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By its frequency, colorectal cancer (CRC) has become aserious public health problem. BAT25 marker is included
in the panel of five markers dedicated to the diagnosis of CCR microsatellite instability. The objective of this
study was to evaluate the polymorphismand genetic diversity of the BAT25 marker in CRC cases in Senegal. This
prospective study was performed on 22 CRC patients. After DNA extraction, the polymorphism and genetic
diversity of BAT25 was determined by PCR and sequencing. The alignment of the sequences was carried out using
Bio Edit software. The parameters of the polymorphism and genetic variability were determined using the Dnasp,
Mega and the Arelquin programs. The results showed a genetic variability of BAT25. This variability is
represented by mutations observed in the tumor tissues. The most frequent mutation was the deleti onof athymine
at position72 (T72d). This deletionwas absent in healthy tissues and controls. Fromthis study, it can be concluded
that the mutations found in the tumor tissues could have a role inthe onset, development and progression of CRC.
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By its frequency, colorectal cancer (CRC) has
become a serious public health problem. It is
the third most common malignant disease in terms
of incidence and mortality in developed countries
(1). In Africa, CRC is relatively uncommon and
represents 1 to 3% of cancers, and diagnosis is
usually late (2). In Senegal, despite the absence of a
cancer registry and the virtual absence of studies on
colorectal cancers, the prevalence seems to beginto
reach alarming proportions. This phenomenon is
observed in most African countries.

This disease exists in several types of tumors,
including those due to replication error and
microsatellite instability (MSI). At each replication
of the DNA, DNA polymerase makes mistakes that
are minimal. These errors are repaired by a system
known as the Mut HLS system (3). When this
systemworks poorly, DNA replicationerrorsare not
repaired. Because of their repeated structure,
microsatellites are the target of these errors, and in
this case a defect in the DNA repair system could
cause the microsatellite instability observed in these
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types of cancer.

For the diagnosis of CRC, although numerous
and contradictory results are obtained, but like
during the international Bethesda meeting (Roland
etal. 1998), they all include BAT25 as a key marker
in the diagnosis of unstable colorectal cancer (MSI)
(4-7).

This study was conducted within this
framework and aimed at analyzing the BAT25
marker in CRC cases in Senegal. More specifically,
itaimed to assess the frequency of BAT25 mutations,
the variability, and genetic diversity of BAT25 in
CRC cases in Senegal. Also, genetic differentiation
of CRC based on pathological characteristics was
investigated.

Materials and methods

Patients and samples

This is a prospective study on 22 patients with
colorectal cancer. Patients were selected at the
health care facilities such as Hopital Principal,
Grand Yoff hospital and the Aristide Le Dantec
University Hospital in Dakar. The distributionofthe
study population according to the gender, age and
location of the tumor is specifiedin Table 1. After
surgery, the surgical specimens were sent to the
laboratory of pathology of the health care center. For
each patient, a sample of healthy tissue and a
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tumoral tissue were prepared and then storedin96%
alcohol for genetic analysis. Blood samples from
healthy subjects were used as controls.
DNA extraction, amplification and sequencing

The total DNA was extracted from tissues
using the QIAGENS kit (QIAmp DNA FFPE Tissue)
and the Promega kit. The quality of the DNA was
checked by electrophoretic migration on a 1.5%
agarose gel. The amplification of the BAT25 marker
was performedin a reaction volume of 50 pl. PCR
was performed with 34.9 pl of MilliQ water, 5 pl of
10 x buffer, | pl of MgClI2, 2 ul of dNTPs, 2.5 pl of
each primer,0.1 pl of Taq (SU/ ul) and 2 pl of DNA.
The primers used were described by Buhard et al.
(8). The amplified products were sequenced with a
3730xI ABI type sequencer. The sequences obtained
have been corrected and aligned with the Bio Edit
software version 8.0.5 (9).
Polymorphism analysis and genetic diversity of
BAT25

The parameters of the polymorphism, such as
the length of the sequences, the number of variable
sites (polymorphs), the number of informative sites
in parsimony, the number of mutations, the humber
of haplotypes and the standard parameters of genetic
diversity such as haplotype diversity (Hd) and
nucleotide diversity (Pi) were determined using the
Dnasp version 5.10 software (10). The Hd defines

Table 1. Clinical and anatomo-pathological characteristics of the population

Variables Numbers Percentage (%0)
Gender

Male 10 45
Female 12 55
Age (years)

<30 0

30-60 10 45
> 60 12 55
Localisation

Colon 18 82
Rectum 4 18
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the probability that two genes randomly drawn in a
sample are similar (11) and considers the number of
individuals and the frequency of haplotypes. As a
result, the higher Hd, the greater are the chances of
observing different haplotypes in two randomly
selectedindividuals. (Pi) is also a measure of genetic
diversity, but it also integrates the actual degree of
difference between the sequences studied. Thus, the
more the haplotypes present in a population are
distinct from each other in terms of the number of
polymorphic sites differentiating them, the higher
(Pi) will be. The nucleotide frequencies and the
nature of the mutations were determined using
MEGA 6.06 software (12). The average number of
nucleotide differences (K) was found under Dnasp
version5.10.01 (10). The polymorphismand genetic
diversity of BAT25 were evaluated at the healthy
intra-tissue, tumor intra-tissue, healthy inter-tissue
and tumor tissue lewels.
Genetic differentiation tests

The intra- and inter-group Nei genetic distance
was calculatedunder MEGA 6.06 (12) usingthe two
-parameter Kimura model. The Fst (genetic

differentiation factor) values and the associated
probabilities were determined using the Arelequin
3.5.1.3 program (13). A P wvalue < 0.05 was
consideredas significant. The groups were relatedto
tumor tissues, healthy tissues and controls. To see if
there was a genetic differentiation according to the
clinical and pathological parameters, we carried out
the genetic differentiationtest(Fst) under Harlequin.
Here groups were related to the clinical and
pathological parameters (gender, age, location).

Variability and genetic diversity

Studies were performedona 222 bp fragment.
Controlsand healthy tissues showed no mutationsin
contrast to tumor tissues which revealed 4
polymorphic sites (Table 2). Seven haplotypes were
found. Controls and healthy tissues showed a single
haplotype. The values for nucleotide frequencies for
all samples showed a predominance of A + T
nucleotides (67.26%) compared with C + G
(32.74%). In the control group and healthy tissues,
transitions accounted for 33.33% and transversions

Table 2. Indices of genetic variability of BAT25 sequences

Parameters Controls Healthy tissues Tumoral tissues Total
Sample size 10 7 22 39
Number of sites 222 222 222 222
Number of monomorphic sites 222 222 218 222
Number of polymorphic sites 0 0 4 0
Number of haplotypes 1 1 6 7
Transitions (%) 3333 3333 0 0
Transversions (%) 66,66 66,66 100 100
Mutation rate (R) 041 041 0 0

Hd 0 0 0,6407 0,694
Pi 0 0 0,0015 0,00087
K 0 0 0,338 0,192

Healthy and tumoral tissues

Pi 0,00119
K 0,26

Hd: haplotypic diversity; Pi: nucleotide diversity; K: the average number of nucleotide differences.
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for 66.66% of mutation cases. Our results showed a
predominance (100%) of the transversions in the
canceroustissues (Table 2). Compared with controls
and healthy tissues, tumor tissues revealed a high
haplotype diversity (0.064 + 0.117) and a low
nucleotide diversity of 0.0015 + 0.0005. The
average number of nucleotide differences (k) in the
tumor tissues was 0.338.

The haplotype h1l was present in controls and
healthy tissues. The other haplotypes were
represented by tumoral tissues. According to Table

Table 3. BAT25 haplotypes in controls, healthy, and colorectal tissues
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3, mutations were at positions 32T>A, 70T>G,
71T>G, 71delT, and 72delT.
Differentiation and genetic structuring

The determination of intra and inter-group
genetic distances, showed that there was no
difference between controls and healthy tissues. On
the other hand, there was a difference (distance=
0.000829 + 0.6279) between healthy and tumor
tissues, as well as between controls and tumor
tissues (Table 4).

Haplotypes Number of sequences  Number of mutations Mutations

h1 18 Controls and healthy tissues
h2 1 2 T32A ; T72d

h3 13 1 T72d

ha 2 3 T32A ; T71G ; T72d

h5 2 2 T71d ; T72d

h6 3 2 T71G ; T72d

h7 1 3 T70G ; T71G ; T72d

Table 4. Genetic differentiation parameters

Nei's genetic distance

Groups Intra-group
Controls 0
Healthy tissues 0

Tumoral tissues 0.0015+ 0.0011

Controls
Tumoral tissues

Healthy tissues
Tumoral tissues

Inter-group

0.0008+0.627

0.0008+0.627

Genetic differentiation factors (Fst)

Groups Inter-group
Controls 0

Healthy tissues

Controls

Tumoral tissues 0.639
Healthy tissues 0.610

Tumoral tissues

P-value

< 0.0001

< 0.0001

< 0.0001
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Discussion

The age range of our study population was
between 35 and 92 years, with a majority (55%)
being above 60 years. The age of CRC in sub-
Saharan Africaisgenerally below50 years (46 years
on awerage) (14) compared to the age range
observed in dewveloped countries 65 £ 10 years.
These results can be explained by the difference in
lifestyle. The occurrence of CRC is strongly
influencedby environmental factors, particularlythe
diet.

The study of the polymorphism of BAT25
showed that there was no variability between the
reference sequence, controls and healthy tissues that
were monomorphic in our study population. On the
other hand, the literature shows a great allelic
variability at the BAT25 locus. According to a study
conductedby Pyatt etal. (15) ona populationof 103
healthy African American subjects, 21.3% had
variations of the BAT25 locus. Moreower, the
polymorphic nature of this locus was also confirmed
in a Nigerian population. Zheng et al. (16) showed
that the BAT25 locus is nearly monomorphic. They
attempted to establish a relationship between the
length of the fragment and poly thymidine
sequences in BAT25 in a Chinese population, and
found that BAT25 alleles length were variable in the
population.

Tumor tissues showed variability regarding
two sites that have simple substitutions and two sites
with deletions. These mutations could be
incriminated to the disease because we find them
only in the tumor tissues. According to our results,
the BAT25 marker showed 6 haplotypes inthe CRC.
Controls and healthy tissues were grouped within
the same haplotype (h1) as there was no variability
between them. The other 6 haplotypes corresponded
to the tumor tissues. All individuals with CRC had a
T72d mutation. Individuals with the T72d deletion
were grouped into haplotype 3. Patients in thisgroup
were all at the pT2 or pT3 stage of the disease. This
deletionin the tumor tissues could be implicated in
the onset and the ewolution of the disease. An

analysis of 19 MSI tumors performed by Pyatt et al.
(15) showed a shortening of the poly (T) tract from
4 to 10 base pairs for all tumor tissues.

The values relatingto the nucleotide frequency
for all the samples show a predominance of A
(25.49%)and T (41.77%) with respectto C (11.82)
and G (20.92%). For controls and healthy tissuesthe
transitions accounted for 33.33% of mutations.
Whereas for the tumor tissues all the mutations were
transversion (100%). According to the literature,
mutations found in healthy individuals are often
transitions. In the case of tumor tissues,
transversions are more frequent. Our results
regarding predominance of transversions in tumor
tissues are in line with the results obtained by
previous researches on different tumor tissues (17-
18).

The Hd (haplotype diversity) and Pi
(nucleotide diversity) values were determinedforall
the sequences studied in different groups. The
indices of haplotype and nucleotide diversity are
parameters for estimating demographic history in
phylogeny. A high Hd for tumor tissue is the signal
of very rapid growth of tumor cells. These results are
in line with the literature in which tumor cell
expansion is an importantand frequent phenomenon
in digestive tumors (19).

The determination of the genetic distances
(intra and inter) confirmed that there was no
difference between controls and healthy tissues. On
the other hand, there was a difference (distance =
0.0008 +£0.627) between healthy and tumor tissues.
The present results showed a variability within the
tumor tissues reflecting the heterogeneity of the
CCRs. With Fst, the difference between healthy and
tumor tissues was statistically significant (P<
0.0001). This result reinforces the hypothesis
already announced; namely that there is amolecular
difference between healthy and tumor tissues.

No genetic differentiation was detected by
gender, age, and location. This resultis in line with
the study carried out by Mbaye et al. on BAT25
instability in Senegalese womenwith breast cancer
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(unpublished data).

In conclusion, this study showed the presence
of mutations in the tumor tissues of patients with
CRC. The T72d mutation found only in tumor
tissues can be incriminated to disease development.
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