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SUMMARY Y 

Thee difference in response to treatment between cancer cells and normal, non-cancer, cells 

determiness the usefulness of an anticancer therapy. Conventional chemotherapies are often 

characterizedd by adverse effects, due to the fact that the drug target is not cancer cell specific. 

Whilee most non-tumor cells are not seriously affected by chemotherapy, a few cell types are 

badlyy damaged and those limit the therapeutic index. 

Thee search for better therapies mainly involves the identification of tumor-specific targets, 

andd an absolute difference between cancer and non-cancer cells will provide the best target. 

Thee difference in genetic composition between cancer cells that have undergone LOH, and 

normall  cells that display heterozygosity, is a candidate target for a possible new therapy, 

calledd allele-specific inhibition (ASI). Theoretically, this approach will exclusively affect the 

cancerr cells, while it will furthermore be a therapy that is applicable to a wide range of 

tumorss and not restricted to just one tumor type. This contrasts most of the other tumor-

specificc therapies that are already being exploited, such as for instance the use of tumor-

specificc antigens. 

AA number of conditions have to be met for this therapy to work: 

(1)(1) Tumor cells have large stretches of LOH that contain genes whose products are essential 

forfor cell survival. 

Geneticc instability has been extensively studied in the past years of cancer research and is an 

accomplishedd fact for many tumors. Most tumor-types are characterized by preferential loss 

off  certain chromosomal regions, harboring tumor suppressor genes. The regions of LOH are 

oftenn large and the number of essential genes is estimated to be hundreds. Thus it is likely 

thatt some essential genes have been reduced to hemizygosity in most of the tumors that are 

characterizedd by LOH. An example of a possible ASI target is POLR2A, which encodes the 

largee subunit of RNA polymerase II. This enzyme is the heart of the cellular transcription 

machineryy and is essential for cell survival. POLR2A is localized on chromosome 17pl3.1, in 

closee proximity of tumor suppressor gene p53, a chromosomal region often affected by LOH 

inn various tumor types (for instance gliomas, colon carcinomas, and ovarian cancers). 

(2)(2) There is sufficient genetic variation in the essential genes that are the possible targets for 

ASI. ASI. 

Singlee nucleotide polymorphisms (SNPs) are the most common form of genetic variation and 

runningg in parallel with the Human Genome Project, the SNPs Consortium has collected 

geneticc variation data. This has produced a high-density map of over 2 million SNPs on the 

humann genome. The vast majority of these will be found in one of the common ethnic groups 

(Caucasian,, African, or Asian), while roughly one-third will be found present in all three 
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ethnicities.. We have investigated the variation of a number of essential genes, which are on 

thee list of potential targets as far as their genomic location is concerned. The majority of these 

geness contained one or more SNPs with high frequency of heterozygosity in the population 

panell  used for screening. Thus, in general there is sufficient genetic variation in target genes 

forr ASI. We have, amongst others, identified multiple SNPs with a high frequency of 

occurrencee in normal samples in the possible ASI target POLR2A. 

(3)(3) Inhibition of the target gene expression is possible in a genotype specific way. 

Manyy studies have reported the inhibition of expression of a target gene using antisense 

oligonucleotidess (ODNs). These small DNA-like stretches bring about their job by sequence-

specificc binding to the RNA target. Depending on the exact chemistry of the ODN used, 

furtherr processing of the target is inhibited {2'-modified ODNs), or the target is being 

degradedd (PS-ODNs). These so-called genetic drugs exert their effect by complementary base 

pairingg according to Watson-Crick rules, which in principle should allow the discrimination 

off  a single base difference in a target sequence. A few reports on targeting of Ha-ras and Ki-

rasras SNPs are nice examples of that sequence-specific binding put into practice, as also holds 

truee for the reports that use a single-base change in an ODN as negative control. 

Inn the ideal situation, drugs for ASI should be able to target either allele of a SNP equally 

well,, as some tumors will have lost the one, while others might have lost the other. We 

managedd by trial-and-error approaches to obtain a PS-ODN couple that can be used to reduce 

thee steady-state mRNA levels of the alleles of one of the frequent SNPs in POLR2A in a 

sequence-specificc way. In cultured cells this was demonstrated at the mRNA level. However, 

thee duration of the single ODN treatment was not enough to result in protein reduction or 

impairr cell growth. In vivo efficacy of ASI was successfully shown in a human xenograft 

tumorr model in nude mice. Tumors that carried either genotype were inhibited in their growth 

byy the sequence-matched ODN, while the mismatched ODN was not effective. However, at a 

higherr dosage, that might be needed to get not only reduction in tumor growth but possibly 

evenn tumor regression, the allelic discrimination of the PS-ODNs was lost. This shows the 

needd for other ODN chemistry that could provide more affinity for the target, and thus more 

stabilityy to the hybrid duplex. In a pilot study we have used locked nucleic acids (LNAs) for 

thiss purpose, and found that these analogs increase the stability of the ODN-RNA hybrid. 

Fine-tuningg of the ODN design with respect to the position of the LNAs in the ODNs may 

resultt in the molecule needed for ASI: an antisense ODN with high affinity and good 

specificityy for the SNP in the target mRNA. 

(4)(4) Inhibition of the allele of an essential gene that is contained in the tumor with LOH does 

notnot produce systemic effects and leaves normal heterozygous cells unimpaired. 

Thiss point of lack of side effects in ASI has only partially been addressed in the studies 

presentedd here. This will require a syngeneic model of targeting mouse tumors in a mouse. 
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Ourr data shows that an ODN against a human gene can knockdown the human tumor cell 

growthh without seriously affecting the mouse that harbors either one or two mismatches for 

thee antisense ODN. Furthermore the homozygous tumor containing the other genotype is also 

leftt unaffected up to certain doses. 

Ann uncertain component in the mechanism of antisense inhibition of gene expression is the 

enzymee that exerts the initial mRNA cleavage, RNase H. Some of the variability of antisense 

experimentss may be caused by differences in RNase H activity in different cell types. We 

havee examined a number of human tumor cell lines and observed differences in response, 

rangingg from not responding to efficient target cleavage. These cell lines were used to assess 

thee involvement of RNases H. We were not able to identify a single enzyme that is the 

limitingg step in antisense inhibition in transfected cells. Several enzyme activities are present 

andd the fundamental aspects of these human enzymes are not, or only partly, known. 

Muchh more knowledge is needed than just the in vitro data that have been reported in 

literature,, in order to understand the exact role of these enzymes in the process of antisense 

inhibition.. Those data are largely produced with systems that use hybrid (RNA/DNA) duplex 

ODNss with enzymes expressed from cloned coding regions of the known human RNases H 

orr purified from E.coli. The actual in vivo situation is much more complex, as I have pointed 

outt in the introductory chapter. Extrapolation of the in vitro experiments may lead to 

erroneouss expectations for in vivo results. 

Somee bottlenecks will have to be solved to obtain a highly effective as well as a highly 

selectivee therapy, which will exclusively kill the cancer cells in a patient. The ODN 

chemistryy and design required for high specificity, as well as identification of new targets to 

expandd the therapy, should be the main objectives of future experiments. The studies 

describedd in this thesis have indicated that ASI is a feasible approach to a new cancer 

therapy. . 

139 9 


