation index and intratumoral
heterogeneity significantly correlate with the presence of higher
grade non-invasive urothelial lesions. In addition, it is possible
to distinguish two major groups of non-invasive LGPUC and
HGPUC, based on nuclear and phenotypic heterogeneity and
mitotic and proliferative activity, I group which is characterised
with higher intratumoral heterogeneity, higher mitotic count and
higher proliferative activity, represents the high risk group of
non-invasive LGPUC and HGPUC recurrence.

Keywords: Urothelial carcinoma, bladder cancer, normal
urothelial epithelium, urothelial papilloma, urothelial neoplasms
with low malignant potential (PUNLM), non-invasive low grade
papillary urothelial carcinomas (LGPUC), non-invasive high
grade papillary urothelial carcinomas (HGPUC).

PE3IOME

MOJIEKYJIAPHBIE XAPAKTEPUCTUKU 'ETEPOT'EH-
HOCTHU U MAPKEPBI PELHUJIVNBA HEWMHBA3UBHbIX
MNAINMWIVIAAPHBIX KAPIHUHOM MOYEBOI'O ITY3bIPSI

Kapnzkas JI.P., Kounamsuiau J.K., My3amsuniau T.3.,
I'ayeunnanze M.J., Bypkanze [LM.

Tounucckuii 20cyO0apcmeeHnblil MeOUYUHCKULL YHUSepcumen,
I pysus

VYporenuanbHas kapuuHoma coctasisier >90% omyxosei
MOUEBOI0 ITy3bIps, TAKXKe SIBISSCH CAMOM PacHpoCTpaHEHHOU
IIaTOJIOTUEH MOYEBBIBOIAIIUX MyTel. bonabuMHCTBO nanmwuisp-
HBIX KapIIMHOM MOYEBOTO ITy3bIPsi B MOMEHT OOHApYyKEHHS He-
WHBAa3MBHBI, OJJTHAKO XapaKTCPU3YIOTCA Ol'lpejle.]'léHHblM PUCKOM
pa3sBUTHUSA PELIUINBA.

Lesbio ucenenoBanus SBUJIOCH ONPEEICHUE MapKEPOB OIly-
XOJIEBOH I€TepOreHHOCTH U MPOrPECCUU B YPOTEINAIBHBIX I1a-
NWUIIPHBIX KapluHOMaXx.

HccnenoBanue cocTosyio M3 CHEIYIOUIMX TPy HOPMallb-
HBIIl ypoTenuii, ypoTeiualpHas NanuyioMa, YypoTelualb-
HbIC HEOIUIa3MU C HU3KUM IOTEHIMAIOM 3JI0KAYeCTBEHHOCTH
(PUNLM), HeuHBa3uBHas ypoTelMalbHas ManWUIApHas Kap-
nuHOMa HM3KoH ctenenu 3nokadectBeHHoctH (LGPUC) u He-
WHBa3WBHas ypOoTEinaJibHas NarnuuisipHas KapuuHoMma BBICOKOM
crenenu 3io0kadectBeHHOCTH (HGPUC). Mccnenopanue Taxske
Brirovano ciyyan peuuanBos LGPUC u HGPUC. Slnepubie
[IoKa3areJii U MUTOTUYCCKass aKTUBHOCTb U3Y4YCHbI B IIpernapa-
Tax, OKpall€HHbIX CTAaHAAPTHBIM I'EMAaTOKCUJIMHOM U D503WMHOM
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C UCIIOJIB30BAaHKMEM INporpamMMsl 1udpoBoit maroiorun QuPath.
Jl1s OlleHKH MHUTOTHYECKOH aKTMBHOCTHU HCIIOJIb30BAaHO aHTH-
tenio PHH3. Tlponudeparusuas axruBHOCTh oueHeHa Ki67
MHJICKCOM, UMMYHOTHCTOXMMHUYECKUM MeTonoM. OrmyxoieBast
rereporeHHocTh uzydena mapkepamu CKS, CK7 nu CK20 nmmy-
HOTMCTOXUMHYECKHM METOIOM.

PesynbraTsl uccienoBaHus MOKa3aiu, YTO SACPHBIC MOKa-
3aTeNu, TaKXKe KaK KOJIMYeCTBO MUTO30B, MPOJIU(EepaTHBHBIH
MHJCKC U OITyXO0JIeBasl FeTePOreHHOCTh J10CTOBEPHO aCCOLU-
UPYIOTCS C HaJIM4YUEM BBICOKOM cTerneHu nopaxeHus. Bos-
MOYKHO BBIJICJICHHE JIByX TPYIII C Pa3IHYHBIM ()EHOTHIIOM B
LGPUC u HGPUC, u3 xotopsIx nepBblii GpeHoTun xapakre-
pu3yeTcs BBICOKOH MHTPAOIyX0JIEBOI reTepOr€HHOCTHIO, BbI-
COKOM MHTOTHYECKO# U mponnpepaTHBHON aKTUBHOCTBIO M
IpPEJCTaBJIsIeT TPYINIY BBICOKOTO PHCKAa PAa3BUTHUS PELUAMBA
LGPUC u HGPUC.
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