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Abstract

Abstract

Epithelial to mesenchymal transition (EMT) is a reversible developmental morphogenesis
associated with cancer invasion and metastasis. Essential for the transition is the
downregulation of E-cadherin, an adherens junction protein whose transcription is
repressed by E-box binding proteins, such as Snail, Slug, Twist, ZEB1, and ZEB2.
MicroRNA microarrays showed the miR-200 family and miR-205 are dramatically
downregulated during TGF-B- and Pez-induced EMT (Gregory et al. 2008). A search for
possible targets of these miRNAs using TargetScan (Grimson et al. 2007) revealed
multiple putative miR-200 and miR-205 binding sites in the 3’ untranslated regions
(UTRs) of ZEB1 and ZEB2. We hypothesised that ZEB1 and ZEB2 are negatively regulated
by miR-200 and miR-205 at the post-transcriptional level. To test this, the ZEB1 and ZEB2
3’UTRs were amplified from human genomic DNA, cloned downstream of a renilla
luciferase (RL) reporter then transfected into the Pez-induced model of EMT in Madin-
Darby canine kidney (MDCK) cells (Wyatt et al. 2007). Expression of RL-ZEB1/2 was
over five-fold lower in epithelial MDCK cells that had high endogenous miR-200 and
miR-205 levels compared to mesenchymal MDCK-Pez cells, which were devoid of the
miRNAs. Co-transfection of the reporters with synthetic miRNAs (Pre-miR-200a, -200b,
-205) into MDCK-Pez cells inhibited RL-ZEB1/2. Conversely, co-transfection of the
reporters with antisense inhibitors to the miRNAs (Anti-miR-200a, -200b, -205) into
MDCK cells augmented expression of RL-ZEB1/2. Mutagenesis of all miR-200b sites in
the ZEB1 and ZEB2 3’UTRs effectively relieved inhibition by endogenous and ectopic
miR-200Db. These results established miR-200 and miR-205 as negative regulators of ZEB1

and ZEB2.

Xi



Abstract

Next, we sought to determine whether miR-200 participates in cancer invasion in
vivo. Previous studies reported EMT-like changes, including upregulation of ZEB1 and
ZEB2 and loss of E-cadherin, at the invasive front of carcinomas (Aigner et al. 2007a;
Brabletz et al. 2001; Hlubek et al. 2007a; Spaderna et al. 2006). Since loss of the miR-
200 family is an essential step in the progression of EMT, we predicted these miRNAS
would be downregulated at the invasive front of carcinomas where EMT takes place. A
method for in situ hybridisation of miRNAs in formalin-fixed paraffin-embedded tissues
was developed, and along with immunofluorescence and immunohistochemistry, was used
to assess expression of miR-200 and EMT markers in human colorectal adenocarcinomas.
Laser capture microdissection and qPCR were used to quantify and compare levels of miR-
200 in normal colon epithelium, the tumour core, and the invasive front. Expression of
miR-200 was significantly reduced at the invasive front of a subset of colorectal
adenocarcinomas displaying degraded basement membranes and markers of EMT in
leading edge malignant cells. In contrast, miR-200 expression was maintained across
normal epithelium and in carcinomas with intact basement membranes, where no signs of
EMT were evident. In regional lymph node and vascular metastases, miR-200 expression
was strong, suggesting miR-200 is required to recapitulate the primary tumour phenotype
at the metastatic site. These data implicate the miR-200 family in the progression of
invasion and metastasis, and add further support to the roles of EMT and MET in the

metastasis cascade.
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Precursor microRNA

Primary microRNA
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Quantitative real-time polymerase chain reaction
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Rat sarcoma viral oncogene homologue
RE-1 silencing transcription factor
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Room temperature
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Sonic hedgehog
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SIRNA
SIRT1
SK-OV-3
SMAD
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NAIL
NAI2
SnoRNA
SOS
Sox2
SRC
sSDNA
Suzl2
SW480
SW620
T47D
TAK1
TCF
TCF/LEF
TEMTIA
TFIIA
TGF-
TGF-B-RI
TGF-B-RI|
TGF-B-RI-KI
THBS1
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m
TNF-a
TNM
TP53
TRAF6
TUBB3

Small interfering RNA

Sirtuin (silent mating type information regulation 2 homolog) 1
Human ovarian adenocarcinoma cell line

Mothers against decapentapl egic homologue

Smad ubiquitylation regulatory factor 1

Gene encoding Snail

Gene encoding Slug

small nucleolar RNA
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SRY (sex determining region Y)-box 2

v-src sarcoma (Schmidt-Ruppin A-2) viral oncogene homologue
Single-stranded deoxyribonucleic acid

Suppressor of zeste 12 homologue

Human colon adenocarcinomacell line

Human colon adenocarcinoma lymph node metastasis cell line
Human mammary gland ductal adenocarcinoma
TGF-p-activated kinase 1

T cell factor

T cell factor/lymphoid enhancer-binding factor

The EMT International Society

Transcription factor 1A

Transforming growth factor

TGF-B receptor type |

TGF-p receptor type |
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Thrombospondin 1
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Melting temperature

Tumour necrosis factor a

Tumour-node-metastasis

Tumour protein 53 (p53)

Tumour necrosis factor a receptor-associated factor 6
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uPA
UTR
VEGF
WAVE3
Wnt
WTX
ZEB1/2
Zfhx1b
Z0O-1

Urokinase plasminogen activator

Untranslated region

Vascular endothelial growth factor

Wiskott-Aldrich syndrome protein family member 3
Wingless-type MMTYV integration site family
Wilms tumour suppressor protein

Zinc finger E-box binding homeodomain protein 1/2
Zinc finger E-box-binding homeobox 2 (ZEB2)

Zonaoccludens 1
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