American Joumal of Gastroenterology ISSN 0002-8270
© 2004 by Am. Coll. of Gastroenteralogy doi: 10.11114.1572-0241.2004.30733.x
Published by Blackwell Publishing

Significance of Macrophage Chemoattractant Protein-1
Expression and Macrophage Infiltration in Squamous Cell

Carcinoma of the Esophagus

Naochiko Koide, M.D., Akihito Nishio, M.D., Toshiyuki Sato, M.D., Atsushi Sugiyama, M.D,,

and Shin-ichi Miyagawa, M.D.

Department of Surgery, Shinshu University School of Medicine, Matsumoto; and Depariment of Surgery,
Nagano Redcross Hospital, Nagano, Japan

OBJECTIVES: Macrophage chemoattractant protein-1 (MCP-1) is a chemokine-Inducing inflitration of
macrophages, which can play several roles in tumor growth and metastasis, We have
attempted to clarify the relationship between MCP-1 expression and macrophage
infiltration In esophageal squamous cell carcinoma (SCC).

METHODS: Paraffin-embedded sections of tissue samples taken from 56 patients with esophageal
SCC after curative surgery were Immunohistochemically stalned for MCP-1,, CC chemokine
receptor 2 (CCR-2), and thymidine phosphorylase (TP). Macrophage recruitment in SCC
was evaluated by monocytic count based on CD68 immunostaining, Microvessels
Immunostalned for Factor Vill-related antigen were counted in SCC, and microvessel
density (MVD) was determined. Ki-67 labeling index was calculated based on KI-67
immunostaining, and an apoptotic index was calculated based on the terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate biotin nick end labeling.

RESULTS: MCP-1 was expressed in cancer cells of 31 SCC (55.4%) and in stromal cells malnly
identified as macrophages of 16 SCC (28.6%). CCR-2 was expressed In stromal cells of all
SCC and In vascular endothelial celis of 15 SCC (26.8%). There was a slgnificant
correlation between the expression of MCP-1 in cancer cells and of CCR-2 In stromal cells.
TP was expressed in stromal cells in 76.7% af the SCC. Monocytlc count, MVD, and KI-67
LI In SCC with MCP-1 expression In cancer cells were higher than that without, and
apoptotic Index in SCC with MCP-1 expression In cancer cells were lower than that
without. Furthermore, the monocytic count was positively correlated with MVD, while it
was Inversely correlated with apoptotic Index. Clinlcopathologically, MCP-1 expression in
cancer cells was correlated with venous Invaslon, distant metastas!s, and lymph node
metastasls. Monocytic count In SCC with venous invaslon, distant metastasls, or lymph
node metastasis was higher than that without them. Five-year survival rate in the patients
with high monocytic count or MCP-1 expression was worse than that with a iow monocytic
count or without MCP-1 expression.

CONCLUSICNS: These results suggest that MCP-1 expression and macrophage inflitration is assoclated
with angiogenlc promeotion in esophageal SCC. MCP-1 expression may be interactively
assoclated with macrophage Infiltration In esophageal SCC; MCP-1 may play an important
role in tumor angiogenesis through production of angiogenic factors, such as TP, by
recruited macrophages In esophageal 5CC. Furthermore, CCR-2 expression n vascular
endothelial cells may participate partially in anglogenesls. Clinicopathologically,
esophageal SCC patlents with MCP-1 expression have no favorable prognosis.

{Am J Gastroenterol 2004;99:1667-1674)

INTRODUCTION turmor and stromal cells is essential for angiogenesis and tu-

mor growth, Some of these stromal cells have been identified
Angiogenesis in tumor stroma plays a key role in tumor  astumor-associated macrophages, and they play an important
growth, invasion, and metastasis, and is stimulatcd by scveral — role in tumor growth, invasion, and metastasis (3). Tnfiltrating
angiogenic factors and cytokines relcasing from tumor cells  macrophages in tumor stroma are regulated by several kinds
and/or stromal cells (1, 2). Furthermore, interaction between  of cytokines and growth factors (4, 5), including macrophage
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chemoattractant protein-1 (MCP-1) (6). MCP-1 is a member
of C-C chemokines (6), and possesses chemataxic activity.
for macrophages (7). MCP-1 has been reported to be upreg-
ulated in several tumors (8, 9). Furthermore, MCP-{ may be
an indicator of angiogenesis becausc MCP-| gene transfec-
tion in tumor cells promotes angiogenesis, and MCP-1 trans-
fection induces angiogenesis (10). In addition, MCP-1 may
also have a direct effect on tumor angiogenesis by inducing
chemotaxis of endothelial cells, as evidenced by the detection
of CC chemokine receptor-2 (CCR-2), which is a receptor
for MCP-1 in these cells. Thymidine phosphorylase (TP) is
an angiogenic factor that is identified as platelet-derived en-
dothelial cell growth factor (11, 12). In several tumors, such
s breast cancer (13), TP was expressed in tumor-associated
macrophages, and TP expression participates in tumor an-
giogenesis and metastasis. On the other hand, angiogenesis
influences proliferation and apoptosis in tumors. However, it
is not yet well known how MCP-1, which may be an angio-
genic promoter, influences apoptosis and celf preliferation in
tumors.

In squamous cell carcinoma (SCC) of the ¢sophagus, it has
already becn reported that vascular endothelial cell growth
factor (VEGF) (14) and TP (15) are major components of
angiogenic factors, and their expression is associated with
angiogenesis, a high incidence of distant metastasis, and a
poor progonosis of patients. In the present study, MCP-1
expression in esophageal SCC was immunochistochemically
examined, and the significance of MCP-1 expression and
macrophage infiltration as well as the relationship between
them were investigated in esophageal SCC. Furthermore, the
refationship between TP and MCP-1 expression, and the rela-
tionship between MCP-1 expression and apoptosis/cell pro-
liferation were investigated in esophageal SCC.

MATERIALS AND METHODS

Patients and Tissue Preparation

Tissue samples of esophageal SCC were obtained from 56
patients who underwent esophagectomy with curative intent,
without having received preaperative chemotherapy and ra-
diotherapy, between 1989 and 1998 in the Department of
Surgery, Shinshu University Hospital. These tissues were
fixed in 10% formalin buffered with phosphate at pH 7.4 and
embedded in paraffin. Sertal sections were made and mounted
on poly L-lysine-coated glass slides, Routine histopatholog-
ical examination was performed to determine histological
differentiation, depth of invasion, presence of Iymph node
metastasis, and lymphatic and venous invasion according to
the TNM classification (16).

Immunostaining for MCP-1, CCR-2, and TP

The avidin-biotin complex (ABC) method was used for MCP-
1 immunostaining. The immunostaining was performed
using anti-human MCP-1 monoclonal antibody (5D3-F7,
Pharmingen, San Diego, CA) diluted 50-fold. Sections
immersed in citrate buffer were treated in a microwave

oven before the staining procedure. CCR-2 immunostain-
ing was performed using anti-human CCR-2 monoclonal
antibody (48607.121; Genzyme/Techne, MN) diluted 100-
fold. TP immunostaining was performed using 2 mouse
anti-TP IgG antibody (clone 654-1; Nippon Roche Research
Center, Kamakura, Japan) (17) diluted 500-fold accord-
ing to the ABC method. Visualization of the immunore-
action for MCP-1, CCR-2, and TP was performed with
the staining medium for peroxidase containing 0.05% 3,3'-
diaminobenzidine tetrachloride. For negative controls, non-
immunized mouse immunoglobulin-G was substituted for
primary antibody at the same concentration as the test an-
tibody in every run.

Expression of MCP-1 and TP in cancer or stromal cells was
characterized as negative or positive, according to the extent
of the immunostaining. If immunoreactivity of MCP-1 and
TP was randomly expressed, it was judged to be positive when
more than 10% of cancer cells were stained in each section.
In well x? and moderately differentiated SCC, the reaction
was judged by excluding the keratinized portion localized at
the central part of the cancer nest, called cancer pear]. MCP-1
and TP cxpression of stromal cells in SCC was judged to be
positive if more than 10% of stromal cells were stained in
each section.

Immunostaining and Count of Microvessely

Microvessels in SCC tissue were immunostained by the ABC
method using rabbit antthuman factor Vill-related antigen
polyclonal antibody (Dako, Glostrup, Denmark) diluted 300-
fold. Microvessel count was performed according to the
method of Maeda ef a/. (18). Briefly, the factor VIII-stained
scctions were screened at five-fold magnification under a
microscope to identify the areas of highest vascular den-
sity within SCC uissue. Microvessels in cancer stroma were
counted in the five areas with the highest density at 200-fold
magnification. Microvessel density (MVD) was expressed as
the average of the microvessel count in these arcas.

Immunostaining for CD68 Antigen and Monocytic Count
Macrophages were identified by positive immunostaining
for CD68 antigen. CD68 immunostaining was performed
by the ABC method using monoclonal antibody KP1 (Dzko
Patts, Copenhagen, Denmark) dituted 100-fold. For counting
macrophages in esophageal SCC, a method similar to that
used to determine MVD was performed. After sereening at
low magnification under a microscope, five areas with a high
density of CD68-positive stromal monocytes were selected,
and CD68-positive stromal monocytes were counted at 200-
fold magnification, and takcn as the monocytic count.

Ki-67 Immunostaining and TUNEL

Ki-67 immunostaining was performed by the ABC method
using anti-Ki-67 monoclonal antibody (MIB-1; Immunotech.
S.A., Marseille, France) dituted 100-fold. Sections were
treated ina microwave oven before the staining procedure. Vi-
sualization of the immunoreaction was performed with DAB,
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Figure 1. lmmunchistochemical findings. (4) Macrophage chemoattractant protein-1 (MCP-1) immunostaining, Not only squameous cell
carcinoma (SCC) cells but infiltrating stromal cells revealed a positive reaction for MCP-1, (B) CC Chemokine receptor-2 {CCR-2) imtmunos-
taining. Stromal cells revealed a positive reaction for CCR-2, as did vascular endothelial cells occasionally. {C) Tymidine phosphorylase (TP)
immunostaining. TP was expressed in cancer and stromal cells. (D) CD 68 immunostaining. Stromal eells infiltrated in SCC mainly showed a
positive reaction for CD 68, Most of these cells showed CD 68-positive reaction, (E) Factor Vill-related antigen immunostaining. A positive
rcaction for Factor VilI-related antigen is observed in the microvessels in the tumor stroma. (F) Ki-67 immunostaining, Ki-67-positive
reaction is obscrved in the nuclei of the eancer cells. () TUNEL. A TUNEL-pesitive reaction is observed in the condenscd nuclei of the
cancer cells,
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Table 1. Relationship Between MCP-1 and TP Expression of Cancer
Cells and/or Stromal Cells

MCP-1 Expression
Stweomal Cells

I[P Expression Cancer Cells

in Stromal Cells  Positive Negative p Value Positive Nepative p Value

Positive 28 15 0.009 15 28 0.054
Negative 3 10 1 12

MCP-1, inecrophage chemoativactant protem-1; TR, Unmidine phosphorylase.

A dark accumulation of DAB in the nuclei was judged to in-
dicate a positive reaction for Ki-67. The percentage of cancer
cells with nuclei stained for Ki-67, the Ki-67-labeling index,
was calculated for each section on the basis of staining of
about 2,000 cancer cell nuclei.

Terminal deoxynucleetidyl transferase-mediated de-
oxyuridine triphosphate—biotin nick end labeling {TUNEL)
was performed according to the method of Gavrieli et al.
(19), and briefly used subsequent reactions with proteinase
K (20 mg/ml, Dako), and terminal deoxynucleotidyl trans-
ferase (6.75 x 10—2 unit/ml, Life Sciences, St. Peters-
burg, FL) and biotinylated deoxyuridine triphosphate (3.75
pM/ml, Enzo Diagnosis, New York). The TUNEL reaction
was visualized with DAB. Dark accumulation of DAR in
the cells (nuclei and apoptotic bodies) was judged to indi-
cate a positive reaction to TUNEL. When a few apoptotic
bodies were clustered in a portion of a section, this aggre-
gate was judged to have originated from an apoptotic cell
and was counted as one apoptotic cell. The rate of TUNEL-
positive cells (apoptotic index) was calculated for each sec-
tion by examining about 2,000 cancer cells, excluding the
keratinized portion (cancer pearl) in the central part of the
carcinoma nests in the well x2 and moderatcly differentiated
ScCC.

Statistical Analysis

The clinicopathological features and the histochemical re-
sults were analyzed by the x? test or the Mann-Whitney test.
The significance of correlation among the monocytic count,
MVD, apoptotic index, and Ki-67 labeling index was evalu-
ated by Pearson’s analysis. Survival rates were analyzed by
the Cox-Mantel test. Statistical significance was defined as
p < 0.05,

RESULTS

Expression of MCP-1, CCR-2, and TP

In esophageal SCC, a positive reaction for MCP-1 was re-
vealed in the cytoplasm of cancer cells and/or infiltrating
stromal cells (Fig. 1A). Thirty-one SCC (55.4%) and 16
SCC (28.6%) were positive for MCP-1 in cancer and stro-
mal cells, respectively. There was a significant correlation
between MCP-1 expressionin cancer and stromal cells. CCR-
2 was expressed in infiltrating stromal cells in all SCC,
and occasionally, in vascular endothelial cells in 15 SCC
(26.8%).

TP was expressed in both cancer cells and stromal cetls,
which are considercd to be mainly macrophages (Fig. 1B)
because most of them showed CD68-positive staining. TP
expression in the stromal cells was observed in 43 of 56 SCC
{76.8%). There was a significant correlation berween MCP-1
expression in cancer cells and TP expression in stromal cells
(Table 1).

MCP-1 Expression and Monocytic Count/Microvessel
Count/Ki-67 Labeling Index/Apoptotic Index

Monocytic count and MVD were calculated in the immunos-
tained sections (Figs. 1C and D). Monocytic count in SCC
with MCP-1 expression in cancer or stromal cells was higher
than that without (Table 2). MVD in SCC with MCP-1 expres-
sion in cancer or stromal cells was higher than that without
it,

Ki-67 labeling index was calculated in the sections that
were immunostained (Fig. 1E). Ki-67 labeling index in SCC
with MCP-1 expression in cancer cells was higher than that
without, while there was no diffetence between SCC with
and without MCP-1 cxpression in stromal cells (Table 2).
The apoptotic index was calculated in the sections stained by
TUNEL (Fig. 1F). The apoptotic index in SCC with MCP-1
expression in cancer cells was lower than that without, while
there was no difference between SCC with and without MCP-
1 expression in stromal cells (Table 2).

Correlations between monocytic count and MVD, Ki-67
labeling index, and apoptotic index are shown in Figure 2,
There was a significant correlation between monocytic count
and MVD, and there was an inverse correlation between
monocytic count and apoptotic index,

Table 2. MCP-1 Expression and Histochemical Results in Esophageal SCC

MCP-1 Expression

Cancer Cells Stromal Cells
Positive Negative Positive Negative
Variablc (n=31) {n=25) p Value {n=16) (n =40) p Value
Monocytic count 2541 & 84.3c 126.7 + 73.5¢ <0.0001 25893 92.% 172.6 £ 95.1¢ 0.004
Microvessel density 33.0+10.0¢ 195+ 890 <(0.0001 327+£101e 2474115 0.0175
Ki-67 labeling index 53.5£7.5b 486 + 10.0¢ 0.04 498 £ 7.20 51.8 £ 9.60 0.38
Apoptotic index 1.40 £ 0.6¢c 1.90 £ 0.63 0.0013 1.50 £ 0.65 1.70 &+ 0.69 0.368

MUCT-1, macrophage chemoattracrant protein-1.
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Figure 2. Relationships among monocytic count, microvessel density, Ki-67 labeling index, and apoptotic index, (4) Monocytic count and
microvessel density, (B) Monocytic count and Ki-67 labeling index. {C) Monoeytic count and apoptotic index. (D} Apoptotic index and
microvesse! density. There was a significant correlation between the monocytic count and the microvessel density, and there was an inverse
correlation between the apoptotic index and the monocytic count, or the microvesse] count.

Correlation with Clinicopathological Findings and
Survival Rates

Regarding the relationship between MCP-1  cxpression
and the clinicopathological features of the patients with
esophageal cancer, MCP-1 expression in cancer cells was
corrclated with the depth of invasion, histological venous in-
vasion, lymph node metastasis, and occurrence of clinical
distant metastasis after surgery. However, there was no cor-
relation between MCP-1 expression in stromal cells and the
clinicopathological features (Table 3). The monocytic count
in SCC with venous invasion, lymph node metastasis, and
distant metastasis after surgery was higher than that without
them, respectively (Table 4).

Five-year survival rate in esophageal SCC patients with
MCP-1 expression was lower than that without (Fig. 3A).
When the patients were divided into two groups based on
the mean vaiue of the monocytic count, the 5-yr survival
rate in esophageal patients with a high monocytic count
showed a worse outcome than that with a low monocytic count
{Fig. 3B).

DISCUSSION

MCP-1 is a chemokine, which is thought to be a potent angio-
genic factor. Ueno et al. (20) reported that the concentration
of MCP-1 in breast cancer tissue was closely corrclated with
the concentration of TP and VEGF, which are major com-
ponents of angiogenic factors. Furthermore, Saji et al. (21)
reported a significant correlation between MCP-1 expression
and neovascularization by histochemical evaluation in breast
cancer. In the present study, MVD in the esophageal SCC
with MCP-1 expression of cancer cells or stromal cells is
higher than that without. Therefore, MCP-1 expression may
play an important role in angiogenic promotion in esophageal
scCc.

Infiltration of macrophages in tumor stroma is an impor-
tant role for angiogenesis in several malignancies, including
breast cancer (22) and oral SCC (23). In the present study,
the monocytic count in esophageal SCC with MCP-1 expres-
sion was higher than that without it, and the monocytic count
showed a significant correlation with MVD in csophageal
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Table 3. MCP-1 Expression and the Clinicopathological Features in Esophageal SCC

MCP-1 Expression

Cancer Cells Stromal Cells
No. of Positive Negative Positive Negative
Variable Paticnts {n=31) (n = 25) p Value {n=16) {n = 40) p Value
Sex .
Man 42 23 19 0.88 13 39 0.78
Woman 14 g 6 3 I
Histological type of SCC
Well- and moderately 47 25 22 0.36 15 32 0.2
Paarly 9 6 3 1 g
Depth of invasion
Submucosa 13 4 9 0.042 4 9 0.54
Muscularis propria or deeper 43 27 6 12 n
Lymphatic invasion
Positive 44 27 17 0.83 i4 30 0.25
Nepgative 12 4 8 2 10
Venous invasion
Positive 3l 23 ] 0,0016 12 19 0.56
Negative 25 8 17 4 21
Lymph node metastasis
Pasitive 30 22 g 0.0037 3 22 0.73
Negative 26 9 17 3 18
Distant metastasis after surgery
Positive 16 14 2 0.002 7 9 0.11
Negative 40 17 23 9 3l

SCC. This suggests that macrophage recruitment might play
an important role in tumor angiogenesis of esophageal SCC,
Furthermore, these macrophages infiltrating in esophageal
SCC may be identified as tumor-associated macrophages. On
the other hand, TP, which acts as an angiogenic factor for tu-
mors, is considered to be a protumor marker of infiltrating
macrophages in several tumors (13). In the present study, TP
was expressed in the infiltrating stromal cells that were iden-
tified mainly as macrophages, in ¢sophageal SCC, and 76.7%
of esophageal SCC had TP-expressed macrophages. MCP-1

Table 4. Monocytic Count and the Clinicopathological Features
Variable
Histological type of SCC

Monogytic Count  p Value

Well- and moderately
Poorly
Depth of invasion
Submucosa |
Muscularis propria or deeper
Lymphatic invasion
Positive
Negative
Venous invasion
‘Positive
Negative
Lymph ncde metastasts
Positive
Neguative
Distant metastasis after surgery
Positive
Negative

1634+£101.4d 0.6

217.2 £ 106.5d

1654.4 4 96.8a 0.17
206.9 £ 10214
205.7£102.2n 0.24
166.3 £ 97.0¢
233.0 £ 96.3¢ 0.003
152.9 £ 91.3¢
224.1 + 108.6m 0.035
166.2 & 84.6e
290.1 £+ 79.5¢ <0.0001
160.1 £ 84.7¢

expression was closely associated with TP cxpression in
esophageal SCC, which suggests that MCP-1 produced by
SCC cells stimulates infiltration of macrophages, which have
CCR-2, in cancer stroma. Consequently, MCP-1 promotes
tumor angiogenesis by angiogenic mediators, such as TP re-
leased from these infiltrating macrophages. Moreover, these
macrophages may also play an important role in recruitment
of macrophages because MCP-1 was expressed in infiltrat-
ing macrophages themselves, which indicates that there may
be an autocrine function of MCP-1 on macrophages via the
CCR-2. Interaction between cancer and stromal cells may be
important for the turnor environment, including angiogenesis
in csophageal SCC.

In addition, Salcedo ef al. (24) reported that MCP-1 may
also have a direct effect in tumor angiogenesis inducing
chemotaxis of endothelial cells of blood vessels. Ohta et al.
(25} reported that CCR-2 was immunchistochemically de-
tected in monocytic cells but notin vascular endothelial cells,
I the present study, CCR-2 was expressed in the endothelial
cells of blood vessels in esophagea! SCC. It was suggested
that MCP-1 may be a potent angiogenic promoter by mi-
gration of the endothelial cells, although it was not a major
promotion.

In the esophugeal SCC patients with distant metastases af-
ter surgery, high monocytic counts were shown in the present
study. These infiltrating monocytes may act as the tumor-
associated macrophages, mentioned above. [t suggested that
these macrophages may play important roles for not only
angiogenesis to maintain and contro! tumor environment but
distant metastases of tumor cells in ecsophageal SCC, because
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Flgure 3. Survival curves in esophageal cancer patients. () Five-
vear survival rate in patients with MCP.1 expression was worse than
that without it {24.5% vs 63.8%; p< 0.01). (B) Regarding monocytic
count, the patients were divided into two groups: a high and a low
monocytic count group. Five-year survival rate in paticnts with a
high monocytic count was worse than thosc with a low monocytic
count (24.2% vs 56.9%; p<0.05).

these macrophages may supply tumors many growth and an-
giogenic factors, including TP and cytokines. Previously, in
esophageal SCC patients with TP expression (14) and the
other growth factors (15), distant metastases has been fre-
quently shown.

Regarding proliferative activity of esophageal SCC, we in-
vestigated the findings of Ki-67 labeling index and apoptotic
index. Ki-67 labeling index of esophageal SCC with MCP-
1 expression in cancer cells was higher than that without,
while there was no difference in the Ki-67 labeling index
between esophageal SCC with and without MCP-1 expres-
sion in stromal cells. Furthermore, the apoptotic index of
csophagcal SCC with MCP-1 cxpression in cancer cells was
lower than that without, while there was no difference in the
apoptotic index between esophageal SCC with and without
MCP-1 expression in stromal cells. Tumor angiogencsis may
be closely associated with apoptosis of tumor cclls (26). In
the present study, MVD is inversely correlated with the apop-
totic index, and MVD was correlated with the monocytic
count in esophageal SCC. Therefore, MCP-1 expression of
cancer cells may contribute to macrophage infiltration and
angiogenesis, probably as protumor macrophages, and thus

1673

MCP-1 expression may be interactively associated with pro-

“liferative activity and apoptosis in esophageal SCC.

Regarding the clinicopathological features of patients with
esophageal SCC, MCP-1 expression of cancer cells and
macrophage infiltration were associated with histologic ve-
nious invasion and distant metastasis after surgery. As a re-
sult. 5-yr survival rate was worse in patients with MCP-1
expression or with a high monocytic count, Leek et af. (11)
reported that macrophage infiltration was associated with
angiogenesis and a poor prognosis in patients with invasive
breast cancer. Therefore, in esophageal SCC, MCP-1 expres-
sion and macrophage infiltration also play important roles in
not only angiogenic premotion but clinicopathological ag-
gressive behavior as well, and they may be useful for their
ability to predict the clinical outcome of esophagectomized
patients.

In conclusion, MCP-1 expression and macrophage infiltra-
tion may be associated with angiogenic promotion. MCP-1
expression may be interactively associated with macrophage
infiltration; MCP-1 may play an important role’in tumor an-
giogenesis through production of angiogenic factors, such as
TP, by recruited macrophages in esophageal SCC. Further-
more, CCR-2 expression in vascular endothelial cefls may
participate partially in angiogenesis. Clinicopathologically,
patients of esophageal SCC with MCP-1 expression have no
favorable prognosis.
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Case report

Thoracoscopic enucleation of esophageal stromal tumor

N. Koide,! K. Kishimoto,? O, Komatsu,® A. Yoshizawa,* A. Sugiyama,' S. Miyagawa'

'First Department of Surgery, Shinshu University School of Medicine, *Department of Surgery, and *Department of
Gastroenterology, Fujimi-kogen Hospital, *Ceniral Clinical Laboratories, Shinshu University School of Medicine,
Matsumoto, Japan

SUMMARY. Gastrointestinal stromal tumor is a rare entity, especially in the esophagus. We report a patient
with a stromal tumor of the esophagus whe underwent a thoracoscopic enucleation of the tumor. The patient
was a 61-year-old man complaining of slight dysphagia. A submucosal tumor of the middle thoracic esophagus
was found endoscopically. The tumor was approximately 4.0 cm in diameter measured by endoscopic ultra-
sonography. On 17 May 2001, thoracoscopic enucleation of the esophageal tumor was performed using a
Kodama Di-suction. The Kodama Di-suction was useful for the thoracoscopic enucleation of the submucosal
tumor of the esophagus, acting as both a dissector and a sucker. The patient’s course was uneventful after sur-
gery. Histopathologically the esophageal tumor revealed a high cellularity, consisting of spindle cells, and the
tumor cells were immunochistochemically positive for CD34 and c-kit proteir, but not for a-smooth muscle
actin or S-100 protein. From these findings, the esophageal submucosal tumor was diagnosed as gastrointes-
tinal stromal tumor, distinpuished from leiomyoma,

KEY WORDS: esophagus, GIST, Kodama Di-suction, thoracoscopy.

INTRODUCTION 4 ¢m in longitudinal diameter (Fig. 1). Endoscopy

showed a protruded lesion covered with a normal
Gastrointestinal stromal tumor (GIST) is the most  mucosa in the middle thoracic esophagus (Fig. 2A),
common mesenchymal tumor of the stomach and  and no morphological change of the tumor was
the intestine, however, in the esophagus, letomyoma  detected in endoscopic findings between July 2006
is most commeon.! Herein, we report a patient with  and March 2001, Biopsy specimens taken from the
a GIST of the esophagus which was enucleated  tumer in July 2000 histologically revealed a stromal
thoracoscopically, using a thoracoscopic instrument  tumor. An endoscopic ultrasonogram (EUS) in July
functioning as a sucker as well as a dissector. 2000 showed that the esophageal tumor was 3.5 %

2.0 cm in diameter, and originated from the proper

muscle layer of the esophagus (Fig. 2B). However,
CASE REPORT in EUS in May 2001, the diameter of the tumor

was 4 X 2.5 cm in diameter. A computed tomogram
A 6l-year-cld man, complaining of slight dysphagia, = showed the esophageal tumor with heterogensous
was monitored endoscopically for an esophageal  density, and no metastasis in the lung and the liver.
submucosal tumor from July 2000, and admitted to On 17 May 2001, thoracoscopic enucleation of
Shinshu University Hospital to remove this tumor  the submucosal tumor of the esophagus was per-
surgically on 7 May 2001. A barium meal study showed  formed under general anesthesia administered using
a tumor with a smooth surface in the right wall of a doubleJumen endothoracheal tube, A 10-mm-
the middle thoracic esophagus, and approximately  video-trocar was inserted into the 7th intracostal
space on the mid-axillary line of the right lateral
chest, Four 10 mm-trocars were inserted into the

Address correspondence tot Dr Naohiko Koide, Department intracostal spaces on the anterior or posterior axil-

of Surgery, Shinshu University School of Medicine, 3-1-1, lary lines for operative and assisting instruments.
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Email: nkoide@hspmd.shinshu-u.ac.jp the middle thoracic esophagus covered with the
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Fig. 1 A protruding tumor with & smooth surface is detected
in the middle thoracic esophagus.

mediastinal pleura (Fig.3A). The pleura was
incised over the lesion, the esophageal longitudinal
muscle was incised at the midpoint of the tumor,
and the white tumor was exposed (Fig. 3B). The tumor

was then enucleated by careful dissection using a
Kodama Di-suction (Sumitomo Bakelite Co., Ltd,
Nagoya, Japan; Fig. 3C). A few blood vessels fed
the tumor, and they were cut using a coagulation
shear. Following removal of the tumor, an endo-
scope was orally inserted into the esophagus and
no injury to the esophageal mucosa was detected.
In addition, no air-bubble infused into the esoph-
agus from the endoscopy was detected in the thorax.
The esophageal muscle layer was closed longitudi-
nally using absorbal sutures. The tumor was inserted
into a bag and extracted through the port site
slightly expanded to 2.5 cm (Fig. 3D). The patient’s
course was uneventful after surgery.

Macroscopically, the enucleated tumor was white,
4.5% 3.3 2.5 cm in size, and showed neither bleed-
ing nor necrotic tissue. Histopathologically, dense,
elongated spindle-shaped tumor cells with a dense
chromatin nucleus and basophilic cytoplasm were
observed (Fig. 4A). The mitotic figures were hardly
observed in the tumor cells. In imnounohistochemistry,
almost all the tumor cells were positive for CD34
and CD117 (c-kit protein) antigens while these cells
were negative for S-100 protein and a-smooth muscle
actin (Fig. 4B-E). From these findings, the tumor was
diagnosed as GIST of the esophagus. The Ki-67
positive ratio of the tumor nuclei (labeling index)
was about 0.5% (Fig. 4F).

DISCUSSION

GIST is a rare entity of the esophagus. Previously,
many patients with a leiomyoma of the esophagus have
been reported,* however, esophageal stromal tumor
with CD34 and CD117 coexpression, which is con-
sidered to be GIST, is rare.! Recently, the concept
of GIST has been accepted histopathologically and
clinicopathologically in mesenchymal tumors, and

Fig. 2 Endoscopic examination: (A) esophagoscopy shows a submucosal lesion covered with normal esophageal mucosa; (B) endoscopic
ultrasonogram shows a submucosal tumor continiing with the proper muscle layer of the esophagus.
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Fig. 3 Theracoscopic findings: (A) the esophageal tumor projects into the right thoracic space; (B) the white submucosal tumor
is exposed in the proper muscle layer of the esophagus; (C) the tumor is enucleated with 2 Kodama Di-suction (a useful instrument
for dissection of the tumor and as a sucker); (D) the enucleated tumor is collected in & bag.

GIST is considered separate from myogenic or
neuvrogenic mesenchymal tumor of the GI tract.*’
Miettinen et al. first documented and analyzed GIST
of the esophagus, and histologically distinguished
them from leiomyomas and leiomyosarcomas. In
the present case, the lesion was endoscopically a sub-
mucosal tumor of the esophagus, and judged to have
originated from the proper muscle layer by EUS before
surgery. Histopathologically, the removed esophageal
tumor revealed a high cellularity of spindle cells with
neither reaction for a smooth muscle actin nor 8-
100 protein but with positive reactions for both
CD34 and CD117. These clinicopathologic findings
showed that this esophageal submucosal tumor was
a GIST.

GIST has a malignant potential.® Patients with a
large GIST are associated with a poor prognosis,
and surgical treatment for these patients is contro-
versial.” Laparoscopic surgery has been widely
available for patients with a small GIST, and these
patients show a good prognosis. In esophageal stro-
mal tumor, Miettinen ef al. reported that nine of 17
patients with esophageal GIST died of the disease,’
although surgical treatment was not analyzed and

discussed in these patients. All patients who died of
the disease had a large GIST between 5 cm and
25 cm in size. In esophageal GIST, tumor size may
be important for surgical management and patient
prognosis. In the present case, because the tumor
enlarged over 11 months on EUS and the patient
had dysphagia, the tumor was enucleated. Fortun-
ately, the enucleated GIST was 4.5 cm in diameter,
and showed histopathologically low mitosis and
low Ki-67 labeling index.

For esophageal leiomyomas, several surgical or
endoscopic approaches have been reported. The
traditional method using thoracotomy was associ-
ated with high surgical stress and invasiveness. Sev-
eral thoracoscopic procedures have recently been
applied for benign esophageal disorders including
esophageal leiomyomas.®® For surgical treatment of
esophageal submucosal tumors, the thoracoscopic
approach showed many benefits including minimal
scarring, decreased pain and rapid recovery after
surgery.*'® The management and technique of tho-
racoscopic surgery in this patient with GIST was
similar to those of previous studies of esophageal
leiomyoma. In this situation, perforation of the
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Fig. 4 Histopathologic findings: (A) HE staining; (B) CD 34 immunostaining; (C) CD 117 immunostaining; (D) o-smooth muscle
actin immunostaining; (E) S-100 protein immunostaining; (F) Xi-67 immunostaining, The spindle-shaped tumor.cells showed a
positive reaction for CD 34 and CD 117 antigens, but no reaction for a-smooth muscle actin or 8-100 protein. Ki-67 immunostaining
preduced a positive in the nuclei of the tumor cells (arrowed).

esophagus may be the most common complication
developing from dangerous complications such as
leakage and abscesses in the mediastinum and the
thorax.” In previous studies of esophageal leiomy-
oma, an enucleation of the tumor was performed
using a mounted swab or a coagulation shear. In

the present case, we used the Kodama Di-suction
thoracoscopically for the removal and enucleation
of the esophageal stromal tumor." Although this
GIST was fed by several blood vessels and these
vessels were cut using the coagulation shear, the
Kodama Di-suction, which functions as both a
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dissector and & sucker, may be useful for the enucle-
ation of submucosal tumors because there was no
injury of the esophageal mucosa in the present case.
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