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Using immunohistochemical staining, the present study was conducted to examine

whether cyclooxygenase (COX)-2 and inducible nitric oxide synthase (iNOS) affect

angiogenesis in early-stage esophageal squamous cell carcinoma (ESCC). We also

analyzed the correlation between these two factors. Cyclooxygenase 2, iNOS, and

angiogenesis in early-stage ESCC are unclear. Using 10 samples of normal squamous

epithelium, 7 samples of low-grade intraepithelial neoplasia (LGIN), and 45 samples of

superficial esophageal cancer, we observed the expression of COX-2 and iNOS. We then

investigated the COX-2 and iNOS immunoreactivity scores and the correlation between

COX-2 or iNOS scores and microvessel density (MVD) using CD34 or CD105. The

intensity of COX-2 or iNOS expression differed significantly according to histological

type (P , 0.001). The scores of COX-2 and iNOS were lowest for normal squamous

epithelium, followed in ascending order by LGIN, carcinoma in situ and tumor invading

the lamina propria mucosae (M1-M2 cancer); and tumor invading the muscularis mucosa

(M3) or deeper cancer. The differences were significant (P , 0.001). Cancers classified M1-

M2 (P , 0.01 and P , 0.05, respectively); M3; or deeper cancer (P , 0.01) had significantly
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higher COX-2 and iNOS scores than normal squamous epithelium. There was a

significant correlation between COX-2 and iNOS scores (P , 0.001, rs¼0.51). Correlations

between COX-2 score and CD34-positive MVD or CD105-positive MVD were significant

(rs ¼ 0.53, P , 0.001; rs ¼ 0.62, P , 0.001, respectively). Inducible nitric oxide synthase

score was also significantly correlated with CD34 MVD and CD105 MVD (rs¼ 0.45, P ,

0.001; rs¼ 0.60, P , 0.001, respectively). Chemoprevention of COX-2 or iNOS activity may

blunt the development of ESCC from precancerous lesions.
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The depth of invasion of superficial esophageal
carcinoma is expressed in accordance with the

sub-classification criteria of the Japan Esophageal
Society (Guidelines for clinical and pathologic
studies on carcinoma of the esophagus).1

Angiogenesis is essential for cancer progression
in order to supply nutrients and oxygen, and
remove metabolic waste. Understanding the mech-
anism of angiogenesis, especially during the early
stage of cancer progression, may uncover new
targets for treatment or prevention.

We have previously reported in detail the use of
microvessel density (MVD) as a feature of early-
stage esophageal squamous cell carcinoma (ESCC)
revealed by immunostaining using CD34 and
CD105.2 In that report, we mentioned that MVD
based on CD34 and CD105 immunostaining in-
creased according to the grade of atypia or depth of
ESCC progression, and also that these findings were
correlated with the morphological features of
microvessels at the surface of superficial ESCC
observed by magnifying endoscopy.

As a subsequent step, we examined the angio-
genic factors that induced these newly recruited
capillaries at the early stage of ESCC progression.
Based on a review of the literature, we had
previously reported the profiles of these angiogenic
factors, and proposed a hypothesis of ‘‘multi-step
angiogenesis.’’3,4 It was found that low-grade
intraepithelial neoplasia (LGIN) showed weak
expression of cyclooxygenase (COX)-2, whereas
carcinoma in situ showed strong expression.5 This
pattern of COX-2 expression appears to be unique,
because the majority of angiogenic factors, such as
vascular endothelial growth factor6 and matrix
metalloproteinase,7 show peak expression in inva-
sive cancer. Accordingly, we considered that COX-2
and its related angiogenic factors may play an
important role in promoting morphological change
in the microvasculature at the early stage of cancer
progression. Cyclooxygenase-2 and inducible nitric

oxide synthase (iNOS) are two critical inducible
enzymes showing increased expression in many
human cancers, including ESCC.8,9 Their metabo-
lites, prostaglandin E2 (PGE2) and nitric oxide
(NO), can affect cell proliferation, differentiation,
and angiogenesis.10 Expression of the genes for
COX-2 and iNOS is correlated in human lung,
colon, prostate, pancreas, and gastric cancers.11–15

In an animal model of ESCC, Chen et al16,17 also
reported a correlation between COX-2 and iNOS.
However, to our knowledge, there have been no
detailed reports mentioning the correlation be-
tween COX-2 and iNOS in early-stage human
ESCC. In the present study, using a series of
samples of normal squamous epithelium, LGIN,
and superficial ESCC that we2 used previously to
investigate MVD using CD34 and CD105 immuno-
staining, we analyzed the immunohistochemical
correlation between COX-2 and iNOS expression,
and the correlation between these two angiogenic
factors and MVD.

Materials and Methods

The study was performed under a protocol ap-
proved by our hospital ethics committee.

Tissue samples

We employed 62 samples from 47 patients who
underwent histological examination at Saitama
Medical Center, Saitama Medical University, be-
tween 2006 and 2012. The tissue samples com-
prised 10 specimens of normal squamous
epithelium, 7 specimens of LGIN, and 45 speci-
mens of esophageal cancer (M1: 12 lesions; M2: 7
lesions; M3: 7 lesions; tumor invading the upper
third of the submucosal layer [SM1]: 5 lesions;
tumor invading the middle third of the submucosal
layer [SM2]: 3 lesions; tumor invading the lower
third of the submucosal layer [SM3]: 11 lesions).
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Tissue samples were obtained by esophageal
biopsy (n ¼ 4), endoscopic resection (n ¼ 14), or
esophagectomy (n ¼ 44). We excluded specimens
from patients who had undergone radiotherapy
and/or chemotherapy before lesion resection. In
order to evaluate MVD, we also excluded cases
where it was not possible to observe the lamina
propria mucosae or submucosa in biopsy samples.
We selected 10 samples of normal squamous
epithelium that were located distantly from the
cancer lesion in esophagectomy specimens.

Pathological diagnosis was made according to the
Guidelines for Clinical and Pathologic Studies on
Carcinoma of the Esophagus (10th edition).18

Sections were cut from 3-mm–wide step-sec-
tioned blocks of endoscopic resection specimens,
or from 5-mm–wide blocks obtained from surgically
resected esophagi, and stained with hematoxylin
and eosin (H&E).

We divided the specimens into four different
histological types (i.e., normal squamous epitheli-
um, LGIN, M1-M2 cancer, and M3 or deeper
cancer).

Immunohistochemical staining

Tissue samples fixed in 10% formalin and embed-
ded in paraffin were cut into sections 4-lm thick and
mounted on slides.

Details of the protocols used for CD34 and CD105
immunostaining and quantification of MVD were
described in our previous report.2

For cyclooxygenase 2 and iNOS immunostaining,
after dewaxing and dehydration, the sections were
pretreated using an autoclave in citrate buffer (pH
6.0) at 1218C for 15 minutes for immunostaining
with anti-COX-2 antibody (clone CX229, diluted
1:100, overnight, Cayman Chemical Co, Ann Arbor,

Michigan) and anti-iNOS antibody [rabbit polyclon-
al antibody (ab3523), diluted 1:200, 30 minutes,
Abcam Co, Cambridge, Massachusetts], which was
performed using a highly sensitive indirect immu-
noperoxidase technique (Histofine Simple stain
MAX-PO, Nichirei, Tokyo, Japan) with diaminoben-
zidine as the chromogen, followed by hematoxylin
counterstaining.

Quantification of COX-2 and iNOS

In each section, three high-power fields (3400) were
selected. In all cases, including submucosal cancer,
the invasive front of cancer infiltration was studied.
The results were expressed as the percentage of
cells counted that showed positive immunostain-
ing for COX-2 or iNOS (Fig. 1). The intensity of
staining was estimated on a scale from 0 to 3 (0:
negative; 1: weak; 2: moderate; 3: strong). The
immunoreactivity score was determined by multi-
plying the percentage of positive cells by the
staining intensity score. All assessments were
performed by 2 investigators (YK, MH) who were
blinded to the clinical data. A final consensus was
achieved between the 2 investigators using a
multiheaded microscope.

Statistical analysis

Data are expressed as median and range. Spear-
man’s rank correlation test was applied for
examining correlations between variables. Differ-
ences between groups were analyzed by Kruskal-
Wallis test followed by Dunn’s test. Differences at P
, 0.05 were considered significant. Computations
were performed using a statistical software pack-
age (StatFlex, version 6.0, Artech Co, Osaka,
Japan).

Fig. 1 (a) Immunohistochemical

detection of COX-2 (3400).

Cyclooxygenase 2 expression was

detected in the cytoplasm and around

the nuclei of cancer cells. The percentage

of positive cells in this picture was

84.6%. (b) Immunohistochemical

detection of iNOS (3400). Inducible

nitric oxide synthase expression was

also detected in the cytoplasm and

around the nuclei of cancer cells. The

percentage of positive cells in this

picture was 52.8%.
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Results

MVD after immunostaining for CD34 and CD1052

The median MVD (range) for CD34 staining in the

normal esophageal mucosa, LGIN, M1-M2 cancer,

and M3 or deeper cancer was 24.8 (12.7–69.7); 36.0

(20.0–55.3); 47.3 (24.3–80.0); and 55.3 (23.0–115.7),

respectively. Microvessel density assessed on the

basis of CD34 positivity was lowest for normal

squamous epithelium, followed in ascending order

by LGIN, M1-M2 cancer, and M3 or deeper cancer,

the correlation being significant but weak (P ,

0.001, rs ¼ 0.51).

The median MVD (range) for CD105 immuno-

staining in normal esophageal mucosa, LGIN, M1-

M2 cancer, and M3 or deeper cancer was 0.5 (0–2.5),

7.0 (0–17.5), 13.0 (5.0–19.5), and 22.0 (4.0–65.0),
respectively. Microvessel density assessed on the

basis of CD105 positivity was also lowest for normal

squamous epithelium, followed in ascending order
by LGIN, M1-M2 cancer, and M3 or deeper cancer,

the correlation being significant and strong (P ,

0.001, rs ¼ 0.76).

Fig. 2 Immunohistochemical detection

of COX-2 (a–d) and iNOS (e–h). Normal

esophageal mucosa ([a, e]: negative for

both COX-2 and iNOS, 3200); Low-

grade intraepithelial neoplasia ([b, f]:

weak staining for both COX-2 and iNOS,

3200); M2 cancer ([c, g]: moderate

staining for both COX-2 and iNOS,

3200); and submucosal cancer ([d, h]:

strong staining for both COX-2 and

iNOS, 3200). Expression of both COX-2

and iNOS was detected in the cytoplasm

and around nuclei of epithelial cells or

cancer cells.
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COX-2 and iNOS expression in normal and neoplastic
squamous tissue of the esophagus

The intensity and percentage of COX-2 staining for
each histological type and depth of cancer invasion
are summarized in Table 1. Cyclooxygenase 2
expression was detected in the cytoplasm and
around nuclei of epithelial cells or cancer cells. In
normal squamous epithelium, 30 regions of 10 cases
were analyzed. Expression of COX-2 was observed
in one region with weak expression in normal
squamous epithelium. Thirteen of 21 regions
(61.9%) of LGIN, 41 of 57 regions (71.9%) of M1-
M2 cancer, and 65 of 78 regions (83.3%) of M3 or
deeper cancer revealed positive COX-2 expression.
Strong expression was observed in 6 regions (7.7%)
of M3 or deeper cancer. The differences in intensity
of COX-2 expression among the histological types
were significant (P , 0.001), whereas no such
differences in the percentage of positive cells was
observed among the histological types (Fig. 2a–2d).

The intensities and percentages of iNOS staining
for each of the histological types and depths of cancer
invasion are summarized in Table 2. Inducible nitric
oxide synthase expression was also detected in the

cytoplasm and around nuclei of epithelial cells or
cancer cells. Expression of iNOS was observed in 4
out of 30 regions with weak expression in normal
squamous epithelium. Thirteen of 21 regions (61.9%)
of LGIN, 46 of 57 regions (80.7%) of M1-M2 cancer,
and 77 of 78 regions (98.7%) of M3 or deeper cancer
showed positive iNOS expression. Strong expression
was observed in 3 regions (3.8%) of M3 or deeper
cancer. The differences in intensity of iNOS expres-
sion among the various histological types were
significant (P , 0.001) (Fig. 2e–2h). There were
significant differences in the percentages of positive
cells among the various histological types (P , 0.001).

COX-2 and iNOS immunoreactivity scores

The COX-2 and iNOS scores for the various
histological types are shown in Fig. 3. The median
COX-2 score (range) for normal esophageal mucosa,
LGIN, M1-M2 cancer, and M3 or deeper cancer was
0.0 (0.0–0.0); 0.04 (0.0–1.20); 0.41 (0.0–1.86); and 0.50
(0.0–2.97), respectively (Fig. 3a). The cyclooxygenase
2 score was lowest for normal squamous epithelium,
followed in ascending order by LGIN, M1-M2
cancer, and M3 or deeper cancer, and the difference

Table 1 Expression of COX-2 in normal and neoplastic squamous tissues of the esophagus

COX-2, intensity of positive cells COX-2, percentage of positive cells

Negative Weak Moderate Strong 0–25 26–50 51–75 76–100

Normal squamous epithelium (n ¼ 30) 29 1 — — — — — —
LGIN (n ¼ 21) 8 8 5 — — — — —
M1-M2 cancer (n ¼ 57) 16 26 15 — — — — —
M3 or deeper cancer (n ¼ 78) 13 38 21 6 — — — —
Normal squamous epithelium (n ¼ 10) — — — — 10 — — —
LGIN (n ¼ 7) — — — — 5 1 1 —
M1-M2 cancer (n ¼ 19) — — — — 9 4 3 3
M3 or deeper cancer (n ¼ 26) — — — — 10 3 6 7

v2 test: P , 0.001.

v2 test: P ¼ 0.09.

Table 2 Expression of iNOS in normal and neoplastic squamous tissues of the esophagus

iNOS, intensity of positive cells iNOS, percentage of positive cells

Negative Weak Moderate Strong 0–25 26–50 51–75 76–100

Normal squamous epithelium (n ¼ 30) 26 4 — — — — — —
LGIN (n ¼ 21) 8 13 — — — — — —
M1-M2 cancer (n ¼ 57) 11 40 6 — — — — —
M3 or deeper cancer (n ¼ 78) 1 55 19 3 — — — —
Normal squamous epithelium (n ¼ 10) — — — — 10 — — —
LGIN (n ¼ 7) — — — — 5 1 1
M1-M2 cancer (n ¼ 19) — — — — 9 1 1 8
M3 or deeper cancer (n ¼ 26) — — — — — 3 4 19

v2 test: P , 0.001.
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Fig. 3 (a) Correlation between COX-2

score and each histological type.

Kruskal-Wallis test; P , 0.001, Post hoc

Dunn’s test. * P , 0.01. (b) Correlation

between iNOS score and each

histological type. Kruskal-Wallis test. P

, 0.001, Post hoc Dunn’s test. * P , 0.01.

** P , 0.05. (c) Correlation between

COX-2 score and iNOS score (P , 0.001,

rs ¼ 0.51).
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was significant by Kruskal-Wallis test (P , 0.001).
Cancers classified as M1-M2 (P , 0.01) and M3 or
deeper (P , 0.01) both showed a significantly higher
score than that for normal squamous epithelium by
post-hoc Dunn’s test.

The median iNOS score (range) for normal
esophageal mucosa, LGIN, M1-M2 cancer, and M3
or deeper cancer was 0.0 (0.0–0.5); 0.01 (0.0–0.98);
0.33 (0.0–1.58); and 1.0 (0.30–3.0), respectively (Fig.
3b). Inducible nitric oxide synthase score was also
lowest for normal squamous epithelium, followed
in ascending order by LGIN, M1-M2 cancer, and M3
or deeper cancer, and the difference was significant
by Kruskal-Wallis test (P , 0.001). Cancers M1-M2
(P , 0.05) and M3 or deeper cancer (P , 0.01) also
showed significantly higher scores than normal
squamous epithelium by post-hoc Dunn’s test.

Spearman’s rank correlation test demonstrated a
statistically significant positive relationship between
COX-2 and iNOS scores (P , 0.001, rs¼ 0.51; Fig. 3c).

Correlation between COX-2 score or iNOS score and
MVD based on CD34 or CD105 immunostaining

Correlations between COX-2 score and CD34-posi-
tive MVD or CD105-positive MVD are shown in Fig.

4. Spearman’s rank correlation test demonstrated a
significant correlation between COX-2 score and
both CD34 MVD and CD105 MVD (rs ¼ 0.53, P
,0.001 and rs¼ 0.62, P , 0.001, respectively).

Similarly, iNOS score revealed a significant
correlation in terms of both CD34 MVD and
CD105 MVD (rs ¼ 0.45, P , 0.001 and rs ¼ 0.60, P
, 0.001, respectively; Fig. 5).

Discussion

The esophagus is the only organ where morpholog-
ical changes in the superficial microvasculature
from normal squamous epithelium to invasive
cancer can be observed using magnifying endosco-
py in vivo.19–22 Inoue et al reported the terminal
capillary inside the epithelial papillae of the normal
squamous epithelium named intra-papillary capil-
lary loop (IPCL).19 In cancers classified M1 or M2,
the IPCLs at the tumor surface retain the shape of
normal squamous epithelium and shows dilation
and elongation. At the surface of M3 or deeper
cancer, the newly developed tumor vessels appear
dilated and irregularly branched, with a shape that
obviously differs in comparison with the IPCL-like

Fig. 4 Correlation between COX-2 score and (a) CD34 or (b) CD105 MVD (rs¼ 0.53, P , 0.001 and rs¼ 0.62, P , 0.001, respectively).
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capillaries of M1 or M2 cancer. Japanese endosco-
pists currently apply these features for diagnosing
the depth of tumor invasion, and in this context,
high accuracy of preoperative magnifying endosco-
py has been reported.20–22 Considering these obser-
vations, we compared the four different categories
of normal squamous epithelium, LGIN (borderline
malignancy), M1 and M2 cancer, and M3 or deeper
cancer.

Using cancerous and precancerous lesion of the
esophagus, Shamma et al5 reported that the COX-2
immunoreactivity score was highest in high-grade
dysplasia, and then gradually decreased according
to cancer progression (at the present time, ‘‘high-
grade dysplasia’’ is considered to be ‘‘high-grade
intraepithelial neoplasia’’ in the Japanese classifica-
tion,1 which is included in ‘‘M1 and M2 cancer’’ in
the present report). Our present study revealed
positive staining for 71.9% of COX-2 and 80.7% of
iNOS among M1, M2 regions. Furthermore, the
intensity of the positive cells and immunoreactivity
scores for both COX-2 and iNOS increased in
ascending order from normal squamous epithelium
to invasive cancer. In addition, M1 and M2 cancer or
M3 or deeper cancer showed significantly higher
immunoreactivity scores for COX-2 and iNOS than

normal squamous epithelium. These results suggest
that switching of both COX-2 and iNOS expression
is activated at the early stage of cancer progression.

In order to assess MVD, we employed 2 different
antibodies: anti-CD34 antibody and anti-endoglin/
CD105 antibody. Anti-CD34 antibody is a panendo-
thelial marker that stains whole microcapillaries
including newly formed and pre-existing vascula-
ture.23,24 Endoglin (CD105), a member of the
transforming growth factor 1 receptor complex, is
well acknowledged to be the most reliable marker of
endothelial cell proliferation, and is overexpressed
on tumor vessels.25 Here we observed a significant
and marginally strong correlation between the
immunoreactivity scores for COX-2 or iNOS and
both CD34 or CD105 MVD. This result suggests that
COX-2 and iNOS from cancer cells induce angio-
genesis from the early stage of ESCC progression.

Nitric oxide (NO) is synthesized from the amino
acid L-arginine by a family of enzymes known as
nitric oxide synthases (NOS). There are at least 3
NOS isoenzymes responsible for NO production in
cells, each being the product of a distinct gene.
Neuronal NOS26 and endothelial NOS27 are consti-
tutively expressed in neurons and endothelial cells,
whereas inducible NOS (iNOS) is produced by

Fig. 5 Correlation between iNOS score and (a) CD34 or (b) CD105 MVD (rs¼ 0.45, P , 0.001 and rs¼ 0.60, P ,0.001, respectively).
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neutrophils, macrophages, epithelial cells, and other
cell types.28 Increased NO progression by tumor
cells plays a critical role in cancer development. The
iNOS enzyme has been implicated in carcinogene-
sis,29 tumor angiogenesis and cancer progression30

and metastasis.31

Prostaglandin endoperoxide synthase, synony-
mous with COX, catalyzes the formation of
prostanoids including prostaglandins A2, D2, E2,
F2a, I2, J2, and thromboxaneA2.32 Two cyclooxygen-
ase genes, COX-1 and COX-2, have been identified.
Increased levels of COX-2 have been reported in
carcinomas of the colon, stomach, breast, esopha-
gus lung liver, and pancreas.8,10,11–15 Cyclooxygen-
ase 2 is important for tumorigenesis because
prostaglandins, especially prostaglandin E2, affect
cell proliferation, differentiation, apoptosis, angio-
genesis, and metastasis.10

Nitric oxide produced by iNOS has been reported
to enhance the activity of COX-2.33 Several possible
mechanisms to explain the interaction of COX-2 and
iNOS have been proposed. Expression of iNOS and
COX-2 is controlled by transcription factors includ-
ing the activator protein (AP)-1 complex. Activator
protein 1 is composed of the Jun family (c-Jun, Jun-B,
and Jun-D) and the Fos family (c-Fos, Fos-B, Fra-1,
and Fra-2), which regulate the expression of iNOS
and COX-2 by binding to their promoter sequences.34

In addition, NO (the product of iNOS) influences its
intracellular targets through stimulation of guanylyl
cyclase by directly binding to iron in heme at the
active site of guanylyl cyclase,35 or S-nitrosylation of
protein targets on appropriate cysteines.36 Because
COX-2 has heme at its active site37 and contains 13
cysteines,38 these are the possible targets. Further-
more, it has been shown that iNOS binds specifically
to COX-2 and that S-nitrosylates it, thus enhancing
COX-2 catalytic activity.39

Our data also revealed a significant correlation
between the immunoreactivity scores for iNOS and
COX-2. To our knowledge, this is the first report to
indicate a significant correlation between COX-2
and iNOS at the early stage ESCC progression,
suggesting that inhibition of COX-2 and iNOS might
be a possible target for treatment or prevention.

One example of such an approach is COX-2
inhibition, which has previously been investigated
for chemoprevention of several other cancers in-
cluding colon cancer.40,41 Inhibition of COX-2 results
in suppression of neovascularization and regression
of solid tumors, especially those in the early stages.
Several reports have suggested that COX-2 expres-
sion is upregulated in ESCC and that inhibition of

this enzyme results in a significant reduction of
tumor growth.42

More recently, cancer chemoprevention using a
‘‘food-based’’ approach has been emerging as an
alternative to the use of single compounds. Black
raspberries down-regulate COX-2, iNOS, c-Jun, and
vascular endothelial growth factor with reduced
levels of PGE2 in the esophagus, and this is
correlated with reduced levels of MVD.16,17

Endoscopic mucosal resection (EMR) or endo-
scopic submucosal dissection (ESD) is unequivocal-
ly indicated for the treatment of early-stage ESCC.43

However, it is important to pay special attention to
metachronous, multiple esophageal cancers in pa-
tients after EMR or ESD, because the entire
esophagus could be a source of new lesions
including metachronous cancers.44,45 As described
above, our present series revealed a high frequency
of positive staining for both COX-2 and iNOS in M1,
M2 lesions. In addition, M1 and M2 lesions of our
series showed significantly high immunoreactivity
scores for both COX-2 and iNOS.

Chemoprevention of COX-2 or iNOS may blunt
the development of precancerous lesions to cancer-
ous lesions. Thus, a chemopreventive approach after
endoscopic treatment may reduce the frequency of
occurrence of metachronous cancer.

Acknowledgments

We thank Tomoyuki Kawada for his advice and
confirmation of statistical analysis. This work was
supported by a grant from Saitama Medical Uni-
versity.

References

1. Japan Esophageal Society. Japanese classification of esopha-

geal cancer, tenth edition: part 1. Esophagus 2009;6(1):1–25

2. Kumagai Y, Sobajima J, Higashi M, Ishiguro T, Fukuchi M,

Ishibashi K et al. Angiogenesis in superficial esophageal

squamous cell carcinoma: assessment of microvessel density

based on immunostaining for CD34 and CD105. Jpn J Clin

Oncol 2014;44(6):526–533

3. Kumagai Y, Toi M, Kawada K, Kawano T. Angiogenesis in

superficial esophageal squamous cell carcinoma: magnifying

endoscopic observation and molecular analysis. Dig Endosc

2010;22(4):259–267

4. Kumagai Y, Toi M, Inoue H. Dynamism of tumour vascula-

ture in the early phase of cancer progression: outcomes from

oesophageal cancer research. Lancet Oncol 2002;3(10):604–610

COX-2, iNOS, AND ANGIOGENESIS IN ESOPHAGEAL SCC KUMAGAI

Int Surg 2015;100 741

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access



5. Shamma A, Yamamoto H, Doki Y, Okami J, Kondo M,

Fujiwara Y et al. Up-regulation of cyclooxygenase-2 in

squamous carcinogenesis of the esophagus. Clin Cancer Res

2000;6(4):1229–1238

6. Li SL, Gao DL, Zhao ZH, Liu ZW, Zhao QM, Yu JX et al.

Correlation of matrix metalloproteinase suppressor genes

RECK, VEGF, and CD105 with angiogenesis and biological

behavior in esophageal squamous cell carcinoma. World J

Gastroenterol 2007;13(45):6076–6081

7. Ohashi K, Nemoto T, Nakamura K, Nemori R. Increased

expression of matrix metalloproteinase 7 and 9 and mem-

brane type 1-matrix metalloproteinase in esophageal squa-

mous cell carcinomas. Cancer 2000;88(10):2201–2209

8. Ratnasinghe D, Tangrea J, Roth MJ, Dawsey SM, Anver M,

Kasprzak BA et al. Expression of cyclooxygenase-2 in human

squamous cell carcinoma of the esophagus; an immunohis-

tochemical survey. Anticancer Res 1999;19(1A):171–174

9. Tanaka H, Kijima H, Tokunaga T, Tajima T, Himeno S,

Kenmochi T et al. Frequent expression of inducible nitric oxide

synthase in esophageal squamous cell carcinomas. Int J Oncol

1999;14(6):1069–1073.

10. Dubois RN, Abramson SB, Crofford L, Gupta RA, Simon LS,

Van De Putte LB et al. Cyclooxygenase in biology and disease.

FASEB J 1998;12(12):1063–1073

11. Yuan A, Yu CJ, Shun CT, Luh KT, Kuo SH, Lee YC et al. Total

cyclooxygenase-2 mRNA levels correlate with vascular

endothelial growth factor mRNA levels, tumor angiogenesis

and prognosis in non-small cell lung cancer patients. Int J

Cancer 2005;115(4):545–555

12. Calviello G, Di Nicuolo F, Gragnoli S, Piccioni E, Serini S,

Maggiano N et al. n-3 PUFAs reduce VEGF expression in

human colon cancer cells modulating the COX-2/PGE2

induced ERK-1 and -2 and HIF-1alpha induction pathway.

Carcinogenesis 2004;25(12):2303–2310

13. Mukherjee R, Edwards J, Underwood MA, Bartlett J. The

relationship between angiogenesis and cyclooxygenase-2

expression in prostate cancer. BJU Int 2005;96(1):62–66

14. Eibl G, Bruemmer D, Okada Y, Duffy JP, Law RE, Reber HA et

al. PGE2 is generated by specific COX-2 activity and increases

VEGF production in COX-2-expressing human pancreatic

cancer cells. Biochem Biophys Res Commun 2003;306(4):887–897

15. Ichinoe M, Mikami T, Shiraishi H, Okayasu I. High

microvascular density is correlated with high VEGF, iNOS

and COX-2 expression in penetrating growth-type early

gastric carcinomas. Histopathology 2004;45(6):612–618

16. Chen T, Rose ME, Hwang H, Nines RG, Stoner GD. Black

raspberries inhibit N-nitrosomethylbenzylamine (NMBA)-

induced angiogenesis in rat esophagus parallel to the

suppression of COX-2 and iNOS. Carcinogenesis 2006;27(11):

2301–2307

17. Chen T, Hwang H, Rose ME, Nines RG, Stoner GD.

Chemopreventive properties of black raspberries in N-nitro-

somethylbenzylamine-induced rat esophageal tumorigenesis:

down-regulation of cyclooxygenase-2, inducible nitric oxide

synthase, and c-Jun. Cancer Res 2006;66(5):2853–2859

18. The Japan Esophageal Society. Japanese classification of

esophageal cancer, tenth edition: part 2 and 3. Esophagus

2009;6(2):71–94

19. Inoue H, Honda T, Yoshida T, Nishikage T, Nagahama Y, Yano

K et al. Ultra-high magnification endoscopy of the normal

esophageal mucosa. Dig Endosc 1996;8(2):134–138

20. Inoue H, Honda T, Nagai K, Kawano T, Yoshino K, Takeshita

K et al. Ultra-high magnification endoscopic observation of

carcinoma in situ. Dig Endosc 1997;9(1):16–18

21. Kumagai Y, Inoue H, Nagai K, Kawano T, Iwai T. Magnifying

endoscopy, stereoscopic microscopy and the microvascular

architecture of the superficial esophageal carcinoma. Endos-

copy. 2002;34(5):369–375

22. Arima M, Arima H, Tada M, Tanaka Y. Diagnostic accuracy of

tumor staging and treatment outcomes in patients with

superficial esophageal cancer. Esophagus 2007;4(4):145–153

23. Tomisaki S, Ohno S, Ichiyoshi Y, Kuwano H, Maehara Y,

Sugimachi K. Microvessel quantification and its possible

relation with liver metastasis in colorectal cancer. Cancer 1996;

77(suppl 8):1722–1728

24. Vartanian RK, Weidner N. Endothelial cell proliferation in

prostatic carcinoma and prostatic hyperplasia: correlation

with Gleason’s score, microvessel density, and epithelial cell

proliferation. Lab Invest 1995;73(6):844–850

25. Li SL, Gao DL, Zhao ZH, Liu ZW, Zhao QM, Yu JX et al.

Correlation of matrix metalloproteinase suppressor genes

RECK, VEGF, and CD105 with angiogenesis and biological

behavior in esophageal squamous cell carcinoma. World J

Gastroenterol 2007;13(45):6076–6081

26. Garthwaite J, Charles SL, Williams CR. Endothelium-derived

relaxing factor release on activation of NMDA receptors

suggests role as intercellular messenger in brain. Nature 1988;

336(6197):385–388

27. Moncada S, Higgs A. The L-arginine-nitric oxide pathway. N

Engl J Med 1993;329(27):2002–2012

28. Lala PK, Orucevic A. Role of nitric oxide in tumor

progression: lessons from experimental tumors. Cancer

Metastasis Rev 1998;17(1):91–106

29. Lala PK. Significance of nitric oxide in carcinogenesis, tumor

progression and cancer therapy. Cancer Metastasis Rev 1998;

17(1):1–6

30. Ambs S, Merriam WG, Ogunfusika MO, Bennett WP, Ishibe

N, Hussain SP et al. p53 and vascular endothelial growth

factor regulate tumor growth of NO2-expressing human

carcinoma cells. Nat Med 1998;4(12):1371–1376

31. Shi Q, Huang S, Jiang W, Kutach LS, Ananthaswamy HN, Xie

K. Direct correlation between nitric oxide synthase II

inducibility and metastatic ability of UV-2237 murine fibro-

KUMAGAI COX-2, iNOS, AND ANGIOGENESIS IN ESOPHAGEAL SCC

742 Int Surg 2015;100

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access



sarcoma cells carrying mutant p53. Cancer Res 1999;59(9):

2072–2075

32. Taketo MM. Cyclooxygenase-2 inhibitors in tumorigenesis

(part I). J Natl Cancer Inst 1998;90(21):1529–1536

33. Nogawa S, Forster C, Zhang F, Nagayama M, Ross ME,

Iadecola C. Interaction between inducible nitric oxide

synthase and cyclooxygenase-2 after cerebral ischemia. Proc

Natl Acad Sci U S A 1998;95(18):10966–10971

34. Chen LC, Chen BK, Chang JM, Chang WC. Essential role of c-

Jun induction and coactivator p300 in epidermal growth

factor-induced gene expression of cyclooxygenase-2 in hu-

man epidermoid carcinoma A431 cells. Biochim Biophys Acta

2004;1683(1–3):38–48

35. Braughler JM, Mittal CK, Murad F. Effects of thiols, sugars,

and proteins on nitric oxide activation of guanylate cyclase. J

Biol Chem 1979;254(24):12450–12454

36. Jaffrey SR, Erdjument-Bromage H, Ferris CD, Tempst P,

Snyder SH. Protein S-nitrosylation: a physiological signal for

neuronal nitric oxide. Nat Cell Biol 2001;3(2):193–197

37. Garavito RM, Mulichak AM. The structure of mammalian

cyclooxygenases. Annu Rev Biophys Biomol Struct 2003;32:183–

206

38. Kennedy TA, Smith CJ, Marnett LJ. Investigation of the role of

cysteines in catalysis by prostaglandin endoperoxide syn-

thase. J Biol Chem 1994;269(44):27357–27364

39. Kim SF, Huri DA, Snyder SH. Inducible nitric oxide synthase

binds, S-nitrosylates, and activates cyclooxygenase-2. Science

2005;310(5756):1966–1970

40. Kalgutkar AS, Crews BC, Rowlinson SW, Garner C, Seibert K,

Marnett LJ. Aspirin-like molecules that covalently inactivate

cyclooxygenase-2. Science 1998;280(5367):1268–1270

41. Marrogi A, Pass HI, Khan M, Metheny-Barlow LJ, Harris CC,

Gerwin BI. Human mesothelioma samples overexpress both

cyclooxygenase-2 (COX-2. and inducible nitric oxide synthase

(NOS2): in vitro antiproliferative effects of a COX-2 inhibitor.

Cancer Res 2000;60(14):3696–3700

42. Li M, Wu X, Xu XC. Induction of apoptosis by cyclo-

oxygenase-2 inhibitor NS398 through a cytochrome C-

dependent pathway in esophageal cancer cells. Int J Cancer

2001;93(2):218–223

43. Kuwano H, Nishimura Y, Ohtu A, Kato H, Kitagawa Y, Tamai

S et al. Guidelines for diagnosis and treatment of carcinoma of

the esophagus April 2007 edition: part 1 Edited by the Japan

Esophageal Society. Esophagus 2008;5(2):61–73

44. Teoh AY, Chiu PW, Wong SK, Ng EK. Multifocal neoplasia

and nodal metastases in T1 esophageal carcinoma: implica-

tions for endoscopic treatment. Ann Surg 2010;251(1):186–187

45. Urabe Y, Hiyama T, Tanaka S, Oka S, Yoshihara M, Arihiro K

et al. Metachronous multiple esophageal squamous cell

carcinomas and Lugol-voiding lesions after endoscopic

mucosal resection. Endoscopy 2009;41(4):304–309

COX-2, iNOS, AND ANGIOGENESIS IN ESOPHAGEAL SCC KUMAGAI

Int Surg 2015;100 743

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-07 via free access


