Final Report
Project: 

Effect of expression levels of the C-Met oncogene on the dissemination and metastasis of colonic cancer cells

Introduction

The dominant paradigm in cancer research over the last decade has been that tumours are caused by a step-wise progression involving activating mutations in certain cellular regulatory genes (so called ‘oncogenes’) and inactivating mutations in others (so called ‘tumour suppressor’ genes or ‘anti-oncogenes)[1]. 

Whilst specific mutations may have prime importance in the genesis of cancer there are genome-wide events concomitant with tumour development which are also important. Not surprisingly these changes are reflected in altered patterns of gene expression. In recent years expression profiling of colonic cancer, particularly using microarray technology [2-4], has shown that a large number of genes are up-regulated, down-regulated or inappropriately expressed in colonic cancer compared to normal colonic-epithelium. Significantly it has been shown that expression patterns associated with a metastatic phenotype can be found pre-existing within the primary tumour [5]. Some of these genes are novel sequences not yet identified however many are known cellular genes whose functions could be important for the tumour phenotype.

In the progression of a normal cell to an invasive, metastatic cancer the colonic epithelial cell must acquire a number of characteristics not normally associated with epithelial cell types These include loss of normal cell-cell adhesion, ability to invade surrounding tissue, ability to survive in the microcirculation, initiation of new blood vessel formation and the avoidance of apoptosis[6, 7]. Genes which are known to participate in any of these processes and whose expression level is altered in a significant number of colon cancers are candidates for important roles in cancer growth and spread.

This project is part of our research effort aimed at understanding the role that the over expression of normal cellular genes play in determining the malignant phenotype. It is aimed at studying one particular gene; the C-Met proto-oncogene which codes for a trans-membrane tyrosine kinase receptor whose ligand is Hepatocyte Growth Factor/Scatter Factor (HGF/SF).  C-Met-HGF/SF interactions are important in normal development where they are involved in the growth, survival and migration of epithelial and muscle cells [8]
C-Met is the receptor for a tissue bound growth factor, stimulation of this receptor is associated with cell migration and enhanced cell survival. These are characteristics important in metastatic tumour cells. Studies of gene expression have shown that C-Met is over-expressed in a high proportion of colon cancers. C-Met may have a major role in the process of invasion and metastasis. 

Because C-Met is expressed at very low levels in normal cells it has been suggested to be a target for novel therapeutic approaches. Our in vivo model using colonic cancer cell lines could be come a valuable tool in evaluating the efficacy of these various types of treatment

Project Hypothesis

Modulation of C-Met levels will markedly affect the survival of cells in in vitro assays and the ability to establish and maintain tumour growth in subcutaneous, hepatic and disseminated in vivo models.
Project Aims and Objectives

The project has two principle objectives and in this twelve month period we have concentrated on objective 1 which needs to be completed in order to proceed to objective two.

1. Create human and mouse colon cancer cell lines with either over expression of C-Met or under expression of C-Met (by expression of antisense or a dominant negative allele).

2. Determine the effects of modulating C-Met levels on the invasive and metastatic potential of colon tumour cells using in vitro and in vivo models

Project Progress
1 Screening and characterising colon cancer cell lines
We had access to a number of colon cancer cell lines at the start of the project. These were screened for C-Met expression using both real-time quantitative Polymerase Chain Reaction (Q-PCR) and Western Blotting. All the cell lines we had showed significant C-Met over expression. During the course of the project we obtained other colon cancer cell lines both from colleagues and from the American Type Culture Collection (ATCC) one of these, SW480, exhibited very low levels of expression of C-Met. The results together with a brief explanation of the methods are summarised in figure 1.
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A) mRNA quantitation in 9 cancer cell lines compared to normal intestine (C)

All except 6 (SW480) show elevated C-Met levels.
Method: mRNA from each cell line was reverse transcribed. Relative quantitation Q-PCR was performed on an ABI 7500 using ABI SYBR master mix with mRNA specific primers for C-Met and (-Actin (Endogenous Control).

Principle of Q-PCR: SYBR is a fluorescent dye which binds to double stranded PCR products as they are made. The intensity of fluorescence ≡ amount of product. A laser records the florescence at each PCR cycle to build an amplification curves for C-Met and (-Actin for each sample. As (-Actin levels are similar in most cell types by comparing the level of (-Actin to C-Met for each sample and taking the control sample as a normal baseline the relative levels of C-Met can be estimated.
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B) Western Blot of C-Met protein from 9 cell lines. Note the intensity of the bands correlates with the mRNA levels in A above, 6 (SW480) has very little C-Met
Method: Total cell protein was extracted from cells with NP40 buffer. Proteins were run on a 10% SDS-Polyacrylamide gel and transferred to nylon membrane and probed with a C-Met antibody raised in rabbits. Secondary antibody was an anti-rabbit conjugated to Horseradish Peroxidase and detection was by Enhanced Chemiluminence on high sensitivity X-Ray film.

Figure 1 C-Met expression in colon cancer cell lines

2 Attempts to reduce C-Met levels in colon cancer cell lines using stable expression of RNAi
At the time we started the project the cell lines we had available all over expressed C-Met so we have concentrated on strategies to reduce C-Met levels in these cell lines. We have put most of our effort into the use of RNAi to reduce C-Met levels in cells.
RNAi (RNA interference also called "RNA-mediated interference") is a mechanism for RNA-guided regulation of gene expression in which double-stranded RNA (dsRNA) whose sequence is complimentary to a target gene (in this case C-Met ) inhibits the expression of genes with complementary nucleotide sequences. This is accomplished by the recruitment of an enzyme based complex (RNA-induced silencing complex (RISC) which degrades the target genes mRNA and thus prevents protein production. The selective and robust effect of RNAi on gene expression makes it a valuable research tool as synthetic dsRNA introduced into cells can induce suppression of specific genes of interest.
Direct transfection of dsRNA molecules into cells results in short-term effects on gene expression this is unsuitable for the long term and in vivo studies we wish to perform. Recently a number of plasmid vectors have become available which  use the U6 or H1 [RNA polymerase III], or U1 [RNA polymerase II] promoters to produce dsRNA. These can be used to create cell lines which stabily express dsRNA for a permanent RNAi effect on gene expression. We have used one such vector (SiStrike from Promega) in an attempt to produce stable “Knockdown” of C-Met levels.
This involved designing and having synthesised pairs of complimentary oligonucleotide sequences which contain two copies of a short sequence of the C-Met gene linked by a hairpin loop generating sequence (to create the dsRNA sequence). The two oligonucleotides are annealed together and ligated into the SiStrike vector. The vector is transfected into the colon cancer cell lines where, in a very small proportion of cells, it stabily integrates into the nuclear DNA.  The SiStrike vector also contains a gene which confers resistance to the drug hygromycin. In the presence of the drug only those cells with the SiStrike vector survive and grow.
Cells with the vector express dsRNA from the oligonucleotide sequence cloned into the vector and should cause an RNAi effect specific to C-Met. However the vector integrates at a different site in every cell. Because integration site can effect the level of expression of the dsRNA the pool of cells will contain cells with a high RNAi effect and cells with little or no RNAi effect. We then produce homogenous cell lines by taking individual cells and growing them into “clonal” cell lines so all the cells have the same integration event then screening them for C-Met expression. These experiments are very time consuming each requiring 2-3 months to complete.
We performed a number of experiments using 19 base sequences from the C-Met gene. The results were disappointing  with little evidence of RNAi effect in any cloned cell line. Recently we have tried using 23 base sequences of the C-Met gene. This time even in the un-cloned cell pool we saw an RNAi effect which reduced the level of mRNA by ~60% and appeared to have an effect on protein expression (Figure2). We are in the process of cloning cell lines from the pool cells with the expectation of obtaining cells with a much higher RNAi effect. 
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A) Q-PCR of a Colon Cancer Cell line with two different RNAi constructs (1 & 2) vs. Wild Type cells (C): RNAi has cut C-Met mRNA levels by 40% in 1 and 60% in 2 (for method see Figure 1A)
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B) Western Blot of a Colon Cancer Cell line with two different RNAi constructs (1 & 2) vs. Wild Type cells (C): Construct 2 has reduced C-Met protein levels (for method see Figure 1B)

Figure 2 Reduction of RNA and protein levels with RNAi

3) Effect of RNAi on cell behaviour in vitro
To test whether the RNAi effect achieved in the pool cell lines has any effect on cell behavior we tested them against wild type cells in a Matrigel invasion assay (figure3). This tests the ability of tumour cells to invade through an artificial basement membrane in a way which mimics the earliest malignant change in the development of invasive, metastatic cancer. 


Principle of Matrigel invasion assay: Cells are seeded in serum-free medium into a chamber separated from medium which contains a chemo-attractant (e.g. Fetal calf serum) by a porous filter membrane. In test chambers the membrane is coated with an artificial basement membrane (“Matrigel”) whereas in control chambers no Matrigel is present. During the assay tumour cells which possess invasive ability will pass through the Matrigel in the Test chambers and become trapped on the filter. At the end of the assay the Matrigel and non-invasive cells are removed from the test chambers and the cells on the filters counted. The filters in control chambers will have the total number of cells added at the start of the assay and can be counted. The percentage of invasive cells can be calculated:

% invasion = Invasive cells from test chamber x 100
                          Total cells from control chamber

	
	T56
	WT

	Invasive Cells
	43.40
	48.00
	46.00
	46.80
	46.80
	45.80

	Mean
	45.80
	
	46.47

	Total Cells
	106.40
	129.60
	106.40
	90.00
	83.20
	79.80

	Mean
	114.13
	
	84.33

	% invasion
	40.1%
	
	55.1%

	invasion index  =  % invasion T56 = 0.73

                                % invasion WT


Effect of RNAi induced reduction of C-Met levels on invasive behaviour by colon cancer cells: An invasion assay was performed on colon cancer cells containing an RNAi construct (T56) compared with wild-type cells (WT). The reduction in invasion index indicates that reduction of C-Met levels reduces invasive potential.

Figure 3 

A 27% reduction in invasion index is an encouraging result because, as stated above, the pool of cells will contain cells both with a high RNAi effect and cells with little or no RNAi effect.  Reduction of C-Met levels in colon cancer cells appears to affect their invasive ability. Cloning cell lines with a higher RNAi effect should result in a marked reduction in invasive behaviour
4) Over-expression and Anti-sense approaches
As part of this project we cloned a full-length C-Met cDNA from one of the colon cancer cell lines using a PCR based strategy. The sequence agrees completely with the published sequence (RefSeq NM_000245). This has been cloned into expression vectors in both the sense and antisense orientation. We have transfected the sense form into SW480 which is the only line we have so far which does not express high levels of C-Met. Cell lines are in the process of being selected and cloned. 
We have also transfected 4 of our high expressing cell lines with C-Met in the antisense orientation. This means the construct produces an antisense mRNA in the cells, as this is complimentary to the normal (sense) mRNA of the C-Met gene it can hybridise with it to form dsRNA which leads to reduced levels of protein. This is an alternative approach to RNAi. Cell lines are in the process of being selected and cloned
Completing the Project
The initial part of this project has taken longer than expected however we now have cell lines nearing a stage where we will be ready to proceed to fulfill aim two: 
1) RNAi / antisense
· Once high RNAi effect cells are cloned they will be used in the in vitro assays of invasion and migration. If they show marked effects we will proceed to test in vivo the effect on tumour growth and metastasis. Similar work will be undertaken with the antisense expressing cells if they show reductions in C-Met levels.
· We are also in the process of testing other RNAi constructs

2) C-Met over expression in SW480 cells
These cells represent the only colon cancer cell line we have found to date which expresses low levels of C-Met. Once we have completed cloning high expressing cell lines we will be in a position to test the effects of wild type (WT) C-Met over-expression both in vivo and in vitro.
This will complete the first part of this project and the work for which the grant was sought.

Future Development

1) Constitutively active C-Met 

It is known that there are a number of mutation of the C-Met gene found in cancer which result in the receptor becoming constitutively active (ie in the absence of ligand)[9]. We will create a mutant version of C-Met and test its effects on growth and metastasis in comparison to the wild-type C-Met
2) “Tagging” C-Met for cellular and biochemical studies

· We are creating a C-Met/GFP (Green Fluorescent Protein which fluoresces green under UV light) fusion construct which will permit the sub-cellular distribution of the transfected C-Met protein and also the easy identification of C-Met expressing cells in mixed population

· We are producing a version of C-Met tagged with the FLAG amino acid sequence (which is recognised by a specific antibody which does not react with any mammalian protein). This will facilitate the study of intracellular pathways activated by C-Met in our experiments.
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