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Pathological Significance and Prognostic Role of
WWC1 in Upper Urinary Tract Urothelial Cancer
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Abstract. Background/Aim: WW and C2 domain-containing 1
(WWCI) protein is a suppressor of malignancies. However,
there is no information on the pathological significance of
WWCI in upper urinary tract cancer (UTUC). Patients and
Methods: In this study, WWCI immunoreactivity was
investigated in 152 non-metastatic UTUC samples. The
relationships between WWCI expression and grade, pT stage,
proliferative index (using an antibody to Ki-67), and the
immunohistochemical expression of matrix metalloproteinase
(MMP)-2 and -9 were evaluated. Results: WWC1 expression
was negatively associated with tumor grade and pT stage
(p<0.001). Positive expression of WWC1 was a better predictor
of the UTUC recurrence and subsequent metastasis, and the
multivariate analysis showed that WWCI1 expression was a
significant predictor of subsequent metastasis (hazard
ratio=0.29, p=0.020). WWCI expression inversely correlated
with the proliferative index (odds ratio=2.59, p=0.023) and
expression of MMP9 (odds ratio=2.19, p=0.040) but not with
MMP?2 expression, by multivariate analyses. Conclusion:
WWCI expression was negatively associated with malignant
aggressiveness via the suppression of cancer cell proliferation
and MMP9 expression in patients with UTUC. This suggests
WWCI to be a useful predictor and novel therapeutic target in
patients with UTUC.
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Urothelial carcinoma (UC) is the fourth most common tumor
and is subdivided into upper urinary tract UC (UTUC)
originating from the pyelocaliceal cavities and ureter and
lower urinary tract UC originating from the bladder and
urethra (1, 2). One of the most important pathological
characteristics of UC is its high frequency of recurrence. In
fact, in patients with UTUC, the recurrence rates were
reported to be 28-41% despite standard operations (radical
nephroureterectomy with bladder cuff excision) (2-4). In
addition, subsequent extra-urothelial recurrence-free survival
after radical surgery was reported to be 27-33% (5-7).

WW and C2 domain-containing 1 (WWC1, also called
KIBRA) is a multi-domain phosphor protein that is
predominantly expressed in the kidney and brain (8). WWCl
has been reported to play important roles in various biological
processes by regulating intracellular transportation, cell
polarity, learning, and memory (9, 10). On the other hand,
WWC1 is well known to be closely associated with the
pathogenesis and progression of various pathological
conditions, such as psychiatric disorders and muscular
dystrophy (11, 12). In addition, WWC1 has been suggested to
play a crucial role in carcinogenesis and malignant
aggressiveness in a variety of cancers (13, 14). However, there
is the opinion that WWC1 has oncogenic and pro-carcinogenic
activities (15, 16). Thus, there is no general agreement
regarding the pathological significance of WWC1 in cancer.

The pathological functions of WWC1 are regulated by
various molecules and systems including the Hippo pathway,
and the Hippo pathway is associated with cancer cell
proliferation, invasion, and metastasis in various types of
malignancies (12, 14, 17, 18). Furthermore, the WWC1 and
Hippo pathways are associated with the activities of matrix
metalloproteinases (MMPs), which play important roles in
tumor growth, invasion, and progression of malignant cells
(17, 19). Thus, the pathological significance of WWCI is
speculated to be modulated by complex mechanisms.

Several investigators have shown that cancer cell
proliferation and invasion regulated by MMP2 and -9 are
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Table 1. Relationships between expression of WW and C2 domain-containing 1 (WWC1) and clinicopathological features in patients with upper

urinary tract cancer (n=152).

Overall WWCI expression p-Value
Negative Positive
Age, years Mean+SD 67.2+10.7 68.9+10.0 65.6x11.4 0.066
Sex, n (%) Male 112 (73.7) 52 (46.4) 60 (53.6) 0.229
Female 40 (26.3) 23 (57.5) 17 (42.5)
Location, n (%) Renal pelvis 63 (414) 27 (42.9) 36 (57.1) 0.139
Ureter 58 (38.2) 28 (48.3) 30 (51.7)
Both 31 (20.4) 20 (64.5) 11 (35.5)
Grade, n (%) Low 90 (59.2) 33 (36.7) 57 (63.3) <0.001
High 62 (40.8) 42 (67.7) 20 (32.3)
pT Stage, n (%) Ta 16 (10.5) 4(25.0) 12 (75.0) <0.001
T1 46 (30.3) 11 (23.9) 35 (76.1)
T2 25 (16.4) 13 (52.0) 12 (48.0)
T3 51 (33.6) 36 (70.6) 15 (29.4)
T4 14 (9.2) 11 (78.6) 3(214)
Muscle-invasive No (pTal) 62 (40.8) 15 (24.2) 47 (75.8) <0.001
Yes (=pT2) 90 (59.2) 60 (66.7) 30 (33.3)
PI Mean+SD 21.9+9.2 27.0+10.4 16.8+8.1 <0.001
>Median 75 (49.3) 45 (60.0) 30 (39.0)
<Median 77 (50.7) 30 (40.0) 47 (61.0)

PI: Proliferative index; SD: standard deviation. Statistically significant p-values are shown in bold.

associated with tumor growth, progression, and survival in
patients with UTUC (20, 21). However, the relationships
between WWCI1 and such cancer-related factors in UC,
including bladder cancer and UTUC, are not clear. In
addition, as far as we are aware, there are no studies on
WWC1 expression in human UC tissues. In this study, we
investigated the pathological significance and prognostic
roles of WWCI1 expression in patients with UTUC
undergoing radical surgery. Furthermore, the relationships
between WWC1 expression and cancer cell proliferation,
MMP2 expression, and MMP9 expression were also
analyzed in these patients.

Patients and Methods

Patients. This study included 152 patients with UTUC who underwent
radical surgery at the Nagasaki University Hospital. Information on
age during the operation and sex is shown in Table I. Patients with
metastatic disease (regional lymph node/distant organ), perioperative
chemotherapy or radiation therapy, squamous cell carcinoma, or
adenocarcinoma were excluded from this study. In addition, we
excluded patients with synchronous bladder cancer. Metastasis was
evaluated using chest radiography and computed tomography. When
bone metastasis and brain metastasis were suspected, bone scanning
and magnetic resonance imaging were performed. All histological
diagnoses, including grade and pT stage, were determined using
formalin-fixed paraffin-embedded specimens obtained by radical
surgery, and they were judged according to the American Joint
Committee on Cancer classification (22). Extra-urothelial recurrence
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was defined as local recurrence, lymph node metastasis, and distant
organ metastasis after radical surgery, according to a previous report
(7). In this study, 10 normal urothelial specimens were also evaluated
for WWC1 immunoreactivity. The study protocol was approved by the
Institutional Review Board of the Nagasaki University Hospital (no.
12052899). Written informed consent was obtained from all the
patients before starting this study.

Immunohistochemical technique and evaluation. All immuno-
reactivity was evaluated by immunohistochemical techniques
using formalin-fixed, paraffin-embedded sections. For WWC1,
the sections were incubated overnight with the primary antibody
(anti-WWCI1 antibody; Abcam, Cambridge, UK) at 4°C after
antigen retrieval and inactivation of endogenous peroxidase. The
sections were then incubated with Dako EnVision+ Peroxidase
(Dako Corp., Carpinteria, CA, USA). Finally, the peroxidase
reaction was visualized using a liquid 3,3’-diaminobenzidine
tetrahydrochloride substrate. WWCI1 immunoreactivity was
evaluated according to a previous report (23). In brief, the
immunoreactive score of WWCI1 was calculated by multiplying
the score for the percentage of positively stained cells (0: <5.0%,
1: 5.1-25.0%, 2: 25.1-50.0%, 3: 51.1-75.0%, 4: >75.1%) by the
score for staining intensity (0: none, 1: weak, 2: moderate, 3:
strong). Finally, specimens with immunoreactive scores of =4
were defined as positive (23).

The expression of Ki-67, MMP2, and MMP9 was evaluated
according to our previous reports (5, 24). Ki-67 antibody was
purchased from Dako Corp. (Glostrup, Denmark), and antibodies
to MMP2 and MMP9 were obtained from Daiichi Fine Chemical
(Toyama, Japan). Briefly, regarding MMP2 and MMP9, the
staining intensity was graded as weak, moderate, or intense, and
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Figure 1. A representative example of WW and C2 domain-containing 1 (WWC1) immunostaining in normal urothelium (A), upper urinary tract
urothelial cancer tissue judged as negative (B) and as positive (C) (magnification x200).

the extent of positive staining was classified as focal (<10%),
regional (11-50%), or diffuse (=50%). Finally, the staining patterns
of moderate and diffuse, intense, and regional, or intense and
diffuse were considered to be positive. The definition of the
proliferative index (PI) calculated using Ki-67-stained cancer cells
(number of Ki-67-positive cancer cells/total number of cancer
cells x100%) was given in our previous report (20). These
evaluations were performed using a Nikon E-400 microscope, a
digital imaging system (Nikon DU100, Tokyo, Japan), and a
computer-aided image analysis system (Win ROOF, version 5.0;
MITANI Corp, Fukui, Japan).

Statistical analyses. Student’s t-test was used to compare
continuous variables, and chi-squared tests were performed for
categorical comparisons of data. Survival analyses were performed
using the Kaplan—Meier survival curves with log-rank p-values.
Multivariate analyses for recurrence and metastasis after radical
surgery were performed using the Cox proportional hazard analyses
[described as hazard ratios (HRs) with 95% confidence intervals
(95% Cls), together with their associated p-values]. The crude and
adjusted effects were estimated using logistic regression analysis

[odds ratios (ORs) with 95% Cls, together with their associated p-
values). All statistical analyses were performed with the statistical
package StatView for Windows (version 5.0; Abacus Concept Inc,
Berkeley, CA, USA), and significance was defined as p<0.05.

Results

WWCI1 expression and correlation with clinicopathological
features. Representative examples of WWCI1 expression in
normal urothelium, UTUC tissues judged as negative, and
those as positive were showed in Figure 1A-C, respectively.
WWCI expression was mainly detected in the cytoplasm and
nucleus. All normal urothelial tissues were judged as
exhibiting positive expression for WWCI. The relationship
between WWCI expression and clinicopathological features
is shown in Table I. The proportion of WWCI1-positive
specimens in patients with high-grade tumors (32.3%) was
significantly lower (p<0.001) than that in those with low-
grade tumors (63.3%). Similarly, the proportion of pT4
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Figure 2. The Kaplan—Meier survival curves according to WW and C2 domain-containing 1 (WWCI) expression for urinary tract cancer recurrence

(A) and subsequent metastasis (B) after radical surgery.

tumors (21.4%) was remarkably lower (p<0.001) than that
of the pTa tumors (75.0%). Thus, WWC1 expression was
negatively associated with all the pathological features
(Table I). On the other hand, the mean age at surgery in
patients with WWC1-positive tumors tended to be lower than
in those with WWCl-negative tumors (65.6 versus 68.9
years, respectively); however, this difference was not
significant (p=0.066). There was no significant difference in
sex and tumor location between the two groups (p=0.229
and 0.139, respectively).

Predictive values. The Kaplan—-Meier survival curves showed
that UC recurrence-free survival for patients with WWCl-
positive status was significantly higher (p=0.011) than for
those with WWCl-negative status (Figure 2A). Similarly,
positive expression of WWC1 was a better predictor of
extra-UC recurrence-free survival (p<0.001) compared to
negative expression of WWC1 (Figure 2B). However, the
multivariate Cox proportional hazard model including grade,
pT stage, and WWCI1 expression showed that positive
expression of WWC1 was not an independent predictive
factor for urinary tract UC recurrence-free survival (Table
II). In contrast, multivariate analyses did demonstrate that
positive expression of WWCI1 was a significant predictor of
extra-UC recurrence-free survival (HR=0.29, 95% CI=0.10-
0.82, p=0.020; Table II).

Correlation of WWCI1 with cancer cell proliferation and
expression of MMP2 and MMP9. The relationships between
WWCT expression and PI, MMP2, and MMP9 expression are
shown in Table III. The univariate logistic regression analyses
showed that WWC1 expression was negatively associated
with all of these factors (Table III). On the other hand, in the
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multivariate analysis models, WWC1 expression was
independently associated with PI (OR=0.39, 95% CI=0.17-
0.88, p=0.023) and MMP9 expression (OR=0.46, 95%
CI=0.22-0.97, p=0.040), but not with MMP?2 expression.

Discussion

Our results showed that WWCI1 expression was negatively
associated with grade, pT stage, and metastasis in patients
with UTUC. In general, WWCl is recognized as a tumor
suppressor through in vivo and in vitro studies in many
cancer types, including lung cancer, cholangiocarcinoma,
hepatocellular carcinoma, and renal cell carcinoma (25, 26).
Thus, our results were in unison with the expectation
regarding the relationship between WWC1 expression and
pathological features in UTUC. WWCI1 has also been
reported to act as a tumor promoter in a variety of cancers,
such as gastric and prostate (15, 27). These reports suggest
that the pathological significance of WWC1 may depend on
the type of cancer. On the other hand, regarding this
speculation, it should be noted that in breast cancer, some
investigators support the opinion that WWCI1 has anti-
oncogenic activities (14, 25, 28, 29) but others have shown
that WWC1 has pro-carcinogenic activities (8, 16, 30). To
summarize, the pathological significance of WWC1 was
different for the same type of cancer. Although the
methodology and patient backgrounds were not the same in
these studies, this finding supports the opinion that the
pathological roles of WWC1 in cancer are regulated by
complex mechanisms besides the type of cancer.

To our knowledge, this is the first study on the prognostic
roles and proliferative effects of WWC1 expression in patients
with UTUC. We found that positive expression of WWC1 was
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Table II. Multivariate analysis for location of recurrence after radical surgery.

uT Extra-urothelial organs
HR 95% CI p-Value HR 95% CI p-Value
Grade High 2.15 1.13-4.08 0.020 1.94 0.85-4.44 0.118
pT Stage MI (=pT2) 1.15 0.57-2.32 0.696 4.83 1.35-17.22 0.015
WWCl1 Positive 0.65 0.33-1.28 0.212 0.29 0.10-0.82 0.020
CI: Confidence interval; HR: hazard ratio; MI: muscle-invasive; UT: urinary tract. Statistically significant p-values are shown in bold.
Table III. Pathological associations of WW and C2 domain-containing 1 (WWCI) expression.
Univariate analyses Multivariate analyses*
OR 95% CI p-Value OR 95% CI p-Value
PI >Median 0.19 0.09-0.38 <0.001 0.39 0.17-0.88 0.023
MMP2-positive 0.32 0.17-0.62 0.001 0.67 0.31-1.47 0.320
MMP9-positive 0.34 0.17-0.65 0.001 0.46 0.22-0.97 0.040

CI: Confidence interval; MMP: matrix metalloproteinase; OR: odds ratio associated with WWC1 positivity with WWCI negativity as reference;
PI: proliferative index. Statistically significant p-values are shown in bold. *Adjusted for high grade and high pT stage (=pT2).

a better predictor of extra-urothelial recurrence in the
multivariate analysis. Similar results were also observed in
patients with breast cancer (26, 28). On the other hand, a
previous study reported that WWC1 expression was not
associated with any prognostic parameters in patients with
gastric cancer (27). However, that study also showed that high
expression of WWCl1/low expression of atypical protein kinase
CM correlated with disease-specific and relapse-free survival
(27). Unfortunately, except for these, there are few reports on
the predictive value of WWCI1 expression in patients with
cancer. Thus, information on the relationship between WWCl1
expression and outcomes is not sufficient to discuss the
prognostic roles in patients with cancer. Our results also
showed that WWC1 expression was significantly associated
with lower cancer cell proliferation in a multivariate analysis
model including pathological features. Several investigators
have reported that WWCI suppressed cancer cell proliferation
in lung and breast cancer (28, 31). The present study supports
these findings. However, it has been reported that
overexpression of WWCI1 stimulated the proliferation of
prostate cancer cell lines (15). In addition, other in vivo and in
vitro studies on breast cancer demonstrated that WWC1 plays
an oncogenic role in cancer cell proliferation and tumor growth
(16). Thus, there is no general agreement regarding the
proliferative effects of WWCI in cancer.

One of the most interesting results of the present study is
that WWC1 expression was closely associated with MMP9
expression. MMP9 has been reported to be positively
associated with malignant aggressiveness and poor prognosis

in patients with UTUC (5, 32). Unfortunately, direct
correlation between WWC1 and MMP9 is not clear in UTUC.
In contrast, in vivo and in vitro studies have shown that MMP9
expression is negatively associated with Hippo pathway-
related molecules in malignant cells. For example, knockdown
of YES1-associated transcriptional regulator (YAP1), which is
the most well-known effector of the Hippo pathway,
significantly inhibited cell proliferation and invasion via
down-regulation of MMP9 expression in lung cancer and
gastric cancer cells (33). In addition, other investigators
showed that knockdown of tafazzin (TAZ), which is an
important signaling molecule in the Hippo pathway, led to
down-regulation of MMP9 expression in a glioma cell line
and its orthotopic animal model (34). Moreover, in several
cancer types, WWCI1 plays an important role in anti-
carcinogenic behavior via regulation of YAP/TAZ activity (14,
35). This substantiates the belief that WWCI may inhibit
tumor progression through the suppression of MMP9
expression, and the Hippo pathway may be correlated with
such WWCl-related tumor-suppressive effects in UTUC. At
the same time, further studies are necessary to determine the
pathological role of WWCI in patients with UTUC.

Our study has several limitations. For example, our study
population did not include patients with metastatic UTUC. In
metastatic UTUC, patients are often treated with systematic
chemotherapy without collecting tumor tissues because the
diagnosis is clinically confirmed by cytology and imaging
examinations. Therefore, we analyzed WWC1 expression only
in patients with non-metastatic UTUC treated with radical
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surgery. Another limitation is that there were no in vitro data
about the pathological roles of WWCI1. Unfortunately, a
versatile UTUC cell line is not yet established. We initially
planned to examine WWC1 using bladder cancer cell lines.
However, the opinion that bladder cancer has different genetic,
biological, and molecular features from UTUC is widely
accepted as a result of improvements in genomic engineering
and molecular biology (36, 37). Therefore, in this study, we
performed only in vivo studies.

In conclusion, in patients with non-metastatic UTUC,
WWC1 expression was negatively associated with grade and
pT stage. In addition, its expression is a useful marker
predictive of subsequent metastasis after radical surgery. The
molecular mechanism of WWCl-related anticancer effects
suggests the suppression of cancer cell proliferation and
MMP9 expression. There is the opinion that WWCl is a novel
therapeutic target for malignant cells (38). We suggest that
WWCI1 may also be a potential therapeutic target, as well as
a novel useful predictive marker, in patients with UTUC.
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