Orriginal Article

Study of Proliferating cell nuclear antigen expression and
Angiogenesis in Urothelial neoplasms: Correlation with
tumor grade and stage

Poojan Agarwal, Achin Kumar Sen, Minakshi Bhardwaj, Veronique Dinand', Arvind Ahuja, Rajeev Sood?

Departments of Pathology and ?Urology, PGIMER, Dr. RML Hospital, Department of Research, Pediatric Hematology Oncology,

Sir Ganga Ram Hospital, New Delhi, India

Abstract

Background: Urinary bladder carcinoma ranks ninth in worldwide cancer incidence. About 74,000 new cases
were diagnosed in 2015 alone and 16,000 persons died of the disease. Since histopathology is considered
gold standard for diagnosis, it is prudent to look for potential tumor proliferation and predictive markers
in such a prevalent malignancy so as to alert surgical and medical oncologists for timely intervention and
provide better patient-tailored therapy.

Aims: This study is to analyze the role of potential biomarkers-proliferating cell nuclear antigen (PCNA) and
angiogenesis using CD31 in urothelial neoplasms in relation to tumor grade and stage.

Methods: Histopathology slides were prepared from transurethral resection of bladder tumor chips and
assessed by three independent observers as per the WHO/International Society of Urologic Pathology criteria
2016. Representative sections were subjected to immunohistochemistry. PCNA labeling index (PCNA LI)
and mean vessel density (MVD) were calculated.

Statistical Analysis: Tests of analysis were applied as appropriate. A statistical P < 0.05 was considered significant.
Results: Forty-nine patients were analyzed. PCNA Ll increased with grade and stage. PCNA was significantly
higher in noninvasive papillary urothelial carcinoma high grade (NIPUCHG) than in noninvasive papillary
urothelial carcinoma low grade (NIPUCLG) and in infiltrating urothelial carcinoma as compared to NIPUCLG.
MVD also increased with tumor grade and stage; however, a significant difference was observed only between
infiltrating urothelial carcinoma and papillary urothelial neoplasm of low malignant potential. A cutoff value
of 73% for PCNA and 49 vessels/high-power field for CD 31 showed 100% accuracy to differentiate between
noninvasive papillary urothelial carcinoma high grade and NIPUCLG. No association was observed between
tumor recurrence and PCNA or CD31 expression.

Conclusion: PCNA and CD31 when used together are valuable markers to help classify urothelial neoplasms
in limited tumor material. However, larger prospective studies are required for better prognostication.
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INTRODUCTION

Urothelial carcinoma comprises 90% of all bladder
catcinomas.!"! Despite advances in surgical techniques
and chemotherapy, the 10-year disease-free survival of
this muscle invasive malignancy is only 50%—60%."
High recurrence rate is a cause of much concern and at
present, there is no screening program for early detection
of the disease. Therefore, histomorphological diagnosis
plays a crucial role in tumor grading, assessing the
extent of invasion, and providing additional information
regarding tumor behavior. Pathological classification of
urothelial lesions is subjective and marked inter-observer
and intra-observer variability have been observed

B3I In an effort to develop a

in microscopic grading.
classification that best reflects clinical behavior, the new
WHO 2016 classification of tumors of the urinary tract
has been introduced. However, this classification continues
to recommend the use of the grading classification
first put forth by the International Society of Urologic

Pathology (ISUP) in 1997.P)

Biomarkers of angiogenesis and cell proliferation may
show differential expression in various grade and stage of
malignancy and could help in eatly and timely diagnosis
of urothelial carcinoma, when compared to clinical
staging and grading as a reference standard. Proliferating
cell nuclear antigen (PCNA) is a cell proliferation marker,
whose rate of synthesis correlates directly with the rates
of cellular proliferation and DNA synthesis.*”? PCNA is
an independent marker of tumor progression in prostate
carcinoma, more sensitive than ki-67.1% Tumor angiogenesis
provides oxygen and glucose supply to the developing
P11 Angiogenesis can
be assessed by calculating mean vessel density (MVD).
CD 31, a marker of endothelial differentiation among
nonhematopoietic human neoplasms,!” is used to assess
MVD.?)

tumor and facilitates metastasis.

In the present study, we aimed to assess the role of tumor
proliferation and angiogenesis, as objective criteria for eatly
and definitive diagnosis, in various grades of urothelial
neoplasms.

METHODS

Study design and oversight

This cross-sectional study was done at the Department of
Pathology. The Institutional Review Board and Institutional
Ethical Committee approved the study. Informed consent
was taken from individual participants allowing biological
sample to be used for research purposes. The study was
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conducted on all consecutive 60 transurethral resection
of bladder tumor (TURBT) specimens of histologically
proven urothelial carcinomas of urinary bladder over a
period of 1 year. Only sections prepared from TURBT
specimens were analyzed, while benign bladder lesions and
nontransitional cell malignancies were excluded from the
study. To reduce the interobserver variability and increase
sensitivity of diagnosis, three pathologists independently
examined the H- and E-stained sections. Only cases where
all three pathologists agreed in the grading and staging of
urothelial carcinoma were included in this study.

Evaluation of immunohistochemistry staining
Immunohistochemistry (IHC) was done using
avidin-biotin method. Anti-PCNA polyclonal antibody
(Thermo Scientific, USA) at a dilution of 1:2000 and
monoclonal anti-CD31 antibody (Biocare Medical, USA) at
adilution of 1:10 were used. For calculating PCNA labeling
index (PCNA LI), tumor cells were counted manually
at high power (X400), after identifying well-preserved
areas of tumor (hot spots) at low power (X100) as per
recommendation of Cohen ¢ a/" One thousand cells
per slide were counted in 5-10 microscopic fields from
well-labeled areas to determine the average PCNA LI
PCNA LI was expressed as a percentage of PCNA labeled
cells (nuclear positivity) to the total number of urothelial
cells counted in each specimen. Semi-quantitative nuclear
scoting was made as per the method used by Wolf and
Dittrich[™ 0, no staining; 1, weak staining (positive nuclei
visible only at higher magnification); 2, intermediate
staining; and 3, strong staining (positive nuclei visible at
scanning power).

Vessel count was done as per the method described by
Weidner ez all'' Criteria for assessing CD31 staining
included strong and distinct predominantly membranous
and/or cytoplasmic brown staining of normal vascular
endothelial cells. Microvessel counting was performed
within hot spots. Immunoreactive vessels in five fields
were counted at X200 magnification using the NIKON
Eclipse 80i microscope. The average of five fields was then
expressed as the number of blood vessels per high-power
field (hpf), i.e., MVD.

Statistical analysis

Frequency tables were analyzed using Chi-square test
or Fisher’s exact test as appropriate, or likelihood ratio
to assess the significance between categorical variables.
Differences in the means of continuous variables between
groups were analyzed using ANOVA (analysis of variance)
or nonparametric tests (Mann—Whitney, Kruskal-Wallis)
tests as appropriate. A statistical P < 0.05 was considered
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significant. A receiver operator curve analysis was done to
determine any PNCA LI and MVD cutoff value in relation
to tumor grading and staging. All data were analyzed
using statistical package for social science program (SPSS)
version 16.0. Chicago, SPSS Inc.

RESULTS

Outof 60 cases, initially included in the study, eight cases were
excluded due to interobserver variability and three cases due to
nonspecific immunohistochemical staining. Key patient data
and tumor characteristics of 49 cases are enlisted in Table 1.
Hematuria was the most common presenting complaint,
followed by dysuria, pain lower abdomen, and acute urinary
retention in descending order. Tumor location on cystoscopy
was most commonly on the left lateral wall followed by
posterior wall, dome, right lateral wall, and right VU].

A total of 36 (73.5%) high-grade urothelial carcinomas
were diagnosed, of which18 cases (36.7%) were muscle
invasive, 15 cases (30.6%) were lamina propria invasive,
and 3 (6.1%) were noninvasive. Due to limited number
of cases in individual groups, the high-grade urothelial
tumors have been clubbed together for analysis. A total of
8 cases (16.3%) were of noninvasive papillary urothelial
carcinoma low-grade (NIPUCLG), and 5 cases (10.2%)
were of papillary urothelial neoplasm of low malignant
potential (PUNLMP) [Figure 1]. A significant correlation
was observed between papillary architecture and tumor
grade. PUNLMP had complex branching papillae
throughout while non-invasive tumors showed occasionally
fused papillae. Infiltrating tumors displayed complete loss
or fused papillae configuration.

Opverall mean PCNA LI was 79.5% £ 11.4%. We found an
increasing trend of PCNA expression with various grades
of urothelial neoplasms [Table 2 and Figure 2]. Mean PCNA
LI was maximum in high-grade tumors (85.4% * 6.3%) and
minimum in PUNLMP (58% * 5.4%, P < 0.001). Post hoc
intergroup comparisons revealed a significant difference in
PCNA expression between infiltrating urothelial carcinoma
and other neoplasms.

Overall mean MVD was 55 + 20.6/hpf. Correlation of
MVD with various histological grades revealed increasing
vessel count/hpf with increasing tumor grade [Figure 3].
However, a statistical significant difference was observed

only between high-grade urothelial carcinoma and
PUNLMP [Table 3].

The two immunostains were also assessed with tumor stage.
PCNA LI was significantly higher in T'1 as compared to
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Table 1: Patient demographic data and tumor
characteristics (n=49)

Variable n (%)
Patients
Male 43 (87.7)
Female 6 (12.3)
Smoker 36 (73.5)
Nonsmoker 13 (26.5)
Mean age (years)+SD 61.1£13.0
Grade
PUNLMP 5(10.2)
Noninvasive low grade 8 (16.3)
High-grade tumors 36 (73.5)
Stage
Ta 16 (32.7)
T 15 (30.6)
T2 18 (36.7)

SD: Standard deviation, PUNLMP: Papillary urothelial neoplasm of
low malignant potential

Figure 1: Grades of urothelial neoplasm. Inset: Muscle invasion in
infiltrating urothelial neoplasm (H and E, x400)

Ta and in =2T2 as compared to Ta [Table 2]. An attempt
to score the intensity of PCNA staining with tumor grade
and stage proved unfruitful, as heterogeneous staining was
observed within most tumor sections and no significant
difference was discerned. MVD was higher in 2T2
stage than in T1 and higher in T1 than in Ta [Table 3].
PCNA LI 273% and MVD =49 vessels/hpf were the
best cutoff values for differentiating high-grade tumors
from NIPUCLG |[Table 4|. When both PCNA LI 273%
and MVD 249 vessels/hpf were present, the accuracy
to differentiate was 100%. Seven (14.2%) patients had
recurrent tumor. Smoking had no association with PCNA
LI and MVD.

DISCUSSION

The present study was undertaken to assess two of
the commonly used immunohistochemical markers
in supporting the diagnostic categories of urothelial
neoplasms of urinary bladder. PCNA has now been
recognized as a potential prognostic and therapeutic
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urothelial carcinoma (immunohistochemistry, x400)

Table 2: Proliferating cell nuclear antigen labeling index
expression with tumor grade and stage

Grade n Mean(%)tSD P  Multiple P
comparison
PCNA-LI
High-grade 36 85.146.3  0.001 High grade versus <0.001
tumor* NIPUCLG
NIPUCLG 8 67.1+6.3 NIPUCLG versus 0.07
PUNLMP
PUNLMP 5 58.8+5.4 High grade versus <0.001
PUNLMP
Total 49 79.5+11.4
Stage n Mean+SD P Multiple P
comparison
PCNA-LI
Ta 16 68.3+10.8  <0.001 T1 versus Ta <0.001
T1 15 83.3+7.7 >T2 versus Ta <0.001
>T2 18 86.1+6.3 T1versus > T2 0.8
Total 49 79.5+11.4

* High-grade tumor (includes both infiltrating urothelial carcinoma
and NIPUCHG). As per TNM staging, Ta: Noninvasive papillary
carcinoma, T1: Tumor invades subepithelial connective tissue, = T2:
Tumor invades muscularis propria or beyond. NIPUCHG: Noninvasive
papillary urothelial carcinoma, high grade, NIPUCLG: Noninvasive
papillary urothelial carcinoma, low grade, PUNLMP: Papillary
urothelial neoplasm of low malignant potential, SD: Standard
deviation, PCNA: Proliferating cell nuclear antigen, LI: Labeling index,
TNM: Tumor, node and metastasis

biomarker in several malignancies.'”'"® CD31 is a known
marker of neovascularization resulting in increased tumor
metastases."”*"! Histologic grade and stage are considered
to be basic parameters that determine the prognosis of
bladder urothelial carcinomas and are directly related
to biological behavior and tendency for recurrence.”'!
However, a diagnosis based on the WHO and ISUP
classification (2004) is often considered subjective.” To
overcome this, Sangwan ¢ a/! proposed a multivariate
analysis model using mitotic activity index (MAI), Ki-67
IHC, and morphometry for calculating mean nuclear area
of 10 nuclei. However, among the three parameters, MAI
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MVD by CD31

& Non-invasive, low grade

Figure 3: Vessels with cytoplasmic and/or membranous staining of
CD31 (immunohistochemistry, x400)

alone was the single most important markers for tumor
grading. This MAI can be difficult to assess in limited
biopsy material. In the present study, a more practical
manual reporting on all H- and E-stained sections was done
by 3 individual pathologists using the new WHO/ISUP
criteria proposed in 2016.

Other researchers have also tried to study the utility of
biomarkers for prognosticating urothelial carcinomas.
Yildirim ez al?V carried out a subjective quantitative
assessment on bladder urothelial carcinomas using
C-erB2 and CD44 in addition to PCNA. The results were
similar to ours and PCNA immunostaining significantly
increased with grade and stage of urothelial carcinoma.
The increasing trend of PCNA LI with tumor grade
and stage observed in our study is similar to the study
done by Hattoti ¢f al,* Chen e al. /! and Lipponen and
Eskelinen These previously published studies were done
using the 1973 WHO classification that divided urothelial
carcinomas into Grade 1, 2, and 3, which has now been
replaced by the ISUP classification. We observed much
higher mean PCNA LI values using the latest classification.
All nuclei whether staining strongly or weakly by PCNA
were counted as positive in the current study and could
have resulted in comparative but higher values. Our
methodology of cell counting has been supported by
Kemp e¢# al,* who in an extensive review demonstrated
that the assessment of an overall PCNA nuclear staining
provides a better representation of histological grades as
compared to counting limited to intensely staining cells.

We observed a wide variation in vessel counts,
suggesting a spectrum of angiogenic activity within
different grades and stages. However, a significant
higher MVD was only evident in infiltrating urothelial
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Table 3: Mean vessel density expression with tumor grade
and stage

Grade n  MeantSD P Multiple comparison P
CD31 (MVD)
High-grade 36 61.6£19.0 0.001 High grade versus 0.046
tumor* NIPUCLG
NIPUCLG 8 44.0£14.5 NIPUCLG versus 0.57
PUNLMP
PUNLMP 5 30.4%£12.9 High grade versus 0.002
PUNLMP
Total 49  55.6+20.6
Stage n  MeanzSD P Multiple comparison P
CD31 (MVD)
Ta 16 42.7+14.1 <0.001 T1 versus >T2 0.016
T1 15 52.1£20.2 >T2 versus Ta <0.001
>T2 18 69.9+17.3 T1 versus Ta 0.6
Total 49  55.6+20.6

*High grade tumor (includes both infiltrating urothelial carcinoma and
NIPUCHG). As per TNM staging, Ta: Noninvasive papillary carcinoma,
T1: Tumor invades subepithelial connective tissue, = T2: Tumor
invades muscularis propria or beyond. MVD: Mean vessel density,
NIPUCLG: Noninvasive papillary urothelial carcinoma, low grade,
PUNLMP: Papillary urothelial neoplasm of low malignant potential,
NIPUCHG: Noninvasive papillary urothelial carcinoma, high grade,
TNM: Tumor, node and metastasis, SD: Standard deviation

Table 4: Optimal cut-offs of proliferating cell nuclear
antigen labeling index and mean vessel density expression
to differentiate high-grade tumors versus low-grade
noninvasive papillary urothelial carcinoma

Parameters Values in %
PCNA-LI >73%
Sensitivity 100
Specificity 87.5
PPV 75
NPV 100
MVD >49 vessels/hpf
Sensitivity 100
Specificity 62.5
PPV 50
NPV 100
PCNA-LI >73% and MVD >49 vessels/hpf
Sensitivity 100
Specificity 100
PPV 100
NPV 100

PPV: Positive predictive value, NPV: Negative predictive value,
PCNA: Proliferating cell nuclear antigen, LI: Labeling index,
MVD: Mean vessel density, hpf: High-power field

carcinoma as compared with PUNLMP and not
between low-grade and high-grade papillary urothelial
neoplasms. We identified a cutoff MVD value of
49/hpf to differentiate between high-grade tumors and
NIPUCLG, with a negative predictive value of 100%.
This correlation with tumor grading is in coherence
with previous studies by El Gehani ef 2/ and Philp
et al Y MVD was also significantly associated with tumor
stages in our study similar to others."? This is easily
understandable since, when regarded as a composite
variable, tumor stage is dependent on both tumor size
and degree of spread (i.e., presence of metastasis),
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both of which rely on angiogenesis. In a recent study
on superficial bladder cancers, Goddard ef a/. found a
strong association between intensity of angiogenesis
and clinical stage.”! Papadopoulos ¢f al. concluded that
vascular survival ability and tumor angiogenic activity
are associated with an aggressive tumor behavior in
transitional cell carcinoma of the urinary bladder.'"! In
contrast, Bochner ez 4/ found no association between
tumor angiogenesis and tumor grade, depth of tumor
invasion or lymph node status.””’ However, they found
that MVD was significantly associated with an increased
risk of disease recurrence and decreased overall survival.
This variability in observations of microvessel counts
may be attributed to certain crucial differences: sample
selection for IHC staining, antibody characteristics,
objectivity of the method used in counting vessels, and
inherent biological differences.

As per the NCCN 2017 guidelines, TURBT has primary
role in both tumor staging and management.”® Other
available therapies include intravesical chemotherapy, BCG
or cystectomy, depending on the grade and stage. The
upcoming role of biomarkers can be helpful in revolutizing
the treatment of urothelial bladder tumors.

The need to further study predictive biomarkers of
bladder cancer was highlighted by the recent systematic
review.””l Interestingly, we observed that combining
two markers, PCNA LI and CD31, with specific cutoff
values helped in differentiating low-grade and high-grade
noninvasive tumors. The results of our single-center
study are encouraging. However, larger prospective
studies are required to validate these findings, which can
lead to better diagnosis and prognostication of urothelial
carcinomas.

CONCLUSION

PCNA expression and MVD show a parallel trend with
increasing grades and stage of urothelial carcinoma.
Combining both markers, rather than stand-alone, helps in
differentiating NIPUCHG and NIPUCLG with excellent
accuracy.
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