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Abstract

Background: Cytoplasmic linker-associated protein 2 (CLASP2) belongs to a family of microtubule plus-end tracking proteins that localize to
the distal ends of microtubules and is involved in various microtubule-dependent processes. We previously showed that CLASP? is involved in the
epithelial-to-mesenchymal transition of bladder urothelial cancer. This research aimed to explore the significance of CLASP2 expression as a prog-
nostic marker for muscle-invasive bladder urothelial cancer (MIBC) patients after radical cystectomy-pelvic lymph node dissection (RC-PLND).

Methods: CLASP2 expression was analyzed in 76 benign bladder tissues and 160 MIBC tissues by tissue immunohistochemistry. Survival
analysis and multiple regression analysis following propensity score matching were performed to investigate the correlation between high
CLASP2 expression and MIBC patients’ survival.

Results: CLASP2 expression was increased in MIBC patients, especially those with high-stage tumors or lymph node metastasis. In the
follow-up of MIBC patients after propensity score matching, whether MIBC patients received adjuvant chemotherapy after RC-PLND,
high CLASP2 expression was significantly associated with a poor prognosis. MIBC patients with low CLASP2 expression who received
adjuvant chemotherapy tended to have an improved survival prognosis.

Conclusion: CLASP2 expression is correlated with malignant progression of MIBC. High CLASP2 expression predicted a poor prognosis
for MIBC patients after RC-PLND. © 2019 Elsevier Inc. All rights reserved.
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Abbreviations: AC, adjuvant chemotherapy; BC, bladder urothelial cancer; CLASP2, cytoplasmic linker-associated protein 2; DFS, disease-free survival;
EMT, epithelial-mesenchymal transition; ECOG, Eastern Cooperative Oncology Group; GC, gemcitabine and cisplatin; IHC, immunohistochemistry; MIBC,
muscle-invasive bladder urothelial cancer; OS, overall survival; PS, performance status; RC-PLND, radical cystectomy-pelvic lymph node dissection; TNM,
tumor-node-metastasis; UICC, Union for International Cancer Control

1. Introduction

Bladder cancer (BC) is the second most common genito-
urinary malignancy and the fourth most common cancer in
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the United States, representing approximately 5% of all
new cancers with an estimated 17,240 deaths expected in
the United States alone in 2018 [1,2]. BC is staged based
on the tumor-node-metastasis (TNM) system, which
describes the extent of invasion [3]. According to the 8th
edition of the TNM classification published by the Union
for International Cancer Control (UICC), BC can be divided
into nonmuscle-invasive BC and muscle-invasive BC (MIBC)
[4]. Approximately 30% of patients are diagnosed with MIBC
at the time of their initial presentation, and they have a less
favorable prognosis with a 5-year survival rate of less than 50%
[5]. The prognosis and treatment of BC are usually determined
based on traditional clinicopathological parameters including
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tumor stage and grade, which cannot accurately reflect disease
behavior. Despite improvements in surgical techniques for radi-
cal cystectomy-pelvic lymph node dissection (RC-PLND), only
half of patients with extravesical extension and 15% to 35% of
patients with nodal metastasis are long-term survivors [6—9].

Perioperative systemic treatment has been a positive addi-
tion to the treatment of BC and has achieved better disease
control and improved survival for BC patients. Although a
great deal of evidence supports the use of neoadjuvant chemo-
therapy for MIBC patients [10,11], adjuvant chemotherapy
(AC) is administered more frequently in daily clinical practice
[12]. Evidence also advocates that AC might be beneficial for
MIBC patients [13,14]. The first-line chemotherapeutic agent
of choice is cisplatin, which is usually administered in combi-
nation with gemcitabine [15]. However, chemoresistance
seems to exist, depending on the molecular subtype of BC
[16]. This resistance can lead to possible adverse effects for
nonresponders with unnecessary toxicity that causes deteriora-
tion in patients’ physical condition and a delay in initiating the
alternatively effective therapy. Therefore, to further under-
stand the prognosis for MIBC patients and to improve the
therapeutic index of AC, a precise evaluation of prognosis
following radical surgery is necessary.

Epithelial-to-mesenchymal transition (EMT) is a biological
process in which epithelial cells lose their epithelial character-
istics and acquire a migratory and mesenchymal phenotype
[17,18]. This process has been documented in BC [19-21].
We previously discovered that cytoplasmic linker-associated
protein 2 (CLASP2) was involved in the EMT of BC, and that
CLASP2 could promote proliferation, migration, and invasion
in BC cell lines [22]. In this study, to investigate the associa-
tion between CLASP2 and BC progression status as well as
survival prognosis, CLASP2 expression in the bladder tissues
of MIBC patients was detected and a propensity score-based
analysis was conducted.

2. Materials and methods

2.1. Bladder specimens and follow-up of MIBC patients

One hundred sixty MIBC patients, and 76 patients with
benign bladder biopsies were included in this study from Jan-
uary 2010 to January 2015 in the Department of Urology,
Xiangya Hospital of Central South University (Changsha,
PR China). The MIBC samples were collected from RC-
PLND operations. Benign samples were collected from blad-
der biopsies, and pathologists ruled out any malignancy.

Tumor staging was performed according to the standard
TNM staging guidelines of the UICC and tumor grading
was performed according to the 2004 World Health Orga-
nization (WHO) grading system [4,23]. No patient under-
went neoadjuvant chemotherapy. Patients with BC > pT,
(NO-3) were recommended for treatment with AC after
RC-PLND [24]. The chemotherapy regimen of gemcita-
bine plus cisplatin (GC) was as follows: gemcitabine 1000
mg/m?, 1 day-1, 8 day-1; cisplatin 70 mg/m?, 2 day-1.

This regimen was administered in a 21-day cycle over
2 cycles. Patients with pure urothelial carcinoma or mixed
histology with squamous and/or glandular differentiation
were included in the analysis. Patients with all other his-
tology variants and cTy, disease were excluded from the
analysis. The median follow-up time of these patients was
30 months (ranged 12—36 months). Disease-free survival
(DFS) was defined as the period after RC-PLND when no
local BC recurrence or metastases could be detected. The
study protocol was reviewed and approved by the Xiangya
Hospital Ethics Committee. All patients were provided
with written consent for the tissue samples.

2.2. Tissue immunohistochemistry (IHC)

IHC staining was performed on the samples from the pri-
mary BC tissues and benign bladder tissues. The samples were
fixed in 4% neutral buffered para-formaldehyde, embedded in
paraffin, and cut into 5 um slices. After deparaffinization,
hydration, and antigen retrieval, these sections were incubated
with corresponding primary antibody, followed by incubation
with biotinylated secondary antibody (Vector, Burlingame,
CA) and then visualized by the VECTASTAIN ABC peroxi-
dase system and 3, 3/-diaminobenzidine (DAB) kit (Vector,
Burlingame, CA). The primary antibody was a rabbit anti-
CLASP2 antibody (Abcam, Cambridge, United Kingdom,
dilution 1:100). CLASP2 immunoreactivity was scored accord-
ing to the intensity and extent of staining by two independent
pathologists who lacked prior knowledge of the patients’ clini-
copathological characteristics. Briefly, the scoring classifica-
tion used for either the tumor or the benign epithelium was as
follows: low: no staining, weak staining or strong staining in
less than 50% of tumor cells; or high: strong staining in more
than 50% of tumor cells. In cases of discrepant results, the
values were discussed until an agreement was reached.

2.3. Statistical analysis

The propensity score matching was performed between
MIBC patients with low and high CLASP2 expression. To
conduct propensity score matching, the records of MIBC
patients with low CLASP2 expression (n=68) and high
CLASP2 expression (n =92) were obtained. Multiple clin-
ical and pathologic features including patient data (age,
sex, Eastern Cooperative Oncology Group Performance
Status [ECOG PS]), tumor data (pathological tumor stage,
pathological lymph node status), and treatment of AC
were collected. Because of inherent differences among
patient groups in terms of baseline patient and disease
characteristics, nearest neighbor (1:1) propensity score
matching was used to adjust for those differences.

Comparisons were performed using an unpaired ¢ test or a
chi-squared test, as appropriate. DFS and overall survival
(OS) were examined by comparing the low- CLASP2-
expression group and the high-CLASP2-expression group
using the Kaplan-Meier and log-rank tests. Cox proportional
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hazards regression was performed to evaluate the association
of prognostic outcomes with CLASP2 expression, patient
characteristics, tumor characteristics, and AC. The influence
of AC on the prognosis for patients with low CLASP2
expression and those with high CLASP2 expression was
evaluated separately. All statistical analyses were performed
by SPSS Statistics 24. P values of < 0.05 were considered
statistically significant.

3. Results

3.1. Higher CLASP2 expression was found in patients with
a higher stage tumor and lymph node metastasis

Of the 160 MIBC patients, 89 were male with an average
age of 64 years (ranged 55—75 years), and 71 were female
with an average age of 66 years (ranged 55—76 years). All
patients underwent RC-PLND with 83 patients diagnosed
as stage T, and 77 patients diagnosed as T3 _4,. Five patients
were found to have carcinoma in situ, and 23 patients had
lymph node metastasis after RC-PLND. IHC revealed that
CLASP2 was mainly expressed in the cytoplasm (Fig. 1).
After comparing CLASP2 expression between the benign

and cancerous tissues, CLASP2 expression in benign blad-
der tissues was found to be low, but it was significantly
higher in BC tissues, especially in BC tissues from patients
with high-stage BC or lymph node metastasis (Fig. 1).
Among the benign bladder tissues, only 2 (2.6%) samples
showed high CLASP2 expression. However, 37 of 75
(49.3%) T,No BC samples and 35 of 62 (56.5%) T3.4.No
BC samples exhibited high CLASP2 expression (Table 1).
Moreover, the highest level of CLASP2 expression was
found to be in BC tissues from patients with lymph node
metastasis, with 20 of 23 (87.0%) samples showing high
CLASP2 expression (Table 1).

These data indicated that increased CLASP2 expression
was involved in BC development and progression. CLASP2
expression could be a representative marker of the status of
BC progression.

3.2. High CLASP?2 expression was significantly associated
with a poor prognosis for MIBC patients after RC-PLND

A summary of the characteristics of MIBC patients
before and after propensity score matching is shown in
Table 2. Before matching, 68 patients (42.5%) had low
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Fig. 1. CLASP2 immunohistochemistry. (A) Low CLASP2 expression in benign bladder tissue (magnification x 200). (B) High CLASP2 expression in T,
BC (magnification x 200). (C) High CLASP2 expression in T3 BC with lymph node metastasis (magnification x 200). BC =bladder urothelial cancer;

CLASP2 = cytoplasmic linker-associated protein 2.
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Table 1

Comparison of CLASP2 expression between benign bladder tissues and MIBC tissues of different stages. (L: low expression; H: high expression; a, b, ¢, d:

group symbols).

Total CLASP2-L CLASP2-H b P
N=236 cases (%) cases (%)
Benign bladder tissues® 76 74(97.4) 2(2.6)
TN, 75 38 (50.7) 37 (49.3) 47.69 <0.01*
T;.4.N© 62 27 (43.5) 35 (56.5) 0.69 0.49%
Lymph node metastatic BC¢ 23 3(13.0) 20 (87.0) 6.84 0.01¢¢

BC =bladder urothelial cancer; CLASP2 = cytoplasmic linker-associated protein 2; MIBC = muscle-invasive BC.

Table 2

Clinical information of MIBC patients with low or high CLASP2 expression after RC-PLND. (L: low expression; H: high expression).

Variables Before match After propensity score match (1:1)
CLASP2-L CLASP2-H CLASP2-L CLASP2-H P
(n=068) (n=92) (n=068) (n=068)

Age (years old) 55~76 55~175 0.06 55~76 55~175 0.15

Sex

Female 26 45 26 36

Male 42 47 0.20 42 32 0.12

ECOG PS>1

No 50 59 50 46

Yes 18 33 0.23 18 22 0.57

pT

T2 38 45 38 36

>T3 30 47 0.43 30 32 0.86

PN positive

No 65 72 65 63

Yes 3 20 <0.01 3 5 0.72

(N1/N2/N3) (3/0/0) (10/8/2) (0.44) (3/0/0) (3/1/1) (1.00)

AC

No 30 43 30 36

Yes 38 49 0.75 38 32 0.39

AC =adjuvant chemotherapy; CLASP2 = cytoplasmic linker-associated protein 2; ECOG PS = Eastern Cooperative Oncology Group Performance Status;
MIBC = muscle-invasive BC; RC-PLND =radical cystectomy-pelvic lymph node dissection,

CLASP2 expression, and 92 patients (57.5%) had high
CLASP2 expression. There was a significant difference
in the distribution of pathological lymph node metastasis
between the two groups. After matching, the characteris-
tics of patients between the 2 groups were evenly dis-
tributed.

Kaplan-Meier analysis revealed that high CLASP2
expression was associated not only with poor DFS but
also with poor OS (Fig. 2). The 3-year DFS rate was
83.8% in the low-CLASP2-expression group vs. 55.9%
in the high-CLASP2-expression group (log rank: P <
0.01) (Fig. 2A). And the 3-year OS rate was 86.8% vs.
60.3%. (log rank: P < 0.01) (Fig. 2B).

Propensity score-adjusted univariate and multivariate
analyses with the Cox proportional hazards regression model
were undertaken to identify the prognostic variables (Tables
3 and 4). Only the significant factors of the univariate analy-
sis were included in the multivariate analysis. The multivari-
ate analysis showed that high CLASP2 expression (hazard

ratio [HR] 5.47, 95% confidence interval [CI] 2.61—11.47;
P < 0.01), pT > T; (HR 13.19, 95% CI 5.42—-32.13; P <
0.01) and pN positivity (HR 8.67, 95% CI 3.44—21.89; P <
0.01) were all independent predictors of worse DFS, while
AC (HR 0.17, 95% CI 0.08—0.34; P < 0.01) was associated
with better DFS (Table 3). Furthermore, high CLASP2
expression (HR 4.34, 95% CI 1.98—9.52; P < 0.01), pT > T3
(HR 9.52, 95% CI 3.92—23.12; P < 0.01), pN positivity (HR
8.11, 95% CI 3.01-21.84; P < 0.01), and ECOG PS > 1 (HR
2.13, 95% CI 1.07—4.24; P=0.03, P < 0.05) were all inde-
pendent predictors of worse OS (Table 4).

Meanwhile, patient survival in subgroups of No AC and
AC was analyzed separately. In the patients who did not
receive AC after RC-PLND, the patients with low CLASP2
expression had a better prognosis than those with high
CLASP2 expression not only in DFS (log rank: P=0.031,
P < 0.05) but also in OS (log rank: P=0.040, P < 0.05)
(Fig. 3A). Similarly, in the patients who received AC after
RC-PLND, patients with low CLASP2 expression also had
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Fig. 2. (A) Kaplan-Meier estimated DFS curves for patients with low
CLASP2 expression compared with the DFS curves for patients with high
CLASP2 expression. (L: low expression; H: high expression). (B) Kaplan-
Meier estimated OS curves for patients with low CLASP2 expression com-
pared with the OS curves for patients with high CLASP2 expression. (L:
low expression; H: high expression). CLASP2 = cytoplasmic linker-associ-
ated protein 2; DFS = disease-free survival; OS = overall survival.

a better prognosis than those with high CLASP2 expression
in DFS (log rank: P < 0.01) and OS (log rank: P < 0.01)
(Fig. 3B). Therefore, whether the MIBC patients received
AC after RC-PLND, high CLASP2 expression was signifi-
cantly associated with a poor prognosis. High CLASP2
expression was an adverse prognostic biological marker for
MIBC patients.

Further survival analysis in the low- and high-
CLASP2-expression groups revealed that, in the patients
with low CLASP2 expression, the 3-year DFS rate was

Table 3

65.6% in those who received AC vs. 47.2% in patients
who did not receive AC (log rank: P =0.034, P < 0.05)
and the 3-year OS rate was 71.9% vs. 50% (log rank:
P=0.025, P < 0.05) (Fig. 4A). However, in the patients
with high CLASP2 expression, there was no prominent
improvement in DFS (log rank: P=0.12, P > 0.05) or
OS (log rank: P=0.06, P > 0.05) (Fig. 4B). Based on
this outcome, the MIBC patients with low CLASP2
expression who received AC tended to have an
improved survival prognosis.

4. Discussion

Postoperative cisplatin-based chemotherapy has been
widely used for muscle- invasive or metastatic BC [25].
Unfortunately, because of the chemo-resistance of cancer
cells, the effective response is not sustained in more than
50% of cases, resulting in a 5-year survival rate of 15%
[26,27]. It is important to better understand the factors that
determine the chemotherapy response and affect prognosis
for BC patients. Emerging evidence suggests that the EMT
process in BC promotes the acquisition of invasive and
chemo-resistance properties [28,29]. We previously found
that CLASP2 could promote EMT and BC progression
[22]. To further explore the clinical value of CLASP2 as a
predictive biomarker in MIBC patients, we investigated the
correlation between CLASP2 and BC progression as well
as patient prognosis.

Our findings showed that increased CLASP2 expression
was a general feature of BC progression and was associated
with lymph node metastasis. CLASP2 may be a biological
marker of aggressiveness for BC and a predictive factor for
patient survival. We further conducted propensity score-
based analysis to explore the significance of CLASP2 in the
survival prognosis for MIBC patients. Propensity score
matching eliminated the bias of pathological lymph node
metastasis in MIBC patients with low and high CLASP2
expression, thus balancing the cohort groups. Deep analysis
revealed that high CLASP2 expression was significantly
correlated with poor DFS and OS in MIBC patients after

Propensity score-adjusted univariate and multivariate Cox regression analysis for factors affecting DFS. (H: high expression).

Univariate analysis

Multivariate analysis

P HR 95% CI P HR 95% C1

Age (> 65) 0.44 1.02 0.97—-1.09

Sex (male) 0.38 0.76 0.41-1.40

ECOGPS >1 0.12 1.65 0.88—-3.09

pT>T; <0.01 7.76 3.43—17.55 <0.01 13.19 5.42-32.13
PN positivity < 0.01 10.33 4.54-23.53 <0.01 8.67 3.44-21.89
AC 0.01 0.43 0.23-0.82 <0.01 0.17 0.08—0.34
CLASP2-H < 0.01 3.22 1.61-6.44 <0.01 5.47 2.61-11.47

AC = adjuvant chemotherapy; CI = confidence interval; CLASP2 = cytoplasmic linker-associated protein 2; DFS = disease-free survival; ECOG
PS =Eastern Cooperative Oncology Group Performance Status; HR = hazard ratio; OS = overall survival.
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Table 4
Propensity score-adjusted univariate and multivariate Cox regression analysis for factors affecting OS. (H: high expression).

Univariate analysis Multivariate analysis

P HR 95% CI P HR 95% CI
Age (= 65) 0.18 1.04 0.98—1.11
Sex (male) 0.36 0.74 0.38—1.41
ECOGPS > 1 0.01 236 122-4.54 0.03 2.13 1.07-4.24
pT > T, <0.01 6.35 2.78-14.52 <0.01 9.52 3.92-23.12
pN positivity <0.01 10.21 445-23.43 <0.01 8.11 3.01-21.84
AC <0.01 0.36 0.18—0.72 <0.01 0.12 0.05-0.28
CLASP2-H <0.01 341 1.60~7.27 <0.01 434 1.98-9.52

AC = adjuvant chemotherapy; CI = confidence interval; CLASP2 = cytoplasmic linker-associated protein 2; ECOG PS = Eastern Cooperative Oncology
Group Performance Status; HR = hazard ratio; OS = overall survival.

demonstrating the association. Moreover, MIBC patients
with low CLASP2 expression who received AC after RC-

RC-PLND, which was consistent with the HR of high
CLASP2 expression in the propensity score-adjusted multi-

variate Cox regression analysis. These data verified the
tight association between CLASP2 expression and progno-
sis for MIBC patients. Meanwhile, Whether the MIBC
patients received AC after RC-PLND, better DFS and OS
were found in the patients with low CLASP2 expression
than in those with high CLASP2 expression further
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PLND tended to have improved DFS and OS, while those
with high CLASP2 expression did not, implying an under-
lying correlation might exist between CLASP2 and chemo-
resistance. Based on these findings, CLASP2 could be used
as a risk stratification standard for MIBC patients. Low
CLASP2 expression might be a favorable factor not only
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Fig 3. (A) Kaplan-Meier estimated DFS and OS curves for patients not receiving AC with low CLASP2 expression compared with the DFS and OS curves
for those with high CLASP2 expression. (L: low expression; H: high expression) (B) Kaplan-Meier estimated DFS and OS curves for patients receiving
AC with low CLASP2 expression compared with the DFS and OS curves for those with high CLASP2 expression. (L: low expression; H: high expression).
AC = adjuvant chemotherapy; CLASP2 = cytoplasmic linker-associated protein 2; DFS = disease-free survival; OS = overall survival.
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Fig. 4. (A) Kaplan-Meier estimated DFS and OS curves for patients with low CLASP2 expression who received AC compared with those who did not receive
AC. (L: low expression) (B) Kaplan-Meier estimated DFS and OS curves for patients with high CLASP2 expression who received AC compared with those
who did not receive AC. (H: high expression). AC = adjuvant chemotherapy; CLASP2 = cytoplasmic linker-associated protein 2; DFS = disease-free survival;

OS = overall survival.

for patient survival but also for the therapeutic index of AC.
In contrast, high CLASP2 expression could be an adverse
factor in the clinical assessment of MIBC patients. Very
few studies related to CLASP2 in other cancers have been
reported. Our study suggests that there may be a great
potential for CLASP2 in acquiring information concerning
cancer therapy or prognosis in the future.

5. Conclusion

In summary, high CLASP2 expression in BC patients is
correlated with a higher BC stage and with an increased
risk of lymph node metastasis compared with low CLASP2
expression. High CLASP2 expression is significantly
associated with poor prognosis for MIBC patients after
RC-PLND.
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