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Abstract: Microsatellites are tandem repeats of simple polymorphic sequences

randomly distributed in non-coding regions of DNA. They can be used in cancer

genetics and indirect cancer diagnosis and can help unraveling the genetic basis of

tumor formation and progression of cancer. Breast cancer is a complex disease in

which numerous genetic alterations occur. The knowledge of specific genetic

changes and their biological consequences is critical to an understanding of breast

cancer tumorigenesis, screening and treatment of patients. Microsatellites can

undergo two events during tumor progression. Loss of heterozygosity indicates

absence of one allele in a given locus, which is associated with the loss of

a corresponding genes. Microsatellite instability reflects replication errors induced

by defective function of mismatch repair genes and is demonstrated with

the appearance of novel, noninherited alleles in tumor cells and represents

a specific pathway of tumor development. Both events serve as prognostic

markers, which can be correlated with clinicopathological features and can help

exploring breast cancer formation.
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The analysis of common DNA sequence variations or polymorphisms is used for

identification of human disease genes. The majority of human DNA is not involved

in coding regions and sequence differences in this DNA between individuals occur

very often. A genetic locus is considered polymorphic if the rare allele has

a frequency of at least 0.01, with the result that heterozygotes carrying this allele

occur at frequency greater than 2%. More than one third of human genetic loci

coding for proteins has been found to be polymorphic. Polymorphisms can exist

either as simple nucleotide changes or as repetitions of the same DNA sequence.

We recognize two types of DNA sequences. The single-copy DNA is more

common type of DNA and composes about 75% of the genome. The rest of

the genome consists of repetitive DNA. There are two classes of repetitive DNA

sequences: dispersed repetitive DNA and satellite DNA. While dispersed repeats

are scattered throughout the genome, satellite repeats are clustered together in

tandem in head-to-tail fashion. They vary in the length of the repeats as well as in

the number of the repeats. In contrast to restriction fragment length

polymorphism (RFLP), which can be only dimorphic and therefore its applicability

is limited through its low informativeness, the satellites, also called tandem repeat

sequences, are better DNA markers. These polymorphisms can consist

of a different number of tandem repeats and can occur in a high number

of alleles. According to the length of the satellite repeats we recognize two

types of markers.

Minisatellites, also called variable number of tandem repeats (VNTRs), are length

polymorphisms. These loci contain repeats 20 to 70 nucleotides long. They are

defined by restriction sites that flank the repeated region. VNTR locus can be

several thousands base pairs long and Southern blot analysis is usually performed

to characterize it.

Microsatellites, also called simple sequence repeats (SSRs), are much smaller.

They contain only 1 – 6 base pairs and their total size does not exceed few

hundreds of nucleotides. It is much easier to analyze them in laboratory in large

scale by polymerase chain reaction technique. The tandem repeats of

microsatellites have no known function but they are wide-spread throughout

the whole genome of all vertebrates. Human genome is estimated to contain

almost 100 000 microsatellite loci.

The major mechanism generating the number of variant alleles is a faulty DNA

replication. The frequency of this kind of replication error is high enough to make

alternative lengths at the polymorphic site common, but low enough that

microsatellite changes will usually not occur within a few generations of a family [10].

Microsatellite markers in breast cancer

Microsatellites have such properties that make them a very useful tool for genetic

mapping and linkage studies and thus can facilitate identification of disease genes.

The variability in their length enables microsatellites to function as stable markers
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Fig. 1 – The highly polymorphic

microsatellite marker distinguishes

between normal (N) and tumor

(T) tissue. Normal cells retain two

copies of a chromosomal region.

Arrow indicates loss of one copy

during tumorigenesis

in breeding studies and in exploring human pedigrees. Moreover, microsatellites

can be well employed in cancer genetics and indirect cancer diagnosis. They can

help unraveling the genetic basis of tumor formation and progression of cancer and

can determine whether an individual has inherited chromosome containing

a defective or normal gene.

Breast cancer is a malignancy with numerous genetic alterations. Microsatellite

repeats can be affected with two events during tumorigenesis: loss of

heterozygosity (LOH) and microsatellite instability (MSI).

Loss of heterozygosity

Loss of heterozygosity indicates absence of one allele at a given locus. To detect

LOH, we compare the genotype of the tumor at a given polymorphic

microsatellite marker with that of the matching normal tissue of the patient. DNA

samples are usually obtained from peripheral lymphocytes and homogenized

tumor tissue, respectively. In normal cells, both alleles are present in a 1:1 ratio.

During tumorigenesis, one copy of the chromosomal region can be lost. Only one

of the variable DNA fragments remains in the tumor [6]. A slight signal can be

evident in tumor sample at the position characteristic for the chromosomal region

that has been lost during tumorigenesis indicating contamination of the tumor

sample with the normal cells. Thus, rather than detecting complete loss of

an allele, in many cases we are actually observing a partial shift in the ratio of both

parental alleles in the tumor DNA relative to that in normal DNA [11] (Fig. 1).

Loss of heterozygosity at various chromosomal regions (1p, 1q, 3p, 6q, 8p, 11p,

11q, 13q, 16q, 17p, 17q, 18q and 20q) has been reported in both familial and

sporadic forms of breast cancer [reviewed 2,5]. In familial cases, the loss of a wild

type allele detects complete inactivation of

the predisposing tumor suppressor gene. The

frequency of LOH in these specific regions ranges

between 90%–95% in hereditary tumors [19, 21].

The genetic changes in sporadic forms of cancer are

not exactly established yet and lower incidence of

LOH in distinct loci is observed. It varies from

20%–60% [25, 7, 16, 13].

Initially, LOH studies have been used extensively to

identify regions on chromosomes that may contain

putative tumor suppressor genes. RB1 gene was one

of the first successes. In 1986, it was cloned taking

advantage of genetic analysis of families and LOH

studies of large numbers of tumors [9].

The lack of knowledge of the sequence of events

during carcinogenesis remains still unclear. To solve

this problem, genome-wide search for loss of
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heterozygosity was performed [14]. DNA from 75 human primary breast

carcinomas was tested with 184 microsatellite markers and 56 regions of

the genome affected by deletions were found. No tumors with the same set of

affected regions were found, all tumors had a different pattern of deletions and

no highly preferential combination of events was defined. These results confirm

the potential complexity of molecular processes involved in mammary

carcinogenesis. However, the study of allelic losses enabled to identify

preferentially affected regions of genomic DNA. Primary regions were defined by

their high incidence and their involvement in tumors with low level of LOH.

These primary regions may be early targets and their alteration may represent

obligatory steps in the development of breast cancer. In contrast, alteration of

the secondary regions may occur at random because they represent either

optional targets or a result of genome instability.

Genetic alterations caused by the loss of one allele can serve as prognostic

indicators, can predict postoperative prognosis and guide adjuvant therapy.

Eiriksdottir et al. analyzed LOH at chromosome 13q in sporadic breast tumors

and tried to determine their prognostic value. They analyzed 139 sporadic breast

tumors using 18 microsatellite markers spanning the entire chromosome arm

and correlated the results of LOH analysis with clinicopathological variables.

Allelic losses were detected in 43% of tumors. The association of LOH with

the high S phase fraction and aneuploidy of tumor cells suggests that one or

more genes located at 13q are involved in the control of cell proliferation and

maintenance of genome stability. The survival analysis showed that the patients

with LOH detected in that region are at risk of 3–4 folds increased mortality and

recurrence of a disease [7].

The analysis of allelic losses at 3p chromosome in sporadic invasive breast

carcinoma was performed [17]. Specific regions of 3p were analyzed with

19 microsatellite markers in 40 tumors and the results of analysis were correlated

with clinicopathological features. 22 tumors with LOH in one or more markers

were found. Furthermore, a correlation between LOH and increased tumor grade

was found. The obtained results suggest that there are genes on 3p that are

involved in control of cell proliferation. Loss of these genes can result in

the development of more aggressive tumors.

An extensive study was performed to explore chromosomal regions that are

commonly deleted in breast cancer and to show that allelic losses at certain loci

correlate with postoperative survival. Hirano et al. tested 504 breast tumors with

18 microsatellite markers in loci of tumor suppressor genes or regions where

genetic alterations are frequent in breast tumors. They detected six loci (1p34,

3p25, 8p22, 13q12, 17p13.3 and 17q21.1) that served as negative prognostic

markers for breast cancers. The patients with allelic losses at these regions had

significantly higher risk of shorter postoperative disease-free interval than patients

whose tumors retained both alleles [12].
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Fig. 2 – Comparison of

microsatellite marker from normal

(N) and tumor (T) tissue exhibiting

microsatellite instability. In normal

cells, two alleles are present.

Arrow indicates the additional

allele in tumor cells

LOH analysis can be used for an identification of inactivating mutations in familial

breast cancers [21]. 47 breast tumors were analyzed from patients with high-risk

familial history of the disease who had been completely screened for BRCA1 and

BRCA2 genes and had shown either a germ line mutation, unclassified variant or

polymorphism in either of the two genes. In familial breast cancers associated with

germ line mutations in either BRCA1 or BRCA2, the most common mechanism of

the gene inactivation was complete loss of the wild-type allele. In contrast, in

the familial cancers not associated with these genes, the rate of spontaneous LOH

appeared to be very low. Thus, the analysis of allelic losses can be used to

determine whether a germ line variant of unknown significance in BRCA genes is

either a deleterious mutation or a common polymorphism.

Microsatellite instability

Microsatellite instability (MSI) is a novel molecular marker of carcinogenesis,

reflecting replication errors induced by the defective function of the mismatch

repair genes. It indicates the appearance of a novel, noninherited microsatellite

allele in tumor cells with persistence of inherited alleles in the normal cell

counterpart [24]. MSI can occur during replication of repetitive microsatellite

sequences when two strands of DNA slip relative to one another, resulting in small

loops of unpaired DNA. Slippage may occur with copies of the repeat unit being

inserted or deleted, thereby altering the size of the locus. This results in occurrence

of longer or shorter allele in the tumor relative to germ line lengths [3, 15] (Fig. 2).

Normally, the integrity of the genome is controlled by several mechanisms, one

of which is the DNA mismatch repair (MMR) system involved in the detection and

correction of mismatched base pairs [22]. MSI is tightly associated with MMR genes

deficiency and was initially observed in cells from

hereditary non-polyposis colorectal cancer

(HNPCC), which is characterized by germ line

mutations of major MMR genes hMSH2 and hMLH1.

The common characteristic of HNPCC is

the presence of MSI in 90% of tumors [1]. Defective

MMR genes have also been identified in some

sporadic colorectal tumors and other types of

cancers associated with MSI [26].

In different studies, MSI has been observed in

0–50% of analyzed breast cancer cases [8, 30, 24,

4, 15], depending on the series of examined patients,

on the used technical approach and on the selection

of a marker. Such variability suggests that DNA

mismatch repair defects, resulting in increased MSI,

may play a role only in pathogenesis of particular

breast cancers [29].
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Siah et al. performed MSI analysis using 6 microsatellite markers in 66 breast

tumors. They found all tumors microsatellite stable. They also reviewed data about

MSI from other studies and found overall detection rate of MSI in breast cancer

very low (2.9%). They concluded that it seemed unlikely that DNA mismatch

repair defects, resulting in increased MSI, are major contributors in breast

tumorigenesis [29].

To determine the incidence of MSI and its relationship with clinicopathological

parameters and patient survival, 6 microsatellite markers in group of 101 cases

of breast cancer were investigated [28]. MSI was detected in 11.9% of breast

cancer cases. The patients with MSI had larger tumors, more distant metastases,

more advanced stage of a disease at diagnosis and reduced survival in comparison

to patients without MSI. In contrast, MSI status in HNPCC correlates with better

prognosis of a disease [26]. These findings suggest the organ specificity of the

tumorigenic pathways [28].

Some studies have demonstrated an association of MSI with defective MMR

genes even in breast cancer. Van der Looij et al. studied occurrence

of microsatellite instability of seven markers at chromosomes 13q and 17 in

a serie of 41 breast tumors and determined their association with BRCA1 and

BRCA2 gene mutations. 7% of breast tumors showed MSI, but no BRCA

mutation. Absence of association between MSI and BRCA1 mutation status

suggests that MSI identified in a fraction of breast cancers may reflect possible

mutations in one of the DNA mismatch repair genes [30].

Murata et al. in a set of 32 sporadic breast cancer cases with five

microsatellite markers demonstrated significant association of MSI with reduced

expression of the MMR genes (hMLH1, hMSH2). All cases with mutations in

MMR genes exhibited MSI phenotype. These results indicate the contribution of

defects in these genes for the development of sporadic breast cancer [20].

In conclusion, MSI seems to be marker of a wider genomic instability, possibly

affecting not only short tandem repeats and other noncoding regions, but also

target genes such as those involved in cell cycle control and/or cellular replication

[23]. Molecular basis for the MSI observed in breast tumors might be different

from mechanisms involved in the MSI in colorectal tumors [18]. However,

combined effect of BRCA1 and hMLH1 dysfunction may be important in

progression of a specific subtype of tumors [30].

Conclusion

Breast cancer is a disease with high heterogeneity of defects leading to tumor

formation. The knowledge of specific genetic changes and their biological

consequences is critical to an understanding the processes of tumorigenesis and

for the development of prevention and treatment [3].

All presented results indicate that loss of heterozygosity and microsatellite

instability are significant markers of tumor formation and progression and serve as
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a perspective tool to improve our knowledge about breast carcinogenesis.

An understanding of the genetic alterations involved in breast cancer development

and progression may aid earlier detection and postoperative management [17].
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