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Epithelial-mesenchymal transition in cancer

Epithelial-mesenchymal transition (EMT) is a
complex developmental program that enables
carcinoma cells to suppress their epithelial
features changing to mesenchymal ones.

This change allows cells to acquire mobility and
the capacity to migrate from the primary site.

EMT provides a new insight for understanding
the several steps of the metastatic process, from
dedifferentiation to a more aggressive

phenotype.
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Epithelial-mesenchymal transition in cancer

The term transition started to be used due
to the reversibility of the process (EMT-
MET).

EMT can be classified in three types
according to the process involved:

type 1  for gastrulation and
embryogenesis,

type 2 for regeneration and wound
healing,

type 3 for carcinogenesis (metastasis,
malignancy and invasion).
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Deconstructing cell junctions and polarity

Dissolution of tight junctions > Tignt junction
decreased claudin and occludin

expression.

E-cadherin

Adherent junction N-cadherin
Gap junction

Destabilization of adherens
junctions = switch from
E-cadherinto N-cadherin.

basement

Disrupts desmosomes. membrane

partial EMT
(transition)

epithelial cell mesenchymal cell

Decreased connexin levels =2 gap
junction integrity compromised EMT inducers
* epithelial to mesenchymal transition



Cytoskeletal changes
and motility

The activation of RHO GTPases is
tightly regulated by:

GEFs,
GAPs,
GDIs.

This results in the formation of
protrusions and the formation of actin
stress fiber that facilitate cell mobility
and invasion.

Rock
l ‘mDia

Regulation
of intermediate
filaments

Actomyosin
contractility

Integrin

oo

-

{ ))
1

Stress fiber formation

L

N,

B

Actin polymerisation

J L

Lamellipodia formation

1
Filopodia formation



Overview of changes in gene expression
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Transcription factors driving EMT

SNAIL;
TWIST;
SLUG;

ZEB: 7EBs bind E-boxes and
function as transcriptional repressors
and activators, thereby repressing
some epithelial junction and polarity
genes and activating mesenchymal
genes that define the EMT
phenotype.
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Molecular mechanisms of TGFpB-induced EMT

The initiation of, and progression
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Alternative splicingin EMT

M
The functional consequences of differential

splicing in EMT are well illustrated by p120 3
catenin, the adhesion protein cluster of “
differentiation 44 (CD44), the RTK FGFR2

and extensive isoform changes, as a result of
alternative splicing, in various additional

proteins that regulate EMT.

These changes in splicing impose another
layer of complexity on the gene expression
changes that occur during EMT.

A p120 Catenin Isoform Switch Affects Rho Activity, Induces
Tumor Cell Invasion, and Predicts Metastatic Disease™®
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miRNA-mediated control of EMT

Non-coding miRNAs that selectively bind
mRNAs, thus inhibiting their translation
or promoting their degradation, also
regulate the epithelial phenotype and
EMT.

© Some of these control the expression
of EMT master transcription factors.

© miRNAs also target genes that help to
define the epithelial or mesenchymal
phenotype, such as those encoding
adhesion junction and polarity
complex proteins and signalling
mediators.
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IncRNAS in cancer described in most (if not all) of the classic hallmarks of cancer:

Phenotypes
Sustained Angiogenesis  EMT or cell Metastatic
proliferation adhesion dissemination

and invasion and colonization

* IncRNAs are amplified, delated or mutated in
malignancies (ex: PVTI)

* A broadsetof IncRNAs is located in recurrent
copy number-altered regions in genomes of
tumors

* Epigenetic aterations are also possible
* Their regulatory roles are diverse and still

emerging (ex: PVTI1 acts both as a DNA
regulatory element and as an RNA transcript)

Distant micro-
environment
adaptation

H19 in the EMT: one of the earliest
IncRNAs described, is overexpressed in
several cancers and involved in tumor cell
invasion.

TZzEB1
or ZEB2

%

TH19 miR-138

——

miR-200

Competition for
miRNA or protein

+ a different miRNA is encoded
in the first exon of H19 gene



Additional IncRNAs implicated in the EMT Protein

—_—

PTAR (pro-transition associated RNA)
IncRNA-ATB (IncRNA-activated by TGFB) L ceRNAs
IncRNA-PNUTS

v

miRNA target
v

miRNA or protein

ZEB1 or ZEB2 —I

MEG3——  mediates epigenetic alterations ——

e
o8

and
TMEG3 E-cad

MUF—— mediates transcriptional regulation

+ other possible mechanisms: RNA/protein modification attoration

Thev tend to function as ‘fine tuners’ rather than master regulators of metastasis.




hnRNPs: heterogenous nuclear RNA binding Proteins

They associate with hnRNAs in large complexes (highly dynamic) = major/minor proteins.

hnRNP proteins are among the most abundant nuclear proteins and, when complexed to hnRNAs, form major
components of the nucleus.

They are multifunctional:
participate in pre-mRNA processing
important determinants of mRNA export, localization, translation, and stability Nuclear-cytoplasmic

(may also participate in RNA pol II transcription) shuttling

- hnRNP proteins are principally involved in RNA metabolism. _
They have a modular structure: RNA binding motif + at least one auxiliary domain.

They undergo many PTMs.

Different predicted mechanisms for hnRNP functions (transcript-specific/non specific).




hnRNP E1 .

Ubiquitously expressed. E1

Structure: three KH domains (RNA binding domains). v
Localization: mostly nuclear, but also cytoplasmatic.

Functions:
transcriptional activator;

regulator attenuating alternative splicing;

_ This functional diversity could be
MRNA stability; achieved trhough PTMS.

translational regulation.

Binding to BAT: novel 33-nt structural element of transcripts

identified in Dab2 and ILEI —~Target transcript 2 ll BAT .

BAT inhibits translation

!

relieved by treatment with TGFp = BAT: TGF[ activated translational element

activates Akt2, which phosphorylates E1, detaches from BAT <_1 hnRNPE1 binds to BAT elements




Investigating the link between
IncRNA-PNUTS and EMT

A regulated PNUTS mRNA to IncRNA splice switch
mediates EMT and tumour progression

Simon Grelet', Laura A. Link’, Breege Howley', Clémence Obellianne', Viswanathan Palanisamyz’s,
Vamsi K. Gangaraju"’, J. Alan Diehl"’ and Philip H. Howe"**



The influence of sinRNP E1 silencing

Cont. E1KD
. . . PNUTS pre-RNA
Affymetrix array analysis in NMuMG cells: pre o
PNUTS mRNA" | d
hnRNP E1 silencing @ L —
(shRNA) Q) -3 0 3
S
M. (K) $ S
o Vimentin .
o o Immunoblotting analysis using
i? E-cadherin antibodies to the mesenchymal
5 marker vimentin and the epithelial
é 702 markers ZO2 and E-cadherin.
HSP90

CONCLUSION:
The silencing of hnRNP E1 results in a differential processing of PNUTS pre-RNA.

- The silencing of hnRNP E1 results in a morphological change in cellular phenotype.



The difference between PNUTS mRNA and IncRNA-PNUTS
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PNUTS mRNA
NM_002714.3)

PNUTS IncRNA
(NR_072994.1)

The NCBI database
predicted the
generation of
IncRNA-PNUTS as a
result of the removal
of 61 bases in the 5’
region ofexon 12 2>
break in the ORF of
the transcript.

CONCLUSION:
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Confirmed by RT-PCR

using flanking primers.
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InNcRNA-PNUTS is upregulated following hnRNP E1 knockdown.




The inhibitory mechanism of alternative splicing site utilization

+ r-hnRNP E1
3 ASS RNA electromobility shift PNUTS-BAT_ PNUTS-MUT!
__________ \\;_ assay using a combination of e
gcﬂq PNUTS-BAT or mutated
Terminalloop | ¢ & PNUTS-MUT o-32P-labelled '"
Distal stem | m | probes with increasing
Assymetric bulge | fj Altemative spllce site concentration of recombinant .
Proximal stem | $§;3° hnRNP EI protein. h | I

CONCLUSION:

hnRNP EI prevents the splicing of the IncRNA-PNUTS isoform by binding to a
BAT structural element located at the alternative splice site.




Can hinRNP I removal from the BAT element mediate alternative
splicing?

1° METHOD:

TGFB-induced Akt2 phosphorylation of znRNP E1 leads to its loss of binding and release from the BAT element.

A549

Ladder(br) 0 5 10 20 30 TGFP (min)

300 | S v ws | PNUTS pre-RNA Treatment with TGFp

v

100_—---:-’-‘ PNUTS mRNA |

| © L L e st | PNUTS INcRNA . .
" — RT-PCR analysis of PNUTS gene processing.
= == == — — | PNUTSmRNA

500 | e s kb b e | GAPDH

CONCLUSION:

if hnRNP E1 does not bind BAT element, alternative splicing occur.




Can hnRNP E1 removal from the BAT element mediate alternative
splicing?

2° METHOD:

DAPI hnRNP E1 Merge

Treatment with actinomycin D (ActD) -..

OSa

O]
/ \ E s ActD induced the release of znRNP EI from pre-
E g |RNAs l
Immunofluorescence Cell ot
analysis franctionation 0 30180 0 30180 ActD (min) Nuclear/cytoplasmic shuttling
= e — || = == == | MRNA l

MRNA Cytoplasmic accumulation.
o e/ = @ |INCRNA

ot s s | | o s — | GAPDH

NMuMG NMuMG ET1KD

CONCLUSION:

Cytoplasmic accumulation of hnRNP E1 results in a strong induction of PNUTS alternative splicing.




The biological significance of PNUTS pre-RNA differential
processing

Epithelial Mesenchymal
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ggg et Mt et et | Dro-RNA PNUTS 1soform
Ll R ) expression screening by
mRNA RT-PCR analysis in
300 | i ' i
500 — — — v |PNUTS different cell lines using

E-cadherin as an

400 {12

300 | [ s B BN & (OO epithelial marker while

500 = o B lvim vimentin and ZEBI as
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CONCLUSION:

There is a correlation between INCRNA-PNUTS expression and the
epithelial/mesenchymal status of cells.




Whereis IncRNA PNUTS located?

Confocal microscopy imaging of \f MS2-protein
subcellularlocalization of PNUTS IncRNA Msz -binding site repeats

IncRNA-PNUTS using
co-transfection of an MS2-
tagged-RNA construct of IncRNA-
PNUTS and a fused MS2-GFP
protein construct.

MS2-GFP

PNUTS IncRNA +

CONCLUSION:

INcRNA-PNUTS is located in both the cytoplasmic and nuclear compartements.




IncRNA-PNUTS interacts

with miR-205 810,000 9 oo
© A549 mRNA or IncRNA
g
£ 1,000
2
E &
3 100 I
. 3 S&
Given the subcellular & 10 Y
. . \ >
localization of IncRNA- & Ladder (bp) — L] mRnA
1 100 o
PNUTS, we next explored 2 O - |-
: S . ST 00T |, miR-205-5
its biological function as a P = P
presumed competing- X
endogenous RNA Single Colol PNUTS IncRNA PNUTS mRNA miR-205 DAPI
(CCRNA). &

CONCLUSION' Merge: nc m IncRNA/miR-205 m miR-205 All colors
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miR-205 interacts with IncRNA-PNUTS
and not interacts with PNUTS mRNA.




IncRNA-PNUTS interacts with miR-205

LncRNA-PNUTS has seven miR-205 sites, including one located in the
3’-UTR of PNUTS mRNA. To ensure that the part including the first
six miR-205-binding sites is functionally active, we cloned this portion,

either wild type or mutated for the miRNA-205-binding sites, into the
MS2-TRAP vector and validated the specific binding by an MS2-

tagged RNA affinity purification strategy and by avidin-affinity ’

pulldown of cellular lysates.

CONCLUSION: Ladder (bp) — [

miR-205 interaction with 100 | et UJ

InNcRNA-PNUTS can convert 300 ——
the mesenchymal o

100
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epithelial. Input 5% IgG IP: GFP
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— — — —
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IncRNA-PNUTS regulates EMT migration
and invasion in vitro through its miR-205

interaction

LncRNA-PNUTS regulates EMT and cell
migration/invasion in vitro. l

MDA-231-LM2-4175 cells stably silenced for IncRNA-
PNUTS were analysed by immunofluorescence using
antibodies against vimentin and E-cadherin.

CONCLUSION:

InNcRNA-PNUTS silencing led to a significant
decrease in cell invasion correlating with reduced

vimentin expression and re-expression of
epithelial marker E-cadherin concomitant to

morphological changes.
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IncRNA-PNUTS regulates EMT migration

3" ASS
and invasion in vitro through its miR-205 = ESEl— N
interaction
S5
A549 cells with ASO against the alternative s & (ge
inaln splice site. 5 gg .gg
IR
GAPDH 55 -*1 Vimentin
Confirmed using short interfering RNA o . E-cadherin
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PNUTS to prevent either TGFB-mediated.
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IncRNA-PNUTS regulates EMT migration
and invasion in vitro through its miR-205

interaction
While the wild-type IncRNA-PNUTS ¢€ A549 NMuMG f A549 NMuMG
induced an EMT associated with a & o
O o
downregulation of E-cadherin and M, (K) 05‘:\ Q‘\:) ; Qs\ \5‘}:\9‘9' .\S%\Q‘m
: : X
upregulation of ZEBI1, co-transfection 130 T 1E-cadherin = @‘QQQJ R O QS‘Q“ 'R
with  miRNA-205 as well as the ‘ 3 M; (K) _0°\<‘° S FEESS
overexpression of the miR-205-mutant 85 1 ==|Vimentin 3 }gg - = .. @ o= «|E-cadherin
fom of the IncRNA-PNUTS abolished 35 GAPDH % 1(738 - wmm
this effect. 100 - wlncRNA |
300 —— " T 100 i 4250
200 {==|=|l =|= |GAPDH |3
% -----lGAPDH

CONCLUSION: Ladd 35
er
INcRNA-PNUTS induced an EMT (®p) lman.Bl:Io o

and presence of miR-205 cancel
this event.




IncRNA-PNUTS regulates EMT migration h
and invasion in vitro through its miR-205
interaction

£ IncRNA ==

o]

Relative invasion

The IncRNA-PNUTS controls both
migration and invasion of A549 and
NMuMG cells in a manner dependent on its SN
miR-205-binding  sites, and miR-205 S
overexpression is able to abolish this effect. ) ——

IncBRNA

i Control

IncRNA S1-6M IncBRNA + miR-205 TGFB (3 d

A549

NMuMG

DAPI E-Cadherin



Investigating the IncRNA-PNUTS control
of the
miR-205/ZEB/E-cadherin axis

-using dual-luciferase reporter assays-




Does miR-205 actually bind to IncRNA-PNUTS?

3'UTR-reporter assay:

IncRNA-PNUTS construct
miR-205-5p MRE
S3 S4 S5 S6
[ B B P B IncRNA

[] Conserved site

S3 S4 S5  S6
D<M IncRNA S3-6M ——»

XD}

X Mutated site

miR-205-5p reporter construct

—
— Luciferase | | miR-205 MRE | 3’-UTR |—

construct whose stability is dependent on miR-205 binding
Mutated for

the MRE cotrasfection with wt and mutated IncRNA-PNUTS,

Cotrasfection with synthetic miR-205 mimic, in NMuMG cells in NMuMG cells

I ncRNA %/, IncRNA S3-6M

Relative Luc/Ren signal

1.5

NMuMG

NS

ko

NMuMG

-y
()R

Relative Luc/Ren signal

CONCLUSION:

miRNA-205 binds to the IncRNA-PNUTS,
reducing its bioavailability.




Does this binding effect ZEB1 and CDH]1 expression?

ZEB1 3’-UTR constructs — bll’ldll’lg site
miR-205-5p MRE CDH1 promoter constructs of ZEB
-ﬁ [ ZEB13-UTR ___ }3-UTR-ZEB1 E-boxes
[[]conserved site - Transfected - CDH1 promoter [ [ [ [] Luciferase }- CDH1-WT
X[ ZEB1 3"-UTR mut miR-205 } 3’-UTR-ZEB1 in NMuMG [_] Conserved E-box
RMutated site ™) cells [ Witaed E-bores X <] [ TusierseT]. CoH
mE-boxes
- X] Mutated E-box
35 I 3’-UTR-ZEB1
gg ] 3’-UTR-ZEB1-mut(205) 2.0
2.5
520 E
(7] (7]
§1s ¢
61::’ 1.0 E
i CONCLUSION: E
505 k:
- 0.0 -The IncRNA-PNUTS regulates ZEB1 3’-UTR through its

control of miR-205;
-ZEBI1 binds to CDH1 promoter - repression.

_ Transfected
in A549 cells

—

I CDH1-WT NS
777) CDH1-mE-boxes
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So, what have been demonstrated with
these experiments?

ZEB1 binds to E-

Subsequent boxes ofthe CDH1
RN A- regulation of I-)rolm'oj[er, Fhus
PNUTS acts downstream 1nh1b1tlgg 1ts o
as 2 EMT events expression (epithelial
. marker)
transient
inhibitor of
miR-205
/ It allows a
temporal
upregulation
as a CGRNA, it of ZEB1
decrese its \
bioavailability To remember: miR-200
family and ZEBs Further
proteins are linkedina —— stabilization of
feedback loop ZEB

mechanism



Investigating the IncRNA-PNUTS
contribution to tumor initiation, growth
and metastasis

Given the role of miR-205 in regulating mammary stem cell fate and tumorigenesis through EMT
- does the IncRNA-PNUTS contributes to these phenotypes?



What is the effect of IncRNA-PNUTS overexpressionin
epithelial cells?

Mammosphere/oncosphere-formation assay

b
Cont. IncRNA  IncRNA S1-6M .5 NMuMG A549
B 0] E Kk

Mouse mammary = €10
grown in gland epithelial cells ; ; i
non- g_
adherent %)
serum-ﬁtee Adenocarcinomic human — %
gel matrix alveolar basal epithelial cells <

~——

CONCLUSION:

IncRNA-PNUTS overexpression leads to an increase in sphere formation (increased number of stem cells),
dependent on its miR-205 binding site.




Is IncRNA-PNUTS upregulated in stem cells?

d 4 HMLE (epithelial) HMLE (mesenchymal) FACS-sorted —— RT—PCR analysis
s 1Q1 5
o 124:0.018% 0313 g 1243881.0% A 1.96% HMLE cells th’lCRNA-PN UTS
Lll:l_ - E.m:‘: . (immortalized expression level
g 102, gmz: ~  human
O (107 {5585 sosky O 10' {Gosew 0.00% mammary l
10 102 10° 10* 10° 10" 10 10° 10° 10° R epithelial CCHS)
CD24-PE i Epi. Mes
e
CD24+/CD44— - epithelial marker — e |
CD24—/CD44+ > mesenchymal marker 300
300 | == == |GAPDH

CONCLUSION:

There is no upregulation of IncRNA-PNUTS in CD24-/CD44+ sorted cells.




Overexpression of the IncRNA-PNUTS

g4 Control IncRNA-PNUTS  h
10° {at Q2| ot Q2
10.032 0.032| 41.24 1.52
104 3 3 3§
In HMLE cells already sorted 2[10%.
. . L
for epithelial markers. <[ 102 | _ B
o 10" Ja4 Q3| JQ4 ' Q3
O ; 9.’148 T ™Y ™ 9'9'1.5 1 17;4‘[ T T b | 7'9".8
10'10%10°10*10° 10°10"10%10%10*10°
CD24-PE g

CONCLUSION:

-Significant decrease in the number of CD24+/CD44~- cells;
-Minor subpopulation of cells harbouring the CD24-/CD44+ phenotype.




Effects of InCRNA-PNUTS on tumor progression and metastasis in

viv 0 i H&E staining o Ki-67 staining
MDA-231-LM2 cells 32
(human breast adecarcinoma cell line, gﬁ
with the ability to metastasize to lung 23
tissue in vivo)
silenced for IncRNA-PNUTS {
mammary fat pad injection g" 2.0MDA231 -LM2 §§
in SCID mice '§> 1.5 =2
l 2 1.0) 4
5 0-5 %
-better recapitulates the 2 . g P =0.0857
location of the disease S K &
-proper stromal compartment ) (Q“
%

CONCLUSION:

INcRNA-PNUTS contributes to tumor formation and lung colonization in vivo.




TAKE HOME MESSAGE:

PNUTS  Regular
mRNA  splice site

* PNUTS gene harbours a bifunctional RNA: a functional mRNA and a IncRNA

Alternative

splice site
* IncRNA-PNUTS is localized in both the cytoplasm and the nucleus ‘

* IncRNA-PNUTS (cytoplasmic)isinvolvedin EMT, how?

TGF-p phosphorylates hnRNP E1
hnRNP E1 loses its bindingto BAT element

Alternative splicing is allowed
Formation of IncRNA-PNUTS

IncRNA-PNUTS sponges away miR-205 (ceRNA) L
ZEBI1 is translated

EMT



Future perspectives

Given the role of EMT in drug resistance + contribution of miR-205 in chemotherapy
sensitivity = evaluate the contribution of IncRNA-PNUTS in EMT-mediated drug

resistace mechanisms

hnRNP E1 and IncRNA-PNUTS as potential predictive markers of metastasis and/or
chemoresistance

hnRNP E1 and IncRNA-PNUTS as potential targets for anti-metastatic therapies
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