Research and Reports in Urology

Dove

ORIGINAL RESEARCH

Thrombomodulin Expression in Bladder Cancer
Tissue and lts Association with Prognosis and

Patient Survival

Joanne Watt

Daniel G Maguire
Cherith N Reid

John V Lamont

Stephen P Fitzgerald
Mark W Ruddock

Randox Laboratories Ltd, Molecular

Biology, Crumlin, County Antrim BT29
4QY, Northern Ireland, UK

Correspondence: Mark W Ruddock

Randox Laboratories Ltd, Molecular

Biology, 55 Diamond Road, Crumlin,
County Antrim BT29 4QY, Northern
Ireland, United Kingdom

Tel +44 28 9442 2413

Fax +44 28 9445 2912

Email Mark.Ruddock@randox.com

This article was published in the following Dove Press journal:
Research and Reports in Urology

Background: Decreased expression of thrombomodulin (TM) in bladder cancer tissue has been
shown to be associated with cell proliferation, increased malignancy and a poor prognosis. The
aim of this study was to investigate the immunoexpression of TM in bladder tissue cores by
immunohistochemistry (IHC) and the relationship between TM score and patient survival for the
following pathologies: transitional cell papillary carcinoma (TCPC), transitional cell carcinoma
(non-papillary) (TCC), squamous cell carcinoma (SCC), adenocarcinoma, and sarcoma. TM
immunoexpression was also evaluated in normal adjacent bladder tissue cores.

Methods: TM immunoexpression was assessed in n=185 formalin-fixed paraffin-embedded
(FFPE) bladder tissue cores from n=98 patients by IHC. Tissue cores included TCPC (n=29),
TCC (n=85), SCC (n=21), adenocarcinoma (n=12), sarcoma (n=4), and normal tissue cores
(n=34).

Results: TM immunoexpression scores are stronger in TCPC, TCC and SCC bladder cancer
tissue cores with respect to adenocarcinoma and sarcoma (mean TM immunoexpression
scores: 3.04, 2.57, 2.55, 1.55 and 1.19, respectively) (Kruskal-Wallis p<0.001). TM immu-
noexpression scores significantly decreased in bladder cancer tissue cores across both stage
(p<0.001) and grade (p<0.001) (Kruskal-Wallis). Survival data were available for n=45
bladder cancer patients (mean follow-up of 34 months). Applying a TM immunoexpression
cut-off score of 3.0 demonstrated that patients with bladder cancer who had a TM immu-
noexpression score <3.0 had lower survival rates (median survival 23.5 months). In contrast,
patients with TM immunoexpression scores >3.0 had longer survival rates (median survival
40 months) (log-rank; p=0.045).

Conclusion: TM immunoexpression in bladder cancer tissue may be a clinically relevant
predictor of tumor progression and survival. Low expression of TM in bladder cancer
biopsies or in recurrent bladder cancer may be indicative of a poor prognosis. TM immu-
noexpression could be used to guide clinical decision making.

Keywords: transitional urothelial carcinoma, tissue microarrays, immunohistochemistry,
bladder cancer

Introduction

Bladder cancer is the 10th most common cancer in the UK, with over 10,000 new
cases diagnosed in 2015 (male:female ratio 2.7:1.0). Bladder cancer is normally
detected early with over 70% of patients diagnosed either stage I or II. However,
over 17% of patients with bladder cancer present with metastatic disease. As such, the
10-year patient survival rates for bladder cancer remain at 50% and accounted for over
5000 deaths in the UK in 2014."
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Diagnosis of bladder cancer is determined by histo-
pathological examination of tissues obtained from transur-
ethral resection of the bladder tumor (TURBT).>’
Transitional cell carcinoma of the urinary bladder repre-
sents the most common histological type, accounting for
almost 90% of all urothelial carcinomas.* Transitional cell
carcinomas represent two distinct diseases; transitional cell
papillary carcinoma (TCPC), which are usually low-grade
and non-invasive (superficial) and transitional cell non-
papillary carcinoma (TCC), which are usually high-grade
and invasive.>® Squamous cell carcinomas (SCC) repre-
sent 1.2 to 5%, primary adenocarcinomas 0.5 to 2%, and
sarcomas <1% of all bladder cancer diagnosis.*

Seventy-five to 85% of bladder cancer patients present
with non-muscle invasive disease, and are usually treated by
TURBT.>’ However, bladder cancer recurrence rates are
high (30 to 70%), with 20 to 30% of patients showing
a progression in both stage and grade.® National Institute of
Clinical Excellence guidelines recommend routine follow-up
cystoscopy every 3 to 12 months, depending on the patient
risk category. Follow-up cystoscopy is important as recur-
rence rates are high and there is a risk of under-staging the
disease.® As such, bladder cancer is one of the most expen-
sive cancers for the health service to treat due to the cysto-
scopic, radiologic, and interventional procedures used to
guide treatment and management decisions.>”"*

Bladder cancer lacks clinically useful biomarkers for
predicting disease stage and clinical outcome.'* Therefore,
there is a clinical need for the identification of biomarkers
with the ability to identify the true malignant potential of
a tumor, or at least to stratify patient risk for bladder
cancer."”

This observational pilot study examined thrombomo-
dulin (TM) immunoexpression in bladder cancer tissue
cores; namely TCPC, TCC, SCC, adenocarcinoma, sar-
coma and normal bladder tissue, to determine if any rela-
tionship exists between TM immunoexpression, tumor
stage, grade, and patient survival. The practical purpose
of this study was to investigate the clinical utility of TM as
a potential bladder cancer biomarker for predicting prog-
nosis and patient survival.

Materials and Methods
Study Population

Ninety-eight patient samples were included in this obser-
vational pilot study. In total, n=185 FFPE bladder tissue
(TMAs) were

cores across n=6 tissue microarrays

investigated, to include TCPC 29/185 (15.68%), TCC 85/
185 (45.95%), SCC 21/185 (11.35%), adenocarcinoma
(n=8 mucinous) 12/185 (6.49%), sarcoma 4/185 (2.16%)
and normal tissue controls 34/185 (18.38%). Human tissue
cores used in this observational study are de-identified and
publicly available. They are thus exempt from the require-
ment of the Institutional Review Board (IRB) approval
(Exempt Category 4). The American Joint Committee on
Cancer (AJCC) staging (v 7.0) was used for clinical stage
L, 11, 11, IV and TNM.'®

Tissue Microarrays and Reagents

Human bladder TMAs (T121a, T122, T123, T124, T125,
HBIaU066Su01) were purchased from US Biomax,
Rockville, MD 20849, US. Normal urinary bladder tissue
sections (BLAO1) were obtained from Pantomics, Inc 2600
Hilltop Drive, Suite C130, BLDG B, Richmond, CA
94806. Rabbit monoclonal anti-TM [EPR4051] antibody
(AB108189), HistoReveal (AB103720) and DAB substrate
kit (AB64238) were purchased from Abcam, Cambridge
Science Park Milton Rd, Milton, Cambridge CB4 OFL,
UK. Clearing reagent HistoClear (HS-200) was obtained
from National Diagnostics, Atlanta, Georgia, US. Bovine
serum albumin (BSA) (A4503), goat anti-rabbit HRP
(A0545) conjugate, absolute ethanol (24,103), Triton
X-100  (T9284-500mL), 30% hydrogen peroxide
(95321), Eukitt® mounting medium (03989—100mL),
and counterstains Harris hematoxylin (HHS32) and eosin
(HT110116) were obtained from Sigma, Poole, UK.
Phosphate buffered saline (10x) (AM9624) was obtained
from Invitrogen by Thermo Fisher Scientific Baltics UAB,
V. A. Graiciuno 8, Vilnius, LT-02241. All other reagents,
unless otherwise indicated, were obtained from Sigma,
Poole, UK.

Immunohistochemistry

This work has been described previously.'” Briefly, tissue
sections were deparaffinized in Histoclear and then rehy-
drated. The slides were blocked at room temperature for 2
hours in 10% blocking reagent. Antigen retrieval was
performed using HistoReveal (as per manufacturer’s
instructions). The TMAs were then incubated overnight
at 4°C with gentle rocking with a rabbit monoclonal anti-
TM antibody (1:750) prepared in 1x PBS (pH 7.2)/1%
BSA. The negative control was 1x PBS (pH 7.2)/1%
BSA. Following overnight incubation, the TMAs were
washed for 3 x 5 minutes in 1x PBS (pH 7.2), Triton
X-100 (0.1%) (Wash Solution), incubated with hydrogen
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peroxide (0.3%) (15 minutes), washed again with wash
solution (3 x 5 minutes) and then incubated with
a secondary antibody (goat anti-rabbit HRP 1:2000 pre-
pared in 1x PBS (pH 7.2)/1% BSA). Following 3
X 5-minute washes, the TMAs were DAB stained for 10
minutes at room temperature, rinsed in tap water, and then
counterstained with Harris hematoxylin (1 minute). The
TMAs were then dehydrated through ethanol (50, 70, 90,
95 and 100%) to Histoclear. Eukitt® mounting medium
was added to the TMAs and a coverslip applied.
Immunoreactivity scoring for TM immunoexpression
was undertaken by two observers (MWR and DGM) using
the European Organization for Research and Treatment of
Cancer-Gynecological Cancer Cooperative Group scoring

8 tissue

system.'®  Briefly, sections that are negative
(score 0), weakly positive (score 1), positive (score 2),
strongly positive (score 3) and very strongly positive

(score 4).

Microscopy

Micrograph images were captured by an Olympus BX43F
series microscope using an Olympus SC50 CMOS color
camera (Olympus, Tokyo, Japan) and cellSens Entry 1.15
imaging capture software.

Statistical Analysis

Statistical analyses were performed using R, Version 3.5."
The Kruskal-Wallis test was performed to identify if there
were differences between groups. Post-hoc, the Wilcoxon
rank sum test was used to identify which groups were
significantly different. Kaplan—Meier plots were used to
evaluate bladder cancer tissue TM immunoexpression
scores versus patient survival. Logistic regression was
used to examine the relationship between age, gender
and TM immunoexpression score.

Results
Patient clinicopathological characteristics are described in
Table 1.

Representative micrographs for TM immunoexpression
in bladder cancer tissue cores TCPC (grade II, stage NA,
T1-MO0), TCC (grade II, stage 1, TINOMO), SCC (grade 11,
stage 2, T2NOMO), and adenocarcinoma (grade I, stage 2,
T2NOMO) are described in Figures 1-4, respectively. Two
micrographs for two TCC patients (aged 75 and 55 years,
respectively) with grade III and stage 3 tumors with con-
trasting TM immunoexpression scores are described in
Figure 5.

Table | Clinicopathological Characteristics

Characteristics Number of Patients (%)
Age (mean years * SD) 632+ 134
Range (years) 15-85
Gender
Male 78 (79.6%)
Female 20 (20.4%)
Male:female ratio 3.9:1
Patient Groups
Normal 8 (8%)
TCPC 17 (17%)
TCC 57 (58%)
SCC 9 (9%)
Adenocarcinoma 5 (5%)
Sarcoma 2 (2%)
Histological Grade
Grade 0 9 (9%)
Grade | 6 (6%)
Grade |-l 3 (3%)
Grade I 30 (31%)
Grade II-lI 27 (28%)
Grade Il 22 (22%)
Ungraded 1 (1%)
Pathological Stage
Stage 0 (Ta, Tis) 1 (11%)
Stage | (T1) 8 (8%)
Stage Il (T2a, T2b) 32 (33%)
Stage Ill (T3a, T3b, T4a) 27 (28%)
Stage IV (T4b/any N+/MI) 6 (6%)
Un-staged 14 (14%)

Abbreviations: TCPC, transitional cell papillary carcinoma; TCC, transitional cell
non-papillary carcinoma; SCC, squamous cell carcinoma.

Tumor staging was available for 138/152 (90.8%) tis-
sue cores from n=84 patients however, one section was
lost during antigen retrieval (TMA array T122 core B6,
TCC) leaving 137/152 (90.1%) tissue cores for analyses.
Kruskal-Wallis analyses identified significant differences
between TM immunoexpression scores within the groups
(p<0.001) and the results with post hoc Wilcoxon rank
sum analyses are described in Figure 6.

Information on tumor grade was available for 147/152
(96.7%) tissue cores from n=88 patients. Kruskal-Wallis
analyses identified significant differences between TM
immunoexpression scores for each stage (p<0.001) and
the results with post hoc Wilcoxon rank sum analyses are
described in Figure 7.

There was a negative relationship between patient his-
topathology and TM immunoexpression score. Kruskal—
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Figure | Bladder carcinoma, papillary (TCPC) (HBIaU066Su0l, position A8) (77-
year-old male, grade Il, T1-MO, malignant bladder cancer) probed anti-TM, counter-
stained with hematoxylin (magnification 200x).

Figure 2 Bladder carcinoma (TCC) (HBlaU066Su0l, position C10) (74-year-old
male, grade Il, stage |, TINOMO, malignant bladder cancer) probed anti-TM, coun-
terstained with hematoxylin (magnification 200x).

Wallis analyses identified significant differences between
groups (p<0.001). The TM immunoexpression scores for
normal, TCPC, TCC, SCC, adenocarcinoma and sarcoma
tissue cores are described in Figure 8 with post hoc
Wilcoxon rank sum analyses. The TM immunoexpression
score was stronger for TCPC > TCC > SCC > adenocar-
cinoma > sarcoma.

Survival data were available for n=45 bladder cancer
patients (mean follow-up of 34 months). Median age was
73 years (range: 50-85 years) with 82% males. Applying
a TM immunoexpression cut-off score of 3.0 demonstrated
that patients with bladder cancer who had a TM score <3.0
had lower survival rates (median survival 23.5 months). In
contrast, patients with TM immunoexpression scores >3.0

Figure 3 Bladder carcinoma, squamous carcinoma (SCC) (HBIaU066Su0|, position
B10) (68-year-old male, grade I, stage 2, T2NOMO, malignant bladder cancer)
probed anti-TM, counterstained with hematoxylin (magnification 200x).

TSN i

Figure 4 Bladder adenocarcinoma (mucinous) (TMA T124, position B4) (48-year-
old male, grade |, stage 2, T2ZNOMO, malignant bladder cancer) probed anti-TM,
counterstained with hematoxylin (magnification 200x).

had significantly longer survival rates (median survival 40
months) (log-rank; p=0.045) (Figure 9).

Logistic regression was used to examine the relation-
ship between age, gender and TM immunoexpression
score for TCPC (low risk of progression) versus all other
cancers (TCC, SCC, adenocarcinoma and sarcoma; high
risk of progression). However, only TM immunoexpres-
sion score was significant in the regression (sensitivity
71.2%; specificity 76.5%) (AUC 0.761).

Discussion
TM is well characterized as an anticoagulant in vascular
endothelial cells. However, TM impacts other physiological
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Figure 5 Bladder carcinoma TM immunoexpression between two independent patient tissue cores both graded Ill and staged 3. Left micrograph (A) HBlaU066Su01 TMA,
position A2, 75-year-old male, grade lll, stage 3, T3NOMO, malignant bladder cancer; right micrograph (B), HBIaU066Su01 TMA, position B9, 55-year-old male, grade lll,
stage 3, T3-MO0, malignant bladder cancer. Tissue cores probed anti-TM and counterstained with hematoxylin (magnification 200x). The bladder cancer patient whose biopsy
is described in the left micrograph (with evident TM immunoexpression (score 23.0)) is alive 82 months after surgery. However, the bladder cancer patient whose biopsy is
described in the right micrograph (with low TM immunoexpression (TM score <3.0)) only survived 9 months following their surgery.
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Figure 6 TM immunoexpression scores were significantly lower in normal bladder tissue. TM immunoexpression scores in bladder cancer tissue decreased across stage (*p

< 0.05, *#p<0.01,#p=0.001, ¥ p < 0.0001).

and pathophysiological processes including anti-proliferative
and anti-metastatic effects in malignant neoplasms.”® As
such, TM has been shown to be a sensitive biomarker for
urothelial carcinoma and the loss of TM immunoexpression
is associated with cell proliferation, increased malignancy
and poor prognosis.’> 2> TM has also been suggested to be
a more sensitive biomarker for TCC than carcinoembryonic
antigen because of its lack of immunoreactivity with other

tumors and its practical value in separating TCC’s from
adenocarcinoma of the prostate, colon, bladder, and renal
cell carcinomas.?® Differentiating between prostate cancer
and urothelial carcinomas is important because of therapeutic
and prognostic implications.

A protective role for TM has been previously suggested,
with decreased expression associated with poor prognosis in
patients with metastases in lung, breast and colorectal
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Figure 7 TM immunoexpression scores were significantly lower in normal bladder tissue. TM scores were significantly higher in patients with grade | versus grade Ill bladder

cancer (*p < 0.05, ¥***p < 0.0001).
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Figure 8 There was a negative relationship between bladder cancer histopathology and TM immunoexpression score. TM immunoexpression scores were stronger in
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Figure 9 Kaplan—Meier estimates for TM immunoexpression scores versus patient survival (months). Survival data were available for n=45 bladder cancer patients. Applying
a TM immunoexpression cut-off score of 3.0 demonstrated that patients with bladder cancer who had a TM immunoexpression score <3.0 had lower survival time (23.5
months). In contrast, patients with TM immunoexpression scores 23.0 had longer survival time (40 months) (log-rank; p=0.045).

cancer.”** However, the exact molecular mechanism by
which protection may be exerted remains unclear. One pro-
posed mechanism hypothesizes that downregulation of TM
enhances the tumor cell migratory ability by increasing vimen-
tin expression and decreasing expression of E-cadherin.**2°
The prognosis of bladder cancer is dependent on tumor
type, grade and stage. Papillary urothelial carcinomas of the
bladder usually have a good prognosis. However, SCC and
adenocarcinoma of the bladder tend to have a poor prog-
nosis, as these tumors are usually invasive and diagnosed at
late stage. In direct contrast, superficial bladder cancer (Ta
and T1 tumors) rarely cause death. However, for patients
who present with muscle-invasive bladder cancer, the 5-year
survival rate is 50%.>” Neoadjuvant chemotherapy has been
shown to improve survival however, only in chemo-
sensitive patients.”® Generally, prognosis for patients with
progressive or recurrent invasive bladder cancer is poor.”’
Transitional cell papillary carcinoma and TCC of the
bladder have a better prognosis than SCC, adenocarcinomas
and sarcomas. Patient survival decreases with higher stage
and grade at presentation.>*>? In this observational pilot
study, TM immunoexpression scores were stronger in TCCs
(papillary and non-papillary) and SCCs; adenocarcinoma and
sarcoma demonstrated weak TM immunoexpression scores.

TM immunoexpression scores were higher in grade I and

were significantly higher in stage 1 bladder cancer tumors
when compared to stage 2—4. However, while this was true,
there were several exceptions. TM immunoexpression scores
for bladder cancer tissue cores from two patients who were
diagnosed with a grade III, stage 3, TCC were compared; one
patient had a TM immunoexpression score of 2 and died 9
months after surgery, whereas the second patient, who had
a TM immunoexpression score of 4, is alive and well 82
months after their bladder cancer surgery. As such, these data
support previous work that TM immunoexpression may be
a positive predictor for patient survival, and the clinical utility
of the TM immunoexpression score may be interpreted inde-
pendently of tumor grade and/or stage.”*>>

Patients diagnosed with superficial bladder cancer have
frequent recurrences throughout their lives. Most of the
time, these recurrences are non-invasive and not life threa-
tening. Bladder cancer is, however, the cancer with the
highest recurrence rate. Therefore, patients with bladder
cancer undergo a lifetime of investigations and treatments
to remove their tumors. Risk of progression is based on the
number of tumors present in the bladder, whether the
tumors are >3 cm; whether the patient has had bladder
cancer before and the grade of the cancer cells. Our data
would suggest that TM immunoexpression may provide

useful information to the urologist on the tumor
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microenvironment allowing more informed patient man-
agement decisions.

Patients presenting with TM immunoexpression scores
>3.0 had almost 2-fold higher mean survival rates when
compared to patients with scores <3.0 (40 versus 23.5
months, respectively). Surprisingly, even though the
male:female ratio for bladder cancer in our cohort was
almost 4:1, the female survival rate was lower. It was
therefore unsurprising that most of the patients in the
survived group were male (43% vs 25%). Males who
present with hematuria are more likely to be referred to
urology for investigation.** Furthermore, males are more
likely than females to have a complete urological evalua-
tion for their hematuria.>* These observations are also
borne out by the 1, 5 and 10-year bladder cancer survival
rates in males and females. Female bladder cancer patients
in England and Wales had almost 20% lower survival rates
at 1 and 5 years, and almost 30% lower survival rates at 10
years, with respect to males.’® This would suggest that
female patients are presenting with late stage bladder
cancer disease. Unfortunately, female patients who present
with hematuria experience more than double the referral
wait time for urological investigation, compared to
males.*®

Limitations of the Study

This was an observational pilot study involving 98
patients. The findings from this study are limited by the
patient cohort size and the available survival data.
Furthermore, we had no information on patient co-
morbidities, current medications, and behaviors eg smok-
ing habits or patient treatments. A larger longitudinal
study is warranted to demonstrate the significance of our
findings.

Conclusion

In conclusion, our results would suggest that decreased
expression of TM in bladder cancer tissue is associated
with a poor prognosis; loss of TM expression may indicate
increased malignancy and may be a clinically relevant
predictor of tumor progression and patient survival.
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