
Abstract. MHC class I chain-related genes (MIC) are
located within the MHC class I region of chromosome
6. Sequence analysis of the MIC-A gene showed a tri-
nucleotide repeat (GCT) microsatellite polymorphism
within the transmembrane region. So far, six alleles of
the exon 5 of the MIC-A gene, which consist of 4, 5, 6,
9 and 10 repetitions of GCT, or five repetitions of GCT
with an additional nucleotide insertion (GGCT), have
been identified. Recent works support the findings that
MIC-A is associated with several autoimmune diseases.
In our work we present a modification of a method
used for microsatellite polymorphism detection within
the transmembrane region of the MIC-A gene. It is the
ALFexpress fluorescence-based automated fragment
analysis. We also present the frequencies of MIC-A
exon 5 alleles found in the Czech population. We have
identified five alleles of the transmembrane region of
MIC-A, which comprise 4, 5, 6 and 9 repetitions or five
repetitions with an additional nucleotide insertion. The
most frequent allele was A5.1 (59.3%) and the less fre-
quent was the allele A5 (20.0%). No A7, A8 or A10 alle-
les were identified.

The human major histocompatibility complex
(MHC) class I chain-related genes (MIC) are located
within the MHC class I region of chromosome 6.
Mapping studies have identified seven MIC genes (MIC-
A ñ MIC-G), of which only MIC-A and MIC-B encode
expressed transcripts (Bahram, 2000). The MIC-A and
MIC-B genes are located telomeric to the TNFA gene
between the B-associated transcript (BAT-1) and the
HLA-B genes (Bahram and Spies, 1996). Both MIC-A
and MIC-B genes contain long open reading frames

encoding MHC class I molecules with three distinct
extracellular domains (α1, α2 and α3), a transmem-
brane segment, and a cytoplasmic tail encoded by sepa-
rate exons. Sequence analysis of the MIC-A gene
showed a trinucleotide repeat (GCT) microsatellite
polymorphism within the transmembrane region (Fodil
et al., 1996; Ota et al., 1997). So far, six alleles of the
exon 5 of the MIC-A gene, which consist of 4, 5, 6, 9 and
10 repetitions of GCT, or five repetitions of GCT with an
additional nucleotide insertion (GGCT), have been iden-
tified (Ota et al., 1997; Perez-Rodriguez et al., 2000).

The polymorphism of the MIC-A gene and its loca-
tion in the HLA region warrant studies aimed at identi-
fying an association with the risk for autoimmune
diseases. The MIC-A gene has already been found to
confer genetic risk for BehÁetís disease (Mizuki et al.,
1997), ankylosing spondylitis (Yabuki et al., 1999) and
autoimmune Addisonís disease (Gambelunghe et al.,
1999). Recent works also support the findings that
MIC-A is associated with autoimmune diabetes mellitus
(Gambelunghe et al., 2000; Gupta et al., 2003).

In this study, we introduce a modification of
a method for MIC-A exon 5 genotyping and the fre-
quencies of MIC-A exon 5 alleles evaluated in the
Czech population.

Material and Methods
Analysed DNA samples were extracted from pe-

ripheral blood anticoagulated with EDTA using
a QIAamp DNA Blood Kit (Qiagen GmbH, Hilden,
Germany). All tested individuals had given their
informed consent to DNA analysis. PCR amplification
of the polymorphic transmembrane region encoded by
exon 5 was carried out with primers forward Cy5-5í-
GCTGGTGCTTCAGAGTCATTGGC-3í and reverse
5í-GGACCCTCTGCAGCTGATGTTTTC-3í (Generi
Biotech, Hradec Kr·lovÈ, Czech Republic). The for-
ward primer was labelled at the 5í-end with the fluores-
cent Cy-5 reagent. PCR was performed in a Biometra
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TGradient cycler in a final volume of 20 µl. The reac-
tion mixture contained approximately 100 ng of DNA,
2.5 mM MgCl2 (MBI Fermentas, St. Leon-Rot,
Germany), 1 M betaine (Sigma-Aldrich, Dorset, UK),
200 µM of each dNTPs (MBI Fermentas), 2.0 µl of 10x
PCR buffer (MBI Fermentas), 1 µM of each primer and
1 U of Taq polymerase (MBI Fermentas). An initial
denaturation at 95∞C for 4 min was followed by 10
cycles of touchdown PCR ñ denaturation at 95∞C for
15 s, annealing from 64∞C to 55∞C (change of -1∞C per
cycle) for 35 s, and extension at 72∞C for 50 s. The stan-
dard PCR protocol with 20 cycles of denaturation at
95∞C for 15 s, annealing at 54∞C for 35 s, and extension
at 72∞C for 50 s succeeded touchdown PCR. A final
extension at 72∞C for 5 min completed the reaction.

Before loading on polyacrylamide gel, amplified
samples were mixed with stop buffer containing 99.5%
formamide and denatured for 4 min at 96∞C. Approxi-
mately 10 fmol of the PCR product together with 10 fmol
of each ALFexpress Sizer 100 and ALFexpress Sizer 150
(Amersham Biosciences, Buckinghamsire, UK) as inter-
nal standards were loaded on 8% polyacrylamide dena-
turing sequencing gel (HiResolution ReproGel,
Amersham Biosciences). Electrophoretic separation of
PCR products was performed in the ALFexpress stan-
dard plate under following conditions: voltage 1000 V,
current 60 mA, power 50 W and gel temperature 55∞C.
Signals were collected automatically every 2 s.

Fragment sizes were determined automatically
using the Fragment analyser v1.02 software
(Amersham Biosciences) employing ALFexpress Sizer
50-500 (Amersham Biosciences) as an external size
marker and ALFexpress Sizer 100 and 150 as internal
standards.

Results and Discussion
Using the protocol described here we have been able

to analyse the microsatellite polymorphism of the GCT
repeat in the transmembrane region of the MIC-A gene
in the Czech population. We have identified five alleles
of exon 5 in 140 healthy individuals from the Czech
population. The alleles comprise 4, 5, 6 and 9 repeti-
tions of GCT, or five repetitions of GCT with an addi-
tional nucleotide insertion (GGCT). Their amplified
sizes were, respectively, 123 bp, 126 bp, 129 bp, 139
bp, and 127 bp. The most frequent allele in the Czech
population was the A5.1 allele with a frequency of
59.3%. The A5 allele had the lowest frequency (20.0%).
We did not identify any A7, A8 and A10 alleles (alleles
with 7, 8 or 10 repetitions of the GCT repeat). For all
allele frequencies see Table 1. Frequencies of MIC-A
exon 5 alleles found in the Czech population corre-
sponded to those found in other Caucasian populations
(Gupta et al., 2003).

In summary, the technology described here is
a rapid, cost-effective, reproducible, and sensitive fluo-

rescence-based fragment analysis method that can be
used to generate MIC-A transmembrane region allele
profiles in tested DNA samples. It is possible to obtain
a MIC-A exon 5 allele profile within 3.5 h using the
method described, so studies of several hundred sam-
ples could be completed quickly depending on the
number of PCR thermocyclers and ALFexpress auto-
mated analysers available. Therefore, it could be used
to comprehensively determine the diversity of MIC-A
exon 5 alleles and haplotype frequencies in different
ethnic groups and in case-control association studies of
autoimmune and infectious diseases.
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MIC-A ex. 5 allele allele frequency   (N=140)

  A4 26.4 % (37/140)   

  A5 20.0 % (28/140)   

  A5.1 59.3 % (83/140)   

  A6 30.7 % (43/140)   

  A7 0.0 % ( 0/140)   

  A8 0.0 % (0/140)   

  A9 29.3 % (41/140)   

Table 1. Allele frequencies (%) of MIC-A exon 5 in the
Czech population
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