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ABSTRACT
BACKGROUND: Despite advances in intravesical therapy and surgery, up to
30% of NMIBC suffer progression to MIBC. OBJECTIVES: To identify the
valuable prognostic biomarkers, we analyzed the immunohistochemical
expression of Sox2, YAPL, and IMP3 in 60 cases of NMIBC who underwent
TURBT with adjuvant intravesical bacillus-Calmette-Guerin  (BCG).
METHODS: The immunohistochemical expression was done on a sixty patients
who complained from primary papillary superficial transitional cell carcinoma
(TCC) of the urinary bladder (Stage Ta-T1).Their predicting role for recurrence,
progression, progression-free survival (PFS), and recurrence-free survival (RFS)
was assessed. RESULTS: High Sox2 expression was observed in 55% of NMIBC
cases, and it was significantly associated with the tumor size, grade, and stage (p
<0.001 for each). High YAP1 was noted in 33.3% of the cases, and its expression
was significantly associated with the tumor size, grade, and stage (p <0.001 for
each). Strong IMP3 expression was detected in 45% of the cases, and it was
associated with the tumor size, grade, and stage (p < 0.001 for each). Analysis of
follow-up period revealed that NMIBC with high Sox2, high YAPL, and Strong
IMP3 expression exhibited a potent relation with tumor recurrence, progression,
and shorter RFS & PFS.
CONCLUSIONS: High Sox2, high YAP1, and strong IMP3 could be
considered as adverse prognostic factors of tumor recurrence and
progression in NMIBC, and these patients should be followed
carefully. Therefore, we suggest that Sox2, YAP1 and IMP3 should
be considered and evaluated during the selection of the appropriate
management strategy for NMIBC patients.
Keywords: Sox2; YAP1; IMP3; Immunohistochemistry; Non-muscle-invasive
bladder cancer; Prognostic markers

INTRODUCTION
ladder cancer (BC) is the 3™ most common
neoplasm in males and the 11" most common
neoplasm in females. In Egypt, it comprises 30% of
all cancer cases with an incidence rate of
13.5/100,000 individuals according to the National
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Cancer Institute (1). Nearly 70% are diagnosed as
non-muscle-invasive bladder cancer (NMIBC) with
a recurrence rate of 60% within the first year of initial
diagnosis (2). Up to 30% of NMIBC will progress to
invasive disease, causing substantial burden on
patients and healthcare systems (3). The
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unpredictability of prognosis in NMIBC with
identical features may reflect its variations in
molecular backgrounds. Therefore, detection of
molecular biomarkers for monitoring recurrence and
progression is needed (4). This has become a very
interesting area of research.

The endoscopic resection and adjuvant
intravesical therapy are the preferred protocol for
NMIBC, depending on the risk classification. High-
risk patients who failed to respond to the adjuvant
therapy constitute a challenging clinical situation to
manage (5). Therefore, an accurate prediction of
progression is critically important in the management
of NMIBC. Tumor grade and stage have been shown
to be significant predictors for progression however
their predictive abilities of are still insufficient (6).
Thus, more features are needed to improve the
prognostic accuracy.

Bladder Cancer could be regarded as a stem
cell disease (7). Several cancer stem cell (CSC)
markers have been identified in BC and were
associated with tumor initiation, maintenance of
stemness, progression, recurrence and metastasis
(8). Among these stem cell markers are Sox2 and
YAPL1 biomarkers (7).

Yes-associated protein-1 (YAP1) and Sex-
determining region Y (SRY)-box 2 (Sox2) have been
studied for their possible association with CSC traits.
However, their oncogenic mechanism in bladder
cancer remains unclear (9).

Sox2 is a transcription factor that belongs to
the SRY -related HMG-box (SOX) family. It plays an
essential role in regulating developmental processes
(10). Aberrant expression of Sox2 has been
correlated with the presence of CSCs in many types
of cancers. Several studies concluded that the role of
Sox2 in different solid tumors was not only to act as
a trigger of carcinogenesis but also promotion of
invasion, migration, and metastasis (10). Expression
of Sox2 refersto asubpopulation of tumor cells that
fuel the growth of established BC while its
expression is absent in normal urothelial cells (11).

YAPL1 is a transcriptional coactivator which
doesn’t contain a DNA-binding domain. It interacts
with transcription factors such as TEA domain
(TEAD1-4) proteins binding to genes’ promoters. It
is a core component of the Hippo signaling pathway
in mammals which isa key regulator of cell growth,
tissue homeostasis, and organ size (12).

Activation of Hippo pathway phosphorylates
and sequesters YAPL in the cytoplasm by LATS1/2
kinases and prevenst its translocation to the nucleus.
The phosphorylated YAP1 remains in the cytoplasm;

Ibrahim, H., etal

Volume 28, Issue 6, November 2022(1414-1429)

and its function as a transriptional co-activator is
thereby inhibited as translocation of YAP1 to
nucleus is a necessary step for its function as
transcriptional coactivator (13). It was reported that
YAP1 mutation can inhibit its phosphorylation
leading to accumulation of the oncogenic YAPL in
the nucleus (14). YAP1 trafficking to the nucleus has
been reported to contribute to BC progression and
relapse (15). Mechanistically, YAP1 contributes to
urothelial tumor growth via Sox2 (9).

Sox2 and YAP1 promotes AKT
phosphorylation in bladder cancer cells by activation
of Insulin growth factor (IGF) signaling (12,16). This
signaling is important in the maintenance of
stemmness of cancer cells through regulating self-
renewal, pluripotency, and EMT (17). These data
suggest that YAPL and Sox2 play distinct roles in
bladder cancer cells survival.

Insulin like growth factor Il mMRNA binding
protein (IMP3) is a member of the insulin-like
growth factor Il messenger RNA binding protein
(IMP) family(4). IMP family members are important
for cell proliferation, migration, stability and RNA
transportation, through a high specific binding to
target mMRNAs during early processes of
embryogenesis  (18). IMP3 has been reported to
contribute to tumorigenesis in several human cancers
(19,20). However, the biological functions of IMP3
in bladder cancer are poorly understood (19).

Hence, there is an actual need for reliable
tumor markers to predict BCG response and NMIBC
progression to invasive tumor, and so customize
patients' treatment. This is the first study that
investigates the combined expression of YAP1,
Sox2, and IMP3 in NMIBC. Their predicting value
in NMIBC regarding; the tumor progression,
recurrence, and the disease-free survival was
analyzed.

METHODS
Patients
A sixty patients who complained from primary
papillary superficial transitional cell carcinoma
(TCC) of the urinary bladder (Stage Ta-T1 ; with or
without CIS ) were studied in this study. Surgical
resection of trans-urethral resection of bladder tumor
(TURBT) was done in the Urology department from
January 2017 to December 2019. According to
American urological association (AUA), the
intermediate and high-risk patients were treated by
TURBT, with standard regimen of BCG.
The formalin-fixed-paraffin-embedded
tissue specimens were collected from Pathology
department of the same institute. The hematoxylin &
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eosin-stained slides were reviewed and the cases
were graded according to 2018 WHO tumor
classification and AJCC Staging System, 8th edition
was used to identify the stages (21,22). The clinical
data as the age, sex, date of diagnosis, multifocality,
treatment strategy, cystoscopy follow-up was
reported in Urology and Clinical Oncology
departments. Cases that had a recurrent tumor,
isolated Tis, incomplete clinical information,
uncertain follow-up data or absent detrusor muscle in
biopsy were excluded.

Follow-up of the patients was done by
cystoscopy and urinary cytology every 3 months for
2 years and then every 6 months. Recurrence was
defined as occurrence of a new tumor of the same T
stage and grade confirmed by biopsy after first
complete  TURBT. Progression was defined as
recurrence a new tumor of higher T stage and grade,
muscle invasion or distant metastasis confirmed by
biopsy. Written informed consent was obtained from
all participants, the study was approved by the
research ethical committee of Faculty of Medicine,
Zagazig University (ZU-IRB: 9169).

Therapy regimen

According to the current guidelines (23) ,
intravesical BCG instillation was given for only 50
cases (intermediate or high-risk cases) after two-four
weeks post-endoscopy. For 6 weeks; the dose of
BCG instillation therapy was 80 mg (Tokyo 172
strain) that continued weekly. After that, BCG
instillation therapy was administrated every three
months for at least one year. Twenty-one patients
underwent chemo-radiation at time of progression.
Cisplatin was proposed in cisplatin eligible cases
without extensive CIS.

Immunohistochemistry

The immunohistochemical staining procedure
was performed according to the polymer Envision
detection system. The Primary antibodies that used
were : anti-Sox2 (1:400; rabbit polyclonal antibody,
MA, USA), IMP3 rabbit polyclonal antibody
(0.1mg/ml  concentration, Chongging Biopsies
Company, Cat No YPA1463, China) at a dilution of
1:100 and YAP1 rabbit monoclonal ( 1:2000;
ab205270, Abcam, Cambridge, UK.
Diaminobenzidine substrate was used as the
chromogen. Mayer’s hematoxylin was used to
counter stain the slides .In each cycle of doing IHC,
positive controls [squamous cell carcinoma larynx
for SOX2, prostate carcinomas for YAPland
pancreatic carcinoma for IMP3] were included and
negative controls were performed by omitting the
primary antibodies.
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Assessment of immunohistochemistry  Sox2
scoring

Sox2 immunhistochemical expression is
detected in the nucleus of tumor cells mainly. We
score the positive tumor cells as : 0: negative; 1:
<25%; 2: 25-50%; 3: 51-75%; and 4: >75%. Then,
the staining intensity score was analyzed as: (0:
negative; 1: weak; 2: moderate; and 3: strong). Both
scores were added to identify a final score, which
ranged from O to 7, with a cutoff point of 4.
Negative/low expression was less than 4 scores and
high expression: 4-7 scores (24).
YAP1 scoring

Nuclear staining intensity was graded as: 0
for negative, 1 for weak, 2 for moderate, or 3 for
strong staining. The percentage was graded as: 0 for
0-5% positive cells, 1 for 6-25% positive cells, 2 for
26-50% positive cells, 3 for 51-75% positive cells,
and 4 for 76-100% positive cells. Finally, the score
was calculated by multiplying the staining intensity
score by the fraction of positive cells score. A final
score > 6 was estimated as high expression (25).
IMP3 scoring

Dark brown cytoplasmic staining of the
tumor cells were defined as positive. The intensity
was scored as 0: negative; 1: weak; 2: moderate; and
3: strong. The percentage score was assigned as
follows: 0% to 5%, O points; 6% to 25%, 1 point;
26% to 50%, 2 points; 51% to 75%, 3 points; and
76% to 100%, 4 points. A final score was calculated
by multiplying both scores and staining scores were
categorized as weak (<6) and strong (>6) (4).
Statistics

Categorical variables were expressed as a
number (percentage) and the continuous variables
were expressed as the mean £ SD & median (range),
and Continuous data checked for normality by using
Shapiro Walk test. The two groups of non-normally
distributed data were compared using Mann-
Whitney U test . Pearson’s Chi-square test or Fisher's
exact test were used to compare the Percent of
categorical variables when was appropriate. NMIBC
Recurrence Free Survival (NMIBC-RFS) was
calculated as the time elapse between date of TURBT
and date of NMIBC recurrence or the most recent
follow-up contact that patient was known as NMIBC
recurrence free. Time to progression to MIBC (TTP
to MIBC) was calculated as the time elapse between
date of TURBT and date of MIBC recurrence or the
most recent follow-up contact that patient was
known as MIBC recurrence free. Overall Survival
(OS) was calculated as the time elapse between date
of diagnosis and date of death or the most recent
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follow-up contact (censored). Stratification of
NMIBC-RFS, TTP to MIBC and OS was done
according to immunohistochemistry markers were
estimated using the method of Kaplan-Meier plot
was use to estimate, those time-to-event
distributions and compared using two-sided exact
log-rank test. All tests were two sided. A p-value
<0.05 was considered significant. All statistics were
performed using SPSS 22.0 for windows (IBM
Corp., Armonk, NY, USA) and MedCalc Statistical
Software version 18.9.1 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2018).
RESULTS

Clinicopathological criteria of the studied
NMIBC cases (Table 1):

The clinicopathological criteria of sixty
NMIBC patients were listed in Table 1. Fourty-five
men (75%) and 15 women (25%) were included .
The mean age of these patients was 51.1 year (range
35-64 year). The predominant tumor size was >3 cm
(60%). Concomitant CIS and multifocality were
noted in 26.7%, 28.3% of the cases respectively.
Low grade tumors were identified in 36.7% while
high grade were in 63.3% of the cases (Figure 1).
Before BCG; pathologic stage included pTa in 35%
and pT1 in 65% of the examined cases. The mean
follow-up duration was 45.7 months (range 24-48
months) and the tumor recurrence and progression
were detected in 15 patients (25%) and 17 patients
(28.3%), respectively. At time of progression and
recurrence, 21 patients underwent concurrent chemo-
radiation and 11 patients underwent radical
cystectomy.

Sox2, YAP1, and IMP3 expression in the
examined NMIBC cases (Table 2, 3):

Sox2 immunoexpression was high in 55%
of our NMIBC cases (Fig. 1), there was a significant
up-regulation of Sox2 immunohistochemical
expression with tumor size, histological grade, and
tumor stage (p< 0.001 for each) . However, there
was no significant relation between  Sox2
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immunohistochemical expression and both CIS and
multiplicity of NMIBC could be detected.

YAP1 immunohistochemical expression
was high in 20 cases of examined NMIBC cases
(33.3%) (Fig. 2) . A significant relation was
estimated between YAP1 up-regulation with tumor
size, histological grade, and tumor stage (p< 0.001
for each). On the other hand, no significant relation
between the presence of CIS or the multiplicity of
NMIBC and YAP1 expression could be detected.

Strong IMP3 immunohistochemical
expression was detected in 27 cases of NMIBC
(45%) (Fig. 2). Up-regulation of IMP3
immunohistochemical expression was significant
with tumor size, histological grade, and tumor stage
(p< 0.001 for each). Unlike, there was a non-
significant association of IMP3
immunohistochemical expression with CIS or the
multiplicity of NMIBC. There was a strong relation
between Sox2 expression and both YAP1 and IMP3
expresssion (<0.001 for each).

Prognostic value of Sox2, YAP1, and IMP3
expression in the examined NMIBC cases (Table
4):

Recurrence of NMIBC was noted in 15 cases
during the follow-up period. A significant relation
between the high expression of Sox2, YAP1, and
IMP3 and recurrence of the tumor was approved (p
=0.001, p <0.001, p <0.001 respectively).

On the other hand, 17 cases (28.3%) progress
to MIBC withihout response to BCG treatment.
Furthermore, there was a significant association of
Sox2, YAPL, and IMP3 expression and tumor
progression (p= 0.001, p <0.001, p= 0.002
respectively). RFS and PFS  were stratified
according to Sox2, YAP1, and IMP3 expression and
demonstrated in Kaplan-Meier plot curves . Kaplan-
Meier curve with log-rank test showed that high
Sox2, high YAP1, and strong IMP3 were associated
with shorter OS (p= 0.002, 0.006 and 0.003
respectively), shorter RFS and PFS (Fig 3).
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Table (1): Clinicopathological features, immunohistochemical markers and outcome of 60 patients with NMIBC.

Age (years)
Mean+SD
Median (Range)

Sex
Male
Female
Size
<3cm
>3cm
T stage

Ta
T1
Grade

Low grade
High grade
CIS

Absent
Present
Multiplicity
Absent
Present
AUA

Low risk
Intermediate risk
High risk

Ibrahim, H., etal

51.11
51.50

45
15

24
36

21
39

22
38

44
16

43
17

10

11
39

+6.63
(35
64)

75%
25%

40%
60%

35%
65%

36.7%
63.3%

73.3%
26.7%

71.7%
28.3%

16.7%

18.3%
65%

Volume 28, Issue 6, November 2022(1414-1429)

Sox2

Low 27
High 33
YAP1

Low 40
High 20
IMP3

Weak 33
Strong 27
Follow-up duration
(months)

Mean+SD 45.70
Median (Range) 48
Treatment at  (N=32)
progression and
recurrence

Cystectomy 11
Chemoradiation 21
NMIBC Recurrence (N=60)
Absent 45
Present 15
Progression to MIBC

Absent 43
Present 17
Mortality (N=60)
Alive 46
Died 14

45%
55%

66.7%
33.3%

55%
45%

+5.23
(24 - 48)

34.4%
65.6%

75%
25%

71.7%
28.3%

76.7%
23.3%
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Table (2): Relation between clinicopathological features and immunohistochemical staining for Sox2, YAP1, IMP3 in NMIBC patients (N=60).

Size

<3cm 24 | (40%) 21 (87.5%) 3 (12.5%) = <0.001° | 23 (95.8%) 1 (4.2%) <0.0018 | 21 (87.5%) 3 (12.5%) | <0.001
>3cm 36 (60%) 6 (16.7%) 30 | (83.3%) 17 (47.2%) 19 (52.8%) 12 (33.3%) 24 (66.7%)

T stage

Ta 21 (35%) 20 (95.2%) 1 (4.8%) <0.001* 21 (100%) 0 (0%) <0.001? 20 (95.2%) 1 (4.8%) <0.001?
T1 39 (65%) 7 (17.9%) 32 (82.1%) 19 (48.7%) 20 (51.3%) 13 (33.3%) 26 (66.7%)

Grade

Low grade 22 (36.7%) | 21 (95.5%) 1 (4.5%) <0.001* 22 (100%) 0 (0%) <0.001? 20 (90.9%) 2 (9.1%) <0.001?
High grade 38 (63.3%) @ 6 (15.8%) 32 (84.2%) 18 (47.4%) 20 (52.6%) 13 (34.2%) 25 (65.8%)

CIs

Absent 44 (73.3%) | 22 (50%) 22 (50%) 0.197° 28 (63.6%) 16 (36.4%) 0.409% 24 (54.5%) 20 (45.5%) | 0.907%
Present 16 (26.7%) @ 5 (31.2%) 11 (68.8%) 12 (75%) 4 (25%) 9 (56.2%) 7 (43.8%)

Multiplicity

Absent 43 (71.7%) | 20 (46.5%) 23 (53.5%) | 0.708° 26 (60.5%) 17 (39.5%) 0.105% 23 (53.5%) 20 (46.5%) | 0.708%
Present 17 (28.3%) | 7 (41.2%) 10 (58.8%) 14 (82.4%) 3 (17.6%) 10 (58.8%) 7 (41.2%)

AUA

Low risk 10 (16.7%) | 10 (100%) 0 (0%) <0.001* 10 (100%) 0 (0%) <0.001° 10 (100%) 0 (0%) <0.001°
Intermediate risk | 11 (18.3%) | 10 (90.9%) 1 (9.1%) 11 (100%) 0 (0%) 9 (81.8%) 2 (18.2%)

High risk 39 (65%) 7 (17.9%) 32 (82.1%) 19 (48.7%) 20 (51.3%) 14 (35.9%) 25 | (64.1%)

Sox2

Low 27 (45%) 26 (96.3%) 1 (3.7%) <0.001? 23 (85.2%) 4 (14.8%) | <0.001%
High 33 (55%) 14 (42.4%) 19 (57.6%) 10 (30.3%) 23 (69.7%)

YAP1

Low 40 (66.7%) | 26 (65%) 14 (35%) <0.001* 31 (77.5%) 9 (22.5%) | <0.001%
High 20 (33.3%) 1 (5%) 19 (95%) 2 (10%) 18 (90%)

IMP3

Weak 33 (55%) 23 (69.7%) 10 (30.3%) = <0.001% 31 (93.9%) 2 (6.1%) <0.001°

Strong 27 (45%) 4 (14.8%) 23 (85.2%) 9 (33.3%) 18 (66.7%)
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Table (3): immunohistochemical coexpression of Sox2, YAPL, and IMP3 in the studied caes.

%

Low Sox2/Low YAP1/Weak IMP3 23 38.3%
Low Sox2/Low YAP1/Strong IMP3 3 5%
Low Sox2/High YAP1/Weak IMP3 0 0%
High Sox2/Low YAP1/Weak IMP3 8 13.3%
Low Sox2/High YAP1/Strong IMP3 1 1.7%
High Sox2/Low YAP1/Strong IMP3 6 10%
High Sox2/High YAP1/Weak IMP3 2 3.3%
High Sox2/High YAP1/Strong IMP3 17 28.3%
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Table (4): Relation between immunohistochemical staining for Sox2, YAP1, IMP3 and outcome in NMIBC patients (N=60).

NMIBC Recurrence

Absent
Present

Recurrence Free
Survival

Mean (months)
(95%Cl)
2-year NMIBC-RFS

3-year NMIBC-RFS
4-year NMIBC-RFS

Progression to
MIBC
Absent

Present

Progression-Free
Survival

Mean (months)
(95%Cl)
2-year PFS

3-year PFS
4-year PFS

Overall Survival

Mean (months)
(95%Cl)
2-year OS

3-year OS
4-year OS

(N=60)
45 | (75%)
15 (25%)

43.26months
(40.94-45.58)
87.7%

83.8%
71.5%

43 | (71.7%)
17 | (28.3%)

43.19 months
(40.93-45.45)
89.6%

83.9%
66%

45.70 months
(44.38-47.01)
98.3%

90%
76.7%
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(N=27)
26 (96.3%)
1 (37%)

46.81months
(44.53-49.09)
96.3%

96.3%
96.3%

25 (92.6%)
2 (7.4%)

45.11 months
(42.57-47.65)
96.2%

88.5%
80.8%

47.48 months
(46.48-48.47)
100%

96.3%
96.3%

(N=33)
19 | (57.6%)
14 (42.4%)

40.07months
(36.57-43.57)
80.2%

72.9%
48.8%

18 (54.5%)
15 (45.5%)

41.27 months
(37.84-44.70)
84.2%

80.4%
46.8%

44.24 months
(42.12-46.35)
97%

84.8%
60.6%

Volume 28, Issue 6, November 2022(1414-1429)

0.001*

<0.001°

0.001*

0.028°

0.002¢

(N=40)

39 (97.5%)
1 (2.5%)
47.36months
(46.14-48.59)
97.4%

97.4%

97.4%

35 (87.5%)
5 (12.5%)

43.76 months
(41.38-46.14)
92.5%

84.8%
66.8%

46.60 months
(45.31-47.88)
100%

92.5%
87.5%

(N=20)
6 (30%)
14 (70%)

<0.001*

34.59months
(29.95-39.22)
67.3%

55.1%
16.3%

<0.001°

8 (40%)  <0.001

12 (60%)

42.06 months 0.027¢
(36.99-47.14)
83.5%

83.5%
56.8%

43.90 months 0.006°
(41.08-46.72)
95%

85%
55%
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(N=33)
33 | (100%)
0 (0%)

48months

100%
100%
100%

29 (87.9%)
4 (12.1%)

44.06 months
(41.77-46.34)
93.9%

87.9%
63.6%

47.39 months
(46.65-48.13)
100%

100%
90.9%

(N=27)
12 | (44.4%)
15 (55.6%)

36.75months
(32.46-41.04)
70.6%

61.2%
32.9%

14 (51.9%)
13 (48.1%)

42.73 months
(38.55-46.91)
84.3%

79%
46.8%

43.63 months
(41.06-46.19)
96.3%

77.8%
59.3%

<0.001%

<0.001°

0.002*

0.028°

0.003¢
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immunoreactivity (IHC x400), (D) A case of high-grade NMIBC showing high nuclear Sox2 (IHC x400), (E) A case of
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Fig. 1. (A) A case of low-grade non-muscle invasive bladder cancer (H& E x100), (B) A case of high-grade non-
low-grade NMIBC showing high nuclear Sox2 (IHC x400).

muscle invasive bladder cancer (H& E x400). (C) A case of low-grade NMIBC showing low nuclear Sox2
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case of high-grade NMIBC showing high nuclear YAP1 expression (IHC x400), (C) A case of low-grade NMIBC showing
low nuclear YAP1 (IHC x100), (D) A case of low-grade NMIBC showing high nuclear YAP1 expression (IHC x400). (E) A
case of high-grade NMIBC showing strong cytoplasmic IMP3 expression (IHC x400), (F) a case of low-grade NMIBC
showing weak cytoplasmic IMP3 expression (IHC x200)

lbrahim, H., etal 1423 |Page


https://dx.doi.org/10.21608/zumj.2022.133357.2555

https://dx.doi.org/10.21608/zum;j.2022.133357.2555

Volume 28, Issue 6, November 2022(1414-1429)

Follow-up Time (months)

£ 100 1 Low Sox2 &£ 100 —r Low YAP1
= 1 & ; ]
= ooF £ oof
% 2
5 s80f _’»;: 80 F
i (13 2 »F
Z  60F Z  60F
3 3
g 50 ¢ 50 F
= High Sox2 &
o 40F v 40F
o o
£ g
2 30F £ 30F
= =
3 = 3 20F
-3 20 -3
g oy s,_-g 10k High YAP1
s s
z oOf L 1 L 1 L 1 L 1 z U 1 L 1 L 1 L 1

0 12 24 36 48 0 12 24 36 48

Follow-up Time (months) Follow-up Time (months)
£ 100 r Wea'.( IMP3 | ¥ 100
= £ I—I_\—
= 90 = 90 E
= = Low Sox2
5 sof £ sof | Low Sox2
‘5_ o
= 70 = -oF
< >
2 -2
Z  60F 5 ©60F
= v
v
) 50 F 3 50 F
- &= —
L; 40 Q 40 E High Sox2
o [==]
g =
£ 30F 30F
g Strong IMP3 °
2 20 F _§ 20 F
%

8 10 $ 10
= &
z (U ; I i I i I N I & 0F . i ) i ) | ) |

(4] 12 24 36 48 0 12 24 36 48

Follow-up Time (months) Follow-up Time (months)
£ 100 £ 100
=~ ]_,_I_'il_ Low YAP1 5 Weak IMP3
= 90 - 4 = o0fF
4 %
£ 80F High YAP1 2 80F Strong IMP3L____ T ,
s —I 2
= 70E = 70 B
= ' = |
= =
= 60 E T 60
3 a
§ 50 F g 50 F
bt &£
§ 40 g 40F
3 ] =]
s 30 g 30E
8 20F § 20F
¢ 7
5 10E g 10f
g

= 0f ]
== . * L L . L . e Lt i i I L 1 L ! L 1

o 12 24 36 0 12 24 36 a8

Follow-up Time (months)

Fig.3. Kaplan Meier curves of recurrence-free survival (RFS) stratified according to (A) Sox2 expression, (B) YAP1 expression,
and (C) IMP3 expression. Kaplan Meier curves of progression-free survival (PFS) stratified according to (D) Sox2 expression,
(E) YAP1 expression, and (F) IMP3 expression.
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DISCUSSION

Despite advances in intravesical therapy and
surgery, up to 30% of NMIBC will progress to
MIBC. There is a challenge to select patients who
can benefit from an  early radical surgical
intervention. However, there are few
clinicopathological prognostic biomarkers that can
classify the high-risk subgroups that need early
radical cystectomy (3).

BC stem cells revealed a heterogeneous
molecular signature , that markedly influences their
response to therapy. So understanding the BC
stemness is necessary to improve their treatment (7).
In the present study we investigate the
immunohistochemical expression of Sox2, YAPL,
and IMP3 to identify their predictive role of
recurrence and progression in NMIBC.

Sox2 was characterized as a marker for stem-
like tumor cells in bladder cancer (11). Our cases
revealed a high nuclear Sox2 expression in 55% of
cases in line with Ruan et al (26), who observed that
53.97 % of 126 NMIBC had a high Sox2 expression.
In contrast to our results, Fekry and colleagues
reported that Sox2 expression was negative or low in
100% of their cases (27). Furthermore, Bayoumi et
al noted that only 6% of the studied cases had a high
Sox2 expression of NMIBC (28). These different
results may be related to the different specificity and
sensitivity of the commercially available antibodies
used in these studies and different scoring methods
In Bayoumi et al study, a cutoff level of 5% was used
to separate the tumors into a negative and positive
Sox2 expression group (28).

The localization of Sox2 expression was
nuclear in our study which was approved previously
(28,29). We noted that Sox2 expression was
significantly associated with tumor size, tumor grade
and stage in NMIBC confirming the previous
observation of the vital role of Sox2 expression in
tumor progression. Previously, Sox2+ cells were
isolated from BC tissue with the ability to regrowth
secondary tumors in vivo and spheres in vitro. Sox2
promotes pluripotency and therefore may initiate
carcinogenesis (26,28). It was analyzed that there
was a significant association between Sox2
expression and  higher histological grade of
esophageal carcinoma (30). Accordingly, the results
on the role of Sox2 expression in cancer bladder
were matched with that in other cancers. However,
some results were contradictory, for example, high
Sox2 in MIBC was not correlated with tumor grade
and stage (28,29). Their observations could be aimed
to their case selection, as their cases were MIBC (29).

Ibrahim, H., etal
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Sox2 is an important regulator of self-
renewal in embryonic stem cell. Regarding the
cancer stem cell (CSC) theory, the overexpression of
Sox2 is potentially involved in carcinogenesis and
could affect tumor recurrence and metastasis (26).
Unlike Bayoumi et al, we identified that high Sox2
expression was associated with tumor recurrence and
progression to MIBC (28). Also, there was a
significant association with shorter RFS as well as
shorter PFS as previously reported (26), where high
Sox2 expression had significantly poorer recurrence-
free survival when compared with patients with low
Sox2 expression. Formerly, in the human ovarian
carcinoma; it was approved that Sox2
overexpression correlates with the tumor recurrence
(31). Sox2 is a key regulator of pluripotency in stem
cellsand has been linked to poor survival in various
malignancies including BC (26,32).

Consequently, we supposed that Sox2
upregulation is a strong predictor of  NMIBC
progression to MIBC and so, it can be used as a
target for novel therapeutic drugs. A potential
correlation between Sox2 and YAP1l has been
hypothesized For example: YAP1 signaling
contributes to maintaining Sox2 independent CSCs
(33) and other tumorigenic pathways that are
associated with aggressive tumor behavior. The
inhibitioin of Sox2 suppressed YAP1-induced cancer
stemness properties and tumor growth (9).

In this study, a strong asociation between
Sox2 and YAP1 expression was estimated and their
crucial role in tumor progression and recurrence was
evaluated in the examined NMIBC patients. These
findings suggest an essential role of these two
combined molecules in the tumor invasiveness. This
data was in line to Ooki et al who noted a positive
correlation between the genetic expression of Sox2
and YAP1 in BC specimens where the overexpressed
YAPL1 cells exhibited a noticeable overexpression of
Sox2 consistent with the increased sphere-forming
and self-renewal abilities confirming the Yapl- Sox2
axis role in BC (9).

Previously, the role of YAP1 in regulating
cellular stemness has been noted in many reports. In
NSCLC, YAP1 directly interacts with OCT4
followed by Sox2 upregulation to facilitate self-
renewal while depletion of YAP1 lowered the
expression of core embryonic stem cell factors such
as Sox2 (34). YAP1 associated biological features
that related to CSCs are implemented through
regulating Sox2 activity in BC (9).

YAP1, the nuclear effector of the Hippo
signaling pathway has an important role in cell
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growth, and its dysregulation is involved in
pathogenesis of many human tumor including lung,
colon, breast ,pancreatic, liver, ovarian, and prostate
cancer (35). many

A few studies investigated YAP1 expression
in NMIBC, and they have noted controversial
observations. Latz and his colleagues reported that
YAPL1 was higher in normal urothelial bladder
tissue than NMIBC without significant association
with the prognosis, including tumor progression and
recurrence (35). Latz et al evaluated both nuclear and
cytoplasmic YAPL as a prognostic factor in contrast
to our study, where only the nuclear YAP1 was
assessed. Previously it was reported that is rarely to
see cytoplasmic expression of YAP without nuclear
expression (36).

On the other hand, a parallel study had been
reported by Liu et al that evaluated YAPL in BC
cases. They reported a higher YAP1 expression in
BC than in normal urothelium which was in agree
with our data. They noted that positive expression of
YAPL1 was correlated closely with tumor grade, and
higher pT. Consequently, they suggested that YAP1
expression could be used as an additional tool in
identifying patients at risk of progression, and it may
also be useful in optimizing individual BC therapy
management (37).

Previously, YAP1 was observed in (27.8%)
and (45.8%) of NMIBC cases respectively (25,37).
In the present study, YAP1 expression was high in
33.3% of the NMIBC cases with a significant
association with tumor size, grade and stage . This
confirms the essential role of YAP1 in EMT process
in BC where the inhibition of YAP1 impaired the
progression of EMT in BC. YAPL gene, as an
oncogene, has been shown to be a potent regulator of
cell growth (25,37).

Positive staining of YAPL in our work was
nuclear in most cases and a few cases showed nuclear
with a lesser cytoplasmic staining. Cytoplasmic
expression was not considered in our evaluation of
the tumor progression. Wu et al approved that
nuclear YAP1 plays a vital role in human cancer (38)
which was confirmed in BC by Ghasemi et al where
it contributed to BC progression and relapse (15). In
the present study a significant relation was noted
between YAPL expression with recurrence,
progression, and poor RFS& PFS confirming the
contribution of YAP1 overexpression to poor
prognosis and progressive features of human
urothelial carcinoma of the bladder (37).

This gives insight into the possible
mechanisms which can be involved in the

Ibrahim, H., etal
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enhancement and alteration of YAPL activity. The
malignant cells express excess YAP1 during
genomic amplification that might affect the normal
physiologic regulatory systems leading to abnormal
cytoplasmic accumulation. Cytoplasmic
accumulation of YAPL maintains a constant pool
of the protein for nuclear translocation.Furthermore,
the stability of the YAP1 protein is altered in the
cancerous tissues resulting in ineffective protein
turnover and excessive YAP1 activity (36).

It was reported that YAP1 enable the tumors
cells to enter mitosis with unrepaired DNA through
driving IGF signaling that contributes to
maintenance of stem-like phenotype in cancer cells
(12,17) and Sox2 regulates IGF signaling in bladder
cancer cells (16). Here in the current study, we
examined IMP3 which represents one family
member of these signals which modulates their
biological activities (39).

Previous studies indicated that IMP3 linked
to advanced disease stage and adverse clinical
outcome in several cancers (40,41). Xu et al study
revealed up regulation of IMP3 in colorectal cancer
that was associated with worse clinical outcome (40).
Furthermore, IMP3 was found to be an oncogenic
factor initiating the glioblastoma proliferation (41).
However, the role of IMP3 in driving progression of
bladder cancer has yet been elucidated.

In a previous investigation, 183 cases of
NMIBC were evaluated and showed that IMP3
expression was strongly related to higher tumor
grade and stage (4). In our study, IMP3
immunohistochemical expression was strong in
45% of the cases with a significant relation with
tumor size, grade and stage that confirms the
essential value of IMP3 in tumor cell proliferation,
invasion, and the tumor progression as reported
previously (4).

Furthermore, we identified strong IMP3
expression as a poor prognostic factor of the tumor
progression relative to those with weak IMP3
expression. Strong IMP3 expression in the studied
NMIBC was significantly related to the progression
to MIBC and tumor recurrence with poor RFS as
well as PFS as previously noted (4), where they
showed that the progression of NMIBC to MIBC
was significantly associated with the IMP3-strong
group than with negative-IMP3 group with a
significant association with PFS and DFS. On the
other hand, Sitnikova et al reported that 60% of the
patients with IMP3-positive superficial urothelial
carcinomas developed metastases, compared with
none of patients with IMP3-negative tumors.
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Moreover, IMP3 was approved as a potential
therapeutic biomarker for cancers (43)
Consequently, we suggested that IMP3 is an
unfavorable prognostic marker that could classify a
group of patients with a high potential to develop
progression and who might benefit from early
aggressive therapy and need intensive follow-up
compared with patients of weak IMP3 expression.
Several clinical and pathological parameters

such as, tumor stage, tumor grade, focality,
concomitant carcinoma in situ (Cis), tumor size and
number of recurrences have been suggested to be the
most important risk factors in NMICB (6) . Thus,
adding Sox2, YAP1, and IMP3 expression especially
in patients with these risk factors could help in the
decision between a bladder-sparing approach or
radical cystectomy.
Conclusion

Our results suggest that high Sox2, high YAP1, and
strong IMP3 expression were strongly associated
with bad prognosis, poor survival, and these NMICB
patients can undergo direct surgical radical
cystectomy, while patients low Sox2, low YAP1, and
weak IMP3 immunohistochemical expression could
be treated with transurethral resection of the mass
followed by  postoperative intravesical BCG.
Furthermore, we think that this study may give an
assistance to physicians in recognizing cases with
poor prognosis who may possibly benefit from early,
radical surgery. More studies are needed to
understand the pathways and molecular mechanisms
through which Sox2, YAP1, and IMP3 affects the
biology of NMIBC.
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TURBT : Transurethral resection of bladder tumor.
BCG: Bacillus-Calmette-Guerin.
TCC: transitional cell carcinoma.
PFS : Progression-free survival.
RFS : Recurrence-free survival.
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CSC : cancer stem cell.
IGF : Insulin growth factor.
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