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In some tumors, defects in mismatch repair enzymes lead to errors in the replication of simple
nucleotide repeat segments. This condition is commonly known as microsatellite instability (MSI)
because of the frequent mutations of microsatellite sequences. The primary aim of this study is to
evaluate the clinicopathological and survival significance of BAT-25 and BAT-26 instability, in 60
patients with breast cancer. Polymerase chain reaction was used to amplify the following microsatellite
repeat loci BAT-25 and BAT-26. Medical records were studied in order to determine clinical data of BAT-
25 and BAT-26, analysis was carried out. 60.71% of cancer tissues analyzed were found to be unstable
for both markers.BAT-26 instability has an impact on the age (Od: 15.47; CI 1.08-974; 19, P: 0.020) and
survival (P: 0.0342) of patients. BAT-26 which has a poly A sequence, can be considered alone as a
good marker for the detection of MSI tumors in breast cancer.

Key words: Cancer, breast, polymorphism, microsatellites, Seneqgal.

INTRODUCTION

The process of carcinogenesis is a complex process,
driven by the gradual accumulation of genetic and
epigenetic alterations affecting differentiation controlling
factors, the division and cell death. This is a dynamic
phenomenon, which, with regards to the species
evolution theory according to Darwin, is based on a
succession of selections phases and clonal expansions,
each of which is subsequent to the acquisition by a cell of
a proliferation or survival advantage (Moyret-Lalle et al.,
2008). It is generally accepted that the malignant

transformation of a cell requires an alteration of 5 to 10
different genes leading to the deregulation of specific
signaling pathways.

Recent analyzes by human tumor sequencing confirm
the "multi-gene" hypothesis of cancer, a given tumor with
an average of fifteen deleterious mutations, along with
dozens of mutations called transient within the coding
regions (Wood et al., 2007). Taking into account the
entire genome, these observations suggest that cancer
cells have thousands of different mutations. Upon 1974,
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Lawrence Loeb had hypothesized that the tumor
development process required the loss of genomic
stability (Loeb et al., 1974).

A few years ago, the discovery of a link between the
occurrence of certain cancers and the existence of
anomalies of the deoxyribonucleic acid (DNA) errors
repairing replication system (MMR system for Mismatch
Repair) opened new horizons in the study of
carcinogenesis in Humans (Aaltonen et al., 1993; lonov
et al., 1993). This deficiency leads to nucleotide instability
of the DNA affecting mainly the microsatellite repeated
sequences of the genome, without associated
chromosomal abnormality. In some cases, these
microsatellites are located in intronic regions, or 5 'or 3'
untranslated regions of some human genes, and it has
been described that they may play a regulatory role in the
expression of said genes.

According to Suraweera et al. (2001), the instability
noticed in such sequences may occur during
Microsatellite instability  (MSI-H) carcinogenesis
(microsatellite instability-high), but this remains to be
demonstrated. MSI-H cancers are common in humans.
They can be inherited. However, they are in most cases
of sporadic occurrence, representing about 15% of cases
of colon cancer, stomach, pancreas or endometrial
cancer (Borie et al., 2004). Previous MSI reports on
sporadic breast cancers are probably incompatible with
some studies which have noted an absence or scarcity of
microsatellite instability in breast tumors (Hye-Jung et al.,
1993; Peltomaki et al., 1993; Wooster et al., 1994), while
others studies have reported a remarkably high
frequency of MSI in breast cancer (Kim et al., 1994; Yee
et al., 1994; Aldaz et al.,, 1995; Contegiacomo et al.,
1995; Karnik et al., 1995; Shaw et al., 1996; Toyama et
al.,, 1996; Toyama et al., 1996b; Paulson et al., 1996;
Sourvinos et al., 1997). The shortening of microsatellite
allele is observed systematically in MSI-H cancers, while
it is very monomorphic in the genome of normal cells and
non-defective tumor for the MMR system (Zhou et al.,
1998).

Comparing the two proposed panels for MSI tumors
determination, Yick et al. (2006) pointed out that the use
of BAT-25 and BAT-26 alone was sufficient to detect MSI
tumors since these two markers were unstable in relation
to the corresponding normal DNA. Over the years,
several authors demonstrated that the specificity of the
BAT-25 and BAT-26 single-nucleotide markers is
sufficient to allow them only to establish the MSI without
reference to the normal DNA in the case of colorectal
cancer (Zhou et al., 1998; Surawera et al., 2002). The
BAT-25 locus consists of 25 (T) located within the intron
16 of the c-kit proto-oncogene. c-kit gene is located on
the long arm of chromosome 4 at position 12 (4q12).
Whereas, BAT-26 contains a repetition of 26 (A) and is
located within the fifth intron of the MSH2 gene on
chromosome 2 (2p21). MSH2 is a tumor suppressor and
more particularly a transition gene which codes for a

mismatch repair protein. Both loci have been shown to be
markers, which manifest themselves with a size
shortening of mono-nucleotide repeat. However, in the
MSS tumors or normal tissue, BAT-25 and BAT-26 were
described as having little size variations (Parsons et al.,
1995; Zhou et al., 1997).

This study will therefore aim, at accurately establishing
the incidence of MSI phenotype in breast cancers by
using two BAT-25 and BAT-26 single-nucleotide markers
and at assessing the correlation between the instability
of microsatellite loci and clinicopathological
characteristics as well as the and survival time of
patients.

MATERIALS AND METHODS

This study received the approval of the ethics committee of Cheikh
Anta Diop University. Tumors tissues diagnosed as breast
carcinoma were obtained from a surgical pathology file of the Joliot
Curie Cancerologylnstitut. All tumors are ductal carcinomas
infiltrates. Blood samples were also performed in control subjects.
DNA extraction was described previously by Mbaye et al. (2012).
DNA samples obtained from blood samples and tumor tissues were
amplified using two different oligonucléotide pairs specific for the
recommended microsatellite loci BAT-25 and BAT-26. All primers
were obtained from Research Genetics (Buhard et al., 2006).

Primers sequences were BAT-25 (forward 5'-
TACCAGGTGGCAAAGGGCA-3 and reverse 5'-
TCTGCATTTTAACTATGGCTC); and BAT-26 (forward 5'-
CTGCGGTAATCAAGTTTT and reverse

AACCATTCAACATTTTTAACCC). PCR reactions were performed
in 50 ul containing 5 pl buffer 10X, 1 pl Mgcl2, 2.5 ul of each primer,
2 ul dNTP, 2 pl DNA and 0.1 pl Taq polymerase.

Amplification of BAT-25 was performed by (denaturation initial at
95°C for 10 min, followed by 30 cycles of denaturation at 94°C for
45s, annealing at 57°C for 45 s, extension at 74°C for 45 s), the
reaction was terminated by extension at 74°C for 7 min and
amplification of BAT-26 was performed by (95°C for 5 min; 35
cycles (95°C for 30 s; 47°C for 1 min; 70°C for 1 min); 70°C for 10
min. The obtained amplicons were shipped to Macrogen, South
Korea for purification and sequencing with 30 pl PCR products and
15 pl primers (10uM) for each sample. Sequences resulting to
mononucleotide repeat BAT-25 and BAT-26 were aligned by
BioEditsoftware (Hall, 1999). MSI-H were defined as having
instability in two markers, where as microsatellite instability-Low
(MSI-L) tumors were defined as having instability in one makers.
Lack of instability in any markers described the microsatellite stable
(MSS).

Associations between clinical parameters and presence of
microsatellite instability status were analyzed by Fisher’s exact tests
using the Statview software. A probability value of < 0.05 was
considered. Survival data was obtained using the Kaplan-Meir
method, and comparison of survival was made using the log-rank
test, with p<0.05 as the significant limit.

RESULTS

A difference of size and patterns were noted on both
markers studied in patients with breast cancer (Table 1).
Among the 38 tumors analyzed, 34 (89.47%) proved
unstable for the c-kit oncogene BAT-25 marker while 24
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Table 1. Different patterns of BAT-25 and BAT-26 markers.

BAT-25 Patterns Haplotypes CT CS
TTTTTTTTITTTITTITTITTTTITTTT T 25T 4 10
------ TTTTTTTTTTTTITTITTTTT Del T16 9
----- TTTTTTTTTTTITTTITTTTTT Del T15 1
----TTTTTTTITTITTITTTTTITTITTI Del T1-4 21
----TTTTTTTITTITTTITTT-TTTTI Del T1 4 Del Tz 1
----TTTTTTTITTITTITTIT-TTTTTI Del T1 4 Del Tyg 1
----TTTTTTTTTITTITIT --TTTTTT Del T1 4 Del Tig 19 1
BAT-26 Patterns Haplotypes CT CS
AAAAAAAAAAAAAAAAAAAAAAAAAA  26A 1
AAAAAAAAAAAAAAAAAAAAAAAAA 25A 10 10
AAAAAAAAAAAAAAAAAAAAAAAA - 24A +Del Azs 16
- AAAAAAAAAAAAAAAAAAAAAAA - DelA;+23A+DelAzs 2
AAAAAAAAAAAAAAAAAAAAAAAG - 23A Sub Azqs —»G+DelAs 4
AAAAAAAAAAAAAAAAAAAAAAGG - SubAz;_ 24—G+DelAzs 1
CT: Cancerous Tissue; CS: Control Sample.
Table 2. (MSI) Status in breast cancer. (+): 29 ¥ ¥ MSI-H
unstable for a marker; (-): Constant for a marker;
NA: Not Amplified; (?): (N)ot determined status. 22 N+A * MS?I'H
. Locus 32 NA + ?
Patients BAT-25 BAT-26 MSI status zj Eﬁ + Z
! MSS 35 + NA ?
2 N MSIL 36 + NA ?
3 i MSI-L 37 + NA >
4 + MSI-L 18 . NA 5
5 + MSI-L -
6 + + MSI-H
; : N+A MS?I 4 (70.58%) were unstable for BAT-2_6 marker out of 34
9 . MSI-L tumors analyzed. In most cases, it was noted for the
10 N MSI-L BAT-25 marker, large deletions ranging from four to six
1 N N MSI-H (T) respectively out of 21 (61.76%) and 9 (26.47%)
12 N MSI-L analyzed tumors. The BAT-26 instability is characterlzed
13 . N MSIH by 5 reasons related to one up to two base pairs (T_able
4 NA N 5 1). Control samples consist of 25T and 25A respectively
15 . MéI-L for the BAT-25 and BAT—26. _ _
Among the twenty eight (28) patients for which both
16 * * MSI-H markers were amplified, one (1) has a stability for both
17 * * MSI-H markers (MSS), 8 (28.57%) have a volatility for the BAT-
18 * * MSI-H 25 marker, 2 (7.14 %) have an unstable BAT-26 only. In
19 * * MSI-H other words, (1/28) tumors is microsatellite stable (MSS);
20 + + MSI-H 10/28 (35.71%) were MSl-low and 17 (60.71%) were
21 + + MSI-H MSI-High. The results are reported in Table 2.
22 + + MSI-H None of the tested parameters is significantly
23 + + MSI-H correlated to the instability of BAT-25. The results are
24 + + MSI-H shown in Table 3. Contrarily to the BAT-25 marker, the
25 + + MSI-H instability of BAT-26 is significantly associated with the
26 + MSI-L patient age (P = 0.02;0d = 15.47, Cl = 1.08-974.19). The
27 + + MSI-H results are shown in Table 4. Survival curve according to
28 + MSI-L BAT-25 stability and instability is shown in (Figure 1a).
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Table 3. BAT-25 Stability and instability vs prognostic factors and response to chemotherapy.

Variable BAT-25 (+) BAT-25(-) P-value

Ane <50 17 0 0.076
g 250 5 2

\% 3 1 0.490
Stage 1 12 1
1l 1 0

SBRIII 3 0 1

Grade SBRII 9 2
SBRI 1 0
<25 7 1

Response to chemotherapy (%) 25-75 1 1 0.423
>75 5 2

P-value: Fischer exact test; Are shown in bold P values that are significant.

Table 4. BAT-26 Stability and instability vs prognostic factors and response to chemotherapy.

Variable BAT-26 (+) BAT-26 (-) P-value
Ade <50 14 3 0.020
9 >50 1 4 Od: 15,47 ; IC : 1.08-974,19
\Y, 2 2
Stage I} 8 4 0.402
1 - 1
SBRIII 2 -
Grade SBRII 7 4 0.439
SBRI - 1
<25 4 4
Response to chemotherapy (%) 25-75 1 1 0.563
>75 5 2

P-value: P-value: Fischer exact test; Are shown in bold the P values that are significant.

The survival time of patients who have a stable BAT-25
falls drastically, but without any statistical significance (P
= 0.473). Kaplan Meir test shows that the BAT-26
instability was significantly (P = 0.0342) associated with a
much longer postoperative survival time (Figure 1b).

DISCUSSION

The two most predictive MSI markers included in the
group of markers from the National Cancer Institute and
the multiplex assay of Bacher and Suraweera, being the
loci BAT-25 and BAT-26 were amplified (Suraweera et
al.,, 2002; Bacher et al., 2004). Using BAT-25 and BAT-
26, microsatellites for the characterization of MSI has
been revealed to be advantageous with regards to many

di, tri or tetra microsatellites because of their quasi-
monomorphic nature and sensitivity to MSI.

With control patients, BAT-25 and BAT-26 are
monomorphic with 25 (T) and 25 (A). Contrary to what
has been described in theory, the BAT-26 loci consists of
a repetition of 25 (A) in controlpatients instead of 26 (A).
Pyatt et al. (1999) have found variations in the size of
single nucleotide sequence of BAT-26 in 12.6% among
African American women in good health, and that 2.9%
had changes in both BAT-25 and BAT-26. According
Pyatt et al. (1999) and Samowitz et al. (1999), there
exists particularly in African, natural polymorphisms of
these two markers, which stresses the necessity to use
them carefully with regards to ethnic groups to which
patients belong. The study results support the need for
comprehensive studies taking into account ethnicity to
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Figure 1. Survival curve according to the stability and instability of BAT-25 (a) and BAT-26 (b).

define different profiles, and BAT-25 and BAT-26
microsatellites allele frequencies within the Senegalese
population.

Both loci show the MSI sensitivity which manifest itself
by loss of a variable number of repeated mononucleotide
causing a shortened size in the majority of analyzed
cancer tissues. Among Senegalese women with breast
cancer, c-kit oncogene BAT-25 marker is much more
volatile 89.47% (34/38) with large deletions ranging from
4 to 6 (T) in respectively 21 (61.76%) and 9 (26.47%)
cancer tissues analyzed and which are compared to the
MSH2 gene BAT-26 marker, the volatility 70.58% (24/34)
of which results in the majority of cases in a deletion /
substitution of one or two base pairs. The literature
contains suggestive evidence of a greater allelic variation
at the BAT-26 loci. Demokan et al. (2006), observed in
cancer at the head level and the neck level, BAT-25
instability in 15% and BAT-26 in 19% of cases. Zhou et
al. (1997), showed in a series of studies that the BAT-26
loci showed a reduction in the number of adenines in the
18 out of the 19 tumors analyzed in 100% of the 27 cell
lines (Parsons et al., 1995), and in the 41 out of 42
colorectal tumors and cell lines (Hoang et al., 1997).

60.71% (17/28) of the cancer tissue the study has
analyzed proved to be unstable for BAT-25 and BAT-26
markers, which confirms their MSI-H status. If one refers
to Zhou et al. (1998), the shortening of allele
microsatellite is observed systematically in MSI-H
cancers. The frequency of tumors with the two markers
instability is high. This is in line with some studies which
reported a remarkably high frequency of MSI in breast
cancer (Kim et al., 1994; Yee et al.,, 1994; Aldaz et al.,
1995; Contegiacomo et al., 1995; Karnik et al., 1995;
Shaw et al., 1996; Toyama et al., 1996a; Toyama et al.,
1996b; Paulson et al., 1996; Sourvinos et al., 1997; Fujii

et al., 1998; Siah et al., 2000). According to Siah et al.
(2000), such variability suggests that the mismatch repair
defects, resulting in an increase of MSI, can play a role in
the pathogenesis of particular breast cancer. However,
the high frequency MSI found in this study is at odds with
what has been reported in the literature for breast cancer
in general where the MSI was observed in 0 to 50% of
cases (Hye-Jung et al., 1993; Peltomaki et al., 1993;
Wooster et al., 1994; Demarchis et al., 1997; Van Der
Looij et al, 2001). Anbazhagan et al. (1999), have
concluded that characteristics mismatch repair errors of
MSI phenotype are rare in human breast cancer.

According to Lacave and Larsen (2005), in breast
cancer, due to low levels of microsatellite instability
observed in tumor cells, a minor role of the genes of
mismatch repair systems in the oncogenesis is allowed.
No significant association related to the BAT-25 and
BAT-26 instability was noted for prognostic factors (stage
and histological grade) and the response to
chemotherapy. However, a correlation study of the
frequency of BAT-25 or BAT-26 marker instability with
clinicopathological factors helped to determine that only
age is associated with the BAT-26 instability (P = 0.020;
Od: 15.47, Cl 1.08-974.19). Siah et al. (2000), found no
instability of the two (BAT-25 and BAT-26) markers out of
the 66 patients with breast cancer under the age of 45 at
the time of diagnosis. The importance of determining the
status of instability comes from the clinicopathological
properties of MSI tumors that differentiate them from non-
MSI tumors: their prognosis and response to treatment.
Recently, a meta-analysis by Popatet al. (2005),
combining data from 32 different studies (being a total of
7642 patients, including 1277 colorectal cancer MSI),
have significantly confirmed the prognostic advantage of
MSI.
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In this study, the instability of BAT-26 is significantly
associated with a longer duration of postoperative
survival (P = 0.0342). Many studies have shown that MSI
tumors (panel of 5 markers) in the colorectal cancer have
better survival rates (Jass, 1999; Gryfe and Gallinger,
2001). Carvalho et al. (2005) found in the colorectal
cancer that 5-year survival was 85% in patients with
unstable BAT-26 compared to patients who are BAT-26
stable. The reasons for the survival benefit is not known,
but it may be due to a self-destructive effect of many
mutations accumulated in the genome of the cell, maybe
these mutations are those of the genes necessary for the
variability of the malignant clone (Hemminki et al., 2000).
According to Chiaravalli et al. (2001), the BAT-26 locus is
the most effective single nucleotide marker for the
determination of the MSI-H tumors in various cancers,
without the need for a normal DNA correspondence.

Conclusion

The analysis of the BAT-25 and BAT-26 polymorphism
confirmed the hypothesis that, among Senegalese
women, mammary carcinogenesis is associated with
unstable microsatellite loci with 60.71% of tumors that
have a MSI-H phenotype. The study may think that the
MMR repair system is defective in breast tumors in these
patients. Despite the high volatility (60.71%) found in
breast cancer tissue, it would be interesting to complete
the analysis with three other markers of pentaplex assay,
being NR-21, NR-24 and NR-27 proposed at the
consensus meeting on "Diagnosis Guidelines for
Hereditary Non-Polyposis Colorectal Cancer and
Microsatellite Instability" of Bethesda in 2002 (Umar et
al., 2004). BAT-26 Polymorphism has an impact on
patient survival. BAT-26 which has a poly A sequence
can be considered alone as a good marker for the
detection of MSI tumors in breast cancer among
Senegalese women.
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