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Metastasis associated antigen 1 (MTA1) is a recently identified
candidate metastasis-associated gene that plays an important
role in tumorigenesis and tumor aggressiveness, especially
tumor invasiveness and metastasis. We analyzed the relationship
between MTA1 expression and variable clinicopathological
features and characterized its role in tumor angiogenesis in
human breast cancers. Two hundred and sixty-three breast
cancer cases that successfully underwent surgery at Hanyang
University Hospital (Seoul, Korea) between January 1989 and
December 1997 were enrolled. MTA1 expression was observed
by immunohistochemical staining and correlated with intratumoral
microvessel density (MVD) and other clinicopathological parameters.
MTA1 overexpression correlated significantly with higher tumor
grade (grades 1 and 2 vs grade 3, P=0.009). However, MTA1
expression did not correlate with tumor stage, status of estrogen
and progesterone receptors, or axillary lymph node metastasis.
Interestingly, MTA1 expression was found to correlate significantly
with tumor MVD (P =0.002). Survival analysis did not show a
significant difference between MTA1 overexpression and poorer
survival. In conclusion, MTA1 overexpression was found to be
closely associated with higher tumor grade and increased tumor
angiogenesis. These findings suggest MTA1 as a predictor of
aggressive phenotype and a possible target molecule for anti-
angiogenic drugs in breast cancer treatment. (Cancer Sci 2006; 97:
374-379)

Female breast cancer is a major public health problem,
with more than 1000000 cases occurring worldwide
annually.’ Despite major advances that have been made in
understanding the biological and clinical nature of the disease,
the therapeutic problem persists. Therefore, identification of
novel breast cancer biomarkers could be utilized as possible
therapeutic targets or prognostic predictors that would
contribute to the advancement of breast cancer treatment.
Metastasis associated antigen 1 (MTA1) was originally
identified by differential screening of a cDNA library from
highly metastatic and non-metastatic rat mammary adenocar-
cinoma cell lines.®>® The expression level is estimated to be
four-fold higher in the highly metastatic cell line MTLn3
than in the non-metastatic cell line MTC4.? The mRNA
expression level of the human homolog of this gene is
approximately four-times higher in a metastatic cell line
(MDA-MB-231) than in a non-invasive and non-metastatic
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cell line (MDA-MB-468) in nude mice.® MTA1 is expressed
physiologically at low levels in all normal tissue, except the
testis.® Several studies have identified various roles for MTA1
in normal mammary gland development and human breast
cancer progression, including cell proliferation and invasive-
ness. A study with MTA1 transgenic mice reveals that MTA1
dysregulation in mammary epithelium causes increased cell
proliferation, hyper-branched ductal structure formation and
precocious development, and results in the development of
hyperplastic nodules and mammary gland tumors in virgin
mice.® The growth of human MDA-MB-231 breast cancer
cells is inhibited after treatment with MTA1 antisense phos-
phorothioate oligonucleotides.® MTAI1 overexpression in
non-invasive breast cancer MCF-7 cells yields larger colony
formation in soft agar, augmented colony formation, as well
as increased invasiveness in a Boyden chamber assay.” Thus,
MTAI may play an important role in tumorigenesis and
tumor aggressiveness. However, the role of MTA1 in surgi-
cally resected breast cancer tissue with its clinicopathological
parameters has not been investigated to date. Therefore, we
analyzed the relationship between MTA1 expression and
variable clinicopathological features.

Tumor microenvironment is known to play an active role
in tumor progression through adhesion molecules, angiogen-
esis and stromal host cells.®'? Previous experimental studies
highlight the role of angiogenesis in tumor progression, such
as tumor growth and blood-borne metastasis.!"'? In breast
cancer, the overall results of reported studies suggest that
human breast cancer is an angiogenic-dependent tumor, and
anti-angiogenic therapy may be beneficial for breast cancer
patients.'*!¥ Therefore, we analyzed the possible role of
MTAL1 in tumor angiogenesis of breast cancer by counting
intratumoral microvessels, which is widely used to estimate
tumor angiogenesis.!>

In the present study, we report a statistically significant
correlation between MTA1 gene expression and increased
tumor grade or tumor angiogenesis in human breast cancers.
We suggest MTA1 as a predictor of aggressive phenotype
and a possible target molecule for anti-angiogenic drug
design in human breast cancers.
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Materials and Methods

Patients and surgical specimens

Two hundred and sixty-three breast cancer cases, consisting
of 248 cases of invasive carcinoma and 15 cases of in situ
carcinoma, which successfully underwent surgery at Hanyang
University Hospital (Seoul, Korea) between January 1989
and December 1997, were enrolled in this retrospective
study. Most patients received modified radical mastectomy or
lumpectomy with axillary lymph node dissection followed by
adjuvant chemotherapy and/or hormonal therapy. The patients
with stage I or Il received adriamycin, cyclophosphamide (AC)
or cyclophophamide, methotrexate, 5S-fluorouracil chemotherapy.
The patients with stage III received AC with paclitaxel
chemotherapy. Adjuvant hormonal therapy with tamoxifen
was administrated after chemotherapy for patients with estrogen
receptor-positive status. Histologically, the most common
type was invasive ductal carcinoma (202 cases), followed by
ductal carcinoma in situ (14 cases), invasive lobular carcinoma
(12 cases), mucinous carcinoma (11 cases), invasive tubular
medullary carcinoma (nine cases), carcinoma (six cases),
apocrine carcinoma (two cases), clear cell carcinoma (two
cases), invasive cribriform carcinoma (two cases), invasive
tubulolobular carcinoma (one case), lobular carcinoma in situ
(one case) and papillary carcinoma (one case). The mean
follow-up interval was 87 months (range: 1-168 months).
Fifty-seven (21.7%) patients died and 206 (78.3%) patients
remained alive. All specimens were examined by two patho-
logists experienced in breast carcinoma diagnosis and the
most representative paraffin-embedded blocks were chosen
for further analysis. Clinicopathological characteristics, which
included age, American Joint Committee on Cancer (AJCC)
stage, histological grade, histological type, the status of
estrogen receptor (ER) and progesterone receptor (PR), and
lymph node metastasis, were evaluated according to the
general rule. Histological grade was evaluated using a modified
Bloom—Richardson grading system. Steroid receptor status
was evaluated by immunohistochemistry using anti-ER and
anti-PR antibodies (Immunotech, Marseille, France).

Immunohistochemical staining of MTA1 and CD34
Immunohistochemical staining for MTA1 and CD34 was
carried out using the avidin—biotin peroxidase complex method
with 3,3’-diaminobenzidine as a chromogen using an LSAB
kit (DAKO, Carpentaria, CA, USA). Paraffin-embedded tissue
blocks, which included tumor and normal breast tissues,
were sectioned at 5 um. Slides were deparaffinized with
xylene and rehydrated in a graded alcohol series. The slides
were then incubated in 3% hydrogen peroxide for 10 min
to block endogenous peroxidase activity. To enhance the
immunoreactivity, microwave antigen retrieval was carried
out in citrate buffer (pH 6.0) for 10 min. Primary antibodies
against MTA1 (Santa Cruz Biochemistry, Santa Cruz, CA,
USA) and CD34 (Immunotech) were used at dilutions of 1 : 20
and 1 : 50, respectively. Subsequently, secondary biotinylated
antibody and avidin—biotin complex reagent were applied
and the sections were counterstained with hematoxylin and
mounted. Sections were incubated with Tris-buffered saline
containing 2% rabbit serum and 1% bovine serum albumin
instead of primary antibody for negative controls.
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Interpretation of MTA1 expression and microvessel density
Immunohistochemistry results were analyzed by two independent
pathologists and were graded based on the nuclear staining
intensity. They were scored as negative (score 0), weak
(score 1), moderate (score 2) and strong (score 3) using a
system that has been validated previously.'® Samples with
staining of 210% of tumor cells were defined as positive. The
slides were reinvestigated by both investigators under a
multihead microscope in cases of disagreement. Microvessel
density (MVD) was recorded by counting CD34-positive
vessels in the most vascularized areas of fields at X200
magnification."'” Blood vessels with a lumen diameter exceeding
approximately eight red blood cells were excluded. The mean
value of the vessel count in the four fields was retained as the
final value. We have used this system previously to estimate
tumor angiogenesis.'®

Statistical analysis

All statistical analyses were carried out using SPSS version
12.0 software (SPSS, Chicago, IL, USA). The yx>-test was
used to examine the association between MTA1 expression
and the various clinicopathological characteristics, including
patient age, AJCC stage, tumor grade, histological subtype,
status of ER and PR, and axillary lymph node metastasis.
The relationship between MTA1 expression and microvessel
density was also evaluated using the Mann—Whitney test. The
Kaplan—Meier method was used to calculate overall survival
curves, and the log-rank test was used to compare the difference
between the survival rates of the patient subgroups, which
were divided by various clinicopathological parameters and
MTAL1 expression. Multivariate survival analysis with Cox’s
proportional hazard regression model was also used to
evaluate the independent prognostic factors. A difference of
P < 0.05 between groups was considered significant.

Results

Expression of MTA1 in human breast cancers and its
relationships with other clinicopathological parameters
Upon staining for MTA1, tumor cells showed diffuse nuclear
staining from negative to strong intensity, whereas normal
breast ducts and lobules showed generally negative or weak
focal expression (Fig. 1). The breast cancer cases were
classified by intensity scores: negative (score 0), 113 cases
(43.0%); weak (score 1), 83 cases (31.6%); moderate (score
2), 48 cases (18.3%); and strong expression (score 3), 19
cases (7.2%). Tumors with scores of more than 2 (moderate
and strong expression) were considered to show MTAI
overexpression'” and 67 of the 263 cases (25.5%) showed
overexpression of MTA1 (Table 1). MTA1 overexpression
was found to be significantly higher in the younger age group
than in the older age group (<50 years old vs >50 years old,
P =0.029), and higher in invasive ductal carcinoma than in
other histological subtypes of invasive breast cancers, such as
medullary carcinoma, mucinous carcinoma, invasive cribriform
carcinoma or papillary carcinoma (P = 0.002). No difference
was found between MTAI1 expression in invasive ductal
carcinoma and ductal carcinoma in situ (P = 0.613). There
was a significant correlation between MTA1 overexpression
and higher tumor grade (grade 1 and 2 vs grade 3, P = 0.009).
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Table 1. Relationship between metastasis associated antigen 1
(MTA1) expression and clinicopathological data in breast cancers
(n =263)

Expression of MTA1

. P-value
Variable Low High (-test)
n (n =196) (n=67)
Age (years) 0.029
<50 157 110 47
>50 106 86 20
Tumor stage 0.467
0-1 62 47 15
1111 201 149 52
Tumor grade (IDC only) 0.009
1-2 131 101 30
3 70 42 28
Histological type
IDC 202 143 59
DCIS 14 10 4 0.613
Other invasive cancer 46 42 4 0.002
Estrogen receptor 0.269
Positive 140 107 33
Negative 123 89 34
Progesterone receptor 0.109
Positive 158 113 45
Negative 105 83 22
Lymph node metastasis 0.426
Positive 125 92 33
Negative 138 104 34

DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma.

However, MTA1 expression did not correlate with tumor stage,
status of ER and PR, or axillary lymph node metastasis. In
the analyses with invasive breast cancers, MTA1 expression
did not correlate with patient’s age, tumor stage, ER, PR or
lymph node metastasis.
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Fig. 1. (a) Immunohistochemical staining for
metastasis associated antigen 1 (MTA1), normal
duct and lobule of breast tissue shows
generally negative staining. Representative
sections of (b) weak, (c) moderate and (d)
strong positive staining for MTA1 expression.
MTA1 expression is localized in the nucleus of
tumor cells.

MTA1 overexpression is closely associated with tumor
angiogenesis in invasive breast cancers

To investigate the association between MTA1 overexpression
and tumor angiogenesis, we examined the intratumoral MVD
in 238 invasive breast cancers using CD34 immunohistochemical
staining. As shown in Figs 2 and 3, MTA1 and CD34 staining
in serial sections showed that weak expression of MTA1 was
associated with fewer microvessels, and strong MTA1 expression
was associated with abundant microvessels (P = 0.002,
Mann—Whitney test). In further analysis with subgroups
according to ER status and lymph node metastasis, we found
that MTA1 overexpression was significantly associated with
tumor angiogenesis regardless of ER status. In the lymph
node-negative subgroup, MTA1 overexpression was also
significantly associated with tumor angiogenesis. In the
lymph node-positive subgroup, MTA1 expression and tumor
angiogenesis showed no significant association, but the
correlation tended to increase in samples with higher MTA1
expression (Table 2).

MTA1 overexpression is not significantly related with a
poorer survival rate

Because we found a correlation between MTA1 expression
and tumor grade and angiogenesis, we further examined the
effect of MTA1 expression on clinicopathological prognostic
factors in breast cancer patients. As shown in Table 3, a
significant prognostic influence of tumor stage and node
metastasis on overall survival was found by univariate analysis.
However, no impact of MTA1 expression on overall survival
was observed in univariate and multivariate survival analyses.
Kaplan—Meier survival curves and log-rank tests showed no
significant correlation between patient survival and MTAL1
overexpression (Fig. 4). Although we found that MTA1
expression correlated with tumor grade and angiogenesis, which
are generally considered to be poor prognostic factors,*)
MTAI1 overexpression was not associated with patient survival.
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Fig. 2. (a) Metastasis associated antigen 1
(MTA1) and (c) CD34 staining in serial sections
showed weak expression of MTA1 in association
with low microvessel density. (b) MTA1 and
(d) CD34 staining in a tumor with strong
MTA1 expression and abundant microvessels.
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Fig. 3. Analysis of subgroups with negative or weak (low) and
moderate or strong (high) metastasis associated antigen 1 (MTA1)
expression is presented by bars. Tumors with higher MTA1
expression showed significantly higher microvessel density than
tumors with lower MTA-1 expression (Mann-Whitney test).

In the analyses with invasive breast cancers, no correlation
was found between MTA1 expression and patient survival.

Discussion

In the present study, we found that MTA1 expression was
generally absent or focally weak in the normal duct
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Fig. 4. Cumulative survival according to metastasis associated
antigen 1 (MTA1) expression in breast cancer patients (Kaplan-
Meier method and log-rank test). Higher MTA1 expression did not
correlate with poorer prognosis.

epithelium of human breast tissue by immunohistochemistry.
In contrast, breast cancer cells expressed MTA1 diffusely and
its staining intensity was negative to strong. Therefore,
MTAT1 expression with more than moderate intensity, defined
as MTA1 overexpression, occupied 25.5% of breast cancers
in our series. Here we showed that MTA1 overexpression
correlated with higher tumor grade and abundant intratumoral
microvessels in surgically resected samples.

The expression of MTA1 has been investigated in several
types of human cancers and was found to correlate closely
with some clinicopathological parameters that increase tumor
aggressiveness.'%?>2% In a previous report with gastrointestinal
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Table 2. Relationship between metastasis associated antigen 1 (MTA1) expression and microvessel density according to the estrogen
receptor status and lymph node involvement in invasive breast cancers (n = 238)

. . . P-value

MTA1 expression n=238 Microvessel density (Mann-Whitney test)
Total 0.002

Low 176 44.54 +18.10

High 62 52.34 + 19.50
Estrogen receptor-positive 0.031

Low 96 45.75+17.94

High 31 52.94 + 16.38
Estrogen receptor-negative 0.023

Low 80 43.09 +18.30

High 31 51.74 £ 22.45
Lymph node-positive 0.121

Low 88 45.63 +15.94

High 30 50.97 +£17.12
Lymph node-negative 0.004

Low 88 43.45 +20.07

High 32 53.63+21.69
All data are presented as mean * standard deviation.
Table 3. Univariate and multivariate survival analysis of 263 breast cancer patients

Significance 95% Cl for
Overall survival Exp (B)
Univariate Multivariate Exp (B)

MTA1 expression (low vs high) 0.444 0.513 0.791 0.393-1.596
Patient age (<50 years vs >50 years) 0.665 0.936 1.025 0.557-1.888
Histological grade (1, 2 vs 3) 0.719 0.720 1.122 0.599-2.102
AJCC stage (1, Il vs II1) <0.001 0.002 4.684 1.770-12.395
Lymph node metastasis (yes vs no) <0.001 0.632 1.304 0.439-3.876
Estrogen receptor (positive vs negative) 0.943 0.603 0.844 0.445-1.599
Progesterone receptor (positive vs negative) 0.798 0.902 1.041 0.546-1.984

AJCC, American Joint Committee on Cancer; Cl, confidence interval; Exp (B), hazard ratio; MTA1, metastasis associated antigen 1.

carcinomas, 13 of 36 colon cancer patients that expressed
higher MTA1 mRNA exhibited significantly deeper wall
invasion and frequent lymph node metastasis, and tended to
be at a more advanced Dukes’ stage.®? In gastric carcinomas,
higher expression of MTA1 mRNA is significantly associated
with frequent serosal invasion and lymph node metastasis,
and tends to have a higher rate of vascular invasion.?®® Similar
observations have been reported in esophageal cancers. In a
previous study, 12 out of 16 esophageal carcinomas overex-
pressing MTA1 mRNA invaded into the adventitia or neigh-
boring structures, whereas 13 out of 31 remaining tumors
were restricted in the proper muscle layer.® In an analysis of
74 non-small cell lung cancers, MTA1 mRNA expression
levels were higher in tumors with higher stage and lymph
node metastasis.®® Hofer er al. analyzed 1940 prostate tis-
sue microarray samples from more than 300 patients using
immunohistochemistry.'® They found that MTA1 protein
expression was elevated in hormone-refractory metastatic
prostate cancer compared with clinically localized prostate
cancer or benign prostatic tissue. Additionally, increased
expression of MTA1 protein was also detected in prostate cancer
precursor lesions.'® Another study revealed that pancreatic
cancer tissues overexpressing MTA1 mRNA tended to have a
higher frequency of lymph node metastasis.®® In thymoma,
stage IV patients had higher expression of MTA1 mRNA

378

than patients with stage 1.?” In the present study, higher
expression of MTA1 significantly correlated with increased
tumor grade. This finding, together with previous studies,
suggests the possible role of MTA1 in tumor progression and
the development of aggressive phenotypes. However, there
was no difference between in situ lesions and invasive carci-
noma in the breast. No association was found between MTA1
expression and axillary lymph node metastasis in our breast
cancer series, whereas a correlation with regional lymph node
metastasis has been reported in gastrointestinal carcinoma,
lung cancer and pancreatic cancer.>*? Such discrepancies
suggest that the role of MTA1 may be organ-specific, and
further consecutive studies are required.

Angiogenesis, the branching and sprouting of capillaries
from the endothelium of the pre-existing vasculature,®® plays
a central role in tumor progression of invasive breast cancers
and is related to the development of blood-borne metasta-
sis."219 Thus, MTA1 may be related to tumor angiogenesis
and its angiogenic activity represents a potentially novel anti-
cancer therapeutic target.'> MTA1 is a subunit of the nuclear
remodeling and deacetylation (NuRD) complex, which is
associated with chromatin remodeling and histone deacety-
lase activity, leading to transcriptional regulation of specific
genes.®3® Qian et al. have reported recently that the use of
chromatin remodeling agents, such as histone deacetylase

doi: 10.1111/j.1349-7006.2006.00186.x
© 2006 Japanese Cancer Association

85U8017 SUOWWOD 8AIERID 3(gedl|dde aL Aq peusenob sk e O ‘8sn JO Sa|nJ 0} ARiq 1 8UlIUO AB]1M UO (SUOIPUOD-PUE-SW.SH W00 A8 1M Ae1q Ut |uo//Sdiy) SUoRIpUD pue swie | 8ui8es *[220z/TT/ez] uo Ariqiauluo AB(1m ‘Areiqi AuseAun BueAueH Ad X'98T00°9002"900L-6VET [TTTT 0T/I0p/w0o" A3 1M AIq 1 BU1|UO//SONY W1 papeojumod ‘G ‘9002 ‘900L67ET



inhibitor NVP-LAQS824, inhibits angiogenesis and has a greater
antitumor effect in combination with the vascular endothelial
growth factor receptor tyrosine kinase inhibitor PTK787/
7K222584.%Y In view of MTAL1 as a subunit of the NuRD
complex, this finding suggests a possible angiogenic property
for MTA1. Therefore, we analyzed the association between
MTAL expression and intratumoral MVD, the most commonly
used technique to quantify tumor angiogenesis. Interestingly,
we found that higher expression of MTA1 was associated
significantly with increased intratumoral MVD. This result
suggests a novel role for MTA1 in tumor angiogenesis and
MTAL1 as a possible target for anti-angiogenic therapy. How-
ever, the exact role of MTA1 as an angiogenic factor remains
to be elucidated at the molecular level.

MTAL1 expression and its prognostic effect were investigated
previously in several human tumors. No significant prognostic
effect was found in lung cancer® or thymoma.®” In prostate
cancer, higher MTA1 expression is associated with a longer
prostate-specific antigen (PSA)-free survival time after radical
prostatectomy and negative MTA1 expression is associated
with a 2.8 relative risk for developing PSA recurrence.'®
This study shows an inverse relationship between MTA1
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expression and PSA recurrence-free survival. In our study with
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of tumors that may affect the outcome of the disease.

In conclusion, MTA1 overexpression was found to be closely
associated with higher tumor grade and increased tumor
angiogenesis. These findings suggest MTA1 as an indicator
of an aggressive phenotype and a possible target molecule for
anti-angiogenic drugs in breast cancer treatment.
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