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Abstract 

 

Background:  Collagen Triple Helix Repeat Containing 1 (CTHRC1) is a recently discovered 

extracellular protein that can bind and activate Wnt signaling pathway.  In previous gene 

expression profiling experiments, it was found to be aberrantly upregulated in metastatic 

melanoma and its expression level was correlated with melanoma progression and metastasis.   

 

Objective:  The purpose of this study is to understand the functional impact of CTHRC1 on 

cancer using melanoma cell lines as a model.   

 

Experimental Methods: We transfected two melanoma cell lines, MMAN and MMRU, with 

plasmid vectors to create stable clones with high and low CTHRC1 expression to study the 

functional effects of CTHRC1 in vitro.   Using these two cell lines, we assayed for melanoma 

migration, adhesion and survival using scratch wound healing assay, attachment assay and cell 

cycle analysis, respectively.   In addition, the cells were stained for F-actin with AlexaFluor 594 

labeled phalloidin to observe for actin organization.   

 

Results:  Using these two pairs of cell lines, we have found that CTHRC1 expression increased 

melanoma cell migration, enhanced melanoma cell adhesion to both tissue culture plastic and 

matrigel, and protected melanoma cells from serum deprivation induced apoptosis.  Further, it 

was demonstrated that CTHRC1’s pro-survival effect was dependent on cell adhesion, as the 

protection effect was lost when melanoma cells were cultured in suspension.  Immunofluorescent 
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staining of F-actin revealed that CTHRC1 expression increased the formation structures such as 

focal complexes, lamellipodia and filopodia.   

 

Discussion: The increased formation of the adhesion structures may be the key to CTHRC1 

associated cell migration, adhesion and survival.  These structures are likely regulated by the 

Rho family of proteins that act downstream of the Wnt/PCP pathway, with which CTHRC1 has 

been previously demonstrated to be involved as a co-receptor.   

 

Conclusion:  Results from this study suggest that CTHRC1 expression promotes cellular 

behaviours associated with tumour metastases.  Therefore, inhibition of this protein may be able 

to block melanoma metastasis and may have value as a potential therapeutic. 
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1. Introduction 
 

The Laboratory of Predictive Medicine and Therapeutics has been actively using 

genomic approaches to better understand skin diseases.  This thesis is a study following an initial 

genomic approach to screen for novel melanoma associated genes. It is aimed at characterizing 

the biological function of Collagen Triple Helix Repeat Containing 1 (CTHRC1), which was 

identified to be aberrantly upregulated in invasive and metastatic melanoma. There is limited 

knowledge about CTHRC1 and its function in cancer cells.  This is the first study looking at the 

biological function in cancer cells using melanoma cells as the experimental model. Unveiling 

some of the functions of this protein will yield important information regarding melanoma 

progression, and may aid in the development of targeted therapies for melanoma.  

 

1.1. Melanoma 

Melanoma is an aggressive cancer which arises from the abnormal growth of epidermal 

melanocytes, which are the pigment producing cells of the skin.   It accounts for 4% of all skin 

cancers at present; however, it is responsible for 80% of deaths associated with dermatological 

cancers.  Although early stages of melanoma are highly curable, 20% of patients with primary 

melanoma may develop the metastatic disease.  At present, less than 15% of metastatic 

melanoma patients are able to survive past 5 years due to the inability of current interventions to 

effectively manage the disease (Cancer facts & figures, 2008, Miller and Mihm, 2006, Nguyen, 

2004).    

Despite the fact that much effort has been put into understanding melanoma, treatment of 

the advanced disease remains extremely challenging.  Therefore, novel insights and further 

 
 



understanding of the molecular mechanisms metastatic melanoma cells acquire to maintain 

malignant properties is crucial for developing effective and specific therapies in the future.  In 

addition, such knowledge of melanoma progression and its potential therapeutic strategies might 

be broadly applicable to other human solid cancers.  

 

1.2. Melanoma progression  

 During melanoma progression, melanocytes gradually develop malignancy through 

acquiring various phenotypes. The Clark model for melanoma progression describes the 

histological changes that are associated with the transformation from normal melanocytes to 

melanoma (Clark et al, 1984).  According to this model, the first step in malignant 

transformation is the development of benign nevi, where the cells proliferate more quickly than 

normal. Studies have associated this phenotypic change to the aberrant activation of mitogen-

activated protein kinase/ extracellular regulated kinase (MAPK/ERK) signaling pathway (Welsh 

et al, 2001, Brunet et al, 1999, Lin et al, 1998), usually as a result of mutations in N-RAS or 

BRAF, which act upstream of MAPK/ERK (Patton et al, 2005, Michaloglou et al, 2005, 

Eskandarpour et al, 2005, Hingorani et al, 2003, Hingorani et al, 2003).  However, these 

mutations alone do not usually lead to cancer, as most nevi remain static.  Additional mutations 

must be acquired by the cells in order to progress to a malignant state.   

 

  

The second step in malignant transformation is the development of dysplastic nevi.  

These lesions with random cytologic atypia may arise as a new lesion or from pre-existing 
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benign nevi.  This phenotypic change is associated with abnormalities that affect cell growth, 

DNA repair, and the susceptibility to cell death.   Molecular changes that occur include 

mutations in CDKN2A and PTEN (Guldberg et al, 1997).  The CDKN2A encodes 2 tumour 

suppressor proteins INK4A and ARF (Flores et al, 1996, Nobori et al, 1994), which arrests cell 

cycle or induces apoptosis in cells with damaged DNA or activated oncogenes (You et al, 2002, 

Kamb et al, 1994, Hussussian et al, 1994, Sharpless and Chin, 2003, Serrano et al, 1996, Chin et 

al, 1997).  PTEN (phosphatase and tensin homologue) regulates the phosphatidylinositol-3-

kinase (PI3K) pathway through controlling levels of phosphatidylinositol phoasphate (PIP3) 

(Cantley and Neel, 1999).  Overactivation of PI3K signaling, resulting from a loss or mutation in 

PTEN, would inactivate proteins that induce apoptosis and suppress cell cycle, leading to 

increased cell survival (Wu, Goel and Haluska, 2003, Li et al, 1997, Steck et al, 1997). 

 The third step in malignant transformation is the development of radial growth phase, 

which is usually accompanied by the failure of melanocytes to differentiate.  Melanocyte 

differentiation requires exiting from cell cycle and change of gene expression to ones that are 

necessary for pigment production, and thus many nevi regress through this process.  

Microphthalmia-associated transcription factor (MITF) is the gene responsible for regulating 

differentiation and cell cycle arrest in normal melanocytes (Hodgkinson et al, 1993)  and 

maintenance of melanocyte progenitor cells in adults (Nishimura, Granter and Fisher, 2005, 

Widlund and Fisher, 2003).  On the other hand, MTIF acts as an oncogene in melanoma cells, 

where it contributes to survival by expressing Bcl-2, a key anti-apoptotic gene (McGill et al, 

2002).  In addition, overexpression of MITF is associated with poor prognosis and chemotherapy 

resistance (Garraway et al, 2005).   
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 The last two steps in malignant transformation are the development of vertical growth 

phase, and finally, metastasis.   These two phases are the main contributors to melanoma 

morbidity and mortality.   In the vertical growth phase, cells undergo epithelial- mesenchymal 

transition (EMT) and acquire the ability to locally invade through the basement membrane into 

the dermal layer.  Whereas in metastatic melanoma, tumour cells detach from the primary site, 

invade through the surrounding stroma, intravasate into the blood vessels, then extravasate and 

form tumours at distant sites (Haass et al, 2005).  Invasive phenotypes are acquired from changes 

in cell adhesion and migration.  Key molecular changes in these phases include change from 

epithelial-cadherin (E-cadherin) to neural-cadherin (N-cadherin) expression, and changes in 

integrin expression.  Expression of N-cadherin allows for melanoma cells to change its 

interaction with epithelial cells (i.e. keratinocytes) to interaction with other N-cadherin 

expressing cells, such as dermal fibroblasts and endothelial cells (Hsu et al, 2000, Hsu et al, 1996, 

Valyi-Nagy et al, 1993, Danen et al, 1996, Scott et al, 1997).   Integrins are the molecules 

responsible for mediating cell contacts with extracellular matrix proteins such as fibronectin, 

collagens, and laminin  (Kuphal, Bauer and Bosserhoff, 2005).  Aberrant expression of integrin 

receptors, which are common in metastatic melanoma, induces cells to express proteases (i.e. 

matrix-metalloproteinases) that degrade the matrix in the basement membrane, stimulate cell 

motility, and increases cell survival (Petitclerc et al, 1999, Li et al, 2001, Brooks et al, 1996, 

Hofmann et al, 2000)   

 

1.3. Current interventions for melanoma 

Melanomas are treated by different therapeutic means depending on their staging.  Early 

stages of melanoma may be effectively cured by means of surgical excision with a clear margin.  
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On the other hand, treatment of metastatic melanoma is much more challenging.  Many 

therapeutic approaches have been tested in the past; however, none of the therapies tested have 

been able to achieve response rates greater than 25%, leaving metastatic melanoma largely 

untreatable.   The low efficacy of the current therapeutics is because of melanoma’s high 

resistance to apoptosis.  Radiotherapy and immunotherapy with IL-2 and Interferon-alpha (IFN-α) 

have been tested, and were found to be modestly effective against advanced melanoma 

(Mendenhall et al, 2008, Fang, Lonsdorf and Hwang, 2008, Kim et al, 2002).  Other agents such 

as nitrosoureas, platinum analogs, vinca alkaloids and taxanes were tested and found to be only 

minimally active against advanced melanoma (Hocker, Singh and Tsao, 2008).  The 

chemotherapeutic agent, Dacarbazine (DTIC), although only having complete response rates of 

5%, remained the main single agent chemotherapy for advanced melanoma for many years 

(Eigentler et al, 2003).  Temozolomide (TMZ), a derivative of DTIC, functions by methylating 

O6 in guanine.  It has similar response rates as DTIC, but has been shown to be more effective 

against brain metastases due to its higher bioavailability and ability to penetrate the central 

nervous system (Boogerd, de Gast and Dalesio, 2007).  Single agent chemotherapeutic 

approaches were not found to be effective against metastatic melanoma, thus setting off the 

research involving combination chemotherapy and immunotherapy.  

With the extensive research done in understanding melanoma genetics, targeted and 

combination therapeutic approaches have been used to attempt to shut down the genetic 

aberrations that contribute to malignant behaviour and resistance to chemotherapy.  Combination 

therapy, for example, of a cell death inducing agent and a compound that targets a specific gene 

to reduce melanoma’s resistance to apoptosis, may have synergistic effects and have higher 

efficacy than single agent treatments.  Therapies targeting the RAS signaling pathway, BRAF, 
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MEK, PI3K and Bcl-2 have been developed.  The receptor tyrosine kinase inhibitor, imatinib 

mesylate, inhibits the melanocyte lineage gene, c-kit.  Although this compound was effective 

against other tumours, the response rate in melanoma was very low (Wyman et al, 2006).   

Tipifarnib and lonafarnib, farnesyltransferase inhibitors, were developed to block Ras activation, 

but were not found to be effective as a monotherapy for melanoma.  However, lonafarnib 

combined with cisplatin has demonstrated some promising effects against melanoma in vitro 

(Smalley and Eisen, 2003).  Sorafenib, the BRAF inhibitor, was not found to be effective against 

melanoma as a monotherapy (Eisen et al, 2006).  However, this compound showed promising 

results in combination therapy with carboplatin, paclitaxel, DTIC and TMZ (Flaherty et al, 2008, 

McDermott et al, 2008, Takimoto and Awada, 2008).  MEK inhibitors, which are able to 

suppress downstream anti-apoptotic proteins in the Bcl-2 family, showed promising results in 

combination therapy in clinical trials (Koo et al, 2002).  mTOR, a protein downstream of PI3K 

and Akt that  regulates protein synthesis, cell-cycle, and angiogenesis, has also been targeted.  

However, results were not promising, as this protein is widely expressed and is difficult to 

specifically target melanoma cells (Hocker, Singh and Tsao, 2008, Dancey, 2006, 

Madhunapantula, Sharma and Robertson, 2007).   

Another class of therapeutic, DNA methyltransferase (DNMT) inhibitors, targets to 

reverse the epigenetic gene silencing of tumor suppressors due to DNA methylation at the 

promoter regions.  In vitro data revealed that DNMT inhibitors are able to enhance the sensitivity 

of melanoma cells to IFN-induced apoptosis (Bae et al, 2008).    However, like mTOR inhibition, 

the major drawback of this treatment is its lack of tissue specificity.  Inhibitors of Bcl-2 family 

have also been tested in combination therapy with DTIC, and this combination demonstrated 

higher response rate and increased overall survival (Bedikian et al, 2006).   Of notable mention is 
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bortezomib, a proteasomal inhibitor that has effects on Bcl-2 family and NF-kB.  Bortezomib is 

able to increase melanoma sensitivity to TMZ induced cell death (Cusack et al, 2001, Sunwoo et 

al, 2001).      

Targeted and combination therapy are not only tested with chemotherapeutic agents.  One 

study reports that the inhibition of melanogenesis with D-penicillamine and N-phenylthiourea 

sensitized melanoma cells to radiation therapy in advanced melanomas (Brozyna, 

VanMiddlesworth and Slominski, 2008).   Bcl-2 inhibition was also found to enhance the killing 

of melanoma cells by immune cells, perhaps through Fas ligand and tumour necrosis factor-

related apoptosis-inducing ligand (TRAIL) (Lickliter et al, 2007).  Many molecules were also 

found to enhance cisplatin’s effectiveness in melanoma (Liu, Chan and Ho, 2008, Tamura et al, 

2003).  

Despite the many approaches that attempt to increase the efficacy of melanoma therapies, 

an effective treatment for metastatic melanoma has not yet been identified.  In general, most of 

the combination therapeutic strategies mentioned have either showed disappointing results at the 

clinical testing stage, or are still currently in pre-clinical development.   Nonetheless, due to the 

inability of the current interventions to control the tumor cells’ growth, local invasion and 

metastatic spread, most patients with metastatic melanoma still have poor prognosis.  Therefore, 

it is important to continue to study advanced melanoma, so that new intervention strategies can 

be developed to increase melanoma patient survival.    
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1.4.  Identification of genes with aberrant expression in melanoma  

In attempt to further understand melanoma, our laboratory performed a cDNA microarray 

analysis to identify the molecular changes in gene expression profiles across samples 

corresponding to melanoma progression.  The study comparing the mRNA expression levels 

between benign nevi, melanoma in situ, non-invasive primary and metastatic melanoma has 

revealed that many of the most strikingly up-regulated genes identified are related to matrix 

remodelling and cell-matrix interaction.   Among these are osteopontin (OPN) (Zhou et al, 2005), 

endothelin-3 (ET-3) (Tang et al, 2008), alpha-1 antichymotrypsin (ACT) (unpublished data),  

and collagen triple helix repeat containing 1 (CTHRC1) (Tang et al, 2006).   

 

1.5. Collagen triple helix repeat containing 1 (CTHRC1) protein  

 This section summarizes the current knowledge of CTHRC1.  Since the discovery 

CTHRC1 in 2005, several groups of researchers have studied this protein.  However, despite the 

new area of research, knowledge of CTHRC1 is limited at present. 

1.5.1. General knowledge about CTHRC1 

CTHRC1 was identified as one of the genes with striking aberrant expression in 

metastatic melanoma in our laboratory’s previous gene array study.  This protein was initially 

shown by other researchers to be involved in arterial wound healing and modulation of collagen 

matrix deposition (Pyagay et al, 2005).   CTHRC1 is a highly conserved 28 kDa protein that 

contains many short repeats of collagen Gly-X-Y motifs, and is secreted by the cells into the 

extracellular environment.  In addition, it was reported that CTHRC1 forms homotrimers.  It has 

the ability to enhance cultured fibroblast migration and inhibit its collagen synthesis (Pyagay et 

8 
 



al, 2005, Durmus et al, 2006).   Characterization of CTHRC1 temporal expression during 

mammalian development showed that the expression patterns are similar to the transforming 

growth factor-beta (TGF-β) family members, and suggests a function for CTHRC1 at the 

epithelial-mesenchymal interfaces.    Moreover, CTHRC1 appears to regulate TGF-β signalling 

in a feedback mechanism in smooth muscle cell types (Durmus et al, 2006, LeClair and Lindner, 

2007, LeClair et al, 2007).  In addition, it was shown to be a positive regulator of osteoblastic 

bone formation (Kimura et al, 2008).  A recent study reports that CTHRC1 acts as a Wnt 

(Wingless-type MMTV integration site family) cofactor protein that activates Wnt/ PCP pathway 

and stabilizes the interaction between CTHRC1-Wnt-Fz or CTHRC1-Wnt-Ror2 complex 

(Yamamoto et al, 2008).  The interactions of the different complexes activate different domains 

of Dishevelled (Dvl), which then activates different branches of Wnt signaling (will be discussed 

in section 1.6). 

 

1.5.2. CTHRC1’s involvement with human cancer 

Using melanoma tissue microarrays linked with clinical annotation of the melanoma 

biopsies, it was found that up-regulation of CTHRC1 occurs during the steps of melanoma tissue 

invasion and metastasis.  Further, in a survey of 310 human tumour derived tissues representing 

19 types of human solid cancers, CTHRC1 was found to be upregulated in 16 of the 19 cancers, 

suggesting that CTHRC1 may play a role in human cancer pathogenesis in general (Tang et al, 

2006).  The relevance of CTHRC1 to cancer was reinforced by the identification that CTHRC1 

upregulation was highly significant in a large proportion of breast cancer biopsies (Turashvili et 

al, 2007).  To date, there has been limited investigation into the roles of CTHRC1 protein in the 

development of cancer phenotypes.   
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1.6.  Overview of Wnt signaling pathway and melanoma 

 A recent study revealed, for the first time, a potential mechanism of action for CTHRC1.  

In that report, CTHRC1 was found to co-immunoprecipitate with Wnt signaling components 

such as Fzd 3, Fzd 5, Fzd6, Ror2, Wnt 3a, Wnt 5a and Wnt 11.  In addition, CTHRC1 was found 

to increase Rac1 and RhoA activation, which are two downstream effectors in Wnt/PCP 

signaling pathway (Yamamoto et al, 2008), an important pathway in embryonic development and 

neural crest induction.  Since melanocytes originated from the neural crest and as there may be 

similarities between neural crest migration and cancer metastasis, CTHRC1 and the Wnt 

pathway may be important contributors to regulating key events in melanoma progression (De 

Calisto et al, 2005).   This section provides a brief overview of Wnt signaling and its potential 

relevance to melanoma progression.   

 Wnt signalling can regulate diverse cellular processes and involves the interaction of 

proteins belonging to several different groups: Wnt ligands, frizzled (Fzd) receptors, and Wnt co-

receptors.  The phenotypic outcome of Wnt signaling varies according to the combination of 

proteins involved in the activation of the pathway.   To initiate Wnt signaling activation at the 

cellular membrane, Wnt ligands bind to frizzled receptors, which are serpentine G-protein 

coupled receptors (GPCR) (Slusarski, Corces and Moon, 1997).  Frizzled co-receptors such as 

low-density lipoprotein receptors (LRP), derailed and Ror2 may also be involved.  Upon binding 

of the Wnt ligands to their receptors and other associated proteins, G-proteins are activated, 

which in turn activate the cytoplasmic phosphoprotein dishevelled (Dvl).  Different domains of 

Dvl are activated by different combinations of proteins.   The Wnt signal then diverges to the 

canonical Wnt signaling pathway (β -catenin pathway), planar cell polarity pathway (Wnt/PCP 
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pathway), and the Wnt/Ca2+ signaling pathway downstream of Dvl (Figure 1-1) (Weeraratna, 

2005, Morin and Weeraratna, 2003, Cadigan and Liu, 2006, Habas and Dawid, 2005). 
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 The canonical Wnt signaling pathway is the best characterized among the three Wnt 

pathways.  In this pathway, Dvl is activated at the PDZ and Dix domain.  This activation releases 

β –catenin from the axin/APC complex and inhibits GSK3β from phosphorylating β–catenin.  

This leads to the stabilization and accumulation of β -catenin, allowing it to translocate into the 

nucleus (Seidensticker and Behrens, 2000, Behrens et al, 1998, Hart et al, 1999).  β –catenin can 

then act as a transcription factor along with TCF  to regulate genes responsible for diverse 

cellular processes, such as c-Myc, cyclin D1, PPARδ, matrix metalloproteinase, matrilysin, Ap-1, 

c-jun and fra1 (He et al, 1999, He et al, 1998, Tetsu and McCormick, 1999, Brabletz et al, 1999, 

Mann et al, 1999).    It is speculated that β –catenin is important for early stages of melanoma, as 

Wnt/β-catenin signaling can increase melanoma proliferation and survival through BRAF 

activation.  Interestingly, it was found that the overexpression or mutation of β-catenin did not 

correlate with melanoma progression (Demunter et al, 2002), but the overexpression of 

phosphorylated nuclear β-catenin did (Kielhorn et al, 2003).  In addition, one study identified the 

loss of β-catenin to contribute to melanoma progression (Demunter et al, 2002) .   

The non-canonical Wnt pathways are less well characterized compared to the β–catenin 

pathway, therefore, its roles in melanoma progression require further elucidation.  Experimental 

results to-date suggest that these pathways may have significant overlaps and may also play 

crucial roles in the establishment of invasive and metastatic tumours.  For example, Wnt5a, a 

Wnt ligand belonging to both the Wnt/PCP and Wnt/Ca2+ pathway, is strongly correlated with 

aggressive melanomas (Bittner et al, 2000).   
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The planar cell polarity (PCP) pathway is activated when Dvl is activated at the DEP 

domain (Axelrod et al, 1998).  This can then activate GTPases Rho and Rac, which in turn 

regulates Rho-kinase (ROCK) and c-Jun N-terminal kinase (JNK) respectively (Strutt, Weber 

and Mlodzik, 1997, Strutt, 2001, Boutros et al, 1998).  Activation of ROCK leads to modulation 

of cytoskeleton, resulting in the increased formation of actin stress fibers, and increased adhesion 

and cell spreading (Strutt, 2001, Narumiya, Tanji and Ishizaki, 2009, Gimona, 2008).  JNK, also 

known as stress activated protein kinase (SAPK), acts upstream of the JNK/MAPK pathway, and 

regulates cell proliferation, differentiation and apoptosis (Dhanasekaran and Reddy, 2008).  

The Wnt/Ca2+ pathway can activate phospholipase C (PLC), which triggers secondary 

messengers that induce Ca2+ release from the endoplasmic reticulum (Jafri and Keizer, 1995).  

The intracellular Ca2+can then upregulate the expression and activity of calmodulin, calmodulin 

kinases, and protein kinase C (PKC), leading to changes in cell motility, morphogenesis, 

apoptosis, cytoskeleton and differentiation (Kuhl et al, 2000a, Kuhl et al, 2000b, Sheldahl et al, 

1999).  Nonetheless, researchers have found that the aberrant regulation of these pathways can 

play a role in the progression of melanoma.   

 

1.7. Hypothesis  

Since CTHRC1 is positively correlated with melanoma progression, we hypothesize that 

CTHRC1 must have an important role in melanoma metastasis and that CTHRC1 inhibition may 

reduce metastatic phenotypes.  The purpose of this study is to identify the functional roles of 

CTHRC1 in metastatic melanoma.  Also, since CTHRC1 was previously identified as a Wnt 

/PCP cofactor protein, we examine the potential of downstream activation of Wnt/PCP pathway 
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by CTHRC1 in melanoma.  Finally, we evaluate the possible impact of inhibiting CTHRC1 

function on melanoma cells’ survival.    
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2. Materials and Methods 

2.1. Cell lines and growth conditions 

Melanoma cell lines MMAN (no endogenous CTHRC1 expression) and MMRU (high 

endogenous CTHRC1 expression) were used.  Both MMAN and MMRU are metastatic 

melanoma cell lines originally derived from the inguinal and cervical lymph nodes of patients, 

respectively (Byers et al, 1991).  Both cell lines are wild-type for p53, a tumour suppressor 

commonly mutated in cancers.  Both cell lines were kind gifts from Dr. Gang Li (University of 

British Columbia), who received the cell lines from Dr. H.R. Byers (Boston University School of 

Medicine) as a gift (Li et al, 1995).  All melanoma cell lines were cultured in Invitrogen’s 

Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 100 units/ mL penicillin, 

100 μg /mL streptomycin, and 10% fetal bovine serum (FBS) at 37oC with 5% CO2.  All cultures 

were provided with fresh medium 3 times weekly, and replenished with fresh medium 24 hours 

prior to treatments.  

 

2.2. Establishing stable transfection clones of melanoma cells with altered 

CTHRC1 protein expression 

1.5 x 105 MMAN cells, which lack endogenous expression of CTHRC1, were transfected 

with pCI-neo mammalian expression vector-based plasmid construct (Promega) containing 

CTHRC1 sense and neomycin (G418) resistance genes.  Conversely, MMRU cells, which 

abundantly express CTHRC1 protein, were transfected with pCI-neo-antisense CTHRC1 

construct (Figure 2-1) to knock down the expression of CTHRC1.  For both cell lines used, an 
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empty vector of the plasmid construct with only the neomycin resistance gene was transfected 

into the cells as a mock-transfection control.  

The CTHRC1 sense and antisense plasmids were generated by Dr. Mingwan Su (PMT 

lab) by using the cDNA synthesized from human melanoma tissue.  For the synthesis of the 

sense plasmid, the CTHRC1 sense sequence from 98-830 kb (CTHRC1 98-830), with Xho1 site 

at 98kb and Not1site at 830kb, was inserted into pCR2.1-TOPO according to Invitrogen’s TOPO 

cloning kit. The CTHRC1 fragment is then excised from the TOPO vector with Xho1 and Not1 

and inserted into pCI –Neo vector (Figure 2-1).  As for the antisense construct, after TOPO 

cloning, the antisense fragment is excised with Not1 only and inserted into pCI-NEO.  The 

orientation of the sense and antisense clones were then confirmed by cutting it with Xho1 

restriction enzyme and checking it on agarose gel. 

CMV 
promoter 
enhancer

SV 40 
promoter

A
SV 40 
promoter

CMV 
promoter 
enhancer

B

 

Figure 2-1. Plasmid vectors used for stable transfections 

 
  

siPORT Amine (Ambion) was mixed with OPTIMEM (Invitrogen), and 5 μg of plasmid 

DNA was added to the mixture of transfection reagents.  After 10 minutes, the transfection 

mixture was added dropwise to the culture medium of MMAN or MMRU cells.  Cells were then 

seeded at 1/10 and 1/20 dilution 24 hours after transfection.  Transfected cells were cultured in 

media containing 500 μg/mL G418 (Invitrogen) for 3-4 weeks to select for stably transfected 
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cells.  During the selection period, fresh media containing 500 μg/mL G418 were supplied to the 

cells every 3 days.  After the initial selection phase, individual colonies were isolated.  

To isolate the antibiotic resistant clones, UV sterilized petroleum jelly was applied to the 

bottom of a small glass separator ring.  The separator was then placed around the isolated colony, 

and 20 μL of 1x Trypsin (Invitrogen) was added.  After the cells have detached from the plate, 

80 μL of media containing serum was added to neutralize the trypsin, and the colony was 

transferred to a separate well in a 24-well plate.  Once the cells have grown to 70% confluency, 

they were transferred to a 6-well plate.  When the isolated clones have grown to confluency, they 

were assayed for CTHRC1 protein expression by western blotting.   After selection, stable clones 

of MMAN and MMRU cells were maintained in regular culture medium plus 300 μg/mL G418.  

 

2.3. Western blotting  

Protein was extracted from cells for western blotting analysis by directly lysing cell 

pellets in RIPA buffer (Phosphate Buffered Saline (PBS), 0.1% SDS, 1% NP-40, 0.5% sodium 

deoxycholate).  Protein concentration was measured by creating a standard curve from 0 to 1000 

μg/mL using bovine serum albumin (BSA), adding the Bradford Reagent (Bio-Rad) at 1:50 ratio, 

and reading the absorbance at 595 nm.  Protein concentrations of the samples were then 

extrapolated based on standard curve readings.   Fifteen micrograms of total protein were then 

separated by 12% SDS-PAGE gel and transferred to polyvinylidene difluoride (PVDF) 

membrane (Bio-Rad).  After transferring, the proteins immobilized on the PVDF membrane were 

stained with 1x Ponceau S to ensure equal protein loading.  The membrane was then blocked in 

5% skim milk in PBS (pH 7.4) at 4oC for overnight, and then probed with primary antibody in 
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3% BSA in PBS (see Table 1 for details).  After 1 hour of incubation in primary antibody, the 

corresponding secondary antibody conjugated to horseradish peroxidase (HRP) (AbCam) was 

used to probe the membrane.  After the secondary antibody incubation, the membranes were 

washed several times in PBS + 0.04% Tween 20 between incubations in each antibody.  The 

signals were detected by enhanced chemiluminescence (ECL) detection (Amersham 

Biosciences). 

 

Table 2-1. List of antibodies used for Western blot 

Antibody Type Source Concentration 
Used 

Secondary 
Antibody  

CTHRC1 Rabbit 
Polyclonal 

Dr. Zhou’s Laboratory (PMT 
Lab) with the assistance of 

Immunochem Biopharm Inc 
(Burnaby, BC) (Tang et al, 

2006) 

650 ng/mL goat anti-rabbit 
IgG-HRP at 

1:1000 

Actin Mouse 
Monoclonal 

AbCam 500 ng/mL goat anti-mouse 
IgG-HRP at 

1:1000 
Beta-

catenin 
Rabbit 

Polyclonal 
AbCam 15 μg/mL goat anti-rabbit 

IgG-HRP at 
1:1000 

 

 

2.4. Assay for cell number   

To study the effect of CTHRC1 on the growth in reduced serum and survival in serum 

free conditions of the 2 melanoma lines, 2000 cells (for growth assay ) and 5000 cells (survival 

assay) were seeded in 96-well plates.  At each of the timepoints, cell numbers in triplicate wells 

were counted by trypan blue exclusion assay.  Trypan blue exclusion assay is a simple assay 

used for the detection of viable cell numbers.  Cells were detached from the tissue culture plate 
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with the addition of 0.05% trypsin (Gibco), and neutralized with 3x the volume.  10 μL of the 

cell suspension was then mixed with an equal volume of trypan blue (Invitrogen).  The cells 

were then counted using a hemocytometer. The total cell number and the number of viable cells, 

which do not stain with trypan blue, were recorded.   

For qualitative observation of cell morphology and cell density, a parallel set of cells 

were fixed and stained.  4% paraformaldehyde (Sigma) was added to the cells and incubated for 

15 mins at room temperautre to fix the cells onto culture plates.  After fixation, cells were stained 

with 0.04% toludine blue (Sigma) for 15 mins at room temperature.  Cells were then washed 

extensively with water to remove the stain afterwards.  The plates were then air dried and stored 

at room temperature.   

 

2.5. Cell cycle analysis 

Apoptosis and proliferation of MMAN and MMRU cells under various growth conditions 

was assayed for by staining the cells with propidium iodide (PI) and analyzing for cell cycle 

distribution by flow cytometry.  For identification of changes in cell cycle due to serum 

deprivation, 1.5x105 cells were grown in 6-well tissue culture plates.  At 24 and 48 hours after 

serum withdrawal treatment, the cells were harvested and stained according to the following 

procedures.    

 Cells were harvested by adding 0.05% trypsin EDTA (Gibco) and allowing them to 

detach from the tissue culture plate.  Once the cells were detached, 5x the volume of DMEM + 

10% FBS were added to neutralize the trypsin, and then the cell suspension was centrifuged at 

1200 RPM for 5 mins to collect the cells to the bottom of the tube.  After the cells were 
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harvested from their treatment, they were washed with PBS and then quickly fixed by adding 

70% ethanol dropwise to the cells while vortexing.  The fixed cells were then placed at -20oC 

and stored until analysis.  The cells were analyzed once all samples from different time points 

were collected. 

PI was chosen as the dye to use for cell cycle analysis because of its ability to bind and 

intercalate between bases in the DNA and emit a strong fluorescent signal.  The fluorescence 

intensity reflects the amount of DNA present, and thus flow cytometry can be used to analyze the 

fluorescent signal of each cell and yield information about the proportion of cells in each phase 

of the cell cycle in a sample.  PI staining is done by first washing off the fixative in the sample, 

and then incubating the cells in 50 μg/mL PI, 0.1 mg/mL RNaseA, 0.05% Triton X-100 in PBS.  

After staining, the cells were washed with 5x the volume of PBS, and resuspended in PBS and 

kept in the dark until analysis. Samples were then analyzed in the PI channel of the FACS Canto 

II (BD Biosciences).  A plot of PI-W vs PI-A was generated, and single cell population was 

selected for analysis. The phases of the cell cycle are identified as follows.  The first sharp peak 

is designated as the G0/ G1 peak, while the second peak at double the intensity of the first peak 

is designated as the G2/M peak.  The phase between G0/G1 and G2/M peaks is the S phase, 

since cells undergoing synthesis can have any amount of DNA between 1 and 2 sets of genetic 

material.  Cells that are undergoing apoptosis would undergo DNA degradation, and thus, are 

designated as the population of cells that have less fluorescence intensity than cells in the G0/G1 

phase.  Gates were set up to analyze the percentage of cells in each phase of the cell cycle.  The 

average percentage of cells in each phase of the cell cycle for each treatment condition was 

calculated. 
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2.6.  Anoikis assay 

Anoikis, a Greek word meaning “a state of homelessness”, refers to the apoptosis of 

anchorage dependent cells caused by detachment from physical growth support.  In order to 

measure anoikis, one must first force the melanoma cells to remain in suspension in culture.  

This is achieved by first coating the tissue culture plates with poly- hydroxyethyl methacrylic 

acid (poly-HEMA), which is a material to which cells cannot attach.  Poly-HEMA was first 

prepared at 10 mg/mL in 95% ethanol, and then added to coat the tissue culture plates.  The 

plates were then air dried to remove the ethanol.  The plates were then washed extensively with 

PBS prior to using it for the anoikis assay. 

To assay for anoikis, 5x105 cells were seeded in the poly-HEMA coated tissue culture 

plates.  Cells were then collected for cell cycle analysis to assay for the proportion of cells 

undergoing apoptosis.  Collection and preparation of samples for cell cycle analysis was 

performed as of the procedure described in section 2.6 cell cycle analysis.  The only exception in 

the procedure is that trypsin treatment was not used to harvest the cells as cells were already in 

suspension and could be collected by directly pipetting out of the wells.  Both MMAN and 

MMRU cells were used for this experiment.  

 

2.7.  Attachment assay 

MMAN and MMRU stable clones were seeded onto 96-well tissue culture plates and 

matrigel coated tissue culture plates at 7000 cells per well.  At 30, 60, and 180 minutes, the wells 

were washed three times with 1x PBS to remove unattached cells.  The cells were then detached 

and counted by the addition of 0.05% trypsin, neutralizing with DMEM + 10% FBS, and 
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counting using hemocytometer.  At each of the time points, a parallel set of cells were fixed in 

4% paraformaldehyde (PFA), and stained with 0.04% toluidine blue.   

 

2.8. Matrigel attachment assay 

Matrigel attachment assay was performed in a very similar way as the attachment assay 

for regular tissue culture plates.  MMAN and MMRU stable clones were seeded onto 96-well 

tissue culture plates and matrigel coated tissue culture plates at 7000 cells per well.  At 15, 30, 

and 60 minutes (for MMAN), and 30, 60 and 120 minutes (for MMRU), the wells were washed 

three times with 1x PBS to remove unattached cells.  Different time points were chosen because 

of the difference in the ability of the cells to attach to matrigel.  The cells were then fixed in 4% 

PFA, and stained with 0.04% toluidine blue.  Photos of 4 random low-power fields are then 

taken for each of the quadruplicate wells for each condition.  The number of cells in each picture 

are counted using Image J software, and averaged for each time point.   

 

2.9.  Migration assay  

 Scratch assay was used to measure the effects of CTHRC1 on melanoma migration 

(Liang, Park and Guan, 2007).  This was done by seeding 5x105 cells into 6-well plates, and then 

allowing time for the cells to attach and form a confluent monolayer.  A scratch was then made 

with a P200 pipette tip that is hard enough to remove the attached cells, but not hard enough not 

to damage the plastic layer so that the cells can migrate and recover the gap.  Pictures of the gaps 

created were then taken at 0 and 5 hours at the same marked areas.  For each time point, 12 

pictures were taken for each cell line.  10 random distances between each gap were then 
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measured in each photo using Image J software to generate an average gap distance value.  The 

migratory capacity was then measured by observing the closing of the gap, and thus the decrease 

in distance between the gap. The 5 hour timepoint was chosen in order to lower the influence of 

cell proliferation to the closing of the gaps.  

 

2.10.  MTS assay 

To detect viable cells within a cell sample, 3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay  was used.  MTS 

(CellTiter 96® AQueous One Cell Proliferation Assay, Promega) was prepared and added to the 

culture medium according to the manufacturer’s protocol, and incubated for 2 hours with the 

melanoma cells.  Reduction of MTS to formazan occurs when mitochondrial enzymes are active, 

and thus is an indication of viable cells in culture.   The coloured formazan can then be measured 

at 490 nm by a spectrophotometer, with the measurement at 650 nm as a background control.   

 

2.11. Immunofluorescence 

To prepare coverslips for immunofluorescence staining, 200 μL of 0.01% poly-L-lysine 

(Sigma) was added to each coverslip.  The coverslips were then left to coat with poly-L-lysine 

for 5-10 minutes, followed by extensive washing with dH20.   The coverslips were then air-dried 

in a dust free environment.   

When the coverslips are ready, 1.0 x 105 cells were added to each slide and allowed to 

attach.  The adherent cells were then fixed with ice-cold 4% PFA for 15 minutes at room 
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temperature.  After fixation, the cells were permeated with 0.05% Triton-X 100 in PBS for 5 min, 

followed by blocking in 5% BSA + 0.01% Tween-20 in PBS for 20 min.   F-actin staining was 

done by adding 5 μL of AlexaFluor 594 labelled phalloidin (Invitrogen) to every 200 μL of 2% 

BSA + 0.01% Tween-20 in PBS used to stain the slides.  The coverslips were incubated with 

phalloidin for 45 minutes, and then washed extensively with PBS + 0.01% Tween-20.  4',6-

diamidino-2-phenylindole (DAPI) was then added to the coverslips to stain DNA and incubated 

for 1 minute.  After DAPI staining, the coverslips were washed with PBS + 0.01% Tween-20, 

and then mounted onto slides.  The slides were viewed by Zeiss Axiovert 200M fluorescent 

microscope (courtesy of Dr. Christopher Shaw’s Laboratory, UBC).  

 

2.12. Chemosensitivity assay 

MMAN and MMRU cells with high and low levels of CTHRC1 expression were tested 

for their sensitivity to temozolomide (TMZ), a conventional chemotherapeutic agent used to treat 

melanoma.  The pairs of MMAN and MMRU cells were seeded in 96-well plates at 5000 cells/ 

well.  After the cells have attached onto the tissue culture plates, 100, 500 and 1000 μM of TMZ 

were added to the wells.  After 48 hours of treatment in TMZ, cell survival was assessed using 

MTS assay (as described in section 2.11).  The level of survival of the treatment groups are 

expressed as percentages of the untreated cells (control). 

 

2.13. Inhibition of exogenous CTHRC1  

MMAN cells with and without CTHRC1 expression were blocked with CTHRC1 

antibody and assayed for cell survival in serum free conditions.  MMAN cells were seeded in a 
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96- well plate at 5000 cells/well.  After the cells have attached onto the tissue culture plates, the 

cells were washed with PBS and replenished with serum free medium.  CTHRC1 antibody was 

then added at 1 μg/mL and 10 μg/mL, and normal rabbit IgG at the same concentrations was 

added to a parallel set of cells as a control.  Cell survival was measured using MTS assay at the 

start of the treatment, and at 48 hours of treatment.  The level of survival was expressed as a 

percentage of the cell number at time 0.    

 

2.14. Conditioned medium preparation 

CTHRC1 containing conditioned media was prepared by growing the pair of MMAN 

cells with and without CTHRC1 in T-75 culture flasks to approximately 80% confluency.  When 

the cells have reached the appropriate density, they were washed twice with 1x PBS.  Fresh 

serum free media was then added to each of the flasks and incubated for 1 day.   

Conditioned medium was collected by pipetting the medium out of the flask, followed by 

centrifugation at 1200 rpm for 5 minutes to spin down any detached cells.  The conditioned 

medium was then concentrated by transferring it into the upper chamber of a spin column which 

has 20 kDa molecular cut off.  The spin column was then centrifuged at 3500 rpm until there is 

approximately 1 mL volume left of the concentrated conditioned medium in the upper chamber.  

The concentrated conditioned medium, containing proteins with greater than 20 kDa, were then 

quantified using Bradford Assay.  
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3. Results 

3.1. Confirmation of CTHRC1 expression in cell line model  

 Two model systems were developed to study the role of CTHRC1 in melanoma 

progression and metastasis. CTHRC1 expression was introduced into MMAN cells, which have 

no endogenous CTHRC1 expression, by transfecting it with the sense plasmid.  On the other 

hand, CTHRC1 expression was knocked down in MMRU cells (with high endogenous CTHRC1 

expression) by transfecting it with the antisense construct.  The cells were transfected with an 

empty vector as a control.  Multiple clones were isolated from the generation of stable MMAN 

and MMRU clones.  Upon analysis of the CTHRC1 expression of these clones using Western 

blotting, the MMAN clone with the strongest CTHRC1 expression and the MMRU clone with 

the highest CTHRC1 knockdown were used for the following experiments (Figure 3-1).   
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Figure 3-1.  Regulating CTHRC1 expression in cultured melanoma cell lines. 

Comparison of CTHRC1 expression levels of cell lines used in this study by Western blot.  
 

3.2. CTHRC1 and melanoma cell migration 

Previous studies by our group have shown that CTHRC1 expression is correlated with 

higher migration in KZ-28 cells using transient siRNA trasfection. This observation was also 
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confirmed by other groups.  However, this phenotype has not been demonstrated in MMAN and 

MMRU cells with stable alteration of CTHRC1 expression.  A scratch assay was then used to 

study the migration of MMAN and MMRU stable cells in vitro.  The pro-migratory role was 

again demonstrated in MMAN and MMRU stable cells with differing CTHRC1 expression level.  

Cells which express higher levels of CTHRC1 among the pair migrate faster than its counterpart, 

confirming that CTHRC1 expression increases migration (Table 3- 1, Figure 3-2). 

 

Table 3-1.  Migration of cells expressing high and low levels of CTHRC1 as indicated by 
the percentage decrease in gap distance of scratch wound at 5 hours 

 
Percentage Decrease in Gap Distance Cell Line 

  
High CTHRC1 Low CTHRC1 

% reduction 
with low 
CTHRC1 
expression 

p-value 

MMAN 5.41% ± 0.62% 1.86% ± 0.56% 66% <0.05 

MMRU 17.75% ± 1.64% 6.90% ± 1.22% 61% <0.05 

 

MMRU 
control

MMRU low 
CTHRC1

0 
hr

5 
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BMMAN 
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Figure 3-2. Effect of CTHRC1 on melanoma migration  

Migration of MMAN (A) and MMRU (B) cells in the presence and absence of CTHRC1 as 
assessed by the scratch assay.  (n=12 for each condition) 
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 Migration of the cells was assessed at 5 hours in order to minimize the contribution of the 

cell proliferation to the closing of the gap.  Although it is not clearly visible from the picture, 

quantitative measurements of the changes in gap distance indicated that MMAN cells with 

CTHRC1 expression migrated slightly faster than the control cells (without endogenous 

CTHRC1 expression).  This effect was also demonstrated in MMRU cells. As seen from Figure 

3-2, the MMRU cells at the edge migrated into the gap. 

 

3.3. CTHRC1 and melanoma cell adhesion 

3.3.1 Cell adhesion to regular tissue culture plates 

An appropriate level of cell adhesion is required for cell migration.  Since CTHRC1 

appears to increase melanoma cell migration, it is probable that CTHRC1 may modulate 

melanoma cell adhesion.  Pairs of stably transfected MMAN and MMRU cells were first seeded 

onto tissue culture plates.  Then, the number of cells attached at regular time intervals was 

measured.   

The MMAN cell line, which normally does not express CTHRC1, appears to have 

increased its cell adhesion with the introduction of CTHRC1.  There were approximately 1.5 

times more cells attached at 30 min, and at least 2 times more cells attached at 60 mins in the 

presence of CTHRC1.  However, at 180 mins, almost all of the cells have attached, and there 

were no differences observed (Figure 3-3a,c). At 23 min, 50% of MMAN CTHRC1 cells have 

attached, while MMAN control cells required approximately 75 min to reach 50% saturation.  

This results in a difference of 52 min between the MMAN cells to reach 50% saturation.   

The MMRU cell line displayed a very similar trend to the MMAN cells.  At 30 and 60 

minutes, there were approximately 2 times more control cells attached compared to the low 
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CTHRC1 expression clones.  At 180 mins, there were no observable differences in the number of 

cells attached as all of the cells have attached by then (Figure 3-3b,d).  At approximately 21 min, 

50% of MMRU control cells have attached, while MMRU low CTHRC1 cells required 

approximately 75 min to reach 50% saturation.  This results in a difference of 54 min between 

the MMRU cells to reach 50% saturation.   
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Figure 3-3. Effect of CTHRC1 on melanoma adhesion.  

 MMAN cells with and without CTHRC1 (A,C) and MMRU with high and low CTHRC1 (B,D)  
were seeded onto 96-well tissue culture plates.  The cells were removed at 30, 60, and 180 
minutes, and the wells were washed with 1x PBS.  Cells attached to the wells were fixed with 
4% paraformaldehyde and stained with 0.04% toluidine blue.  The total numbers of cells in each 
well were counted.  Values presented are the average number of cells attached ± SEM (n=3). * 
indcates p<0.05  as determined by the student’s t-test.   

 

Through this experiment, it was found that cells which have higher CTHRC1 expression 

among the pair appear to consistently have more cells attached at 30 and 60 min.   

3.3.2 Cell adhesion to matrigel coated tissue culture plates 

For melanoma cells to metastasize they must invade out of their microenvironment and 

interact with the extracellular matrix.  To explore if CTHRC1 has a role in extracellular matrix 

interaction using in vitro methods, MMAN and MMRU stably transfected cells onto culture 
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plates coated with matrigel, which is a biologically active matrix that resembles the human 

cellular basement membrane. We then measured the number of attached cells at regular time-

points.   

MMAN cells appear to attach very quickly to matrigel, as almost all of the cells have 

attached by 60 minutes.  However, at earlier time-points such as 15 and 30 min, we observed that 

there were about a third fewer MMAN control cells attached compared to the CTHRC1 

expressing MMAN (Figure 3-4a,c). The difference in achieving 50% adhesion saturation is 4.5 

min between the pair of MMAN cells with and without CTHRC1 expression.   MMRU cells on 

the other hand, did not demonstrate a difference in matrigel attachment at the earlier time points.  

However, when almost all of the MMRU control cells have attached at 120 min, the amount of 

low-CTHRC1 expressing MMRU attached remained the same level as 60 min, and was 

approximately 3 times less than the control (Figure 3-4b,d).  At around 62 min, 50% of the 

MMRU control cells attached to matrigel; however, the MMRU low CTHRC1 expressing cells 

did not reach 50% adhesion saturation at the time points tested. A parallel set of cells were 

seeded in regular tissue culture plates as an experimental control, and all of the MMRU control 

and MMRU low CTHRC1 expressing cells were attached by 120 min.  In this experiment, 

CTHRC1 expression appears to increase cell adhesion to matrigel. 
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Figure 3-4. Effect of CTHRC1 on adhesion to matigel coated tissue culture plates. 

MMAN cells with and without CTHRC1 (A,C) and MMRU with high and low CTHRC1 (B,D) 
were seeded onto 96-well matrigel coated tissue culture plates.  The unattached cells were 
removed at 15, 30, and 60 minutes for MMAN cells, and at 30, 60, and 120 minutes for MMRU 
cells.  The wells were washed with 1x PBS, and the attached cells were fixed with 4% 
paraformaldehyde and stained with 0.04% toluidine blue.  The total numbers of cells in each well 
were counted based on photos taken from random fields of 4 replicates.  Values presented here 
indicate the average number of cells per field ± SEM (n=4).  
 
 

3.4.  CTHRC1 and the survival of melanoma cells in monolayer culture 

Preliminary studies have revealed that CTHRC1 has a pro-survival role in melanoma 

cells that are undergoing environmental stress.   Since adhesion to physical growth support can 

deliver pro-survival signals to the cell, we investigate if a relationship exists between cell 

adhesion due to CTHRC1 and melanoma cells’ survival.  We compare the proportion of 

apoptotic cells in adhered and detached cells under serum deprived conditions.   
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In the first condition, when adhered melanoma cells were cultured as a monolayer in 

serum free media, cells which express CTHRC1 survived significantly better than cells with low 

CTHRC1.   In the case of MMAN cells, the pro-survival effect of CTHRC1 can be observed 

starting from 1 day after the treatment.  MMAN control cells (no CTHRC1 expression) started to 

decrease in cell number, while CTHRC1 expressing MMAN cells were able to proliferate to 1.2 

times of the starting cell number.   By the second day after the treatment, control cells were only 

at 40% of the cell number compared to day 1, while CTHRC1 expressing cells were at 80%.  By 

day 4, almost all of the control MMAN cells were dead while more than 35% of the CTHRC1 

expressing cells were still alive and attached to the tissue culture plate (Figure 3-5 a,c).  However, 

the difference in apoptosis was more pronounced at 2 days post-treatment, with control cells at 

60% apoptotic and CTHRC1 expressing cells at 40% apoptotic (Figure 3-6a).  
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Figure 3-5. Effect of CTHRC1 on mealnoma survival in monolayer culture. 

Survival of melanoma cells under serum deprivation.  The pairs of MMAN and MMRU cells 
were cultured in serum free DMEM.  Cells were fixed with 4% paraformaldehyde and stained 
with 0.04% toluidine blue (A,C). Cell numbers were obtained by trypan blue exclusion assay, 
and averaged over the number of replicates (n=3) (B, D).   Values presented are the percentage 
of cell number compared the start of the experiment ± SEM.  * indicates p<0.05 as determined 
by the student’s t-test. 
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Figure 3-6. Effect of CTHRC1 on apoptosis of attached melanoma cells. 

Cell cycle analysis of MMAN (A) and MMRU (B) cells under serum deprivation conditions as 
stained by propidium iodide and analyzed by flow cytometry.  The percentage of cells in the sub-
G1 population are calculated and averaged.  Values presented are the average cell percentage ± 
SEM (n=3).  * indicates p<0.05  as determined by the student’s t-test. 

 

 

The pro-survival effect of CTHRC1 was also evident in stably transfected MMRU cells.  

MMRU cells are able to survive well in serum free conditions for the first 2 days.  At the second 

day after treatment, MMRU cells with low CTHRC1 expression decreased in cell number.  The 

greatest difference was observed after 3 days, where MMRU control cells still had approximately 

110% the starting number of cells but MMRU low CTHRC1 expressing cells had less than 25% 

surviving cells (Figure 3-5 b,d).   Cell cycle analysis revealed that the cellular differences are 

correlated with changes in apoptotic rate when CTHRC1 level is altered.  MMRU cells with low 

CTHRC1 expression had at least twice the amount of cells undergoing apoptosis when compared 

to their control counterpart, with the difference in apoptosis showing on the first day after serum 

withdrawal.  MMRU control cells were only about 4% apoptotic, while MMRU low CTHRC1 

expressing cells were approximately 10% apoptotic after 1 day of serum starvation.   By 2 days 
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after treatment, MMRU control cells were 15% apoptotic, while MMRU CTHRC1 knockdowns 

were already at 30% (Figure 3-6b).   

Cell fate is determined by the balance of survival and apoptosis signals within the cell. 

MMAN and MMRU cells were able to slightly proliferate for the first day after serum 

withdrawal is likely because there were more survival signaling proteins expressed than the 

apoptosis signaling proteins.  This could be due to survival signaling remnant from the growth 

factors in the serum and also from CTHRC1.  However, as cells were starved for a longer period 

of time, cell death can be observed because of the decrease in survival signal and the increase in 

apoptotic signal.   

 

3.5. CTHRC1 and the survival of melanoma cells in suspension 

Since adhesion to growth support surface can deliver pro-survival signals to the cells, we 

sought to determine if the CTHRC1 associated survival advantage was due to increased adhesion.  

Then, we assayed for the survival of unattached melanoma cells in the presence or absence of 

CTHRC1.  MMAN and MMRU cells were seeded in tissue culture plates coated with poly-

HEMA to prevent the cells from attaching.   Cells were then collected at 1 and 2 days after the 

start of the treatment and analyzed for the percentage of apoptotic population in the sample by 

cell cycle analysis to assess cellular apoptosis.   There appears to be no observable difference in 

anoikis according to the experimental results for both of the cell lines tested (Figure 3-7a,b).   
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Figure 3-7. Effect of CTHRC1 on apoptosis of melanoma cells in suspension. 

MMAN and MMRU stably transfected cells were grown in suspension by coating the culture 
plates with poly-HEMA.  Cell cycle analysis was performed on these cells by propodium iodide 
staining followed by analysis by flow cytometry.  CTHRC1 expression does not affect the 
apoptosis of the pairs of MMAN (A) and MMRU (B) stably transfected cells when grown in 
suspension.  Values presented are the average cell percentage ± SEM (n=3).   

 

 
 

3.6.  Wnt signaling pathway in melanoma 

 A recent article reported that CTHRC1 selectively activates the planar cell polarity 

pathway of Wnt signaling by stabilizing the Wnt ligand-receptor complex HEK293T cells 

(Yamamoto et al, 2008).   To examine if CTHRC1 functions in the same way in melanoma, 

we performed immunofluorescence staining on actin.  The Wnt/PCP pathway activates RhoA 

and Rac and is able to exert various effects on cell morphology, as well be discussed later. 
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Figure 3-8. Effects of CTHRC1 on actin organization in MMAN cells. 

MMAN cells without CTHRC1 expression at 40x (A) and 100x (C) magnification and MMAN 
cells with high CTHRC1 expression at 40x (B) and 100x (D) magnification were seeded on poly-
L-lysine coated coverslips,  allowed to attach, fixed with 4% PFA, and incubated with 
AlexaFluor 594 labelled phalloidin.  Cell morphology was clearly different between the pair of 
MMAN stable clones.  MMAN control cells were more elongated and contracted, while MMAN 
CTHRC1 cells were more spread out.  Arrows show areas of dense actin structure resembling 
filopodia.  
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Figure 3-9. Effects of CTHRC1 on actin organization in MMRU cells. 

MMRU cells with high CTHRC1 expression at 40x (A) and 100x (C) magnification and low 
CTHRC1 expression at 40x (B) and 100x (D) magnification were seeded on poly-L-lysine 
coated coverslips, allowed to attach, fixed with 4% PFA, and incubated with AlexaFluor 594 
labelled phalloidin.  CTHRC1 expression appears to have altered the cell morphology of MMRU 
cells.  Structures shown:  (*) network of short actin stress fibers (arrow) filopodia/ microspikes  
(square bracket) lamellipodium and supporting actin meswork (block arrow) membrane ruffling. 

 

CTHRC1 appears to affect the morphology and actin organization in melanoma cells 

(Figure 3-8 and Figure 3-9).  In both cell lines tested, the clones with low CTHRC1 expression 

were more contracted and elongated in shape.  MMAN cells with CTHRC1 expression appear to 

be more spread out and more polygonal or stellate in shape.  In addition, there appears to be 
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dense actin structures at the tips of the cells which resemble filopodia (Figure 3-8).   These 

morphological differences were even more evident in MMRU cells.  MMRU cells transfected 

with the empty vector are enlarged, more spread out, and have shorter actin stress fibers 

compared to the MMRU CTHRC1 knockdowns.  These cells have areas of dense actin 

resembling that of lamellipodia (protrusions that are supported by a meshwork of actin filaments), 

membrane ruffling (folding of the lamellipodia), and filopodia (microspike protrusions that 

extend beyond the lamellipodium), features that are less evident in the low CTHRC1 counterpart.  

There are clear differences in the morphology and actin organization between the pairs of 

MMAN and MMRU cells tested, and they could be mediated by changes in Wnt/PCP signaling.  

The potential mechanisms by which they are modulated will be further discussed (see below).  

The study by Yamamoto’s group reported that CTHRC1 activation of Wnt/PCP pathway 

does not affect Wnt/β-catenin pathway signaling.  Here, we examined the relationship between 

CTHRC1 expression and β-catenin stabilization, which is a key event downstream of Wnt/ β-

catenin signaling (details described in introduction section).   Briefly, upon canonical Wnt 

activation, β –catenin is released from the axin/APC complex, and is no longer targeted for 

degradation.  Therefore, if CTHRC1 is involved with canonical Wnt signaling, we would 

observe an accumulation of β –catenin.   
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Figure 3-10. Comparison of beta-catenin expression in MMAN control and MMAN 
CTHRC1 expressing cells. 
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Figure 3-11. Comparison of beta-catenin expression in MMRU control and MMRU low 
CTHRC1 expressing cells.  

According to the western blots in Figure 3-10 and Figure 3-11, CTHRC1 expression did 

not affect β-catenin levels in both MMAN and MMRU cells.  This suggests that CTHRC1 did 

not have any effects on the canonical pathway.  
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4. Therapeutic implications of CTHRC1 modulation  

The following few sections describe some of the preliminary investigations towards 

developing CTHRC1 inhibition as a therapy for melanoma.   

4.1. CTHRC1 and melanoma sensitivity to temozolomide (TMZ) 

The biochemical properties and biological functions CTHRC1 is associated with make it 

an interesting potential therapeutic target.  It appears to play an important role in the melanoma 

metastasis process by influencing cell migration, survival and adhesion.   Being an extracellular 

protein, it is easier to design therapeutics against because the drug candidate would not have to 

be delivered to inside the cell.   

As mentioned in the introduction, melanoma cells are very resistant to chemotherapy and 

other conventional therapeutic treatments.   Since silencing of CTHRC1 expression decreases 

melanoma survival, we hypothesize that inhibition of CTHRC1 will sensitize the melanoma 

cells’ response to the chemotherapeutic agent temozolomide (TMZ).  TMZ is the derivative of 

dacarbazine (DTIC), one of the few treatments to have some response in melanomas.  Under 

physiological conditions, TMZ can spontaneously convert to the active metabolite 5-(3-methyl-

1-triazeno)-imidazole-4-carboxamide (MTIC) (Agarwala and Kirkwood, 2000).  MTIC then 

exerts cytotoxic effects to induce cell death by alkylating DNA, thereby inhibiting DNA 

synthesis and creating DNA strand breaks (Lunn and Harris, 1988, Maynard and Parsons, 1986).  

Based on CTHRC1’s pro-survival effect, we hypothesize that CTHRC1 inhibition may act 

synergistically with TMZ.     

The pairs of MMAN and MMRU cells with low and high CTHRC1 expression were 

treated with TMZ at concentrations of 100, 500, and 1000 μM.  The survival of the cells was 
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assessed after 2 days with MTS assay.  We expect cells with high CTHRC1 expression to 

survive better than their low-CTHRC1 expressing counterparts.  
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Figure 4-1. Effect of CTHRC1 on treatment of melanoma cells with temozolomide (TMZ) 

Melanoma cells MMAN (A) and MMRU (B) were treated with 100, 500 and 1000 uM of 
temozolomide.  Viability of the cells were measured by the MTS assay after the incubation 
period of 2 days. Results are expressed as the percentage of cells surviving relative to the 
untreated control cells. Values presented are the average ± SEM (n=3). * indicates p<0.05 as 
determined by the student’s t-test. 
 

 

There seems to be some effect of CTHRC1 expression on the susceptibility of MMRU 

melanoma cells to cell death induced by TMZ.  The combination treatment of TMZ with 

CTHRC1 inhibition resulted in poorer cell survival in MMRU cells at all conditions tested 

(Figure 4-1).  There was a significantly higher degree of cell death in MMRU cells with low 

CTHRC1 expression compared to the control (Figure 4-1b).  At all of the concentrations of TMZ 

tested, there were around 20% less survival in cells with low CTHRC1 expression.  The LD50 of 

the TMZ in MMRU control was around 400 μM, while the MMRU low CTHRC1 was decreased 

by about 150 μM to approximately 250 μM.  This suggests that inhibition of CTHRC1 decreases 

the concentration of TMZ required to reach LD50.  The difference in MMAN cells; however, was 

not as apparent as in MMRU cells.  The LD50 of TMZ in MMAN CTHRC1 was very similar to 
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the low CTHRC1 expressing control.  At 100 μM of TMZ there were slightly more surviving 

cells in MMAN cells expressing CTHRC1 (Figure 4-1a).  As the TMZ concentration in the 

treatment increased, both control and CTHRC1 expressing cells were dying, and did not 

demonstrate a difference in survival.    Therefore, the difference in response observed here could 

be due to the fact that MMAN cells are more sensitive to high TMZ concentrations than MMRU 

cells.    

 

4.2. Effects of CTHRC1 inhibitors and exogenous CTHRC1 on melanoma 

4.2.1. Inhibition of extracellular CTHRC1 using CTHRC1 antibody 

 Since CTHRC1 is a protein that is both secreted and membrane anchored, its main 

biological function may be in the extracellular region. Inhibition of extracellular CTHRC1 may 

be able to inhibit its biological function.  To test if extracellular CTHRC1 is involved with its 

mechanism of action, CTHRC1 antibody was added to the pair of MMAN cells with and without 

CTHRC1 expression to block extracellular CTHRC1.  Antibody was added to the cells at 

concentrations of 1 μg/mL and 10 μg/mL. Normal rabbit IgG at the same concentrations were 

added as controls.  
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Figure 4-2. Effect of CTHRC1 antibody on the survival of MMAN cells with and without 
CTHRC1. 

MMAN cells with and without CTHRC1 expression were treated with CTHRC1 antibody and 
normal rabbit IgG under serum free conditions.  Cell survival was assessed after 2 days of 
treatment. (A) Toluidine blue staining of cells after 2 days of treatment. (B) Percentage survival 
of cells after 2 days of treatment in CTHRC1 antibody compared to day1. Values presented are 
the average percentage cell survival after 2 days of treatment ± SEM (n=3).  * indicates p<0.05 
as determined by the student’s t-test. 
 

 

 

The results from this experiment show that there is a dosage dependent decrease of cell 

survival in the MMAN cells tested. CTHRC1 antibody at concentration of 1 μg/mL was able to 
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significantly decrease the survival of MMAN cells; however, control normal rabbit IgG did not 

have any effects on the survival of melanoma cells at any of the concentrations tested (Figure 4-

2).  In addition, both normal rabbit IgG and CTHRC1 antibody did not have any effects on cell 

survival on MMAN control cells that do not express CTHRC1.  Based on these results, it appears 

that CTHRC1 plays a functional role in the extracellular region, thus leading to the increased 

survival of melanoma cells.   

Although this experiment suggests that CTHRC1 plays a role in the extracellular region, 

it does not generate solid proof for it. The CTHRC1 antibody used in the experiment is a rabbit 

polyclonal antibody, and may have non-specific effects.   Therefore, other methods must be 

sought to inhibit extracellular CTHRC1 function. 

 

4.2.2 Addition of CTHRC1 conditioned media to cells without endogenous CTHRC1  

In this experiment, CTHRC1 was supplemented to cells without endogenous expression.  

Conditioned media from control and CTHRC1 expressing MMAN cells were collected and 

concentrated to approximately 1 mg/mL using Amicon’s concentrator column, which separates 

proteins based on molecular weight.  The concentrator column consists of an upper and lower 

chamber, separated by a filter of 20 kDa.  When the sample is applied to the top chamber and 

subjected to centrifugation, proteins less than 20 kDa will pass through the filter, leaving the 

proteins greater than 20 kDa in the upper chamber.  The sample remaining in the upper chamber 

was then collected after concentration, and quantified using Bradford assay.  The presence of 

CTHRC1 in the conditioned medium was then verified by Western blotting (Figure 4-3).    
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Figure 4-3. CTHRC1 conditioned medium. 

 

The conditioned media was then sterilized it using a 0.2 uM filter syringe.  Several 

concentrations ranging from 1 μg/mL to 100 μg/mL of the CTHRC1 conditioned medium was 

added to MMAN cells and normal melanocytes, both without endogenous CTHRC1 expression.  

The same concentrations of conditioned media from MMAN control cells (no CTHRC1 

expression) were added as a negative control.  The cells were incubated with the conditioned 

media for over a period of 2 days, and assayed for differences in cell survival.  The viability of 

the cells was measured 2 days post-treatment by MTS assay.  There appears to be no significant 

differences in viability between cells treated with CTHRC1 containing or control conditioned 

media (data not shown).   
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5. Discussion 

In this study, CTHRC1 was found to increase cell migration, adhesion and survival under 

serum deprivation, which are important contributing factors in melanoma progression.  CTHRC1 

also appears to activate the Wnt/PCP pathway as demonstrated by the cytoskeletal changes that 

resemble changes in the Rho family of proteins, which act downstream of Wnt/PCP pathway 

signaling.  This is consistent with the idea that in melanoma cells, CTHRC1 also functions as a 

cofactor protein for the Wnt/PCP pathway, as previously described by Yamamoto et al 

(Yamamoto et al, 2008).  The following sections will discuss in detail how CTHRC1 may bring 

about the phenotypic changes observed in this study, and how these phenotypes are important to 

melanoma metastases. 

 

5.1. CTHRC1’s impact on cytoskeleton organization and cell adhesion 

CTHRC1 expression affects various changes in the actin cytoskeleton, such as cell 

spreading, lamellipodia formation, filopodia formation, and actin reorganization.   Such changes 

are the likely causes for the changes in cell adhesion, motility, and survival.  The results in this 

study suggest that CTHRC1 expression likely leads to these phenotypic changes by activating 

the Rho family of GTPases, as these G-proteins are important contributors to cell motility and 

adhesion through the regulation of cytoskeletal rearrangements (Kolyada, Riley and Herman, 

2003).  Moreover, the Rho GTPases function downstream of Wnt/PCP signaling pathway, with 

which CTHRC1 has been shown to be associated as a cofactor protein. 

 Key Rho family members that could be responsible for modulating these phenotypes 

include RhoA, Cdc42 and Rac (Kolyada, Riley and Herman, 2003, Delaguillaumie et al, 2002).   
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RhoA and its downstream effector Rho kinase (ROCK) controls the formation of actin stress 

fibers and the attachment of actin bundles and myosin to the cell membrane at focal adhesion 

points, where integrin co-localizations are observed (Campos et al, 2009, Leblanc, Tocque and 

Delumeau, 1998, Nobes and Hall, 1995, Ridley and Hall, 1992).   Cells with RhoA expression 

are contracted in shape, and have a dense array of actin stress fibers throughout the cytoplasm.  

Cdc42 is associated with the formation of filopodia and microspikes, and Cdc42 expressing cells 

are enlarged, have less actin stress fibers, and an increase in lamella and filopodia (Kozma et al, 

1995, Olivo et al, 2000).  Rac is associated with the formation of membrane ruffles and 

lamellipodia (Delaguillaumie et al, 2002, Ridley et al, 1992). Cells with Rac activation are 

polymorphic in shape with edges that are rich in membrane ruffles, and a decrease in stress fibers.  

Based on the observations, it appears that CTHRC1 may affect the expression of Cdc42, Rac1 

and RhoA, as the phenotypes with CTHRC1 expression induced changes that are characteristic 

of the three proteins.  The fact that these cells form lamellipodia and filodpida, and have shorter 

and less actin stress fibers throughout the cell body may imply that CTHRC1 expression may 

increase Rac and Cdc42, and decrease RhoA.   Although there is strong evidence that the Rho 

family of proteins are involved in CTHRC1’s function, further experiments must be done to 

precisely pinpoint how the proteins in the subfamily are involved.   

Wnt/PCP may not be the only signaling pathway regulating Rho proteins, as Rho 

subfamily protein activation can also be regulated by other signaling pathways such as Wnt/ Ca2+ 

, Ras, receptor tyrosine kinase (RTK), integrin-linked kinae  (ILK) and integrins (Delaguillaumie 

et al, 2002, Leblanc, Tocque and Delumeau, 1998, Wong et al, 2007, Yamada and Miyamoto, 

1995).  Of the above list of pathways that are able to modulate Rho proteins’ expression, Wnt/ 

Ca2+ pathway is also likely to be involved since this pathway also involves Wnt5a and Wnt3a, 
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ligands that CTHRC1 binds to for Wnt/PCP pathway activation.    This pathway is able to 

modulate Cdc42 activation through PKC phosphorylation.  Since there are many cross-talks 

between signaling pathways, the involvement of the other pathways in mediating the observed 

results cannot be ruled out.  Further work must be done to clarify exactly how CTHRC1 

modulates the actin cytoskeleton.  

 

5.2. CTHRC1’s impact on cell migration 

Migration, an important process involved in metastasis, depends on the physical 

interaction of the cell with its environment. It requires the dynamic regulation of actin to 

coordinate a series of events including the extending a protrusion, formation of new adhesions to 

the substratum, contraction, forward translocation of the cell body, de-adhesion and retraction at 

the rear of the cell (Gaggioli and Sahai, 2007, Ammer and Weed, 2008, Ridley, 2006).  During 

migration, actin polymerization occurs at the migrating front of the cell, forming focal 

complexes containing lamellipodia and filopodia, thus allowing the cell to adhere and grip to the 

supporting substrate.  Lamellipodia are protrusions at the motile edge of the cell.  Within this 

structure, actin reorganizes to form microspikes and filopodia which extend beyond the cell edge.  

The combination of lamellipodia, filopodia, stress fiber and actomyosin regulation together 

facilitate the cell to move along the underlying support matrix (Gimona, 2008).    CTHRC1 

likely facilitates the migration process by enhancing the formation of protrusions and new 

adhesions to the substratum by affecting lamellipodia and filopodia formation.   

Rho, Rac and Cdc42 contribute to the formation of focal complexes for migration by the 

formation of actomyosin contractile network/ actin stress fibers, lamellipodia and filopodia, 

respectively (Ammer and Weed, 2008).  CTHRC1 perhaps facilitates migration by regulating the 
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expression of Rho, Rac and Cdc42 through the Wnt/PCP pathway, thus controlling the formation 

of structures important for cell migration.  Cdc42 and Rac have been demonstrated to be 

important in formation of protrusions, while integrins are important in the formation of new 

adhesions, and RhoA/ROCK are important for cell contraction and translocation of the cell body 

through stress fiber and actomyosin formation (Gaggioli and Sahai, 2007).  However, how 

CTHRC1 affects each of these protein expressions requires further elucidation.    

As mentioned in the previous section, the Wnt/PCP pathway may not be the only 

pathway involved in CTHRC1’s function.  Wnt/Ca2+ non-canonical pathway may also have an 

important role in this process.  Wnt/Ca2+ signaling activation by CTHRC1 may activate 

downstream proteins such as PKC, which has been previously demonstrated to have a role in 

cytoskeleton regulation.  PKC can activate Cdc42, and is able to induce cells to increase 

dismantling of actin stress fibers, and increase in formation of filopodia and microspikes 

(Larsson, 2006, Vuori and Ruoslahti, 1993, Ridley and Hall, 1994, Brandt et al, 2002).  

 

5.3. CTHRC1’s effects on cell survival 

CTHRC1 expression protected the melanoma cells from serum deprivation induced 

apoptosis in this study.  Such pro-survival effect may be mediated by cell adhesion, as CTHRC1 

fails to protect melanoma cells in suspension from anoikis, a special form of apoptosis in 

anchorage-dependent cells that is induced by detachment.    During serum deprivation, actin 

depolymerises, leading to the loss of adhesion (Ruggieri, Chuang and Symons, 2001).  CTHRC1 

expressing cells, which have increased cell adhesion possibly due to activation of the non-

canonical Wnt pathways, are able to better attach to the growth support surface and prevent 

apoptosis induced by the loss of attachment.   In addition, the cell survival advantage may also 
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be mediated through other proteins and cell survival signaling such as JNK (Jun Kinase), which 

also acts downstream of the Wnt/PCP pathway (Dhanasekaran and Reddy, 2008, Ruggieri, 

Chuang and Symons, 2001, Minden and Karin, 1997); PI3K, which is involved with Rac1 

activation (Ruggieri, Chuang and Symons, 2001); and integrin signaling.   However, the 

possibility that CTHRC1’s pro-survival effect is mediated through the latter mechanisms is less 

likely.  This is because CTHRC1 failed to protect the cells from anoikis, suggesting its 

dependence on cell adhesion and not on cell survival signaling.   

 

5.4. CTHRC1 and cell adhesion to extracellular matrix proteins 

The formation of cell-ECM interactions was also shown to be an important process in 

invasion and metastasis (Yamada and Miyamoto, 1995, Schwartz and Horwitz, 2006, Dunehoo 

et al, 2006).  During tumour progression and metastasis, the adhesion properties of the cancer 

cells undergo significant changes.  The expression repertoire of cell adhesion molecules is 

strikingly different between the non-invasive radial growth phase and the potentially metastatic 

vertical growth phase (Haass et al, 2005, McGary, Lev and Bar-Eli, 2002).  Such alterations in 

adhesion could enhance melanoma cells’ interaction with other cell types such as endothelial and 

other non-epithelial cells during migration and invasion, as well as interaction with ECM 

components (Tsuji et al, 2002).     The fact that CTHRC1 increased melanoma cell adhesion to 

the ECM proteins present in matrigel suggests that CTHRC1 contributes to melanoma cells’ 

ability to adhere and survive in the extracellular matrix in vivo, a process that they must 

encounter and overcome during metastasis.   CTHRC1 expressing melanoma cells may have 

enhanced attachment to ECM proteins by the mechanism of cytoskeletal rearrangement as 
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described in the previous section (section 5.1).    However, it is probable that other cell adhesion 

molecules (CAM) are also involved.  

While it is possible that CTHRC1 can either be directly or indirectly associated with the 

CAMs such as selectins, cadherins and the immunoglobulin superfamily, it is more likely that 

CTHRC1 enhanced cell-ECM interaction is associated with integrin function (Kuphal, Bauer and 

Bosserhoff, 2005, Dunehoo et al, 2006, Dalton, Marcantonio and Assoian, 1992, Hehlgans, 

Haase and Cordes, 2006).  This is because cell-substratum attachment and cell-soluble protein 

interactions are often mediated by interactions between ECM molecules and specific cell surface 

integrins (Kurschat and Mauch, 2000).  In addition, integrins are often recruited to sites of focal 

adhesion complexes.  Integrins are able to transcribe the intracellular signals to alter the 

interaction with the environment, for example, by regulating adhesion and de-adhesion, and is 

often mutated in metastatic cancers (Haass et al, 2005, Tsuji et al, 2002).   The enhanced 

adhesion to ECM may be modulated through the recruitment of integrins as a secondary event to 

Wnt/PCP signaling.  If this were the case,  the following metastasis and survival related integrins 

could be recruited: αvβ3, α2β1, α3β1, α4β1, α6β1, and those involving the β1subunit, which 

dimerizes with various alpha chains to form complexes that recognize extracellular matrix 

proteins such as fibronectin, laminin, and collagens (Felding-Habermann et al, 2002, Felding-

Habermann et al, 1992, Koistinen et al, 2004, Montgomery, Reisfeld and Cheresh, 1994, Natali 

et al, 1997, Natali et al, 1993, Wewer et al, 1987, Kramer and Marks, 1989).     Depending on the 

pairs of alpha and beta integrins recruited, integrin signaling can activate kinases such as ILK 

and focal adhesion kinase (FAK), which in turn has downstream effects on cell survival, 

adhesion and motility.   Cell survival can be regulated through PI3K signaling, while cell 

adhesion and migration can be regulated through altering the expression of Rho, Rac and Cdc42.   
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5.5. Potential roles of CTHRC1 other than being a Wnt co-receptor  

Although CTHRC1 has been demonstrated by Yamamoto et al to form homotrimers and 

activate the Wnt/PCP pathway by stabilizing the ligand-receptor interaction between Wnt-Fzd 

and Wnt-Ror2 proteins (Yamamoto et al, 2008), this protein may have other functions beyond its 

role as a co-receptor on the cell membrane.  CTHRC1 exists in different forms: intracellular, 

membrane bound and secreted forms.   Secreted CTHRC1, like osteopontin (OPN), could 

perhaps act as a ligand for CAMs on the cell surface (Zhou et al, 2005, Geissinger et al, 2002).  

However, the possibility of this function is unlikely because supplementing secreted CTHRC1 to 

cells without endogenous expression did not have any effect on the survival of cells (section 

4.2.2).  Another possibility is that CTHRC1 binds to an extracellular matrix bridging molecule 

that mediates the binding with CAMs.  An example of this mechanism is denatured collagen, 

which binds αv β1 integrin by binding to the bridging fibronectin, a molecule capable of binding 

a variety of molecules such as collagens, heparin, and cell surface receptors (Dalton, 

Marcantonio and Assoian, 1992, Tuckwell et al, 1994).  Nonetheless, future work must be done 

to investigate if other potential roles of CTHRC1 exist.  

 

5.6. Impact of described work 

During the metastatic process, melanoma cells will encounter harsh conditions such as 

nutrient deprivation or hypoxia.  Cells which are able to survive these conditions will be more 

successful in metastasizing to distant sites and resuming growth at the secondary site.   A multi-

step model of invasion suggests that cancer cells must first adhere to the ECM, then 

proteolytically degrade the matrix, migrate through the barriers and to distant sites (Albini, 1998, 
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Albini et al, 2004, Huber, Kraut and Beug, 2005, Quinones and Garcia-Castro, 2004).  CTHRC1 

has been demonstrated in this study to be a protein produced by melanoma cells to enhance their 

adhesion, migration and survival to facilitate metastasis.   In addition, CTHRC1 expression is 

correlated with inhibition of collagen matrix deposition (Pyagay et al, 2005, Durmus et al, 2006), 

suggesting a role for CTHRC1 in ECM modulation.  These results collectively suggest that 

inhibition of the function of this protein may be able to decrease melanoma metastasis.    

 

5.7. CTHRC1 as a potential therapeutic target 

As previously noted, melanomas are very resistant to conventional treatments largely 

because of its resistance to apoptosis.  It is therefore important to actively seek new ways to 

improve melanoma’s response to therapies.  Since low CTHRC1 expression is correlated with a 

decrease in melanoma survival under harsh conditions, combining CTHRC1 inhibition with 

current treatments may be able to improve the efficacy of the therapy.   Through treating 

melanoma cells with different levels of CTHRC1 expression with TMZ, it was found that 

MMRU cells were more susceptible to cell death when CTHRC1 is knocked down. MMAN cells 

with CTHRC1 expression, on the other hand, only demonstrated a small increase in survival over 

the control cells when treated with TMZ.   The difference between the response of MMAN and 

MMRU cells could be due to the differences in cell lines.  Different cell lines have different sets 

of gene expression, and may respond differently to therapies.  These preliminary results on 

CTHRC1’s enhancement of melanoma chemosensitivity are encouraging, although future work 

must be done to investigate the scope of the effectiveness of combining CTHRC1 inhibition with 

current therapies. 
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CTHRC1’s involvement in metastatic phenotypes, the encouraging preliminary results on 

chemosensitivity, and its ease of accessibility on the cell membrane make it worthwhile to 

develop therapies against it.   Blocking peptides and antibodies can be designed to inhibit 

CTHRC1’s function.  CTHRC1 inhibitors can then be combined with current therapeutics to 

increase its efficacy, as CTHRC1 inhibition increases cell death and renders the cells more 

fragile.   Although future work must be done to clarify the precise role of CTHRC1 in melanoma 

metastasis, CTHRC1 has value as a target, for which we can design anti-cancer therapeutics 

against to decrease metastatic melanoma patient mortality. 

 

5.8. Future directions 

 The identification of the association of CTHRC1 with metastatic phenotypes has opened 

up new areas of research.  More work is required to further clarify precisely how CTHRC1 

affects the Rho family of proteins.  In addition, more work must be done to elucidate other 

potential roles of CTHRC1. 

 The pilot experiment with TMZ revealed that CTHRC1 inhibition sensitized MMRU 

cells to TMZ treatment. In order to identify if this effect is only evident in MMRU cells or 

applicable to all CTHRC1 expressing cells, future work must be done to test for TMZ 

sensitization effect in more CTHRC1 expressing melanoma cells.   In addition, CTHRC1 

inhibitors in the form of antibodies or small molecules may be developed for easier 

administration.  
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6. Conclusions 

Metastatic melanoma has been difficult to treat because of its strong resistance to 

apoptosis.  In this study, CTHRC1 expression has been demonstrated to be involved in metastatic 

phenotypes such as increased cell adhesion, cell migration and cell survival.  It is likely that 

CTHRC1 functions through the Wnt/PCP pathway, activating downstream proteins belonging to 

Rho subfamily of GTPases and modulates the cytoskeleton.   CTHRC1’s association with 

metastatic phenotypes renders it a potential therapeutic target for melanoma. 
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