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Abstract
Background: Urothelial Carcinoma (UC) develops through different pathways initiated by 
hyperplasia or CIS or chronic inflammation. So investigating the urothelium surrounding the 
tumour for molecular alterations can help in identifying patients would have more chance for 
occurrence of cancer and more likely to develop recurrences and progression to be targeted by 
appropriate therapy.

Materials and Methods: This study was conducted on 41 cases of UC which had adjacent areas of 
hyperplasia (n=33), CIS (n=23), inflammatory urothelium (n=15) and/or adjacent morphologically 
normal urothelium (n=8). Histological examination and immunohistochemical detection of FGFR3, 
HER2 AND COX2 in both tumor tissue and the adjacent urothelium was done.

Results: There was significant association between FGFR3 positivity and papillary growth pattern, 
lower tumor grade and stage. HER2 positivity was found in 12.5% of morphologically normal 
urothelium adjacent to the tumor tissue indicating early molecular change in this microscopically 
cancer free tissue. There was high COX2 expression in non papillary pattern and in muscle invasive 
type with significant difference.

Conclusion: FGFR3 expression in UC is not only a characteristic feature of papillay pattern, low 
grade and low stage urothelial carcinoma, but also its over expression in hyperplastic urothelium 
could be a good indicator of occurrence of UC, HER2 and COX2 are known to have restricted 
expression in normal tissue so their expression in apparent microscopically normal tissue or in 
hyperplastic areas or in CIS indicates the high possibility of further malignant, high expression of 
HER2 and COX2 in CIS makes molecular targeted therapy against HER2 and COX2 has interesting 
potential to avoid possible progression.

Keywords: Urothelial cell carcinoma; FGFR3; HER2; COX2

Introduction
Carcinoma of the urinary bladder is the most prevalent cancer in African countries. In Egypt, 

bladder cancer represents the commonest malignancy among Egyptian males and previously has 
been attributed to Schistosoma infection, a major risk factor for Squamous Cell Carcinoma (SCC). 
Recently, Urothelial Carcinoma (UC) incidence has increased while SCC has declined [1]. About 
85% of patients with urothelial carcinoma present with papillary Non Muscle Invasive Urothelial 
Carcinoma (NMIUC) at first presentation, whereas the remaining 15% of primary tumors are already 
Muscle Invasive Urothelial Carcinoma (MIUC). After being removed by Transurethral Resection 
(TUR), NMIUC will be recur in up to 70% of patients [2], and up to one third of pT1 tumors will 
develop a progression to muscle invasive disease [3]. Patients with bladder cancer therefore have to 
be monitored thoroughly for disease recurrence and progression. This makes bladder cancer one of 
the most expensive cancer types for the health care system [4].

Bladder cancer develops through different pathways, provisionally entitled "papillary" and 
"invasive". Evidence suggests that NMIUCs have a different etiology to that of their invasive 
counterparts. NMIUCs are thought to arise from localized urothelial hyperplasia, while MIUCs 
are thought to arise de novo from high-grade Carcinoma In situ (CIS) lesions without necessarily 
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having antecedent urothelial hyperplasia. These two types of 
tumours have a very different set of genetic lesions, which include 
activation of the receptor FGFR3 (Fibroblast Growth Factor Receptor 
3) in the non invasive subtype, and defects in the p53 (TP53) and 
RB (RB1; Retinoblastoma 1) tumour suppressor pathways in the 
invasive subtype [5]. Investigating the urothelium surrounding the 
tumour for molecular alterations can allow us to know more about 
different pathways of bladder cancer development. This could help in 
identifying which type of patients who would have more chance for 
occurrence of bladder cancer and more likely to develop recurrences 
and progression to be targeted by appropriate therapy.

Fibroblast Growth Factor Receptor 3 (FGFR3) gene mutations 
are the most frequent genetic alterations in urothelial carcinoma 
and are regarded as markers of papillary pathway contrasting CIS 
phenotype [5,6]. Recent studies found that FGFR3 mutations occur 
rarely in other tumor types indicating surprising urothelial specificity 
[7]; this gives it more importance to be evaluated.

Fibroblast Growth Factor Receptor 3 (FGFR3) is a member of the 
FGFR family of receptor tyrosine kinases, whose function has been 
implicated in diverse biological processes, including cell proliferation, 
differentiation, survival, and tumorigenesis [8]. The mutation leads 
to constitutive ligand-independent dimerization of the receptor and 
activation of downstream proliferative pathways [9,10]. Activating 
FGFR3 mutations have been described in approximately 75% of low-
grade papillary bladder tumors with lower stages [11]. Mutations are 
found in only 20% of muscle invasive tumors [12,13].

Fibroblast Growth Factor Receptor 3 (FGFR3) is a particularly 
promising target for therapy in bladder cancer. Recently a number of 
small molecule receptor tyrosine kinase inhibitors have been developed 
to target FGFR3 as Gust et al. [10] in 2013 have demonstrated that 
targeting FGFR3 with a specific inhibitory monoclonal antibody 
(R3Mab) effectively abrogates FGFR3 signaling pathway activation 
with a resultant decrease in tumor growth. This inhibitor is highly 
efficacious in a selection of muscle invasive bladder cancer whose 
tumors demonstrates FGFR3 over expression and reported that these 
are promising results that warrant translation into clinical trials in 
patients with bladder cancer. Otto et al. [6] in 2009 reported that 
mutations of FGFR3 were found in 75% of urothelial papillomas and 
in 23% of Flat Urothelial Hyperplasia’s (FUH) suggesting FGFR3 
mutations to be a very early step in bladder carcinogenesis so they 

favor the fact that FGFR3 mutations are associated with hyper 
proliferative lesions like hyperplasia’s or papillomas in the urinary 
bladder. Zieger et al. [5] in 2009 suggested that there was no primary 
tumor found to have both FGFR3 mutation and concomitant CIS. 
However, FGFR3 mutated tumors were followed by CIS in the later 
course. On the other hand, immunohistochemical expression of 
FGFR3 protein has not been extensively examined and the exact 
mechanism of its cytoplasmic expression is still unclear till now 
as there are few published studies that used IHC to assess protein 
expression of FGFR3 in UC and we couldn’t find any published 
studies upon its expression in hyperplasia or CIS, only genomic 
alternations in form of FGFR3 mutations were done [14].

HER2 is a transmembrane tyrosine kinase receptor, showing over 
expression in a large variety of tumour cells, some studies find that 
overexpression of HER2 is most likely present in bladder tumours 
with high grade and stage [15]. From a therapeutic viewpoint, 
prospective clinical studies should investigate the potential benefit of 
HER2-targeted therapies in CIS, particularly in cases unresponsive 
to conventional therapeutic regimens as HER2 overexpression is 
proved to be higher in CIS compared to non-CIS conditions of the 
bladder mucosa [16]. The inescapable relationship between chronic 
inflammation and carcinogenesis has long been established and rests 
on DNA damage. Chronic inflammation is now recognized as crucial 
in the pathogenesis of a variety of diseases and cancer development 
including bladder cancer [17].

Cyclooxygenase (COX) is an angiogenic factor that is strongly 
related to inflammatory diseases, the development of cancer and 
metastasis in several cancers. It is overexpressed in a variety of 
premalignant and malignant conditions, including urinary bladder 
cancer [18]. Studies involving a range of human malignancies have 
shown significant overexpression of cyclooxygenase COX-2 in 
tumours compared with normal tissues, with an increase in the level 
of its downstream Prostaglandin (PG) products. COX-2 is primarily 
responsible for PGs produced in inflammatory sites and undetectable 
in most normal tissues under physiologic conditions, but it is induced 
by cytokines, growth factors, oncogenes, and tumour promoters. 
The PGs produced by COX-2 promote tumour development by 
stimulating cell proliferation, angiogenesis and by suppressing 
programmed cell death and immune defense [19].

Urothelial carcinoma, especially the muscle-invasive type, 

Figure 1: Immunohistochemical expression of FGFR3 in UC. (A) Negative 
cytoplasmic FGFR3 expression in low grade papillary UC (× 400). (B) Positive 
cytoplasmic FGFR3 expression in low grade papillary UC (× 400). (C) 
Positive cytoplasmic FGFR3 expression in high grade papillary UC (× 400). 
(D) Positive cytoplasmic FGFR3 expression in high grade Invasive UC (× 
200). FGFR3: fibroblast growth factor receptor 3. UC: Urothelial Carcinoma.

Figure 2: Immunohistochemical expression of FGFR3 in adjacent urothelium 
to UC. (A) Negative cytoplasmic FGFR3 expression in hyperplasia (× 
400). (B) Positive cytoplasmic FGFR3 expression in hyperplasia (× 400). 
(C) Negative cytoplasmic FGFR3 expression in CIS (× 400). (D) Positive 
cytoplasmic FGFR3 expression in CIS (× 400). FGFR3: fibroblast growth 
factor receptor 3. CIS: Carcinoma in Situ. UC: Urothelial Carcinoma.
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frequently expresses COX-2. Many studies suggest that COX-2 is 
involved in the development of urothelial carcinoma of the urinary 
bladder especially that of muscle-invasive tumours via Carcinoma 
In situ (CIS) as CIS is believed to be a precursor of invasive bladder 
cancer. Identification of CIS is a valuable prognostic factor since 
radical treatment strategies can be offered these patients before the 
disease becomes invasive [18]. Non Steroidal Anti-Inflammatory 
Drugs (NSAIDs) have been reported to be the most potent bladder 
cancer chemopreventive agents in clinical studies. The NASIDs’ agent 
celecoxib (a selective cyclooxygenase-2 inhibitor) was reported to 
cause apoptosis in three bladder cancer cell lines [20].

On the basis of the preclinical and epidemiologic evidence; a 
Phase II trial at the University of North Carolina has been opened 
to address the potential benefit of celecoxib on bladder cancer 

recurrence and as an adjunct to intravesical Bacille Calmette-Guérin 
(BCG) therapy either during or after primary BCG treatment [21]. 
Recently, indicated that aspirin seemed to be the most promising 
NSAIDs for preventing human colorectal, bladder, and skin cancer 
[22].

In the current study, we aim to evaluate urothelial changes 
(urothelial hyperplasia and CIS) in the vicinity of muscle invasive 
and non muscle invasive urothelial carcinoma trying to find if there 
is an association between the presence of these changes and the 
occurrence of the tumour. Indeed we aim to study the expression 
of several progression-related proteins (Immunohistochemical 
expression of FGFR3, HER2, COX2) in urothelial cell carcinoma and 
its adjacent apparent normal urothelium, urothelial hyperplasia and 
CIS to evaluate their role in the progression to urothelial carcinoma 
and to study the expression of COX2 in reactive urothelial atypia and 
inflammatory cells of tumour stroma and its relation to the tumour 
tissue as a possible predictive marker for urothelial carcinoma 
occurrence and progression.

Patients and Methods
Patients and materials

This study comprised forty one specimens of pure urothelial 
carcinoma of the bladder selected from the specimens referred to 
the Department of Pathology, Assiut University Hospital between 
2011 to 2013. After examination of H & E slides of all bladder 
specimens in this period, we selected the slides which had adjacent 
areas of hyperplasia, CIS, reactive urothelial atypia and/or adjacent 
morphologically normal urothelium.

Representative sections from 41 selected specimens of urothelial 
carcinoma (33 obtained by TUR biopsies, all of them contain parts of 
muscle layer for correct assessment of tumour stage and 8 obtained 
by total cystectomy) were reviewed to identify the histological 
growth pattern of the tumour, grade, stage, the presence or absence 
of lymphovascular emboli and the presence or absence of associated 
schistosomal cystitis. Tumour staging and grading were done 
according to the AJCC/UICC TNM staging 2010 and to the 2004 
who classification criteria for malignant tumours of the urinary tract 
[23,24].

Immunohistochemical methodology
A panel of FGFR3, HER2 and COX2 proteins were analyzed 

by immunohistochemical staining using the avidin biotin 
immunoperoxidase complex technique (Ultravision plus detection 
system anti-polyvalent HRP/DAB, ready to use, thermo scientific 
corporation Fremont, CA, USA). Immunohistochemistry was 
performed as manufacturing protocol.

Tissue sections (4-µm thick) of formalin-fixed, paraffin-embedded 
specimens were cut and dried in 60ºC oven overnight. Sections were 
deparaffinized in xylene, rehydrated in graded alcohol, and transferred 
to PBS (phosphate buffered saline, PH 7.6). The slides were rinsed 
twice with PBS, and then endogenous peroxidase was blocked by the 
use of 3% hydrogen peroxide in methanol for 15 min. The samples 
were washed three times with PBS. For antigen retrieval, the slides 
were immersed in citrate buffer (PH=6) and put in the microwave 
for 12 min at 80ºC. After cooling the samples were incubated for 1h 
at room temperature with HER2 (mouse monoclonal antibody) (Lab 
Vision corporation, Fremont, CA, USA) at a dilution of 1:100, COX2 
(rabbit polyclonal antibody) (Lab Vision corporation, Fremont, CA, 

Figure 3: Immunohistochemical expression of HER2 in UC. (A) Negative 
membranous HER2 expression in high grade invasive UC (× 200). (B) 
Negative membranous HER2 expression in high grade invasive UC, higher 
view, (× 400). (C) And (D) Positive membranous HER2 expression in high 
grade Invasive UC (× 400). (E) Negative membranous HER2 expression in 
low grade papillary UC (× 400). (F) Positive membranous HER2 expression 
in low grade papillary UC (× 400). (G) And (H) Positive membranous HER2 
expression in high grade papillary UC (× 400). HER2: Human Epidermal 
Growth Factor Receptor 2; UC: Urothelial Carcinoma.

Figure 4: Immunohistochemical expression of HER2 in adjacent urothelium 
to UC. (A) Negative membranous HER2 expression in hyperplasia (× 
400). (B) Positive membranous HER2 expression in hyperplasia (× 400). 
(C) Positive membranous HER2 expression in CIS (× 200). (D) Positive 
membranous HER2 expression in CIS, higher view, (× 400). HER2: Human 
Epidermal Growth Factor Receptor 2. CIS: Carcinoma in Situ; UC: Urothelial 
Carcinoma.
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USA) at a dilution of 1:100 and FGFR3 (rabbit polyclonal antibody) 
(United States Biological, Salem, MA, USA) at a dilution of 1:100.

Slides were incubated with the diluted primary antibodies in 
PBS puffer and rinsed three times with PBS and incubated for 10 
min at room temperature with the biotinylated goat anti polyvalent. 
The slides were rinsed with PBS for three times and incubated for 
10 min at streptavidin peroxidase at room temperature. They were 
washed three times with PBS and diaminobenzidine was applied 
for 5 min at room temperature. The slides were rinsed with distilled 
water, counterstained with Mayer’s haematoxylin, dehydrated and 
mounted.

Negative control slides were done by omitting the primary 
antibody. Sections from Benign prostatic hyperplasia were stained as 
a positive control for HER2, sections from colonic adenocarcinoma 
were stained as a positive control for COX2 and sections from breast 
carcinoma were stained as a positive control for FGFR3.

Immunohistochemical evaluations
FGFR3 Immunostaining was detected as cytoplasmic expression 

in both tumour tissue and adjacent urothelium (Hyperplasia, CIS and 
apparent normal urothelium) and assessed using semi-quantitative 
scoring system based mainly on the intensity and defined as 4 
staining patterns: Completely negative cells (staining pattern 0), very 
faint expression but detectable staining in some or all cells (staining 
pattern 1), weak expression but extensive positivity (staining pattern 
2) and intense positivity regardless the extent of expression at cells 
(staining pattern 3).

For statistical analysis, negative or faint expression patterns (0 and 
1) were grouped into a “Negative” category and increased expression 
patterns (2 and 3) were grouped into a “Positive” category [13,25].

HER2 expression in both tumour tissue and adjacent 
urothelium (Hyperplasia, CIS and normal urothelium) was found 
to be membranous and cytoplasmic in our stained slides but HER2 
positivity was assessed using the ASCO scoring system, evaluating 
only membranous staining.

The level of HER2 protein expression was assessed semi 
quantitatively by the intensity and percentage of staining and scored 
on a scale of 0-3+. IHC 3+= complete, intense staining of >10% of 

tumor cells; IHC 2+=circumferential, incomplete and/or weak/
moderate membrane staining in >10% of tumor cells or complete and 
circumferential intense membrane staining in ≤ 10% of tumor cells; 
IHC 1+=faint/barely perceptible incomplete membrane staining in 
>10% of tumor cells; IHC 0=no staining or incomplete and faint/
barely perceptible membrane staining in ≤ 10% of tumor cells For 
statistical analysis, HER2 membranous expression score (0 and 1) 
considered negative and score (2 and 3) considered positive [26].

Immunohistochemical analysis revealed COX-2 expression 
predominantly granular localized to the cytoplasm of the cells. 
Nuclear staining was not observed. In a few cases immunoreactivity 
was detected in endothelial cells within the tumour. Low intensity 
staining was also observed in smooth muscle tissue in some sections. 
There was noticeable heterogeneity in the intensity and percentage of 
COX-2 positive cells within the tumour tissues.

Positive COX-2 immunoreactivity is evaluated using H score 
(multiply both intensity score and percentage score), the percentage 
of positive tumour cells scored from 1% to 100% and the intensity of 
expression in positive cells scored from 1 to 3 (1 equals weak, 2 equals 
moderate and 3 equals strong).

For statistical analysis of COX2 expression in tumour tissue, we 
categorized the expression into “low” and “high” expression using 
the median of the results of H scores for all cases as a cut of point to 
classify.

COX2 cytoplasmic expression in adjacent urothelium 
(Hyperplasia, CIS, normal urothelium and reactive urothelial atypia 
) is scored as intensity score (zero equals negative, 1 equals weak, 2 
equals moderate and 3 equals strong.

COX2 expression in inflammatory cells of tumour stroma was 
classified into negative if there was no expression and positive ranged 
from 1% to 100% percentage [17,18,27].

Statistical analyses
Statistical analyses were performed with SPSS version 20. All 

tests of significance were two-sided and the significance level in 
all used tests was 0.05. We used Chi-square test/Fisher’s exact test 
for analysis the relation between the pathological characters of the 
tumour and the presence of concomitant hyperplasia/CIS. We 
also used it in analysis and comparing the proportions of FGFR3 
and membranous HER2 expression in tumour tissue in relation to 
different pathological characters and to their expression in adjacent 
urothelium (Hyperplasia, CIS and normal urothelium). It is used in 
demonstrating the relationship between the expression of COX2 in 
tumour tissue to its expression in adjacent urothelium (Hyperplasia, 
CIS, normal urothelium and reactive urothelial atypia) and also used 
to compare the differences in COX2 inflammatory cells of tumour 
stroma expression in Non Muscle Invasive Urothelial Carcinoma 
(NMIUC) and Muscle Invasive Urothelial Carcinoma (MIUC). It is 
used in finding the relationship among the immunohistochemical 
staining results of the three markers used (FGFR3, HER2, COX2). 
Data were presented as mean rank using Mann-Whitney and Kruskal-
Wallis tests in demonstration of the relationship of COX2 expression 
to different pathological characteristics and compare means.

Also COX2 expression in both inflammatory cells of tumour 
stroma and malignant urothelial cells presented as means+standard 
deviation. Logistic regression analysis is used to determine the 
causative relationship between urothelial hyperplasia and urothelial 

Figure 5: Immunohistochemical expression of COX2 in UC. (A) Low 
cytoplasmic COX2 expression in low grade papillary UC (× 400). (B) High 
cytoplasmic COX2 expression in low grade papillary UC (× 400). (C) Low 
cytoplasmic COX2 expression in high grade Invasive UC (× 400). (D) High 
cytoplasmic COX2 expression in high grade Invasive UC (× 400). COX2: 
Cyclooxygenase 2; UC: Urothelial Carcinoma.
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carcinoma using FGFR3 immunostaining.

Results
Pathological findings

Clinicopathological characteristics of 41 patients with urothelial 
carcinoma involved in the present study were summarized in (Tables 
1 and 2) as the age of patients ranged from 25 to 86 years. Out of 41 
cases, 37 (90%) were males and 4 (10%) were females.

Our studied sections were included regarding the histological 
growth pattern 21 (51%) cases of papillary urothelial carcinoma (17 
cases were papillary NMIUC and 4 cases were papillary MIUC) and 
20 (49%) cases of non papillary invasive urothelial carcinoma.

The 41 cases of UC were graded into 14 (34%) cases of low grade 
UC and 27 (66%) cases of high grade UC and were classified into four 
stages as 2 (5%) cases were pTa, 15 (37%) cases were pT1, 19 (46%) 
cases were pT2 and 5 (12%) cases were pT3. Stages pTa and pT1 were 
considered non invasive UC and represented (41.5%) of cases while 
stages pT2 and pT3 were considered invasive UC and represented 
(58.5%) of cases. Lymphovascular emboli were detected in 8 (19.5%) 
cases and schistosomal infestation was present in 14 (34%) cases.

All selected slides of urothelial carcinoma specimens were 
examined to detect the pathological changes in adjacent urothelium; 
we found that there were 8 (19.5%) cases had apparent normal 
urothelium adjacent to tumour tissue, 33 (80.5%) cases were 
associated with urothelial hyperplasia with no statistically significant 
association between the presence of hyperplasia and invasiveness 
(stage), growth pattern and grade of the tumour, 23 (56%) were cases 
associated with CIS with a statistically significant association between 
the presence of CIS and both stage and grade of the tumour as P 
value=0.005 and 0.019 respectively (75% of MIUC had concomitant 

CIS and 70% of high grade tumours had concomitant CIS) and 15 
(37%) cases were associated with reactive urothelial atypia (Table 
2). By slides examination we observed that all included 41 cases had 
chronic inflammatory cells of tumour stroma [Tumour Infiltrating 
Lymphocytes (TILs)].

Figure 6: Immunohistochemical expression COX2 in adjacent urothelium 
to UC and inflammatory stroma cells (A) Weak cytoplasmic expression in 
hyperplasia (× 400). (B) Moderate cytoplasmic expression in hyperplasia (× 
400). (C) Strong cytoplasmic expression in hyperplasia (× 400). (D) Moderate 
cytoplasmic expression in reactive urothelial atypia (× 200). (E) Moderate 
cytoplasmic expression in CIS (× 400). (F) Strong cytoplasmic expression 
in CIS. (G) Negative cytoplasmic expression in inflammatory stroma cells 
(× 400). (H) Positive cytoplasmic expression in inflammatory stroma cells 
(× 400). COX2: Cyclooxygenase 2; CIS: Carcinoma in Situ; UC: Urothelial 
Carcinoma.

Variables No of 
cases Percentage

Total 41 100%

Age (years)

Mean (median) 60

Range 25-86

Gender

Female 4 10%

Male 37 90%

Type of biopsy

TUR 33 80.50%

Cystectomy 8 19.50%

Histological growth pattern

Papillary 21 51%

Non papillary 20 49%

Tumour grade

Low 14 34%

High 27 66%

Pathologic stage

PTa Non Ms invasive UC (41.5%) 2 5%

PT1 Non Ms invasive UC (41.5%) 15 37%

PT2 Ms invasive UC (58.5%) 19 46%

PT3 Ms invasive UC (58.5%) 5 12%

Lymphovascular emboli

Present 8 19.50%

Absent 33 80.50%

Schistosomiasis

Present 14 34%

Absent 27 66%

Hyperplasia

Present 33 80.50%

Absent 8 19.50%

CIS

Present 23 56%

Absent 18 44%

Normal urothelium

Present 8 19.50%

Absent 33 80.50%

Inflammation

Present 41 100%

Inflammatory cells of tumour stroma only 26 63%
urothelial atypia and inflammatory cells of tumour 
stroma 15 37%

Absent 0 -

Table 1: Clinicopathological characters of studied cases.
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Correlations between FGFR3, HER2 and COX2 expressions 
and pathological parameters

Cytoplasmic expression of FGFR3 in both tumour cells and 
adjacent urothelial cells including hyperplastic urothelium, CIS cells 
and normal urothelial cells was categorized into “Negative” (Figure 
1A, 2A and 2C) and “Positive” (Figure 1B-1D, 2B and 2D) expression. 
The highest expression of FGFR3 protein was present in hyperplastic 
urothelial cells as the expression was found in 79% of the cases, (Table 
3). Statistical analysis using Chi-square test demonstrated tumour 
FGFR3 expression in relation to different pathological variables as 
histological growth pattern, grade, stage, and presence or absence 
of lymphovascular emboli and schistosomiasis and also compared 
proportions between tumour FGFR3 expression and its expression 
in hyperplasia, CIS and apparent normal urothelium (Table 4 and 
5). Regarding the histological growth pattern: there was a statistically 
significant association between tumour FGFR3 expression and the 
growth pattern of the tumour (P value <0.001); the expression was 
higher in papillary pattern than in non papillary pattern (Figure 1B-
1D). As regard the tumour grade: there was a statistically significant 
association between tumour FGFR3 expression and the tumour grade 
(P value=0.023), the expression was higher in low grade UC than in 
high grade UC (Figure 1B-1D).

As regard the tumour stage: there was a statistically significant 
inverse association between tumour FGFR3 expression and the 
tumour stage (P value=0.012), the positive expression (88%) was 
higher in cases of NMIUC (early stages pTa and pT1) (Figure 1B).

There was no statistically significant association between FGFR3 
expressions in tumour tissue and other pathological characters 
(presence or absence of lymphovascular emboli and schistosomiasis). 

As regard the relationship of FGFR3 expression in both tumour tissue 
and hyperplastic urothelium, there was a difference in tumour FGFR3 
expression in cases with negative (Figure 2A) and positive (Figure 2B) 
FGFR3 expression in urothelial hyperplasia. The overexpression of 
FGFR3 in tumour tissue was statistically significantly associated with 
its expression in hyperplastic urothelial cells (P value=0.017) and 
the expression was higher in cases with positive FGFR3 expression 
in hyperplastic urothelium (77% of cases) (Table 5). This significant 
association revealed that there was a relationship between FGFR3 
expression in both urothelial carcinoma and urothelial hyperplasia, 
so we analyzed this relationship by doing Logistic regression analysis 
which was significant in the positive group of tumour tissue (P 
value was 0.047). This suggests the causative relationship between 
occurrences of urothelial carcinoma in hyperplastic urothelium 
overexpressing FGFR3.

There was no statistically significant association between FGFR3 
expression in tumour tissue and its expression in CIS (Figure 2D)/
apparent normal urothelium adjacent to tumour tissue (Table 5).

Membranous expression of HER2 in both tumour cells and 
adjacent urothelial cells including hyperplastic urothelial cells, CIS 

UC cases (41) Concomitant hyperplasia 
(33)

Non concomitant 
hyperplasia (8) P value Concomitant CIS (23) Non concomitant CIS 

(18) P value

Non Ms invasive UC 
(pTa+pT1) [17] 12 (71%) 5 (29%)  5 (29%) 12 (71%)  

Ms invasive UC (pT2+pT3) 
[24] 21 (87.5%) 3 (12.5%) 0.241 18 (75%) 6 (25%) 0.005*

Papillary UC [21] 16 (76%) 5 (24%)  9 (43%) 12 (57%)  

Non Papillary UC [20] 17 (85%) 3 (15%) 0.697 14 (70%) 6 (30%) 0.118

Low grade UC [14] 11 (79%) 3 (21%)  4 (29%) 10 (71%)  

High grade UC [27] 22 (81.5%) 5 (18.5%) 1 19 (70%) 8 (30%) 0.019*

Table 2: Distribution of concomitant hyperplasia and CIS in UC cases.

*Significant (Chi-square test); Using Percentage of Row

Site of expression No of cases Percentage

Tumour=41   

Negative 13 32%

Positive 28 68%

Hyperplasia=33

Negative 7 21%

Positive 26 79%

CIS=23

Negative 6 26%

Positive 17 74%

Normal urothelium=8

Negative 4 50%

Positive 4 50%

Table 3: Expression of FGFR3 in tumour cells and adjacent urothelium.

Variables

FGFR3 expression in tumour

P valueNegative Positive

No Percentage No Percentage

Histological growth pattern

Papillary 2 10% 19 90%
0.0001

Non papillary 11 55% 9 45%

Tumour grade

Low 1 7% 13 93%
0.023*

High 12 44% 15 56%

Pathologic stage
PTa Non Ms invasive UC (+ve 
88%) 0 0% 2 100%

0.012*

PT1 Non Ms invasive UC (+ve 
88%) 2 13% 13 87%

PT2 Ms invasive UC (+ve 54%) 9 47% 10 53%

PT3 Ms invasive UC (+ve 54%) 2 40% 3 60%

Lymphovascular emboli

Present 4 50% 4 50%
0.215

Absent 9 27% 24 73%

Schistosomiasis

Present 3 21% 11 79%
0.109

Absent 10 37% 17 63%

Table 4: FGFR3 expression in tumour in relation to pathological characters.

*Significant (Chi-square test); Using Percentage of Row
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cells and normal urothelial cells was categorized into “negative” 
(Figure 3A-3E, 4A) and “positive” (Figure 3C-3H, 4B-4D). The 
positive expression is observed to be higher in both tumour tissue 
(Figure 3C-3H) and CIS cells (Figure 4C and 4D) as present in 76% 
and 66% of cases respectively (Table 6).

Statistical analysis using Chi-square test demonstrated tumour 
HER2 expression in relation to different pathological data studied as 
(histological growth pattern, grade, stage, and presence or absence 
of lymphovascular emboli and schistosomiasis) and also compared 
proportions between tumour HER2 expression (Figure 3C-3H) and 
its expression in hyperplasia (Figure 4B), CIS (Figure 4C and 4D) and 
apparent normal urothelium. The HER2 expression in tumour tissue 
was statistically significantly inverse associated with the presence of 
lymphovascular emboli, as its expression was higher in cases without 
lymphovascular invasion (P value=0.044), (Tables 7 and 8).

Cytoplasmic expression of COX2 was noted in all studied 41 cases 
of urothelial carcinoma. Tumour COX2 expression using H score was 
ranged from 10 to 285 with a cut of point (median) was 180, using this 
cut of point to categorize the expression into “low” (Figure 5A-5C) 
and “high” (Figure 5B-5D) expression, low was below 180 and high 
was 180 and more.

COX2 expression in adjacent urothelium (Hyperplasia, CIS, 
reactive urothelial atypia and apparent normal urothelium) was 

categorized as negative if no expression could be detected or 
positive if there was expression which is also categorized according 
to the intensity into weak (Figure 6A), moderate (Figure 6B-6E) 
and strong (Figure 6C-6F). COX2 expression in inflammatory 
cells of tumour stroma was classified into negative (Figure 6G) if 
there was no expression and positive (Figure 6H) ranged from 1% 
to 100% percentage. The expression of COX2 was summarized in 
(Table 9). Statistical analysis using Mann-Whitney and Kruskal-
Wallis tests demonstrated a difference by compare means in tumour 
COX2 expression in relation to different pathological variables as 
(histological growth pattern, grade, stage, presence or absence of 
lymphovascular emboli and schistosomiasis and type of inflammatory 
reaction) (Table 10).

According to different pathological variables: There was a 
statistically significant difference of tumour COX2 expression between 

Variables

FGFR3 expression in tumour

P valueNegative Positive

No Percentage No Percentage

FGFR3 expression in hyperplasia=33

Negative 4 57% 3 43%
0.017*

Positive 6 23% 20 77%

FGFR3 expression in CIS=23

Negative 4 67% 2 33%
0.383

Positive 5 29% 12 71%

FGFR3 expression in normal urothelium=8

Negative 2 50% 2 50%
0.513

Positive 2 50% 2 50%

Table 5: The relation between FGFR3 expression in tumour and its adjacent 
urothelium.

Site of expression No of cases Percentage

Tumour=41

Positive 31 76%

Negative 10 24%

Hyperplasia=33

Positive 12 36%

Negative 21 64%

CIS=23

Positive 15 66%

Negative 8 34%

Normal urothelium=8

Positive 1 12.50%

Negative 7 87.50%

Table 6: Membranous expression of HER2 in tumour cells and adjacent 
urothelium.

Variables

HER2 expression in tumour

Negative Positive
P value

No Percentage No Percentage

Histological growth pattern

Papillary 4 20% 17 80%
0.119

Non papillary 6 30% 14 70%

Tumour grade

Low 3 21% 11 79%
0.206

High 7 26% 20 74%

Pathologic stage
PTa Non Ms invasive UC (+ve 
77%) 0 0% 2 100%

0.349
PT1 Non Ms invasive UC (+ve 
77%) 4 27% 11 73%

PT2 Ms invasive UC (+ve 75%) 3 16% 16 84%

PT3 Ms invasive UC (+ve 75%) 3 60% 2 40%

Lymphovascular emboli

Present 4 50% 4 50%
0.044*

Absent 6 18% 27 82%

Schistosomiasis

Present 4 29% 10 71%
0.9

Absent 6 22% 21 78%

Table 7: HER2 expression in tumour in relation to pathological characteristic.

*Significant (Chi-square test); Using Percentage of Row

Variables

HER2 expression in tumour

P valueNegative Positive

No Percentage No Percentage

HER2 expression in hyperplasia=33

Negative 7 33% 14 67% 0.159

Positive 1 8% 11 92%  

HER2 expression in CIS=23

Negative 3 37.50% 5 62.50% 0.179

Positive 2 13% 13 87%  

HER2 expression in normal urothelium=8

Negative 1 14% 6 86% 0.71

Positive 0 - 1 -

Table 8: The relation between HER2 expression in tumour and its adjacent 
urothelium.

Using Percentage of Row (Chi-square test)
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two types of histological growth pattern (P value=0.01) and between 
different tumour stages (NMIUC vs. MIUC) (P value=0.014). There 
was also significant difference between urothelial carcinoma cases 
with lymphovascular emboli and others without lymphovascular 
emboli (P value=0.02). No statistical significant difference of COX2 
expression was found between low grade urothelial carcinoma 
and high grade urothelial carcinoma (P value=0.07) although the 
difference was high.

There was no significant difference in tumour COX2 expression 
between cases with inflammatory reaction in form of inflammatory 
cells only and cases with inflammatory reaction in form of 
inflammatory cells and reactive urothelial atypia (P value=0.342).

There wasn’t any significant difference in COX2 expression 
between schistosomal and non schistosomal urothelial carcinoma 
(P value=0.159). From statistical analysis the mean staining score 
(H score) was much higher in non papillary urothelial carcinoma 
than papillary urothelial carcinoma and it was also higher in high 
grade urothelial carcinoma than low grade urothelial carcinoma. 

Also it was higher in muscle invasive urothelial carcinoma and it 
was higher in cases with lymphovascular invasion. Statistical analysis 
using Chi-square test/Fisher’s Exact test demonstrated that there was 
no significant difference in tumour COX2 expression in relation to 
its expression in adjacent urothelium (Hyperplasia, CIS, apparent 
normal urothelium and reactive urothelial atypia) (Table 11).

As regard the relationship between FGFR3, HER2 and COX2 
IHC staining results, there was no statistically significant association 
among the overexpression rates of the three biomarkers (Table12).

COX2 expression in inflammatory cells of tumour stroma was 
positive (Figure 2H) in 9/17 (53%) of NMIUC and in 22/24 (92%) 
of MIUC with no statistically significant difference in its expression 
between non invasive and invasive groups (p=0.08).

Although its positive expression percentage was higher in MIUC 
(Table 13) but the average score of its positive staining was higher in 
non muscle invasive type (44.44+20.07) (Table 14).

When we compared the average score of COX2 expression in 
both malignant urothelial cells and inflammatory cells of tumour 
stroma in NMIUC and MIUC cases we observed that with more 
invasiveness of the tumour the average score of COX2 expression 
increased in malignant urothelial cells and decreased in inflammatory 
cells of tumour stroma (Table 14).

Discussion
Bladder cancer is a common malignancy. Urinary bladder 

carcinoma is ninth in worldwide cancer incidence [28]. Urothelial 
cell carcinoma of the bladder is characterized by high recurrence rate, 
pathological progression and poor survival in advanced metastatic 
disease [29]. About 85% of patients with urothelial bladder carcinoma 

Site of expression No of cases Percentage

Tumour*=41

low 18 44%

high 23 56%

Hyperplasia=33

Negative 1 3%

Positive 32 97%

Weak 5 15%

Moderate 8 24%

Strong 19 58%

CIS=23

Negative 0 -

Positive 23 100%

Weak 0 -

Moderate 2 9%

Strong 21 91%

Normal urothelium=8

Negative 1 12.50%

Positive 7 87.50%

Weak 2 25%

Moderate 2 25%

Strong 3 37.50%

Reactive urothelial atypia=15

Negative 0 -

Positive 15 100%

Weak 1 6%

Moderate 7 47%

Strong 7 47%

Inflammatory cells of tumour stroma=41

Negative 10 24%

Positive 31 76%

Table 9: Expression of COX2 in tumour cells and adjacent urothelium.

*Expression of COX2 at tumour divided into low and high with cut of point 180 
(median)

Variables No of 
cases

Mean 
Rank

P 
value

Histological growth pattern

Papillary 21 16.69
0.01*

Non papillary 20 25.53

Tumour grade

Low 14 16.46
0.07

High 27 23.35

Pathologic stage

PTa Non Ms invasive UC (mean=15.59) 2 27.5

0.014*
PT1 Non Ms invasive UC (mean=15.59) 15 14

PT2 Ms invasive UC (mean=24.83) 19 23.95

PT3 Ms invasive UC (mean=24.83) 5 28.2

Lymphovascular invasion

Present 8 29.25
0.02*

Absent 33 19

Inflammation

 inflammatory cells of tumour stroma only 26 20.25
0.596Reactive urothelial atypia and inflammatory cells 

of tumour stroma 15 23.3

Schistosomiasis

Present 14 24.64
0.159

Absent 27 19.11

Table 10: COX2 expression in tumour in relation to pathological characteristic.

*Significant (Mann-Whitney and Kruskal-Wallis tests)
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present with papillary non muscle invasive (pTa and pT1) at first 
presentation, whereas the remaining 15% of primary tumours are 
already muscle invasive (pT2). The recurrence rate of non muscle 
invasive tumours; removed by transurethral resection (TUR) is 70% 
[2], and up to one third of pT1 tumours will eventually develop a 
progression to muscle invasive disease [3]. Therefore Patients 
with bladder cancer have to be monitored thoroughly for disease 
recurrence and progression. This makes bladder cancer one of the 
most expensive cancer types for the health care system [4].

Investigating the urothelium surrounding the tumour for 
molecular alterations can allow us to know more about different 
pathways of bladder cancer development. This could help in 
identifying which type of patients would have more chance for 
occurrence of bladder cancer and more likely to develop recurrences 

and progression to be targeted by appropriate therapy.

Bladder cancer develops through different pathways, entitled 
"papillary" and "invasive"; Carcinoma In situ (CIS) is thought 
to be the precursor of invasive bladder cancer and can be found 
concomitant with invasive cancers in about 50% of cases [5,30]. Our 
study confirmed this; there was a statistically significant association 
between presence of concomitant CIS and the invasiveness of the 
tumour (p=0.005) as 75% of muscle invasive urothelial carcinoma 
cases had concomitant CIS.

Fibroblast Growth Factor Receptor3 (FGFR3) gene mutations are 
the most frequent genetic alterations in urothelial carcinoma and are 
regarded as markers of papillary pathway contrasting CIS phenotype 
[5,6]. Recent studies found that FGFR3 mutations occur rarely in 
other tumour types indicating surprising urothelial specificity [7]; 
this gives it more importance to be evaluated.

Immunohistochemical expression of FGFR3 protein has not been 
extensively examined and the exact mechanism of its cytoplasmic 
expression is still unclear till now as there are few published studies 
that used IHC to assess protein expression of FGFR3 in UC [14]. We 
couldn’t find any published studies upon its expression in hyperplasia 
or CIS, only genomic alternations in form of FGFR3 mutations were 
done.

To our knowledge; our work is the first to address the 
immunohistochemical expression of FGFR3 in UC in relation to its 
expression in concomitant hyperplasia and CIS. The expression rate 
of FGFR3 in urothelial carcinoma is known to be between 42% and 
80.5% in different grades and stages [13,31,32].

In our study, cytoplasmic FGFR3 was positive in 68% of all cases 
of urothelial carcinoma and positivity was statistically significantly 
associated with lower grade (p=0.023) and papillary growth pattern 
(p<0.001). The overexpression of FGFR3 protein was observed in 
100%, 87%, 53% and 60% of pTa, pT1, pT2 and pT3 respectively, with 
statistically significant inverse association between FGFR3 expression 
and stage of tumour (p=0.012) as the overexpression was increased 
more frequently in NMIUC (pTa and pT1).

Some studies have examined FGFR3 protein expression in UC 
by immunohistochemistry and observed increased expression. The 
majority of them have reported similar results to our study as there 
was a significant correlation between FGFR3 expression and both 
the stage and the grade of the tumour inspite of different aspects of 
tumour examined i.e., (superficial UC only, non recurrent papillary 

Variables

COX2 expression in tumour

P valueLow High

No of cases No of cases

COX2 expression in hyperplasia=33

Negative 1 0

0.244
Weak 3 2

Moderate 4 4

Strong 5 14

COX2 expression in CIS=23

Negative 0 0

0.502^
Weak 0 0

Moderate 0 2

Strong 9 12

COX2 expression in normal urothelium=8

Negative 0 1

0.33
Weak 1 1

Moderate 0 2

Strong 0 3

COX2 expression in reactive urothelial atypia=15

Negative 0 0

0.18
Weak 1 0

Moderate 3 4

Strong 1 6

Table 11: The relation between COX2 expression in tumour and its adjacent 
urothelium.

Expression of COX2 at tumour divided into low and high with cut of point 180 
(median)
^Fisher’s exact test

HER2 FGFR3

+ - P value + - P value

FGFR3
+ 24 4

0.191
  

 
- 7 6   

HER2 
+   

 
24 7

0.191
-   4 6

COX2
Low 14 4

0.105
13 5

0.81
High 17 6 15 8

Table 12: Relationship among FGFR3, HER2 and COX2 IHC staining results.

(Chi-square test)

No of cases COX2 expression in inflammatory cells of tumour 
stroma P valueUC cases 

(41)
Number of positive 

cases
Number of negative 

cases
NMIUC (17) 9 (53%) 8 (47%)

0.08
MIUC (24) 22 (92%) 2 (8%)

Table 13: COX2 Expression in inflammatory cells of tumour stromain NMIUC 
and MIUC.

Using Percentage of Row (Chi-square test)

No of 
cases

Average score of COX2 expression (mean+SD)
Malignant urothelial 

cells
positive Inflammatory cells of tumour 

stroma
NMIUC (9) 161.11+96.20 44.44+20.07

MIUC (22) 211.36+70.12 42.05+23.94

Table 14: Average score of COX2 expression in malignant urothelial cells and 
positive inflammatory cells of tumour stroma cases in NMIUC and MIUC.
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urothelial neoplasms of low malignant potential and invasive 
urothelial carcinoma only) [7,12-14,32].

Also, Gust et al. [10] in 2013 reported similar results concerning 
correlation with grade but differ in stage as they couldn’t find any 
significant difference between invasive and non-invasive tumours. 
Whereas studies which were done by and found no significant 
correlation between FGFR3 expression and tumour stage/grade, 
however their results were very close to our results [31,33].

However, Sung et al. [25] in 2014 investigated FGFR3 
overexpression in only muscle invasive urothelial carcinoma and 
reported results which were completely different from our results as 
they observed that FGFR3 protein overexpression was detected in 
45.8% of cases and this expression wasn’t associated with any of the 
clinicopathological parameters including tumour grade or stage.

This discrepancy could be explained by a number of reasons 
including the selection of the patients (low stage/grade versus all 
stages/grades), sample size, choice of the antibody used, differences in 
IHC protocols, or simply reflects the heterogeneous nature of bladder 
tumours as described by [13].

In our study, as regard FGFR3 expression in morphologically 
normal urothelium adjacent to tumour tissue we found 50% of 
cases showed positive expression, this may indicate early molecular 
change in this microscopically cancer-free tissue and this observation 
was supported by results of [7,13]. As regard FGFR3 expression in 
hyperplastic urothelium adjacent to tumour tissue we found 79% of 
cases showed positive expression and its expression was proportioned 
to FGFR3 expression in the tumour tissue (p=0.017). The causative 
relationship of FGFR3 overexpression and the occurrence of UC 
in hyperplastic urothelium was also confirmed (p=0.047). This is 
supported by the results of Otto et al. [6] in 2009 who reported the 
presence of FGFR3 mutations in 75% of urothelial papillomas and 
in 23% of Flat Urothelial Hyperplasia’s (FUH) suggesting FGFR3 
mutations to be a very early step in bladder carcinogenesis. As regard 
FGFR3 expression in CIS concomitant with tumour tissue we found 
74% of cases showed positive expression and this were explained 
by Zieger et al. [5] in 2009 who suggested that there is no primary 
tumour was found to have both FGFR3 mutation and concomitant 
CIS. However, FGFR3 mutated tumours were followed by CIS in the 
later course.

Our work provides evidence that immunohistochemical 
expression of cytoplasmic FGFR3 is not only a characteristic feature 
of papillay pattern, low grade and early stage urothelial carcinoma, 
but also its overexpression in hyperplastic urothelium could be a 
good indicator of occurrence of urothelial carcinoma. The main 
limitation of the current study is represented by the lack of FGFR3 
mutation analysis which is recommended in further studies to give 
us the possibility of correlation the degree of FGFR3 expression as 
determined in IHC with gene mutation.

The assessment of HER2 overexpression in urothelial carcinomas 
is studied by many authors, because it has been shown that this 
protein is involved in the pathogenesis of these tumours, to an extent 
nearly as important as in breast cancer.

These studies showed that the frequency of HER2 overexpression 
ranges from 7% to 89% of cases [34-37], our study showed that the 
HER2 positive rate was 76%.

Several hypotheses could explain these wide variations in the 

frequency of HER2 expression, one of the major issues is the variability 
in immunohistochemistry assays, related to the heterogeneity 
between kits, antibodies, protocols, interpretations of staining or cut-
off values as scoring systems are variable and there is no consensus 
on the definition of HER2 overexpression in bladder carcinoma and 
most authors used criteria of reported for breast carcinoma (ASCO 
scoring system) [26], differences in study design, selection of material 
and use of non standardized techniques. In our study, there was no 
statistically significant association could be found between the HER2 
positive rate and tumour grade or stage. Yet, analysis by status of 
lymphovascular invasion revealed a significant association (P=0.044); 
the number of HER2 positive tumours increased with absence of 
lymphovascular invasion.

Similar to our results, many studies demonstrated that the 
frequency of HER2 overexpression wasn’t correlated with tumour 
grade or stage [36,38-40], while other studies stated that it did 
[37,38,41,42]. On the other hand some studies reported significant 
association with tumour higher grade only or tumour higher stage 
only [15,43-45].

Therefore, the relationship between HER2 overexpression and 
tumour grade or stage has not yet been established.

As regard the status of lymphovascular invasion; a study done by 
Kiyoshima et al. [43] in 2005 reported results similar to us. On the 
contrary, other study reported significant association between HER2 
expression and the presence of angioinvasion [42].

In our study, we have observed that HER2 positivity was not 
found in UC (76%) only, but also there was high expression in CIS 
lesions (66%) compared to its lower expression in hyperplastic lesions 
(36%). This indicates that cases with overexpressing HER2 in CIS 
may have more chance to malignant transformation, suggesting a 
role for HER2 overexpression in carcinogenesis. This was supported 
by reports of previous studies [16,35,36,46]. On the other hand, our 
study showed that HER2 positivity in apparent normal urothelium 
adjacent to tumour tissue was 12.5%, this may indicate early molecular 
change in this microscopically normal tissue. This observation was 
supported by results of as they suggested that overexpression of HER2 
in normal urothelium may herald subsequent tumour development 
[36,47]. So we can say that although our results showed that HER2 
overexpression at tumour tissue hadn’t any significant association 
with its expression in CIS but its high percentage of expression in this 
malignant group need further studies and a close follow-up to detect 
possible early transformation.

COX-2 is regarded as induced inflammatory mediator involved 
in the development of tumours [48]. To determine the significance 
of COX-2 in tumourigenesis in the urinary bladder, we examined 
the expression of COX-2 in various urothelial epithelia including 
urothelial carcinoma, hyperplastic urothelium, CIS, adjacent 
morphologically normal urothelial cells and inflammatory reactive 
urothelial cells of the bladder. We found that all studied cases 
(100%) of urothelial carcinoma showed COX-2 expression with 
high expression in 56% of cases. Several studies reported frequencies 
of COX-2 expression ranging from 38% to 88% [28,49-55]; these 
variations could be explained by using different COX-2 antibodies, 
expression evaluation techniques and had different sample sizes. 

We also observed that there was high COX-2 expression in 
non papillary growth pattern of the tumour (p=0.01) and in muscle 
invasive type (p=0.014) with a statistically significant difference. 
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This observation suggests that COX-2 plays role in tumourigenesis 
of UC development by stimulating prostaglandins formation 
which promotes the invasion. Also COX-2 was found to be highly 
expressed in cases of high grade UC, however there wasn’t statistically 
significant.

Similar to our results, many studies reported that the frequency 
of COX-2 overexpression associated with higher tumour stage and 
grade [17,18,56-58], while other conflicting data were reported in 
some studies which showed negative association with the grade 
and stage of the tumour [59-63]. In our study, analysis of COX2 
expression in UC by status of lymphovascular invasion revealed 
a significant association between its expression and the presence 
of lymphovascular invasion (P=0.02), this supported by results 
reported by [64]. We also observed that COX2 overexpression was 
higher in schistosomal-associated UC (staining score=24.64) than 
in non schistosomal-associated UC (staining score=19.11) with no 
statistically significant difference, this observation was consistent with 
previous studies [18,64]. COX-2 immemorial activity was noted in 
87.5% of morphologically normal urothelium adjacent to the UC. This 
observation was in accordance with results reported by Mohammed 
et al. [27]. This indicates that neoplastic cells exerting a paracrine 
effect through the release of cytokines and/or growth factors which 
stimulate COX2 overexpression in adjacent morphologically normal 
urothelium as COX2 wasn’t expressed in most tissue in normal 
conditions [65]. Although there wasn’t any statistically significant 
association between COX2 expression in tumour tissue and its 
neighboring lesions (hyperplasia and CIS) but we can’t ignore the high 
percentage of COX2 expression in hyperplastic urothelium (97%) 
and in CIS (100%). The high expression of COX-2 in both CIS (100%) 
and tumour tissue (100%) suggests that COX-2 is involved in the 
development of urothelial carcinoma via CIS lesions, this observation 
also reported by previous studies [27,66,67]. This could support that 
COX-2-selective inhibitors may provide an alternative approach 
for the treatment of CIS. As regard the high COX-2 expression in 
hyperplastic urothelium, there was no previous studies explain the 
relationship between COX-2 expression and hyperplasia tumour 
development. So this observation remains to be further investigated. 
In our study, there wasn’t any statistically significant association 
between COX2 expression in both tumour tissue and its adjacent 
reactive urothelial atypia. However, the overexpression of COX2 
was observed in all inflammatory reactive urothelial cells (100%) 
associated with UC, indicated the role of COX2 in inflammatory 
process which may help in the development of UC as COX-2 was 
produced via bacterial polysaccharides or inflammatory cytokines 
and consequently activates nitrosamines that play an important 
role in inflammation-induced carcinogenesis thus inflammation 
as act as a promoters to forming malignancy. Thus, prevention of 
inflammation that helps cancer development could be achieved 
through inhibiting COX-2. Results reported by confirmed that 
[50,60]. In the current study we tried to examine possible association 
between COX2 expression in inflammatory cells of tumour stroma 
and invasiveness character of UC and we noted that the average score 
of its expression in inflammatory cells of tumour stroma of muscle 
invasive UC (42.05+23.94) lower than that of non invasive type 
(NMIUC) (44.44+20.07). These results was consistent with results 
[68], so we hypothesize that, in the initial tumour stage (NMIUC), 
COX-2 is probably associated with host immunological inflammatory 
response and, it could be a marker of sufficient anti-tumour response 
while loss of COX-2 expression may be indication for the selection 

of patients for additional immunotherapy. Also when we compared 
COX2 immunoreactivity score in both malignant urothelial cells 
and inflammatory cells of tumour stroma in early (NMIUC) and 
advanced stages (MIUC) of UC, we found that the average staining 
score (mean+SD) was increased in malignant urothelial cells in spite 
of its decrease in inflammatory cells of tumour stroma in advanced 
stages (MIUC) of UC. This indicates that with more development of 
bladder cancer, COX-2 expression was markedly augmented in the 
malignant cells and began to decline in inflammatory cells of tumour 
stroma. These findings were consistent with those of other reporters 
[60,69,70]. Accordingly, our findings could possibly indicate that 
COX-2 activity is shared between inflammatory and urothelial cells 
for initial induction of early malignant transformation. As malignancy 
is established, it seems that COX-2 expression on urothelial cells plays 
the upper role to enhance carcinogenesis and support the growth of 
the tumour. Meanwhile, augmented expression on urothelial cells 
with simultaneous decline on inflammatory infiltrates, might point to 
progression of the malignancy.

In our study, there was no statistically significant association 
among the overexpression rates of the three biomarkers (FGFR3, 
HER2 and COX2). No previous studies reported similar relationship 
among those three markers but there were previous studies 
demonstrated the relationship between both HER2 and COX2 
expression and our findings were consistent with results of these 
studies [44,46,63].

Conclusion
In conclusions, taken together, our findings and published data 

on the three studied biomarkers we can say that: FGFR3 expression 
in UC is not only a characteristic feature of papilla pattern, low grade 
and low stage urothelial carcinoma, but also its overexpression in 
hyperplastic urothelium could be a good indicator of occurrence 
of urothelial carcinoma, HER2 and COX2 are known to have 
restricted expression in normal tissue so their expression in apparent 
microscopically normal tissue or in hyperplastic areas or in CIS 
indicates the high possibility of further malignant transformation 
so close follow up is necessary needed, high expression of HER2 
and COX2 in CIS makes molecular targeted therapy against HER2 
and COX2 (COXIBs) has interesting potential to avoid possible 
progression, High expression of COX2 in inflammatory reactive 
urothelial cells indicates the role of COX2 in inflammatory process 
which may help cancer cell precursors to become fully malignant so 
prevention of inflammation that helps cancer development could be 
achieved through inhibiting COX-2 and loss of COX-2 expression 
in tumoural inflammatory stroma cells may provide us by a possible 
progression of the tumour and may be indication for selection of 
patients for additional immunotherapy.
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