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Thrombospondin-1-derived 4N1K peptide
expression is negatively associated with
malignant aggressiveness and prognosis in
urothelial carcinoma of the upper urinary tract
Yasuyoshi Miyata*, Shin-ichi Watanabe, Hiroshi Kanetake and Hideki Sakai
Abstract

Background: Thrombospondin (TSP) is a multi-functional protein that appears to have dual roles in cancer, that is,
either as a promoter or a suppressor. 4N1K is a TSP-derived peptide that has been reported to be associated with
neovascularity, cell survival, and invasion. There is a little information regarding its pathological roles in human
cancer tissues. Our aim was to clarify clinical significance and prognostic value of 4N1K expression in patients with
urothelial carcinoma of the upper urinary tract (UC-UUT).

Methods: We investigated 4N1K expression in 97 surgically excised, non-metastasized UC-UUT specimens and five
normal tissues via immunohistochemistry. Microvessel density (MVD), lymph vessel density (LVD), cancer cell
proliferation (PI), apoptotic index (AI), and matrix metalloproteinase (MMP)-9 expression was also determined. The
relationships 4N1K expression and pT stage, grade, and prognosis were analysed. In addition, correlations with
these cancer-related and TSP-related factors were also investigated.

Results: Strong and moderate 4N1K expression was found in normal urothelial tissues. Of the 97 specimens, 45
patients were positive for 4N1K expression, which was primarily located in the interstitial areas of the cancer tissue.
4N1K expression was negatively associated with pT stage (p= 0.003) and grade (p= 0.002). Survival analyses
revealed that 4N1K is a predictor of metastasis-free (p= 0.036) and cause-specific survival (p= 0.009). 4N1K
expression was closely associated with malignant behaviour, specifically MVD (p= 0.001), AI (p= 0.013), and MMP-9
expression (p= 0.036), but not PI and LVD, as determined via multivariate analysis models.

Conclusions: 4N1K expression appears to be associated with cancer cell progression and survival in UC-UUT
patients via the regulation of angiogenesis, apoptosis, and MMP-9 expression. There is a possibility that the
4N1K-peptide may be a useful marker and novel therapeutic target in patients with UC-UUT.
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Background
Urothelial cancer (UC) of the upper urinary tract (UUT)
is relatively rare, and accounts for only 5% of all UC;
however, its prognosis is very poor. For example, the
5-year survival rate of patients with pT4 or metastasis
is only 10% [1]. To improve survival and morbidity,
numerous reports on the biological and pathological
characteristics of this type of cancer have been
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published [2]. However, more detailed and accurate in-
formation regarding its pathological features, biological
markers for outcome, and potential therapeutic targets
is warranted to improve follow-up and develop treat-
ment strategies for patients with UC-UUT.
Angiogenesis plays a key role in various physiological

and pathological processes [3]. Additionally, angiogenesis
is important in tumour growth, metastasis, and prognosis
in many types of malignancies, including UC [3,4].
Thrombospondin (TSP)-1 is a well-known potent inhi-
bitor of angiogenesis in various physiological and
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pathological conditions, as it is capable of inhibiting prolif-
eration, migration, and formation of tube-like structures
in endothelial cells [5,6]. These anti-angiogenic functions
of TSP-1 are also present in various cancers [7]. Con-
versely, it is thought that TSP-1 can also stimulate angio-
genesis in cancer [8]. Indeed, the pro-angiogenic effects of
TSP-1 have been previously detected in several cancers in-
cluding pancreatic cancer and gastric cancer [9,10]. Thus,
TSP-1 has opposing angiogenic functions that are
dependent on the cancer type.
In recent years, many investigators have paid attention

to lymph angiogenesis, as it has been proposed to play
important roles in the dissemination of cancer cells and
progression of various cancers similar to angiogenesis
[11,12]. Several reports demonstrated that TSP-1 is sig-
nificantly associated with vascular endothelial growth
factor (VEGF) function in various cancers [10,13,14].
Furthermore, VEGF was also reported to be associated
with lymph angiogenesis in cancer tissues, including UC
[3]. Thus, while there is a possibility that TSP-1 is asso-
ciated with lymph angiogenesis in patients with cancer,
there is no information regarding this issue in human
cancer tissues.
TSP-1 can also regulate the production of matrix

metalloproteinase (MMP)-9 [15,16]. MMP-9 is a type IV
collagenase of the MMP family that is capable of cleav-
ing a wide range of extracellular matrix components
[17]. In fact, increased MMP-9 levels have been reported
to be closely associated with high stages of cancer in
various human tissues, including UC-UUT [16,18].
However, as with angiogenesis, TSP-1 appears to have
dual roles in the regulation of MMP-9 function in can-
cer, that is, either as a stimulator [13,15] or an inhibitor
[19,20]. In regards to TSP-1 and tumour growth, there
are several reports suggesting that TSP-1 may inhibit
cancer cell proliferation in several cancers [21,22]. Des-
pite this, TSP-1 was also previously reported to stimulate
cell proliferation in colon cancer cells [23]. Thus, TSP-1
is capable of acting as both a stimulator and inhibitor of
cancer cell proliferation. It is well-known that TSP-1 can
induce apoptosis in endothelial cells [7]. Similarly, sev-
eral investigators have found that TSP-1 induces apop-
tosis in malignant cells [24,25]. However, other
investigators reported that TSP-1 has anti-apoptotic
effects in thyroid cancer [26]. Thus, the direct function
and pathological role of TSP-1 in regards to apoptosis of
cancer cells is not still fully understood.
There is a wide range of opinions regarding the patho-

logical role, clinical significance, and predictive value of
TSP-1 in cancer patients. For example, there are several
reports suggesting that low TSP-1 expression is corre-
lated with increases in malignant aggressiveness and
poorer outcomes in several cancers, including bladder
cancer, prostate cancer, and renal cell carcinoma
[14,22,27,28]. Furthermore, high expression of TSP-1
has been associated with high grade, high stage, and
poor prognosis in several cancers [13,29,30]. On the
other hand, TSP-1 expression has not been associated
with the clinicopathological features of renal cell carcin-
oma and advanced gastric cancer [10,31]. Consequently,
the roles of TSP-1 in the clinicopathological features,
malignant aggressiveness, and prognosis of various
cancers are extremely confusing. Further studies are
necessary to reach a consensus on the pathological sig-
nificance of TSP-1 in various cancers.
TSP-1 is a disulfide-bonded trimer with several differ-

ent domains. Specifically, it consists of an N-terminal
domain, a pro-collagen homology region, CSVTCG
sequences within the type I repeats, a RGD sequence
within the type 3 repeats, and a C-terminal domain [32].
As mentioned previously, the regulation of TSP-1 func-
tion is complex, and involves direct and indirect effects.
To clarify the detailed biological and pathological func-
tions of TSP-1, various synthetic peptides derived from
TSP-1, such as peptide from the type I repeats (i.e.
KRFK and WSHSPW) and peptides from the N-terminal
domain (i.e. GQGVLQNVRFVF), have been used
[33,34]. Interestingly, one report suggests that the 4N1K
peptide (KRFYVVMWKK), which is derived from the C-
terminal domain of TSP-1, inhibits angiogenesis both in
in vivo and in vitro models [35]. 4N1K expression was
also reported to be negatively associated with angiogen-
esis in human renal cell carcinoma tissues [31]. How-
ever, the clinical and pathological significance of the
4N1K peptide in urothelial cancer (UC) is still unknown.
In the present study, we paid close attention to the

pathological role, clinical significance, and prognostic
value of 4N1K expression in patients with UC of the
upper urinary tract (UC-UUT), as this cancer is charac-
terized by frequent recurrence after initial treatment.
Angiogenesis, lymph-angiogenesis, proliferation, apop-
tosis, and MMP-9 are known to affect the malignant be-
haviour, tumour progression, and prognosis of UC-UUT
[16,18]. Thus, the main goal of the present study was to
examine whether 4N1K expression correlates with ma-
lignant behaviour, clinicopathological features, and prog-
nosis in patients with non-metastatic UC-UUT.

Methods
Patients
Ninety-seven consecutive patients, who were diagnosed
with non-metastatic UC-UUT, were reviewed retrospect-
ively. This study included 72 men and 25 women, ranging
in age from 39 to 87 years (median age: 67 years). Patients
that received any preoperative therapy were excluded. All
histological diagnoses, including tumour grade and pT
stage, were determined from formalin-fixed and paraffin-
embedded specimens obtained from the radical operation.
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Staging was assessed according to the 2002 tumour-
node-metastasis (TNM) classification, and cancer grade
was divided into three grades (i.e. G1, G2, and G3),
according to World Health Organization (WHO) classifi-
cation and other recent reports on UC-UUT [36,37]. A
single pathologist performed all of the pathological exam-
inations, including lymph and/or blood vessel vascular
invasion (LVI), which are assessed by regular
hematoxylin and eosin staining. The median follow-up
period was 44 months (range: 3–250 months). Fifteen
(15.4%) patients experienced metastasis after surgery. In
addition, 11 patients had local and/or bladder metastasis
after recurrence. Seventy-three (75.3%) patients were
alive at the last follow-up examination, while 24
patients (24.7%) had died due to TCC-related disease.
The study protocol was approved by the Human Ethics
Review Committee of the Nagasaki University Hospital.

Immunohistochemistry
The methodology for immunohistochemical staining and
terminal deoxynucleotidyl transferase-mediated nick and
labelling (TUNEL) was previously described elsewhere
[11,31]. Briefly, 5-μm-thick sections were deparaffinized
in xylene and rehydrated in ethanol. Antigen retrieval
was performed for all immunohistochemical staining. All
sections were then immersed in hydrogen peroxide to
block endogenous peroxidase activity. The primary anti-
body for 4N1K-containing peptide was previously used
by our group, and its specificity was confirmed in several
other reports [31,35]. The other antibodies used were
obtained from commercial companies. They were as fol-
lows: anti-Ki-67 and anti-D2-40 (Dako Corp., Glostrup,
Denmark), anti-CD31 (Novocastra, Newcastle, United
Kingdom), anti-MMP-9 (Daiichi Fine Chemical, Toyama,
Japan), and anti-cleaved caspase-3 (R & D systems, Inc.,
Abingdon, United Kingdom). Sections were incubated
with the primary antibody at 4 °C overnight. After in-
cubation with the primary antibody, the sections were
washed extensively, and then treated with peroxidase
using the labelled polymer method with DAKO
EnVision + TM Peroxidase (Dako Corp., Carpinteria,
CA). The peroxidase reaction was visualized with the
liquid DAB substrate kit (Zymed Laboratories Inc., San
Francisco, CA). Sections were counterstained with
hematoxylin, dehydrated stepwise through a graded al-
cohol series, and cleared in xylene before mounting. A
consecutive section from each sample processed with-
out the primary antibody was used as a negative con-
trol. Positive controls were similar to those used in
previous reports. To evaluate the apoptotic cells, we
determined two parameters, the proportions of cleaved
caspase-3- and TUNEL-positive cells. The method of
in situ labelling for apoptosis was performed as previ-
ously described [38]. We used the Apop Tag In Situ
Apoptosis Detection Kit (Intergen Company, Purchase,
NY), which is based on TUNEL.
Immunohistochemical staining was assessed with light

microscopy, where staining intensity was graded as none,
weak, moderate, or strong. Carcinoma cells that demon-
strated moderate or strong staining were considered to
be positively stained cells. The evaluations of immuno-
histochemical staining for Ki-67, CD31, and MMP-9
were performed as previously described [18,38]. For all
variables, values above the median were considered as
the higher group, and those with staining equal to or less
than the median value were considered as the lower
group for statistical analyses, including logistic regression
analyses. Immunoreactive staining was evaluated using
the semi-quantification method. To ensure accuracy and
validity, slides were blindly evaluated twice at different
times by two investigators (Y.M. and S.W.). All speci-
mens were examined using a Nikon E-400 microscope
and digital images were captured (Nikon DU100, Tokyo,
Japan). Additionally, we used a computer-aided image
analysis system (Win ROOF, version 5.0, MITANI, Fukui,
Japan) to calculate the statistical variables.

Statistical analyses
Normality was evaluated via a normal distribution and
histograms for each variable. Data are expressed as med-
ians (interquartile range), unless otherwise stated. The
Mann–Whitney U test was performed for continuous
variables, and the chi-square test was used for categor-
ical comparison of the data. The crude and adjusted
effects on tumour stage and grade, as well as other risk
factors, were estimated by logistic regression analysis,
and were described as odds ratios (OR) with 95% confi-
dence intervals (95% CI), together with the p values.
Variables that achieved statistical significance in the
univariate analysis were subsequently included into a
multivariate analysis model. The metastasis-free and
cause-specific survival rates were compared with
Kaplan-Meier analysis and a log rank test. Variables that
achieved statistical significance (p < 0.050) in the univari-
ate analysis were subsequently entered into a multivari-
ate analysis using a COX proportional hazards analysis,
and results were described as hazard ratio (HR) with
95% CI and the P values. All statistical tests were two-
sided and significance was defined as p < 0.050. All stat-
istical analyses were performed on a personal computer
with the statistical package, StatView for Windows
(Version 5.0, Abacus Concept, Inc., CA).

Results
4N1K expression
Representative examples of 4N1K expression are pre-
sented in Figure 1. Immunostaining for this peptide was
primarily detected in the intestinal tissues, and, in part,



Figure 1 (A) In normal urothelial cells, strong or moderate
4N1K expression was detected in all specimens. (B) In cancer
tissues, some specimens demonstrated strong or moderate 4N1K
expression. This figure was a representative example of strongly
stained cancer cells (C) A representative image of weakly stained
tissues for 4N1K peptide. All sections were counterstained in
hematoxylin (Magnification: ×400; Bar means 10 μm).

Table 1 Pathological features and 4N1K expression

parameters n 4N1K expression p
valueNegative (%) Positive (%)

pT stage

Ta 7 2 (28.6) 5 (71.4) 0.003

T1 36 13 (36.1) 23 (63.9)

T2 17 7 (41.2) 10 (58.8)

T3 27 21 (77.8) 6 (22.2)

T4 10 8 (80.0) 2 (20.0)

Low (Ta + 1) 43 15 (34.9) 28 (65.1) 0.002

High (T2-4) 54 36 (66.7) 18 (33.3)

Grade

Low grade 55 21 (38.2) 33 (61.8) 0.001

High grade 42 30 (71.4) 12 (28.6)
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within the cytoplasm of cells. In addition, some stromal
cells, including infiltrating, endothelial, and fibroblast-
like cells, showed 4N1K immunostaining. Strong and
moderate expression of the 4N1K peptide was found in
normal urothelial tissues of all 5 specimens (Figure 1A).
Representative examples of strong expression judged to
be high, and weak expression judged to be low, are pre-
sented in Figures 1B and C, respectively. Forty-five
patients (47.4%) were judged to have high expression of
the 4N1K peptide. We noticed that this peptide demon-
strated a trend of being strongly expressed near neigh-
bouring stromal tissues, including blood vessels in
cancer tissues. However, clear characteristics regarding
the distribution of 4N1K expression were not evident.

Correlation with clinicopathological features
The correlations between 4N1K expression and patho-
logical features are presented in Table 1. In non-muscle
invasive cancer (NMIBC; pTa + 1), 28 of 43 patients
(65.1%) were judged as positive. Conversely, in muscle
invasive disease, its ratio (18 of 54 patients = 33.3%) was
significantly lower (p= 0.002) compared to NMIBC.
With respect to grade, there was a similar trend, where
4N1K expression negatively correlated with the grade
(p= 0.001). To further determine the function of 4N1K
expression, univariate and multivariate analyses were
performed. Using univariate analyses, it was found that,
with the exception of LVD, all of the other factors were
associated with 4N1K expression (Figure 2A-E). Further-
more, it was found that 4N1K expression independently
correlated with MVD (OR= 4.01; 95% CI = 1.48-10.88;
p= 0.001), AI (OR= 2.39; 95% CI = 1.06 – 5.42;
p= 0.036), and MMP-9 expression (OR= 3.36; 95% CI =
1.30-8.69; p= 0.013), as determined via multivariate ana-
lysis models, which included pT stage and grade.

Correlation with survival
No significant relationship was observed between 4N1K
expression and site of metastasis. Survival analyses
demonstrated that negative expression of 4N1K peptide
is a poor prognostic factor for metastasis-free survival
(p= 0.036, Figure 3A) and cause-specific survival
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(p = 0.009, Figure 3B) in our study population. Similar
analyses also revealed that metastasis-free survival and
cause-specific survival were associated with pT stage
(p < 0.001 and p= 0.001) and grade (p= 0.001 and
p= 0.006). Initially, due to our limited sample size, we
used a simple multivariate analysis model, which
included these pathological features. As shown in
Table 2, these analyses revealed that 4N1K expression
was not an independent predictor of metastasis-free sur-
vival and cause-specific survival. On the other hand, in
both analyses, only high pT stage was recognized as an
independent predictor of metastasis-free and cause-
specific survival (Table 2). Additionally, we performed
further multivariate analyses which included the two
former pathological parameters and adjuvant therapy,
LVI, PI, MVD, and MMP-9 expression since all of these
factors were significantly associated with 4N1K expres-
sion and survival in univariate analyses. These analyses
showed that only high pT stage and presence of LVI
were independent predictors (HR =9.16; 95%CI = 1.02 –
82.58; p= 0.048 and HR= 9.41, 95%CI = 1.91 – 46.42;
p= 0.006) of metastasis-free survival. However, none of
these factors were independent predictors of cause-
specific survival in the multivariate analysis model.

Discussion
Our findings demonstrate that 4N1K peptide expression
in tumour tissues of UC-UUT is negatively associated
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with malignant potential and tumour progression. Add-
itionally, lower expression levels of this peptide were also
associated with metastasis and survival in patients with
UC-UUT. These observations corroborate those of a
previous report on patients with renal cell carcinoma
[31]. TSP-1 function is affected by the cellular pheno-
type via interactions with various cell surface proteins,
and the status of its microenvironment [7]. For example,
biological activities on cell invasion and focal adhesion
of TSP-1 were depended on its concentration [39].
Moreover, matrix-binding TSP-1 was shown to be influ-
enced by angiogenic function in vitro compared to non-
Table 2 Multivariate analysis of metastasis-free and cause-spe

For metastasis-free survival

HR 95% CIs p

pT stage 8.96 1.08 – 74.43

Grade 2.12 0.62 – 7.24

4N1K expression 0.40 0.11 – 1.54

HR; hazard ratio, CIs; confidential intervals.
binding TSP-1 [40]. Thus, TSP-1 appears to have a wide
range of the biological functions and pathological roles,
and consequently, TSP-1 protein expression appears to
be an inadequate and unstable marker for the prediction
of pathological features and prognosis in patients with
UC-UUT. Indeed, the pathological role and prognostic
value of TSP-1 expression in patients with UC of the
urinary bladder is controversial. For example, several
reports demonstrated that TSP-1 expression is asso-
ciated with its clinicopathological features, including
grade, pT stage, and lymph node metastasis, as well as
prognosis [14,16]. Conversely, other studies found that
TSP-1 expression is not associated with both the grade
and stage of cancer, but rather with disease progression,
including disease recurrence and overall survival [27,41].
Another report found that TSP-1 expression is asso-
ciated with tumour grade, stage, and size, but not with
disease progression [42]. This study also showed that the
pathological significance of TSP-1 was different in can-
cer cells and stromal tissues.
Synthetic peptides derived from TSP-1 have been used

in previous studies for the investigation of its physio-
logical functions and pathological roles. In the present
study, we focused on the expression of the 4N1K peptide
for the following reasons: i) antibodies against this pep-
tide were shown to block the TSP-1-induced inhibition
of angiogenesis, suggesting that 4N1K plays a crucial
role in the inhibitory effects of TSP-1 on angiogenesis
[35]; and ii) 4N1K expression was found to be closely
associated with malignant potential, cancer cell progres-
sion, and survival in patients with renal cell carcinoma
[31].
Currently, there is no general agreement on the distri-

bution and production of TSP-1 in UC. While some
investigators found TSP-1 expression in tumour stromal
tissues, its expression was weak or absent in bladder
cancer cells [43]. Conversely, other investigators demon-
strated TSP-1 expression in both bladder cancer cells
and tumour stromal tissues [27,42]. Additionally, one re-
port found that TSP-1 expression was detected only
within the cytoplasms of bladder cancer cells [16]. In
bladder cancer cell lines, TSP-1 expression was reported
to be expressed in MGH-U4 and RT-4 cell lines, but not
in RT-112 and UMUC-3 cell lines [44]. Thus, TSP-1 in
UC is thought to be secreted from cancer and/or
cific survival

For cause-specific survival

value HR 95% CI p value

0.042 3.14 1.08 – 9.19 0.036

0.230 1.75 0.68 – 4.50 0.036

0.186 0.70 0.27 – 1.81 0.463
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stromal cells. Based on these observations, we specu-
lated that some factors, including a variety of proteases
within interstitial tissues, may break down the 4N1K
peptide in human UC-UUT tissues.
One of the most interesting findings of the present

study is that 4N1K expression is closely associated with
MVD, cancer cell apoptosis, and MMP-9 expression, as
determined via multivariate analyses. With respect to
the relationship between TSP-1 and angiogenesis, several
studies have previously demonstrated that its expression
was significantly associated with MVD in human cancer
tissues, including bladder cancer [10,22,41]. Moreover,
there are a few reports on the relationship between
4N1K peptide and MVD in human cancer tissues. One
report found that the 4N1K protein is capable of inhibit-
ing tube formation in vitro, as well as angiogenesis in
mouse cornea [35]. Additionally, in renal cell carcinoma,
4N1K expression was found to be associated with angio-
genesis. These observations corroborate our finding that
the 4N1K peptide is closely associated with the regula-
tion of angiogenesis in patients with UC-UUT. Despite
this, we also found that 4N1K expression was not asso-
ciated with lymph angiogenesis. This is the first ever
study to report on the relationship between 4N1K ex-
pression and LVD in human cancer tissues. Interestingly,
similar findings were demonstrated with TSP-1. Specific-
ally, it was found that increases in the expression of
TSP-1 inhibited angiogenesis, but did not affect lymph
angiogenesis in mice [45].
There is little information available regarding the rela-

tionship between 4N1K peptide expression and cancer
cell apoptosis in human cancer tissues. It has been sug-
gested that CD47/integrin-associated protein (IAP)-
binding protein play an important role in the apoptosis
of various cells [7,46]. The 4N1K peptide has also been
shown to induce apoptosis-like cell death in immune
cells [47]. Furthermore, 4N1K expression was previously
shown to be positively associated with AI in human
renal cell carcinoma tissues [31]. These findings support
our observations, specifically that the 4N1K peptide
may have pro-apoptotic functions in patients with UC-
UUT. However, another peptide, 4 N1 (RFYVVMWK),
which is also derived from the CD47/IAP-binding
domain and has a similar structure to the 4N1K peptide
(KRFYVVMWKK), has been shown to inhibit apoptosis
of human thyroid cancer cells [26]. Thus, further stud-
ies are necessary, as the biological activities of these
peptides appear to be dependent on the cell type and
situation.
Another interesting finding of the present study was

that a negative expression of 4N1K peptide was signifi-
cantly and closely associated with an elevated expression
of MMP-9, as determined via multivariate analysis. The
regulation of MMP-9 expression and function through
TSP-1 is very complex. For example, a low dose of TSP-
1 stimulates its expression, whereas a high dose TSP-1
inhibits its expression [48]. Additionally, certain peptides
derived from TSP-1, such as type I repeats [19] and
CSVTCG sequence [13], are known to bind to MMP-9
and inhibit its activation. In regards to the role of TSP-1
in regulating MMP-9 in cancer cells, there were several
opinions that TSP-1 acts as an inhibitor in breast cancer
[19] and ovarian cancer [20]. In UC, TSP-1 expression
was found to be negatively correlated with MMP-9 ex-
pression [16]. Although there are no reports on the
effects of 4N1K on MMP-9 expression in human cancer
patients, these findings support our observation. How-
ever, there is one report that found that the 4N1K pep-
tide up-regulates MMP-9 in neurovascular cells [49].
Thus, more detailed studies are necessary to determine
the pathological function of the 4N1K peptide in the
regulation of MMP-9 expression in UC.
Our study has the limited sample size and variables

were evaluated by semi-quantification. So, further inves-
tigations are necessary to clarify the biological activities
and pathological function of 4N1K peptide in UC-UUT.
However, our results were important information to dis-
cuss the clinical significance of 4N1K peptide expression
in these patients.

Conclusions
Our results showed that 4N1K expression was negatively
associated with malignant potential and tumour growth
in patients with UC-UUT. In addition, patients with a
negative expression of 4N1K had a poorer prognosis for
metastasis and cause-specific survival. We speculated
that 4N1K expression may affect to these malignant be-
haviour and prognosis via regulation of angiogenesis,
apoptosis, and MMP-9 expression. Additionally, our
observations are also useful for discussing follow-up and
treatment strategies in patients with UC-UUT.

Competing interests
The authors declare no competing interests.

Authors’ contributions
SW and YM designed the histochemical experiments, performed
experiments, and drafted the manuscript. HK and HS participated in the
design of the study. YM participated in the overall design, study
coordination and finalized the draft of the manuscript. All authors read and
approved the final manuscript.

Acknowledgement
We are grateful to Mr. Takumi Shimogama and Mrs. Miho M. Kuninaka for
their outstanding support. This study was not supported by any funding
source or companies.

Received: 23 May 2012 Accepted: 9 August 2012
Published: 28 August 2012

References
1. Hall MC, Womack S, Sagalowsky AI, Carmody T, Erickstad MD, Roehrborn

CG: Prognostic factors, recurrence and survival in transitional cell



Miyata et al. BMC Cancer 2012, 12:372 Page 8 of 9
http://www.biomedcentral.com/1471-2407/12/372
carcinoma of the upper urinary tract: a 30-year experience in 252
patients. Urology 1998, 52:594–601.

2. Jeong IG, Kim SH, Jeon HG, Kim BK, Moon LC, Lee SE, Lee E: Prognostic
value of apoptosis-related markers in urothelial cancer of the upper
urinary tract. Hum Pathol 2009, 40:668–677.

3. Folkman J: Angiogenesis in cancer, vascular, rheumatoid and other
diseases. Nat Med 1995, 1:27–31.

4. Miyata Y, Kanda S, Ohba K, et al: Lymphangiogenesis and angiogenesis in
bladder cancer: prognostic implications and regulation by vascular
endothelial growth factors-A, -C, and –D. Clin Cancer Res 2006,
12:800–806.

5. Good DJ, Polverini PJ, Ranstinejad F, Le Beau MM, Lemons RS, Frazier WA,
Bouck NP: A tumor suppressor-dependent inhibitor of angiogenesis is
immunologically and functionally indistinguishable from a fragment
thrombospondin. Proc Natl Acad Sci USA 1990, 87:6624–6628.

6. Tolsma SS, Stack MS, Bouck N: Lumen formation and other angiogenic
activities of cultured capillary endothelial cells are inhibited by
thorombospondin-1. Microvasc Res 1997, 54:13–26.

7. Lawler J: thrombospondin-1 as an endogenous inhibitor of angiogenesis
and tumor growth. J Cell Mol Med 2002, 6:1–12.

8. Kazerounian S, Yee KO, Lawler J: Thrombospondins in cancer. Cell Mol Life
Sci 2008, 65:700–712.

9. Kasper HU, Ebert M, Malfertheiner P, Roessner A, Kirkpatrick CJ, Wolf HK:
Expression of thrombospondin-1 in pancreatic carcinoma: correlation
with microvessel density. Virchow Arch 2001, 438:116–120.

10. Nakao T, Kurita N, Komatsu M, Yoshikawa K, Iwata T, Utsunomiya T, Shimada
M: Expression of thrombospondin-1 and Ski are prognostic factors in
advanced gastric cancer. Int J Clin Oncol 2011, 16:145–152.

11. Miyata Y, Kanda S, Ohba K, et al: Tumor lymphangiogenesis in transitional
cell carcinoma of the upper urinary tract: association with
clinicopathological features and prognosis. J Urol 2006, 176:348–353.

12. Zhou M, He Y, Zu X, Zhang H, Zeng H, Qi L: Lymph vessel density as a
predictor of lymph node metastasis and its relationship with prognosis
in urothelial carcinoma of the bladder. BJU Int 2010, 107:1930–1935.

13. Albo D, Shinohara T, Tuszynski GO: Up-regulation of matrix
metalloproteinase 9 by thrombospondin 1 in gastric cancer. J Surg Res
2002, 108:51–60.

14. Shariat SF, Youssef RF, Gupta A, Chade DC, Karakiewicz PI, Isbarn H, Jeldres
C, Sagalowsky AI, Ashfaq R, Lotan Y: Association of angiogenesis related
markers with bladder cancer outcomes and other molecular markers.
J Urol 2010, 183:1744–1750.

15. Qian X, Rothman VL, Nicosia RF, Tuszynski GP: Expression of
therombospondin-1 in human pancreatic adenocarcinomas: role in
matrix metalloproteinase-9 production. Pathol Oncol Res 2001, 7:251–259.

16. Donmez G, Sullu Y, Baris S, Yildiz L, Aydin O, Karagoz F, Kandemir B:
Vascular endothelial growth factor (VEGF), matrix metalloproteinase-9
(MMP-9), and thrombospondin-1 (TSP-1) expression in urothelial
carcinomas. Pathol Res Pract 2009, 205:854–857.

17. Murphy G, Crabbe T: Gelatinases a and b. Mothods Enzymol 1995,
248:470–484.

18. Miyata Y, Kanda S, Nomata K, Hayashida Y, Kanetake H: Expression of
metalloproteinase-2, metalloproteinase-9, and tissue inhibitor of
metalloproteinase-1 in transitional cell carcinoma of upper urinary tract:
correlation with tumor stage and survival. Urology 2004, 63:602–608.

19. Rodriguez-Manzaneque JC, Lane TF, Ortega MA, Hynes RO, Lawler J, Iruela-
Arispe ML: Thrombospondin-1 suppresses spontaneous tumor growth
and inhibits activation of matrix metalloproteinase-9 and mobilization of
vascular endothelial growth factor. Proc Natl Acad Sci USA 2001,
98:12485–12490.

20. Wei W, Kong B, Yang Q, Qu X: Hepatocyte growth factor enhances
ovarian cancer cell invasion though down regulation of
thrombospondin-1. Cancer Biol Ther 2010, 9:79–87.

21. Miyanaga K, Kato Y, Nakamura T, Matsumura M, Amaya H, Horiuchi T, Chiba
Y, Tanaka K: Expression and role of thrombospondin-1 in colorectal
cancer. Anticancer Res 2002, 22:3941–3948.

22. Zubac DP, Bostad L, Kihl B, Seidal T, Wentzel-Lausen T, Haukaas SA: The
expression of thrombospondin-1 and p53 in clear cell renal cell
carcinoma: its relationship to agiogenesis, cell proliferation and cancer
specific survival. J Urol 2009, 182:2144–2149.

23. Yamashita Y, Sendo S, Hosokawa T, Tuszynski G, Kurohiji T, Beppu R,
Shinohara T, Kinugasa T, Shirakusa T: Exogenous thrombospondin
stimulates the proliferation of non-thrombospondin-producing cells. Int J
Oncol 1998, 13:355–359.

24. Mateo V, Brown EJ, Biron G, et al: Mechanisms of CD47-induced caspase-
independent cell death in normal and leukemia cells: link between
phosphatidylserine exposure and cytoskeleton organization. Blood 2002,
100:2882–2890.

25. Manna PP, Frazier WA: CD47 meidates killing of breast tumor cells via Gi-
dependent inhibition of protein kinase A. Cancer Res 2004, 64:1026–1036.

26. Rath GM, Schneider C, Dedieu S, Rothhut B, Soula-Rothhut M, Ghoneim C,
Sid CB, Morjani H, El Btaouri H, Martiny L: The C-terminal CD47/IAP-
binding domain of thrombospondin-1 prevents camptothecin- and
doxorubicin-induced apoptosis in human thyroid carcinoma cells.
Biochim Biophys Acta 2006, 1763:1125–1134.

27. Grossfeld GD, Ginsberg DA, Stein P, et al: Thrombospondin-1 expression in
bladder cancer: association with p53 alternations, tumor angiogenesis,
and tumor progression. J Natl Cancer Inst 1997, 89:219–227.

28. Goddard JC, Sutton CD, Jones JL, OByrne KJ, Kochelbergh RC: Reduced
thrombospondin-1 at presentation predicts disease progression in
superficial bladder cancer. Eur Urol 2002, 42:464–468.

29. Pratt DA, Miller WR, Dawes J: Thrombospondin in malignant and non-
malignant breast tissues. Eur J Cancer Clin Oncol 1989, 25:343–350.

30. Poon RT, Chung KK, Cheung ST, et al: Clinical significance of
thrombospondin 1 expression in hepatocellular carcinoma. Clin Cancer
Res 2004, 10:4150–4157.

31. Firlej V, Mathieu JRR, Gilbert C, Lemonnier L, Nakhlé J, Gallou-Kabani C,
Guarmit B, Morin A, Prevarskaya N, Delongchamps NB, Cabon F:
Thrombospondin-1 triggers cell migration and development of
advanced prostate tumors. Cancer Res 2011, 28:7649–7658.

32. Miyata Y, Koga S, Takehara K, Kanetatke H, Kanda S: Expression of
thrombospondin-derived 4N1K peptide-containing proteins in renal cell
carcinoma tissues is associated with a decrease in tumor growth and
angiogenesis. Clin Cancer Res 2003, 9:1734–1740.

33. Qian X, Tuszynski GP: Expression of thrombospondin-1 in cancer: a role in
tumor progression. Proc Soc Exp Biol Med 1996, 212:199–207.

34. Guo N-H, Krutzsch HC, Inman JK, Robert DD: Thrombospondin 1 and type
I repeat peptides of thrombospondin 1 specifically induced apoptosis of
endothelial cells. Cancer Res 1997, 57:1735–1742.

35. Chandradekaran L, He CZ, Al-Barazi H, Krutzsch HC, Iruela-Arispe ML, Roberts
DD: Cell contact-dependent activation of α2β1 intergrin modulated
endothelial cell response to therombospondin-1. Mol Biol Cell 2000,
11:2885–2900.

36. Kanda S, Shono T, Tomasini-Johansson B, Klint P, Saito Y: Role of
thrombospondin-1 derived peptide, 4N1K, in FGF-2-induced
angiogenesis. Exp Cell Res 1999, 252:262–272.

37. Rao SR, Correa JJ, Sexton WJ, Pow-Sang JM, Dickinson SI, Lin HY, Spiess PE:
Prospective clinical trial of the feasibility and safety of modified
retroperitoneal lymph node dissection at time of nephroureterectomy
for upper tract urothelial carcinoma. BJU Int 2012, in press.

38. Cosentino M, Palou J, Gaya JM, Breda A, Rodriguez-Faba O, Villavicencio-
Mavrich H: Upper urinary tract urothelial cell carcinoma: location as a
predictive factor for concomitant bladder carcinoma. World J Urol 2012,
in press.

39. Miyata Y, Koga S, Kanda S, Nishikido M, Hayashi T, Kanetake H: Expression
of cyclooxygenase-2 in renal cell carcinoma: correlation with tumor cell
proliferation, apoptosis, angiogenesis, expression of matrix
metalloproteinase-2, and survival. Clin Cancer Res 2003, 9:1741–1749.

40. Albo D, Rothman VL, Roberts DD, Tuszynski GP: Tumour cell
thrombospondin-1 regulates tumour cell adhesion and invasion through
the urokinase plasminogen activator receptor. Br J Cancer 2000, 83:298–306.

41. Nicosia RF, Tuszynski GP: Matrix-bound thrombospondin promotes
angiogenesis in vitro. J Cell Biol 1994, 124:183–193.

42. Ioachim E, Michael MC, Salmas M, Damala K, Tsanou E, Michael MM,
Malamou-Mitsi V, Stavropoulos NE: Thrombospondin-1 expression in
urothelial carcinoma: prognostic significance and association with p53
alterations, tumour angiogenesis and extracellular matrix components.
BMC Cancer 2006, 6:140.

43. Campbell SC, Volpert OV, Ivanovich M, Bouck NP: Molecular mediator of
angiogenesis in bladder cancer. Cancer Res 1998, 58:1298–1304.

44. Beecken WC, Engl T, Jonas D, Blaheta RA: Expression of angiogenesis
inhibitors in human bladder cancer may explain rapid metastatic
progression after radical cystectomy. Int J Mol Med 2009, 23:261–266.



Miyata et al. BMC Cancer 2012, 12:372 Page 9 of 9
http://www.biomedcentral.com/1471-2407/12/372
45. Hawighorst T, Oura H, Streit M, Janes L, Nguyen L, Brown LF, Oliver G,
Jackson DG, Detmar M: Thrombospondin-1 selectively inhbits early-stage
carcinogenesis and angiogenesis but not tumor lymphangiogenesis and
lymphatic metastasis in transgenic mice. Oncogene 2002, 21:7945–7956.

46. Friedl P, Vischer P, Freyberg MA: The role of thrombospondin-1 in
apoptosis. Cell Mol Life Sci 2002, 59:1347–1357.

47. Johansson U, Higginbottom K, Londei M: CD47 ligation induces a rapid
caspase-independent apoptosis-like cell death in human monocytes and
dendritic cells. Scand J Immunol 2004, 59:40–49.

48. Qian X, Wang TN, Rothman VL, Nicosia RF, Tuszynski GP: Thrombospondin-
1 modulates angiogenesis in vitro by upregulation of matrix
metalloproteinase-9 in endothelial cells. Exp Cell Res 1997, 235:403–412.

49. Xing C, Arai K, Park K-P, Lo EH: Induction of vascular endothelial growth
factor and matrix metalloproteinase-9 via CD34 signaling in
neurovascular cells. Neurochem Res 2010, 35:1092–1097.

doi:10.1186/1471-2407-12-372
Cite this article as: Miyata et al.: Thrombospondin-1-derived 4N1K
peptide expression is negatively associated with malignant
aggressiveness and prognosis in urothelial carcinoma of the upper
urinary tract. BMC Cancer 2012 12:372.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Immunohistochemistry
	Statistical analyses

	Results
	4N1K expression
	Correlation with clinicopathological features
	Correlation with survival

	link_Fig1
	link_Tab1
	Discussion
	link_Fig2
	link_Fig3
	link_Tab2
	Conclusions
	Competing interests
	Authors´ contributions
	Acknowledgement
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49

