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Abstract

Background. Angiogenesis is a critical aspect of cancer biol-
ogy and is subject to regulation by multiple molecular path-
ways. We evaluated the expression of nitric oxide synthase
(NOS) III and its relationship with the angiogenic phenotype
and expression of the transcription factor Sp1, as well as their
effect on survival in patients with gastric cancer.

Methods. The NOS III expression level and tumor
microvessel density (MVD) status were determined via im-
munohistochemistry, using archived tissue specimens from
86 resected gastric cancer cases; these findings were then
correlated with Spl expression and clinicopathological
features.

Results. NOS 111 protein expression was significantly higher in
both primary tumors and lymph node metastases than in nor-
mal gastric mucosa. In primary tumors, NOS III expression
correlated highly with Sp1 expression (P = 0.001) and MVD
status (P = 0.001). Patients with strong Sp1 expression were
more likely to have strong NOS III expression (15 times)
and a high MVD (7 times) than were those with negative
Spl expression. In univariate survival analyses, strong
NOS III expression (P = 0.042), strong Spl expression
(P = 0.007), and a high MVD (P = 0.036) were associated
with worse survival. However, when patients’ NOS III and
Sp1 expression levels, MVD status, disease stage, complete-
ness of resection, Lauren’s classification, and age were entered
in a Cox proportional hazards model, only strong NOS III (P
= 0.019) and Sp1 expression (P = 0.029) and advanced dis-
ease stage (P = 0.006) were independently prognostic of poor
survival.

Conclusion. Our results indicated that the expression of NOS
III, a potential downstream effector of Spl, may play an
important role in tumor angiogenesis and aggressiveness in
gastric cancer.
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Introduction

Endothelial nitric oxide synthase (NOS; eNOS, or NOS
III), a Ca?"-dependent isoform that was first found in
vascular endothelial cells, oxidizes L-arginine to gener-
ate L-citrulline and NO [1,2]. Expression of NOS III has
been found in other types of cells, such as airway epithe-
lial, neuronal, and certain tumor cells [3-5]. It has been
shown that NO generated by NOS III regulates blood
pressure, platelet aggregation, leukocyte adherence,
and vascular smooth muscle cell mitogenesis and angio-
genesis [6-8]. For example, NO increases angiogenesis
in ischemic murine tissues [9], while NOS III inhibitors
impair angiogenesis in granulation tissue during gastric
ulcer healing [10,11]. NO is also vital to the activity of
proangiogenic cytokines, such as vascular endothelial
growth factor [12-14]. Concerning tumor angiogenesis,
many studies have suggested that sustained NO produc-
tion at a low level in solid tumors can sustain tumor
growth through enhanced vascular permeability, in-
creased blood flow, and increased vascularization due to
stimulation of endothelial cell growth and migration
[12,15,16]. NO may mediate these angiogenic processes
predominantly via NOS III activation [12,15,16]. Along
with these findings, irregular NOS III expression by
tumor cells has been linked with increased tumor angio-
genesis and metastasis [8,12,17].

Increased NOS III expression has been noted in the
vasculature of various tumor tissues when compared
with that in normal and nontumorigenic tissue samples,
including breast [18], bladder [19], colorectal [20,21],
brain [22], and pancreatic [23] cancers, while expression
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of NOS III and its potential roles in human gastric
cancer remain unclear [24,25]. Aberrant expression of
NOS III has also been noted in certain tumor cells, such
as colon adenocarcinoma and astrocytoma cells [3-
5,26]. However, the mechanisms for aberrant NOS III
expression in tumor cells and tumor-associated endot-
helial cells are largely unknown. Regulation of NOS III
expression can occur in a transcriptional, posttranscrip-
tional, and posttranslational manner [3-5,27]. Increas-
ing evidence suggests that NOS III expression, although
constitutive, can be regulated by various hormones,
cytokines, and growth factors, and by genetic alter-
ations, such as oncogene activation and tumor sup-
pressor inactivation [3-5,27]. Significantly, many tumors
often exhibit aberrant expression of these factors and
genetic alterations, and these molecular changes often
transmit signals through Sp1, which is critical to NOS III
expression [5,28-31]. Therefore, we hypothesize that
Sp1 activation is a common signaling intermediate lead-
ing to altered NOS III expression in tumors.

Spl is a sequence-specific DNA-binding protein that
is important to the transcription of many cellular and
viral genes that contain GC boxes in their promoter.
Additional transcription factors similar to Spl in their
structural and transcriptional properties (Sp2, Sp3, and
Sp4) have been cloned, resulting in the formation of an
Spl multigene family [32,33]. Because Spl is a critical
transcription factor for many genes that are key to the
regulation of multiple aspects of tumor biology, abnor-
mal Spl expression and activation may contribute to
gastric cancer development and progression. Among
other lines of evidence supporting this notion [34-36],
we recently showed that Sp1 is overactivated in human
gastric cancer [37] and pancreatic cancer [38]. In
addition, expression of Spl predicts survival in gastric
cancer patients [37]. However, it is unknown whether
Sp1 overactivation confers an elevated angiogenic phe-
notype to gastric cancer cells, at least in part through
elevated NOS III expression and activation.

In the present study, we examined the expression
of NOS III and its relationship with the angiogenic
phenotype of and Spl expression in tissue specimens
obtained from patients with resected gastric cancer
and their impact on the patients’ survival duration.
We found that NOS III overexpression, most likely
through abnormal Spl activation, contributed directly
to tumor angiogenesis and the overall aggressive biol-
ogy of gastric cancer, and that these two entities are
potential molecular markers for poor prognosis in
gastric cancer.

Patients, materials, and methods

Human tissue specimens and patient information

We used human gastric cancer tissue specimens pre-
served in the Gastric Cancer Tissue Bank, and we ob-
tained information about the patients from the bank’s
comprehensive database at The University of Texas M.
D. Anderson Cancer Center. Primary gastric cancer
in these patients was diagnosed and treated at M. D.
Anderson Cancer Center from 1985 to 1998. The
patients had a well-documented clinical history and
follow-up information. None of them underwent preop-
erative chemotherapy and/or radiation therapy. Eighty-
six cases were selected to represent all of the stages and
histological types of malignant gastric cancer for this
study. All of the patients had undergone gastrectomy
with lymph node dissection. All of them were also ob-
served at M. D. Anderson through the end of 1999. The
median follow-up duration was 25.7 months. At the last
follow-up examination, 30 patients were still alive, while
56 patients had died. Tissue specimens from 86 primary
tumors, 53 lymph node metastases, and 57 normal gas-
tric tissues obtained from patients without gastric can-
cer were included in this study. The patients consisted of
56 men and 30 women, and their mean age was 62 years.
Proximal cancer localization was observed in 20 cases.
Fifty-three patients had an intestinal-type Lauren’s
histological classification, while 33 had a diffuse-type
classification. Details of the patient characteristics are
provided in Table 1.

Immunohistochemistry

Sections  (5-um-thick) of formalin-fixed, paraffin-
embedded tumor specimens were deparaffinized in xy-
lene and rehydrated in graded alcohol. Antigen retrieval
was performed with 0.05% saponin for 30min at room
temperature. Endogenous peroxidase was blocked us-
ing 3% hydrogen peroxide in phosphate-buffered saline
(PBS) for 12min. The specimens were incubated with a
protein-blocking solution, consisting of PBS (pH 7.5)
containing 5% normal horse serum and 1% normal goat
serum, for 20min at room temperature and then incu-
bated at 4°C in a 1:200 dilution of a rabbit polyclonal
antibody against human Sp1 (clone PEP2) or a 1:100
dilution of a rabbit polyclonal antibody against human
NOS III (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). The samples were then rinsed and incubated with
peroxidase-conjugated anti-rabbit IgG for 1h at room
temperature. Next, the slides were rinsed with PBS and
incubated for Smin with diaminobenzidine (Research
Genetics, Huntsville, AL, USA). The sections were
washed three times with distilled water, counterstained
with Mayer’s hematoxylin (Biogenex Laboratories, San
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Table 1. Patient characteristics and NOS III expression in 86 patients with resected

gastric cancer

Number of patients

NOS III expression

Parameter All Negative Weak Strong P value
Sex
Male 56 10 31 15 NS
Female 30 11 15 4
Age, years 62 (14) 65 (12) 59 (15)  65(12) NS
Mean (SD)
AJCC stage
I 14 3 6 5 NS
1T 28 11 11 6
111 30 3 22 5
v 14 4 7 3
Completeness of resection
RO 69 17 37 15 NS
R1,R2 17 4 9 4
Pathology type
Papillary 12 4 5 3 NS
Tubular 28 6 13 9
Diffuse 8 2 5 1
Mucinous 5 2 2 1
Signet ring 21 5 14 2
Mixed 12 2 7 3
Lauren’s histology
Intestinal 53 13 27 13 NS
Diffuse 33 8 19 6

Pearson’s %? test was performed to determine the statistical significance of the relationships of

NOS III expression with various parameters

Ramon, CA, USA), and washed once each with distilled
water and PBS. Afterward, the slides were mounted
using a Universal Mount (Research Genetics) and ex-
amined using a bright-field microscope. A positive reac-
tion was indicated by a reddish-brown precipitate in
the nuclei (Sp1) or cytoplasm (NOS III) [25,26]. Depen-
ding on the percentage of positive cells and staining
intensity, Spl and NOS III stainings were classified into
three groups: negative, weak, and strong expression.
Specifically, the percentage of positive cells was divided
into five grades (percentage scores): 0 (<10%), 1 (10%-—
25%),2 (26%-50%), 3 (51%-75%),and 4 (>75%). The
staining intensity was divided into four grades (intensity
scores): 0 (no staining), 1 (light brown), 2 (brown), and 3
(dark brown). Spl staining positivity was determined
using the following formula: overall score = percentage
score -intensity score. Overall scores of =3, >3-=6, and
>6 were defined as negative, weak, and strong expres-
sion, respectively [37].

Western blot analysis

Whole-cell lysates were prepared from human normal
and gastric cancer tissue specimens. Four paired normal

gastric and gastric tumor tissue specimens were selected
from the patients with known expression levels of Spl
and NOS 111, as confirmed by immunostaining, with the
tissue specimens showing similar percentages of tumor
epithelial cells present relative to stroma. Standard
Western blotting was performed using a polyclonal
rabbit antibody against human Sp1 (clone PEP2; Santa
Cruz Biotechnology); a polyclonal rabbit antibody
against human NOS III; and anti-rabbit IgG, a horse-
radish peroxidase-linked F(ab'), fragment obtained
from a donkey (Amersham Life Sciences, Arlington
Heights, IL, USA). Equal protein-sample loading
was monitored by incubating the same membrane filter
with an anti-B-actin antibody [37]. The probe proteins
were detected using the Amersham enhanced chemilu-
minescence system according to the manufacturer’s
instructions.

Quantification of tumor microvessel density (MVD)

For CD34 staining, tissue sections were processed and
stained with a 1:100 dilution of a monoclonal goat
anti-CD34 antibody (PECAM1-M20; Santa Cruz Bio-
technology) and peroxidase-conjugated anti-goat IgG
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and then counterstained with Mayer’s hematoxylin
(Biogenex Laboratories). The slides were mounted with
the sections and examined using a bright-field micro-
scope. A positive reaction was indicated by a reddish-
brown precipitate in the cytoplasm. For quantification
of tumor MVD, the vessels on each section were
counted in five high-power fields (X200 magnification
[%20 objective, X10 ocular]). The MVD levels
were divided into three groups: low (<50), moderate
(50-100), and high (>100), as described previously
[37].

Statistical analysis

The two-tailed 2 test was performed to determine the
significance of the difference between the covariates.
Survival durations were calculated using the Kaplan-
Meier method. The log-rank test was used to compare
the cumulative survival durations in the patient groups.
Also, the Cox proportional hazards model was used to
compute univariate and multivariate hazards ratios for
the study parameters. The patients’ levels of Spl and
NOS III expression, MVD, age, sex, Lauren’s histologi-
cal classification, disease stage American Joint Commit-
tee on Cancer (AJCC), and completeness of surgical
resection (RO versus R1 and R2) were included in the
model. In all of the tests, a P value less than 0.05 was
defined as statistically significant. The SPSS software
program (version 11.05; SPSS, Chicago, IL, USA) was
used for the analyses.

Results

NOS Il expression in normal human gastric mucosa,
tumor tissue, and metastatic lymph nodes

NOS III expression was evaluated in the primary tumor
tissue of all 86 patients via immunohistochemistry.
NOS III expression was classified as strong, weak, and
negative in 21 (24%), 46 (54%), and 19 (22%) cases,
respectively (Table 1). No significant differences in
the distribution of the patients according to sex, race/
ethnicity, tumor location, type of resection, residual dis-
ease status, extent of lymphadenectomy, or Lauren’s
histological classification were detected in the three
NOS III expression categories. When NOS III expres-
sion was compared among normal mucosa, primary
tumors, and metastatic lymph nodes, there was signifi-
cantly higher NOS III expression in both primary tu-
mors and metastatic lymph nodes than in normal gastric
mucosa (Fig. 1). The samples with known NOS IIT ex-
pression were further selected for confirmation of NOS
IIT protein expression, using Western blot analysis. As
shown in Fig. 2, NOS III protein expression was higher
in primary tumors than in normal mucosa.
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Fig. 1. Nitric oxide synthase (NOS III) protein expression in
human normal gastric mucosa, primary gastric cancer, and
metastatic lymph nodes. Immunohistochemical staining was
performed, using a specific anti-NOS III antibody, on the
tissue sections of 86 gastric cancer, 53 metastatic lymph node,
and 57 normal human gastric tissue specimens. Overall, lymph
node metastasis specimens exhibited the highest level of NOS
III expression (P < 0.001), and tumor tissue specimens had a
much higher level of NOS III expression than adjacent normal
tissue specimens did (P < 0.001)
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Fig. 2. NOS III and Sp1 protein expression in human gastric
cancer tissue. Whole-cell protein extracts were prepared from
four paired normal gastric (N) and gastric tumor tissue (7))
specimens obtained from the patients with NOS III and Spl
expression detected via immunostaining (immunohistochemi-
cal [I[HC] scores in italics). The level of expression of NOS 11
and Sp1 protein was determined, using Western blot analysis,
with 10-ug whole-cell protein extracts. Equal protein-sample
loading was monitored by hybridizing the same membrane
filter with an anti-f-actin antibody. The level of both NOS III
and Sp1 protein expression was significantly elevated in tumor
tissue compared with that in normal tissue
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Table 2. Correlation of NOS III expression, Spl expression, and MVD status in

primary gastric cancer?

NOS III status

Negative Weak Strong P value

Spl expression

Negative 9 7 1 0.001

Weak 9 31 8 —

Strong 3 8 10 —
MVD status

Low 2 7 1 0.001

Moderate 16 25 4 —

High 3 14 14 —

aPearson’s y? test was performed to determine the statistical significance of the relationship of
NOS III expression with Spl expression and MVD status

Association of NOS III expression with Spl expression
and MVD

Next, we determined the relationship between NOS 11T
and Spl expression, as described previously [37]. NOS
IIT expression was highly correlated with Spl expres-
sion (P = 0.001). Similarly, NOS III expression was
significantly correlated with the tumor MVD (P =
0.001; Table 2). These findings were further confirmed
via analysis of consecutive sections, in which we found
that the pattern of NOS III expression was consistent
with that of Sp1 expression and the tumor MVD (Fig.
3). These data provided clinical evidence supporting
our hypothesis that aberrant Spl activation causes in-
creased angiogenesis through the overexpression of
various angiogenic molecules, such as NOS III.

To further test the association of NOS III expression
with Sp1l expression and MVD status, we performed an
ordinal logistic regression analysis, in which MVD sta-
tus or Spl expression was the response variable, with
three levels as we described previously (coded 0 for low,
1 for moderate, and 2 for high MVD; and 0 for negative,
1 for weak, and 2 for strong Sp1 expression) [37]. Table
3 shows that patients with gastric cancer who had a
strong level of NOS III expression were 15 times more
likely to have strong Spl expression when compared
with those who had negative NOS III expression, a
difference which was statistically significant (P = 0.017).
Similarly, patients with gastric cancer who had strong
NOS III expression were seven times more likely to
have a high MVD when compared with those who had
weak NOS III expression (P = 0.027). These results
suggest critical roles for NOS III and Spl in tumor
angiogenesis.

Effect of NOS III expression on patient survival

The median survival durations in patients who had a
tumor with negative, weak, and strong NOS III expres-

Table 3. Odds ratios of strong NOS III expression according
to Spl expression and MVD status?

Odds ratio (95% CI) P value

Spl expression

Negative 1.0 (Referent) —

Weak 3.2 (0.4-27.7) 0.291

Strong 14.5 (1.6-130.4) 0.017
MVD status

Low 1.0 (Referent) —

Moderate 0.9 (0.1-8.8) 0.912

High 7.4 (0.8-65.8) 0.027

2Odds ratio of strong NOS III expression in the weak and strong Spl
expression and moderate and high MVD groups compared with that
in the negative Spl expression and low MVD groups

sion were 64, 24, and 7 months, respectively. Elevated
NOS III expression was associated with an inferior
survival duration (P = 0.042; Table 4). As reported
previously, the impact of Spl expression (P = 0.007)
and MVD status (P = 0.036) on survival duration was
also statistically significant. Other parameters that af-
fected survival in the univariate analyses included the
AJCC stage (P < 0.001) and completeness of resection
(P = 0.0002). Neither the patients’ age at diagnosis (as
a continuous variable according to the univariate Cox
proportional hazards analysis) nor their Lauren’s histo-
logical classification had a statistically significant effect
on survival (P = 0.0605).

The patients’ NOS III expression level, Spl expres-
sion level, MVD status, disease stage, completeness of
resection, age, and Lauren’s histological classification
were entered into a Cox proportional hazards model for
multivariate analysis (Table 5). Adjustments for the
effect of covariates, strong NOS III expression (P =
0.019), strong Sp1 expression (P = 0.029), and advanced
disease stage (P = 0.006) were independent predictors
of poor survival. The odds ratio in the group with strong
NOS III expression (3.6; 95% confidence interval [CI],
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Fig. 3. Localization of NOS III and Sp1 protein expression in human gastric cancer tissue. Tissue sections were prepared from

formalin-fixed, paraffin-embedded gastric cancer specimens.

Immunohistochemical staining was performed using specific anti-

bodies against Sp1, CD34, and NOS III. The pictures were taken at different magnifications (<50, X100, and x200). Of note is
that strong Sp1 expression directly correlated with strong NOS III expression and high microvessel density (MVD) status

1.23-10.49) was significantly higher than that in the
group with negative NOS III expression (referent).
Additionally, there was a trend toward worse survival in
patients with a high tumor MVD. The odds ratios in the
groups with moderate and high tumor MVD were 1.1
and 1.6, respectively, which were higher than that in the
group with a low tumor MVD. However, this difference
was not statistically significant. Neither the patients’ age
at diagnosis, completeness of resection, nor Lauren’s

histological classification had a statistically significant
effect on survival in the multivariate analyses.

Discussion
In the present study, we found that elevated NOS III

expression in human gastric cancer was found predomi-
nantly in tumor vascular endothelial cells and coincided
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Table 4. Univariate survival analysis®

Parameter Median survival (months) P value

NOS III expression

Negative 64 0.0420
Weak 24
Strong 7
Spl expression
Negative 44 0.0070
Weak 38
Strong 8
Tumor MVD status
Low 64 0.0360
Moderate 37
High 14
AJCC stage
I 91 <0.0010
II 64
111 23
v 9
Completeness of resection
RO 41 0.0002
R1, R2 11
Lauren’s histology
Intestinal 41 0.0605
Diffuse 15
Age (continuous variable) 0.7010
*Estimated using the Cox proportional hazards model
Table 5. Multivariate survival analysis®
Parameter Multivariate odds ratio (95% CI) P value
NOS III expression
Negative 1.0 (Referent)
Weak 1.6 (0.63-3.99) 0.331
Strong 3.6 (1.23-10.49) 0.019
Spl expression
Negative 1.0 (Referent)
Weak 1.5 (0.62-3.75) 0.352
Strong 3.1 (1.12-8.80) 0.029
Tumor MVD status
Low 1.0 (Referent)
Moderate 1.1 (0.40-2.76) 0.917
High 1.6 (0.51-4.85) 0.431
AJCC stage
I 1.0 (Referent)
II 2.3 (0.65-8.16) 0.200
111 7.6 (2.39-24.01) 0.006
v 12.7 (2.96-54.41) 0.006
Completeness of resection
RO 1.0 (Referent)
R1 and R2 1.5 (0.63-3.49) 0.375
Lauren’s histology
Intestinal 1.0 (Referent)
Diffuse 1.6 (0.66-3.99) 0.297
Age (continuous variable) 1.0 (0.97-1.00) 0.859

aHazards ratios estimated using the multivariate Cox proportional hazards model
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with Spl overexpression predominantly in tumor epi-
thelial cells. The NOS III expression level was directly
correlated with the tumor MVD status and inversely
correlated with patient survival. In a multivariate analy-
sis, strong NOS III and Sp1 expressions were indepen-
dent predictors of poor survival, while tumor MVD was
not.

Previous studies have documented NOS III expres-
sion in human gastric cancer [24,25]. Although NOS III
protein expression has been observed in both epithelial
and vascular endothelial cells in tumor tissue samples,
including those from breast [18,39], bladder [19,40,41],
colorectal [20,42], brain [22,43,44], and pancreatic [23]
cancers, we found that it was predominantly localized
in the vasculature of gastric cancer tissue. This is consis-
tent with previous findings in gastric tumor tissue
samples [24,25]. The potential roles of NOS III in
human cancer development and progression are un-
known in gastric cancer and quite controversial in other
types of cancer [18-24,39-44]. For example, in human
breast cancer, NOS III appears to be expressed in tumor
epithelial cells, and its presence is negatively correlated
with histological grade and lymph node status [18]; how-
ever, others have found that NOS III protein expression
is restricted to vascular endothelial cells in all tumor
specimens, without a significant difference from that in
normal tissues and with no correlation with the tumor
grade [39]. In human supratentorial astrocytic tumors,
astrocytic tumor vessels possess higher NOS III activity,
resulting in NO production, than do normal vessels, and
expression of NOS III is significantly correlated with
histological grade and proliferative potential [22]. In
oligodendrogliomas, however, there is sparse expres-
sion of NOS III in tumor cells, but rich expression of it
in vascular endothelial cells in both the tumor and sur-
rounding tissue, independent of tumor grade [43]. This
finding in patients with oligodendroglioma is consistent
with recent findings showing that NOS III is expressed
sporadically in tumor cells but expressed at a higher
level in vascular endothelial cells in the tumor itself,
peritumoral area, and metastases in patients with a glial
neoplasm; this expression does not indicate brain tumor
differentiation or malignancy, however [44].

In gastric cancer, the initial studies using immunobhis-
tochemical staining found a marked reduction of NOS
IIT expression in tumor tissue as compared with that
in normal tissue [24,45], although a recent study using
Western blot analysis did not find a significant differ-
ence in NOS III expression between normal gastric
mucosa and gastric cancer [25]. In the present study,
NOS III expression was higher in gastric cancer tissues
than in normal tissues in Western blot analysis. This was
confirmed via immunostaining. In addition, NOS III
expression in the areas of high MVD (i.e., “hot spots”)
was uniformly higher than that in normal tissues. The

apparent discrepancy between our study and previous
reports may be due to multiple factors. One possibility
is the methods used for detecting NOS III expres-
sion. NOS III expression is highly heterogeneous in
tumor tissues. NOS activity measurement and NOS III
immunoblotting may only reflect the overall NOS III
expression in tumor tissues. In addition, the tumor tis-
sues and sample sizes of tissue specimens selected may
have contributed to the inconsistent results. For ex-
ample, we noticed increased NOS III expression in
“normal” gastric mucosa that was evidently inflamed
(data not shown). The ratios between tumor epithelium
and stroma can also affect the overall NOS III expres-
sion level. These factors can be easily overlooked when
the collected tissue samples are grounded for NOS
IIT activity measurement and immunoblotting. In our
study, all of the samples used for Western blot analysis
were confirmed via histology, and only samples with
similar ratios of tumor epithelium versus stroma and
without significant inflammation were used.

Although NOS III expression has been implicated in
tumor biology, its impact is unknown in gastric cancer.
While NOS III protein expression was detected in all
gastric cancer specimens and was not different from that
in normal gastric mucosa, the quantity of NOS III in
gastric cancer tissues appeared to be negatively corre-
lated with serosal invasion [25]. Other reports have
suggested that the level of NOS III expression is not
associated with the disease stage [45]. In the present
study, we did not find a significant association between
NOS III expression and disease stage. However, we did
find a highly significant negative correlation between
NOS III expression and patient survival. This may re-
flect the role of NOS III in the regulation of vascular
structure and function. Specifically, NO produced by
NOS III may increase tumor blood-vessel formation
(angiogenesis) and vessel dilatation, thus increasing the
blood supply to the tumor [8,12,15-17]. This is consis-
tent with the results of several experimental studies
[17,46,47]. Our studies thus provide supportive evi-
dence that increased NOS III expression and NO pro-
duction can contribute to gastric cancer development
and progression.

Angiogenesis is essential for tumor growth and me-
tastasis [48] and has been considered the most impor-
tant prognostic indicator for predicting overall survival
[49]. Numerous lines of evidence have shown that
tumor angiogenesis, as quantitated according to the
MVD, plays a significant clinicopathological role in pa-
tients with several types of tumors [50-54]. However,
the clinicopathological role of MVD in gastric cancer
development and progression remains largely unclear.
MVD does serve as an indicator of poor prognosis
[55,56]. Specifically, a high MVD is significantly and
positively associated with deep tumor invasion and dis-
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tant metastasis. Moreover, the overall survival duration
in patients with a high MVD has been found to be
significantly lower than that in patients with alow MVD
[56-59]. In addition, a recent study demonstrated a sta-
tistically significant correlation between MVD and the
two main histological parameters: tumor grade and his-
tological type according to the Lauren’s classification.
In well- and moderately differentiated tumors, the
MVD has been shown to be significantly lower than that
in poorly differentiated tumors. Also, the MVD has
been shown to be higher in diffuse-type gastric cancer
than in intestinal-type disease [60]. However, in a mul-
tivariate analysis, the MVD status was not an indepen-
dent prognostic factor and did not necessarily reveal
any prognostic significance [58], although vascular inva-
sion was an independent prognostic factor in the Cox
proportional hazards model [61]. In the present study,
we found that the MVD, as determined via CD34 stain-
ing, was not an independent prognostic factor in multi-
variate analysis. However, NOS III expression, which
closely correlates with MVD, was an independent prog-
nostic factor predicting poor survival. It is not clear why
NOS III expression is superior to MVD as a prognostic
factor. Interestingly, not all endothelial cells of tumor-
associated vessels expressed NOS III, which was more
prominently seen in the vessels surrounding but not
infiltrating a tumor (data not shown). It is not clear
whether the patterns of NOS III indicate the functional
status of the tumor vascular system. Moreover, we
found direct clinical evidence of a strong correlation
between the expression of NOS III and the expression
of Sp1, which has been demonstrated to be an indepen-
dent prognostic factor [37]. This finding suggests that
NOS III is a critical downstream target gene, as de-
scribed previously [5,28-31]. Because aberrant expres-
sion of NOS III has been noted in certain tumor cells
[3-5], it is highly probable that Sp1 activation leads to
altered NOS III expression in tumors, including both
tumor epithelial and endothelial cells. Further studies
will be needed to determine whether abnormally acti-
vated Spl expression contributes directly to tumor
angiogenesis and overall aggressive tumor biology via
NOS III expression, and whether Sp1 represents a po-
tentially useful molecular marker for selecting patients
with a poor prognosis to receive more aggressive preop-
erative or adjuvant therapy in a clinical trial.

In summary, we found that the level of NOS III ex-
pression was directly correlated with the status of tumor
MVD and Spl expression, both of which are closely
related to the postoperative prognosis for gastric can-
cer. We further demonstrated that abnormal NOS III
expression is a potential risk factor for poor prognosis
and directly relates to gastric cancer angiogenesis and
progression. Therefore, preoperative determination of
the NOS III level may be useful in selecting the modal-

ity and deciding on the extent of postoperative therapy.
Further investigation of the molecular mechanism by
which the NOS III signaling pathway regulates gastric
cancer development and progression and whether this
pathway is a therapeutic target for controlling gastric
cancer growth and metastasis is warranted.
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