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ad A.

"...ridemmo insieme e da soli,
a squarciagola e in silenzio,
eravamo decisi ad ignorare
qualunque cosa andasse ignorata,
decisi a costruire un nuovo mondo dal nulla,
se nulla si poteva salvare nel nostro mondo,
fu uno dei giorni piu belli della mia vita,
un giorno in cui vissi la mia vita

e non pensai affatto alla mia vita."

J.S. Foer

Molto forte, incredibilmente vicino



Abstract
High Mobility Group A (HMGAla, HMGA1b and HMGAZ2) pteins are architectural nuclear

factors, physiological expressed during embryoregetbpment and re-expressed at high levels
following neoplastic transformation, playing essantunctions in both these processes thanks to
their particular plasticity and consequently muiti€tionality. HMGA are involved in a wide
number of cellular processes, including Epithelfsenchymal Transition (EMT), a biologic
developmental process characterized by the comrers epithelial cells to motile mesenchymal
ones, with increased capacity of migration and sisia EMT plays a key role during the
progression of different tumours, including brezmtcer and also HMGA have been linked to these
processes in the acquisition of tumourigenic festuConsequently taking advantage of different
breast cancer cell lines to recreate an "EMT moded" have investigated the role of HMGA
proteins in EMT and breast carcinoma. We have dgeel a cellular model, stable for the over-
expression of HMGAL using the human breast canetlice MCF7. We have explored different
aspects of tumourigenesis, performing transwellratign and invasion assays, demonstrating that
cells with high levels of HMGA1 migrate and invaatea higher and significant level in comparison
to control cells. Moreover this data was also com#id with the development of an inducible cell
line for HMGAL over-expression. Therefore we hawarained the expression status of different
genes, including several specific EMT markers atNARevel with Real Time PCR, observing a
pre-malignant change towards mesenchymal statushde investigated the response after DNA
damage induced by doxorubicin drug, by colony fdramaassay, demonstrating that HMGAL over-
expressing cells confer a survival advantage taéfls, being able to survive and form a significan
higher number of colonies in respect to controlsc@lherefore to study deeper the role of HMGA
in EMT, we have developed other two cellular systeenhuman cellular model of EMT in MDA-
MB-468 human breast carcinoma cells treated witld&mal Growth Factor (EGF) and the well
known EMT model, elicited by Transforming Growthcka- (TGF-) in murine mammary
epithelial NMuMG cells, in which HMGAZ2 is functiotig determinant. We have demonstrated by
Real Time PCR of EMT markers, Western Blot analysed immunofluorescence the effective
reliability of these cellular models, confirmedalsy a dramatic change in morphology of treated
cells, towards a mesenchymal phenotype. Concludiaghave interestingly observed that over-
expression of HMGAL1 could confer some tumourigef@atures (i.e. migration, invasion) and
survival advantage to the cells in the MCF7 modétraa cellular DNA damage induction;
therefore we have different suggestions that HM@&iavolved in EMT in other different cellular

models.



TABLE OF CONTENTS

LiSt Of @DDIreVIatioNS....... ..ot 1
I N @ 151 L @ 1 SRS 6
1.1 HMGA subfamily: gene structure and Proteins...........cccooeeeiieiieenieeiieeeeee e 7
1.2 Molecular mechanisms of HMGA ProteINS.........ccooiiiiiieiiie e sieeeeesee e 8
1.3 HMGA gene expression regulation: transcriglppost-transcriptional and post-translational
(03] 1o ) USSR PRS PSS 11
1.4 Biological functions of HMGA PrOtEINS...........ooiiiiiiiiieeeiee e eeeeeee e siee e 13
1.5 HMGA in neoplastic transSformation..............ccoouieiir e e 15
1.6 HMGA oncogenic mechanisms for neoplastic fi@nsation ................ccccceevvevieeiieeceeenne 18
1.7 Epithelial Mesenchymal Transition (EMT)........cccooiiiiiiiiiiiiie e 21
1.7.1 THE EMT PrOQIaIML......cciiieiiee ettt ete et s et et e e sbe e sssaesaeeeaeesrnnennesnseenseens 24
1.7.2 EMT and tumour ProgreSSIQN.........c..coiuieiieeiieeiiieiieessieessesseeesteesseessneessaesssesssseessseenns 24
1.7.3 Molecular basis in EMT and invasive canceetjment ............ccccceeeeeee e cie e, 26
1.8 EMT and Breast CANCEL.........cuiiiiiieiieeee ettt ene s e 31
1.9 HMGA proteins in Dreast CANCEL............cocieiii et 5.3
1.10 HMGA proteins in EMT and breast CANCEL...........cccccveiiieiiiiiie e ceeeee e 38
2. AIM OF THE STUDY oottt ettt se et teeteene e e enenseeseenee e 41
3. MATERIALS AND METHODS ...ttt ettt enas 42
3.1 MCF7 cell lines for HMGAL OVEr-eXPreSSIQN.........cc.cciieiieeiieasieeaieeasreessesssessseessseessneessens 42
TRt 0t R = | o ] =SOSR 42
3.2 MCF7 stable cells lines for HMGAL OVEIr-XPIrOSSI........c.ccuuieiurerieaiieeaieesieeesiinaeesseeaeeens 42
3.2.1 MCF7 inducible cell lines for HMGAL OVEer-e®SBIiON.........cccoccviieeiieeieenieeneee e 43
GRS (=T o T = [ USSR 45
3.3.1 SampPle PreParatiQol..........cccveieeeiieeie et reeree e ee ettt e e nr e neenne e e aneas 45
3.3.2 SDS PAGE GNAIYSIS......coiiiiiiieiie ettt ettt nn e neenne e 45
3.3.3 Western BIOt @nalYSIS.........coooiiiiieiie e 46
3.4 IMMUNOTIUOIESCENCE.......eeiieee ettt seeeene e e neee e 47
3.5 RNA extraction and retrotranSCrPLION..........coiiiiiiieie e 48
3.5.1 SamMPIE PreParation.........couieiiieiie ettt eeee et e ettt e ne et e e ennnnneeenneas 48
IR T2 w4\ N Y0 ] = o ] o O SPRR 48
3.5.3 DNase treatment and Phenol-Chloroform p@ifde ................ccccoceevieiiieiiee e, 49



3.5.4 Retrotranscription to 1St Strand CDNA ... ..ot 50

3.5.5 REAI TIME PCR.....eii ettt ettt et et e st e e s re e e seeeameaneeeeneeenneas 50
3.6 Migration and INVASION @SSAY........ucirueeiueariraiiieaieeaeeessenaaeesseeaseeaseeesseeesseeasseeaseesseeessenanes 51
3.6.1 Migration and invasion in MCF7 stable callels.................ccoooiiiiiiii e 51
3.6.2 Migration in MCF7 inducible cell IN@S............cooriii e 52
3.7 Cell Proliferation ASSAY..........coiiiiieeiiee et eeeee e see e stee e e aree e st e e teeaneeesseeenenseeenneens 53
3.7.1 MTS assay in stable Cell INES...........ooiriii e 35
3.7.2 MTS assay in inducible cell INES.............ccor e 53
3.8 DNA damage induction in MCF7 stable cell lindgestern Blot, immunofluorescence and
(oo ] o] 0}V (0] g 4 F= 1A L0 dTF= RS ST Y SRS 54
GRS T RS Y- T a o] (= o1 (=] o =T = (o) o IR 54
3.8.2 Western blot analyses for H2ZAX aRH2AX ... 54
3.8.3 IMmuNOfluOresSCence fOHZ2AX ...t 54
GRS T2 3 @0 0] 0} Y/ (0] 2 1 T- (o] o SRR 55
GRS N Y I I 1 4T o (= PSR STRPR 56
3.9.1 MDA-MB-468, Cell CUIUIES.......cceiiie e 56
3.10 EGF stimulation on MDA-MB-468 to induce EM............ccccccooiiiiiiienieie e 56
3.10.1 Western Blot and Real Time PCR.........cco oot 56
3.10.2 ClASSIC PCR.....eiii ettt ettt ettt ettt e b e s be et eseesreesneenneenneas 57
3.10.3 IMMUNOTIUOIESCENCE........ei ettt ettt ettt ree e nanenee s 58
3.11 HMGAL silencing on MDA-MB-468 after EGF eXpo8U.............cccccovevieiiieiiec e 58
3.12 NMUMG, CEIl CURUIES. ..ottt 59
3.13 TGF- stimulation on NMUMG to induce EMT..........cccoiiiiiiiiiiiiie e, 59
3.13.1 Western Blot, classic and Real Time PCR...........ccooiiiiiiiiiiee e 59
00 I F A O = 11 o 4 = OSSP R 60
3.13.3 IMMUNOFIUOIESCENCE..... ..o e e e 61
3.14 HMGAZ2 silencing on NMUMG after TGFeXPOSUIE........cccceiuieiireiieeieeeiee s sieeeneeeens 61
3.15 StatiStiCaAl ANAIYSIS... ..ot eene e nre e nee s 61
4, RESULTS AND DISCUSSION....ccciiiiiee ettt eemee st a e e e e e s e e e e s nnaneea e s ennees 62
4.1 Development of MCF7 cellular system for HMGAMEESSION.........ccoeeieeiiieiieiieeiee e 36
4.2 HMGAL1 over-expression influences EMT markerd signaling pathways..........c.cccccoce... 66
4.3 Migration and invasion capabilities are enhdnmg HMGAL over-expression and its
[ T0T0 [U]F= 11 o o SO TS SR 69
4.4 HMGA1 moderately influences proliferation rate............cccoooveiiiie i 77



4.5 HMGAL influences DNA damage rESPONSE. .......coiuieiireiieeieeeieesieeeseeeeeaseeeaeeesneeesneeaneeens 79

4.6 Development of other EMT MOEIS...........oooiiiiii e 86
4.7 EGF exposure induces transition from an epéhel mesenchymal phenotype in MDA-MB-
LG SRS SRPR 86
4.8 EGF stimulation induces expression of mesenahymarkers and reduction of epithelial
LR AF T T € TSRS 88
4.9 HMGA are up-regulated after EGF treatment............cc.ccoveiieiiie i 91
4.10 EMT model: NMUMG cells @and TGF-........ooieee et 94
4.11 TGF- stimulation on NMuMG cells induces mesenchymalphotogy ...........ccccccceeveennee. 95
4.12 NMuMG cells express EMT markers after TGEXPOSUIe..........ccceevieeiieeiieiiee e 96
4.13 TGF- stimulation induces HMGA2 but not HMGAL up-reguiét .............ccccocceevieerernne. 98
4.14 EMT murine cellular model confirm HMGAZ2 molgar network inX. laevis.................. 100
4.15 HMGAZ2 silencing on NMuMG cells after TGFReXpOSUIe.........ccoeevieiiieiiieiieecee e 105
5. CONCLUSIONS ...ttt ettt e et e e st e s te e s seesseeteense e e e nnesseeseeeneesneenneenes 111
6. REFERENGES ... ..ottt e e e et e e ner e e e e e e nsra e e e e e nnneeas 114
ATBCIIMENTS ...t ettt s et eteeae s e e sreeebeeabe e beeneeaneeaneeas 125
ACKNOWIBAGEIMENTS......coee ettt ettt e et e et nmenseeesreeenreeeneeeanes 126



LIST OF ABBREVIATIONS

3'UTR

Abl
ADAM12
Akt/PKB
AP-1/c-Jun
Ap2

APC
ATF-2
ATM

ATR

Bax

BMP
BRCA1 and 2
CBP
CBX7
CDK1/cdc2 kinase
ceRNA
c-Jun

CK1

CK-Il
c-Myc
COX-2
CREB
CSCs
DNA-PK
DSBs

Dsh

E2F1

3' untraslated region
abelson murine leukemia viral oncogene homgolo
a disintegrin and metalloproteinases nadthain family gene 12
protein kinase B
activator protein 1/proto-oncogenhio-
alpha activator protein 2-alpha
adenomatous polyposis coli
activating transcription factor 2
ataxia-telangiectasia mutated
ATM and Rad-3 related
Bcl-2-associated X protein
bone morphogenetic factor
breast cancer type | and |l Sotsadity protein
CREB-binding protein
Chromobox homolog 7
Cyclin-dependent kinase 1Migiksion cycle protein 2 homolog
competing endogenous RNA
proto-oncogene c-Jun
casein kinase 1
casein kinase Il
myc proto-oncogene protein
ciclooxygenase-2
cyclic AMP-responsiveratnt-binding protein
cancer stem cells
DNA-dependent protein kinase
double strand breaks
disheveled

trancription factor E2F1
1



E-cadherin (E-cad)
ECM

EGF

EGFR

elF4E

EMT

ER

ERCC1

ERK

FAK

FGF

FN

GAPDH
GCN5

GSK3
HAND1
HDAC1
HER2/ErbB2
HGF

HIF

HIPK2

HMG (A/B/N)
HMLEs
HOXD10
HRG

Id

IDPs

IL2-

IL-6

ILK

epithelial cadherin
extracellular matrix
epidermal growth factor
epidermal growth factor receptor
eukaryotic translation initiation factor 4E
epithelial mesenchymal transition
oestrogen receptor
DNA excision repair protein ERCC-1
extracellular-signal-regulated kinase
focal adhesion kinase
fibroblast grow#ttor

Fibronectin

glyceraldehyde-3'-phosphate dehydrogena

general control ofiao acid synthesis 5

glycogen synthase kinase 3

heart- and neural crest derivatives-exmdgsotein 1

histone deacetylase 1
epidermal growth facteceptor 2
hepatocyte growth factor
Hypoxia-inducible factor
homeodomain-interacting protein kinase
high mobility group (A/B/N)
human mammary epithelial cells
homeobox transcription factor D10
heregulin growth factor
inhibitor of differentiation
intrisically disoreek proteins
interleukin-2 receptor

interleukin 6

Serine/Threonine protein kinase integrin-katk-kinase

2



Imp2

INF-

IR

IRF

JNK
Ku70/80
LC-MS/MS
LPP

MAPK

MCF7 control inducible clone

MCF7_empty vector
MCF7_HMGA1 MCF7
MCF7AL inducible clone

Mdm2

MET

mMiRNA or miR
MMPs

MRE

Msx1

mTOR
MYC-N
N-cadherin (N-cad)
Nek2

NF-kB

NHEJ

Nkx2.5
NMuMG
OSM

pl204F

p300

insulin-growth factor I mMRNA binding proteR
interferon
insulin receptor
interferon regulatory transcripti@ctor
c-Jun N terminal kinase
ATP-dependent DNA ha$ie Il 70 kDa and 80 kDa subunits
liquid chromatography-mag®ctrometry
lipoma-preferred partner
mitogen-activated priot&inase

inducible cell cee(MCF7 cells) for empty vector as control

stable cell line (pdok) empty vector as control
stable cell line (pool) for HBAla over-expression
inducible cell o (MCF7 cells) for HMGAla over-expression
E3 ubiquitin-protein ligase Mdm2/murine doailohinute-2
mesenchymal epithelial transition
microRNA
matrix metalloproteases
mMiRNA response elements
homeobox gene Msx1
mammalian target of rapamycin serine/thirekinase
V-myc myelocytomatosis viral related oneog, neuroblastoma
neuronal cadherin
serine/threonine-protdimase Nek2
nuclear factor of kappa light polypeigtigene enhancer in B-cells
non-homologous end-joining
homeobox protein NK-2 homolog E
Normal Murine Mammary Gland
oncostatin-M
transcription factor E4F

histone acetyltransferase p300
3



p53

Pax2

PCAF
PDGF
PDGF-R
P1-3-K

PKC

PR

pRb
PRMT(1/3/6)
PTMs

Ras

RHOC
RTKs
SAHFs
SARs/MARs
shRNA

si A2 1
si_A2 2
SiAl 1

siAl_3 (or si_Al)

SiICTRL
Slug

Smad
Snaill

Sox (2/9/10)
SP1

Src

SRF

cellular tumour antigen g6B8lour suppressor p53
PAired-boX 2 genes
p300/CBP associated factor

platelet-derived growth factor

platelet-derived growth factor receptgnailing pathway

phosphatidylinadiB-kinase
protein kinase C
progesterone receptor
retinoblastomatpm
protein arginine methrdnsferase (1/3/6)
post-translatiomaddifications
rat sarcoma &SP
Ras homolog gene family member C
receptor tyrosinedses
senescence-assattaésrochromatic foci
scaffold/matrix assocthtegions
short hairpin RNA
siRNA 1 against HMGAZ2 gene margequence
SiRNA 2 against HMGA2 gene murseguence
SsiRNA 1 against HMGA1 gene human sequence
SiRNA 3 against HMGA1 genentan sequence
control siRNA against not eukargatequence
zinc finger transcription factor Slug (SNAI2
mothers against decapergapi®molog

zinc finger protein SNAI1

Sry-related HMG box genesgaaiption factors (2/9/10)

specificity protein 1 tramgton factor
proto-oncogene tyrosine-protein kinase Src

serum response factor



Stat 1/3
SWI/SNF
TBP

TCF

TFs

TGF-

TN

TPA

Twist

T R-l, -1l and -llI
Vim

WAP

Wnt
XLHMGAZ2
ZEB (1/2)

signal transducer actdvator of transcription 1/3

SWiItch/Sucrose NonFermentahl®matin remodeling complex

TATA-binding protein
-catenin T-cell factor
transcription factors
transforming growth factor-
triple negative
120- tetradecanoylphorbol-13-acetate
twist basic helix-loop-helix trscription factor
TGF- serine/threonine kinase receptors
Vimentin
epithelial specific whey acidic protein
wingless/integrated signglmolecules
Xenopus HMGA2

zinc finger E-box binding homeohbxand 2



Introduction

1. INTRODUCTION

The eukaryotic nucleus is recognized as a hightyamzed and orchestrated organelle, which
structural and functional frameworks are the reitec of the dynamically genome organization.
Nuclear interactions, in particular inside chromabetween DNA and proteins, could influence
fundamental cellular processes such as for exarmalescription, replication and DNA repair.
Deeper the integrated platform of chromatin funtdias able to process a variety of endogenous
and exogenous signals, which are transformed ip&rational instructions for the accessibility,
retrieval and execution of the biological prograiist are stored as four-letter information in the
genome of eukaryotes (Bianchi and Agresti, 200B§Axnd the core histones (H2A, H2B, H3 and
H4) make up the basic chromatin unit, the nucle@sdinked together with DNA by histone H1.
Nucleosomes are modified, "remodelled" and orgahizgo high-order structures by diverse
protein complexes, histone and non histone-related.

The High Mobility Group (HMG) proteins are considdrone of the most abundant and well
characterized non-histone chromosomal proteinstfaylare defined as "architectural transcription
factors” (Hock et al., 2007), that organize chramdty appropriately bending and plasticizing
DNA, recognizing DNA structure rather than sequenideese proteins, discovered more than 30
years ago (Goodwin et al., 1973), are acid extbhetan 5% perchloric and trichloroacetic acid,
typically characterized by low molecular weight 80kDa) and high content of charged amino
acids. They bind to chromatin in a dynamic and rglée way and modify the structure of both
DNA and their partners, facilitating the assembly @NA-protein complexes; in fact their
intrinsically disordered status confers them answiali plasticity in contacting molecular partners
(Sgarra et al., 2010). HMGs compete with histonefétlchromatin binding sites and affect its
dynamics. The HMG-H1-nucleosome web of interactiamght provide flexibility to chromatin
structure and, most importantly, a fine tuning afng transcription in response to rapid
environmental changes (Bianchi and Agresti, 2008Y1G proteins have subdivided into three
subfamilies in respect to the functional sequenogéfrthey contain:

1. HMGA proteins contaiT-hooks: nine amino acid segments that are unsiredtin solution
but bind AT-rich stretches in the minor groove Brfioof DNA;

2. HMGB proteins contain HM@®oxes: 80 amino acid domains that bind into the mgroove of
DNA with limited or no sequence specificity;

3. HMGN proteins bind insid&lucleosomes, between the DNA spires and the hisbateemer
(Bianchi and Agresti, 2005).

This Thesis work will concentrate on HMGA proteswbfamily
6



Introduction

1.1 HMGA subfamily: gene structure and proteins

HMGA proteins were discovered for the first timeHela cells in 1983 (Lund et al., 1983). HMGA
proteins occur widespread in nature and homolodoughe human have been found in yeast,
insects, plants and birds, as well as in all manmanaspecies. The mammalian HMGA family
consists of two functional membeldMGAL1 and HMGA2 HumanHMGAL gene is mapped on
chromosome 6 (6p21) and mouse gene on chromosonité humarHMGAL gene contains eight
exons, which are distributed over a region of alddukb, whereas the mouse orthologue contains
six exons spanning about 7 kb. The hurkidmGA2 gene is located at chromosomal locus 12g14-15
and contains at least five exons dispersed ovenargic region of more than 160 kb, whereas the
mouse orthologue is located at the pigmy locus bromosome 10 and contains five exons
spanning more than 110 kb (Cleynen and van de 2@08). Alternative splicing of thelMGA1l
gene transcript gives rise to three mRNA encodingGAla (107 amino acids, 11.7 kDa),
HMGA1b (96 amino acids, 10.6 kDa) and the more mdgeidentified but less characterized
HMGA1c (179 amino acids, 19.7 kDa), which resulis & rare alternative splicing using non
canonical splice donor and acceptor sites (Johmtoml., 1989). The HMGAla and HMGA1b
isoforms differ by 11 amino acids present onlyhe tmost abundant Ala isoform. HMGA2 (109
amino acids, 12 kDa) is the product of a differkat highly related geneHMGA?2), which has a
high homology (about 55%) with HMGA1 protein (Sgart al., 2004). HMGAZ2 differs from
HMGAla and HMGA1b mainly for 25 N-terminal aminoideesidues and a short peptide of 12
residues between the third AT-hook and the acidier@®inal tail calledspacer regior(Figure 1.1).
HMGA are characterized by a modular sequence argtan, that we could summarized in this
way:
- Three highly positive charged DNA binding domainalled ‘AT-hooks" (except HMGALc that
has only two) (Reeves, 2010), since they recogamkbind to the AT-rich sequences in the minor
groove of B-form DNA. The AT-hook motif is a posly charged stretch of 9 amino acids
containing the variant repeat Arg-Gly-Arg-Pro (RR&P), flanked by other positively charged
residues, usually Arg (R) and Lys (K). As mentiorifore, they recognize structure rather than
sequence and free in solution AT-hooks possess littany secondary structure. Depending on the
number and spacing of AT-rich binding sites in DNAMGA proteins can influence the
conformation of bound DNA substrates in differenays, and consequently, affect numerous
biological effects (Cleynen and Van de Ven, 2008)fact these proteins do not display direct
transcriptional activation capacity, but they haveey role in regulating gene expression modifying
the conformation of chromatin.
- A protein-protein interaction domain, which partially coincides with the second AT-hoakd
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aminoacidic residues between the second and thirchdok and that allows interactions with
transcription factors in a DNA independent manigr,inducing structural changes in the bound
protein substrates.

- A highly acidicC-terminal tail that is constitutively phosphorylated by Caseimakie Il (CKIl),
whose function is still not understood. It is beéd that the C-terminal tail may be important in
modulating protein-protein interactions (Sgarraakt 2008) or could be involved in enhancing
activation of transcription factors, in addition tilee demonstration that it is involved in DNA
binding (Noro et al., 2003).

a The human HMGAT gene b The human HMGAZ gene
1 32 3 4 § & 7 8 1 72 3 140 kb 4 g
6p telomere | b 6 centromere 12centromere, |t ' i 12q telomere
R B S
Hvcata [ T | [ L] | |
HH
AT D AT AT JooaT } ATy AT G g
HMGATG| [T T T1 | | HMGAZ | [ ] ] , ,

Figure 1.1 HMGA genes and protein counterparts.a) The humatHMGA1 gene consists of 8 exons and
span for 10 kb. Only exons 5 to 8 are transcrimechRNA and code (blue boxes) for HMGA1 proteins.
Each of the exons 5 to 7 encodes a single AT-haokaih (AT, green boxes), whereas the exon 8 encodes
the acidic C-terminal tail (red box) and contaihe 8' untraslated region. The HMGAla and HMGA1b
isoforms differ by 11 amino acids (white box) presenly in the most abundant Ala isoform and cealted
between the first and the second AT-hook. b) ThednHMGAZ2 gene consists of 5 exons, all encoding for
the corresponding protein, spanning more than b4@Ekons 1 to 3 encode for each of the three ATkhoo
domains, whereas exon 5 encodes for the acidiecrfiifial tail. Exon 4 corresponds to a spacer regjiar
does not have any counterpart in HMGAL proteinenffFedele and Fusco, 2007).

The intrinsic flexibility, combined with a disordsi-to-ordered structural transition following
substrate binding, is thought to play an importafe in allowing the HMGA proteins to participate

in a wide variety of biological processes (Ree2€4,0).

1.2 Molecular mechanisms of HMGA proteins
As already mentioned HMGA, thanks to their struatwomposition and consequently plasticity as
"intrisically disordered proteins" (IDPs) (Uversk3013), participate in a huge number of nuclear
processes ranging from chromosome and chromatinamdigs to acting as architectural
transcription factors that regulate the expressiomumerous genes. Via protein-DNA and protein-
protein interactions, they influence a diverse yawé normal biological processes including cell
growth, proliferation, differentiation and deathheél mechanisms by which HMGA proteins exert
8
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their diverse biological functions will be furtheammarized in three main mechanisms:

a) Architectural transcription factors: macromolecwomplexes formation

HMGA are classically defined as architectural chatim factors involved in the assembly of
stereospecific macromolecular complexes at thd lefvenhancers/promoters. HMGA proteins do
not have transcriptional activifger se however, by interacting with the transcription ahnimery
they alter chromatin structure and thereby regulaggatively or positively, the transcriptional
activity of several genes (Fusco and Fedele, 200fgy are key actors within enhanceosomes,
which are complex assemblages of transcriptiorofacand cofactors on nucleosome-free control
regions of genesinterferon (IFN- ) promoter is one of the best enhanceosomes coeglex
studied (Munshi et al., 2001). They demonstrated by binding to DNA, HMGAla influences
DNA bending and facilitates the recruitment of etheanscription factors and stabilizes the
complex formation by direct protein-protein intdrans with transcription factors (NF-kB,
ATF2/cJun and IRF). ThéN- enhanceosome recruits GCN5 (general control ohanaicid
synthesis 5), which acetylates nucleosomal histame$iMGAla at Lysine 64, resulting in the
stabilization of the enhanceosome. It is also ftmguthe SWI-SNF nucleosome-remodelling
machine, which slides downstream a positioned wsdme and unmasks the TATA box, enabling
the recruitment of TBP (TATA-binding protein) amanscription machinery. Finally CBP (CREB-
binding protein) is recruited to acetylate HMGAld gsine 70, eventually causing the disassembly
of the enhanceosome (Bianchi and Agresti, 2005)inganost probably in very similar manner,
HMGA proteins are involved in the positive regubatiof many genes, including those encoding
interferon (Chau et al., 2005), E-selectin (Whitley et aP94), Kit-ligand (Treff et al., 2004a),
interleukin-2 receptor (IL2- ) (Reeves et al., 2000) and the insulin receptB) (Foti et al.,
2005).

Summarizing HMGAL proteins play two important aosoas transcriptional architectural factor:
they distort the DNA slightly, thereby increasir taffinity of the other proteins for their binding
sites, and they establish protein-protein intecastiwith the transcription factors.

b) Protein-protein interactions

In connection with the role discussed above, pngpeotein interactions involve binding between
HMGA and other nuclear proteins, most of which @amscription factors. Upon binding, HMGA
proteins induce structural changes in their boundein substrates. About 40 different TFs interact
with HMGA proteins and examples of the most chamaoed are:

- binding to the tumor suppressor protein p53, W$aoligomerization domain, impairing its
activation and modulation of a specific set of genvehich are mainly involved in cell cycle arrest

and apoptosis induction (i.e. p21, Mdm2 and BaxagEa et al., 2006);
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- interaction with pRb, mainly related to cell ay@rogression, that normally associates with E2F1
transcription factor inactivating its function. HMA displaces for competition the histone
deacetylase HDAC1 from pRb/E2F1, inactivating iepression activity and favoring cell
proliferation (Fedele et al., 2006b);

- connection with Smads factors activity, evidegcia critical function for HMGA2 in
cardiogenesis. Indeed it has been demostratedHM&A?2 interacts with Smads, modulating their
binding activity in the transcriptional activatiaf Nkx2.5 gene during carcinogenesis (Monzen et
al., 2008). Furthermore Smads are downstream effedf the TGF- signalling pathway, and it
has been demonstrated the association of HMGAZ2 wWithads in Epithelial Mesenchymal
Transition (EMT) process (Thuault et al., 2006).

Via direct protein-protein interactions with trarnption factors, HMGA proteins can also influence
gene transcription in a DNA independent manner. &ample, HMGAL1 enhances binding of
serum response factor (SRF) to DNA by interactirip MRF, leading to its transcriptional activity
(Chin et al.,, 1998). On the other hand, HMGA2 cassoaiate with the E1A-regulated
transcriptional repressor p120, interfering with its binding to the cyclin A prater, thus
activating cyclin A transcription and favoring pregsion of cell cycle (Tessari et al., 2003).

¢) Action on chromatin structure

HMGA can also participate in higher-order chromatinucture, by binding to Scaffold/Matrix
Associated Regions (SARs/MARS), which are spea@igments of AT-rich DNA that are part of
the so-called nuclear matrix, and might define togically and functionally independent chromatin
domains. The binding of HMGA proteins to these oagde-repress transcription by displacement
of histone H1 from DNA (Zhao et al., 1993). Surprigy, although HMGA are well associated
with transcriptional activation, in living mammatliacells they are localized preferentially in
heterochromatin and associates to condensed choomessduring mitosis (Harrer et al., 2004).
HMGA are highly mobile both in euchromatin and ietérochromatin, but the residence time on
the chromatin of condensed chromosomes is significédonger. Furthermore HMGA proteins are
essential components of senescence-associatedodtetamatic foci (SAHFs), by modulating
higher-order chromatin structure and limiting itcassibility to transcription factors involved in
particular with cell proliferation (Narita et aR006).

Concluding HMGA can regulate in different ways sarption and chromatin compactness
depending on the cellular context and the biochalmuodification state of the proteins. Indeed
HMGA proteins are subjected to a variety of modifions at multiple levels (transcriptional, post-
transcriptional and post-translational), which urfhce their expression and modulate their multi-

interacting property with both DNA and proteins.
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1.3 HMGA gene expression regulation: transcriptioal, post-transcriptional and post-
translational control

HMGA gene expression can be regulated in respanadarge number of cellular stimuli, but little
is known about transcriptional regulationi1GAL, probably for extremely complex structure and
transcription regulation of human (and mouB®IGAL gene. It is characterized by four different
transcription start sites, of which the first tme aonsidered the major ones (Ogram and Reeves,
1995).

It has been demonstrated th#VIGAL is a direct target of c-Myc, after serum and glrovactor
somministration in fibroblast (Wood et al., 2000lany growth factors are able to induce HMGA
gene expression through mechanisms common to thgedkearly response of gene expression and
they are induced after a delay of few hours aftewth factor addition. Among transcription factors
also AP-1 via TPA or c-Jun, Sp1l activated by RasPmWApathway, and MYC-N in neuroblastoma
(Giannini et al., 2005; Cleynen and Van de Ven,800ave been described to directly target
HMGA1 promoter. HMGA expression can be repressed ovatetil in different ways: for example
in neuroblastoma and in embryonic carcinoma ceéllglGA1 and HMGAZ2 can be repressed by
retinoic acid; IL-1, endotoxin and INF- all mediators of inflammatory process, can indtea
induceHMGA1 expression.

Also HMGA2 promoter contains multiple transcription staresjtwhich are differentially utilized
(Ayoubi et al.,, 1999). In particular it emerged tthdMGA2 could be controlled by negative
regulatory elements, or could be regulated at th&-fvanscriptional level. In fact a mechanism
accounting for these early suggestions, was destribcently by microRNA (miRNA) regulation
of HMGA expression at post-transcriptional levelulliple target sites for let-7, one of the
founding members of the miRNA family, were foundthe 3" UTR of theHMGA2 transcript
suggesting a role for this miRNA in the negativgulation of HMGAZ2. Indeed ectopic expression
of let-7 reduced HMGA2 expression by promoting @elgtion of its mMRNA (Lee and Dutta, 2007,
Mayr et al., 2007). Very recently HMGA2 was shown dct as competing endogenous RNA
(ceRNA), for let7 miRNA family in lung cancer pragsion. On the basis of ceRNA hypothesis
(Salmena et al.,, 2011), RNA molecules could comeatei each other through miRNA and in
particular through miRNA response elements (MRE#t tcould be shared by different genes.
HMGAZ2 can function independently of protein-codfiagction but dependent upon the presence of
its seven let-7 binding sites (or MRES), affectmiRNA targeting (Kumar et al., 2013). Moreover,
HMGAZ2 was found to be a target for miRNA-98 in head aedk squamous cell carcinomas

(Hebert et al., 2007). Therefore, chromosomal abierrs occuring in mesenchymal tumors leading
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to the deletion of HMGA2 3'UTR could activate a ragulation in HMGAZ2 protein expression,
normally repressed by the action of miRNA (Fedehel &usco, 2007). AlsétiMGAL gene is
observed to be post-transcriptionally regulated"dRNA. In fact, it has been demonstrated that
miR-16 interacts with 3'UTR oflIMGA1 transcript downregulating its expression (Kaddaale
2009). More recently it has been estabilished HGAL gene is a novel target of miR-26a in
bladder cancer (Lin et al., 2013). Furthermore miBRNA microarray analysis, to investigate the
possible role of alterations of mMiIRNA expressiorpituitary adenomas, it has been discovered that
mMiR-326, miR-432, and miR-570 ha#¥MGA2 as a target, and miR-34b and miR-548c-3p have
both theHMGAlandHMGAZ2genes as targets (D'Angelo et al., 2012).

Moving to post-translational expression control, @K undergo extensive posttranslational
modifications (PTMs), exhibitingn vitro and in vivo complex patterns of phosphorylations,
acetylations, methylations and others such as slatimy and ribosylation. These secondary
biochemical modifications may alter (together witbcalization, turnover, stability and
conformation) the affinity of HMGA proteins to birtd both DNA and proteins and consequently
affect their biological activities, influenced hytia and extracellular signalling events. HMGA are
the most extensively modified proteins in the nus|e€urthermore some of the modifications have
been demonstrated to be transient and to regule¢eife processes, others are otherwise
considered constitutive, such as for example Citeahphosphorylations which are assumed to
occur on the whole amount of HMGA proteins indepaily from the cellular context (Sgarra et
al., 2008).

In particular HMGA are among the most highly phasptated proteins in the nucleus. The most
characterized are given by:

- cdc2 kinase, that phosphorylates HMGA1 on spearhino acid residues (Threonine 52 and 77),
in the G2/M phase of the cell cycle, reducing tfimidy of binding of the HMGA proteins to DNA
(Nissen et al, 1991);

- Casein Kinase Il (CK2), that modified constitaiy HMGAL on three serines located in the C-
terminal tail (S98, S101 and S102), and althoughftimction of these phosphorylations has never
been uncovered, they occur after exposure of B-hauptes to cytokine interleukin 4 (IL4) (Wang
et al., 1995);

- signalling enzyme C&phospholipid Protein Kinase C (PKC), that phosptates HMGA on
Threonine 20 and Serines 43 and 63, causing agsttearease in the DNA binding affinity, in a
similar manner as cdc2, after treatment with phbdsters on human mammary epithelial cells
(Banks et al., 2000). We can conclude that HMGAGtgins are also downstream targets of a

number of signalling pathways that originate fromeaptor molecules on the cell surface. Fewer
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studies have concentrated on PTMs by phosphorglaifoHMGAZ2 protein, but there are some
indications that suggest cdc2 kinase, CK2 and Nekity on HMGA2 (Cleynen and Van de Ven,
2008).

Besides this, others modifications with specifigguiatory functions, are observed. Indeed
acetylation of Lysine 64 and 70 is involved in diahtion and disassembly, respectively, of the
IFN-b enhanceosome, by the activity of p300/CBP and P@éditil-transferases (Munshi et al.,
2001); it has also recently been demonstrated HMGAL in particular can be methylated at
various residues, given by the activity of ProtAnginine Methyl Transferases (PMRTSs). PRMT6
has been demonstrated to methylate HMGAla at Argiti7 and 59 botin vitro andin vivo,
whereas PRMT1 and PRMT3 modified Arginine resid2esnd 23, respectively vitro (Sgarra et
al., 2003 and 2005). Mono-methylation at Lysinei®f unknown significance but seems to be
correlated with apoptosis and tumor progressionaitf@get al., 2003). More recently Liquid
Chromatography/Mass Spectrometry (LC/MS) analysiseveral cell lines of different origin and
phenotype, has permitted to elucidate intrafamitygl antercellular type differences in post-
translational modification: the level of C-terminphosphorylation is cell-type dependent and
differs between the two HMGAL isoforms and HMGAZ)&&a et al., 2009); HMGAla is the only
HMGA protein heavily methylated in a cell-type dadent manner; furthermore C-terminal
HMGAZ2 phosphorylation is involved in modulation BMNA binding properties (Sgarra et al.,
2009). Summarizing it is evident that HMGA, throutle particular biochemical features, the huge
molecular network of interactions and the fine agnof multiple modifications, could participate in
a variety of different cellular processes, not ophysiological but also pathological one, as some
examples, aforementioned, suggesting us. Thus warehthe biological functions of HMGA
proteins?

1.4 Biological functions of HMGA proteins

HMGA proteins are present in stem cells, and atatively abundant in undifferentiated and
proliferating cells of early embryos and undeteletady very low expressed in fully differentiated
cells, being confined at least for HMGA2 to thensitaal compartment. The exceptions to the
general repression of these genes in adult tisateedéinked to a burst of synthesis of HMGAla
during immune response and in photoreceptor cdilsreva constitutive expression of HMGAla
proteins is observed (Cleynen and Van de Ven, 20R83%ults emerging from studies of human
disease, genetically modified mice and cells witerad HMGA expression indicate that HMGA
pattern expression is developmentally regulated samitches, in HMGA protein levels, alter the
cellular phenotype leading to developmental abnétiesand disease (Hock et al., 2007).

This gradually regulated expression of HMGA progesuggests a role in embryogenesis and
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differentiation processes. Studies of mice modelsehrevealed a crucial role of HMGA in cardiac
cell growth control and glucose homeostasis, indétdgal” mice suffer from cardiac
hypertrophy, hematological malignancies and myehglioproliferative disorders (Fedele et al.,
2006a) and develop type 2 diabetes, due to an HM&#endent down-regulation of the insulin
receptor (Foti et al., 2005). Moving 8MGA2, knockout mice imga2") lead to the classic
"pigmy" phenotype including reduced birth weightammofacial defects and reduced adult body
weight (Zhou et al., 1995), whereas transgenic roie-expressing a truncated versiorHofiga2
are giant, obese and develop lymphomas (Baldassare, 2001)Hmga2” embryonic fibroblasts
have decreased growth rate and indeed, as aforemeet HMGAZ2 associates with E1A-regulated
transcriptional repressor p126 interfering with its binding to the cyclin A prater. Moreover,
HMGAZ itself binds to the cyclin A promoter durirf® phase, but not in;Gnd G (Tessari et al.,
2003). Furthermore iRimga2deficient mice strains, it was found that the lmsgrowth factor II
MRNA binding protein 2 (Imp2) gene was significgnlown-regulated as compared to wild type
embryos. Imp2 is an mRNA-binding protein that igalved in temporal and spatial control of gene
expression and it is regulated by HMGAZ2 via ananic regulatory element, in cooperation with
NF-kB (Cleynen et al., 2007). HMGA are so classified "dgelayed early response genes",
consequently to these data and to observationgHti&A are rapidly induced in quiescent normal
cells following exposure to growth stimulatory faxst. This clearly suggests involvementifiGA
genes in growth regulation.

Another fundamental aspect for embryonic develogneedifferentiation, or establishment of the
correct nature of cell types. For example HMGAZaguired for the later phases of adipocyte
differentiation and preceding proliferation stegsaneas HMGAL proteins, are involved in different
hematopoietic lineage commitment checkpoints andetermining the fate of the lymphoid cell
common precursor (reviewed in Cleynen and Van da, \2008). Together these data strongly
sustain a role for HMGA proteins in regulation dffefent fundamental aspects of differentiation.
Consistent with this, HMGA mutations have been detdin different pathological human diseases
such as, for example, lipomas, gigantism, dwarfsm diabetes. Furthermore HMGA are strongly
associated with cancer, since their early idemtifom in rat thyroid cells transformed by
retroviruses, because their expression level washrhigher in the transformed cells compared to

normal ones, in which they result absent (Gian@ttsél., 1985).
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1.5 HMGA in neoplastic transformation

As mentioned HMGA proteins, defined also as "ontfeactors”, are hardly detectable in human
adult tissues and after embryogenesis are re-esqatest high levels in transformed cells and in
tumors, being directly involved in this processdéle and Fusco, 2010). Indeed several evidences
support their involvement in cancer, promoting alamour progression and metastasis. Over-
expression of HMGA proteins is a constant featurehoman malignant neoplasm. The first
demonstrations have been observed in cervicalrmara cells (Lund et al., 1983) and in cultured
rat thyroid cells transformed by viral oncogenesa(@otti et al., 1985). Several studies have
reported elevated HMGA1 and HMGAZ2 expression infedédnt neoplastic tissues including
carcinomas derived from almost all types of tissuesmprehending neuroblastomas and
glioblastomas (Fedele and Fusco, 2010). HMGA2 axgression has been reported in pancreatic
and lung carcinomas, squamous carcinomas of tHecavaty, in bladder cancer and colorectal
cancer (Fedele and Fusco, 2007; Fedele and Fudéb&@l references therein). In humans, over-
expression of HMGAL1 has been described in a latgeber of different types of cancer, all being
malignant epithelial tumours (i.e. prostate, cobtwen, lung, thyroid and breast). In all these
tumours, increasing concentrations of HMGA proteams correlated with increasing degrees of
malignancy or metastatic potential and reducedigair(Cleynen and Van de Ven, 2008). Very
recently it has been demonstrated that HMGAL isiireq to confer a transformed phenotype to
breast cancer cells and is critical also for itheivo metastatic process, suggesting that HMGA1
could be a key player in sustaining breast canoeparticular in cooperation with the Wnt/
catenin and Pinl/mutant p53 signalling pathwaystasning stem cell and metastatic properties in
the more aggressive breast cancer subtypes. Ind&8@A1 knockdown, using an interfering
sequence (shRNA) in the inducible metastatic MDA-RIBL breast cancer cell line, induces the
reduction of malignant features as migration andsmonin vitro and the formation of metastases
in vivo. Moreover, combining microarray analyses with icih information regarding primary
breast tumours it has been found that HMGAL regalatset of genes that may potentially be used
as an independent predictor of poor clinical outesim breast cancer (Pegoraro et al., 2013).
Important is to determine if the correlation betweacrease of HMGA proteins levels and
malignant phenotype is causative for neoplasticifestation or is only a peripherally associated
phenomenon with cell transformation. In the lasdrgea lot of evidences, producedibyitro and

in vivo, demonstrate a causal role of the HMGA proteinaanplastic progression, some of them
are hereafter summarized. It has been demonsteateausative role for HMGA, by using an

antisense technology to suppress HMGA1l or 2 exjmess in regulating the neoplastic
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transformation in rat thyroid cells induced by osiral transforming oncogenes (Berlingieri et al.,
1995). Another direct evidence came from a studwlinch the induction of the two isoforms of
HMGA1 or HMGAZ2 transform Ratla fibroblast and humigmphoid CB33 cells, leading to
anchorage-independent cell growth. Fibroblasts weitkopic over-expression of HMGAla and
HMGAZ2 (but not those over-expressing HMGAL1b) leddistant metastases when injected into
athymic nude mice (Wood et al., 2000a). Anothedgtshowed that human breast epithelial cells
MCF7, harbouring a tetracycline-regulatelfiGA1 transgene, form both primary and metastatic
nude mice only when transgenes are actively expdess particulaHMGAlbisoform, in contrast
with previous data, seems to be more effective @optastic transformation and metastatic
progression (Reeves et al., 2001). Furthermore HMGAppression, through a recombinant
adenovirus, carrying HMGAL sequences in an antesengntation, was able to induce cell death in
two human thyroid anaplastic carcinoma cell linest not in normal thyroid cells (Scala et al.,
2000). Also in human pancreatic adenocarcinomalicgs, RNA interference-mediated HMGAL
silencing revealed that cells depleted in HMGAl m@e susceptible to anoikis, considered by the
authors as an in vitro correlate of metastatic qitde on the other hand they demonstrated that
HMGA1 over-expression confers anoikis resistanceptmcreatic adenocarcinoma cells, by
activating the prosurvival PI13-K/Akt signalling pbatay (Liau et al., 2007). Other two examples
regard HMGAZ2 over-expression in human cultured loells and pancreatic cancer cells, leading to
a transformed phenotype (Di Cello et al, 2008; \Wale et al., 2009). Authors demonstrated that
inhibition of HMGAZ2 expression, lead to a conversiaf the transformed phenotype in metastatic
human non-small cell lung cancer cells and intobitof cell proliferation and restoring of cell-cell
contact consequently to E-cadherin up-regulatiomuman pancreatic cancer cells, respectively.
Moreover transgenic mouse models that overexplessitnga genes develop different types of
neoplasias, further substaining the oncogenic ptiggeof Hmgain vivo. For example transgenic
mice over-expressingimgal flanked by the H-2K promoter and immunoglobulintramic
enhancer, succumb to aggressive T-cell lymphoidigmahcy by 2-10 months with 100%
penetrance (Xu et al., 2004) wheré#mgalnull mice are less susceptible to chemically iregdlic
skin carcinogenesis. Indeedmgal” mice exhibited a decreased number and a delayset of
skin papillomas in comparison with wild-type midéea exposure to carcinogenic agents (Visone et
al., 2008). Transgenic mice that misexpressed l&ulght or truncated form of humaiMGA2
transcript could lead to fiboroadenomas of the lraad salivary gland adenomas, under control of
the differentiated mesenchymal cell (adipocyte)esffze promoter of the adypocyte P2 (Fabp4)
gene (Zaidi et al., 2006). Transgenic mice overesging either wild type or a truncateleahga?2
cDNA, develop, under control of two strong and ess#ly ubiquitous promoters, different

16



Introduction

neoplasms: abdominal/pelvic lipomatosis and/or bnoamally high incidence of lipomas, NK-
T/NK cell lymphomas and mixed growth hormone/pratacell pituitary adenomas (Fedele and
Fusco, 2010 and references therein).

What is evident from these latter examples on HMG#that in addition of over-expression, also
HMGA disregulation, as a result of specific chrommosl rearrangements, could be causally related
to the development of many tumors types, mainlyidgretumors. In particular rearrangements in
the HMGA genes (mainlyHMGAZ2 but also HMGA1 genes) are found in various benign
mesenchymal tumors, such as lipomas, pleiomorptien@nas of the salivary glands, uterine
leiomyomas, angiomyoxomas, pulmonary chondroid mmes, endometrial polyps and
fioroadenomas of the breast (Cleynen and Van de ¥608) and pituitary adenomasth or
without HMGA genes chromosomal rearrangements (Eede al., 2010). FOHMGAZ2, these
translocations involve, in particular chromosomgioe 12g13-15. The chromosome breakpoints
often occur in the large third intron 6fIMGA2 which separates the DNA-binding domains from
the acidic domain. This leads to deregulation atgn expression, truncation or, more frequently,
generation of fusion genes encoding chimeric tnaptsccontaining the first three exonskifMGA2
(corresponding to the three AT-hooks) and ectopguences from other genes. As a consequence
rearrangedHMGA2 gene encodes for a chimeric or a truncated prota@ihmaintains its capacity to
bind DNA and interact with several proteins, bwgds its C-terminal tail including the 3'UTR. For
example the preferred chromosomal rearrangemditamas gives rise to a translocation in which
HMGAZ2 is fused to the LIM domain of lipoma-preferred tpar (LPP) gene. Instead in uterine
leiomyomas, the recombinational repair gét®D51Bon chromosome 14q23-24 is identified as
the preferential translocation partnerHiMIGA2

These results suggest that the minimal requireriegritimorigenesis would be HMGAZ2 activation
due to rearrangements that leave intact at leastie, 2 and 3, which encode for the AT-hooks
domains, resulting in the formation of a truncdt@un of HMGA2, called HMGAZ2TTr.

Indeed, new insights indicate that the removal loé t3' untranslated region (3'UTR) by
chromosomal rearrangements may contribute to tgeoesis. In particular 3'UTR contains
multiple putativedet-7 binding sites; this was one of the first identifimicro-RNA (miRNA) genes,
whose expression during development is inversefyetated with that oHMGAZ2, leading to the
hypothesis, confirmed, th#t-7 might act as a repressor HMGAZ2 Ectopic expression dét-7
reduced HMGAZ2 expression by promoting degradatidtsonRNA (Lee and Dutta, 2007; Mayr et
al., 2007). With the loss of 3'UTR that occurs daling truncation or fusion with ectopic
sequenced;IMGAZ2 loses the sites previously recognizedldty7, resulting in increased HMGA2

MRNA levels. Intriguingly, HMGA truncation confeemn increased growth rate to different cell
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types and HMGA deleted forms display an higher geoic activity with respect to full length
proteins, biological effects observed very receatyp in transgenic mice (Fedele et al., 2011).

1.6 HMGA oncogenic mechanisms for neoplastic traf@grmation

Several mechanisms have been proposed to accautheftransforming ability of HMGA proteins.
Their role in cell transformation is essentiallyeebed by ability to downregulate or upregulate the
expression of genes that have critical role in @rdf cell proliferation and invasion. Here below
some of them are briefly summarized.

a) Activation of cell cycle

It has been reported that HMGAZ2 induces pituitatgreomas irHmga2transgenic mice by binding
to the key regulator of cell cycle pRB and enhagdi2F1 activity (Fedele et al., 2006), displacing
HDAC1 from pRb/E2F1 complex. HMGA proteins couldsalinterfere with the cell cycle by
inducing cyclin A expression, by binding transcidpgl repressor p1&¢ (Tessari et al., 2003).

b) Enhancement of transcription factor activity

Cyclin A expression may be also induced by HMG/Aotlgh activation of the AP-1 transcriptional
complex, responsible in general for the activatbulifferent targets involved in the control of Icel
proliferation, tumorigenesis and metastasis, sgchxaéracellular matrix-degrading proteases type-I
collagenase, stromelysin and vascular endotheimliy factor (Fusco and Fedele, 2007).

¢) Modulation of apoptosis

HMGA1 protein over-expression inactivates p53-iretlic apoptosis by modulating both
transcription of p53 target genes and cytoplasmliccalization of HIPK2, a kinase that normally
binds to and activates p53 (Frasca et al., 2006).

d) Impairment of DNA repair

DNA repair systems are one of the best defencdstiracells have to counteract carcinogenesis.
Indeed, it is widely accepted that one of the @lsieps in carcinogenesis is the impairment of one
or more DNA repair systems, favouring genomic insitg and mutability and confering selective
advantage to some subclones of cells, enabling tegrowth and eventual dominance (Hanahan
and Weinberg, 2011).

In particular it has been shown that HMGAlb can d@gulate BRCAL1 expression, which is
involved in homologous recombination, by bindingedily to its promoter region, reducing its
expression (Baldassarre et al., 2003). There is\@rse correlation between HMGA1 and BRCAL
expression in human breast carcinoma; consisteht the role of BRCA1 in double-strand break
(DSB) repair, it has been shown that HMGA proteptgentiate genotoxic stress induced by
different DNA-damaging agents causing DSBs, suchig@atin, bleomycin, doxorubicin and X-

ray irradiation. Moreover, MCF7 cells, over-expiagsHMGAL1, are more sensible to UV-
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exposure (Reeves and Adair et al., 2005) and ibkas reported the interaction between HMGAL1
and ataxia-telangiectasia mutated (ATM) kinase,eq glayer in the cellular response to DNA
damage, caused by several agents (Pentimalli,2C18). Also HMGA2 has a role in impairment
in DNA repair binding directly the promoter of tmeicleotide-excision repair gene ERCC1 and
negatively modulates its activity (Borrmann et 2003).

Furthermore it has been demostrated that HMGAZsis avolved in impairing DNA-dependent
protein kinase (DNA-PK), a key enzyme of non-hongolas end joining DNA repair pathway
leading to accumulation of more endogenous DNA dpmé.i et al., 2009). HMGA proteins
interact with DNA-PK but also with other componemsNHEJ pathway, such as Ku70/Ku80,
already discovered as molecular partners of HMGAtogeomic approaches (Sgarra et al., 2005).

e) Requlation of genes involved in inflammation

Given the increasing evidence that inflammatiora iprecursor lesion in some cancers, the link
between HMGA and NKB suggests that these proteins cooperate to inddleenmatory signals
and drive transformation, activating for examplelaoxygenase-2 (COX-2) and signal transducer
and activator of transcription 3 (Stat3), bothicat downstream targets of HMGAL. Similar to the
COX-2 promoter, HMGAL binds to an AT-rich regionanean NFkB binding site and activates
Stat3 expression leading to hematopoietic maligesn®&esar, 2010).

f) Down-regulation of potential tumor suppressonege

It has been shown that HMGA1 downregulates theesgion of HAND1, a bHLH Twist subfamily
transcription factor, crucial for differentiatiorf trophoblast giant cells and heart development.
Moreover a role of HANDL1 in cell proliferation anmtkoplastic transformation has been recently
envisaged because found to be silenced and hypeylaietd in human gastric pancreatic and
ovarian carcinomasdAND1 is up-regulated in hmgal-null ES cells, anMGA1l proteins bind
directly to the HAND1 promotem vitro andin vivo resulting in the inhibition of its activity.
HAND1 gene has been found to be down-regulated ialdmuman thyroid tumors. Such down-
regulated was associated with HMGA1 over-expresarmh limited to anaplastic carcinomas, with
promoter hypermethylation (Martinez-Hoyos, 2009).

g) Regulation of miRNAs

The synthesis of the HMGA proteins, as discusseyeahs regulated by miRNAs, but they could
also regulate miRNA expression. Some evidencesesighat miR-181 is up-regulated in MCF7
cells after HMGAL over-expression, consistentlyhwpreviously published data showing increased
miR-181 expression in several malignant neopladimeover miR-181 negatively regulates the
expression of the polycomb gene CBX7, whose los®lades with a poor outcome of patients with

colon cancer (Fedele and Fusco, 2010).
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h) Requlation of the Epithelial-Mesenchymal Traiosit

The phenomenon of Epithelial-Mesenchymal Transit{&@MT) is a common feature of both
embryonic development and advanced epithelial tsmdraracterized by the conversion of
epithelial cells to motile mesenchymal cells, witltreased capacity of migration and invasion.
Different reports have implicated EMT in a malighaonversion of transformed cells, which
represents invasive or metastasizing properties wariety of cancers (Thiery, 200Zarlier

findings involved HMGAL over-expression in meseyrolal transition of epithelial cells; indeed
the expression of several EMT marker genes is reithaegulated or down-regulated by HMGA1
over-expression, in MCF7 epithelial breast-canadiscover-expressing HMGAL (Reeves et al.,
2001). The group of Moustakas, in collaboratiorhvatir group, demonstrated that TGlEemploys

HMGAZ2 to elicit EMT (Thuault et al., 2006) and tHdMGAZ2, regulating the expression of Snaill,
orchestrates the transcriptional network neceskaryhe EMT program (Thuault et al., 2008). It
was also recently reported that HMGA2 mantains geoec Ras-induced EMT in human

pancreatic cancer cells (Watanabe et al., 2009).
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1.7 Epithelial Mesenchymal Transition (EMT)

The normal epithelium is characterized by highlga@alized and diverse cells that play critical
roles in almost all biological processes. The apisth cell layer maintains global communication
through gap junctional complexes, and it remaipsssed from adjacent tissues by a basal lamina.
These specialized cells have the role of protediameiers that line both the outer and inner body
cavities, as well as secretory and glandular tssihtoreover epithelial cell function varies widely
between tissues and is maintained through its moati renewal and repair. Epithelial cells,
characterized by an apicobasal axis of polaritial@dish close contacts with their neighbours and
extracellular matrix, by a composition of adhergusctions, desmosomes and tight junctions
preventing motility. Although individual cells dmhleave the epithelium in a disorganized manner,
coordinated cell motility occurs as a normal phiggaal process in most adult epithelial tissues.
On the contrary, mesenchymal cells are loosely rorga in a three dimensional extracellular
matrix, have an elongated spindle shape with antfback” polarity, do not establish stable
intercellular contacts (only to a limited extentdaat focal points) and consequently possess highly
motile capabilities. Unlike epithelial cells, whiciwre composed mainly by a cytokeratin-rich
network of intermediate filaments, mesenchymal scedle based on a "Vimentin-network"
consisting of stress fibers and focal adhesiondligtieet al., 2009). Most adult tissues and organs
arise from a series of conversions of epithelidisde mesenchymal ones, through the Epithelial to
Mesenchymal Transition and the reverse process mdbgenal to Epithelial Transition (MET)
(Wendt et al., 2009; Thiery et al., 2009).

The first work that has described an "epitheliasemehymal transformation” used a model of chick
primitive streak formation (Hay et al., 1995). Dhgithe years, the term "transformation" or
"transdifferentiation” has been replaced with "sifion", reflecting in part the reversibility of é¢h
process and the fact that it is distinct from nasft transformation.

An EMT is a biologic process (Figure 1.2) that a#oa polarized epithelial cell, which normally
interacts with basement membrane via its basahsesfto undergo multiple biochemical changes
that enable it to assume a mesenchymal cell phpeptywhich includes enhanced migratory
capacity, invasiveness, elevated resistance totapigpand greatly increased production of ECM

components (Kalluri and Weinberg, 2009).
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Figure 1.2 EMT process.Epithelial Mesenchymal Transition involves specifimlecular and phenotyp
changes, which corresponds to a functional tramsitif polarized epithelial cells into mobile and M-
secreting mesehgmal cells. The epithelial and mesenchymal celtkexed commonly used to define EN
are listed in correspondence to the cell statusodabzation of these two sets of distinct markeesines ¢
partially transition through an EMT and an interiiagel phinotype (from Kalluri and Weinberg, 200

This process was originally defined by developmilebtalogists as a morphologic conversi
occurring at specific sites in embryonic epithdbagive rise to individual migratory cells. T
transition of EMT isnot irreversible, as several rounds of EMT and ME& necessary for the fin
differentiation of specialized cell types and thegusition of the complex thr-dimensional
structure of internal organs. During metazoans ldgveent, EMTs are required fmorphogenetic
movements carrying very different functional conssges, as parietal endoderm formation

gastrulation, as well as during the formation odiage of organs and tissue, such as the neurda)

heart, musculoskeletal system, craniof: structures and peripheral nervous system (Thiea/.¢
2002). A well defined example is given by generatad the neural crest. Neural crecells are
equipped with the ability to emerge from the dorsalral epithelium through EMT, befc
undergoingextensive migration over extraordinarily distancethe embryo and differentiation in
many derivatives. As neural crest cells are rekdsen the neural epithelium, they concomitar
up+egulate genes required for mesenchymal phenotyperegrator ability (Yang and Weinber¢
2008). This type of EMT is able to generate mesgmeth cells that potentially could be submit
to a MET process generating secondary epitheliaisandt associated with an invasive phenot
which would result in systemggpread via the circulation. Interestingly, HMGA f@ios have bee
recently associated with regulation of global chatimstate and neurogenic potential in neocor

precursor cells (Kishi et al., 2012), suggestingoah role as chromatin regulators neural
development For example Xenopus HMGA2 (XLHMGA?2) is expressedpre-migratory and
migratory cells of the neural crest, as well astimer districts of the developing embryo, includ
the heart and the neural tube (Benini et al., 200&)zen eal, 2008).

EMT is essential for correct organ development muembryogenesis by creating cells with
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ability to move, but it is also associated with wdihealing and tissue regeneration by contributing
to the generation of fibroblasts during adult lifie this case there is an association with
inflammatory process taking part to a repair everdrder to reconstruct tissues following trauma
or inflammatory injury (Kalluri and Weinberg, 2009EMT is not only a prerogative of
embryogenesis or physiological response to injoug, it has emerged also as a central process in
cancer progression and others pathologies involenggn degeneration, i.e. fibrosis. In particular
neoplastic cells, characterized by previous gerait epigenetic alterations mainly in oncogenes
and tumour suppressor genes, acquire through EBITapability to invade and metastasize (Figure
1.3). It is still unclear what specific signals uod EMT in carcinoma cells and the different EMT
subtypes correspond certainly to distinct biolobimacesses, but a common set of genetic and
biochemical elements at cellular level is sharetivben physiological and pathological EMTSs,
governed by similar signalling pathways, regulatomd effector molecules (Thiery et al., 2009) and

will be further discussed.

(a) EMT during embryonic development

Cells that will T:I?mal crest
become neural Py | cells e -
- /
/7 crest cells / v \
Migration
. g
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(b) An EMT-like process during invasive carcinoma development
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\: .'l" s e . &

THENDS in Malecuiar Medicine

Figure 1.3 Similarities between EMT during developrent and the formation of invasive tumour cells.
a) Neural crest cells are induce and undergo prafifon and then EMT, losing their epithelial featiand acquiring
mesenchymal ones. Thus neural crest cells delaeiinatn the neural tube and migrate into the periphk) In a

process reminescent of EMT during embryogenesisiesoancer cells become motile and invade into eigihing

tissues as single cells or small groups of cellsis process is associated with dismantling of aslerjunctions
(containing E-cadherin depicted in red) and theasé of -catenin (depicted in green) from cell contacts ihie nuclei
of cells, where it activates target genes thafoete the EMT (from Gavert and Ben-Ze'ev, 2008).
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1.7.1 The EMT program

A very complex series of physical and cellular dsegive rise to the "EMT program”. In detail
epithelial cells gain increased motility and invasiess by disassembly of cell-to-cell contactss los
of cell polarity, cytoskeletal reorganization witletachment from neighbouring cells and finally
migration in the adjacent tissues. Expression ahefal cytokeratins, for example cytokeratin 8
and 18, is decreased as well as levels of celetbaclhesion proteins, as E-cadherin or plakoglobin
In the meantime the loss of epithelial traits isaupanied by an increase in mesenchymal features,
corresponding to increased expression of Vimeriibronectin, matrix metalloproteinases and N-
cadherin as well as shift to a fibroblastic morglgyl in monolayer culture (Hollier et al., 2009).
These morphogenetic changes are controlled by afsetaster transcription regulators, which
include Slug, Snail, ZEB and Twist, which are aladuced in some invasive cancers. These
transcriptional regulators are expressed in varmmbinations in a number of malignant tumour
types and have been shown in experimental modelaroinoma formation to be causally important
for programming invasion; some have been found licit anetastasis when ectopically over
expressed (Hanahan and Weinberg, 2011). The termi &d&s not denote a single, completely
defined epithelial plasticity phenotype, but ratst&ands for a continuum of increasingly extensive
epithelial plasticity changes toward a mesenchyelltype (Huber et al., 2005). It is important to
underline that the term EMT is maybe "inapprophétesed in carcinogenesis, thus only a part of
the molecular and phenotypic changes observed i Biling embryogenesis (and not completely
defined) are manifested also in neoplastic transiion, in particular in studies of cancer cells in
vitro. Consequently a detailed understanding of rttechanisms controlling normal EMT would
provide also clarifications for the pathways usgdcéncer cells to become motile and invade other

tissues and vice versa (Gavert and Ben-Ze'ev, 2008)

1.7.2 EMT and tumour progression

The vast majority of human solid tumours (90%), stprisingly, are carcinomas arising in cells

derived from epithelial origins, due to the highdacontinual renewal and repair of these cells
(Yang and Weinberg, 2008; Wendt et al., 2009). Aentioned, in order to break away from

neighbouring cells and invade adjacent cell layeascinoma cells must lose cell-cell adhesion and
acquire motility. The resulting cellular motilityhares many similarities with developmental

program given by EMT and this high conserved predess been implicated in giving rise to the
dissemination of single carcinoma cells from priynapithelial tumours. From the early growth of

primary epithelial cancer, given by excessive eagi#th cell proliferation and angiogenesis, the

subsequent acquisition of invasiveness, starts wvithsion through the basement membrane. This
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is only the onset of a multistep process that leadmtually to metastatic dissemination. Many
mouse studies and cell culture experiments haveodstrated that carcinoma cells can acquire a
mesenchymal phenotype and markers, which confer ftfag¢ures to progress from normal
epithelium to invasive carcinoma (Figure 1.4) (Kalland Weinberg, 2009). As cancer develops,
tumour cells invade the surrounding tissues eidisesingle or group of cells, forming the "invasive
front" of primary tumours, term to define the outgige of solid tumours that invades the basement
membrane and the surrounding tissue. Loss of aniesid increased cell motility, detected during
EMT, are necessary for and are most apparent ahvlasive tumour front (Gavert and Ben-Ze'ev,
2008). These cells are considered to be the dedlsaventually enter into subsequent steps of the
invasion-metastasis cascade: intravasation, transffsough the circulation, extravasation,
formation of micrometastasis and finally colonipati i.e. growth of small colonies into

macroscopic metastasis (Kalluri and Weinberg, 2009)
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Figure 1.4 Contribution of EMT to cancer progressiam. Tumour progression involves several stages, from
normal epithelium to invasive carcinoma and themmietastatic disease, through EMT and finally MET.
Epithelial cells lose their polarity and cell-cetintacts, detaching also from the basement mempwameh
changes its composition. The next step impliesragiogenic switch, facilitating the malignant phagehe
tumour growth; cancer cells enter the circulatiod axit the blood stream at a remote site, wheg thrm
micro- and macro-metastases, which may involveengon to an epithelial phenotype via MET (from
Kalluri and Weinberg, 2009).

Paradoxically metastasis, by a histological pointiew, resemble the primary tumour from which
they arise, no longer exhibiting the mesenchymahpkypes attributing to metastasizing carcinoma
cells. In fact in human cancer metastasis the wreroknt of EMT is still highly debated, for
example by clinical observations, the majority afnrfan breast carcinoma metastases express
epithelial markers and maintain epithelial morplgglosuggesting that they have disseminated
without switching to a mesenchymal phenotype (Yand Weinberg, 2008). To clarify this point is
fundamental to underline that metastasizing cacelts must switch their mesenchymal phenotype
via a Mesenchymal-Epithelial Transition (MET), dwgithe course of secondary tumour formation.
Indeed a reversible EMT model has been proposei@goribe the transient activation of the EMT

program that carcinoma cells undergo during mesésta
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Once carcinoma cells have reached distant orgdtes, lacal invasion and dissemination, they
revert via a MET to an epithelial status, reacaurproliferative ability (Thiery et al., 2002).
Moreover cancer cells often may pass through agb&MT program rather than a complete one;
these cells may concomitantly express epithelidlmesenchymal markers, oscillating between the
two states, referred to as a "metastable phenatyiedse elements suggest that induction of EMT
seems to be important for carcinoma progressioey@ds MET is implicated during the subsequent
colonization process. It is noteworthy to rememthet tumour growth and progression are not
inherent properties of the cancer cells themseles, are given in part also by a delicate
equilibrium between positive and negative prolifea signals produced by diverse cell types
(fibroblast, endothelial and immune cells), withimour microenvironments. Thus, understanding
the changes associated also with microenvironmemowsnding cells, that undergo EMT, will be
determinant to understand how tumour cells inteveith different tissues during the metastatic
journey, which begins in primary tumours and entddistant sites of dissemination (Wendt et al.,
2009, Yang and Weinberg, 2008).

1.7.3 Molecular basis in EMT and invasive cancer delopment

Summarizing, from a phenotypic point of view threajor changes are observable:

1. morphological changes: from a cobblestone-likenaotayer of epithelial cells with an apical-
basal polarity to dispersed, spindle shaped megemaicells with migratory protrusions;

2. changes of differentiation markers: from cell-genction proteins and cytokeratin intermediate
filaments to Vimentin filaments and Fibronectin;

3. functional changes associated with the conwversiostationary cells to motile cells that can
invade through extracellular matrix (ECM) with aetiion of proteolytic enzymes such as matrix
metalloproteases.

Not all three changes are invariably observed duaim EMT, however acquisition of the ability to
migrate and invade ECM as single cells is consdlaréunctional hallmark of the EMT program.
(Yang and Weinberg, 2008). But which are the mdeaequirements for these changes?
E-cadherin repression

In most studied systems, EMT takes place by grdadtor-driven stimulation of tyrosine or serine-
threonine kinase receptors, ECM stimulation ofgntes or their downstream signalling pathways
that lead to E-cadherin down-regulated and/or dyoarnanges in the cytoskeleton (Huber et al.,
2005). E-cadherin is essential for the maintenasfcepithelial integrity of many embryonic and
adult tissues, consequently its repression is @alratep and a recognized "hallmark" of EMT, both

in embryonic development and in pathological sitreg in adult. Studying the transcriptional
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control of E-cadherin expression has been of pym@portance in unravelling the mechanisms
involved in EMT. Snail genes have been the firsédirepressors of E-cadherin expression to be
described (Acloque et al., 2008). Additional to 8wmail family of zinc finger proteins (Snail, Slug)
others E-cadherin repressors have been identiiimeiiiding basic helix-loop-helix transcription
factors like E47 and Twist, and zinc finger E-barding homeobox 1 and 2 (ZEB1 and ZEB2)
which bind to consensus E-box sequences in thedBecan gene promoter and downregulate E-
cadherin transcription (Peinado et al., 2007). Tdss of E-cadherin expression correlates with
tumour invasiveness, metastasis and patient nmgrt@lileminckx et al.,, 1991), whereas re-
establishment of E-cadherin expression promote=pihelial phenotype (Perl et al., 1998). During
tumour progression, E-cadherin can be functionahgactivated or silenced by different
mechanisms. Beside post-translational control, ethesechanisms include somatic mutations
(frequent in lobular breast carcinomas), down-ragoih of gene expression through promoter
hyper-methylation, histone deacetylation and trapgonal repression (Huber et al., 2005).

-catenin translocation
Cell adhesion molecules are also involved in sigraisduction and changes in cell adhesion that
are linked to alterations to gene expression, hagacteristic features of both EMT in development
and cancer progression. Reduction of E-cadherinesgmn often releasescatenin, a key effector
of the Wnt pathway, from the adherens junctionsleéd in normal epithelia-catenin interacts
with E-cadherin at adherens and tight junctionmtontain the epithelial phenotype. Briefly, in all
cells a supramolecular complex binds the "freefatenin pool (not associated with E-cadherin),
which includes the scaffold molecule axin, adenaustpolyposis coli (APC) and the kinases
glycogen synthase kinase 8GSK3 ) and casein kinase 1 (CK1), both of which phosylate -
catenin on serine and threonine residues leadinigstoonsequently translocation from the cell
membrane to the cytoplasm, where it is either ubitpted and degraded, or directed to the nucleus
where it can regulate gene transcription and indtMdd by Whnt signalling (Acloque et al., 2008).
In various cancer cells-catenin degradation machinery could be dysfuneatiaesulting in nuclear
accumulation of -catenin and activation of-catenin-T-cell factor (TCF) target genes that
contribute to tumourigenesis. These genes includ@mregulators of EMT, for example Snail or
Slug. Moreover it is worth noting that cell densiodulates adhesion through the turnover -of
catenin and E-cadherin (Conacci-Sorrell et al.,3308t low density, -catenin translocates to the
nucleus and activates the repression of E-cadimscription, achieved by repression exerted by
Slug, whose expression is enhanced by two diffepatitways: one is the transactivation of the
Slug gene by the-catenin-TCF complex, and the other consists inaittevation of the Mitogen-

activated protein kinasextracellular-signal-regulated kinase pathway (MAPRK pathway) by
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the epidermal growth factor receptor (EGFR); ad¢tora of ERK pathway also induces Slug
transcription (Conacci-Sorrell et al., 2003).

EMT signalling pathways

Many signalling pathways trigger EMT in both emhbm development and in normal and
transformed cell lines. In fact EMT can be induéedexample by growth factors, which activate
tyrosine kinase surface receptors (RTKs). In tloatext, the signalling pathways include those
triggered by different members of the TGBMP superfamily, Wnts, Notch, Hedgehog,
Epidermal growth Factor (EGF), Hepatocyte Growtlctéa (HGF), Fibroblast Growth Factor

(FGF), Hypoxia-inducible factor (HIF) and many athé€Thiery et al., 2009).

Members of the transforming growth facto(TGF- ) superfamily have been implicated as major

induction signals of EMT during almost all of theorphogenetic events during development, but
are now recognized as master regulators of traeselftiation also in cancer (Yang and Weinberg,
2008). TGF- is a ubiquitously expressed and multifunctionalokine that not only regulates
EMT, but also development, differentiation, andvstal of essentially all cell types and tissues. It
is also a powerful suppressor of cell growth andlifgration, particularly in cells of epithelial,
endothelial and hematopoietic origins. Dichotomguaberrations in the TGF=signalling system
regularly take place during tumorigenesis and telicesistance to its antiproliferative activities
contributing to the formation of human neoplasm (Mteet al., 2009). During carcinogenesis,
TGF- possess a dual role; initially it suppresses tugeoesis by inducing growth arrest and
promoting apoptosis, however in advanced cancengrevTGF- is over-expressed, it promotes
tumorigenesis by induction of epithelial-mesenchlymnansition, whereby tumour cells become
more invasive and prone to form metastasis (Hedtlial., 2012). Miettinen et al. first revealed that
TGF- induced EMT in normal mammary epithelial cells (@), which acquire fibroblastoid
phenotypes in response to TGBomministration (Miettinen et al., 1994). There three isoforms
of TGF- and three serine/threonine kinase receptors (typeand Ill and T R-I, -ll and -Ill) in
mammalian cells; TGF; its receptors and other RTKs act together to leggutranscription by
Smad-dependent and -independent TGQieceptor signalling pathways. Transmembrane diggal
by TGF- starts by its binding to TR-Il, enabling the recruitment and activation ofRFl, leading

to induction of canonical Smad2/3-dependent sigmalwhich regulate the cell-type specific
expression of TGF-responsive genes (Heldin et al., 2012). Smad iewxeégnt TGF- signalling
can also occur, with coupling of TGFo a variety of non canonical signalling systemsluding:

- the MAP kinases ERK1/ERK2, p38 MAPK and c-Jurenrtinal kinase JNK;

- the growth and survival kinases phosphoinoskikirnaise (PI13K), Akt/PKB and mTOR,;

- the small GTP-binding proteins Ras, RhoA, Racd @dc42 which the formation of stress fibers,
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lamellipodia, or filopodia, respectively;
- protein tyrosine kinases, including focal adbedtinase (FAK), Src and Abl and serine/threonine
protein kinase integrin-linked -kinase (ILK) and myaothers (Wendt et al., 2009 and references

therein).

Both Smad-dependent and -independent pathwaysapvand can function together to regulate the
transcription of various EMT master regulators,ludang a complex nuclear reprogramming of
Twist, Snail, Slug, ZEB1 and ZEB2. Indeed thesediac regulate each other in an elaborate
manner. Snail upregulates Slug and Twist, Snail &wist induce ZEB1, and Slug and Snalil
induces ZEB2. Together these factors repress theession of E-cadherin, which is a crucial step
of EMT, as well as other epithelial markers, bugoaénhancing the expression of mesenchymal
genes. During cancer development, TGks involved at every stage of cancer progression,
affecting also invasion and metastasis by reguatell adhesion, motility or the composition of the
extracellular matrix (ECM) (Gavert and Ben-Ze'e®08).

Several addition signal transduction pathways eeteas important for EMT, and can be activated
by specific, often developmental signals, but dse aontrolled by crosstalk between each other.
Besides TGF-, other autocrine factors, contribute to EMT; feample multiple effectors within
the platelet-derived growth factor receptor signgllpathway (PDGF-R), including Statl and
Stat3b, were found to be up-regulated during TGRduced EMT in a expression profiling study
using fully polarized mammary epithelial cells (dkager et al., 2003).

Wnt/ -catenin, Notch and Hedgehog signalling pathwagsemtial for stem cell function and early
development, have particular impact on developraedt cancer progression-catenin levels and
stability are enhanced in parallel with E-cadhet@gradation or transcriptional repression and
catenin and TGFR/Smad signalling cooperate via several mechanismsE-cadherin repression
by TGF- induction of Snail.

Notch pathway, like TGF5 can act in a tumour-suppressive or tumour pramgotnanner,
depending on cellular context and whether coopsga(proto)-oncogenes are present. It has been
demonstrated, depending on cell type, TG&d Notch cooperation to up-regulate its downstrea
effector Heyl or Snail, both of which repress taggnes such E-cadherin by binding to E-boxes.
Components of the Hedgehog pathway, which is esddnt stem cell maintenance and pattern
formation, contributes to EMT cooperating for exdenwith autocrine PDGF-R and Wnt signalling
in skin cancer. Collectively, the role of thesensilling pathways in tumour progression and EMT,
underlines how cancerous cells often reactivatentadevelopmental programs to control multiple

steps during tumorigenesis (Figure 1.5) (Hubet.e2805 and references therein).
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Figure 1.5 EMTs in development and cancer share nuemous signalling pathwaysRTKs, Wnt, TGF-,
NF-kB can induce both EMT in development and invasimecer formation by activating a group of master
transcriptional regulators of the Snail, Slug, Tiveisd ZEB1 families, which inhibit E-cadherin traription
contributing to the dismantle of epithelial cellcgunctions and allows the transition of epitlaticells to a
more motile and invasive phenotype (from GavertBed-Ze'ev, 2008).

New EMT inducers
Furthermore during the last years several new ad¢grd of EMT have been revealed. Among these,
NF-kB, was identified as a central mediator of EMT imadel of breast cancer progression (Huber
et al., 2004). NHB is a principal player involved in regulating theduction of proinflammatory
cytokines, and in stimulating tumour growth, vastigiation, survival and invasion. Indeed K-
activity was observed to be fundamental in medigthre ability of Ras-transformed breast cancer
cells to undergo EMT and colonize the lung, aft&FF stimulation. NFkB also associates with
several hallmarks of EMT, including down-regulat@nE-cadherin and up-regulation of Vimentin;
Twist and Snail have also been proposed as possibimstream targets of NEB (Huber et al.,
2005).
Also non-conding RNAs could be considered new camepts of the cellular signalling pathways
that regulate EMT. In particular microRNA (miRNA ariR), short non coding post-translational
RNA regulators, bind to complementary sequencemBMNA, usually resulting in gene silencing
through translational repression or degradatiotheftarget mRNA, playing fundamental roles in
cell and tissue development, as well as in cordedll proliferation and motility (Croce and Calin,
2005). On the other hand dysregulated expressi@asfigle microRNA, positively or negatively,
could initiate an events cascade capable of elgitlisease development in humans, including
cancer. Along these lines, miRNA also play a prantrrole in regulating the expression of EMT-
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related genes, supporting by the fact that abereantlation of several microRNAs is observed in
human cancers especially in those of the breasthwdan be subtyped based on their differential
expression of various microRNAs (Wendt et al, 20G8ttilla et al., 2012). For example recent
independent studies revealed that miR-200 familj\R¢€00a, miR-200b, miR-200c, miR-141 and
miR-429) and miR-205 play critical roles in reguigt EMT targeting the E-cadherin repressors
ZEB1 and ZEB2. miR200 family and ZEB factors areipeocally linked in a feedback loop, not
only conferring cellular plasticity but also sterallcproperties and prevention of apoptosis and
senescence (Brabletz and Brabletz, 2010). The saicteRNAs are frequently down-regulated in
invasive human breast cancer cells, which exhilbitesenchymal-like morphology (Gregory et al.,
2008). On the contrary miRNA-21 is up-regulatechuman carcinomas during TGFmediated
EMT (Acloque et al., 2008).

Of our particular interest, also HMGA proteins ablle considered as "new EMT inducers".
HMGA proteins have already been associated to theess of EMT. Earlier findings involve
HMGA1 over-expression in mesenchymal transitiom@ast epithelial cells (Reeves et al., 2001).
TGF- employs HMGAZ to elicit EMT in mammary epithelidMuMG cells and it was recently
reported that HMGA2 mantains oncogenic Ras-indigéd also in human pancreatic cancer cells
(Thuault et al., 2006, Watanabe et al., 2009). Rieeeidences suggest also the role of HMGAL in
relevant pathways, like Wnt/lcatenin, that promote EMT and stemness in breaster (Pegoraro
et al., 2013).

All these data suggest that EMT is involved inaliéint steps of carcinogenesis and in particular of
breast malignancy development. However breast meatiges are a heterogeneous group of
molecular, phenotypic and morphological entitiastHer to be elucidated (Vincent-Salomon and
Thiery, 2003). Thus we will focus our attention &WMT implication in breast cancer, giving

particular insights into the role of HMGA proteimsEMT and breast cancer.

1.8 EMT and breast cancer

A huge number of evidences suggest that EMT playasyarole during the progression of a variety
of cancers, including breast cancer. Most oftergastr cancer results from the malignant
transformation of epithelial cells comprising eitibe mammary ducts (ductal carcinoma) or the
lobules of the mammary glands (lobular carcinontllier et al., 2009). Indeed the mammary
epithelium is composed of two cell layers, lumirsald basal. Luminal cells display standard
epithelial morphology, with junctional complexegdaapical polarity, and express luminal/epithelial
markers such E-cadherin. The basal layer of the mmamy ductal epithelium is composed of

myoepithelial cells. These differentiated cell type probably progeny of one or more types of
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mammary stem cells, which also reside within thighepal layer (Guittilla et al., 2012). Because
these cancers arise in epithelial tissues, thesfmamed cells initially remain confined to the
primary sites, exhibiting epithelial traits; as &setumour progress, some cells may begin to invade
the surrounding tissue and eventually spread & wityans, causing the majority of breast cancer
related deaths. Indeed breast cancer is the moshoo cancer in women, and second only to lung
cancer as the cause of cancer-related deaths iremomwhere the vast majority of breast cancer-
related deaths involve metastatic disease. Inlitihg, understanding molecular and cellular aspects
of metastasis is necessary for accurate prognosgoa developing targeted treatments against
metastatic cells. Considerable attention is beingctitowards EMT as the probable first step in the
complex process of metastasis.

Breast cancer is not a monolithic entity but cosgsiheterogeneous tumours with different clinical
characteristics, disease courses and responsgsetifis treatments. Tumour-intrinsic features,
including classical histological and immunopathadady classifications, as well as more recently
described molecular subtypes, separate breast tsmoto multiple groups (Bertos and Park,
2011). In fact until recently, human breast caneezse mostly classified into subtypes on the basis
of pathological examination for histologic charaistics at the time of diagnosis. The first step of
histological study of breast carcinomas determiiiethe tumor is confined to the glandular
component of the organ (in situ carcinoma) or whethinvades the stroma (invasive carcinoma).
At the molecular level, the main markers assessedestrogen receptor (ER), which is utilized to
identify tumours that may respond to anti-oestrogesrapy, progesterone receptor (PR), which
correlates with ER status, and human epidermabtec® (HER2, also known as Erb-B2), which
discriminates cases that are treated with targétedapies such as the monoclonal antibody
transtuzumab. Combinations of these markers allowtlie assignment of individual cases to
specific categories, i.e. ERER/HERZ), HERZ (ER/HERZ), triple negative (TN, ERPR
/HERZ2) and triple positive (ERPR'/HERZ). The recent inclusion of genome wide transcriaio
profiling strategies of human breast cancer ce#idi(Sorlie et al., 2001; Neve et al., 2006) hds le
to a more detailed molecular classification of hanbaeast tumours. This classification includes:
normal like, luminal A and luminal B (correlatedtWiER™ expression), basal-like (correlated with
triple negative), human- epidermal growth factareor 2 (HER2, also known as Erbb2)-over-
expressing breast tumours. Numerous in vitro stutlieve demonstrated that EMT is capable of
inducing an invasive and migratory phenotype innmrand malignant mammary epithelial cell
types (Blick et al., 2008). These more invasive aredastatic breast cell lines studied, were found
to exhibit features typical of cells that have ugdme EMT, including expression of Vimentin,

reduced expression of epithelial cytokeratins aeduced or absent expression of E-cadherin
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(Hollier et al., 2009). Reduced levels of E-cadhdead to the disaggregation of epithelial cells,
promoting breast cancer invasion and metastasposted by increased metastasis formation in
mice, after suppression of E-cadherin in experimgntransformed human mammary epithelial
cells (Onder et al., 2008). Furthermore numeraudias have described a partial or complete loss
of E-cadherin during carcinoma progression, andatrarts in the E-cadherin gene have been found
in about 50% of lobular carcinomas of the breagh¢ent-Salomon and Thiery, 2003).

Several systems have emerged, in which EMT camdhgced in human mammary epithelial cells
and/or human breast cancer cell lines (categonwéd respect to EMT status, subgrouping, and
invasiveness, schematized in Blick et al, 2008 particular "basal-like phenotype" was first
characterized by invasiveness and expression of miglecular weight cytokeratins (CK5, 14 and
17) and association with the elevated presenceGf Eeceptor, c-kit, mutated p53, Vimentin,
Fibronectin, N-cadherin and reduced expression -chdherin as well as EMT transcriptional
regulators like Slug, Twist and ZEB1. Moreover bdik@ phenotype is mainly associated to triple
negative category (TN, ERR/HERZ2), characterised by resistance to chemotherapguém
expression of cancer stem cell markers and unfabeirprognoses due to highly metastastic
phenotype. These findings indicate that EMT playsgaificant role in highly aggressive human
breast cancers, such as basal-like tumours. Inieybs basal-like breast cancers show many
features similar to those expressed by mammaryepitay cells. Moreover highly aggressive
basal-like tumours are composed by a high proporté CD44/CD24 cells, an antigen cell
surface phenotype related also to basal-like breaster cell lines. In particular stem cells from
normal and malignant breast tissue display a Hasaphenotype and are rich in the expression of
genes involved in EMT, suggesting a direct linkwen the EMT, plasticity and the gain of
epithelial stem cell properties (Hollier et al. 020 Mani et al., 2008). Mani et al. demonstrateat th
the induction of EMT in immortalized human mammapithelial cells (HMLES) results in the
acquisition of mesenchymal traits and in the exgpogsof stem cell markers. On the other hand,
naturally occuring stem cells isolated from HMLEBE®rmal mouse mammary tissues and human
reduction mammoplasty tissues, were found to espnearkers associated with EMT. The exact
role of EMT remains to be fully elucidated but gesns to play a role in the generation and
regulation of cancer stem cells (CSCs) during lirea<inogenesis (Mani et al., 2008).

Not only such "basal" models are correlated with TEMFor example MCF-7 cells are well
considered as model of ER'luminal-A" type breast cancer that have beestown to undergo
EMT changes in response for example to oestrogeélasds-Silva et al., 2007). Luminal-A subtype
breast cancers are typically low grade, weaklyifa@itive and invasive, and lead to a favorable

prognosis, displaying epithelial phenotypic markeisch as E-cadherin and some degree of
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epithelial organization. They are associated wil' Btatus (which oppose to EMT, promoting
proliferation and epithelial differentiation), caming also a relatively small subpopulation of
breast CSCs. Despite this, untreated luminal-A direancer can progress to metastasis, probably
involving an onset of EMT in a subpopulation of taplial cancer cells, which influenced by
microenvironment, gains motile and invasive captadsl of mesenchymal cancer cells. EMT can
occur after oncogenesis in cells at the tumour maog at the time of cellular transformation in
cooperation with other oncogenes (Guittilla et2012). For example human mammary epithelial
cells are able to undergo EMT after TGRAduction, and over-expression of the EMT-regulato
Snaill in MCF7 cells, increases TGFsignalling and invasiveness, decreasing cell adheand

ER expression (Taylor et al., 2010). Also KE-is involved in the EMT pathway as mentioned
before. Indeed RELB, a subunit of MB; is required for the maintenance of mesenchymal
phenotype in ERcells. Stable expression of RELB in MCF-7 decrsaSecadherin expression,
increasing on the other side Vimentin and Fibrandetvels, migration and invasion (Wang et al.,
2009).

Taken together these findings are important for unaterstanding of malignant transformation in
the breast and EMT, in relationship also with palssclinical and therapeutic approaches.

Whereas the EMT has been widely studied and docteden vitro, its relevance in human
tumours remains controversial. To date the mosthef evidence that involves EMT in the
acquisition of an invasive and metastatic phenotyge been generated usingvitro cell culture.
Although EMT has not been directly shown in humamaurs, a direct role of EMT has been
demonstrated using a transgenic mouse model of naaynfmyc/driven) carcinogenesis (Trimboli
et al., 2008). This study employed transgenic n@ngineered to be marked with epithelial- or
mesenchymal-markers (epithelial specific whey acpdbtein, WAP and fibroblast specific protein
respectively) when induced to form mammary glanctioagenesis by myc, which enabled to
follow the fate of these cells and revealed thafTEddcurs during tumour progression in this mice.
These evidences, supported also by microarray semlgtudies of breast tumours (Neve et al.,
2006), support the hypothesis that certain typdsredst cancer cells are able to undergo EMT and
spread, underlying the necessary plasticity of eanells and suggest that instead of a permanent
mesechymal phenotype, migrating cancer cells elejpithelial plasticity that is reversible and
dependent on the local microenvironment (Micaliezial., 2010). Explaining the presence of
mesenchymal cells in human carcinomas and fornpatlying their epithelial origin are still major
challenges for future studies, focusing on dissectif gene expression patterns and identification
of the signalling pathways and genes that regule&T, delineating what could be defined

"molecular EMT signature".
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Several factors and pathways are implicated inouaribreast cancer EMT systems, resulting in a
very complicated scenario, given by the interplapween different EMT-driving transcription

factors, in which also "new EMT inducers"”, like HM®roteins take place.

1.9 HMGA proteins in breast cancer

Different evidences demonstrated an important icagilon of HMGA proteins in the breast cancer
progression. Indeed there is a strong correlatietwéen elevated levels of HMGAL1 gene
expression and neoplastic transformation of norme#is and the increased metastatic potential of
neoplastic cells. First correlations have been detmated by Ram and colleagues, which measured
HMGA1 mRNA levels in mouse mammary cell lines, raggfrom preneoplastic to highly
metastastic, derived from the same hyperplastientacell population. They demonstrated that
HMGA1 mRNA levels directly correlate with the degrigansformation of the cell lines; although
HMGA1 was present also in normal tissue, this wasignificant lower levels. HMGA expression
is strictly linked with the transformation of norhngpithelium to a neoplastic one, developing a
metastatic phenotype (Ram et al., 1993). Thesewdata consequently integrated and supported by
SAGE and DNA array technology, demonstrating thMdGA1 gene expression is increased in
human breast cancer cell lines compared with nobredst epithelial cells, providing new proves
for the role of HMGAL1 in tumorigenesis in breashcer (Nacht et al., 1999). HMGA levels were
also monitored by transfecting non-metastatic hubraast cancer cell lines with the growth factor
heregulin (HRG) to induce metastatic ability. Timeluction of metastatic ability in MCF7 cells
HRG-transfected resulted in a parallel increaselMGAL expression, whereas blocking of HRG
activity in MDA-MB-231 metastatic cells corresportddoss of invasive phenotype and decrease in
HMGAL1 levels. Changes in HMGA protein levels areedily linked to the metastatic status and
malignancy of the breast cancer cells tested (Lal.e1999).

Moreover it has been showed that HMGA1 proteins im@eased gradually in respect to
aggressiveness, in three different breast canderimes studied, including the less aggressive
MCF7 cells, and the metastatic Hs578T and MDA-MB-22ll lines, in comparison to a human
breast cell line derived from normal breast cels578Bst). Beside this, decreasing HMGA1
proteins, using an antisense ribozyme approackpitetl the transformation in human breast cancer
cancer cells Hs578T, suggesting that HMGA1 playsngportant role in the development of the
transformed phenotype in these cells (Dolde ekabp2).

One of the first direct experimental support focausally association between HMGAL over-
expression and neoplastic transformation in breashes from the report of Reeves's group. They

demonstrated that non tumorigenic human breashedat cells containing either a tetracycline-
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regulated HMGA1la or Alb transgene acquire the tgliidi both grow anchorage independently in
soft agar. In particular HMGA1b over-expressings;elvhen injected into nude mice, are able to
induce tumour growth and metastasis. On the othed lexpression of either antisense or dominant-
negative HMGA1b constructs in tumour cells, expresslifferent HMGA1 levels like MCF7 and
Hs578T, inhibited both their proliferation rate atieir ability to grow independently in soft agar.
By a transcriptomic profile approach with cDNA arridney evidenced a link between HMGA1b
over-expression and the expression of a complexfsgénes, involved in proliferation, invasion,
migration, colonization and suggesting also a cotioe with EMT process (Reeves et al., 2001).
Further studies by immunohistochemistry in 212 $tefissue specimens, demonstrated that
HMGA1 was not expressed in normal breast tissuexeds HMGAL staining was intense in 40%
of hyperplastic lesions with cellular atypia and@8% of ductal carcinomas. Chiappetta et al.,
showed also a correlation between human epideretaptor 2 (HER2, also known as Erb-B2),
used as marker of breast carcinoma invasion inolbigical grading analysis, and the over-
expression of HMGAL, suggested as a possible itwldar the diagnosis and prognosis of human
breast cancer. HMGA1 hypothetically would be alblenduce Erb-B2 expression by acting on its
promoter or that the activation of the Erb-B2 tdungion pathway may lead to increase of HMGA1
protein synthesis (Chiappetta et al., 2004; Pelrsb Chiappetta, 2010). In a very recent report,
HMGAL expression has been analysed in primary bre@sours, by performing a bioinformatic
analysis of a primary breast cancer public miceatata collection (1881 different samples). In
particular HMGA1 mRNA levels were higher in the &blke and HER2 subtypes in respect to
luminal and normal subtypes and associated withbEgast cancer subtypes, with more advanced
tumour grade (Pegoraro et al., 2013). The involvened HMGAL in breast cancer was also
analyzed by its correlation with the tumour suppoesBRCAL,which plays important roles in
maintaining genomic integrity and DNA repair. Salaeports have shown that BRCAL protein
levels are decreased in a subset of sporadic brasshomas compared to normal breast tissues. In
particular it was demonstrated that HMGA1b diretilyds to the BRCAL promoter, resulting in its
down-regulated botm vitro andin vivo both in human and mouse genes, suggesting onebfgossi
mechanisms for BRCAL1 decreased levels in this lkohdreast carcinomas. Furthermore stable
transfection of HMGA1b in the weakly aggressive MCgells, results in a decrease of BRCAl
gene expression, demonstrating also that in diftebeeast cancer cell lines and tissues there's an
inverse correlation between HMGAL1 and BRCA1 mRNAkese evidences suggest a role for
HMGA1 proteins in the transcriptional regulationtbe BRCA1 gene and a correlation between
HMGA1 over-expression and BRCA1l down-regulated oless in aggressive mammary

carcinomas (Baldassarre et al.,, 2003). In ordemgsess if HMGA1l detection could have a
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prognostic role also for inherited breast carcingnthe same group analyzed HMGAL proteins
expression in 116 breast familial carcinomas assediwith BRCA1 or BRCA2 or negative for
mutations for both genes. By immunohistochemisimglysis, they show a stronger correlation
between BRCA2 or none mutation with HMGAL1 over-eegsion in familial breast carcinoma
patients, surprisingly connected with a good pragevith an increased survival. This could be
based on the different functions of the HMGAl piwde depending on the cellular context
(Chiappetta et al., 2010).

HMGAZ2 expression level was less relieved in breasicers, but some reports evidences their
possible role in this kind of tumorigenesis. Buliek's group analyzed HMGA2 expression
patterns in 44 breast cancer samples and 13 sawipfes-malignant adjacent tissue by RT-PCR
and Northern Blot analysis. There was no detectallgression of HMGAZ2 in any of the 13
nonmalignant adjacent breast tissue analyzed, whdi#®GA2 expression was found in 20 of 44
breast cancer samples investigated. In particnlanasive ductal tumours, expression was relieved
in tumours with high histologic grade. These firglinrsuggest that transcriptional reexpression of
HMGAZ2 could be important in the progression of Iste@ancer also as prognostic marker (Rogalla
et al., 1997). Interestingly the expression of HMIGRRNA has been examined in the peripheral
blood of the breast cancer patients and compar#d vealthy donors, using RT-PCR techniques.
Indeed in recent years, various reports have ifiedtiree circulating nucleic acids in the peripder
blood of patients, affected by different canceregypincluding breast cancer. Moreover in breast
cancer a statistical relationship between poor moeg and the presence of tumour nucleic acids
has been reported (Peluso and Chiappetta, 2010paiticular HMGA2 expression was not
detectable in any of the samples of healthy dovaingreas was shown in peripheral blood of breast
cancer patients. In later studies HMGA2 mRNA exgi@s levels was assessed in peripheral blood
samples from 69 patients with metastatic breasterato evaluate the prognostic relevance for
survival. In 21 out of 69 patients HMGA2 expressivas detected, demonstrating a highly
significant for worse outcome and a powerful indegent prognostic indicator for overall survival
with respect to clinical pathologic parameters @elotz et al., 2003). HMGA2 mRNA expression
was also monitored in rare fibroepithelial breasbplasms (phyllodes tumours), and emerged as
differential expressed gene in MRNA expression yar@nalysis, between benign and
borderline/malignant breast tumours, supported Blsommunohistochemistry analysis showing
HMGAZ2 nuclear staining in borderline/malignant lseeancers in respect to benign controls (Jones
et al., 2008). From these evidences it emergesHNHEA proteins have been correlated with the
increased metastatic potential of human mammanhe&ml cancers, in which also EMT plays a

key role.
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1.10 HMGA proteins in EMT and breast cancer

Earlier findings involved HMGAL over-expression imesenchymal transition of epithelial cells;
Reeves and colleagues demonstrated that humant kagitiselial cells harboring tetracycline-
regulated HMGAL transgene acquire the ability tonfdoth primary and metastatic tumours in
nude mice, only when HMGAL1 transgenes are activwtpressed. Moreover HMGAL1 over-
expression modulates the expression of distinctioestellations of genes, involved in signal
transduction, cell proliferation, tumour initiatia@nd metastasis and EMT. Immunohistochemical
analysis of metastatic tumours, formed in nude rhigeells over-expressing HMGAL, presented
localized areas of less differentiated cells the¢nss to possess a disorganized morphology,
reminiscent a phenotypic change from epitheliahtesenchymal cell-like status. These data are
further supported by genes differentially expressetlansgenic cells, in respect to controls, as fo
example collagens or Vimentin, classical mesenclymeih marker in EMT (Reeves et al., 2001).
Successive reports of the same group identifigganticular, by oligonucleotide microarray analysis
in the engineered MCF7 cells over-expressing HMGA#, Ras extracellular signal-related kinase
(Ras/ERK) signalling pathway (implicated also in EMrocess) as one of the molecular
mechanisms by which over-expression of HMGALl pratepromotes malignant metastatic
progression of mammary cell tumours (Treff et 2004b).

Very recently our laboratory demonstrated that HMGAgulates the crucial processes of EMT in
MDA-MB-231 basal like breast cancer cells, by aguicible cellular system for HMGAL silencing,
based on short hairpin RNA (shRNA). In fact depletof HMGAL induces a dramatic change in
the morphology of MDA-MB-231 cells from fibroblastio epithelial phenotype, a differentiation
in 3D matrigel assay and re-localization of epitdaharkers, such ascatenin from nuclei to cell-
cell contacts, reduced migration and invasion ciéipac They observed also regulation of EMT-
inducing signalling pathways, including the NotchdaWnt/ -catenin pathways. These results
showed how HMGA1 depletion reverses the transformpednotype of breast cancer cells,
including potential regulation of the MET by HMGAMoreover using mammosphere-formation
assay to assess stemness and self renewal prepé#rgg observed that MDA-MB-231 cells, that
overexpress HMGAL, are able to form mammospheresnmhile HMGA1 depleted cells are not
able to form them. HMGAL is so required to confdrasformed phenotype to breast cancer cells
and is critical also for the vivo metastatic process, injecting control and HMGApideed cells
subcutaneously into the fat pad of SCID mice. HMGA4y control both migratory and invasive
capacities in breast cancer caltsvivg, for example 14 out of 21 control mice displaygchph

node metastasis, whereas only 2 out of 21 miceyiogrrHMGAL-depleted tumours were
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macroscopically positive, also with dramatic reduttof lung colonisation from the naturally
occuring MDA-MB-231 metastases. Moreover they fquby transcriptional profile analyses of
MDA-MB-231 cells in the presence and absence of HMIGthat HMGALl gene-signature
significantly overlaps with different gene signasiassociated with poor prognosis and high risk of
distant metastases, beside an high correlation twéhmore aggressive and undifferentiated basal-
like subtype. All these data suggest that HMGAllddae a key player in sustaining neoplastic
transformation, giving new insights into the rolé WMGAL in the acquisition of aggressive
features in breast cancer (Pegoraro et al., 2013)

Study on HMGA2 demonstrated that it is requiredtfe induction of EMT by TGF5 primarily
mediated by Snail induction and via Smad signalllAgIGA2 confers transcriptional input for the
expression control of four known regulators of EM3$nail, Slug, Twist and inhibitor of
differentiation Id2 in mammary epithelial NMuMG &lin which trascriptomic analysis of TGF-
induced EMT, identified HMGAZ2 as a prominent TGRarget (Thuault et al., 2006 and 2008).
They described a new transcriptional circuitry thadiates EMT by TGF; in which HMGA2
works as new target and connector of TGEe the major factors of tumour invasiveness and
metastasis. Afterwards the same group dissecte@ modetail this circuitry, evidencing also a
complementary role of Twist on the side of Snatliniy EMT driven by HMGAZ2 over-expression.
TGF- via Smads activation induces the expression of B@ZGvhich binds to Snail and Twist
promoters, inducing their expression. Snail and stwsupported also by additional inputs of
ERK/MAPK pathway, positively cross-regulate oth&f8lT transcriptional regulators like ZEB1,
ZEB2 and Slug leading to EMT reprogramming (Tarakt 2012). Another recently report, by
Chada's group, demonstrated that HMGA2 over-exnesonverted non metastatic 4TO7 breast
cancer cells to metastatic cells, that are abléotm primary tumours and acquire motile and
invasion capabilities to the liver; furthermore yh#emonstratedh vivo also that HMGAZ2 loss of
function in a mouse allograft model of cancer redutumour multiplicity. Expression of ectopic
HMGAZ2 in MCF7 cells, enhances TGFsignalling by activating expression of the TGRype I
receptor, which is also localized and highly expegsat the invasive front of the human breast
tissues consistent with the expression of HMGAZ2 ((istota et al., 2013).

As previously described, between "new EMT induceaso inflammatory pathways play an
important role. West and colleagues demonstratad ttie inflammatory cytokine oncostatin-M
(OSM, interleukin-6 family IL-6), mediates phenoitygchanges in breast cancer cell lines that are
consistent with EMT and dedifferentiation, incluglimigration and invasiveness. Additionally
OSM suppresses oestrogen receptor(ER) expression, key element of luminal epithelial
differentiation in breast cancer cells, and is asged with poor prognosis and aggressive subtypes,
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as basal-like breast cancer. In particular OSM wation of the luminal breast cancer cell lines
MCF7 and T47D induced EMT features including loEsmmembranous E-cadherin and induction of
Snail and Slug expression, beside expression oipphency genes (for example Sox2) and ability
to form mammospheres, indicator of tumourigenic mmeamy cancer stem cells (West et al., 2013).
Based on this, very recently it has been discoveretew EMT circuit OSM-depending, that
involves HMGAZ. In this study they demonstratedt tb&M in breast cancer is a novel inducer of
EMT both in vitro and in vivo, regulating two different circuits, i.e. Lin28-FeHMGAZ2 and
miR200-ZEB1, controlled by signal-transducer antivator of transcription factor 3 (Stat3). More
in detail OSM stimulation inducing Stat3 expressidownregulate consequently miR200 and let7-
family members, resulting in comprehensive altersti of the transcription factors and
oncoproteins targeted by these microRNAs. IndeatBSin parallel, promotes the transcription of
RNA-binding protein Lin28, recently demonstrated riegatively regulate biogenesis of let-7,
known to be HMGAZ2 repressor. This regulatory citdeads to the up-regulation of HMGA2
protein, while HMGA2 knock down significantly impai OSM-driven EMT. These data suggest
that this circuits, controlled by OSM-induced StadB responsible for initiating and maintaining
the EMT genetic program, revealing novel inflammmatomechanisms of phenotypic
reprogramming in human breast cancer, where HMGAR @& a master switch (Guo et al., 2013).
All these findings highlight how HMGA proteins calbe key regulators of epithelial mesenchymal

transition in breast cancer but their role hasg@dampletely deciphered.
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2. AIM OF THE STUDY

The first aim of my Thesis is to study the roleH¥IGA proteins in the process of Epithelial-
Mesenchymal Transition (EMT), in particular in bseaarcinoma. With this purpose, we have
developed different cellular models, for the ovepression of HMGAL using the human breast
cancer MCF7 cell line, to assess by different teples and functional assays the possible
acquisition of aggressive features or markers esgae in these processes. Evidences of a key role
of HMGAL in this context, have emerged in our laiory with the opposite model in human breast
cancer MDA-MB-231 cell line, where HMGA1 was deplétby shRNA (Pegoraro et al., 2013).
Beside this, the second aim of my Thesis is to ldgvether EMT models, in the human breast
cancer epithelial MDA-MB-468 and murine mammarytiegiial NMuMG cell lines to study deeper

in detail the role of HMGA proteins in EMT and tuargorogression, starting to define a possible

"HMGA-dependent molecular network” in EMT.
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3. MATERIALS AND METHODS

3.1 MCF7 cell lines for HMGAL over-expression

3.1.1 Cell culture

The human breast cancer epithelial cell line MCF&wrown in Dulbecco’'s Mem Nutrient Mix
F12 (1:1) with 25 mM HEPES (DME/F12-HEPE&uroclong supplemented with 2 mM L-
glutamine, 10% Tetracycline free fetal bovine ser(iret free FBSEuroclong, penicillin (100

U/mL, Euroclong, streptomycin (100 pg/mlEuroclong and 1X MEM non essential amino acids
(Sigma.

All adherent cells were grown in humidified incutwatt 37°C under 5% COn air and expanded
every 2-3 days in subcultivation ratio depending acamfluence level and as suggested by the
American Type Culture Collection (ATCC). Cell moapérs were dissociated by Trypsin-EDTA
(0.05% Trypsin, 0.02% EDTA in PBS 1)guroclong for 5 minutes at 37°C in humidified
incubator, after culture media removal and two waglsteps with Phosphate Buffered Saline 1X
(PBS 1X: 137 mM NacCl, 2.7 mM KCI, 10 mM MdPO, 2H,0 and 1.8 mM KHPQOy, sterilized by
autoclave, pH 7.4). Trypsin was neutralized addowmplete culture medium; cells were
resuspended and seeded at the appropriate cordlnentber depending on the experiment; all

steps were conducted under a biological hood.
3.2 MCF7 stable cells lines for HMGA1 over-expressn

Construction of HMGAla plasmid expression vectorswaeated previously in our lab by
subcloning the PCR products of the coding regidnsuman HMGAZla cDNA into the pcDNA3-
HA plasmid expression vectoinyitrogen) to obtain a stable expression of the HMGAla pnote
under the control of the strong constitutive CM\ompioter. Thus pcDNA3-HA empty vector was
chosen as control for stable transfectants cornsirucPlasmids were linearized at tBeal (10
U/uL, NEB) restriction site (corresponding to Ampicillin rgsnce) to prevent random breaks, in
particular in the coding sequence of HMGAla aftansfection in MCF7 cells. Vectors were also
deposphated to avoid re-circularization, using G#kstinal Phosphatase (CIP, 10 U/INEB) and
purified at each reaction step with illustr&FX" PCR DNA and Gel Band Purification kiGE
Healthcarg.

Plasmid expression vectors pcDNA3-HA and pcDNA3-HRIGAla, were introduced into MCF7
cells by employing Fugene reagenRothg with Fugene:DNA 6:1 ratio, following the
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manufacturer's instructions. 48 hours after trasigfe, confluent cells were detached by
trypsinization and 800000 cells were seeded in 10 dishes (5 dishes, for every transfected
vector, pcDNA3-HA and pcDNA3-HA-HMGALla, respectiyel Clone selection was then obtained
by adding of G418 disulfate saBiggma to the culture medium at the selection conceiomatf 1.5
mg/mL, resistance given by the pcDNA3-HA vectoelitsSelection was carried out for 15 days
removing culture medium with G418&igmg and adding fresh one, preceded by PBS 1X washing,
to improve elimination of not transfected cellsnfrdhe culture. At the end of the selection we
obtained five distinct pools for each transfectedtor, precisely stable MCF7 pcDNA3-HA empty
vector 1-2-3-4-5 and stable MCF7 pcDNA3-HA-HMGA1&-B-4-5, defined for simplification in
Results and Discussion as MCF_empty vector and MEMGAL, respectively. G418
concentration was gradually reduced at 200 pg/mctuiture maintenance phase. For every pool,
cells were harvested after trypsinization and cedintollected by centrifugation and stored at -
80°C.

3.2.1 MCF7 inducible cell lines for HMGA1 over-expession

For the development of the inducible model we hbased our experiments on the Tet-inducible
system (Tet-On Advanced Inducible Gene Expressigate®, Clontech).Tet-On Advanced
inducible gene expression syste@lqntech is a tightly regulated and highly responsive syst
that produces robust expression of gene of intémdstrget cells. The system is established inetarg
cells by sequentially transfecting them with a tatpry (pTet-On Advanced vector) and response
vector (pTREtight vector) and selecting stable deles. Target cells that express a Tet-On
advanced transactivator, and that also contaimtegrated TRE-based expression vector (pTRE-
tight) will express high levels of our gene of ie&t, when cultured in the presence of the system’s
inducer, doxycycline. In particular the Tet-conkedl transactivator, called Tet-On Advanced, is a
fusion protein derived from a mutant version of theoli tet repressor protein, rTetR, which is
joined to three minimal transcription activationng@ins from the HSV VP16 protein. In the
presence of doxycycline (Dox), Tet-On Advanced birtd the tetracycline response element
(TREmod) contained in the gy vector, producing high level transcription of ti@vnstream gene of
interest. Rynt lacks binding sites for endogenous mammalian ¢rgutson factors, so it is virtually
silent in the absence of inductiofef-Orf Advanced Inducible Gene Expression Systems User

Manual).

MCF7 cells were transfected with the pTET-On Awbed plasmid Glontech), which was
linearized at thesScal (10 U/uL, NEB) restriction site (corresponding to Ampicillin r&snce) to
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prevent random breaks, and deposphated to avoidradarization, using Calf Intestinal
Phosphatase (CIP, 10 U/uNEB) and purified at each reaction step with illust@FX" PCR
DNA and Gel Band Purification kitGE Healthcarg¢. pTET-On Advanced plasmid (regulatory
vector) was transfected in MCF7 cells by employkugene reagerfRoche with FUGENE : DNA
4:2 ratio, following manufacturer's instructionsiteéx 48 hours after transfection MCF7 cells were
then detached by tripsynization, seeded in diffeciluted conditions and selected for the stably
presence of the plasmid in appropriate medium Withng/mL G418 $igma. After 4 weeks of
selection, 30 single clones stably transfectedtth@er pTET-On Advanced vector, were picked
expanded and screened. After this screening weechus best clone on the basis of Tet-On
Advanced transactivator expression level. G41&epotration was gradually reduced at 600 and
then 200 pg/mL in culture maintenance phase ofstected clones. This cell line serves as the
host for the TRE-based expression vector, whidnaissfected into the Tet-On Advanced cell line
along to a linear selection marker. Thus, the stdldt-On Advanced MCF7 cell line so obtained,
was then co-transfected with TRE-based vectorpdrese vector), one corresponding to pTRE-
tight-HA vector itself as negative control and oc@responding to pTRE-tight-HA-HMGAla
vector, previously cloned in our laboratory, ané tnear marker puromycin. Also in this case
plasmids were first linearized and deposphate@vtmd random breaks and recircularization. For
plasmids, transfection was performed with FUGENRgemt (Roche), using manufacturer's
instructions. After transfection and concomitardlyuble antibiotic selection for transfected cells
(G418 200 pg/mL - puromycin 600 ng/mL), 24 clones évery kind of transfected TRE-based
vector (24 for pTRE-tight-HA vector and 24 for pTRBht-HA-HMGA1a vector) were picked and
screened for HMGAla expression by Western Blotrafteluction by doxycycline igmg at
concentration of 1 pug/mL. Puromycin concentratvess reduced at 300 ng/mL in maintenance
phase, after the initial screening. After this siten we chose for every kind of obtained cell Jige

of the best clones in terms of comparable HMGAJaression levels, morphology and growth rate
and two clones inducible for pTRE-tight-HA only esntrol. Clones were tested for inducibility
with different doxycycline concentrations by West&lot analyses, transwell migration assay and

proliferation curves.
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3.3 Western Blot
3.3.1 Sample preparation

For every pool of pcDNA3-HA and pcDNA3-HA-HMGAlaattle transfectants, 200000 cells were
seeded in 35 mm plates and 72 hours later, mediasnremoved, cells were washed twice with
PBS 1X and collected as total lysates by addingSE»S sample buffer (62.5 mM TrisHCI pH 6.8,
2% SDS, 10% glycerol, 50 mM DTT, bromophenol bluangiles, in milliQ water, and added by
posphatases inhibitors). Total lysates were sydnggh insulin syringes (29G) and boiled for 4

minutes to reach complete sample denaturation.

For inducible MCF7 clones, cells were cultured iomplete medium with double antibiotic
selection G418 200 pg/mL - puromycin 300 ng/mL) aodditioned with doxycyclineSigmag at

the chosen concentration for the assay. For thalirsicreening of HMGAla induction, 200000
cells were seeded in 35 mm plates in appropriatdiunme with double antibiotic selection in not
induced and induced condition (1000 ng/mL doxyayejiand 48 hours later cells were harvested as
total lysates and analysed by Western Blot. Forcesgive experiments cells were grown in
complete medium conditioned with doxycycline at thesen concentration, for two weeks, passing
cells every 2 days, maintaining selection and itidacconditions. Control cells (not induced) have
been treated with the same parameters but not gadttirycycline §igmg to the medium. Cells

were harvested for Western Blot analysis as fdilsteell lines.
3.3.2 SDS PAGE analysis

Electrophoretic analysis of total protein lisateaswcarried out on discontinuous SDS-PAGE gel
system. Equivalent amounts of lisates were loaded §5% gels alongside a protein marker Pierce

Prestained Protein Molecular Weight Markéhérmoscientific)

Stacking gelpolyacrylamide gel (T=5% acrylamide/bisacrylam@&8e1Sigma , C=3.3%) in 0.125
M Tris/HCI, pH 6.8, 0.1% SDS, 1 mg/mL ammonium péiae (APS,Sigmg. Polymerization
occurs by addition of N,N,N',N' Tetramethylethydeamine (TEMED, 2 pL for 1 mL solution).

Running gel polyacrylamide gel (T=15% acrylamide/bisacrylaeid9:1 Sigmg, C=3.3%) in
0.375 M Tris/HCI, pH 8.8, 0.1% SDS, 1 mg/mL ammaniupersulfate (APS,Sigma.
Polymerization occurs by addition of TEMED (4 plr ftd mL).
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Running buffers

1) Tris-Tricine: 25 mM Tricine, 0.1% SDS adjustetdp&l 8.1 with Tris base for HMGA protein
analysis;

2) Tris-Glycine: 25 mM Tris, 192 mM Glycine, 0.19DS for normalization of the samples on SDS
PAGE.

Electrophoretic run (SDS-PAGE) consisted of twgpsteaccumulation at the interface between
stacking and running gel, using a constant 50\3fbminutes and separation at constant voltage of
200V for about 1 hour.

Separated proteins were fixed and stained usingthanol/water/acid acetic solution (in a 5/4/1
volume ratio) containing 0.05% Coomassie Brillighie R250 (w/v) for almost 30 minutes. Dye
excess was eliminated with 10% acetic acid (v/\3ives.

3.3.3 Western Blot analysis

Resolved proteins were transferred to nitrocellellosembranesGe Healthcarg at 4°C for 16
hours using a constant 30V (75 mA) in transfer &uf20% methanol, 25 mM Tris, 380 mM
Glycine). Transferred proteins were visualized bgirsng the nitrocellulose paper with Red
Ponceau solution (0.2% Red Ponceau, 3% trichlotmaaeid, 3% sulfosalicylic acid).

Western blot analysis consist of these summaritagass

- Non specific binding on the nitrocellulose memi@s was minimized with a blocking buffer
containing 5% (w/v) nonfat dry milk and 0.1% (v/ijveen 20 in PBS 1X. Blocking was carried
out on membranes at least 1 hour;

- Membranes were incubated with appropriates pyiraatibodies (see table for details) for 1 hour;
- Three consequently washing steps of 5 minutese warried out, using blocking buffer, to
eliminate excess of primary antibody;

- Membranes were incubated with horseradish peasedeonjugated secondary antibodies
(Sigmal:5000, see table 3.1 for details) for one hour.

- Three consequently washing steps of 5 minutese warried out, using blocking buffer, to
eliminate excess of secondary antibody; finally rheanes were also washed twice with PBS 1X
for 1 minute and 20 minutes respectively, befomepeding with ECL method.

All steps were carried out at room temperaturshiaking.

Results were visualized with the enhanced chemilestence system Piefc€ECL Western

Blotting SubstrateGE Healthcarg.
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Primary antibody Secondary antibody
Anti-HMGAL1 1:500 Anti-rabbit Peroxigma 1:5000
Anti-HA (Sigmg 1:5000 | Anti-mouse Pero{gmag 1:5000
Anti-actin b §igmg 1:2000| Anti-rabbit Perox $igma 1:5000

Table 3.1 Antibodies used for Western blot analysis in MGH&ble and inducible cell lines with relative
concentrations.

3.4 Immunofluorescence

For every pool of pcDNA3-HA and pcDNA3-HA-HMGAlaadtle transfectants, 200000 cells were
seeded and grown on glass coverslips, in 35 mneslistAfter 72 hours, medium was removed,
cells were washed twice with PBS 1X, and fixed 20r minutes in 4% (v/v) paraformaldehyde
(PFA 4%) in PBS 1X. After PFA 4% removing, cellene washed three times with PBS 1X and
then treated using the following immunofluorescepo&ocol. (Cells so fixed on glass coverslips,

could be also be conserved in PBS 1X at 4°C foualh month).

- Cells were incubated with 0.1 M glycin in PBS o 5 minutes and then washed three times with
PBS 1X;

- Cells were then permeabilized with 0.3% (v/v)tdmi X-100 in PBS 1X for 5 minutes, washed
three times with PBS 1X and blocked in PBS 1X coitg 0.5% (w/v) BSA (blocking solution)
for 30 minutes.

- Cells were incubated with primary antibodies (¢akle 3.2 for details) diluted in blocking
solution, for 1 hour and 30 minutes in a humifiddhmber, at room temperature, protecting from
light.

- Coverslips were then washed three times with BRSnd incubated with secondary antibodies
diluted in PBS 1X (see table 3.2 for details) forh@ur in a humidified chamber, at room
temperature, protecting from light.

- After three washing steps with PBS 1X, cells wstaned with 500 ng/mL Hoechs$igma in
PBS 1X for 5 minutes at room temperature, protgdtiam light.

- Coverslips were then washed twice with PBS 1X tamally once with milliQ water and mounted

on microscope slides with Vectashiélchounting medium\(ectoy).
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Primary antibody Secondary antibody
AlexaFluor594
phalloidin (red) (nvitrogen) 1:40

Alexa Fluor 488 (green)
anti-rabbit (nvitrogen 1:500
Alexa Fluor 594 (red)
anti-mouselfvitrogen 1:750

Anti -catenin 1:100

Anti-HA (Sigma 1:1000

Table 3.2Antibodies used for Immunofluorescence analysi@F7 stable transfectants with relative
concentrations.

Cells were visualized using the epifluorescenceddB€lipse microscopeNfkon) and images were
acquired withNikon ACT-1 software and analyzed by ImageJ software.

3.5 RNA extraction and retrotranscription
3.5.1 Sample preparation

For pcDNA3-HA and pcDNA3-HA-HMGA1la stable transfacts, 200000 cells were seeded in 35
mm dishes and 72 hours later, medium was remoeid, were washed once gently with PBS 1X
at room temperature and collected as total lysadeling 1 mL of TRIzol® Ifivitrogen), pipetting

up and down for ten times and transferred in 1.5ephendorfs, maintaining at room temperature
for 2-3 minutes. Total lysates were transferretténand conserved at -80°C. Sample were prepared
in biological triplicate. Pools pcDNA3-HA_3 and phB3-HA-HMGAla_ 2, were chosen from
this point as representative pools for all the expents.

3.5.2 RNA isolation

- Samples were defrozen in ice, and in the meanisoprophanol and ethanol (EtOH) 75% in
RNase free water, were prepared and mantaine@.n ic

- Chloroform was added to the samples in volumeanton 1/5 (i.e. 200 pL of chloroform for 1
mL TRIzol®), gently inverting 15 times and incubagi samples for 2-3 minutes at room
temperature. Samples were centrifuged for 10 midt8000 rpm (r = 9 cm) at 4°C obtaining the
separation between organic and aqueous phase.

- Agqueous phase, containing RNA, was transferred alean eppendorf, taking care not to touch
interface between the two phases.
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- RNA was precipitated with isoprophanol in volupr@portion 1/2 in respect to initial volume of
TRIzol®, gently inverting until complete solubiligan, then incubated at RT for 10 minutes.
Samples were centrifuged for 15 minutes, 13000 apafC.

- After centrifugation, maintaining the samplesde, supernatant was carefully removed, avoiding
to touch the RNA pellet. Pellet was washed addid@ 2L of EtOH 75%, without resuspending it,
and centrifuged for 30 minutes 13000 rpm at 4°GpeBnatant was removed letting evaporate
residues of EtOH 75%, but without excessive drthefRNA pellet.

- RNA pellet was resuspended with 30 pL of RNAsefwater and conserved at -80°C.

3.5.3 DNase treatment and Phenol-Chloroform purifiation

RNA samples were treated with the enzyme DNase Awcgtion Grade (1U/uL)nvitrogen, to
remove possible DNA traces isolated with RNA. 1[pMNase and 4 uL of 10X DNase buffer were
added to the RNA samples, that were so incubatednibbites at RT. DNase was inactivated
adding 2mM EDTA, incubating 10 minutes at 65°C.

Samples were purified following phenol-chloroformofocol:

- After DNase treatment 30 uL of 3M Sodium Acetpt¢ 5.2 were added to RNA samples, that
finally have been brought to a total volume of 3A0with sterile water.

- 300 puL of a acid phenol-chloroform 5:1 solutiggH(4.5 +/- 0.2,Ambior) were added to the
samples, that after briefly vortexing, were cenygd 5 minutes 13000 rpm at RT obtaining a
separation between organic and aqueous phase.

- Aqueous phase was recovered and transferrechinew eppendorf, where 300 pL of chloroform
were added to remove phenol and isoamylic aciegs.ac

- Samples were vortexed and centrifuged 5 minud&dQA rpm at RT, at the end of which aqueous
phase was recovered again and transferred in dast\wbe.

- For the precipitation of RNA samples 750 pL obalote EtOH (2.5 volumes compared to the
initial volume of 300 pL) were added to the aquephase, the incubating them for 30 minutes at -
20°C.

- Sample were centrifuged 20 minutes 13000 rpnf@t then absolute ethanol was removed and so
obtained RNA pellets were washed adding 200 pL 5% Avithout vortexing. Centrifuge 20
minutes 13000 rpm at 4°C.

- Ethanol was carefully removed, avoiding to todice RNA pellet, letting evaporate residues but

without excessive dry of the RNA pellet. RNA pedletere resuspended with 10-20 pL.
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3.5.4 Retrotranscription to 1st strand cDNA

Before proceeding with RNA retrotranscription, sd@spwere quantified using Quant-iTRNA

Assay kit (nvitrogen) for use with the QUBIT fluorometer, following manufacturer's instructions

1 pg of quantified RNA was added to the mix reacttomposed by 0.5 pL of random primers (300
ng/uL, Invitrogen, 1 puL of 10 mM dNTPsSigma and sterile water up to total volume of 12 pL.

Samples were incubated 5 minutes at 65°C and tlagegin ice.

After briefly spin, 4 uL of First Strand buffer 5¢nvitroger), 2 uL of 0.1M DTT (nvitrogen and
1 pL of RNase OUT (40U/uL, Invitrogen) were added to every sample, that was so incuksted
25°C (RT) for two minutes.

Finally 1 pL of the SuperScript® Il Reverse Tramgtase (200U/uL)nvitrogen was added to
every sample, the incubating for 1 hour at 50°CyiButes 70°C for inactivation and led to 4°C.

1st strand cDNASs were stored at - 20°C.
3.5.5 Real Time PCR

cDNA samples were diluted in sterile water to perfay-RT-PCR, which mix for every sample
consisted in 1-2 pL (depending on the abundandéefjene) of cDNA, 7,5 pL of IO SYBR®
Green SupermixBiorad), 0.1125 pL of 20 uM forward and reverse primensl a&terile water
totally up to 15 pL. Relative quantification was aeaagainst GAPDH gene, as internal standard
and all the primers (listed in the table below,)3a&re created using Primer3Plus software in
accordance with the sequences of NCBI and Enseathbdses. The 7500 Real Time PCR system
thermocycler Biorad) was used to perform quantitative PCR and all ¢éxperiments were
performed in biological triplicate and technicalptioate. The amplification program was: initial
denaturation step of 5 minutes at 95°C, 40 cycfeS seconds at 95°C, 45 seconds at 60°C for
primers annealing and elongation with fluorescedetection at every cycle, and a final step of
melting curve definition, with a temperature in@ieg of 1°C every 10 seconds from 60°C to
95°C, during which signal was stabilized and flsoence was captured at every step, concluding

with storage at 4°C.
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Gene Primer FOR 5'-3' Primer REV 5'-3'
CD24 GCTCCTACCCACGCAGATTT AGACCACGAAGAGACTGGCTG
CD44 GCAGCAAACAACACAGGGGT GACATAGCGGGTGCCATCAC

Depdcl | TGGGTATTATCTGCCATGAAGTGCCT| AGGTTGCAGCAAGCCCAAAATGT

E-cadherin AAGTGTCCGAGGACTTTGGCGTGG  CAGCCAGTTGGCAGTCTCTCCA

GAPDH TCTCTGCTCCTCCTGTTC GCCCAATACGACCAAATCC
HMGAL1 cds CAGCGAAGTGCCAACACCT CGAGATGCCCTCCTCTTCC
Lefl CGAATGTCGTTGCTGAGTGT GCTGTCTTTCTTTCCGTGCT

Vimentin CCAGCTAACCAACGACAAAGCCCG | TGCGTTCAAGGTCAAGAGTGCCA

Table 3.3 Sequences of primers used for Real Time PCR amlgt human genes in MCF7 stable cell
lines.

3.6 Migration and invasion assay

3.6.1 Migration and invasion in MCF7 stable cell hhes

For migration and invasion assays 24 well PET isseere used (8.0 mm pore siFalcon) and
35000 cells (in quadruplicate) were seeded intarnbkert in DME/F12-HEPES without serum and
antibiotics; the lower chamber was filled with cdetp DME/F12-HEPES without antibiotics, to
favour migration process. After 48 hours cells raigd cells were fixed with PFA 4% and stained
with Crystal Violet 0.5% $igmg in sterile water. For invasion assay matrigelteddilters were
used and 100000 cells were seeded and cells wee dind stained 48 hours after. 9 different areas
for each insert were photographed and cells wenated and data are presented as mean of cells

passed through the transwell after 48 hours + Si2)(n
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3.6.2 Migration in MCF7 inducible cell lines

For inducible MCF7 cell lines, selected clonesHidGAla over-expression and control clones for
pTRE-tight empty vector expression were grown irmptete medium with double antibiotic
selection G418 200 pug/mL - puromycin 300 ng/mL aodditioned with doxycyclineSigma at
the chosen concentration for transwell assay (51800 ng/mL final concentration) for two weeks,
passing cells every 2 days, maintaining selectiod mduction conditions. Control cells (not
induced) have been treated with the same paramietereot adding doxycyclineS{gma to the
medium. Cells were detached, counted and seedddafswell migration assay (72 hours) as just

described for stable cell lines.

Transwell migration assay was also carried outlémsing conditions for HMGAL.

200000 cells of the selected clone were seeded im® plates in complete appropriate medium
without antibiotics, conditioned with doxycyclin® 3g/mL for the induced samples. 24 hours after
seeding, cells were transfected with control SiRiSIETRL) and a siRNA targeting HMGA1 ORF
sequence, called siAl_3 (defined as si_Al in nedatext and figures in Results and Discussion),
using Lipofectamine® RNAIMAX reagentr{vitrogen). After 72 hours of silencing three different
conditions were tested in transwell migration assayl transfected with siCTRL not induced with
doxycycline, cells transfected with siCTRL inducedth 30 ng/mL doxycycline and cells
transfected with si_Al induced with 30 ng/mL doxgkye. Cells were counted and seeded for
transwell migration assay as already describedttle cell lines. The same experiment set up was
carried out for the Western Blot analysis of silagcagainst HMGAL, corrispondent to the
transwell assay (for Western Blot protocol see gaxah 3.3).

SiRNA CTRL (siCTRL) 5-ACAGTCGCGTTTGCGACTG-3
SiRNA 3 human HMGAL1 gene (siAl_3/si_Al) 5-ACTGGABGGAGGAAGAG-Z
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3.7 Cell proliferation assay

3.7.1 MTS assay stable cell lines

MCF7 pool pcDNA3-HA 3 and pcDNA3-HA-HMGAla 2 wekeashed twice with PBS 1X,
detached by trypsinization and seeded at 5000/wells(quadruplicate for each time point and
cellular type, to ensure statistical accuracy efghowth curves) in a 96-well microtiter plate. el
were seeded for different detection points, 24, 48and 96 hours to evidence proliferation curve
of these cells and eventually differences betwa#ardnt cell types analyzed. At each time point
cell growth was examined and measured using CelT&8® AQeos One Solution Cell
Proliferation AssayFromega, adding directly to the cells, after culture mediremoving, 120 uL

of "detection solution” (20 uL of MTS every 100 (of PBS 1X/glucose solution; PBS/glucose
solution: 4.5 gr glucose/L PBS 1X, filtered 0.2 p®&). Cells were incubated for 3 hours in
humidified atmosphere at 37°C, protecting from tighhe samples absorbance was measured
against a background control as blank using a rpiate reader (TECAN) at 492 nm.

The CellTiter 96® AQeous One Solution Reagent contains a tetrazolium comgo|8-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)(2-sulfophenyl)-2H-tetrazolium, inner salt;
MTS] and an electron coupling reagent (phenazihesetifate; PES). PES has enhanced chemical
stability, which allows it to be combined with MT8 form a stable solution. The MTS is able to
reduce the tetrazolium compound to a 490 nm ahbsgriirmazan compound. The absorbance is

directly proportional to the number of living ceiisculture.

3.7.2 MTS assay in inducible cell lines

For inducible cell lines, selected clones wereuwell in complete medium with double antibiotic
selection G418/puromycin and conditioned with dgxchme (Sigma at the chosen concentration

for the assay (5, 30, 1000 ng/mL final concentrgtifor two weeks, passing cells every 2 days,
maintaining selection and induction conditions. €aincells (not induced) have been treated with
the same parameters but not adding doxycyclBignig to the medium. Cells were counted and
seeded at 5000 cells/well for each time point @1, 72 hours) and cellular condition (0, 5, 30,
1000 ng/mL final concentration), in a 96-well mitter plate, maintaining induction condition. At

each time point cell growth was examined and meaisas for stable cell lines.
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3.8 DNA damage induction in MCF7 stable cell linesWestern Blot, immunofluorescence and

colony formation assay
3.8.1 Sample preparation

MCF7 and MCF7 pool pcDNA3-HA_3 and pcDNA3HMGAla-HA were washed twice with
PBS 1X, detached by trypsinization and seeded at0RB cells/35 mm plate. The day after
seeding, DNA damage induction was conducted trgatells with 1 uM of the topoisomerase I
inhibitor Doxorubicin Sigmg in DME/F12-HEPES for 2 hours; after that, treattnmedium was
removed and substituted with fresh one, and dartiagecourse was monitored at different levels
and time points, collecting total lysates (not teela 2, 4, 8 hours after treatment removal) with
Western Blot analyses.

(Explorative experiments were carried out treaM@F7 cells with 10, 50, 100, 300 and 500 nM, 1
MM doxorubicin for two hours and samples were emi##d as total lysates for Western Blot

analyses of-H2AX with specific antibody. )
3.8.2 Western blot analyses for H2AX and-H2AX

Expression levels of H2AX and-H2AX, were analysed in Western Blot, following tlsame
protocol as in point 3.3.3. Details of primary asélcondary antibody are summarized in the
following table, 3.4.

Primary antibody Secondary antibody
Anti-actin b §igmg 1:2000 | Anti-rabbit PeroxSijgmag 1:5000
Anti-H2AX (Millipore) 1:1000| Anti-rabbit Perox igma 1:5000
Anti- -H2AX (Abcan) 1:1000| Anti-mouse Peros{gma 1:5000

Table 3.4 Antibodies used for Western blot analysis in dgenanduction experiments with relative
concentrations.

3.8.3 Immunofluorescence for -H2AX

DNA damage induction was conducted as in pointl3f8r the Western Blot (see also 3.3.3);
MCF7 pool pcDNA3-HA 3 and pcDNA3HMGAla-HA 2 wereashed twice with PBS 1X,
detached by trypsinization and seeded at 250.006/3% mm plate on coverslips for IF. After

damage removal cells were fixed with PFA 4% atedéht time points to detect DNA damage by
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foci formation. Expression levels of-H2AX were analysed by immunofluorescence as in

paragraph 3.4.

Primary antibody Secondary antibody

_ Alexa Fluor 488 (green)
Anti- -H2AX (Abcan) 1:1000 _ _
anti-mouselfvitrogen 1:750

Table 3.5Antibodies used for immunofluorescence analysidamage induction experiments with relative
concentrations.

3.8.4 Colony formation

MCF7, MCF7 pool pcDNA3-HA 3 and pcDNA3-HA-HMGAla 2 were incubated with

doxorubicin at different concentrations for 2 hqusinduce DNA damage (not treated, 0.1 pM,
0.5uM, 1 uM). Two hours later cells were detacheolinted (5000 cells/60 mm dishes) and
reseeded in standard medium (DME/F12-HEPES for M@y DME/ F12-HEPES plus G418 200
pg/mL) in quadruplicate for each condition and well type. Cells returned to incubator for 10
days to form colonies and then fixed with cold naethl 100% for 20 minutes, dried and stained
with 0.5% crystal violet in methanol 25% for 20 miies. After washing with distillate water and

drying, colonies were counted manually.
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3.9 EMT MODELS

3.9.1 MDA-MB-468, cell cultures

The human breast carcinoma epithelial cell line MBB-468 was grown in Dulbecco's
MODIFIED EAGLE'S MEDIUM HIGH Glucose (DMEM/HIGHEuroclong supplemented with 2
mM L-glutamine, 10% Tet free fetal bovine serum t(fiee FBS,Euroclong, penicillin (100
U/mL, Euroclong and streptomycin (100 pg/mlEuroclong. General growth conditions were
described in paragraph 3.1.1.

3.10 EGF stimulation on MDA-MB-468 to induce EMT

MDA-MB-468 cancer cells were washed twice with PB§ detached by trypsinization and seeded
at 350.000 cells/35 mm plate in complete mediunter™®fvo days, cells of exponential growth were
washed once with PBS 1X, starved for serum (0.5%24 hours and stimulated with EGF (rhEGF,
StemCe)l 50 ng/mL for 24 and 72 hours.

3.10.1 Western Blot and Real Time PCR

Cells were harvested as total lysates by adding S&8ple buffer to the cells for Western Blot
analysis (see 3.3) and by adding TRIzol®vitrogen for total RNA extraction and consequently
RNA retrotranscription and Real Time analysis (geaph 3.5). As control, MDA-MB-468 were
treated with CHCOOH 10 mM BSA 0.1%, the solvent in which EGF wasuspended, following
manufacturer's instructions.

Experiments were all done in triplicate; details Wiestern Blot antibodies and Real Time primers
used are listed and summarized in the tables béldwand 3.7 respectively. Cell morphology was

examined and photographed using an optic microscope

Primary antibody Secondary antibody

Anti-HMGAL1 1:500 Anti-rabbit Peroxigma 1:5000
Anti-HMGAZ2 (Sigmag 1:500| Anti-rabbit Perox $igma 1:5000
Anti-actin b §igmg 1:2000| Anti-rabbit Perox $igmag 1:5000

Table 3.6Antibodies used for Western blot analysis in MDAMG68 cells with relative concentrations.
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Gene Primer FOR 5'-3' Primer REV 5'-3'

E-cadherin| AAGTGTCCGAGGACTTTGGCGTGGE CAGCCAGTTGGCAGTCTCTCCA

Fibronectin GGCGACAGGACGGACATCTTT GGCACAAGGCACCATT&AA

GAPDH TCTCTGCTCCTCCTGTTC GCCCAATACGACCAAATCC

HMGAla/b| ACCAGCGCCAAATGTTCATCCTCA | AGCCCCTCTTCCCCACAAAGAGT

HMGA2 AGCAGAAGCCACTGGAGAAA AAGGCAACATTGACCTGAGC

N-cadherin| CATCACAGTGGCAGCTGGACTTG GGCCGTGGCTGTGTGAAAGG

Snail TCCGACCCCAATCGGAAGCCTA | CCAGGACAGAGTCCCAGATGACGA

Twist AGCAAGATTCAGACCCTCAAGC CCATCCTCCAGACCGAGAAG

Vimentin | CCAGCTAACCAACGACAAAGCCCG| TGCGTTCAAGGTCAAGACGTGCCA

Table 3.7 Sequences of primers used for classic and Real PG analyses of human genes in MDA-MB-
468 cells.

3.10.2 Classic PCR

Expression levels of some genes (Twist and Snagljlewtoo low in MDA-MB-468 cells to be
analysed successfully in Real Time PCR. They weranalysed by classic PCR, using as internal
normalizer endogenous GAPDH. Diluted 1st strand ABMere amplified using specific primers
(listed in table 3.7) and GreenTaqg mix 2Rr¢gmega, in triplicates. The PCR program was 95°C
for 3 minutes, followed by 37 (Twist) and 32 cyc(&ail) of 95°C for 30 sec, 60°C for 30 sec and
72°C for 45 sec, and a final elongation step 72°@iiutes and stored at 4°C. Amplification
products were analyzed on 10% polyacrylamide TB&s(T Boric acid - EDTA) gel to obtain a
major resolution of small DNA fragments. PCR praduwere observed at UV transilluminator,
after gel staining in TBE 1X and Ethidium Bromid®& @ug/mL.
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10% TBE Running GeR mL acrylamide/bisacrylamide 29:8i¢gm3g,1.2 mL TBE 5X, 2.8 mL
milliQ water, 80 uL 25% ammonium persulfate (AFSgmMa. Polymerization occurs by addition
of TEMED (5 pL for 6 mL as total volume of the gel)

TBE 10X 890 mM Tris base, 890 mM Boric acid, 20 mM EDT@&,1 Liter with milliQ water.

3.10.3 Immunofluorescence

EGF stimulation was also carried out on MDA-MB-468t were grown on glass slides to perform
immunofluorescence analysis. Expression levels-attih (phalloidin staining, diluted 1:40 in PBS
1X), in comparison to controls (MDA-MB-468 treataith CH;COOH 10 mM BSA 0.1%), were
observed following IF protocol as in paragraph 2kexaFluor594 phalloidin (already conjugated
to secondary antibody AlexaFluor594yitrogen) is a toxin that binds specifically to F-actindiis

and could be directly added to secondary antibotlytisn.

3.11 HMGAL silencing on MDA-MB-468 after EGF exposte

MDA-MB-468 cancer cells were washed twice with PB§ detached by trypsinization and seeded
at 70.000 cells/1 mm plate (24- well) in completedmm. After two days, cells of exponential
growth were washed once with PBS 1X, partially\stdrfor serum (0.5% serum, complete medium
without antibiotics) for 24 hours and transfecteithwcontrol siRNA (siCTRL), and two siRNAs
designed against two different parts of HMGAl semge HMGAL siRNA 1 (siAl_1) and
HMGAZ1 siRNA 3 (siAl_3), using Lipofectamine® RNAiIMAreagent nvitrogen).

After 24h hours silencing, medium was removed agits avere washed once with PBS 1X and
treated with stimulated with EGF (rhEG&temCe)l 50 ng/mL in complete medium for 24 hours,
and corresponding control cells with gEHOOH 10 mM BSA 0.1%. Cells were harvested as total
lysates by adding TRIzol® Ir{vitrogen) for total RNA extraction and consequently RNA
retrotranscription and Real Time analysis (pardg&p).

SiRNA CTRL (siCTRL) 5-ACAGTCGCGTTTGCGACTG-3
SiRNA 1 human HMGA1 gene siAl_1 5-GACAAGGCTAACATCAC-3
SiRNA 3 human HMGA1 gene siAl_3 5-ACTGGAGAAGGAGBKSAG-3
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3.12 NMuMG, cell cultures

The murine mammary epithelial NMuMG cells were gnoin Dulbecco's MODIFIED EAGLE'S
MEDIUM HIGH Glucose (DME/HIGH,Euroclong, supplemented with 2 mM L-glutamine, 10%
Tet free fetal bovine serum (Tet free FBSjroclong, penicillin (100 U/mL,Euroclong and
streptomycin (100 pg/mLEuroclong. General growth conditions were described in giaah
3.1.1.

3.13 TGF- stimulation on NMuMG to induce EMT

NMuMG were washed twice with PBS 1X, detached bypsmization and seeded at 150000
cells/10 mm (24-well plate) in complete medium. Tday after cells were stimulated with
Trasforming Growth Factor (recombinant human TGFL, Peprotech 5 ng/mL for 6 and 30

hours, while corresponding control cells were &datith BSA 0.1% sterile water, the solvent in

which TGF- was resuspended using manufacturer's instructions.
3.13.1 Western Blot, classic and Real Time PCR

Treated and control cells were harvested as tgtatés by adding SDS sample buffer 2X for
Western Blot analysis (see 3.3.1) and by addingz®RI (Invitrogen) for total RNA extraction and
consequently RNA retrotranscription and Real Timalgsis (paragraph 3.5).

Experiments were all done in triplicate; details Wdestern Blot antibodies, classic and Real Time
PCR primers used, are listed and summarized irtables below, 3.8 and 3.9 respectively. Cell
morphology was examined and photographed usingpn microscope.

Primary antibody Secondary antibody

Anti-HMGAL1 1:500 Anti-rabbit Perox§igma 1:5000
Anti-HMGAZ2 (Sigmag 1:500| Anti-rabbit Perox $igma 1:5000
Anti-actin b §igmg 1:2000| Anti-rabbit Perox $igmag 1:5000

Table 3.8Antibodies used for Western blot analysis in NMul@&is with relative concentrations.
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Gene Primer FOR 5'-3' Primer REV 5'-3'
Adam12 TTGTGGGACCAGAGAGGAAC CAGGCTGAGGATCAGGTCTC
Ap2 CCGATCCACTCCTTACCTCA TTGCTGTTGGACTTGGACAG
E-Cadherin AGACTTTGGTGTGGGTCAGG CATGCTCAGCGTCTTCTGT
Fibronectin GAAGTCGCAAGGAAACAAGC TTGTAGGTGAACGGGAGSEC
GAPDH GGGTGTGAACCACGAGAAAT GTCTTCTGGGTGGCAGTGAT
HMGA1 AAGTGCCAACTCCGAAGAGA GAGATGCCCTCCTCTTCCTC
HMGA2 GCCACAACAAGTCGTTCAGA ATCCTCCTCTGCGGACTCTT
Msx1 CAGAAGATGCTCTGGTGAAGG TTGGTCTTGTGCTTGCGTAG
Pax2 CAAAGTTCAGCAGCCTTTCC GTTAGAGGCGCTGGAAACAG
Slug ACATTGCCTTGTGTCTGCAA GATGTGCCCTCAGGTTTGAT
Sox2 AAGGGTTCTTGCTGGGTTTT AGACCACGAAAACGGTCTTG
Sox9 AGGAAGCTGGCAGACCAGTA CTCCTCCACGAAGGGTCTCT
Sox10 GACCAGTACCCTCACCTCCA CGCTTGTCACTTTCGTTCAG
Twist GACTCCAAGATGGCAAGCTG TCCTTCTCTGGAAACAATGACA
Vimentin GACCTTGAACGGAAAGTGGA AGCCACGCTTTCATACTGCT
Zeb2 CGGCCATTATTTACCCAGAA GGCAAAAGCATCTGGAGTTC

Table 3.9Sequences of primers used for classic and Rea PER analyses of murine genes in NMuMG

cells.

3.13.2 Classic PCR

Expression levels of some genes (Twist, Sox2, SoRtldm12, Msx1) were too low in NMuMG
cells to be analyzed successfully in Real Time PORyY were so analyzed by classic PCR, using
as internal normalizer endogenous GAPDH. Dilutetl stsand cDNAs were amplified using
specific primers (see primers listed in table reéato Real Time PCR) and GreenTagq mix 2X
(Promega, in triplicates, as previously described in paspyp 3.10.2, using 40 cycles of

amplification.
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3.13.3 Immunofluorescence

TGF- 1 stimulation was also carried out on NMuMG thatevgrown on glass slides to perform
immunofluorescence analysis. Expression levels-attih (Phalloidin staining) and catenin, in
comparison to controls (NMuMG treated with BSA 0.k¥rile water), were observed using IF

protocol as in paragraph 3.4, antibody detailssmvn in table 3.10.

Primary antibody Secondary antibody
AlexaFluor594
phalloidin (red) (nvitrogen 1:40
Alexa Fluor 488 (green)
anti-rabbit (nvitrogen 1:500

/

Anti -catenin 1:100

Table 3.10Antibodies used for immunofluorescence analysiMuMG cells with relative concentrations.

3.14 HMGAZ2 silencing on NMuMG after TGF- exposure

NMuMG cells were washed twice with PBS 1X, detachgdrypsinization and seeded at 125.000
cells/1 mm plate (24- well) in complete medium wwitlh antibiotics (penicillin/streptomycin). After
one day, cells were transiently transfected withtiad siRNA (siCTRL), and two siRNAs designed
against two different parts of 3'UTR HMGAZ2 genesence, HMGA2 siRNA 1 (siA2_1) and
HMGAZ2 siRNA 2 (siA2_2), using Lipofectamine® RNAiIMAreagent khvitrogen). siRNA were
designed using Block It RNAI Designer tool by Imegen, and their sequences are reported below.
After 24h hours silencing, cells were stimulatedhwiGF- 1 5 ng/mL and corresponding control
cells BSA 0.1% sterile water. After 2 hours stintida with TGF -1, cells were retransfected with
siRNA for 6 and 30 hours. Cells were harvestedota tysates by adding TRIzoln{itrogen for
total RNA extraction and consequently RNA retros@iption and Real Time analysis (paragraph
3.5).

SiRNA 1 murine HMGAZ2 gene (siA2_1) 5-GCAGTGACCGATATTCTT-3'

SiRNA 2 murine HMGAZ2 gene (siA2_2) 5-CCTTCACAGTCAGGTTT-3'

3.15 Statistical analysis
Data were analyzed by a two-tailed Student's t tasl results were considered significant at a p-
value < 0.05. The results are presented as the arehstandard deviation (z SD).
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4. RESULTS AND DISCUSSION

Plasticity of HMGA proteins confers them the cafigbito alter several processes, including
pathological conditions as cancer and processésohgd elicit neoplastic transformation itself, as
EMT. Epithelial to mesenchymal transition, a kegtéa in the progression of a variety of cancers,
is characterized by the conversion of epithelidlsc® motile mesenchymal ones, with increased
capacity of migration and invasion. Several evidsnbighlight the importance of EMT in breast
cancer, as well as HMGA proteins, that have besradl/ associated both to the process of EMT
and the increased metastatic potential of humanmesnepithelial cancers (Reeves et al., 2001).
To clarify the role played by HMGA in the EMT indast carcinomabur laboratory have focused
particular attention in the development of diffedrereast cancer cell lines to reach new insights in
these processes. In particular our laboratory hasdy generated one model, based on the highly
metastatic breast cancer cell line MDA-MB-231, auterized by high malignancy, elevated levels
of HMGAL protein and basal like features (Pegomtral., 2013, see also Introduction). We were
able to efficiently repress the expression of HMGQ#datein using an interfering sequence (ShRNA)
in the inducible MDA-MB-231 cell line, demonstraginthat HMGA1 is required to confer a
transformed phenotype to breast cancer cells, tir@MT/MET processes, and is critical also for
the in vivo metastatic progression. In fact depletion of HMGAduces a dramatic change in the
morphology of MDA-MB-231 cells from fibroblastic tepithelial phenotype, a differentiation in
3D matrigel assay and re-localization of epithetrerkers, in particular acting through Notch and
wnt/ -catenin EMT-signalling pathways. Moreover HMGAlptied cells lose the capability to
form mammospheres, property associated with mameqatielial stem cells, demonstrating a link
between EMT and the gain of epithelial stem cebliperties. All these evidences, here briefly
summarized, suggest us an interplay between EMT/MiBd@ HMGAL in the acquisition of

aggressive features in breast cancer. In Figureaghte relevant results are represented.

62



Results and Discussion

A
siCTRL
si Al
B
2,5
c
S
5 2
2
=3
ey M siCTRL
g 1 Osi Al
S 1]
Q
=
& 05
[F]
o
0

HMGA1 Vim Jagl Hesl Lefl (CD24 (D44 Lif Lifr

Figure 4.1 HMGA1 depletion induces phenotypic and mlecular changes in the MDA-MB-231 breast
cancer cell line. A.Representative images of cells that have beenféeesl with control (siCTRL) and
HMGAL (si_Al) siRNA and stained with phalloidin égn) to visualize F-actin. Immunofluorescence for
catenin (red). Nuclei are stained with Hoechat€hl We observed a reorganization of the actinskgleton

in which F-actin was arranged in a cortical patt@ecompanied by a relocalization etatenin from the
nuclei to cell-cell contacts (Pegoraro et al., 20B3 An overview of several genes, after HMGAL silegcin
(grey bar), measured by Real Time PCR. We can wbsttre regulation of EMT-inducing signalling
pathways, including those of Wnttatenin (Lefl) and Notch (Jagl). Expression wasnalized to the
levels in MDA-MB-231 cells that have been transéectvith control siRNA (siCTRL). GAPDH was used as
internal control. The data are represented as danm+ SD (n=3) (Pegoraro's data).

4.1 Development of MCF7 cellular system for HMGAL xpression

Based on these knowledge, in parallel with the aiale system in MDA-MB-231 cells for the
depletion of HMGAL1 protein, we have developed oekutar model, stable for the over-expression
of HMGAL using the breast cancer cell line MCF7dexiphering the role played by HMGA in the
EMT in breast carcinoma. Evidences from the indec#ystem in MDA-MB-231 breast cancer
cells suggest a key role of HMGAL in the mesencHymapithelial transition, whereas the reverse
process of epithelial to mesenchymal transitionlacdae confirmed and elucidated in the over-
expressing system. The human mammary epithelial M&H line differs both for malignancy and

HMGA1 expression from MDA-MB-231, being charactedzby reduced metastatic potential and
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low levels of HMGAL, confirming the correlation beten amount of endogenous HMGA1 and
tumourigenic potential. MCF7 cell line is oestrog&R’) and E-cadherin positive and subtyped as
luminal A, retaining many of the biochemical andepbtypic features of normal mammary
epithelial cells. It is typically low grade, weakproliferative and invasive cell line, displaying a
very ordered monolayer sheet composed by polygshegbed cells; it has a reduced ability to grow
in soft agar, is non invasive in matrigel assays does not form tumours in nude mice (Planas-
Silva et al., 2007, Reeves et al., 2001). Thus ME&#lis are well considered as a model of "luminal
A" breast cancer, that have been shown to undeil® Ehanges in response for example to
oestrogens (Planas-Silva et al., 2007) but alsesponse to over-expression of HMGAL (Reeves et
al., 2001).

MCF7 cells were transfected with pcDNA3-HA emptycte as control and pcDNA3-HA-
HMGAL. Positive cells were selected by adding Gat#ibiotic to the culture medium at the
selection concentration of 1.5 mg/mL, resistaneemiby the pcDNA3-HA vector itself. At the end
of the selection phase we obtained five distinailpdor every kind of transfected plasmid: stable
MCF7 pcDNA3-HA empty vector 1-2-3-4-5, for simpdétion defined in Figures and text as
MCF7_empty vector and stable MCF7 pcDNA3-HA-HMGA1-2-B-4-5 defined as
MCF7_HMGAL, respectively. Every pool was checked HMGAL expression by Western Blot
analyses using both specific anti-HA and anti-HMG#&dtibody, also to monitor the HMGA1
levels obtained in comparison to untreated MCF7 BHoA-MB-231 cells, as HMGAL levels
reference points. Every HMGAL transfected pool €l@to 12) is able to efficiently express the
protein under the control of the strong CMV promatarried by pcDNA3-HA vector, that alone is
not able to express any transfected protein proface 3 to 7), as expected (Figure 4.2, panel A).
Using anti-HMGAL specific antibody we can both rgezed endogenous and transfected protein,
which differ from each other for few aminoacidsreadt by the fusion with HA-tag. Expression
levels of the transfected HMGAL are intermediateeispect to MDA-MB-231 ones (lane 1), while
endogenous levels, corresponding to the lower baredmaintained similar to the MCF7 untreated
cells (lane 2) for all the generated pools. Analggoesults are shown in Figure 4.2 panel B in
Western Blot analyses using anti-HA specific ardijgowhich is able to recognize the transfected

protein (lanes from 6 to 10). Actin was used asrimdl normalization.
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Figure 4.2 Expression of HMGAL protein in MCF7 stablecell lines. A. Expression levels of HMGA
protein in MCF7 cells transfected for empty vec(pcDNA3-HA, corresponding to MCF7_empty vec

lanes 37) and for HMGA1l (pcDNA-HA-HMGAL, corresponding to MCF7_HMG/ lanes 8-12)
compared to MDA-MB231 and MCF7 cells (lane 1 and 2 respecti. Western Blot was performed usi
anti-HMGA1 specific antibodyB. Expression levels of HMGA1-HArotein in MCF7 cells transfected 1
empty vector (lanes 3} and for HMGAL lanes 610). Western Blot was performed using -HA specific

antibody, actin was used as internal normalize

HMGA1 expression irstable cell lines was also monitored by immunofiscence using a-HA
tag specific antibody and representative imageslaogn in Figure 4.3. Expression of HMGA1
red) is detectable in the majority of the cellsmdastrating an appreciable homocity and a
specific nuclear staining. As expected any sigisaldetectable in pcDNAHA empty vector

transfected cells.
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Figure 4.3 HMGAL1 expression levels by immunofluoresnce. Representative immunofluorescence
analysis of MCF7_empty vector and MCF_HMGA1 poaolsing specific antibody directed against anti-HA
tag. In red it is appreciable HMGA1-HA expressiatyan stable cell lines for HMGAL, as expected.ciii
are stained with Hoechst (blue).

4.2 HMGAL1 over-expression influences EMT markers ad signalling pathways

Once demonstrated the efficient expression of HMGodtein in the MCF7 cell line, we have
performed some experiments for the molecular artlilae characterization of the model, to
identify possible changes induced by HMGA1 overfregpion. Based on the similar levels of
HMGAL expression detect by Western Blot and immluaréscence comparing every pool to each
other, we decided to focus our attention and perfexperiments on one pool for empty vector and
one pool for over-expression of HMGAL1 (pool pcDNA2: 3 and pcDNA3-HA-HMGAL1 2,
respectively). First of all, basing also on theulessof HMGAL silencing model in the MDA-MB-
231 cells, we have performed several Real Time BQ&Ryses to assess expression levels, and their
eventual variations, of particular EMT markers campg HMGAL over-expressing cells and
control ones, focusing our attention also on gemesulted to be of particular interest in the
transcriptional profile analysis of MDA-MB-231 cellin the presence or absence of HMGA1l
(Pegoraro et al., 2013). From Figure 4.4 panel Acae observe an increased level of HMGAL
encoding mRNA in the stable over-expressing poobgnficming Western Blot and
immunofluorescence results in respect to contrtéis,c&ansfected for empty vector and MCF7
untreated cells. The epithelial marker E-cadheg@nss not to be differentially expressed between
the control and HMGA1 over-expressing pools, alttowith a tendency to down-regulation, while

we can observe a significant up-regulation of thgression of mRNA encoding the mesenchymal
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marker Vimentin (panel B). Furthermore we have ys&d mMRNA enconding CD24, CD44 and
Lefl genes (Figure 4.4 panel B), known to be ingdhin the processes related to EMT and
formation of stem cells. As mentioned in Introdanti the antigen cell surface phenotype
CD44'/CD24 is commonly associated to basal-like or mesenchj@adures, and importantly also
with mammary progenitor cells. Lefl is one of thegulatory element of the-catenin/Wnt
signalling pathway that cooperate in a complex witatenin and operate as coactivator to sustain
EMT and stem properties, as already analysed imetherse model of HMGA1 depletion in MDA-
MB-231 cells. As we can observe in graphs in Figd# panel B, the "mesenchymal’ genes
(CD44, Lefl) directly positively correlate with HMK3. over-expression confirming the direct link
between HMGAL over-expression and gain of EMT feeguCD24 "epithelial” gene, as expected,
tends to be down-regulated (although not statigficsignificant) in respect to controls when
HMGAL1 is over-expressed. Besides these moleculangés we do not relieve a morphological

change towards a mesenchymal status nor F-actislatieton reorganization (Figure 4.5).
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Figure 4.4 mRNA expression analysis of HMGA1 and ENMl markers in MCF7 stable pools. A.
Expression levels of mRNA encoding HMGA1 gene waeasured by Real Time PCR in MCF7 (light grey
bar), MCF7 cells stably transfected for empty ve¢tpey bar) and in HMGAL over-expressing onesdbla
bar). Expression was normalized against MCF7 céllSPDH was used as an internal control. The dada ar
represented as the means + SD (nB3Expression levels of mMRNA encoding E-cadherin (B}c¥imentin
(Vim), DEPDC1 (DEPDC1), CD44 (CD44), Lefl (Lefl)cdakD24 (CD24) genes were measured by Real
Time PCR in MCF7 cells stably transfected for emygtor (grey bars) and in HMGAL over-expressing
ones (black bars). Expression was normalized ag®iG$7 cells. GAPDH was used as an internal control
The data are represented as the means + SD (n=3)for Vimentin).

These results seem to reflect a (pre)-malignamisteamation condition in which epithelial cells
devoid of dramatic morphological changes and maaritseir polarized epithelial phenotype, only
starting to modify molecular networks. In a furttstep, a variety of molecular factors are able to
induce total EMT which leads to dramatic architegltichanges and reprogramming of regulatory
networks involved in epithelial homeostasis (Gotamat al., 2004).We have also analysed mRNA
encoding DEPDC1 gene (Figure 4.4, panel B), knownbé strongly associated with the
microtubule network and involved in the cytoskdlet@anisation. Indeed we already demonstrated
that DEPDC1 is able to rescue the effects of HMG&ncing on migration. In our system
DEPDC1 seems not to be influenced by HMGA1 overesgion. Not all molecular changes in
epithelial to mesenchymal transition could be imadaly observed, but migration and invasion
capabilities as single cells are considered funelionarkers of EMT (Yang and Weinberg, 2008)

and have been further analyzed.
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Figure 4.5 HMGAL over-expression does not induce @motypic changesRepresentative images of
MCF7 cells stably transfected for empty vector (MMCE&mpty vector) and HMGAL over-expressing ones
(MCF7_HMGAL1), stained with phalloidin (red) to valize F-actin cytoskeleton. Immunofluorescence

for -catenin (green). Nuclei are stained with Hoe¢blste). We do not relieve a morphological change
towards a mesenchymal status nor F-actin cytoskeleiorganization in HMGAlover-expression condition

4.3 Migration and invasion capabilities are enhana® by HMGA1 over-expression and its
modulation

A complex series of physical and cellular eventgegrise to the "EMT program”, in which
epithelial cells gain increased motility and invasiess by disassembly of cell-to-cell contactss los
of cell polarity, cytoskeletal reorganization witletachment from neighboring cells and finally
migration in the adjacent tissues. To evaluate rthgration and invasion capacities given by
HMGA1 over-expressionn vitro, we have performed transwell assays, in contrdls cand
HMGA1 over-expressing ones. HMGA1 over-expressiagnicantly increased migration
capabilities by at least 40% in respect to cortedls (Fig. 4.6 panel A), and invasion resultedeo
duplicated (100%) in respect to control cells (ffeg4.6 panel B). We can sustain that HMGAL is
able to enhance malignant features, typical of @thelial to mesenchymal transition, sustaining

migration and invasion processes.
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Figure 4.6 HMGAL1 over-expression enhances transforation features in breast cancer cells. A.
Transwell migration assay in MCF7_empty vector t@F7_HMGAL stable cell lines. 9 different areas for
each insert were photographed and cells were coubtata are presented as mean (percentage) of cells
passed through the transwell after 48 h £ SD (. B 4Transwell invasion assay of the same cells shown in
panel A. Data are presented as mean (percentage)l®fpassed through the transwell after 48 h {1$B

4). Representative images of a part of transwelh@rare shown in correspondence of every condition
beneath the graph.

Beside the stable system in MCF7 cells we have talken advantage of the development in the
same human breast cancer cell line (MCF7) of amdiude system for the over-expression of
HMGAL. In this way we have been able to finely miatier HMGAL expression and monitor some
aspects seen in the stable cell lines, in particalanigration. We have developed a model based on
Tet-inducible system (Tet-On Advanced Inducible &é&xpression System, Clontech), which is a
tightly regulated and highly responsive system thatduces robust expression of our gene of
interest in target cells, in response to the systelacer, i.e. doxycycline. The general strateggdus
to produce our Tet-On Advanced Inducible Expres$Sgstem in target cells, has constituted by
different steps here schematically summarized. MG#8 have been transfected with the pTet-On
Advanced plasmid (which contains a TetOn advancadsactivator) and selected with G418 to
generate a stable Tet-On Advanced cell line. 3@lsiclones have been picked, expanded and
screened for inducibility; after this screening wieose the best clone on the basis of Tet-On
Advanced transactivator expression level. The stdbt-On Advanced MCF7 cell line so obtained,
was then transfected with TRE-base vectors to ergat inducible cell lines: one corresponding to
pTRE-tight-HA vector itself as negative control amke corresponding to pTRE-tight-HA-HMGA1
vector, co-transfected with the linear marker puyoim After double antibiotic selection for
transfected cells (G418-puromycin), 24 clones f@rg kind of transfected TRE-based vector, were
picked and screened for HMGAL expression by WesBlaot after induction by doxycycline at
1000 ng/mL. Indeed once a vector containing a génnterest under control of a Tet-responsive
element (i.e, TRE-tight) is transfected into a ©et-Advanced cell line, through the binding of
regulatory elements, there is the activation of gee@e of interest (HMGAL in our case) in the
presence of doxycycline in a highly dose dependaatner. After the selection we have chosen for
every kind of obtained cell line, two of the bekines in terms of comparable HMGAL expression
levels, morphology and growth rate for HMGA1 ovapeession and two clones inducible for
pTRE-tight-HA only as negative control, to comppossible variability between clones. First of all
we have tried to modulate the expression of HMGAfter induction with different gradually
concentrations of doxycycline in a dose dependeamter to reach a level of HMGAL protein
expression, comparable with that of highly metaststDA-MB-231 cell line as reference. As we

can observe in Figure 4.7 we are able to modula¢eeixpression of HMGAL1 using different
71



Results and Discussion

concentrations of doxycycline, ranging from 0 td@Mg/mL as shown in panel A, and mov
also to a more restricted range in panel B (frono 0 ng/mL doxycycline). By Western BI
analyses using specific amiMGAL antibody,we have considered as (mal concentration 30
ng/mL doxycycline (lane & of panel A and 1-11 of panel B, respectively) in comparison
MDA-MB- 231 cells (lane 1 of both pane. HMGAL expression levels induced by concentrat
of 50, 100 and 1000 ng/mL seem to exceed the HN levels in respect to MD-MB-231 cells,
whereas lower concentrations of doxycycline (118,ng/mL) give amount of HMGAL1 that &

below theexpression levels of our reference cell |
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Figure 4.7 Modulation of the expresion of HMGA1 protein after induction with doxycycline. A.
Expression levels of HMGAprotein ir an inducible MCFZlone, at different doxycycline concentratic
(0,1,10,30,100,1000 ng/mL) in comparison to MV-MB-231 cells (lane 1). Western Blot wperformed
using antiHMGAL specific antibody, actin was used as internafmalizatiorB. Expression levels of
HMGAL protein in an inducibleMCF7 clone, at different doxycycline concentrations (5,10,30,5(
ng/mL) in comparison to MDA4B-231 cells (lan€l). Western Blot was performed using -HMGAL1
specific antibody, actin was used as internal némaigon.
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On this basis to evaluate the migration capacigeen by HMGAL ovel-expression we have
performed, as for stable cell lines, transwell gss& not induced cells and cells induced w
different concentrations of doxycycline, in partemu0, 5, 30 and 1000 ng/mL to cover possibly
the HMGAL levels checked before by Western Blotiyses. We have confirmed the same dat
two different clones oveexpressin HMGAL, after two weeks of induction. The resulte
hereafter shown for one representative clone, ddfin Figures as MCF7A1 inducible clone.
reported in Figure 4.8 panel A, by Western Blotlgses using specific antibodiewe can
appreciate the modulation of HMGA1 expression wdifierent concentration of doxycycline
comparison to the MDA-MB231 cell line, confirming theesults obtained in the initial Weste
Blot analysesin panel B of Figure 4.8 we can observe, in thaswell migration assay, that fi
low concentrations (5 and 30 ng/mL) migration bedsain a HMGA1 dose dependent mani
whereas surprisingly at the dose of 1000 ng/mL ctvlexceeds MD-MB-231 expression level
migration result to be slowed in compariscoth with control cells but also with other inducti
conditions. Cells, in particular, migrate to a reghand significant level mostly at 30 ng/n
concentration that we have considered the mostasito MDA-MB-231.
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Figure 4.8 Migration capabilities are influenced ina HMGAL dose dependent manner in a MCF7
inducible cell line. A. Expression levels of HMGAL1 protein in an inducidCF7 clone, at different
doxycycline concentrations (0,5,30,1000 ng/mL, $a@e5 respectively) in comparison to MDA-MB-231
cells (lane 1). Western Blot was performed usintirldMGAL specific antibody, actin was used as ingdr
normalization B. Transwell migration assay at different doxycyclasmcentrations (0,5,30,1000 ng/mL) in
an inducible clone for HMGAL over-expression. Yalént areas for each insert were photographed and
cells were counted. Data are presented as meare(page) of cells passed through the transwelt 48eh

+ SD (n = 3).

To control our data we have also carried out thmes&ranswell migration experiment also in a
MCF7 control inducible clone (i.e. transfected wempty pTRE-tight vector), to exclude the
possibility that doxycycline itself could enhancégration capabilities. As reported in Figure 4.9
panel A, by Western Blot analyses using specifitbadies, we do not relieve as expected any
protein expression at every induction conditiondué& 5, 30, 1000 ng/mL). In panel B of Figure
4.9 we can observe, in the correspondent transwigltation assay, that cells migrate in a very
similar manner at every tested condition confirmiingt migration is not influenced or increased by

doxycycline but it is only HMGAL1 dose dependent.
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Figure 4.9 Migration capabilities are not influence& or enhanced by doxycycline. AExpression levels
of HMGAL1 protein in a control inducit MCF7 clone, at different doxycycline concentrations §0,30,
1000 ng/mL, lanes 1-4 reggively). Western Blot was performed using -HA specific antibody, actin we
used as internal normalizatio®. Transwell migration assay at different doxycyclioencentration
(0,5,30,1000 ng/mL)9 different areas for each insert were photograjand cells were counted. Data
presented as mean (percentagfe)ells passed through the transwell a48 h + SD (n =3

Moreover we have further confirmed the enhancingyration capability of HMGALl ov«
expression at the dose induced by doxyne at 30 ng/mL in silencing experiments, demonsig:
that this effect was strictly dependent on HMGAddded cells were transfected with a con
siRNA (si_CTRL, designed against not eukaryoticuseges) both in induced and not indu
conditions withdoxycycline, and with a siRNA designed against HMiG#equence (si_Al),

induced conditions. As shown in representative msagf transwll migration assay in Figure 4.
panel A, cells induced by doxycycline at 30 ng/mut tsilenced for HMGAL, reducecheir

migration capabilities at a level similar to comicells (transfected with si_ CTRL and not induc
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white bar) whereas HMGAL over-expressing cells G3iRL, induced at 30 ng/mL) maintain
migration capabilities as expected. In Western Blwlyses in Figure 4.10 panel B we observed the
correspondent down-regulation of HMGAL after siiegc(lane 3) in respect to control condition
(lane 2).
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Figure 4.10 HMGAL silencing reduces migration capalbties. A.Transwell migration assay in an
inducible clone for HMGAL over-expression, trangéecwith si CTRL and si_Al and induced with 30
ng/mL doxycycline. 9 different areas for each ihseere photographed and cells were counted. Daa ar
presented as mean (percentage) of cells passedythtbe transwell after 48 h + SD (n = B).Expression
levels of HMGAL-HA protein in the inducible MCF7arle, after silencing with siCTRL and si_Al, at 30
ng/mL doxycycline. Western Blot was performed usangi-HA specific antibody, actin was used as imabr
normalization.
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4.4 HMGA1 moderately influences proliferation rate

One of the most fundamental traits of cancer aslithe ability to sustain chronic proliferation.
Normal tissues finely control production and rekea$ growth-promoting signals for the entry and
progression through the cell growth-and-divisiortley ensuring homeostasis of the cell number
and its maintenance. Cancer cells deregulate tkagwls, influencing and altering cellular
signaling pathways that control the progressioonugh the cell cycle as well as cell growth. These
signals could influence also others cell propert@esl function, i.e. apoptosis, senescence or
activation of proto-oncogenes that could influertbese processes by disrupting mechanisms
involved in attenuating proliferative signals (Haaa and Weinberg, 2011). To test eventually
proliferative rate differences between HMGA1 ovep@ssing cells and control ones in stable cell
lines, we perform cell proliferation assay, seedu@®0 cells/well in quadruplicate for each time
point and cellular type. Cells were seeded foreddht detection time points, 24, 48, 72 and 96
hours to evidence proliferation rate (Fig. 4.11) @ each time point cell growth was examined
measuring the samples absorbance against a baokigcouatrol as blank, using a microplate reader
(TECAN) at 492 nm (see Matherial and Methods fart@eol details).The absorbance is directly
proportional to the number of living cells in cuktu From the graph in Figure 4.11 we can observe
a general similar proliferation behaviour betwedre ttwo cell types, although moderate
proliferation differences are observable, in pattc at 48 hours in which HMGAL over-expressing
cells proliferate more than control cells. At 721&@6 hours cells tend to diminish in general their
replication rate in response to confluence, althoag 96 hours a significant difference in
proliferation rate is present. Thus we can conclind® HMGAL could influence only moderately
proliferation rate in this over-expressing systesmowing similar behaviour in cells stable
transfected for HMGAL or empty vector.
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Figure 4.11 Proliferation curves.These data are represented as the means = SD @btdjned from
MCF7_empty vector and MCF7_HMGAL representativelfpdbis appreciable a slightly moderate increase
in proliferation rate of HMGAL over-expressing eell

Similar results have been obtained also with theFvICell line inducible for HMGAL. To test
eventually proliferative rate differences betweel AL inducible cells at different doxycycline
concentrations, we have performed cell proliferagssay, seeding 5000 cells/well in quadruplicate
for each chosen time point (24, 48 and 72 hourd)daxycycline induction (0, 5, 30, 1000 ng/mL).
Cells were seeded for different detection points aineach time point cell growth was examined as
for stable cell lines. In Figure 4.12 we can obeethat also at different induction conditions with
doxycycline, proliferation rates are not strongiffuenced, but have maintained similar behaviours.
These results elucidate also more in detail whahaee observed in the transwell migration assay.
Indeed cells are able to proliferate in a similanmer in all the induction conditions here tested,
including 1000 ng/mL, which result to affect negaty migration in the transwell assay. This data
demonstrate that this induction condition doesimgiair proliferation but only migration capacities
that therefore are affected only by HMGAL1 expreasdievels and not by different proliferation

rates.
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Figure 4.12 Proliferation curves of HMGA1 inducible MCF7 cell lines. These data are represented as the
means = SD (n=4), obtained from MCF7 inducible elofor HMGAl at different doxycycline
concentrations, i.e. 5, 30, 1000 ng/mL and not @eduas control (ni). All tested conditions presesimilar
tendency.

4.5 HMGAL1 influences DNA damage response

One of the crucial steps in carcinogenesis is #i&impairment of one or more DNA repair
systems, considered one of the best defencesdlmhave to counteract neoplastic transformation.
DNA repair impairment or squilibrium could favouermpmic instability and mutability conferring
selective advantage to some cell subclones, empliheir growth and eventual dominance
(Hanahan and Weinberg, 2011). Different evidenagsetate HMGA with DNA repair inhibition
(Reeves and Adair, 2005; Baldassarre et al., 2G@B)tributing to the genetic and chromosomal
instability often found in cancerous cells that xpress these proteins. Indeed there are some
evidences for a role of HMGA in DNA repair processuencing the cellular DNA damage in
different manner depending on the involved DNA repaathways and biological context
considered. The human genome is constantly undsulisfrom external and internal agents,
generating tens of thousands of DNA lesions peridaach human, with the most deleterious of
these lesions being the DNA double strand brealB{DBnpaired or misrepaired DSBs can result
in senescence, apoptosis or chromosomal aberratiohsling translocations and deletions. These
chromosomal aberrations are associated with genamsi@ability and can ultimately result in

carcinogenesis (Davis and Chen, 2013).
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First of all wehave found a useful condition to generate, throthgh use of topoisomerase
inhibitor doxorubicin induction of DNA double strand breaks. On theidasd our laboraton
practice with doxorubicin and on literature referes, we have performed different dam
induction with doxorubicin first of all in basal M&Z cells, using concentration ranging fi 10 nM
to 1 uM, maintaining as constant damage induciioe point of two hours. To detect the effice
of our treatment we have performed Western Blotiamdunofluorescence analysis by recogniz
phosphorylation of H2AX histone at the level of iBer139, known as-H2AX. Histone H2AX is
one of the major variant of the core histone H2Ad #@s peculiar feature is a highly conser
serine residue located near COOH terminus, whichp&ly phosphorylated upon the exposurt
cells to DNA damage (Rogak et al., 1998). Indeec-H2AX is considered a marker of DN
damage and DNA double strand breaks and is magsplebsphorylated in the chroma
surrounding DSBS, also categorized as nuclear éoigjinated by different forces including exter
damageyeplication fork collision, apoptosis and dysfupnail telomeres (Fernanc-Capetillo et
al., 2004). In Figure 4.13 panel A we observe aasgntative image of damage inductior
different doxorubicin concentrations, ranging fratto 500 nM concenttion, in which treatmer
at 100, 300, and 500 nM show the maj-H2A.X increase (lanes @}. From these results we mc
to the concentrations of 500 nM and 1uM, to setasjble time course experiment to obse
which is the best concentration also irms of damage recovery after treatment removalmF
these analyses we decided to choose 1 uM (la-7, panel B), because able to induce a st
increase in -H2AX signal but also a good capacity of recovery8ahours after doxorubici

removal in compason to not treated cells as showed in Figure pdriel B.
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4.13 Damage indation with different doxorubicin concentrations. A.Expression levels iIMCF7 cells of
-H2AX in Western Blotanalyses using specific antib«. Cells have been treated with doxorubicin fc
hoursat different concentrations, from 10 to 500 nM @ari-6), in comparison to not treated ones (lan
NT). B. Expression levels iMCF7 cellsof -H2AX in Western Blotanalyses using specific antibc. Cells
have been treated with doxorubicin for 2 hiat 500 nM and 1 pM (lanes£fand -7 respectively), and
lysates have been collected at different time godaiter treatment removal (not tree-0-2-8 hours);actin

was used as internal normalization.

In Figure 4.14 we can observe by representativg@sathe confirmation of the obtained dam
induction, by immunofluorescence analyses. Indeedan detect similar-H2AX foci formation
(green) both for MCF7_empty ctor and MCF7_HMGAL cells in respect to not treatetls (NT),
in which the damage signal is undetectable as ¢apeCells were exposed to 1 pM doxorub
and fixed at different time points after treatmeamoval. In Figure 4.14 we observe sig

detection at 2 hours after treatment removal. Nucleiensgained with Hoechst (blu
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MCF7_empty vector MCF7 HMGAL1

Doxorubicin 1 pM Doxombicin 1 pM

Figure 4.14 Expression levels in MCF7_empty vector and MCF7_HMGcells of -H2AX in
immunofluorescence analyses using specific antilfgdsen), exposed to 1 uM doxorubicin at 2 houtsraf
treatment removal in respect to not treated cBIl) (Nuclei are stained with Hoechst (blue).

Starting from all these setting experiments we hasdormed complete damage induction with 1
MM doxorubicin in MCF7, MCF7_empty vector and MCHMGAL cells. In Figure 4.15 we can
observe the result in Western Blot analysis f&612AX (in respect also to total H2AX) of the time
course experiment for control cells and HMGA1 oegpressing ones (MCF7 cells are similar to
control cells, as expected, data not shown). Gediee treated for two hours and after treatment
removal damage was monitored at different time tsof{not treated, 2, 4, 8 hours after treatment

removal).
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Figure 4.15 Expression levels of -H2AX and basal H2AX protein after damage induction by
doxorubicin. Expression levels in MCF7_empty vector and MCF7_HMGstablecell lines, of -H2AX
and basal H2AX performed B¥estern Blc analysis using specific antibodies. Cells have liesated witt
1 uM doxorubicin for 2 hours and lysates have bm#iected at different time points after treatmearhoval
(not treated-2-4-8 hours actin was used as internal normaliza

As we can see from lane 2 and 6 at 2 hours agetrtrent removal, compng the maximum of
damage obtained, it seems that control cells an@&GAMove-expressing, present similar respo

to damage induction, although at 4 and 8 hourdestadool for HMGA1L (lanes 7 and 8) indicate

slightly better recovery of DNA damage in pect to control cells (lanes 3 and 4), comparin

internal normalizer as total H2AX and actin. In geal we can conclude that we have obtai

similar damage induction both for MCF7_empty vecaod MCF7_HMGAL cells, but HMGA

over-expressing cells seeto respond better in terms of recovery, to DNA dgenanduced b
doxorubicin.

Based on this, to evaluatwentually functional responses to DNA damage itidadn our stable
HMGA1 overexpressing systerwe have investigated the capabilitysiarvive an form colonies,
after DNA damage, by colony formation asseMCF7 cells, MCF7_empty vectorand

MCF7_HMGA1 were incubated wit doxorubicin at different concentratis, chosen on the ba:

of previous results in Western Blot, for 2 hoto induce DNA damaggot treated, 0.1 uM, 0.5ul

and 1 uM). Two hours later cells were detached,ntali and reseed at low density in
guadruplicate for each condition and cellular ty@ells returned to incubator for 10 days orm

colonies, then fixe@nd stained with 5% crystal violet and counted manualln Figure 4.16 we
can evaluate the results obtained by 0.5 uM andildpxorubicin treatment, data at the low

concentration of 0.1 uM are not reported, becaedls are nearly insensitive to this concentra
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and quite similar to untreated cells as responisst 6f all we have detected that control cellsghbo
MCF7 and MCF7_empty vector, display the same behavin terms of number of colonies
formed, as expected. Moreover we can observe tl@etis a clear advantage in survival in
HMGA1 over-expressing cells, because able to formmagor number of colonies in respect to
control cells. Results are graphically summarizedhie histogram in Fig. 4.16 panel B. Damage
induction at 0.5 uM doxorubicin shows an enhancsurvival of HMGAL1 over-expressing cells,
result consolidated by increasing doxorubicin comegion at 1 uM, where MCF7_HMGAL1 cells
manifest an increment of 50% in the number of graaionies, in respect to control cells as shown
in the graph (12 colonies/émversus 6 colonies/cmas mean, respectively). We have so
demonstrated, on the basis of a equal damage HM&A1 expressing cells are able to form a
significant higher number of colonies in respect dontrol cells, after damage induced by
doxorubicin treatment suggesting that HMGA1 ovepression could confer a survival advantage
to the cells, in accordance also with the betteovery response observed by Western Blot analyses
of -H2AX.

A
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Untreated doxorubicin doxorubicin
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Figure 4.16 Colony formation assay. AMCF7, MCF7_empty vector and MCF7_HMGAL were treated
with doxorubicin to induce DNA damage (not treat@d®, uM and 1 uM). After ten days cells were fixett
stained with 0.5% crystal violet and countBdThe result is graphically shown in the histograste mean
number of colonies/cfit SD (n=4).

We have interestingly observed and confirmed, speet to MDA-MB-231 model for HMGA1
depletion (Pegoraro et al.,, 2013), that over-exgoes of HMGA1 could confer typical
tumourigenic features as increased migration, ilovagand also resistance to DNA damage in
respect to control cells which do not express heytels of HMGAL protein confirming the role

played by these factors in the acquisition of aggjke features, also by EMT processes.
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4.6 Development of other EMT models

In parallel with HMGA1 over-expressing model we daleveloped other two cellular EMT models
to investigate the role of HMGA proteins in bremshourigenesis and EMT. The first one is based
on the human breast carcinoma epithelial cell MiBA-MB-468 by EGF stimulation, and the
second one on the murine mammary epithelial NMuM{& by TGF- treatment.

Epidermal growth factor receptor (EGFR) is oneheaf key factors in epithelial malignancies and its
aberrant activity enhances tumour growth, invasiod metastasis. EGFR is a member of the ErbB
family of tyrosine kinase receptors that transmdrawth-inducing signal to cells that have been
stimulated by an EGFR ligand (e.g. EGF) (Hynes &ade, 2005). Less in known about its
involvement in Epithelial Mesenchymal Transitiondagarly events that occur during metastasis
formation in cancers of an epithelial origin, indilig breast cancer. It is reported that EGFR is abl
to induce, after EGF treatment, an Epithelial Mebgmal Transition in the human breast
carcinoma epithelial cell line MDA-MB-468, via upgulation of Twist, one of the EMT master
regulators (Lo et al., 2007). Other more recentlisti suggest how EGF signalling functions in
concert with the process of EMT to facilitate tumoall invasion and dissemination (Balanis et al.,
2013).

4.7 EGF exposure induces transition from an epith&l to mesenchymal phenotype in MDA-
MB-468

We decided to develop and characterize this EMTehtmlinvestigate the possible role of HMGA
proteins, never been depicted in this kind of EMElludar system. The human breast carcinoma
epithelial cell line MDA-MB-468 is categorized asadal-like subtype and grape like-class
morphology in 3D culture, forming colonies with poeell-cell contacts, but retains an epithelial
morphology, is Vimentin negative, EGFR positive andharacterized by low grade invasiveness
(Kenny et al., 2007; Blick et al., 2008).

MDA-MB-468 cancer cells were seeded and after twagsd cells of exponential growth were
starved for serum (0.5% final concentration) foriurs and stimulated with EGF 50 ng/mL for
two time points, 24 and 72 hours. After EGF treatm®MDA-MB-468 lose their epithelial
morphology, gaining mesenchymal-like features vétbngated shape and disorganized structure
typical of transformed cells, visible both at 241af2 hours in comparison to control cells as we can
observe in Figure 4.17.
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- EGF +EGF

24h

72h

Figure 4.17 Morphological changes in MDA-MB-468 céd after EGF exposure.Representative pictures
illustrating morphological changes towards a melsgmal phenotype both at 24 and 72 hours after EGF
exposure at 50 ng/mL. The scale bar represent$/b60 p

Consistent with the phenotypic observations in F@gd.17 we have performed, fluorescence
microscopy analyses detecting, by Phalloidin stgjrthat specifically binds filamentous actin, F-
actin cytoskeleton relocalization in particulareaff2 hours of EGF treatment. We observed (Figure
4.18) a reorganization of the actin cytoskeletonvinich F-actin "moves” from a cell-cell contact
and cortical pattern of the control cells to a dismized pattern with formation of stress fibers of
the EGF treated cells, typical of cells that loserafilament organization and gained pro-invasive
features, detaching from the other neighboringscatid from the substrate. As already mentioned in
Introduction, adhesion of cell epithelia involvée tactin cytoskeleton in each of the joined cedls a
well as cadherins, acting in connection wititatenin pathway. These data confirm a transition

towards the mesenchymal phenotype observed prdyibysnorphology transition.
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Figure 4.18 F-actin cytoskeleton relocalizationRepresentative images of cells that have beerettesith
EGF 50 ng/mL for 72 hours in respect to untreateeso(-EGF). Cells have been stained with Phalloidin
(red) to visualize F-actin cytoskeleton rearrangasieNuclei are stained with Hoechst (blue).

4.8 EGF stimulation induces expression of mesenchwinmarkers and reduction of epithelial
markers
To further confirm the reliability of this EMT mobee have performed PCR and Real Time PCR
analyses of the major EMT markers, including Twinail, Fibronectin, E-cadherin, N-cadherin
and Vimentin after 24 hours of EGF treatment. Egpi@n levels of Twist and Snail genes were too
low in MDA-MB-468 cells to be analyzed successfully Real Time PCR. So we decided to
perform classic PCR using specific primers, congide as internal normalizer endogenous
GAPDH. Amplification products were loaded on 10%ypearylamide TBE gel to obtain a major
resolution and definition of small DNA fragmentsotB Twist and Snail, as expected confirming
literature data (Lo et al., 2007), increase theRNWA expression levels after EGF treatment, in
comparison to control cells (Figure 4.19 panel Ayvist and Snail belong to a set of master
transcription regulators that controlled physiotagimorphogenetic changes but also expressed in
various combinations in a number of malignant tumtgpes (Hanahan and Weinberg, 2011). In
particular they have been identified as E-cadhezpressors, leading to dynamic changes in the
cytoskeleton (Peinado et al., 2007, Huber et &052 as we have observed also by F-actin
Phalloidin staining. Indeed E-cadherin is essenfial the maintenance of epithelial integrity.
Further demonstrations of E-cadherin down-regutatiave been achieved by Western Blot and
Real Time PCR analysis. In Figure 4.19 we can ofasier comparison to not treated cells how EGF
treatment at 24 hours reduces the expression @dBesin both in Real Time PCR and Western
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Blot analyses (panel B). Beside this also RNA Is\agdl"mesenchymal” genes were investigated, by
guantitative Real Time PCR analysis. As it is répadrin Figure 4.19 panel C all the "EMT
associated" markers here tested, i.e. N-cadhenimeiin and Fibronectin are up-regulated in
response to EGF treatment at 24 hours, in respeubtttreated cells, confirming the acquisition of
a mesenchymal state, concomitantly to the lostpithelial traits. Fibronectin is a very important
extracellular matrix (ECM) glycoprotein, whose ed&ad production by cancer cells is classically
associated with the acquisition on EMT. ECM playsportant roles in development and
homeostatic conditions, however cooperation betwagagrins and growth factor receptors
misregulates downstream signaling contributingathplogical responses of cancer cells to soluble
ligands, binding to EGFR and also TGHReceptors. An increase in Fibronectin productiod a
deposition into the ECM, in response to EGF treatieads to binding to integrins regulating cell
adhesion and motility, stimulating invasive migoatiduring EMT (Balanis et al., 2013). As
explained before, loss of E-cadherin plays impdrtafes in the transition of epithelial cells, but
another member of the cadherin family, N-cadheNeuronal cadherin), contributes on the other
side to the invasive phenotype. It has been demairdtthat expression of N-cadherin is associated
with highly invasive tumour cell lines and its exogus expression in breast cancer cells induces
cell migration, invasion and metastasis (Hazan.e2800). This "cadherin switching" seems to be
important for acquisition of mesenchymal features,motility. Finally also up-regulation of the
intermediate filament protein Vimentin, normallytrexpressed in differentiated cells, contributes
to tumorigenic events, like EMT. Indeed Vimentirpeassion was shown to be elevated in several
breast cancer cell lines, correlated to increasigdation an invasion.

Collecting all these data, that confirm the effeetreliability of the EMT model created in MDA-
MB-468 cells, we have investigated HMGA expressiothis system.
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Figure 4.19 EGF stimulation induce expression of EMT markers. A.PCR amplification products «
Snail and Twist genes in MDMB-468 cells stimulated with EGF and in control c-EGF) loaded on
TBE10% gel. GAPDH is used as control and interoahmalizer.B. At the right,expression levels of mRN
encoding E-cadherin (E-cad) gemere measured by Real Time PCR in controls (greg)lznd cells treate
with EGF 50 ng/mL for 24 hours (black bars). Exgies was normalized against control cells. GAPDH
used as an internal control. The data are reprederst the meant SD (n=3).At the left, xpression levels
of E-cadherin in MDA-MB468 cellsby Western Blotanalysis using specific antibodie EGF treatment
reduces expression of &dherin after 24 hours (lane-4) in respect to control cells (lane-2). Actin was
used as internal normalizati@.Expression levels of MRNA encodin¢-cadherin (I-cad), Vimentin (Vim)
and Fibronectir{FN), genes were measured by Real Time PCR inalsnfgrey bars) and cells treated w
EGF 50 ng/mL for 24 hours (black bars). Expion was normalized against control cells. GAPDH ws&sd
as an internal control. The data are representtttaneans + SD (n=

Relatlve gene expresslon
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4.9 HMGA are up-regulatedafter EGF treatment

MDA-MB- 468 cells were harvested as total lysates and Rit# samples, aer exposure to EGF
50 ng/mL in parallel with control not treated celisr Real Time PCR and Western Blot analy:
As shown in Figure 4.20 panel A both HMGA1 and HM&GARNA expression levels aup-
regulatedafter EGF exposure in respect to control cellsdah@urs. What we have observed
MRNA level is also confirmed at a protein level. gkeown in Figure 4.20 panel B, HMGA2 see
to be almost absent in not treated M-MB-468 cells (lanes 1 to 3), whes its level it is
increased, although slightly detectable, in EGEted cells (lanes 4 to 6). HMGAL, already pre:
in MDA-MB-468 cells presents an appreciable, increase in &#&fted ones as observable
Figure 4.20, although less in extent in conison to HMGAZ2.

All the data obtained before, in respect to epidthéb mesenchymal transition in M[-MB-468
cells exposed to EGF (changes in morpholo¢-actin cytoskeleton reorganization, EMT mark
switch) are directly or indirectly linked also tn increase of HMGA both at mRNA and prot

level, suggesting their possible involvement irs ghiocess also in another EMT cellular mo

MDA-MB-468 24h

-EGF +EGF

o e R Al

Figure 4.20 Expression of HMGA1 and HMGAZ is increaed after EGF exposureA. Expression levels
of MRNA encoding HMGA1 and HMGAZ2 genes were measing Real Time PCR in controls (grey be
and cells treated with EGF 50 ng/mL for 24 houladk bars). Expression was normalized against ob
cells. GAPDH was used as an internal control. Tata che represented as the means = SD (nB.
Expression levelsf HMGA1 and HMGA2 in MD/A-MB-468 cells byWestern Blc analysis using specific
antibodies.EGF treatment increases expression of HMGAL1 and KRIGfter 24 hours (lanes-6) in
respect to control cells (lanes 1-Bctin was used as internal normalization.

91



Results and Discussion

To demonstrate that HMGA raise, in this systendinsctly linked to the EMT, we have performed
silencing experiments, first of all, of HMGA1 mRNAVNe have encountered some technical
difficulties for the realization of this protocold to the sufferance of MDA-MB-468 cells, for the
combined treatment of sSiRNA and EGF in partiallyuse starved conditions (see Matherial and
Methods for details); hereafter we have discusbednmost successfully experiment setting until
now. MDA-MB-468 cells of exponential growth werergally starved for serum and transfected
with control siRNA (siCTRL), and two siRNAs desighagainst two different parts of HMGALl
sequence, HMGAL siRNA 1 (siAl_1) and HMGAL siRNASBALl_3), designed against 3'UTR and
ORF of HMGAL1, respectively. After 24 hours silengircells were stimulated with EGF for 24
hours in parallel with corresponding controls. €ellere harvested for total RNA extraction,
retrotranscription and Real Time analysis of HMG#&dd some EMT markers, already previously
examined. In Figure 4.21 panel A we can appredtaedowregulation of HMGAL after specific
silencing both with and without EGF exposure. As ea@ observe from Figure 4.21 panel B in
conditions of EGF exposure and successfully HMGAletion, mRNA expression levels of
Fibronectin are increased in respect to contrds ¢sllenced for HMGAL but not exposed to EGF),
suggesting there is no direct link with HMGA1 exgs®n or our obtained HMGAl down-
regulation levels are not sufficient to induce Bictin modulation. Nevertheless cells only
silenced for HMGAL present a slightly but appret@atlecrease of mMRNA expression levels of
Fibronectin, suggesting a role for HMGAL in its mtation in an EGF independent context. We
have also analyzed other two EMT markers, Vimeatid E-cadherin by Real Time PCR (Figure
4.21, panel B). Vimentin does not seem to be maeddlby HMGAL1 down-regulation, showing
increased MRNA expression levels in EGF exposels, céépleted for HMGAL, in respect to
control cells. E-cadherin shows instead a littlé $ignificant up-regulation in EGF exposed cells,
depleted for HMGAL, as expected. We can hypothdsiaein this EMT model, in the light of the
results and knowledge on other EMT models furthsecussed, HMGAL could contribute to the
maintenance of the "EMT status”, whereas the Initiduction factor is given by HMGA2, as

already demonstrated in other cellular systemsMeMIG exposed to TGF-(Thuault et al., 2006).
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Figure 4.21 mRNA expression levels of HMGAL, Fibroactin, Vimentin and E-Cadherin after
HMGAL silencing. A. Expression levels of mMRNA encoding HMGA1 gene waeasured by Real Time
PCR in controls (grey bars) and cells treated &i&F 50 ng/mL for 24 hours (black bars) transfeatéti
control siRNA (siCTRL) and siRNA against HMGAL (8i1). Expression was normalized against control
cells treated with siCTRL. GAPDH was used as a@rivdl control. The data are represented as thegngan
SD (n=3).B. mRNA expression levels of Fibronectin, Vimentin dadadherin were measured in the same
samples as in panel A. Expression was normalizathagcontrol cells treated with siCTRL. GAPDH was
used as an internal control. The data are repredestthe means + SD (n=3).

4.10 EMT model: NMuMG cells and TGF-

Mouse mammary epithelial cell lines, such as Ephidl MMuMG have been intensively studied for
the implication of the epithelial mesenchymal tiaas, in establishing metastatic features of breas
tumour cells (Gotzmann et al., 2004). In partictfe@NormalMurine MammaryGland (NMuMG)
cells have been used as a model of TGReducible EMT. Members of the TGFsuperfamily are
well recognized as major induction signals of EMIridg developmental morphogenetic events,
but also as master regulators of transdifferentmain tumourigenesis (Yang and Weinberg, 2008).
Of our particular interest Thuault and colleaguengated a pathway that links TGFsignaling to
the control of epithelial differentiation via HMGAR murine mammary epithelial NMuMG cells.
Indeed they established that HMGAZ2 confers a tr@pisonal input for the expression of Snail,
Twist, Slug, ZEB1 and ZEB2, as known regulatorsEtdT. HMGA2 works as new target and
linker of TGF- to the major factors of tumour invasiveness andasiasis, describing a new
transcriptional circuitry that mediates EMT (Thuaetl al., 2006 and 2008; Tan et al., 2012).

On this basis, beside the MDA-MB-468 cells modet, mave developed this consolidated cellular
model in NMuMG cells exposed to TGFio study in detail the role of HMGA in EMT. In
particular in collaboration with Professor Roberighali of the University of Pisa, we aim to
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demonstrate if the "HMGA gene molecular networkVdlved in the EMT and migration of neural
crest cells, discovered by his groupXenopus laevigunpublished data), could be confirmed and
validated in other cellular models i.e. in mammadiaTo this aim we have chosen the well known
EMT model, elicited by transforming growth factor{TGF-) in murine mammary epithelial
NMuMG cells, in which HMGAZ is functionally determant.

4.11 TGF- stimulation on NMuMG cells induces mesenchymal mghology

NMuMG cells are derived from the normal mammaryngdlalar tissue of mice and normally display
and retain characteristic epithelial features, asrzed morphology, tight cell-cell contacts and
expression of epithelial markers. NMuMG cells wstienulated with Trasforming Growth Factor
1 (TGF-) 5 ng/mL for 6 and 30 hours, in parallel to untegiacontrol cells. After TGF-
treatment NMuMG cells lose their epithelial morpdgf, with progressive dissolution of cell-cell
contacts. Cells acquired an elongated fibrobisst-shape and disorganized structure, as it is
visible in Figure 4.22 at two different magnifiaats, in particular after 30 hours of TGF-

exposure in comparison to control cells.

Figure 4.22 Morphological changes in NMuMG cells aér TGF- exposure. Representative pictures
illustrating morphological changes, at two diffaremagnifications towards a mesenchymal phenotyplk bo
at 6 and 30 hours after TGFexposure at 5 ng/mL. The scale bar representslih panel A and 50 uM
in panel B.
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Successively we have performed microscopy analysesetect by Phalloidin staining, F-actin
cytoskeleton reorganization, and immunofluoresceiacevidence -catenin relocalization using
specific antibody, consistently with morphologyeaditions observed. From images in Figure 4.23
we evidence a dramatic reorganization of the acitoskeleton in TGF- treated cells in
comparison to controls. After 30 hours of TGFexposure F-actin (red) is almost completely
rearranged from a cortical pattern of the conteslsg displayed on cell junctions, to a disorgadize
one with formation of a impressive number of strisers typical of cells that lose microfilament
organization, becoming mesenchymal. At the same tatso -catenin (green) undergoes to
extensive changes in its localization, moving frogil-cell junctions and cell membrane to the

nucleus where can activate EMT genes transcrifiityo/nt signaling (Acloque et al., 2008).

Figure 4.23 F-actin cytoskeleton relocalizationRepresentative images of cells that have beerettegith
TGF- 5 ng/mL for 30 hours in respect to untreated of@SF- ). Immunofluorescence for-catenin
(green). Cells have been stained with Phalloided)rto visualize F-actin cytoskeleton rearrangesent
Nuclei are stained with Hoechst (blue).

4.12 NMuMG cells express EMT markers after TGF- exposure

In order to confirm and validate this EMT model, damparison also to our literature data and

reference model (Thuault et al., 2006), we havdéopmied Real Time PCR analyses of the major

EMT markers, including Twist, Slug, Fibronectin daatadherin.

Expression levels of Twist are too low in our NMuM€élls to be detected successfully both in Real

Time PCR and classic PCR. In Figure 4.24 we caerobsin comparison to not treated cells how

TGF- treatment at 30 hours in particular reduces theNwRxpression levels of the epithelial

gene E-cadherin (panel A), whereas increases thHAn&pression levels of the mesenchymal
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genes Fibronectin (both at 6 and 30 hours, panahB)Slug (panel C), in particular after 6 hours of
TGF- exposure in respect to control cells, as expectedpression of GAPDH serves as internal
control, whereas non treated cells are used asali@en The zinc finger transcription factor Slug
(SNAI2), together with Snail, Twist and ZEB factois capable of altering the expression of a
number of genes including E-cadherin, already desdras fundamental for cell adhesion and
epithelium maintenance. Thus the enhanced expressiclug, results in the acquisition of an
invasive and mesenchymal phenotype (Guo et al2)20he concomitantly increase in Fibronectin
and decrease in E-cadherin, repressed in turnuxy siggest and confirm, as explained before, the
acquisition of an EMT status, demonstrated alsoianges in morphology and reorganization of F-

actin cytoskeleton and-catenin relocalization, in response to TGEeatment.

A B
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Figure 4.24 TGF- stimulation induced expression of EMT markers. A.Expression levels of mRNA
encoding E-cadherin (E-cad) gene at 6 and 30 haftes TGF- 5 ng/mL treatment in respect to control
cells, were measured by Real Time PCR in contgrksy(bars) and treated cells (black baésandC. In the
same samples as in A. mMRNA expression of FibrongEiN) and Slug (Slug) genes were analyzed by Real
Time PCR. Expression was normalized against cocgtlé. GAPDH was used as an internal control. The
data are represented as the means + SD (n=3).

4.13 TGF- stimulation induces HMGAZ2 but not HMGAL up-regulation

Once demonstrated the reliability of TGRaduced EMT in NMuMG cells, we have investigated
HMGA expression in this system, both at mMRNA andtgn level. Performing Real Time PCR
analyses we confirmed previous literature datayhich TGF- treatment in NMuMG breast cancer
cell line recognize HMGAZ2 but not HMGAL, a majorteleninant in EMT (Thuault et al., 2006,
2008; Tan et al., 2012). Indeed as shown in Figuz& panel A HMGA2 mRNA expression levels
are increased in TGF4reated cells, in comparison to controls, at 6rbafter TGF- exposure,
starting to decrease at 30 hours after treatmanth® contrary HMGA1 mRNA maintain the same
expression levels both in untreated and treateditions, at 6 and 30 hours (panel B).

Western Blot analysis confirms these data. Indesateéd cells present any increase in HMGAL, as
we can see in Figure 4.25 panel D; TGExposed cells (lanes 3 and 4) rather tend to dsere
HMGAL1 protein levels at 30 hours of treatment ispect to control cells (lane 1 and 2). HMGA2,
instead, augment its expression in comparison tioeated cells, both at 30 hours and at an
intermediate time point of 16 hours as depictedigure 4.25 panel C.

Collecting all these data, that confirm the develept of a solid EMT model in NMuMG cells
accompanied by a specific up-regulation of HMGA&&ad of HMGAL, we have further analyzed
a second set of genes, regulated by HMGA2 inXBeopus laevisto validate and elucidate the

"EMT-HMGAZ2 molecular network™ also in our murinellcgéar model.

A
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Figure 4.25 TGF- induces HMGA2 up-regulation. A. and B. Expression levels of mRNA encoding
HMGA2 and HMGAL genes, respectively, at 6 and 3Qrbafter TGF- 5 ng/mL treatment in respect to
control cells, were measured by Real Time PCR introts (grey bars) and treated cells (black bars).
Expression was normalized against control cellsPGA was used as an internal control. The data are
represented as the means * SD (n€3)xpression levels of HMGA2 in NMuMG cells by WestdBlot
analysis using specific antibody. TGRreatment increases expression of HMGAZ2 after i 20 hours
(lanes 3-4 and 7-8) in respect to control cellsgtal-2 and 5-6 respectively). Actin was used tesnal
normalization.D. Expression levels of HMGAL in NMuMG cells by WestdBlot analysis using specific
antibody at 30 hours after TGFtreatment (lanes 3-4) in respect to control gédises 1-2). Actin was used
as internal normalization.

4.14 EMT murine cellular model confirms HMGAZ2 moleallar network in X. laevis

HMGA1 and HMGA2 have been extensively describednammals; they are encoded by two
distinct genes, highly expressed during embryogenaed reactivated and over-expressed in
tumour progression (see Introduction). Only HMGADresent irK. laevis(XLHMGA2), where it
may play the functions of both HMGA1 and HMGAZ2 (Meet al., 2013). In particular group of R.
Vignali demonstrated with a functional study vivo that XLHMGAZ2 is expressed iX. laevis
neural crest cells (NCCs), where it is essentialpgimmoting the expression of Slug, Twist and
other markers of NCCs and for allowing the EMT angjration of NCCs (Benini et al., 2006;
Macri et al., in preparation). Neural crest ceN&C(Cs) are a special population of cells that during
development undergo EMT and migrate to differergigoans within the embryo to differentiate in
several derivatives; NCCs and tumour EMTs are rkaidy similar at both cellular and molecular
level and employ essentially the same molecular hnacy (Yang and Weinberg, 2008).
Consequently a detailed understanding of the meésmmasncontrolling normal EMT, for example in
neural crest cells as a good "model” for migratimould gain more insights on the molecular
controls of EMTs and cell migration pathways usgdchncer cells, also in different organisms.
Indeed they have demonstrated that knockdown of MGA2 leads to the down-regulation of
several genes active in neural crest cells durikfy EBnd migratory phases. In this light we have
investigated the role of HMGA2-modulated genes @ural crest cells oK. laevis (R.Vignali,
manuscript in preparation), involved in the biolagfyEMT, also in tumour cell culture models as
EMT elicited by TGF- in NMuMG cells. Given the similarity of the moldau events involved in
EMT of NCCs and tumours, our study may be relevantclarifying the molecular mechanisms
driven by HMGA proteins in cancer progression

Thus we have further analyzed a particular seeakg, regulated by XLHMGAZ2 in the laevis in
our EMT model in NMuMG cells, trying also to unded the connection of the mammalian

counterpart genes, if present or already knowrh) ®NT and breast cancer.
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NMuMG cells were stimulated with TGF5 ng/mL for 6 and 30 hours, in parallel to unteeat
control cells for total RNA extraction and conseaflye retrotranscription and PCR or Real Time
PCR analysis. As we can see from Figure 4.26 fadi@longing to the Sox family, Sox9 and
Sox10, were found to be up-regulated after TG&xposure in respect to control cells, confirming
the data obtained iK.laeviswhere they act as neural crest markers during yigh$tained NCCs
migration Expression levels of mRNA encoding Sox10 was e in our NMuMG cells to be
successfully relieved in quantitative Real Time P@RFigure 4.26 panel A it is reported the result
of classic PCR, using as internal control and néimea GAPDH expression levels. Sox10 is
dramatically up-regulated after TGFreatment of 6 hours (lanes 4-6), in respect toeated cells
(lanes 1-3). Also Sox9 results to be increasedtsnmRNA expression level both at 6 and in
particular at 30 hours after TGFexposure in respect to control cells (panel Bx%and Sox10
are two of the twenty SoxXS(y-related HMG lbx) genes transcription factors identified in human
and mice, characterized by a highly conserved highility group domain, being able to bind to
DNA. The genes are found throughout the animal dkomgy, are expressed in restricted spatial-
temporal pattern and play critical roles in stert b®logy, organogenesis and animal embryonic
development. Very recently it has been demonstrid&dSox9, in cooperation with the well known
EMT-associated transcription factor Slug is ablermmote tumourigenic and metastatic abilities of
human breast cancer cells, determining their mamsiam cell state through EMT processes and
it is also associated with poor patient survivaligGt al., 2012). Sox10 is one of the most studied
Sox family genes, in respect to its importanceeif-enewal and multipotency, due to the role in
the survival of neural crest cells and their défgiation. Moreover, Sox10 was described last year
to be present in invasive breast cancer cellsamiqular associated with basal-like triple negativ
phenotype, and together with Sox9 and Slug was shovibe associated with poor overall survival
in breast cancer (Cimino-Mathews et al., 2013; Rieschnitter et al., 2013). Beside this also
MRNA encoding one of the drivers of pluripotency. iSox2 gene, whose over-expression is
associated also with human cancers including bissastnomas and EMT (Chen et al., 2008;West
et al., 2013), was analyzed both with classic amahttative Real Time PCR (data not shown) in
treated and untreated cells but its expression measeliable in our cells. Nevertherless we can
hypothesize in this case that Sox2 in more linkéith s role in neurogenic potential than with

EMT processes.
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Figure 4.26 TGF- stimulation induces Sox factors up-regulation. APCR amplification products of
Sox10 gene in NMuMG cells stimulated with TGFRnd in control cell (- TGFJ, loaded on TBE10% gel.
GAPDH is used as control and internal normaliBeiExpression levels of mMRNA encoding Sox9 gene, at 6
and 30 hours after TGF5 ng/mL treatment in respect to control cells,evereasured by Real Time PCR in
controls (grey bars) and treated cells (black b&spression was normalized against control c&iPDH
was used as an internal control. The data aresepted as the means + SD (n=3).

Also Msx1, Pax2 and Ap2 genes, were analyzed lgsidand quantitative Real Time PCR. Msx1
belongs to a first set of genes defined as nelaéé porder specifiers, that are activated by Notch
and Wnt signaling pathways together with BMP, aaofhGF- superfamily member and induce
genes that trigger different programs in the near@ét such as the aforementioned Sox genes, Ap2,
c-Myc and Id (Thiery et al., 2009). The homeoboxegdisx1l (belonging to Msx gene family,
together with Msx2 and Msx3) is often expressedites of interaction between mesenchymal and
epithelial tissues and in regions of cellular deshtion. Expression of Msx1 and Msx2 has been
reported as critical in the mammary gland develapni®atoh et al., 2004) Msx1 in our view could
be considered as a "negative control" in our EMTdelpbecause it is localized upstream in respect
to XLHMGAZ2 in X.laevisnetwork by R. Vignali group. This hierarchy is fiomed also in our
EMT model, in which TGF- induction, that leads to HMGA2 mRNA expressionelsvincrease, is
not able to alter Msx1 expression levels, as exqoeds observed in Figure 4.27 Msx1 expression
levels, obtained by PCR, are maintained similactflations comparing TGF-treated cells to
controls both at 6 and 30 hours of induction. GAP®&#bression levels are used as internal control

and normalizer.
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Figure 4.27 Msx1 gene, upstream in respect to HMGAZ2s not influenced by TGF- stimulation.PCR
amplification products of Msx1 gene in NMuMG cedismulated with TGF- (lanes 4-6 and 10-12) and in
control cell (- TGF-; lanes 1-3 and 7-9), at 6 and 30 hours of treatmespectively, loaded on TBE10%
gel. GAPDH is used as control and internal nornealiz

Also Ap2 alpha (Activator Protein 2-alpha) and P4RAired-boX 2) genes were investigated in
our analysis. They are both linked mainly with reurest differentiation, but they have also been
linked with carcinogenesis and breast cancer {atlen and Kosma, 2007; Silberstein et al.,
2002). These genes could be considered two negatimgols in our EMT system, being not
involved in HMGA2-dependent EMT iX.laevis but fundamentally considered as neural crest
markers. As observed in Figure 4.28 by Real Tim&R@alysis, Ap2 mMRNA expression levels
seems to be inaltered by TGFtweatment (panel A) whereas Pax2 is rather dowuolaged in
treated cells in respect to control ones (panel@PDH is used as internal control and expression

was normalized to the levels in NMuMG untreatediscel

A B

Figure 4.28 Ap2 and Pax2 genes are not linked withGF- induced EMT in NMuMG cells. A andB.
Expression levels of mRNA encoding Ap2 and Pax2ggpaneA andB respectively), at 6 and 30 hours
after TGF- 5 ng/mL treatment in respect to control cells, evereasured by Real Time PCR in controls
(grey bars) and treated cells (black bars).Expoessias normalized against control cells. GAPDH wsed

as an internal control. The data are representéiteaseans + SD (n=3).
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After that we have analyzed a third set of dowrstreggenes all correlated with neural crest cells,
epithelial mesenchymal transition and migration the transcription factor Zeb2, and the
metalloproteinase ADAM12 (as mammalian counterpary similar to ADAM13, expressed in
neural crest cells, essential for migrationXraevig. All these three genes were dowregulated
concomitantly to XLHMGAZ2 knockdown inX. laevis suggesting an impairment in migrating
abilities due to HMGA2 absence during EMT in neucatst cells (R.Vignali, manuscript in
preparation). Moving to the mammalian counterpatNMuMG cells we can observe that TGF-
induction in our EMT model in NMuMG cells, that b= to increasing of HMGA2 mRNA
expression levels, leads also to an up-regulatiothese genes, in comparison to untreated cells,
confirming data observed X.laevis In Figure 4.29 panel A we can see, as a resujuahtitative
Real Time PCR analyses that Zeb2 is up-regulatéd dto6 and 30 hours after TGFexposure in
respect to control cells, whereas ADAM12 is up-tatgd in particular after 30 hours of treatment

in respect to untreated cells as it is reportefigure 4.29 panel B by classic PCR analysis.

A B

Figure 4.29 Genes involved in migration are up-redated in NMuMG cells, after TGF- exposure. A.
Expression levels of mMRNA encoding Zeb2 gene wegasured by Real Time PCR in controls (grey bars)
and cells treated with TGF5 ng/mL for 6 and 30 hours (black bars). Expressuas normalized against
control cells. GAPDH was used as an internal coniitoe data are represented as the means * SD. =3
PCR amplification products of Adam12 gene in NMuM€@lIs stimulated with TGF-(lanes 4-6) and in
control cell (- TGF-; lanes 1-3), at 30 hours of treatment, loaded BET0% gel. GAPDH is used as
control and internal normalizer.
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The up-regulation of these two genes is very sicguilt in the context of EMT and cancer.

Indeed the ZEB family of transcription factors (ZERnd ZEB2 proteins in upper vertebrates)
regulates key elements during both embryonic dewveént and cell differentiation but their role in
cancerogenesis and EMT is absolutely recognizetht &f evidences showed that ZEB proteins
induce epithelial mesenchymal transition linkingitrexpression with increased aggressiveness and
metastasis in mice models and a wide range of pyirhaman carcinomas (Sanchez-Tillé et al.,
2012). As explained in Introduction, it is the &liko repress E-cadherin and induce EMT that set
ZEB1 and ZEB2 as important regulators of tumoumgpession. This is critical for maintenance of
epithelial cell polarity and phenotype. ZEB factarst only repress E-cadherin but also other
epithelial markers involved in cell polarity, comqpmts of tight junctions, gap junctions and
desmosomes (desmoplakin), on the other hand aogvatesenchymal genes such as Vimentin,
Fibronectin and N-cadherin (Sanchez-Tillo et 2012).

ADAM12 (first described in mouse under the namarditrin- ) belongs to the members of "a
disintegrin and metalloproteinases" multidomain ifgmADAM genes are multifunctional,
generally membrane bound, zinc proteases for wthehhe are forty genes known (21 of these
appearing in humans). Members of the ADAM familywéa variety of roles, including fertility,
proteolytic shedding of receptor ectodomains, aidineand cell signaling (Nyren-Erickson et al.,
2013). Similar to the Matrix Metalloproteases (MMNRsatalytically active ADAMs are capable of
degrading extracellular matrix proteins, mediatimgo cell-cell and cell-matrix interaction by
binding integrins (Klein and Bischoff, 2011). ADAM1has been suggested to modulate the
cytoskeleton by altering-1 integrins on the ECM, causing reorganizatiomaatn-integrin binding
between cytoskeleton and ECM, promoting cellulagration. ADAM12 has been associated with
various pathological states, and its over-expresgiocancer has been extensively reviewed in
many tumours ranging from breast to lung canceglimblastoma. Of our particular interest it is
considered one of the most prominent breast caassyeiated ADAM genes and it is mainly
associated, analyzing a number of transcriptomitasgas, with breast tumours exhibiting
aggressive characteristics and EMT molecular sugeat (Li et al., 2013).

4.15 HMGAZ2 silencing on NMuMG cells after TGF- exposure

All these results seem to converge to a confirmadibthe different genes investigated, analyzed in
X. laevis also in our EMT model in murine cells. To reallgmonstrate that these genes are
HMGAZ2-dependent in their regulation for triggeritgMT and clarify the HMGAZ2 regulatory
network, we have carried out a siRNA interferenepegiment to downregulate HMGA2 mRNA

expression levels. Two siRNAs have been designadnsigtwo different and not overlapping
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sequences of the 3'UTR of HMGAZ2 gene, defined asGA siRNA 1 (si_A2 1) and HMGA2
SiRNA 2 (si_A2_2), and transfected in NMuMG celissf of all to assess the down-regulation
obtained at two different cell confluences to settlie best experiment conditions. Control cells
were parallel transfected with a control siRNA (BRL.), with no specific target in eukaryotes. In
Figure 4.30 we can observe mRNA expression analysE1GA2 gene by Real Time PCR, after
72 hours of silencing with siCTRL and si_A2_1 andA2_ 2, at the two different cell confluences
of 80.000 and 150.000 cells (panel A and B, respayg). In both cases down-regulation of
HMGAZ2 reaches similar percentages, in particulab® and 50 % at major cell confluence of
150.000 cells/well probably due to the cell cultwenditions of NMuMG cells, being more
suffering at low confluences. siRNA si_A2_1 seem$e¢ more efficient in the down-regulation of
HMGAZ in respect to the other one, si_A2_2.

A
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Figure 4.30 HMGAZ2 is down-regulated after silencingvith specific SIRNA. AandB. Expression levels
of MRNA encoding HMGA2 gene were measured by ReaaleTPCR in NMuMG cells transfected with
control siRNA (siCTRL) and siRNA against HMGA2 (82 1 and si_A2_2) for 72 hours, at two different
cell confluences, 80.000 and 150.000 cells resgslgtin panel A and B. Expression was normalizealirass
control cells treated with siCTRL. GAPDH was usedaa internal control. The data are representdteas
means * SD (n=3).

After that, we have set up different experiment dibons in terms of timing and SiRNA
concentrations, transfecting siCTRL and si_A2_1 and\2_2 in presence or absence of TGF-
Cells were harvested, after silencing and TG&xposure at 5 ng/mL, for total RNA extraction and
consequently RNA retrotranscription and Real Tinmalgsis of the most significant genes
previously investigated. Hereafter in Figure 4.3 aan observe the result of HMGAZ2 silencing in
presence or absence of TGFstimulation with both siRNAs against HMGA2 and SRL (see
Matherial and Methods for details) . As shown, antggular si_A2_1 is able to reduce significantly
HMGAZ2 expression in presence of TGRe the level of control cells transfected with SRL, a
trend observable also for si_A2_2 but at a slightlyor extent. Cell transfected with siCTRL, both
control and treated ones, behave as expected witinaiease of HMGA2 mRNA after TGF-

exposure.

Figure 4.31 HMGA2 down-regulation in presence or abence of TGF-. Expression levels of mMRNA
encoding HMGA2 gene were measured by Real Time R@Rntrols cells (grey bars) and cells treatedhwit
TGF- 5 ng/mL for 30 hours (black bars) simultaneousbnsfected with control siRNA (siCTRL) or
siRNA against HMGA2 (si_A2_1 and si_A2_2). Expressivas normalized against control cells treated
with siCTRL (siCTRL ctrl, grey bar). GAPDH was usasd an internal control. The data are represerded a
the means + SD (n=3).
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In this light, obtaining a good HMGAZ silencing \mave performed same Real Time PCRs of the
most significant genes previously investigated ais éxample Sox9, Zeb2, ADAM12 and an
internal positive control (known also from literegwata, Thuault et al. 2006), Fibronectin. Despite
the consistency of HMGAZ silencing also in preseatd@ GF- we have not observed the down-
regulation of these analyzed genes, included pesdontrol Fibronectin, as shown in Figure 4.32
panel A. As we can see, Fibronectin continues topeegulated both with si_A2_1 and si_A2_2in
presence of TGF-treatment (black bars, si_A2_1 and si_A2_2). Tdmaes behaviour is maintained
also for the other genes examined; in panel B mRIXpression levels of Sox9 encoding gene are

represented as example.
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Figure 4.32 Fibronectin and Sox9 expression after MGA2 silencing in presence or absence of TGF-

A andB Expression levels of mMRNA encoding Fibronectin YEKd Sox9 (Sox9) genes were measured by
Real Time PCR in controls cells (grey bars) antsdetated with TGF-5 ng/mL for 30 hours (black bars)
simultaneously transfected with control siRNA (sRld) or siRNA against HMGA2 (si_A2_1 and
si_A2_2). Expression was normalized against coraedls treated with siCTRL (siCTRL ctrl, grey bar).
GAPDH was used as an internal control. The dataegmesented as the means + SD (n=3).

From our analyses it seems that in particular HMG&®ression that is induced after TGF-
exposure is not totally been affected by silenomth specific SIRNAs, whereas silencing of
endogenous HMGA2 reaches good levels of down-réigulaas shown in Figure 4.31 for both
HMGAZ2 specific siRNAs. In this light, we hypothesithat silencing after TGF-treatment was
more difficult to obtain because of the strong efféepending on TGF-signalling and although
reaching good levels of silencing in respect totadrcondition (SiCTRL-ctrl) as shown in Figure
4.31, the HMGAZ2 expression levels between everyroband correspondent treated samples (i.e
SiCTRL, si_A2 1 and si_A2_1 + TGH-are maintained similar in intensity (~ 2 foldsdedta) as
shown hereafter in Figure 4.33, in which every tedasample is normalized against the
corrispondent control. This reflects that the bugsten by TGF- somministration induces a
consistent HMGAZ2 expression, influencing also athemalyzed genes as positive control

Fibronectin, which not results to be down-regulasdwaited (Thuault et al., 2006).
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Figure 4.33 TGF- somministration induces a burst of HMGA2 expressio of the same intensity as
controls also in HMGAZ2 silenced cells.Expression levels of mMRNA encoding HMGA2 gene were
measured by Real Time PCR in controls cells (gag)and cells treated with TGF5 ng/mL for 30 hours
(black bars) simultaneously transfected with cdrdiBNA (siCTRL) or siRNA against HMGA2 (si_A2_1
and si_A2_ 2). Expression of every treated sampleckbbars) was normalized against the corrispondent
untreated sample positioned at 1 as relative irtie(grey bars). GAPDH was used as an internal robnt
The data are represented as the means + SD (n=3).

Consequently we have carried out different set xypeements modulating timing and siRNAs
levels, increasing their concentrations to limit H-G induction, but the results were similar to

previous ones.
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5. CONCLUSIONS

The aim of my Thesis was to study the role of HM@#oteins in the process of Epithelial-
Mesenchymal transition, in particular in breastcoama. Consequently taking advantage of
different breast cancer cell lines we have develogiéferent EMT cellular models in which we
have analyzed by Western Blot, Real Time PCR andttional assays the acquisition of
tumourigenic aggressive features or the expressibrparticular markers involved in these
processes. The plasticity of epithelial cells reprded by EMT models recapitulates some aspects
of tumour progressiom vitro, providing the basis to identify how key molecytdalyers as HMGA
proteins contribute to tumourigenesis. MCF7 stalplé inducible cell lines permit us to confirm, as
first achievement of my Thesis, that over-exprassd HMGAL1 could confer some aggressive
features, as demonstrated by migration and invasapabilities as single cells by transwell assays
in particular, but also by Real Time PCR analyddsMT specific markers as CD44, Vimentin and
Lefl, as major results. These data overlap androomfartially what our laboratory have observed
with the opposite model in MDA-MB-231 cells, whdi®GA1 was depleted by shRNA (Pegoraro
et al., 2013), in which also morphological and mmbust EMT genes modulations changes are
observable. These results seem to converge to myrmaat transformation condition in which
epithelial cells devoid of dramatic morphologichlanges, and maintain their polarized epithelial
phenotype, but starting to modify molecular netvgor&uccessively, a variety of molecular factors
are able to induce total EMT which leads to dramatchitectural changes and reprogramming of
regulatory networks involved in epithelial homeasstg Gotzmann et al., 2004). In particular we can
hypothesize that the depletion of an architecttreaiscription factor will imply a more immediate
impact on the cellular system, whereas over-exjmess the same factor could not have the same
effect, depending also in its activity, maybe bg thvolvement and cooperation of others factors.
Moreover in our MCF7 over-expressing systems weehaver-expressed only the HMGAla
isoform, whereas the depletion of endogenous HMGAIMDA-MB-231 cells targets both
isoforms of HMGAL. This result could also reflectreore complex molecular network in which
both isoforms and also the interplay between theswe a fundamental role in the acquisition of
aggressive properties. Moreover it has been dematedtthat endogenous HMGAla and HMGA1b
proteins isolated both from non-metastatic and stat& cells display a consistent different post-
translational pattern, suggesting that the isoforméibit differences in their biological
functions/activities (Edberg et al., 2005). Bedildis of particular interest we have established tha
HMGA1 over-expressing cells confer a survival adage to the cells, being able to form a

significant higher number of colonies in respectdatrol cells, after DNA damage by doxorubicin
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drug, giving new perspectives in the study of HMGIS1IDNA repair and genomic instability.
There are some evidences for a role of HMGA in Digpair process, influencing the cellular DNA
damage in different manner depending on the intbBA repair pathways and biological context
considered (Reeves and Adair et al., 2005, Baldasstal., 2003, Li et al., 2009).

The second aim of my Thesis was to develop otherdglular models to investigate in detail the
role of HMGA proteins in EMT. The first one is cted in the human breast carcinoma epithelial
cell line MDA-MB-468, which converges to a mesenulay status, after EGF exposure (Lo et al.,
2007). This cellular model was never been invesdidor HMGA involvement. Consistent with
strong phenotypic observations we have confirmgdPballoidin staining, F-actin cytoskeleton
relocalization typical of cells that lose their mafilament organization and gained pro-invasive
features. Moreover EMT markers and HMGA1 and HMGxa®e been analyzed by Real time PCR
and Western blot demonstrating the over-expressidhese two factors during EMT, induced by
EGF in comparison to control cells, never beenattarized before in this EMT model. Performing
silencing experiment on HMGA1 we are not able tsestse down-regulation of EMT markers.
This could suggest that there is no direct linkmWHIMGAL expression and EMT in this system or
our obtained HMGA1 down-regulation levels are ndaifisient to induce EMT genes modulation.
Nevertheless cells only silenced for HMGAL presemstightly but appreciable decrease of mRNA
expression levels of Fibronectin, suggesting a foe HMGAL in its modulation in an EGF
independent context. We can also hypothesize th#tis EMT model, in the light of the results,
HMGAL could contribute to the maintenance of théM"Estatus”, whereas the initial induction
factor is given by HMGAZ2, as already demonstratedther cellular systems as NMuMG exposed
to TGF- (Thuault et al., 2006) and also reflecting on BIgHMGAZ2 expression levels obtained in
this model in respect to HMGAL. On this basis wdl wy to optimize silencing experiments of
both HMGA1 and HMGAZ2, minimizing technical diffidigés encountered. Concomitantly in the
well known EMT model, elicited by transforming gribwfactor- (TGF- ) in NMuMG cells, we
have demonstrated by Real Time PCR of EMT markedsky immunofluorescence the effective
reliability of the cellular model, confirmed alsg B dramatically change in morphology of TGF-
treated cells towards a mesenchymal phenotype. &/e further confirmed an overlap of tie
laevismolecular network, in collaboration with Robertg¥ali's group, also in our murine cellular
model, giving new proves on the similarity of theletular events shared in EMT of NCCs and
tumours. Of particular interest genes involved ignation in epithelial mesenchymal transition and
cancer, such as the E-cadherin repressor Zebzhandetalloproteinase ADAM12 are up-regulated
in response to TGF-exposure. In this light, our study may be relevfantclarifying the molecular

mechanisms driven by HMGA proteins in cancer prsgian, also in different organisms
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To finally demonstrate that these genes are dyddMGA2-dependent in their regulation for
triggering EMT and clarify the HMGA2 regulatory meairk, we have carried out different SIRNA
interference experiment to downregulate HMGA2 mRéigpression levels in presence or absence
of TGF- . Despite the consistency of HMGA2 silencing, als@resence of TGF; we have not
observed the down-regulation of the analyzed gdnehis light we will try to set up new silencing
experiments changing siRNAs, timing and transfectionditions.

Collecting all this data we can assume that HMGA gvolved in EMT in different cellular
models, although, beside technical problems, furtaealyses are necessary to enrich our
comprehension about their role in initial inductmnmaintenance of EMT status. Moreover we will
demonstrate if there is a direct or indirect linktloeen HMGA protein over-expression and the
modulation of the different set of genes analyzednd) EMT, and if we could define an "HMGA-
EMT molecular network”, discriminating also betwedMGA1 and HMGA2 possible different
roles in several pathways involved in the EMT pgescén particular in collaboration with Professor
Robert Vignali of the University of Pisa, we aim demonstrate if the "HMGA gene molecular
network”, involved in the EMT and migration of nalrcrest cells could be validated in
mammalians both in murine model but also in the &mione, given by the breast cancer cell line
MDA-MB-468 cells exposed to EGF. Concluding we camderline the relevance to develop
cellular EMT models, being aware, however, thatytld® not reflect completely the tumour
situationin vivo, but they are fundamental to simplify moleculatwaks and give the basis to

unravel oncogene and also tumour suppression angti
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