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Table 4 Histological features of Early growth responsive gene 3 (Egr3)-expressing MCF-7 cells injected into athymic mice

Eg-11 (n=4) Ctl-7 (n=4) P value

Tumor volume® (mm?) 3994101 357474 0.75
Histologically determined largest 4.84+0.6 51104 0.61

dimension? (mm)
Tubule formation

1 (>75%) 0 (7%) 1(13%)

2 (10-75%) 0(11%) 3 (15%)

3 (<10%) 4 (31%) 0 (23%) 0.03
Invasive lesions

Present 4 (100%) 0 (0%)

Absent 0 (0%) 4 (100%) 0.01

Ki-67 LI of the tumor® (%) 54.51+4.6 495+71 0.58

Tumor tissues were resected at 2 months after the injection, and were subsequently fixed in 10% formalin and embedded in paraffin
wax. Tumor volume was evaluated by a formula for a semiellipsoid (4/3wr%/2). P values <0.05 were considered significant and

described as boldface.

2Data are presented as mean+s.o. All other values represent the number of cases and percentage.

(the relative value of more than 2.0) induced by
estradiol in various carcinoma cell lines derived from
breast (MCF-7 and MCF-7 ¢9), endometrium (Ishi-
kawa), ovary (SK-OV-3), and stomach (MKN-28;
Inoue et al. 2002, 2004, Hayashi et al. 2003). Induction
of EGR3 mRNA was detected at 6 h after estradiol
~treatment (10 nM) and reached the maximal level at
24-72h in MCF-7 cells by northern blot analysis
(Inoue et al. 2004), and ERE sequence was identified at
2.3 kb from the most upstream mRNA 5’ end of Egr3
(Bourdeau er al. 2004). The biological estrogenic
actions are mainly mediated through ERa (Korach
1994, Hayashi et al. 2003), and MCF-7 cells highly
express ERa but low level of ERB (Vladusic et al
2000). Therefore, results from our present study
suggest that EGR3 is expressed in the breast carcinoma
cells, mainly through ERa, as a result of estrogenic
action.

We also found that 21 out of 55 cases were
immunopositive for EGR3 in breast carcinoma tissues
negative for ERa (LI of <10%). This is partly because
EGR3 expression was induced by a low or undetect-
able level of ERa. However, EGR3 was also reported
to be induced by various factors, including mitogenic
stimulation (Patwardhan et al. 1991, O’Donovan et al.
1998, Mercier et al. 2001, Jouvert et al. 2002).
Therefore, factors other than estrogen may also be
partly involved in the regulation of EGR3 expression in
some breast carcinomas.

In our study, EGR3 immunoreactivity was
inversely associated with tubule formation, and
positively correlated with metastatic lesions of
lymph nodes or other organs in the breast carci-
nomas. Moreover, overexpression of Egr3 signi-
ficantly enhanced invasion properties in MCF-7
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cells in both ir vitro study and nude mouse xenograft
model. Therefore, EGR3 is postulated to play a
pivotal role in carcinoma cell invasion mediated by
estrogens in breast carcinomas. Metastasis is the
major cause of treatment failure and death of
carcinoma patients, and it is a multi-step process
that involves not only invasion of carcinoma cells but
also lymphogenous and/or hematogenous spread and
cell proliferation in the metastatic sites. In our
present study, EGR3 immunoreactivity was not
associated with tumor size or Ki-67 LI in the breast
carcinoma tissues, and overexpression of Egr3 was
not necessarily involved in the cell proliferation or
apoptosis status in MCF-7 cells. Therefore, co-
operation with EGR3 and other factors may be
required for the metastasis of ER-positive breast
carcinoma. It awaits further examinations for the
detailed clarification of estrogen-mediated metastatic
process, because biological function of a great
majority of estrogen-responsive genes currently
remains unclear. However, for instance, cyclin D
(Steeg & Zhou 1998) and estrogen-responsive finger
protein (Efp; Urano et al. 2002, Suzuki et al. 2005b)
were shown to induce the estrogen-mediated prolifer-
ation in breast carcinoma cells, and histone deacetyl-
ase (HDAC) 6 were reported as a regulator of cell
motility in ER-positive breast carcinoma cells (Saji
et al. 2005).

Both uni- and multivariate analyses in our study
have demonstrated that EGR3 immunoreactivity is a
potent prognostic factor for both the recurrence and
overall survival in breast carcinoma patients, and
similar tendency was also detected in the patients who
received tamoxifen therapy. Estradiol is well known to
be locally produced and act in breast carcinomas
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regardless of the menopausal status (Suzuki et al
2005a). In the present in vitro experiments, tamox-
ifen suppressed estradiol-mediated expression of
EGR3 mRNA in a dose-dependent manner, but the
EGR3 mRNA level in MCF-7 cells treated with
estradiol and 10 uM tamoxifen was significantly higher
than the control level. Optimal concentrations of
tamoxifen were generally considered 10nM to
10 uM in in vitro studies (Vendrell et al. 2005), and
serum concentration of tamoxifen was reported at
1.8 uM in patients who received high-dose tamoxifen
(320 mg), nevertheless 20 mg tamoxifen is usually
administrated in breast carcinoma patients. Therefore,
tamoxifen may not completely block the estradiol-
mediated EGR3 expression in the breast carcinoma
patients.

Regarding the molecular mechanism leading to
tamoxifen resistance, recent studies demonstrated that
breast carcinoma cells adapt by changing their
response to estradiol and developing an increased
sensitivity to the growth-stimulating action (Martin
et al. 2003, Berstein et al. 2004, Santen et al. 2004).
These processes are called ‘hypersensitivity to estra-
diol’, and the potential association with increased
concentrations of ERe. and ER-mediated events is
proposed (Santen et al. 2001, Chan et al. 2002,
Vendrell et al. 2005). In this study, EGR3 mRNA
level in LY-2 cells was 5.5-fold higher than that in
MCF-7 cells in the absence of exogenous estradiol, but
it was dose-dependently decreased by ICI 182 780. In
addition, LY-2 cells showed marked amplitude of
estradiol-mediated EGR3 mRNA expression when
compared with MCF-7 cells. Therefore, it is suggested
that EGR3 expression is mainly mediated through ER:
in LY-2 cells, and these findings of our present study
are possibly explained by the hypersensitivity to
estradiol in tamoxifen-resistant state of MCF-7 cells.
Considering that the EGR3 mRNA level in LY-2 cells
treated with estradiol and 10 pM tamoxifen was 2.8-
fold higher than that in MCF-7 cells treated with
estradiol alone, EGR3 may play an important role also
in the tamoxifen-resistant breast carcinoma patients.
Therefore, residual carcinoma cells following surgical
treatment in EGR3-positive breast carcinomas could
rapidly invade in the presence of local estrogens
regardless of the tamoxifen therapy, thereby resulting
in an increased recurrence and poor prognosis in these
patients.

In summary, EGR3 immunoreactivity was detected
in carcinoma cells in 52% of breast carcinoma tissues
in this study, and it was associated with its mRNA
level. EGR3 immunoreactivity was positively associ-
ated with lymph node status, distant metastasis into
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other organs, ER«, or EGR3 immunoreactivity in the
recurrent lesjons, and negatively correlated with tubule
formation. EGR3 immunoreactivity was significantly
associated with an increased risk of recurrence or
worse prognosis, regardless of the tamoxifen therapy.
Estradiol significantly induced EGR3 mRNA
expression in a dose-dependent manner in MCEF-7
cells, which was markedly amplified in a tamoxifen-
resistant MCF-7 cell variant (LY-2). Tamoxifen
suppressed the estradiol-meditated induction of
EGR3 mRNA in a dose-dependent manner in these
cells, but tamoxifen could not inhibit its expression
completely. Egr3-expressing MCF-7 cells significantly
increased the invasion property, but not cell prolifer-
ation, both in vitro and in vivo experiments.
These results from our present study suggest that

"EGR3 plays an important role in estrogen-meditated

invasion and is a potent prognostic factor in human
breast carcinoma.
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Background: Expression of estrogen-regulated genes has been considered as potential pre-
dictive markers for endocrine therapy. We focused on two insutin-like growth factor binding
proteins (IGFBPs): /GFBP-4, which is an early-responsive estrogen-induced gene, and
IGFBP-5, which is an estrogen-repressed gene.- Investigation of IGFBP-4 and /IGFBP-5
expression would provide important information for predicting prognosis and endocrine
responsiveness.

Methods: The levels of IGFBP-4 and /IGFBP-5 mRNA expression in 162 human breast
cancer tissues were analyzed using quantitative real-time reverse transcriptase-PCR. The
association between IGFBP-4 and /GFBP-5 expression and clinicopathological factors was
then analyzed.

Results: The levels of IGFBP-4 and /GFBP-5 mRNA expression were positively correlated
with estrogen receptor (ER) and progesterone receptor (PgR) status and were negatively cor-
related with HER2 overexpression. Patients with a high level of /IGFBP-4 mRNA expression
had better disease-free and overall survival than those with a low expression. Multivariate
analysis showed that /IGFBP-4 mRNA expression is an independent prognostic factor for
disease-free survival. When analyzed in 116 patients with ER-positive breast cancer, patients
whose tumor expressed higher levels of /GFBP-4 mRNA or lower levels of /IGFBP-5 mRNA
had better disease-free survival.

Conclusion: /GFBP-4 mRNA expression was an independent prognostic factor in breast
cancer, and patients with ER-positive breast cancer whose tumor expressed higher levels of
IGFBP-4 and lower levels of IGFBP-5 had a better prognosis than those without such
findings.

Key words: breast cancer — IGFBP-4 — IGFBP-5 — prognosis

INTRODUCTION

with tumors expressing high levels of ER are unresponsive
to endocrine therapy and all patients with advanced disease

Endocrine therapy has become the most important treatment
option for women with estrogen receptor (ER)-positive
breast cancer. Nevertheless, many breast cancer patients

For reprints and all correspondence: Hiroko Yamashita, Oncology and
Immunology, Nagoya City University Graduate School of Medical Sciences,
Kawasumi 1, Mizuho-ku, Nagoya 467-8601, Japan. E-mail: hirokoy@med.
nagoya-cu.ac.jp

eventually develop resistance to the therapy (1). Expression
of estrogen-regulated genes has been considered to provide
predictive markers for endocrine therapy, because their
expression may indicate the presence of a functional
estrogen-signaling pathway. Using microarray technology,
we have identified more than 100 estrogen-regulated
genes in MCF-7 human breast cancer cells (2). Of these
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estrogen-regulated genes, in the present study we focused on
two insulin-like growth factor binding proteins (IGFBPs):
IGFBP-4, which is an early-responsive estrogen-induced
gene, and JGFBP-5, which is an estrogen-repressed gene.

IGFBPs are considered to bind to insulin-like growth
factor (IGF)-I and IGF-II in the extracelluar space, regulating
access of IGFs to IGF receptors (3), which is one of the
most critical steps for proliferation of breast cancer cells.
There are six IGFBPs, IGFBP-1 to IGFBP-6, which share
40—60% amino acid identity. IGFBPs bind IGF-I and IGF-II
with high affinity, and are essential to transport IGFs, to
prolong half-lives, and to regulate the availability of free
IGFs for interaction with IGF receptors, thereby modulating
the effects of IGFs on growth and differentiation. In
addition, recent evidence indicates that some IGFBPs may
themselves have direct receptor-mediated effects, indepen-
dent of IGFs (4). /GFBP-3 is the most abundant IGFBP in
human serum and has been shown to be a growth inhibitory,
apoptosis-inducing molecule, capable of acting via
IGF-dependent and IGF-independent mechanisms (5). The
clinical data presented to date provide ambiguous evidence
as to whether the IGFBPs, and in particular /GFBP-3,
predict a good or poor prognosis in breast cancer (6). Recent
studies indicated that high concentrations of IGF-I and
IGFBP-3 in the circulation were associated with an increased
risk of premenopausal breast cancer (7). IGFBP-4 appears to
be a potent inhibitor of IGF function in several human cell
lines (8—10). IGFBP-5 plays a critical role in mammary
gland development, and, in particular, the removal of
mammary epithelial cells by apoptosis that takes place
during the involutionary stage of the lactating gland (11).
However, little is known about the role of /JGFBP-4 and
IGFBP-5 in breast cancer.

In the present study, we examined mRNA and protein
expression of IGFBP-4 and /GFBP-5 in 162 human breast
cancer tissues and analyzed their significance for prognosis.

PATIENTS AND METHODS
PaTENTS AND TUMOR SAMPLES

Primary invasive breast carcinoma specimens were obtained
by surgical excision from 162 female patients at Nagoya
City University Hospital between 1992 and 2000. Informed
consent was obtained from all patients before surgery. The
study protocol was approved by the institutional review
board and conformed with the guidelines of the 1975
Declaration of Helsinki. The median age of the patients was
57.9 years (range, 28—88 years). The patients’ tumors were
classified with the International Union Against Cancer
(UICC) staging system as follows: 44 cases were classified
as stage I, 98 cases as stage II, 17 cases as stage III and 3
cases as stage I'V. Patients were graded histopathologically
according to the modified Bloom and Richardson method
proposed by Elston and Ellis (12). As post-operative
adjuvant treatment, tamoxifen was given to patients with

ER- and/or progesterone receptor (PgR)-positive tumors.
Depending on tumor stage, the following chemotherapy regi-
mens were given: oral 5-fluorouracil, CMF, or FEC. Since
1995, post-operative treatment has been done with reference
to the recommendation of St Gullen (13). After surgery, 26
patients (16.0%) received no additional therapy. Of the
remaining 136 patients, 82 (50.6%) received systemic
therapy consisting of endocrine therapy alone, 10 (6.2%)
received chemotherapy alone and 44 (27.2%) received com-
bined endocrine therapy and chemotherapy. Patients were
observed for disease recurrence and death at least once every
6 months for 5 years after surgery and yearly thereafter. The
median follow-up period was 67 months (range, 2—128
months). Samples were snap-frozen in liquid nitrogen and
stored at —80°C until RNA extraction.

IsoLaTioN oF TotaL RNA AND ReVERSE TRANSCRIPTION

Total RNA from homogeneous breast cancer tissue, which
was microscopically confirmed, was isolated from approxi-
mately 500 mg of frozen specimen. Total RNA was also iso-
lated from one flask of HepG2 cells and T47D cells for use
as a positive control and to generate standard curves. mRNA
was isolated using the TRIZOL reagent (Life Technologies,
Inc., Tokyo, Japan) according to the manufacturer’s instruc-
tions. Reverse transcription reactions were done as pre-
viously described (14).

PRIMERS AND PROBES

We conducted BLAST searches (Genbank) to confirm the
specificity of the nucleotide sequences chosen for the
primers and probes and to confirm the absence of DNA
polymorphism. To avoid detection of contaminating
genomic DNA, the primers for JGFBP-4 were located at
exon 1 and exon 2, and the primers for /IGFBP-5 were
located at exon 3 and exon 4. The specific oligonucleotide
primers were synthesized according to published information
as follows: JGFBP-4, 5’ sense TCGAGGCCATCCAGGAAA
(602—619) and 3’ antisense CCCCATTGACCTTCATCTT
(766—748) (165 bp); IGFBP-5, 5’ sense CTGTGTACCTGC
CCAAT (1411-1427) and 3’ antisense CACTGAAAG
TCCCCGTCAA (1561—-1543) (151 bp). The donor probe for
IGFBP-4, 5'-AGCGCCCATGACCGCAG-3' has a fluor-
escein label at its 3’ end and the acceptor probe for JGFBP-4
5-TGCCTGCAGAAGCACTTC GC-3’ has LC Red 640 at
its 5" end. For IGFBP-5, the donor probe 5-CCGCAAACGT
GGCATCTGCT-3’ and the acceptor probe 5-GTGCGTGGA
CAAGTACGGGATGA-3' were used.

To ensure the fidelity of mRNA extraction and reverse
transcription, all samples were subjected to PCR amplifi-
cation with oligonucleotide primers and probes specific for
the constitutively expressed gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and normalized. GAPDH primers
were as follows: 5’ sense AAATCAAGTGGGGCGATGCTG
and 3’ antisense GCAGAGATGATGACCCTTTTG. The



sequences of the GAPDH probes were as follows: the donor
probe, 5'-AGAAGGCTGGGGCTCATTTGCAGGG-3' and
the acceptor probe, 5-GTCCACTGGCGTCTTCACCAC
CATG-3'. All primers and probes were purchased from the
Japanese Gene Institute (Saitama, Japan).

REeAL-T?ME REVERSE TRANSCRIPTION-PCR

Real-time reverse transcription-PCR was done using a
LightCycler (Roche Molecular Biochemicals, Mannheim,
Germany) as previously reported (15). The PCR reaction for
IGFBP-4 and IGFBP-5 was carried out in a final volume
of 20 ul containing 2.4 pl of 25 mmol/l MgCl,; 0.5 pl of
20 pmol/pl sense primer and antisense primer; 0.4 pl of
10 pmol/pl donor and acceptor probe; 2 pl of PCR master
mix; 1.5 pl of cDNA and made up to 20 pl with water.
After an initial denaturation step at 95°C for 60 s, tempera-
ture cycling was initiated. Each cycle consisted of denatura-
tion at 95°C for 0 s, hybridization at 57°C for 5s, and
elongation at 72°C for 6s. The fluorescence signal was
acquired at the end of the hybridization step. A total of 55
cycles were performed. Cycling conditions for GAPDH were
as follows: initial denaturation at 95°C for 60 s, followed by
50 cycles at 95°C for 0's, 60°C for 5 s and 72°C for 8 s.

STANDARD CURVES AND PRESENTATION OF RESULTS

For each PCR run, a standard curve was constructed with serial
dilutions of cDNA obtained each from HepG2 cells for
IGFBP-4 and T47D cells for IGFBP-5. The level of expression
of IGFBP-4 and IGFBP-5 mRNA were given as relative copy
numbers normalized against GAPDH mRNA and shown as
mean + SD. Relative IGFBP-4 and IGFBP-5 mRNA
expression was calculated by the formula: (/GFBP-4/
GAPDH) x 1000 and (/GFBP-5/GAPDH) x 100, respectively.

A non-template negative control was included in each
experiment. All of the non-template negative controls, the
standard cDNA dilutions from HepG2 cells or T47D cells,
and the tumor samples were assayed in duplicate. All of the
patient samples with a coefficient of variation for gene
mRNA copy number data >10% were retested using the
method of Bieche et al. (16).

IMMUNOHISTOCHEMICAL STAINING OF ER AND PgR

Immunohistochemical staining of ER and PgR was done
using monoclonal mouse antihuman ERa antibody (1D5,
DAKO) at 1:100 dilution for ER and monoclonal mouse
antihuman PgR antibody (636, DAKO) at 1:100 dilution for
PgR as primary antibodies as previously described (17). The
expression of ER and PgR was estimated in accordance with
the procedure of Allred and colleagues (18). In brief, a pro-
portion score represented the estimated proportion of tumor
cells staining positive, as follows: 0 (none); 1 (<1/100);
2 (1/100 to 1/10); 3 (1/10 to 1/3); 4 (1/3 to 2/3); and 5 (>2/3).
Any brown nuclear staining in invasive breast epithelium
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counted towards the proportion score. An intensity score rep-
resented the average intensity of the positive cells, as
follows: 0 (none); 1 (weak); 2 (intermediate); and 3 (strong).
The proportion and intensity scores were then added to
obtain a total score, which could range from 0 to 8. Tumors
with a score of 3 or greater were considered to be positive
for ER or PgR expression.

STATISTICAL ANALYSIS

Unpaired £ test was used for the statistical analysis of the
association between IGFBP-4 and IGFBP-5 mRNA
expression and clinicopathological factors. Disease-free and
overall survival curves were generated by the Kaplan—Meier
method and verified with the log-rank test. Cox’s pro-
portional hazards model was used for univariate and multi-
variate analyses of prognostic values. Differences were
considered significant when a P < 0.05 was obtained.

RESULTS
PATIENT DEMOGRAPHICS AND TUMOR CHARACTERISTICS

Clinical characteristics are summarized in Table 1. The
amount of JGFBP-4 mRNA in the tissue samples from 162
patients ranged from 17 to 2561 relative copy numbers
(mean, 310.4), whereas the amount of JGFBP-5 mRNA
ranged from 3 to 4060 relative copy numbers (mean, 165.6).

Table 1. Adjuvant systemic treatments for patients after surgery

Adjuvant therapy No. (%)
_ Total patients ’ 162
None 26 (16.0)
Endocrine therapy 82 (50.6)
Tamoxifen 72
LHRH agonist 2
LHRH agonist + tamoxifen 7
Aromatase inhibitors 1
Chemotherapy 10(6.2)
Oral 5-fluorouracil 6
CMF 4
Combined 44 (27.2)
Tamoxifen + oral 5-fluorouracil 37
Tamoxifen + CMF 1
Tamoxifen + CAF 2
LHRH agonist + tamoxifen + CMF 3
LHRH agonist + tamoxifen + paclitaxel 1

LHRH, luteinising hormone-releasing hormone;
CMF, cyclophosphamide methotrexate 5-fluorouracil;
CAF, cyclophosphamide adriamycin 5-fluorouracil.
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CORRELATION BETWEEN JGFBP-4 anp IGFBP-5 mRNA
ExprESSION AND CLINICOPATHOLOGICAL FACTORS

The level of IGFBP-4 mRNA expression was significantly
correlated with histological grade (P = 0.0032). Positive
associations were observed between IGFBP-4 mRNA
expression and ER (P =0.0031) and PgR (P = 0.0045)
expression. An inverse correlation was found between
IGFBP-4 mRNA expression and HER2 overexpression (P =
0.0007). No association was found between IGFBP-5
mRNA expression and histological grade, ER, PgR and
HER?2 expression (Table 2).

There was no association between IGFBP-4 and IGFBP-5
mRNA expression and age, menopausal status, tumor size,
or lymph node status. Interestingly, IGFBP-4 mRNA
expression was strongly correlated with JGFBP-5 mRNA

expression (Fig. 1).

Patents wrosE Tumor Expressep HIGHER LEVELS OF
IGFBP-4 mRNA HAD BETTER DISEASE-FREE AND OVERALL
SurvivAaL

To identify a clinically meaningful cutoff point for levels of
IGFBP-4 and IGFBP-5 mRNA expression that could be
used in disease prognosis analysis, various levels of
IGFBP-4 and JIGFBP-5 mRNA expression were tested using
the Kaplan—Meier method and verified by the log-rank test.
When analyzing disease-free and overall survival, the cutoff
points for the levels of IGFBP-4 and IGFBP-5 mRNA were
set at 205 and 38, respectively. Patients with a high level of

IGFBP-4 mRNA expression (470.2 + 366.2; n = 86) had
better disease-free survival than those with a low expression
(102.9 £+ 54.0; n=72) (P =0.0002, Fig. 2a). Similarly,
patients with a high level of JGFBP-4 mRNA expression had
better overall survival than those with a low level of
expression (P = 0.022, Fig. 2b). However, JGFBP-5 mRNA
expression status did not affect disease-free or overall survi-
val (Fig. 2c and d).

IGFBP-4 mRNA EXPRESSION 1S AN INDEPENDENT PROGNOSTIC
FacTOR OF DISEASE-FREE SURVIVAL TN BREAST CANCER

Univariate analysis demonstrated that /GFBP-4 mRNA
expression (P = 0.0044), as well as tumor size (P = 0.016),
lymph node status (P < 0.0001), ER (P =0.0016), PgR
(P =0.031), HER2 (P = 0.031), and the type of adjuvant
therapy (P = 0.028) was strongly able to predict disease-free
survival (Table 3). In multivariate analysis, patients with
tumors with high JGFBP-4 mRNA expression (P = 0.049),
negative lymph node status (P =0.012), and the type of
adjuvant therapy (P = 0.031) had significantly increased
disease-free survival (Table 3). For overall survival, univari-
ate analysis (Table 4) showed significant associations
between overall survival and JGFBP-4 mRNA expression
(P = 0.027), lymph node status (P = 0.0001), histological
grade (P = 0.010), ER (P = 0.0002), PgR (P = 0.0027) and
HER2 (P =0.023). There was no significant relation
between overall survival and JGFBP-4 mRNA expression in
multivariate analysis (Table 4). We concluded from these

Table 2. Correlation between clinicopathological factors and JGFBP-4 and IGFBP-5 of 162 breast cancer patients

No. of patients IGFBP-4 mRNA P IGFBP-5 mRNA P
Age (years) 50 55 2853 + 376.9 048 97.5+ 123.0 0.13
>50 107 3236+ 299.2 200.5 + 496.4
Menopausal status Pre 67 2812 4 346.7 0.34 13581 3549 043
Post 95 3316 + 3129 187.2 + 449.4
Tumor size (cm) <20 31 3624+ 3228 0.12 1333 + 148.1 0.67
2.0 126 2755 +256.7 168.9 + 458.3
Lymph node status negative 90 3474 + 398.2 0.15 110.7 + 1609 0.07
positive 61 2650+ 212.9 1953 + 395.5
Histological grade 12 114 3177 + 280.1 0.0032* 1882 +4822 0.22
3 36 165.0 + 197.5 87.5 + 91.4
ER negative 37 174.0 + 2223 0.0031* 78.8 + 123.0 0.17
positive 119 323542715 187.4 + 469.8
PgR negative 48 1953 + 245.4 0.0045* 90.0 + 146.2 0.15
positive 108 328.4 + 268.0 193.5 + 488.8
HER2 negative 119 3273 42833 0.0007* 192.0 + 4722 0.10
positive 34 1496+ 1517/ 59.0 + 61.7

IGFBP, insulin-like growth factor binding proteins; ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor type 2.

P, unpaired t-test.
*P < 0.05.
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Figure 1. Correlation between /IGFBP-4 and IGFBP-5 mRNA expression in
human breast carcinomas. Expression is shown as relative copy numbers
normalized against G4PDH mRNA. IGFBP-4, insulin-like growth factor
binding protein-4; IGFBP-5, insulin-like growth factor binding protein-5.

analyses that JGFBP-4 mRNA expression is an independent
prognostic factor of disease-free survival in breast cancer.

Patents witH ER-posiTive BREAST CANCER WHOSE TuMOR
Expressep HigHER LeveLs oF IGFBP-4 mRNA or Lower
Levers oF IGFBP-5 mRNA HAD BETTER DISEASE-FREE SURVIVAL

We then analyzed disease-free and overall survival in 119
patients with ER-positive breast cancer. Kaplan—Meier
analysis of disease-free survival showed that a high level of
IGFBP-4 mRNA expression (449.1 + 272.9; n = 72) was
significantly associated with a reduced risk of recurrence
than a low level of JGFBP-4 mRNA expression (118.3 £ 52.7;
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Table 3. Prognostic factors in 158 breast cancers compared with
disease-free survival

Univariate Multivariate
P P Relative  95% confidence
risk interval

Age 0.27 - - -
Menopausal 0.68 - - -
status
Tumor size 0.016* 0.36 0.665 0.280—1.579
Lymph node <0.0001*  0.012* 0419 0.213-0.824
status
Histological 0.087 - - -
grade
ER 0.0016*  0.052 2.369 0.991-5.663
PgR 0.031* 042 0.699 0.292-1.675
HER2 0.031* 0.47 0.764 0.367-1.591
IGFBP-4 mRNA 0.0044*  0.049*  0.480 0.232—0.996
IGFBP-5 mRNA 0.50 - - -
Adjuvant therapy 0.028* 0.031* 0.111 0.015—-0.817
*P < 0.05.

n =43) (P = 0.018, Fig. 3a); however, there was no corre-
lation between IGFBP-4 mRNA expression and overall
survival in these patients (Fig. 3b). Furthermore, only one
patient with a tumor that expressed a low level of IGFBP-5
mRNA (16.9 + 9.8; n = 28) relapsed (P = 0.046, Fig. 3c)
and all patients were alive during the follow-up periods
(Fig. 3d), whereas 19 patients relapsed who had tumors that
expressed a high level of /IGFBP-5 mRNA (239.9 + 526.9;
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Figure 2. Kaplan—Meier analysis of breast cancer patients. Effect of
IGFBP-4 mRNA expression on disease-free (a) and overall (b) survival
among 162 patients with invasive carcinoma and effect of JGFBP-5 mRNA
expression on disease-free (c) and overall (d) survival among 162 patients
with invasive carcinoma.

Figure 3. Kaplan—Meier analysis of ER-positive breast cancer patients.
Effect of /GFBP-4 mRNA expression on disease-free (a) and overall
(b) survival among 119 patients with ER-positive breast cancer and effect of
IGFBP-5 mRNA expression on disease-free (c) and overall (d) survival
among 119 patients with ER-positive breast cancer.
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n = 89). Univariate analysis (Table 5) demonstrated that
IGFBP-4 mRNA expression (P = 0.022) as well as lymph
node status (P = 0.0001) was strongly able to predict risk of
recurrence in ER-positive breast cancer. In multivariate analy-
sis (Table 5), patients with tumors with high /IGFBP-4 mRNA
expression had a significantly increased disease-free survival
(P = 0.029), indicating that IGFBP-4 mRNA expression is an
independent prognostic factor of disease-free survival in
ER-positive breast cancer. There was no significant relation
between overall survival and JGFBP-4 and /GFBP-5 mRNA
expression in ER-positive breast cancer (Table 6).

DISCUSSION

In the present study, we examined mRNA expression of
IGFBP-4 and IGFBP-5 in 162 human breast cancer tissues,
and demonstrated that /GFBP-4 mRNA expression was an
independent prognostic factor in breast cancer, and that
patients with ER-positive breast cancer whose tumor
expressed higher levels of JGFBP-4 mRNA and lower levels
of IGFBP-5 mRNA had a better prognosis that those without
such findings.

Although the roles of /GFBP-4 and /GFBP-5 in breast
cancer are not well established, it is well known that the
pattern of JGFBP expression and secretion relates to the ER
status of breast cancer cells (19). It was also reported that
IGFBP-4 and IGFBP-5 mRNA concentrations were greater in
ER-positive cancer tissues than in ER-negative tumors (19,20),
and /GFBP-4 and /GFBP-5 protein expression was correlated
positively with ER and PgR (21). Our results also showed that
IGFBP-4 mRNA expression was positively associated with ER

Table 4. Prognostic factors in 162 breast cancers compared with overall
survival

Table S. Prognostic factors in 115 ER-positive breast cancers compared
with disease-free survival

Univariate Multivariate
P P Relative 95% confidence
risk interval
Age 0.92 - - —
Menopausal 0.99 - - -
status
Tumor size 0.054 - - -
Lymph node 0.0001* <0.0001* 0.15 0.061-0.39
status
Histological 0.49 - - -
grade
PgR 0.90 - - -
HER2 0.55 - - -
IGFBP-4 mRNA  0.022* 0.029* 0.380 0.159-0.906

IGFBP-5 mRNA  0.08 - - -
Adjuvant therapy  0.16

*P < 0.05.

and PgR expression. On the contrary, it was reported that
IGFBP-3 mRNA and protein levels were found to be inversely
correlated with ER and PgR levels (22,23).

Although the role of /GFBP-4 in the mammary gland and
breast cancer has not been fully elucidated, /GFBP-4 has
been reported by several laboratories as one of the
early-responsive estrogen-induced genes through studies
using microarray technology (2,24,25). It was also reported

Table 6. Prognostic factors in 119 ER-positive breast cancers compared
with overall survival

Univariate Multivariate
Univariate Multivariate
P P Relative  95% confidence
isk interval
o tmterv P P Relative  95% confidence

Age 025 - - - risk interval
Menopausal 0.82 - - - Age 0.46 - - -
status

4 Menopausal 0.21 - - -
Tumor size 0.089 - - - status
Lymph node 0.0001* 0.0019* 0.19 0.066—0.54 Tumor size 0.17 - — .
status

Lymph node 0.020* 0.036* 0.18 0.038-0.90
Histological 0.010* 0.99 1.01 0.37-2.75 status
de

grace Histological 0.63 - - -
ER 0.0002* 0.091 339 0.82-14.00 grade
PgR 0.0027* 0.98 1.02 0.26—4.05 PgR 0.52 - - -
HER2 0.023* 0.85 091 0.34-245 HER2 0.59 - - -
IGFBP-4 mRNA 0.027* 0.56 1.37 0.47-3.87 IGFBP-4 mRNA 0.68 - - -
IGFBP-5 mRNA 0.24 - - - IGFBP-5 mRNA — - - -

Adjuvant therapy  0.11

*P < 0.05.

Adjuvant therapy 0.68

*P <0.05.



that IGFBP-4 was up-regulated by estradiol on which
ICI182780 acted as an antagonist, whereas tamoxifen and
raloxifen acted as partial antagonists (26). We previously
reported that expression of histone deacetylase (HDAC) 6,
which is a late responsive estrogen-induced gene, is corre-
lated with a better prognosis in breast cancer and that
expression of higher levels of HDACG6 tended to be predic-
tive for response to endocrine therapy (14). Our present
study showed that JGFBP-4 mRNA expression was an inde-
pendent prognostic factor in breast cancer. Because the
number of patients available for evaluating responsiveness to
endocrine therapy in this study was limited, further study is
needed to analyze whether JGFBP-4 is a predictive factor
for endocrine therapy. Furthermore, a recent study showed
that /GFBP-4 is one of the key genes to correlate with
tamoxifen resistance by gene expression array and immuno-
histochemistry tissue micro arrays (27). Because 96 of the
119 patients with ER-positive breast cancer received tamoxi-
fen as an adjuvant therapy in our present study, /GFBP-4
expression levels might have affected the tamoxifen
response.

However, IGFBP-5 is an estrogen-repressed gene and our
results indicated that only one patient with a tumor that
expressed a low level of JGFBP-5 mRNA relapsed and all
such patients were alive during the follow-up periods in
ER-positive breast cancer. Patients with hormone receptor-
positive tumors were given tamoxifen as adjuvant therapy
and received endocrine therapy as initial treatment after
relapse. Therefore, IGFBP-5 expression might be predictive
of response to endocrine therapy. Furthermore, studies using
a gene expression profile demonstrated that /JGFBP-5 was a
gene signature of a poor prognosis (28), and that JGFBP-5
protein expression was elevated in samples of lymph node
metastasis (29). Although there was no difference between
IGFBP-5 expression and lymph node status or survival in
any of the patients in our study, /GFBP-5 expression might
be a poor prognostic factor in breast cancer.

We cannot readily explain why IGFBP-4 and IGFBP-5
mRNA expressions were shown to be strongly and positively
correlated in our study, although higher levels of IGFBP-4
and lower levels of /GFBP-5 had a better prognosis. Our
preliminary immunohistochemical study for /GFBP-4 and
IGFBP-5 protein expression of human breast cancer tissues
showed that these proteins were present both in the cyto-
plasm and the nuclei. Moreover, some IGFBP-4 or
IGFBP-5-positive cells were noted in the stroma of normal
breast and carcinoma tissues, and the IGFBP-4 or
IGFBP-5-positive cells in the stroma were considered lym-
phocytes or macrophages. Further studies are needed to
clarify the function of IGFBP-4 and /GFBP-5 in the cyto-
plasm and the nuclei of cancer cells and also of stromal cells
in order to understand the role of /GFBP-4 and IGFBP-5 in
breast cancer.

The present study demonstrated that /GFBP-4 mRNA
expression was an independent prognostic factor in breast
cancer, and that patients with ER-positive breast cancer
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whose tumor expressed higher levels of JGFBP-4 mRNA
and lower levels of IGFBP-5 mRNA had a better prognosis
that those without such findings.
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