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Abstract

AIM: To study the significance of polymorphism of MHC
class | chain-related gene A (MICA) gene in patients with
cholelithiasis.

METHODS: Subjects included 170 unrelated adults (83
males) with cholelithiasis and 245 randomly selected
unrelated adults (130 males) as controls. DNA was extracted
from peripheral leukocytes and analyzed for polymorphism
of 5 alleles (A4, A5, A5.1, A6 and A9) of the MICA gene.

RESULTS: There was no significant difference in phenotype,
allele, and genotype frequencies of any of the 5 alleles
between cholelithiasis patients and controls.

CONCLUSION: This study demonstrates that MICA alleles
studied bear no relation to cholelithiasis.
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INTRODUCTION

Molecular geneticshasasubstantial impact on our understanding
of inherited susceptibility to many diseases. Thereisan increased
familial frequency of cholelithiasig¥, which is a prevalent
disorder in Taiwan?. HLA geneis associated with many human
diseases. It is reasonable to speculate on whether there is a
correlation between choldlithiasisand HLA gene.

MICA geneislocated near HLA-B on chromosome 6, and
is by far the most divergent mammalian MHC class | gene
knownt3. It lies 46.4 kb centromeric to HLA-B gene, and they
are oriented head-to-head. It has atriplet repeat microsatellite
polymorphism (GCT), in the transmembrane region. This
polymorphism consists of five alleles, with 4, 5, 6, and 9
repetitions of GCT or 5 repetitions of GCT with 1 additional

nucleotide insertion (G), designated as A4, A5, A6, A9, and
ABL.1, respectivelyt. The alleles vary among individuals, and
hence this microsatellite can be used as an informative
polymorphic marker for genetic mapping and for analysis of
disease susceptibility.

To date, there have been no reports investigating an
association between MICA gene and cholelithiasis. We
designed this study to compare MICA polymorphism among
Chinese with cholelithiasis, their family members, and
unaffected controls.

MATERIALS AND METHODS

Patients with cholelithiasis and controls

One hundred and seventy unrelated adult patients (83 males)
with cholelithiasiswere enrolled. The average age at diagnosis
was 50.5+3.1 years. Cholelithiasis was documented
ultrasonographically and/or after operation (75 patients
underwent cholecystectomy). The ultrasonographic criterion
for diagnosis of cholelithiasis was echogenic material with a
postural shift and/or casting an acoustic shadow in the
gallbladder. According to their number and size,
ultrasonographic patterns of gallbladder stones were divided
into 3 types: single, particle (multiple, larger size) and sandy
(multiple, sand-like appearance). Control subjects consisted
of 245 unrelated subjects (130 males) from the same areawhere
the patients resided. They came to the hospital for physical
checkups, minor operations or injuries, or evaluation of fever
or abdominal pain. Those with autoimmune disorders, liver
diseases, or blood diseases were excluded from the study. In
addition, atotal of 144 family members of 75 patients with
cholédlithiasiswereincluded for further comparison. Blood was
drawn from all the subjects to extract genomic DNA. All the
subjects were Chinese, and they all gave written consent. The
study was approved by the local ethics committee.

DNA extraction
Genomic DNA was extracted from fresh or frozen peripheral
blood leukocytes by standard techniques® ¢,

Determination of the polymorphism of (GCT), microsatellite
Primers for analysis of microsatellite polymorphism in the
transmembrane region of MICA gene, PCR primers
flanking the transmembrane region (MICASF, 5’ -
CCTTTTTTTCAGGGAAAGTGC-3' ; MICA5R, 5' -
CCTTACCATCTCCAGAAACTGC-3') were designed
according to the reported sequences® 4. The MICAS5F primer
corresponded to the intron 4 and exon 5 boundary region and
MICAS5R was located in intron 5. MICAS5R was 5" end-
labelled with fluorescent dye (Applied Biosystems)!”8.,

Polymerase chain reaction (PCR) Theamplification reaction
mixture (15 nl) contained 50 ng genomic DNA, 10 mM Tris-
HCI (pH 9.0), 50 mM KCI, 1.5 mM MgClI, 0.01 % gelatin,
0.1 % Triton X-100, 0.2 mM of each dNTP, 0.5 mM of each
primer and 0.5 unit Pro Tag DNA polymerase (Protech
Technology Enterprise). PCR amplification was carried out in
a GeneAmp PCR system (Applied Biosystems). The mixture
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was subjected to denaturation at 95 “C for 5 min, followed by
10 cyclesat 94 C for 15 sec, at 55 C for 15 sec, at 72 °C for
30 sec, then by an additional 20 cyclesat 89 °C for 15 sec, at
55 °C for 15 sec, at 72 °C for 30 sec, and by afinal extension
at 72 °C for 10 min.

Analysis of triplet repeat polymorphism The amplified
products were denatured at 100 C for 5 min, mixed with
formamide-containing stop buffer, and subjected to
electrophoresis on 4 % polyacrylamide gels containing 8-M
ureain an automated DNA sequencer (ABI Prism 377-18 DNA
sequencer, Applied Biosystems). The number of microsatellite
repeats was estimated automatically with Genescan 672
software (Applied Biosystems) by means of thelocal Southern
method with a size standard marker of GS-350 TAMRA
(Applied Biosystems)!®. Alleles were designated according to
Mizuki et al. and Perez-Rodriguez et al.l!, with amplified
sizes of 179 bp (A4), 182 bp (A5), 183 bp (A5.1), 185 bp
(AB), 194 bp (A9), and 197 bp (A10).

Statistical analysis

Evaluation of the Hardy-Weinberg equilibrium was performed
by comparing observed and expected heterozygotes and
homozygotes, as well as observed and expected genotypes,
using the c? test™. Phenotype, allele, or genotype frequencies
of patients and controls were compared by the c? test with
Yates correctionwhereappropriate (one expected number <5).
Patients and control s positive for afactor were compared using
a free statistical program on the internet!*¥. P values were
corrected using the Bonferonni inequality method for the
number of comparisong'?. Statistical significance was defined
as P<0.05.

RESULTS

Figure 1 shows the electrophoretograms of the PCR products
of 3 subjects. We did not detect A10 in any of the patients or

controls. Thedistribution of MICA genotypesin the two groups
was in Hardy-Weinberg equilibrium, i.e. observed and
expected figures did not differ. No significant difference was
found between patients with cholelithiasis and controls in
phenotype, allele, or genotype frequencies. There were also
no differences between male and female patients or between
patients with different sonographic stone types. Age at
diagnosiswas also not correlated with allele frequency (Tables
1, 2 3). Asthe difference between patients and controls was
not remarkable, it was not meaningful to compare the results
between patients and their family members (data not shown).
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Figure 1 Electrophoretograms of the PCR products for three
subjects. Amplified sizes of the alleles were 182 bp (A5), 183
bp (A5.1), 185 bp (A6), and 194 bp (A9).

Table 1 Phenotype frequencies of the polymorphism in transmembrane region of MICA gene in patients with cholelithiasis and

controls

Patient? Control? Single® Particle® Sandy® Male® Female®
Phenotype

n % n % n % n % n % n % n %
Ad 49 28.8 69 28.2 10 35.7 24 30.0 15 24.2 30 36.1 19 21.9
A5 85 50.0 133 54.3 15 53.6 43 53.8 27 43.6 42 50.6 43 494
A5.1 72 42.4 113 46.1 9 32.1 32 40.0 31 50.0 33 39.8 39 44.8
A6 23 135 30 12.2 14.3 10 125 9 145 9 10.8 14 16.1
A9 64 37.7 79 32.2 11 39.3 31 38.8 22 35.5 30 36.1 34 39.1
Total 170 100 245 100 28 100 80 100 62 100 83 100 87 100

3p=0.81, "P=0.441, °P=0.316.

Table 2 Allele frequencies of the polymorphism in transmembrane region of MICA gene in patients with cholelithiasis and

controls

Patient® Control® Single® Particle® Sandy® Age at Age at Age at Male® Female*

Dx<50 Dx<30 Dx <40°

Allele

n % n % n % n % n % n % n % n % n % n %
A4 53 156 74 151 11 196 26 163 16 129 21 138 3 150 5 81 34 205 19 109
A5 105 309 162 331 18 321 5 350 31 250 49 322 6 300 19 306 51 307 54 31.0
A51 8 250 135 276 11 196 35 219 39 315 39 257 5 250 18 290 38 229 47 270
A6 24 71 32 6.5 4 71 10 63 10 81 13 8.6 2 100 6 9.7 10 6.0 14 80
A9 73 215 87 178 12 214 33 206 28 226 30 197 4 200 14 226 33 199 40 230
Total 340 100 490 100 56 100 160 100 124 100 152 100 20 100 62 100 166 100 174 100

ap=0.71, °P=0.541, °P=0.415, 9P=0.501 (age < 40 vs. control), Dx=Diagnosis.
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Table 3 Genotype frequencies of the polymorphism in transmembrane region of MICA gene in patients with cholelithiasis and

controls
Patient? Control?° Single® Particle® Sandy® Age at Dx < 50 Male® Female®

Genotype

n % n % n % n % n % n % n % n %
A4/ Al 4 2.4 5 2.0 1 3.6 2 25 1 1.6 2 2.6 4 4.8 0 0
A4/ A5 14 8.2 22 9.0 3 10.7 8 10.0 3 4.8 6 7.9 8 9.6 6 6.9
A4/ A5.1 13 7.6 23 9.4 2 7.1 6 7.5 5 8.1 6 7.9 7 8.4 6 6.9
A4/ A6 2 1.2 8 3.3 0 0 1 1.3 1 1.6 0 0 2 2.4 0 0
A4/ A9 16 9.4 11 4.5 4 14.3 7 8.8 5 8.1 5 6.6 9 10.8 7 8.0
A5/ A5 20 11.8 29 11.8 3 10.7 13 16.3 4 6.5 8 105 9 10.8 11 12.6
A5/ A5.1 21 12.4 37 15.1 2 7.1 8 10.0 11 17.7 10 13.2 11 13.3 10 11.5
A5/ A6 10 5.9 11 45 4 14.3 3 3.8 3 4.8 7 9.2 3 3.6 7 8.0
A5/ A9 20 11.8 34 13.9 3 107 11 13.8 6 9.7 10 132 11 13.3 9 10.3
A51/A51 13 7.6 22 9.0 2 7.1 3 3.8 8 12.9 6 7.9 5 6.0 8 9.2
A5.1/ A6 8 4.7 7 2.9 0 0 6.3 3 4.8 3 3.9 3 3.6 5 5.7
A5.1/ A9 17 10.0 24 9.8 3 10.7 10 12.5 4 6.5 8 105 7 8.4 10 11.5
A6/ A6 1 0.6 2 0.8 0 0 0 0 1 1.6 1 1.3 1 1.2 0 0
A6/ A9 2 1.2 2 0.8 0 0 1 1.3 1 1.6 1 1.3 0 0 2 2.3
A9/ A9 9 5.3 8 3.3 1 3.6 2 25 6 9.7 3 3.9 3 3.6 6 6.9
Total 170 100 245 100 28 100 80 100 62 100 76 100 83 100 87 100

ap=0,797, ®°P=0.063 (control vs. stone types), °P=0.337, Dx=Diagnosis.

DISCUSSION

Cholelithiasis is quite prevalent in Taiwan@ and is easily
detected by ultrasonography, which has become a commonly
used screening tool for health maintenance exams. Thereisas
yet no well documented method to prevent cholelithiasis
formation. However, it is now well known that detecting
genetic defects may lead to better surveillance or even
avoidance of certain diseases. Thus it seems worthwhile to
search for genedisordersin acommon diseaselike cholelithiasis.

MHC class | genes (HLA-A, -B and -C) encode single
polypeptides organized into three domains: a;, a,, and as. Their
surface expression on most nucleated cells of the body depends
on the noncovalent association with afourth domain, the non-
MHC-encoded polypeptide b,-microglobulin®, MHC class|
moleculesareimportant in theefferent limb of immunity, which
is designed to destroy cells bearing foreign antigens. Foreign
peptides presented within the cell are deposited in the binding
groove of MHC class | molecules and expressed on the cell
surface. Cytotoxic T cellsrecognize them and destroy the celli*,
Certain MHC class | molecules have been found to be
associated with various diseases, including type 1 diabetes and
cholelithiasid*>. An even stronger association has been found
with MHC class || molecules®®- %%, The initial explanation of
HLA class| associations is linkage disequilibrium between
certain subtypes of MHC class | and class I molecules®® 2,
However, other studies have suggested that there may be other
loci inthe MHC gene complex that also play arole? 2, Further
investigation of such loci nearby or within MHC class| genes,
such asMICA gene, is necessary to clarify these discrepancies.

MICA gene has recently been found to be more
significantly associated with disease susceptibility that had been
previously reported to be associated with the HLA-B locus
(HLA-B7,-B8, -B15, -B18 in Caucasians; -Bw22, and -Bw54
in Chinesg; -B5, -Bw52, and -Bw54 in Japanese are reportedly
associated with various diseases)!* 7 8 1516 228 This suggests
that susceptibility associated with the HLA-B locus might be
due to different genotypes of MICA gene.

MICA is specifically expressed by fibroblasts, epithelia
cells, keratinocytes, endothelial cells, and monocytes® 2. The
molecule is similar to MHC class | antigens. Thus MICA is
thought to represent a second lineage of MHC antigens and

possibly to play aspecialized or modified role in the immune
response®. The recruitment of gd T cellsin skin and intestinal
mucosa mirrors the pattern of expression of MICA and is
consistent with the hypothesis that these molecules may play
arolein inflammation and in the response to stress or damage
in certain tissues?®!, MICA expression isregulated by promoter
heat shock elements similar to those of HSP70 gened*®. The
high levelsof MICA expression in epithelial cell linestogether
with the upregulation of MICA after heat shock may represent
amolecular mechanism for exposing stressed epithelial cells
to the immune system!®. Thus MICA may function as an
indicator of cell stressand may berecognized by gd T cellsin
an unusual interaction. It is possible, therefore, that MICA
regulates the immune response when cells are stressed and
might be involved in the development of cholelithiasis.

However, our study showed that the polymorphic MICA
dleleswere not significantly associated with choldlithiasis, nor
were there any differences when we looked at subgroups of
patients, stratified according to sex, types of gallstone, or age.
The latter factor is of interest in considering the contribution
of heredity vs. environment. These results are perhaps not
surprising, since the pathogenesis of cholelithiasisin Taiwan
is multifactorial®. Nevertheless, our demonstration of the
absence of an association between MICA geneand chol€elithiasis
isuseful in pointing future research in other directions. The
fact of theincreased familial frequency of cholelithiasis¥ thus
remainsto be explained, perhaps by studying other loci on the
human chromosome.
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