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Abstract
Cutaneous melanoma is an increasingly common aggressive malignancy. The molecular
mechanisms responsible for melanoma’s initiation and progression are still unclear, but new
evidence suggests microRNAs (miRNAs) may be involved. MicroRNAs are small non-coding
RNAs that have been shown to act as either oncogenes or tumour suppressors. These short, ~22
nucleotide long, single stranded RNA molecules regulate gene expression post-transcriptionally,
through complementary binding to target messenger RNA (mRNA), and mediate mRNA
degradation and translational repression. Our laboratory has previously shown that miRNA
expression levels are altered through the different stages of melanoma tumourigenesis and has
identified numerous significantly dysregulated miRNAs. miR-205 expression is significantly
decreased in both primary and metastatic melanoma. Because of this decrease in miR-205 level
with increasing cancer aggressiveness, we originally hypothesized that miR-205 may act as a
tumour suppressor in melanoma. Unexpectedly, miR-205 re-expression in metastatic melanoma
cells has shown oncogenetic potential. Through functional assays, we determined that miR-205
plays a primary role in promoting cellular migration and invasion, and in repressing adhesion. A
gene expression analysis was conducted and the target prediction algorithm TargetScan was
utilized to determine potential mRNA targets for miR-205. CADM1, PTPRJ and SHIP2 were
three of the targets investigated, because of their known functional role in migration and cellular
adhesion. CADM1 and PTPRJ were both verified to be directly targeted by miR-205 in an in
vitro melanoma system using a luciferase reporter assay. In summary, we have demonstrated a
surprising functional role for miR-205 in melanoma. The re-expression of miR-205 promotes
malignant phenotypes and therefore is functioning with oncogenic potential within our metastatic
melanoma cell culture system.

ii

Acknowledgements
I would first like to thank my supervisor, Dr. Victor Tron, for giving me my first research
experience. Having had only a limited research background prior to this thesis, I learned a
tremendous amount from Dr. Tron. He was unstinting in his continual support and guidance,
making this my best academic experience to date. Research has opened my eyes to a new way of
learning and thinking, and has provided me with a broader and richer prospective. Thank you
again for the great opportunity!

Thanks to both Dr. Harriet Feilotter and Dr. Paulo Nuin for taking an interest in my project and
being on my supervisory committee. Your advice and support were greatly appreciated
throughout the course of my studies.

To all the Tron lab members – THANK YOU! You are what made this a truly memorable
experience for me. Thank you, Jay, for teaching me the ropes about research. Your insight and
genuine support made these two years fly by. I hope you find another punching bag! Cindy and
Genevieve – Thanks for your continual help and patience from bench work to thesis editing. You
two have been amazing to work with and our baby talks were…enlightening! Josh, thank you for
your support and being there to bounce ideas off. Nick, your technical assistance was greatly
appreciated. Teddy, thanks for the push in the right direction.

Finally, I would like to thank my parents for your unconditional love and support. Your
continuous encouragement kept me positive and focused. Thanks for everything; I couldn’t have
done it without you both! Also, I would like to thank my brother, David and partner, Jen, for
always being there when I needed them.

iii

Table of Contents
Abstract ............................................................................................................................................ ii	
  
Acknowledgements......................................................................................................................... iii	
  
List of Abbreviations .................................................................................................................... viii	
  
Chapter 1 Introduction ..................................................................................................................... 1	
  
1.1 Cutaneous Melanoma............................................................................................................. 1	
  
1.1.1 Overview......................................................................................................................... 1	
  
1.1.2 Origin of Melanoma........................................................................................................ 1	
  
1.1.3 Initiation and Progression of Melanoma......................................................................... 3	
  
1.1.4 Current Treatments for Melanoma.................................................................................. 5	
  
1.2 MicroRNA ............................................................................................................................. 7	
  
1.2.1 Overview......................................................................................................................... 7	
  
1.2.2 miRNA Discovery .......................................................................................................... 8	
  
1.2.3 miRNA Function............................................................................................................. 8	
  
1.2.4 miRNA Biogenesis ......................................................................................................... 9	
  
1.2.5 miRNA Nomenclature and Annotation ........................................................................ 10	
  
1.2.6 Target Prediction and Algorithms................................................................................. 11	
  
1.2.7 miRNA in Cancer ......................................................................................................... 12	
  
1.2.8 miRNA in Melanoma.................................................................................................... 13	
  
1.3 miRNA-205.......................................................................................................................... 14	
  
1.3.1 Overview....................................................................................................................... 14	
  
1.3.2 Dysregulation ................................................................................................................ 15	
  
1.3.3 Role in Melanoma......................................................................................................... 16	
  
1.4 CADM1................................................................................................................................ 17	
  
1.4.1 Cellular Adhesion Molecules........................................................................................ 17	
  
1.4.2 Cellular Adhesion Molecules Function ........................................................................ 17	
  
1.4.3 Cellular Adhesion Molecules Dysregulation ................................................................ 18	
  
1.4.4 CADM1 Overview........................................................................................................ 18	
  
1.4.5 CADM1 Expression in Cancer ..................................................................................... 18	
  
1.4.6 CADM1’s Role in Melanoma ....................................................................................... 19	
  
1.5 PTPRJ and SHIP2 ................................................................................................................ 19	
  
1.5.1 Protein Tyrosine Phosphatases ..................................................................................... 19	
  
1.5.2 Types and Classification ............................................................................................... 19	
  
iv

1.5.3 PTP’s Function.............................................................................................................. 20	
  
1.5.4 PTP Dysregulation ........................................................................................................ 21	
  
1.5.5 PTPRJ Overview........................................................................................................... 21	
  
1.5.6 SHIP2 Overview ........................................................................................................... 22	
  
1.5.7 SHIP2’s Role in Cancer ................................................................................................ 22	
  
1.6 Project Background.............................................................................................................. 24	
  
1.6.1 Project Overview .......................................................................................................... 24	
  
1.6.2 Hypothesis..................................................................................................................... 26	
  
Chapter 2 Materials and Methods .................................................................................................. 27	
  
2.1	
   Cell Culture and Transient Transfection .......................................................................... 27	
  
2.2	
   Migration and Invasion Assays ........................................................................................ 28	
  
2.3	
   Adhesion Assay ................................................................................................................ 29	
  
2.4	
   Proliferation Assay ........................................................................................................... 29	
  
2.5	
   RNA and miRNA Extraction............................................................................................ 30	
  
2.6	
   miRNA and mRNA Real-Time PCR................................................................................ 30	
  
2.7	
   Northern Blot Analysis ..................................................................................................... 31	
  
2.8	
   Gene Expression Microarray ............................................................................................ 31	
  
2.9	
   Western Blot Analysis ...................................................................................................... 32	
  
2.10	
   Vector Construction........................................................................................................ 33	
  
2.11	
   Luciferase Assay............................................................................................................. 34	
  
2.12	
   Statistical Analysis ......................................................................................................... 34	
  
Chapter 3 Results ........................................................................................................................... 35	
  
3.1	
   miR-205 basal level and re-expression in melanoma cell lines........................................ 35	
  
3.2	
   miR-205 up-regulates migration and invasion ................................................................. 36	
  
3.3	
   miR-205 re-expression represses cellular adhesion.......................................................... 39	
  
3.4	
   miR-205 moderately decreases proliferation.................................................................... 40	
  
3.5	
   CADM1, PTPRJ, ZEB2 and SHIP2 are identified as potential targets by gene expression
array.. ......................................................................................................................................... 41	
  
3.6	
   Luciferase confirms CADM1 and PTPRJ as direct targets of miR-205........................... 43	
  
3.7	
   CADM1 and PTPRJ knockdown mimics the functional effects of miR-205 overexpression .................................................................................................................................. 44	
  
3.8	
   miR-205 over-expression controls PTPRJ, but not CADM1 mRNA levels .................... 47	
  
3.9	
   SHIP2 expression might be regulated by miR-205 but does not modulate phosphorylation
of AKT ....................................................................................................................................... 48	
  
v

3.10	
   miR-205 does not control E-Cadherin expression.......................................................... 50	
  
Chapter 4 Discussion ..................................................................................................................... 51	
  
4.1	
   General Discussion ........................................................................................................... 51	
  
4.2	
   Summary........................................................................................................................... 57	
  
4.3	
   Future Directions .............................................................................................................. 57	
  
4.4	
   Significance and Conclusion ............................................................................................ 58	
  
References...................................................................................................................................... 60	
  

vi

List of Figures
Figure 1: Histopathological progression from a normal melanocyte into malignant melanoma..... 5	
  
Figure 2: The biogenesis of microRNAs into functional complexes............................................. 10	
  
Figure 3: Dysregulated miRNAs. .................................................................................................. 25	
  
Figure 4: Northern blot of miR-205 re-expression in Malme-3M and SK-MEL-28 melanoma cell
lines. ............................................................................................................................................... 36	
  
Figure 5: miR-205 re-expression promotes cellular migration...................................................... 37	
  
Figure 6: Migration of Malme-3M through transwell membrane. ................................................ 38	
  
Figure 7: miR-205 re-expression promotes cellular invasion........................................................ 38	
  
Figure 8: Invasion of Malme-3M cells through Matrigel-coated transwell membrane................. 39	
  
Figure 9: Cellular adhesion was repressed in miR-205 re-expressed Malme-3M cells................. 40	
  
Figure 10: miR-205 re-expression moderately represses proliferation.......................................... 41	
  
Figure 11: CADM1 and PTPRJ are direct targets of miR-205. ..................................................... 44	
  
Figure 12: CADM1 and PTPRJ mRNA repression following siRNA transfection....................... 45	
  
Figure 13:Increased migration following CADM1 and PTPRJ knockdown. ................................ 46	
  
Figure 14: Adhesion was repressed by knockdown of CADM1 and PTPRJ. ............................... 46	
  
Figure 15: miR-205 re-expression modulates target mRNA expression. ...................................... 47	
  
Figure 16: SHIP2 protein expression is repressed in miR-205 re-expressed melanoma cell lines.49	
  
Figure 17: SHIP2 knockdown does not affect phosphorylation of AKT....................................... 49	
  
Figure 18: E-Cadherin protein expression following miR-205 re-expression............................... 50	
  
Figure 19: Project summary model................................................................................................ 59	
  

vii

List of Abbreviations
3’UTR

3’ untranslated region

ARF

Alternate reading frame

BRAF

B-Raf proto-oncogene serine/threonine-protein kinase

BSA

Bovine serum albumin

C. elegans

Caenorhabditis elegans

CADM1/3

Cell adhesion molecule 1/3

CAM

Cellular adhesion molecules

CDC25

Cell division cycle 25

CDKN2A

Cyclin-dependent kinase inhibitor 2A

cDNA

Complementary DNA

DEP1

Density-enhanced photphatase-1

DMEM

Dulbecco modified eagle’s medium

DNA

Deoxyribonucleic acid

DsiRNA

Dicer-substrate RNA

DTIC

Dacarbazine

E-Cadherin

Epithelial cadherin

E2F1

E2F transcription factor 1

ECL

Electrogenerated chemiluminescence

ECM

Extracellular matrix

EDTA

Ethylenediaminetetraacetic acid

EGFR

Epidermal growth factor receptor

ELISA

Enzyme-linked immunosorbent assay

EMT

Epithelial–mesenchymal transition

ERK

Extracellular signal-regulated kinase

FBS

Fetal bovine serum

FDA

Food and Drug Administration

FFPE

Formalin-fixed, paraffin-embedded

IG

Immunoglobulin

IL-2

Interleukin-2

INF-α

Interferon-alpha
viii

INPPL1

Inositol polyphosphate 5’-phosphatase like protein-1

IPA

Ingenuity Pathway Analysis

let-7

Lethal-7

LOH

Loss of heterozygosity

LRP1

Lipoprotein receptor-related protein 1

MAPK

Mitogen-activated protein kinase

miR

MicroRNA

miRISC

MicroRNA-induced silencing complex

miRNA

MicroRNA

MITF

Microphthalmia-associated transcription factor

mRNA

Messenger RNA

N-Cadherin

Neural Cadherin

NRAS

Neuroblastoma RAS viral oncogene homolog

NSCLC

Non-small cell lung carcinoma

Opti-MEM

Optimal minimum essential media

PBS

Phosphate buffered saline

PCR

Polymerase Chain Reaction

PDGFRβ

Platelet-derived growth factor receptor β

PH

Pleckstrin homology

PI

Propidium iodide

PI3K

Phosphoinositide-3-OH kinase

PIP2

PtdIns(3,4)P2

PIP3

Phosphatidylinositol 3,4,5-trisphophate

PLX4032

Vemurafenib

pre-miRNA

Precursor microRNA

pri-miRNA

Primary microRNA

PTEN

Phosphatase and tensin homolog

PTK

Protein-tyrosine kinases

PTP

Protein-tyrosine phosphatases

PTPRJ

Protein-tyrosine phosphatase receptor type J

PVDF

Polyvinylidene difluoride

P/S

Penicillin-Streptomycin
ix

RISC

RNA-induced silencing complex

RNA

Ribonucleic acid

RNAi

RNA interference

RPMI

Roswell park memorial institute medium

RT-PCR

Reverse transcription polymerase chain reaction

RT primers

Reverse transcriptase primers

SAM

Significance analysis of microarray

SAM

Sterile alpha-motif

SDS

Sodium dodecyl sulfate

SHIP2

Src homology 2 domain containing inositol 5’-phosphatase 2

siRNA

Small interfering RNA

SRB

Sulphorhodamine B

TBST

Tris-buffered saline-tween

TMA

Tissue microarray

TSLC1

Tumour suppressor lung cancer 1

UV

Ultraviolet

VEGFR

Vascular-endothelial growth factor receptor

ZEB1/2

Zinc finger E-box-binding homeobox 1/2

x

Chapter 1
Introduction
1.1 Cutaneous Melanoma
1.1.1 Overview
Malignant cutaneous melanoma is a deadly form of skin cancer. While melanoma accounts
for only 4% of skin cancers, it is responsible for 80% of all skin cancer related deaths (1). In
the past 20 years, the global number of diagnosed cases of melanoma has doubled (2). This is
believed to be in part due to higher exposure to UV radiation and to increased awareness and
reporting of the disease. The annual incidence rate of melanoma is continuing to rise and is
among the highest of all cancers (3). In the United States, the overall lifetime risk of
developing melanoma is 2% (1 in 50) in Caucasians, 0.1% (1 in 1000) in African Americans
and 0.5% (1 in 200) for Hispanic/Latinos (American Cancer Society, 2012). In 2011,
approximately 5500 new cases of melanoma were diagnosed in Canada and it is estimated
that 950 will end in death (Canadian Cancer Society, 2011). When melanomas are detected in
an early stage, they are surgically excised and have a favourable 5-year survival rate of 97%.
However, once melanoma becomes malignant and metastasizes, it has a poor response to
current treatments and has a 5-year survival rate of less than 5%, with a median survival time
of 6-8 months (1,3,4).
1.1.2 Origin of Melanoma
Melanoma is an aggressive form of skin cancer that is thought to arise from melanocytes.
Melanocytes are specialized pigmented cells that originate from the neural crest and are
1

found in the eyes and skin. These cells produce and secrete melanin, which is the pigment
molecule used to give skin and eyes their unique colour. Melanin is also responsible for
protecting the skin from UV radiation. Its production and release are controlled by
keratinocytes and by UV radiation (1,2). Melanin is taken up by the keratinocytes, where it is
used to absorb and dissipate the incoming UV radiation. Melanin protects cells from the
potential mutagenic effects of the UV radiation (1).

Melanoma can develop from a range of germline and somatic mutations and through
exposure to environmental stressors (3). The strongest risk factors for melanoma are a family
history of the disease and the presence of genetic germline mutations. In fact, the presence of
a strong family history of melanoma increases the risk for developing the disease by 30 to 70
times (5). If melanoma arises from inherited genetic mutations, it is called familial melanoma.
Non-familial melanoma presents without detectable inheritable markers. Two common
mutations of tumour suppressors, known as “Alternate Reading Frame” (ARF) and “Cyclindependant kinase inhibitor 2A” (CDKN2A) are linked to familial melanoma development (1).
Many of the tumourigenic mutations associated with familial melanoma can present in the
non-familial, sporadic forms of the disease as well (6).

Melanoma can also result from various somatic genetic mutations, epigenetics alterations and
through changes to discrete signaling pathways. Two well-studied mutations involved in
melanoma development are activation of the proto-oncogenes BRAF (B-Raf proto-oncogene
serine/threonine-protein kinase) and NRAS (neuroblastoma RAS viral oncogene homolog).
These mutations can independently promote the MAPK/ERK (mitogen-activated protein
2

kinase / extracellular signal-regulated kinase) growth factor signaling pathway leading to
melanoma. BRAF and NRAS mutations are detected in approximately 50% and 15% of
melanoma cases respectively (1). Another highly studied road to melanoma involves the
inactivating mutations to the tumour suppressor PTEN (phosphatase and tensin homolog),
which commonly results in aberrant AKT survival signaling. These cascades are commonly
altered in melanocytic transformations and are known molecular mechanisms leading to
promotion of cell growth, reduced senescence and suppression of apoptosis in melanoma
(1,3). Epigenetic alterations are also commonly observed in the transformed tissues. Aberrant
DNA hypermethylation is frequently associated with the CDKN2A locus. However,
information regarding histone modifications is relatively limited in melanoma (6).

It is now better understood that the most important environmental risk factor leading to the
initiation and progression of melanoma is exposure to UV radiation. It has been reported that
intermittent sun exposure, early childhood exposure, sunburns and tanning bed usage
significantly increases a person’s risk for developing melanoma (1,3).
1.1.3 Initiation and Progression of Melanoma
When melanocytes become tumourigenic and begin developing into melanoma, they
commonly progress through observable histological transformational steps. The Clark model
describes the phases and progression of the disease from normal melanocytes to malignant
melanoma (Figure 1) (1). In this model, the first phenotypic change is the development of
benign nevi, commonly described as a mole, which entails limited proliferation of the normal
melanocytes to form a small lesion. Nevi rarely progress in melanoma, but are capable of
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doing so. BRAF and NRAS are two proto-oncogenes that are typically mutated at this stage
and might be responsible for the abnormal cellular proliferation of the melanocytes
(Figure 1).

Next, the benign nevi may progress to the dysplastic nevi phase, where it continues to
proliferate and grow. This phase is characterized by the lesion’s asymmetrical shape, irregular
boarders, variation in colouration and observable increase in diameter. Dysplastic nevi may
arise from the pre-existing benign nevi, but are also capable of forming as a separate lesion
(1).

Following the dysplastic nevi phase, the melanocytes acquires the ability to extend out by
proliferating intra-epidermally, and this is now considered melanoma; known as the radialgrowth phase (1). In this stage, melanoma is not considered to have metastatic potential.

The final, malignant stage is the vertical-growth phase, where the lesions migrate and invade
deeply into the dermis layer of the skin. Due to the invasive growth, these lesions are
described as gaining deadly metastatic potential (1,2). The five-year survival for patients with
metastatic melanoma is less than 5%, with a median survival rate of 6 months (2). Malignant
melanoma typically metastasizes to the lymph nodes, liver, brain and lungs, where by this
time, current treatments are unsuccessful (7-9).

4

Figure 1: Histopathological progression from a normal melanocyte into malignant
melanoma.
The benign nevus phase is characterized by limited proliferation of structurally normal
melanocytes. When the cells enter the dysplastic nevi phase, the lesions present with
irregular borders, asymmetry and increased diameter. Starting in the radial-growth
phase, cells acquire the ability to proliferate and spread laterally across the basement
membrane. In the subsequent vertical-growth phase, lesions invade through the
basement membrane into the lower dermis layer of the skin. The lesions now have the
capacity to grow on soft agar and form tumours when implanted in nude mice. The final
step of the progression to melanoma implies that the cells can successfully spread to
other areas of the body, proliferate and form a distant metastases. (Adapted from (1))
1.1.4 Current Treatments for Melanoma
As stated previously, early-stage melanoma is easily treated via surgical excision (1). The
tumour is removed, along with a small amount of non-cancerous tissue to decrease the
chances of relapse (American Cancer Society, 2012). Over 97% of patients treated at this
early stage are still alive 5 years after excision (3). Again, the problem with melanoma arises
when the disease progresses into a metastatic phase and acquires the ability to spread and
invade to different areas of body.
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Metastatic malignant melanoma has a very poor response rate to current therapies, making the
disease difficult to treat. Dacarbazine (DTIC), an alkylating agent, is the current standard
chemotherapy treatment used to treat metastatic melanoma. DTIC was the first FDAapproved chemotherapeutic treatment agent for metastatic melanoma. This drug is widely
used because of its low toxicity. However, DTIC and other similar drugs have a low response
rate (< 5%). Many DTIC combination regimens, such as the Dartmouth regimen (DTIC,
cisplatin, carmustine and tamoxifen), have been tested, but results only show an increase in
toxicity with no significant improvement to the overall and progression-free survival rates
(10). Drug combination biochemotherapies including DTIC and interferon-alpha (INF-α), or
DTIC and interleukin-2 (IL-2), have shown to only produce a moderately higher response rate
and only benefit a small subset of patients (7,10).

Very promising new therapies involving targeted small-molecule inhibitors are now being
investigated and tested. The MAPK pathway is among the most frequently mutated and
activated pathway in melanoma. As stated above, BRAF is mutated in 50% of melanomas
and therefore presents itself as one putative therapy target. A promising BRAF inhibitor is
Vemurafenib (Zelboraf), targeting the BRAF mutant V600E (3,11). In a trial comparing
Vemurafenib and DTIC, at the first interim analysis, the progression-free survival was 5.3
months for Vemurafenib compared to DTIC, which was only 1.6 months. The response rate
(presenting in progression-free survival) was also significantly higher for Vemurafenib
compared to DTIC: 48.4% versus 5.5%. Vemurafenib is now FDA approved and available in
the USA for patients with BRAF V600E mutations (11,12).

6

Small-molecule inhibitors have shown positive therapeutic results, though the research is still
preliminary. It is also being reported that due to the acquisition of drug resistance to
individual inhibitors, which decreases the long-term efficacy and therapeutic potential, it is
suggested that combining multiple inhibitors, while targeting more than one enzyme in the
MAPK or parallel PI3K pathways, could show more promising results (3).

Immunotherapy (the use of molecules to boost a patient’s immune response) is another area
of active research in melanoma therapy. Ipilimumab is a monotherapy, newly approved by
the FDA. Combination therapies including Ipilimumab and DTIC have improved overall
survival significantly (11,13).

1.2 MicroRNA
1.2.1 Overview
MicroRNAs (miRNA, miR) are small, ~22 nucleotide-long, non-coding, endogenous RNA
molecules which function through complimentary base pairing with messenger RNA
(mRNA) to either regulate mRNA degradation or modulate protein translation (14,15).
miRNAs are derived from endogenous transcript hairpin structures and are processed into
individual miRNAs by an enzyme named ‘Dicer’ (16). Individual miRNAs contain the ability
to directly affect the expression of hundreds of genes (17). It is predicted that one third of all
mRNAs and half of the protein coding genes are targeted and regulated by miRNAs (18). It
has been observed that miRNAs play an important role in regulating vital biological
processes such as development, proliferation, differentiation and apoptosis (14,19).
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1.2.2 miRNA Discovery
Dr. Victor Ambros et al. discovered the first miRNA in 1993 during his research on
Caenorhabditis elegans (C. elegans) development (20). He discovered that a small noncoding RNA controlled the expression of the lin-14 gene. This non-coding RNA was much
smaller than any previously described RNA and was complementary to the 3’UTR
(untranslated region) region of lin-14. His inaugural finding was thought to be C. elegans
specific until the let-7 miRNA was later found to be conserved across many species,
including humans (21, 22). The discovery of novel miRNAs has been exponential. There are
now approximately 1500 identified miRNAs in the human genome (miRbase.org).
1.2.3 miRNA Function
microRNAs are post-transcriptional gene regulators that repress gene expression through
complementary sequence binding to the 3’ UTR of mRNA (14). It is not fully understood
how miRNAs recognize their target mRNA, but it is believed that the 6 nucleotide ‘seed’
region needs to be perfectly complementary; this seed region on the miRNA runs between
nucleotides 2 and 7 on the 5’ end (23). miRNAs are understood to silence gene expression
through two mechanisms. The level of complementarily between the miRNA and the mRNA
sequence will help determine which mechanism of gene silencing will take place. The first
mechanism of gene repression is through mRNA cleavage or degradation. Usually, perfect or
near-perfect complementarity needs to occur for this process to take place. This mechanism is
commonly seen in plants (14,24). The second mechanism is translational repression and this
is typically found within animals. This mechanism occurs when there is imperfect or partial
complementarity between the miRNA and its target mRNA (14). However, animals do
perform gene silencing using the cleavage mechanism as well. miRNAs have also been
8

shown to promote the degradation of mRNA in animals through deadenylation of the mRNA
(25).
1.2.4 miRNA Biogenesis
Particular miRNAs loci reside within the introns of other host genes and are likely to share
those genes’ regulatory elements. However, for miRNAs that are intergenically located,
transcription presumably takes place using their own promoter sequences. Primary miRNAs
(pri-miRNAs) are the original structure transcribed and can be very large (over 1kb long).
The transcription is primarily conducted by RNA polymerase II, but polymerase III is also
known to participate (Figure 2). The first layer of processing occurs within the nucleus, where
the endonuclease enzyme Drosha cleaves a ~60-70 nt long, stem loop intermediate, called a
precursor miRNA (pre-miRNA). The pre-miRNA is recognized by enzyme exportin-5 and
transported out of the nucleus into the cytoplasm, where further processing occurs. Dicer, a
cytoplasmic endonuclease enzyme, then recognizes and cleaves away the loop region of
precursor, leaving the ~22 nt, miRNA:miRNA duplex. This section of processing is
indistinguishable from the RNA silencing pathways (RNAi). A single strand of the miRNA
duplex is chosen for its thermodynamic stability by the ribonucleoprotein argonaute (AGO)
complex, also known as the RNA-induced silencing complex (RISC) or miRISC (26). The
RISC is the enzyme complex where the miRNA and mRNA target interact and direct
posttranscriptional gene repression (14).
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Figure 2: The biogenesis of microRNAs into functional complexes.
The biogensis of miRNAs starts in the nucleus with the transcription of a long (over 1kb
long) primary miRNA transcript (pri-miR) by polymerase II or III. This pri-miR is then
cleaved by the enzyme Drosha into a shorter 60-70 nt long stem loop intermediate called
the precursor miRNA (pre-miR). The pre-miR is then exported into the cytoplasm by
Exportin 5, where the subsequent maturation steps occur. The pre-miR will be further
cleaved by the enzyme Dicer into a miRNA:miRNA* duplex of approximately 22
nuceotides. A mature strand of miRNA is then loaded into the argonaute RISC enzyme.
The formed miRNA and AGO complex can now perform either translational repression
or cleavage of targeted mRNAs. (Adapted from (24))

1.2.5 miRNA Nomenclature and Annotation
miRNAs are named using the “miR” prefix, followed by a number. The number given to a
miRNA is determined by its time of discovery; for example, miR-50 was discovered prior to
miR-100. miRNAs are also referred to by species of origin; for example, hsa-miR-150 refers
10

to the human miR-150, while mmu stands for mouse. miRNAs with nearly identical
sequences are distinguished by a lower case letter following the number; for example, miR200a and miR-200b are very similar in sequence. Some miRNAs may be generated from two
separate genes, located at different loci and are then annotated by a dash and a second
number. For example, miR-250-1 and miR-250-2 are identical miRNAs but were generated
by two different primary transcripts. Some miRNAs share the same pre-miRNA, but originate
off of the opposite arms. These miRNAs are distinguishable by either a -3p or -5p suffix.
Additionally, depending on the relative expression levels of these miRNAs, they will carry an
asterisk. miRNAs with less expression will have the asterisk. For example, there is less miR300* expression compared to miR-300 in the cell (16).
1.2.6 Target Prediction and Algorithms
As explained above, miRNAs target their mRNA through complementary or near
complementary base pairing to the 3’ UTR of the mRNA. With this understood, many
algorithms have been designed to exploit this feature. Two of the most widely used and
accepted algorithm programs are TargetScan and miRanda. In general, these softwares
recognize stringent ‘seed’ pairing, level of complementarity (between miRNA and mRNA)
and level of miRNA evolutionary conservation across species to make their predictions. Both
TargetScan and miRanda will generate large numbers of predicted mRNA targets, but only
some of these proteins will be directly targeted by the miRNA. On the other hand, the
stringent criteria used by TargetScan and miRanda will leave potential targets out. Other
softwares such as Pictar, look for potential targets based on additional features, such as minor
imperfect base pairings (27,28).
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1.2.7 miRNA in Cancer
In cancer, miRNAs have been proposed to contribute as either oncogenes or tumour
suppressors. The function of a miRNA usually depends on the mRNA targets. However, if
the expression of miRNA is lost and it normally functions to repress an oncogene, the
expression of that oncogene would be amplified and could lead to tumourigenesis. An
example is the let-7 family of miRNAs, which is commonly down-regulated in cancer and
represses the proto-oncogene RAS (29). Conversely, if a miRNA’s expression is magnified
and one of its targets is a tumour suppressor gene, that tumour suppressor may become overrepressed and this, again, could lead to tumourigenesis. An example of this is miR-21, which
is up-regulated in many cancers and has been shown to target tumour suppressor PTEN (30).
Tumour profiles from every type of cancer have shown significantly different miRNA levels
when compared with normal cells from the same tissue (19,31,32).

Like all genes, miRNAs are subject to genomic abnormalities, such as mutations,
chromosomal rearrangements and gene deletions or amplifications. It has been reported that
miRNAs are genomically located in fragile areas that are typically prone to and have a high
frequency of alterations in cancer (33). 52.5% of miRNA genes are located in cancerassociated regions or fragile sites (34). These fragile regions include areas affected by loss of
heterozygosity (LOH) and are believed to harbour tumour suppressor genes. On the other
hand, oncogene-acting miRNAs are routinely found in amplified locations. Another
mechanism of miRNA dysregulation in cancer progression is the loss or aberrant expression
of the miRNA processing equipment. The loss of Drosha and Dicer in different cancers is
believed to contribute to the loss of functional miRNAs (19,34).
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miRNAs expression is further controlled by epigenetic regulation, which is also negatively
affected and modulated during malignant transformation. CpG island hypermethylation and
histone-modifications have been shown to regulate miRNA expression and are hallmarks of
cancer.

miRNA dysregulation has been shown to be involved in many malignancies and the miRNA
profiling of tumour tissues is becoming an interesting new way of studying and categorizing
the disease (19). As stated above, tumour profiles from different cancers have shown
significantly different miRNA levels compared with normal cells from the same tissue. These
miRNA signatures can therefore be used in the diagnosis of a primary tumour, as well as
metastatic tissue. And since the identification of a metastasis’ primary origin remains
challenging, miRNA signature could help tremendously in categorizing the tissue and
facilitating treatment (35). The miRNA signature can also be used as a prognostic tool.
Establishing correlations between miRNA biomarkers and disease evolution could greatly
facilitate the identification of particular patients who would benefit from certain therapies.
For example, in a study of 143 lung cancer patients, reduced let-7 expression was found to
correlate with a shorter survival time after surgery (36). In this case, the patients might
benefit from a more aggressive adjuvant therapy.
1.2.8 miRNA in Melanoma
In a large study by Zhang et al., which included multiple cancers and 45 primary melanoma
cell lines, 85.9% of the 283 examined miRNAs harboured copy number changes, leading to
abnormal miRNA expression (37). Subsequent studies showed a differential expression
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pattern of particular miRNAs in melanoma, with some being up-regulated and some downregulated when compared to normal (38). As well, by miRNA profiling of melanoma tissues
and cell lines, a significant dysregulation in miRNA expression between tumourigenic and
normal melanocytes was shown (38-41). For example, miR-200c was down-regulated in both
tissue samples and melanoma cell lines (40,41) and miR-193b was found to be downregulated in metastatic melanoma tissue samples compared to benign nevi (39). miR-193b
was later found to act as a tumour suppressor through modulation of the expression of the cell
cycle gene cyclin D1 (39). Conversely, miR-21 primarily presents as being over-expressed
during the progression of the disease (38,39). Other important miRNAs to note are miR-137
(up-regulated in metastatic melanoma) and let-7b (down-regulated), which have been shown
to mediate MITF and cyclin D1 expression respectively (38). Limited information is available
on specific miRNAs and their functional role within the malignant melanoma system.

1.3 miRNA-205
1.3.1 Overview
MicroRNA-205 (miR-205) is commonly discussed with the miR-200 family of genes. This
family encompasses miR-200a, miR-200b, miR-200c, miR-141 and miR-429. They usually
share similar expression patterns and are clustered near each other, across chromosomes 1
and 12. Specifically, miR-205 is located at position q32.2 on chromosome 1. miR-205 is
commonly reported as a tumour suppressor in cancer (42-44) and has been shown to directly
target many genes including low-density lipoprotein receptor-related protein 1 (LRP1) (43),
E2F1 cell cycle proteins (45), ErbB3 (46,47), SHIP2 phosphatases (48), and the ZEB1 and
ZEB2 transcription repressors (42,49). Some of the possible targets of miR-205 will be
14

described in more detail later, as they have been shown to be directly targeted by miR-205
and play a role in melanoma progression.
1.3.2 Dysregulation
miR-205 dysregulation is common in cancer and was shown to be involved in controlling
multiple cellular functions, including proliferation, migration and invasion. Studies typically
refer to miR-205 as a tumour suppressor, but there does not appear to be a clear consensus of
miR-205s expression in tumourigenic tissues, as it is up-regulated in some cancers and downregulated in others (50). miR-205 is down-regulated in melanoma (39,41,45), breast cancers
(42,47), and prostate cancers (44) but up-regulated in head and neck squamous cell
carcinomas (51) and in cervical cancers (52).

It is not fully understood how miR-205 becomes dysregulated in many cancer tissues. In a
report by Wiklund et al., it was suggested that miR-205 down-regulation was due to
epigenetic repression (53). It was shown that miR-200 and miR-205 loci are situated in an
area that is specifically silenced by promoter hypermethylation in invasive bladder cancers.
Additionally, a high expression of the transcription factor TWIST1 with the low miR-200 and
miR-205 levels was noted. TWIST1 is known to associate with the promoter regions of the
two miRNAs and repress their expression (53). Another study found that in some breast
cancers where miR-205 expression was increased, chromosome 1 had an amplified region,
which housed miR-205 (54). In a cutaneous melanoma global screen of chromosomal gains
and losses, the miR-205 gene locus, 1q32.2, was not a frequently modified reported site (55).
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1.3.3 Role in Melanoma
In melanoma, miR-205 levels decrease as the disease progresses from a benign nevus, to a
primary melanoma and finally to metastatic melanoma (39,41,45).

Little is known of the role of miR-205 in melanoma. Dysregulation of the microRNA can
lead to decreased proliferation in some cell culture models while it is not affected in others.
Dar et al. reported an inhibition of proliferation and colony formation, and induced apoptosis
with increased miR-205 (45). In another study by Xu et al., the metastatic melanoma cell line
A375, transfected with miR-205 and grown for 96 hours, showed no proliferation change
when compared to the negative control (41). Only E2F1 has been verified as a direct target of
miR-205 in malignant melanoma and its over-expression represses proliferation (45). A
recent publication presents a role for miR-205 re-expression in melanoma in phenotypic
repression of migration and invasion (56). This will be described further in chapter 4. More
research needs to be done to determine a true mechanistic and functional role for miR-205 in
melanoma.

Based on a literature review on cancer-associated miRNAs and on miRNA-205 targetprediction algorithms, the proteins CADM1, PTPRJ and SHIP2 were deemed interesting and
further analyzed.
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1.4 CADM1
1.4.1 Cellular Adhesion Molecules
CADM1 (Cell Adhesion Molecule 1) is part of the broad category of Cellular Adhesion
Molecules (CAMs). These transmembrane receptors are found at the cell surface and
facilitate cell-cell and cell-extracellular matrix (ECM) binding interactions. They are also
capable of transmitting mechanical and chemical signals across the membrane to
communicate with the cell. Adhesion-mediated signaling is important in regulating many
cellular processes including differentiation, proliferation and migration (57-59).
1.4.2 Cellular Adhesion Molecules Function
CAMs play a major role in mediating important biological processes such as differentiation,
anchorage-dependant growth, proliferation and migration, and are often found to localize
along the cellular membrane. CAMs are typically found within membrane structures like
focal adhesion contacts and adherent junctions. The contact with neighbouring cells or to the
ECM is very important for multicellular organisms and tissue and organ development (5760).

CAMs are also important for relaying extracellular information into the cell. The intracellular
domain of the CAM proteins and its bound protein partner will determine the message,
function and response of the cell. For example, E-Cadherin, well known for its adhesion
capabilities and its expression loss during tumourigenesis, not only acts as a membrane
binding protein, but through its cadherin-catenin complex, transfers signals into the cell and
influences biological functions such as differentiation, cell growth, morphogenesis, cell
motility and many others (58).
17

1.4.3 Cellular Adhesion Molecules Dysregulation
Cellular adhesion molecules (CAMs) are commonly down-regulated in tumourigenic tissue.
Their genes are occasionally mutated or deleted (LOH), leading to a truncated, defective or
repressed protein expression, or can be epigenetically repressed due to promotor methylation
and through aberrant transcription factor expression (58,61). The most profoundly studied
CAM protein is the E-Cadherin molecule. Its dysregulation is noted in most cancers,
including breast, colon and melanoma (61-63). Another dysregulated CAM protein is
CADM1, and is found to be commonly repressed in tumourigenic tissues.
1.4.4 CADM1 Overview
The tumour suppressor CADM1 is a calcium-independent protein, part of the
immunoglobulin superfamily. It is involved in and mediates both homophilic and heterophilic
cell-cell binding with other CADM1 and CADM3 molecules. CADM1 communicates with
the cell through its association with the actin cytoskeleton, specifically with the DAL1 protein
(64,65). CADM1 is synonymously known as TSLC1 (tumour suppressor lung cancer 1) and
its dysregulation has been reported in many cancers, such as cervical, non-small cell lung
(NSCLC), breast, melanoma, esophageal and colorectal cancers (66-71). Its tumour
suppressive ability is observed in reducing metastatic characteristics in many cancers
(63,65,69).
1.4.5 CADM1 Expression in Cancer
The CADM1 gene is located on chromosome 11q23.3, which has proven to be an area for
major epigenetic modifications (66-69). Indra et al. reported that in cervical intraepithelial
neoplasia and cervical carcinoma tissue samples, 55-59% displayed either deletion or
promoter methylation, resulting in reduced expression (67). This was further reported in
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NSCLC, with the CADM1 gene being deleted or methylated in 40% of primary tumours (66).
In cutaneous melanoma, CADM1 promoter regions were methylated in 48% and the protein
expression was reduced in 70% of tumour samples (71).
1.4.6 CADM1’s Role in Melanoma
Abnormal CADM1 (TSLC1) expression has been reported in malignant melanoma. There is a
correlation with the loss of CADM1 due to methylation, with a shorter disease-related
survival time (71), but no mechanistic role has yet been determined.

1.5 PTPRJ and SHIP2
1.5.1 Protein Tyrosine Phosphatases
Tyrosine phosphorylation is an important signaling mechanism used for communication
between and within cells. The phosphorylation acts as an ‘on and off’ switch for controlling
the activity of different proteins and stimulating cellular signaling. The human genome
encodes for over 100 different PTP proteins involved in multiple biological processes, such as
proliferation and cell growth, cell migration, adhesion and cellular communication (72-74).
1.5.2 Types and Classification
Protein tyrosine phosphatases can be categorized into 2 groups depending on their location
(receptor-like or non-receptor-like), or into 4 classes based on the residue they
dephosphorylate. The receptor-like forms of PTPs have an extracellular region with ligandbinding potential, a transmembrane region and an intracellular region, where the catalytic
domain is situated. Interestingly, the extracellular sections commonly resemble cellular
adhesion molecules with similar immunoglobulin and fibronectin-binding domains,
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suggesting that they interact with molecules at the cell surface. The non-receptor, or nontransmembrane, forms come in many different structures and are found across different
cellular locations. Two examples of this are the Cdc25 and PTEN enzymes (73,74).

Class 1 phosphatases remove serine/threonine or tyrosine-bound phosphate groups and are
involved in regulation of mitotic signal transduction and control the cell cycle. PTPRJ and
PTEN (phosphatase and tensin homologue) are well-known Class 1 PTPs. The second class
of PTPs (Class 2) is the single, low-molecular-weight phosphatase, which is heavily
conserved through evolution. Class 3 PTPs are the Cdc25 enzymes that are important in cell
cycle, working by removing the inhibitory phosphate from cyclin-dependant kinases (CDKs).
The final class of phosphatases (Class 4) is not well understood, but has been shown to target
both serine and tyrosine phosphorylated proteins (73,74).
1.5.3 PTP’s Function
PTPs have been shown to be involved in cell signaling by the dephosphorylation of MAPK
proteins, such as epidermal growth factor receptor (EGFR) (75) and platelet-derived growth
factor receptor β (PDGFRβ) (76,77). MAPK signaling results in proliferation, migration,
development and adhesion phenotypic modifications. Work completed by Jeon and Zinn
presented that two PTP family proteins PTP4E and PTP10D, are necessary for the downregulation of EGFR and required for the construction of tubular lumens (75). PTPs are also
involved in the regulation of cellular adhesion and migration (78). They have been shown to
regulate both cell-cell adhesion (79) and cell-extracellular matrix (ECM) relationships. As
discussed in the review by Lilien and Balsamo, cell-cell adhesions depend on the intracellular
association of cadherins and catenins. The catenin complex is destabilized when
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phosphorylated, leading to reduced adhesion and an increased potential for migration (80).
PTPs are capable of dephosphorylating these complexes and therefore restablizing them.
1.5.4 PTP Dysregulation
PTPs have been shown to act as tumour suppressors and therefore their expression is
commonly found to be irregular in disease. For example, PTEN is the common tumour
suppressor that is mutated across cancers (81). Reported PTP dysregulation is due to
mutations, deletions, loss of heterozygosity (LOH) and epigenetic effects, such as promotor
methylation, and this has been shown in multiple cancers (73,81,82). Abnormal PTP
expression is common in melanoma genesis. PTEN is one example where reduced expression
is commonly observed in melanoma (83). The McArdle group reported that PTPRJ
expression varied across different melanoma cell lines (83), however, they also conclude that
PTPRJ is over-expressed.
1.5.5 PTPRJ Overview
PTPRJ, synonymously known as DEP1 (density-enhanced phosphatase-1), is a receptor type
phosphatase with 5 fibronectin-type-III domain repeats on the extracellular region. PTPRJ’s
chromosomal location is at 11p11.2 (72). PTPRJ is a proposed tumour suppressor gene
because of its opposed effects on oncogenic PTK signaling (76,84) and due to its downregulation (LOH) in multiple cancers, including colon, thyroid, breast and lung (73,85-87). A
mechanistic role for PTPRJ has not been reported in melanoma. Its link to miR-205 in
melanoma and its role in the progression of the disease will be further investigated in this
Master’s project.
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1.5.6 SHIP2 Overview
Src homology 2 domain containing inositol 5’-phosphatase 2 (SHIP2), also known as inositol
polyphosphate 5’-phosphatase like protein-1 (INPPL1), is a class 1 protein tyrosine
phosphatase. SHIP2 can potentially interact and mediate many protein-protein interactions
through its SH2 domain at the amino (N) terminus and its SAM (sterile alpha-motif) domains
at the carboxy (C) terminus (88). SHIP2 typically localizes in the cytosol, but once
stimulated, is rapidly translocated to the plasma membrane where it can catalytically
dephosphorylate its substrates and mediate protein binding (88,89). The SHIP2 enzyme is
well known for its ability to parallel PTEN signalling, and to negatively affect the AKT
signaling pathway. This in turn affects the important biological functions of proliferation, cell
survival, adhesion, migration and cytoskeleton reorganization (90). Both PTEN and SHIP2
regulate cellular levels of phosphatidylinositol 3,4,5-trisphophate (PIP3), which is an
activating secondary messenger that binds to the pleckstrin homology (PH) domain of AKT
(90).
1.5.7 SHIP2’s Role in Cancer
SHIP2 has been reported to have tumour suppressive effects and was shown to play a role in
many cellular processes (48,88,91,92).

Its role in cell motility and cell adhesion was studied in multiple cancer models. In a study
carried out by Yu et al. in a keratinocyte model, miR-205 directly suppressed the expression
of SHIP2, leading to the increased activation of AKT, followed by the promotion of
migration and the repression of adhesion. The tumour-suppressive role for SHIP2 was also
found in the target-selected knockdown, which further lead to increased migration (91). In a
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study by Prasad et al., SHIP2 was described to indirectly interact with the actin cytoskeleton
through its SH2 domain and mediate cell spreading and adhesion. They also determined that
SHIP2 localized at the focal contacts, further suggesting that it played a role in cellular
adhesion (92).

The role of SHIP2 on proliferation was studied by Taylor et al. Their study provided evidence
that SHIP2 negatively regulates the AKT signaling pathway and represses cell cycle
progression. Interestingly, they observed that the overexpression of SHIP2 reduced AKT
activity to the same extent as PTEN; however, only the PIP3 AKT activating agent was
reduced, where PtdIns(3,4)P2 (PIP2) levels remained high (93).

In contrast, SHIP2 has been shown to act as an oncogene. This suggests that it may have
multiple roles and that its function may be tissue specific. An increased SHIP2 protein level
was observed in 44% of clinical breast cancer samples compared to non-cancerous breast
tissues and it was shown to be higher in breast tumourigenic cell lines compared to normal
breast lines. Functionally, repression of SHIP2 leads to a reduction in proliferation and
tumour formation in nude mice (94).

SHIP2 is a TargetScan-predicted target of miR-205 and has been validated in multiple
cancers, but not yet in melanoma. There is currently no known role for SHIP2 in melanoma.
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1.6 Project Background
1.6.1 Project Overview
The original goal of my project’s predecessors in Dr. Victor Tron’s laboratory, was to explore
and define a role for miRNAs in melanoma and determine whether miRNAs were involved in
the initiation and/or the progression of the deadly disease. Our lab began with profiling the
miRNA expression in formalin-fixed, paraffin-embedded (FFPE) tissue samples from 8
benign nevi and 8 metastatic melanomas, on a miRNA microarray. This was completed in
hopes of identifying miRNAs involved in the initiation and/or progression of melanoma.
Further validating their functional role in an in vitro metastatic melanoma cell model would
provide insight on potential melanoma biomarkers and possible therapeutic targets.

Through unsupervised hierarchical clustering of the miRNA expression levels generated by
the miRNA microarray, a clear separation between the benign nevi samples and the
metastatic melanoma samples was established. To determine the statistically significant
differential expression of miRNAs between the two groups, Significance Analysis of
Microarray (SAM) was utilized. A very high stringency cut-off was used, as well as a low
false discovery rate with statistical significance (q <0.001). Out of the 470 microRNAs
analyzed, 31 appeared to be significantly differentially expressed. Specifically, 13 were upregulated and 18 were down-regulated in metastatic melanoma compared to benign nevi
(Figure 3) (39).
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Figure 3: Dysregulated miRNAs.
Heat map identifying the 31 statistically differentially expressed miRNAs between
metastatic melanomas and benign nevi tissue samples. Red indicates over-expression
and green indicates down-regulation. (Adapted from (39))
miR-205 was the highest differentially expressed miRNA in the tested cohort, and was downregulated from benign nevus to primary melanoma, to metastatic melanoma patient samples
(Figure 3). miR-205 had an approximate 20-fold decrease in the metastatic compared to the
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benign nevi tissue samples and the finding was validated using real time RT-PCR. miR-205
gene expression was also later measured in 16 primary melanoma tissue samples and it was
similarly down-regulated, although to a lesser degree (10-fold decrease). Interestingly, miR205 expression was completely absent in several primary and metastatic tissue samples.
These relative expression values suggest that during the development of melanoma from
benign nevi into a metastatic tumour, there is a progressive decrease (or even loss) in miR205 expression.

1.6.2 Hypothesis

We hypothesize that miR-205 acts as a tumour suppressor in melanoma.
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Chapter 2
Materials and Methods
2.1 Cell Culture and Transient Transfection
Human metastatic melanoma cell lines Malme-3M, SK-MEL-2, SK-MEL-28, A375 and
MeWo (available through the American Tissue Culture Collection ATCC), were grown in
Roswel Park Memorial Institute’s Medium-1640 (RPMI) (Malme-3M and SK-MEL28)(Hyclone, Logan, UT) or high-glucose Dulbecco Modified Eagle’s Medium (DMEM)
(A375) (Gibco-Life Technologies, Burlington, ON, Canada), both supplemented with 10%
fetal bovine serum (FBS) (Hyclone) and 1% Penicillin-Streptomycin (P/S) (Sigma, Oakville,
Ontario, Canada) at 37OC and 5% CO2. Cells were grown in a monolayer until 90-95%
confluence, before subculture. Medium was changed every 3 days.

All cell lines were seeded in 100 mm tissue-culture treated dishes at 600,000 cells per plate
(30% confluence) the day before transfection. miRNA precursors (pre-miRTM microRNA
precursor miR-205 or pre-miRTM miRNA precursor molecule-negative control #1) were
obtained from Ambion-Life Technologies (Austin, TX). DsiRNA duplexes for CADM1
(HSC.RNAI.N001098517.12.2), PTPRJ (HSC.RNAI.N001098503.12.2) or a universal
DsiRNA negative control (DS NC1, which does not target any sequence in the human
genome, were obtained from Integrated DNA Technology (IDT, Coralville, IA, USA).
Lyophilised precursors and DsiRNAs were resuspended in water and melanoma cells were
transfected with 5 nmol/L miRNA precursors or siRNA using Lipofectamine 2000
(Invitrogen, Carlsbad, CA).
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Transfection was performed in an antibiotic-free medium. Briefly, RNA was diluted in OptiMEM (Invitrogen-Life Technologies) according to the protocol provided for the
Lipofectamine 2000 reagent and incubated for 5 minutes at room temperature. In a separate
tube, Lipofectamine 2000 was diluted in Opti-MEM and incubated for 5 minutes as well. All
reagents were combined and incubated for 20 minutes, then applied to cells dropwise and
gently swirled to mix. Cells were incubated for 6 h at 37OC, where the medium was then
changed. Cells were harvested 72 hours after transfection, unless otherwise noted.
Transfection protocol was previously optimized to ensure approximately 100% transfection
efficiency.

2.2 Migration and Invasion Assays
Cell migration and invasion were examined using a conventional Boyden chamber assay, also
known as a transwell assay. Cells were harvested 72 hours post-transfection, counted and
resuspended (35 000 cells) in serum-free medium and placed in the upper chamber of a 8-µm,
polyethylene terephthalate cell culture insert (BD Bioscience, Franklin Lakes, NJ). The lower
compartment contained RPMI with 10% FBS as chemoattractant. Cells were incubated and
allowed to migrate for 8 h at 37OC before the cells on the lower surface of the insert
membrane were fixed and stained. Five random fields were counted at 100X magnification.
Results presented as an average number of migrated cells over the 5 fields. For invasion
assay, inserts with a Matrigel coating (BD Bioscience) were used and incubated for 16 h
before processing in the same manner as for the migration assay. Matrigel-coated inserts were
rehydrated for 2 h at 37OC in serum-free RPMI.
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2.3 Adhesion Assay
Cellular adhesion was quantified using the sulphorhodamine B (SRB) staining assay. Briefly,
12-well plates were coated for 1 h with 1 ug/mL of fibronectin, washed twice with PBS and
left to dry at 4OC. Cells were harvested 72 h post-transfection, counted and reseeded into 12well coated plates at 75000 cells per well. Cells were incubated for 30 minutes at 37OC.
Unbound cells were removed by gently washing the wells with warm PBS and bound cells
were fixed with 10% trichloroacetic acid (BioShop, Burlington, ON, Canada) and stained
with 0.4% SRB (Sigma, St. Louis, MO, USA) for 30 minutes. Excess SRB was removed and
wells were washed with 1% acetic acid. Bound cells were resolubilized using 10 mM tris base
and absorbance was read in a plate-reader at 510 nm. Results are presented as relative levels
of adhesion against negative control treatment.

2.4 Proliferation Assay
Proliferation was measured using the Cell Proliferation ELISA, BrdU (Roche Applied
Biosciences, Laval, Quebec, Canada) chemiluminescence assay, following the manufacturer’s
instructions. Cells were harvested 72 h post-transfection, counted and reseeded into 96-well
black plates (Corning, NY) at 3500 cells per well in growth medium containing 10 µM 5bromo-2’-deoxyuridine labeling solution (BrdU). Cells were incubated for 24 h in the
presence of the BrdU labeling solution before being fixed with the FixDenat solution and
labeled with the provided anti-BrdU-POD antibody. Chemiluminescence signal was
measured using an EG&G Berthold microplate luminometer. Results are presented as relative
levels of luminescence units per second (rlu/s) against the levels measured for the negative
control treatment.
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2.5 RNA and miRNA Extraction
RNA was extracted and isolated from transfected cell lines using miRNeasy Mini Kit
(Qiagen, Valencia, CA) following the manufacturer’s protocol. RNA was eluted from spin
column using RNase-free water. RNA concentrations were determined with a NanoDrop ND1000 (NanoDrop, Wilmington, DE). RNA extracted in this manner was suitable for
measurements of miRNA as well as mRNA expression levels.

2.6 miRNA and mRNA Real-Time PCR
Real-Time RT-PCR was used to measure miRNA and gene expression levels. RNA was
reversed transcribed into cDNA using specific TaqMan Reverse Transcription Reagents
(Applied Biosystems-Life Technologies, Foster City, CA, USA). An Eppendorf Realplex
plateform (Eppendorf, Hamburg, Germany) system was utilized for quantification.

Briefly, miRNAs were reverse transcribed using miRNA specifc stem-loop RT primers and
subsequent miRNA levels were quantified through real-time PCR using a TaqMan miRNA
assay (Applied Biosystems-Life Technologies), according to manufacturer’s protocols.
miRNA PCR reactions were incubated at 95OC for 10 minutes, followed by 40 cycles of
95OC for 15 seconds and 60OC for 1 minute. miRNA expression was assayed in triplicate and
normalized to endogenous RNU6B. The relative level was calculated using the ΔΔCT
method.

Quantification of CADM1 and PTPRJ mRNA expression was performed using specific
TaqMan Gene Expression Assay (Applied Biosystems-Life Technologies). mRNA PCR
reactions were incubated at 50OC for 2 minutes, then 95OC for 10 minutes, followed by 40
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cycles of 95OC for 15 seconds and 60OC for 60 seconds. mRNA expression was assayed in
triplicate and normalized to β-actin.

2.7 Northern Blot Analysis
miR-205 expression level was determined using a High Sensitive miRNA Northern blot assay
kit (Signosis, Sunnyvale, CA) according to the manufacturer’s protocol. Briefly, total RNA
was extracted 72 h post-transfection using the miRNeasy Mini kit and prepared at 5 µg/µL.
10 µL of RNA sample was run on 15% pre-made gels from Signosis. RNA was transferred
and cross-linked to membrane. Membrane was then hybridized overnight at 42OC, in NB
hybridization buffer and miR-205 probe. MCF10A WPI was used as a positive control. U6
small nuclear RNA was used as the internal control.

2.8 Gene Expression Microarray
Malme-3M cells were seeded in a 6-well plate at 100 000 cell per well, the day before
transfection. The cells were transfected with 5 nmol/L miRNA precursors (either miR-205 or
negative control) and harvested after 24 h. RNA was extracted as described previously and
profiled on the Agilent Microarray Platform for One-Color Analysis of Gene Expression
(Agilent, Santa Clara, CA). Briefly, 500 ng total RNA of each sample was mixed with 5 µL
of a 5000-fold dilution of Agilent One-Color Spike-in RNA control. The mixture was then
amplified and labeled by the One Color, Quick Amp Labeling kit (Agilent). The mRNAs
were primed with an oligo (dt) primer containing a T7 RNA polymerase promoter to
synthesize double-stranded cDNA as a template for transcription to generate Cy3-labeled
cRNA. cRNA yield was measured using NanoDrop ND-1000 (NanoDrop).

Processing

followed for only the samples with cDNA yields > 1.65 µg and specific activities of > 9.0
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pmol Cy3/µg. Samples that were successfully amplified and labeled were then fragmented at
60OC for 30 minutes and then hybridized to Agilent Human 4X44K Whole genome
microarrays in a rotating oven for 17 hours at 65OC. Microarray chips were scanned with the
Agilent DNA Microarray scanner and signals were quantified using the Agilent Feature
Extraction 9.5.3.1 software. Raw data was analyzed using GeneSpring GX 10.0.2 (Agilent).

2.9 Western Blot Analysis
Transfected cells were harvested using 0.25% trypsin-EDTA (Gibco-Life Technologies)and
lysed in lysis buffer (50 mmol/L Tris pH 7.5, 10 mmol/L MgCl2, 1X Complete Mini protease
inhibitor cocktail (Roche, Indianapolis, IN, USA) and 1% SDS). Quantification of protein
content was performed using the BioRad DC Protein Assay according to manufacturer’s
instructions, using the Gen5 software and BioTek µQuant Universal Microplate
Spectrophotometer (BioTek). 30 µg of cell lysates were separated on 15% SDSpolyacrylamide gels and then transferred onto PVDF membrane (Millipore, Bedford, MA).
Membrane was washed with TBST and then blocked at room temperature for 1 hour in 4%
low-fat milk/TBST. Membranes were hybridized with primary antibodies in 4% low-fat milk
or 5% BSA in TBST, according to manufacturers recommendations, and incubated with
agitation at 4OC overnight.

Antibodies are as follows: CADM1 (1:1000 in 5% BSA, cat# SAB4501024 Sigma-Aldrich),
PTPRJ (1:1000 in 5% BSA, cat# WH0005795M1 Sigma-Aldrich), SHIP2 (1:1000 in 5%
BSA, cat# 2839 Cell Signaling), E-Cadherin (1:1000 in 5% BSA, cat# 3195 Cell Signaling),
AKT (1:1000 in 5% BSA, cat#4691 Cell Signaling), phospho-AKT (1:2000 in 5% BSA,
cat#4060 Cell Signaling), monoclonal anti-γ-tubulin clone GTU-88 (1:15,000 in 4% milk,
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cat#T6557 Sigma-Aldrich, Saint-Louis, MO, USA), anti-mouse IgG, HRP-linked antibody
(1:1000 in 4% milk, cat#7076 Cell Signaling), and anti-rabbit IgG, HRP-linked antibody
(1:1000 in 4% milk/TBST, cat#7074 Cell Signaling). HRP-conjugated anti-mouse or antirabbit secondary antibody (Cell Signaling) was added for 1h at room temperature. The
membrane was then exposed and specific binding was detected using standard ECL solutions.
Exposed film was scanned and densitometry assessed using the BioRad Quantity One 1-D
Analysis software (Bio-Rad, Mississauga, ON, Canada).

2.10

Vector Construction

psiCHECK-2-CADM1 and psiCHECK-2-PTPRJ vector plasmids, as well as mutant versions
were generated by amplifying a section of the target gene 3’UTR and cloning it between the
XhoI and NotI restriction sites with the multiple cloning site region, downstream to the
Renilla luciferase coding region (Promega, Madison, WI). PCR was performed using KOD
hot start DNA polymerase (Novagen, Madison, WI). The primer sequences used to construct
the two vectors containing the wild-type CADM1 or PTPRJ 3’UTR fragments were as
follows:

i)

psiCHECK-2-CADM1:

XhoI-CADM1-FW

5’

-

ACGCCTCGAGGTGTTTTCCGTCTCAGGTAGATTG - 3’, NotI-CADM1-RV 5’ ATAAGAATGCGGCCGCTATACATGAACCAATACA AAATGC - 3’; ii) psiCHECK-2PTPRJ: XhoI-PTPRJ-FW 5’ - ACGCCTCGAGAAACAGTCATTCCTATGAATTGAG - 3’,
NotI-PTPRJ-RV 5’ - ATAAGAATGCGGCCGCAGACCCATTAACACGTCCAGTCAG 3’. The primers sequence used to construct the SHIP2 containing 3’UTR vector were:
psiCHECK-2-SHIP2:

XhoI-SHIP2-FW

ACGCCTCGAGCTCTCTGCCTATTTATTGGGGTGC

5’
-

3’,

NotI-SHIP2-RV

ATAAGAAT GCGGCCGCAACCCTTACGACTGCCCAGGAGGC – 3’.
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5’

-

We utilized overlapping PCR to delete the miRNA binding sites in the target gene. The two
new vectors created were psiCHECK-2-CADM1-MUT and psiCHECK-2-PTPRJ-MUT.
Briefly, amplification of two PCR products (excluding the 8 nucleotide miR-205 seed bind
site) was synthesized. The two products were then run through PCR, along with full 3’UTR
primers previously used to create the wild-type vectors. This resulted in site-directed
mutagenesis and produced mutated 3’UTR vector segments. To generate the deletions, two
additional

primers

were

used

for

each

target:

CADM1-FW(2)

GTTTTTTAAAGGAATATAAAATATGTATAATTGATGCCAAATAA

GC

5’
–

3’,

CADM1-RV(2) 5’ – TATTTTATATTCCTTTAAAAAAC – 3’; PTPRJ-FW(2) 5’ –
CAATGAAGTTGACAAGGTTTTATAACCAAGTCCCTGGAGTCCTG

–

3’,

PTPRJ-

RV(2) 5’ – AAAACCTTGTCAACTTCATTG – 3’.

2.11

Luciferase Assay

Malme-3M cells were seeded at 75000 cells per well in a 12-well plate the day before
transfection. The cells were co-transfected with 5 nmol/L miRNA precursor (either miR-205
or negative control) and 50 ng of psiCHECK-2 plasmid (either psiCHECK-2-CADM1,
psiCHECK-2-PTPRJ, psiCHECK-2-CADM1-MUT or psiCHECK-2-PTPRJ-MUT). Renilla
and firefly luciferase activity was measured 24 h posttransfection using the Dual-Luciferase
Reporter Assay system (Promega). Data was normalized to Firefly luciferase activity.

2.12

Statistical Analysis

Data were analyzed using student’s t-test (GraphPad Prism, Version 5.0, La Jolla, CA, USA).
P≤ 0.05 was considered statistically significant.
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Chapter 3
Results
3.1 miR-205 basal level and re-expression in melanoma cell lines
In an initial experiment, the expression level of miR-205 in the metastatic melanoma cell
lines Malme-3M and SK-MEL-28 was determined. miRNA-specific quantitative RT-PCR
was utilized to measure the baseline expression level of the cell lines. In all cell lines,
expression levels were found to be low, with a Ct value of 30 cycles (data not shown). After
re-expression of the miR-205, a Northern blot (Signosis) was performed to confirm increased
levels of miR-205 (Figure 4). The breast cancer cell line MCF10A WPI was used as a
positive miR-205 expression control and small RNA RNU6B was used as internal control.
miR-205 was very highly expressed in pre-miR-205 transfected cells and the MCF10A WPI
cells. It was not detected in the negative control precursor cells or in the untransfected
Malme-3M and SK-MEL-28 melanoma cells.
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Figure 4: Northern blot of miR-205 re-expression in Malme-3M and SK-MEL-28
melanoma cell lines.
Cells were transfected with miRNA precursors (either 5 nM negative control or miR205) for 72 hours. Cells were harvested and RNA was extracted using the Qiagen
miRNeasy Mini Kit. RNA was run on 15% gels and hybridized with miR-205 or U6
probes. MCF10A WPI was used as a positive control for the presence of miR-205 and
U6 small RNA as a loading control. Image shows a representative experiment.

3.2 miR-205 up-regulates migration and invasion
A number of functional assays were conducted to determine a cellular role for miR-205.
Since we felt that miR-205 may be important in the metastatic process, we initially focused
on migration and invasion. The migration functional assay conducted was a Boyden chamber
assay. Migration was determined using 3 metastatic melanoma cell lines: Malme-3M, SKMEL-28 and A375. miR-205-transfected cells were incubated for 72 hours before replating
into the migration chambers and were left to migrate for 8 hours. The over-expression of
miR-205 significantly increased migration in Malme-3M by 2.1 fold (P = 0.0241) and SKMEL-28 by 1.8 fold (P = 0.0269) on average (Figure 5/6). A smaller 1.3 fold increase in
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migration was seen in A375, but the change did not reach statistical significance (P =0.6680).
To further validate the effect of miR-205 on cellular motility, Malme-3M cells were selected
and an invasion assay was performed. Cells were transfected as described above and allowed
to invade on a matrigel-coated insert for 16 hours. Invasion was increased by a 4.9 fold on
average in Malme-3M cells (Figure 7/8) (P = 0.0107).

	
  
Figure 5: miR-205 re-expression promotes cellular migration.
Cells were transfected with 5 nM precursor (either miR-205 or negative control) and
harvested 72 hours later. Migration was measured using a transwell assay performed
over 8 hours. A) There was a significant increase in migration for Malme-3M and SKMEL-28 cells following miR-205 over-expression; however, while the trend is similar for
A375, the change in migration did not reach statistical significance. Presented in
average number of migrated cells. The data are a mean ± SEM for at least 3
independent experiments, each performed in triplicate (* P < 0.05) B)
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Figure 6: Migration of Malme-3M through transwell membrane.
Malme-3M cells were transfected with 5nM negative control (left) or miR-205-precursor
(right). Image was taken at 40X magnification after 8 hours of incubation.

Figure 7: miR-205 re-expression promotes cellular invasion
Malme-3M cells were transfected with 5nM miR-205-precursor or negative control
precursor and motility was determined 72 hours post-transfection on Matrigel-coated
inserts. Invasion was measured over 16 hours. Results presented in average number of
invaded cells. Data are mean ± SEM from 3 independent experiments, each performed
in triplicate. (* P < 0.05)
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Figure 8: Invasion of Malme-3M cells through Matrigel-coated transwell membrane.
Malme-3M cells were transfected with 5nM negative control (left) or miR-205-precursor
(right). Image was taken at 40X magnification after 16 hours of incubation.

3.3 miR-205 re-expression represses cellular adhesion
We next examined a role for cellular adhesion. Metastasis is commonly a result of both
decreased adhesion and increase cellular motility. Cellular adhesion was measured with the
sulphorhodamine B assay (SRB). Cells were transfected for 72 hours and replated on coated
plates. Briefly, plates were coated with 1 µg/ml of fibronectin for 1 hour and then rinsed with
PBS. Pre-miR-205 or negative control precursor-treated cells were left to adhere for 30
minutes and adhesion was measured at absorbance of 510 nm. Malme-3M cells that were
transfected with miR-205 showed a significant repression of cellular adhesion (49%) (Figure
9) (P = 0.0001).
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Figure 9: Cellular adhesion was repressed in miR-205 re-expressed Malme-3M cells.
Cells were allowed to bind to fibronectin-coated plates for 30 minutes, before being
washed and stained by SRB. Absorbance was measured at 510 nm in a plate reader. The
data are presented as the mean ± SEM of a representative experiment from 3
independent experiments, each performed in triplicate. (*** P < 0.001)

3.4 miR-205 moderately decreases proliferation
Malme-3M cells were transfected with miRNA precursors (either pre-miR-205 or negative
control precursor) and cell proliferation was measured using the BrdU incorporation assay
(Roche). While there was some variation in the extent of repression of proliferation, there was
an average of 24% decrease in relative cell growth following miR-205 over-expression
(Figure 10) (negative control precursor: 1.0, miR-205: 0.76; P = 0.0012). These results
suggest that miR-205 plays a moderate role in proliferation regulation in metastatic
melanoma cell lines.
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Figure 10: miR-205 re-expression moderately represses proliferation.
Malme-3M cells were transfected with 5nM of miR-205 or negative control precursor.
Proliferation was determined 72 hours post-transfection by measuring the
incorporation of BrdU over a period of 24 hours. Relative Lights Units is used as a
surrogate for proliferation. Data are from one of nine significantly different,
independent experiments, and presented as the mean ± SEM of the representative
experiment. (*** P < 0.001).

3.5 CADM1, PTPRJ, ZEB2 and SHIP2 are identified as potential targets by gene
expression array
In order to identify a potential miR-205 target, a global gene expression analysis screen was
conducted between cells that were either transfected with miR-205 or negative control
precursors in Malme-3M cells. This approach was previously used to successfully identify
miR-193b targets in melanoma (39). In two independent experiments, cells were transfected
with 5 nM precursor and harvested 24 hours later to be assayed. It is widely understood that
miRNA’s function is to repress their mRNA targets and therefore suppress particular gene
expression. A comparison of mRNA expression levels between the two treatments was
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performed and its was found that there were 2790 down-regulated genes at least 1.5 fold in
the miR-205 treated cells. The predicted 288 miR-205 targets by TargetScan were then crossreferenced with our gene expression list of targets. Interestingly, 78 genes overlapped
between the two. We argue that the genes predicted by TargetScan are more likely to be the
direct targets of miR-205 because they contain the predicted evolutionary conserved seedbinding site.

To better understand what genes may play a role in controlling cellular migration and
adhesion, the list of 78 genes was entered into Ingenuity pathway analysis (IPA). IPA is a
program that analyzes and organizes genes into known cellular functions. 15 genes were
identified that regulated migration and cellular motility. Of the 15 genes, CADM1 and PTPRJ
were of particular interest. Previous reports show that both genes play a role in regulating
cellular adhesion and migration and therefore we believed these genes might, in part,
modulate the functional effects seen in the re-expressed miR-205 treated cells.

Because of previous literature reports (42,91), it was decided to briefly investigate ZEB2 and
SHIP2 as two other potential targets for miR-205. They are involved in the epithelial-tomesenchymal transition and cellular migration and have been identified as targets of miR-205
in cancer (42,91). These two proteins were down-regulated at least 1.5 fold in the miR-205
re-expressing cells but were not filtered and determined using the IPA technique as stated
above.
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3.6 Luciferase confirms CADM1 and PTPRJ as direct targets of miR-205
Using the classical luciferase reporter assay, plasmid constructs were created which
harboured a segment of the 3’UTR of either CADM1 or PTPRJ. The 3’UTR segment
included the miR-205 complementary binding site and was fused into a Renilla luciferase
psiCHECK-2 vector. Through the co-expression of miR-205 or negative control and either
plasmid construct, it was hoped to determine whether these putative targets expression were
affected by miR-205 directly. Results showed that the luciferase activity of both CADM1 and
PTPRJ vectors was repressed by miR-205, suggesting that miR-205 directly targets these two
genes in a melanoma system. On average, renilla luciferase expression on the wild-type
CADM1 vector was repressed by 40% with the miR-205 expression compared to the negative
control transfection (Figure 11) (P = 0.009). In addition, PTPRJ was repressed by 55%
compared to negative control (Figure 11) (P = 0.0005). To confirm that the decrease in
luciferase activity was specifically due to binding of miR-205 to the putative seed region on
the 3’UTR, co-transfection of the precursor and the mutant CADM1 or PTPRJ vector was
performed and activity was measured. The repression was not seen for either target when
Malme-3M cells were transfected with the mutant vector. This shows that miR-205 can
repress the expression of CADM1 and PTPRJ by binding directly to the 3’UTR site.
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Figure 11: CADM1 and PTPRJ are direct targets of miR-205.
Malme-3M cells were co-transfected with 5 nmol/L miRNA precursors (either miR-205
or negative control) and 50 ng of psiCHECK-2 luciferase report plasmid (either
wildtype or mutant vector). Cells were harvested 24 hours after transfection. Renilla
luciferase activity was measured using the Dual Luciferase Reporter Assay system and
was normalized to Firefly luciferase activity. Data are shown as the mean ± SEM of a
representative experiment from at least 3 independent experiments. (** P < 0.01, *** P
< 0.001)

3.7 CADM1 and PTPRJ knockdown mimics the functional effects of miR-205
over-expression
The link between lower CADM1 and PTPRJ expression, increased migration and decreased
adhesion were further studied. As shown earlier, miR-205 re-expressed cells showed an
obvious increase in migration and decrease in adhesion. Therefore we examined these
biological functions through the knocking-down of either CADM1 or PTPRJ in Malme-3M
cells using RNA interference (RNAi). Knockdown of CADM1 and PTPRJ in Malme-3M
(86% and 35% respectively) was recorded at the mRNA level by real time PCR (Figure 12).
As hypothesized, knockdown of CADM1 or PTPRJ resulted in significant increased
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migration (Figure 13), 1.4 and 1.47 fold respectively (CADM1, P = 0.0012; PTPRJ, P =
0.0003) and inhibited adhesion by 36% and 35% respectively (Figure 14) (CADM1, P =
0.0262; PTPRJ, P = 0.0147).

Figure 12: CADM1 and PTPRJ mRNA repression following siRNA transfection.
siRNA was utilized to suppress either CADM1 or PTPRJ in Malme-3M cells. The
knockdown of the genes resulted in a dramatic decrease of gene expression. The data
are presented as the mean ± SEM from 3 independent experiments, each performed in
triplicate. (*P < 0.05; ** P < 0.01)

45

Figure 13:Increased migration following CADM1 and PTPRJ knockdown.
siRNA was utilized to suppress CADM1 or PTPRJ in Malme-3M cells. The knockdown
of the proteins resulted in an increase in migration, recapitulating what was observed
for the miR-205 over-expression. The data are a mean ± SEM for at 3 independent
experiments, each performed in triplicate. (** P < 0.01; *** P < 0.001)

Figure 14: Adhesion was repressed by knockdown of CADM1 and PTPRJ.
The data are presented as the mean ± SEM of a representative experiment from at least
3 independent experiments, each performed in triplicate. (* P < 0.05)
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3.8 miR-205 over-expression controls PTPRJ, but not CADM1 mRNA levels
To further validate that CADM1 and PTPRJ were targeted by miR-205, mRNA expression
was quantified in Malme-3M cells with either miR-205 re-expression or negative control
transfected cells. Unfortunately, due to the unavailability of suitable antibodies, protein
expression could not be quantified by Western blot and could only be measured at the mRNA
level through real-time PCR. In miR-205-expressing cells, CADM1 mRNA levels were
slightly repressed (5%). However, PTPRJ’s gene expression was repressed by 55% (Figure
15). This suggests that the lack of CADM1 mRNA repression is due to miRNA functioning
through translational repression rather than mRNA cleavage.

	
  
Figure 15: miR-205 re-expression modulates target mRNA expression.
miR-205 re-expression modulates the mRNA expression of PTPRJ, but not of CADM1.
Real-time PCR was used to quantify gene mRNA. β-actin was used as an internal
control. The data are presented as the mean ± SEM from 3 independent experiments,
each performed in triplicate. (*P<0.05)
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3.9 SHIP2 expression might be regulated by miR-205 but does not modulate
phosphorylation of AKT
Another previously documented target for miR-205 is SHIP2. SHIP2 has been shown to
modulate cellular migration; therefore its role in melanoma was investigated. SHIP2
expression was determined after miR-205 re-expression. Western blots showed that SHIP2
protein levels were strongly repressed in the miR-205 treated melanoma cell lines compared
to negative control precursor (Figure 16). A luciferase reporter assay was conducted to
determine if miR-205 was directly regulating the SHIP2 gene in melanoma. While there was
a small decrease in luciferase activity following co-transfection of miR-205 and the
psiCHECK-2-SHIP2 vector, our results are inconclusive whether it is a direct target because
mutant SHIP2 vectors were not constructed to determine activity recovery (data not shown).
Also, while we were uncertain about the direct regulation of SHIP2 by miR-205, it was of
interest to try and pinpoint the downstream effectors in that pathway. AKT and pAKT
expression was determined in SHIP2 siRNA treated cells and there was no change presented
in expression or activity (Figure 17). This suggests that miR-205 regulates the expression of
SHIP2 in the melanoma cell system but it does not contribute to the phosphorylation of AKT
and its signaling.
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Figure 16: SHIP2 protein expression is repressed in miR-205 re-expressed melanoma
cell lines.
Malme-3M, MeWo, SK-MEL-2, SK-MEL-28 and A375 metastatic melanoma cell lines
were transfected with 5 nM precursor (either miR-205 or negative control) for 72 hours.
Cells were lysed and proteins separated on a 15% acrylamide gel and hybridized with
SHIP2 antibody. Gamma-tubulin was used as a loading control. Data are from a
representative experiment.

Figure 17: SHIP2 knockdown does not affect phosphorylation of AKT.
Malme-3M cells were transfected with 5 nM Dicer-substrate siRNA #1, #2 or negative
control for 72 hours. Cells were lysed and separated on a 15% acrylamide gel and
hybridized with AKT, phospho-AKT or SHIP2 antibodies. Gamma-tubulin was used as
a loading control. Data are from a representative experiment.
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3.10

miR-205 does not control E-Cadherin expression

The ZEB family proteins have previously been reported to be regulated by miR-205 and other
miR-200 family miRNAs. The ZEB family proteins are transcription factors that negatively
regulate the expression of E-Cadherin and their expression has been shown to be important in
the EMT process. Cell lysates from Malme-3M, MeWo, SK-MEL-2 and SK-MEL-28 were
obtained, separated on an acrylamide gel and hybridized with the E-cadherin antibody. Only
the Malme-3M melanoma cells expressed E-Cadherin and its expression was unchanged after
miR-205 over-expression (Figure 18). Therefore, we determined that miR-205 is not a
significant player in controlling E-Cadherin expression in melanoma, and if miR-205 is
contributing to a potential EMT phenotype, it is acting elsewhere.

	
  
Figure 18: E-Cadherin protein expression following miR-205 re-expression
Malme-3M, MeWo, SK-MEL-2 and SK-MEL-28 metastatic melanoma cell lines were
trasfected with 5 nM precursor (either miR-205 or negative control) for 72 hours. Cells
were lysed and proteins were separated on a 15% acrylamide gel and hybridized with
E-Cadherin. Gamma tubulin was used as a loading control. Representative data from
one of three independent experiments is shown.
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Chapter 4
Discussion
4.1 General Discussion
MicroRNAs were discovered 19 years ago. In the ensuing years, they have become one of the
most studied fields by the cancer research community. Their dysregulation in cancer, as well
as the emerging evidence linking miRNA modulation with roles in initiation and progression
of the tumours, have made miRNAs a contributor and indisputable player in the cancer field.
While some progress has been made to understand melanoma initiation and progression, no
successful therapies for metastatic melanoma are available.

An initial study in Dr. Victor Tron’s lab pointed to the importance of miRNA dysregulation
in the development of melanoma, with 18 significantly down-regulated and 13 miRNAs upregulated between benign nevus and metastatic melanoma patient samples. Of the 470
miRNA cohort screened, miR-205 was the most significantly down-regulated of all miRNAs
(39). miR-205 was further investigated in the course of this project for its potential role in
migration, adhesion and proliferation of melanoma and epithelial-to-mesenchymal transition.

A metastatic melanoma cell line model was used to over-express miR-205. These cells
showed that miR-205 played an important role in migration, invasion and adhesion.
Unexpectedly, following over-expression of miR-205, migration was increased 1.3 fold in
A375 cells, 1.8 fold in SK-MEL-28 cells, and 2.1-fold in Malme-3M cells. Invasion was also
increased in Malme-3M cells over-expressing miR-205, to 4.9 times the levels seen when
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compared to the negative control cells. Additionally, adhesion was decreased by 49% in
Malme-3M cells when compared to the negative control. Metastatic melanoma is aggressive
and has invasive abilities. As melanoma progresses, miR-205 levels decrease. Therefore, it
was thought that the re-expression of miR-205 would revert the melanoma models to have a
less aggressive phenotype. Surprisingly, re-expressing miR-205 in melanoma resulted in a
more aggressive phenotype. Our data are in line with a previously published paper by Yu et
al. In their human keratinocyte model, the expression of miR-205 promoted migration
through the repression of SHIP2 (91). They also concluded that through the inhibition of
miR-205, cellular adhesion was increased or through knockdown of SHIP2, cellular adhesion
was repressed, thus further supporting the central role of cellular adhesion and migration.

There are however, inconsistencies in the literature as to how miR-205 affects cellular
motility in a variety of tissues. In both human small cell lung cancer SK-LU1 and human
embryonic kidney 293 (HEK293) cells, migration was decreased by 25% with the reexpression of miR-205 when compared to the negative control (43).

In a recent report on melanoma and miR-205, Liu et al. demonstrated that, through the reexpression of miR-205 in a progressive range from benign, to primary to metastatic
melanoma cell lines, migration and invasion in vitro and in vivo were impeded (56). Although
their motility findings are contradictory to ours, differences in methods and cell lines used
could possibly explain the inconsistencies. First, Liu et al. expressed miR-205 using a pEZXMR03 (HIV) lentiviral vector system, while we used a transient transfection method. The
long-term effects of miR-205 over-expression are unknown and it is possible that the chronic
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expression of this microRNA could lead to off-target effects. Furthermore, in contrast to our
study, the level of over-expression of the miR-205 was not reported in the lentivirus-infected
cells. In addition, Liu et al.’s cell lines were different from the ones that we used, and were
derived from both primary and metastatic tissues. All their cells showed increased ECadherin protein level following miR-205 over-expression, leading to a decreased migration.
In contrast, all of our cell lines, except one (Malme-3M), did not express E-Cadherin at all
and the Malme-3M cells showed no consistent change in E-Cadherin after miR-205 overexpression. We believe that our melanoma model relies on different signaling pathways,
possibly through the PTPRJ and CADM1 proteins, to control cell motility, which partly
accounts for the differences reported.

In addition to cell motility changes, cell proliferation was analyzed. We observed a moderate,
but significant decrease in cellular proliferation (24%) in Malme-3M melanoma cells
following miR-205 re-expression. A similar proliferation decrease has previously been
reported in melanoma cells with miR-205 re-expression (41,45,56). miR-205 has also been
shown to repress proliferation when re-expressed in breast cancer cell lines (47). From these
studies, our results were expected. Our results suggested that miR-205 may play some role in
proliferation in metastatic melanoma cell lines, but its importance still requires further
validation. Proliferation of melanoma at a metastatic site is important for the newly forming
tumour. Aggressive characteristics are being selected at the metastatic site, allowing for
excessive growth and the sequestering of nutrients, further promoting its hallmark malignant
phenotype.
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miR-205’s (and the other miR-200 family of miRNAs) ability to repress the epithelial-tomesenchymal transition (EMT) is their most distinguished and best-studied characteristic
(42,49). Cell structure remodeling into a mesenchymal phenotype is viewed as an early step
in tumourigenesis (95). The 3 main characteristics that define the EMT process are: loss of ECadherin, a decrease in cellular adhesion and an increase in cellular motility. To support the
role of miR-205 in EMT, Gregory et al. reported that the miR-200 family and miR-205
directly targets ZEB1 and ZEB2, two transcriptional repressors of E-Cadherin in Madin
Darby canine kidney (MDCK) cells (42). They also showed that the over-expression of the
family of miRNAs which were down-regulated in cells that had undergone EMT was enough
to prevent the EMT transformation. In a separate study, Liu et al. observed a decrease of
ZEB2 and an increase of E-Cadherin protein and mRNA expression, linking miR-205 and the
EMT process in melanoma (56). However, our results suggest that miR-205 does not
modulate EMT through E-Cadherin in our model. The expression of E-Cadherin protein was
measured in this project as a surrogate for EMT detection. Of our 4 melanoma cell lines
tested, 3 (MeWo, SK-MEL-2 and SK-MEL-28) did not express E-Cadherin at all.
Furthermore, although Malme-3M cells expressed E-Cadherin, no change was observed in
protein level following miR-205 over-expression (Figure 18). Because E-Cadherin is
important in cell-to-cell adhesion, its loss, as seen in our cell models, could account for the
increased cell motility and potential invasion (96). Our current data do not confirm or negate
the involvement of miR-205 in EMT. EMT still may be affected by miR-205 dysregulation,
but not through the E-Cadherin pathway. Alternate EMT markers or endpoints will need to be
investigated.
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In order to better understand the mechanisms and to identify possible targets of miR-205, we
performed a full genome microarray on miR-205-overexpressing cells to examine the
possible mRNA targets responsible for the functional effects we noted in our study. 2790
genes were down-regulated at least 1.5 fold with miR-205 re-expression in Malme-3M cells.
CADM1, PTPRJ and SHIP2 were further evaluated for their involvement in cellular adhesion
and migration.

CADM1 was studied in more detail during the course of this project. In a gene array
experiment, CADM1 was down-regulated following miR-205 over-expression. Our results
are consistent with previous reports and showed that CADM1 is associated with the cellular
migration and invasion functions (59,60,65,97). A study by Ito et al. reported that through
CADM1 re-expression in esophageal squamous cell carcinoma (ESCC) cell lines, a 70-80%
repression of migration and a 65-94% repression of invasion were found (69). Our results
also suggest that the reduction in CADM1 expression decreases cellular adhesion and
therefore promotes cellular motility. To understand whether the re-expression by miR-205
was truly responsible for the increase in migration and decrease in adhesion, siRNA was
utilized to knock-down CADM1 in our Malme-3M melanoma cells. We observed that the
knock-down of CADM1 was capable of at least partially mimicking the phenotype seen when
miR-205 was re-expressed. There was a statistically significant increase in cellular migration
with the knockdown of CADM1 and a significant decrease in cellular adhesion. We were able
to conclude from these results that CADM1 is directly responsible for at least partially
modulating the important migration and adhesion biological functions.
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Subsequently, PTPRJ was studied for its large down-regulation following miR-205 overexpression, for its presence as a putative miR-205 target and for its known role in migration
and cellular motility (86,98). Our results showed a 49% decrease in adhesion and a 4.9 fold
increase in invasion in Malme-3M following miR-205 re-expression. PTPRJ has been linked
to migration through the EGFR pathway; therefore, the repression of PTPRJ by miR-205
could be responsible for this phenotype. PTPRJ has been shown to be a negative regulator of
the EGFR pathway, which suggests a repression for cell growth and migration signaling
(75,84,99). Previous studies have shown over-activation of epidermal growth factor receptor
(EGFR) and other tyrosine kinases, phosphorylate the β-catenin protein, which result in the
repression of E-cadherin-mediated adhesion (73,80). Specifically, PTPRJ is involved in
dephosphorylating EGFR (75,84), platelet-derived growth factor receptor β (PDGFRβ)
(76,77) and vascular-endothelial growth factor receptor (VEGFR) (73) and therefore
modulating the cellular adhesion and motility. Furthermore, PTPRJ is capable of stabilizing
the cadherin-catenin complex, thereby promoting cadherin-mediated adhesion (73,80).
Consistent with our results, other studies also confirm the role of PTPRJ in decreasing
cellular motility (86,100).

Luciferase assay confirms that miR-205 is directly repressing PTPRJ in our melanoma cell
line model. Due to repressed PTPRJ expression, we suspect that the melanoma cells are less
able to bind to each other and to the ECM. The loss may affect the robustness of the actin
cytoskeleton, rendering it less stable and promoting a motile phenotype. Also, PTPRJ is
suggested to bind to the ECM through the fibronectin repeats (similar to adhesion molecules)
on the extracellular domain, and its loss would therefore perpetuate the repression of cellular
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adhesion (73,82). To conclude our experiments with PTPRJ, siRNA was used to knockdown
PTPRJ in the Malme 3M melanoma cells, confirming that PTPRJ is involved in regulating
cellular motility.

4.2 Summary
Many reports have described miR-205 as a tumour suppressor (42-44). In our metastatic
melanoma cell culture model, miR-205 plays a primary role in increasing cellular motility,
decreasing adhesion, and repressing proliferation. We hypothesize that PTPRJ, through the
modulation of EGFR signaling and activity, and CADM1, by decreasing cell-cell contact
strength, are responsible for the motility results measured in our study.

4.3 Future Directions
With little to no information regarding CADM1 and PTPRJ protein levels in melanoma
patient tissues, further research needs to be conducted on the expression of these genes. We
propose a method using a TMA block which houses numerous tissue samples from all stages
of melanoma, to determine CADM1 and PTPRJ’s expression. We expect to see an increase in
CADM1 and PTPRJ expression during the progression of the disease, due to continual loss of
miR-205. This would act as a validation for our cell-based model system and provide
important information on the status of these proteins in patients. It would be interesting to
determine if PTPRJ acts through the EGFR signaling pathway in melanoma. EGFR signaling
is understood to promote cellular growth and motility. This can be accomplished through
PTPRJ knockdown or miR-205 re-expression.
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4.4 Significance and Conclusion
miR-205 expression is known to be progressively repressed during the development of
melanoma. We believe the primary role for miR-205 surrounds the cellular adhesion and
motility functions (Figure 19). A moderate decrease in proliferation was also observed, but
we believe this function to be secondary in miR-205-regulated melanoma development.

In our study, we were able to narrow our search to three putative targets: CADM1, PTPRJ
and SHIP2. Through the use of luciferase reporter assays, we were able to conclude that miR205 directly targets and represses the expression of CADM1 and PTPRJ, two genes involved
in cellular adhesion and migration. The targeting of SHIP2 by miR-205 appears less robust
and will need to be further investigated (Figure 19). By the repression of CADM1 and
PTPRJ, increased migration and invasion as well as decreased cellular adhesion were
observed. These findings recapitulated the re-expression of miR-205 and therefore validated a
functional role for miR-205 surrounding migration, invasion and cellular adhesion.

In conclusion, this research has determined that the primary biological function of miR-205 is
to modulate cellular migration and adhesion, two hallmark attributes that are deregulated
during metastasis. Though we originally thought that miR-205 would act as a tumour
suppressor, our results suggest that, in this melanoma cell system, it is acting as an oncogene.
It may be that miR-205 has a dual role in melanoma pathogenesis. We believe our results
represent a role for miR-205 late in the melanoma progression cascade. Further research and
experimentation are necessary to determine whether these results are consistent in an in vivo
system and with clinical tissue samples.
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Figure 19: Project summary model.
miR-205 is found to be consistently down-regulated in melanoma. The re-expression of
miR-205 resulted in an increased migration and a decreased adhesion. miR-205 controls
these two biological functions through the repressive regulation of CADM1 and PTPRJ.
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