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Editorial

December 2012

We ore grateful to prof. Robert A, Weinberyg,
for the kindness to lef us publish his Korsmeyer
lecture entitled “Stem Cells and the Epitheli-
al-Mesenchymal Transition™, given in Podug at
ViMM Venetian Institute of Molecular Medicine
on May 9, befare the Award ceremony in Trento.
We are glad to remind that Prof. Robert 4. Wein-
berg of the Whitehead Institute for Biomedical
Research Combridge Center, Cambridge, M4 is
the prestigious recipient of the 2012 Pezcoller
Foundation-AACK International Award for Can-
cer Research,

The annual Stanley J. Korsmeyer Lectureship
has been storted by the Pezcoller Foundation
in 2006 in eccordence with the AACR American
Associgtion for Concer Research and the VIMM
¥enetion Institute of Moleculor Medicine in
Paodua (italy). The goal of this event is to hon-
our the fundamental contribution of the lale
§. Korsmeyer who was the recipient of the Pez-
coller Foundation-AACR International Award for
Cancer Research in 2004, Although under heavy
treatment for cancer, he presented his last Eu-
ropean lecture ab VIMM immediately before re-
ceiving the Pezcoller Award, Unluckily he passed
awiry @ few menths later. Therefore we wish to
remember Stanley Korsmeyer every year with a
lecture given by the recipient of ocur Award.

The 2012 Symposium entitled “Molecular Bosis
for Resistance fo Targeted Agents” took ploce

Picture on front page:
Prof. Bobert A. Welnberg

in Trento lost June and was very successful for
the high level of the five sessions and for the
large participation, As uswal we gave also the
“Percoller Begnudelli Awards” for the best
poster to one deserving researcher: Dv. Hodas
Reuveni of Nova Tyr Thergpeutics Lid, Tel Awiv,
Israel.

We are also glad to present the next 25th Pez-
coller Symposium which will be held in Trento
on June 20-22, 2013 and will be entitled “Me-
tabolism and Tumarigenesis”,

The Pezcoller Foundation §s plegsed o aon-
mounce a new Award; “the Pezcoller-Founda-
tion-EACR Award and Lecture™ which was pre-

sented for the first time in Barcelona at the
EACR 22 meeting in July 2012,

New grants for young Italion researchers will be
awarded by the end of the year, More details in
the last page.

The 17th Pezcoller Foundation Seminar on “The
Rate af Pathologists in the Manogement of Ne-
oplastic and non Meoplastic Lung Pathology”
has been held in Trento on September 27-27,

The seminar has been successfully attended by
many pathologists,

Gios Bernardi MD
Editor and Percoller Feundalion President Emeritus
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The Stanley J. Korsmeyer Lecture
“Stem Cells and the Epithelial-Mesenchymal Transition”

Prof. Robert A, Weinberg

Whitehead Institute for Biomedical Research Cambridge Center, Cambridge, MA

The work in my laboratory has been focused
an the development of human cancer. A madel
that is clearly embedded in our thinking is this
description here of multi-step tumaorigenesis,
as it occurs in the context of the human colon
and of colorectal carcinoma as first developed
by Wogelstein and Kinzler in 1989, Here we see
the multiple steps of tumour progression and
the accumulation of distinct mutations in the
genames of cells as they are evolving toward
high-grade malignancies (1).

We kind of have an idea of how primary
tumours are formed. But the challenge has
been to understand what this last step is,

the so-called “other alterations™ depicted
here that happen when primary cancer cells
metastasize, when they disseminate to
create life-threatening metastases, which

are responsible for 90% of cancer-related
mortality. In fact, even though these are

so important clinically, we still understand
relatively little about this process of
metastatic dissemination, which is the focus
of my talk today.

Here's what the histopathological progression
looks like in the context of the actual colon;
wi seg it here presented in great detail (2).
In fact, such multi-step tumorigenenesis
peowrs in a whole series of epithelial tisswes
throughout the body, which resemble one
another and which give one the hope that the
lessons that we learn from one carcinoma will
prove to be applicable and generalizable to
ather types of carcinomas as weill (3).

In fact, we know many of the critical
mutations occurring during primary tumor
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formation, but again we don’t really
understand what happens in the last step,
which is what | will be focusing on today. We
know that the order of mutations can be quite
variable and that there are multiple paths
through which cells can progress during their
genetic evolution from normalcy to high-grade
malignancy, fn this case once again in the
context of a colom (4,5). And we understand
much about the circuitry that operates inside
cells and that becomes disrupted during the
formation of primary cancers (6,7), but again
none of this really tells us much about how
metastatic dissemination oocurs -- what goes
om at this last step.

One important clue that we have leamed
over the last several years in my own
laboratory, and | assume in others, is perhaps
unexpected, and that is the following: the
identity of the normal cell of origin is an
important determinant of the behaviour of
the cancer cell that arises twenty, thirty

or forty years later(B). Some cells, if they
generate primary tumours, will generate
tumours that metastasize, other normal cells
will generate primary tumours that do not
metastasize. As a consequence, we belleve
that the differentiation program of the normal
cell-of-origin - that is the precursor of all

the neoplastic cells in the tumour - s really
an impaortant determinant of what happens

in this last stage (9). How and why this
relationship operates in this way is something
that is still obscure and the evidence why this
operates mechanistically is still elusive.
Importantly, the invasion-metastasis cascade,
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as it is portrayed here, is itself a process

of multiple steps that is biologically highly
compiex. Here we see the steps, as first
enunciated by |saiah Fidler (10), in which
cancer cells invade locally, intravasate

into the circulation, extravasate into the
parenchyma of distant tissues, form micro-
metastazes and, with low probability, form
macroscopkc metastases. This last step is
extraordinarily inefficient.: thirty per cent

of women who are diagnosed with breast
cancer on the day of diagnosis have thousands
of micrometastases in their marrow, but

only half of those women will ever develop
metastatic disease, Indicating that this final
step is, fortunately for those women, very
inefficient and only oocurs at a very Low
probability.

The question is then how all this accurs.
indeed, the complexity of the invasion-
metasiasis cascade, which and s subsumed as
the last step of multistep tumor progression
rivals the complexity of the preceding steps
that led previously to the formation of the
primary tumour (11}, 50 the question is: are
additional mutations required in order to
empower cancer cells to successfully execute
all of these distinct steps? How do all these
cells acquire the distinct capabilities that in
aggregate are required in order for them to
successfully metastasize? (14).

Here we see much from examinations of
histopathological sections of tumours. This is
a human tumour xenograft, a breast cancer,
in which these experimentally transformed
cells are grown in 2 mouse, a5 a xenograft
(12}). Here are the breast cancer cells labelled
with an antibody against cytokeratin, seen

in red, which, as you know, is an epithelial
marker. Qut here are the blue nuclei of
recruited mouse stromal cells, which have
been brought into the tumour in order to
provide physiologic support for the carcinoma
cells; what is of greatest interest to us today
are these green cells, These cells are of
human grigin, and they therefore by necessity
derive from the implanted carcinoma cells.
However, they have shut down the epithelial
marker cytokeratin and instead express the
mesenchymal marker vimentin. This behaviour
suggests that they have undergone a profound
change in cell phenotype. They have
undergone what is called an mesenchymal-
epithelial transition in which they have shut
down pre-existing cytokeratin epithelial
marker, an “EMT", and now express instead

a mesenchymal marker (14). Hence the term
epithelial-mesenchyimal transition,

In fact, the cells that undergo this EMT,
moving from the epithelial to mesenchymal
state, seem (o be on the outside of this island
of carcinoma cells, suggesting, but hardly
proving, that they initiate the EMT program

in response to signals that they are receiving
from the nearby mouse stroma, which they
previously recruited (15). This localization

is indicated here more persuasively in this
same tumor but stained differently (16).
Here we see a tongue of carcinoma cells

that expresses cytokerating outside are the
recruited mouse stromal cells, and around this
tongue you see a rim, a layer of cancer cells
that have shut down cytokeratin expression;
and here is ancther tongue of cancer cells.

In this second image, the cells in the middle
continue to express cytokeratin, but the cells
on the outside, which are directly apposed

to the nearby stroma,have now acquired the
mesenchymal marker vimentin. These images
show quite dramatically that the localization
of these cells within the tumour, specifically
their apposition to the nearby stroma (17),

is an important determinant of the behaviour
of these cells, to the extent that we agree
that the EMT is an important biological
change in their behaviour, 50 it suggests, but
doesn't prove, that close contact between the
carcinoma cells and the surrounding recruited
stroma seems to be the trigger that provokes
an EMT, but this thinking is hardly proven by
the evidence we see here,

5till, this gives us an important and simple
insight: that the micro-environment of the
cancer cells is important to understand the
behaviour of the tumour as a whale (18). This
micra-environment cannot be understood by
sequencing the genomes of the cancer cells.
This can only be understocd by understanding
the signalling environment in which these
cells exist, deep inside the tumour,

These days people like to sequence cancer
cells genames, but such sequencing doesn't
give one any insight into processes, such

as the one we see here, The EMT process,

the epithelial-mesenchymal transition, is of
ancient lineage. It was already invented in the
pre-Cambrian and is preserved in wirtwally all
modern metazoan phyla. It is choreographed
by a series of transcription factors: | show six
of them here, there are several more. Each of
these transcription factors is in fact expressed
in virtually all existing metazoan phyla. Here
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we sea SHAIL, TWIST, SLUG, 5IP1 GOOSECOID
and FOXCZ (19). TWIST in this case, which "
refer to shortly, is expressed in the Drosophila
embryo, where its expression precrdains and
determines the site of ingression, i.e., of
gastrulation.

Many of these transcription factors were
initially discovered in the context of the
developmental genetics of other organisms.
Years ago the Drosophila developmental
geneticlsts came to the cancer funding
agencies and they asked for money to support
their research, promising that they wauld

tell people something about how cancer
developed. We cancer biologists knew better,
because we knew that the developmental
biclogists were poor as church mice, and that
they just needed some money to keep their
laboratories going, and that their work would
never yield anything useful for cancer biology.
But we were wrong, because much of what |
am about to tell you came through the route
of discovering these various transcription
factors, which operate at various stages of
normal morphogenesis to enable EMTS to
pccur and are indeed critical parts of the
morphogenetic process. Here's my favourite
one, a sea anemeone which is almost not even
a metazoan and yet one of these transcription
factars, SMAIL, is already expressed in that
early and very primitive organism, indicating
its antiquity of more than six hundred million
years (20). In fact we can now understand
that virtually all the metazoan phyla express
these transcription factors, and that they are
of very ancient lineage. Here we see that

the arthropods already had this transcription
factor, from whom we are diverged by 650-
700 million years of separate evolution (21).
The epithelial-mesenchymal transition was
first discovered by a woman named Elizabeth
Hay, who had studied it in the context of
embryanic development (22). When my
laboratory started working on the epithelial-
mesenchymal transition the developmental
biologists thought of me as an intruder, who
was moving into their territoryl | realized
only later that | actually did have a right to
work on the EMT, because only recently did |
understand that the woman who discovered
this was lured into biology by her professor,
who was my sister-in-law’s fatherl 50, now |
have a direct connection with this process and
a justification to work on it!

She described the fact that the EMT s a
multi-faceted program, invelving changes in
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motility, morphology, cell-cell associations,
and the replacement of various cell-surface
markers by ane anather, In fact the EMT
program involves chamnges in the expressian
of more than 300 distinct genes. 50, to state
the abyvious, we are making here an important
association, hardly original to me, about this
early embryologic program -- here we see it
in the context of & sea urchin embryo where
it operates to enable gastrulation and the
formation of the presumptive mesoderm and
endoderm (23). This early embryonic program
is appropriated opportunistically by cancer
cells, in order to enable them to acquire
many of the cell-bialogical phenotypes that
we ascribe to high-grade malignancy.

Here is the work of Jing Yang, in which she
studied highly metastatic mouse breast
cancer cells, which were able to metastasize
from the site of subcutaneous implantation
to the lungs in large numbers (24). These
cancer cells normally express high levels of
the TWIST EMT-inducing transcription factor.
When these cells were deprived of TWIST, the
primary tumour actually grew more rapidly,
but the number of metastases was reduced by
BS%, and the residual 15% of metastases that
continued to form were found to never have
lost TWIST in the first place. This allowed us
to conclude that TWIST -- this EMT-inducing
transcription factor -- is essential for the
ability of these mouse breast cancer cells to
metastasize, Granting that it is pecessary,
wie o not know whether it is sufficient. In
other words, if one were to express these
EMT-inducing transcription factors in a
previously non-metastatic cell, would this
expression enable that cell to metastasize.
That sufficiency has not yet been proven
experimentally.

5till, given the complexity of the EMT
program and of the role of TWIST, as I've
just mentioned (25), one can now pose the
question: How many steps of the invasion-
metastasis cascade (here depicted stightly
differently) could in principle be achieved

by a cancer cell in the primary tumour that
activates this previously latent cell-biological
program (26].

Here | present a speculation, which in fact by
now is close to being proven (27). | believe
that if a cancer cell would activate this

EMT program in a primary tumour, it would
be able to execute all of these steps of the
invasion-metastasis cascade, except the last
one, that i, the one of colonization, which



presumably invalves the adaptation of cells
from one primary tisswe, such as the breast,
to a micro-environment that is otherwise alien
ard familiar, for example, a breast cancer cell
adapting to @rowth in the liver or the brain,
the lumgs or the bone marrow. This invalves a
difficult adaptation program, which would not
seem to be within the powers of the EMT,
Still, #f this nothon is sustained, and | believe
that it shortly will be, this suggests that

cells within the primary tumour are already
genetically competent to disseminate; they
just need activate their latent EMT program
(28). This means that the actual act of
physical dissemination does not require
additional mutations beyond those that were
previously acquired during the formation of
the primary tumour,

Indeed there is correlative support here, for
example the work reported by Vogelstein

and Markowitz several vears ago, where

they studied the development of human
colorectal adenomas, adenomatous polyps,
inte primary carcinomas, That process, they
deduced by sequencing the genomic DNA of
colorectal adenomas and carcinomas, took
approximately 17 or 18 years, this time

being required for the polyp to evolve into
carcinoma. But once the carcinoma formed,
within a year or two, there were already
metastases apparent in the liver, suggesting
to me at least, that the formation of these
metastases did not depend on additional rare
mutations beyond those that were sustained
during the formation of the primary tumeour.
This modetl of primary tumor formation and
metastasis remains to be proven rigorously,
but if this thinking is sustained, it chviously
leads to great conceptual simplification of the
entire process of metastatic dissemination. 50
perhaps we can one day understand all this,
at least these steps, in terms not of additional
genetic alberations, but instead in terms

of epigenetic changes in the transcription
program of primary cancer cells,

I now wish to switch topic quite dramatically,
but of course gracefully! Here are two
different types of human breast cancer cells,
both experimentally generated (29). What |
would like to point out Is that even though
these two cell populations have an identical
set of introduced transforming oncogenes,
when these cells were implanted In mice,
they exhibited dramatically different abilities,
differing abilities to seed tumours in those

mice. This is a topic which seems unrelated to
the EMT that | was describing before, but you
will see the relationship momentarily.

In the case of one of these populations, a
million cells needed to be implanted in a
mouwse in order for one primary tumour to
form. In this other case, between 10 and 100
cells sufficed to generate a primary tumour
{30}. This profound difference in tumour-
inmitiating ability, as depicted here, has an
impertant logical consequence, which is:
there must be at least two distinct kinds of
cancer cells in each of these cell populations,
those that are capable of seeding a primary
tumeur and those that are not capable of
doing 50 (31).

We can refer here to the work of Michael
Clarke and Muhammad Al-Hajj, who described
the following paradigm, which describes the
hierarchical organization of cells in various
epithelial organs. One imagines in general
that this hierarchical organization includes
self-renewing stem cells up here, which
divide asymmetrically, transit-amplifying
cells, which increase exponentially and post-
mitotic differentiated cells (32). The trait

of self-renewal is however confined to these
cells, salf-renewing stem cells and transit-
amplifying or “progenitor™ cells {33). This
same scheme from the normal tissue has

been appropriated by Michael Clarke with
Muhammad Al-Hajj to describe how cells in

a breast cancer are organized: that within a
cancer there are self-renewing stem cells,
there are transit-amplifying cells, and there
are poast-mitotic differentiated cells {34).
Within the context of a tumour these self-
renewing stem cells have the ability to seed a
new turmour and are therefore called tumour-
initiating cells. In contrast, the great majority
of genetically identical cells in the tumour

do not have that tumour-initiating ability,
meaning that they have lost the ability to
seed a new tumour,

The same scheme is applicable to the question
of metastatic dissemination and the formation
of metastases. Because if this cell succeeds in
physically disseminating to a distant tissue, it
i5 at least quaiified to seed the new tumour
in the distant tissue because of its tumour-
initiating capability (35). Being qualified to
do 50 doesn’t mean that it is guaranteed, but
it is at least qualified to do 0. The bulk of
these cells conversely in the primary tumour,
even though they may have an ldentical set of
oncogenic mutations, have given up tumour-
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initiating ability and therefore even if these
cells were physically to disseminate to distant
tissue, they would not be qualified to seed

a new metastatic colony, at least that's how
the logic operates in this case. In the work
of Al-Hajj et al. of eight years ago (36), they
demonstrated that, using FACS analysis, a
small sub-fraction of cells, 200 of these could
form a new tumaour while 20,000 of the bulk
cells in the tumour could not do so -- all of
these cells coming from the same tumour

cell population. This demonstrates quite
dramatically that the cells within a single
tumour population reside in distinct states of
differentiation.

Workers in my own lab used two cell-surface
markers that were first developed by Al-Hajj
et al,, CD24 and CD«4, in FACS analysis to
fractionate breast cancer cells or normal
mammary epithelial cells into two populations
(37). Using the Al-Hajj et al. criteria, we see
here that the 24 high/ 44 low cells reside in
the position of non-stem cells and comersely
the 44 high and 24 low sit in the position of
stemn cells. In this case, we are observing the
behaviour of immortalized human mammany
epithelial cells. If this identification were
correct, then here we are observing the
behavior of a small minority population of
stem cells that is able to maintain itself in

a Petri dish, not just in the complex micro-
environment of the stem cell niche.

In any case, people in my laboratory --
Sendural Mani, Mai-Jing Liao and Wenjun
Guo, -- were interested in the following
guestion: What happens if there is a
connection between the first topic that |
discussed, EMT, and cancer stem cells, And of
course when someone says two unconnected
things are actually connected, usually such

a person is a bit over-ambitious or trying

to make extremely rapid advances in his or
her career. In any case, they decided to ask
the fallowing question: what would be the
effect of either SHAIL or TWIST expression on
these cells, i.e., if these cells were forced
experimentally to undergo an EMT (38)7 In
fact, they found, if they put either SNAIL or
TWIST into these mammary epithedial cells,
these cells underwent a morphological change
{39). Here you see the epithelial cobblestone
morphology fn monolayer culture and here
you see two populations of cells which indeed
ook very mesenchymal. What was most
interesting, was when they switched their
focus to the behaviour of these cells after
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they had gone through an EMT: The 24 low-
44 high population, once it was forced to go
through an EMT, either through the ectopic
expression of SMAIL or TWIST, exhibited an en
masse migration from the non-stem cell o the
stem cell state, at least as identified in this
FACS analysis {40).

This suggested that one of the consequences
of moving through an EMT was, at least at this
level of analysis, entrance into a stem-like
state, Here is a more compelling experiment
to my mind. Here Sendural Mani and Wenjun
Guo separated these populations of stem cells
by fluorescence-activated cell sorting into a

a putative stem cell population and a non-
stem cell population (41). They then prepared
mRMAs from these two sub-populations of
cells and examined the expression of various
messenger RNAS in these two sub-populations
(42). What they discovered was that the
putative stem cells express one to hundredth
of the keystone epithelial marker E-cadherin
mRHA and conversely the putative stem cells
express, on a per-cell basis, between 80-

and 120-fold higher levels of the following
mesenchymal markers: E-cadherin, ¥imentin
and Fibronectin: of additional interest, the
putative stem cells express between 2- and
120-fold higher levels of SMAIL, TWIST, SIP1
and FOXC2, these all being EMT-inducing
transcription factoss,

So, this leads to a rather bizarre conclusion.
That is, if one takes these data seriously,
epithelial stem cells express naturally a
series of EMT-inducing transcription factors,
This is a part of their normal transcriptional
repertaire and is not forced in any way by
experimentation. For me this was a counter-
intuitive notion, because to my mind it would
be far more reasonable that epithelial stem
cells should express epithelial markers. But
instead here, at this level of analysis, the
epithelial stem cells appear to be quite
mesenchymal. 50 this suggests that these
cells are actually mesenchymal and that when
they differentfate, only then do they acquire
epithelial characteristics (43). Again, this is
the most immediate conclusion of what |"ve
just shiowed Lo you.

Work of our collaborator at that time,
Kornelia Polvak, looked both at human breast
cancers and normal mammary epithelial
tissue (44). She works at a cancer hospital,
the Dana-Farber Cancer Institute and | work
more in a machine shop, at MIT, where we do
not have access to these tissues, What she
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discovered was the following: if she compared
the gene expression patterns of normal
mammary epithelial cells from a reduction
mammaplasty and breast cancer cells, the
non-stem, CO44 low cells looked quite similar
to ane another, and if she looked at the CD44
high stem cells from breast cancer and normal
marmmary glands, they also loocked guite
similar to one another, not guite identical.
This was the first indication of a theme that
has expanded in subseguent years, which is
the following: that the stem cell program in

a breast cancer is very similar to the stem
cell program in a normal mammary gland.

Im ather words, when a breast carcinoma
develops, 1t is not as if the breast carcinoma
frvents a new stem cell program or assembles
a new program. Instead, it appropriates a
pre-existing normal stem cell program from
the normal tissue -- a theme to which | will
returm.

But still, this adds to the list of changes that
accompany an EMT, the additional trait of
acquired self-renewal, that is, entrance into
the stem cell state [(45).

If one looks from the standpoint of a cancer
patient, then one comes to appreciate that
the EMT is doubly dangerous for the patient.
Because, first of all, it allows physical
dissemination and secondly, it allows the
disseminating cells to become self-renewing,
which, | argue, is a prerequisite to the
subsequent ability of the disseminating cells
to successfully serve as founders of new
metastatic colonies (46]).

Still we felt the burden -- the onus -- 1o
generate a more compelling biological proof
that the EMT actually generates epithelial
stem cells {47)7 And here | refer to the work
of Wenjun Guo, who used a technique that
has been in use for more than 50 years,
which is used to gauge the stemness of
mammary epithelial cells,

Importantly, I'm switching from human
breast cancer to normal mammary epithelial
cells in the mouse, Thus, I'm switching from
neoplastic to normal, and from the human
to the mouse, doing 50 with the faith, which
| wil show youw is justified, that the mouse
model teaches us much about the human
condition.

In the context of a mouse, one can do the
following manipulation (48): Take a young
female mouse, remove all of the endogenous
mammary epithelial stem cells from its
mammary stromal fat pad, and then create

what is called a "cleared mammary fat
pad”. Into that stromal fat pad one can then
implant candidate stem cells and if these
stem cells really are functional, they can
regenerate an entire mammary ductal tree,
which is indistinguishable from a normally-
formed mammary ductal tree, except for the
inability of the ectopically implanted tree to
form a connection, an anastomosis with the
nipple.

Here is what the normal mammary

gland looks like, formed under normal
morphogenic processes and here s what

an engrafted mammary gland, made by
Wenjun Guo, loaks like, This ability to form
an entire mammary gland is a rigorous and
stringent test of stemness, In fact, when the
mouse becomes pregnant, these implanted
cells produce milk, just like the endogenous
gland would. He has now used a set of
cell-surface markers that Jane Visvader,

an Australian biologist, developed -- no
longer CD<44 and CD24, as in the human
case, but now CD49f and CD24. According

to Visvader, here are the stem cells and
here are the non-stem cells (49). And in
fact, when he implanted this sub-population
here, indeed the cells in this compartment
generated a mammary ductal tree and

they looked mesenchymal in mono-layer
culture, whereas the cells over here failed
Lo generate a mammary ductal tree. These
structures in the latter are only veins and
lymphatic ducts, and the non-stem cells look
epithelial in monolayer culture.

S0 0 no longer need to speak in tentative
termis about these as "putative™ or
“candidate” stem cells, because here they
are proven definitively to be functioning

a5 stem cells. When Wenjun Guo looked at
these isolated stem cells, compared with
the non-stem cells, he discovered that when
he looked at messenger-RMA, using RT-PCR,
the putative stem cells over-expressed the
SLUG EMT-inducing transcription factor by

a factor of 36 relative to the non-stem cells
(50]. 50, here once again is the preferential
expression of an EMT-inducing transcription
factor once again in stem-like cells. Here
we see, in the context of a cross-section of
a normal mouse mammary duct (51), that
there are cells down here, in the nuclei of
which one observes the expression of the
SLUG EMT-inducing transcription factor.

This means that the expression of this
EMT-inducing transcription factor is not
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just found in developing embryes and
during wound healing or during malignant
progression, but is also found in a normal
homeastatically maintained tissue, in which
presumably these cells are close to being
stern cells, although that relationship is not
proven by this micrograph. Here in a more
recent wark he purified the stem-like cells
from a nermal mouse mammary gland better
and in this case there was a 120-fold over-
expression of SLUG and here you can see
mare clearly that in these abluminal sites
there are cells that naturally express SLUG,
ostensibly because they are stem cells, but
again that is hardly provemn.

Sa Wenjun Guo undertook to organize a
horse race (52). He took one population

of mouse mammary epithelial cells and
transiently expressed in them for a period
of four or five days the SLUG transcription
factor and then turned it off. In another
population in parallel, he had an empty
control vector which he turned on and off,
and therefore those cells never experienced
SLUG. After generating these two cell
populations, he mixed them together and
introduced them into a cleared mammary
stromal fat pad. The Idea here was Lo see
which of these two implanted populations
would preferentially succeed in generating a
mammary gland. Here | would just mention
that one population of cells was labelled
with red and one with green, and if there is
an overlap together they generate yellow,
One day, after implanting these mixed
populations, the twe were present in equal
number (53). One week later the population
that had experienced SLUG transiently
earlier was present in about twice the
amount. Most importantly, seven weeks later
the cells that had experienced a brief period
of SLUG expression formed a mammary
ductal tree, whereas the cells that had not
experienced experimentally induced SLUG
expression formed only this rudimentary
mammary duct, testifying to the presence
of small numbers of naturally existing stem
cells in the unmanipulated cells. Here ome
can see that the mammary epithetial cells
that experienced SLUG expression were
vastly more effective in repopulating the
mammary aland than the cells that had

not. So this represents the beginnings of a
rigorous and stringent proof that the EMT
program is causally connected with entrance
into the stem cell state,
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Here there is another experiment that
Wenjun Guo undertook. In this case, he

used the mammosphere assay in three-
dimensional culture in vitro (54). The
formation of these colonies in three-
dimensional culture in vitro 15 a surrogate
assay for stemness in vivo. 50, cells that are
able to form these mammospheres are also
able to form mammary epithelial ducts when
implanted in vivo. In this in vitro assay, if he
deprived normal mammary epithelial cells of
the mouse of SLUG protein, by shutting down
SLUG RMA expression, doing so with one

or another shREMA wvectar, then these cells
lost their ability to form mammospheres

and thus their ability to function as stem
cells. 5o this suggests that the maintenance
of the stem-like state, as judged by this
assay, was necessary for the maintenance

of the mammary stem cell state and, as

| showed you before, expression of SLUG
was sufficient to induce these mammary
epithelial cells to enter into the stem cell
state.

The only problem with the latter conclusion
is that it was wrong (55), and it was wrong
for the following reason: Wenjun Guo
separated the normal mammary epithelial
cells of the mouse into three sub-populations
using criteria that Visvader had previously
developed. In fact, if the basal cells of the
mammary gland were induced to express
SLUG, they exhibited a slight increase

in mammasphere-forming potential and

thus in stemness; this testifies to the

fact that these basal cells naturally have
stermn-like properties, even without the
ectopic expression of SLUG. The luminal
pregenitors from this compartment, if they
were forced to express SLUG transiently,
now exhibited a great increase in their
mammosphere-forming potential. That was
certainly reassuring. However, the critical
gxperiment 15 shown down here: when
Wenjun Guo took mature fully differentiated
mammary epithelial cells and put them

in mammasphere culture, they form no
mammospheres, and when they were forced
to express SLUG, they also formed no
mammospheres. Therefore SLUG was unable
on its own to induce these cells to enter into
stem-like state (56).

So Wenjun Guo undertook to look for
additional transcription factors that

could collaborate with SLUG to generate
mammospheres of organaids, as they are
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called here. He went through a set of these
transcription factors and discovered one of
them, called 50X 9, which others had shown
in the context of neural crest formation, is
able to collaborate with SLUG or its cousin
aMAIL in the formation of a neural crest
(57). Sure enough, when 50X and SLUG
were transiently co-expressed together, now
he could generate significant numbers of
mammospheres.,

This was most reassuring, because it began
to allow him to draw a map of how cells

in a mammary gland are organized. Fully
differentiated mammary epithelial cells
require transient expression of these two
transcription factors in arder to became
stem cells. Because Luminal progenitors
naturally express 50X 9, they just need SLUG
to get up here, Other progenitor cells need
that naturally express SLUG need 50X 9 to
get up here, 5o this suggests a rather simple
genetic roadmap from a differentiated state
to a stem cell state (58). And whether this
ane day will be useful for those who practice
regenerative medicing, | cannot say.

Here is perhaps the most dramatic plece

of evidence that Wenjun Guo produced

({59). Here he tock 10,000 normal mammary
epithelial cells implanted in cleared
mammary stromal fat pad and nothing
happened. Here he took as few as 100
hundred cells that had transiently, briefly,
expressed SLUG and 50X 9 under the control
of an inducible promoter and now these
100 cells formed this very nice mammary
ductal tree, indicating a minimum 100-

fold increased representation of epithelial
mammary stem cells. 5o, in fact we graw
increasingly bold in thinking that there was
an intimate interconnection between the
epithelial-mesenchymal transition program
and residence in the epithelial stem-cell
state.

In fact when he went back to human breast
cancer and he deprived them of either SLUG
ar 50X 9, now these human breast cancer
cells lost their ability to form tumours, much
like the normal mammary epithelial cell

in the mouse lost SLUG and 50X 9 and lost
the ability to form mammary ductal trees
(60). This begins to suggest that these same
transcription factors that are responsible
for archestrating the stem cell state in the
normal muring mammary gland, are also
responsible for the cancer stem cell state
among human breast cancers as wall.

Here are some guestions we are left with
(61). How do cells get into the epithelial
stem cell state normally? Is the EMT program
the main road, the main highway for
entering into the stem cell, or is it only a
side door? Are there other ways of getting

in there? Are there other key regulators

for entering into the stem cell state? This
last one is a guestion we cannot answer at
present, It could well be that five to ten
years From now we Come 1o recognize thak
the epithelial stem cell program and the EMT
are part of one unitary machinery; we only
have different names for them until now
because of the history of how we discovered
these processes in mammalian cells.

Another unanswered question here is; are
the lesson that we have learned here from
studying mammary epithelfal cells applicable
to other types of epithelial cells, elsewhere
in the body? One might think that they have
different ways of organizing their stemness.
It is my intuition on the basis af work in the
literature, scattered pieces of evidence,
that in fact much of what |"ve told yvou today
is applicable to epithelial cells in other
argans of the body, including the neoplastic
derivatives of these epithelial cells.

Another guestion is: Does the EMT shed

light an non-epithelial cell typesiFor
example, let's think of a whole series of non-
carcinomas, non-epithelial cancers. Does the
EMT have any relevance in understanding
their acquisition of a malignant phenotype.
In the case hematopoietic and connective
tistue tumaours, such as osteosarcomas, at
present there is no evidence [o suggest

that the EMT is relevant. Interestingly, in

the context of neuroectodermal tumours,
like glioblastomas, there is a suggestion,
strangely enough, that the EMT transcription
factors are associated with evolution to high-
grade malignant state. To the extent that
this is validated, this could be rationalized,
a posteriori, as a consequence of the fact
that the neurcectodermal tumours also
derive from an epithelium -- in this case the
epithelium is the newural ectoderm of the
early embryo. But again, at this stage this is
a speculation,

What are the contextual signals that induce
a cell to activate its endogenous EMT
program? In general we believe in Living
tissues this does not happen spontaneocusly;
instead, it happens only in response to
signals that cells receive from the local
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tissue microenvironment. |f you look at

an actual human tumaour, do cancer cells
normally pass all the way through the

EMT, going from a fully epithelial to a fully
mesenchymal state, as depicted here? Or

is It more natural and mare common that
cancer cells go only partially through an
EMT, activating mesenchymal markers

while retaining a whole series of epithelial
markers.

Here's one interesting insight that Christine
Chaffer generated recently (62). | don't
have time to go into her data, but she

did a series of experiments in which she
demonstrated that CD44 low cells, which
are non-stem cells, can in culture and

in vivo spontaneously go into the CD-44

high stem-like state -- in other words, a
spontaneous de-differentiation (63). She
studied a whole series of cells, and what she
discovered was that when she took human
mammary epithelial cells that had been
immartalized with telomerase enzyme in
monalayer culture, one-half percent per cell
generation spontaneously entered fnto stem
cell state (64). When she looked at cells that
additionally had acquired the early region of
SV40 tumor virus, his number doubled and

it doubled again when a RAS oncogene was
further introduced into these cells. If you
follow the work that she has just done and
the other kinds of experiments that I've just
demonstrated to you (65), you can begin

to conclude that the diagram that | showed
you earlier needs to be revised. That is to
say, that there has to be an additional arrow
which goes from the progenitor transit-
amplifying state back into the stem-cell
compartment state (66,67). What induces
this spontaneous de-differentiation is not
clear at present,

It does however have interesting implications
for the entire field of clinical medicine. Here
I*'m referring largely to the work of Piyush
Gupta, who began some of this wark while
in my lab as a graduate student and then
continued as a post-doc in the laboratory

of Eric Lander. This is the situation that
pperates in many human carcinomas at
present. We have stem cells in grey and the-
non stem cells that coexist as the majority
population in the same tumour. Following
current treatment with chemotherapy or
radiotherapy the tumour is debulked and
there is anly a small residue of cells that can
no longer be observed (68). The ancologist
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declares victory, much as do American B
Presidents when they are standing on the S
decks of aircraft carriers....you are too young L
to remember that...we once had a President
named Bush....wrong audience for this one!
Subsequently the LEMOUr re-grows,
generating a clinical relapse. Mow the
tumour re-grows because these cells that
shiow increased resistance to therapy are
able to re-grow and regenerate the tumour.
Obwviously this creates great difficulties. Here
is one line of evidence for that. Here we
zpe the epithelial cells that are responsive
to chemotherapy or monoclonal antibodies,
whereas these mesenchymal stem-like cells
are resistant and there is much justification
to believe that this situation ocours in many
types of human tumors (69). Therefore,
Piyush Gupta and Tamer Onder asked the
question: could they find agents that could
specifically kill the cancer stem cells, rather
than the non stem cells. To do 5o, they
generated large numbers of stem cells using
the EMT program, as first accomplished

here by Tamer Onder (70); the great bulk

of this work that | will now show you was
undertaken by Piyush Gupta, after he left my
laboratory.

Here is the outcome of his work (71). With
Lander he screened 16,000 compounds

to look for agents that specifically kill

the cancer stem cells, not the non-stem
cells. Here you see the behaviour of

two commonly used therapeutic agents,
doxorubicin and paclitaxel. Here you see
that the non-stem cells in blue are killed

at a lower drug concentration than the

stem cells in red, in the case of both of
these drugs. The non stem cells are about
10-fold more sensitive to killing by these
two conventional chematherapeutics.

Gupta found 22 different compounds in this
screen that preferentially killed the stem
cells rather than the non-stem cells. He
studied only two of them because they were
available in large amounts, salinomycin and
abamectin. Interestingly these are both anti-
parasitic compounds and their mechanism
of action is unclear to us. But you see
nonetheless if we focus on salinomycin

that it kills the stem cells at a 6-to-8-fold
lower drug concentration than the non
stem-cells. In fact, salinomycin is used in
chicken feed to prevent parasitic infections
in chickens. Therefore, if you would like
some salinomycin, maybe you can get small

11
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amounts of it by going to Kentucky Fried
Chicken, KFC; this might be very good for
you or, at least, for the awners of Kentucky
Fried Chicken!

Here you see a testimony to salinomycin and
its effects. Here is a population of cells, 5%
stem cells 95% non-stem cells treated with
paclitaxel. After the therapy, in vitrg, 70%
of the surviving cells are in the stem cell
position, 30% in the non-stem cell position.
In other words the non-stem cells were
preferentially killed off, as | argued before.
Here are the effects of the KFC compound:
After therapy 0.2% of the cells are in the
stem cell position, 99.8% of them in the non
stem cell position. 50 you see a dramatic
difference in their specificity. This is not to
say that salinomycin is about to go into the
oncelogy clinic, but only to indicate that,

in general, one should have reasonably
straightforward means -- experimental
strategies -- for identifying compounds that
specifically kill the cancer stem cells. That
may in turn offer a new type of therapeutic
advantage,

But is this on its own the "answer to cancer”
(727 If wee kill the cancer stem cells what
might we anticipate? Here is one outcome
of killing off cancer stem cells (73). You get
rid of the cancer stem cells and with time
the entire tumour disappears, because the
source of the self-renewal in the turmour

has now been eliminated, that is the stem
cells, But instead, | think that an alternative
scenario is more likely {(74). Once again,
one gets rid of the cancer stem cells with
compounds that specifically kill the cancer
stem cells, but now, among the surviving
non-stem cells they regenerate de novo new
stem cells, a5 | showed to you before. If this
scenario is sustained, it suggests that the
anly way that one can hope to have clinically
durable responses against solid tumours is
to target on the one hand the cancer stem
cells and on the other the non-stem cells.
Targeting only one population or the other
seems to me in the long run not to have

the prospect of vielding a durable clinical
response, which is what we all hope for.
Finally, | finish by mentioning the work of
Christina 5cheel, wha is interested in the
following problem: Here are two populations
of mesenchymal cells that were generated
in the lab (75). These cells became
mesenchymal under the action of the TWIST,
EMT-inducing transcription factor. These

cells became mesenchymal because they
spontaneously went from the epithelial to
the mesenchymal state and remained in
that state for weeks and months afterwards,
That behavior provoked the question: how
do these cells remain stably within the
mesenchymal state? How do they know

how to maintain their state, their stable
residence in the mesenchymal stem-like cell
state (7&)!

This question provoked the following
speculation: they do 0 via autocrine
signalling {77). | would show you all the
experimental evidence, but time does nat
allow me to do so, Suffice it to say that she
examined the culture medium in which stem
cells were grown, There she found that the
culture medium around stem cells was very
different from the culture medium around
nen-stem cells, and that in the mesenchymal
stem cells there were three kinds of
signalling programs that became activated,
involving canonical Wnis, non-canonical
‘Wnts, and TGF-beta (T8).

| will illustrate and summarize her work with
the following cartoon (79). Mesenchymal
cells maintain their residence in the
mesenchymal stem cell state through the
continuous firing of three distinct autocrine
signalling pathways. They produce large
amounts of TGF-beta, they produce large
amount of canonical Wnts and non-canonical
Whnits. These signals conspire to ensure

that these cells maintain their long-term
residence in that state in a stable fashion.
Epithelial cells on the other hand are quite
different. Epithelial cells make TGF-beta,
but that TGF-beta is ambushed, antagonized
by large amounts of bone morphogenetic
proteins (BMPs) that these cells make,
which antagonize TGF-beta signalling at the
intracellular level. Epithelial cells make
canonical Wnt proteins, but these canonical
Wnt proteins cannot operate in the epithelial
cells, because they are ambushed by two
different Wnts antagonists, called here DKK1
and 3FRF1 that antagonise Wnt signalling.

| ance again have a proprietary interest
here, because my mother always called me
Dickkopf, which is a German expression that
is not too flattering and implies someone
who is irrevocably stubborn! But | digress!
30, if we go from the epithelial to the
mesenchymal state, we see the following
changes. The BMPs disappear, and now
TGF-beta signalling can operate. DEK1 and
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SFRP1 disappear and now the canonical
whnt signalling can operate. And now these
mesenchymal cells start to make non-
canonical Wnt proteins. So, this allows the
stable malntenance in one state or the
other over an extended period of time.
What we don't understand is haw cells go
from cne state to the other state -- how
they make that transition and what are the

mechanistics that enables such a transition.
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This remains a mystery for us, but it now
appears possible that these signalling
pathways may be shared in common by a
variety of EMT programs.

%o to finish here, here are the unusually
good-looking people who did all this work
(B0)! Here they are Photashopped together
over a perfod of years. | already mentioned
some of their names.

Mow | say once again Ringrazio per tutto!
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Similar multi-step processes appear to be responsible

for the formation of a variety of carcinomas
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The sequence and identities of these genetic alterations is variable,
i.e., alternative genetic paths toward primary tumor formation
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We already understand the principles governing
how primary tumors are formed .
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EMT = epithelial-mesenchymal transition

How can one explain

the EMT s exhibited

by cells at the_edges

of epithelial cell islands?

eg.,

& _Elasmuiall amd T Lons

I BPLER tx human mammary epithelial cells in mouse host

human rfimentin {m:smchyl:naﬂ
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Close contact between carcinoma cells and
surrounding recruited stroma seems to be

involved in triggering [ESITS] .

cytokerating epithelial)
H TawaEss SLrk

Conclusion:

The microenvironment* of the primary tumor can contribute
importantly to the phenotypic conversion occurring
during an , Which involves a response_of carcinoma
cells to contextual signals originating in the stroma.

* created by the stroma
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A group of pleiotropically acting transcription factors that
‘ induce ] at various stages of embryogenesis
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The epithelial-mesenchymal transition (EMT) (Hay, 1986)
is & complex, multi-faceted program invelving multiple changes
in cell properties.
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Elizabeth Hay

Growing up, Betty had a deep
imteresd s wlint miekes spdimals click
amd, when she took the saperb
freshman course ot Smith in anatomy
aud plysiology, taught by 5. Meryl
Rose, she was hooked. By sophomore
vear, she was doing regeneration
research with Hose, who became her
mentar for the next & vears and
persunded her to get an MDD instead

 epithelial === mesenchymal

of a PhDD degree, beconse he saw
females with PhDs stock for life

teaching in a girly’ school like Smith,
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Model: Cancer cells appropriate early embryogenic programs
in order to acquire traits of high-grade malignancy
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metastasize from the mammary gland to the lung.
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o : lin;uanjr-steps of the invasion-metastasis cascade | L
can EMT-inducing transcription factors program? \L/

Primary Tumor Invasion yntrayasation
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Switching topics: A distinct attribute of cancer cell populations
Tumor-initiating capability
{Two types of b/reast cancer cells)
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Hence, there must bé_at I_e_a_st ﬁm distinct |
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34. B { This cell is

In the context of qualified to

a tumor cell population: | .— self-renewing | seed anew

[
" 1 stem cell | tumor
g —— (D) i |

Tumor-initiating

cell (sometimes called A

a “cancer stem cell™) .

transit-

Q cells > m

E\J to seed a
BEE

00000000 |

post-mitotic differentiated cells

O
N amplifying| [These cells
®
N

O
O
O
O
@
~@
el &
+~@®

Figers 11780 The Siclogy of Canger (D Geriend Boengo 2007}

The Pepcoller Foundation Journal - Decernber 2012



| | Among the cancer
cells disseminating ( :‘.
from a pnmary tumor 1

Tumor-initiating O
cell )

O0000O

OO0

transit-

self-renewing
stem cell

|

This cell is |
qualified to
seed a new

metastasis. |

\

amplifying | [ rpeee cells

S ESEEES
0000000

post-mitotic differentiated cells

Figusra 15, 76b The Sodegy of Sancor (2 Gardand Sdonce 200T)

200 of these 20,000 of thess

cells

e

sged a

new metastasis
(because they
lack sclf.renewal
capability)
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bumorina bUFMAOT if &
NOD/SCID NOD/SCID
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Figure 11780 Tho Bicicgy of Cancor (2 Garand Ssenca 2007}
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38,

To summarize:

Immortalized human MECs

CD44MCD24%
{position of stem
cells)

CD440C D240
(position of non-
T Yo stem cells)
5
[ ] "
(]
CcD24 —» 5
(al-Hajj et al. 2004)
A "m Force expression of
W aither of these EMT-
g inducing TFs
CD44M/ICD24R [

(position of stem
cells)

CD44™Cp24hi

CD44 —»

(position of non- |
stem cells)
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Induetion of EMT by Snail and Twist EMT-inducing Tee____| 27"

aEs d Al A aln

[A shift from mesenchymal to epithelial merphology I |
| Vector v Snail Twist

epithelial me=sp- mesenchymal

Induction of EMT by Snail and Twist EMT-inducing 40.

CD44MCD24% |
also generates CD44h CD24= cells ettt

celis)
HI".'!I_._E I-_:’l"wiﬂ s
3

3 -'.l
i R s T
i e s
. ; - 3 !
| ! x|y . .
- & " % L &
Yoo, - " ;
e _,-r " r'|.
T L g— Pt % L

HMLE HMLE-Snail

:

la i
[t o
slem cclls)
& e
e
S.AMani &
W. Guo

epithelial === mesenchymal I
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Naturally present CD44"/CD24" (stem-like) cells isolated from
ry epithellal cells express mesenchymal

' immortalized k
D44 D4k CDd4kiCD2ak
E e /CD24 (pogition of noa-
| | (position of stem stem oedls)

P

ol ecll
fraciion  Fraction

| !

markers

Prepare mRNAs from the
Mon-stem-cell fraction and
Compare with those in the
Stem-cell fraction

Il .

markers
| CDANCD24'? (stem-like)
Relative COAIPCD2A™ (non-stem-lke)] |
RMLA
—— EMT-TFs
'
| 100.0 -
l r l I
10.0 - l
1.0 -'ﬁ 5 é
> i 8 35 : “
2 o : £ )
e v,
ra ' Al
“etem cell™ < 0.01 - - |
“mon-stem cell™ . mesenchymal markers
|
epihelial marnker EMT markers

Naturally present CD445/CD24" [sh!n_1 -like) cells isolated from
immortalized human mammary epithelial cells express mesenchymal

(mecswed by ET-PCR)
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Implication: In an

epithelial tissue, the C self-renewing
stem cells reside in L stem cell

a mesenchymal state O —‘

transit-

®@®
,4 l‘\\ amplifying
O O cells

@ @
| AN NN\
O

OO0000Q0O
EEEERR
........

post-mitotic differentiated cells

| Figura 11,188 The Baveqy of Cancos [T Gariand Scicres Z007]

Stem-like cells in primary human breast samples (including normal

and neoplastic cells exhibit mesenchymal traits)

Non-stem-like

N Stem-like [ CD44hiCD24lo CD44loCD24hi

i

c Tumes el PR T

GO w = M=ol
| COa=Cier

Komella Polyalk

ECADHERM |

TWIET1

SHAIL
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FOXC1 ,
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The Pezcoller Foundation Journal - December 2012

43.

44,



45,
The epithelial-mesenchymal transition (EMT) is a complex,
multi-faceted pmgmm involving multiple changes in cell

properties. e;}ﬂhellal — esenchymal |
[ r'-lun rnl:lllh Mnuh:
Mor-vaseeg TR
| Poladsad Mon-palirised
Epthalial markers Masershymal markars
= E-cafharin = Mgadherin
& Dpzmaoplakin * Wfirmantin
= Kiraie = Fibrongclin
aMarenu no self-renewal self-renewal 1
|
' upl.the_lfil == mesenchymal |
46. | R
EMT and cancer progression |
1. Normal cells induced 1o undergo an EMT acquire stem-cell properties.
a. CD44bCD24" antigenic phenotype |
b. Ability to form mammaospheres indefinitely

2. Same outcome with cancer cells

3. Epithelial cells in culture that are naturally CD444CD24" show mesenchymal

I morphology; same is true of cells from reduction mammoplasty |
4. Transient exposure to Snail or Twist causes descendants of exposed cells to form

mammospheres indefinitely (as gauged by serial passage).

Hence, induction of an EMT should allow cancer cells in a primary tumor

a. To disseminate e

b. To become self-renewing
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But can one produce more compelling biological proofs |
that EMT's generate epithelial stem cells?

i : ==

A robust and stringent in vive mammary stem cell assay | 48,
Cleared mammary fal pad transplantation

(Remove endogenous mlrl'll'ﬂll]'_.' Abillity to regenerale entine mammary
epithelial cells fram ductal tree evidence of mammary
adolescont mammary fat pad) | epithelial stem cells

MEMOYE MAmmary I:ru;;lspLaLrIl MATUTALY negescration of

epithelial rudiment cpithellal eclls mammary ductal tres
endogencous reconstituted
mammary ductal tree mamm ductal trea

Wenjun Guo
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Eﬂri[.'-l'lﬂd_ﬂ]ﬂ_uﬁ_ﬁ_ m&mmary_s-tﬁ BE|-|.5 ;I:ID"I'I" I'HE-E-EHC-h'E.I’I'HH.-f &tt_r_lbutes -I

Implant these separately into cleared mammary stromal fal pads

Wenjun Guo

Enﬁchedjﬁaﬂ mammary stem cells show mmnchﬁal attributes

non-stem cells

I

| Implant these upmlﬂr"ﬁnlﬂ cleared mammary stromal fal gads

%w:m-;ﬁ-nmmuﬂ' | {Slug is an EMT-inducing
& transeription factor)
2 uw

=y i
o

| & "™ ot | Neaa] vem | sig | Tom]

meoey coi | pap | 1042] 6oa | 3623 | 128 |

Wenjun Guo
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Wenjun Guo
competitive reconstitution assay
;@E%’?Hﬁ?dﬁf‘
epithelial cells | MECS axposed Equal no. of
3 transientty 1o Slug canirol MECs
Tal-Slug or .
mnr_lrnlwrnl vector L
A -
Do, st clinn
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A mammary stromal fa|
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54.

1 day post injection

1 vk

T wanhs

=]
B vecior / RFP
s - Slug / AFR

]

[F]

%
g
:
:
8
E
-
B
4
:
|
&

taay 1 week T waaks

Wenjun Guo

SHRNAS agains! Siug

r’
“O
Prierry i
MECS Frs

shiucilerase sh3lug=3 sh3iug-4

g T R

5.0 Hence, Slug is necessary
o for maintenance of
mammary SC state
154 and sufficient to induce
0.0 | it.
6 |
00 T ehiuc T shBlug-3 snSiug -4
L : Wenjun Guo
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L, g = .
e -

reat Slug

Lt Matrigal euture
A
P
Mg: ' ] !.f J

shiluciferase

shskg-2 shiShg-4

e & N ﬂ‘; -
25.0 Hence, Slug is necessary
20.0 - for maintenance of
s mammary SC state
' and sufficient to induce
1.0 it.
5.0 4 WRONG
90 antuc shSiug -3 shSlug -4
Wenjun Guo

Slug fails to induce fully differentiated (mature) MECs

to become stem cells

> (use mammosphere assay as surrogate for stem
o~ Mg _cOntOl  wtSg
F il g
ES. .
basal ces ’ oy E‘i:J j :
/l*llmnm} vitn: RSy
& w Pagd, du 108
f = Eil ]
- | lumnal P :
: Sy 1 ‘
<] '“;;' -I.ﬂl-ﬂ-‘
. a E.ﬂ-lﬂl' ‘l“_\_“‘ .
lurmingl caly Additlonal factors)
Hence, Slug cannot, are needed?
on its own, convert fully
differentiated luminal
cells into SCs Wenjun Guo
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57. ' =
Screening for Slug co-factor(s)

1 | lumingl progandon Tor- Sk & ooher TF arganoid cs::ut
L]
| slemoels &
R S YR
T oy =, Bl
E X £ T S
o chasl |
: |
g : Meural crest formation '
: :
a =+ -+ - v ] rEral
| d@r  sosd Fosd Sarl  Hye #Mfmﬂ!lrr.-::"f:;‘ ke #F _' |
| + Slug o |
Slug + vorior By = SHol
i J -
| A ‘ rurl crest
| - “ Adapied from Keecht & Brommer-Frraar. 2002,
Wenjun Guo |
58.
normal mammary gland :
%
L |
a breast cancer
Blug & 1: |
NH“ ; Sag |
" : =@ |

2 = sl
‘ e siug %/ ‘tmn L / \“\W |
| i’.ﬁﬁ{ml_! -mﬁﬂm; . .

pragenitor progenitor . {

-

| "\ Differentiated mature
luminal cells  myoepithelial cells
| © tumor

Wenjun Guo
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10 contral cells 100 tetd-SugtetO-S0xF calls

Wenjun Guo

Knock down of Sheg and Sox8 inhibits tumongenicity of MDA-MB-231 cells | 60.

Ergck down of Blug and SoEd In MOR-MB- 2} celis
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Wenjun Guo
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Questions
Are the transcription factors(TFs) that cause passage through an
EMT the key regulators of entrance into the epithelial SC state?

Or, are there glternative routes to enter into the epithelial SC state
that are independent of the EMT program?

Do these lessons, leamed from studying human MECs, extend as
well to non-mammary epithelial cells? |.e., are they generalizable?

Does the EMT program and its TFs shed light on the behavior of
non-epithelial cell types?

Are the contextual signals that induce passage through an EMT
identical with those that induce entrance into the epithelial SC state?

Do the neoplastic cells in human carcinomas pass entirely through
an EMT or, more commoenly, enter only part way?

Take the HME-flope cells _ S e
and derive CD44™ and Follow the CD44Y and CD44* single-cell
:E | Il'ﬂ singlenccﬂ EID-I]':‘-E Cloney [or 12 davy
l MNon-stem cells can
generate new stem cells
3 |
‘ |
" s 14, DR
&1

!
n

Yy T T ——Tn rp——— g g .| ram I
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Spontaneous appearance of CD44" (SCs) cells from CD44!° cells (non-SCs)

Bulk HME cells or HME-flope cells or
their transformed dv._:rivﬂti\'es: their transformed dl:ri?aliv:s;
low rates of CD44™ generation | | higher rates of CD44% generation

v ¥
= Dayl
2" S el
=
= D12
3
F B
=+
/%
[ ]
[ ]
&
H
L

& C. Chaffer

Conversion rate per cell generation
CD44lo— CD44bi
(non stem cells — stem cells)

HME-Flopc:  0.0049 per cell generation
HMLE-Flopc: 0.0082 per cell generation
HMLER-Flope: 0.017 per cell generation

Christine Chaffer and Paul Wiggins
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If immortalized mammary epithelial cells (MECs) can generate CD44 hi cells

| < - |- -

Coa ” |
| And if immontalized contextual signals can induce tumorigenic MECs to undergo an EMT |
. T & I

N gl

And if EMT-inducing regulators create CD<44 hi immortalized MECs
ML

HALE Srad FRALE- Tl

04 5

Chadd

™

It follows that in a variety of non-stem-cell MECs can be converied into stem cells

66. | o ) — |

' 2. The CD44'™= fraction gives

rise to CD44heh cells
| CD44 high C.-— self-renewing '
stem cell
I
N‘_\ Iil'ri';.need to add new |
arrow!!
O transit-
CD44 low A ;\ amplifying

O cells This suggests that

O O populations of more
| A A 'l\‘ \ differentiated epithelial cells |
' ":J O O ? CE‘ ? ? ? can spontaneously de-

| * I, I, differentiate Into stem-cell-

like cels.
SISIGICISI@IG]e) =

post-mitotic differentiated cells
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Hence, epithelial cell populations exhibit
great plasticity in vitro.

{In vivo, a pepulation of transformed HMLER

cells from which CD44 hi cells have been eliminated
following implantation in mouse host generates tumdrs with >20%
CD44hi cells within several weeks.)
And certain cells are intrinsically highly susceptible to

| induction of an EMT.

' I Most currently used chemotherapeutics kill non-CSCs preferentially.

Putative effects of eliminating the non-CSCs therapeutically

| clinical responsae:

befare treatment effects of treatment relapse after cessation
cancer stam cells of treatment
d—b O O o) @ © o 0
' | b i ‘ }
9] o o 9] O ]
Ay 3 (4 L) L 3
oo oo 00 — non-CSCs — Q0 [#16) ale)
A A N A AR AN A KN
C{EDG?DGDGGGG slelalslelslclalslolals]
[N e, elc. [ e, ate,
transit-amplifying cells

| CSC = cancer stem cell

Figore 16 Thao Beafogy of Cancer [T Garand Sdarce 2007

_
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69. : B
Non-small cell lung cancers

| [EPITHELIAL | MESENCHYMAL/SC
Chamotherapy: Sansitive Resistant
|
o n~
& FESE G §F
A i Clanadin 7 | _
Epithelial 4 EPITHELIAL |

VS, _—. wa|  Claudin 4 |

Mesenchymal

“fingerprint” —_F Vimentin MESENCHYMAL/SC

T Aclin

B.A. Frederick et al.

Mol Canc. Therap. 6:1683, 2007

| Generate Iur*ga_ numbers of mesenchymal/ SCs
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E : |
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|
Tamer Onder
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Salinemycein (TuM)

1% P

2 1 1 1000 colls
Paclitaxel (2.5nM)
;. 5 13+ [Standard chemotherapeutic)
. 229/ 1000 ce s
I
b £90%
— o Vehicle | ("% ‘
—— HNon-CSCs .l | AR '
control | 48 v
P. Gupta (Lander) & T. Onder «/s

| T2,

But is this the answer to cancer??

| HTS: Screen 15000 compounds
Salinomycin selectively kills cancer stem cells
CE5C-largeted agents
Sabrgamwsin { Tull

T {
L |
} —h
1-__ p [
Eanventional chemothargpeuises Pseiiaxet {250k
BLanidesi £ Samoiterspeuiic|
L -
A" o "
]
it

Vahiclks
coniral

P Gugla (Landar ) & T, Oardar * e
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74.

This is the desired response to an anti-CSC treatment:

befare treatment effects of treatment clinical ur:pmnr |
camcer stem cells @
?f ':i: :;-" - ="
O &) o (5] o o
o do do do do 3o |
R dhdodes Gososbdodbss '
O o |
0009000088 Qo ac T
transit-amplifying cells transit-amplifying cells

This is the desired response to an anti-CSC treatment:

before traatment effects of treatment I:ﬂﬂlﬁ:l:::pmn:
cancer sterm calls
¢ = |
O Q o O O o |
@‘h@ Iﬁ@ é\EJ 'Elnﬂ 5\ (@] E?G
A 1? b A Db AN AN AN .
lalelelslolslolalale] E{ﬂﬂﬂ 0000000
atc. el e, e wic. #te, |
transit-amplifying cells transit-amplifying cetls |
What if this happens instead?
clinical response: |
berfere treatment effects of treatment relapse after cessation .
chnder ilEm :ﬂ: ﬂt_n:lin:m
I e O—> 7 3 ey Y—, L
} } 7 r_""?.L s
L i3] 2 2 L] & 7] 2 W o
E{h@ nEJ hﬂ lﬁlhﬁ ﬂﬁﬂ' % E"-:l‘ﬂ' ﬂ“ Elﬂ |
A f? L oA A o A ?« # ?\ |
elslalelolalelele]s] G{E@ﬁ elelelelelelofolalalalelalalolole]s]e)
e, whe. e, EtL, L Whe. #le. e LS
transit-amplifying cells vransiv-amplitying cells
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7o,
What extrinsic signals induce an epithelial cell to activate its EMT
program? ,
A Mesenchymal Subpopulation (MSP) of
Immortalized Human Mammary Epithelial Cells (HMLE)
Immoriaize o Pl
apithelium '“F::s‘:”r 'ai‘":"
Ardurtion i:f.:'-.:;":-::f',
mammapiasty ekl '
| / | = |
{frarm Andrea Richardscn
BWH) +pBp-Tavist Yﬂe floating
| mesanchymal
subpopulation
HTwist MS5P
= L———J . |
I St R I
)V LA
- l; b“'-. | .I'l_-.'_"-:,-f:""!f
. Schesl
B T o - - - o | 7.

How do the MSP & Twist cells maintain their residence

in the mesenchymal/SC state?
|
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78.

How do the MSP & Twist cells maintain their residence
in the mesenchymal/SC state?

{In the case of Twist cells,
The answer may be simple: constitutive expression of introduced Twist)
But what about the MSP cells that became mesenchymal spontaneously?

Hypothesis: Autocrine signaling

Therefore measure the extracellular signaling environm

of MSP and Twist cells.

(What factors do these cells release into their surrounding environment?)

How do the MSP & Twist cells maintain their residence
in the mesenchymal/SC state?

Hypothesis: Autocrine signaling

Therefore measure the extracellular environment of
MSP and Twist cells.

Autacrine Environment in HTwist and M5P -
Secreted Protein and Gene Expression Profiling

——

— wessmBiet |- Fon-canonical Wnis

- RT-PER TGF-f
TGF81 ELISA

Found changes in 3
classes of signals

Canonical Wnls |

L
- in M5SPHTwist compared to HMLE cells

€, tchimnl
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2013 Pezcoller Symposium

Metabolism and Tumorigenesis

June 20-22, 2013

Trento, Italy

The Sympaosium will be held in Trento
from June Z0 to 22, 2013,

The program has been formulated by

Dr. Bill Kaelin

(Dana Farber Cancer Institute

and Harvard Medical 5chool, Boston)
Dr. David Livingston

{Dana Farber Cancer Institute, Boston)
Dr. Massimo Loda

(Dama Farber Cancer Institute

and Harvard Medical School, Boston)
Dr. Karen Vousden

(Beatson Institute, Glasgow)
Or. Enrico Mihich

{Dana Farber Cancer Institute, Boston)

*Tumor cells often reveal complex sets of
metabalic abnormalities. Certain metabolic

abnormalities in tumaors are grounded in

the operations of mutant or dysfunctional
genes, underscoring the value of these
perturbations in the tumorigenesis process.
This Symposium will explore key aspects of
cancer cell metabolism with an emphasis on
understanding the mechanisms that give rise
to it, on defining how it serves the survival
needs of tumors, on identifying abnormal
tumor metabolic phenotypes and on assessing
the potential clinical effects of interfering
with these abnormalities".

For posters and sclentific matters contact
dr. Enrico Mihich:
enrico_mihich@dfci. harvard. edu

For The local organizational matters contact

The Pezcoller Foundation:
pezcoller@pezcollerit
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Two year

Pezcoller Foundation Grants

1. The “Fondazione Pezcoller - Ferruccio ed
Elena Bernardi fellowship” in collaboration
with the Socleta italiana di Cancerclogia (51C),
Amarg many qualified candidates has been
selected Dr. Samantha Solito, of the University
of Padova, Department of Surgery, Oncology
and Gastroenterology - Oncology and
Immunology Section- and her project
“Characterization of molecular mechanisms
involved in MD5C mediated tolerance:

paving the way to overcome tumor attock”.

Z. The “Fondazione Pezcoller -
Fondazione Cassa di Risparmio di Trento e
Rovereto fellowship”

has been given to Dr. Ivan Raimondi

and his project “Post-transcriptional
control mechanisms of COKNZA! p18INK4a
gene expression and impact of 5°"UTR
VarigntsPredisposing To Melanoma™, which
will be conducted at the CIBIO

(Centre for Integrative Biclogy),
University of Trento.

Qther two grants, the “Pezcoller Foundation - Prof. Vittorio Erspamer” and the “Pezcoller Foundation

- D, Marcello Marchi™ will be given later in 2013.
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