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Background: Urinary bladder carcinoma is one of the most common malignancies
worldwide. Urothelial carcinoma (UC) is the commonest type of bladder cancer and
comprises 90% of all bladder primary tumors. Urothelial dysplasia (UD) points to
urothelial instability and is a sign for tumor progression or recurrence, developing
into UC in 5–19% of cases. Thus, the identification of valuable markers can be useful
for assessing tumor progression and response to targeted therapies. Aim: This study
aimed to assess the immunohistochemical expression of HER2/neu and SPINK1 in
UD and UC, and their relation to available clinicopathological parameters. Materials
and methods: This study was carried out on 30 cases of UD; and 30 cases of UC.
Immunohistochemistry was performed using HER2/neu and SPINK1 primary
antibodies Results: HER2 expression was positive in 3 cases of carcinoma in situ (CIS)
(out of 30 cases of UD) and 17 out of 30 UC cases. SPINK1 showed positive expression
in 2 CIS cases and 19 UC cases. There was a statistically significant difference in HER2
and SPINK1 expression between UD and UC. HER2 and SPINK1 expression increased
significantly with the increased tumor size, grade and pathologic stage. Only HER2
expression was significantly associated with tumor recurrence. Conclusions: HER2
overexpression is closely associated with aggressive tumors. HER2 can be a valuable
predictive indicator for UC prognosis selecting patients who are likely to benefit
from anti HER2 targeted therapy. High SPINK1 expression also correlated with
features of biologically aggressive bladder UC cases but did not have independent
prognostic value.
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INTRODUCTION
Urinary bladder carcinoma is the third most
common malignancy in males and the 11th in
females worldwide (American cancer society,
2016). Urothelial carcinoma is the furthermost
common type of bladder cancer and comprises
about 90% of all primary tumors of the
bladder (Zeng et al., 2016). In Egypt, according
to the National Cancer Institute, urinary bladder
neoplasm constitutes 30% of all malignancies
with a frequency rate of 13.5/100,000
individuals (Ibrahim et al., 2014). Dysplasia in
cases with papillary noninvasive tumors points
to urothelial instability and is a sign for tumor
progression or recurrence. Dysplasia usually
develops into urothelial carcinoma in 5–19% of
cases (Barth et al., 2018).

Numerous factors affect the prognosis and
treatment choice in urothelial carcinoma
including patient’s age, tumor grade, stage and
associated carcinoma in situ. But, they may be
deficient in defining the prognosis. Dissimilar
outcomes may be noticed in cases of similar
stage and grade (Babjuk et al., 2013).
Besides, therapeutic efforts are restricted to
cases with metastasis with only little
improvement. In addition, more than 75% of
cases have tumor in the superficial layer of the
bladder wall and nearly 20–40% of cases will
present with invasive tumor later (Zheng et al.,
2012). Thus, the identification of valuable
biological markers can be useful for assessing
the progression and the response to alternative
targeted therapies (Matsushita et al., 2011).
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Human epidermal growth factor receptor 2
(HER2) is a transmembrane tyrosine kinase
receptor which involved in cell growth, survival
and migration. HER2 is well-known to play a
role in controlling normal cellular proliferation
by an intrinsic tyrosine kinase activity,
amplification of the HER2/neu gene appears to
play a role in neoplastic cell growth
(Sanguedolce et al., 2019).
Assessment of HER2 status is critical in
managing breast cancer, for prognosis and
predicting the response to targeted therapies.
HER2 was found to be associated with poor
prognosis and response to target therapy by
specific
chemotherapeutic
agents
as
trastuzumab (Badary et al., 2018). Such
promising results of HER 2 in breast and other
tumors as gastric cancer have motivated the
investigation of HER2 expression in other
cancers to deliver the usage of HER2 inhibitors
(El Ochi et al., 2017).
Immunohistochemical expression of HER2
displays wide variability in different studies of
urothelial carcinoma and was associated with
higher grade, stage and poor prognosis
(Fleischmann et al., 2011 & Naruse et al., 2010).
Though, other studies have reported no such
association (Bellmunt et al., 2015). Therefore,
the value of HER2 overexpression in urothelial
carcinoma is still unclear.
The serine protease inhibitor Kazal type 1
(SPINK1) gene, also known as tumourassociated trypsin inhibitor (TATI) or pancreatic
secretory trypsin inhibitor (PSTI), it encodes a 79
amino acid peptide, and developed SPINK1
comprises 56 amino acids (Mehner & Radisky,
2019).
SPINK1 has 50% homology with epidermal
growth factor (EGF) in the arrangements of
amino acid, and so can be connected with
epidermal growth factor receptor (EGFR).
Consequently, it was deduced that SPINK1 has a
growth factor role (Xiu et al., 2018).
Latest studies have verified that SPINK1 is a
predictor of unfavorable outcomes in many
tumors as prostate (Ateeq et al., 2011), colon
(Ida et al., 2015 and Tiwari 2015), pancreatic
(Zhang et al., 2016) and ovarian cancer (Mehner
et al., 2016), and that SPINK1 induce
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tumorgenesis via a mechanism independent
from its traditional action as a serine protease
inhibitor (Shyu et al., 2019).
Previous studies proposed the probable role of
SPINK1 in tumor development and progression,
and that SPINK1 might be a valuable therapeutic
target for cancer. However, its expression
pattern and role in prognosis in urothelial
carcinoma is still uncertain.
This
study
aimed
to
assess
the
immunohistochemical expression of HER2/neu
and SPINK1 in urothelial dysplasia and urothelial
bladder carcinoma, and their relation to various
clinicopathological parameters.

MATERIALS AND METHODS
This study was carried out on 30 cases
diagnosed as urothelial dysplasia (UD), and 30
cases diagnosed as urothelial carcinoma (UC) by
two pathologists. Samples were collected as
formalin-fixed,
paraffin-embedded
tissue
blocks, with H&E stained slides from the
archives of the pathology department of faculty
of medicine, Tanta University and private labs
(48 cases) or received as fresh specimens taken
by TRUB procedure and by radical cystectomy
(12 cases) in the period from May 2019 till May
2020. Only the TRUB cases with included muscle
layer were included in this study. The studied
cases of urothelial carcinoma were graded
according to the classification of WHO 2016
(Moch et al., 2016) and the pathological stage
(depth of invasion of urothelial carcinoma)
according to TNM staging system (Amin et al.,
2017).
Immunohistochemistry
It was performed using the immunoperxoidase
method on 4µ-thick sections from the paraffinembedded blocks. Tissue sections were
deparaffinized in xylene and rehydrated in
descending grades of alcohol (100, 95, 85 and
75% ethanol) and blocked with 3% hydrogen
peroxide for 15 min at room temperature.
Antigen retrieval was performed after heating
in citrate buffer at 98˚C for 10 min. Pretreated
sections were incubated with mouse
monoclonal HER2/neu antibody (1:100, Thermo
Scientific, Egypt Catalog # MA1-35720) and
SPINK1 a rabbit polyclonal antibody (1:500,
Thermo Scientific, Egypt, Catalog # PA5-55634)
IJCBR Vol. 5(2): 111-122.
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was also applied to the sections at 4˚C overnight
and incubated with secondary antibody (HRPRabbit/Mouse) for 30 min at 37˚C. The signal
was detected with 3,3'-diaminobenzidine
solution. using a light microscope. As a negative
control, a section was processed in which the
primary antibody was changed by PBS.
Immunohistochemical staining was evaluated
independently by two pathologists.
Immunohistochemical interpretation:
Every immunohistochemically stained slide was
scanned and the fields that reflect the best of
the overall immunostaining were chosen and
captured using light microscope attached with
an
imaging
system
(Lieca DM
2000, Lieca Microscopy and
Scientific
Instruments Group Germany).
HER2 expression was found to be membranous
and cytoplasmic but HER2 was considered
positive only with membranous staining using
the ASCO scoring system. HER2 expression was
assessed semi-quantitatively by the intensity
and percentage of staining and scored as
follows : 0 = no staining or incomplete
membranous staining in ≤ 10% of tumor cells,
+1 = incomplete membranous staining in >10%
of tumor cells, +2 = circumferential, incomplete
and/or weak/ moderate membranous staining
in >10% of tumor cells or complete,
circumferential intense membrane staining in ≤
10% of tumor cells; +3 = complete, intense
staining of >10% tumor cells; For statistical
analysis, HER2 membranous expression score (0
and 1) considered negative and score (2 and 3)
considered positive (Badary et al., 2018).
SPINK 1 showed cytoplasmic expression in
tumor
cells.
It
was
evaluated
semiquantitatively. The percentage of positive
cells was assessed as follows: 0 = no positive
cells; 1 = 1-10% positive cells; 2 = 11-50%
positive cells; 3 = ≥51% positive cells. Staining
intensity was assessed as follows: 0 = no
staining; 1 = weak staining; 2 = moderate
staining; 3 = strong staining. SPINK 1 score =
staining percentage x intensity. When SPINK1
expression <2 = low expression, ≥2 = high
expression (Guo et al., 2019).
Statistical analysis was performed by the SPSS
software package. The relation between
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markers expression and the clinicopathological
characteristics were analysed by Student t-test
and Fisher’s exact test. P-value < 0.05 was
considered statistically significant.

RESULTS
The studied cases included 30 cases of
urothelial dysplasia and 30 cases of urothelial
carcinoma. The sex distribution showed 34
males (10 UD and 24 UC); and 26 females (20
UD and 6 UC). The main age of UD cases was 40
years while the main age for UC cases was 64
years. Urothelial dysplasia cases included 19
cases of low-grade UD and 11 cases of highgrade UD (CIS). Urothelial carcinoma cases were
classified according to WHO 2016 into 12 lowgrade cases (G I, II) and 18 high-grade cases (G
III, IV). Low-grade cases were divided into 8
cases of papillary non-invasive UC and 4 cases of
low-grade invasive UC. All 18 high-grade cases
were invasive UC. TNM staging of carcinoma
cases showed 7 cases of pTa, 5 cases of pT1, 8
cases of pT2, 10 cases of pT3 and no cases were
of pT4. Regarding disease recurrence, only 3
cases of urothelial carcinoma were recurrent
and the rest were diagnosed for the first time.
Immunohistochemical staining results of HER2
All low-grade UD cases showed complete
negative staining for HER2 or negative with
weak incomplete focal staining of umbrella
cells. High-grade UD (CIS) showed moderate to
strong positivity in 3 cases (27%) and negative
staining in the 8 remaining cases (Figure 1)
(Table 1). The correlation between the
immunohistochemical staining results of HER2
in urothelial dysplasia cases and the
clinicopathological
characters
were
summarized in Table (2).
Regarding urothelial carcinoma cases, 17 cases
(56%) were positive for HER2 immunostaining
(Figures 2, 3), with a statistically significant
difference in HER2 expression between UD and
UC (p < 0.001) (Table 1). The expression of HER2
in the nearby normal urothelium was negative
or weak staining in umbrella cells. Higher grades
of UC were associated with increased HER2
expression. The relation between the
immunohistochemical staining results of HER2
in urothelial carcinoma cases and the
clinicopathological
characters
were
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summarized in Table (3). A significant statistical
relation was found between HER2 expression
and tumor size (p=0.018), tumor grade (p =
0.008), pathologic stage (p = 0.03) and disease
recurrence (p=0.046) Table (7).
Immunohistochemical staining results of
SPINK 1
All low-grade UD cases showed complete
negative staining for SPINK1 or negative with
weak focal staining of umbrella cells. High-grade
UD (CIS) showed low SPINK1 expression in 2
cases (18%) and negative staining in the 9
remaining cases (Figure 4) (Table 4). The
correlation between the immunohistochemical
staining results of SPINK1 in urothelial dysplasia
cases and the clinicopathological characters
were summarized in Table (5). Regarding
urothelial carcinoma cases, 19 cases (63%) were
positive for SPINK1 immunostaining) (Figures
5,6). A statistically significant difference was
found between SPINK1 expression in UD and UC
cases (p < 0.001) (Table 4). The expression of
SPINK1 in the nearby normal urothelium was
negative or weak staining in umbrella cells.
Higher grades of UC were associated also with
increased SPINK1 expression. The relation
between the immunohistochemical staining
results of SPINK1 in urothelial carcinoma cases
and the clinicopathological characters were
summarized in Table (6). A significant statistical
relation was found between SPINK1 expression
and tumor size (p=0.039), tumor grade (p =
0.03) and pathological stage (p = 0.008) with no
significant relation to disease recurrence Table
(8).
The statistical analysis of the relation of HER2
and SPINK1 to disease recurrence revealed a
statistically significant relation of HER2 with the
disease recurrence (p=0.046) while SPINK1
showed non-significant relation with recurrence
(p=0.279).

DISCUSSION
Urinary bladder carcinoma is a heterogeneous
disease with urothelial carcinoma being the
furthermost common type of bladder cancer
and comprises about 90% of all primary tumors
of the bladder (Zeng et al., 2016). As patients at
the same grade or stage of bladder carcinoma
can have a different outcome, great concern has
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been given to identifying novel prognostic
biomarkers for better prediction of clinical
outcomes and response to therapy as the usual
prognostic parameters are insufficient for
prognosis (Zhao et al., 2015). HER2 is one of the
frequently amplified oncogenes in urinary
bladder cancer and supposed to be a probable
therapeutic target for it (Simon et al., 2003). It’s
positioned on chromosome 17q21 which
encodes a transmembrane protein interacting
with numerous growth factors. It is well
established that overexpression of HER2
protein is a significant prognostic factor in
breast carcinoma. Nevertheless, its role in
urinary bladder carcinoma still unclear
(Simonetti et al., 2009). In urothelial bladder
carcinoma, mutations of HER2 were identified
in 9% of patients. Remarkably, some of these
molecular alterations are parallel to those
detected in breast cancer, proposing that both
tumors may have similar pathways for
malignant progression (CGARN, 2014).
In the current study, immunohistochemical
investigation of HER2 was done in 60 studied
cases (30 of UD; and 30 cases of UC). Our results
revealed that HER2 was positively expressed in
3 (27%) UD cases and 17 (56%) UC cases with a
statistically significant difference in HER2
expression between UD and UC (p < 0.001). Our
findings were in agreement with those by
Mohamad et al. (2014) who reported a
statistically significant increase in Her2
expression in UC cases compared with cases of
UD (P=0.02).
Regarding urothelial carcinoma in our study, 17
cases (56%) showed HER2 positivity which was
in agreement with other studies (Caner et al.,
2008, Naik et al., 2011 and El Gehani et al.,
2012). Thus, supporting the efficacy of the
immunohistochemistry procedure in evaluating
HER2 expression in UC. There was a wide
variation in the incidence of HER2 expression in
UC from 12% to 71% (El Gehani et al., 2012).
Such variations are thought to be due to the
difference in the applied scoring system used to
assess HER2 expression, tumor heterogeneity,
variability in immunohistochemistry assays,
heterogeneity between kits, antibodies and
interpretations of staining or cut-off values
(Charfi et al., 2013).
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Table 1. The immunohistochemical staining results of HER2 in studied urothelial dysplasia and urothelial carcinoma cases:
Immunohistochemical expression of HER2

Urothelial dysplasia (n=30) Low grade
High grade (CIS)
Urothelial Carcinoma (n=30)

0
(Negative)
No
%
19 100%
3
27%
4
14%

+1
(Negative)
No
%
0
0%
5
45%
9
30%

+2
(Positive)
No
%
0
0%
2
18%
6
20%

+3
(Positive)
No
%
0
0%
1
10%
11 36%

P-value

<0.001*

*Statistically significant (P<0.05).
Table 2. The relation between HER2 expression and the
clinical and pathological characters of studied urothelial
dysplasia cases:
Variables

Figure 1. Urothelial carcinoma in situ showing strong (+3)
HER2 expression (x400)

Negative
(0 & +1)
N = 27

Positive
(+2 & +3)
N=3

14
13

1
2

0.2

8
19

2
1

0.3

19
8

0
3

0.4

Age
<40 (15)
>40 (15)
Sex
Male (10)
Female (20)
Grade
Low grade (19)
High grade (11)

X2

P
0.85
0.59

0.7

*Statistically significant (P<0.05). χ2: Chi-square test
Table 3. The relation between HER2 expression and the
clinical and pathological characters of studied urothelial
carcinoma cases:
Variables

Figure 2. Low-grade urothelial carcinoma showing weak
(+1) HER2 expression (x400).

Age
<60 (14)
>60 (16)
Sex
Male (24)
Female (6)
Tumor size
< 3cm
(23)
> 3cm (7)
Grade
Low grade
(12)
High grade
(18)
Pathologic
stage
pTa (7)
pT1 (5)
pT2 (8)
pT3 (10)

Negative
(0 & +1)
N = 13

Positive
(+2 &
+3)
N = 17

7
6

7
10

0.6

12
1

12
5

0.7

11
2

12
5

8
5

4
13

4
2
3
4

3
3
5
6

X2

5.644

3.8

P

0.3
0.4
0.018*

0.008*

0.03*

6.3

*Statistically significant (P<0.05). χ2: Chi-square test
Figure 3. High-grade invasive urothelial carcinoma
showing strong (+3) HER2 expression (x400).
IJCBR Vol. 5(2): 111-122.
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Table 4. The immunohistochemical staining results of SPINK1 in studied cases:

Urothelial dysplasia (n=30) Low grade

Immunohistochemical expression of SPINK1
Score 0
Score < 2
Score > 2
(Negative)
Low expression
High expression
No
%
No
%
No
%
19
100%
0
0%
0
0%

High grade (CIS)
Urothelial Carcinoma (n=30)

9
11

82%
37%

2
7

18%
23%

0
12

P-value

<0.001*

0%
40%

*Statistically significant (P<0.05).
Table 5. The relation between SPINK1 expression and the
clinicopathological characters of studied urothelial
dysplasia cases
Variables

Figure 4. Urothelial carcinoma in situ showing low SPINK1
expression (Score 2) (x400)

Negative
N = 28

Positive
N=2

X2

P

Age
<40 (15)
15
0
0.73
>40 (15)
13
2
0.2
Sex
Male (10)
8
2
0.64
Female (20)
20
0
0.4
Grade
19
0
0.6
Low grade (19)
9
2
0.35
High grade (11)
*Statistically significant (P<0.05). χ2: Chi-square test
Table 6. The relation between SPINK1 expression and the
clinicopathological characters of studied urothelial
carcinoma cases
Variables
Age
<60 (14)
>60 (16)
Sex
Male (24)
Female (6)

Figure 5. Low grade papillary urothelial carcinoma showing
low SPINK1 expression (Score 1) (x200)

Figure 6. High grade invasive urothelial carcinoma showing
high SPINK1 expression (Score 9) (x400).
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Negative
N = 11
7
4

Positive
N = 19
7
12

0.2

10
1

14
5

1.7

X2

P
0.8

0.2

Tumor size
0.039*
< 3cm (23)
7
16
4.272
> 3cm (7)
4
3
Grade
Low grade
8
4
0.03*
(12)
3
15
4.4
High grade
(18)
Pathologic
0.008*
stage
5
2
pTa (7)
3
2
pT1 (5)
1
7
pT2 (8)
2
8
3.9
pT3 (10)
*Statistically significant (P<0.05). χ2: Chi-square test
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Table 7. The relation between HER2 expression and the
recurrence of all studied cases:
HER2 expression
Recurrence

Recurrent
(n=3)
Non
recurrent
(n=57)

Negative
(n=40)
no.
%

Positive
(n=20)
no.
%

0

0%

3

100%

40

49.3%

17

50.7%

X2

P

6.172

0.046
*

*Statistically significant (P<0.05). χ2: Chi-square test
Table 8. The relation between SPINK1 expression and the
recurrence of all studied cases:

Recurrence
Recurrent
(n=3)
Non
recurrent
(n=57)

SPINK1 Expression
Negative
Positive
(n=39)
(n=21)
no.
%
no.
%
2

66.7%

1

33.3%

37

35.8%

20

64.2%

X2

P

1.17

0.279

Interestingly, in a study by Bellmunt et al. (2015)
they use the same procedures in the same
laboratories and same scoring manner but there
were significant differences between the two
groups studied (Spanish and Greek population),
as 27% and 4% had HER2 overexpression,
respectively. So such difference observed
suggests that HER2 status differs among
populations, and indicates that there is
considerable etiologic heterogeneity in bladder
cancer.
Our results revealed a statistically significant
relation between HER2 expression and the
grading of UC cases (p=0.008), as increased
HER2 expression was seen in higher UC grades.
Also, Mohamed et al. (2017), Charfi et al. (2013)
and Alexa et al. (2010)
reported HER2
overexpression in high-grade UC cases
compared to low-grade ones with statistical
significance values, so they documented that
HER2 overexpression was considerably linked to
the tumor differentiation. These findings
propose that HER2 overexpression might
associate with more aggressive disease.
Also, a statistically significant relation (P=0.03)
was identified between HER2 expression and
the staging of UC in the current work, as
increased HER2 expression (scores+2 and +3)
was identified in more advanced stages (pT2,3).
IJCBR Vol. 5(2): 111-122.

Supporting our results, Kruger et al. (2002),
Jalali et al. (2007) and Charfi et al. (2013) who
reported HER2 overexpression in high stages of
UC than in low stages suggesting its association
with more advanced disease, so evaluation of
Her2 status can be useful in identifying patients
at increased risk of disease progression.
In contrast with our results, Ioachim et al.
(2000) did not find any significant relation
between HER2 overexpression and UC grading
or staging (P > 0.05). Also, Latif et al. (2004) did
not detect any significant relation between
HER2 expression and tumors grade; however,
HER-2 overexpression was higher in invasive
tumors signifying anti-HER2 therapy for invasive
cases. Likewise, Alexa et al. (2010) found no
association between HER2 overexpression and
the tumor stage and lymph node status as well.
Such conflicting results may be due to the
heterogeneity between antibodies, protocols,
interpretations of HER2 expression.
Additionally, a statistically significant relation
was detected between HER2 expression and
tumor size (p=0.018) in the current study, as
high HER2 expression (scores +2 and +3) was
seen often in cases with tumor size >3 cm. On
the contrary, Lim et al. (2015), El Ochi et al.
(2017) and Li et al. (2018) found no significant
relation between HER2 overexpression and the
tumor size in their work.
Furthermore, the current work revealed a
statistically significant relation between HER2
expression and the recurrence of UC (P=0.046)
our finding was similar to those reported by Li
et al. (2018) they noted increased HER2
expression in the recurrent group than the
primary tumor group which suggest a possible
prognostic role of HER2 in UC cases.
In a univariate analysis by Lim et al. (2015), they
illustrated that tumor size and HER2
overexpression were significantly correlated
with recurrence-free survival. In addition, in
their
multivariate
analysis,
HER2
overexpression revealed shorter recurrence
time in cases with non- muscle invasive bladder
cancer. In another study by Tsai et al. (2005)
they found that tumor recurrence within the
bladder was significantly correlated to HER2
overexpression
and
ureteral
tumor
involvement. They also stated in a multivariate
117
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analysis that HER2 overexpression and high
grade of UC were also associated with a shorter
recurrence time.
Sasaki et al. (2014) stated that overexpression
of HER2 was significantly associated with
shorter recurrence of UC in the residual bladder
after nephroureterectomy and HER2 was
proposed to be an independent prognostic
marker for early recurrence of UC in the residual
bladder after nephroureterectomy and the
residual bladder should be inspected after the
operation by a short time. On the contrary, in a
study by Olsson et al. (2012) they did not detect
any significant association between HER2
expression and prognosis including recurrence
and progression of the tumor.
In this work, no statistically significant relation
could be noticed between HER2 expression and
patients’ age and sex in all studied cases. Also,
no statistically significant relation could be
detected between HER2 expression and grading
of UD cases. Similarly, in a study by Mohamad
et al. (2014) and Nini et al. (2020) no statistically
significant relation was reported regarding age
and sex with respect to HER2 overexpression in
their studied cases.
A promising new moleculer biomarker, Serine
peptidase inhibitor Kazal type 1 (SPINK1) also
known as tumor-associated trypsin inhibitor
(TATI) plays an important role in inflammation,
cell proliferation, and carcinogenesis. SPINK1
has been found in a wide range of different
tissues, including the urothelium. Altered
SPINK1 expression was noticed in different
epithelial malignancies such as lung, liver,
ovarian, pancreatic, colorectal and prostate
carcinomas) which was associated with poor
prognosis. However, few studies discussed the
expression of SPINK1 in urinary bladder
malignancy (Guo et al., 2019).
In the present study, we noticed a significant
difference between SPINK1 expression in UC
and UD. SPINK1 expression was positive in 19
cases (63%) of UC while weak positivity was
restricted to 2 cases of urothelial carcinoma in
situ with a statistically significant difference
between UC and UD (p>0.001). The degree of
SPINK1 positivity was significantly correlated
with the grade (p=0.03) and pathologic stage of
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UC (p=0.008). SPINK1 was negative in normal
urothelium and low-grade dysplasia.
SPINK1 expression was investigated in many
cancers as the pancreas (Ozaki et al., 2009),
colorectal (Koskensalo et al., 2013),
hepatocellular (Marshall et al., 2013), lung (Guo
et al., 2019), breast (Soon et al., 2011), ovary
(Mehner et al., 2015) and prostate cancers
(Ateeq et al., 2015). Most of these studies
confirmed the association of high SPINK1
expression with higher tumor grades, higher
pathologic stages and poorer prognosis.
However, very few studies discussed the role of
SPINK1 in UC and UD and its relation to
prognosis
especially
using
SPINK1
immunohistochemistery. The results of these
studies were controversial. A number of these
studies agreed with our results as a study by
Itkonen & Stenman (2014) who discovered that
over-expression of SPINK1 predicts an
unfavorable tumor outcome and serum SPINK1
can identify patients with increased risk of
aggressive disease. They explained that SPINK1
acts as an autocrine transforming factor
involved in progression, invasion and metastatic
spread. Recently, Matuszczak & Salagierski
(2020) similarly stated that SPINK1 is produced
at lower concentrations in many healthy tissues
and high concentrations by several tumors such
as urologic cancers.
In 2003, Kelloniemi et al. showed that SPINK1
might be valuable for the identification of
patients with adverse prognosis in transitional
cell carcinoma. They suggested that SPINK1
(TATI) is expressed together with tumorassociated trypsin which recently was found to
activate prourokinase and collagenases
responsible for tumor invasion (matrix
metalloproteinase-2 and metalloproteinase-9).
Elevated TATI concentrations in serum reflect
trypsinogen expression in the tumor. This gives
a logical explanation for the prognostic value of
SPINK1 in some cancers including bladder
cancer.
Later Shariat et al. (2005) demonstrated that
urinary SPINK1 levels were significantly higher
in TCC patients than in control group and higher
levels of SPINK1 in urine can correlate with the
risk of bladder tumour, increased tumor size
and tumor stage. Another study was done by
IJCBR Vol. 5(2): 111-122.
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Gkialas et al. (2008) found that SPINK1
measurements were significantly greater in the
group of urothelial carcinomas compared with
the normal control group or the group of benign
bladder lesions and considered SPINK1 a
promising more sensitive urinary tumor marker
for high-grade urothelial bladder carcinoma.
On the other hand, other studies reached
different results as found in a study by Patschan
et al. (2012). Interestingly, they noted that
SPINK1 was expressed in 100% of patients
without cancer (unlike our results), while 71% of
radical cystectomy showed decreased or no
SPINK1 expression. SPINK1 level showed a
positive correlation with bladder tumors of
favourable differentiation. SPINK1 expression
also decreased with advancing pathological
stage. They suggested that SPINK1 plays an
important role in pathogenesis and invasion of
urothelial carcinoma. Its association with
markers involved in the cell cycle, proliferation
and inflammation serve as a hypothesis for
molecular interactions. They explained their
results by misbalance between the tissueprotective effect of SPINK1 as an inhibitor of
trypsin and the tissue destructive effect of
trypsinogen. This was the same as the results of
Hotakainen et al. (2006) who reported that
SPINK1 expression was found in all non-invasive
tumors and benign tissues, but the expression
was lower in the muscle-invasive tumors and
that SPINK1 expression decreased with the
rising stage and grade of bladder tumor.
Similarly Rink et al. (2013) reported that a loss
of SPINK1 expression was noted in 57.9% of UC
cases and was significantly associated with
higher tumor grades and pathologic stages. As
in our study, SPINK1 expression was found in
umbrella cells of 52% of control cases in the
normal urothelium. Lately Liu et al. (2019) made
a similar conclusion that a decreased SPINK1
expression correlated with more advanced
disease and was positively correlated with
favorable differentiation of bladder cancer, and
lower tumor stage. These discrepancies of
results between our study along with several
others on one hand, and between other studies
with different findings, on the other hand, can
be explained by differences in the reliability of
immunohistochemical
techniques.
Immunohistochemistry is a semiquantitative
IJCBR Vol. 5(2): 111-122.

process and dependent on many variables, such
as the choice of antibodies, antibody
concentration, fixation techniques, subjectivity
of interpretation and stratification criteria, and
inconsistency of specimen handling and
technical procedures. It can also be attributed
to the different populations of bladder cancer
patients (Rink et al., 2013).
In addition, our study found that positive
SPINK1 expression was related to poor
prognosis of bladder UC despite being not
significantly correlated with tumor recurrence
(p=0.279) which was not the case for HER2. This
can be attributed to the relatively small sample
size and short duration of the study. Many
studies confirmed the association of SPINK1
positivity and poor prognosis and tumor
recurrence. Kelloniemi et al. (2003) stated that
SPINK1 is potentially useful for the identification
of patients with an adverse prognosis and
considered it an independent prognostic factor
in transitional cell carcinoma.
Later on, Patschan et al. (2012) confirmed that
a decreased level of SPINK1 was associated with
high recurrences and cancer-specific mortality.
Afterwards, Rink et al. in 2013 also noted that
loss of SPINK1 expression was associated with
increased risk of disease recurrence and cancerspecific mortality but like our results, statistical
analyses revealed that SPINK1 is not an
independent predictor of disease recurrence (P
_ 0.09) or cancer-specific mortality (P = 0.12).
Similarly, Itkonen & Stenman (2014) observed
the association of high tissue expression of
SPINK1 with poor prognosis.
Recently, Mehner & Radisky stated that SPINK1
positive cases of bladder UC face a poorer
overall prognosis (Mehner & Radisky, 2019).

CONCLUSION
HER2 overexpression is closely associated with
cases with aggressive disease (high grade,
advanced stage and recurrence) and so merits
consideration. HER2 can be a valuable
predictive indicator for UC prognosis that could
assist in selecting patients who are likely to
benefit from anti-HER2 targeted therapy. High
SPINK1 expression also correlated with features
of biologically aggressive bladder urothelial
carcinoma cases except for tumor recurrence.
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Unlike HER2, SPINK1 expression did not have
independent prognostic value, maybe due to
small sample size, but it may serve as a
biomarker for tumor staging along with HER2
and may be useful as an adjunct in clinical
decision-making. The statistically significant
difference in HER2 and SPINK1 expression
between UD and UC can be useful in the
diagnostic differentiation between the two
entities but more studies are recommended for
their validation.
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