Changes in transcript abundance during development of brain cancer in rats

Introduction:


The process of transformation of a normal somatic cell into a neoplastic cell has not been well characterized.  Although it is known that the set of transcribed genes in a cancerous cell can be quite different from that of a normal cell [1, 2], these transcriptional changes have not been carefully analyzed.  In particular, the changes involved through the development of a cell from precancerous to actively malignant are mostly uncharacterized.

Better understanding of the transcriptional changes that a cell undergoes during its transformation into a tumor cell may lead to more effective treatment of individuals with cancer.  This understanding may also contribute to improved and, especially, more specific methods for prevention of initial tumor development in high-risk individuals.  

The recent advent of microarray technology has made it possible to assay the changes in expression levels of all the genes in a cell (such as those responsible for the development of cancer) quickly and fairly inexpensively.  In order to study these expression differences of cancer cells at various stages of their development, methods for identifying and isolating precancerous cells from tissue samples must be developed.  

This project aims to: (1) develop a method for identifying premalignant cells in the brains of rats, (2) examine the differences in gene expression in cancer cells at various stages of development, and (3) use these differences to identify genes with possible causative relationships to cancer development.

Background and Significance:
Brain cancer will be responsible for an estimated 12,690 deaths in the United States in 2004 and 18,400 new cases of brain cancer will be diagnosed this year [3].  This high death rate is because cancers of the brain and central nervous system tend to have very poor prognosis; and only 30% of those diagnosed with a brain tumor are expected to survive over 5 years.  

Although early identification of precancerous brain cells may contribute to more effective treatment and higher survival rates of brain cancer patients [4], there are no good markers for precancerous brain cells that might indicate early stages of cancer.  The identification and isolation of precancerous cells has proved difficult largely because cancers often develop from cells that, until triggered by some stimuli, appear entirely normal.  Recently, however, it has been noted that the pre-neoplastic cells of rat breast cancers display certain surface abnormalities, in the form of Tn antigens, which may make it possible to develop a biomarker capable of identifying these early cancerous developments before they form harmful tumors [5].  It has also been observed that the pre-natal glial cells in BDIX strain rats that have been treated with a known carcinogen (ethylnitrosourea, ENS) display different levels of expression of a particular surface receptor than glial cells from untreated rats [6].

Although, typically, antibodies might be considered as a tool for identifying early changes in precancerous brain cells, other technologies exist that may allow more sensitive detection of cell-surface changes.  For example, nucleic acid aptamers have been suggested as a means for identification of precancerous cells, as well as a possible form of cancer therapeutic [7].  Aptamers are short (22-100 nucleotides) single stranded DNA or RNA molecules that display remarkably specific binding characteristics.  Aptamers can have binding specificities that are more selective than those of protein antibodies; in some cases, they may also have higher binding affinities and lower dissociation constants than antibodies of similar specificity [7,8,9,10].  

Several advantages of aptamers over antibodies are that they do not require animals for production, will result in selection of a variety of aptamers to the same probe, can be manufactured rapidly in high quantities, and, in some cases may be more stable than peptide antibodies [7,8,9,10].  For selection, aptamers with binding affinity to a particular target are identified by selective enrichment and PCR amplification of those nucleotide sequences that display binding affinity to the target.  The SELEX procedure for aptamer identification begins with a large pool of random nucleotide sequences (as many as 1016 individual oligonucleotides).  The target molecule is incubated in the pool and allowed to associate.  The excess unbound nucleotide sequences are washed off, and the bound sequences are dissociated and amplified by PCR.  This selection/amplification cycle is repeated 6-10 times until aptamers of the desired specificity are isolated.
Aptamers have been identified that specifically bind cancerous cells, while displaying little binding affinity to non-cancerous cells.  Prior knowledge of cancer-specific membrane antigens (PSMA) enabled the development of aptamers with specific binding affinity to human prostate cancer cells [11].  Another study devised a modified SELEX-based procedure to isolate aptamers against complex targets, specifically whole rat brain cancer cells [12].  First, the initial pool of nucleotide sequences was counterselected with normal rat brain cells in order to diminish the likelihood that the aptamers eventually identified would have any binding affinity to non-cancerous cells.  A standard SELEX procedure was then performed, using rat brain tumor microvessel epithelial cells as a complex target for enrichment.  Aptamers identified after eight rounds of enrichment were then subjected to binding studies to identify those aptamers that bound only to the tumor vessels.  As demonstrated by figure 1, the modified SELEX procedure successfully identifies aptamers with much higher binding affinity to the cancerous cells.  The right peak in the graph represents the binding of fluorescent aptamers to cancerous cells, while the left peak represents aptamers binding to all other cells.  As the number of rounds of SELEX enrichment increase, the aptamers identified display a significant binding preference for the cancerous cells (the blue curve indicates those aptamers isolated after seven rounds of enrichment, the most specific set isolated).
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Aptamers binding to transformed rat endothelial cells.
Flow cytometry with FITC-conjugated aptamer pools after successive
rounds of selection resulted in a progressive increase in fluorescence
intensity of the ssDNA population. Black curve, unselected SELEX
genome (FITC-18C-96-nt). Colored curves, increase in fluorescence in-
tensity of aptamers to YPEN-1 endothelial cells after second (red),
fourth (green), and seventh (blue) round of selection.
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The whole cell target SELEX procedure [12] will allow isolation of aptamers that bind precancerous cells in the brains of rats known to be predisposed to developing cancer.  BDIX rats are particularly likely to develop cancers of the central nervous system if treated with ethylnitrosourea (ENS) during development [13,14,15].  According to previous research, 100% of the rats treated with ENS should develop tumors, mostly in the brain and spinal cord.  A whole cell SELEX procedure similar to that previously described [12] can be used to identify aptamers that preferentially bind precancerous cells in the brains of BDIX rats.  

The development of a SELEX procedure for isolating aptamers against whole cell targets and the development of microarrays for high throughput transcriptional analysis have provided the tools necessary for development of novel biomarkers that will permit characterization of the cellular changes that occur as premalignant cells develop into fully cancerous tumors.

Specific Aims:
1) To identify aptamers with specific binding affinity to premalignant cells of rat brains.  A SELEX procedure similar to that previously described will be used to isolate aptamers that bind precancerous cells.  Figure 2 illustrates the procedure used to isolate aptamers with binding affinity to cancerous microvessel cells in a previous study.  The counter selection (i​) will be performed against glial cells isolated from BDIX rats that have not been treated with ENS.  The SELEX enrichment will use glial cells from the brains of ENS treated BDIX rats as whole cell selection targets.  This procedure will identify a set of aptamers that bind to the premalignant glial cells of rat brains, but do not bind to those cells that will not eventually develop into a tumor.
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Selection procedure for the generation of DNA aptamers binding to angiogenic microvessels of rat experimental glioma.
(i), counterselection against N9 microglial cells (to reduce co-selection of aptamers binding to other cell types). (ii), incubation of successive SELEX
paols with YPEN-1 endothelial cells. (iii), removal of unbound sequences. (i), PCR amplification of cell-bound aptamers using modified primers.
(v), FITC-ssDNA generation. (vi), PCR amplification using unmodified primers for (vii) sorting round 8 pool aptamers into individual clones. (viii),
deconvolution-SELEX (step 1) of cloned aptamers as a preselection to evaluate aptamers binding to endothelial cells. (ix), deconvolution-SELEX
(step 2) to evaluate preselected aptamers selectivity against tumor microvessels embedded in their natural surrounding on tissue sections of rat
brain glioblastoma.
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2) To analyze transcriptional changes throughout the development of a rat brain cell from the premalignant stage to the actively dividing tumor stage.  In order to examine the transcriptional changes that occur as a precancerous rat glial cell develops into a fully malignant cancer cell, we plan to isolate rat glial cells at various stages of cancer development and assay the transcriptional changes that occur during this development.  Using aptamers identified in Specific Aim 1, premalignant glial cells will be isolated from ethyl nitrosourea treated BDIX rats and grown in tissue culture.  Glial cells from normal BDIX rats will also be isolated and grown.  At various time points after isolation, cells from each tissue sample will be removed, and mRNA will be isolated [16].  These transcripts will be converted into cDNA using reverse transcriptase, and microarray analysis will be performed.  We have chosen the Affymetrix Rat Expression Set 230 array, as it contains the largest set of transcripts of any microarray currently available.  Analysis of the microarray results will be performed via Affymetrix GeneChip and Data Mining software tools [17].  This analysis will yield a set of genes that are differentially expressed in premalignant and normal glial cells, as well as an understanding of the transcriptional changes that occur throughout the development of a precancerous cell into a neoplastic cell.


3) Identification and characterization of aptamer targets.  In order to better understand the changes involved in transformation of a precancerous cell into a malignant cell, the surface proteins responsible for the specificity of aptamer binding will be identified.  As was performed in [12], the binding targets of these aptamers will be isolated by coating magnetic beads with the aptamer.  A sample of premalignant cells will be lysed and incubated with the coated beads.  The protein extracts bound to the aptamers on the beads can then be dissociated and examined by polyacrylamide gel electrophoresis; the target protein can then be identified by mass spectroscopy [16].  The combination of this data and the transcription profile over the development of a premalignant cell into a neoplastic cell will determine possible targets for further examination.  Through collaboration with a biochemist at the University of New Mexico, gene knock-down studies will be performed to discern whether there may be a causative relationship between the expression of these aptamer targets and the development of a cancerous cell.  Ultimately, this analysis may identify specific target molecules for therapeutic prevention of brain cancer development.
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