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Table 1. Baseline Characteristicss
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Case (n=306) Control (n=662)

Age (years) 48 41) 47 37
40-49 199 (65:0%) 461 (69-6%)
50-55 107 (35:0%) 201 (30-4%)

Educational background
Other than college/graduate 264 (863%) 518 (78-3%)
College/graduate school or above 42 (13-7%) 144 (21-8%)

Physical activity level (METs/day) 26 (13:3) 27 (12-8)

Benign mammary tumor 51 (16:7%) 41 (6:2%)

Family breast cancer history 29 (9:5%) 28 (42%)

Age at menarche (years) i3 (1-3) 13 (1-3)

Number of births 2 (1-0) 2 (1D

Breastfeeding experience 232 (75-8%) 528 (79:8%)

Menopause 1 (36:3%) 200 (30-2%)

Use of female sex hormone before menopause
Not using 254 (83:0%) 553 (83:5%)
Currently using 52 (17-0%) 109 (16:5%)

Birth weight
>2500g 270 (88-2%) 584 (88-2%)
<2500g 21 (6-9%) 48 (7-3%)
Unknown/data not available 15 (49%) 30 (45%)

BMI at the ave. age of 20(kg/m”) 20 2-4) 20 2-2)

Smoking 38 (12-4%) 78 (11-8%)

Energy intake (1000kcal/day) 2.16 0-8) 2.14 0-8)

Data are n (%) or mean (SD).

According to an analysis using a multiplicative factor, the
interaction between BLS and isoflavones was not statistically
significant (p = 0.87) but there was a trend of weaker dose-
response relationship between isoflavone consumption and
breast cancer as observed from the flat curve in women who
consumed more BLS (Fig. 2).

A subgroup analysis according to menopausal status
(matched for area of residence and adjusted for age and other
confounding factors) showed an adjusted OR in premeno-
pausal women was 0.78 (95% CI, 0.46-1.32; p = 0.35) and
that in postmenopausal women was 0.43 (0.19-0.99,
p=10.046) (Table 4).

An additional analysis according to time period of BLS
consumption (age 10 to 12, around the age 20, and 10 to 15
years prior to the study) showed adjusted ORs of BLS con-
sumption > four times per week to BLS consumption < four
times per week were 0.86 (95% CI, 0.60-1.23; p = 0.41),
0.58 (0.37-0.92, p = 0.019) and 0.84 (0.57-1.24, p = 0.38),
respectively.
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4. DISCUSSION

Strengths of this study include (1) robustness of data,
which were mostly comparable across the sensitivity analy-
ses with different adjustments for confounders, (2) identifi-
cation of known risk factors such as family history of breast
cancer and history of benign tumor, (3) being a population-
based study enrolling participants from multiple areas in
Japan, (4) smaller biases due to an interview survey com-
pared with a self-administered questionnaire survey, and (5)
successful interviewer blinding. The interviewers were asked
whether they had found out the case/control identity of the
interviewees during interviews. They answered they had
been able to identify cases and controls in 29% of the inter-
view sessions, and they were incorrect about the case/control
identification in 24% of the time. Therefore, the blinding was
considered successful. As the limitations of this study recog-
nized the following: While validated questionnaire forms
[15] were used for the survey on current food consumption,
the survey on past food consumption was not validated.
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Table 2. Hormone Receptor Status in Cases

Case (n=306)
Estrogen receptor
Negative 28 9.2%)
Positive 259 (84.9%)
Unknown 19 (6.2%)
Progesterone receptor
Negative 60 (19.6%)
Positive 227 (74.2%)
Unknown 19 (6.2%)
HER2 receptor
Negative 222 (72.6%)
Positive 36 (11.8%)
Unknown 48 (15.7%)

Data are n (%).

However, the BLS distributor’s sales record and BLS con-
sumption estimated based on the completed questionnaire
forms were cross-checked and proven highly consistent [5].
The questionnaire response rate was low among controls
(884/8166), possibly affecting the generalizability of the
study conclusion. Controls were better educated on average
and may have better understood the meaning of this study
and have been willing to participate as controls. However,
the educational background of participants was adjusted in
the statistical model. According to Yakult Honsha data, pur-
chase of BLS was not associated with household income,
which is generally correlated with educational background.

Table 3. Crude and Adjusted Odds

Toi et al.

Daily consumption of BLS since adolescence had a sig-
nificant inverse association with early breast cancer occur-
rence. A significant inverse association was also seen be-
tween consumption of soy isoflavones and breast cancer oc-
currence. The results are consistent with those from a case-
control study conducted by Hirose and colleagues [11] in
which the OR for premenopausal breast cancer in the highest
tertile of soy isoflavone consumption against the lowest ter-
tile was estimated at 0.44 (95% CI, 0.22-0.89). BLS con-
sumption increases the NK cell activity and boosts the im-
mune system in human [9]. A chemical carcinogenesis study
in mice showed oral intake of L. casei Shirota inhibited car-
cinogenesis by enhancing the NK cell activity [19]. In-
creased NK cell activity and isoflavone metabolisms [20] are
both potential underlying mechanisms of the breast cancer
preventive effect of BLS. Soy isoflavones and their metabo-
lites have been shown to prevent breast cancer, prostate can-
cer and osteoporosis in a number of epidemiological studies.
Having a higher affinity for estrogen receptor § and a
stronger antioxidative activity compared with other isofla-
vone derivatives, a daidzein metabolite equol plays an im-
portant role in cancer prevention [21, 22]. Recently, an in-
crease in the population level of intestinal lactobacilli was
shown to potentially activate the intestinal isoflavone me-
tabolism [23, 24]. The analyses in this study suggested a bio-
logical interaction between BLS and soy isoflavones. Just as
in women who consume more soy isoflavones, breast cancer
may be prevented in women who consume BLS even if they
consume little soy isoflavones. The interaction between the
intestinal flora and the isoflavone metabolism may also be
involved in the mechanism. Further studies are warranted.

So far no prospective study in human has evaluated how
BLS consumption changes the intestinal flora and equol pro-
duction. Now intestinal flora can be identified using an inex-
pensive new technology that produces results quickly, which
is based on the reverse transcription-quantitative polymerase

Case Control Crude Odds Ratio} Adjusted Odds Ratio’
(n=306) (2=662) OR 95%CI P OR 95%CI P
Probiotic beverage
<4 times 88.9% 83.8% Reference. 0.061 Reference. 0.048
> 4 times 11.1% 16.2% 0.66 ] 0.43 I 1.02 0.65 ] 0.42 ‘ 1.00
Soy isoflavone
Q1(<18.76mg/day) 33.0% 24.9% Reference. 0.0012" Reference. 0.0002"
Q2 (18.76-<28.81mg/day) 25.8% 25.1% 0.74 0.49 1.10 0.76 0.52 1.13
Q3 (28.81-<43.75mg/day) 21.6% 24.9% 0.58 0.38 0.88 0.53 0.35 0.81
Q4 (43.75mg/day-) 19.6% 25.1% 0.52 0.34 0.79 0.48 0.31 0.73

1 Calculated using conditional logistic regression. 304 cases and 630 controls were matched for age and residential area. 2 cases and 32 controls were unmatched and excluded from

the analysis.

* Calculated using conditional logistic regression. 306 cases and 661 controls were matched for residential area and adjusted for age (40s and 50s), educational background, physical
activity level, benign mammary tumor, family breast cancer history, age at menarche, number of births, breastfeeding experience, use of female sex hormone before menopause, birth
weight, Body Mass Index around the age of 20, smoking and energy intake. One control was excluded due to lack of adjustment factor.

** Trend P calculated from the linear score. (0=Q1, 1=Q2, 2=Q3, 3=Q4)
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Fig. (2). Interaction between probiotic beverage and soy isoflavone consumption.

* Calculated using conditional logistic regression. 306 cases and 661 controls were matched for residential area and adjusted for age (40s and
50s), educational background, physical activity level, benign mammary tumor, family breast cancer history, menarche, number of births,
breastfeeding, use of female hormone, birth weight, Body Mass Index around the age of 20, smoking and energy intake. One control was

excluded due to lack of adjustment factor.

Table 4. Subgroup Analyses of Premenopausal Women and Postmenopausal Women

Premenopausal Women Postmenopausal Women
Case | Centrol Adjusted Odds Ratio* Case Control Adjusted Odds Ratio*
(n=195) | (n=462) OR 95% CI P (n=111) | (n=200) OR 95% CI P
Probiotic beverage
<4 times 88.2% 83.1% Reference. 0.35 90.1% 85.5% Reference. 0.046
2 4 times 11.8% 16.9% 0.78 0.46 1 1.32 9.9% 14.5% 043 ' 0.19 ’ 0.99

* Calculated using conditional logistic regression. Each subgroup was matched for residential area and adjusted for age (40s and 50s), educational background, physical activity
level, benign mammary tumor, family breast cancer history, menarche, number of births, breastfeeding, use of female hormone, birth weight, Body Mass Index around the age of 20,
smoking and energy intake. One control was excluded due to lack of adjustment factor in the analysis of premenopausal women.

chain reaction analysis of microbacterial rRNA in human
feces [25]. This technology may be useful in future studies.

The stronger inverse association shown in our main
analysis is consistent with the results of epidemiological
studies showing an association between soy consumption in
adolescence and decrease in breast cancer risk [26, 27] as
well as the results of a breast cancer/prostate cancer preven-
tion study in animals [28]. A subgroup analysis showed an
inverse association between daily BLS consumption and
breast cancer occurrence irrespective of menopausal status.
The inverse association was strong and statistically signifi-
cant in postmenopausal women.

5. CONCLUSION

This population-based case-control study in Japanese
women showed an inverse association between BLS con-
sumption since adolescence and breast cancer occurrence.
Soy isoflavone consumption was also inversely associated
with breast cancer occurrence as shown in the previous stud-
ies.

Despite the study design that did not allow to indicate the
recommended amount of probiotic beverages and soy isofla-
vone for the prevention of breast cancer, our study results
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suggested the benefit of consuming these products. Further
studies may be able to recommend the lifestyle modification
with diet including consumption of BLS and soy isoflavone.
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Abstract Aromatase inhibitors (Als) are important drugs
for treating postmenopausal patients with hormone recep-
tor-positive breast cancer. However, acquired resistance to
Al therapies is a significant problem. Our study has
revealed that the histone deacetylase inhibitor LBHS589
treatment abrogated growth of Al-resistant cells in vitro
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and in vivo, causing cell cycle G2/M arrest and induced
apoptosis. LBH589 treatment also reduced the level of
NF-xB1 which is overexpressed when Al resistance
develops. Analyzing paired tumor specimens from 12
patients, we found that NF-xB1 expression was increased
in recurrent Al-resistant tumors as compared to the paired
primary tumors before Al treatment. This finding was
consistent with up-regulated NF-kB1 expression seen in a
collection of well-established Al-resistant cell lines. Fur-
thermore, knockdown of NF-xB1 expression significantly
suppressed the proliferation of Al-resistant cells. Treatment
of Al-resistant cell lines with LBH589 suppressed NF-xB1
mRNA and protein expression. In addition, LBHS589
treatment abrogated growth of Al-resistant tumors in mice,
and was associated with significantly decreased levels of
NF-xB1 in tumors. In all, our findings strongly support
further investigation of LBHS589 as a novel therapeutic
strategy for patients with Al-resistant breast cancer, in part
by suppressing the NF-xB1 pathway.

Keywords Acquired aromatase inhibitor resistance -
LBH589 - NF-xB1

Introduction

Since the third-generation aromatase inhibitors (Als)
(i.e., anastrozole, letrozole, and exemestane) have been
shown to be more effective in prolonging disease-free sur-
vival than tamoxifen [1], these Als are now the first choice of
endocrine therapy as initial adjuvant therapy or for meta-
static disease instead of tamoxifen, especially for postmen-
opausal patients with hormone receptor (HR)-positive breast
cancer. Unfortunately, ~20-25 % of patients will eventu-
ally develop resistance to Als within a decade after adjuvant

@ Springer
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treatment [2—4]. Furthermore, most of the patients with
metastatic disease develop resistance to Als around
9-10 months. Thus, acquired AI resistance is a major
problem in the management of HR-positive breast cancer,
and it is critical to find new strategies to treat acquired Al
resistance. )

The mechanisms of acquired Al resistance are poorly
understood. There are two main reasons for insufficient
progress in this area. The research has been delayed due to
the lack of suitable preclinical models. A significant number
of experiments to study Al resistance have been performed
using models without the presence of aromatase and estrogen
receptor (ER), i.e., non-physiologically relevant models. Our
laboratories have prepared ER- and aromatase-positive
breast cancer cell lines (i.e., MCF-7aro and T47Daro) and
generated a series of acquired Al as well as tamoxifen-
resistant cell lines [5]. These cell lines allow us to evaluate
the molecular differences between Al and tamoxifen resis-
tance in a simultaneous manner [6], and to identify essential
players involved in acquired Al resistance. Another diffi-
culty to study acquired Al resistance is the shortage of paired
tumor tissues from the same patients before Al treatment and
after cancer recurrence for confirming the findings from
preclinical studies. The lack of these paired samples is due to
unpredictability of patients to acquire Al resistance, and
surgery not being the typical option when cancer recurs.

Using our models, we have found that LBH589 (panobi-
nostat), a histone deacetylase (HDAC) inhibitor, is a poten-
tially effective drug to treat acquired Al resistance. HDACs
are enzymes involved in the remodeling of chromatin and
have a key role in the epigenetic regulation of gene expres-
sion [7]. Small-molecule HDAC inhibitors can function as
anticancer drugs to suppress a variety of HDAC-regulated
activities including apoptosis, cell cycle arrest in G2/M
phase and cell differentiation [8]. LBH589 is a novel cin-
namic hydroxamic acid analog HDAC inhibitor. It has been
evaluated through phase I/IT clinical trials on multiple
myeloma, and hematological and solid tumors [9].

In this article, we will also present results to support
nuclear factor-kB1 (NF-xB1) as an important target of
LBHS589 and its important role in acquired Al resistance
through studies using our Al-resistant cell models and
analyzes of a collection of paired clinical specimens from
the same patients before Al treatment and after cancer
recurrence following Al treatment. Several studies indicate

that NF-xB is activated in breast cancer cells where it

enhances cell proliferation and suppresses apoptosis [10].
The Rel or NF-xB family can form hetero- or homo-
dimeric combination of five members: NF-kB1 (p50 and its
precursor pl05), NF-xB2 (p52 and its precursor pl00),
RelA (p65), RelB and c-Rel. Activation of the classic NF-
kB complex, composed of NF-kB1/RelA heterodimers, is
detected in a portion of breast cancers [11]. Furthermore,

@ Springer

several studies have demonstrated that some HDAC
inhibitors suppress NF-xB pathway signaling [12, 13].
Moreover, DNA microarray profiling of colon cancer cells
treated with the HDAC inhibitors vorinostat and LBH589
revealed that this treatment caused significant down-regu-
lation of NF-xB1 expression [14]. Therefore, down-regu-
lation of NF-xB1 is thought to be one mechanism by which
HDAC inhibitors induce apoptotic effects in cancer cells.

Our data in this article support further evaluation of
LBH589 as a new therapeutic option for Al-resistant breast
cancer. In addition, our results indicate that NF-xB1 is
potentially an important gene involved in Al resistance and
a marker of LBH589-mediated inhibition.

Materials and methods
Cell culture and reagents

The ER-positive aromatase-overexpressing MCF-7 and
T47D cell lines, MCF-7aro and T47Daro, respectively,
were generated in our laboratory as previously described
[15]. We also used Al-resistant cell lines derived from
MCEF-7aro which are resistant to anastrozole (Ana-R), le-
trozole (Let-R) or exemestane (Exe-R), as well as a long-
term estrogen-deprived MCF-7aro line (LTEDaro) [6, 16].
A long-term estrogen-deprived T47Daro (T47DaroL.TED)
cell line was recently generated and also used. T47Da-
roL. TED cells were cultured in RPMI-1640, without phenol
red, and supplemented with 10 % charcoal-dextran-treated
FBS. LBH589 was provided by Novartis Pharmaceutical
Inc. TNF-o was purchased from R&D Systems.

Cell proliferation assay, western blotting, and cell cycle
analysis

Please see supplementary materials for procedures.
Animal studies

Female, 6- to 7-week-old ovariectomized, BALB/c Nu-Nu
athymic mice were purchased from the National Cancer
Institute and housed/maintained on a 12 h light/dark cycle
in the City of Hope Animal Facility. All animal research
procedures were approved by the City of Hope Institutional
Animal Care and Use Committee. The design of the animal
studies are shown in Fig. 3a. At 8 weeks of age, mice were
s.c. injected in the hind flank with MCF7aro cells (2 x 107
cells/injection site) mixed with an equal volume of Ma-
trigel (BD Bioscience). Mice were also s.c. implanted with
7.5 mg/60 days time-release androstenedione pellets
(Innovative Research of America). Tumor size and body
weights were monitored three times per week as an
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indicator of overall health. All mice received food and
water ad libitum. To establish the exemestane-resistant
xenograft, mice were s.c injected daily with exemestane
(250 pg/mouse) when tumors became 400 mm?>. Tumors
responded to exemestane treatment initially; however, they
eventually became resistant in several weeks. When
resistant tumors reached 700 mm®, mice were randomly
divided into two groups of 7 mice each, then treated with
exemestane only (daily) or exemestane (daily) and
LBH589 (20 mg/kg, three times per week, intraperitone-
ally), as a design to evaluate the effect of a new drug (i.e.,
LBHS589) together with an established drug (i.e., exemes-
tane). After 3 weeks of LBHS589 treatment, mice were
euthanized via CO, asphyxiation. Tumors were removed,
weighted and sent for H&E histologic staining through the
City of Hope Pathology Core Facility (Please see supple-
mentary materials for procedures for detail methods).

Real-time PCR analysis
Please see supplementary materials for procedures.

Microarray analysis, statistical processing
and Ingenuity Pathway Analysis (IPA)

Please see supplementary materials for procedures.
Clinical samples

Three hospitals (Kumamoto City Hospital, Hamanomachi
Hospital, and Hokkaido Cancer Center) and one clinic

(Shimada Breast & Surgery Clinic) were involved in enrolling
the subset of 12 patients with primary breast tumors who
developed recurrent tumors following Al therapy. All patients
gave informed consent and the study was approved by the
appropriate institutional review boards. Patient characteristics
are shown in Table 1. For immunohistochemical analysis, the
tumor specimen slides (3—4 um) were stained using NF-kB1
antibody (H-119, Santa Cruz Biotechnology) (Please see
supplementary materials for procedures for detail methods).

Luciferase assay, NF-kB1 siRNA treatment
and NF-xB1 transfection

Please see supplementary materials for procedures.
Statistics

To assess statistical significance, values were compared with
controls by either Student’s ¢ test or one-way ANOVA,
followed by Dunnett’s multiple range test (o« = 0.05) using
Prism GraphPad 5 software (GraphPad Software, Inc.).

Results

LBHS589 inhibits the proliferation of Al resistant
breast cancer cells

To study cellular response to Als and the mechanisms of
acquired Al resistance, we used the previously generated
Al-responsive cell line MCF-7aro [15] and Al-resistant

Table 1 Clinical characteristics of primary and recurrent tumors from 12 patients receiving Al-adjuvant therapy

Patients Age Primary tumor (before Al therapy) Adjuvant Time to Recurrent tumor (after Al therapy)
recurrence
pTNM ER PR HER2 HT (months) Site ER PR HER2

#1 50 pT4cNIMO + - 2 Let 30 Supraclavicular LN + + 0
#2 67 pT2N1IMO + + 3 Ana 18 Intra-pectoral LN + + 1
#3 72 pTINOMO + - 2 Exe 43 Subculaneous nodule + - 0
#4 69 pTINOMO + - 3 Ana 58 Subculaneous nodule + + 3
#5 60 pT2NIMO + - 1 Ana 27 Subculaneous nodule + - 2
#6 52 pT2NIMO -+ + 0 Ana 33 Subclavicular LN + + 0
#7 59 pT4bN1IMO + + 1 Ana 53 Supraclavicular LN - - 1
#8 78 pTINIMO + + 1 Ana 72 Supraclavicular LN -+ + 2
#9 53 pT2NOMO + —+ 0 Exe 72 Subclavicular LN + + 0
#10 53 pT2NIMO + + 1 Exe 68 Subculaneous nodule + + 1
#11 78 pT3NIMO + - 0 Exe 24 Subculaneous nodule + - 0
#12 53 pT2N2MO + -+ 0 Ana 41 Ipsilateral breast + =+ 1

pTNM pathological tumor-lymph nodes-metastasis classification according to the Union Internationale Contra le Cancer (UICC), ER estrogen
receptor status, PR progesterone receptor status, HER2/neu status HER2, HT hormone therapy, Let letrozole, Ana anastrozole, Exe exemestane,
LN lymph nodes
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variants of MCF-7aro created following in vitro selection
against each Al (i.e., Exe-R, Let-R, and Ana-R) or long-
term culture in the absence of estrogen (i.e., LTEDaro)
[16]. Our molecular characterization has implicated
LTEDaro as a model of late-stage Al resistance as it fails to
respond to any of the three Als [16].

MCF-7aro, LTEDaro and three Al-resistant cell lines were
exposed to increasing concentrations of LBH589. This drug-
inhibited proliferation of all cell lines in a dose-dependent
manner (Fig. 1a). To confirm the effect of LBH589, we used
another ER-positive aromatase-overexpressing cell line,
T47Daro [15] which was derived from T47D, and T47Da-
roLTED which is long-term estrogen-deprived T47Daro.
T47Daro proliferates in response to testosterone and estrogen
treatment and T47DaroL TED proliferates without the need of
testosterone or estrogen (Fig. Ic). The proliferation of
T47Daro was inhibited by letrozole treatment, while
T47DaroL.TED cells were resistant to letrozole treatment
(Fig. 1d). Similar to its effect on Al-resistant MCF-7aro cell
lines, LBH589 effectively suppressed growth of both Al-
responsive T47Daro and Al-resistant T47DaroL TED cells in
a dose-dependent manner (Fig. ib).
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Fig. 1 Inhibitory effect of LBHS589 on the proliferation of Al-
resistant cell lines. a LBH589 decreased cell proliferation of all cell
lines in a dose-dependent manner. Cells were treated with the
indicated concentrations of LBHS589 (LBH) or DMSO (vehicle
control) for 6 days and medium was replaced every 72 h. Cell
viability was assessed by MTT assay. Five replicates were performed
for each measurement, and the mean and standard error were
calculated. Data are shown as a ratio of treated samples to untreated
controls. b LBH589 treatment significantly reduced proliferation of
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LBH589 induces apoptosis and cell cycle arrest in Al
resistant cell lines

Western blotting analysis further demonstrated that
LBHS589 treatment-induced expression of apoptosis-asso-
ciated proteins, as indicated by elevated levels of cleaved
poly (ADP-ribose) polymerase (cleaved PARP, a hallmark
of apoptosis) and the pro-apoptotic protein Bax, as well as
by reduced levels of the pro-survival protein Bel-xL, and
this induction was dose dependent (Fig. 2a). In addition,
levels of p21VAFYCIPL ere enhanced by LBH589 treat-
ment; thus, confirming that LBHS589 inhibits cell cycle
progression.

To confirm LBH589-induced apoptosis, flow cytometry
was applied to examine the effects of LBH589 treatment on
the cell cycle distribution of MCF-7aro and Exe-R cells.
Both cell lines displayed a significant G2/M arrest
accompanied by a sharp reduction in cells in the G1 and S
phases after treatment with LBHS589 (Fig. 2b); the per-
centage of cells in S phase decreased from 18.0 % in
untreated controls to 2.6 % for MCF-7aro and from 9.5 to
1.6 % for Exe-R.

B
E 1.0 < T47Daro
£ 5 -8— T47DaroLTED
~ B
n S
@ 9
30
s 9 0.5
Q0
-
3%
<
0.0 T T T T T
0 1 5 10 20
LBH589 (nlM)
D
E-
S £ 1.0
=
nc
[«
g o
§2 05
5%
3 3 —&— T47Daro
<t - T47Daro LTED
0.0 T T T T
0 25 50 100

Letrozole (nM)

T47Daro and T47DaroLTED cells. Cells were treated same as in
a. ¢ Proliferation of the Al-resistant cell line T47DaroLTED was not
stimulated by hormone treatment (1 nM estradiol [E2] or 1 nM
testosterone {T]). d Proliferation of T47Daro cells, but not Al-
resistant T47DaroLTED cells, was inhibited by letrozole. Cell
proliferation after 6 days of treatment with the indicated concentra-
tions of letrozole (Let) was measured by MTT assay. *p < 0.05;
**p < 0.01
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Fig. 2 LBH589-induced apoptosis and cell cycle arrest in Al
resistant cells. a LBH589 suppresses the expression of these apoptotic
and cell cycle-related molecules in a dose-dependent manner.
Western blot analysis were performed on MCF-7aro and Exe-R cells
that were treated with DMSO (control) or the indicated concentrations

LBH589 inhibits the Exe-R tumor growth in vivo

To evaluate the inhibitory effects of LBHS589 on Al
resistance in vivo, we used the exemestane-resistant
MCF7aro xenograft model (described in “Materials and
methods”) (Fig. 3a). Initially, to confirm the biochemical
effect of LBH589 in vivo, four mice from both exemestane
alone and exemestane + LBH589 groups were sacrificed
48 h after the first injection of LBH589. The remaining
mice (7 mice per group) were treated for 22 days. LBH589
treatment significantly inhibited the growth of exemestane-
resistant tumors; tumor weight at the end of experiment
was significantly lesser in mice treated with LBH589 than
in control mice (Fig. 3b). No mice in the LBH589 treat-
ment groups showed significant body weight loss (Fig. 3c),

E3

of LBH589 for 48 h. b LBH589 induces cell cycle arrest. Flow
cytometric analysis of DNA content of MCF-7aro and Exe-R cells
treated with LBH589 (20 nM) or DMSO for 48 h. Both non-adherent
and adherent particles and cells were stained with propidium iodide

indicating that the LBHS589 treatment was well tolerated.
Consistent with the effect of LBH589 on gross character-
istics of the tumors, proliferation (assessed by Ki-67
staining) of tumor cells was significantly decreased in
LBH589-treated mice and apoptosis (assessed by staining
for cleaved PARP) of tumor cells was significantly
increased (Fig. 3d).

Identification of differentially expressed genes
in LBH589-treated cells

To identify the effective targets of LBHS89 treatment, as a
nonbiased approach, we compared gene expression profiles
of three types of human cancer cell lines (H295R, HeLa
and MCF-7her2) with and without LBHS589 treatment
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and LBH589-treated mice. d Immunohistochemical analysis of cell
proliferation (Ki-67) and apoptosis (cleaved PARP) in tumors of
LBH589-treated mice. Bar 10 um in reprehensive picture. Graph
showed that the percentage of positive stain cells. n = 7/group,
*p < 0.05
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(50 nM, 24 h). We compared the LBHS589-modulated
genes identified from these cell lines and analyzed their
functional grouping by IPA. These microarray datasets
contain probes for 20,140 unique genes of which 335 were
down-regulated in all three cell lines after treatment with
LBH589 (Fig. 4a). The IPA networks of those genes most
consistently down-regulated by LBH589 were enriched for
genes associated with cell death, cellular function and
maintenance, and the cell cycle. In particular, the most
down-regulated network (Fig. 4b) contained NF-xB1 and
CFLAR (encoding cFLIP). NF-xB1 expression was sig-
nificantly down-regulated (FDR < 0.05) in all three cell
lines after treatment with LBHS589 (—2.2-fold change in
H295R, —3.6-fold change in Hel.a, and —4.6-fold change
in MCF-7her2). Moreover, CFLAR, a downstream gene
regulated by NF-«B, is an apoptosis regulator that was
significantly down-regulated (FDR < 0.05) in all three cell
lines (—3.4-fold change in H295R, —2.5-fold change in
Hela, and —3.3-fold change in MCF-7her2). Therefore,
these results indicate that LBH589 suppresses the level and
function of NF-xB1.

A H295R

Levels of NF-xB1 are elevated in Al-resistant breast
cancers compared to corresponding primary tumors

To define NF-xB1 expression changes that occur during the
development of resistance, major efforts were made to
identify paired (primary and acquired Al-resistant) speci-
mens from the same patients. Potential participants were
identified from three hospitals and one clinic in Japan,
between 2003 and 2011, 2,205 breast cancer patients were
postmenopausal and had ER-positive cancer, while 1,454
were treated upfront with an Al. Ninety-four patients had
experienced cancer recurrence by the end of 2011. With
extensive search, we were able to obtain tissue specimens
from 12 patients prior to Al treatment and at the time of
cancer recurrence, during which cancer recurrence was
diagnosed at the same hospitals. The time to recurrence
ranged from 18 to 72 months. Three patients had recur-
rence at 12 months after adjuvant Al therapy for 5 years.
The clinical characteristics for these patients, whose
recurrent tumors were removed by a core needle or exci-
sional biopsy, are listed in Table 1. These specimens are

o/

HelLa

B

MCF7her2

Gene network of 27 down-regulated genes by LBH589

ID Molecules in Network

Score  Focus Molecules Top Functions

1 ARHGAP1, ATP9A, BCLAF1, CAP2,
CARD8, CCNA2, CFLAR, CHD3, CREBBP,
CSE1L, EXOSC8, HMGB1(includes EG:3146),
HMGN2, HNRNPC, MAP4K4, MCM7, MGST2,
NCLA, NFIC, NFkB1, PPP2R1A, RCHY1,
SLC2A1, SRSF3, THOC4, TP53, TYMS

40 27 Cell Death, Cellular
Function, Maintenance,

Cell Cycle

Fig. 4 Comparison of global gene expression profiles of three
LBH589-treated cancer cell lines. a Three cell lines (H295R, Hela,
and MCF7her2) were treated with 50 nM LBH589 for 24 h and gene
expression analyzed by Affymetrix Human Gene 1.0 ST array.
Expression of 335 genes changed among all three cell lines after
treatment. Genes with an FDR-adjusted p < 0.05 were considered to
be differentially expressed and subjected to Venn analysis. Venn

analysis was first performed by analyzing cell line specific alterations
in differentially expressed genes in each cell line, and then by
analyzing overlaps between gene lists from different cell lines.
b Gene network of down-regulated genes by LBH589. The most
down-regulated network identified by Ingenuity Pathway Analysis
contains 27 genes
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Fig. 5 NF-xBl expression in paired primary and recurrent Al-
resistant tumors from the same patients. a Photomicrographs of tissue
samples immunostained by NF-xB1 antibody showing representative
intensity scores. Positive cells show a dark brown or black nuclear
signal. These representative tumors obtained a total IHC score of 0.95
(left, proportion score = 1.0, intensity score = 0.95), 1.9 (middle,

valuable because they are truly paired tissues from the
same patients before and after they acquired Al resistance,
allowing for a direct comparison of molecular features
associated with changes of the response to Als. Tumor
specimens were stained using NF-kB1 antibody to detect
nuclear NF-xB1 protein levels as an activation marker
(Fig. 5a). The nuclear staining scores of 9/12 samples were
significantly higher in recurrent tumor cells in comparison
with those of paired primary tumor cells (Wilcoxon mat-
ched pairs signed rank test; p = 0.0248, n = 12), two were
not changed and one decreased (Fig. 5b).

NF-xB1 expression is constitutively up-regulated
and NF-xB activity is increased in Al-resistant cells

We found that Al-resistant cells exhibited higher levels of
NF-kB1 mRNA compared with Al-responsive MCF-7aro
cells (Fig. 6a; p < 0.01). Expression of the RelA and
NF-kB2 subunits did not differ between Al-responsive and
Al-resistant cell lines (data not shown). The levels of NF-
kB1 and p-NF-xB1 were also examined by western blot
analysis. While the results indicate that the levels of p-NF-
kB1 were higher in Al-resistant cells, to demonstrate
higher transcriptional activity of NF-xB in resistant cells,
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IS=2: intermediate

I1S=3: strong

proportion score = 0.95, intensity score = 2), and 2.7 (right, pro-
portion score = 0.9, intensity score = 3). Scores were calculated
from proportion and intensity scores, which were obtained from
immunohistochemical evaluation of nuclear NF-xB1. Bar 10 pm.
b Graph shows immunohistochemical (IHC) scores of NF-xB1
expression in recurrent tumors and paired primary tumors (*p < 0.05)

we performed a luciferase reporter assay in which
MCEF-7aro and Al-resistant cells were co-transfected with a
p-NF-xB-luciferase reporter plasmid or a mock control. The
NF-xB promoter activity was tenfold greater (p < 0.01) in
Al-resistant cells compared with the Al-sensitive MCF-7aro
cells (Fig. 6b). Moreover, the transcriptional activity of
NF-xB was remarkably elevated after 1-h treatment with
TNF-a (10 ng/ml), especially in Al-resistant cells such as
LTEDaro and Exe-R.

NF-kB1 knockdown suppresses the proliferation of Al-
resistant cells

To confirm the functional significance of NF-xB1, we
transfected MCF-7aro, LTEDaro and three Al-resistant cell
lines with siRNA against NF-kB1. As the expression of
NF-xB1 was effectively suppressed by siRNA in all cell
lines (Supplementary Fig. 1), siRNA treatment signifi-
cantly suppressed the proliferation of LTEDaro and three
Al-resistant cell lines, as assessed by MTT assay, but
proliferation of MCF-7aro was less affected (Fig. 6c¢).
These data suggest that NF-xB1 plays a more indispensable
role in Al-resistant cells than in Al-responsive cells such as
MCEF-7aro.
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Fig. 6 Overexpression of NF-kB1-induced Al resistance and plays an
important role for cell proliferation. a Basal NF-xB1 mRNA and protein
expressions were shown in Al-responsive MCF-7aro cells and Al-
resistant cells. mRNA levels were determined by real-time PCR.
*p < 0.01. Protein levels were evaluated by western blotting using
indicated antibodies against NF-kB1 and p-NF-kBl. b The basal
transcriptional activity of NF-xB is higher in Al-resistant cells
(LTEDaro and Exe-R) than MCF-7aro, and remarkably higher after
TNF-o. (10 ng/ml) stimulation for an hour. NF-xB activity was
evaluated via the p-NF-xB-luciferase reporter assay. Luciferase
activity was assayed after 24 h and normalized to total protein
concentration. Data are expressed as relative luciferase units (RLU).
Columns mean, bars SE. *p < 0.01. ¢ siRNA-mediated knockdown of
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NF-xB1 significantly suppressed the proliferation of Al-resistant cells.
MCF-7aro, LTEDaro, Exe-R, Let-R and Ana-R cells were transfected
with control siRNA or NF-kB1 siRNA. Cell viability was assessed by
MTT assay for 7 days after transfection. Five replicates were performed
foreach measurement. *p < 0.01. d Real-time PCR analysis of NF-xB1
mRNA expression after pPCMV4 p50 transfection. Gene expression was
normalized to B-actin. **p < 0.01. e Overexpression of NF-«B induces
Al resistance in Al-responsive MCF-7aro cells. The cells were
transfected with mock or pCMV4 p50 (NF-xB1 overexpression)
plasmid and treated with letrozole at the indicated concentrations for
4 days. Cell viability was assessed by MTT assay in triplicate, and the
mean and standard error were calculated. Data are shown as a ratio of
treated samples to untreated control, mean & SE
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Fig. 7 Gene expression changes in the NF-xB signaling pathway in
Al-resistant cell lines. a LBHS89 treatment significantly reduced
NF-xB! mRNA expression. MCF-7aro, LTEDaro, Exe-R, Let-R and
Ana-R cells were treated with 20 nM LBH589 for 24 h. Real-time
PCR was performed to evaluate changes in gene expression. Gene
expression was normalized to B-actin. *p < 0.01. b Baseline NF-xB1
mRNA expression was higher in T47DaroLTED cells than in
T47Daro cells, and decreased in both cell lines after LBH589
treatment. Cells were treated with 20 nM LBH3589 for 24 h, and

NF-xB1 overexpression induces Al resistance

To confirm that overexpression of NF-kB1 induces Al
resistance, we assessed the response of NF-xBl-over-
expressing MCF-7aro cells to letrozole. Real-time PCR
analysis confirmed that NF-xB1 expression was higher in
cells transfected with the NF-xB1 plasmid versus mock
transfected cells (Fig. 6d). MCF-7aro cells transfected with
an NF-kB1 overexpression plasmid were significantly less
responsive to letrozole (50 and 100 nM) treatment as
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LBH589 treatment (h)

LBH589 treatment (h)

NF-xB1 mRNA expression was analyzed by real-time PCR. Gene
expression was normalized to f-actin. *p < 0.05; *¥p < 0.01.
¢ MCF-7aro and Exe-R were treated with 20 nM LBH589 for 16 h,
and total RNA was extracted at the indicated time points. Real-time
PCR was used to assess expression of NF-xBI, RelA, NF-«B target
genes (CFLAR and CCND1) and CDKNIA. Gene expression was
normalized to B-actin mRNA. Data are expressed as a ratio of treated
samples to untreated controls and shown as mean 3= SE

shown by an increase in cell proliferation relative to mock
transfected cells (Fig. 6e). Taken together, these results
strongly confirm an essential role of NF-xB1 in acquisition
of Al resistance.

LBH589 reduces NF-kB1 expression in breast cancer

NF-kB1 expression was significantly reduced in all five
cell lines after treatment with LBH589 (Fig. 7a). Also,
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Fig. 8 NF-xB1 expression analysis in xenograft tumors treated with
1.LBHS589. a Tumors from LBH589-treated or control mice (four mice/
group) with exemestane-resistant MCF-7aro tumors were harvested
48 h after mice received a single injection of LBHS589. Real-time
PCR was performed to quantify the levels of NFkB mRNA in tumors.
b Real-time PCR analysis of levels of NF-kB mRNA present in
tumors at the end of experiment. n = 7 mice/group. ¢ LBH589

decreased cell proliferation in the parental cell line, MCF7aro, in a -

NF-xB1 expression was significantly reduced in T47Daro
and T47DaroLTED cells after LBH589 treatment (Fig. 7b).
Baseline NF-xB1 expression was found to be significantly
higher in T47DaroLTED cells than in Al-responsive
T47Daro cells (Fig. 7b).

LBHS589 changed the expression of NF-xB1-targeted
genes

Real-time PCR throughout a 16-h time course after
LBHS589 treatment revealed that the expression of NF-xB1-
targeted genes (CFLAR and CCND1 [encoding cyclin D1])
decreased in both cell lines (Fig. 7c). However, neither cell
line showed a remarkable change in RelA expression.
Expression of CDKNIA (encoding p21WAFVCFL " cyclin-
dependent kinase inhibitor 1) increased dramatically in
response to LBHS589 treatment in Al-responsive cells and
peaked at the 8-h treatment, however it was not seen in
Al-resistant cells (Fig. 7c¢).

dose-dependent manner but not in long-term exemestane-treated
(LTET) cells established from MCF-7aro tumors from mice treated
with exemestane. The LTET and MCF-7aro cells were treated with
the indicated concentrations of exemestane or LBH589 for 6 days and
proliferation analyzed by MTT assay. d Baseline NF-xBl mRNA
expression was significantly increased in LTET cells as compared to
the parental MCF7aro cells, as determined by real-time PCR analysis.
*p < 0.05; *¥*p < 0.01

LBHS589 inhibits the Exe-R tumor growth through
suppression of NF-xB1 pathway in vivo

NF-kB1 mRNA expression was significantly decreased in
tumors from mice treated with LBH589 at 48 h (Fig. 8a)
and at the end of experiment (Fig. 8b). To further dem-
onstrate the inhibitory effect of LBH589 on Al resistance,
we established an exemestane-resistant cell line, long-term
exemestane-treated (LTET), from the above resistant
tumors (Please see supplementary materials for procedures
for detail methods). We confirmed the exemestane resis-
tance of the LTET cell line by comparing it to the parental
cell line MCF-7aro. Again, LBH589 was effective at sup-
pressing the proliferation of the parental cell line MCF-
7aro and LTET cells in a dose-dependent manner (Fig. Sc).
Also, NF-xB1 expression was significantly higher in LTET
cells than MCF-7aro cells (Fig. 8d). These results serve as
additional evidence that Al-resistant cells, derived from
resistant tumors, express higher levels of NF-xB1 and are
responsive to LBH589 treatment.
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Fig. 9 Protein expression changes of NF-kB1 and related molecules
by LBH589 treatment. a LBH589 suppressed NF-kB1 (p50) protein
expression and its phosphorylated form in a dose-dependent manner.
Blots were probed with the indicated antibodies against NF-xB
downstream molecules (cFLIP) and LBHS589 targets (AKT and ERa).
LBHS589 suppresses the expression of these molecules in a dose-
dependent manner. Western blot analysis were performed on MCF-
Taro and Exe-R cells that were treated with DMSO (control) or the
indicated concentrations of LBH589 for 48 h. b Levels of NF-xB1
and p-NF-kB1 were decreased in both nuclear and cytoplasmic
fraction in a dose-dependent manner. Cells were fractionated into
cytoplasm and nuclear fractions after treatment with DMSO or
LBH589 for 48 h, and protein levels of interesting proteins in the
cytoplasm and nucleus were examined by western blotting. Lamin
AJC (70 kDa) was used as a nuclear marker

LBHS589 decreased the NF-xB1 (p50) protein and its
phosphorylated form in nuclear fraction

LBH589 suppressed expression of NF-xB1(p50) and
reduced levels of phosphorylated NF-xB1 (p-p50), which is
the form that enhances transcriptional activity of the NF-xB
complex in MCF7aro and Exe-R cells treated with LBH589
in a dose-dependent manner (Fig. 9a). Protein levels of the
heat shock protein (HSP) 90 client proteins (ERa and AKT)
and the NF-xB downstream molecule (cFLIP) were reduced
in a dose-dependent manner (Fig. 9a).

To gain further insight on molecular action of LBHS589,
we fractionated and extracted cytoplasmic and nuclear
proteins. Levels of NF-xB1 (p50) and p-NF-xB1(p-p50)
were decreased in both the cytoplasm and nuclear fractions

@ Springer

after LBH589 treatment but those of RelA and p-RelA
remained relatively constant (Fig. 9b), which was consis-
tent with the time course study of mRNA expression
(Fig. 7c). Lamin A/C, a nuclear membrane structural pro-
tein, is cleaved by caspase-6 and serves as a marker for
caspase-6 activation. In addition, cleavage of lamin A/C
into a large (4045 kDa) and a small (28 kDa) fragment,
results in nuclear disregulation and apoptosis. Therefore,
cleaved lamin A/C is a marker of nuclear fraction and of
apoptosis.

Discussion

Als are effective in treating postmenopausal patients with
ER-positive breast cancer. However, resistance to these
drugs remains a major problem in the management of this
cancer. In this study, we showed that LBH589-inhibited
growth of Al-resistant cancer cells, both in vitro and
in vivo, by inhibiting NF-kB1 expression, inducing apop-
tosis and cell cycle arrest. Moreover, we demonstrated
enhanced NF-kB1 expression in acquired Al resistant
tumor specimens and in our acquired Al resistant
models, determined that NF-xB1 promotes the growth of
Al-resistant cells.

Vorinostat was the first HDAC inhibitor approved by the
FDA for the treatment of cancer. The combination of
vorinostat and tamoxifen is well tolerated and exhibited
promising activity in hormone resistant breast cancer [17].
Recently, it was reported that the HDAC inhibitor Enti-
nostat together with exemestane significantly improved the
progression-free survival of postmenopausal women with
ER-positive advanced breast cancer who had <1 prior
chemotherapy and had progressed on a non-steroidal Al
[18]. LBH589 is a highly potent HDAC inhibitor with
demonstrated antitumor activities at low nanomolar con-
centration in several preclinical studies and its clinical
efficacy is currently under investigation in several clinical
trials such as recurrent high-grade glioma and refractory
Hodgkin lymphoma [19-21]. Not all HDAC inhibitors
function identically; thus, it is not unexpected that some
HDAC inhibitors activate [22-24] and some inhibit [12, 13,
25-28] NF-xB transcription. It has been found that more
genes are repressed than activated in tumor samples treated
with LBH589 [29]. Our current study shows that NF-xB1 is
significantly suppressed by LBH589 treatment, similar to
that reported previously in colon cancer [14].

It is essential to recognize the difficulty of collecting
paired tumor tissues from the same patients before Al
treatment and after the acquisition of Al resistance. We
were able to collect the primary tumor specimens and those
after cancer recurred from 12 patients, even after up to
6 years of treatment with Als. We also found that the rate
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of acquired Al resistance (6.5 %) to the adjuvant therapy in
Japanese patients is lower than that in patients from Wes-
tern countries. All recurrent tumors, except one (#7),
remained ER-positive, supporting that ER-mediated path-
ways remain important in Al-resistant tumors, as suggested
by our preclinical studies [6]. Although the primary tumors
from two of twelve patients were HER2-positive, these
patients responded to Al treatment for 18 and 58 months,
respectively. Therefore, there were no obvious correlations
between HER?2 levels and time to recurrence. Using those
samples, we have found that tumors from patients who
acquired Al resistance had higher expression of NF-xB1
compared to primary tumors from the same patients before
Al treatment. This is the first report to show that NF-kB1 is
expressed at higher levels in acquired Al-resistant patient
samples. In support of these findings, NF-xB1 is overex-
pressed in Al-resistant cell lines. It is worthwhile to note
that the expression of NF-«xB1 is not elevated in tumors
after a 2-week treatment or 3-month treatment with an Al
[30], indicating that a short-term treatment of an Al does
not change the expression of NF-xB1.

NF-xB forms an inducible transcription factor complex
that plays a crucial role in regulating the inflammatory,
immune, and anti-apoptotic reactions. Notably, the signaling
pathways that lead to tamoxifen resistance share a common
mechanistic link with activation of the gene-regulating NF-
kB complex [31-33]. The higher NF-kxB1 DNA-binding
values were associated with significantly reduced disease-
free survival among a collection of 81 ER-positive primary
breast cancers [32]. Patients whose primary breast cancers
overexpressed NF-kB1 were significantly more likely to
develop distal metastases and experienced shorter metasta-
sis-free survival than those whose cancers did not [32]. As

Zhou et al. have reported the role of NF-xB1 in de novo

tamoxifen resistance, we now report the functional signifi-
cance of NF-xB1 in acquired Al resistance. It should be
noted that RelA has been also reported to play an important
role in tamoxifen resistant {31]. Activate NF-xB1 (p50)
homodimer can be transcriptional repressors or activators
both [34]. Our nuclear expression results showed that
LBHS589 could reduce expression of NF-xB1 (p50) and its
phosphorated form which was promoting NF-«kB1 in nuclear
fraction, potentially to interact with RelA in the Al resistant
cells. Our results suggested that LBH589-inhibited tumor
growth through reduction of NF-kB1 (p50)/RelA dimers.
Our preclinical studies have revealed that NF-«xB1 is
more important in promoting the growth of Al-resistant
cells than of Al-responsive cells. NF-xB1 knockdown
further showed that NF-xB1 is indispensable in Al-resis-
tant cells but less important in responsive cells. Since
LBH589 suppresses the proliferation of both Al-resistant
and Al-responsive cells, our data indicate that LBHS89 can
suppress the proliferation of ER- and aromatase-positive

breast cancer through more than one mechanism. As a
comparison, LBH589 is less effective in the suppression of
MCF-10A, a noncancerous breast epithelial cells (supple-
mentary Fig. 2). Previous studies have also indicated
CDKNI1A is readily up-regulated in response to HDAC
inhibitor treatment in vitro [35]. CDKNI1A was found to be
most up-regulated at a relatively early phase (8 h) after
LBHS589 treatment in Al-sensitive cells, but not in Al-
resistant cells. Thus, cell cycle signaling via p21WAF/CIPI
is likely to be more sensitive to LBH589 in Al-responsive
cells than Al-resistant cells. Our in vitro results indicate
that LBH589 inhibits ER-positive Al-responsive cells,
which is consistent with our previous finding that combi-
nation therapy of an Al and LBHS589 can synergistically
inhibit the proliferation of Al-responsive cells [36]. In this
study, we focused on elucidating the mechanism underly-
ing LBH589's effects on Al-resistant cell lines, and showed
that LBH589 inhibits the NF-xB1 pathway. After patients
become Al resistant, there are no effective ways to treat
them; thus, LBH589 may be a potential choice for the
patients who acquire Al resistance.

L.LBH589 inhibits HDAC6, which has also been identi-
fied as a major deacetylase of HSP90 [37]. HSP9O is a
cytoplasmic chaperone whose client proteins include
nuclear receptors and kinases important for oncogenesis.
HSP90 acts to prevent their ubiquitinylation and prote-
asomal degradation. LBH589 induces tumor cell apoptosis
that HSP90 and its co-chaperones modulate through down-
regulation of AKT, TNF-a, and NF-kB function [38]. Also,
HDAC inhibitors potentiate anti-estrogen therapy and/or
lead to a reversal of hormone therapy resistance through
the interaction of HDAC6 with the ER and HSP90 chap-

~erone complex [39]. Our results further show that AKT and

ER protein levels are reduced in cells treated with
LBHSS89. It has been reported that NF-xB activity can be
up-regulated by acetylation of RelA/p65 in the nucleus,
which is mediated by histone acetyl transferases (e.g.,
P300, CBP, and PCAF) [24]. Interleukin-1 receptor-asso-
ciated kinase 1 (IRAK1) is the upstream gene that stimu-
lates the NF-xB pathway [40]. Our microarray analyzes
indicated that expression of CREBBP (encoding CBP/
p300) and IRAK1 were decreased, consistent with previous
reports [14]. These factors may contribute to the mecha-
nisms by which LBH589 inhibits the NF-xB pathway.
Induced NF-kB has been reported to increase aromatase
expression by enhancing transcription of several proin-
flammatory mediators [41, 42] and synergistically activates
ER [43]. Interestingly, our previous studies have demon-
strated that LBHS589 can suppress aromatase expression
through the down-regulation of promoters 1.3 and II [36].
Thus, LBH589 can overcome Al resistance through mul-
tiple pathways. For triple negative breast cancer, it was
reported that LBHS589 suppressed the proliferation [44],
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and moreover HDAC inhibitors increased ER expression
[45, 46], suggesting that the inhibitory mechanisms of this
drug are different in ER+ and ER— breast cancers.

Recent exciting clinical observations from other groups,
together with our preclinical data for LBH589, strongly
suggest that LBH589 offers a novel therapeutic strategy to
improve the response of hormone responsive cancers to Als
and thereby overcome Al resistance.
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Efficacy of Fulvestrant for Treatment of Recurrent or Advanced Breast Cancer in our
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Here, we report the efficacy of fulvestrant in our institution. Forty-two post-menopausal women
received fulvestrant from November 2011 to July 2012. Of these patients, 32 had recurrent breast
cancer, and 10 had stage IV advanced breast cancer (ABC). The median length of follow-up from the
recurrence or first appearance of ABC was 64.8 months, and the median length of follow-up after the
initiation of fulvestrant therapy was 4.2 months. Twenty patients received over five regimens, and 29
patients received chemotherapy prior to fulvestrant. Twenty-eight patients had visceral metastasis.
Among 27 patients with more than 90-day follow-up periods, no patients achieved complete
remission; three patients achieved partial remission; 16 patients had stable disease; and five patients
had progressive disease. Adverse events were mild, except for in one patient who developed dermal
ulcer around the injection site. Fulvestrant is an effective and well-tolerated agent in patients with
heavily treated ABC, and its use as a front-line therapy may be more effective.
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