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The Triangulating Stapling Technique for Cervical Esophagogastnc

Anastomosis After Esophagectomy

Yasusat ToH, YosHIHISA SAKAGUCHI, OsaMU IKEDA, E1SUKE ApacHl, Kippel OHGAKI, YoicH! Y AaMmasHITA, Enn Oxi,

Kazunrro Minawmi, and TakesHt OKAMURA

Department of Gastroenterological Surgery, National Kyushu Cancer Center. 3-1-1 Notame, Minami-ku, Fukuoka 811-1395, Japan

Abstract
Purpose. To evaluate the safety and feasibility of the
triangulating stapling technique (TST) for cervical
esophagogastric anastomosis after esophagectomy
(CEGA).
Methods. The subjects were 123 patients who under-
went transthoracic esophagectomy with three-field
lymph node dissection and reconstruction with a 3.5-cm
wide gastric tube, for thoracic esophageal cancer. We
performed the TST for CEGA in 33 patients operated
on after December, 2006 (TST group) and hand-sewn
anastomosis in 90 patients operated on between 2002
and 2006 (HSA group).
Results. In the TST group, CEGA was performed in an
end-to-end fashion using three linear staplers. The first
anastomosis was applied to the posterior walls of the
remnant esephagus and gastric tube in an inverted
fashion. The second and the third anastomoses were
- done in an everted fashion to make the anterior wall.
The end-to-end HSA was performed with interrupted
sutures using 4-0 absorbable material: Anastomotic
leakage occurredin only 1 (3.0%) of the 33 TST patients,
butin 13 (14.4%) of the 90 HSA patients (P =0.07). The
frequency of anastomotic stenosis was 9.1% and 25.6%
in the TST and HSA groups, respectively (P < 0.05).
Conclusions. Cervical esophagogastric anastomosis
using TST may reduce the frequency of anastomotic
leakage and stenosis. This technique is a safe and reli-
able alternative for CEGA after esophagectomy.

Key words Linear stapler - Triangulating stapling tech-
nique - Esophagogastric anastomosis - Anastomotic
leakage - Anastomotic stenosis
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Infreduction

The most frequent and serious postoperative complica-
tions of esophagectomy are respiratory failure and
anastomotic leakage, both of which are associated with
high mortality.” Anastomotic leakage is thought to be
caused by ischemia of the gastric or colon conduit and
by the methods of anastomosis and surgical techniques
used.**’ The methods used for esophagogastric anasto-
mosis after esophagectomy vary among institutes,
although many reports have addresséd this issue. In
Japan, the standard surgical procedure for thoracic
esophageal cancers is transthoracic esophagectomy with
extended cervical, mediastinal, and abdominal lymph
node dissection, known as the “three field lymph node
dissection” (3FLND). This procedure includes cervical
esophagogastric anastomosis (CEGA) and CEGA
failure occurs more frequently than intrathoracic esoph-
agogastric anastomosis failure.® The leakage of CEGA
after transthoracic esophagectomy is associated with
more serious sequelae, sich as empyema and sepsis,
than after transhiatal esophagectomy without thoracot-
omy.” Thus, a reliable and safe anastomotic method is
necessary to prevent this life-threatening complication
of esophagectomy.

Postoperative stenosis at the CEGA is also a critical
postoperative complication, which compromises the
patient’s quality of life by causing anastomotic stenosis-
related dysphagia.*® These patients require repeated
endoscopic dilation of the stenosis. Furthermore, anas-
tomotic leakage often leads to anastomotic stenosis.”®
Therefore, we must develop an anastomotic method
that reduces the risk of anastomotic stenosis and
leakage.

The trlangulatmg stapling technique (TST) was first
used for a colorectal anastomosis by Venkatesh et al. in
1993" and has been utilized mainly for colo-colonic
anastomoses.” The TST seems to be a safe, reliable,
and easy technique for reconstruction of the alimentary
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tract, which reduces the occurrence of both postopera-
tive anastomotic leakage and stenosis.™* However,
to our knowledge only one study has been published
on esophagogastric. anastomosis after esophagectomy,
based on the results of only 12 cases.” We conducted
this study to evaluate the application of the TST for
CEGA after transthoracic esophagectomy with 3FLND
for thoracic esophageal cancers,. in. comparison with
-hand-sewn anastomosis (HSA).

Patients and Methods

Patients

Between January 2002 and April 2008, 175 patients
underwent surgery for esophageal cancer in the National
Kyushu Cancer Center, Japan. All cancers were patho-
logically diagnosed as squamous cell carcinoma. Among
these patients, 122 with a thoracic esophageal cancer
underwent transthoracic esophagectomy with 3FLND,
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performed via a right-side thoracotomy. The alimentary
tract was reconstructed using a gastric tube made of the
greater curvature of the stomach. CEGA was performed
by hand sewing until September 2006 (HSA group; n =
90), and by the TST after October 2006 (TST group; n
= 33) through a retrosternal or posterior mediastinal
route. The TST group included one patient with CEGA
performed after a bypass operation. All of the opera-
tions were performed by a single surgeon (Y.T.) or by
other surgeons under the direction of Y.T.

Surgical Technique

A gastric tube, 3.5 cm wide, was made along the greater
curvature of the stomach using linear staples (GIA Uni-
versal 60-3.5, Tyco Healthcare, Mansfield, MA, USA)
with seromuscular sutures added along the staple line.
This narrow gastric conduit was long enough to be
pulled up to the cervix through a retrosternal or poste-
rior mediastinal route and had adequate blood supply
to its tip." The width of 3.5 cm was considered suitable

(C)

Fig. 1A-F. Triangulating stapling technique for cervical
esophagogastric anastomosis using three linear staplers. A
Three or four suspension sutures are placed through all layers
of the posterior wall of the remnant esophagus and gastric
tube. B The first anastomosis is done using a linear stapler,
pulling up the suspension sutures to securely anastomose all
layers of the posterior wall in an inverted fashion. C Before
the second anastomosis of the anterior wall, a nasogastric tube
is inserted and advanced downward into the gastric tube. D A
linear stapler is applied to create the second side of the anas-

tomosis on the anterior wall. It is important that the second
suture intersects the first staple line of the posterior wall. E
Note that the linear staple line of the gastric tube is positioned
at the center of the second side of the triangie. The third anas-
tomosis is done in the same manner, using suspension sutures.
F The end-to-end anastomosis using triangulating stapling
technique is completed. Note that the three staple lines are
mutually intersected. The two sides of the anterior wall are
stapled in an everted fashion
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for end-to-end cervical anastomosis between the
remnant esophagus and the gastric tube. For the TST
group, an end-to-end CEGA was performed using three
linear staplers (TA30-3.5, Tyco Healthcare; Fig. 1). The
first instrumental anastomosis was applied to about
two-thirds of the posterior wall of the remnant esopha-
gus and the gastric tube in an inverted fashion. The first
linear stapler was applied to the esophagus and gastric
tube after three or four suspension sutures in the whole
layer were added to secure the first anastomosis. Great
care was taken to securely suture the whole layer by
pulling-up the suspension sutures. After firing the first
linear stapler, the remaining walls of the esophagus and
gastric tube were resected sharply and the stapler was
released. Next, suspension sutures were secured to both
ends of the staple line on the sutured posterior wall. To
make the anterior wall of the reconstructed tract, the
second and the third anastomosis were performed in the
same manner using the second and third linear staples;
however, these were done in an everted, rather than in
an inverted fashion. When performing the TST, it is criti-
cal that the staple lines are securely intersected mutu-
ally and that the longitudinal staple line of the gastric
conduit is positioned at the center of the suture line to
the right of the anterior wall. Thus, the triangle-shaped
end-to-end anastomosis was completed between the
remnant esophagus and the gastric tube in the cervical
region (Fig. 2). Before the third stapling, a 14-F or 16-F
nasogastric tube was inserted by the anesthetist and
advanced downward into the gastric tube for postopera-
tive monitoring.

End-to-end HSA for CEGA was performed inter-

ruptedly using 4-0 absorbable monofilament sutures in

a single layer for the anterior wall and in two layers for
the posterior wall. In both the TST and HSA groups, a
leakage test was done just after completion of the anas-
tomosis, by inflating the reconstructed tract with dyed
saline. A closed suction drain was placed in the anasto-
motic region.

Definitions of Anastomotic Leakage and Stenosis

The condition of the draining fluid and cervical wound
as well as the patients’ general condition, determined by
‘body temperature, pulse rate, C-reactive protein value,
and white blood cell count, were monitored to detect
any sign of anastomotic leakage. Anastomotic leakage
was classified into the following three categories: minor
leakage, defined as purulent and/or salivary discharge
from a cervical drain without the need for surgical inter-
vention, which resolved in fewer than 14 days; moderate
leakage, defined as purulent and/or salivary discharge
from a cervical drain without the need for surgical inter-
vention, which took more than 15 days to heal; and
severe leakage, defined as purulent and/or salivary dis-
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Fig. 2A,B. Demographic presentation of the triangulating sta-
pling technique for cervical esophagogastric anastomosis. A
Contrast-swallow on postoperative day 7 shows no anasto-
motic leakage. The passage of contrast medium is good and
the anastomosis is sufficiently wide. B Endoscopic view of the
anastomotic site on postoperative day 14.The triangle-shaped
lumen is wide and three corners can be seen. Two of the three
sides of the triangle are everted (ev) and there are no mucosal
defects. One of the three sides is anastomosed in an inverted
(inv) fashion, The three corners of the triangle are indicated
by arrows

charge from a cervical drain, requiring surgical inter-
vention for adequate drainage or repair. Anastomotic
stenosis was defined as any stenosis in the anastomotic
region, which required either endoscopic balloon dila-
tion or bougienage at least once.

Statistical Analysis

Statistical analyses were performed using Student's
I-test or the chi-square test, with the StatView software
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program (SAS Institute, Cary, NC, USA). A P value of
less than 0.05 was considered significant.

Results

_The clinical characteristics of the patients in the HSA
and TST groups are shown in Table 1. There were 1o
significant differences in the patients’  backgrounds
between the two groups. There were no significant dif-
ferences in the route of esophageal reconstruction, other
operative procedures, operation time, or estimated
blood loss between the groups. According to change in
policy in our institute, after 2004, patients were extu-
bated immediately after the operation. Thus, 40 patients
from the HSA group and all of those from the TST group
were managed without any mechanical ventilation.

The frequencies of anastomotic leakage and anasto-
motic stenosis are shown in Table 2. Anastomotic
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leakage occurred in only 1 (3.0%) of the 33 TST
patients, but in 12 (13.3%) of the 90 HSA patients. Of
the 13 cases of leakage in the HSA group, 2 (16.6%)
and 8 (66.7%) were minor and moderate, respectively,
and all resolved after drainage from a cervical drain
inserted during the original surgery. However, 2 of
these 13 patients required surgical intervention. In

" 'the TST group, there was only. one minor leakage,

which healed after 13 days of drainage. This occurred
in the third TST group patient and the following
30 had no leakage. Anastomotic leakage tended
to occur more frequently in the HSA group than in
TST group, although the difference was not significant
(P = 0.09). Anastomotic stenosis was observed in 24
(26.7%) patients from the HSA group and in 3 (9.1%)
from the TST group, representing a significant differ-
ence (P < 0.05). The average number of dilation pro-
cedures was 3.1 in the HSA group and 3.6 in the TST

group.

Table 1. Clinical characteristics of the patients who underwent hand-sewn or triangu-

lar stapling for cervical esophagogastric anastomosis

HSA group (n = 90) TST group (n = 33) P value

Age (years), mean £ SD 62.9+7.7 63.0+£79 NS
Sex Male:female 74:16 26:7 NS
Comorbidity :

Cardiac 18 (20.0%) 6 (18.2%) NS

Pulmonary "4 (4.4%) 4 (12.1%) NS

Renal 1(1.1%) 1 (3.0%) NS

Liver 4 (4.4%) 0 NS

Others 13 (14.4%) 4 (12.1%) NS
p Stage® 0/1/2/3/4° 5/24/30/18/9 3/5114/3/7° NS
Neoadjuvant CRT —/+ 64/26 26/7 NS

HSA, hand-sewn anastomosis; TST, triangular stapling technique; CRT, chemoradiotherapy; SD, .

standard deviation; NS, not significant
*The p Stage was based on the Japan Esophageal Soc:etyz3
®One bypass operation was excluded

Table 2. Postoperative data after hand-sewn vs triangular stapling for cervical esopha-

gogastric anastomosis

HSA group (n = 90) TST group {n = 33) P value
Postop. complications
Anastomotic leakage 12 (13.3%) 1 (3.0%) NS
‘ Minor® 2 (2.2%) 1.(3.0%)
Moderate® 8 (8.9%) 0
Severe® 2 (2.2%) 0
Pulmonary 14 (15.6%) 4 (12.1%) NS
Cardiac 3 (33%) 2 (6.1%) NS
Renal/liver 5(5.6%) 2 (6.1%) ' NS
Others 10 (11.1%) 5(152%) NS
Anastomotic stenosis 24 (26.7%) 3(9.1%) <0.05
Operative mortality 1(1.1%) 1(3.0%) NS

HSA, hand-sewn anastomosis; TST, triangular stapling technique; Postop., postoperative; NS, not

significant
*See text for definition of leakage
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Discussion

The risk of leakage at the anastomosis between the
remaining esophagus and its replacement conduit after
-esophagectomy is highest among all types of gastroin-
testinal anastomoses.>"** Moreover, it is associated with
high mortality, once it occurs.”™ Much effort has been
devoted to reducing the occurrence of anastomotic
leakage, with some good - results.'™® However, the
rate of anastomotic leakage after esophagectomy still
exceeds 10% in the most series.*" ™ Anastomotic
leakage is reported to be much higher after transtho-
racic esophagectomy with extended 3FLND, because of
the excessive surgical stress.”” Anastomotic leakage is
attributed to ischemia of the gastric or colon conduit,
and to technical problems, including the methods of
anastomosis and surgeon’s experience.** Many sur-
geons prefer to perform anastomosis using a circular
stapler than to using a hand-sewn anastomosis, because
the stapling technique is simpler and easier,”” whereas
many institutes use hand-sewn anastomosis for CEGA
and achieve excellent results.® Beitler et al.”® reviewed
“the results of four randomized and seven nonrandom-
ized trials comparing circular stapled and hand-sewn
esophagogastric anastomoses and concluded that both
methods resulted in equivalent rates of anastomotic
leakage.

The TST was originally designed for colorectal anas-
tomosis and has been utilized mainly for colo-colonic
anastomosis. It seems to be a safe, reliable, and easy
technique in reconstruction of the alimentary tract,
which reduces the occurrence of postoperative anasto-
motic leakage and stenosis.'** Furukawa et al”
reported their experience -of performing the TST for
CEGA after esophagectomy in 12 patients. Their anas-
tomotic leakage rate was greatly reduced to 8.3%, in
comparison with 27% and 25% after hand-sewn anas-
tomosis and circular stapled anastomosis, respectively.
This rate is consistent with that in the current study.
The one case of anastomotic leakage after TST in the
current series involved the third among 33 patients,
and this leakage resolved with conservative treatment
within 1 week. Although the exact cause was unknown,
the technique of TST might not have been established.
No primary anastomotic leakage occurred in the
subsequent 30 patients, although there was one case of
leakage caused by direct spread of a mediastinal
abscess and pyothorax to the anastomotic site in the
retrosternal space.

The TST is also a time-saving modality. Furukawa et
al.” reported reducing the time to perform CEGA by
using the TST (24 min vs 54 min for hand-sewn anasto-
mosis and 35min for the circular stapler method).
Although we did not record the exact time required for
CEGA by the TST, it is known that the TST for CEGA
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can be completed within 30 min: approximately half the
time required for hand-sewn anastomosis. This advan-
tage may be an important contributor to the safety
of esophagectomy because CEGA is the final step
in all esophagectomies with lymph node dissection,
which require extended surgical time and much
concentration.

An additional advantage of the TST is that the CEGA

can be made end-to-end’in a safe, simple, and stable

manner, using instruments. An end-to-end anastomosis
of the alimentary tract is better than an end-to-side or
side-to-side anastomosis. Although an end-to-end
anastomosis can also be achieved with the hand-sewn
method, the technical stability and the time it takes are
problematic, and it requires extremely skilled surgeons.
The circular stapling method is also a time-saving and
stable technique for this anastomosis. However, CEGA
using a circular stapler results in an end-to-side anasto-
mosis, which may be associated with serious blood per-
fusion problems at the tip of the gastric conduit because
the vascular net of the gastric tube wall is blocked by
the stapling itself” leading to anastomotic failure. Tri-
angulating stapling does not disturb the blood supply to
the tip of gastric tube.

Anastomotic stenosis is a critical postoperative com-
plication of esophageal surgery because it can result in
life-threatening aspiration pneumonia and at the very
least, nutritional disorders. This complication occurs in
16% and 27%-31% of patients who undergo hand-
sewn and circular stapled CEGA, respectively.”® Even
higher rates of 32% and 45%, respectively, have been
reported by others.”® Therefore, anastomotic stenosis at
the CEGA is more common in stapled anastomoses
than in hand-sewn anastomoses.’" This is because the
mucosa is not directly approximated in a circular
stapled anastomosis, leaving a circular mucosal defect,
which can lead to stenosis formation.**# The TST
approximates the mucosa in two of the three sides of
the triangle because two of the three anastomoses are
made in an everted fashion, resulting in accurate
mucosa-to-mucosa -apposition, which is considered
good for anastomotic healing. This may explain the
lower rates of anastomotic stenosis in this (9.1%) and
other (8.3%) series.”

In conclusion, the TST is a good alternative method
for CEGA for the following reasons: the anastomotic
leakage rate is low; the anastomotic stenosis rate is low;
an end-to-end anastomosis is possible; the mucosal
defect is less than with circular stapling, causing less
circular ulcer formation; and the technique is simple,
even for inexperienced surgeons. Finally, the medical
costs for three linear staplers are equivalent to, or less
than, those for a circular stapler.
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Abstract MTA (metastasis-associated gene) is a newly
discovered family of cancer progression-relaied genes and
their encoded products. MTAI, the first gene found in this
family, has been repeatedly reported to be overexpressed
along with its protein product MTA1 in a wide range of
human cancers. In addition, the expression of MTAI/MTA1
correlates with the clinicopathological properties (malignant
properties) of human cancers. MTA proteins are transcrip-
tional co-repressors that function in histone deacetylation
and are involved in the NuRD complex, which contains
nucleosome remodeling and histone deacetylating mole-
cules. MTA1 expression correlates with tumor formation in
the mammary gland. In addition, MTA1 converts breast
cancer cells to a more aggressive phenotype by repression of
the estrogen receptor (ER) ¢ trans-activation function
through deacetylation of the chromatin in the ER-responsive
- element of ER-responsive genes. Furthermore, MTAL1 plays
an essential role in ¢-MYC-mediated cell transformation.
Another member of this family, MTA3, is induced by
estrogen and represses the expression of the transcriptional
repressor Snail, a master regulator of “epithelial to mesen-
- chymal transitions”, resulting in the expression of the cell
adhesion molecule E-cadherin and maintenance of a dif-
ferentiated, normal epithelial phenotype in breast cells. In
addition, tumor suppressor p53 protein is deacetylated and
inactivated by both MTA1 and MTAZ2, leading to inhibition
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of growth arrest and apoptosis. Moreover, a hypoxia-
inducible factor-1o. (HIF-10) is also deacetylated and sta-
bilized by MTAI, resulting in angiogenesis. Thus, MTA
proteins, especially MTAI, represent a possible set of
master co-regulatory molecules involved in the carcino-
genesis and progression of various malignant tumors. MTA
proteins are proposed to be important new tools for clinical
application in cancer diagnosis and treatment,

Keywords Metastasis-associated gene 1(MTA1) -
Chromatin remodeling - Histone deacetylation -
Gene expression - Protein modification -

Cancer progression - Metastasis

Abbreviations
MTA  Metastasis-associated gene/protein

HDAC Histone deacetylase

NuRD  Nucleosome remodeling and histone
deacetylation

-ER Estrogen receptor

HIF Hypoxia-inducible factor

Introduction

Recent advances in molecular biology have resulted in the
discovery of a wide variety of new molecules involved in
carcinogenesis and cancer progression. Although addi-
tional molecules related to cancer will be identified in the
future, the existing and new molecules must fulfill two
major requirements in order to be clinically useful as
molecular targets for the diagnosis and treatment of human
cancers. The first is that abnormalities in expression or
structure of molecules of interest and their clinical rele-
vance must be definitely demonstrated in human cancers by
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- independent studies. The second is the underlying molec-
ular mechanisms necessary for the molecules to exert their
functions in carcinogenesis or cancer progression must be
determined.

Among a number of cancer-related genes and molecules
that have been discovered in the last few years, we identified
a candidate metastasis-associated gene by use of a differ-
ential cDNA screening method. Thus, we identified a gene
that was abundantly overexpressed in highly metastatic rat
mammary adenocarcinoma cell lines compared to poorly
metastatic cell lines {1, 2]. When this gene was sequenced, it
was revealed as a completely novel gene without any
homologous or related genes in the database. The rat gene
was named mta/ (metastasis-associated gene 1). A homol-
ogous gene was also expressed in human cancer cell lines
[1], and its human cDNA counterpart, MTA ], was cloned by
our group in 2000 [3]. Using surgically resected human
tissues, we showed that high levels of MTA/ mRNA
expression were clinicopathologically correlated to the
invasive and growth properties of gastrointestinal cancers,
including esophageal, gastric and colorectal cancers [4, 5].
Subsequently, several reports from independent research
groups followed our observations and showed similar cor-
relations between MTA/ expression and the malignant
potentials of human cancers.

Several genes related to MTA] have now been identified,
indicating MTA/ consists of a gene family, which we now
call the “MTA family”. Further studies on molecular bio-
logical and biochemical properties of the MTA family have
shown that the gene products of the main members of the
family (MTA1L, MTA2, and MTA3) are tightly associated in
a protein complex called NuRD (nucleosome remodeling
and histone deacetylation), which has transcriptional regu-
latory function via histone deacetylation and chromatin
remodeling. At the moment, the MTA family has attracted
widespread attention as one of the key molecuies that plays
an indispensable role in the genesis and progression of a
wide variety of cancers [6~8]. In this brief review, we will
examine the significance of the expression of MTA family
members in human cancers and the important molecular
mechanisms that are currently known by which MTA pro-
teins exert their functions. Finally, future directions for
clinical applications of this protein family for the diagnosis
and treatment of human cancers will be discussed.

Members of the MTA family and their protein
structares

At present, the MTA proteins represent a family of gene
products encoded by three distinct genes (MTA1, MTAZ2, and
MTA3) and six reported isoforms (MTA1, MTAls, MTAl-
ZG29p, MTA2, MTA3, and MTA3L). The molecular masses

@ Springer

of the gene products of MTA1, MTA2, and MTA3 are
approximately 80, 70, and 65 kDa, respectively. The nucle-
otide and protein alignment homologies and the phylogenetic
comparative analyses are discussed elsewhere [8, 9].
Except for ZG-29p, the MTA family sequences contain
several common domain structures [10]. One of these, the
BAH (bromo-adjacent homology) domain is involved in
protein—protein interactions. Another, the SANT (SWI,
ADA2, N-CoR, TFIIIB-B) domain shares a high degree of
homology with the DNA-binding domain of the Myb-

‘related proteins, suggesting that this domain may be

involved in DNA-binding. The ELM (egl-27 and MTAI
homology) domain has an unknown function [11]. MTA
family members also contain a highly conserved GATA-
type zinc finger motif, which indicates a direct interaction
with DNA [3}. MTA1 has two src-homology (SH)-binding
motifs at its C-terminal region, which are known to be
important in signal transduction involving many kinase,
adaptor and scaffolding proteins [1, 10]. Similar SH2- and
SH3-binding domains are also found in MTA2 and MTA3.
These common domain structures clearly show that the
MTA family is involved in protein-protein and DNA-
binding interactions, indicating possible functions in signal
transduction and transcriptional regulation.

MTA proteins contain basic nuclear localization signals
{1, 10]. They also localize in the nucleus in many cancer
cells [4, 8]. However, MTA1 localizes to both the cyto-
plasm and nucleus in some tumors [12—-14]. MTA3 also
localizes to the nucleus, but it has no apparent nuclear
localization signal [15]. MTAT1s, a short splice-variant of
MTALI, is predominantly localized in the cytoplasm [16].

The expression of MTA proteins in various cancers
and its clinicopathological and biological relevance

Clinicopathological relevance of the increased MTA1
expression in human cancer tissues

Since the first report by us showing that the up-regulation
of MTA! expression was significantly correlated to the
malignant properties of human gastric and colorectal can-
cers [4], many researchers have been investigating the
expression levels of MTA family members, especially
MTAL, in various human cancers. This has revealed that
the expression levels of MTA family members have clin-
icopathological significance (The data are summarized in
Table 1).

Breast cancer

MTA] was identified as a candidate progression molecule
that was associated with breast cancer metastasis {1, 2] and
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growth (the antisense RNA of MTA1 inhibited the growth of  chromosomal locus 14q that might be responsible for axil-
highly metastatic breast cancer cell lines [3]). The involve-  lary lymph node metastasis in human breast cancers by
ment of MTAI in the carcinogenesis or progression of  comparing the rate of loss of heterozygosity between node-
human breast cancer was also shown by other data using  positive and -negative breast cancers. They found that the
clinical samples. For example, Martin et al. [17] mapped the ~ MTAI gene was contained in that gene locus, suggesting that

Table 1 Clinicopathological implications of the increased MTA] expression in various human cancer tissues

Type of cancer Method 7 Clinicopathological implications ) Reference
Breast cancer o LOH Higher LN meta. 117

THC - Earlier recurrence- - o [18]

HC " Higher tumor grade [19]

Higher MVD (angiogenesis)

Gastrointestinal cancer

Esophageal RT-PCR Deeper adventitial invasion [5)
Higher LN meta.
IHC Deeper adventitial invasion 21

Higher LN meta.
More advanced stage
Poorer prognosis

Gastric RT-PCR Deeper serosal invasion [4]
Higher LN meta.
Colorectal : RT-PCR Deeper wall invasion [4)
Higher LN meta.
RT-PCR Higher expression in cancer tissue [20]
Carcinoid
Gastric RT-PCR Deeper tumor invasion [251
Small intestine RT-PCR Malignant carcinoid [22]

More liver and LN meta.

Appendiceal RT-PCR Significant increase in malignant tumors [26]
Pancreatic IHC Poorer prognosis (in combination with HDACI) . [28)
Hepatocellular RT-PCR Shorter disease-free survival {293

HC Larger tumor size [12}

More vascular invasion

IHC More microvascular invasion [30]
Higher recurrence rate
Poorer survival

Other cancers

NSCLC RT-PCR Larger tumor size [313
Higher LN meta. »
Thymoma RT-PCR More advanced stage [33]
Ovarian RT-PCR Higher LN meta. [32)
IHC More advanced stage [34]
Higher FIGO staging
Prostate IHC Metastatic prostate ca. 35}
Lymphoma Microarray Highest expression in diffuse B-cell lymphoma [36]
HNSCC Microarray Higher LN meta, [37
IHC Higher LN meta. [38]

More advanced stage
Deeper wall invasion

NSCLC non-small cell lung cancer, HNSCC head and neck squamous cell carcinoma, IHC immunohistochemistry, LOH loss of heterozygosity,
RT-PCR reverse transcription-polymerase chain reaction, MVD microvessel density, LN mera. lymph node metastasis
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MTA] is a strong candidate for a breast cancer metastasis-
promoting gene. Furthermore, using immunohistochemistry
they examined the MTA] protein expression in primary
human breast cancer samples and demonstrated that node-
negative breast cancers with overexpression of MTAI
protein had a higher risk of disease relapse similar to node-

_ positive tumors. Thus, the overexpression of MTAT may be -

a useful predictor-of early disease relapse [18].

Jang et al. [19] also showed that MTA1 overexpression
was closely associated with higher tumor grade and high
intratumoral microvessel density in surgically resected
human breast cancers, suggesting that MTAl may be a
useful predictor of an aggressive phenotype and a possible
angiogenesis-promoting molecule in breast cancer.

Gastrointestinal cancer

By using a reverse-transcription polymerase chain reaction
(RT-PCR) method, we demonstrated that the higher
expression of MTA] mRNA in surgically resected human
gastric and colorectal cancer specimens compared to the
paired normal counterpart tissues was significantly corre-
lated to the depth of cancer invasion and lymph node
metastasis [4]. This study was the first to demonstrate the
_clinical relevance of MTA1 expression to the malignant
potentials of human cancers. Higher expression of MTA]
mRNA was also shown in colorectal cancers compared to
the normal counterpart tissue by another group [20].

' Using a RT-PCR method, we found that human esoph-
ageal squamous cell cancers overexpressed MTA] mRNA.

The overexpressing cancer cells showed significantly

higher frequencies of adventitial invasion and lymph node
metastasis and tended to have a higher rate of lymphatic
involvement [5]. Using immunohistochemistry, we further
examined the protein expression level of MTA1 in human
esophageal squamous cell cancers and reconfirmed the
results obtained by RT-PCR [21]. In this study, we also
demonstrated that MTA | was a predictor of poor prognosis
after surgery [21].

In another observation, Kidd et al. [22] showed that it
was useful to examine the expression of MTA/ mRNA and
MTA1 protein in order to determine the malignant poten-
tial and the propensity to metastasize of small intestinal
carcinoid (enterechromaffin cell) tumors. When compared
to nonmetastatic primary tumors, the expression of MTAI
was increased in malignant small intestinal carcinoids and
in metastases to liver and lymph nodes [22-24]. This same
group further reported that MTA] was a good candidate

genetic molecular marker to discriminate gastric carcinoids '

from other gastric neoplasms [25} as well as malignant
appendiceal carcinoids from benign tissue [26]. In these
studies, MTA1 was thought to be a good marker to define
the malignancy of carcinoid tumors.
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In addition to cancers of the gastrointestinal tract, the
invoivement of MTA1 overexpression in carcinogenesis
and cancer progression was shown in other gastrointestinal
tumors, such as pancreatic cancers and hepatocellular
carcinomas. Iguchi et al. [27] examined MTA/ mRNA
expression in pancreatic cancer cell lines and resected
pancreatic cancer tissues and found that increased levels of
MTA] mRNA expression might be involved in the pro-
gression of pancreatic cancer. Recently, Miyake et al. [28]
showed the expression ievel of MTAI protein correlated
with poorer prognosis of pancreatic cancer patients.

The possible association of MTAJ expression with the
malignant properties of hepatocellular carcinomas (HCC)
was first reported by Hamatsu et al. [29]. In this study,
MTA] mRNA level was assessed by RT-PCR in resected
human HCC tissues, and its high expression predicted a
lower disease-free survival rate after curative hepatectomy
for HCC. Using immunohistochemistry, Moon et al. [12]

~examined MTAI1 protein expression in resected human

HCC specimens. They showed that overexpression of
MTA!1 was associated with HCC growth and vascular
invasion and that nuclear localization of estrogen receptor
(ER) « inversely correlated with MTA1 expression, sug-
gesting that MTA! was involved in negative regulatory
mechanisms. Ryu et al. [30] reported that MTAI was
closely associated with microvascular invasion, frequent
postoperative recurrence, and poor prognosis in patients
with HCC, especially in those with hepatitis B virus
(HBV)-associated HCC.

Other cancers

The relationship between MTA1 expression and malignant
properties, such as invasion and metastasis, has been
investigated in many other carcinomas and sarcomas. High
expression of MTA] mRNA was correlated clinicopatho-
logically with lymph node metastasis of human non-small
cell lung cancers [31] and ovarian cancers [32], and to the
advanced stage and invasiveness of thymomas {33]. Dan-
nennmann et al. [34] reported that overexpression of
MTA1 protein in ovarian cancer was significantly corre-
lated to more advanced stage and higher FIGO staging. The
potential role of MTA protein expression has also been
suggested in the progression of human endometrial carci-
nomas [14]. In prostate cancers, Hofer et al. {35] showed
that metastatic prostate tumors demonstrated significantly

_ higher intensities of MTA1 protein expression and higher

percentages of tissue cores staining positive for MTA1 than
in clinically localized prostate cancers or benign prostate
tissues. The high expression of MTALI in diffuse B-cell
lymphomas was also reported in human cases [36].
Using DNA microarray analysis, Roepman et al. {37]
investigated gene expression patterns in lymph node
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metastases of head and neck squamous cell carcinomas.
They showed that the MTA] gene was the only single gene
that showed consistently changed expression between
numbers of matched pairs of primary tumor and lymph
node metastases. Recently, further evidence was reported
showing that overexpression of MTA1 protein in oral
squamous cell carcinoma correlated to higher lymph node
metastasis, deeper wall invasion and more advanced
stage [38). , RN : :

Biological relevance of MTA proteins to carcinogenesis
and cancer progression

In addition to the clinicopathological evidences mentioned
above, the biological relevance of MTA proteins to carci-
nogenesis and cancer progression has been made much
clearer by the following important experiments.

The direct evidence to show the association of MTAL1
expression with breast cancer malignant properties was first
obtained by Mazumdar et al. in 2001 [39]. They demon-
strated that forced expression of the MTAI1 protein in
breast cancer cell line MCF-7 was accompanied by
enhancement of the ability of cells to invade an artificial
matrix and to grow in an anchorage-independent manner.
They also showed that the enhancement was associated
with the interaction between MTAT! protein and histone
deacetylase, resulting in a repression of ERo-mediated
transcription (This will be discussed in more detail later).

The above study was extended by further experiments
by the same group where they showed direct in vivo evi-
dence of the involvement of MTAL1 in the carcinogenesis of
breast cancer in an animal model {10, 40]. This group
established transgenic mice that overexpressed MTAI
protein. The MTA]-transgenic mice showed -an inappro-
priate development of mammary glands, and the mice
eventually developed hyperplastic nodules and mammary
tumors, including adenocarcinomas. Most interestingly,
MTAl-transgenic mice were accompanied by high inci-
dence of spontaneous B cell lymphomas, including diffuse
large B cell lymphomas [13, 41].

The clinicopathological correlation of MTA1 overex-
pression with squamous cell carcinomas was reinforced by
the experimental results of Mahoney et al. [42]. They
transfected MTA! cDNA into immortalized human kerati-
nocytes and clearly showed that forced expression of MTA]
contributed to several aspects of enhanced metastatic
behavior, including increased migration, invasion and sur-
vival in the anchorage independent state of the immortalized
keratinocytes. Furthermore, Qian et al. [43] inhibited MTA]
expression by RNA interference (RNAIi) in a human
esophageal squamous cell carcinoma cell line and showed
the significant inhibition of in vitro invasion and migration
properties of the cancer cells. '

Direct evidence showing the role of MTA1 in the pro-
gression of pancreatic cancer was provided by Hofer et al.
[44]. They transfected MTA] cDNA into the pancreatic cell
line PANC-1 and demonstrated that enhanced expression

-of MTAI1 promoted the acquisition of an invasive and

metastatic phenotype and that it enhanced the malignant
potentials of pancreatic adenocarcinomas by modulation of
the cytoskeleton via IQGAPI1.

Molecular mechanisms of the MTA family, especially
MTAL, in carcinogenesis and cancer progression

As mentioned above, it was demonstrated by different
approaches and by different laboratories that MTA1 over-
expression was closely correlated with carcinogenesis and
cancer progression of a wide range of cancers originating
in disparate organs and tissues. This strongly indicates that
MTAT may be one of the important key molecules in the
cancer progression field. Thus, it will be absolutely nec-
essary to clarify the molecular mechanisms in which MTA
family members exert their functions for the clinical uti-
lization of MTA proteins for diagnosis or treatment of
human cancers. Here, we introduce the several important
functions of MTA proteins that have been clarified, espe-
cially those that are concerned with carcinogenesis and
cancer progression,

Nucleosome remodeling and histone deacetylation
complex and transcriptional regulation

The first notion about the molecular and biochemical
functions of MTA1 was accidentally obtained by four
independent groups in 1998-1999 [9, 45-48]. In these
studies, two disparate chromatin modifying activities,
ATP-dependent nucleosome remodeling activity and his-
tone deacetylation, were functionally and physically linked
in the same protein complex. This complex has been
named the NuRD (Nucleosome remodeling and histone
deacetylation), and it contains histone deacetylase (HDAC)
1, HDAC?2, the histone binding proteins RbAp46/48 and
the dermatomyositis-specific autoantigen Mi-2, which has
been shown to have transcription repressing activity. Xue
et al. [46] reported that MTAI protein was found in the
NuRD complex, and it had strong transcription repressing
activity. Subsequently, Zhang et al. [47] reported that a
protein similar to MTAI (named MTA2) was also a
component of the NuRD complex and that MTA?2 is highly
expressed in rapidly dividing cells. Later, MTA3 was
identified as an estrogen-inducible gene product that forms
a distinct NuRD complex [15]. We also reported the
physical interaction between MTAI1 and HDACI [49]
(Fig. 1).
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Fig. 1 The fundamental function of MTA proteins. The fundamental
function of MTA proteins is chromatin remodeling and histone
deacetylation, resulting in repression of transcription. MTA proteins
are included in the protein complex named NuRD, which also
contains histone deacetylases (HDAC! and 2), major DNA binding
protein 3 (MDB3), histone binding proteins RbAp46/48 and the
. dermatomyositis-specific autoantigen Mi-2, and has strong transcrip-
tion repressing activities

Thus, the fundamental functions of the MTA family
members appear to be exerted through a NuRD complex that
has chromatin remodeling and histone deacetylating prop-
erties (There is also deacetylating property of non-histone
proteins in the NuRD compiex). In addition, the MTA-
"NuRD complex shows transcriptional repression activities
[6~8, 10, 50]. Although all MTA family proteins are found in
NuRD complexes, these proteins form distinct NuRD
complexes that are thought to target different sets of pro-
moters [9].

Repression of the transactivating function of ERa
by MTA proteins

Although the involvement of MTA proteins in NuRD
complexes suggested that such complexes might function
in chromatin remodeling and histone deacetylation, a direct
target of MTA proteins was first identified by Mazumdar
et al. in 2000 {39]). MTAI1 was identified as a molecule
_ induced by a growth factor, heregulin-betal (HRG), which
is a.natural ligand of the human epidermal growth factor
receptors HER3 and HER4 that can also transactivate
HER2 (c-erbB-2) in human breast cancer cell lines. They
showed that MTAI] directly interacted with the ligand-
binding domain of ERu and that HRG stimulated the
association of MTA1 and HDAC2 on the chromatin of an
ER-responsive element (ERE) in the promoters of the
estrogen responsive genes, such as pS2 and c-myc. This
explains the phenomenon that activation of HRG/HER2
pathway in ER-positive breast cancers results in the sup-
pression of ER« functions, resulting in more invasive and
aggressive phenotypes observed in ER-negative breast
cancers [51]. The repressive function of MTA1 on ERa is
mediated through histone deacetylation by HDAC! and
HDAC2, suggesting that MTA1 has a potent corepressor
function on the transactivation function of ERa through
histone deacetylation (Fig. 2a). MTAZ2 has also been shown
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to physically interact with ERa and to repress its transac-
tivating function. Furthermore, overexpression of MTA2
rendered cells unresponsive to estrogen and suppressed
estrogen-induced colony formation in breast cancer cells
[52] (Fig. 2a, b).

Recently, Khaleque et al. [53] showed that MTA1 binds
to a heat shock factor 1 (HSF1), the transcriptional acti-
vator of the heat shock genes, in vitro and in human breast
carcinoma samples. They demonstrated that HSF1-MTA|
complex formation was strongly induced by HRG and that
the complex was incorporated into the NuRD complex and
participated in repression of estrogen-dependent transcrip-
tion in breast cancer cell treated with HRG.

Following the report by Mazumdar et al. [39], the same
research group reported that several molecules, such as
ménages a trios 1 (MAT1), MTAl-interacting coactivator
(MICoA) and nuclear receptor interacting factor 3 (NRIF3),
all interact with MTA1 and repress the transactivation
function of ERo [8]. These three MTA1-binding proteins
themselves have coactivator properties upon ER¢ transac-
tivation. Talukder et al. [54] identified MAT]1, an assembly
and targeting ring finger factor for cyclin-dependent kinase-
activating kinase (CAK), as a MTA1-binding protein. The
interactions between CAK and MTA1 apparently regulate
the transactivation activity of ER« in a CAK-dependent
manner in breast cancer cells. In contrast, MICoA-mediated
ERa transactivation functions are opposed by MTAI
through the recruitment of HDAC:s [55]. Furthermore, the
interactions between MTA! and NRIF3, an estrogen-
inducible gene, may be important in modulating the sensi-
tivity of breast cancer cells to estrogen [56]. Singh et al. [57)
identified another MTA 1-binding partner, Lim-only protein
4 (LMO4). LMO4 was found to be a component of
the MTA1 corepressor complex, and its overexpression
repressed ERo transactivation functions .in a HDAC-
dependent manner, proposed to result in the acquisition of
the ERa-negative phenotype and increased aggressiveness
in breast cancer cells.

A short form of MTAT protein was subsequently identi-
fied and named MTA1s (Fig. 2a) [16]. MTAls is a splice-
variant of MTA1 and contains an ER-binding motif (nuclear
binding motif) without any nuclear localization signals at the
C-terminus. This protein localizes in the cytoplasm where it
sequesters ERe, resulting in the prevention of ligand-
induced nuclear translocation of ERa and of stimulation of
the malignant phenotype of breast cancer cells. This sug-
gests that the regulation of the cellular localization of ERa
by MTAls may represent a mechanism for redirecting
nuclear receptor signaling by nuclear exclusion. MTA 15 has
also been shown to associate with casein kinase I-gamma2,
which is an estrogen-responsive kinase [58].

MTAS3 is the latest addition to the MTA family. It was
identified as an estrogen-dependent component of the



