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Proteasome is a protein complex with multicatalytic proteinase activity. Type II
or non-insulin-dependent diabetes mellitus (NIDDM) is multifactorial in ori-
gin with both genetic and environmental factors contributing to its develop-
ment. Searching for susceptibility genes for type II diabetes mellitus, we
analysed TG microsatellite polymorphism in the proteasomal PSMA6 (IOTA,
PROS-27K) gene located on chromosome 14q13. Association study was per-
formed in groups of 91 diabetes patients and 90 healthy controls from BOTNIA
collection (Finland). The genotyping was made by PCR and fluorescent gel
electrophoresis. Nine alleles were observed, varying in length from 13 to 25 TG
repeats with 18 and 21 repeats being the most frequent in both diabetes
patients and healthy individuals. Allele frequency of 22 repeats was twice
higher in the diabetes group as compared to the control group. The difference
was statistically significant (P < 0.05). This finding suggests that the region on
chromosome 14q13 in general and PSMA6 (PROS-27K) gene itself could
harbour the susceptibility site for type II diabetes mellitus.
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INTRODUCTION

Although the genetic origin of the non-insulin depen-
dent diabetes mellitus (NIDDM) seems to be evident,
elucidation of genes involved in the development of
the multifacorial age-related form of the disease is still
an unaccomplished task. Many genes coding for hor-
mones, receptors and enzymes involved in carbohy-
drate and lipid metabolism were tested for possible
mutations or allelic variants linked to NIDDM.

The ob gene, encoding for leptin, a hormone ex-
pressed in adipose tissue and regulating the feeling of
hunger, seemed to be especially interesting, as muta-
tion in its murine analogue leads to obesity and
NIDDM. Although it is not the case in humans, as ob
defects seem to be rare in human population [1], dis-
covery of microsatellite sequences around the ob gene
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on human chromosome 7 triggered numerous studies
of genome polymorphism around the gene locus. Pro-
bable linkage of certain variants of the locus structure
is reported to be significant or suggestive with NIDDM
[2-6]. Several genes located on chromosome 11 seemed
to be perspective candidates for genetic determinants
of NIDDM. Some allelic forms of the sulfonylurea
receptor gene (SUR) seem to be more common in
patients with NIDDM in Caucasian population, in
North America and French population [7, 8], however,
this is not the case in Japanese and Mexicans [9, 10].
Suggestive linkage was reported to cholecystokinin gene
allelic also situated on chromosome 11 [11] and am-
plification patterns produced by microsatellites of this
chromosome [12]. A positive correlation of A3 allele
of fatty acid binding protein (FABP2) situated on
chromosome 4 with NIDDM was found in several
populations [13]. Special attention is paid to chromo-
some 20, harbouring several genes involved in carbo-
hydrate and lipid metabolism. A positive correlation
with NIDDM was found for several allelic variants of
phosphoenol pyruvate kinase gene (PKC1) and am-
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plification patterns produced by several microsatellites
situated on this chromosome [14]. The whole locus of
chromosome 20 from adenosine deaminase gene to
melanocortin receptor 3 gene on this chromosome is
considered to be linked to body fat and insulin [15].
Several studies reveal linkage of NIDDM and obesity
to mutation in the beta 3 adrenergic receptor gene [16,
17] and alpha2 adrenoreceptor alleles [18]. However,
results of the most of above studies were not convinc-
ing and were hardly reproducible. A real breakthrough
was achieved after a genome-wide screen for NIDDM
genes that localised the susceptibility gene on chromo-
some 2. The diabetes susceptibility gene encodes
calpain-10, an enzyme belonging to the calpain-like
cysteine protease family. These enzymes perform ex-
tra-lysosomal protein catabolism in the cells [19]. This
finding encouraged us to undertake a polymorphism
linkage study to NIDDM of a gene encoding a protein
involved in another extra-lysosomal protein breakdown
pathway — the proteasomal core particle protein gene
PSMAG6 (PROS-27K, I0TA).

Proteasomes (prosomes, MCP-particles) are com-
plexes composed of different combinations of proteins
of MW 20 000 to 36 000 manifesting multicatalytic
proteinase activity aimed at catabolism of ubiquitinated
proteins. Proteasome core particle proteins can be clas-
sified into two superfamilies (alpha and beta) subdi-
vided into 14 families, using the phylogenic approach
[20]. Involvement of ubiquitin—proteasome mechanism
in degradation of transcription factors, oncogene pro-
ducts, enzymes and muscle fibers determines their role
in the pathogenesis of various diseases [21-23]. Thus,
study of proteasome gene polymorphism seems to be
promising for linkage studies with different diseases.
Polymorphism of LMP2 and LMP7 proteasome protein
genes encoded in the Major Histocompatibility Locus
has already been studied in relation to insulin-depen-
dent diabetes mellitus [24, 25]. In the present paper, we
extend polymorphism studies on the PSMAG6 gene in
relation to NIDDM. The PSMAG6 gene is one of the
most evolutionary conservative representatives of the
alpha-family. It is encoded by a single-copy gene on
chromosome 14q13 [26]. Previously we have described
the structure of the genomic domain of this gene. The
gene domain spans over 30 Kbp, it is organized in 7
exons [27]. A TG dinucleotide repeat revealed in the
intron 6 sequence seemed to be perspective from the
point of view of the polymorphism studies [28]. In the
present paper, we describe an association study of this
repeat with NIDDM in the population of Western Botnia
(Sweden).

MATERIALS AND METHODS

DNA sample collection. DNA samples were taken from
91 type II diabetes patients and 90 healthy controls
from the BOTNIA collection [29].

Microsatellite analysis. The length of TG repeat
was determined by polymerase chain reaction (PCR).
Forward primer: 5-CTAATTGACTTGCAGTTG-
CTGG-3’ labelled with FAM fluorescent dye (DNA
Technology A/S, Aarhus, Denmark); reverse primer:
5-AACTGCCTCACAGGGCTG-3'. The reaction mix
(15 plI) contained: 0.33x NH, buffer; 2.5 mM MgCl;
0.04 mM dNTP; 0.17 mM F and R primer; 25 ng
DNA; 0.33x TagMix (content of TagMix: 1x NH, buffer;
1U Taq). PCR conditions were 3 min. at 94 °C; 35
cycles of 30 s at 94 °C, 30 s at 55 °C, 30 s at 72 °C,
followed by chain elongation (10 min) at 72 °C. PCR
was performed on GeneAmp PCR System 9600, Perkin
Elmer). Fragment length analyses were performed on
ABI Prism® sequencer 310 Genetic Analyser (Perkin
Elmer) following manufacturer’s protocol. Fragments
with known size were included in each lane as DNA
size standards (Genescan® — 400 HD (Perkin Elmer)).
The length of amplified DNA fragments was calcu-
lated with the Genotyper 2.5 computer program.

Calculation of TG microsatellite length. To find
out the TG repeat number corresponding to PCR
product size, we have sequenced microsatellites in
several alleles of different length. Amplified DNA frag-
ments for sequencing were isolated from electrophore-
sis gel (3% agarose gel, 1x TAE, 15 pl Et-Br, 75 min.)
by DNA Extraction Kit #K0513 (Fermentas, Vilnius,
Lithuania). Sequencing reactions were performed with
an ABI Prism® Big Dye™ terminator cycle sequenc-
ing ready reaction kit (Roche Molecular Systems, Inc.)
according to the manufacturer’s protocol. Sequencing
primer was 5-CGAAGCACTCAGTATGGATTTG-3’
(27 bp upstream the reverse PCR primer). Electro-
phoresis was performed on an ABI Prism® 310 Ge-
netic Analyser (Perkin Elmer).

Statistical analysis. The allele frequency data on
the diabetes and control groups were compared using
the x? criterion.

RESULTS

PCR fragment analysis revealed fragments of 171, 181,
183, 185, 187, 189, 191, 193 and 195 bp in length.
Comparing the size of PCR products with sequencing
results we estimated the actual number of TG motifs
in each PCR product - (TG),,, (TG),,, (TG),,, (TG),,
(TG),, (TG),, (TG),, (TG),, and (TG),,, respec-
tively.

Figure shows the frequencies of microsatellite alle-
les in the NIDDM and control groups. The most abun-
dant alleles were (TG),, (26.7% in control group,
23.6% in diabetes group), (TG),, (29.1% - control,
23% - diabetes) and (TG),, (24.4% - control, 19.8% —
diabetes). Allele (TG),, was twice more frequent in
the diabetes group (18.1%) than in the control group
(9.6%). Statistical analysis confirmed the significance
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Figure. Frequencies of TG alleles in control group (white columns) and

type II diabetes group (black columns)

of these differences (P < 0.05). Thus, allele (TG),,
seems to be associated with type II diabetes.

The data were also compared by gender and body
mass index (BMI). Subjects with BMI <25 were in-
cluded in normal weight group, and persons with
BMI > = 25 formed the overweight and obese group.
The number of people () in the subgroups was: male
control — 36, male diabetes — 39, female control — 52,
female diabetes — 52, normal weight control — 33,
normal weight diabetes — 18, overweight control — 59,
overweight diabetes — 73.

Comparing control and diabetes groups by gender,
we did not reveal any significant differences in allele
frequencies. No significant differences were found for
the following subgroups: normal weight control / nor-
mal weight diabetes, overweight control / overweight
diabetes, normal weight control / overweight control,
normal weight diabetes / overweight diabetes. These
results suggest that type II diabetes is not associated
with a specific subgroup analysed above.

DISCUSSION

Our results indicate that the polymorphism of the
intronic TG microsatellite of the PSMA6 gene is as-
sociated with non-insulin-dependent diabetes mellitus —
allele of 22 TG repeats is twice more frequent in
NIDDM patients. The allele is not associated with
other traits such as gender or body mass index. The
intronic microsatellites seem to be able to modify the
level of gene expression by silencing or enhancing the
transcription and splicing events [30, 31], thus the
PSMAG6 gene expression might be altered in the
NIDDM patients. This might influence the efficiency
of proteasome-mediated degradation of some transcrip-
tion factors or enzymes involved in the mechanism of
insulin susceptibility. The recently described alterations
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