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Abstract 
Urothelial carcinomas represent 90% of all primary bladder cancers. Muscle invasion is a critical prognostic 
determinant in urothelial carcinoma. The overexpression of EMMPRIN and EGFR was found in urothelial 
carcinoma. The association between the two markers has not been reported in urothelial carcinoma, 
therefore we aimed to analyze the expression of EMMPRIN and EGFR and investigate their association with 
urothelial carcinoma invasiveness. Paraffin-embedded tissues were obtained from 54 urothelial carcinoma 
patients which then underwent immunohistochemistry staining for EMMPRIN and EGFR antibody. The 
comparison of EMMPRIN and EGFR expression was tested using the Mann Whitney U test. The correlation 
was analyzed using the Spearman test. Results showed a significant difference of EMMPRIN expression 
between non-muscle-invasive and muscle-invasive bladder cancer (p = 0.000), and EMMPRIN expression 
was significantly correlated with the muscle invasion (rs = 0.481, p = 0.000). A significant difference of 
EGFR expression between the non-muscle-invasive and muscle-invasive bladder cancer was also found 
(p = 0.020), and EGFR expression was significantly correlated with the muscle invasion (rs = 0.319, p = 
0.019). The expression of EMMPRIN was positively correlated with EGFR in urothelial carcinoma (rs = 
0.322, p = 0.018). The expression of EMMPRIN and EGFR are two potential biomarkers for urothelial 
carcinoma invasiveness which may be helpful to differentiate between muscle-invasive and non-muscle-
invasive bladder cancer.
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Introduction

Bladder cancer is the most common cancer in the 
urogenital system and urothelial carcinoma accounts for 
about 90% of all primary bladder cancer[1]. The most 
important factor for determining prognosis in urothelial 
carcinoma is the depth of invasion[2]. Depending on the 
presence of muscularis propria invasion, pT1 tumor 
is classified as non-muscle-invasive bladder cancer 
(NMIBC), while pT2 tumors and above are classified as 
muscle-invasive bladder cancer (MIBC)[3].

It is important to identify tumor invasion of the 
muscularis propria; the presence of which determines the 
therapeutic approaches. While accurate identification of 

muscularis propria invasion is crucial, it is considered 
as a challenge to evaluate muscle invasion solely on 
H&E. Because of this reason, the detection of abnormal 
expression of biological markers for urothelial carcinoma 
invasiveness, specifically muscle invasiveness, would 
be very helpful to determine the presence of muscle 
invasion in the tumor and assist doctors in providing a 
suitable treatment for patients[4].

Extracellular matrix metalloproteinase inducer 
(EMMPRIN), other names include CD147 and basigin, 
is a transmembrane glycoprotein of the immunoglobulin 
superfamily. It is highly expressed on the cell surface of 
many malignant tumors, including liver, breast, colon, 
prostate, and esophageal cancer[5]. Overexpression of 
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EMMPRIN is found in 71.2% of urothelial carcinoma[6]. 
EMMPRIN is best-known to stimulate the production of 
some matrix metalloproteinases (MMPs) in tumor cells 
and fibroblasts. MMPs are major proteases in degrading 
the extracellular matrix, leading to cancer cell invasion 
and metastasis[7].

Epidermal growth factor receptor (EGFR) is a 
tyrosine kinase transmembrane receptor that plays an 
important role in carcinogenesis[1]. It is overexpressed 
in many tumors, such as head and neck, lung, colon, 
breast, kidney, prostate, and bladder cancer[1]. EGFR 
is involved in the regulation of MMPs, several studies 
have shown that EGFR stimulation induces MMPs 
expression[8]. Therefore, this study was conducted to 
analyze the role of EMMPRIN and EGFR in urothelial 
carcinoma, also their relationship, specifically toward 
the tumor invasion. 

Materials and Methods

Research Design and Sample

This study was analytic observational research with 
a cross-sectional approach. A total of 54 formalin-fixed, 
paraffin-embedded tissues were obtained from patients 
diagnosed as urothelial carcinoma and underwent 
Radical Cystectomy (RC) during 2010-2019 in the 
Anatomical Pathology Laboratory, Dr. Soetomo General 
Hospital. Samples were divided based on their muscle 
invasion, pT1 tumor was classified as non-muscle-
invasive bladder cancer (NMIBC) and pT2-4 tumor was 
classified as muscle-invasive bladder cancer (MIBC).

Immunohistochemistry Staining

The tissues were cut into 4mm sections, 
deparaffinized three times with xylol for 5 minutes 
each, and rehydrated through graded alcohol. Antigen 
retrieval was accomplished by incubation for 10 minutes 
in sodium citrate buffer (pH 6.0). Afterward, the tissue 
sections were incubated with monoclonal antibodies for 
EMMPRIN (1.BB.218: sc-71038; dilution 1:250; Santa 
Cruz Biotechnology) and EGFR (0.N.268: sc-71034; 
dilution 1:100; Santa Cruz Biotechnology) overnight, 
followed by a secondary antibody for 10 minutes at 
room temperature. Sections were then counterstained 
with hematoxylin and dehydrated with alcohol. Human 
placental tissue was used as a positive control for EGFR 

while human gastric tissue was used as a positive control 
for EMMPRIN.

Evaluation of Immunohistochemical Expression

All samples were evaluated by two pathologists 
in the blinded fashion. Any discordant was solved by 
interobserver agreement. Membranous and cytoplasmic 
staining of EMMPRIN and EGFR were evaluated on 
the basis of the percentage of stained tumor cells and 
the staining intensity of the tumor cells. The staining 
intensity for both EMMPRIN and EGFR was scored as 
0 (absent), 1 (weak), 2 (moderate), and 3 (strong). For 
EMMPRIN, the percentage of stained tumor cells was 
scored as 0 for no 0 - <10% positive cells; 1, 10% - 24%; 
2, 25% - 49%; 3, 50% - 74%; and 4, ³75%. The sum of 
the percentage of stained tumor cells and the staining 
intensity score was then used as the final EMMPRIN 
score. Final scores of 0 to 1 were considered negatives, 
2 to 3 were considered weak, 4 to 5 were considered 
moderate, and 6 to 7 were considered strong[9].

For EGFR evaluation, the percentage of stained 
cells score was slightly different from EMMPRIN, as 
follows: 0 for no positive cells; 1, 1–25%; 2, 26–50%; 3, 
51–75%; and 4, >75%. Then, a final score was obtained 
by multiplying the score of staining intensity and 
percentage of stained cells: a score of 0 was considered 
negative, 1–4 was weak, 5–8 was moderate, and 9 - 12 
was strong[1]. 

Statistical Analysis

All statistical analysis was calculated using SPSS 
v.25.0. The comparison of EMMPRIN and EGFR 
expression was tested using the Mann Whitney U test. 
The correlation was analyzed using the Spearman test, 
with a significance level <0.05 (p <0.05). 

Results and Discussion

The average age of patients was 60.6 ± 9.4 years 
with a male to female ratio of 50:4. In the study, muscle-
invasive bladder cancer (MIBC) was found in 81.5% 
(44/54) cases, whereas non-muscle-invasive bladder 
cancer (NMIBC) was only found in 18.5% (10/54) 
cases. Around 87% of the cases (47/54) were high-
grade, whereas 13% (7/54) were low-grade. 
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EMMPRIN Expression in Urothelial Carcinoma

EMMPRIN was found to be expressed at the plasma membrane and/or cytoplasm (Figure 1). We compared 
EMMPRIN expression between non-muscle-invasive and muscle-invasive bladder cancer, also between low grade 
and high-grade tumors. A significant difference of EMMPRIN expression was found between the non-muscle-
invasive and muscle-invasive tumors (p = 0.000), while no significant difference of EMMPRIN expression was 
found between the low grade and high-grade tumor (p = 0.105). Strong EMMPRIN expression was mainly found 
in tumors with muscle invasion (52.3%), while none of the non-muscle-invasive tumors showed strong EMMPRIN 
expression. Spearman correlation test showed a highly significant positive correlation between EMMPRIN expression 
and muscle invasion of the tumor (rs = 0.481, p = 0.000) (Table 1). 

Figure 1. Immunohistochemical expression of EMMPRIN in urothelial carcinoma (brown stain in 
membrane and/or cytoplasm), 400x magnification. A: Weak intensity staining of EMMPRIN; B: Moderate 

intensity staining of EMMPRIN; C: Strong intensity staining of EMMPRIN. Black arrows: EMMPRIN 
expression; black bars: 50 μm. 

Table 1. Association between EMMPRIN expression with muscle invasion and tumor grade.

EMMPRIN Expression

p-value a rs b p-value b
Negative

n (%)
Weak
n (%)

Moderate
n (%)

High
n (%)

Muscle Invasion 0.000 0.481 0.000

Absent (pT1) / NMIBC 1 (10) 3 (30) 6 (60) 0 (0)

Present (pT2-4) / MIBC 0 (0) 3 (6.8) 18 (40.9) 23 (52.3)

Tumor Grade 0.105 - -

Low Grade 1 (14.2) 2 (28.6) 2 (28.6) 2 (28.6)

High Grade 0 (0) 4 (8.5) 22 (46.8) 21 (44.7)

aMann Whitney U test applied.

bSpearman correlation test applied.

p-value <0.05, considered as significant. 

EGFR Expression in Urothelial Carcinoma
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EGFR was found to be expressed at the plasma membrane and/or cytoplasm (Figure 2). We compared EGFR 
expression between non-muscle-invasive and muscle-invasive bladder cancer, also between low grade and high-
grade tumors. We observed a significant difference of EGFR between the non-muscle-invasive and muscle-invasive 
tumors (p = 0.020), while no significant difference of EGFR expression was found between the low grade and high-
grade tumor (p = 0.079). Moderate and strong EGFR expressions were only found in the muscle-invasive tumor, 
while the non-muscle-invasive tumor only showed negative and weak EGFR expression. Spearman correlation test 
showed a significant positive correlation between EGFR expression and muscle invasion of the tumor (rs = 0.319, p 
= 0.019) (Table 2). 

Figure 2. Immunohistochemical expression of EGFR in urothelial carcinoma with 400× magnification. A: 
Weak intensity staining of EGFR; B: Moderate intensity staining of EGFR; C: Strong intensity staining of 

EGFR. Black arrows: EGFR expression; black bars: 50 μm. 
Table 2. Association between EGFR expression with muscle invasion and tumor grade.

EGFR Expression p-value a rs
 b p-value b

Negative
n (%)

Weak
n (%)

Moderate
n (%)

High
n (%)

Muscle Invasion 0.020 0.319 0.019

Absent (pT1) / NMIBC 6 (60) 4 (40) 0 (0) 0 (0)

Present (pT2-4) / MIBC 11 (25) 24 (54.5) 7 (16) 2 (4.5)

Tumor Grade 0.079 - -

Low Grade 4 (57.1) 3 (42.9) 0 (0) 0 (0)

High Grade 13 (27.7) 25 (53.2) 7 (14.9) 2 (4.2)

aMann Whitney U test applied.

bSpearman correlation test applied.

p-value < 0.05, considered as significant. 
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Correlation between EMMPRIN and EGFR in 
Urothelial Carcinoma

A significant positive correlation was found 
between EMMPRIN and EGFR expression in urothelial 
carcinoma (rs = 0.322, p = 0.018). 

Discussion

The age of the patients observed in this study ranged 
from the age of 34 to 81 years (mean 60.6±9.4). In this 
study, the majority of the patients had muscle-invasive 
bladder cancer/MIBC (pT2-4) (81.5%), whereas non-
muscle-invasive bladder cancer/NMIBC (pT1) was 
only found in 18.5% of the cases. Our study showed 
that EMMPRIN expression was significantly different 
between non-muscle-invasive bladder cancer/NMIBC 
(pT1) and muscle-invasive bladder cancer/MIBC (pT2-
4), and EMMPRIN expression is significantly correlated 
with the muscle invasion, with a positive r-value of 0.481. 
Similar results were reported by other studies, showing a 
significant difference of EMMPRIN expression between 
superficial (£pT1) and muscle-invasive (³pT2) urothelial 
carcinoma[10]. Another study found that negative or low 
EMMPRIN expression was strongly correlated with 
non-muscle-invasive urothelial carcinoma (pT1 tumor) 
compared to muscle-invasive urothelial carcinoma 
(pT2-4 tumor)[6]. EMMPRIN stimulates the tumor 
cells and peritumoral fibroblasts to produce matrix 
metalloproteinases (MMPs), which then degrade the 
extracellular matrix of basement membranes, which 
normally play a role as mechanical barriers to tumor cell 
migration and invasion[11]. EMMPRIN induce MMPs 
production through the MKK-p38-MAPKAP signaling 
pathway, and the induction of MMPs by EMMPRIN 
occurs at the transcription level[12].

Regarding EGFR expression, a significant 
difference of EGFR expression was also found between 
non-muscle-invasive bladder cancer/NMIBC (pT1) and 
muscle-invasive bladder cancer/MIBC (pT2-4), and 
EGFR expression is significantly correlated with the 
muscle invasion in this study with a positive r-value of 
0.319. This result is in accordance with a prior study that 
found a significant association between EGFR expression 
and muscle invasion in urothelial carcinoma, with strong 
EGFR expression, which was mainly found in the 
muscle-invasive tumor, while negative and weak EGFR 
expression was mainly found in the non-muscle-invasive 

tumor. A prior study found that EGFR overexpression 
was significantly associated with tumor grade which 
is in contrast with the result of this study that found 
no significant association between EGFR expression 
and tumor grade[4]. Several studies showed that basal 
tumors of urothelial carcinoma expressed high levels 
of EGFR, CD49 and Cyclin D1. A prior study showed 
no EGFR mutations were identified in all urothelial 
carcinoma cases observed, hence it was hypothesized 
that EGFR overexpression is the result of deregulation 
of the protein recycling and degradation pathway[13]. 
EGFR expression is higher in urothelial carcinoma than 
in normal urothelium[14]. EGFR signaling triggers Ras 
activation, this process can increase MAPK activity, 
which activates important regulators of the epithelial-
mesenchymal transition[3].

We found that EMMPRIN expression was 
significantly correlated with EGFR expression with 
a positive r-value of 0.322. To our knowledge, this 
correlation has not been reported in urothelial carcinoma, 
although another study described a correlation between 
the two markers in colorectal adenocarcinoma[15]. A 
prior study suggested that EGFR might play a role in 
regulating EMMPRIN expression and is relevant for 
the tumor invasion in urothelial carcinoma[16]. Elevated 
EMMPRIN expression was able to stimulate hyaluronan 
production in tumor cells and hyaluronan is the main 
ligand for the cell surface receptor CD44. Hyaluronan 
and CD44 interaction induce the assembly of lipid raft-
associated complexes containing EMMPRIN, CD44 and 
EGFR[17,18,19]. 

Conclusion

The expression of EMMPRIN and EGFR are 
potentially significant biomarkers of urothelial 
carcinoma invasiveness and that may be helpful to 
discriminate between muscle-invasive and non-muscle 
invasive bladder cancer, where urothelial carcinoma with 
EMMPRIN and EGFR overexpression is found more 
likely in urothelial carcinoma with muscle invasion. The 
EMMPRIN and EGFR overexpression further help to 
determine the patients who need more radical treatment. 
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