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ABSTRACT

Background: Urothelial carcinoma of the urinary bladder represents 90% of all primary tumors of this organ . The
depth of the invasion particularly for the muscularispropria is the most important prognostic and therapeutic
determinator . Therefore, differentiation between muscularispropria and muscularis mucosa is essential for the
proper treatment and avoiding over staging or under staging.

Aim: To evaluate the role of smoothelin and vimentin expression in differentiation between muscularis mucosa and
muscularisproperia for better assessment of invasion level and give correct staging.

Method: This study was carried out on 60 specimens of primary urothelial carcinoma .

Results: In the sixty examined specimen , muscularispropria positivity for smoothelin was found in all 60 cases,
while vimentin positivity for muscularis mucosa was found in 50 cases .Three of the cases which were staged as Ta
at the H&E staining were upstaged to T1 after staining with vimentin; while five of the cases which were staged as
T1 at the H&E staining were upstaged to T2 after staining with smoothelin . Therefore; smoothelin and vimentin can
be used in differentiation between muscularis mucosa and muscularisproperia for better assessment of invasion
level and give correct staging.

Conclusions: differentiation of muscularis mucosa from muscularispropria can be made histologically by using

smoothelin and vimentinimmunostaining.
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INTRODUCTION

Urothelial carcinoma which traditionally known as
transitional cell carcinoma represent about 90% of primary
urinary bladder tumors?. Urothelial carcinoma is one of the
ten most common cancer in the Irag and worldwide. In Iraq
and according to Iragi cancer registry 2016, it represents
the sixth most common tumor; in males ,it is the fifth most
common cancer whereas in females,it is the sixth most
common cancer. The age of incidence usually more than
50 years with male to female ratio about 3:12.

According to WHO/ISUP (World Health Organization
/International Society of Urological Pathology) consensus
classification of urothelial neoplasm of urinary bladder
2016 ,urothelial carcinoma can be divided microscopically
into infiltrative and noninvasiveurothelial neoplasms. The
noninvasive papillary tumors can be graded into low grade
papillary urothelial carcinoma and high grade papillary
urothelial carcinoma depending on variations in
architectural and cytological parameters, about 75% of
newly diagnosed urothelial carcinoma are noninvasive
predominately of low grade®. The invasion is very important
as prognostic and treatment determinator especially
muscularispropria invasion which occur predominately in
high grade tumors and many staging systems have been
used to evaluate the depth of invasion as modification of
the classic Jewett scheme which separate the infiltrating
carcinoma into superficial (submucosa and inner half of
muscle) and deep (outer half of muscle and perivesical
tissue and lymphatic) but the current staging system is
AJCC*. The treatment depend on age, grade , stage and
presence of dysplasia or carcinoma in situ elsewhere in the
bladder®.

Study purposes are evaluate the role of smoothelin
and vimentin expression in differentiation between
muscularis mucosa and muscularisproperia for better
assessment of invasion level and give correct staging.

MATERIALS AND METHODS

This study was carried out in the Department of Pathology
and Forensic Medicine, Faculty of Medicine, Babylon
University, during the period from October 2018 through
October 2019. The patients had been selected from
laboratory of histopathology in Al-Hilla Teaching Hospital
and lbn Al-Haitham private laboratory, diagnosed as
urothelial carcinoma by cystoscopy and TURBT
(transurethral resection of bladder tumor). Sampling of
cases include the following:

1- Control group: twelve sections ,six sections from
breast (low grade ductal carcinoma in situ) as a
negative control and six sections from endometrial
adenocarcinoma (as a positive control) were used with
the six runs of the staining.

2-  Study group: The study is cross sectional retrospective
study. sixty patients (50 males and 10 females) with
urothelial carcinoma of the urinary bladder obtained by
TURBT (transurethral resection of bladder tumors) and
confrmed by Haematoxylin / Eosin stained
histopathological examination were included in this
study. The cases were reviewed for diagnosis by two
pathologist
Smoothelin is a mouse monoclonal antibody , which is

intended for the laboratory use in identification of

smoothelin  protein  byusing immunohistochemistry in
formalin-fixed paraffin-embedded human tissue .Clinical
interpretation for the presence of a staining or its absence
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must be complemented by morphological study byusing
proper controls and should be evaluated within the context
of the patient’s clinical history and diagnostic tests by a
qualified pathologist.

Smoothelin expression is exclusively found in the
smooth muscle cells .Cells with smooth muscle cells-like
characteristics, for example: myofibroblasts, myoepithelial
cells, skeletal and cardiac muscle dont contain Smoothelin.
Smoothelin expression is only found in fully differentiated
smooth muscle cells such as human detrusor muscle . Also
found in the human muscularispropria®’.

Vimentin is the most widely distributed intermediate
filament. Vimentinis expressed in all the mesenchymal
tissues®. The studies had shown that smooth muscle cells
of the muscularispropria rarely and weakly express
vimentinwhile  smooth muscle cells in the muscularis
mucosa show moderate to strong staining pattern®.
Statistical study was applying program SPSS version 21,
and Categorical variables were presented as frequencies
and percentages. Pearson’s chi square (X2) was applied
for significant difference. A P value of <0.05 was reflected
as significant.

RESULTS

sixty patients were studied, 50(83.3%) males and 10
females (16.7%). Muscularispropria showed strong to
moderate cytoplasmic immunoreactivity for smoothlin, while
the muscularis mucosa showed strong cytoplasmic
immunoreactivity for vimentin.

Three of the cases which were staged as Ta at the
H&E staining were upstaged to T1 after staining with
vimentin; while five of the cases which were staged as T1
at the H&E staining were upstaged to T2 after staining with
smoothelin as shown in table (IV.VI).

Table I: Distribution of urothelial carcinoma cases according to
different clinicopathologic parameters and H&E staining ( age,
gender, tumor grade and stage) .

Table II:  Smoothelinimmunoreactivity and sensitivity in
muscularispropria cells at variable H — score cutoff values (10).

H-score No. of urothelial carcinoma cases | smoothelin
cutoff positive for smoothelin sensitivity
Any 60/60 100%
>10 60/60 100%
> 50 60/60 100%
> 100 60/60 100%
> 150 58/60 97.1%
> 200 57/60 95.7%
> 250 55/60 92.9%

Table 1lI: vimentinimmunoreactivity and sensitivity in muscularis
mucosa cells at variable H — score cutoff values.

H-score No. of urothelial carcinoma cases | vimentin
cutoff positive for vimentin sensitivity
Any 50/60 83.3%
>10 50/60 83.3%

> 50 50/60 83.3%

> 100 48/60 80%

> 150 47/60 78.3%

> 200 45/60 75%

> 250 45/60 75%

Clinicopathologic parameters Urothelial carcinoma
cases

Age Less than 19 yrs. 1(1.7%)

20 — 39 yrs. 0

40 — 59 yrs. 4(6.7%)

60 — 79 yrs. 50(83.3%)

More than 80 yrs. 5(8.6%)
Gender Male 50(83.3%)

Female 10(16.7%)
Tumor Low 38(63.3%)
grade High 22(36.7%)
Stage Ta 7(11.7%)

T1 37(61.7%)

T2 16(26.7%)
Microscopic | Papillary 44(73.3%)
morphology

Conventional 10(14.3%)

infiltrating

Infiltrating with | 6(10%)

divergent

differentiation

Table 1V: Smoothelinimmunoreactivity in muscularis mucosa and
muscularispropria.

Vimentin expression MM(n=60) MP (n=60)
Negative 55(91.7%) 60(0%)
Positive 5(8.3%) 0(100%)
Intensity Negative/mild 10(100%) 0(98.6%)
Moderate/strong 0 60(1.4%)

P value (0.02) <0.05 Significant

Table V: Vimentinimmunoreactivity in muscularis mucosa and
muscularispropria.

Vimentin expression MM(n=60) MP (n=60)
Negative 10(16.7%) 60(100%)
Positive 50(83.3%) 0
Intensity Negative/mild 10(16.7%) 0
Moderate/strong 50(83.3%) 0

P value is < (0.001) Significant < 0.05

Table VI: staging of urothelial carcinoma after
immunohistochemical staining by vimentin and smoothelin
according to AJCC\TNM staging system of urothelial carcinoma of
urinary bladder.

Stage after immunohistochemical | n %age
staining

Ta 4 6.7
T1 35 58.3
T2 21 35

Figure (1 ) :A: Section of the urinary bladder shows low grade papillary
urothelial carcinoma by H&E (10X).B: Sections of the urinary bladder shows
high grade papillary urothelial carcinoma(black arrow) by H&E (40X).C:
Sections of the urinary bladder shows lamina propria(red arrow) invasion
by tumor cells(black arrow) by H&E (10x).D: Sections of the urinary bladder
shows  muscularispropria(blue arrow) invasion by urothelial carcinoma
(black arrow)by H&E (10X).
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Figure 2: A: Section of the urinary bladder shows lamina propria (black
arrow) positive for vimentin without invasion by cancer cells (red arrow)(4X).
B: Section of the urinary bladder shows lamina propria (black arrow)positive
for vimentin with positive invasion by cancer cells(red arrow) (10X). C:
sections of the urinary bladder shows low grade papillary urothelial
carcinoma (red arrow) with positive vimentin expression in the lamina proria
(black arrow) and cancer cells; which may indicate epithelial mesenchymal
transformation (40X). D: Sections of the urinary bladder shows high grade
urothelial carcinoma (red arrow) with positive vimentin expression in the
tumor cells ; which may indicate epithelial mesenchymal transformation

Figure 3: (A)Section of the urinary bladder shows muscularispropria (blue
arrow) which is positive for smoothelin without invasion by cancer cells
(black arrow)(10X). (B) Section of the urinary bladder which is positive for
smoothelin (blue arrow) with invasion by cancer cells (black arrow)(4X).
(C)&(D) Sections of the urinary bladder shows low grade papillary urothelial
carcinoma(black arrow) that shows negative smoothelin expression in the
lamina propria(red arrow) and positive smoothelin expression in the tumor
cells which may indicate epithelial mesenchymal transition . (C:4X,D:40X).
——— = =

DISCUSSION

This study shows that the differential expression of
immunohistochemical markers appears to be very useful in
distinguishing between the smooth muscle cells (SMC) of
the muscularis mucosa and those of the

muscularispropria when smoothelin and vimentin especially
used in combination.

Independently the sensitivity of each IHC marker was
calculated. Sensitivity of smoothelin for muscularispropria
was 100% while Pvalue was (0.001). As expected the
smoothelin positivity for muscularis mucosa was very low.
Only 5/60 (8.3%) cases showed mild positivity, thereby
making smoothelin negativity for muscularis mucosa (MM)
a very good tool. This confirmed our hypothesis of using
smoothelin for exclusively staining the actively contractile
MP and not MM.

The expression of the smoothelin marker in smooth
muscle cells of the bladder was first detected by Maake et
al. He found that the gene and the protein (which is
detected by RT-PCR and immunofluorescence) were
expressed by the smooth muscle cells of
muscularispropria in (8) normal and (13) overactive
bladders (7). Then, Kuijpers et al had found that protein
expression was confined to the muscularispropria (MP) and
has not been detected in muscularis mucosae in eight
cystectomy specimens!!. These findings were recently
confirmed in a large study by Paner et al who found that
smooth muscle cells of all the (32) evaluated sections of
muscularispropria  (MP)showed moderate or strong
smoothelin expression in contrast to smooth muscle cells
(SMC) of the muscularis mucosae , where moderate
expression was seen in (2) of (25) specimens of the
hyperplastic muscularis mucosae and not in (32)
specimens of the conventional muscularis mucosae'?.
Vimentin was used in this study to accurately rule out
muscularispropria. The results showed sensitivity of 83.3%
positivity for MM layer , while vimentin expression was
negative in the muscularispropria in all sixty cases. Pvalue
was (0.001). Similar to our study we found a work by
Kuijpers et al , in which smooth muscle cells (SMC) of the
muscularispropria from all the eight cystectomy specimens
which were evaluated by immunofluorescence has been
found to be negative for vimentin expression!!. These
findings appear to substantiate our findings in that there is
a marked difference in vimentin expression between
smooth muscle cells (SMC) of the muscularis mucosae
(MM) and smooth muscle cells(SMC) of the
muscularispropria (MP).

Another study done by Noha Elkady et al in Egypt in
which 59 cases were studied, the study revealed that the
Intensity of smoothelin expression showed a significant
difference ( P value = 0.001) between the
muscularismucosa (MM) and the muscularispropria (MP)
with a sensitivity of (97.5%). Vimentin was found to be
negative in the muscularispropria but showed positive
expression in (32) cases (80%) of muscularis mucosa with
a statistical significant difference (Pvalue=0.001) providing
a sensitivity of (80%). Combined esults of moderate to
strong smoothelin and negative vimentin offered a
sensitivity of (100%) and a specificity (100%)towards the
identification of muscalarispropria (MP)*3.

Only 16 of these 60 cases (26.7%) showed muscle
invasion by H&E. While on doing IHC; amongst the 44
noninvasive tumors there were 5 cases which were
diagnosed previously as noninvasive , were proven
invasive based on IHC by smoothelin. This can be
explained by small propria bundles that were missed by us
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on the HE stain of the TURBT specimens. These 5 cases
were up-staged after IHC. Also, 7 cases out of the 60
cases (11.7%) were staged as Ta by H&E staining. on
doing immunohistochemistry with vimentin; three out of the
seven cases were found to be invasive for the muscularis
mucosa and were up-staged to T1. This supports the
importance of carrying out IHC in all TURBT specimens for
accurate staging.

Commonest error done by histopathologist is to
mistake muscularis mucosa as muscularispropria in
disoriented TURBT biopsies. On multiple occasions the MM
can have a mild hyperplasia mimicking it as
muscularispropria. Tangential sections and effects of
cautery further bewilder the pathologists. This falsely
changes the stage of the urothelial carcinoma from T1 to
T2. This has a direct bearing on the treatment protocol, as
BCG instillation is used in T1 tumors, whereas cystectomy
is the treatment of choice in T2 carcinomas bladder41516,

We also found positive staining of the tumor cells by
both smoothelin (in 4/60 cases (6.7%) and vimentin (in 5/60
cases 8.3%). this staining included both low grade and high
grade urothelial carcinoma which may indicate epithelial
mesenchymal transition. This is supported by a research
made by Paliwalet al who demonstrated statistically
significant association of (cytokeratin, E-cadherin and
vimentin) with stage and grade of the bladder cancer. and
since these markers form part of the spectrum of changes
associated with epithelial mesenchymal transformation?'?,
the study establishes proof of concept of the existence of
this process. This study supports only positivity for vimentin
in high grade urothelial carcinoma. While there was no
comparative study for positivity of vimentin in low grade
urothelial carcinoma or for smoothelin in both high grade
and low grade urothelial carcinoma but we mentioned it as
a positive findings in our research which may indicate that
positive staining does not depend only on the grade of
tumor cells but also depend on derangement of the function
or kinetics of neoplastic cells.

CONCLUSION

1. Differential expression ofimmunohistochemicalmarkers
can be used todistinguish the smooth muscle cells of
the muscularis mucosa andthe smooth muscle(MM)
cells of the muscularispropria(MP).

2. The proposed immunohistochemical markers can help
the pathologist in accurately labeling an invasive
bladder carcinoma. The extent of invasion into
muscularispropria will decide the treatment protocol.

3. Finally, a caution should be taken in that any number
of immunohistochemically stained sections can only
supplement andshouldnot replace the morphological
findings on haematoxylin and eosin-stained sections.

RECOMMENDATIONS

1. Requesting for IHC as a routine or at any questionable
level of tumor invasion.

2. Thinking of IHC before reporting a case of urothelial
carcinoma as noninvasive.

3. Future research applying different panels to
differentiate fibrous and smooth muscle to pick up the
best results for staging urothelial carcinoma.
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