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INTRODUCTION

Epidermolysis bullosa (EB) is a group of heritable genetic skin blistering diseases
caused by the disruption of the normal function of the basement membrane zone, a distinct
structure that separates the upper epidermis from the underlying dermis (1). Skin blisters
between the dermal/epidermal junction in EB are extremely similar to those caused by chemical
warfare agents including sulfur mustard (SM, dichlorodiethy! sulfide). In the recessive. :
dystrophic forms of EB (RDEB), mutations in collagen type VIl gene disrupts the anchoring
fibrils connecting the basement membrane to the underlying dermis, thus causing blistering’

_below the lamina densa. The functional consequences of these mutations, which render the
basement membrane zone defective, directly contribute to their clinical manifestations (2-4). As-
a result of chronic blistering, re-epithelialization, and extensive scarring, RDEB patients
frequently develop highly invasive squamous cell’carcinomas (SCC) (5-7). SCC is the second

. most common form of skin cancer generally associated with chronic ultraviolet light exposure,
but they can also arise in association with persistent skin wounds as in the cases of RDEB (8, 9).
Despite the high frequency of these neoplasias in RDEB patients, very little is known about the
molecular characteristics of these tumors in comparison to SCCs occumng spontaneously in
individuals without EB. :

The metastasis tumor antigen 1 (MTA1) is overexpressed in and correlates well with
many highly metastatic cancers including human epithelial-derived breast and esophageal
carcinomas (10-13). MTA1 is a member of the nucleosome-remodeling histone-deacetylase
(NuRD) complex and interacts directly with histone deacetylase proteins 1 and 2 (HDAC1/2)
(14-17). We'previously demonstrated that MTA1 is overexpressed in SCCs relative to normal
keratinocytes (18). Furthermore, we found that MTA1 expression is controlled by the activation
of the epidermal growth factor receptor (EGFR) in this cell type. Forced overexpression of
MTAA1 in keratinocytes increases cell proliferation and i invasiveness, charactensttcs evident in
- SCCs from RDEB. :

Thus the overall goal of our research through DAMD17-02-1-0215 is to begm anin depth
investigation of RDEB-derived SCCs and ascertain whether the epidermal growth factor
receptor- (EGFR) and/or MTA1 mediated signaling pathways contribute significantly to the
highly aggressive malignant phenotype these cells. In order to study the molecular
characteristics and mechanisms of metastasis in these cancer cells, we proposed to establish
cell lines derived from SCC of RDEB patients and to characterize the malignant phenotype _
(growth, invasiveness, survival potential, and dependence on EGFR/MTA1 activation) of these
cells. Our Specific Aim 1 is to establish and characterize epithelial keratinocyte SCC cell lines
from RDEB and non-RDEB skin biopsies. Specific Aim 2 is to characterize the malignant-
phenotype (growth, invasiveness, and survival potential) of these cells as it relates to EGFR
expression and signaling and to expression of MTA1. Specific Aim 3 is to examine the
~ contribution of EGFR/MTA1 to proliferation, invasiveness, and cell survival. Finally, Specific

Aim 4 is to identify the signaling pathways downstream of EGFR activation that are relevant to
MTA1 expression in SCC from RDEB and non-RDEB. Since malignant cancer is characterized
by its metastatic and invasive properties, identifying and characterizing the genes that are
involved in metastasis wm provide the means to predict, select, and treat patients for aggresswe
therapy.
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BODY

. This progress report will focus on accomplishmen'ts‘ covered‘ in Specif ic Aims 1, 2, and 3.
A portion of this work has been accepted to the Journal of Biological Chemistry (see Appendlx)
In addition, another manuscrlpt isin preparatlon

Establish and characterlze keratinocyte cell lmes from scc biopsies obtalned from
RDEB and non-RDEB patlents

In order to study the biology of tumor cells from RDEB, we propose to establish these -
cells in-culture. This is a critical part of this proposal because these cells will serve as excellent
tools for any future studies involving keratinocyte tumor biology. Within this past funding year, '
we received approval from the Office of Regulatory Compliance and Quality for Human Subjects
Protection (Department of the Army) and have begun to collect skin tumor samples from RDEB
patients. ‘Although RDEB patients are rare, we have successfully collected several tumors from
these patients and are currently malntalnlng these cells in culture. We would require at Ieast 3-
5 distinct tumor cell lines. o

We began studying the molecular characteristics that would distinguish RDEB-SCCs
from spontaneous SCCs at the tissue level. We first examined the state of differentiation of
these tumors by immunostaining for involucrin, a protein highly expressed in epithelial cells
undergoing differentiation and those cells which lose their proliferative potential (19,20)(Fig. 1A,
a). We examined the expression pattern and level of involucrin expression in RDEB-SCCs (Fig.
1A, c and d) and compared them to those of non-RDEB-SCCs (Fig. 1A, b and ¢). In normal
human skin, involucrin was expressed in the upper differentiated cell layers of the epidermis. -
The basal ceIIs are undifferentiated proliferative cells and thus did not express involucrin.
However in both RDEB- and non-RDEB-SCCs, involucrin expression extended throughout all -
cell layers of the epidermis (Fig. 1A, b-d). Interestingly, the expression level of involucrin in
RDEB-SCC was significantly lower than that of non-RDEB-SCCs. The results could suggest
that RDEB-SCCs might be iess differentiated than other SCCs. We are currently examining
other differentiation markers such as transglutaminase, loricrin, keratin 1, keratin 10, and
- filaggrin. Antibodies against these proteins are commercially available.

To assess MTA1 protein expression, we obtained a commercially available polyclonal
antibody specific for MTA1. By immunohistochemical analysis we observed an upregulation of
MTA1 expression in RDEB-SCCs (Fig. 1B, a) compared to non-RDEB-SCCs (Fig. 1B, b). The
staining of MTA1 appeared to be localized to the cytoplasm as well as nucleus. These

- preliminary results are very promising and provide evidence that SCCs derived from RDEB
express a higher level of MTA1, suggesting a more metastatic phenotype. As mentioned below,
we recently cloned a novel member of the MTA gene family, which we named MTA3. We
raised antibodies against this protein and are currently examining the expressmn level of MTA3
in RDEB-SCCs.




NON-RDEB-SCC

RDEB-SCC

NON-RDEB-SCC

NON-RDEB-SCC

RDEB-SCC

RDEB-SCC

DAMD17-02-1-021 Mahoney, M.G.

Figure 1. Molecular charac-
terization of RDEB-SCC and
non-RDEB-SCC. (A) Arepre-
sentative of each normal human
skin, non-RDEB-SCC and
RDEB-SCC are shown stained
for the differentiation marker
involucrin (green). In normal
tissue, involucrin was
expressed in the highly differen-
tiated upper cell layers of the
epidermis. Yellow dashed lines
demarcate dermal/epidermal
barrier. In both non-RDEBs and
RDEB-SCCs, involucrin was
detected in all cell layers.
Interestingly, the expression
level of involucrin appeared to
be stronger in the non-RDEB-
SCC. (B) Immunostaining for
MTA1 (red) revealed more
MTA1-positive cells in the
RDEB-SCC compared to the
non-RDEB-SCC. All tissues
were stained for DNA with DAPI
(blue).
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Determine the EGF receptor-mediéted signal transduction pathways regulating the
expression of MTA1. '

There is significant evidence supporting a relationship between aberrant EGF receptor
activation and migratory/invasive properties of epithelial tumor cells. Interestingly epithelial-
derived breast and esophageal carcinomas aberrantly express high levels of both EGF receptor

-and MTA1. Itis our hypothesis that activation of the EGF receptor and its signal transduction
pathways may regulate the expression of MTA1. We recently demonstrated that the EGF
receptor contributes to steady-state expression of MTA1 mRNA and protein.

Similar to the role of EGF receptor in skin cancer, deregulation of the estrogen receptor
‘stimulates mammary epithelial cell growth in breast cancer. We recently cloned a novel gene
sharing high homology to both human and mouse MTA1. We named it MTA3 and raised
antibodies specific against this protein. MTAS3 is highly expressed and localized to both the
cytoplasmic and nuclear compartments of breast and skin tumor cells. In collaboration with Dr.
Rakesh Kumar (Department of Molecular and Cellular Oncology, The University of Texas M.D. -
~ Anderson Cancer Center, Houston, TX), we demonstrated that MTA3 plays a role in regulating
the estrogen receptor-mediated epithelial-to-mesenchymal transition (manuscript in press; see
attachment). The tumor progression of mammary epithelial cells is associated with the down
~ regulation of cell adhesion components such as E-cadherin, mediated through the zinc-finger
transcriptional repressor Snail. Similar to MTA1, MTA3 expression is mediated through the
estrogen receptor in breast epithelial cells (21). MTA3 directly represses Snail and thus’
regulates E-cadherin expression. . Both the estrogen receptor and MTA1 can bind to regulatory -
- elements within the MTA3 promoter, thus resulting in dynamic complex modulation of the
-estrogen receptor regulation of MTA3 expression and the epithelial-to-mesenchymal transition.

‘One of the goals of this proposal is to study the role of MTA1 in modulating cell
proliferative potential. It has been documented that hypoacetylation of histones favors
transcriptional silencing, a potential underlying cause of cell proliferation and cancer

.development. MTA1 has been shown to interact directly with and enhance the histone

. deacetylase activity of HDAC1/2 in the NuRD complex. We previously demonstrated that MTA1
regulates growth, invasiveness, and survival potential of normal epidermal keratinocytes. Here

- we report a novel role for MTA1 in regulating cellular processes, that when go awry, would favor
carcinogenesis. By yeast two-hybrid protein-protein interaction system and in vitro or in vivo

- binding assays, we observed the direct interaction between MTA1 and REV7 (UV revertible
gene) (Fig. 2A&C) and MAD2 (mitotic arrest-deficient) (Fig. 2C) but not the negative control
protein lamin C (Fig. 2D). REV?7 interacts with the spindle assembly checkpoint protéin MAD2

- (mitotic arrest-deficient), which regulates cell cycle progression into anaphase (22,23). In non-
mitotic cells, MTA1 was found localized to the nuclei (Fig. 2E, top panels). However, during
division as cells undergo mitosis, MAD2 has been shown to bind to the kinetochores of
chromosomes and MTA1 was detected co-localized to microtubule spindles (Fig. 2E, bottom
panels). Epithelial carcinomas overexpressed MTA1 as well as MAD2. Epithelial cells lacking
MTA1 demonstrate reduction in cell cycle progression and upregulation of MAD2. These results
demonstrate the diverse roles of MTA1 from nucleosome remodeling by enhancing histone
deacetylation to DNA repair and spindle assembly checkpoint during mitosis.
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Figure 2. Molecular interaction of MTA1 with REV7 and MAD2 and potential role of
MTA1 during mitosis. (A) Yeast two hybrid system revealed interaction between the MTA1
bait and the REV7 protein. (B) We generated bacterially produced recombinant glutathione S
transferase fusion proteins of REV7 and MAD2. Western blotting with anti-GST antibodies.
(C) GST pull down assay to demonstrate that MTA1 interacted with REV7-GST and MAD2-
GST but not GST alone. (D) GST, REV7-GST, and MAD2-GST did not interact with a non-
specific control protein, Lamin C. (E} Immunofluorescent staining of MTA1 (red) and e-tubulin
(green} in non-mitotic (top panels) and mitotic (bottom panels) celfs.
8
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' KEY RESEARCH ACCOMPLISHMENTS " '

- Establishment of several RDEB-SCC epithelial cell lines derived from highly advanced skin
‘carcinomas. Initial molecular characterization demonstrated that these tumors were less
differentiated as compared to non-RDEB-SCCs. However, RDEB-SCCs expressed sagmﬂcant
high Ievel of MTA1, a molecular marker for i mvasrve potential. :

L Clomng of novel member of the MTA1 gene family, MTAS. Collaboratlon with Dr. Kumar has
resulted in a published work demonstrating that MTA3 expression is regulated through the
estrogen receptor. The estrogen receptor and MTA1 can bind to regulatory elements within the
MTA3 promoter resulting in a dynamic complex cyclical modulation of the estrogen receptor
regulation of MTA3 expression and the epithelial-to-mesenchymal transition. Potential role of
MTA3 in EGF receptor medlated signaling pathway needs further examination.

» Novel role of MTA1 in DNA repalr and mitotic spmdle assembly checkpoint, cellular processes

that when go awry, would favor carcinogenesis. The results provided are preliminary and during
- years 3-4 of this funded research, we will further assess mechanism regulating this interaction
“and the role of EGF receptor signaling pathway in regulating this interaction. :

REPORTABLE OUTCOMES

Some of the results mentloned above have been mcluded in a publication (see attached
appendix). : ~

CONCLUSIONS

’ During the second year of this fundung we have successfully collected RDEB tumor
tissues and established several tumor cell lines derived from these samples (Specific Aims 1
and 2). This will be the main focus of year 3 funding. Our discovery of novel member of the
MTA gene family, MTA3, was not in the original design of the proposal, but it has profoundly
enhanced our understanding of the complex roles of MTA gene family in cancer progression. -
We will characterize the complex role of both MTA1 and MTAS estrogen receptor medlated
epnthehal/mesynchymal transition. . :
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ABSTRACT -
Although recent studies have shown a role of estrogen receptor (ER) in the regulatipn of
| epithelial‘-to;mesenchymal transition (EMT) via MTA3, the role of upstream determinants of ER
" regulation of MTA3 and the underlying molecular mechanism remains unknown. Here we)éhOW |
that MTA3 gene regulation by ER is influenced by dynamic changes in levels éf nuclear |
coregulators. MTA3 promoter haé a functional ER element half-site with which MTA'I and
H:DAC.s interact under basal conditions. Upon estrogen stimulation, these corepreésors 'ére
derecruited with concomitant reéruitmeﬁt of ER, leading tc; inﬁreased MTA3 transcription and
expression. Genetic inactivation of MTA1 .p.romotes the gbility of ER to ﬁpreguléte MTA3
expression, while knockdéwn of ER enhances MTA1 association with MTA3 gene. Modulation o
of ER functions, by c'orepressors (e, MTA] and MTAls) or coactivators (i.g., AIBl and
PELPI/MNAR), alters ER recruitment to M743 chromatin, MTA3 trénscription, and expression
~of downétream EMT cornp.oncnts. These studies provide novel insights into the transregulation
of the M TA 3 gene and reveal novel roles of upstream dete@inants n rﬁodifying the outcome of

MTAS3 axis and cell differentiation.




INTRODUCTION

The development of human breast cancer is promoted by estrogen stimulation of
marnrnary epithelial cell growth. ER alpha (ER) is the major estrogen receptor n the human
mammary epithelium. Binding of e'strogen to ER triggers conformational changes that allow ER
to bind to the 13-base-pair palindromic estrogen response element (ERE) in the target gene
promoters and stlmulates gene transcnption thereby promotmg the growth of breast cancer cells
Transcnptional activity of ER is affected by a number of regulatory cofactors mcludrng
chromatin-remodeling cornplex_es,‘ coactivators, and corepressors (1, 2,3).

- Recent ﬁndings have demonstrated that.the NuRD-70 polypeptide of the nucleosome
remodeling complex is 1dentical to metastatic tumor antigen 1 (MTAl) (4 5) and that MTAI
physically mteracts wrth HDACI1/2 (6,7). The MTA] .gene is shown to correlate well with the

| metastatic potential of several human cell lines and cancers, mcludmg breast cancers (8- 11)
Usmg in vitro models, Mazumdar et al. have shown that MTAl interacts with ER and represses
ER—transcrrptron by recrurtmg I{DAC to the ER_E contaimng target gene chromatm in breast
cancer cells (12) and that MTAl overexpressrng breast cancer cells exhrbit aggressrve
phenotypes (13). MTALs, another farmly member, is a naturally occurnn_g variant of MTAL1 that - o
contains anovel sequence of 33 amino acids with one potential nuclear receptor binding motif,
LRlLL. MTA1s inhibits ER nuclear signaling by sequestering ER in the cytoplasm but e'nhances
ER cytoplasmic_' signaling and thus promo’tes tumorigenesis (1}4).

One of the principal phenotypic changes in breast cancer metastasis is the increased
tendency of the cancer cells t.o" undergo epithelial-to-mesenchymal (EMT) transition that is |
charaoterized by reduced expression and consequently,'funetions of cell-adhesion components

such as E-cadherin (15-17). The zinc-finger transcriptional repressor, Snail, mediates the




repression of E-cadherin expression and leads to the inhibition of Snail function in epithelial
cells, thus, restoring the expression of E-cadherin as well as ceil-thcell. junctioné (18,19).
Recently, Fujita et al.-identified MTA3 aé an ER-regulated gene and showed that MTA3
upregulation prevents EMT by directly repressing Snail, and thereby, upregulating E-cédheriﬁ -
.(20). Although these observations highiight the significance of EMT in breast cancer |
iﬁvasivel'}éss and sugge‘s‘t a c'ompléx role for MTA.family members in modifying ER functions in
breast cancer cells,‘ the precise mechanism by which ER regulates MTA3 expression and the

| j)utafive nature of upstrearﬁ determinants of MTA3 expression remain pobrly uﬁderstood.

" ~ Here we show that the MTA3 gene contains an ER elemeht half-site, and that both ER
and MTALl are recruited té the same site in the MTA3 promoter chromatin. Further, estrogen
stimulates MTA3 prdmotell activity in a cdrebressér—sensitive manner. In addifion; modulation éf
ER functiorié; by corepressbrs (i:e.; MTA1 and MTA1s) or coactivators (i.e., AIB1 and
PELPI/NMAR) results in the suppreésioh or stimulation of ER récruitment to the M’I‘A3 -
éhrorndtin; and consequeritly, affects the expression of EMT compohents. Tégéther, ’;hese, stﬁdiés
reveal that dynamic changes in thé levels of ER coregulators inf_lﬁence ER regulétiori of MTA3
and reveal ; novel role for nuclear 60regulatqrs in modifying the outcome of MTA3-inediated

EMT.

EXPERIMENTAL PROCEDURES
Cell lines and Reagents. MCF-7 human breast cancer cells and Hela cells were
- maintained in Dﬁlbecco’s modified Eagle’s medium-F12 (1:1) suppleménted with 10% fetal calf _
serum HeLa éerv_ical cancer cells were obtainedl from the American Type Culture Collection |

(Manassas, VA). MCF7 clones stably expressing MTAL, MTAls and PELP1 have been




described earlier (12,14,21). Steroid hormone E2, tamoxifen and charcoal-stripped serum (DCC
serum) was purchased from Srgrna Chemlcal Co. ICI-182, 780 was purchased from Tocris,
~ Ellisville, MO. Antrbodres against MTA1 were purchased from Santa Cruz Inc. (SantaCruz
Calif) and T7 mAb was procured from Novagen (Milwaukee, Wis). Antlbodres for E- Cadherln _
were obtained from Zyrned and ER antibody was purchased from UBL Snail antlbody used here |
has been described before (2_2).

Anti-peptide rabbit against MTA3 was generated against the rnouse MTA3 amino acids
| 420 - 438 (sequence: SDEEKSPSPTAEDl’RARSH). The }MTAB—G'ST fusion 'protein was. run on
‘SDS-PAGE and transferred to nitrocellulose ﬁlter The blot was stained with ponceau and the
region of the blot with the GST MTA3 fusmn protern was cut The mtrocellulose preces were
incubated in 10 mL of 1% BSA for 3-4 hr at 4°C to block nonspecrﬁc sites. The BSA treated
mtrocellulose pieces were incubated w1th drluted rabblt antiserum in cold overmght
Subsequently, the mtrocellulose pieces were - washed 4 x in TBST for 5 min each and transferred
to eppendorph tubes and the bound MTA3 antlbody was eluted by sequentlal incubatoin with |

300 uL of MAPS buffer pH 3.0 for 5 min. Immedlately after elutlon 200 pL of 1M TRIS pH 9.5

was added to prevent denaturation of the anttbody The eluates were pooled and stored -20°C

Clonzng of M TA3 Promoter and MTA3 cDNA : To clone the MTA3 promoter we first
identified the BAC clone (ID#RPl 1-314A20) contalmng the MTA3 genomlc region using
human genome sequence 1nforrnat10n We then purchased this BAC clone from BACPAC
Resources (Children’s Hospital Oakland Research Institute, CA). Two frag‘rnents (1078 bp and
735 bp) of MTA3 prornoter region were amplified by polymerase chain reaction (PCR). The

amplified products were cloned into the PGL3 luciferase reporter vector (Promega Corp.

~



Madison, WI) using Sacl and Xhol sites. The sequence of the construct was verified by
compar‘ing its sequence with that in the human genome database. PCR based cloning was used to
‘generate the deletlon construct and point mutation of the 1078 bp MTA3 promoter. PCR product
{of MTA3 cDNA was cloned at pcDNA3.1A using Kpn] and Xhol sites (see Table I for primer

: sequences).

Reporter Assays: For the reporter gene transient transfections? cells were cultured for 24
* hin minimal ess.ential medium without phenol red containing 5% DCC serum. 'fhe M.TA3-‘
luciferase (luc) reporter constructs were transfected using F uGENE 6V according to the
manufactorer’s instructions (Roche Molecular Biochemicals, Indianapolis, IN). Twenty-four
hours later, the cells were treated with E2 for 16 h. The cells were then lysed with a passive-_lysis
buffer, and the luc assay was performed using a luc reporter assay kit (Pr_omega Corp: Madison, |
WI). The total arnount of DNA used in the transfections was kept constant by adding a parental

vector, Each transfection was carried out in six-well plates in triplicate wells.

- Chromatin Immunoj)reczpiraﬁon Assay (ChIP): Approximatelil 108 cells were treate:d:‘
witn 1% formaldehyde (final concentration, v/v) for 10 min at 37°C to cross-link histones to
DNA. The cells were washed tw10e W1th phosphate buffered sahne pH74 contalmng protease
inhibitor cocktail (Roche Molecular Biochemicals, Indranapohs ]N) ‘ChIP assay was performed
as described previously (12). Either an ERcL——speCIﬁc antlbody, MTA1l mAb or T7 mAb were
used for 1mmunoprec1p1tat10n of protem—bound chromatin and pre01p1tated DNA was amphﬁed

| by PCR using primers ﬂankmg the proximal half ERE site (see Table I for prlmer sequences)

The amplified fragment was sequence verified.



G_ene knockdown by siRNA. ERo. specific siRNA and control non-specific sSiRNA were
purchased from Dharmacon. For MTAL knockdown 4-for- Sllencmg siRNA Duplexes were designed
‘usmg Qiagen program and synthesxzed at Qiagen. SIRNA trasfections were carried out usmg 20 uM of
pooled siRNA duplexes and by using 4 pl of Oligofectamine (Invitrogen) according to maufacturer’s

" “protocol in six well plates. After 72 hours, cells were prepared for ChIP assay or western blotting.

Immunofluorescence and confocal studies: The cellular 16_cation of proteins was determined
using indirect immuﬁeﬂuerescence as described pre‘)ious'ly (14). In brief, MCF7 cel_ls were plated on -
glass covershps 1u 6-well culture plates. When the cells were 50% confluent, cells were rinsed w1th
phosphate-buffered saline, fixed in cold methanol for 6 nun then processed for 1mmunoﬂuorescence
s_taining of endogenous MTA3, E-Cadherin or‘-Snail. Cells were counterstained with ToPro3 to visualize
the nucleus. Slides wefe further processed for imaging and confocal analysis usiug a Zeiss LSM 510

miCroscope aud a x 40 objective.

RESULTS AND DISCUSSION

Cloning and Regulation of MTA3 Promoter by Estrogen: To delineate the mechanism of
ER regulation of MTA3 expression, we first analyzed the sequence of the putative MTA3 ‘
proruoter region (Genebank genomic sequence accesion # NT_022184) for the presence of ER

responsive elements using Matinspector (Genomatix). This program did not reveal any



consensus 13 bp ERE sites. However, we found that the MTA3 promoter contains three potential
ERE half-sites (TGACC) (Fig. 1A). Interestingly, all tﬁé three ERE half-sites were localized in
the vicinity of APll binding sites. Since a number of ER responsive genes have been shown to be
regulated via ERE half-sites iﬁ conjvunétvioﬁ With either AP1 or SP1 sites (21), we e)gamined the
pqtential involvérhent of these ERE half—éites in the regulation of MTA3 expression by ER. |
To explore the recru_ﬁfnent of ER to the eridogenops MTA3 promoter, MCEF-7 breast
cancer cells were treated‘with or without estrogeﬁ and subjected to .clv‘lromatin : |
immunoprecipitation (ChIP) aséays using an anti-ER antibody. We found that ligand-activated
. ER isvrecruite.:d fo the endogenous MTA3 promoter at the ER element half-site ﬁom positioﬁs -
1,2‘56 to —1245 but not to the other two potential si}t'es (Fig. 1B). To verify these results, we ﬁext
'designecll a péir of pfime;s thé.t encompass proximal as well as the middle pote;ntial.E‘,RE half-
sites. Resulfs sh@wed estrdgep«induced recruitment of ER to the MTA3 .pfdm.oter :egibn of
expected 714 bp (Fig; 1B, right panel). To ascertain that the detected 239 b§ band indeed
represents the regulatory regibn corresponding to the proximal ERE half-sité, the P_CR amplified
DNA f;agment was cloned into a TOPO vector and .conﬁrmed_ by_ sequéncing (d'atla.not shoWﬁ).
Estrogen-induced recruitment of ER to the MTA3 prémoter chromatin was effectivély blocked B
by the iﬁclusion of anti-estrqgen ICI-182780 sﬁggesting that estrogen-activated recruitment of |
ER to tﬁe MTA3 gene was spe;iﬁc. Since ER recruitment to the MTA3 pfomo;er was also | |
inhibited by the profein-synthegié inhibitor cyc!oheximide (Fig. 1C), 1t appears .tha't this _eveﬁt
requires new protein synthesié. and the noted effects could be mediated via an indirect
mechanism. This appeafs to be consistent with the riotién that ER action through an ERE half-
site requifes an associated factor‘ and that direct interaction with DNA may not be involved (210).

Given that it has been previously demonstrated that estrogen upregulates both its own receptor,
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ER as well as ER cﬁactivators expression (21, 24), it seemed likely that sufficient quantities of
ER and its coactivators were necessary for upregulation 6f MTA3 expression by estrogen. To
test this hypothesis, .we looked at the lgvels of ER under the same experimental conditions and

- did not find changes in ER amounts in the cell for any bf the conditions. v

To further study the regulafion of the MTA3_ promoter via-ﬁé ERE half-site, a MTAé
promoter frégment was amplified from the BAC clone and DNA frégnﬁehts of desiréd sizes,

| 1078 bp and 735 bp, were obtaiﬁed. The MTA3 promoter fragments wer%: cloned into pGL3-
luciferése (luc) reporter system.' The .functiovnality of MTA3-luc vectors Wa; tested in MCF-7 and
HeLa cells (Fig. 24, 2B). Estrogen treattﬁent of cells sﬁmulated the MTA3-regulatory elcment—

, drivenvreporter acﬁvity from the 1078-bp fragment (-1528 to -450; contains two ERE ii_alf éites,
at —1459 and at -1241) but not from the 735 bp fragment (-1 185 to -450; 1abk_s -1241 bp.ERE |
half-site)_ (Fig. 2B), and therefore, a MTA3-1078 bp.lu‘ciferase cdnétruct Wés use_:d inthe
subsequent studies. Estrogen-stimulated MTA3 pfomofer a'cvtix./ity was effectively blocked by
tamoxifén, an éstrogen antagbnist; _whiéh also had a modest inhibitory effect on b'asval MTA3
f)romoter activity (Flg 2C, 2D). To validate ,th.at the proXimal ERE half site (at—-1241) in - :

_ est_rogeh bstirriul'ation of MTA3 'prpmo'ter,' we created. a poinf mutation until —1241 aﬁd deletion at

-1450 pf the 1078 bp MTA3 promoter. As shown in'Fig. 2E and 2F, the point mutation at the

proximal ERE half site aBoliéhed the estrogen stimﬁlation, where as deletion .of the middle ERE

: hal_f-site did noi affect estrogen stimulation as -compared to the 1078 bp fragment. Together,

'these findings clonﬁrm that the observed recruitment of ligand—éctivated-ER to .th.e MTA3
profnoter chromatin is é_ccompanied by increased MTA3 promoter al.ctivi.ty; |
| Regulation of MTA3 Expression aﬁd EMT by MTAI: Since MTA1 and MTA s are

natural inhibitors of ER functions (12,14,25), we next tested whether deregulation of these




proteins may influence MTA3 expression and functions. Using breast cencef cells stably
' express‘ing T7-MTAl (12) or T7-MTA1s (14), we found tnat repression of ER function by
MTAI1 or MTAls abolished the ability of estrogen to promote the recrultment of ER tothe
| MTA3 gene chromatin (Fig. 3A and 3B). Since both MTAl and MTAls had sumlar effects we
. used only MTAl to repress the functions of ER in subsequent studies. Overexpression of MTAI
in breast 'cencer eelis also resulted in_the inability of estrogen to induce MTA3 mRNA'(Fig. 3C).‘
The observed inhibition of MTA3 'eXpres.sion by MTAI was at the level of transcription, es oo- |
- expression of MTA1 inhibited both the basal and estrogen-induced stimulation of MTA3
promoter activity (Fig. 3D). In MTA1 overexptessing conditions without estrogen stimuletion,b
| expression of MTAS protein was not inhibited while MTA3 promoter activity did sh‘ow
repreesiOn. Based on these results, one- could speculate that there could be additional tegulatory
elements whvich may be involved in MTA3 oasal expression in th.e physiological setting. It could‘
also be possible that the' basal repression observed in the promoter-teporter analysis is due to an
inherent limitation of the assay system since it r.eﬂects the regulation of the promoter area Iérgely
in isolation.and nnder arﬁﬁcial conditions. Results from co‘nfocalh ecanning microscopy also
| demonstrated that MTA1 deregulation l_eads to a significant reduction in the levels of nuclear
MTAZ3, upregulation V_of Snail and consequent tiownregulation of E-cadherin as cornpared tothe
levels of MTA;%, Snail and E-cadherin in control vector transfected cetls (Fig.4). All of the abot/e ’
'ﬁndings suggest that inhibition of ER transactivation functions by MTA1 coulo impair the |
ab111ty of ER to upregulate MTA3 expressxon |
Modulation of MTA3 chromatin by ER coregulators: Smce MTAI1 prevented the

recruitment of ligand-activated ER to the MTA3 promoter, we next investigated the p0551b11ity

of MTA1 recruitment to the MTA3 promoter chromatin. MCF-7 cells were treated with or
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without estrogen, and chromatin lysates were immunopreeipa‘eed with anti-MTAL1 antibody. We
found that MTAI essociates with the MTA3 promoter in unstimulated MCF-7 cells but not in
veStrogen-stimulated cells (Fig. 5A). MTAl association with the MTA3 promoter Was found to be
:ét the pfoximal ERE-half site, u/hich was also immunopre_cipated in the ER CHIP»assay. These 4
observatione suggest .thag MTA1 Vassociates with the bésal MTA3 promoter chrornatin.and upon ‘.
estrogen treatrnenf, is derecruited with sirnultaneous recruitment of ER to the ER element half-
site in the MTAB promoter chromatin. Since MTA 1‘ has been shown to physically interact with
"HDACI ano HDAC2 (6), we next examined whether the H]jACs also interact with the bnsai
MTA3 promoter. Results fronl ChIP studies using anti-HDAC antibodies show the association of '
the HDACs with 'the MTA3 promoter, which, like MTA1, were also derecruited from the MTAB :
Vpromoter upon estrogen ueannent (Fig. SB). These fmdings raise possibilify that the basal
MTAI association with the MTA3 promoter mlght influence the status of EMT components,
_ presumably due to the mh1b1tory effect of MTA1 on the ER transactivation ﬁmctlons To test this
notion, we sﬂenced endogenous MTA1l expressmn usmg SlRNA and exammed the status of
- MTA3 target genes, as well as ER target genes 1n MCF-7 cells. Results indicated that 1nh1b1t1on
of MTAI expression 1eads to the downregu'lation'of Sneilvand the upregulation of E-cadl_ierin
(Fig. 5C). Interestingly, there Vwas also significant upregulation of progesterone receptots PR;A
. and PR-B, well-established ER target gene vproducte, thus suggesting enhenced ER |
transactivation functions due to redueeo levels of MTA1 and, consequently, loss of corepressor
funetions of MTAL. éonsistent with these findings, reduction in the levels of MTA! by siRNA
was accompanied both by increased basal ekpression of MTA3 and ennanced ability of estrogen
to upregulate MTA3 expreseion (Fig.A 5D). Interestingly, there was aleo increased estrogen- |

induced stimulation in the levels of ER in MTA1-knockdown cells (data not shown), implying
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that in the absence. of MTAI, ligand-induced upre_gﬁlation of ER might participate in the
- amplification of ER regulation of MTA3 expression.

o Regulation of MTA3 gene by the endogehous MT 41. To determine whether the above
changes in the levels éf MTA3 and its targets in MTAl-knockdéwn MCF-7 célls were dué to
' modification of the MTA3 chromatin in the vicinity of' the ER elerﬁent half-site, welnext -
performed ChIP analysis of ER recruitment on the MTA3 chromatin under conditions of MTAI
kflockdown (Fig. 6A). We found that suﬁpression of endogenous M.TAI expression leads to
dete’ctable-basal -association .of ER with the MTA3 prométer, which, as exp_ecfed, was ﬁirther
.enhance'd upon gstrogén signaling. The above result was corroborated ini a lucif_erase assay
system where knockdown of MTAI resultéd ih significant increase in both basai and estrogen-
induced MTA3-lﬁciferase activity (Fig. 6B). Consis’_tent with th_esp resﬁlts, siienciﬁg of the
.e.ndogenous MTAIl in MCF—?Acells resulted in a substantial deéréasé in the recruitment of
. "HDACs to the MTA3 promoter segment.and estrogen stimulatioh led to corﬁplete dissociatioﬁ of
'fhé HDACs from the MTA3 promoter (Fig.6 Q). To furthér sﬁpport the notién tﬁat MTALI and
ER mighti be coxrllpeting‘ for the ER element half—sitg in the MTA3, pfomoter, we n:ext. knocked
ciown the endogenous ER in MCF-7 cells by siRNA, as assessed by the levels of ER and the ER
target gene products, PR—A and PR-B (Fig.6D). As before, cells Were_also treat'gd with a control
siRNA. Nexf we pérformed a ChIP assay to an;cllyze the statl_ls'of MTAL recruitment on the
MTA3 pr‘Qr_noter under conditions of ER knockdown. We found that ER silencing inde‘e.d leads to
a significantly increased association of eﬁdogen.oﬁs M"l%A'l with the basal MTA3 chromatin. |
Results also suggest that estrogen stimulation was u'n.able to tr%égef dereéminnént of MTA1 frorﬁ

the MTA3 promoter region.(Fig 6E). Together, these experimerits establish that the MTA3 -
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promoter is a target of MTAI and that manipulation in the levels of MTAL expression influences
the recruitmenf pattern of ER to the MTA3 prométer chromatin in a significant manner.

In conformity with a recent report (20), we found that estro gen signaling incre_ases MTA3
protein 1ev¢ls (Fig. 7B) in a dose dependent manner. Fig.7A shows western blot é.nalysis carried
out to characterize the MTA3 antibody and 'indicafes fhe abundant amounts of MTA3 protein in

MCF-7 cells. Since ER mediated activation of &anscﬁpﬁon involves recfuitmépt 6f coactivators
‘to the i)romoter area, we next examined the potential role 6f ER coactivators in Izhe régulation of
MTA3 expre_ssion} Using previously charactvei_'iAzed MCF-7 cells stably expressing T7-PELP1
| (also known as NMAR) (26), we showed that estrogen stimul_étion léads fo enhanced recfuitnﬁeﬁt

of PELPI/NMAR to the MTA3 promoter chrométin (Fig; 7C), implying a rble of co.actii./ator_s in
| the regulatioﬁ of MTA3 expression by ER. To determine the impacf of MTA1 in the recruitmerit
of édactiyators to the MTA3 promotef Chrométin, we next used MCF-7 cells expressing T7-
MTAI and examined the ability of estrogen to recruit AIB1, another ER—coacti§ator (27, 285, fo
the MTA3 promdter chromatin. As illﬁstrated in Fig. 7‘D., upon estrogen sﬁmulatioh, we found
signiﬁczint recruitment of endogenous AIBI to the M-TA3‘ promoter chromatin in MCF-7/véctor -
cells. Dere‘gﬁiation of MTAI coﬁlpletely abolished the notic_ed AIB1 intéraction with the MTA3
p:ori;oter chromatin. To further understand tﬁe mechanistic participatiori of ER coactivators in
the regulation of MTA3 e_xp;ession, we next exarninéd the ability of PELPI aﬂd/or AIBl1 to
Astimulaté MTA3 trénscription using prombter assays (Fig.7E). We observed a subs_tantial
inducﬁon of the MTA3 p.‘romoter activity By PELP1/MNAR or AIB1 in comparison with the
ve._ctor- cétransfected célls. Coexpression of both PELPI/MNAR and AIB1 further augmented

transcriptional aétivity of the MTA3 prombter as compared to expression of the individual
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coactivators by themselves. Interestingly, overexpression of MTA1 completely inhibited the
ability of PELP1/NMAR and/or AIB1 to'stimulate‘ MTA3 transcriptioﬁ.
In brief, these observations suggest that the MTA3 chromatin segment, coritaining the

bona-fide ER recruitment site, represents a highly dynamic surface for ER as well as ER |
‘ intera'cﬁng coactivators and corepressors. The resulting transcriptional activity majbe tightly
regulated byv the dynamic mterplay of ER éore gulators. Fujita et al. fnade an interésting
observation that each of the MTA family members could be ess'ential components of distinct
subsets of the Mi-ZNuRD complekes that _ha;/e uniqﬁ_e functional properties (20). MTA1
repression of MTA3 expression could presuinably be a mechanigﬁl by which the cell type-
specific transcription is coi.ltrolled.. We hyp‘othesize‘ that thé levels of MTA1L in tkvle. cell would
- determine which suﬁsef of the Mi-Z/NuRD cd_inplex Would be active to carry out its lspeciali.zed ‘
function. Since MTAI has been .sfléwn to be associated with more metastésis and invaéiveﬁess in
tumors, regulation :of MTA3 gene expressioh by MTAL, both under basal conditions as well as
1n the presence of estro gén, éssu;nes importance. In this context, MTAI overexpressibn, leading .
" to the downregulation of MTA3 and E-cadheri;i expression,_would give the fumors survival and

: .. metastatic advantage éver other cells. In our model cell ﬁnes, overexpression of MTAI resulted |
in non—responsiVeness of these ;iellé to estrogen in terms of iﬁduction of MTA3 gene by ER. It
couid_ be speculated that this cou_ld'be one of the nﬁechanisms by which fumors cveﬁtﬁally sfop |
responding to estrogen and consequgnﬂy, énti~estrogén therapy. Furthermore, it is. also possible
that MTAl may alsd repress gene e*pression of both ER and its coabtiva_tors in these situations.
If it does so, then MTA1 could be targeted fér therapeutic intervention in order to sensitize the

tumor cells to anti-estrogen therapies, which could have tremendous clinical impact.
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FIGURE LEGEND

Fig. 1. Identiﬁcation of the ER interaction sité on the MTA3 regulatory elements. (A)
‘Schematic fepresentation of ;che MTA3 gene around the- three possible ERE half-site -a
recruitment sites. (B) Association of ER with the MTA3 chromatin. E2 signaling promotgs

' interaction'of ER with one of the possible ERE half—s;.ite in MTA3 chromatin. MCF-7 cells
grownin a pheﬁol vred-_free medium sﬁpplemented with 3% charcoal-dextran-stripped fetal
bovine serum were treated with orjwitlr.loﬁt eétr’bge;n (10‘91\4) for 60 min; chromatin lysates W_.ere |
immunoprecipitated with antibociies against ER, énd sémples were processed as described in
"’Experimer.ltal Procedure”. The lower.panel shows the PCR analysis of the input DNA of ‘the

' MTA3 chromatin. The upper panel demonstrates the PCR anélyéis of th¢ MTA3 promoter
fragmenfs for p'os.si'ble asso;:iation with ER (n=3). (C) MCF7 cells were maintained in medium
supple'mente.d' with 3% charcoal-dex_tran-strippéd fetal bovine serum before treating either w1th
estrogen (107 M), 1c1-1827éo, both estrogen and ICI, cyclohexafﬁide (10 pg/ ml) of
cyclohexémide plus esfrogen. The upper panel demonstrates the PCR analysis of the MTA?‘a:‘

R promoter fragments f(# poésible association with ER. The middle; panelvsho.w\s the PCR analysis

of the input DNA of the MTA3 chromatin. The lower panel shows a Western blot anaiysis for_' .

ER under the same conditions (n=3).

Flg 2. Es’trogen—mediafed indu.ctionl of MT A3 promoter activity. (A) Indlicvednlucife.rase
activity with 735 base pair and 1078 base pair fragments of the MTA3 p;oinoter (0=3) in MCF-7
cells. Célls were maintained in 3% DCC serum in phenol-red free nﬁedium for 48h before
_transfe.ctic-)n of the luciferase constructé, luciferase activity was assayed at 48 houfs post

transfection. Values are normalized to B-Gal activity(n=3).'(B) Induced luciferase activity with
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735 base pair and 1078 base pair of the MTA3 promoter (n=3) in Hela cells. (C) and (D)
Estro gen (.10‘9 M) and 4-.hydroxy1 tamoxifen (IO'SM) mediated regulation of MTA3 promoter
activity in MCF?I cells and in Hela cells, respecﬁvely (n=3). All treatments with ligands were
for 16 hours. (E) Schematic diagram of theMTA3 promoter (upper bar) was deleted and mutatéd. -
To find out which ERE half-site is responsible for the estrogen induction, a point mutation of the
proxnnal ERE half site at -1241 is done (TGACC to TGCTC) (middle bar) and the second ERE
half site is deleted at —1450 by PCR (bottom bar). (F) The 1078 base pair wild type MTA3 |
promoter as well as the deletion and point mutation constructs are transfected in MCF-7 cells
and treated with estrogen as before. The point mutation at the proximal ERE half sitevabolis{hes.
the estrogen induction completely, there as the deletion of the middle ERE half site has little

effect on estrogen stimulation -

Fig. 3. MTA1 mediated interferen;:e of association of ER with thé MTA3 chromatin. Cells
were maintained in 3% charcoal—dextran—strippéd fetal b_oviné serum befofe treating with
vestrogén (10° .M) in the .following experiments. (A) MTAL inhibits ER recruitment oﬁ tbe
MTA3 chromatin. Thé lower panel shows input DNA for thé' ChIP assay. MCF7 cells
overexpressmg pcDNA or T7-MTA1 were taken for the above expenment B) Short vanant of

| MTALI 1nh1b1ts association of ER with the MTA3 chromatm The lower panel shows the input
DNA for the ChIP assay. ChIP aisséy was performed in the ZR-75R cells overexpressing vector
alone, or T7-MTA s using the aﬁti ER antibody. (C) RT-PCR analysis of the MTA3 mRNA |
level in MCF 7 cells stably expressing either control vecv_torbor T7-MTALl. (D) MTA3 |
Uanscﬁption activity in the presence of either control ve;ctor or T7- MTALl .with or withdut

estrogen (10° M, 16 h).

20




Fig. 4. Expression of MTA3 and its dowhstfeam effectors in MTA1 overexpressing cells by
Cohfocal microscopy. Confocal analysis of E-cadherin (upper panel), MTA3 and Snail in' |
MCF-7 cells expfgssing pcDNA (middle panel) and MTA1 (lower paﬁel). In the upper f)anel, E-
cadﬁerin was stained red and in the lower panel, MTA3 was vstained' green an-d. Snail was red.
.The nuclei were visualized using Topro3(blue). The cells Weré all cultured m 10% serum | ,

conatining medium.

' F1g 5. Direct association of MTAL v;'ith the MTA3 chromatin and consequence of MTA] '
| and ER Silencing on molecules ddwnsfreém of MTA3. (A) ChIP analysis of direct
- association of MTA1 with the MTA3 chrométin in the presence or absence of estrogén. CHP :
analysis was performéd n MCF-7 cells. (B) ChIP analysis of :ecfuitn_lent of HDAC! and -
HDAC2on the MTA3 chromatin in MCF-7 cells in the presence or absence of estrogen. (C)
Western banalys.is c_)f; molecules downstream of MTA3 as a result of knocking down MTA'I by
siRNA in MCF7 cells. The same blot was stripped andk analyzed for expression of Snail, E-
cadherin, PRA and PR-B as well as vinculin as é loading confrol. (D) RT-PCR analysis of vthe

MTA3 mRNA level in MCF-7 cells as a result of MTAL 'silencing_ with or without estrogen.

Fig. 6. Effect of MTA1 knockdown on MTA3 géne regulation (A) ChIP analysis of the MTA3
~ chromatin for ER recruitment‘ in MCF7 celis with 6r witﬁout MTA1 éile‘ncing in the preseﬁcc oﬁ
absence of estrogen (10°M). (B) ChIP énalysis of the MTA3 .chromatin' for HDAC! and
HDACZ recruitment in the presence or absence of estrogeh in MCF-'7 _é'ells having normal or

silenced MTAL .expression. (C) Effect of MTALI silencing on MTA3 luciferase activity in MCF7
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cells in the presence or absence of estrogen (10 M). (D) Immunoblotting of sam'pl'es having
normal ER-a expression and silenced ER expréésion, which is reprobed_for PR (PR-A and PR-
B) and viﬁculin as a loading control. (E) ER Was knocked doﬁn in MCF7 cells, and ChIP |
analysis was performed for T7-MTA1 recruiﬁnent on the MTA3 chromatin m the presence ‘or

absence of estrogen.

Fig. 7. Coregulator recruitment and its effect on MT A3 promoter activity (A) Detection of
MTA3 protein in MCF-7 cell line. (Bj Increased expression of MTA3 protéin in MCF-7 cells in- ,
response td different concentrations of estrogen after 24 hours of treatfne’nt. MTA3 protein levels -
"was quanﬁﬁed using ImageQuant and normalised to vinculin levels in the cells.} (®) AssoCiation
of PELP1 witﬁ MTA3 proxﬁoter in a time dependent and estrogen-sensitive manner in MCF-7 -
cells Stably expressing T7-PELP_1. For immunoprecipitation, anti-T7 antiquy was used, which -
" is targeted against the T7-PELP1. (D) MTAL inhibits ATB1’s association with the.MTA3 |
chrométin. MCf-? ;:ells either Qverexpréssing the vector alone or T7—MTA1 'Qerc analyzed by -
’ ChiP assay fo; pos‘siblel recruitment of AIB1 with or without estrogen signalihg. Cross-linked
- cells were lysed and téaken for immunoprécipitatioﬁ with anti-AIB1 antibody. (E) MTA3
luciferase activity wa.s measured in the presence or absence of ‘different c‘oat:tivgtoré, such as

AIB1 and PELPI, and the corepressor MTA1 with or without estro gen treatment. .
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Table L. Primer and siRNA sequences used in the study

MTA3 promoter cloning

MTA3-prol988F

tgtcagagagctctiggtggaatctctggta

MTA3-pro3066R

gagcctcgaggctctagggccaggaa

MTA3-pro2331F

ttatttgagctctttgcctcagetatgea

MTA3-pro3066R

gagcctcgaggctctagggecaggaa

MTAS3 promoter del/mutation

MTA3pro2073F tgacacagagctcagaatttgacacac
MTA3pr-mut-F2 acgaggaaacagagcatagagtca
MTA3pr-mut-R2 tgactctatgctctgtttcctegt
MTA3 RT-PCRF ~ accctegtgttagaagtcacgtgt
MTA3 RT-PCR R gcagcataattaatagcaacaaacgg
MTA3 cDNA cloning
MTA3-start gegggtacccatggegeccaacatgtaccggot
MTAS3-stop caacatctcgagttaagaatttaaaagcatct
MTA3 ChIP PRIMERS
MTA3ChIPF1 ggaatagagagaaggeacctaacge
MTA3ChIPR1 tgagcctcaagaggggttacaa
MTA3ChIPF2 cataagcaatttctcctecticgaa
MTAChHhIPR2 tcacgtccccattttatagacgag
MTAChAIPR3 acacagctgtgtgctgtcgact
MTAChHIPF4 tggtitctaggtggctitig
MTAChHIPR4 tggtggctigtitggaatgt
MTA1 siRNA
MtalsiRNA-1 aaccctgtcagtctgctataa
MtalsiRNA-2 aagaccctgetggcagataaa
MtalsiRNA-3 aagattttctcccgtggaagt
MtalsiRNA-4 aagaagcgcggctaacttatt
Control siRNA

Nonspecific pooled duplex control Catalog number:

SD-001206-13-80
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