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Abstract
Background and purpose: Thyroid hormone receptor interacting protein 13 (TRIP13) which plays a
carcinogenic role in tumors belongs to AAA+ ATPase superfamily. Zinc �nger E-box binding homeobox 1
(ZEB1) and epithelial cadherin (E-cad), the key biomarkers of epithelial-mesenchymal transition (EMT),
which aberrant expression may promote tumor invasion and metastasis. The purpose of this study is to
investigate the expression of TRIP13, ZEB1, and E-cad in in�ltrating urothelial carcinoma of bladder
(IUCB) and their clinicopathological signi�cance.

Methods: The expression of TRIP13, ZEB1, and E-cad in 150 cases of IUCB samples were investigated by
immunohistochemistry. Clinicopathological, demography, and follow-up data were also collected.

Results: Positive rates of expression of TRIP13 and ZEB1 were signi�cantly higher in IUCB samples when
compared with the control bladder samples. And positive rate of expression of E-cad was signi�cantly
lower in IUCB than its expression rate in the control group. The positive expression of TRIP13 and ZEB1
were positively associated with tumor stages, local lymph node metastasis (LNM), and tumor node
metastasis (TNM) stages. And E-cad expression was negatively associated with tumor stages, LNM, and
TNM stages. The results of Kaplan-Meier analysis demonstrated that the patients with TRIP13 and ZEB1
positive expression had an unfavorable overall survival (OS) time when compared with patients with
TRIP13 and ZEB1 negative expression. And patients with E-cad positive expression had a favorable OS
time when compared with patients with E-cad negative expression. The COX regression analysis
indicated that TRIP13, ZEB1, and E-cad, tumor stages, as well as TNM stages were independently factors
for OS time in IUCB patients with postoperative therapy.

Conclusions: TRIP13, ZEB1, and E-cad may be considered as potentially promising biomarkers for IUCB
patients’ prognosis.

Introduction
Worldwide, bladder cancer is the common cause of cancer incidence and mortality in the urology system,
with an approximately 549000 new cases and 200000 deaths in 2018 [1]. Urothelial carcinoma is the
leading type of bladder cancers. However, the risk of recurrence and progression of in�ltrating urothelial
carcinoma of bladder (IUCB) remains high [2]. Thyroid hormone receptor interacting protein 13 (TRIP13)
which was originally identi�ed as a protein interacting with human papillomavirus E1 protein belongs to
AAA + ATPase superfamily. TRIP13 which is located on chromosome 5p15.33 encodes 432 amino acids.
It has been demonstrated that TRIP13 plays an important role in spindle assembly checkpoint pathway
and meiotic recombination [3]. Accumulating researcher had demonstrated that overexpression or
ampli�cation of TRIP13 should play an important role in many human cancers, such as thyroid cancer
[3], colorectal cancer [4], hepatocellular cancer [5], prostate cancer [6], and ovarian cancer [7].

Epithelial-mesenchymal transition (EMT) is characterized that epithelial cells loses their epithelial
characteristics, such as cell junctions, morphology, and polarity, acquires mesenchymal characteristics,
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such as motility and invasiveness. Zinc �nger E-box binding homebox 1 (ZEB1), an important EMT-
activators, which regulates EMT by repression of epithelial-cadherin (E-cad) expression [8, 9]. ZEB1 is also
involved in many human tissue differentiations, such as bone, smooth muscle, and neural tissue.
Overexpression of ZEB1 could cause EMT process in various human cancers, such as colorectal cancer,
lung cancer, breast cancer, liver cancer, and pancreatic cancer [8–12].

E-cad which can regulate epithelial cell-cell and epithelial cell-stromal cell adhesion belongs to
transmembrane glycoprotein superfamily. Down- or lost-expression of E-cad may weaken the adhesion of
cell-cell, resulting in the cells easy to move and cells deformation, which leads to cells in�ltrate and
metastasize. Down- or lost-expression of E-cad is a pivotal role in EMT process and promotes EMT
process in various human epithelial cancer.

Overall, accumulating evidence have indicated that expression of TRIP13, ZEB1, and E-cad is closely
linked to cancer in�ltration and metastasis. However, the correlations between expression of these
proteins and IBC have not been widely reported. The purpose of this study is to investigate the expression
of these proteins in IUCB and analyze the association among expression of these proteins each other.

Methods

150 cases of IUCB’s patients who were diagnosed in the Department of Pathology of the First A�liated
Hospital of Bengbu Medical College, from January 2013 to December 2015 were considered as
experimental group. 150 cases of corresponding “normal bladder mucosa tissues” which came from the
same patients were considered as control group. IUCB’s patients who received neoadjuvant
chemoradiation treatment or any other anti-cancer treatment were excluded. This study was approved by
the ethical committee of Bengbu Medical College and carry out according to the guidelines issued of the
Declaration of Helsinki. All IUCB’s specimens were obtained with patients writing consent.
Clinicopathological characteristics, demography, and follow-up data of patients were collected at the
same time. Overall survival (OS) time was calculated from patients’ surgery date to his or her death date
or December 2020. Tumor-node-metastasis (TNM) stages were evaluation by the 8th edition of the
guidelines issued by American Joint Committee on Cancer (AJCC). Speci�c clinicopathological
characteristics see Table 1.
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Table 1
Patients characteristics

Patients characteristics Frequency (n) Percentage (%)

Age (years)    

< 60 92 61.3

≥ 60 58 38.7

Gender    

Male 93 62.0

Female 57 38.0

Location    

Side 72 48.0

Posterior 46 30.7

Top 23 15.3

Triangle 9 6.0

Size (cm)    

< 2.0 87 58.0

≥ 2.0 63 42.0

Smoking    

No 75 50.0

Yes 75 50.0

Alcohol    

No 66 44.0

Yes 84 56.0

Tumor stages    

T1 45 30.0

T2 83 55.3

T3 22 14.7

Lymph node metastasis stages    

No 136 90.7

Yes 14 9.3
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Patients characteristics Frequency (n) Percentage (%)

TNM stages    

46 30.7

76 50.7

28 18.7

Immunohistochemistry

Immunohistochemical staining was performed in accordance with the Elivision™ Plus detection kit
instructions. All tissue specimens were �xed in 10% buffered formalin solution and embedded in para�n,
and then cut continuous 4-µm-thick slices. All slices were depara�nized and dehydrated with xylene and
alcohol, then rinsed with phosphate buffer solution (PBS, pH 7.2) for 10 min. Methanol containing 3%
hydrogen peroxide solution was used endogenous peroxidase activity of tissues block. 95 ℃ citrate
buffer (pH 6.0) for 30 min was used antigen repair. Subsequently, rinsed with PBS several times, all slices
were blocked with goat serum for 20 min, then incubated with rabbit polyclonal antibody against human
TRIP13, ZEB1, and mouse monoclonal antibody against human E-cad at 4℃ overnight. Reagent A and
reagent B were added in sequence, and then developed in diaminobenzidine (DAB) substrate solution and
re-dyed with hematoxylin.

Evaluation of immunohistochemical staining

Ten �elds randomly at high-power-�eld (HPF) from different areas of every slice was selected. Two
pathologists who were blind on all patients (such as clinicopathological, demography, and follow-up)
data independently explained immunostaining results. Immunostaining results was assessed in
accordance with the product of immunostaining extent and intensity [13]. For IBC tissues that were
positive expression of TRIP13, ZEB1, and E-cad, an average of the result of each slice was taken. When
score ≥ 3 was considered positive result in this study.

Statistical analysis
Relationships between clinicopathological characteristics and TRIP13, ZEB1, and E-cad expression were
used Chi-square test or Fisher’s exact test. Associations among TRIP13, ZEB1, or, E-cad expression were
used Spearman’s test. The effects of TRIP13, ZEB1, and E-cad expression on OS were de�ned using
Kaplan-Meier method with Log-rank test for univariate analysis. Multivariate analysis was used COX
regression model. SPSS 19.0 software for Window was used statistical analysis. When P < 0.05 was
considered statistically signi�cant.

Results
TRIP13, ZEB1, and E-cad expression in IUCB, and their associations with clinicopathological parameters



Page 6/15

The positive immunostaining of TRIP13 was located in the cytoplasm of IUCB cases, that of ZEB1 was
located in the cytoplasm, and that of E-cad was located in the cytoplasm and membrane. Overall, positive
expression of TRIP13 was 74.7% (112/150) in the control tissues and 6.7% (10/150) in IUCB tissues (see
Fig. 1A and 1B). The difference of expression between the two groups was statistically signi�cant (P < 
0.001). Expression of TRIP13 was signi�cantly related to tumor stages, LNM, and TNM stages, but not to
patients age, gender, smoking and alcohol status, tumor location, and tumor diameter (see Table 2).
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Table 2
The associations between expression of AGGF1, FOXC2, and E-cad and

clinicopathological characteristics of esophageal squamous cell carcinoma
(ESCC)

Variables TRIP13 P ZEB1 P E-cad P

- + - + - +

Age     0.374     0.826     0.813

< 60 years 21 71   27 65   62 30  

≥ 60 years 17 41   18 48   38 20  

Gender     0.865     0.971     0.721

Male 24 69   28 65   63 30  

Female 14 43   17 40   37 20  

Location     0.584     0.938     0.325

Side 21 51   23 49   49 23  

Posterior 10 36   13 33   27 19  

Top 4 19   6 17   16 7  

Triangle 3 6   3 6   8 1  

Size (cm)     0.456     0.013     1.000

< 2.0 24 63   33 54   58 29  

≥ 2.0 14 49   12 51   42 21  

Smoking     1.000     0.593     0.729

No 19 56   24 51   49 26  

Yes 19 56   21 54   51 24  

Alcohol     0.785     0.518     1.000

No 16 50   18 48   44 22  

Yes 22 62   27 57   56 28  

Tumor stages     0.002     < 0.001     0.022

T1 19 26   25 20   24 21  

T2 18 65   16 67   57 26  

T3 1 21   4 18   19 3  

LNM stages     0.049     0.023     0.013
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Variables TRIP13 P ZEB1 P E-cad P

- + - + - +

No 38 98   45 91   86 50  

Yes 0 14   0 14   14 0  

TNM stages     0.001     < 0.001     0.005

19 27   26 20   24 22  

18 58   15 61   51 25  

1 27   4 24   25 3  

Table 3
Results of multivariate analyses of overall survival (OS) time

Covariate B SE P HR 95% CI

TRIP13 0.722 0.234 0.002 2.059 1.303–3.255

ZEB1 0.898 0.251 < 0.001 2.455 1.402–4.014

E-cad -0.564 0.207 0.007 0.569 0.379–0.854

LNM 1.085 0.461 0.019 2.960 1.199–7.310

TNM 1.108 0.560 0.048 3.027 1.011–9.067

The difference of ZEB1 expression is signi�cant between in the control group 8.0% (12/150) and ICUB
group 70.0% (105/150; P < 0.001; see Fig. 1C and 1D). Expression of ZEB1 was signi�cantly associated
with tumor diameter, tumor stages, LNM, and TNM stages, but not with patients age, gender, smoking and
alcohol status, and tumor location (see Table 2).

E-cad expression is 94.0% (141/150) in the control group and 33.3% (50/150) in the tumor group (see
Fig. 1E and 1F). The difference of E-cad expression was signi�cant between the two groups (P < 0.001). E-
cad expression was negatively correlated with tumor stages, LNM, and TNM stages, but not with patients
age, gender, smoking and alcohol status, tumor location, and tumor diameter (see Table 2).

Univariate and multivariate analyzes

As seen in Fig. 2A, the survival curve indicated that OS time of IUCB patients who expressed TRIP13 was
more unfavorable than that of patients who not expressed the protein (log-rank = 28.263, P < 0.001).
Similar to TRIP13, the survival curve demonstrated that OS time of patients who expressed ZEB1 was
also more unfavorable than that of patients who not expressed the protein (log-rank = 49.111, P < 0.001;
see Fig. 2B). Inversely to TRIP13, the survival curve suggested that patients who expressed E-cad was
more favorable than that of patients not expressed E-cad (log-rank = 31.965, P < 0.001; seen Fig. 2C).
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Multivariate analysis demonstrated that positive expression of TRIP13, ZEB1, and E-cad, TNM stages
were independently prognostic indicators for IUCB patients (see Table 4).

Table 4
Correlation among expression of TRIP13, ZEB1, and E-cad in IUBC

Variable TRIP13 r P ZEB1 r P

- + - +

TRIP13             0.555 < 0.001*

-         28 10    

+         17 95    

E-cad     -0.303 < 0.001@     -0.463 < 0.001@

- 16 84     15 85    

+ 22 28     30 20    

*: positive association; @: negative association

Associations among the expression of TRIP13, ZEB1, and E-cad in IUCB

The spearman correlation coe�cient analysis suggested a negative association between E-cad
expression and TRIP13 (r=-0.303, P < 0.001) or ZEB1 (r=-0.463, P < 0.001) expression. There was a
positive association between TRIP13 expression and ZEB1 expression (r = 0.555, P < 0.001) (see Table 5).

Discussion
IUCB is the second most malignant tumors of urology system. The main reason for treatment failure is
recurrence and metastasis. In this study, through investigating the IUCB and normal tissues of patients,
we found that TRIP13 and ZEB1 were highly expressed in IUCB tissues, while E-cad was low expressed.
These results are consistent with the previous studies in other cancers [3, 4, 11, 13]. TRIP13 and ZEB1 are
highly expressed in tumors [3, 4, 11], E-cad is lowly expressed in tumors [13].

TRIP13 which can ensure accurate cell division is a marker of centromere-speci�c protein. It has been
demonstrated that centromere-speci�c proteins highly expressed in many tumors which is linked to
malignant transformation or instability [3, 14]. In this study,we analyzed positive rate of TRIP13
expression in IUCB tissues and control tissues. We found that positive rate of TRIP13 expression was
higher in IUCB tissues than that in the control tissues. And the positive rate of TRIP13 expression was
associated with tumor stages, LNM, and TNM stages. The OS survival curve showed that patients with
positive expression of TRIP13 had an unfavorable OS time when compared with patients who did not
express TRIP13. These results suggested that aberrant expression of TRIP13 should participate in the
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process of invasiveness and metastasis of IUCB. So, TRIP13 can be considered as a valuable indicator
for prediction of IUCB patients’ prognosis.

Epithelial-mesenchymal transition (EMT), which confers the ability of cell migration and invasion,
including stem cell characteristics, reducing apoptosis and aging, and promoting immunosuppression,
not only plays a key role in the development process, but also participates in tissue healing and
carcinogenesis. Zinc �nger E-box binding homeobox 1 (ZEB1) is a key inducer of EMT and promotes EMT
process by inhibiting the activity of E-cad [15, 16]. The absent expression of E-cadherin leads to the
occurrence of EMT [17]. In this study, we found that the expression of ZEB1 in IUCB tissues is higher than
that in the control tissues. Furthermore, the positive expression of ZEB1 is signi�cantly associated with
tumor diameter, tumor stages, LNM, and TNM stages. Inversely, the expression of E-cad in IUCB tissues is
lower than that in the control tissues. And the positive expression of E-cad is negatively related to tumor
stages, LNM, and TNM stages. Univariate survival analysis demonstrated that patients with positive
expression of ZEB1 had lower OS time when compared with patients who did not express ZEB1. On the
contrary, the patients with positive expression of E-cad had a more favorable OS time when compared
with patient who did not express E-cad. The above results were consistent with the previous other studies
[16, 18, 19]. Aberrant expression of ZEB1 and E-cad should be thought useful and valuable biomarkers for
prediction of IUCB patients’ prognosis.

Accumulating evidence have demonstrated that spindle assembly checkpoint is a universal safeguard
that assures the integrity of chromosome separation in cell division [20, 21]. TRIP13, which is highly
expressed in various human cancers, is thought to result in chromosome instability in many cancers [22–
25]. Recently, more and more studies had focused on the effects of TRIP13 in cancer progression,
prognosis, and drug resistance. Down- or lost- expression of TRIP13 can inhibit tumor cells proliferation,
migration, and invasion, and promote apoptosis and EMT [3]. In this study, the results of that positive
expression of E-cad was negatively associated with TRIP13 or ZEB1 expression. And ZEB1 expression
was positively correlated with TRIP13 expression. Down expression of E-cad should cause from
transcriptional repression through EMT regulators, such as ZEB1 [26]. Therefore, overexpression of
TRIP13 and ZEB1 and down-expression of E-cay maybe synergistical cause tumor cell proliferation,
migration, invasion, and even metastasis by EMT process. Moreover, the results of multivariate analysis
demonstrated that TRIP13, ZEB1, and E-cad expression, tumor stages, as well as TNM stages were
independently prognostic indicators for IUCB patients’ OS time.

Conclusions
Study had showed that TRIP13, ZEB1, and E-cad may synergistical affect a serial of processes of IUCB,
such as progression, migration, invasion, and metastasis. So, TRIP13, ZEB1, and E-cad could be
considered as promising and potentially valuable biomarkers for prediction of metastasis and prognosis
for IUCB patients.

Abbreviations
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IUCB: in�ltrating urothelial carcinoma of bladder; TRIP13: Thyroid hormone receptor interacting protein
13; ZEB1: Zinc �nger E-box binding homeobox 1; EMT: epithelial-mesenchymal transition; TNM: tumor-
node-metastasis; LNM: lymph node metastasis; OS: overall survival; HPF: high-power-�eld; PBS:
phosphate buffer solution; WHO: World Health Organization; AJCC: American Joint Committee on Cancer;
HPF: high-power-�eld; DAB: diaminobenzidine; ECM: cell-extracellular matrix.
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Figures

Figure 1

Immunostaining of TRIP13, ZEB1, and E-cad in IUCB and the control tissues A: Negative staining of
TRIP13 in the control tissues (100 magni�cation); B: Positive staining of TRIP13 in cytoplasm of the IUCB
cells (400 magni�cation); C: Negative staining of ZEB1 in the control tissues (100 magni�cation); D:
Positive staining of ZEB1 in cytoplasm of the IUCB cells (400 magni�cation); E: Positive staining of E-cad
in the cytoplasm and membrane of the control tissues (100 magni�cation); F: Negative staining of E-cad
in the IUCB cells (400 magni�cation).
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Figure 2

Kaplan-Meier analysis of the survival rate of patients with IUCB. The y-axis represents the percentage of
patients; the x-axis represents their survival in months. A: Overall survival of all patients in relation to
TRIP13 (log-rank=28.263, P<0.001); B: Overall survival of all patients in relation to ZEB1 (log-rank=49.111,
P<0.001); C: Overall survival of all patients in relation to E-cad expression (log-rank=31.965, P <0.001); In
A-C analyses, the green line represents patients with positive expression of biomarkers and the blue line
representing the negative expression of biomarkers.


