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Abstract. Background/Aim: The pathological significance
of thrombospondin (TSP)-1 and -2 in bladder cancer (BC) is
well-known whereas that of TSP-3, 4 and 5 remains unclear.
Our aim is to clarify the pathological significance and
prognostic roles of TSP-3 to 5 expression in BC patients.
Patients and Methods: TSP-3 to 5 expression, proliferation
index (PI), apoptotic index (Al) and microvessel density
(MVD) were evaluated in 206 BC patients by
immunohistochemical techniques. Results: TSP-5 expression
was positively associated with grade, T stage, metastasis,
and worse prognosis. Pl in TSP-5-positive tissues was
significantly higher compared to negative tissues. In
contrast, Al in TSP-5-positive tissues was significantly lower
compared to negative tissues. Expressions of TSP-3 and 4
were not associated with any clinicopathological features,
survival, PI, or Al. Conclusion: TSP-5 plays important roles
in malignant behavior via cell survival regulation whereas
the pathological significance of TSP-3 and TSP-4 in BC
might be minimal.

Bladder cancer (BC) is the most common urinary system
malignancy and is increasing in developed countries (1).
Urothelial carcinoma (UC), arising from the urothelium, is
the most common histological type of BC. Depending on
whether BC invades the muscle layers of the urinary
bladder, BC is divided into two groups: non-muscle invasive
bladder cancer (NMIBC) and muscle invasive bladder
cancer (MIBC).
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The standard treatment strategy for NMIBC differs
considerably from that for MIBC. In short, NMIBC is mainly
treated with transurethral resection, whereas MIBC is treated
with radical cystectomy (1). However, pathological features
including grade, tumor growth, invasion, and metastasis are
closely associated with prognosis in both NMIBC and
MIBC. Furthermore, cancer-related characteristics such as
cancer cell proliferation, apoptosis, and angiogenesis, play
crucial roles in malignant aggressiveness (2-4). Thus,
understanding the pathological mechanisms of such tumor
growth and progression is essential for designing treatment
and monitoring strategies for patients with BC. The
molecular and genetic abnormalities in BC have been
investigated, and novel cancer-related molecules and
predictive markers have been reported (5-7). However, more
detailed information is required about the molecular
mechanisms of malignant aggressiveness in BC because the
outcomes including survival and recurrence in these patients
remain unsatisfactory.

Thrombospondins (TSPs) are extracellular glycoproteins
and are divided into two sub-groups based on their domain
structure: sub-group A (TSP-1 and TSP-2 form trimers) and
sub-group B [TSP-3, TSP-4, and TSP-5 (also called cartilage
oligomeric matrix protein; COMP) form pentamers] (8). One
of the most common biological roles of TSPs is tissue
remodeling via interaction with the extracellular matrix
under physiological and pathological conditions, including
cancers (9, 10). The pathological roles of TSP-1 and TSP-2
are well studied and a large amount of evidence has been
accumulated regarding their roles in many types of
malignancies, including BC (11-17). In contrast, despite
similar studies about TSP-3 to -5 (18, 19), the available
information is overwhelmingly lacking, when compared to
TSP-1 and 2. In particular, only a few studies have explored
the pathological significance and predictive roles of TSP-3
to 5 in patients with BC.

In recent years, many investigators have focused on the
tumor microenvironment in accordance with the
development of new immune therapy and molecular-targeted
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therapy; TSPs are well-known as tumor microenvironment
modulators in various types of malignancies, including BC
(10, 20). Furthermore, interactions between TSP sub-groups
A and B have been reported in various biological functions
(21, 22). Therefore, understanding the pathological
significance of TSP sub-group B at the clinical and
molecular levels is important for the efficient monitoring and
treatment of patients with BC. The main aim of this study
was to clarify the relationships of TSP-3 to 5 expression with
clinicopathological features, including grade, tumor growth,
and metastasis, in patients with BC. We also investigated the
proliferative, apoptotic, and angiogenic activities of these
TSPs and performed survival analyses in the patients.

Patients and Methods

Patients. We investigated the expression of TSP-3, 4 and 5 in 206
patients with BC, including 150 with NMIBC and 46 with MIBC.
In addition to cancer tissues, 20 normal urothelial tissues were also
examined. All included patients were diagnosed with urothelial
cancer of the bladder by routine pathological diagnosis at Nagasaki
University Hospital, Nagasaki, Japan. To determine the presence of
metastasis, all patients with MIBC underwent magnetic resonance
imaging of the urinary bladder, computed tomography of the
abdomen and pelvis, bone scanning, and lung X-ray imaging. The
T stage at diagnosis was categorized into two subgroups, the
NMIBC group (Ta-T1) and MIBC group (T2-T4).

This retrospective study complied with the principles of the
Declaration of Helsinki and its revisions. This study was approved by
the institutional review board of Nagasaki University Hospital (No:
12052899), and all participants provided written informed consent.

Immunohistochemistry. Formalin-fixed sections (5-um-thick) were
deparaffinized and rehydrated, and all antigens were retrieved using
0.01 M sodium citrate buffer. All sections were immersed in
hydrogen peroxide to block endogenous peroxidase, and were
subsequently probed overnight at 4°C with the primary antibodies.
Primary antibodies were obtained from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA, USA; against TSP-3, sc-25348 and TSP-4,
sc-28293), Lifespan BioSciences, Inc. (Seatle, WA, USA; against
COMP/TSP-5, LS-B12308), DakoCytomation (Glostrup, Denmark;
against Ki-67, M7240 and CD34, M7165), and R&D systems Inc.
(Abingdon, UK; against cleaved caspase-3, MAB835). Sections
were then labeled with peroxidase using Dako EnVision+™
Peroxidase (Dako, Carpinteria, CA, USA). The peroxidase reaction
was visualized using a 3,3’-diaminobenzidine tetrahydrochloride
substrate kit (Zymed Laboratories Inc., San Francisco, CA, USA).
Finally, the sections were counterstained using hematoxylin.

For the expression of TSP-3 to 5, immunoreactivity was scored
from O to 4 according to previous reports (23, 24), and scores of 3
and 4 were judged as positive expression. Such evaluation was
performed at 5-10 randomly chosen fields, with at least 500 cancer
cells. To determine microvessel density (MVD), CD34 stained
vessels were measured at 3-5 “hot spots;” MVD was defined as the
number of stained vessels per field at 200x magnification.
Proliferation index (PI) and apoptotic index (AI) were determined
by the percentage of cells stained with anti-Ki-67 and anti-cleaved
caspase-3 antibodies, respectively. Slides were examined using a
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computer-aided image analysis system (Win ROOF version 5.0;
MITANI, Fukui, Japan), and were scored twice at different times by
TM and YM, who were blinded to the clinicopathological and
survival data. Detailed methods of the immunohistochemical
techniques, including negative and positive controls, have been
described in our previous reports (2, 11, 25, 26).

Statistical analyses. The Student’ s f-test was used to compare
continuous variables. Categorical variables were compared using the
chi-squared test. Kaplan-Meier curves and log rank tests were used
for survival analyses. All statistical analyses were two-sided, and
significance was defined at p<0.05.

Results

Expression of TSP-3, TSP4 and TSP-5 in bladder cancer
tissues. The representative expression of TSP-3, TSP-4, and
TSP-5 in BC tissues is shown in Figure 1A, B, and C,
respectively. In cancer cells, TSP-3 to 5 were mainly
detected in the cytoplasm. Moderate to strong expression of
TSP-3 and 5 was rare in stromal and connective tissue cells.
Therefore, in this study, we analyzed their cytoplasmic
expression. In TSP-4 and 5, strong expression was relatively
rare compared to TSP-5. In addition, in TSP-5, strongly
stained cancer cells were often detected in invasive BC cells
(Figure 1D and E), such finding was not found in TSP-3 and
-4. Finally, 12 (5.8%), 88 (42.7%), and 119 (57.8%) patients
were judged to have positive expression of TSP-3, 4 and 5,
respectively. In contrast, moderate to strong expression of
TSP-3 to 5 was not observed in the 20 normal urothelial
tissues; thus, all normal tissues were judged to have negative
expression of TSP-3 to 5.

Correlation with clinicopathological features. The
relationship between TSP-3 to TSP-5 expression and
clinicopathological features is shown in Table I. TSP-3 and
TSP-4 showed no significant association with any of the
parameters including grade, T stage, muscle invasion, and
metastasis. In contrast, as shown in Table I, the positively
stained ratio of TSP-5 in high-grade disease (65.5%) was
significantly higher (p=0.013) than that in low-grade
disease (48.3%). Similarly, TSP-5 expression was
positively associated with high T stage (p=0.012) and
presence of metastasis (p=0.002). In addition, TSP-5
expression was significantly associated with invasion into
the muscle layer (p=0.019) and the lamina propria
(»=0.019) (Table I).

Survival analyses. The Kaplan-Meier survival curves for
cause-specific survival are shown in Figure 2. Positive
expression of TSP-3 tended to have poor prognosis;
however, this difference was not significant (p=0.342; Figure
2A). Likewise, the survival curve of patients with TSP-4-
positive BC patients was similar to that in patients with TSP-
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Figure 1. Representative expression of TSP-3 (A), TSP-4 (B), and TSP-5 (C) (all magnifications are x200). In TSP-5, strongly stained cells were
often detected in the invasive front (D: magnification is x100, E: x200).

4-negative BC (p=0.969; Figure 2B). In contrast, the survival ~ Correlation with cancer cell proliferation, apoptosis, and
rate of patients positively expressing TSP-5 was significantly — angiogenesis. The relationships of TSP-3 to 5 expression
worse than that of the TSP-5-negative patients (p=0.023;  with PI, AI, and MVD are shown in Figure 3. The mean/SD
Figure 2C). of PIs in TSP-3-positive tissues (27.5/9.7%) showed no
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Table 1. Relationships between thrombospondin-3 to 5 and clinicopathological features.

Thrombospondin-3

Thrombospondin-4 Thrombospondin-5

Predictor Negative Positive Negative Positive Negative Positive

Age
Mean 69.3 70.3 70.2 68.3 69.0 69.4
SD 12.0 104 11.1 12.8 123 11.6
p-Value 0.775 0.269 0.708

Gender; N/%
Male 151/77.8 11/22.2 95/58.6 67/41.7 68/42.0 94/68.0
Female 43/91.7 1/8.3 23/52.3 21/47.7 18/40.9 26/59.1
p-Value 0.257 0.449 0.899

Grade
Low 84/96.6 3/34 48/55.2 39/44 .8 45/51.7 42/48.3
High 110/92 .4 9/7.6 70/58.8 49/41.2 41/34.5 78/65.5
p-Value 0.200 0.601 0.013

T stage
Ta 58/96.7 2/33 32/53.3 28/46.7 35/58.3 25/41.7
T1 83/92.2 7/7.8 51/56.7 39/43.3 35/38.9 55/61.1
T2 27/96 .4 1/3.6 18/64.3 10/35.7 9/32.1 19/67.9
T3 16/88.9 2/11.1 13/72.2 5/27.8 6/33.3 12/66.7
T4 10/100 0/0 4/40.0 6/60.0 1/10.0 9/90.0
p-Value 0.541 0431 0.012

Metastasis
Absence 174/94.1 11/59 104/56.2 81/43.8 84/45.5 101/54.6
Presence 20/95.2 1/4.8 14/66.7 7/33.3 2/9.5 19/90.5
p-Value 0.826 0.359 0.002

Invasion
Muscle
Ta/l 141/94.0 9/6.0 83/55.3 67/44.7 70/46.7 80/53.3
T2-4 53/94.6 3/54 35/62.5 21/37.5 16/28.6 40/71.4
p-Value 0.861 0.355 0.019
Tavs. T1
p-Value 0.262 0.688 0.019

significant difference (p=0.145) compared to those in the
negative tissues (23.8/8.4%); similar results were obtained
with TSP-4 expression (24.0/8.3 vs 24.0/8.0; p=0.944; Figure
3A). On the contrary, the mean/SD of PIs in TSP-5-positive
tissues (27.2/7.7%) was significantly higher (p<0.001) than
that in the TSP-5-negative tissues (19.6/7.6%; Figure 3A).
The mean/SD of Al also showed significant and negative
correlations with TSP-5 expression (positive: 4.0/1.5% vs.
negative: 4.7/2.0%, p=0.016), but not with TSP-3 or TSP-4
(p=0.281 or 0.781, respectively; Figure 3B). On the contrary,
as shown in Figure 3C, there was no significant correlation
between MVD and TSP-3 to TSP-5 expression (p=0.649,
0.711, and 0.627, respectively).

Discussion
In the present study, we demonstrated that TSP-5 expression

was closely associated with grade, tumor growth, cancer cell
progression, and survival in patients with BC, whereas TSP-3
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and TSP-4 expression was not. In addition, we noticed that BC
cells at the invasive front showed strong expression of TSP-5.
Unfortunately, there have been no reports on the pathological
significance of TSP-5 expression in human BC tissues.
However, TSP-5 has been reported to play crucial roles in cell
differentiation, tumor growth, invasion, and metastasis in
various types of cancers (23, 24, 27-30). For example, TSP-5
expression was significantly associated with Gleason score, T
stage, and seminal vesicle invasion in patients with prostate
cancer (24). The same study group also showed that TSP-5
expression in breast cancer cells was positively associated with
lymph node metastasis and poor survival in the same patients
(23). Furthermore, several other investigators have
demonstrated that TSP-5 expression is positively related to cell
differentiation, T stage, N stage, M stage, and poor outcomes
including disease-free and overall survival in colorectal cancer
(29-31). From these reports, our results suggest that TSP-5 plays
important roles in malignant behavior and that its expression is
a useful predictive marker for survival in patients with BC.
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Figure 2. Kaplan-Meier survival curves for cause-specific survival and
TSP-3 (A), TSP-4 (B), and TSP-5 (C) expression. Among TSP-3 to 5,
patients with TSP-5-positive tissues showed worse survival compared
to those with TSP-5 negative tissues (C).

Stimulation of cancer cell proliferation and suppression of
apoptosis were suggested as the molecular mechanisms
underlying the TSP-5-induced pathological activities in BC
tissues. The status of cell survival modulated by cell

proliferation and apoptosis is considered a strong determinant
of malignant aggressiveness in many types of cancers,
including BC (2, 4, 32, 33). The pathological roles of TSP-5
expression in patients with BC have not been explored.
However, TSP-5 is reported to promote cell proliferation in
colon cancer cell lines and to suppress apoptosis in prostate
cancer cell lines (24, 29). In addition to such in vitro studies,
TSP-5 expression was positively correlated with tumor
volume in the xenograft animal models of several cancers
including colon cancer, breast cancer, and prostate cancer, and
in the regulation of PI (measured by anti-Ki-67 antibody) (23,
24, 29). Thus, the previous in vitro studies and animal
experiments supported our results on the proliferative and
anti-apoptotic activities of TSP-5 in patients with BC.
However, further detailed analysis is essential to determine
the proliferative and apoptotic effects of TSP-5 in BC.

Like TSP-5, TSP-4 is reported to be associated with
malignant potential, tumor growth, and progression in
several cancers including gastric cancer, hepatocellular
carcinoma, and gallbladder cancer (34-37). However, our
results showed no significant pathological role of TSP-4
expression in BC tissues. Unfortunately, the reasons
underlying this discrepancy between BC and other cancers
are unknown because there are no in vivo and in vitro studies
on the pathological significance and prognostic role of TSP-
4 in BC. However, TSP-4 immunoreactivity was mainly
detected in the “cancer cells” of BC in the present study,
whereas in previous studies, TSP-4 expression was evaluated
in “stromal cells” of tumor tissues or without distinguishing
between “cancer cells” and “stromal cells” (34, 36-38).
Therefore, we first speculated that the pathological activities
of TSP-4 might originate from stromal cell expression, but
not from cancer cells. In fact, TSP-4 expression in cancer-
related stromal tissues was reported to be significantly higher
than that in normal stroma, normal epithelium, and cancer
cells in breast cancer (39). However, an in vitro study
showed that TSP-4 overexpression in colorectal cancer cell
lines significantly decreased colony formation (40). Further,
TSP-4 knockdown inhibited cell migration and invasion of
hepatocellular cancer cell lines (41). Overall, these studies
suggest that TSP-4 expression in cancer cells plays a
significant role in tumor growth and cancer cell progression.
However, there are contrasting opinions regarding whether
TSP-4 acts as a tumor-promoter or suppressor, based on
different types of malignancies (34-37, 39-41). Finally, we
emphasize that further detailed studies using cancer cell
lines, animal models, and clinicopathological data are
necessary to discuss and conclude the clinical significance
and pathological roles of TSP-4 in patients with BC.

In the present study, BC cells with moderate to strong
TSP-3 expression were rare, and its expression was not
associated with any of the clinicopathological features or
survival. A previous report showed that TSP-3 gene
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Figure 3. Proliferation index (PI; A), apoptotic index (Al; B), and microvessel density (MVD; C) are shown. Regarding PI and Al, a significant
difference was observed according to the TSP-5 expression status, but not with TSP-3 and 4 (A and B). However, MVD was similar between the

negative and positive expression of TSP-3 to 5.

expression was elevated in osteosarcoma tissues with
metastasis, and it was identified as a useful predictor for
poor survival in these patients (42). Further, the authors
suggested that the TSP-3 gene acted as a stimulator of tumor
progression (42). However, other investigators showed that
TSP-3 expression was upregulated by NS398, a non-steroidal
anti-inflammatory drug (NSAID), in lung cancer cells (43).
In general, NSAIDs are considered to be tumor-suppressors
in many types of malignancies (44). TSP-3 has also been
described as a tumor suppressor (43). To our knowledge,
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other than these two findings, no information is available
regarding the pathological roles of TSP-3 expression in
malignancies including BC.

Contrary to our expectations, the expression of TSP-3, TSP-
4, and TSP-5 was not associated with MVD in BC tissues.
TSP-3, TSP-4, and TSP-5 are part of the same family including
TSP-1 and TSP-2, which are well-known for their anti-
angiogenic activities under numerous physiological and
pathological conditions, including cancers (45, 46). Therefore,
we hypothesized that TSP-3, TSP-4, and TSP-5 are closely
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associated with tumor growth via regulation of angiogenesis in
BC tissues; however, no significant angiogenesis-related
activity was detected in this study. TSP-3 gene expression has
been reported to play important roles in tumor growth via
maintenance of angiogenic activity in osteosarcoma (42). On
the contrary, TSP-3 is also reported to have no significant
inhibitory effects on angiogenesis in human dermal
microvascular endothelial cells (HMVEC) (47). In addition, in
pituitary tumors, TSP-3 demonstrated a minimal role in
angiogenic processes, unlike that of TSP-1 and TSP-2 (48).
Based on these reports and our results, we speculated that TSP-
3 does not play a significant role in the angiogenesis in BC
tissues. However, several investigators have reported that TSP-
4 exerts pro-angiogenic activities in tissue remodeling and
tendinopathy development (49, 50). Similar pro-angiogenic
activities of TSP-4 have been reported through in vivo and in
vitro studies on breast cancer and colorectal cancer (51, 52).

One of the major limitations of our study is the lack of in
vitro data to confirm the results of our in vivo study. Initially,
we aimed to investigate the interactions between TSP-3 to 5 in
cancer cells and in stromal tissues. However, contrary to our
expectations, positively stained cells for TSP-3 to 5 were rare
in the cancer stromal area. This finding was similar to that in
other types of cancer (34, 37, 53). Another limitation of the
study is that the detailed pathological roles of TPS-4 are
unclear. In short, although over 40% of patients were judged
as positive for TSP-4 expression despite its lack of expression
in normal urothelial cells, no significant role of TSP-4 was
determined. Based on previous reports in other malignancies
(34-37), we speculate that TSP-4 might play significant roles
in BC, except in cell survival and angiogenesis. In addition,
TSP-4 expressed in stromal cells might play important roles in
malignant aggressiveness, though the methods used in this
study cannot detect such expression. Therefore, we emphasize
the need for further detailed studies using cancer cell lines,
animal experiments, and clinicopathological data regarding the
pathological roles of TSP-3 to 5 expression in BC.

In conclusion, the present study demonstrated that TSP-5
expression was significantly associated with malignant
aggressiveness and survival via regulation of cancer cell
proliferation and apoptosis. These results were not confirmed
with the expression of TSP-3 and 4. Based on our results, we
suggest that TSP-5 is a potential therapeutic target and useful
predictive marker in patients with BC.
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