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Introduction

I.1. General insights infto embryonic development.

1.1.a. From cell to embryo.

The complex and co-ordinate process of building a whole organism from
one single cell has thrilled scientists and laymen since a long fime ago. In the
last century, the scientific community has gathered a lot of information that
has helped us understanding some of the mechanisms involved. As FIGURE I-1
summarizes, a single “totipotent” cell, the zygote, will give rise to all the

different fissues that conform the organism.

(External Layer)

Gastrula

| I liddle Layer) |
| T R T

=l

- =4
=] - =) L | §
Cardiac  Skeletal  Tubule Red Blood Smooth Lung Cell Thyreid  Pancreatic
Muscle Muscle  Cell of Cells Muscle E)\Iveolar | Cell
Cells the Kidney (in Gut) ell)

FIGURE I-1. Derivative tissues from the three embryonic layers (ectoderm, mesoderm and
endoderm). http://www.ncbi.nim.nih.gov/About/primer/genetics_cell.html

In an effort to summarize this complex process, it is generally accepted
the existence of 4 stages of embryonic development, that are: (1) Cleavage,
(2) Patterning, (3) Differentiation and (4) Growth.

The cleavage implies several processes of mitosis and cytokinesis of the

zygote (large cell) to generate an increasing number of smaller cells, each
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with an exact copy of the genome present in the zygote. At this fime, the
zygotic genes are not expressed yet, and it is the maternal mRNAs and
proteins the ones that promote this cleavage, that ends with the formation of
the blastula. The subsequent organization of the cells in the blastula will give
rise to the pattern of the future animal (patterning). For this to happen, a
crucial process called gastrulation and driven by the zygotic genes occurs,
generatfing the so called “three germ layers” (ectoderm, mesoderm and
endoderm) FIGURE I-1 and thus, the three body axis and the left and right sides
of the future organism. Once the three germ layers have been formed, the
cells that form them will start to differentiate, to acquire the specialized
structures and functions that they will have in the adult. Finally, once the
system is formed, most embryos undergo a period of growth, by the formation

of new cells and more extracellular matrix resembling the existent ones.

1.1.b. Epithelial-to-Mesenchymal Transition (EMT) during embryonic development.
Changes in cell phenotype are the result of several cellular processes that
need to be perfectly orchestrated during embryonic development, but also

in the adult organism.

On the one hand, the phenotype of a cell is the result of the dynamic
equilibrium state reached between the cell's transcription and fransduction
machinery and the local environment [1]. Among the modulators of cell
phenotype, the molecules involved in cell-to-cell adhesion have arisen as
cenftral players. Knock out (KO) mice for several adhesion genes result in early
embryonic lethality, such as E-cadherin KO, that fails fo form trophectoderm
epithelium and dies around the time of implantation [2], Plakoglobin KO, that
dies of severe heart effect [3] or B-catenin KO [4], that dies affer implantation

but prior to gastrulation.

On the other hand, early embryos and primitive adults of the chordate

phylum consist of epithelial tissue. A second type of fissue, (mesenchyme)
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arises by the so-called Epithelial-to-Mesenchymal transition (EMT) in higher
chordates, such as vertebrates [5]. Mesenchymal cells (vs. epithelial cells) are
able to invade and migrate through the exiracellular matrix (ECM). This
process of EMT not only requires the down-regulation of cell-to-cell adhesion
molecules in order to move to new environments and, eventually,
differentiate into distinct cell types; but it is also characterized by many other

conserved hallmarks that will be addressed later in this introduction.

The primary mesenchymal cells in amniote vertebrates originate and
migrate from the primitive streak to differentiate info the mesoderm. Definitive
mesenchyme (with connective tissue and muscle potential) arises from the
mesoderm at about the same time as the neural crest mesenchyme forms
from the ectoderm [5]. During embryogenesis, once the cells that have
undergone EMT find their appropriate niche elsewhere, they differentiate into
various cell types, including, in some cases, epithelial cells and thus, reverting

EMT in a so-call Mesenchymal-to-Epithelial transition (MET).

The molecular hallmarks of EMT can be summarized as follows; (1) on the
one hand, cells activate putative mesenchymal master genes, (2) cells turn
off epithelial genes and (3) cells acquire motility machinery that allows them
to interact with the ECM via actin cortex while sliding their endoplasm into
their new front ends [5]. Opposite to EMT, MET is possible because the primary
mesenchymal cells can (1) reactivate epithelial regulatory genes, such as E-
cadherin, (2) turn off the mofility machinery and (3) regenerate apical-basal

polarity.
To put this process of EMT into context, it is important fo now that these

fransitions have been shown to be crucial in several situations during

embryonic development ([5-9] that are summarized in FIGURE I-2.
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Stage

(Mouse) Transition
Gastrulation 6.5d Epiblast Three cell layers
AN mesenchyme 8d Endothelium Atrial and ventricular septum
(Heart formation)
Neural crest cells 8d Neural plate Several derivatives (bone, muscle,
PNS, etc)
Som|‘rogene5|§ and _— 9d Somite walls Sclerotome
sclerotome differentiation
Palate formation 359 .Oro! Meseqchqul and eplTh_eIloI cells,
epithelium combined with apoptosis
. . Mullerian Mesenchymal cells, combined with
Mullerian tfract regression 15d .
fract apoptosis

FIGURE I-2. Examples of EMT during embryonic development. Adapted from [1].

Among the processes reflected in FIGURE I-2, | will pay special attention to
two of them; the process of gastrulation and the delamination of the neural
crest., because the study of them has become of important relevance for

understanding EMT and the genes involved in it.

I.1.b.i. Gastrulation.

As it has already been mentioned above, the process of gastrulation is a

pivotal step in the formation of the vertebrate body plan. One of the most

important developmental biologists, Prof. Lewis Wolpert from the University

College of London, refers to gastrulation with the statement “It is not birth,

marriage, or death, but gastrulation, which is truly the most important time in your

life” [10].
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(A) (1)
Extraembryonic  Synctiotrophoblast Amniotic
mesoderm Y Epiblast

W15 Days primitive

Amnionic cavity—

Frimitive groove

Yolk sac

Extraembryonic
mesoderm

Mesoderm \Endoderm

{<— ectoderm
<—— mesoderm

FIGURE I-3. Amnion structure and cell movements during human gastrulation. (A) Human embryo
and uterine connections at day 15 of gestation. In the upper view, the embryo is cut sagittally
through the midline; the lower view looks down upon the dorsal surface of the embryo. (B) The
movements of the epiblast cells through the primitive streak and Hensen's node and underneath the
epiblast are superimposed on the dorsal surface view. At days 14 and 15, the ingressing epiblast
cells are thought to replace the hypoblast cells (which contribute to the yolk sac lining), while at day
16, the ingressing cells fan out to form the mesodermal layer. [11].
http://www.ncbi.nlm.nih.gov/books/bv.fcgizhighlight=gastrulation&rid=dbio.figgrp.2624.

(C) Electron micrography of a human embryo at day 16. The three germ layers can be identified
(endoderm, in yellow, mesoderm in red and ectoderm, not labeled).

The correct orchestration of gastrulation will result info the generation of
the mesoderm thanks to the Epithelial-to-Mesenchymal transition undergone
by the epithelial cells of the epiblast, which invaginate and move inwards.

(FIGURE 1-3).

I.1.b.ii. Neural crest delamination.

The generation of the neural crest is one of the most relevant events in
the development of vertebrates. Neural crest cells are characterized by their
high motfility, which allows them to populate distant tissues and contribute o
the formation of many organs and fissues (FIGURE I-4) such as the peripheral

nervous system (generating neurons and glia), heart, blood vessels, bone, ear,
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eyes, skin, teeth, meninges, skeletal muscle and adrenal gland. Some
connective fissue components of the pituitary, lachrymal, salivary, thyroid and
parathyroid glands, and thymus are also derived from the neural crest

[12,13].

—— epidermis

hiair
nails
s i sebaceous glands
g olfactory epitheliun
Outer anterior pituitary
— ectoderm mouth epitheliun AE tooth enamel
(epidermis) cheek epitheliun
lens, comea
e & s schwann cells
= : :':_ - ) neuroglial cells
peripheral nervous system sympathetic nervous system
ectoderm —— Neural crest — |—— adrenal medulla parasympathetic nervous system
melanocytes

facial cartilague

— dentine of teeth

— brain

I neural pituitary
spinal cord

_ Meural tube —— motor neurons
|— retina

FIGURE I-4. Major derivatives of the ectoderm germ layer. The ectoderm is divided into three major
domains (1) the surface ectoderm, (2) the neural tube, and the (3) neural crest. Adapted from:
http://www.ncbi.nim.nih.gov/books/bv.fcgizhighlight=neural%20crest&rid=dbio.figgrp.2869.

After gastrulation, the neural crest originates from the neural folds and/or
the dorsal neural tube in which cells are induced to differentially express
proteins driving EMT and the detachment from the neural primordium in a
process called “delamination”. It is then, that the neural crest cells start
migrating either ventrally close to the neural tube or dorso-laterally in

proximity to the somatic ectoderm (FIGURE I-5), [14-16].
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(A]

Epidermis ——___

Neural tube —__ Caudal

Drermamyotome -
Sclerotome

Motachord —___ .
- Path 2 cells take a dorsalateral
route between the epidermis and

Aorta — i 4 P )
T s 3 " L~ the dermamyotome

Restral

Path | cells travel ventrally
thraugh the anterior sclerotome

neural ube  notochord

FIGURE I-5. Neural crest cell migration in the trunk of the chick embryo. (A) Schematic diagram of
neural crest cell migration. In Path 1 (the ventral pathway), cells fravel ventrally through the anterior
of the sclerotome (that portion of the somite that generates vertebral cartilage). Those cells initially
opposite the posterior portions of the sclerotomes migrate along the neural tube until they come to
an opposite anterior region. These cells contribute to the sympathetic and parasympathetic ganglia
as well as to the adrenal medullary cells and dorsal root ganglia. Other frunk neural crest cells enter
Path 2 (the dorsolateral pathway) somewhat later. These cells fravel along a dorsolateral route
beneath the ectoderm, and become pigment-producing melanocytes. (Migration pathways are
shown on only one side of the embryo). (B) Formation of the neural tube. The scanning electron
micrograph shows a cross section through the frunk of a 2-day chick embryo. The neural fube is
about to close and pinch off from the ectoderm.
http://www.ncbi.nim.nih.gov/books/bv.fcgizhighlight=tube,neural&rid=mboc4.figgrp.3949.

(C, D) Cross sections, showing extensive migration of the neural crest cells [17].
http://www.ncbi.nim.nih.gov/books/bv.fcgizhighlight=neural%20crest&rid=dbio.figgrp.3118.

27



By largely unknown mechanisms, neural crest cells stop migrating and
subsequently differentiate into the variety of cell types shown above (FIGURE I-

4).

As it has been mentioned above, note that this process of delamination
and migration requires an EMT where the migrating cells are forced to down-
regulate their cell-to-cell adhesion molecules (among other), in order to move
fo the target location. FIGURE I1-6 shows the localization of E-cadherin and N-
cadherin at that stage of development. Note the absence of E-cadherin

labeling in the cells that later will give migrate.

(o) Meural crest

(A} Presumptive
neural tube

Presumptive
neural crest

- Presumptive
epidermis

(B) E-cadherin expression

Meural tube  Migrating
cells

!
Endoderm E-cadherin D M-cadherin

() N-cadherin expression

FIGURE I-é. Localization of two different cadherins during the formation of the mouse neural tube. (A)
Double immunofluorescent staining is used to localize E-cadherin (B) and N-cadherin (C) in the
same fransverse section of an 8.5-day embryonic mouse hindbrain, revealing that the outer
ectoderm expresses predominantly E-cadherin, while the invaginating neural plate ceases E-
cadherin expression and instead expresses N-cadherin. (D) When the neural tube has formed, it
expresses N-cadherin, the epidermis expresses E-cadherin, and the neural crest cells between them
express neither.
http://www.ncbi.nlm.nih.gov/books/bv.fcgizhighlight=neural%20crest&rid=dbio.figgrp.390.

1.2. Cancer: what lessons can we take from embryo development?

1.2.a. Generalities about cancer.
The first descriptions of the word “cancer” come from the earliest
Antiquity. Hippocrates (460-370 BC) already used the Greek words "carcinos"

and "carcinoma" to refer fo chronic ulcers or growths that seemed to be
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malignant tumors. Later, a roman doctor called Celsus (28 BC-50 AC),
franslated the Greek word "carcinos” into the Latin word "cancer" [18]. Along
the human History, the concept and definition of “cancer” has been
constantly revised and nowadays, the word “cancer” encloses a big amount
of different complex processes, which render an abnormal behavior of the
cell, which can, in its later step of development; compromise the life of the
harboring organism. Indeed, it applies fo a large number of different diseases
with a variety of efiologies and appearances that require different cares and

freatments and that will have a very variable prognosis.

In the last thirty years, the research in cancer has generated a rich and
complex body of knowledge, revealing cancer to be a disease involving
dynamic changes in the genome. We now know that tumorigenesis is a
multistep process and that these steps reflect genetic alterations that drive
the progressive transformation of normal cells into highly malignant derivatives
[19]. Furthermore, some researchers have postulated that tumor
development proceeds via a process formally analogous to Darwinian
evolution, in which a succession of genetic changes, each conferring one or
another type of growth advantage, leads to the progressive conversion of
normal human cells into cancer cells [20,21]. In an effort fo summarize,
Douglas Hanahan and Robert A. Weinberg suggest that the vast catalogue
of cancer cell genotypes is a manifestafion of six essential alterations in cell
physiology that collectively dictate malignant growth (FIGURE 1-7): (1) self-
sufficiency in growth signals, (2) insensitivity to growth-inhibitory (antigrowth)
signals, (3) evasion of programmed cell death (apoptosis), (4) limitless
replicative potential, (5) sustained angiogenesis, and (6) fissue invasion and

metastasis.
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Evading
apoptosis A |
Sustained A

angiogenesis g

FIGURE 1I-7. Acquired capabilities of cancer. Most cancers acquire the same set of functional
capabilities during their development, albeit through various mechanistic strategies [19].

Cancers are classified by the type of cell that resembles the tumor and,
therefore, by the fissue presumed to be the origin of the fumor. Carcinomas
are malignant tumors derived from epithelial cells. Among them, we find
some of the most common cancers, including the breast, prostate, lung and
colon cancer. Sarcomas are malignant tumors derived from connective
fissue, or mesenchymal cells, whereas those malignancies derived from the
hematopoietic cells are called lymphoma or leukemias. In some cases, the

tfumor resembles an immature or embryonic tissue and is called blastic fumor.

1.2.b. Mechanisms shared by development and cancer.

Cancer, as an abnormal state of one or more cell populations that
interferes with the normal biological functioning, is often characterized by a
reversion to a less differenfiated, more developmentally primitive state. In
fact, cancer has been called a "developmental disorder" [22] where some of
the molecular players involved in confroling development might be
implicated. Many of the genes involved in embryogenesis are important for
the control of cell proliferation and differentiation. Mutations in these genes
may confribute to the progression of cancer later in the life of the organism.

Thus, research into the molecular mechanisms involved in development is
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important not only for understanding embryogenesis, buf also for

understanding, and managing, cancer, as we will see below.

1.2.c. EMT and cancer.

The concept of EMT has been already intfroduced. Despite its importance
for many developmental processes (FIGURE I-3) such as gastrulation and neural
crest migration, its de-regulation in cancer cells leads to tumor progression. In
other words, one of the most common causes of death, metastatic cancer,
mirrors a set of cellular, molecular and genetic changes of the beginnings of
life (quoting E. Thomson). In the past 20 years, the increasing information
generated, points to the loss of the restricted spatio-temporal regulation of
EMT during development, as the mechanism by which solid tissue epithelial

cancer invade and metastasize.

E-cadherin plays a pivotal role in EMT. Its down-regulation is not only
necessary during embryonic development (remember that E-cadherin KO
displays an early embryonic lethality), but it is also particularly relevant in the
fransition from adenoma to carcinoma, since a causal relationship between
loss of expression of this protein and the invasive properties of some tumors
has been established [23,24].

Besides E-cadherin down-regulation, the molecular tfraits of EMT are many

and involve changes in a lot of relevant functions for the cell. FIGURE 1-8

summarizes the up-to-now known hallmarks of EMT [25-27].
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Epithelial cells Mesenchymal cells

Apical/Basolateral Leading/Trailing
polarity MORPHOLOGY edge assimetry
Cell adhesion & PHYSICAL Cell motility &

contact inhibition CHARACTERISTICS invasiveness

Adherens junctions (AlJ)

Tight junctions (1)) INTERCELLULAR
Gap junctions (GJ) JUNCTIONS
Desmosomes (D)

Focal adhesions (FA)
Transient Gap junctions (tGJ)

E-cadherin (AJ) MOLECULAR N-cadherin
Occludin, claudin (TJ) MARKERS
Desmoplakin (D)
F-actin Stress fibers
cytokeratins vimentin
Matrix
metalloproteinases
(MMP-1,2,3,7,14)
membrane B-catenin nuclear g-catenin
Muc-1 Rho GTPases
Vit3R Zeb-1
Lef-1

FIGURE I-8. The EMT cell fraits. The figure reflects the changes in cellular morphology, physical
characteristics, type of intercellular junctions and molecular markers of epithelial cells, compared to
those that have undergone EMT.

In the context of EMT, the fumor microenvironment behaves as an active
partner in tumor progression, that is, EMT is not only triggered as a result of cell
autonomous processes, but it also requires several paracrine initiating signals.
The complexity of molecular cascades that can lead to EMT is so extensive
that it is preferred to talk about the so-called EMT regulatory network. FIGURE I-9
is a simplified schematic of the most representative pathways involved in EMT
[25-28].
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A single glance at it is enough to realize about the complexity of the EMT
network. Miss-regulation of the main cellular signaling pathways results in the
acquisition of a malignant phenotype, characterized by the loss of cell-to-cell
adhesion, increase in cell motility and resistance to apoptosis, which will be

discussed later in the infroduction.

<l
TGFBRI/II — Paré ol
Sic - Q1K - Ras . smad
PIaK 7 Deltaslagged
" FAK NEE - Gsk3p 0 ek Notch Rho MT:P«G
Sk;lS T\»\;is! ﬁ—cc.tenl'n
TCF/LEF

LIV

N-Cadherin  pmesenchymal Occludin E-Cadherin * PUMA
genes Claudin i

DISSEMBLY T DISSEMBLY

\ MMIGNANT o /

FIGURE I-9. Scheme of the pathways involved in EMT. Up, in color boxes, the signals that can
promote EMT. In the pink box, snaill and snail2, the converging point for many of these upstream
signals. The result of snaill and snail2 function is shown in grey and its consequences, in red.
Activation, arrow; inhibition, dot.
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Taken together, this new capabilities of the malignant cells allow them
fo migrate to other ftissues, escape the classical cell cycle control and

proliferate, giving rise, in the worst case scenario, to a metastasis (FIGURE 1-10).

Primary tumor (2) Metastasis

Mesenchymal Tumour cell under
tumour cell transient MET

(5)

@ Epithelial cell @ Mesenchymal tumour cell
(&) Tumour el @ Tumou cell under transient MET

LB Fibroblast @ mmune cell

FIGURE 1-10. EMT-MET in tumor progression and metastasis. Adapted from [29]. Schematic diagram
summarizing the steps that lead to the formation of a distant metastasis. (1) Conversion from normal
fissue to adenoma, (2) EMT, repression of E-cadherin that facilitates detachment from other
neighboring cells, conversion to early carcinoma, (3) increased migration, (4) intravasation, (5)
tfumor mesenchymal cells circulation, (6) extravasation and (7) mesenchymal micrometastasis that
undergo MET to proliferate and give rise to a secondary metastasis.

1.3. The franscriptional regulation of EMT.

The leading role of E-cadherin down-regulation in EMT explains the
interest of scientists in the determination of new molecules or processes
involved in it. Since the first reports on E-cadherin direct transcripfional
repression by snaill were published [30,31], some other franscriptional
repressors have been found to do it as well. The most important repressors of
E-cadherin belong to the snail family of transcription factors. However other
families of franscription factors have also been shown to be able to repress E-

cadherin, such as the zeb transcription family or some bHLH proteins.
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1.3.a. The zeb family of transcription factors and EMT

The zeb family of transcription factors consists of two members: zebl
(8EF1) and zeb?2 (SIP1). Their protein structure is characterized by the presence
of two zinc finger domains (3 or 4 zinc fingers of the C2H2 and C3H type) at

each of the protein ends and a centfral homeodomain (FIGURE I-11).

binding site Smad binding site CtBp binding site
w61 /56— QOO ——O000—
A A A
Iinc Fingers Homeodomain ZTinc Fingers
v b 4 v
SID cID

FIGURE I-11. Scheme of the most relevant domains existent in zeb1 and zeb2. The two of them share
the tandem DNA binding zinc fingers and the homeodomain. Note, the Smad (SID), CtBp, p300 and
PCAF binding sites.

They interact with the DNA through the simultaneous binding of the two
zinc-finger domains to binding sites composed of bipartite E-boxes CACCT
and CACCTG) whose orientation and spacing vary among targets [32-34].
Zeb factors function by the recruitment of either co-activators (PCAF or p300
for zebl) or co-repressors (CTBP for zeb?2) [33]. Their expression during
development is found in the central nervous system (CNS), heart, skeletal
muscle, and hematopoietic cells. Zebl and zeb2 are thought to play
common roles, that is, the functional deficiency in one of these zeb factors
can be overcome by the other. However, zeb2 KO mice die during
embryogenesis, and display defects in the neural crest emigration that can

not be compensated for by zeb1[35].
1.3.b. The bHLH family of transcription factors and EMT

This family displays a common protein structure consisting of two parallel

amphipatic a-helices linked by a loop that is required for dimerization. This
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structure can be found as described or together with a basic domain, giving

rise to the so-called bHLH transcription factors.

Nt bHLH Ct

v e T —

basic helix] loop helix2
domain

FIGURE I-12. Scheme of the most relevant domains existent in the bHLH twist1 protein.

These proteins bind to DNA as homo- or heterodimers [36] through a
consensus E-box (CANNTG) site. Among them, TCF3 (E12 and E47 isoforms)
[37-40] and Twist1 (FIGURE I-12) [38,41] have been found to repress E-cadherin.

1.3.c. The snail superfamily of transcription factors and EMT.

The snail superfamily of franscription factors plays a key role in
morphogenesis. From the study along the past years, we know that they are
involved in the development of the mesoderm during gastrulation [7,42-49],
but also in large scale movements, such as those required for the formation of
the neural crest [7,8,50-52]. The first member of the snail superfamily, snail, was
discovered in Drosophila melanogaster [53]. Subsequently, many other
homologues in different species were cloned and characterized (FIGURE 1-13),

reviewed in [54].
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Species

Caenorhabditis efegans

Helobdella robusta
Patella vulgata

Drosophila melanogaster

Lytechinus variegatus
Halocynthia roretzi
Ciona intestinalis
Branchiostoma floridae
Takifugu rubripes

Danio rerio

Xenopus laevis

Silurana tropicalis
Gallus gallus

Mus musculus

Homo sapiens

Common
name

Nematods
Leach
Limpet

Fruitfly

Sea urchin
Ascidia
Ascidia
amphioxus
Pufferfish

Zebrafish

African
clawed toad

Western
clawed frog
Chicken

Mouse

Human

Gene

cesT*
snail-ike
scratch-like*

shaill
snail2

snaill
snail2

snail
escargot
worniu
scratch”
scratch-likeT*
scratch-like2”

Snail
Snail
Snail
Snaif
Snaill
Snail2
snaill
snail2
slug
scratch”
Snail
Sluge
SlugB

Slug

Snail
Slug
Snail
Slug
Scratch*
Smuic

SNAIL
SNAILP
SLUG
SCRATCHT"
SCRATCHZ"

Synonyms

K02D7.2
CheC2.1

Hro-snat
Hro-sna2

Pv-snat
Pv-sna2

CG12605
CG17181

Xsha
Xslu
Xslup

Xslug

SnR

Slugh

7293

SNAILT, SNAILH
SNAITP
SLUGH, SNAIL2

Accession no.

AAFO1678
732983
T15225

AFA10864
AF410865

AY049727
AY049791

506222
AAF12733
533639
AAAS1035
AAFATB18
AAFAT394

AABBTTAS
BAAT5811
AABB1226
AAC35351

CAB54535
CAB54536

CAAB2795
AAABT196
Al722148
AlBB3776

P19382
AF368041
AF368043

AF368038

CAATA033
CAAL4679

Q02085

AAB38365
AY014997
NP038942

AF156233
AF153502
AAC34288
AY014996
AL121758

Map

35023
3501
35023
64A2-3
B4A1
61C7

Chr.2-97.0
Chr.16-9.4

20q13.1
2034
8qii
8024.3
20012.3-1:

FIGURE I-13. The snail superfamily members. Note that the superfamily is divided into two families (1)
snail and (2) scratch (marked with an asterisk). The accession numbers in column #5 are from Entrez
(http://www.ncbi.nim.nih.gov/sites/gqueryzitool=toolbar), [54].
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They all share a similar structure, with a highly conserved C-terminal
region, which contains the CoHz2 type zinc fingers (FIGURE 1-14), (from four to six,
in a variable number among the different homologues) responsible for the

binding to the DNA, and a more divergent N-terminal region.
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FIGURE I-14. Scheme of the C2H2 type zinc fingers. Among 4 to é are present in the members of the
snail superfamily of transcription factors and responsible for DNA binding in the major groove.

The consensus binding site for all these related genes is formed by a 6
bases core 5'-CAGGTG-3' [30,31,55-58] identical to that of the bHLH
franscription factors binding site (also called E-box), with which the snail

superfamily of franscription factors might compete.

Upon the binding of snail superfamily members to this E-box, these
proteins behave as transcriptional repressors. Though DNA binding is
necessary for this repression, it is not sufficient. Two addifional motifs located
within the N-terminal region of the protein are also required for the observed
franscriptional repression. First, the SNAG domain, conserved in all vertebrate
snail genes, and required for the recruitment of chromatin-remodeling
molecules such as histone deacetylase (HDAC) 1 and 2, and mSin3A co-
repressor [59]. Second, the consensus binding site for the carboxy-terminal
binding protein (CtBp), necessary for the repression activity of those snail

superfamily members that lack the SNAG domain (i.e. Drosophila snail).
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The snail superfamily of franscription factors is divided into the (a) snail
and (b) scratch families. The three vertebrate members belonging to the snail
family have been called snaill, snail2 and less characterized snail3. They all
share the general structure named above and function as transcriptional
repressors. Their high homology within the C-regulatory domain contrasts with
the variability of their N-regulatory domain (FIGURE 1-15). Besides the SNAG

domain, the so-called serine-proline-rich domain is highly divergent.

Nt Ct
NES
A A destruction A
box
SNAG Pro-Ser-Rich C2H2
domain domain Siug Zinc Fingers
A4 \4 domain \ 4

FIGURE I-15. Scheme of the most relevant domains existent in two snail family members: snaill and
snail2 (slug). The two of them share the DNA binding zinc fingers and the SNAG domain. Note,
however, the NES (nuclear export signal) and the destruction box that targets snaill for degradation
and the slug domain within snail2, with sfill unclear functions.

The physiological relevance of this family of transcription factors in
embryo development has been known for long. Besides the most well
characterized target of snaill, E-cadherin, other target genes of snaill during
development are the Rho-GTPases. During the neural-crest generation in the
chick, RhoB up-regulation in necessary [60]. In this model, it has been shown
that slug (snail2), (which has been shown to be equivalent to snaill in mouse)
over-expression is able to induce RhoB [61], providing a link between this
franscription factor and the small GTPase, which might explain the dramatic
changes in cell phenotype observed during EMT, and necessary for the

migration of cells. Furthermore, the snail family of tfranscription factors has
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been linked to the cell cycle [62,63], cell survival [57,64] and protection

against cell death [65]. This matter will be thoroughly discussed below.

In the last decade, however, the involvement of these tfranscription
factors in cancer progression through similar mechanism of those observed
during development has become unguestionable. Among all the members,
snaill and snail2 have turned out to be essential for triggering EMT during

fumor progression (FIGURE I-9), [27,29,54,65].

1.4. The snail1 transcription factor

Among the members of the snail family, snaill emerges as a one of the
most well characterized homologs. This is, in great part, due to ifs relevance
beyond embryonic development, and more in detail, because of its
importance for EMT and cancer progression. As it has been already
mentioned, in mammals, snaill blocks E-cadherin expression by binding fo
specific 5'-CACCTG-3' boxes in its promoter [30,31]. Nevertheless, the effects
of snaill expression in epithelial cells are not limited to E-cadherin repression.
Moreover, snaill is also able to induce a complete EMT [31,66]. Accordingly,
some other epithelial genes are directly repressed by snaill as MUCT and
cytokeratin 18 [66], and the tight junction proteins claudins and occludin [67].
Other snaill targets are vitamin D3 receptor [68]. the B-subunit of the Na+, K+
ATPase [69], and two genes presumably responsible for the resistance to
apoptosis and decreased proliferation observed in cells transfected with
snaill; p53 [70] and cycD2 [63]. Furthermore, snaill stimulates the expression
of matrix proteases [71], Wnt5a factor [72], transcriptional factors Zeb1 and
Lef-1 [66,72] and the mesenchymal markers vimentin and fibronectin (FN)
[30,66].

There is a lot of information in the literature about the requirements for the

direct snaill-dependent repression of target genes. Explained in a simple
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manner, (1) all the target genes contain, at least, one snaill consensus
binding sequence 5’-CACCTG-3' in their promoter, (2) the integrity of the zinc
fingers must be conserved, (3) the SNAG domain must be able to recruit
histone deacetylases, and (4) the subcellular localization of the protein must

be nuclear.

Note the fact that the members of the snail family of transcription are
known to repressors. However, snaill has been shown to act as an activatorin
certain promoters. Besides the possibility of an indirect activation (i.e.
repressing a repressor), the molecular mechanism for this activation remains
unknown. In the last months, however, some papers have enlightened new

putative mechanism that will be addressed in the Discussion.

I.4.a. Snaill protein structure.

Snaill protein is a 264 aminoacid protein composed by two well defined
domains that intferact with each other [73]. The C-ferminal domain is
responsible for DNA binding and presents specificity for sequences with a 5'-
CACCTG-3' core. The N-terminal is required for transcriptional repression and
can recruit histone deacetylase (HDAC) family members [74]. Snaill repressive
activity can be modulated by at least two molecular mechanisms. In the one
hand, by phosphorylation in a proline-serine-rich sequence situated in the
regulatory domain. Two phosphorylation motifs have been allocated in this
subdomain, one involved in snaill export from the nucleus, and the other in its
ubiqguitinylation and degradation [73,75]. GSK3p kinase seems fo be
responsible for the modification of both motifs [75]. In the other hand,
oxidation of residues K98 and K137 by lysyl oxidase-like 3 enzyme (LOXL2) has
been shown to be essential for the function and stability of the protein [76].
They propose that LOXL2 catalyzes the oxidative deamination of the two
lysines, leading to the formation of covalent cross-links into snaill and
inducing a conformational change that would mask GSK3p phosphorylation

motifs [77]. Moreover, the C-terminus of snaill protein can be phosphorylated
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by PAK-1 kinase [78] resulting in protein retention in the nucleus. Subcellular
distribution of snaill is also sensitive to the expression of the STAT3-target LIV]
In fransporter [79]. AIGURE I-16 shows a scheme of the human snaill protein and
the motifs related to its regulation.
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- LOXL2 oxidation 137
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mmSnaill SDEDSGKSSQPPSPPSPAPSSFSSTSASSLEAEAFIAFPGLGQLPKQLARLSVAK

Destruction Nuclear Nuclear Export
Motif Export Motif signal (NES)
(via p—TrCP) LXXLXXXLXXL

GSK-3p phosphorylation

FIGURE I-16. Scheme of the snaill protein. The regulatory elements present in BOX-1 are magnified
below for a better appreciation.

1.4.b. SNAIL1 gene structure and transcriptional regulation.

Up-regulated expression SNAILL gene has been detected in several
experimental conditions in which cells are forced to adopt a mesenchymal
phenotype [59,80-86]. This phenomenon has been also observed during
gastrulation and neural crest migration [43,44,54,86,87]. Transcriptional
regulation of snaill has also been proposed to happen in the infiltfration front
of epithelial tumors [88]. Apparently, this increase in the transcription of SNAIL1
is related to the presence of EMT inducers either from the tumor or the

adjacent tissue [89-91].
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However, little is known about the promoters driving snail family members’
expression, and even in the case that some information is available; it cannot
be easily exirapolated among species. Note that, contrary to codifying

sequences, promoter homology tends fo be low [92].

The characterization of a human SNAILL promoter (-869/+59, respect to
the franscription start) has revealed its dependence on ERK2 and GSK-
3B/NFkB pathways activity [85,93]. Furthermore, it has been demonstrated
that PI3 kinase (PI3K) activity also controls SNAIL1 transcription and promoter
activity [59], probably acting on the same pathway than GSK-3B/NFkB. The
activity of this SNAILL promoter (-869/+59) mimics the expression of snaill
during EMT, however, the pathways named above are not only active in
epithelial cells, but also in mesenchymal cells, and do not entirely explain the
specificity of SNAILL expression in mesenchymal cells. The existence of three
putative 5'-CACCTG-3' E-boxes in this promoter prompted us to study their
relevance in the transcription of SNAIL1 gene, as it will be shown in the Results

chapter.

I.5. Snaill and cancer.

Given the substantial information available about snaill and the solid and
well characterized link to E-cadherin and other targets in cell models, the lack
of definitive studies that prove the role of snaill in human cancer is surprising.
Few works have addressed this issue, in part because of the absence of good
antibodies, an issue shortly overcome [94]. Nevertheless, since snaill was
originally shown to be expressed in invasive carcinoma cells, and responsible
for E-cadherin repression, some publications have successfully addressed
snaill role in different human cancers, among which, the more prevalent

ones are included.
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In several series of human breast carcinomas, the expression of snaill and
that of molecules of the E-cadherin/catenin complexes correlate with the
pathological features of the tumors and inversely correlates with the grade of
differentiation of the tumors. Furthermore, snaill is expressed in infilirating
ductal carcinomas (IDC) presenting lymph node metastases and in some
dedifferentiated tumors with a negative nodal status [88]. In addition to that,
this inverse correlation observed in human tumor between E-cadherin and
snaill can be linked to the existence of franscriptional mechanisms that lead
to E-cadherin promoter hypermethylation and increased expression of snaill
in breast cancer tumors [95]. The importance of snaill in breast cancer has
also been associated with cancer recurrence, a fundamental clinical
manifestation of tumor progression that represents the principal cause of
death from this disease. EMT is promoted by spontaneously up-regulation of
transcriptional repressor snaill in these recurrent tumors and consistent with
this observation, snaill high levels predict decreased relapse-free survival in
women with breast cancer [?6]. This observations have been also described
in  metastatic  ovarian cancer by in situ  hybridization and
immunocytochemistry in which snaill presence is associated with extremely

poor survival rates [97].

Snaill mMRNA is also expressed in cancer tissues different from breast
carcinomas. In samples of human hepatocellular carcinoma (HCC) cells (but
not in bile duct cells, blood vessels or infilfrating leukocytes), expression of
snaill mRNA also correlates with E-cadherin down-regulation and tumor
invasiveness [98]. The same is true for primary human gastric cancers [99]. In
addition to that, hypermethylation of the E-cadherin promoter and snaill
over-expression have been detected in 61% cases of esophageal squamous
cell carcinoma (ESCC). In this case, hypermethylation and snaill over-
expression correlated significantly with E-cadherin down-regulation but snaill
over-expression was unrelated to clinicopathologic factors (versus E-cadherin

expression, that correlated with tumor and vascular invasion) [100]. In head
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and neck squamous cell carcinoma (HNSCC) samples, co-expression of
NBS1/snaill in primary fumors correlate with metastasis and the worst
prognosis [101]. Nevertheless, this results are not backed by other works, in
which no correlation for nuclear snaill expression and tumor grade, tumor
stage or tumor size has been found in adenocarcinoma samples of the upper
gastrointestinal fract: esophagus, cardia and stomach; and that suggest a

minor role for snaill in this type of tumors [102].

The studies that have faced the role of snaill in colorectal cancer (CLC)
samples have shown that its expression is associated with the tfranscriptional
down-regulation of E-cadherin and vitamin D receptor (VDR). A correlation
between (1) down-regulation of VDR and poor differentiation and (2) down-
regulation of CDH1 and poor differenfiation, vascular invasion, presence of

lymph node metastases and advanced stages has been observed [103-105].

So far, the relationship between snaill and cancer has been shown to
exist in epithelial derived tumors; however, some recent studies have revealed
that snaill is highly expressed in sarcomas and fibrosarcomas (mesenchymal
derived tumors). In this same study, they show how, in epithelial tumors, snaill
is presented in a limited distribution, where it is restricted to the stromal cells
placed in the vicinity of the tumor and to tumoral cells in the same areas.
These results demonstrate that snaill is present in activated mesenchymal
cells, and point to its putative relevance in the communication between
fumor and stroma, suggest that snaill can promote the conversion of

carcinoma cells to stromal cells [94].

1.8. Cell survival and cancer: the importance of apoptosis.

1.6.a. The importance of apoptosis in tissue homeostasis and tumor progression.
The term "apoptosis” is derived from the greek apo- (away from) and -

ptosis (faling, a fall, death). Apoptfosis or programmed cell death is a
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genetically confrolled and biochemically active process (ATP and protfein
synthesis-dependent), necessary for the multicellular organisms to keep their
homeostasis. Apoptosis is friggered in a wide variety of physiological
circumstances such as tissue homeostasis or embryo development and also a

defense against pathogens, as a cell response to DNA damage or cancer.

At a molecular level, apoptosis consists of a proteolytic pathway that
results in cell dismantling by the cleavage of cellular proteins. The whole
apoptotic machinery can be classified intfo two groups: the sensors and the
effectors. The sensors monitor the extracellular and intracellular environment
for normality or abnormality that will result in the decision of whether a cell
should live or not. By doing this, they regulate the effectors of apoptoftic
death. Among the extracellular survival sensors we find IGF-1R or IL-3R [106]
and among the extracellular death sensors, FAS and TNFa receptors [107]. All
of them respond to extracellular ligand binding, triggering an intracellular
response. In addition to them, intracellular sensors are also in charge of
detecting abnormalities such as DNA damage, imbalanced signaling
provoked by oncogene activation, survival factor insufficiency or hypoxia
[108]. Last, the correct disposition of the ECM and cell-to-cell contacts
promotes survival signals, the abrogation of which promotes apoptosis
[109,110].

Many of the signals that will elicit apoptosis converge in the mitochondria,
where either the pro-apoptotic Bcl-2 family members (Bax, Bak, Bid, Bim) or
the anti-apoptotic Bcl-2 family members (Bcl-2, Bcl-XL, Bcl-W) modulate the

release of cytochrome C, a potent inductor of apoptosis [111].

The final effectors of apoptosis, a group of infracellular proteases
(caspases) [112] respond to activated FAS receptor or cytochrome C.
Caspases 8 and 9 are known as “gatekeeper” caspases, their activation

friggers the subsequent activation of other effector caspases, that will
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execute the death program (selective destruction of subcellular structures
and DNA).

It is not difficult to understand how miss-regulation of apopftosis is tightly
related fo disease. Many pathologies account for an increase or decrease in
this process: among them, cancer [19]. The link between cancer and
apoptosis was first described in 1972 [113]. Since then, the vast amount of
published papers has revealed several strategies by which cancer cells by-
pass apoptosis. The most commonly occurring loss of a pro-apoptotic
regulator accounts for p53 inactivation (with a 50% overall inactivation in
cancer). This results in the removal of a pivotal player of the DNA damage
sensor pathway that, in turn, cannot be activated [114]. Additionally, the PI3K-
Akt/PKB pathway is also able to foster anfi-apoptotic signals and has also

been shown to be involved in carcinogenesis.

1.6.b. The two apoptotic pathways.

Depending on the eliciting signal, two main apoptotic pathways (the
infrinsic or the exirinsic) can be activated (FIGURE 1-17). The infrinsic pathway
infegrates a wide variety of signals, such as DNA damage, loss of adhesion,
growth factor withdrawal, oxidative stress and others, whereas the extrinsic
pathway is dependent on the activation of a subset of specific cell surface
receptors upon binding of their cognate ligands. Even though the two
pathways involve different molecules, they share the final effectors: the

caspases.
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FIGURE 1-17. Death receptor (extrinsic) and intrinsic pathways of apoptosis. Infrinsic pathway is
mediated by the mitochondrial and the endoplasmic reticulum pathways. Note that distinct initiator
caspases are activated in each pathway of apoptosis [115].

1.6.c. The role of p53 protein in cell cycle arrest and apoptosis.

The p53 tumor repressor protein plays a critical role when it comes to the
cell to decide whether to promote apoptosis or cell cycle arrest. In response
to cell damage, i.e. y radiation, the double-strand breaks (DSB) generated
activate the sensor kinases ATM, ATR and DNA-PK. In the cell, the levels of p53
are modulated by MDM2 [116], however, in response to cell damage, this
repressor is phosphorylated by ATM and targeted for destruction. The role of
ATM in p53 activation goes beyond MDM2 degradation [117]. ATM, together
with ATR, also phosphorylates p53 in two serine residues (S15 and S20).
Moreover, Chkl and 2 have been also shown to phosphorylate p53 in S20
and T18 residues [118]. The overall result of all this phosphorylations is p53
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accumulation and increased transcriptional activity of its activated target

genes.

The main functions of p53 in the cell are related to its transcriptional
activity, even though some p53 transcriptional independent functions have
also been reported. The most well characterized franscriptional target of p53
is P21WAFI/Ciel protein. Its accumulation results in cell cycle arrest through

inhibition of cdk2/cyclineE complexes.

However, if the cell is foo harmed to restore its homeostasis, the role of
P53 in promotion of apoptosis emerges as a last chance for the cell not to
survive with an uncertain quantity of DNA irregularities (such as loss or gain of
several nucleotides) that can lead to cancer initiation (FIGURE 1-18). In this case,
p53 activates the transcription of pro-apoptotic genes BAX, PUMA and NOXA

fo promote apoptosis, as FIGURE I-19 ShOWs.
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FIGURE I-18. Effects of ionizing radiation on normal cells and cancer p53 (-/-) cells. Cancer cells that
lack p53 are more suscepftible than normal cells fo the damaging effects of ionizing radiation
because they cannot arrest the cell cycle and make the necessary DNA repairs. Unfortunately, the
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same genetic defects may render some cancer cells resistant to radiation treatment, as they may
also be less adept at activating apoptosis in the face of DNA damage.
http://www.ncbi.nim.nih.gov/books/bv.fcgighighlight=apoptosis&rid=mboc4.figgrp.4355
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FIGURE I-19. p53-mediated activation of apoptosis via the intrinsic signaling pathway. Adapted from
[119].

1.6.a. The PI3K-Akt/PKB pathway and cell survival.

The first indication that PI3K activation protects from cell death dates from
1996 [120]. This cytosolic complex consists of an 85kDa regulatory subunit and
a 110kDa catalytic subunit (p110a). In response to ligand-mediated
activation of receptor tyrosine kinases (RTKs), the P85-P110 complex is
recruited to the RTK where it is activated. The primary consequence of PI3-K
activation is the generation of phosphatidylinositol 3,4,5-triphosphate (PIP3)

which functions as a membrane bound second messenger that recruits
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Akt/PKB kinase through the binding to its pleckstrin-homology (PH)-domain
[121]. The relevance of Akt/PKB activation by PI3K [122-124] and the link of
these two with the resistance to UV irradiation and IL-3 withdrawal-induced

death respectively, was soon reported [125,126].

The cellular counterweight for Akt activation is a profein called PTEN.
Phosphatase and Tensin homolog deleted in chromosome ten (PTEN) is a lipid
phosphatase able to convert PIP3 to PIP2, and abrogate PI3K signaling via
Akt

1.7. The role of snail family members in apoptosis and cell damage response.

Along this infroduction, the physiological relevance of the snail family
genes has been addressed. However, and for a better understanding of this
text, an additional role for this family of franscription factors remains to be
explained. Some snail family members have the ability to confer protection
against apoptosis, a capacity observed almost since the very first snail family

members were characterized.

The Caenorhabditis elegans ces-1 gene encodes a snail family zinc finger
protein homolog to the Drosophila Scraftch. Upon ces-1 franscriptional down-
regulation by ces-2 (a protein closely related to the vertebrate PAR family of
bZIP transcription factors), the cell-death activator EGL-1 is no longer
repressed and can, in turn, repress the anti-apoptotic ced-9 protein, allowing
the action of apoptotic proteins CED-4 and CED-3 and promoting cell death
[64]. Note that human homologs for each one of these proteins had been
characterized, suggesting a possible parallel role for them in mammals, as it
was later shown. snail2 (slug) protein, bears a close homology to the CES-1
protein of Caenorhabditis elegans. Consistent with the role of CES-1 as an
anfi-apoptotic transcription factor; snail2, an E2A-HLF oncoprotein responsive

element, was nearly as active as Bcl-2 or Bel-xt in promoting the survival of IL-
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3-dependent murine pro-B cells deprived of the cytokine, giving an
explanation to the observed E2A-HLF dependent survival and eventual
malignant tfransformation of mammalian pro-B cells otherwise slated for
apoptotic death [57]. Moreover, studies performed with hematopoietic cells
also indicate a role for snail2 as a survival factor, protecting normal progenitor
cells from radiation-induced DNA damage [127]. In fact, snaqil2 has been
shown to repress the transcription of p53-up-regulated modulator of apoptosis
(PUMA), a member of the Bcl-2 family, and a potent inducer of p53-induced
apoptosis [128]. PUMA, the mammal homolog for the Caenorhabditis elegans
EGL-1 protein, is in charge for initiating the cell-death cascade modulating
the pro-apoptotic Bax activity that results in cytochrome ¢ release from the

mitochondria.

Although some data point snaill as a protein involved in cell resistance to
apoptosis, the available data are far from being as conclusive as those
available for snail2. Snaill gene expression protects certain cells from
apoptosis, such as the neural crest cells [63] or the epithelial cells at the
medial edge of the palate when the palate fails to fuse [129]. Moreover, in
min mice (mouse model for colonic neoplasia), snaill down-regulation by

antisense oligonucleotides increases cell death in colon tumors [130].

The underlying molecular mechanisms for this observations remain mostly
unknown, although snaill-promoted resistance to apoptosis has been
associated with its ability to up-regulate the activity of the PI3K pathway [63].
Snaill interference with p53 function has also been reported in epithelial
tumor cell lines. To date, however, this point remains unclear. On the one side,
some reports claim that snaill can repress the expression of p53 [70]. On the
other side, however, some reports show no effects of snaill on P53 activity,

even in cells where snaill is able fo induce radioprotection [131].
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Taken together, the results above suggest a role for snaill in the
coordination of several processes such as cell movement, survival and
invasion, both during embryo development and tumor progression. In the
context of cancer, by snaill expression, the primary tumor cells acquire a
selective advantage and the ability fo migrate. Once the migrating cells stop
being protected by the survival signals that are present in their original tissue
and move towards new territories, they can come across with several
apoptotic factors. Their "succeed” in reaching their final destination and give
rise to a metastasis depends, in part, on snaill-mediated cell capacity fo

overcome this apoptotic signals [65].
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OBJECTIVES

The aim of this project was the characterization of new snaill
transcriptional targets. Our start point was a chromatin immunoprecipitation
assay coupled fo CpG rich DNA array (ChlIP-on-CHIP). This experiment
resulted in a group of candidate gene promoters that might be regulated by
snaill. A thorough study of the candidates prompted us to focus on PTEN
phosphatase, a tumor suppressor gene that exerfs its functions, mainly,

through the negative modulation of the serine/threonine kinase Akt.
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RESULTS 1. REPRESSION OF PTEN PHOSPHATASE BY SNAILT TRANSCRIPTIONAL
FACTOR DURING y RADIATION-INDUCED APOPTOSIS

R.1.1. Snaill prevents y radiation-induced up-regulation of PTEN .

In our search to identify novel snaill franscriptional target genes, a series
of ChIP-on-CHIP analysis were performed. This type of experiment consists in
the combination of two well established techniques: the chromatin
immunoprecipitation followed by DNA array hybridization. First, the cells
(SW480-sncill) are treated with a solution that cross-links the protein-DNA
associations. Then, the chromatin (and the proteins cross-linked to it) is
obtained. Next, the chromatin extracts are subjected to an
immunoprecipitation with  a snaill antibody. After this step, the
immunoprecipated DNA-snaill protein are forced to reverse their cross-
linkage and the DNA sequences are purified. The last step is the hybridization
of these DNA sequences against a human CpG-rich array (note that gene
promoters are highly enriched in CpG islands), which revealed that PTEN
promoter sequences (among others) were highly enriched in the snaill
immunoprecipitate. Technical information about this ChiP-on-chip analysis is
given in the Annex (pl165). Because the regulation of Akt by PTEN
phosphatase is crucial for the apoptotic response, we tested whether snaill is
able to modify PTEN levels in Madin Darby Canine Kidney (MDCK) cells. We
reasoned that such an effect would be maximal in those conditions when the
cells are forced to undergo apopftosis, such as in response to y radiatfion
exposure. As shown in FIGURE R-1A and B, in MDCK confrol cells, y radiation
induces an increase in PTEN protein that is maximal after 8h, preceding the
down-regulation in Akt activity. This increase in PTEN protein furns out to be
much smaller in snaill MDCK clones when compared to control MDCK cells,
and as expected, correlates with the higher persistence of active Akt in snaill
fransfectants. Closely resembling the results obtained at the protein level,
PTEN mRNA is also increased in irradiated MDCK cells (FIGURE R-1C), butf not in

snaill MDCK fransfectants, suggesting that snaill affects PTEN franscription.
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FIGURE R-1. Snaill inhibits PTEN up-regulation and prevents the decrease in Akt activity in response
to y radiation. (A) MDCK control and MDCK-snaill cells were subjected to a 20Gy dose of y radiation
and samples were collected at the times indicated. Cytosolic or total cell extracts were prepared,
and p53 phosphorylation (PSer15-p53), Akt phosphorylation (PThr308-Akt), or total AKT, p21, PTEN
and actin (as loading control) protein levels were determined by Western blot (WB) analysis. (B) The
figure shows the result of a representative experiment of three performed. The autoradiograms were
scanned, and the measures obtained for PThr308-Akt and PTEN represented respect to the value of
non-irradiated confrol MDCK cells. Averages * ranges (error bars) are shown. (C) Snaill prevents
PTEN mRNA up-regulation in response to y radiation in MDCK cells. Confrol and MDCK-snaill cells
were irradiated and mRNAs were purified at the indicated times. The levels of endogenous PTEN
were detected by quantitative RT-PCR as described in Materials and Methods. Results are presented
as the averages * SDs (error bars) from a minimum of three independent experiments. Levels of PTEN
MRNA in another clone of MDCK-snaill cells 24h after y radiation were 0.8 £ 0.15 (average * range
of two experiments; relative to the initial value of PTEN mRNA in control non-irradiated cells). With
respect to the value at time zero, the PTEN mRNA increase in control cells is significant at 8h (P <
0.05) and at 24h (P < 0.01); when we compare the levels of PTEN mRNA between confrol and snaill
MDCK cells at the same time-points, the differences are significant at 8 and 24h with a P value of
0.01.
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In addition to that, the induction of cell death by DNA damage is
preceded, in MDCK cells, by a rise in the activity of p53, promoted by the
phosphorylation of the protein in the Ser15 residue and thus, reducing its
interaction with its negative regulator MDM2 [116]. As shown in FIGURE R-1A, N
increase in PSer15-p53 is detected in MDCK control cells 2h after y radiation.
MDCK-snaill clones show a similar increase in this parameter, suggesting that
P53 activity is not altered by snaill presence. Accordingly, after y radiation,
both control and MDCK-snaill clones display similar increases in the p53

target gene p21WAFI/CiPl (FIGURE R-1A).

Because PTEN protein modulates the levels of activated Akt in the cell,
we reasoned that Akt phosphorylation and subsequent activation should be
affected by the observed PTEN up-regulation. Confrol MDCK cells respond to
y radiation with a rapid increase in the activity of Akt (deftected with a
specific MAb against residue P-Thr308), which rises its maximum 2h after y
iradiation. The phosphorylation of this amino acid by PDK1 is required for the
activation of Akt [132]. At later time-points, the activity of Akt decays and 48h
after the y radiation is clearly lower than that of non-radiated cells (FIGURE R-1A
and FIGURE R-1B). On the conftrary, prior to y radiation, MDCK-snaill cells present
higher levels of active Akt than control cells (approximately threefold), (FIGURE
R-1A and FIGURE R-1B). After y radiation, the phosphorylation pattern of residue
Thr308 is slightly modified by this damage; that is, the initial rise detected in
control cells is not detected and the amount of phosphorylated Thr308
decreases slower. As a consequence, the activity of Akt is substantially higher

in MDCK-snaill cells than in control cells 24h after y radiation (FIGURE R-1).

R.1.2. Snaill induces resistance to y-radiation-induced apoptosis.

Because snaill up-regulation of the PI3K pathway has been found
relevant to confer resistance to apoptosis, we characterized the response of

our MDCK clones against y radiation.
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MDCK control or snaill stable clones were subjected to y radiation to
analyze their response to this classical apoptofic stimulus. 15h after seeding,
the cells were challenged to a 20Gy y radiation dose and 8h later, subjected
to Fluorescence Activated Cell Sorting (FACS) with propidium iodide (Pl). Our
results show that after y radiation 80% of the cells are in G2 (FIGURE R-2A),
suggesting that they have been arrested at the G2-M checkpoint, whereas
non-irradiated cells progress normally through the cell cycle. At longer time-
points (48h) after y radiation, MDCK cells re-enter the cell cycle (FIGURE R-2A)
and start fo undergo apoptosis (see below). As reported previously [63],
MDCK-snaill clones display a higher number of cells in G1 in the moment of y
radiation than control cells (40% versus 20%) (FIGURE R-2A, lower panel).
Although delayed, y radiation also induces G2-M cell cycle arrest in MDCK-
snaill cells. Even 48h after y radiation, a significant percentage of the MDCK-
snaill cell population rests in G2 phase (56% [FIGURE R-2A]), suggesting that this

checkpoint is still functional.

In a characteristic experiment, 30 to 35% percent of the control MDCK
cells are undergoing apoptosis 48h after y radiation. These cells present traits
of programmed cell death, such as cytoplasmic vacuolization, increased
intracellular staining for trypan blue and an elevated proportion of cells with
DNA content lower than 2n, when examined by FACS (FIGURE R-2B). These three
features are less abundant in MDCK-snaill clones, with only 8 fo 10% of cells
undergoing apoptosis 48h after of y radiation (FIGURE R-2B). TO deepen into the
role of snaill in the resistance to apoptosis, snaill protein was down-regulated
by using a shRNA specific for this gene. As observed in (FIGURE R-2C), the
fransfection of this interferent RNA significantly represses the levels of snaill-HA
in MDCK-snaill clones. After being vy iradiated, these cells with decreased
levels of ectopic snaill display a higher sensitivity to y radiation-induced
apoptosis than snaill-expressing clones do (FIGURE R-2D), indicating that the

resistance to cell death is partially a consequence of snaill expression.
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FIGURE R-2. Snaill transfection prevents MDCK cells to undergo apoptosis in response to y radiation.
(A) vy radiation arrests MDCK control and MDCK-snaill cells at the G2/M checkpoint. Representative
diagrams show the DNA content of MDCK control or MDCK-snaill cells at the times indicated after y
radiation (20Gy). Cells were seeded on fissue culture plates, irradiated 15h later, and at the
indicated times, harvested, stained with propidium iodide (Pl) and analyzed by Fluorescence
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Activated Cell Sorting (FACS). (B) MDCK-snaill cells are resistant fo y radiation-induced apoptosis.
The induction of apoptosis was determined by propidium iodide staining followed by FACS at the
fimes indicated after y radiation (20Gy). The figure shows the result of a representative experiment of
three performed. Similar results were obtained with another clone of MDCK-snaill for which a
number of apoptotic cells after y radiation was 5.6-fold lower than that of control cells. (C) MDCK
control or MDCK-snaill cells were fransfected with control or snaill shRNAs as indicated in Materials
and Methods. A clone with decreased expression of snaill-HA was selected. The down-regulation of
snaill-HA expression with respect to a representative clone transfected with the control sShRNA was
analyzed by Western blotting (WB). The molecular masses of snaill-HA and annexin 2, used as
loading control, are indicated. (D) Control MDCK cells transfected with confrol shRNA or MDCK-
snaill cells transfected with control or snaill shRNA were irradiated, and the percentage of
apoptotic cells determined after 48h is indicated. The figure shows the averages * ranges (error
bars) of two experiments performed. -, absence of; +, presence of.

Taken together, the results in FIGURE R-1 and FIGURE R-2 not only are in
agreement with the previous data, but also suggest a new potential role for
snaill in promoting cell survival through the down-regulation of PTEN and the

subsequent Akt over-activation.

R.1.3. Up-regulated Akt activity and decreased levels of PTEN mRNA are also
detected in RWP-1 cells transfected with snaill.

We checked whether the differences in Akt activity and PTEN expression
were detected in other cell lines. As shown in FIGURE R-3A, RWP-1 cells stably
fransfected with snaill also present a higher resistance to apoptosis after y
radiation than control RWP-1 cells do. Typically, 40 to 50% of control cells
undergo apoptosis 24h after y radiation, whereas around 20% of RWP-1-snaill
cells do. Accordingly, a characteristic marker of apoptosis, the processed
form of caspase 3, is detected at higher levels in control cells than in snail1-HA
expressing cells after y radiation FIGURE R-3B. In a similar manner fo that
observed in MDCK cells, RWP-1 cells transfected with snaill present higher
levels of active Aktf, both before and 24h affter y radiation FIGURE R-3B. In the
same way, PTEN mRNA is down-regulated in RWP-1 snaill cells with respect to
the control FIGURE R-3C. In a different manner from that of control MDCK cells,
the increase in PTEN mRNA after y radiation is very minor in RWP-1 cells;

however, since snaill down-regulation of this mRNA is patent before the insult,
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the differences in PTEN mRNA between control and snaill transfectants are

significant at all fimes examined.
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FIGURE R-3. Transfection of snail1 to RWP-1 cells up-regulates Akt activity and decreases PTEN mRNA
levels. Control RWP-1 cells stably transfected with pcDNAS3 or with pcDNA3-snail-HA were iradiated
and analyzed. (A) Apoptosis was determined, as previously described, for non-irradiated cells (-) or
for cells 24h after y radiation (+). The figure shows the average ranges of three experiments
performed. (B) Total cell extracts were prepared from non-irradiated cells (-) or 24h after y radiation
(+) and analyzed by Western blotting (WB) with MAb against HA, PThr308-Akt, caspase 3 (Casp-3) or
annexin 2 (as loading confrol). (C) mRNA was prepared from RWP-1 cells at the indicated time-
points, and levels of PTEN mRNA were detected by quantitative RT-PCR. Results are presented as the
averages + SDs (error bars) of three independent experiments. When we compared the levels of
PTEN mRNA between control and snaill-expressing cells at the same time-points, the differences
were significant at all time-points with a P value of 0.01.

R.1.4. Contrary distribution of snaill and PTEN in murine embryos.

To try to extrapolate our results from our cell model to an animal model,
we took profit of mouse embryos at early stages of development, in which
snaill expression is essential and easier to detect than in the adult tissue. The
expression of snaill and PTEN proteins was analyzed by immunohistochemistry

and the results are shown in FIGURE R-4A. Snaill is expressed in the mesoderm of
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wild-type murine embryos (7.5 dpc), (FIGURE R-4A, upper left panel), whereas, as
expected, no labeling is observed in snaill null embryos (FIGURE R-4A, bottom
left panel). PTEN protein expression displays an inverse pattern to that of snaill
at this stfage of development, being restricted to the ectoderm (FIGURE R-4A,
upper middle panel). In snaill-deficient embryos, PTEN protein pattern is not
restricted to this embryonic layer, although the alterations in the mutant
embryo architecture (a consequence of ifts incapability to undergo
gastrulation) preclude further statements. In these mutant embryos, fewer
cells are stained by anti-PThr308-Akt MAb (only 36% + 5% [average + SD of four
determinations] with respect to the number observed in control embryo
sections), (FIGURE R-4A, bottom right panel), indicating that the activation of this

kinase is also reduced in snaill mutants.

Altogether, these data indicate that snaill expression is contrary to that
of PTEN, in our mouse embryos, and suggest that snaill regulation of PTEN

expression is an active mechanism during embryonic development.

A Endoderm Mesoderm Ectoderm
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FIGURE R-4. Snaill and PTEN proteins display an inverse expression pattern in murine embryos. (A)
Schematic of a murine embryo at stage 7.5 dpc. The fransverse cut reveals the three embryonic
layers: endoderm (purple), mesoderm (green) and ectoderm (blue). (B) Presence of snaill, PTEN, or
P308-Akt was determined in wild-type or snaill-null 7.5 dpc embryos (E7.5) by immunohistochemistry
using specific MAbs and the conditions indicated in Materials and Methods. Original magnification,
x150.

R.1.5. Relevance of PTEN repression in the resistance to y radiation-induced
apoptosis caused by snaill.

We determined the relevance of PTEN repression in the resistance to y-
radiation-induced apoptosis. Cell clones showing down-regulated expression
of PTEN were generafted by fransfecting MDCK cells with a plasmid that
generates a shRNA specific for PTEN. As shown in FIGURE R-5A, the depletion of
PTEN protein correlates with an increased resistance to apoptosis, since 48h
after y radiation, the number of apoptotic cells is lower in MDCK cells
expressing shPTEN than in the corresponding controls. This result indicates that
PTEN plays a relevant role in the promotion of cell death in MDCK cells.
However, the protection conferred by this ShPTEN is not as complete as that
provided by the expression of snaill, suggesting that this transcription factor

also acts on other elements than PTEN. Accordingly, the expression of snaill
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increases the resistance to apoptosis even in cells with undetectable levels of
PTEN (FIGURE R-58). TO confirm this result, PTEN was over-expressed in MDCK or
RWP-1 cells either in control cell populations or in cell populations ectopically
expressing snaill. As shown in FIGURE R-5C and FIGURE R-5D, the fransfection of PTEN
slightly increases the amount of confrol cells undergoing cell death after
radiation. For instance, in RWP-1 cells, at 24h, the number of dead cells
increases from 54% to 73% in the representative experiment shown in FIGURE R-
s5p. Similarly, the number of surviving cells decreases in MDCK cells after
ectopic expression of PTEN from 54% to 36% (FIGURE R-5D). As shown above, the
expression of snaill decreases the extent of apoptosis in cells fransfected with
PCcDNA3 (from 54% to 30% in RWP-1 cells) and also does so in cells over-
expressing PTEN (from 73% to 53%). An analysis of Akt activity also correlates
with these data. The expression of snaill up-regulates the levels of active Akt
(FIGURE R-5C and FIGURE R-5D), whereas PTEN ectopic expression accelerates the
decrease in Akt activity observed after y radiation (FIGURE R-5C, compare lanes
2 and 5). However, even in cells with a high expression of PTEN, snaill
fransfectants present higher levels of active Akt than conftrol cells (FIGURE R-5C,
compare lanes 4 to 6 with lanes 10 to 12, or D, compare lanes 5 to 6 with 7 to
8). Altogether, these results suggest that although PTEN down-regulation
caused by snaill expression affects resistance to apoptosis and Akt activity,

additional elements also contribute to the full snaill response.
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FIGURE R-5. Ectopic manipulation of PTEN protein levels affects cell death and snaill response.
Stable clones expressing a shRNA specific for PTEN or expressing a shRNA control were generated in
MDCK cells. (A) Expression of PTEN was checked by Western blot (WB) analysis (fop panels). The
indicated cells were irradiated and cultured for 48h. The percentage of apoptotic cells was
analyzed by flow cytometry (bottom panel). The averages + SDs (error bars) of three experiments
performed are shown. (B) MDCK shCftl or shPTEN (clone 2) cells were fransfected with pcDNA3 or
pcDNA3-snaill-HA and selected, and the resistance to apoptosis of the four different
subpopulations was analyzed. The averages + ranges (error bars) of two experiments performed are
shown. (C) MDCK control or snaill cells were fransfected with a GFP expression plasmid and PTEN
cDNA or a confrol (cont) plasmid. After 24h of expression, the cells were irradiated and cultured for
an additional 48 h. The percentage of apoptotic cells was analyzed by determining the number of
GFP-positive cells by flow cytometry and referred to the number of cells at the time of y radiation. In
parallel, cell extracts were prepared and analyzed by Western blotting with the indicated
antibodies. (D) RWP-1 control or RWP-1 snaill-HA cells were transfected with pcDNA3 or pcDNA3-
PTEN plasmids, and the double-transfectant populations were selected. Cells were irradiated and
the percentage of apoptotic cells was determined. The figure shows the result of one experiment of
two performed with similar results.

R.1.4. Snaill binds to PTEN promoter and represses its activity.

In order to analyze the mechanism responsible for the lower expression of
PTEN in snaill fransfectants, we cloned a fragment of the human PTEN
promoter (positions -883/+305 bp), (FIGURE R-6A). This DNA fragment displays a
high activity in epithelial cells, such as the MDCK cells used in our assays and
its acfivity lowers to 61% + 3%, (shown as mean * standard deviation [SD]) in
MDCK-snaqill cells, indicating that snaill effect on PTEN mRNA levels is
franscriptional. Similar results are obtained when the activity of this promoter
fragment is examined in RWP-1 snaill transfectants. Transient fransfections of
snaill cDNA in MDCK cells substantially repress the activity of the PTEN
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promoter in a dose-response manner (FIGURE R-6B). The snaill P2A mutant
(already infroduced as a deficient repressor) of snaill target genes, is unable
to repress PTEN promoter activity in this reporter assay (FIGURE R-6B). The PTEN
promoter contains two putative binding elements (also called E-boxes) for the
snaill transcriptional factor with a core sequence 5'-CACCTG-3'. These two E-
boxes are placed at positions -351/-345 and -337/-332 from the transcriptfion
start. As shown by electrophoretic gel shiff assays (FIGURE R-6C), snaill
recombinant protein strongly binds to an oligonucleotide containing the two
E-boxes. Such binding is competed by a 10-fold excess of unlabeled
oligonucleotide but not by a mutant oligonucleotide in which the two boxes
are replaced by 5'-AACCTA-3'. A similar mutation has been reported to block
snaill binding to E-cadherin and other target promoters [31,66,68]. We
checked whether the two E-boxes are relevant for snaill repression of the
PTEN promoter. As shown in (FIGURE R-6B), a promoter form in which the two
boxes are mutated to 5'-AACCTA-3’ is insensitive to snaill expression in the
luciferase reporter assays, indicating that these sequences are mediating the
effects of snaill on PTEN transcription. snail2 (Slug) and Zebl are two
transcriptional factors that also repress E-cadherin through the binding to the
same elements as snaill, although with lower potency [66,133]. The
fransfection of these two cDNAs at a same concentration than snaill does
not significantly repress PTEN promoter activity (FIGURE R-6B), indicating that
snaill is much more efficient in the control of PTEN expression than these two

other repressors.
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FIGURE R-é. Snaill represses PTEN promoter activity. (A) Scheme of PTEN promoter. In green, the -
883/+295 fragment cloned. The different responsive elements are labeled in color boxes (B) snaill
represses PTEN promoter in a dose-dependent manner. The activity of the wild type or the E1E2-
mutant PTEN promoter was determined in MDCK cells by transient transfection. When indicated,
wild-type or P2A snaill mutant, wild-type snail2, or zeb1 cDNAs were cotransfected at several
concentratfions: 0.1 (dark gray bars), 1 (light gray bars), and 10ng (white bars). Black bars
correspond fo the activity of each promoter in the absence of repressors. The figure shows the
averages = SDs (error bars) of three independent experiments performed in triplicate. Asterisks
indicate differences that were significant at a P value of 0.05. (C) snaill binds to PTEN promoter. The
GST-snaill fusion protein or the GST protein was incubated with a double-stranded 32P-radiolabeled
probe corresponding to a DNA fragment within which the two E-boxes of PTEN promoter are
present. Binding experiments were carried out with 150ng of GST-snaill without competitor (-) or
competing with an excess of unlabeled wild-type (WT) or mutant oligonucleotide (MUT). Arrow, free
probe; arrowhead, specific shifted band.

R.1.7. Binding of snail1-HA to PTEN promoter is modulated after y radiation.

The binding of snaill-HA to PTEN promoter was also determined by ChIP
assay (FIGURE R-7). In MDCK cells, PTEN promoter sequences are detected in
the fraction precipitated with a MAb against the HA tag labeling the
ectopically expressed snaill. As shown in (FIGURE R-7A), the binding of PTEN
promoter to snaill is also detected if endogenous snaill s
immunoprecipitated from SW-620 cells with a snaill MAb prepared in our lab
[94], discarding the possibility of an unspecific binding of snaill to PTEN

promoter due to the over-expression of the protein. As a positive conftrol of

72



our ChIP experiments, the association of snaill to PTEN promotfer with
performed in parallel to that of another well-established target promoter of
this transcriptional factor, E-cadherin [74]. The results are displayed in FIGURE R-

7A, and reflect no significant differences between this two target genes.

Though we had been able to show the binding of snaill to PTEN
promoter, our data did not completely match. We had observed no
differences in PTEN protein expression in non-irradiated MDCK control vs.
MDCK-snaqill cells (FIGURE R-1A and FIGURE R-1B); however, our ChIP experiments
suggested that, under these condifions, snaill could bind to PTEN promoter.
To address the matter of whether snaill-HA binding to PTEN promoter is
modulated by y radiation we performed ChIP experiments at several time-
points after y radiation (20Gy). As shown in FIGURE R-78, the amount of the PTEN
promoter immunoprecipitated with snaill-HA from MDCK cells is significantly
increased 2h after y radiation. Furthermore, given that PTEN transcriptional
activity has been reported to be dependent on p53 binding to PTEN promoter
[134], we would expect this mechanism to be fostered by p53
phosphorylation affer DNA damage (i.e. y radiation). We hypothesized that
snaill could prevent p53 association to PTEN promoter. By ChlIP assays, and
prior fo y radiation, very little binding of p53 to PTEN promoter is detected,
either in control or in snaill MDCK cells (FIGURE R-7C). This association is greatly
increased in control cells 2h after y radiation (FIGURE R-7C), correlating with the
detected up-regulation of PSer15-p53 (FIGURE R-1A). However, this binding is not
observed in MDCK-snaill cells, indicating that snaill inhibits p53 interaction to

the PTEN promoter (FIGURE R-7C).

We also analyzed whether snaill modulated the expression of the
apoptosis regulator PUMA, another p53 target gene reported to be sensitive
fo snail2 (Slug) in hematopoietic cells [128]. PUMA mRNA levels prior to y
radiation are not significantly different in MDCK-snaill in comparison with

MDCK control cells. After y radiation, PUMA mRNA levels are increased, as

73



Results

expected, but in a similar manner in both cell lines, that is, not being affected
by the presence of snaill (FIGURE R-7D). Moreover, the presence of PUMA
promoter sequences is not detected in snaill immunoprecipitates (data not

shown), suggesting that snaill does not bind to PUMA promoter.
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FIGURE R-7. Snaill is recruited to the PTEN promoter “in vivo” in response to y radiation. (A) Snaill
binds to the PTEN promoter in SW-620 cells. ChIP assays were carried out by using a MAb specific for
snaill or an irrelevant (irr) IgG as described in Materials and Methods. The presence of sequences
corresponding to PTEN, E-cadherin (CDH1), or an irrelevant promoter was analyzed and represented
as relative occupancy (percent input). (B) Binding of snaill to the PTEN promoter is up-regulated
after y radiation. ChIP assays were performed by immunoprecipitating snaill-HA with an anti-HA
MAD or an irrelevant IgG from MDCK-snaill cells at different times after y radiation. Enrichment levels
in snaill at the PTEN promoter correspond to the change in the percentage input calculated with
respect to the amount detected in the immunoprecipitation carried out with an irrelevant IgG. In a
representative experiment, the percentages of input obtained with the IgG or with anti-HA MAb in
the control (cont) clones (not expressing snaill) varied between 0.005 and 0.007; the values
obtained with anti-HA MAb in MDCK-snaill cells at 0, 2, 24, and 48 h after y radiation were 0.035,
0.07, 0.08, and 0.07, respectively. Similar results were obtained when the binding of snaill-HA to PTEN
promoter was analyzed in another clone of MDCK-snaill cells. (C) Snaill prevents the interaction of
p53 with PTEN promoter in response to y radiation. ChIP assays were performed by
immunoprecipitating p53 from the indicated cells either before or 2h after y. Data are represented
as described for panel A. Panels A to C of this figure show the averages + SDs (error bars) of three
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independent experiments. (D) Snaill does not prevent PUMA up-regulation in response to y radiation
in MDCK cells. The levels of endogenous PUMA were detected by quantitative RT-PCR, as described
in Materials and Methods, using mMRNA isolated from the indicated cells prior and after y radiation.
Results are presented as the averages + SDs (error bars) from three independent experiments.

R.1.8. Summary to Chapter 1.

We have characterized a novel molecular mechanism responsible, at
least in part, for the already reported snaill-induced resistance to apoptosis.
Snaill prevents PTEN up-regulation in response fto y radiation at the
franscriptional level by (a) binding and repressing PTEN promoter and (b)

avoiding p53 binding to PTEN promoter.
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RESULTS 2. POST-TRANSLATIONAL MODULATION OF SNAIL1 PROTEIN IN
RESPONSE TO y RADIATION

R.2.1. Snaill protein is stabilized in response to y radiation.

While frying to elucidate the mechanism leading to the up-regulated
binding of snaill to the PTEN promoter after y radiation, we observed that, in
MDCK-snaill cells, the levels of ectopic snaill rise after y radiation, temporally
correlating with the increased binding to the PTEN promoter (FIGURE R-8A, left
panel). This increase in snaill protein is transient and can be reproduced in
other models such as RWP-1 snaill cells (FIGURE R-8A, right panel). This
enhanced expression of snaill is detected in the nucleus (FIGURE R-8B),
suggesting that the process of export and subsequent degradation of snaill
protein [75,135] is blocked in the irradiated cells. To test our hypothesis, we
used a snaill-HA mutant (snaill Ser — Ala) in which the serine residues
required for the export and degradation of the protfein, placed in the Pro-Ser-
rich domain, are replaced by alanines [73] conferring this mutant protein with
a higher stability than the wild-type form. As shown in FIGURE R-8A, left panel, the
levels of this mutant are not significantly increased after y radiafion,
supporting our theory that y radiation is somehow inhibiting the degradation

of snaill protein.
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FIGURE R-8. Snaill protein is stabilized in response to y radiation. (A) Protein levels and (B) cellular
distribution of snaill were determined at the indicated times after y irradiation in MDCK-snaill (wild-
type), MDCK-snaill (Ser — Ala mutant) or RWP-1-snaill (wild-type) cells by Western blotting (A) or
immunofluorescence (B). (C) Phosphorylation of snaill protein was determined in stable MDCK-
snaill transfectants 3h after y radiation and compared with the phosphorylation of the same non-
iradiated MDCK-snaill cells (NI). The purification of phosphorylated snaill-HA was performed as
indicated in Materials and Methods.

As described above, snaill export and subsequent degradation has been
reported to be mediated by snaill phosphorylation within the Pro-Ser-rich
domain. To fest whether the stabilization observed in response to y radiation is
due to a dephosphorylation in this domain, we checked by affinity
chromatography if the amount of phosphorylated snaill in MDCK irradiated
cells is lower that in non-irradiated cells. The validity of our purification system

(PhosphoProtein purification kit, Qiagen) was proofed by the increase in
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PSer15-p53 detected in the column-bound fraction (FIGURE R-8C) and in
accordance with our previous observations showing that, in our MDCK-snaill
model, the induction of p53 phosphorylation happens shortly (2h) after y
radiation (FIGURE R-8A). To our surprise, the amount of phospho-snaill purified
after y radiafion is higher (FIGURE R-8C). This result, though not being conclusive
because a stabilization of snaill by means of another mechanism could
explain our observations without meaning an increase in phosphorylation,
suggests that the stabilization of snaill protein is not due fo the

dephosphorylation of residues.

Though ectopic snaill stabilization in MDCK snaill cells is a highly
reproducible experiment, we were concerned about the possibility that this
accumulation might be an artifact due to snaill over-expression. To solve this
problem, we addressed the study of endogenous snaill in response to y
iradiation. Because of the low expression of endogenous snaill in MDCK cells,
we chose another cell model, the NIH-3T3 fibroblast, where endogenous
snaill can be detected by immunofluorescence and western blot. NIH-3T3
cells were seeded on coverslips and 24h later challenged to a 20Gy vy
radiation dose. The coverslips were fixed at different times after y iradiation
and the immunofluorescence against endogenous snaill protein performed
as explained in Materials & Methods. FIGURE R-9A shows our preliminary results
obtained for ftime-points Oh and 9h in which endogenous snaill nuclear

staining is significantly increased.
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FIGURE R-9. Nuclear Snaill endogenous protein is increased in response to y radiation in NIH-3T3
cells. (A) Cellular distribution of snaill endogenous protein was determined at the indicated fimes
after y iradiation in NIH-3T3 cells by immunofluorescence.

R.2.2. Chk1 phosphorylates snail1 “in vitro”.

The relevance of snaill stabilization has been introduced above. We
have seen that, at least for the case of PTEN promoter, snaill stabilization
occurs concomitantly with a higher binding fo PTEN promoter (FIGURE R-7B),
which blocks PTEN franscription in response fo y radiation. Our experiments
with the snaill (Ser — Ala) mutant in which the serine residues within the Pro-
Ser-rich domain cannot be phophorylated, seem to discard this region as the
putative region responsible for snaill stabilization observed. To approach the
search of new regions within snaill that might be responsible for its
stabilization, we first performed an “in silico” phosphorylation assay

(http://scansite.mit.edu/). The results of this assay point Chkl, among others

such as PAK, as a putative kinase able to phosphorylate snaill (this issue will
be addressed below). We are particularly interested in Chkl because its
relevance in the early response to cell damage has been known for long
[136]. To confirm this prediction “in silico” and to narrow the residue(s)

phosphorylated by Chkl, an “in vitro” phosphorylation assay followed by
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enzyme digestion and mass spectrometry is currently being performed and its

results will be soon available.

In the meantime, another approach to the study of snaill stabilization has
arisen from the observation of some previous evidence. It has been reported
that, besides the phosphorylation events within the Pro-Ser-rich domain, which
have been related to snaill subcellular localization and targeting for
degradation [73,75]; phosphorylation of Ser246, placed in the C terminus of
snaill protein, promotes contrary effects to those of the serine residues
located in the Pro-Ser-rich domain [78]. The phosphorylation of this Ser can be
catalyzed by PAK1, a protein kinase known fo be activated by ionizing y
radiation [137]. We show here, by "in vitro” phosphorylation assay (FIGURE R-10),
that other kinases (such as Chkl1) might also be able to phosphorylate this
residue "in vivo". We have also performed the same “in vitro” phosphorylation
assay with the recombinant snaill (S246A)-GST in the presence of Chkl and
shown that, by avoiding phosphorylation in this Ser246 residue, the overall
phosphorylation of snaill protein is drastically lowered though not
completely, (suggesting the existence of more than one phosphorylation site

for Chk1 in snaill protein), (FIGURE R-10).
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FIGURE R-10. Recombinant Chk1 phophorylates snail1-GST “in vitro”. A time course of wild type
snail1-GST or snaill (S246A)-GST phosphorylation by Chk1 was performed. Recombinant Chk1 (1ug),
GST alone, snail1-GST or snaill (S246A)-GST proteins were incubated for the indicated times in the
presence of 32P-ATP. The specific bands are labeled to distinguish them from the degradation bands
present.
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R.2.3. Relevance of Ser246 in snaill stabilization, E-cadherin repression and
resistance to apoptosis promotion.

The results in FIGURE R-10 encouraged us to establish a MDCK-snaill $246
stable cell line and determine whether these cells respond to y radiation
different from MDCK-snaqill. As shown in FGURE R-11, MDCK-snaill (S246A)
challenged with a 20Gy dose behave as control MDCK cells and undergo

apoptosis (vs. MDCK-snaill cells).
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control control Snmal Snal  Snal  Snail
20Gy 20Gy S24B6A S246A
20Gy

(tripan blue positive)

percentage of apopiotic cells

FIGURE R-11. Snaill $246A mutant (unlike wild type snaill) is not able to promote resistance to y
radiation-induced apoptosis. MDCK control, MDCK-snaill and MDCK-snail S246A were challenged
fo a 20Gy y radiation dose and the percentage of viable cells of the three different subpopulations
was analyzed by tripan blue staining. The figure shows the results of a representative experiment.

Yang and co-workers have proposed Ser24é6 as a key residue responsible
for snaill targeting to the nucleus in MCF-7. Phosphorylation of this residue by
PAK results in snaill enrichment in the nucleus where it is able fo repress its
target genes. They propose that snaill S246A cannot be phosphorylated in
this residue and therefore, remains mostly cytoplasmic, no being able to
repress its target genes. However, our results are in disagreement with this

statement. Unlike in MCF-7 cells, the subcellular localization of snaill (S246A) in
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MDCK cells is absolutely nuclear and indistinguishable from that of the wild

type protein (FIGURE R-12).

MDCK-Snail1 MDCK-Snail1 (S246A)

IF: Snail1

FIGURE R-12. Snaill $244A is located in the nucleus of MDCK. The localization of snaill (S246A) is the
same of the wild type snaill protein in MDCK cells. The immunofluorescence was performed as
described in Materials & Methods.

This observation opened a new question. Yang et. al propose that snaill-
(S246A) is incapable of repressing genes because of its subcellular
localization, however, we wondered whether snail-1 (S246A) would sfill be
able not to repress its target genes in our MDCK cells, where its subcellular
localization is nuclear. We hypothesize that, unlike its localization, the
mutation in Ser24é6 residue could affect the structure of the C-terminus
domain of snaill, affecting the fourth zinc finger present in the wild type
protein, and disrupting the binding of this tfranscription factor to its DNA
targets. To prove so, we performed “in vitro” binding assays with a probe
bearing the two E-boxes present in PTEN promoter and the wild-type or the
snaill (S246)-GST mutant. As FIGURE R-13 shows, unlike wild-type snaill, the
mutant is unable to bind the probe, suggesting that, at least “in vitro”, the
snaill (S246A) mutant cannot bind the PTEN probe.
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GST-snaill ~ GST-snaill GST

S246A
unlabelled S 4t -+ A -
oligo

FIGURE R-13. Snail1 $248A cannot bind PTEN probe in vitro. Either GST-snaill or GST-snail1 S246A fusion
protein or the GST protein alone were incubated with a double-stranded 32P-radiolabeled probe
corresponding to a DNA fragment within which the two E-boxes of PTEN promoter are present.
Binding experiments were carried out with 150ng of recombinant protein without competitor probe
(-) or competing with an excess of unlabeled wild-type oligonucleotide at 10x fold (+) or 100x fold
(++). Arrow, free probe; arrowhead, specific shifted band.

Besides the “in vitro” evidences and in accordance to them, our western
blot experiments also show that snaill (S246A) is unable to repress E-cadherin
to the same extent than the wild type protein (FIGURE R-14). These results match
with those published by Yang and co-workers in MCF-7 cells, however, the
molecular mechanism proposed by them seems not to apply, at least, for our
MDCK cell model.

The experiments above seem to discard S246 as the residue responsible
for snaill stabilization in response to y radiation. In fact, snaill (S246A) mutant
behaves, in terms of the observed stabilization, as the wild type protein (FIGURE

R-14). Moreover, our experiments point to the existence of other residues within
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snaill responsible for that observation. Our current “in vitro” phosphorylation
assays with Chk1 kinase and wild-type snaill, coupled to mass spectrometry,
should provide us with new candidate residues within snaill and responsible
for the stabilization. Note, however, the possibility that snaill stabilization
responds fo the participation of more that one residues, among which, $246

cannot be discarded.
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FIGURE R-14. Snail1 S246A protein is stabilized in response to y radiation in MDCK-snail1 (S246A) cells
but is unable to repress E-Cadherin. (A) Microscopy image of the MDCK control (left), MDCK-snaill
(middle) and MDCK-snaill (S246A) (right). Note the characteristic epithelial phenotype of control
cells, disrupted by snaill or snaill S246A transfection, conferring a more scattered phenotype. (B)
Protein levels of wild type snaill or S246A mutant and E-cadherin were determined at the indicated
fimes after y iradiation in MDCK-snaill or MDCK-snaill (S246A) cells.

R.2.4. Summary to Chapter 2.

Note that this is a summary of current work. Many issues remain sfill
unclear and need to be addressed into more detail. So far, we can conclude
that snaill protein is stabilized in the nucleus in response to y radiation, where
it binds fo ifs target gene PTEN to promote resistance to apoptosis. The
mechanism responsible for this stabilization might relay in snaill

phosphorylation by Chk1, most likely out of the Pro-Ser-rich domain.
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RESULTS 3. SNAIL1 BINDS TO ITS OWN PROMOTER AND GENERATES A NEGATIVE
FEED-BACK LOOP THAT CONTROLS ITS EXPRESSION IN EPITHELIAL CELLS

The identification of PTEN as a franscriptional target of snaill allows us to
establish a link between this transcription factor and the PI3K pathway. The
relevance of this signaling pathway for EMT has been reported before [138]. In
fact, SNAIL1 transcription has been shown to be dependent on this pathway.
The combination of the results above and our snaill background could give
an explanation to this observation and prompted us to study the elements

modulating SNAIL1 gene expression.

R.3.1. SNAIL1 expression is stimulated by serum.

Snaill expression is not constitutive. Apart form the low expression of this
protein in epithelial cells, snaill MRNA is not expressed in all mesenchymal
cells tested (not shown). This observation suggests the existence of a fight
franscriptional regulation of the snaqill gene expression (SNAIL1) that
prompted us to study if the cellular amount of snaill protein can be somehow
modulated. To address this question, we chose the NIH-3T3 fibroblasts (a cell
line with a high expression of endogenous snaill that can be detected by
western blot), synchronized the cells by a 24h serum depletfion and analyzed

the response of these fibroblasts at different times after serum re-exposure.

As shown in FIGURE R-15, snaill protein levels are up-regulated when serum-
depleted NIH-3T3 fibroblasts are stimulated with serum. The kinetic of this
stimulation displays a maximal amount of protein accumulation three hours
after serum stimulation, followed by a snaill protein levels decrease that
equals that of the non-depleted fibroblast 12h after serum stimulation (FIGURE R-
15A and FIGURE R-158B). To our surprise, snaill profein levels do not remain

constant at later fime-points, but keep oscillating with a regular and
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reproducible paftern (FIGURE R-15A and FIGURE R-158). These changes in snaill

protein are also found for snaill MRNA by RT-PCR (FIGURE R-15C).

Such an oscillatory pattern is characteristic of genes that present auto-
regulation [139] and suggests that SNAILL is subjected to a tight and complex
franscriptional regulation that prompted us to deepen into the study of the

elements conftrolling SNAIL1 gene.

A Time (hours)
WB: NS O 1 3 6 9 121518 2430 36 42
Snaill-HA == D - o e e o ..
Annexin 2 s Sl E3 CVERE P Sy e -

B
5
£ & =
[T g W
5 wiE 4
ool
gg 15 %2 3
> I
38001\ SRS S E
= =0
5% f \N/ e 58
2= “g
2 e
2 0 : : : ‘ ‘ - ﬂ
[-"4
0 0 20 30 40 50 0
. 0 1 3 7 24
Time (hours) Time (hours)

FIGURE R-15. Snaill expression is stimulated by serum. NIH-3T3 fibroblasts were incubated in the
absence of serum for 24 hours and treated with 10% FBS during the indicated times. Protein cell
extracts or MRNA were obtained and analyzed by western blot (A and B) or quantitative RT-PCR (C)
as indicated in Methods. Analysis of annexin 2 was used to verify that equal amounts of protein were
loaded. NS, not synchronized (serum-starved) cells. (A) Shows the results of a representative
experiment of three performed; (B) shows the density values obtained after scanning the blot in
panel A, referred to that obtained in serum starved cells. (C) Shows the average * SD of three
experiments performed.
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R.3.2. Characterization of three E-boxes within SNAIL1 promoter.

To study the elements confroling SNAILL gene expression, we took
advantage of the human SNAILL promoter fragments (FIGURE R-16) cloned in

our laboratory [85].

E-Box | E-Box 2 E-Box 3

" . i ATG

snalll transcript

-869/+59

-194/+59—

-125/+59
-78/+59

FIGURE R-16. Scheme of the different SNAIL1 promoters used in this study. The sizes of the different
fragments are shown in between of the different color arrows. The snaill transcript is labeled in black

and the beginning of the open reading frame and the ATG start codon are labeled in dark blue.
Note the presence of three 5'-CAGCTG-3' E-boxes, in red.

This promoter is active in all cell lines analyzed by luciferase reporter
assay, although its greater activity is achieved in those cells where EMT has
been induced by expression of integrin-linked kinase (ILK) or oncogenes such
as Ha-ras or v-Akt [85].

The analysis of SNAILL promoter revealed the existence of an inhibitory
sequence located between nucleotides -194 and -125, the deletion of which
increased the activity of the promoter in almost all the cell lines studied
(compare values for -194/+59 and -125/+59 promoters (bars 3@ and 5™, when

available) in (FIGURE R-17B).

A closer look at this region revealed a 5'-CACCTG-3' E-box located
between nucleotides -144 and -139 (both included). This box is a well
established sequence motif known to be bound by snaill protein in many
snaill-targeted promoters, such as CDH1 [31]. To check the relevance of this
element in the franscriptional regulation of SNAIL1 promoter, the 5'-CACCTG-
3' was mutated to 5'-AACCTA-3', an already reported sequence unable to
be bound by snaill [31]. This two point mutations within the 5'-CACCTG-3' E-
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box resulted in a significantly increased activity of the -869/+59 promoter in
RWP-1, SW-480, SW-620, NIH-3T3 (FIGURE R-178) and MiaPaca-2 (nof shown) cells
(compare 15t and 27 bars). Furthermore, we obtained similar results to those
observed for the -869/+59 promoter when the two same point mutafions in
the E-box were tested in the -194/+59 SNAIL1 promoter (compare 39 and 4"
bars). Not surprisingly, those cells with very low levels of endogenous snaill
protein, such as HT-29 Mé [31], display a minimal change in the activity of the

-194/+59 promoter after being mutated (FIGURE R-17).
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FIGURE R-17. SNAIL1 promoter contains an E-box that binds a repressor. The activity of the indicated
SNAIL1 promoters was determined as described in Methods. Previous analysis of E-cadherin and
snaill mMRNAs in these cells have shown that HT-29 Mé and RWP-1 present low levels of snaill, SW-480,
intermediate; and SW-620 and NIH3T3, high. (A) This scheme shows the different SNAIL1 promoters
tested. (B) Graphical representation of the luciferase reporter assays. The graphic shows the
average of 3 independent experiments.
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R.3.3. Ectopic snail1 represses SNAIL1 promoter and down-regulates snaill
mRNA levels.

The results above made us think of the possibility that snaill profein could
be modulating its own promoter. Therefore, we analyzed the capability of
ectopic snaill profein to inhibit different constructs of the SNAIL1 promoter

fransfected in cells with low endogenous levels of the protein.

As observed in FIGURE R-18A, snaill transfection to HT-29 Mé cells represses
the basal activity of -869/+59 and -194/+59 SNAIL1 promoter constructs, but is
inactive on the -194/+59 fragment once the E-box mentioned above is
mutated (-194/+59 Mut E1), or on the SNAIL1 promoter fragment lacking the
5'-CACCTG-3' box (-78/+59). This same dependence on the E-box integrity for
the inhibition of SNAIL1 promoter mediated by snaill is also observed in RWP-1

cells (FIGURE R-18B).
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FIGURE R-18. Ectopic snaill represses the activity of SNAIL1 promoter. (A and B) Activity of the
different promoter fragments was determined in HT-29 Mé and RWP-1 cells by fransient fransfection;
when indicated, wild-type snaill or P2A or AZnF mutant cDNAs were cotransfected at several
concentrations. The three mutants were expressed at similar levels (not shown). Black bars

correspond to the activity of each promoter in the absence of snaill. The average + SD of three
different experiments is shown.

Next, we analyzed the effect of two different snaill mutants on SNAIL1
promoter. Either the AZnF mutant, in which the entire C-terminus of the snaill
protein has been deleted, or the P2A mutant, bearing a substitution of Pro2 to
Ala within the N-terminus of snaill protein, were tested. Both mutants have
been reported fo be inactive on CDH1 promoter [31] and our results show

that they behave the same on SNAIL1 promoter (FIGURE R-18B).

To address the question of whether the snaill repression of its own
promoter correlated with a decrease of endogenous snaill RNA levels, we
took advantage of the fact that murine snaill mRNA can be easily
distinguished from the human snaill mRNA. We then studied the effect of
ectopic snaill murine protein expression on endogenous (human) snaill
MRNA by RT-PCR. Results are displayed in FIGURE R-19A, where murine snaill
fransfection to HT-29 Mé cells clearly down-regulates human endogenous

snaill mRNA. This down-regulation of endogenous snaill mRNA by stable
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ectopic expression of murine snaill cDNA was determined to be between 40
to 60% by quantitative RT-PCR (gRT-PCR) depending on the HT-29 Mé clone
analyzed (FIGURE R-198). A pool of RWP-1 cells transfected with the murine snaill

cDNA also showed a similar decrease in human endogenous snaill mRNA

(FIGURE R-19B).
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FIGURE R-19. Ectopic snaill murine protein down-regulates human endogenous snaill mRNA. (A and
B) mRNA was obtained from control HT-29 Mé cells or clones expressing murine snail1-HA, or from a
pool of RWP-1 cells stably transfected with pcDNAS3-snaill-HA or with empty plasmid. Levels of
endogenous human snaill mMRNA were determined as indicated by semi-quantitative (A) or
quantitative RT-PCR (gRT-PCR) (B). The analysis of murine snaill (snaill) and an internal control (HPRT)
is also shown.

R.3.4. Snaill protein binds to SNAIL1 promoter.

After showing that the murine form of snaill is able to modulate the
activity of its human homologue, we wondered about the mechanism
responsible for this observation. So far, snaill-mediated repression of target
promoters has been shown to be dependent on direct binding fo E-boxes
present within these promoter regions. Therefore, we performed Gel-shift and
Chromatin-Immunoprecipitation (ChIP) assays to confirm that binding of

snaill fo SNAIL1 promoter was indeed happening.

Gel-shift assays indicate that recombinant snaill fused to gluthathione-S-

fransferase (GST-snaill) binds efficiently to an oligonucleotide including the E-
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box sequence (FIGURE R-20). The presence of the specific shiffed band is
competed in the presence of a 100-fold excess of unlabelled oligonucleotide,
as expected, but not in the presence of a 100-fold excess of unlabelled
mutant oligonucleotide where the existing E-box described above has been
modified not fo bind snaill. This result evidences the fact that snaill has the
same requirements for binding to this region of the SNAIL1 promoter than

those previously described for E-cadherin (CDH1) promoter [31].
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FIGURE R-20. Snaill binds to SNAILL promoter in vitro. Affinity-purified GST-snaill fusion protein or GST
protein alone was incubated with double-stranded 32P-labelled oligonucleotides corresponding to
the E-box of SNAIL1 promoter. Binding experiments were carried out with 150ng of GST-snaill without
competitor, or competing with a 100-fold excess of unlabelled wild-type or mutant oligonucleotide.
Arrow, free probe; arrowhead, specific shifted band.
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The observation that snaill could bind a 20bp SNAIL1 oligonucleotide
bearing the E-Box “in vifro” prompted us to determine if this associafion also
existed “in vivo". To do so, we performed ChlIP experiments and again, we
were able fo detect binding of snaill protein to SNAIL1 promoter. In this case,
HA-tagged snaill was immunoprecipitated with an HA mab from HT-29 Mé
cell clones stably expressing snaill. The presence of SNAIL1 or CDH1 (a target
of snaill used as positive control) promoter sequences was determined by
PCR. Our results confirm that ectopic snaill protein binds to the native SNAIL1

promoter of HT-29 Mé cells “in vivo" (FIGURE R-21).

HT-29 Mé
Cont Sna

FIGURE R-21. Snail1 binds to SNAIL1 promoter “in vivo”. ChIP analysis was performed as indicated in
Materials & Methods using control or snaill-HA transfected HT-29 Mé clones. Analysis of E-cadherin
(CDHT1) and Cyclophillin (CY) was performed as positive and negative controls respectively.

R.3.5. A snaill inhibitory feed-back loop is active in cell culture.

The results shown above popped the question about the physiological
relevance of SNAIL1 inhibition by snaill. We speculated with the existence of

a negative feed-back loop responsible for the maintenance of snaill protein
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levels within a tight range. To check if this negative feed-back loop exists in
our cell models, snaill-HA cDNA was expressed in HT-29 Mé or RWP-1 cells
under the control of a fragment of its own promoter (-194/+59). The
constructions used in this experiment are shown in FIGURE R-22A. We reasoned
that, if existing, this inhibitory loop should be interrupted either by using a
snaill mutant unable fo repress SNAILL promoter (P2A mutant) or the mutated
promoter (-194/+59 Mut E1) described above, leading to higher levels of
ectopic snaill-HA protein expression. As observed in FIGURE R-22B, the amount of
snaill-HA protein is evidently higher in both conditions if compared with our
control condition, that is, the wild-type SNAILL promoter conirols the
franscription of the snaill-HA cDNA. This increase in snaill-HA protein,
detected by western blot against the HA-tag, cannot be afttributed to
differences in the transfection efficiency or by a higher stability of snaill-HA

P2A protein, as FIGURE R-22B ShOws.
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FIGURE R-22. Snaill represses its own expression generating a negative feed-back loop. (A) Scheme
of three DNA constructs used for the experiment in B. (B) Wild-type or P2A snaill-HA mutant cDNAs
were inserted in pGL3 reporter plasmid, where SNAILL (-194/+59) promoter or (-194/+59 Mut E1)
promoter had been previously cloned. The luciferase gene and the CMV promoter within pGL3
were deleted, leaving the expression of wild type snaill-HA or P2A mutant under the control of wild
type SNAIL1 or SNAIL1 -Mut E1 promoter. The resulting three plasmids were fransfected to RWP-1 cells
and expression of ectopic snaill-HA was analyzed 48h lafer by western blot using the HA antibody.
GFP was cotransfected in a ratio of 1:10 to check that differences in the HA expression were not due
to distinct efficiency of transfection. As a control, wild type or P2A snaill-mutant were expressed
under the control of CMV promoter, to check that the two proteins present a similar stability in these
cells. The panel shows the result of a representative experiment of three performed. The estimated
sizes of snaill-HA and GFP are shown.

The same results are observed in RWP-1 and HT-29 Mé (not shown)
although in this latter cell line the protein expression levels are lower, reflecting

the lesser activity of the SNAIL1 promoter in the cells.

R.3.6. Summary to Chapter 3.

We describe the existence of an inhibitory feed-back mechanism that
controls SNAIL1 expression in epithelial cells. This mechanism is dependent on
the repressive activity of snaill protein and on the integrity of a 5'-CACCTG-3’

element located within the SNAIL1 promoter.
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RESULTS 4. SNAIL1 EFFECTS ON SNAIL1 TRANSCRIPTION ARE CELL DEPENDENT

R.4.1. Snaill activates in its own promoter independently of the E-box.

As it will be shown below, the inhibitory loop previously described is
functional in all cell lines studied. However, and to our surprise, the
predominant effect of snaill expression on SNAILL promoter is significantly

different in those cell lines with a more mesenchymal phenotype.

To try to elucidate the transcriptional mechanism leading to this different
behavior of SNAILL promoter in these so called “mesenchymal” cells, we used
one of the first approaches that had been useful in the past. We took profit
again of the fact that by RT-PCR we can differentiate the endogenous snaill
levels in a pool of SW-480 cells (human) from the ectopically transfected

murine snail1-HA.

In contrast with our previous results in epithelial cells (HT-29 Mé or RWP-1
cells), in SW-480 cells, ectopic snaill increases the levels of endogenous snaill
MRNA two-fold, detected by gRT-PCR (FIGURE R-23). The same resulfs were
observed when two populations of MiaPaca-2 cells, tfransfected with control
or murine snaill-HA plasmids were analyzed. In this latter case the presence of
ectopic snaill-HA increases endogenous snaill mRNA more than five-fold

(FIGURE R-23).
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FIGURE R-23. Ectopic murine snaill protein up-regulates human endogenous snaill mRNA in
mesenchymal cells. Endogenous snaill mRNA levels were analyzed by gRT-PCR (as described
before) in SW-480 or MiaPaca-2 cells transfected with murine -HA or with control plasmid. The figure

shows the relative values of endogenous human snaill mRNA in murine snaill-transfected cells
respect to the confrol.

Again, as for the case of epithelial cells, SNAILL promoter activity in
mesenchymal cells correlated with the mRNA levels observed. As shown in
FIGURE R-24, the activity of the -869/+59 and -194/+59 SNAIL1 promoter
fragments is higher in SW-480 snail cells than in SW-480 control cells.
Furthermore, the mutation of the E-box does not prevent this effect, but, on
the contrary, leads to an even larger stimulation. The results obtained for the
shorter SNAILL promoter (-125/+59) also lacking the E-box, reinforced our
conclusion that this stimulation is not dependent on snaill binding to its

promoter.
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FIGURE R-24. Ectopic snail1 activates the activity of SNAILL promoter. The relative activity of the

indicated SNAIL1 promoters was analyzed in SW-480 control or ectopic snaill expressing clones. The
results are average * SD of three experiments performed.

Additional reporter assays analyzing the effect of transient snaill
expression on SNAIL1 promoter activity in mesenchymal cells also agree with
this conclusion. Snaill activates the expression of its promoter independently
of the presence of the E-box (FIGURE R-25). Both in SW-480 and NIH-3T3 cells,
snaill stimulation of the -194/+59 SNAIL1 promoter is not dependent on the
integrity of the E-box. On top of that, the SNAIL1 -125/+59 promoter fragment
(lacking the E-box sequence) also responds to snaill (FIGURE R-25), reinforcing
our idea that the activation of SNAIL1 promoter is not dependent on the E-

box.
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FIGURE R-25. Ectopic snaill activates the activity of SNAIL1 promoter. SW-480 or NIH-3T3 cells were
fransiently cotransfected with increasing amounts of wild-type snaill DNA, together with the
indicated SNAIL1 promoters. The activities of these promoters were calculated taking as a reference
the value obtained for the -194/+59 promoter in the absence of ectopic snaill.

Although the overall effect of snaill expression in these mesenchymal cell
lines was the stimulation of SNAIL1 promoter, we observed that the SNAILL
promoter bearing the mutation in the E-box displayed an increased activity
when compared with the wild type SNAILL promoter. This observation was
suggesting us that maybe snaill binding fo SNAIL1 promoter and the

subsequent repression was also happening in mesenchymal cells.

A ChIP assay verified our suspicions. Snaill co-immunoprecipitated SNAILL
promoter as well as CDH1 promoter in SW-480 cells (FIGURE R-26), confirming the
binding of snaill fo SNAIL1 not only in epithelial cells (where the overall effect
of snaill expression is SNAILL repression, see FIGURE R-21), but also, at least, in the

SW-480 cell model (where the overall effect is activation).

102



SW-480

Cont Sna Cont  Sna Cont  Sna

Ul —— -
B -
cy

SNAIT CDH1

FIGURE R-26. ChIP analysis confirms snaill binding to SNAIL1 in SW-480 cells. ChIP was performed as
in FIGURE R-21 from two different populations of SW-480 cells either expressing snaill-HA or confrol
plasmid. CDH1 and CY were used as positive and negative controls respectively.

We then investigated whether the inhibitory loop that had been
described in epithelial cells is functional in a cell line like the NIH-3T3
fibroblasts, which we have shown to respond to snaill expression with a

stimulation of SNAIL1 promoter.

As observed previously in the epithelial RWP-1 cells, snaill P2A mutant
protein accumulates fo higher levels than the wild-type snaill profein when
expressed under the confrol of the -194/+59 SNAIL1 promoter, but not when
expressed under the control of the constitutively active CMV promoter (FIGURE

R-27).
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FIGURE R-27. The negative feed-back loop is functional in mesenchymal cells. NIH-3T3 cells were
fransfected with wild-type or P2A snaill cDNAs under the confrol of SNAILL (-194/+5%) promoter, or
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CMV promoter. Similar efficiencies of tfransfection were verified analyzing the levels of cofransfected
GFP.

R.4.2. E-cadherin controls the activation of SNAIL1 promoter by snaill.

Up-regulated expression of SNAILL has been detected in several
experimental conditions in which cells are forced to adopt a mesenchymal
phenotype [80-85]. At this point of our study, we had realized that epithelial
cells respond to snaill fransfection with a repression of its promoter, whereas a
stimulatory loop is detected in cells with a more mesenchymal phenotype. In
order to study this switch, we checked the effect of snaill expression in our
IEC-18 cell clones. We compared the confrol clone (epithelial phenotype)
with an [EC-ILK clone (forced to undergo EMT by the expression of the
integrin-linked kinase (ILK) cDNA). As a result of this ILK expression, and
compared to IEC-18 confrol cells, IEC-ILK clones express lower levels of E-

cadherin and higher levels of mesenchymal markers [85] .

IEC-18 IEC-ILK

SNAIT promoter  -194/+59 -194/+59 -125/+59 -194/+59  -194/+59 -125/+59
(Mut E1) (Mut E1)
1 L

0.5

SNAI promoter activity
(fold respect to control)
SNAI promoter activity
(fold respect to control)

Snaill Snaill

FIGURE R-28. ILK promotes EMT in IEC cells and switches SNAIL1 responsiveness from repression to
activation. The effects of snaill cDNA transfection on the activity of the indicated promoters was
analyzed by reporter assay either in IEC-18 (epithelial) or [EC-18-ILK (mesenchymail) cells. Though not
shown, -194/+59 SNAIL1 promoter showed a 2.5-fold higher activity in IEC-ILK than in [EC cells (as
previously reported by Barberd et al. [85]).
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As is shown in FIGURE R-28, the transfection of increasing amounts of snaill
cDNA to IEC-18 cells leads, as expected for epithelial cells (FIGURE R-17 and
FIGURE R-18), tO a repression of -194/+59 SNAIL1 promoter, being this repression,
again, dependent on the presence of the E-box. On the contrary, the
performance of the experiment above in IEC-ILK cells, turns info an activation
of -194/+59 SNAIL1 promoter which is, as described before (FIGURE R-24 and
FIGURE R-25), independent of the presence of the E-box. We conclude from this
experiment that EMT is associated with a switch of the -194/+59 SNAIL1
promoter responsiveness that goes from an overall inhibition to an overall

activation.

Because transcriptional repression of E-cadherin is the hallmark of EMT, we
wondered whether the activation of the -194/+59 SNAIL1 promoter in
mesenchymal cells could be reverted to the repression observed in epithelial
cells by E-cadherin over-expression. To do so, reporter assays were performed
in SW-480 cells. As shown in FIGURE R-29A, over-expression of E-cadherin slightly
affects the basal activity of the -194/+59 SNAIL1 promoter, but totally prevents
the activation triggered by snaill. In addition, mutation of the E-box only
makes more evident the stimulatory effect induced by snaill fransfection and
the subsequent blockage induced by E-cadherin. As a control, western blot
analysis evidenced that, in our experimental conditions, E-cadherin expression

does not affect the ectopic expression of snaill-HA (FIGURE R-298).
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A SW-480 B

SNAIT promoter -194/+59 -194/+59
Mut El

SW-480 .

3 120KDa [ — E-Cadherin

35KDa Snaill-HA

Snaill-HA 2 + = +
E-Cadherin - - + +

SNAI promoter activity
(folds with respect to confrol)

Snaill | | - -

E-Cadherin = T = T
FIGURE R-29. Over-expression of E-cadherin blocks snaill activation of -194/+59 SNAILL promoter.
(A) Snaill induced stimulation of the -194/+58 SNAIL1 promoter was deftermined by reporter assay in
SW-480. Co-fransfection with E-cadherin cDNA was performed when indicated. The figure shows the
average * SD of three experiments performed. (B) Western blot analysis of the expression of E-

cadherin and snail1-HA proteins in some of the samples from the reporter assay in (A) to show that E-
Cadherin over-expression does not affect snaill-HA over-expression and vice versa.

The relevance of E-cadherin in SNAIL1 promoter regulation was also
studied using stable transfectants. For this goal, we stably over-expressed E-
cadherin and snaill-HA in SW-480 cells and checked the levels of the
endogenous snaill mMRNA (taking advantage again of the fact that we can
distinguish the ectopic snaill-HA (murine) from the endogenous human

MRNA.

As shown in FIGURE R-30A, E-cadherin over-expression greatly reduced the
levels of endogenous snaill mMRNA, either in control cells or in cells transfected
with murine snaill-HA. By western blot, we also determined that E-cadherin
over-expression does not modify the levels of ectopic snaill-HA. Similar results
were obtained in the mesenchymal MiaPaca-2 cells although the effect of E-
cadherin over-expression on snaill mMRNA was weaker; it prevented the
stimulatory effect promoted by the ectopic expression of wild type snaill-HA

(FIGURE R-308B).
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FIGURE R-30. Over-expression of E-cadherin blocks snaill mRNA transcription. (A) Human
endogenous snaill MRNA was determined by gRT-PCR in SW-480 cells stably transfected either with
murine snaill-HA cDNA, E-cadherin cDNA or both. The levels of E-cadherin and snaill-HA proteins
are shown by western blot. (B) Same analysis that in (A) but performed in MiaPaca-2 cells.

R.4.3. Snaill stimulation of SNAIL1 promoter requires NFkB transcriptional
activity.

The activity of SNAIL1 promoter has been reported to be modulated by
ERK2 [59] and PI3K/NFkB pathways [85]. Actually our results on PTEN repression
by snaill suggest a role for snaill in the modulation of the PI3K pathway and
therefore, in its own regulation through the Akt/NFkB pathway. It is known that
these signaling elements exert their function on different fragments within
SNAIL1 promoter. The ERK2-responsive element is located in the minimal -
78/+59 SNAIL1 promoter, whereas NFkB requires additional upstream

sequences [85]. Our experiments show that snaill stimulation of SNAIL1
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promoter is maximal when the reporter assays are performed with the -
125/+59 SNAIL1 promoter (FIGURE R-17). This suggests an important role for NFkB
signaling in the franscriptional stimulation of SNAIL1 promoter that prompted
us to study it intfo more detail. We checked the status of the NFkB signaling
pathway by reporter assay in our SW-480 and Miapaca-2 mesenchymal cell
models because in both of them (unlike our epithelial cell models) we had
been able to prove the existence of a snaill-dependent positive feed-back
loop on SNAIL1 promoter. As shown in FIGURE R-31, snaill expressing cells (either
SW-480 snaill stable clones or Miapaca-2 cells transiently tfransfected with
snaill cDNA) display higher activity of the NFkB sensitive promoter (see
Material & methods) than the respective control cells. Furthermore, the
stimulation is fotally (in the case of SW-480 cells) or partially (for MiaPaca-2
cells) abolished by co-expression of E-cadherin, mimicking the effects

detected on SNAIL1 promoter.

SW-480 Miapaca-2

3 12

1 4

0 0

NFkB-dependent promoter
(folds with respect to control)
(]
[e+]

Snaill - + - + - + - +
E-Cadherin - - + + - - + +

FIGURE R-31. NFkB signaling is increased in snaill expressing cells and can be blocked by E-
cadherin over-expression. The NF3 NFkB reporter plasmid was fransfected to SW-480 cells stably
fransfected with snaill-HA cDNA, E-cadherin CDNA, or both. MiaPaca-2 cells were transiently
fransfected with the NF3 NFkB reporter plasmid, together with the above indicated cDNAs.

To deepen into the relevance of NFkB signaling in the stimulation of the -

194/+59 SNAIL1 promoter, we fransfected a dominant negative form of RelA
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(p65) lacking the fransactivation domain (ARelA), that is, consisting only of the
DNA-binding domain and performed reporter assays with the -194/+59 SNAIL1
promoter and increasing amounts of snaill. As shown in FIGURE R-32, the
fransfection of this dominant negative form of ARelA (labeled ARel in the
figure) abrogated the stimulation of SNAIL1 promoter by snaill, indicating that
NF«B signaling is relevant for activation of SNAIL1 promoter triggered by snaill,

that is for the existence of what we have called a “self-activation loop”.

SW-480

W

-194/+59 SNAIl promoter activity
(folds with respect to control)
|

Snaill cDNA Snaill cDNA

+ ARel

FIGURE R-32. SNAIL1 induction by snaill requires NFkB signaling. The stimulation of -194/+59 SNAIL1
promoter by increasing amounts of pcDNA3-snaill-HA was defermined in SW-480 cells in the
presence of pcDNA3-ARel (when indicated) or empty plasmid. The results are average + SD of three
experiments performed.

R.4.4. Summary to Chapter 4.

We describe the existence of a stimulatory feed-back mechanism that
controls SNAIL1L expression in mesenchymal cells. This mechanism is not
dependent on the integrity of a 5'-CACCTG-3' element located within the
SNAIL1 promoter, requires NFkB signaling and can be blocked by E-cadherin.
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MATERIALS & METHODS
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MM.1. Cell culture.

Unless otherwise specified, all cells were grown in Dulbecco’s modified

Eagle’s medium (DMEM) (Invitrogen) supplemented with 10% fetal bovine

serum (FBS) (Biological Industries), 4.5 g/l glucose (Life Technologies), 2mM de

glutamine, 56U/ml penicilin and 56ug/l streptomycin. The incubator

atmosphere was 5% CO2 and 95% air, and the temperature was held

constant at 37°C.

o

The generation and properties of HT-29 Mé clones stably tfransfected with

snaill-HA has been previously described [31].

To obtain SW-480 double transfectants, pcDNA3 and pBATEM2 [140]
(kindly provided by Dr. M. Takeichi, Kyoto University, Kyoto, Japan)
plasmids were transfected to SW-480-ADH cells using Lipofectamine Plus
(Invitrogen). Stable fransfectants were obtained after selection with
2mg/ml G418 and screened by western blot and immunofluorescence.
Those with higher E-cadherin expression were selected. Next, cells were
refrovirally-tfransduced with the mouse snaill cDNA tagged at the 3"-end
with the sequence encoding the influenza hemagglutfinin twelve-
aminoacid peptide cloned into the pRV-IRES/gfp retroviral vector
(ECADH-snaill-HA cells) or with the empty pRV-IRES/gfp vector (ECADH
cells). Retroviral infection was performed as described [68]. Transduced
(GFP+) cells were sorted using an Epics Altra HSS (Beckman-Coulter) and

the pool of infected cells was used for further studies.

The human pancreatic cancer cell line RWP-1 was fransfected with
pcDNA3 or pcDNA3-snaill-HA using Lipofectamine Plus (Invitrogen) and
stable clones were obtained after selection with Tmg/ml of G418. The
isolated clones were screened by their characteristic morphological

features and by western blot. RWP-1 snail1-PTEN clones were established
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as follows. The parental cell line was transfected with the DNA plasmids
encoding the human PTEN or murine snaill-HA in pcDNAS3 plasmid using
the Lipofectamine Plus reagent. Cell fransfectants were selected by
freatment with Tmg/ml of G418 (for PTEN insertion) and hygromycin
250ug/ml for (snaill insertion) as previously reported. The selected clones

were analyzed by western blot.

= Use of other cell lines (MiaPaca-2, RWP-1, SW-620, NIH-3T3, IEC-18, IEC-ILK)

has been previously reported [85].

= Madin Darby Canine Kidney (MDCK) is a well-established model of
epithelial cells expressing wild-type PTEN. Ectopic expression of snaill in
this cell line has been reported to increase resistance to apoptosis
induced by tumor necrosis factor a [63] as well as cause a complete EMT
[30,31]. MDCK-snaill(Ser — Ala) and MDCK-snaill (S246A) were
established as previously reported for MDCK-snaill [31]. MDCK cells stably
transfected with a short hairpin RNA (shRNA) specific for snaill (shsnaill),
PTEN (shPTEN), or the corresponding control (shCtl) were established as
follows. DNA from each of the five mission snaill shRNA, PTEN short hairpin
RNA (shRNA), or non-target control vectors (Sigma) was obtained, and 2
ng of an equimolar mix was transfected to control or snaill-expressing
MDCK cells. Selection was performed for 5 days with puromycin (4ug/ml).
PTEN or snaill-HA protein levels were analyzed by Western blofting as
described below. Clones showing the lowest levels of ectopic snaill-HA or

endogenous PTEN proteins were selected for further studies.

MM.2. DNA constructs and transfection.

o The cloning of the human SNAIL1 promoter (-869/+59) in pGL3 basic

(Promega), had been previously described [85]. Note that a putative
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snaill binding site within the pGL3 plasmid was eliminated, and therefore

re-named pGL3*.

The human SNAIL1 promoter constructs -194/+59, -125/+59 and -78/+59

have also been reported [85].

The SNAIL1L mutant promoters in the E-box3 (-869/+59 Mut E1 and -
194/+59 Mut E1) had been reported [85] and were obtained using the
QuickChange™ site-directed mutagenesis kit (Stratagene). The sense and

anfisense oligonucleotides used were, respectively:

5'-CCAGCAGCCGGCGAACCTACTICGGGGAGTG-3' and
5'-CACTCCCCGAGTAGGITCGCCGGCIGCTGG-3’,

where the mutated oligonucleotides are displayed in bold.

The cloning strategy for pcDNA3 snaill, pcDNA3 snail1-P2A and pcDNA3
snaill AZnF mutants has been reported [31]. To confer pcDNA3 snaill
plasmid with the hygromycin resistance, the G418 cassette was deleted
with Smal/Xbal sites and a hygromycin cassette was cloned instead. The
pcDNA3 snaill (Ser — Ala) mutant has been reported before by our
group [73]. The pcDNA3 snaill-HA S$246A point mutant was obtained
using the QuikChange site-directed mutagenesis kit (Stratagene) and
pPcDNA3-snaill as the template. The sense primer used for the generation
of the mutation was 5-CGAACCTTCGCCCGCATGTCC-3', where
modified nucleotides with respect to the SNAILL sequence (GenBank
accession number gi: 6755586) are indicated in bold. All mutants were

verified by sequencing.

The preparation and use of pcDNA3 snail2 (slug) and pcDNA3 zeb1 have
previously been reported [66,73].
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pcDNA3 PTEN was a kind gift of Dr. Puig and Dr.Larue, (Institut Curie, Paris,

France).

For GFP expression, peGFP plasmid (Clontech) was co-transfected in a
ratio of 1 (peGFP) : 10 (cDNA of interest). Total amount of DNA
fransfected was decided following the Lipofectamine Plus reagent

guidelines.

E-cadherin over-expression was achieved by transfection of pBATEM2
plasmid kindly provided by Dr. M. Takeichi (Kyoto University, Kyoto,
Japan). Total amount of DNA fransfected was decided following the

Lipofectamine Plus reagent guidelines.

snaill-HA or snail1-P2A-HA were also cloned in pGL3* -194/+59 SNAIL1
promoter or in pGL3* -194/+59 (MUT E1) SNAIL1 promoter vectors using the
Xbal/Hindlll sites present in pGL3* and removing the luciferase gene from

the vector.

pcDNA3-ARelA plasmid, where the DNA binding of RelA has been
deleted, and NF3 reporter plasmid, consisting of three tandem RelA
consensus binding elements cloned in pGL3 plasmid, were both kind gifts
of Dr. M. Fresno (Universidad Autbnoma de Madrid, Madrid, Spain) and

used according to Lipofectamine Plus reagent guidelines.

The human PTEN promoter (position numbers -883/+305; GeneCards
database, NCBI: chromosome 10; positions 89612292 to 89613480) was
cloned by PCR from HT-29 cell genomic DNA wusing high-fidelity
polymerase (Pfx; Invitrogen) in pGL3* basic (Promega) (a putative snaill
binding site of the plasmid was eliminated). The sense oligonucleotide
sequence was 5'-CGAGCTCCCGACGCCGCGAACC-3', and the
antisense sequence was 5'-GGAAGATCTGAGAGGGGCTCCGGGC-3'.



The E1E2mut PTEN promoter was obtained using the QuikChange site-
directed mutagenesis kit (Stratagene). The sense oligonucleotide
sequences used for performing the mutations in the two E-boxes present
in the human -883/+305 PTEN promoter were '5-
TACACTGAGCAGCGTGGTAACCTAGTCCITTTCACCTGTGCACA-3' and ‘5-
AGCGTGGTCACCTGGTCCTTTTAACCTATGCACAGGTAACCTCAGACTC-3' for E-
boxl and E-box2, respectively, where the mutated nucleotides are

displayed in bold.

Interference of murine snaill and human PTEN was achieved by
equimolar transfection of 5 MISSION shRNA (SHGLY-NM_011427 or SHGLY-
NM_000314 respectively, Sigma). Total DNA transfected was used

according to Lipofectamine Plus reagent guidelines.

MM.3. Fluorescence Activated Cell Sorter (FACS) analysis and determination
of cell cycle and cell death.

1.

2,

Iradiation: cells were irradiated in a Schering (IBL 473C) 37cesium
iradiator. An initial dose-response study determined that a 20Gy vy
radiation dose was required to induce apoptosis in 30 to 40% of confrol
MDCK cells 48nh after irradiation. RWP-1 cells were subjected to the same
dose, but they were analyzed 24h after the irradiation since these cells are

more sensitive fo y radiation.

Trypsinization: after the indicated times, the cells were trypsinized and
counted. 1-3e¢ cells were washed twice with ice-cold phosphate-buffered

saline (PBS) and transferred to a 10ml fube.
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Centrifugation and cell pellet resuspension: the 10ml tube was centrifuged

(1000 rpm) for 5 minutes and the cellular pellet resuspended in 0,9ml of
cold PBS.

Fixation: cells were fixed by adding 2,1ml of ice-cold 100% ethanol (70%
final percentage of ethanol) drop-wise. At this point, cells could be stored

at 4°C or alternatively, stained for cytometry.

Washes: before staining with propidium iodide, the cells were washed

twice with PBS to remove the ethanol.

Staining: after being washed, the fixed cells were freated with Tml of
solution Pl (5ug/ml RNase A and 50ug/ml propidium iodide, in PBS) for
30min at 37°C or alternatively, for 48h at 4°C.

FACS analysis: after the staining, the cells were analyzed with a FACScan

flow cytometer and the results analyzed and discussed.

When indicated, instead of propidium iodide and FACS analysis, tripan

blue staining was used after trypsinization and the percentage of blue

(dieing) cells calculated. Note that n=200 cells were counted for each

condition.
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MM 4. Analysis of protein expression by Western Blot.

Analysis of endogenous snaill and annexin 2 in NIH-3T3 cells (FIGURE R-15).

1. Cell synchronization: cells were grown in standard conditions for 24h and

later on, deprived from serum (0.01% FBS) for 24h to synchronize them. To
confirm the achievement of synchronization, an aliquot of cells was
analyzed by flow cytometry (FACScan, Becton Dickinson) as previously

described.

2. Cell extract preparation: at the indicated times after the addition of fresh

medium (10% FBS), cells would be washed twice with PBS and total cell
extracts obtained in SDS buffer (25mM Tris-HCI pH=7.6, 10mM KCI, TmM
EDTA, 1% SDS). Cell lysates were then centrifuged at 13,200 rom during

15min and 60ug of the supernatant were used for Western Blot analysis.

3. Electrophoresis _and gel transfer: samples were separated by 15%

polyacrylamide gel electrophoresis (PAGE). After transference to a

nifrocellulose membrane, the samples were analyzed by western blof.

4. Western Blot: before incubating with the primary anfibodies, the
nitrocellulose membranes were blocked with 5% non-fat milk in TBS-Tween
for 1 hour at room temperature. Then, the membranes were incubated
over-night at 4°C with, either a mouse anti-snaill monoclonal antibody
(mab) [94] diluted 1:40 in blocking solution. This antibody was prepared
using as antigen a GST- murine-snaill fusion protein and recognizes the N-
regulatory domain of the protein (data not shown). As a loading control,
the same samples were incubated for 30 minutes at room temperature
with a polyclonal antiserum anti-annexin 2 (a kind gift of Dr. Navarro, IMIM,
Barcelona, Spain). After three washes with TBS-Tween, the membranes

were incubated for 1 hour with secondary antibodies (DAKO): antfi-mouse-
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HRP for snaill detection and anti-rabbit-HRP for annexin 2 detection. Both
were used according to manufactures instructions. Next, the excess of
secondary anfibody was removed washing three times with TBS-Tween
and then, the membranes were incubated for 1 minute with ECL solutfion
(Pierce), containing a HRP substrate and the quimio-luminescence signal

developed in a radiography film.

From now on, the details of the western blot technique will only be

explained if different from those described above

Determination of the exogenous snaill protein in transfected cells (FIGURE R-22B

and FIGURE R-27):

1.
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Transfection of DNA constructs: for the determination of exogenous snaill

the following constructs:

pGL3* -194/+59 SNAIL1 prom-snail1-HA

pGL3* -194/+59 (Mut E1) SNAIL1 prom-snail1-HA
pGL3* -194/+59 SNAIL1 prom-snail 1-P2A-HA
pcDNAS3-snail1-HA

pcDNAZ3-snail1-P2A-HA

were fransfected together with 70ng of peGFP plasmid as internal control
for fransfection efficiency and according to Lipofectamine-Plus Reagent

(Invitrogen) guidelines for 10mm plates.

Protein expression analysis by western blot: cell extracts were prepared

and equal amounts of total cellular exiracts were subjected fo 15%
polyacrylamide-SDS-PAGE and fransferred to a nitrocellulose membrane.
The blots were analyzed with the following primary anfibodies diluted in
TBS-T 5% non-fat milk: anti HA (rat mab, Roche 1:1000) or anti GFP (mouse



mab JL-8, Clontech 1:1000). Goat anfi-rat-HRP and rabbit anti-mouse-HRP
(DAKO) were used as secondary anfibodies and blots were develop as

described before.

Determination of exogenous E-cadherin protein in transfected cells (FIGURE R-14,

FIGURE R-29 and FIGURE R-30).

20ug of each protein sample would be separated by 7% polyacrylamide-SDS-

PAGE. Western blot against E-cadherin was performed with murine mabs

(Transduction Laboratories, 1:1000) diluted in TBS-Tween 5% non-fat milk for 1

hour at room temperature. Rabbit anti-mouse (DAKO) was used as secondary

antibody.

Determination of endogenous proteins in fransfected cells (FIGURE R-1, FIGURE R-3,

FIGURE R-5, FIGURE R-8 and FIGURE R-15).

1.

Cell exiracts were prepared as already indicated except for those for
PTEN detection. Alternatively, cells would be lysed in cytosol buffer (10 mM
Tris-HCI [pH 6.5], 150 mM NaCl, 0.01% saponin, 2 mM EDTA, 5 mM EGTA,
supplemented with protease inhibitors). In the latter case, the lysing lasted
20 min on ice, to obtain the cytosolic fraction. Lysates were clarified by
cenftrifugation, and supernatants were collected and quantified. 40ug of

protein would be loaded for detection with the different antibodies.

Western blot analyses for detection of endogenous PTEN, P-Akt (Thr308),
Akt, p21, P-p53 (Ser15) and caspase 3 (all of them rabbit immunoglobulins
from Cell Signaling, 1:1000 in TBS-Tween 3% BSA, over-night at 4°C), a-actin
(mouse, Sigma, 1:1000, 1 hour at room temperature), and annexin 2

(1:10000) 30 minutes at room temperature).
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MM.5. Phosphorylated protein purification and western blot analysis (FIGURE R-

8c).

Purification of phosphorylated proteins: the purification of phosphorylated

proteins was performed using the PhosphoProtein purification kit (Qiagen)
according to the manufacturer’s instructions. Previous to purification, an

aliguot of each sample (input) was collected as a control.

Western blot: input samples and samples eluted from the columns were
separated by 15% polyacrylamide-SDS-PAGE and western blot against the
HA epitope or P-p53 (Serl15) performed as described above.

MM.6. Immunofluorescence protocol (FIGURE R-8B, FIGURE R-9 and FIGURE R-12).

Immunofluorescence was basically performed as previously described in [73].

1.
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Seeding: cells were plated on sterile glass coverslips to achieve 70%

confluence 24h later.

Irradiation: when needed, the coverslips would be irradiated as explained

above and fixed at the indicated time-points.

Fixation: cells would be washed twice with PBS and then fixed with 4%

paraformaldehyde for 10 minutes.

Permeabilization: this step was done by incubation with 1% sodium

dodecyl sulfate (SDS) in PBS for 10 minutes.

Blocking: the coverslips were incubated for Th at room temperature with
PBS (0.1% saponin and 1% BSA).



Primary antibody hybridization: affinity-purified mouse monoclonal anti-
snaill antibody [?4] was diluted 1:10 in PBS (1% BSA, 0.1% saponin) and

incubated for Th at room temperature.

Washes: three times with PBS.

Secondary antibody hybridization: the binding of the primary antibody

was detected with anti-mouse Alexa 488 (Molecular Probes, 1:5000)
immunoglobulins, incubated for 1 hour at room temperature and in the
dark.

Washes: three times with PBS.

10. Mounting: the coverslips would then be mounted on slides and on top of

11.

a Fluoromount-G (SouthernBiotech) drop and allowed to dry in the dark.

Confocal microscopy: fluorescence was detected with a TCS-SP2 Leica

confocal microscope.

MM.7. Luciferase reporter assays (FIGURE R-6A, FIGURE R-17, FIGURE R-18, FIGURE R-24,
FIGURE R-25, FIGURE R-28, FIGURE R-29, FIGURE R-31 and FIGURE R-32).

1.

2.

Cell seeding: 6e* cells per well would be seeded in a 24-well plate. Each

fransfection condition would be duplicated.

Transfection: 24 hours after seeding, the cells would be transfected with
100ng of the indicated human SNAIL1 promoter, NF3 NFkB reporter or
empty PGL3* vector. Alternatively, 25ng of PTEN promoters or empty
PGL3* would be transfected. When indicated, co-fransfection was

performed with either:
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(a). 50ng of pBATEM2 (mouse E-cadherin) or

(b). increasing amounts (0.1, 1 and 10ng) of pcDNAS-snaill (wild type),
snaill mutant constructs (pcDNAS3-snail1-P2A or pcDNA3-snaill
AZnF), pcDNA3snail2 (slug), pcDNA3-zeb1) or

(c). 50ng of pcDNA3 ARelA

Ing of SV40-Renilla luciferase plasmid was always co-transfected as a

confrol for transfection efficiency.

Firefly and renilla redouts: the expression of Firefly and Renilla luciferases

was analyzed 48 hours post-fransfection, according to manufacturer's
instructions. All experimental results would then be corrected by

fransfection efficiency (Renilla readouts) and by empty PGL* readouts.

MM.8. Chromatin immunoprecipitation assay (ChlIP).

2.
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Cell culture: cells would be seeded in 150mm plates and allowed to grow
for 48 hours. Before achieving confluence, the plates, with approximately

10e¢ cells, were used for the ChIP experiment.

Cross-linking: the plates would first be washed twice with cold PBS and
then treated for 4 minutes with 1% formaldehyde in DMEM without FBS.
After this time, the cross-linking would be stopped by addition of 250ul of

glycine 2,5M at room temperature.

Washes and lysing: the plates would then be washed twice with cold PBS
and inifially lysed in buffer IP2 (50mM Tris [pH 8], 2mM EDTA, 10% glycerol

supplemented with protease inhibitors), transferred to an eppendorf tube

and centrifuged for 15 min at moximum speed. The pellet (containing the



nuclei) was resuspended in buffer IP1 (50mM Tris [pH 8], 10mM EDTA, 1%

SDS) for 10 min af room temperature.

Sonication: the cell lysates would then be sonicated (40%, 10 pulses,

Branson) to generate 200 to 1500bp DNA fragments.

Pre-clearing: a 3hours pre-clearing with 50ul of protein G-agarose
(Boehringer) would be done to remove unspecific binding of proteins o
the resin. This step was performed at 4°C and the samples were all the

fime agitated.

Immunoprecipitation: the protein G used in the pre-clearing would be

removed centrifuging the samples for 1 minute at 2000 rom. The
supernatant would then be recovered and transferred to a new tube,
where the immunoprecipitation took place. This step was carried out

over-night in IP1 buffer with either:

(a). antibodies against the HA epitope (Roche, 1:100) or
(o).  monoclonal antibody (MADb) anti-snaill (1:100) [94] or
(c). anti-p53 (catalog no. sc-126X; Santa Cruz, 1:60)

Note that, in parallel, the same samples were always immunoprecipitated
with an irrelevant immunoglobulin G (IgG) (Sigma) in IP-dilution buffer
(16.7mM Tris [pH 8], 167mN NaCl, 1.2mM EDTA, 1.1% Triton X-100, 0.01%
SDS).

The following morning, 50ul of protein G-agarose would be added to

each sample and left in agitation for 1 hour at 4°C. Later, the content of

each tube would be transferred to a column to perform the washes.
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10.
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Washes: subsequent washes of the columns would be performed with ice-
cold buffers. First, three washes with low salt buffer (0,1% SDS, 1% Triton X-
100, 2mM EDTA, 20mM Tris pH 8, 150mM NaCl), the, three washes with
high salt buffer (0,1% SDS, 1% Triton X-100, 2mM EDTA, 20mM Tris pH 8,
500mM NaCl) and finally, three washes with LIiCl buffer (250mM LICl, 1%
NP-40, 1% sodium deoxycholate, TmM EDTA, 10mM fris pH 8).

After this step, the columns would be spined at 1000rpm to be dried and

quickly prepared for elution.
Elution: the samples in the columns would then be treated with elution
buffer (100mM Na2COs, 1% SDS) and incubated at 65°C over-night to

reverse formaldehyde cross-linking.

DNA sequences purification: the following morning, the columns were

centrifuge for Tmin at maximum speed and the eluted samples purified
using the GFX PCR DNA and Gel Band Purification Kit (Amersham).

Quantitative or alternatively, semi-quantitative PCR amplification of the

DNA sequences: the presence of promoter regions in the eluted DNA was

detected as follows:

Semi-quantitative PCR amplification (FIGURE R-21_and FIGURE R-26): the

presence of SNAILlL, CDH1 and CY promotfers among snaill
immunoprecipitated sequences was performed with the following

specific primers:

= Human SNAIL1 promoter (Gl: 9650757):
5'GGCGCACCTGCTICGGGGAGTG-3' and
5'-GCCGATICGCGCAGCA-3’,
corresponding fo sequences 20603-20623 and 20811-20796,
respectively.



s Human CDH1 (E-Cadherin) promoter (Gl: 29568028):
5'-ACTCCAGGCTAGAGGGTCAC-3' and
5'-CCGCAAGCTCACAGGTIGCTTTGCAGTICC-3'
corresponding fo sequences 80636-80655 and 80853-80825,
respectively.

= Human Cy (Cyclophilin A), (GI:5882164):
5'-ATGGTCAACCCCACCGTG-3' and
5'-TGCAATCCAGCTAGGCATG-3’,
corresponding fo sequences 137-154 and 800-782, respectively.

Quantitative PCR SYBR green (Qiagen) amplification (FIGURE R-7): PCR and

data collection were performed on an ABI Prism 7900HT system. Binding of
snaill fo the promoters of interest was calculated as a percentage of
input. Where indicated, the data are presented as enrichment levels of
snaill at PTEN promoter [141]. These values correspond to changes in
input percentage over that of the control (percentage obtained with the
irelevant 1gG). The PCR was performed with the following specific

primers:

= PTEN promoter (GeneCards database, NCBI36:10):
5'-CCGTGCATITCCCTCTACAC-3' and
5'-GAGGCGAGGATAACGAGCTA-3'
corresponding to positions 89612787 to 89612807 and 89612979 to
89612959, respectively.

These two oligonucleotides, corresponding to the human sequence,

also amplify the Canis familiaris PTEN gene, (determined by

sequencing the amplified fragment).

s Human CDH1 promoter (GeneCards database, NCBI: 16) primers, 5'-
ACTCCAGGCTAGAGGGTCAC-3' and
5'-GTCGGGCCGGGCTIGGAGC-3,
corresponding fo positions 67328516 to 67328536 and 67328774 to
67328756 respectively.

= irrelevant _sequence, the amplification of this sequence
corresponding to the genomic sequence (GeneCards database,
NCBI36:17) was performed with the following primers:
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5'-ACTCCAGGCTAGAGGGTCAC-3' and
5'-CCGCAAGCTCACAGGIGCTITGCAGTTCC-3’,

corresponding fo positions 7328681 to 7328700 and 7328744
107328724, respectively.

MM.9. Gel retardation assays (FIGURE R-6, FIGURE R-13 and FIGURE R-20).

Assays were performed essentially as previously described in [31].

1.

128

Generation of the recombinant proteins: BL21 bacterial strain was
fransformed with either pGEX-snaill, PGEX-snaill (S246A) o PGEX-GST. 3-5h

later, the bacteria were induced to generate recombinant protein
according to manufacturer’s instruction (Pharmacial). Lysates were tested

for protein expression in a poliacrylamide gel stained with coomasie blue.

Oligonucleotide annedling: double  stranded oligonucleotide

corresponding to the -173/-125 sequence of SNAIL1L promoter or,
alternatively, to the -533/-557 sequence of the human PTEN promoter
were used for these experiments. Sense and antisense oligonucleotides
were annealed in TEN buffer (10mM Tris ph 7.5, 50mM NaCl, EDTA TmM)
for 5 minutes at 95°C, and then left alone to achieve room temperature

over-night.

Probe radiolabeling: annealed probes were next labeled with 32P. T4

Polinucleotide Kinase (Gibco) was used according to manufacturer's
instructions and the excess of unlabeled probe was removed with the use
of "MicroSpin TM G-25 Columns” (Amersham Pharmacia Biotech Inc).

One microliter was used for cpom counting quantification.

Gel retardation assays: 200ng of recombinant protein were incubated at

4°C for 30min with the radiolabeled oligonucleotide (50e3 cpm) in Binding
Buffer (20mM HEPES [pH 7.6], 150mM KCI, 3mM MgClz, 10% glicerol, 0.2mM



5.

ZnSQO4, 0.3 mg/ml BSA and 500ng Poli-(dI-dC), (as a negative competitor

for unspecific binding).

Competition: when indicated, competition with 10-fold or 100-fold of not
radiolabeled probe (cold) was performed. Competition was either
performed with wild type probe or with mutant cold probes where the
snaill binding sites (CACCTG) where mutated to AACCTA.

Polyacrylamide-SDS-PAGE: samples were run in a 4% gel (19:1,

acrilamyde : bisacrilamyde in Tris-Borat 22mM) for 1 hour at 35 mV in TBX1

buffer and developed by autoradiography.

MM.10. Semi quantitative and quantitative RT-PCR analysis.

1.

2.

Cell culture: cells would be seeded in 10mm plates and allowed to grow
for 48 hours. Before achieving confluence, the plates were lysed for

MRNA extraction.

Total mRNA exiraction: mRNA was exiracted using the Gen Elute

Mammalian total RNA kit (Sigma) according to manufacturer’s

instructions. Samples would then be quantified.

Semi-quantitative analysis (FIGURE R-19):

s exogenous murine or endogenous human snaill mRNA analysis was
performed as previously described [66] using 28 and 29 cycles

respectively. Annealing temperature: 55°C.

s Hypoxanthine-Guanine Phosphoribosyl Transferase (HPRT) was
analyzed using oligonucleotides 5'-GGCCAGACTITGTTIGGATITG-3’
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and 5'-TGCGCTCATCTTAGGCTITGT-3" for 29 cycles. Annealing

temperature: 55°C.

Quantitative determination of mRNA levels was performed in triplicate
using QuantiTect SYBR Green RT-PCR (Qiagen).

= exogenous murine snaill (FIGURE R-15) or endogenous human SNAIL1
(FIGURE R-19, FIGURE R-23 and FIGURE R-30. RNA analysis was performed with
the same oligonucleotides that those used for semi-quantitative
analysis. RT-PCR and data collection were performed on ABI PRISM
7900HT. All guantization were normalized to an endogenous confrol.
Annealing temperature: 55°C.

= Canis familiaris PTEN mRNA (FIGURE R-1), (Gene-Cards database,
BROADDI1: 26) was analyzed with the following primers: 5'-
CTTTGAGTTICCCTCAGCCAT-3' and 5'-GGTITCCTCTGGTCCTIGGTA-3’
(positions 39919229 fo 39919249 and 39922770 to 39922750,
respectively). Annealing temperature: 58°C.

= Homo sapiens PTEN mRNA (FIGURE R-3) was analyzed with 5'-
AATCCTCAGTTTIGTGGTCT-3' and 5'-GGTAACGGCTGAGGGAACT-3'
(chromosome 10; positions 89707598 to 89707614 and 89707699 to
89707675, respectively). Annealing temperature: 58°C.

s Canis familiaris PUMA mRNA (FIGURE R-7) was analyzed with 5'-
AGTGAGGGCTGAGGACCTG-3" and
5'-TGACTGGAGGGAGGAAGAGA-3’

(chromosome 1, positions 111631415 to 111631434 and 111633041 to
111633022, respectively). Annealing temperature: 55°C.

= Hypoxanthine-guanine phosphoribosyl transferase (HPRT) mRNA
(GeneCards database, NCBI36:X) was analyzed as an internal control
by using oligonucleotides 5'-GGCCAGACTITGTTIGGATITG-3' and 5'-
TGCGCTCATCTTAGGCTITGT-3' (133460124 to 133460316 and
133461784 to 133461763, respectively). Annealing femperature: 55°C.



The relative quantization value for each target gene compared fo the
calibrator for that target is expressed as 2-(C¢t-Ce) (Ct and Cc are the mean

threshold cycle differences after normalizing fo HPTR).

MM.11. Immunohistochemistry (FIGURE R-4).

1. Pardffin_sections re-hydration: paraffin sections obtained from wild-type

or snaill-deficient murine embryos (7.5 days postcoitum [dpc]), [49] were
deparaffined with three subsequent washes in xylene and then re-
hydrated by subsequent washes (5 minutes each) in 100% ethanol, 0%

ethanol, 70% ethanol and finally, disfilled water.

2. Antigenic recovery: the step of antigenic recovery was carried out in a

pressure cooker for 15min in Tris-EDTA buffer pH 9.

3. Endogenous peroxidase blocking: after the antigenic recovery, the

sections were treatment with 4% H202 in PBS for 15 minutes to remove the

endogenous peroxidase.

4. Washes and blocking: affer washing twice with PBS, the sections were
blocked for 1 hour in PBS 3% BSA.

5. Primary antibody: the incubation with the primary antibodies was

performed over-night at 4°C. The following MAbs were diluted in PBS 1%
BSA: anti-phospho-Thr308 Akt (1:50), anti-PTEN (1:50), both from Cell
Signaling, and anti-snaill [94] (1:50).

6. Washes: six washes (5 minutes each) with PBS were done to remove the

excess of primary antibody.
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7. Secondary antibody: immunohistochemical staining was performed
using the EnVision system (DakoCytomation) following the manufacturer’s
instructions. The EnVision System employs goat anti-mouse and goat anti-
rabbit immunoglobulins conjugated to a horseradish peroxidase (HRP)
and were incubated for 1 hour at 27°C.

8. Washes: six washes (5 minutes each) with PBS were done to remove the
excess of secondary antibody.

9. Development: the sections were finally developed adding DAB (EnVision)
substrate for 5 minutes.

10. Hematoxylin staining: to be able to distinguish certain tissue structures, the
sections were treated for 5 minutes with hematoxylin solution (20%
hematoxylin in PBS). Next, the sections were washed with water to
remove the excess of hematoxylin.

11. Sections de-hydration: the sections were finally de-hydrated by
subsequent washes (5 minutes each) with 50% ethanol, 70% ethanol, 100%
ethanol and finally, xylene.

12. Section mounting: last, the sections were covered with coverslips and
sealed with DPX (BDH Chemicals).

MM.12.
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“In vitro” phosphorylation assays (FIGURE R-10).

Alternatively, 1ug of snail1-GST or snaill (S246A)-GST was incubated for
the indicated fimes in Kinase Buffer (20mM HEPES ph 8.0, 5mM MgClz, TmM
DTT) in the presence of 75 U of recombinant active Chk1 (stressgen, PPK-418),
0,5ul of 32P-ATP (Amersham, 300uCi/ml) and 100uM cold ATP in a final volume
of 20ul. The samples were resolved in a 12% poliacrylamide gel and
developed by autoradiography. In parallel, coomasie staining of the gel was
performed to show the presence of equal amounts of recombinant protein in

each condition.
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The PI3K/Akt/PTEN interplay and how snaill fits in belween to promote cell
survival.

Before the beginning of our work, the role of snail family members in the
acquisition of resistance against several types of programmed cell death had
been already reported (see introduction, p51). In this work, we show that
snaill over-expression preserves epithelial MDCK cells from vy radiation
induced apoptosis.  Our results show that, 48h after irradiatfion, the
percentage of MDCK-snaill cells displaying characteristics of programmed

cell death is significantly lower than in control cells.

This observation is in accordance with the results published by other
authors using the same MDCK cellular model, in which snaill protects from
induced apoptosis, in this case, by the withdrawal of survival factors or by
other pro-apoptotic signals [63]. Furthermore, these authors have also shown
that snaill induces the activation of PI3K and Akt, a pathway that confers
resistance to apoptosis. Our results are in agreement with these observations
and locate signaling through the PI3K/Akt as a central element in EMT, as it
will be discussed. The main components of this pathway have been
mentioned in the infroduction and are summarized in FIGURE D-1. Note that
signaling through this pathway is triggered by extrinsic signals, leading to the
activation of receptor tyrosine kinases (RTKs) and PI3K that results in the
generation of phosphatidylinositol 3,4,5-triphosphate (PIP3) generation, a

membrane bound second messenger that recruits Akt/PKB.

The Akt family consists of three highly homologous serine/threonine
kinases (Akt 1, Akt 2, and Akt 3), which, in unstimulated cells, reside mainly in
the cytosol [142]. Once recruited to the cell membrane by PIP3, Akt is
phosphorylated at Thr308 by 3-phosphoinositide-dependent protein kinase 1
(PDK1) [143]. Although Thr308 phosphorylation partially activates Akf, full

activation requires additional phosphorylation at Ser473 by PDK2, a kinase for
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which the molecular identity remains to be established. After activation, Akt
franslocates to the cytosol and nucleus to phosphorylate its substrates [144],

(FIGURE D-1).
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FIGURE D-1. PI3K pathway: Akt activation. Upon exfracellular binding of a survival signal, RTK recruits
and activates PI3K, which generates PI(3,4,5)P3 (not shown), that serves as docking sites for Akt/PKB
and PDK1. The binding of Akt/PKB to the inositol lipid alters its conformation so that the protein can
be phosphorylated and activated by PDK1. The activated Akt/PKB dissociates from the plasma
membrane and elicits downstream effects either in the cytoplasm or in the nucleus. Adapted from:
www.ncbi.nim.nih.gov/books/bv.fcgighighlight=apoptosis&rid=mboc4.figgrp.2865

Once activated, Akt functions as a molecular switch that has been
shown to target many different proteins and cellular pathways. Among those,
and directly related to the matter of our work, Akt is extremely relevant for the
suppression of apoptosis [145] and cell survival [146-148], a fact that converts
its negative modulator, PTEN, in its gatekeeper. Apoptosis can be suppressed

by Akt in three different ways:
i. Akt can directly cause the inhibition of factors that are involved in the

execution of apoptosis, such as BAD [149,150], caspases 9 [151] or ASK]1
[152].
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i. Akt can influence the transcripfional confrol needed during apoptosis.
Akt promotes the activity of NFkB facilitating the degradation of its
inhibitor, IkB [153]. Thus, NFkB target genes (among them and as our
results confirm, SNAIL1) result up-regulated. Akt also prevents p53 nuclear
localization [154], inactivating its pro-apoptotic franscriptional function.
Although we never tested pS53 localization in our experiments, this,
tfogether with snaill expression, could explain the repression of PTEN in our
cells. Note, however, that no significant changes in p53-classical-target
gene p2IWAFI/CIPI hgve been detected, suggesting that p53 function is
not affected in our cells.

ii. Akt can indirectly influence apoptosis impacting on cellular signaling

relating fo metabolic regulation [147].

In addifion to promoting cell survival, Akt also fargets p27<P' and
P2 1WAFI/CIP1 two well characterized inhibitors of the cell cycle (by cdk2/cyclin
inhibition), that upon Akt phosphorylation are inactivated. In accordance to
that, Akt also prevents cell cycle arrest by the phosphorylation of GSK3p,
which results in snaill stabilization, suggesting the existence of a snaill positive
feed-back loop in which snaill repression of PTEN would result in increased

snaill expression through GSK3 inhibition.

Remains to be clarified, however, that Akt activation depends on growth
factors binding to membrane RTK receptors and PI3K signaling [155]. This
activation mechanism itself cannot explain the role for Akt in cell survival;
however sustained PI3K/Akt signalling can occur as a result of PTEN function
miss-regulation. PTEN, a lipid phosphatase that negatively modulates PI3K/Akt
pathway arises then as the molecular switch for Akt function. Our results
showing that snaill down-regulates PTEN in response to DNA damage and
promotes Akt activation, not only explain previous reported observations, but

also open a whole new line of research that links snaill-promoted EMT with
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PI3K-promoted cell survival, cell proliferation and cell migration, the paradigm

of cancer disease.

Our data show increased levels of active Akt in MDCK-snaill and RWP-1-
snaill cells, with regard to the respective confrols, and identify a critical
effector of this pathway, PTEN, as a direct snaill target gene. The relevance of
this observation was straight forward clear to us. Though relatively recently
discovered, PTEN is nowadays considered a key protein for the cell. As a
maftter of fact, PTEN was first identified as candidate fumor suppressor gene
at chromosome 10923 in a number of advanced tumors [156,157]. Shortly
after its discovery, and to scientists surprise, PTEN was shown to demonstrate
phosphatase activity against the phospholipid products of PI3K activity,
namely phosphatidylinositol 3,4,5-friphosphate (PIP3) [158], although it was
also shown to dephosphorylate protein substrates such as focal adhesion
kinase (FAK) [159] and itself [160]. This dual capacity, intriguing as it is, is sfill a
maftter of study. Most of the PTEN-mediated effects are the result of its ability
to dephosphorylate PIP3 and antagonize PI3K [161,162], although recent
evidences indicate other functions beyond this lipid phosphatase activity,

mainly related to cell migration restrain [160] or p53 stabilization [163].

Since it was first described to date, mutations and deletions in PTEN gene
have been described for a wide variety of tumors, although in some
advanced carcinomas, the silencing of this gene seems to be controlled
epigenetically [164-166]. Furthermore, germline mutations result in Cowden
Disease, Bannayan-Zonana syndrome, and Lhermitte-Duclos disease, all

characterized by the development of hamartomas [167].
Such a relevance of PTEN as a tumor suppressor gene can be explained

by four reasons [168]: (1) the existence of no other homologous family

member that compensates the loss of PTEN, (2) the high potential of the
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PI3K/Akt pathway for tumorigenesis, (3) the complex network of interactions

with p53 and (4) the genomic instability derived from its loss.

No wonder the relevance of PTEN, it is obvious that it must be tightly
regulated. At a franscriptional level, beyond the first idea of a constitutive
expression, PTEN promoter has been shown to bind several tfranscription
factors. Positive and negative modulators of PTEN transcription have been
identified. Among them, p53 has been shown to be the most relevant
activator of PTEN promoter and necessary for p53-mediated apoptosis [134].
Note that our PTEN promoter cloned fragment is 1188bp long (-883/+305) with
respect to the franscription start point (see annex, p177). Within this promoter
region and besides the snaqill binding site, we find the p53 responsive
element. We have shown that snaill binding fo PTEN promoter not only
represses its activity, but also impairs p53 binding and the subsequent
franscriptional activation. The consequences could go beyond this
observation if one takes into account the existence of a PTEN-p53 positive
feed back loop. Several studies in MEFs have shown that, besides p53-
mediated increase of PTEN, the lafter is necessary for pS53-mediated
apoptosis. Conversely, PTEN forms a complex with p53 and protects p53 from
MDM2-induced ubiquitinylation and degradation [163,169,170]. Moreover, the
binding of PTEN to p53 increases DNA binding of p53 [163]. In conclusion, PTEN
and p53 generate a positive feed back loop in which the loss of any of them
results in the secondary loss of the other. As a result, snaill-impaired binding of
p53 to PTEN promoter could result, in the end, in both PTEN and p53 loss, and
in turn, in no induction of apopftosis, that is, in cell survival. However, in the
early phases of MDCK response to y radiation, such a positive feed-back loop
seem not to be operafing because in contfrast to PTEN, no significant
differences in p53 or its transcriptional target p2 1WAFI/CIPI hagve been observed.
It could then be that such a mechanism requires more time than we reflect in
our experiments (48h) or that such a mechanism does not apply for MDCK

cells.
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Moreover, PTEN franscription has been shown to be inhibited through
NFkB binding to a site in PTEN promoter [171], resulfing in cell survival. In this
report, they show mitogen-activated protein kinase kinase-4 (MKK-4) to
modulate NFkB activity; however the mechanism for repression remains
unclear. It will then be worth studying the interplay between NFkB and snaill
in PTEN promoter. Our results provide a possible explanation in which NFkB
negative effects on PTEN would not be a consequence of NFkB binding fo

PTEN promoter, but the result of snaill expression in response to NFkB [84].

In accordance to this hypothesis, and regarding sequences upstream
from the -1188 position (remember that our cloned promoter fragment goes
from the -1188 to the +305 position with respect to the franscription start
point), TGFB has also been reported to repress PTEN in cancer cells. The
underlying mechanism, however, remains unclear. In some pancreatic
cellular models, TGFp positively modulates PTEN promoter in a SMAD
dependent manner and negatively modulates PTEN promoter in a SMAD
independent manner [172]. Furthermore, in a mesangial cell model for
diabetic disease, PTEN down-regulation has been proven to be TGFR-

dependent.

TGFB has also been shown to induce SNAILL. It could be then possible
that TGFB inhibitory effects on PTEN are the result of snaill induction. In fact,
we hypothesized that this mechanism would not necessarily be specific for
snaill, but that other EMT-promoting-E-box-binding transcription factors could
be modulating PTEN as well. However, here we show that snaill repression of
PTEN promoter is somehow specific. Other members of the snail family of
franscription factors, such as snail2 (slug) or zeb1, are not able to repress PTEN
promoter, at least with the same specificity than snaill. In this regard, some
other E-box binding franscription factors remain to be studied. In fact, the role
of other bHLH factors such as E47 is worth being studied in the context of PTEN

promoter regulation.
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Taken together, it seems as though two signaling pathways involved in
SNAIL1 transcription (NFKB and TGFR) could converge in snaill and result in the
direct repression of PTEN [173], allowing the cell to by-pass apoptosis in

response to DNA damage.

Regarding the mechanism underlying PTEN tfranscriptional regulation by
snaill, the requirements are not different from other snaill tfarget genes such
as CDH1 or VDR. The inhibitory effect is dependent on the integrity of two 5'-
CACCTG-3' boxes present in the proximal human promoter and mutation of
these two elements precludes the association of recombinant snaill to this
sequence and the snaill-mediated repression of PTEN promoter transcription.
Nofe however, that only one of the boxes is present in every mammal PTEN
promoter studied (mouse, rat, rabbit, dog), suggesfing that, probably, only
one of these elements within PTEN promoter is involved in repression. In
accordance with this observation, our reporter assays show that snaill effect
on PTEN promoter is lower than that observed for CDH1 promoter (bearing
three functional E-boxes) [31], but comparable to the effect of snaill on other

target genes such as the vitamin D receptor [68].

The overview of PTEN transcriptional control can be summarized as
follows. The role of PTEN transcriptional activators is strongly linked to cell
response to cell damage. In this sense, it is not surprising that, upon radiation
or other apoptotic stimulus, the cell response to this insult requires PTEN
franscription to frigger apoptosis. The fact that p53 activates this promoter
suggests a critical role for PTEN in the cell response to DNA damage beyond
that exerted by pS3 itself. On the contrary, the role of PTEN transcriptional
repressors is not so obvious. Mostly, their necessity responds to the existence of
negative feed-back loops than somehow restrict PTEN transcription, and to
the importance of cell survival promotion in certain cells that are, for instance,
migrating through hostile tissues fo reach their farget. The potential danger of

PTEN miss-regulation is therefore evident. PTEN activators loss of function or,
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alternatively, PTEN repressors gain of function can results in inappropriate cell

resistance to apoptosis, one of the classical hallmarks of cancer disease.

In the context of this study, our results show that snaill prevents the up-
regulation of PTEN phosphatase, abrogating PTEN modulation of apoptosis. In
accordance to this, restoration of PTEN profein in several carcinoma cell lines
can induce apoptosis directly or in cooperation with apoptoftic stimuli [174]. In
our MDCK cells, the ectopic manipulation of PTEN levels affects the capability
of the cells fo undergo apopftosis. Depletion of PTEN by interferent RNA
increases the resistance of MDCK cells to y radiation-induced apoptosis,
indicating the role of PTEN and, therefore, of snaill in the control of cell death
(FIGURE R-5A). However, in the absence of PTEN, snaill expression is still able to
promote resistance to apoptosis (FIGURE R-5B). These results indicate that snaill’s
role in promoting cell survival are not only limited to PTEN repression, but are
very likely dependent on an unknown cellular element. Chances are this
additional mechanism to be dependent on snaill transcriptional repression of
target genes. In this direction, the search for novel snailltarget genes within
the apoptotic pathway could undercover new functions for snaill in the

control of cell survival and apoptosis.

Taken together, it is the tempting to hypothesize that snaill expression in
advanced tumors could be responsible for PTEN silencing and cancer
progression in those tumors where PTEN loss of function is the result of
epigenetic events. However, snaill limited expression in specific areas of
epithelial tumors [?4] suggests that snaill might be involved in the down-
regulation of PTEN in cells that are undergoing EMT, more than in the
permanent silencing of this gene. However, snaill has been proposed to be
an EMT initiator whereas other franscription factors, for instance zebl, have
been proposed to maintain the mesenchymal phenotype. It could be then
possible that this same mechanism applies to PTEN down-regulation so that,

along a temporal sequence, different repressors bind PTEN promoter through

144



the two E-boxes and maintain its expression shut or even promote PTEN
promoter silencing. Although terminal silencing of E-cadherin by DNA
methylation has been reported [175,176], we have not been able to show
that snaill promotes DNA methylation of E-cadherin promoter. Moreover, we
have shown that snail recruits polycomb to either E-cadherin or PTEN
promoter. The consequence of polycomb recruitment to target genes is gene
repression. In addition to that, note that, in some cases, polycomb
recruitment is required, prior to DNA methylation [177]. It could be then
possible that, as shown for E-cadherin (N.Herranz and S.Peird, unpublished
data), snaill recruitment of polycomb to PTEN promoter could not only
repress its transcription, but promote long-term gene silencing by DNA
methylation. This issue should be addressed by DNA methylation experiments
on PTEN promoter to check if snaill or other EMT-related transcription factors

somehow change the DNA methylation pattern of this gene.

Though not addressed in this work, note that PTEN can also be modulated
at a post-transiational level. Among the proteins that modulate PTEN function
we find GSK3p [178]. The phosphorylation of PTEN by GSK3B within the C-
terminal tail is thought to decrease membrane association and protein
activity [179]. This provides us with an additional molecular mechanism by
which once snaill has repressed PTEN, the subsequent activation of Akt could
result in GSK3R inhibition and increased stabilization of snaill. That is, a positive
feed-back loop by which PTEN protein activity would be abolished not only at

a transcriptfional level, but also at a post-translational level.

The importance of snaill-induced resistance to apoptosis.

The importance of apoptosis in fissue homeostasis and tumor progression
has been already discussed in the infroduction and above. To test the snaill-
induced resistance to apoptosis in our MDCK cells, we chose y radiation as a

highly reproducible elicitor of the infrinsic apoptotic pathway (FAIGURE 1-17). The
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ability of y radiation to induce apopftosis is obvious if we take info account the
fact that cells exposed to ionizing radiation develop double-strand breaks
(DSB) that can result in chromosomal rearrangements and in the worst case

scenario, in cancer.

DNA double-strand break
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FIGURE D-2. Cell response to ionizing radiation. Downstream effectors of ATM/ATR in response to
double-strand breaks, adapted from [180].

Under these conditions, the machinery of the cell activates the DNA
damage response (DDR) that mediates cell cycle arrest, DNA repair and, if
the damage is severe, apoptosis. The first sensor to be activated in response
fo ionizing radiation is the MRN complex (MRE11, Rad50 and NBS1) [181]. Next,
the central players of DDR (ATM, ATR and DNA-PK) are recruited to the DNA
lesions where they promote DNA repair (FIGURE D-2). Among these three
kinases, ATM and DNA-PK seem to respond to DSB whereas ATR responds to
single strand damage and stalled replication forks [182]. Upon MRN complex
recruitment of ATM to the DSB [183], ATM is activated by a still ambiguous
mechanism. Downstream effects of ATM are (1) the phosphorylation of
histone H2AX, (2) DNA repair and (3) the activation of the effector kinases
Chk1 and Chk2, that are responsible for the activation of the cell cycle DNA-

damage checkpoint [184,185] and for p53 fumor suppressor gene activation.
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In our assays, MDCK-snaill cells respond normally fo y radiation, with an
arrest in cell proliferation, and accumulate in G2 phase (FIGURE R-2). This arrest is
accompanied by an up-regulation of active p53 that is not affected by the
expression of snaill (FIGURE R-1). These results are in agreement with previous
results showing that ectopic expression of snaill in mouse embryo fibroblasts
does not modify the expression of p53 after radiation [131] and similar to those
observed for snail2 [186]. Consequently, as already discussed, the fransfection
of snaill to our MDCK cells does not prevent the up-regulation of two p53
target genes, p21 WAFI/CIPT (AGURE R-1) and PUMA (FIGURE R-7D) in response to y
radiation. Although p53 up-regulation in response to y radiation is not
impaired, our results demonstrate that snaill binding to PTEN promoter
precludes the binding of p53 (FIGURE R-7C), and the subsequent activation of
PTEN during apoptosis. This observation suggests a specific role for snaill in the
modulation of PTEN that is not shared with other p53 target genes analyzed.
Remains to be elucidated the potential role in the repression of other p53-
target genes by snaill and whether this mechanism could somehow go up
against the effects of p53 in response to cell damage, as has been proven to
be the case of PTEN. The consequences of this observation in the case of
PTEN have already been described (p141). The existence of a positive p53-
PTEN feed back loop could imply that snaill binding to PTEN promoter results
in the secondary loss of p53 by the breakage of the positive loop. This could
explain the controversy generated with respect of snaill effects on p53. Some
authors have reported that snaill can alter the response of MCF-7 cells to the
genotoxic stress induced by doxorubicin, preventing the increase in p53 [70].
They show that the observed reduction in p53 protein levels after expression
of snaill or snail2 results from the combinatorial effects of three distinct
mechanisms: a decline in p53 MRNA levels, increased MDM2-mediated
furnover, and the loss of stabilizing modifications from the ATM kinase. It is then
possible that the discrepancy between their results and those of others relays
in the effect of doxorubicin on this p53-PTEN positive feed-back loop and in

the robustness of it in different cell types. p53 secondary loss by snaill-
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mediated PTEN repression could explain the decrease in p53 mRNA [187] and
the increased MDM2-mediated turnover [188]. However, remains to be
explained the effects of snaill in the loss of ATM kinase stabilization. It is also
possible that snaill modulates doxorubicin export or, alternatively, that the
factor responsible for p&3 repression is not snaill by ifself, but another
franscriptional repressor specifically induced by snaill in MCF-7 and not in
other cells. Finally it could also be possible that different apoptotic stimulus
elicit different responses. Our experiments have been mainly performed in
MDCK cells in response to y radiation. Obviously, remains to be clarified
whether our experiments can be reproduced in other cell lines or to the
induction of apoptosis by stimulus different from y radiation, such as UV

radiation, doxorubicin, etoposide or TNFa.

However, our results have been recently backed by a report in which
snail2 (slug) is shown to repress PUMA [128]. The similarities existent between
the regulation of PTEN by snaill and that of PUMA by snail2 during the process
of cell death are noteworthy. As named above, neither they nor we have
found interference between either snaill or snail2 with p53 expression or
stabilization after y radiation. Moreover, p21 WAFI/CIPT n53-target gene is neither
affected by the presence of snaill or snail2, suggesting that their ability to
affect survival does not entail impaired p53 activation. As a matter of fact,
both PTEN and PUMA are normally induced by p53 after y irradiation, and in
both cases, this induction is prevented in cells expressing snaill (in the case of
PTEN) or expressing snail2 (in the case of PUMA). This observation is in both
cases due fo direct binding of snaill or snail2 to PTEN and PUMA respectively.
Therefore, we hypothesized that these two pathways could be somehow
interconnected. Remarkably, both PTEN and PUMA genes show a high
specificity for their corresponding repressors, since snail2 cannot repress PTEN
promoter (FIGURE R-6) and snaill does not affects PUMA mRNA up-regulation in

response fo iradiation (FAGURE R-7D). These findings predict that Snail
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superfamily members may protect cells from programmed cell death through

different mechanisms in different biological contexts.

In addition to that, it has also been shown that snail2 itself is a target of
pS53 [128]. Upon y radiation of wild type MEF cells, snail2 protein levels
increase, however, this increase in not observed in p53-/- MEF cells,
suggesting a role for p53 in snail2 induction. They show that such an increase
in snail2 protein levels responds to P53 transactivation of snail2 transcription
and locate two p53 responsive elements (RE1 and RE2) able to bind p53 “in
vivo". The relevance of such an observation remains unclear and seems
apparently confradictory, due to the fact that p53 is not expected fto
activate potentially dangerous genes, such as snail2 (slug). However, the
authors claim this to be a negative feed-back loop, responsible for PUMA
down-regulation once apoptosis needs to be abrogated. Indeed, the human
SNAIL1 promoter also has three putative p53 responsive elements determined
with p53MH software [189] (see p181 for more information). Their relevance
remains to be elucidated, but they could be good candidates for p53
franscriptional regulation of snaill in a similar manner to that observed for
snail2 (slug). FIGURE D-3 summarizes the parallelisms between snaill effects on

PTEN and snail2 effects on PUMA and the subsequent cell consequences.
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FIGURE D-3. Model of the conserved pathway by which snaill and snail2 antagonize p53-mediated
apoptosis. Direct effects are displayed with continuous lines whereas indirect effects are displayed
with discontinuous lines. Light grey lines display down-regulated signaling due fo upstream effects.

Besides the putative role of p53 in the franscriptional up-regulation of
SNAIL1, ectopic snaill protein levels up-regulafion was detected after y
radiation. Such observation can only respond to a post-franslational effect in
response to DNA damage, due to the absence of SNAILL promoter regions
upstream of snaill cDNA. Noteworthy, this increase in snaill protein is
fransient; for instance, in our MDCK cells and 8h after vy irradiation, the total

levels of snaill protein are lower than those before the insult (FIGURE R-8A).
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However, this down-regulation of snaill is not reflected in a concomitant
decrease in snaill-PTEN promoter association. This apparent discrepancy
might be explained by the fact that the binding of snaill fo DNA stabilizes this
protein, probably because it prevents its export from the nucleus. Therefore,
we expect that PTEN promoter-bound snaill is not an efficient target for the
nuclear export machinery and therefore, the repression of this promoter is
maintained even after the cellular levels of snaill have returned to the basal

levels.

The mechanism for this accumulation remains unclear. PAK1 has been
reported to phosphorylate snaill in S246, preventing its export from the
nucleus and its subsequent degradation [78]. Moreover, this protein kinase
(the y isoform) is activated after DNA damage in fibroblasts [137] and has
been shown to down-regulate several pro-apoptotic pathways (reviewed in
[190]). However, unlike published data, here we report that S246A snaill
mutant is located in the nucleus, and not in the cytoplasm (FIGURE R-12). In
response fo y radiation, this mutant also accumulates as the wild type protein
(FIGURE R-14), suggesting that phosphorylation in $S246 is not the mechanism

leading to snaill stabilization.

Although other molecular mechanisms different from phosphorylation
have been considered, the fact that snaill phosphorylation happens shortly
after y irradiation prompted us to study the role of DDR kinases in snaill
stabilization. The existence of a Chkl putative site within the N-terminus of
snaill made Chk1 a good kinase candidate. Our results, however, show that
Chk1 is able to phosphorylate snaill within the C-terminus domain of snaill
and suggest more than one target residues. In vitro phosphorylation of the
S246A snaill mutant by Chk1 is much lower than that of the wild type, though
sfill existent (FIGURE R-10). In the present, new experiments are being done in
order to characterize what residues within snaill might be phosphorylated by

Chk1. With respect to S246A mutant and the discrepancies among our resulfs
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and those of Yang et al, we show that the mutation in S246 impairs snaill DNA
binding (FIGURE R-13). This would explain the incapability of this mutant to
repress its farget genes in a mechanism different from its subcellular
localization. Indeed, this incapability of S246A snaill mutant to bind DNA
makes it more accessible for the export machinery, resulting in a higher
presence of snaill in the cytoplasm and its subsequent degradation. In fact,
PTEN repression and Akt activation by snail could, in furn, result into snaill
stabilization via inhibition of GSK3B and the subsequent impairment of snaill

degradation by the proteasome, a mechanism worth studying in the future.

The complex network of SNAIL1 transcriptional control.

In this work, we show that snaill can directly repress its own expression.
The molecular mechanism is based in the generation of a self-inhibitory loop
by which snaill protein binds to an E-box sequence present in SNAILL
promoter. It is worth indicating that this E-box is conserved in other snaill
promoters sequenced (mouse, rat, macaque, bovine, Drosophila
melanogaster and zebrafish). The existence of feed-back loops has been
shown to be particularly relevant in several cell pathways involved in embryo
development [191]. They provide the cell with the capability of buffering,
allowing corrections of the cell system in response to perturbations. In the
case of SNAILL, the existence of a negative feed-back loop may be relevant
for controlling snaill expression in epithelial cells; avoiding fransient increases
in the pathways involved in SNAIL1 transcription (ERK2 and PI3K), that could
end up triggering a sustained activation of snaill protein and the subsequent
phenotypic changes. In this sense, the existence of the inhibitory loop would
be responsible for the stability of SNAIL1 transcription; preventing undesired
effects such as those related to the inhibition of cell growth, a general effect

observed when snaill is over-expressed in several cell lines [63].
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In any case, our results are in agreement with the existent evidence
indicating that self-regulation of their own promoters might be a general
property of the snail family members. Snail2 (slug) can also bind to an E-box
present in its own promoter [192] but, unexpectedly, this binding resulfs in
SNAIL2 franscriptional activation. Note, however, that according to our results,

snail2 does not affect SNAILL promoter activity (not shown).

The reported feed-back control, although being able to restrict SNAILL
franscription, can be overrun by a potent stimulation of ERK2 and PI3K
pathways, resulting in a substantial activation of SNAIL1 transcription and the
subsequent EMT. Therefore, we hypothesize that this feed-back control of
snaill expression creates a threshold that, once overcome, generates a
sustained expression of snaill. In any case, the existence of this feed-back
pathway helps us understand the intrinsic cell networks controlling EMT during
early embryo development and provide new insights to explain the induction

of this transition during tumor invasion.

Besides the fact that snaill can repress its own expression by direct
binding to SNAIL1 promoter, here we have shown that snail can also activate
its own promoter. This observation is restricted to those cell lines with
fibroblastic characteristics and low levels of E-cadherin. However, we show
that this positive feed-back loop would be coordinated with the negative self-
regulation already described for this gene. In agreement with this, the
mutation of the functional E-box in SNAIL1 promoter increases the activity of
this promoter not only in epithelial cells (where the negative loop is active),
but also in these fibroblastic cells with low levels of E-cadherin (FIGURE R-24)
(where the positive feed-back loop is active), indicating that the negative

feed-back control is somehow still active under these conditions.

As it has been mentioned before, negative feed-back loops protect the

system against slight perturbation. Opposite to that, positive feed-back loops
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allow a small initial change or cellular stimulus to be amplified and become
ireversible [191], such as is EMT. In accordance to this, we propose a role for
SNAIL1 promoter in the integration of upstream signals promoted by the FGF
and TGFR families, shown to be required for the induction of snaill expression
during development [27,54]. Unfortunately, in the context of fumor
progression, we believe that this positive feed-back loop and its subsequent
amplification can be related to the snaill over-expression in the latest stages

of tumorigenesis.

So far we have shown that SNAILL is subjected to context-dependent
negative and positive feed-back regulation. A possible consequence of this
situation is the appearance of SNAILL oscillatory patterns of expression [191].
In accordance with our results, note that positive and negative feed-back
mechanisms have been involved in the establishment of left-right asymmetry,
a process that requires snaill [193,194]. In this respect, snaill MRNA levels (in
mouse) and snail2 mRNA levels (in chick) have been shown to display an
oscillatory pattern within the presomitic mesoderm (PSM), that requires Wnt
and FGF signaling [195]. Both genes are rhythmically franscribed with a
periodicity (120 minutes) that matches the budding off of epithelial somites
and miss-regulation of the endogenous transcription by ectopic over-

expression results in the disruption of the segmentation clock.

Our results also suggest a central role for E-cadherin in the switch from
SNAIL1 negative to positive franscriptional responsiveness. We show that E-
cadherin loss of function is necessary for the existence of the self-activation
loop. E-cadherin over-expression disrupts the positive loop (FIGURE R-29) and
results in SNAILL franscriptional repression (FIGURE R-30). This implies an important
consequence, the assumption that the flow of information from snaill towards
E-cadherin is bi-directional, in other words, (1) snaill blocks CDH1 transcription
but (2) E-cadherin also modifies SNAIL1 expression. Snaill down-regulation of

CDH1 is a good characterized molecular mechanism in which snaill direct
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binding fo CDH1 promotes its transcriptional repression [30,31]. On the other
hand, E-cadherin effects on SNAIL1 remain to be elucidated. Our results are in
agreement with the evidences showing that E-cadherin negatively confrols
the activity of NFkB [196], in fact, we have recently published that E-cadherin
and other cell adhesion components, associate with NFkB pé5 subunit and
abrogate NFkB franscriptional activity (G. Solanas and J. Baulida, unpublished
data). As a matter of fact, this novel mechanism explains the transcriptional
behavior of several mesenchymal genes such as fibronectin (FN) and
lymphoid enhancer binding factor 1 (LEF1) and could also apply for the case
of SNAIL1. In accordance with this hypothesis, in mesenchymal cells, we show
that E-cadherin over-expression blocks the snaill-induced positive feed-back
loop concomitantly with the low activity of NF3 NFkB reporter (FIGURE R-31).
Moreover, we show the requirement of NFkB signaling for the existence of the
positive feed-back. Transfection of a dominant negative RelA construct
lacking the fransactivation domain (Apé5) completely blocks SNAILL

franscriptional activation by snaill (FIGURE R-32B).

Although NFkB signaling arises as a pivotal event in the modulation of
SNAIL1, other elements different from it, might also be relevant for SNAIL1
franscription. For instance, in keratinocytes, snaill has been shown to activate
ERK2, whereas reintroduction of E-cadherin in these cells restores the activity
of this kinase fo basal levels [197]. The molecular link, however, remains

unclear and worth being studied.

Moreover, in the last years several reports have evidenced new factors,
other than snaill, also capable to down-regulate E-cadherin. These can act,
either by direct repression of gene expression, as is the case of snail2 (slug).
zebl and zeb?2, E12/E47 and twist [37,41,49,198,199]; or inducing E-cadherin
degradation, as is the case of Hakai [200]. Our results suggest that these
factors cooperate somehow with snail in the modulation of SNAIL1 and,

therefore, are involved in the maintenance of the negative feed-loop and
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the amplification of SNAIL1 expression once the switch to the positive feed-

back loop occurs.

New strategies by which snaill promotes EMT and cell migration.

The sequence of events leading to EMT has been already discussed in the
infroduction. In addition to that, the role of snaill in promoting EMT has also
been addressed. Here we show a novel mechanism involving PI3K pathway
that links snaill to EMT. As it has been discussed above, in spite of its important
role in the modulation of apoptosis, not much is known about the mechanisms
controlling the expression of PTEN. Other than p53 direct binding and
activation of PTEN promoter, PTEN levels are negatively regulated by TGFB
and NFkB, two factors that stimulate SNAILL transcription in MDCK and other
epithelial cells [59,85]. As our results show, a consequence of PTEN repression
by snaill is the activation of Akt. Intriguingly, the over-expression of Akt has
also been shown to induce EMT through the NFkB-dependent activation of
SNAIL1 [84,201]. Therefore, a sustained stimulation of SNAILL in tumor cells
facilitates the creation of this positive loop up-regulating the activity of NFkB
transcriptional factor and thus, that of SNAIL1. Our results reinforce the
existence of a positive feedback loop wherein snaill induces its own
franscription and links the acquisiion of mesenchymal-like phenotypic
changes during EMT with the ability of these cells to survive under conditions

that otherwise would lead to cell death.

Moreover, in addition to its role in the modulation of apoptosis, PTEN
reconstitution or over-expression inhibits cell migration [202] and prevents
tfumoral cell invasion [203]. PTEN-null mouse fibroblasts show increased rates of
migration, a property that is reversed by the reintfroduction of PTEN [204]. PTEN
has also been related to chemotaxis in single-cell migration studies performed
in Dictyostelium discoideum. This mechanism seems to be dependent on PI3K

signaling. In fact, cells that lack PTEN are defective in chemotaxis, showing
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increased, rapid and erratic protrusions [205,206]. It has been shown that GFP-
tfagged-PTEN localization changes in the presence of a chemoattractant
gradient. Whereas PI3K localizes in the leading edge, fowards de
chemoatiractant, PTEN accumulates in the rear. The complexity of these
observations increases since the confribution of PTEN lipid and protfein
phosphatase activities to them remains to be elucidated. Several
mechanisms by which PTEN reduces cell migration have been proposed.
PTEN impairs cell migration in a PIP3-dependent manner through repression of
Cdc42 and Racl signaling. In addition to that, the two most well
characterized “in vitro” protein targets of PTEN, FAK and Shc, are also
involved in cell migration. In the cellular context, both can be activated by
integrins and other receptors and whereas FAK-p130€es signaling pathway is
involved in directional migration and increase focal contacts, Shc and ifs
downstream effectors are related to random motility (FIGURE D-4). However, the
physiological role of FAK and Shc dephosphorylation by PTEN remains
unclear. PTEN KO cells fail to show changes in FAK phosphorylation or ERK
activity [204,207]. Interestingly, “in vivo"” experiments point to a different
behavior of PTEN (G129E) mutant, which abrogates most PTEN activity against
PIP3 but keeps protein phosphatase activity [208], and that of catalytic
inactive PTEN (C124A) mutant, suggesting an additional role for PTEN protein
phosphatase activity in cell spreading [209].

157



Growth
factors

>J
S

¥
. ¥
e

Increased directional Increased random
migration motility

Integrins

S~
T

¥

Cell migration

FIGURE D-4. Effects of PTEN on migration and motility. PTEN effects on cell migration relay in three
different pathways: (1) the FAK-p130Cas pathway, (2) the SHC-MAPK pathway and (3) the Akt
(Cdc42, Racl) pathway.

Finally, increasing evidence suggest a role for several cellular
phosphatases, not only in the regulation of matrix-cell adhesion, but also in
the regulation of cell-cell adhesion. Prior to migration, cell-cell contacts need
to be disrupted. During EMT, E-cadherin gets phosphorylated. This results in p-
catenin release in the cytoplasm. Protein tyrosine phosphatase LAR (PTP-LAR)
abolishes E-cadherin phosphorylation and promotes the stability of the
epithelial phenotype [210]. Connected to this, PTEN promotes GSK3p
activation and the subsequent degradation of B-catenin [211] and snaill. It
could be then possible that PTEN phosphatase activity affects E-cadherin
phosphorylation status, abrogating B-catenin release and repressing EMT. On
the confrary, snaill repression of PTEN during EMT would by-pass these
putative effects of PTEN on E-cadherin, and the subsequent activation of Akt
would stabilize snaill and p-catenin through the inactivation of GSK3p and
the activation of NFkB signaling. Unfortunately, in the context of cancer
disease, the combination of high levels of snaill in the leading edges of
tfumors, together with PTEN-loss-derived increased motility and survival can

result in fumor progression and secondary metastasis.
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General overview of this thesis: our working model.

The following scheme and lines fry to summarize our results in a simplified
model. For the sake of a better understanding, the relafionship between the
different players is only shown as activation or repression, no matter what their
relationship (direct or indirect) may be. Further information is given below for

specific details.
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Note the indicated numbers that will guide the reader through the

scheme.

1.

160

EMT promotes the loss of the well-established cell-to-cell contacts. Tight
junctions and desmosomes are represented in the epithelial cell in red,
whereas E-cadherin adherens junctions are represented in black (@®)
and green (@ ®). Note NFkB (4 ) recruitment to the adherens junctions.
Unlike the epithelial cell, the mesenchymal cell has lost cell-to-cell
contacts because of the transcriptional repression of E-cadherin (by
snaill) and other epithelial genes.

Snaill (@) is slightly expressed in epithelial cells, where transient increases
in TGFB signaling are buffered by snaill repression of its own promoter,
remaining snaill protein levels low and constant. As a result of EMT, SNAIL1
expression increases. This results in E-cadherin and other epithelial genes
franscriptional repression. As a result of E-cadherin repression, the
adherens junctions disappear and the pool of intracellular NFkB, together
with other signaling pathways, such as TGFR (@), increase SNAILL
franscription. Under these conditions snaill positive feed-back loop on its
promoter is active and fosters not only SNAIL1 franscription, but also that
of other mesenchymal genes.

In the context of cell damage by y radiation, the cell response differs
according to snaill protein levels. In cells with low levels of snaill
(epithelial), y radiation promotes p53 (®) activation and the subsequent
franscription of p53-targets: p21 (=) and PTEN (m), resulting in cell cycle

arrest (3) and apoptosis (4) respectively. In contrast, mesenchymal cell

with high levels of snaill (®) respond alike. Although p53-p21 signaling
seems to be working normally (3), snaill repression of PTEN promoter (4)
abrogates cell death and promotes Akt activation (). Akt downstream
effects result in NFkB (A ) activation and snaill transcriptional activation

(7), GSK3B (*) inhibition and snaill stabilization (6), cell cycle progression

(3) and cell survival (4).




4. Finally, snaill effects on PTEN and the consequences of PTEN repression in
cell migration are also represented. In cells with low levels of snail and
good cell-to-cell adhesion, PTEN expression confributes to prevent cell
migration (5). In the contrary, in mesenchymal cells with low or absent
cell-to cell adhesion and high levels of snaill, PTEN repression results in

increased migration (5).
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A.1. ChiIP-on-CHIP.

1. Chromatin immunoprecipitation: SW-480 confrol and SW-480 snaill cells

were subjected to regular ChIP (p124). Immunoprecipitation was carried
out with antibodies against the HA epitope (Roche). The protocol
followed was the “The Chromatin immunoprecipitation Protocol for
Microarray Analysis” from the UHN Microarray Cenfre that can be

consulted below.

2. CpG Rich array hybridization: DNA fragments eluted from the SW-480

control would first be labeled in green and DNA fragments eluted from

SW-480 snaill would be labeled in red. Hybridization was performed in a
Human CpG-island 12K Array (HCGI12K) containing 12,192 CpG-island
clones from the Wellcome Trust Sanger Institute. The analysis of the
hybridization results was performed taking into consideration the fact that
any sequence located downstream of a CpG-island and followed by a
gene was considered as a promoter (Note the potential error of this
assumption). The whole protocol was performed twice. In the second
row, DNA fragments eluted from the SW-480 control would first be labeled
in red and DNA fragments eluted from SW-480 snaill would be labeled in
green (opposite from the first row), to avoid artifacts due to the different
fluorescent dye. Those DNA sequences consistently enriched in SW-480

snaill cells in the two experiments are listed below.
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19 P_19 75_H_10 75h10 No CPG75H10.RT1A HRMT1L1 Homo sapiens t NM_001535 geryes 0.38 95.05| 4| 4 3
25 K 8 98 F 4 98f4 No CPG98F4.RT1A SON Homo sapiens ¢ NM_003103  geryes 0.05 9453 4| 4 3
31 P 1 124 H 1 124h1 No CPG124H1.FT1A PTPDC1 Homo sapiens [ NM_177995 geryes -1.27 90.53| 4| 4 4
25 G_8 98 _D_4 98d4 No CPG98D4.RT1A HOXC9 Homo sapiens t NM_006897  ger yes -0.70 9259 4| 4 3
18_G_18 70_ D 9 70d9 No CPG70D9.FT1B MGC14289 Homo sapiens s NM_080660 geryes -0.58 92.98| 4| 4 4
19 H 21 75_D_11 75d11 No CPG75D11.FT1A WIG1 Homo sapiens  NM_022470 geryes -0.32 9368 4 4 O
13_H_14 52 D_7 52d7 No CPG52D7.FT1A TIGD1 Homo sapiens t NM_145702 geryes -0.51 93.20] 4] 4 3
9 M_4 34_G_2 3492 No CPG34G2.FT1A MYST2 Homo sapiens N NM_007067  ger yes -1.16 91.05] 4] 4 3
23 E_10 90 C 5 90c5 No CPGY90C5.FT1A NOTCH2 Homo sapiens P NM_024408 geryes -1.00 9164 4 4 4
23 F 9 91 C 5 91c5 No CPG91C5.FT1A TUSC4 Homo sapiens t NM_006545  ger yes -0.88 92.10| 4| 4 4
23 C_20 90_B_10 90b10 No CPG90B10.RT1A LYZ Homo sapiens || NM_000239 geryes -0.59 9295 4| 4 4
14 E 19 53_C_10 53c10 No CPG53C10.RT1B CCDC2 Homo sapiens ¢ NM_025103  geryes -1.16 91.01] 4] 4 4
9 M 11 [33.G 6 3396 No CPG33G6.FTIA MRPL43  Homo sapiens r NM_032112  geryes 046 _93.31] 4] 4 4
22 F 21 87_C_11 87cll No CPG87C11.FT1A LOC126248 Homo sapiens t NM_173479 geryes -1.13 91.15] 4] 4 4
9 A 23 33 A 12 33al2 No CPG33A12.RT1A NXN Homo sapiens r NM_022463  ger yes 131 _90.36] 4] 4 4
25 M 10 |98 G 5 9895 No CPG98G5.RT1A FLJ39660  Homo sapiens  NM_173646  geryes 0.83 92.22] 4 4 4
2206 |86 H 3 86h3 No CPG86H3.RT1B RPS5 Homo sapiens r NM_001009  ger yes 046 93.28] 4] 4 2
25_C 17 97 B 9 97b9 No CPG97B9.FT1A GSTK1 Homo sapiens ¢ NM_015917  gerjyes -1.07 91.40| 4| 4 4
20_0_23 77_H_12 77h12 No CPG77H12.RT1A TSPYL1 Homo sapiens 1XM_371844  geryes -0.91 92.02| 4| 4 4
21 D_22 84 B_11 84b11 No CPG84B11.RT1A ANKRD25 Homo sapiens ¢ NM_015493 geryes -0.65 92.71| 4| 4 4
22_M_4 86_G_2 8692 No CPG86G2.RT1B ZNF451 Homo sapiens z NM_015555 geryes -1.16 91.03] 4| 4 4
18_K_16 70_F_8 70f8 No CPG70F8.RT1A ZXDB Homo sapiens z NM_007157 geryes -0.97 91.75| 4| 4 4
16_0O_5 61 H_3 61h3 No CPG61H3.RT1A FLJ25179 Homo sapiens t NM_144670 geryes -0.89 92.08| 4| 4 4
20_G_13 77 D_7 77d7 No CPG77D7.FT1A MPP2 Homo sapiens r NM_005374  ger yes -1.04 91.48| 4| 4 4
14 L 7 55 F 4 554 No CPG55F4.RT1A ELMOD1 Homo sapiens t NM_018712  ger yes -0.89 92.10| 4| 4 4
18_N_9 7165 71g5 No CPG71G5.FT1A RPL28 Homo sapiens r NM_000991  ger yes 114 9111 4] 4 4
20 1 4 78 E 2 78x2 No CPG78E2.RT1A C6orfl22  Homo sapiens ¢ NM_207502  geryes -1.36_90.15] 4] 4 4
14 F 17 |55 C 9 559 No CPG55C9.RT1A OPA3 Homo sapiens c NM_025136  ger yes 138 90.04] 4] 4 4
23 L8 92 F 4 9214 No CPG92F4.RT1A ZRANB3  Homo sapiens zNM_032143  geryes -1.19 90.94| 4| 4 4
19 M_7 73 G_4 73g4 No CPG73G4.RT1A PTEN Homo sapiens f NM_000314  geryes 4119 90.92| 4| 4 4
28 G_5 110 D_3 110d3 No CPG110D3.RT1A Cé6orf29 Homo sapiens ¢ NM_032794  ger yes -1.36 90.14| 4| 4 4
21 P_9 83 H 5 83h5 No CPG83H5.FT1IA MAD2L1BP Homo sapiens NNM_014628 gerjyes -1.30 90.39| 4| 4 4
9 M_8 34 G_4 3494 No CPG34G4.FT1A C6orf96 Homo sapiens cNM_017909  ger yes -1.39 90.00] 4] 4 3




Chromatin Immunoprecipitation Protocol for Microarray Analysis — Protein A/G
Bead Method, Protocol From the UHN Microarray Centre.

Protocol modified from the Brown and Farnham labs by James Paris and Mark
Takahashi

Day One:

Prepare Solutions

1.

Prepare necessary volumes of 1x PBS + 0.5 mM EDTA and RIPA Lysis
Buffer. Add 100x Protease Inhibitor Cocktail as required. The Protein A
Sepharose/1x TE (pH 8.0)— 50% Slurry may also be prepared at this time.
Each + or — antibody IP reaction will require the combined sonicated cell
lysate from two 150 mm dishes, each dish having 5 — 15 x 106 cells
depending on confluence.

Cross-Linking Reaction

2.

To reduce any variability in fixation, pool the medium from all like-treated
dishes, mix, and re-aliquot so that each 150 mm dish has a final volume of
13 mL.

Cross link protein to DNA by adding formaldehyde directly to culture
medium to a final concentration of 1% (351 pL of 37% formaldehyde
(Sigma, catalogue # F-8775)) into 13 mL growth medium). Incubate at 37°C
for 10 min.

Stop the cross-linking reaction by adding glycine (Sigma, catalogue #
G7126) to a 125 mM final concentration (650 pL of 2.5 M stock in 15 mL
medium). Incubate at 37°C for 5 min.

Aspirate away media and rinse twice with 13 mL of ice-cold 1x PBS + 0.5
mM EDTA. If collecting cells from a number of dishes at once, allow them to
sit on ice in the second wash as you work through them.

Aspirate away PBS, wash, add 1.5 mL 1x PBS + 0.5 mM EDTA + protease
inhibitors and scrape cells into 2 mL microfuge tube (Sarstedt, catalogue #
72.695). Pellet cells by centrifuging at 2000 rpm for 5 min at 4°C and
carefully remove supernatant. At this point cell pellets may be snap
frozen in liquid nitrogen and stored at -70°C for subsequent
processing.

Sonication/Chromatin Shearing Efficiency

7.

Resuspend the cell pellets in 200 puL RIPA Lysis Buffer + protease inhibitors
and transfer to a 1.5 mL microfuge tube (conical bottom improves sonication
efficiency). Incubate samples on ice for 10 min.

Keeping samples ice cold, sonicate the cell lysates in order to shear
chromatin into lengths of E1000 base pairs. (6 intervals of 25 s, 2 min ‘rests’
between intervals, power setting ‘3’, Branson 150 cell disruptor).
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10.

11.

Remove cell debris by centrifuging 20 min at 13 000 rpm at 4°C. Combine
the cleared supernatants from the two sonicated cell pellets/condition to a
fresh 2 mL Sarstedt tube (catalogue # 72.695).

Following sonication a 3 pL aliquot of lysate may be run on a 1% agarose
gel to confirm shearing efficiency. To get a truly accurate determination of
fragment size, samples should be de-crosslinked at 65°C for 5 hours and
the DNA purified before electrophoresis.

Typical lysate volume for two sheared cell pellets should be about 600 pL.
Bring IP reaction up to 2 mL by adding RIPA Lysis Buffer with protease
inhibitors as required.

Preclearing/Immunoprecipitation with Antibody

12.

13.

14.

Reduce nonspecific background by pre-clearing the 2 mL sample with 80 pL
of Protein A Sepharose/1x TE (pH 8.0) — 50% Slurry. Allow samples to
incubate 1 hr at 4°C with rocking.

Centrifuge samples at 2000 rpm for 2 min. to pellet the beads and carefully
transfer supernatant to a new 2 mL Sarstedt tube avoiding any carry-over of
beads. Add 20 uL (1% volume) of 10 mg/mL purified BSA (New England
Biolabs, catalogue # B900IS) to each IP sample as a blocking agent.

Add 1 pg of antibody against the protein of interest to each ‘+ antibody’ IP
reaction and incubate overnight at 4°C with rocking. No-antibody negative
control samples are also incubated overnight at 4°C with rocking before
continuing with Day Two protocol.

Day Two:

Antibody — Protein — DNA Complex Recovery and Washing
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1.

Add 20 pL of 100 mg/mL yeast tRNA (Invitrogen, catalogue # 15401-029) to
each 2 mL IP reaction (1000 pg/mL final concentration) as a blocking agent
before adding 60 pL of Protein A Sepharose/1x TE (pH 8.0) — 50% slurry.
Incubate at 4°C for 1 hr with rocking.

Pellet beads by centrifuging at 2000 rpm for 2 min. Discard the supernatant
from the antibody treated samples as this contains unbound, non-specific
DNA. A 100 pL aliquot of the supernatant from the ‘no-antibody’ samples
may be taken as ‘Total Input Chromatin’ positive control for the PCR
reaction. This sample is considered to be the input/starting material and
needs to have the Protein — DNA crosslinks reversed by heating at 65°C for
5 hours.

Wash beads with 1 mL of each of the wash buffers listed below, rocking for
10 min at room temperature. Note: it is recommended that the pelleted
beads be gently resuspended in the Low Salt wash buffer and carefully
transferred to a conical bottom 1.5 mL microfuge tube as this greatly
facilitates spinning the beads down during subsequent wash steps. Remove
as much buffer as possible between washes without loss of beads.



one wash: Low Salt Immune Complex Wash Buffer
four washes: High Salt Immune Complex Wash Buffer
one wash: LiCl Immune Complex Wash Buffer

two washes: 1x TE (pH 8.0)

Elution of bound Protein — DNA complex

4.

Prepare fresh Elution Buffer (1% SDS, 0.1 M NaHCO3).
=  For each IP reaction: 2x 250 pL elutions — prepare 510 pL:
NaHCO3: 51 pL 1 M stock (Sigma, catalogue # S-6297)
SDS: 51 pL 10% stock (BioRad, catalogue # 161-0302)
H20: 408 uL (Sigma, catalogue # W-9502)
Total volume: 510 pL

Elute the Protein—-DNA complex by adding 250 uL of elution buffer to the
pelleted beads. Incubate 15 min at room temperature with rocking. Spin
down and transfer supernatant to a fresh tube avoiding any bead carry-over.
Repeat elution and combine the supernatants, centrifuging and transferring
supernatant to a fresh tube if necessary to remove all beads. Add 200 pL
elution buffer to 100 pL Total Input Chromatin control samples to bring
volume up to 300 pL.

De-crosslinking Protein — DNA complex/RNA Digest

De-crosslinking, Proteinase K digest based on Farnham Lab Protocol:
http://mcardle.oncology.wisc.edu/farnham/protocols/chips.html

6. Add 20 pL of 5 M NaCl to the combined eluates (200 mM final
concentration) and 1pL of 10 mg/mL RNAse A (Qiagen, from DNeasy
Tissue Kit, catalogue # 69504). Incubate at 65°C for 5 hours to reverse the
formaldehyde crosslinks.
7. Add 1 mL 100% ethanol, mix by inversion, and allow samples to precipitate
at — 20 °C overnight.
Day Three:

Proteinase K Digest

1.

Centrifuge samples at maximum rpm for 15-20 min. at 4°C. Carefully
remove supernatant and resuspend pellet in 70% ethanol. Spin again at
maximum rpm 15-20 min. at 4°C. Remove supernatant and allow pellet to
air dry completely.

Resuspend pellet in 100 pL 1x TE (pH 7.5). Add 25 pL 5x PK Buffer and 1.5
uL 22 mg/mL Proteinase K (Roche, catalogue # 745723). Incubate at 42°C
for 2 hours.
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DNA Recovery — QiaQuick PCR Purification Columns

3. DNA may be recovered from the 126.5 pL Proteinase K digested sample
using QiaQuick PCR Purification columns following the manufacturer’s
protocol, but eluting with 100 pL Sigma water. Sample is then dried down to
7 UL using the SpeedVac.

Immunoprecipitated DNA Amplification

DNA amplification based on Brown Lab Protocol:
http://www.microarrays.org/pdfs/BeadBeat |IP.pdf

=  wear gloves throughout protocol as you will amplify any DNA that is
present/introduced

= enzyme is available from US Biochemical, Sequenase Kit Ver. 2.0 (USB cat
# US 70770)

= Primer A: GTT TCC CAG TCA CGA TCN NNN NNN NN
= Primer B: GTT TCC CAG TCACGA TC

Round A :
1. Prepare Round A Setup and Reaction Mix.

Arabidopsis Control DNA

During slide scanning, signals from the experimental (+antibody) and reference (—
antibody) samples may be normalized using the Arabidopsis Control Spots printed on
the array. To do this it is necessary to add a quantity of Arabidopsis Control DNA
directly to the Round A Setup master mix for all samples to be amplified and labeled.
A stock of Arabidopsis Control DNA is created by amplification of the Arabidopsis
Chlorophyll Synthetase insert from a vector produced in-house. The product is size
confirmed on an agarose gel, excised and purified using the GFX PCR DNA and Gel
Band Purification Kit following manufacturer’s protocol.

= Arabidopsis Control Primer sense: GTT TCC CAG TCA CGA TCN NNN
NNN NN
= Arabidopsis Control Primer antisense: GTT TCC CAG TCA CGA TC

The amount of Arabidopsis Control DNA to be added to the Round A Setup master
mix is determined by the number of amplification cycles needed to give a good signal
from the experimental samples while avoiding saturating the Control Spots. Typically,
for amplifications of 22 cycles or so, 1 ng of Arabidopsis Control DNA added to the
Round A Setup mix was adequate.
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Round A Setup: (per IP) pL Round A Reaction Mix | 1 rxn (pL) | 2.5 rxn (pL)
DNA (can dry down more) | 7 5x Sequenase Buffer |1 25

5x Sequenase Buffer 2 DNTP’s 1.5 3.75

Primer A (100 pmolfpL) 0.6 DTT 0.75 1.875
Arabidopsis Control BSA 1.5 3.75

DNA (optional) 1ng | | Sequenase 0.3 0.75

Water (if necessary) Total volume 5.05 5.05 yL aliquots
Total volume 10

2. Incubate Round A Setup at 94°C for 2 min. Go to 10°C and hold for 5 min
while adding Reaction Mix.

3. After 10°C hold, ramp up to 37°C over 8 min.

4. Hold at 37°C for 8 min; go to 94°C for 2 min.

5. Goto 10°C and hold for 5 min while adding 1.2 pL of diluted Sequenase
(dilute 4-fold with Sequenase Dilution Buffer).

6. After 10°C hold, ramp up to 37°C over 8 min.

7. Remove Round A and add 43.75 uL RNAse/DNAse-free water (Sigma,
catalogue # W4502). This brings the template volume up to 60 pL.

Round B:

8. Prepare Round B Setup in PCR tube.

Round B Setup: 1 rxn (pL) | 2.5 rxn (pL)

Round A Template 15 -

MgCl, 8 20

10x PCR Buffer 10 25

50x aa-dUTP/dNTP’'s | 2 5

Primer B (100 pm/puL) | 1 2.5

Taq 1 2.5 6

Water 63 157.5

Total volume 100 85 pL aliquots + 15 pL sample

9. Amplification/Nucleotide Incorporation Program: 92°C for 30 s — 40°C for
30 s — 50°C for 30 s — 72°C for 1 min x optimal cycle number determined
by the researcher.

Round B Purification Using CyScribe GFX Purification Kit

PCR Amplified DNA is purified using the CyScribe GFX Purification Kit (Amersham,
catalogue # 27-9602-02). 80% ethanol is substituted for the Wash Buffer provided
with the kit as it contains Tris, as does the provided Elution Buffer. Tris contains
primary amines that will interfere with the dye-coupling reaction. Purified DNA must
be eluted with 0.1 M sodium bicarbonate (pH 9.0) NOT water!

1. Place one GFX column in a collection tube for each purification to be

performed.
2. Add 500 pL Capture Buffer to the GFX column.
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~

10.

10.
11.
12.

Transfer the 100 pL PCR amplification reaction to the GFX column.

Mix thoroughly by pipetting sample 4 — 6 times.

Centrifuge at 13 000 rpm for 30 sec.

Discard flow-through by emptying collection tube. Place GFX column back
into the collection tube.

Add 600 puL of 80% ethanol to the column. Centrifuge at 13 000 rpm for 30
sec.

Repeat this wash step twice more. Empty the collection tube and spin
column for an additional minute to remove all traces of 80% ethanol.
Discard the collection tube and transfer GFX column to a fresh 1.5 mL
microfuge tube.

Apply 60 pL of 0.1 M sodium bicarbonate (pH 9.0) directly to the top of the
glass fiber matrix in the GFX column, ensuring that it is completely covered.
Incubate sample at room temperature for 5 min.

Centrifuge sample at full speed for 1 min. to recover the purified DNA.

Dry sample down to 8 pL final volume for the labeling reaction. SpeedVac
for ~ 20 min. at medium heat. Should it be necessary the purified aa-
dUTP labeled DNA may be frozen at — 20°C before concentration and
the protocol continued the next day.

Labeling Reaction with Alexa Fluor Reactive Dyes

1.

3.

Just prior to use resuspend one vial of Alexa 647 or Alexa 555 dye
(Molecular Probes catalogue # A-32756) in 2 pL 100% DMSO (Sigma,
catalogue # D-5879). Vortex for 10 s to ensure that dye is completely
dissolved.

Add the 8 uL sample to the resuspended fluor and vortex briefly to ensure
that reaction is well mixed. DO NOT spin sample down to bottom of tube,
but let it settle by gravity instead.

Allow the reaction to incubate 1 hour at room temperature in the dark.

Purification of Fluorescently Labeled Probe Using CyScribe GEX Purification

Kit

Following dye-coupling, samples are purified separately using the CyScribe GFX
Purification Kit (Amersham catalogue # 27-9606-02)

1.

2.

Nouhrw
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Add 90 pL RNAse/DNAse-free water (Sigma, catalogue # W4502) to each
labeling reaction to bring volume up to 100 pL.

Place one GFX column in a collection tube for each purification to be
performed.

Add 500 uL Capture Buffer to the GFX column.

Transfer the 100 uL labeled sample to the GFX column.

Mix thoroughly by pipetting sample 4 — 6 times.

Centrifuge at 13 000 rpm for 30 sec.

Discard flow-through by emptying collection tube. Place GFX column back
into the collection tube.



10.

11.

12.

Add 600 pL of 80% ethanol to the column. Centrifuge at 13 000 rpm for 30
sec. Repeat this wash step twice more. Empty the collection tube and spin
column for an additional minute to remove all traces of 80% ethanol.
Discard the collection tube and transfer GFX column to a fresh 1.5 mL
microfuge tube.

Apply 60 uL of 0.1 M sodium bicarbonate (pH 9.0) directly to the top of the
glass fiber matrix in the GFX column, ensuring that it is completely covered.
Incubate the GFX column at room temperature for 5 min. Centrifuge at 13
000 rpm for 1 min to collect the purified labeled DNA. At this point paired
reactions may be pooled together.

To reduce the 120 pL combined eluent volume to 5 pL for hybridization,
SpeedVac for = 35 min at medium heat.

Hybridization Protocol

1.

Prepare 100 uL of hybridization solution per slide. To each 100 pL of DIG
Easy Hyb solution (Roche, catalogue # 1 603 558) add 5 uL of 10 mg/mL
calf thymus DNA (Sigma, catalogue # D8661) and 5 pL of 10 mg/mL yeast
tRNA (Invitrogen, catalogue # 15401-029). Mix thoroughly avoiding
formation of bubbles and incubate mixture at 65 °C for two minutes. Cool to
room temperature (at least 2 min).

Add 85 pL of hyb solution to the pooled Alexa 647 and Alexa 555 labeled
DNA. Mix and incubate the solution at 65 °C for two minutes. Cool to room
temperature (at least 2 min).

Pipette the labeled probe onto an array. Place a 24 x 60 mm glass coverslip
(Corning, catalogue # 48396-160) onto the droplet, angling it in such a way
that any bubbles are pushed out from underneath as the coverslip settles.
Place the loaded array into a hybridization chamber (microscope boxes
using slides as rails to support the arrays). Hybridization chambers contain a
small amount of DIG Easy Hyb solution in the bottom to maintain a humid
environment.

Incubate on a level surface in a 37°C incubator for 8-18 hours.

Day Four:

Slide Washing — CpG Arrays

1.

Preheat three slide staining boxes containing a wash solution of 1x SSC
and 0.1% SDS (50 mL of 20x SSC stock, 10 mL of 10% SDS, bring to 1L
with milliQ water) by allowing to incubate 15 min. in 50 °C water bath. Also,
prepare one staining box containing a staining rack filled with 1x SSC, and
two other boxes containing 0.1x SSC for the final rinses. These boxes are
kept at room temperature.

Open the hybridization chamber and remove the coverslip by gently but
quickly dipping the array into the slide box containing 1x SSC, allowing the
coverslip to slide off on its own. Place slide into the staining rack (up to four
slides) and agitate several times before transferring to box containing
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incubating wash solution. Agitate briskly and allow to incubate 8 min.
Agitate, incubate for an additional 8 min, agitate and transfer to the next
wash box. Repeat with the next two wash boxes.

Transfer the staining rack into a staining box containing 0.1x SSC at room
temperature. Rinse the slides by agitating briskly about 10x in each of the
rinse boxes and quickly remove rack.

Remove slide from rack, tap off excess rinse solution and quickly transfer to
a microscope box lined on the bottom with blotting paper. Spin slides dry at
640 rpm for 15 min. Arrays can be stored in the dark until scanned for
several hours to days.



Chromatin Immunoprecipitation Protocol for Microarray Analysis -
Reagents/Solutions

Protease Inhibitor Cocktail (100x):

50 mM AEBSF (Sigma, catalogue # A-8456) dissolved in DMSO
100 ug/mL aprotinin (Sigma, catalogue # A-1153) stored at - 20°C,
100 mM benzamidine (Sigma, catalogue # B-6506) store at 4°C once thawed

1 mg/mL leupeptin (Sigma, catalogue # L-2884)
1 mg/mL pepstatin (Sigma, catalogue # P-5318)

1x PBS + 0.5 mM EDTA: 2 x 15 mL washes required per 150 mm dish:
— add 500 pL 0.5M EDTA to 500 mL 1x PBS to yield = 0.5 mM final concentration of
stock for washing adherent cells.

1x PBS + 0.5 mM EDTA with protease inhibitors: 1.5 mL per dish to harvest cells:
— add 15 pL 100x protease inhibitor cocktail to 1485 pL 1x PBS + 0.5 mM EDTA

RIPA Lysis Buffer:

0.1% SDS (Biorad, catalogue # 161-0302)

1% sodium deoxycholate (Sigma, catalogue # D-5670)
150 mM NacCl (Sigma, catalogue # S-7653)

10 mM NaPO4 (pH 7.2) (Sigma, catalogue # S-9638)
2 mM EDTA

0.2 mM NaVvO3 (Sigma, catalogue # S-6508)

1% IGEPAL CA-630 (Sigma, catalogue # 1-3021)

— prepare 210 pL per dish/cell pellet by adding 2.1 pL 100x protease inhibitor
cocktail to 207.9 pL RIPA Lysis Buffer

Protein A Sepharose/1x TE (pH 8.0) — 50% Slurry:
— each IP reaction will require 40 pL (preclearing) + 30 pL (recovery) of Protein A
Sepharose beads (Amersham, catalogue # 17-0974-01)

Determine total required amount and add a little extra to allow for pipetting error.
Wash up to 1 mL of beads three times in 1 mL 1x TE (pH 8.0) by vortexing briefly
and then spinning down at 2000 rpm for 2 min. Discard the supernatant. Following
last wash add an equal volume of 1x TE to yield a 50% final slurry. Prepare fresh for
each experiment as slurry lasts 4 days at 4 °C.

Low Salt Wash Buffer:

0.1% SDS

1% Triton X-100 (Sigma, catalogue # T-9284)
2 mM EDTA

150 mM NacCl

20 mM Tris-HCI (pH 8.0)
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High Salt Wash Buffer:
0.1% SDS

1% Triton X-100

2 mM EDTA

500 mM NaCl

20 mM Tris-HCI (pH 8.0)

LiCl Wash Buffer:

0.25 M LiCl (Sigma, catalogue # L-4408)
1% IGEPAL CA-630

1% sodium deoxycholate

1 mM EDTA

10 mM Tris-HCI (pH 8.0)

Elution Buffer:
1% SDS
0.1 M NaHCO3 (Sigma, catalogue # S-6297)

Round A Stocks:

dNTP’s :

dATP, dGTP, dCTP, dTTP = 3 mM (Invitrogen, catalogue # 10297-018)
DTT:

0.1 M (Invitrogen, Part # Y00147)

BSA:

500 pg/mL (New England Biolabs, catalogue # B900IS)

Sequenase:
13 U/uL (USB, catalogue # 70775Z2)

Round B Stocks:

10x PCR Buffer:

500 mM KCI (Sigma, catalogue # P-9333)
100 mM Tris (pH 8.3)

MgClI2: 25 mM (Sigma, catalogue # M-2670)
Taq: 5 U/uL

50x aa-dUTP/dNTP:

dATP, dGTP, dCTP = 25 mM each

dTTP = 10 mM,

aa-dUTP = 15 mM (Sigma, catalogue # A-0410)
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Annex

A.2. Sequence of the -883/+305 PTEN promoter and its representative motifs.

GECGGGOCTAGGTGATCTCT GAGAACCGAGCT TGACTCCGACGLCGCGAACCGACCT GOAGCCCGAGGGRAAAGATGCTCGACTCTCTTG
-883/+305 PTEN promoter
GGGGCACCGGAGCGGGCGCAGGAGAGGCCT GLGGGETGCGTCCCACTCACAGGGATCCTCTTTCAGT TCATTTAGATAGGTGCCCTTTGG
-883/+305 PTEN promoter
GCCCTTOAAAT TCAACGGCTATGTGT TCACGT TCAGCACGCT COOCT GAGAGCT TTCAT TTT TAGGGCAAACGAGCCOAGT TACCGOG0A

-B83/+305 PTEN promotar

AGC AGGT GEGGCGET GCA COGAT GAGGT GATACACGCT GGCGACACAAT AGCAGGT TGCTCT TTGTGCTAAGACT GACAC
-883/+305 PTEN promoter

CATGAGGACACAGAT T TGGGGGAAGBEGEAATCTCTAGGCAAAGGCT BT TACAGT CAAAT CTCT GCGAACGAT TGTBAT CCBACABCGOT
-§53/+305 PTEN promoter

NFEE tite
GCAAAAGGAAAGAGCGAAT GCAGT CCACGCCGLGGAAAT CTAGGGET AGAGGCAAGGEGGGAGGGT ATTCCCCT TGCAGGGACCGTCCCT

-883/+305 PTEN promaoter
GCATTTCCCTCTACACT GAGCAGCGT GOTEACCTGGT CCT T T T CACCTET GCACAGETAACCT CAGACT COAGT CAGT GACACTGCTCAA
-863/+305 PTEN promoter
.

—_
EBOXI EBOX2
CGCACCCATCTCAGCT T TCATCATCAGT CCT CCACCCCCGCCCCACAACAGUL T ACCET GECT CCBGCT GGGT T 10T GBGCAGAGGUCGA
-883/+305 FTEM promoter
GGCTTAGCT COT TATCCTCOUCT COOGT TGCT GOAAAAGCCOCAGCAAGT GLAGCT GCAGGCT GOCOOCT GOGAACCGOLCCGAGLAAGD

-883/+305 PTEN oromoter —
b s i
P53 responsive elemant
COCAGGCAGCTACACTGGGCAT GCTCAGTAGAGCCT GCGGCT TGGGGACTCTGCGCT CGCACCCAGAGCTACCGETCTGCOCCCTCCTAC
-B83/+305 PTEN promater
CGCCCCCTGCCCTGCCCTGCCCTCCCCTCGCCCGGCGLGGTCCCGTCCGCCTCTCGLTCGCCTCCCGCCTCCCCTCGGTCTTCCGAGGLG
PTEN transcrip!
-B83/+305 PTEN promater
CCOGGEET CCCGGLELGEGELGEAGEGEGECEGECAGGLCGGCGEGLGGT GATGT GGLGGGACTCT TTATGCGLT GCGGCAGGATACGCG
PTEM transcript
-883/+305 PTEN promater
—&—
EGRI site
CTCGECGCT GOGACGLGACT GOGCT CAGT TCTCTCCT CTCOGAAGCT GLAGCCAT GAT GGAAGT TTGAGAGT TGAGCCGLT 6T GAGGCGA
PTEM transcript
-883/+305 PTEN promoter
GHOCGOECT CAGGCGAGRGAGAT GAGAGACGOLGGCOGCCAOGGCCCAGRAGCLCCCT CTCAGCGOCT GT GAGCAGCCGLAGOGGCAGCGOC
PTEN transcript

-B883/+305 PTEN promater
CTCGOGoAGCCGOCCGGCOT GCOGCGGLOGCAGCGGCGGCGTTTCTCGCCTCOTCTTCGTCT TT TCTAACCGT GCAGCCTCT TCCTCGGO

PIEN transeript
TTCTCOT GAAAGGGAAGHT GOAAGLCGT GOGCT COGGCGGEAGLLGECT GAGGLOCOOCHGLOGUGGCEGCATET COCOCT CCTGGAGCS
PTEN transcript
AGCOGCGECAECGBCHGCCACH6CHACT GCAGCT CC. CTGAGTCOCCTBTCACCAT TTCCAGBGCT GBGAA
PTEN tronscript
COCCOGABAGT TEETCTCTCCCCTTCTACT GCCTCCAAL, SGECEECT ATCCAGGGACCCOGECCHGTTTTARACT
PTEM franscript
TCOCGT GEGCCECCECCGCACCEECHGT GECCEGEGET COGGAGGCLGLTGGCGGAGGCAGCCGT TCGEAGGAT TATTCGTCT TCTCCGE
- PTEN transcript - )
ATTCCGOTGCCGCCGCT GLCAGGCCTCT GOCT GOT GAGGAGAAGCAGGCCCAGT COCT GLAACCAT CCAGCAGCCOCCGLAGCAGCCATT
PTEN franscript
ACCCGGCTGCGGT CCAGAGCCAAGCGGCGGCAGAGCGAGGGGCAT CAGCTACCGCCAAGT CCAGAGCCAT TTCCATCCT GCAGAAGAAGE
PTEN franscript —
CCCGECACCAGCAGCTTCTGCCATCTCTCTCCTCCTTTTTCT TCAGCCACAGGCT CCCAGACATBACAGCCATCATCAAAGAGAT
PIEN transcript -
PTEN ORF
—
1 2 3 4 3 L] T
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A.3. Sequence of the different SNAIL1 promoters used in this study and its

representative motifs.

TGRAARTCCTTCGGTGGCTCCCCAGTECCCTTGAGGCARAGTCCARACTCCTACGAGGCCCTGGGGCCCAGCACATCTGACCCCTCCEGGECATGCCCATC

-869/+39 SNAIT promoter
-869

CCACCCCATCCCIGGAAGCTGCTCTCCAGGAGTTACTCTGARGCAGTITGCCACTICITCCCTCGGGCCTITICCCITGATAATTCCICACTITCCICIGGG

-869/+59 SNAIT promoter

ARGTCACCCCEACCCCCTETERAGETEACCCECCTICTITARCGETCECCECETICCCETCTCTCCCCCACARMAGCACACTTCCCTTTGCATTGTAATTATCT

—a—
EBOX1
-869/+59 SNAIT promoter
GTTTACTTCGTCTGTCTCCCTCACTGGACCAGAAGCTACCCTTC! GA( TCTGAGTGTTCTGTCCGGEECTGTGCCCTGGCCCCARGTACAGTGCC
-B49/+59 SNAI promoter
CCCACACGTGCTGGGCGCTCCGT, CACTGGATAAGGGAAGG: GGGTGCTCTTGGCTAGCTGGE GGCTGCTTTGC. GTGGCATTTC

-869/+59 SNAIT promoter

ARGCCGCCEAGAGCCACGTGCGGTGICCCITICCTICGCTTCCTCCCCAGTGATGTIGCGTTTCCCTCGICAATGCCACGCTCTCCAGEGCGCCAGCCGGGLG
-869/+59 SNAIT promoter

GLGGAAATCTCCECCCCCTCCCARGCCCEACECEEEEECEEECETC GETEABETETCCCEECCEECECECAGCGCCAGGEEGCETCAGARECECTC
oA
EBOX2

-869/+59 SNAIT promoter

AGACCACCGGECECTGAGCCGETEGECECECEGCETCCTGCCEGGEGTCCCACCTCGCAGGGGCCTCGCTTCECTCGACGTCCCGCCCCEGGACAGCCCCAG
-849/+59 SNAIN promoter

CACGBGEEACGACCCGCGCTGCGCCAGCEAACCCCGCCTCGEAGGAGTCCCCECCCGGGCTCTCACCECCACECEGCGCGAGCCCGGECCAGCAGCCGGCG
-869/+59 SNAIT promoter

W -1 94/+3% SNAI1 promoter

194
EEEETECTC ACTGECCTTCGECEEAGACEAGCCTCCEATTGECECGEAGETGACARAGGEECETEECAGATARGGCCCCECCCCICCCACCCCCCA
——y
EBOX3

-869/+59 SNAIT promoter

194/+59 SNAI1 promoter

-78/+59 SNAI1 promoter
-78

CCACCCCCCGEAGTACTTARGEGAGTTEGECEECECTGCTGCATTCATTGCECCGCEECACGECCTAGCEAGTEETTCCTCTGCGCTACTGCTECECGRAT

1
-849/+59 SNAIN promoter

194/+59 SNAI1 promoter

-78/+5% SNAIl promoter

SNAIT transcript

CGGCGRCCCCAGTGCCTCGACCACTREBCCGECGCTCT

— SNAI1 ORF —

M_P R S
— 12 3 4
+59

SNAIT transclipt m—
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A.4. p53MH software analysis of mouse snail2 franscript and human snaill

transcript.

>16 dna:chromosome:NCBIM37:16:14705945:14709488:1 (mouse slug)

ATGCTATAGGACCGCCGCCTGGACCGITATCCGCCCGCGCCCGCCCGCAGCCACC
ATGCCGCGCTCCTTCCTGGTCAAGAAACATITCAACGCCTCCAAGAAGCCCAACTACA
GCGAACTGGACACACACACAGgtaaaaatcgcctetgtaaatctgtgcgecgagtaaaccgeggtt
ctattgcttgactcagagaacacaccgggcecgctttecttttaatgetgtgeccaaaactgtccttgecagtctctt
gattacttaggttaagttttaattcaaaacctttgagatctttgectgacaaggaaagcettccttccggtcgggea
gtatagttctctgagectgtgtgtacgcaaaaggagtgcacggacgtgatcgcacccticcecctegectgag
cagcaatctcctgaagccaagcacttgggaaagcagetggattcgtgcatgecattacccgeccacagge
acggtacagctagaacagcccacgcataaaatgaaaagcaactttataaaaagtittaatatagtgtctagt
tcﬂcgﬂcfcooﬁgggocogco&gggcoodgfcogcctgcoc
gaggacagtaagcccaggtgaagggaagactttatgtgtgtcctgtgagtaaggcetgtcttcactagagagt
ctcctatggagtctcctgeatgttgttatggtctectctcagactgtgtacatatattitaaaaatattttgecttaatitt
ttctttecttectittetttcttccagTTATTATITCCCCATATCTCTATGAAAGTTACCCTATACCTGTCAT
ACCAAAACCAGAGATCCTCACCTCGGGAGCATACAGCCCTATTACTGTATGGACATCG
TCGGCAGCTCCACTCCACTCTCCTITACCCAGTIGGCCTITCTCCTCTTACTGGATACTCCT
CATCCITGGGGCGTGTAAGTCCCCCGCCITCCTCTGACACTTICATCCAAGGATCACAGT
GGITCAGAAAGTCCCATTAGTGACGAAGAGGAGAGACTGCAGCCCAAGCTITCAGAC
CCCCATGCCATCGAAGCTGAGAAGTITCAGTGCAATITATGCAATAAGACCTATICTACGT
TCTCTGGGCTGGCCAAACACAAGCAGCTIGCACTGTGATGCCCAGTICTAGGAAATCGTT
CAGCTGCAAGTACTGTGACAAGGAATATGTGAGCCTGGGTGCCCTGAAGATGCACATT
CGAACCCACACATIGCCITGTGTCTGCAAGATCTGTGGCAAGGCTITCTCCAGACCCTG
GCTGCTTCAAGGACACATTAGAACTCACACTGgtaagagaaatgtagaaaaccatgectctcag
ctcaaacagtggtgtgacagagcetgtctgcggggtgtcttaagggactgacagggggtgttittcataaggtg
aaccactgatagcetgctttectgetctaaagcettgitagaacagcaagtgetectttccagectetgetccaggg
aftgtaaacagcatttagactttggaaagcacatgcaggagatttggtctcaaagatcagttagaaagcaag
aftgaggtatttggtgtgtgtictgcagaactgatagtcagtaaatacaaatgtctggctecctagtgttgatttgat
aaacaggcagagggggttcctatagtititttggctatactttttgctatgaatictgccaactcttgactaatitag
taaatgaggctaaattggatctggeccgtgtgcetigtttgtitcatiticttgttgetgattittaaaaaaageccaaa
gcatgaaatcatatgcaggaagtcatggaatitatccagtcttagtcatcatacagaaagaggagacatact
ggaaatggagggagctgctcatcattgectgcacctgttgaagcagaaacccttagcaagaaaaageccce
aattctgaatgtgtgtctgtctggcagaacggaagcetgtttggetgatattttaaagttitgtittgaaaggeccaaa
tfaggaatagaattacataactgggggttgatatgatcaagctatgataaticttaticttctaagctactgttgatg
ftcattaatattacttgatttigtgtcctataaaaagetgactgtettttattttcccttaccctacctcaaacagGG
GAAAAGCCTTITCTCTTGCCCTCACTGCAATAGGGCTITTGCAGACAGATCAAACCTGAG
GGCACATCTGCAGACCCACTCTGATGTAAAGAAATACCAGTGCAAAAACTGCTCCAAA
ACCTTCTCCAGAATGTCGCTTCTGCATAAACATGAGGAGTCTGGCTGCTGTGTGGCACAC
TGA

181



Annex

>20 dna:chromosome:NCBI36:20:48032934:48038825:1 (human snail1)

ATGCCGCGCTCTITCCTCGTCAGGAAGCCCTICCGACCCCAATCGGAAGCCTAACTAC

AGCGAGCTGCAGGACTCTAATCCAGgtgcgttggaggggttctgggetccaggaggtttggggga
gacaggcgaaggctgegtggggggcacctgagggaggcggcectgectgageccaggatcgagtcacag
gatgttttgtggaccattgcgggctcgggagaccgggecaagtgggtccccagttccggggatctgtectgggt
gottgggggagtgccgtgtagagggcaggggtcttcagettggggggectttgtageccggegagaggegg
aggagctccgcaagaggggaaggagaggaggcectgtgtcaggagggcecctectggacgetgetgggga
gagtccggagtccagagggttgaggggaggggtggggagacgagatgtgtgtgaggagggggatiggg
gcagggatggtggctccggggetgggatgatggggtictggecctcaggetggagactggggacttaggaga
gggagatcaggaaatgacciccttcaactgggggtcctacgtgtgagagactcagattgggtgacctggg

cgaggagggcaggaacctggtctgtcctgtggataattttittgatctaattatgtattgagaatcggecccac

ccagcccctggeccageggtgggcetcatgtttgttgattgagtgaatgatttaattaacgectgactectgettittct
ccctcagAGTTITACCTTCCAGCAGCCCTACGACCAGGCCCACCTGCTGGCAGCCATCC
CACCTCCGGAGATCCTCAACCCCACCGCCTICGCTGCCAATGCTCATCTGGGACTCTGT
CCTGGCGCCCCAAGCCCAGCCAATTGCCTIGGGCCTCCCITCGGCTICCAGGAGAGTC
CCAGGGTIGGCAGAGCTGACCTCCCIGTCAGATGAGGACAGTIGGGAAAGGCTCCCA

GCCCCCCAGCCCACCCTICACCGGCTCCITCGTCCTICTCCTCTACTTCAGTICTCTICCTT

GGAGGCCGAGGCCTATGCTGCCITCCCAGGCITGGGCCAAGIGCCCAAGCAGCTG

GCCCAGCTCICTGAGGCCAAGGATCTCCAGGCTCGAAAGGCCTTICAACTGCAAATAC
TGCAACAAGGAATACCTCAGCCTGGGTIGCCCTCAAGATGCACATCCGAAGCCACAC

GCTGCCCIGCGICTGCGGAACCTIGCGGGAAGGCCTITCTCTAGGCCCTIGGCTGCTACA
ACCCORICICCEEACCOACABCTEHISBEISEES - 'c cagocgcccccaccgttgetetetetgge
agcttttgtgaatctgggcettgetgttctcattcccaaagetgtggacactgaggeccccgagicttctaacticta
gctcaagttccagggcectggcetetctggaaacgtttggcagaaactticttcatcagectaagcagatgggeca
aagcagacaccttcccaatccectgecagectgtttctcageccaaatgggtcggagetggatatgggaaag

gfgcaaccaacaccttgetgtgggggccaggtgtgaaggggcccacccggecacaccctectccegggt

ccgcccccteecctageccagacaggatgttgicagacccceccgectggcetectgaatecttetttgagaactttc
tcaaaacttaggctgatgtttctcttctgtgagectcatitictctatetttcagatgggcatgagaacagcettitgg
ggfttctatacaggctaaatgcaggaatgcatatgggaagcacctggcaaagtgecggtacctgectaaact
ctcacaaaaatggttccttggceatttgetctgeticcttgetgtgtgactttgggcaagecaacttaacctctctga

gccttaggggaaaactatgatageatatgttttagagagtggctgtaaaggtggctaatcactttatagtaattt
aftatacccgaacggttctcaggtcggcetticcccaccecccactgaatcctagcacacagaccaggaaac

ggcatctitggggcagaaaacacaatcacgtcettitgaaaatitactaaatgtgtaaaaaacttictggacatg
gagaaaaggtagaactttitagaacttgaatggtggcagccactgtgectggagetgetetttggagagtga

cagttgagggagaagattccacagggticaagectggccaggttctgecatttcctggectggegectgaccet
ctgagcggtgagggattagtgaggtgtctgggaggactggcaatticgecgggcetttattggcatcttattcgacta
aggctacccatttctettecttcgtgcaccaattgetetgattttaacatgtaaaggtccaactgectggectect
gggtgcctgeccagetcacagggctcetattttgggacagttgaacccctcagggtgetgcagtcctgectge
ctctctcacctcccatctggacattattttaatgtaaaggcatggctgagacacagaaatccccttgaaatgta
fcattgcggtcctcattgactcccattgtgtgecttaatggtgggecccagtgggtgggggetgggaggggtag
agcaggtgcatggggcagecggtgecccagcacctgttccagtcacagetgectggeccactgecatggcagg
cccctttaatccggggatatcgecatgtacagtgeccecccctcggegecctttgtccccgecggectggtgecg
aftfcacacttgccaggagtaccatgaaggcgtctggggggcgagggatccaaggagtgggggtctgtge
ctcctgegtgtgcacacageccccgeccccageccatcatgtcctagaatgtctectteccectitigtttgggtt
caggtctcatcacactttgggcacttactgtacaggagggtagtgctcaggacttcaccaacagecctggg

aagggaagggaggtgctgtcctaactctggtcttacaaatggactccagecccttttccagatctccagagt
cagcccttagttcacaagggtgaacttacccttctcattcacatgaagacttagaatgcaatcaacaaaccc
ftcaggcgtggegtgtggaggctgetgagtaatggcagagtggagtagtgetcaggcaccectcccccaat
cctctatgtccceccaccctttggagtggecgagtttccattictgecccatgagactgagtccagetctcagge

gctccataagtccctattgaatgcatgggtcccattggagecatcctetggactctectcctaccctggtagetc
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agtgtggcaccctaggcacccaggaggtgatggaatgaaticactctcagetcttaaattccatccageget
gggafttcacaggcgggccctgaccttgecgggecatatcagactgggegtgaggggattggagaatigeat
gftttttaaaaagactattcagtattatggaatagtgtctagcacttagtaggagetcagtagattaaaaaaaa
aaftatagacagggtctigettiatcgectaggcettgicicaaactcctggcettcaagcaatcctgectcactecg
gcctecccagagtgatgggattacaagegtgageccaccacacccagectcaatagattttigtttaatgggtta
ctgttatgaccttttatttggaaaatgctgcatcccccagaaaaaaacaaatcaacattattggtgtttttggaa
ctatatagctttttggttggagcagggattgttatgaggcatgagtga cagactcctctgaggcectcttt
oomﬁoooocogocﬁomoTTCTCTOO%COTQ?QCOOQO
cttttcccaacacagcecttggccaggecagatggtgtgtcagggeccacaggtttccgtagectettgggtgata
gaaaggggcccaggccctgggcetggggctcagaagggactcaaaggaggceccttgeccttatgggact
cagcctgattggagaacagacaaggagatttgggattacagcgcaggaggtggggtggtgaggaaagce
aggctgetggccgggecccaggagtggectaaccagettggaggtggggatggggaagectecttaagge
tgactctggcetttggcccccaacagagtaaatcaaggaatgactccaggactgatggtaaggacaccagt
cacgtcctccettgactgaaggcagtaagggecagtaggtgaaatcagaggcetitggggtcctgccagggg
aacctgaacatgctacttctgggectcagtttcactgtctctgaaatgagaccacagtaggatcaagtgaca
gtaggatgaatcagtaaaggtgttgagicatigttgaccacttcgcacgtccctgecgggatgtggatgagtac
cctaccttctgtcacttatcaaccectatgagtggggggtgaatagecccattttacaggtgggaaaatggag
gctcagagaagccagacaacttgectcagagttgcacagtgggaagcagcagagcetccgtcaggtececcg
gcctttggaccctggcetgtgtgtttgacggaggectggcetttcctgggatcatgggattetttcagggtttggggt
atgcggggagggattcccatcactgeccagecgttgtcccacggetcactcggectttctggegttctectceccce
agGCGAGAAGCCCTTCTCCTGTCCCCACTGCAGCCGTGCCITCGCTGACCGCTCCAA
CCTGCGGGCCCACCTCCAGACCCACTCAGATGTCAAGAAGTACCAGTGCCAGGCGT
GTGCTCGGACCITCTCCCGAATGTCCCTGCTCCACAAGCACCAAGAGTCCGGCTGCT
CAGGATGTCCCC

o Infrons are displayed in blue lower case.

o Exons are displayed in BLACK UPPER CASE.

o ATG is displayed in underlined bold.

o Color boxes are putative (in the case of snaill human transcript) or
confirmed (in the case of snail2 mouse transcript) P53 responsive

elements.
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Program p53MH
J. Hoh and J. Ott
Version of 01 Sep 2002

Treatment of "N" sites:
In filter: No filtering
Scoring: Give anti-consensus weight

current maximum sequence length: 30000000 bp
gap weights used: FALSE
smoothing factor for gap weights: 0.10
factor for core sites: 2.00
filtering applied: TRUE
smoothing constant s in In(LR+s): -1 (automatic)
lik.ratio (vs probability) scoring: TRUE
sequence length: Whole gene
print flanking sequences: FALSE
gap lengths tested: -1 14 variable
max gap length: 14

=== snail human gene ===

Sequence length = 5892

Using s = 0.273414
Total sequence length = 5892
Maximum possible score (no gap weights): 25.911

171 out of 5873 sites have score calculated (not filtered)

Observed order statistics:

Order Site Score %max
1 3667 24.042 92_.79 GGTCTTGCTT TATCGCCT AGGCTTGTCT (p53 RE2)
2 1341 19.469 75.14
3 3984 19.450 75.06

=== slug mouse gene ===

Sequence length = 3544

Using s = 0.262229
Total sequence length = 3544
Maximum possible score (no gap weights): 26.009

103 out of 3525 sites have score calculated (not filtered)

Observed order statistics:

Order Site Score %max
1 1541 22.375 86.03 AAGCTTGTTA GAA CAGCAAGTGC (p53 RE2)
3 633 19.480 74.90 AGGCTAGTCC AGAATGA AGGTTAGTCA (p53 RE1)
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