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ABSTRACT

This study assessed 110 urcthelial carcinomas to determine frequency of Her2/mneu
overexpression in relation with gene amplification and association between Her2Mmeu and Cox-2
status and clinicopathologic features. Paraffin-embedded tissues of transurethral resection or
cystectomy were evaluated by immunohistochemistry, using antibodies against Her2/meu and Cox-
2. All samples with HerZ2/meu overexpression were evaluated by Florescent in situ Hybridization.
It was noticed that overexpression of Her2meu was seen in 52 patients (47.3%). HerZ/neu
expression was positive in 19 (46.3%) of 41 squamous cell carcinoma and in 33 (47.8%) of
69 transitional cell carcinoma. Her2/meu overexpression in high grade tumors was statistically
significant when compared with low grade (p<0.01). Her2/meu gene amplification was found in
11.5% (6 of 52) of high grade transitional cell carcinoma with muscle invasion of highly expressing
Her2/meu protein. Expression of Cox-2 was observed in B8 (52.7%) of the patients. Cox-2 was
expressed in 34 (49.3%) of transitional cell carcinoma and in 24 (58%) of squamous cell carcinoma.
Cox-2 expression was significantly positive in high grade bladder transitional cell carcinoma than
in low grade (p<0.05). Also, there was a significant difference in Cox-2 expression level between
superficial and invasive tumors (p<0.05). There 1s a significant correlation between Her2/meu
protein expression and Cox-2,
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INTRODUCTION

In Egypt, bladder cancer accounts for about 30% of all cancers, where it 1s the most common
malignancy in men and the second most common malignancy in women after breast cancer
{Ashley et al., 2008). Many pathogenetic factors most commonly Bilharzial infestation which is an
endemic infection in the Nile River Valley, was found to play an important role in bladder cancer
development (El-Sebaie et al.,, 20056). In 2006, there were 61420 new cases of UC, resulting in
13060 deaths in the United States {Jamal ef al., 2006). A unique distinction of UC is that the
recurrence rate is the highest of any carcinoma (Hammerich et al., 2008). The bladder cancer
disease is characterized by two basically different disease courses: one in which the tumor is
superficial and the other one showing muscle invasion (Ashley et af., 2008). Urothelial Cell
Carcinomas (UCC) represent more than 90% of bladder tumors are often papillary and are
classified into non-muscle invasive and muscle invasive. Monitoring for tumor recurrence for
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patients with this type of disease 1s very important and currently this is achieved by regular
cystoscopic observation with relatively high morbidity and significant costs. Such patients would
greatly benefit from non-invasive methods for disease monitoring and improved post-surgical
intravesical therapies (Ashley et al., 2008). High-grade tumors display a high risk of progression
in spite that low grade tumors are characterized by frequent recurrences {(approximately 70%) and
infrequent progression to muscle-invasive tumors (Borden et al., 2004). Hence, there is a need to
better identify patients who have a low risk of recurrence, in order to avoid over treatment, as well
as those who are likely to progress in order to treat them more aggressively. Recent studies have
proposed that the progression from superficial-low gradefpapillary and invasive-high grade tumors
takes different molecular pathways. Molecular studies have identified distinet genetie, epigenetic
and expression changes in these groups. It is predicted that multiple heritable changes are required
for tumor development because bladder cancer is a disease of the middle to late decades of life. Thus
it 1s surprising that so few genetic changes have been identified in low-grade tumours which
represent the major group at diagnosis (Wu, 2005; Knowles, 2006). The ErbB subfamily of receptor
tyrosine kinases consists of four homologous proteins: the epidermal growth factor receptor
{also named ErbBl or HERI1), ErbB2 (HER2/MNEU, c-New), ErbB3 (HER3) and ErbB4
(Kstall et al., 2009). Her2/meu, a 185 kDa transmembrane receptor tyrosine kinase, is a member
of the Epidermal Growth Factor Receptor (KGFR) family localized to chromosome 17q encoding a
glycoprotein with intrinsic tyrosine kinase activity. The Her2/meu-encoded protein molecule occupies
a critical position in the biochemical pathways responsible for the transduction of mitogenic signals
from a variety of growth factor receptors. It plays an important role in neoplastic cell growth in
addition to its role in regulating normal cellular proliferation (Seshadri ef al., 1993; Press ef al.,
1997). The incidence of overexpression of Her2meu in bladder cancer 1s one of the highest among
all human malignancies, ranging from 9 to 34% of cancers tested (Coombs ef al., 1991; Sato et al.,
1992). Her2meu gene 1s amplified in 18% of all breast cancers (Yaziji et al., 2004). In invasive
urothelial bladder carcinemas, amplification and/or overexpression were also found. However, the
true incidence of Her2/meu overexpression and/or amplification remains uncertain ranging from
23 to 80% for overexpression (Matsubara et al., 2008) and from O to 32% for amplification
(Matsubara et al., 2008, Caner et al., 2008). This could be explained by the small number of
patients evaluated in each series and the heterogeneityin laboratory tests (Lae et al., 2009) or in
other way protein overexpression in urothelial carcinoma is not always the result of Her2/meu gene
amplification. Amplification of Her&/meu can occur in isolation or be associated with coamplification
of other known oncogenes (Simon ef al., 2003; Park ef al., 2005). It was also found that, although
HerZMmeu gene amplification has alse been reported in bladder cancer using FISH (Sauter ef al.,
1993), its amplification, development and progression and clinical significance i1s unknown.
Molecular studies in bladder cancer have shown a discrepancy between gene amplification and
overexpression of Her2meu (Coombs et al., 1991; Zhau ef al., 1990; Underwood et al., 1995) and
the clinical significance of HerZmeu gene amplification remains controversial (Lipponen, 1993;
Mellon et al., 1996). Structural and numerical chromosomal anomalies such as translocation,
inversion, deletion and gain of chromoesomes are usually associated with tumor aggressiveness and
progression {(Ohta et al., 2001).

Cyclooxygenase (Cox) is a rate-limiting enzyme in the conversion of arachidonic acid to
prostanocids. There are two forms of Cox: Cox-1 which 1s constitutive and Cox-2 which 1s inducible
by multiple factors including eytokines, hormones and mitogens (Herschman, 1994; Smith et al.,
1996). The Cox-2 gene is 8 kilobase pairs in length and contains 10 exons. Cox-2 expression can
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be induced through multiple signaling pathways involving protein kinases A and C, tyrosine
kinases, bacterial endotoxin (Smith ef al., 2000). Cox-2 converts arachidonic acid into prostaglandin
H, which is then further metabolized to prostaglandin K2 (Dubois ef af., 1998). Cox-2 is important
in carcinogenesis and this idea is supported by numerous studies. It is up-regulated in transformed
cells and in various forms of cancer (Parett ef al., 1997; Ristimaki ef al., 1997) and plays a role in
increasing proliferation (Tsujii and Du Bois, 1995), reducing apoptosis and inhibiting
cyclooxygenase-2 so, inducing apoptosis (Souza ef al, 2000). Cox-2 has been found to be
upregulated and overexpressed in tumors of the colon (Yoshimura ef al., 2005), stomach, pancreas
and lung cancers as well as in bladder cancer, suggesting an important role for Cox-2 in their
tumorigenesis (Mohammed ef al., 1999, Komhoff et «l., 2000; Yoshimura et «f., 2000),
Epidemiclogic studies showing a 40 to 50% reduction in the incidence of colorectal cancer in
individuals taking nonsteroidal anti-inflammatory drugs and censtitutive up-regulation of Cox-2
in tumor cells (Trifan and Hla, 2000; Brown and DuBois, 2005). Some studies have suggested that
polymorphisms in the Cox-2 gene or chromosomal gain at the Cox-2 locus (Knosel et al., 2004),
correlates with the risk for colorectal cancer or with survival of colorectal cancer patients. Aberrant,
expression of Cox-2 and the potential chemotherapeutic role of Cox-2 selective nonsteroidal anti-
inflammatory drugs have been shown in many other types of cancer, including breast and lung
(Howe and Dannenberg, 2002; Koehne and DuBois, 2004; Sandler and Dubinett, 2004;
Terry et al., 2004). For the urinary bladder there have heen several studies of Cox-2 upregulation
in nonschistosomal bladder cancer and on the potential role of nonselective and selective Cox-2
inhibitors in suppressing experimental tumorigenesis. This tumor-specific expression of Cox-2
suggested the potential utility of this Cox-2 promoter for the construction of a novel replication-
selective adenovirus for the treatment of bladder cancer (Okajima ef al., 1998; Shirahama, 2000;
Dovedi et al., 2005). Cox-2 is also stimulated by growth factors through activation of the Epidermal
Growth Factor Receptor (KGEFR) (Coffey ef al., 1997) and tumor promoters (Ding ef al., 2003). A
link between Her-2/meu signaling and Cox-2 expression has been established thus, overexpression
of Her-2meu 1n the hiliary epithelium of transgenic mice led to increased levels of Cox-2
(Kiguchi ef al., 2001). In addition, activation of the Her2/neu pathway induced Cox-2 in colorectal
cancer cells (Vadlamudi et «l., 1999). The objective of the study is to find out the association
between Her2/meu and Cox-2 expression and to give an idea that additional screening for their
implication for patients’ management be performed to better stratify patients and interpret clinical
response to Her2/meu-targeted therapy. Appropriate patient screening for Her2/meu and Cox-2
status may yield important insights into patient response and may guide the development of useful
therapies for patients with limited treatment and a poor prognosis.

MATERIALS AND METHODS

One hundred and ten patients were included in this study on the basis of tumor availability,
of whom 86 underwent total eystectomy and 24 underwent transurethral resection. Their initial
staging and evaluation included cystoscopy and Transurethral Resection of the Bladder Tumor
(TURBT) from department of Urclogy, Minia University Hospital from the period (2004-2009), All
patients had histologically confirmed muscle-invasive carcinoma of the bladder. Eligibility criteria
included no clinical or radiographic evidence of lymph node and distant metastases (INO M),
Staging was defined according to the TINM (tumor-node-metastasis) Staging Classification.
Response was assessed using both clinical and pathelogical staging.
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Immunohistochemical studies: Immunchistochemistry was performed on formalin-fixed
paraffin-embedded tissues using an avidin-biotin complex immunopereoxidase technique. Serial
tissue sections (4 pm) were cut from selected blocks of representative tumor tissue and mounted on
poly-L-lysine-coated slides, baked at 50°C for 1 h, dewaxed with xylene and rehydrated through
a series descending from alcohol to distilled water. These sections were then immersed into a 10 mM
citrate buffer (pH 6.0) and heated in a water bath at 98°C for 30 min. The heated sections were
allowed to cool at room temperature for 20 min and then washed in running water. After the target
retrieval, the sections were treated with 3% hydrogen peroxide in methanol for 15 min for blocking
endogenous peroxidase activity. After blocking with horse serum at room temperature for 10 min,
the primary antibodies were applied at 4°C in a humidified chamber. IHC analysis for Her2/meu
protein expression was carried out using standard avidin-biotin technique with mouse monoclonal
antibedy (NCL-CB11 1:100 dilution; Novocastra) and Cox-2 protein expression was assessed by
Cox-2 monoclonal antibody (C-20 at 1:100 dilutions; Santa Cruz Biotechnology Company, Santa
Cruz, California). Sections then incubated for 20 min with avidin-bictin peroxidase complexes
{Vector Laboratories). Diamincbenzidine was used as the chromogen and modified Harris
hematoxylin as the counterstain. Colonic mucosa and cancer breast known to express Cox-2 and
Her2meu were used as a positive control, respectively.

Evaluation of staining: Her2meu positivity was assessed using the ASCO scoring system,
evaluating only membranous staining. The level of Her2 protein expression was assessed
semiquantitatively by the intensity and percentage of staining and scored on a secale of 0 to 3+,
Scores of 0 and 1+ are absent or faint equivocal and incomplete membranous staining in less than
10% of cells, both score 0 and 1 categorized as negative; score 2+ showed unequivocal complete
membranous staining and score 3+ as strong membranocus staining. Tumors with scores of 2 or 3
were considered positive. The evaluation was carried out only on the invasive component of the
tumor. A cytoplasmic staining was considered nonspecific (Jimenez et al., 2001; Vincent-
Salomon ef al., 2003; Wolff ef al., 2007).

Cox-2 showed mostly cytoplasmic expression with condensation on the nuclear membrane. The
percentage of positively stained cells was determined semiquantitatively by assessing the whole
tumor section. Its expression was scored O (absent), 1+ (weak), 2+ (moderate) and 3+ (strong) based
on the extent and intensity of staining. Cox-2 positivity was defined as a score 2 and 3 and
negativity including score 0 and 1 (Ristimalki ef al., 2002; Shim et al., 2003; Boland et @l., 2004).

The interpretation of the results was on the basis of negativity of normal tissues. The expression
of Her2/meu and Cox-2 was measured in 10 successive high-power fields (x400). Immunostaining
was evaluated by light microscopy blindly and independently by HM.A and HM.T and a
consensus agreement was achieved.,

FISH analysis: In order to test whether Her2meu gene amplification occurred in bladder
carcinoma, a FISH analysis was performed on a representative proportion of the tumors using the
Path Vision kit. All samples presenting +ve HerZ2/meu protein expression were evaluated using
labeled probes for hoth Her2/meu-specific DNA sequences (17q11.2-q12 region) and the centromere
of chromosome 17, CEP17 (alpha satellite DINA located at locus 17p11.1q11.1), were used (Her2meu
FISH PharmDsx kit; Dako). Samples with no staining were not tested. Formalin-fixed, paraffin-
embedded 4 p tumor tissue sections were deparaffinized and dehydrated. Sections were incubated
in pretreatment buffer at 95°C for 10 min, then in proteclytic solution at 37°C for 8 min.
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Codenaturation of the probe and DINA of the tissue section was achieved by incubation at 82°C for
5 min using a Thermo-Brite automate (Abbott Molecular Diagnostics, INC, USA). This was followed
by 15 h hybridization at 37°C and by post-hybridization washes, according to the protocol. Slhides
were mounted in di aminide phenyl indol (DAPT)/antifade. Internal and external controls were
included 1n the experiments. Slides were viewed with a DAPI/rhodamine/fluorescein filter and
images were captured with a charge-coupled device camera, filtered and processed with Applied
Spectral Imaging System using a Leica Microsystems microscope. The slides were first scanned at
low magnification, using the DAPI filter, in order to locate invasive areas. The number of green
{corresponding to copies of chromosome 17) and red signals (corresponding to copies of Her2meu
gene) was counted in at least 100 nuclei of invasive tumor cells, in two distant areas of the section
at high magnification (x1000). Tumors were classified as amplified when they showed a
HerZ2meu/centromere 17 ratio>2.2 and as non amplified when the Her2meu/centromere 17 ratio
was<2.

Statistical analysis: For statistical analysis, Statistical Package for the Social Seiences (SPSS,
Chicago, IL, USA) version 16.0 for Windows software was used. The Chi-squared test was used to
detect statistically significant differences between the groups, with a significance level of p<0.05.

RESULTS

A total of 110 patients were evaluated-89 males and 21 females with mean age of 54.93 years
{range 40-75). Malignant tumors were subclassified into 41 tumors of squamous cell carcinoma
(5qCC), six of them were superficial tumors and 35 were invasive (pT2 +pT3). Ten of SqCC were
low grade and 31 were high grade. While 69 tumors were transitional cell carcinoma (TCC) 18 of
them were superficial tumors (pTa and pT1) and 51 were invasive tumors (pT2 and pT3), 32 of TCC
were low grade and 37 were high grade. Totally 68 out of 110 (61.8%) of patients were presented
with high-grade tumors. All cases of SqCC were associated with Bilharziasis while 22 cases of TCC
were Bilharzial-associated, so 63 cases were totally bilharzial associated (Table 1),

Expression of Her2/meu protein was positive in 52 patients (47.3%), while 58 tumors (52.7%)
had a minimal or negative expression. Overexpression of Her2/meu protein were detected in 14
(33.3%) of 42 patients of low grade and 38 of 68 (55.9%) patients of high grade. Increased
expression of Her2/meu protein in high grade tumors was statistically significant when compared

Table 1: Patients' characteristics

Patient characteristics No. (%)
Sex

Male 89 80.9
Female 21 191
Median age (range) (years)

Squamous cell carcinoma 41 37.3
Transitional cell carcinoma 69 62.7

Tumor grade

Low grade 42 38.2
High grade 68 61.8
T stage

Ta-T1 24 21.8
T2-T3 86 78.2
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Fig. 1. Preserved membranous immunoreactivity for Her-2/neu expression in high grade squameous
cell carcinoma; (a) Preserved membranous immunoreactivity for Her-2meu expression in
high grade Transitional carcinoma, (b) Preserved cytoplasmic immunoreactivity for Cox 2
expression in high grade squamous cell carcinoma, (¢) Preserved Cytoplasmic
immunoreactivity for Cox 2 expression in high grade Transitional cell carcinoma, (d)
Fluoresecent in situ hybridization HER-2 signals: Amplification clusters with multiple HER-2
gene (HER-2, Spectrum orange, Centromere 17 SpectrumGreen, 100X) (e)

with low grade (p<0.01) (Fig. 1a). As regard Her2/neu protein expression in Bilharzial associated
cases, expression was significantly higher in Bilharzial associated cases 37 of 63 (52.3%) than in
non Bilharzial assocciated cases 15 of 47 (32.1%) (p<0.005). Her2/meu protein expression was
positive in 19 (46.3%) of 41 SqCC cases and in 33 (47.8%) of 69 TCC cases. Overexpression of
Her2Mmeu protein were positive in 9 (37.5%) of 24 superficial (Ta-T'1) tumor specimens and 43 (50%)
of 86 invasive (T2-T3) tumor specimens (Fig 1b). No significant correlation was found between
Her2meu protein expression and tumor type or stage. There was also no correlation between
HerZ/neu protein expression and either patient gender or age (Table 2).
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Table 2: Immumohistochemistry staining results and Her2meu and Cox-2

THC results for No. %
Her2meun

Positive 52 47.3
Negative 58 527
Low grade 14 33.3
High grade 38 55.9
TCC 33 47.8
SqCC 19 46.3
Superficial 9 46.3
Invasive 43 50.0
Cox-2

Positive 58 52.7
Negative 52 47.3
Low grade 17 40.5
High grade 41 60.3
TCC 34 69.3
8qCC 24 58.5
Superficial 8 33.3
Invasive 50 58.1

Table 3: Correlation between Cox-2 and Her2meu immunochistochemistry staining results

Cox-2 THC status

Her2meu THC status Positive Negative
Positive 34 (65.4%) 18 (34.6%)
Negative 24 (41.4%) 34 (58.6%)

Expression of Cox-2 was ohserved in 58 (52.7%) of the patients. Cox-2 was positive in 34 TCC
(49.3%) and in 24 SCC (58.5%). The expression of Cox-2 positivity is markedly heterogeneous in
low grade tumors of TCC and 8qCC, in which the percentage and intensity of positive staining
markedly varied from one field of the tumor to ancther, whereas homogeneous staining was usually
obtained in tumors of higher grade. Cox-2 expression was significantly higher in high grade than
in low grade. Overexpression of Cox-2 was found in 17 (40.5%) of 42 patients of low grade and 41
of 68 (80.3%) patients of high grade (p<0.05). Also, there was a significant difference in Cox-2
expression level between superficial and invasive tumors. Positivity was detected in 8 of 24
superficial (Ta-T'1) tumor cases and 50 (58.1%) of 86 invasive (T2-T3) tumor cases (p<0.05). Cox-2
was positive in 38 of 63 (80.3%) of Bilharzial associated cases while it was detected in 20 of 47
{42.6%) in non bilharzial cases and this show significant correlation (p<0.05). There was also no
correlation between Cox-2 expression and either patient gender or age (Fig. 1c and Table2).

There 1s a significant correlation between Her2/meu protein expression and Cox-2. Out of the
52 positive Her2/neu protein, 34 (65.4%) were positive for Cox-2. While Cox-2 positivity were 24
of 58 (41.4%) Her2/neu protein negatively stained cases (p = 0.01) (Table 2).

Fifty two samples scored 2 and 3+ were analyzed by FISH to evaluate HERZ gene copy number.
Her2meu gene amplification was found in 6 of 52 (11.5%) cases highly expressing Her2/meu
protein. These cases were high grade transitional cell carcinoma with muscle invasion. Relative
increase in Her2/meu gene copy number was found in 22 of B2 (42.3%). It was identified in 13 of
38 (34.2%) of high grade tumors and 12 of 43 (27.9%) of high-stage (>pT,) tumors. There was a
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significant correlation between relative increase in Her2/meu gene copy number and tumor grade
{p = 0.0438) in bladder cancers but no correlation between relative increase in Her2/meu gene copy
number and tumor stage (Fig. 1d).

DISCUSSION

It is well known that, ErbB expression may correlate with prognosis, or predict responses to
chemotherapy, hormonal therapy or radiation (Yarden and Sliwkowslki, 2001; Arteaga, 2002). At
the same time, ErbB inhibitor therapies if targeted to select patients with demonstrated
overexpression of the receptors may produce optimal results. The best available evidence for this
is that Herceptin therapy provides clinical benefit almost exclusivelyto patients with demonstrated
ErbB2 overexpression (Vogel et al., 2002). Moreover, fundamental studies have shown that Her-
2/neu overexpression induces cell transformation and that Her-2/meu-positive tumors are more
aggressive. With regard to the distribution of Her-2/meu in normal tissues, Her-2/neu 1s slightly
expressed only in the bile duct, liver, gastrointestinal tract, genital organs, skin and urinary tract,
with limited expression in most normal tissues (Natali ei al., 1990; Press ef al., 1990;
Gorgoulis et al., 1995). Therefore, the potential for molecular targeted therapy targeting Her2 is
of great interest. It has been indicated that examination of gene amplification rather than protein
overexpression is a more reliable method to identify patients with Her-2meu-positive breast cancer
{Dybdal et al., 2005; Mass et al., 2005).

In this study Her2/meu overexpression was statistically significant in high grade tumors when
compared with low grade and no correlation was found between Her2meu and tumor stage. While
Her-2/meu overexpression was observed in 12 to 71% of urcthelial cancers (Lipponen ef al., 1991;
Gandour-Edwards et al., 2002), it was correlated with grade and stage in some studies
(Mivamoto ef al., 2000) but not in others (Koyuncuoeglu et al., 1998; Ioachim ef al., 2000). Early
studies of the expression of Her-2/meu protein in bladder carcinoma found a correlation between
increased Her-2/meu expression and both higher tumor stage and grade (Moriyama et af., 1991;
Moch et al., 1993; Gorgoulis ef al., 1995). Others suggested that the overexpression of Her-2/neu
was an independent variable in determining patient survival (Korkolopoulou et al., 1997). Several
recent reports found a statistically significant difference in HerZ/neu protein overexpression
detected by IHC in grade III TCC compared with grade I and II and in invasive TCC (T2 or T3)
versus superficial TCC (Ta or T1), with more prevalent overexpression in the high grade and
invasive specimens (Jimenez ef al., 2001; Gandour-Edwards et al., 2002; Kruger ef al., 2002h).

It 1s widely accepted that, the varability in these studies was that several different antibodies
were used for IHC and that the criteria for THC positivity were based on cytoplasmic and/or
membrane staining patterns. Her2meu protein overexpression is believed to be due to a
combination of two possible mechanisms. The first is gene amplification which as several reports
suggests that it 1s not a common mechanism in bladder cancer (Coombs ef al., 1991; Kruger ef al.,
2002b). The cther mechanism is upregulated transecription which is possibly reflective of the nature
of the Her2meu protein {(as a growth factor). Increased Her2meu protein overexpression is noticed
to be due to high levels of transcription factors, even in the absence of gene amplification
(Latif et al., 2004). It has been indicated that examination of gene amplification rather than
antigen expression is a more reliable method to identify patients with Her2meu positive breast
cancer while it 1s inconelusive whether this result can similarly be applied to patients with cancer
other than breast cancer, for example, patients with bladder cancer (Dybdal et al., 2005,
Mass ef al., 2005). Kvidence from breast cancer indicates that only tumors with Her2/meu gene
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amplification respond to an anti- Her2meu-targeted therapy, such as Trastuzumah. Using the same
principle, 5% of muscle-invasive urothelial bladder carcinomas should be suitable for such
treatment. But unluckily, the potential involvement of Her2/meu in the proliferation of urothelial
carcinoma led to the initiation of anti-HerZ2/meu-targeted therapy protocols in advanced disease
{(Liae et al., 2009). Hence, we performed this analysis using both THC staining and FISH. Our series
indicate that 11.5% of invasive urcthelial bladder carcinomas presented with HerZ/meu
amplification as assessed by FISH which was lower than rates observed in breast cancers. These
results are in agreement with those described in the literature ranging from 0 to 32% (Latif et al.,
2003; De Pinieux ef al., 2004; Caner et al., 2008; Matsubara et al., 2008). In the literature on
comparison between ITHC and FISH, Her2/neu gene amplification was detected in only 7% of
patients with urothelial cancer whereas, 43% of tumors were Her2/neu positive by [HC
(Sauter ef al., 1993). In addition, 203 patients with urothelial cancer were studied revealing 37%
of patients were HER-2 positive by [HC whereas, HER-2/meu gene amplification was detected in
only 5% of patients (Kruger et al., 2002a). Moreover, 23% of patients with invasive urcthelial
cancer were Her2meu positive, while HER-2meu gene amplification was detected in 28% of
patients (De Pinieux et al., 2004). In this study, 47.3% of patients were Her2meu positive by THC
and 11.5% of patients were positive for gene amplification by FISH (6/52). In comparison of
Her2meu expression by IHC and amplification by FISH, it was suggested that the dissociation
between gene amplification and overexpression could be related to a point mutation that leads to
protein overexpression, translocation or transeriptional upregulation (Sauter et al., 1993;
Matsubara et al., 2008). Alterations in Her2/meu by gene amplification or protein overexpression
have been well-characterized in many tumor types, with Her2/meu gene amplification
corresponding to worsened outcomes in many studies, including those in urothelial carcinoma
{(Chakravarti ef al., 2005; Rabindran, 2005). Furthermore, studies on Her2/meu are of particular
interest in light of Her2meu targeted therapies. Despite several studies on the overexpression and
amplification of HerZ/meu in urothelial carcinoma have found that, the benefits of HerZ/neu
directed therapy in urothelial carcinoma remain unclear. Current chemotherapeutic regimens
provide only a 4 to 15% long-term survival rate for patients with advanced urothelial carcinoma
{Garcia and Dreicer, 2006).

Studies involving a range of human malignancies have shown significant overexpression of
cyclooxygenase (Cox)-2 in tumors compared with normal tissues, with an increase in the level of
its downstream prostaglandin (PG) products. Cox catalyzes the conversion of arachidenic acid to
PGs by 2 different Cox isoforms, Cox-1 and Cox-2. Cox-1 is constitutively expressed in most tissues
and mediates the synthesis of PGs required for normal physiclogic functions, whereas Cox-2 is
primarily responsible for PGs produced in inflammatory sites and undetectable in most tissues
{normal tissues) under physiologic conditions but it is induced by cytokines, growth factors,
oncogenes and tumor promoters. The PGs produced by Cox-2 promote tumor development by
stimulating cell proliferation and angiogenesis and by suppressing programmed cell death and
immune defense (Hammam ef al., 2008).

The overexpression of Cox-2 in tumor cells can be attributed to transcriptional and
posttranseriptional factors. The Cox-2 gene promoter contains transcriptional regulatory elements
linked to multiple signaling pathways downstream of growth factors and cytokines
{(Subbbaramaitha et al, 1997). inducers of Cox-2 expression include the followings, the
preinflammatory cytokines interleukin-1, Tumor Necrosis Factor (TNF)-alpha and Transforming
Growth Factor (TGF)-beta which are produced by activated macrophages at the sites of chronic
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inflammation (Huang et af., 2000) and may contribute to mechanisms by which chronic
inflammation initiates transformation of urcthelial cells in Schistosomal associated bladder cancer.
However, the inflammatory reaction alone cannot account for upregulated Cox-2 expression in
Schistosomal associated bladder cancer because the nonmalignant epithelium exposed to the same
inflammatory stimuli had a significantly lower level of Cox-2. Growth factors with tyrosine kinase
second messengers, as Epidermal Growth Factor (EGF) and TGF-alpha, are also known to be
inducers of Cox-2 (Saha et al., 1999) and both are involved in progression of bladder necplasia,
including Schistosomal associated bladder cancer (Tungekar and Linehan, 1998) and
N-nitrosamine-induced bladder cancer (Marjou et al., 2000).

In the current work, we found that there was a statistically significant positive correlation
between Cox-2 expression and tumor grade. Cox-2 expression was significantly higher in high
grade TCC than in low grade. Correlation between Cox-2 expression and progression of bladder
TCC was observed; there was a significant difference in Cox-2 expression level between the
superficial TCC and invasive TCC. In the present study, Cox-2 was expressed in muscle-invasgive
bladder tumors that are at a more advanced stage than superficial-type tumors; this 1s in
accordance with the results of other recent studies Wadhwa et «l. (2005), Gurocak et al.
{2006), Margulis ef al. (2007). Again these results are in accordance with El-Sheilkh et al. (2001)
who confirmed Cox-2 overexpression in Schistosomal associated bladder cancer and a significant
correlation between Cox-2 and tumor grade. There was no correlation between the stage of
Schistosomal associated bladder cancer and Cox-2 reactivity in their study. A previous study of non-
Schistosomal associated bladder cancer showed that Cox-2 1s highly expressed in malignant bladder
tumors but not in benign bladder tissues; also, they detected no correlation between Cox-2
expression and the individual clinical stages pTa-pT4, although such a correlation was present,
when stages pT1-pT4 were combined and compared with noninvasive TCC (Komhoff et al., 2000),
In a study of cases with intrahepatic cholangiocarcinoma, high levels of Cox-2 expression
associated with reduced apoptosis and increased proliferation of tumor cells and this study
concluded that Cox-2 expression i1s an independent prognostic factor in resected intrahepatic
cholangiocarcinoma, offering a potential adjuvant to therapeutic appreoach with Cox-2 inhibitors
(Schmitz ef al., 2007). There is much evidence that the Cox-2 gene is involved in features of tumor
aggressiveness, such as invasiveness and metastasis. For example, Cox-2 increases adhesion to the
extracellular matrix and reduces the level of the cell-adhesion molecule, K-cadherin, in rat
intestinal epithelial cells (Huang ef «l., 2000). The mechanism of elevated Cox-2 expression in
tumor cells may depend on the activation of oncogenes. Activation of the K-ras oncogene is
associated with an elevated expression of Cox-2 (Hermanek and Scobin, 1992; Krajewski et al.,
1997, Huang et al., 2000) and the K-ras oncogene is frequently activated in bladder tumors
(Agoff et al., 2000). This particular mechanism may help explain the level of Cox-2 expressicn
found in bladder tumors.

Cox-2 levels were increased in Her2/meu overexpressing human mammary epithelial cells and
breast cancers. The induction of Cox-2 by HER-2/meu was mediated by the Ras pathway. Ras can
regulate gene expression by stimulating MAPK activities (Vojtek and Der, 1998). Several lines of
evidencesuggest that Her2meu induced Cox-2 via activation of ERK, JNK and p38 MAPKs. First,
the activities of ERK1/2, JNK and p38 were increased in HerZ2/neu transformed cells. Second,
inhibitors of MAPK kinase and p38 decreased amounts of Cox-2 in Her2Mmeu transformed cells.
Third, overexpression of dominant negatives for ERKI1, JNK and p38 suppressed the induction of
Cox-2 promoter activity by HER-2/meu. Her2meu status was a determinant of Cox-2 expressionin
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human breast tumors. Both the frequency and magnitude of Cox-2 overexpression were markedly
enhanced in HER-2/meu-positive breast cancers (Subbaramaiah et al., 2002), HER-2/meu induces
the expression of wvascular endothelial growth factor (Petit ef al., 1997). Cox-2 derived
prostaglandins enhance the production of vascular endothelial growth factor (Williams et af., 2000),
It is reasonable to postulate, therefore, that the inecreased levels of vascular endothelial growth
factor and angiogenesis in Her2/meu positivebreast cancers are a consequence, in part, of Her2/meu
mediatedinduction of Cox-2 and prostaglandins biesynthesis. Another important issue concerns the
role of nonstercidal anti-inflammatory drugs, prototypicinhibitors of Cox, in preventing cancer. The
finding that Cox-21s undetectable in most cases of Her2/meu negative breast cancer may help to
explain why non-steroidal anti-inflammatory drugs have not been shown consistently to protect
against breast cancer (Schreinemachers and Everson, 1994; Egan ef al., 1996). Present findings
also imply that selective Cox-2 inhibitors may be useful in preventing or treating the subset of
cancersin which Her2meu is overexpressed. In support of this idea,treatment with a selective Cox-
2 inhibitor reduced the growth rate of a HER-2meu-positive colon cancer cell line in vitro and in
vivo (Moss et al., 2001). Future studies will be needed to determine whether selective inhibitors of
Cox-2 have a role in preventing or treating HerZ2/meu positive human breast cancers
{(Subbaramaiah et al., 2002). Both the EGFR and the prostaglandins signaling pathways promote
cell survival through activation of the mitogen-activated protein kinase and phosphatidylinositol
3-kinase/Akt signaling pathways. Overexpression of Her2/neu enhances the KGFR signaling
response (Yarden and Sliwkowski, 2001, Citri et al.,, 2003), resulting in activation of the
Ras/Raffmitogen-activated protein kinase, phosphatidylinesitel 3-kinase and phospholipase C
pathways and up-regulates Cox-2 expression (Ristimaki et «l., 2002; Benocit ef al., 2004),
Prostaglandins E, was observed to transactivate KGFR in NMF11.2 cells. This evidence provides
a strong rational for targeting both EGFR and Cox-2 in Her2/meu overexpressing breast cancer
{(Lanza-Jacoby et al., 2006).

There may be a link between association of Cox-2 expression with Her2/meu expression and the
development. and progression of urothelial carcinoma. Additional investigations are needed to
determine whether Cox-2 expression has any prognostic value and whether Cox-2 inhibitors are
useful for chemoprevention and cancer treatment of bladder tumors. Additional work is required
to elucidate the possible downstream molecular targets of Cox-2 products and to assess the potential
role of selective Cox-2 inhibitors in preventing and treating bladder cancer. Her2meu amplification
can be assessed by a standardized IHC, using FISH in the ambiguous cases. These findings may
have clinical implications for the management of patients with Her2/meu positive locally advanced
or metastatic bladder cancer. In practice, all muscle-invasive urothelial bladder carcinomas should
be tested for Her2/meu status according to the recommendations for breast carcinoma.
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