Am J Transl Res 2023;15(2):1510-1516
www.ajtr.org /ISSN:1943-8141/AJTR0147623

Original Article
E-cadherin and FGFR3 are risk factors determining
prognosis of patients with bladder urothelial carcinoma

Wentao Jing, Ye Cao, Huan Wang, Dong Qian

Urology Department of Yixing Guanlin Hospital, Yixing 214251, Jiangsu, China
Received November 9, 2022; Accepted January 13, 2023; Epub February 15, 2023; Published February 28, 2023

Abstract: Objective: To explore the diagnostic value of the combined detection of E-cadherin and FGFR3 in patients
with bladder urothelial carcinoma and their correlation with patient prognosis. Methods: The study retrospectively
analyzed the case data of 96 patients with bladder urothelial carcinoma treated at the Yixing Guanlin Hospital from
June 2018 to June 2020. Tumor tissue of each patient and matched healthy tissue were collected for immunohis-
tochemical staining. Differences in FGFR3 and E-cadherin expression were identified between tumor and healthy
tissues. The influence of clinical characteristics on the recurrence was analyzed using a univariate analysis. Then,
a multivariate logistic regression analysis was performed to analyze the risk factors for recurrence in patients with
bladder urothelial carcinoma. The diagnostic value of FGFR3, E-cadherin and their combination for disease recur-
rence and prognosis was analyzed. The correlation of FGFR3 and E-cadherin expression with disease recurrence
was discussed. Results: The positive expression of FGFR3 in the cancer tissues was significantly higher than that in
the adjacent tissue, while the positive expression of E-cadherin showed the opposite (P<0.05). Logistic regression
analysis showed that tumor size, TNM stage, pathological grade, FGFR3 and E-cadherin were risk factors for the
recurrence of bladder urothelial carcinoma (P<0.05). The area under the curve of FGFR3 combined with E-cadherin
in evaluating prognosis and recurrence was 0.957. Correlation analysis revealed that FGFR3 was significantly and
positively correlated with the patients’ prognostic recurrence while E-cadherin was negatively correlated with it.
Conclusion: FGFR3 and E-cadherin are risk factors affecting the prognosis of patients with bladder urothelial carci-
noma, and they are associated with the outcome of bladder cancer.
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Introduction and the lack of clinicopathological data may
lead to inaccurate prognosis assessment [4].
As research into the molecular mechanisms of

tumor occurrence and development has inten-

Bladder carcinoma (BC) is one of the most
common malignancies of the urinary system,

with its incidence ranking the 4th among male
malignant tumors in the United States [1]. In
China, the incidence of male BC ranks first
among all urogenital malignancies, of which
urothelial carcinoma of the bladder is the most
common, accounting for over 95% of all BC
cases [2]. Infiltration and metastasis are impor-
tant reasons leading to adverse prognosis and
death [3]. Although tumor-node-metastasis
(TNM) staging and pathological grading of
tumors are routinely used in clinical work to
evaluate the probability of postoperative recur-
rence and metastasis as well as overall survival
of patients, the individualized differences of
tumors, the different experience of evaluators

sified over the past decade, a number of molec-
ular markers that play a key role in tumor devel-
opment have gradually been identified. Mean-
while, studies have found that these markers
are closely related to tumor prognosis and can
be used as effective means to evaluate the
prognosis of bladder uroepithelial carcinoma
[5].

Fibroblast growth factor receptor 3 (FGFR3) is
the most mutated gene in bladder urothelial
carcinoma [6]. Mutations in bladder urothelial
carcinoma are associated with recurrence-free
survival of patients, but the related studies are
limited [7]. Recent research has shown that the
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zinc-finger transcription factor Snail can induce
epithelial-mesenchymal transition (EMT) by
transcriptionally inhibiting E-cadherin expres-
sion [8]. However, there are currently few clini-
cal studies in this area. Based on this, we used
the streptavidin-peroxidase complex (SP) imm-
unohistochemical staining method to detect
the expression of Snail and E-cadherin in blad-
der urothelial carcinoma and adjacent tissue,
aiming to analyze their expression levels and
their roles in BC infiltration and metastasis.

This research is innovative and open. First of
all, although most of these molecular markers
have not been used clinically, they have great
potential based on relevant data. Molecular
markers will become a reliable and viable tool
for evaluating the prognosis of bladder urothe-
lial carcinoma. Although these molecular mark-
ers cannot completely replace the traditional
prognosis evaluation based on clinical staging
and pathological grading, the rational use of
FGFR3 and E-cadherin can greatly assist clini-
cians in assessing the prognosis of tumors.

Materials and methods
General information

The study retrospectively analyzed the case
data of 96 patients with bladder urothelial car-
cinoma treated at the Yixing Guanlin Hospital
from June 2018 to June 2020. Tumor tissue
in the patients and matched healthy tissue
were collected. This study was approved by
the Medical Ethics Committee of the Urology
Department of Yixing Guanlin Hospital.

Inclusion criteria: (1) Patients who were diag-
nosed with bladder urothelial carcinoma for the
first time; (2) Patients who underwent surgical
treatment; (3) Patients with urothelial carcino-
ma confirmed by postoperative pathology; (4)
Patients with complete case data, including
laboratory index test records, general data
(sex, age, tumor number, tumor size, TNM stage
and pathological grade), time of tumor recur-
rence and progression, and time of death; (5)
Patients without other tumors; (6) Patients who
were complicated by severe hematological
diseases.

Exclusion criteria: (1) Patients who received
radiotherapy and chemotherapy before sur-
gery; (2) Patients with other types of tumors; (3)

1511

Patients who were pregnant or lactating; (4)
Patients with incomplete clinical data; (5)
Patients who were lost to follow up.

Examination methods

Pathological specimens of BC patients who had
undergone initial surgery (total cystectomy or
transurethral resection of bladder tumor) were
obtained for paraffin embedding and immuno-
histochemical staining. The clinical staging and
grading of tumors were evaluated according to
the American carcinoma Society and World
Health Standards [9]. The TNM staging of the
tumor was classified as I-lll, and the pathologi-
cal grading was classified as T1-T4.

Immunohistochemical staining

The tissue samples from BC patients were
collected and paraffin-sectioned, with a thick-
ness of 4 ym. FGFR3 and E-cadherin protein
expression were detected by the standard SP
immunohistochemical staining. The tissue slic-
es were processed and incubated with FGFR3
antibody (1:50; Cell Signaling Technology, USA)
and E-cadherin antibody (1:400; Cell Signaling
Technology, USA) overnight at 4°C. Then, they
were incubated with a second antibody (1:400;
Cell Signaling Technology, USA) at room tem-
perature for 20 min. The peroxidase labeled
streptavidin was then incubated at room tem-
perature for 20 min and stained with Tris HCI
solution containing 0.02% 3,9-diaminobenzi-
dine for 5-7 min. Finally, the slices were stain-
ed with hematoxylin, washed, dehydrated and
sealed for observation and analyses.

Observation indicators

Primary outcome measures: (1) Differences in
FGFR3 and E-cadherin expression between
cancer tissue and healthy tissue were identi-
fied. (2) Univariate analysis of the clinical char-
acteristics was carried out to identify factors
affecting relapse in patients with bladder uro-
thelial carcinoma. (3) Multivariate Logistic
regression analysis was performed to deter-
mine independent risk factors affecting dis-
ease recurrence in patients with bladder uro-
thelial carcinoma.

Secondary outcome measures: (1) The diag-

nostic value of FGFR3 combined with E-cadherin
for the prognosis and recurrence in BC patients
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Table 1. Comparison of expression of FGFR3 and E-cadherin between the cancerous tissue and the

health tissue

. FGFR3 E-cadherin
Tissue
+ - + -
Cancerous tissue (n=96) 80 (83.33) 16 (16.67) 37 (38.54) 59 (61.46)
Health tissue (n=96) 31(32.29) 65 (67.71) 66 (68.75) 30 (31.25)
X° 58.145 23.446
P <0.001 <0.001

FGFR3: Fibroblast Growth Factor Receptor 3.

was discussed. (2) The correlation of FGFR3
and E-cadherin expression with BC prognosis
and recurrence was analyzed.

Statistical methods

SPSS 26.0 software was used for data statisti-
cal processing. The measurement data were
tested for normality and homogeneity of vari-
ance, and the normally distributed data were
expressed in the form of (X * s). These data
were compared between groups by the inde-
pendent sample t-test and within groups by the
paired sample t-test. The counting data were
expressed in the form of percentage (%), and
chi-square test was applied for comparison.
Spearman’s correlation was used to determine
the correlation between two indicators. Multi-
variate logistic regression analysis was used to
analyze risk factors affecting the recurrence
and prognosis. Receiver operating characteris-
tic (ROC) curves were plotted to evaluate the
value of FGFR3 and E-cadherin as diagnostic
markers for BC. When P<0.05, it was consid-
ered that the difference was statistically
significant.

Results
General information

Of all the subjects, there were 72 males and 24
females with an age range of 41-85 years old
(mean: 70.5945.63). There were 54 cases with
a single tumor and 42 with multiple tumors.
According to the International Union Against
Cancer TNM classification, there were 40 cases
of Tis-T1 and 56 cases of T2-T4. The pathologi-
cal grading of the tumors was assessed by
referring to the WHO criteria in 2004, with 34
cases of grade G1 (low-grade malignant-prone
urothelial papilloma), 39 cases of grade G2
(low-grade papillary urothelial carcinoma), and
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23 cases of grade G3 (high-grade papillary uro-
thelial carcinoma) determined. There were 42
patients with distant metastasis and 54 cases
without, as well as 66 patients with recurrence
and 30 cases without.

Differences in FGFR3 and E-cadherin expres-
sion between cancerous tissue and health
tissue

Comparing the difference in FGFR3 and E-
cadherin expression, it was found that the posi-
tive expression of FGFR3 was markedly higher
in the carcinoma tissue than in the paracancer-
ous tissue, while the positive expression of
E-cadherin showed the opposite (P<0.05), as
shown in Table 1.

Univariate analysis of clinical characteristics
affecting recurrence of BC

According to univariate analysis of the clinical
features between patients with and without
recurrence, there were significant differences
in age, number of episodes, tumor size, TNM
stage, pathological grade, FGFR3 and E-
cadherin. Patients with age >65 years old,
multiple episodes, tumor size =2, TNM stage
T2-T4, pathological grading G3, FGFR3 positive
expression, and E-cadherin negative expres-
sion were more likely to have recurrence
(P<0.05). See Table 2 for details.

Multivariate logistic regression analysis of risk
factors for recurrence in patients with bladder
urothelial carcinoma

In the multivariate analysis, the recurrence
of patients with bladder urothelial carcinoma
was assigned as the dependent variable, and
age, number of cases, tumor size, TNM stage,
pathological grade, FGFR3 and E-cadherin as
independent variables, for Logistic regression
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Table 2. Univariate analysis of clinical characteristics affecting

recurrence of bladder urothelial carcinoma

The diagnostic value of
FGFR3 combined with
E-cadherin for the prognosis

Recurrence No recurrence 5 i .
parameter (N=66) (N=30) P of BC patients with recur-
Sex 3168  0.075 rence
Male (n=72) 46 24 The area under the ROC
Female (n=24) 20 4 curve (AUC) of FGFR3 com-
age 10.925 0.001 bined with E-cadherin for the
<65 (n=24) 10 14 prognosis and recurrence of
>65 (n=72) 56 16 patients with bladder urothe-
Number of tumors 10.002  0.002 lial carcinoma was 0.957,
Single (n=54) 30 on with high specificity and sen-
Multiple (n=42) 36 6 Zliz\gt?;nﬂv]vzg Lrjr?a(r):etgli f]?gmh_
tumor S'_Ze 6.998  0.008 er than that of single FGF-
<2 (n=58) 34 24 R3 or E-cadherin detection
22 (n=38) 32 6 (0.775 and 0.759). There
TNM staging 9.482  0.003 was a statistically significant
Tis-T1 (n=40) 16 24 difference in the analysis
T2-T4 (n=56) 40 16 and prediction models of the
Pathological grade 16.893 <0.001 three detection methods (Z=
G1 (n=34) 10 24 2.235, P<0.05), as shown in
G2 (n=39) 39 0 Table 4 and Figure 1.
G3 (n=23) 17 6 Correlation analysis of
FGFR3 5.585  0.018 FGFR3 and E-cadherin with
+(n=80) 59 21 prognosis and recurrence
- (n=16) 7 9 in patients with bladder uro-
E-cadherin 4.031  0.035 thelial carcinoma
+(n=37 21 16 . .
(n=37) Spearman correlation coeffi-
- (n=59) 45 14

Note: TNM: Tumor-Node-Metastasis; FGFR3: Fibroblast Growth Factor Receptor 3.

Table 3. Multivariate logistic regression analysis of risk factors for
recurrence in patients with bladder urothelial carcinoma

Results of multivariate decomposition

cient analysis of FGFR3 and
E-cadherin expression and
the recurrence of patients
with bladder urothelial carci-
noma showed that FGFR3
was positively correlated wi-

Indexes th prognostic recurrence in
B SE Wald  OR 95% Ci P patients with bladder urothe-
Tumor size 0.856 0.625 4.963 0.452 0.336-0.569 0.004 lial carcinoma (r=0.892, P<
TNM staging 0.790 0.456 12.634 0.361 0.269-0.517 0.003 0.001), while E-cadherin was
Pathological grade 0.584 0.613 7.781 0.331 0.087-0.575 0.005 negatively correlated with it
FGFR3 0.775 0.275 10.275 0.512 0.312-0.755 0.001 (r=-0.871, P<0.001). See
E-cadherin 0.718 0.353 111.327 0.619 0.307~0.836 0.001 Table 5 for details.

Note: TNM: Tumor-Node-Metastasis; FGFR3: Fibroblast Growth Factor Receptor 3.

model establishment in combination with the
actual clinical situation. Logistic regression
model analysis showed that tumor size, TNM
stage, pathological grade, FGFR3 and E-
cadherin were independent risk factors for the
recurrence in patients with bladder urothelial
carcinoma (P<0.05), as shown in Table 3.
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Discussion

EMT refers to the transformation of epithelial
cells into mesenchymal cells under specific
physiological and pathological conditions, char-
acterized by the loss of epithelial cell polarity
and the acquisition of mesenchymal properties
[10]. Tumor metastasis is an extremely complex
multi-step process, which roughly includes the
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Table 4. Diagnostic value of FGFR3 combined with E-cadherin for prognosis and recurrence of blad-

der urothelial carcinoma

index Accuracy sensitivity specificity Cutoff value (%) AUC

FGFR3 76.00 7750 70.26 75.52 0.775 (0.554-0.763)
E-cadherin 71.00 70.00 76.60 73.35 0.759 (0.562-0.847)
Joint detection 97.00 97.50 94.20 93.25 0.957 (0.913-0.969)

Note: FGFR3: Fibroblast Growth Factor Receptor 3.
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Figure 1. ROC curve of diagnostic value of FGFR3
combined with E-cadherin for prognosis and recur-
rence in bladder urothelial carcinoma. Note: ROC:
Receiver Operating Characteristic; FGFR3: Fibroblast
Growth Factor Receptor 3.

Table 5. Correlation analysis of FGFR3 and
E-cadherin with prognosis and recurrence of
bladder urothelial carcinoma

Prognosis Relapse

Indicator

r P
FGFR3 0.892 <0.001
E-cadherin -0.871 <0.001

Note: FGFR3: Fibroblast Growth Factor Receptor 3.

following steps: tumor cells shedding from
the primary site, invading the surrounding tis-
sues, entering the circulatory system, evading
immune surveillance, attaching to the distant
lumen bed, penetrating into the target organ
tissues, and forming secondary tumors [11].
During invasion and metastasis, tumor cells
often destroy the specific connection between
tumor cells through various mechanisms, so as
to reduce the adhesion with surrounding cells
and enhance their mobility, thus playing an
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important role in tumor cell invasion and metas-
tasis [12]. The reduction and loss of E-cadherin
can lead to the weakening of cell adhesion,
which makes it easy for cancer cells to leave
the primary tumor then infiltrate and metasta-
size [13].

In this study, it was found that with the deepen-
ing of tumor invasion and the increase of patho-
logical grading, the positive expression of
E-cadherin decreased correspondingly, which
is consistent with previous reports [14, 15].
Logistic regression model analysis showed that
tumor size, TNM stage, pathological grade,
FGFR3 and E-cadherin were independent risk
factors for the recurrence of bladder urothelial
carcinoma (P<0.05). The reason may be that
FGFR3 mutation also has a certain impact on
tumor recurrence, which is closely related to
the prognosis of BC. FGFR3 can participate in
EMT of BC, with low tumor heterogeneity and
mutation, which is significantly related to pati-
ent prognosis [16].

The AUC of FGFR3 combined with E-cadherin
in evaluating prognosis and recurrence in pati-
ents with bladder urothelial carcinoma was
found to be 0.957, with high specificity and
sensitivity. The AUC of the combination was
markedly higher than that of single FGFR3 or
E-cadherin detection. It also suggests that any
single index was not good enough for clinical
use and cannot temporarily replace the evalua-
tion by clinical and pathological staging for
tumor prognosis. Nonetheless, the comprehen-
sive analysis and adjustment of a variety of
molecular markers can be combined with
clinicopathological staging for evaluating the
prognosis of bladder urothelial carcinoma.
Molecular markers may even have advantages
over the traditional evaluation method [17].
FGFR3 has been shown to be a prognostic and
predictive marker and an effective therapeutic
target for bladder urothelial carcinoma [18].
The antisense transcript FGFR3-AS1 enhances
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the stability and expression of FGFR3 mRNA
and overexpresses it in urothelial tumors, which
is associated with tumor invasion, proliferation
and activity [19]. As a prognostic indicator,
FGFR3 gene changes are usually associated
with lower grade and stage in all bladder uro-
thelial carcinomas [20]. In addition to this,
E-cadherin also plays an important role in main-
taining cell morphology, movement and adhe-
sion through its interaction with B-catenin and
the actin cytoskeleton. Therefore, the most
common change during EMT is the down-regu-
lation of E-cadherin expression on the surface,
leading to the loss of homotypic adhesion [21],
suggesting the role of E-cadherin as a potential
biomarker. In the present study, we found that
while both FGFR3 and E-cadherin were of cer-
tain diagnostic value, their combined diagnosis
was more accurate.

Further, the logistic regression model and the
correlation analyses of prognosis pointed out
that changes in FGFR3 and E-cadherin indexes
were most closely related to tumor prognosis,
and the combined application of these two
indexes could more effectively and accurately
predict the prognosis of patients with bladder
urothelial carcinoma [22]. Also, due to different
mechanisms of these two molecular markers,
they complement each other and can provide
more effective information that may even be
better than the traditional prognosis prediction
methods by tumor clinical staging and patho-
logical grading [23, 24].

Although this study has obtained certain
research results, it still has certain limitations.
There may be some certain bias in the results
due to the small sample size, with only 96
patients included, and the nature of retrospec-
tive analysis. Therefore, a larger sample size is
needed in future studies to further confirm the
diagnostic value of FGFR3 and E-cadherin in
bladder urothelial carcinoma.

Conclusion

To sum up, FGFR3 and E-cadherin are risk fac-
tors affecting the prognosis of patients with
bladder urothelial carcinoma, and they are
strongly associated with recurrence and prog-
nosis in the patients. In addition, the combined
detection of FGFR3 and E-cadherin expression
can be used as a diagnostic tool for the recur-
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rence of bladder urothelial carcinoma, which is
worthy of clinical application.
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