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Abstract
Background: Previous studies have suggested that polymorphisms in and around the aldose reductase (AR)
gene are associated with the development of diabetic microvascular disease. This study explored the
hypothesis that the polymorphisms of the (A-C)n dinucleotide repeat sequence, located at 2.1 kilobase (kb)
upstream of the transcription start site of AR gene, modulate the risk of diabetic neuropathy (DN).
Methods: 66 patients with DN, 30 without microvascular complications (MC) after 20 years of diabetes, and
87 normal healthy controls were studied. To test highly polymorphic microsatellite marker 2.1 kb upstream
of the initiation site of the AR gene, we performed polymerase chain reaction using the primer labeled with
fluorescent dye and GeneScan by ABI prism 377 automated DNA sequencer and ABI Genotyper software 2.0.
Results: Seven alleles (Z-6, Z-4, Z-2, Z, 7Z+2, Z+4 and Z+6) were identified. Z-2 allele was more frequently
observed in patients with DN (77.3%) than in those without MC (43.3%, P = 0.007). The subgroup of patients
who developed DN within 5 years after the diagnosis of diabetes also had higher frequency of Z-2 allele
(91.7%) compared to those without MC (43.3%, P = 0.028). On the contrary, Z+6 allele tended to be more
frequent in patients without MC (10.0%) than in those with DN (0%, P = 0.063).

Conclusion: These results support the hypothesis that environmental-genetic interactions may modulate the
risk of neuropathy in patients with diabetes. Particularly, the Z-2 allele, in the presence of diabetes, may be
associated with the development of DN. (J Kor Diabetes Assoc 31:274~283, 2007)
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(1) AAl(primer) A2}

79 GAA] ALl $1xJslE (A-C)ng] tlolyEaloFE
= HbRALS Edehe o] AFEEleEls ANEE
AP,

Forward primer: 5’-GAATCTTAACATGCTCTGAACC
Downward primer: 5’-GCCCCAGCCCTATACCTAG

GeneScang 93l forward primer= 5°-2ehE$lo]f]
fluorescent dye FAM (blue fluorescent; Perkin-Elmer,
Norwalk, CT)2.& FA|sto] A-gsl9ick

2) T34 d2Hk-{(Polymerase chain reaction, PCR)

PCR H¥H5-H-2 50 ng2] DNAS} 2+ 5 pmol9] forward
primer (fluorescent dye-labeled)®} downward primer, 0.2
mM dNTP (TaKaRa), 10X buffer solution (15 mM MgCl,
&9, Perkin Elmer), Z8]3 0.5 unit AmpliTaq Gold®
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23} 7} Initial denaturationS 918l 94°CollA] 128 vk
A7l % 94°C 15, 60T 45%, 72C 1208 FAL = vke
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(1) 6% denaturing PAGE 8]

Denaturing gel-> 8 M Urea®} 5% Long Ranger’™ Gel
Solution (AT Biochem. Inc)S # 432 & 10% APS 100
uL, TEMED 12 uL< o] $0]5 f2j3tel] Fof 247+ A
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(2) GeneScan by ABI Prism 377 Automatic DNA
sequencer

7] gel plateE ABI Prism 377 Automatic DNA

sequencer (Perkin-Elmer Cetus Corp., Norwalk, CT)ol| %+
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Table 1. Clinical characteristics of the diabetic patients and the normal control subjects

Normal control

subjects (n

Type 2 diabetic patients
With neuropathy

Without microvascular

87)

(n = 66) complication (n = 30)
Sex (M/F) 45/42 43/23 14/16
Age (years) 530 = 7.9 577 + 85 659 + 67"
Duration of diabetes (years) 11.3 £ 6.0 227 + 3.6
Age at diagnosis (years) 459 + 83 432 + 6.5
Body mass index (kg/m’) 255 + 8.8 236 £ 3.1 245 £ 30
History of hypertension (n) 21 22 13
Systolic blood pressure (mmHg) 1332 + 2222 133.0 = 15.6 1382 + 13.3
Diastolic blood pressure (mmHg) 83.0 £ 14.7 843 + 8.1 85.0 £ 8.0
Fasting blood sugar (mg/dL) 933 + 7.7 137.6 + 48.5 155.3 + 41.0°
HbAlc (%) 77 £ 1.0 76 £ 12
Family history of diabetes (n) 18 12

+

The data are expressed as means
with neuropathy.

300 bp
200 bp

100 bp~ ™

Size Marker

SD or n. ¥ P < 0.05 vs. normal control subjects, ¥ P < 0.05 vs. diabetic patients

Fig. 1. The results of PCR and electrophoresis with 2% agarose gel.
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Oye/Sample Minutes Size Peak Haight Paak Area Data Point

Peak
% B,1 49.97 133.61 93 611 1874
B,2 50.37 135,74 237 1746 1689
E B, 3 50.77 137.77 413 3022 1804
R,1_» 38.48 75.00 122 843 1443
R,2 . 43.28 100.00 126 855 1623
_R,3 o 2 51001 130001 @ 125 | 952 1916
R, 4 # 53.12 150.00 130 919 1992
% R,§ 55.23 160.00 123 | 951 2071
R,6 + 63.68 200.00 124 1030 2388
E R,7 # 74.59 250.00 135 | 1275 2797
R,8 o 86.35 300.00 150 1424 3238
E R,§ o 95.55 340.00 159 | 1548 3583
R,10 » 97.84 350.00 163 1599 3669
W R,11 » 109.78 400.00 184 1709 4116

Fig. 2. The results of GeneScan by ABI prism 377 automated DNA sequencer and ABI Genotyper software 2.0. The
blue-colored peak was the sample labeled FAM and red peakwas internal lane size standard labeled with ROX-500. This

example was the homozygote of Z, 23 repeats of (A-C).

Table 2. Frequency of the microsatellite alleles at 5-end of aldose reductase gene in the total subjects

Allele N Percent (%)
Z-6 29 7.9
Z-4 69 18.9
Z-2 137 374
Z 87 23.8
Z+2 30 8.2
Z+4 10 2.7
Z+6 4 1.1
Total 366 100

N, Number of chromosomes.

2 23.8%, Z+232 8.2%, Z+4HL 2.7%Ark

TS (A-O)n tholyZa]| el =9 vhE ofgd Aol o8k £
A2 7|x|9k BEXE npgho 2 APk x* test 2}
P > 0.052A] dlolr]-2ol¥ 1(Hardy-Weinberg) --31H%]
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(Table 3, Table 4)

A AESe] e 2l 77.3% (5178/667), I
AR el S T 433% (139309, B4 iz
2] 64.4% (567/8779)°llA] Z-23 2] H=lfAA7E Hyle
w, A AHFe] e TollA] wAER hESol



HOIA Q| 6¥ : M2E SHEXINAM YA HASA FHXR| (A-C)n BHECIEMN Sy MAME deo| gk

Table 3. Allele frequency (%) of the microsatellite repeat of aldose reductase gene in patients with type 2 diabetes

and normal control subjects

Type 2 diabetic patients

Normal control

. With neuropathy Without microvascular

subjects (n = 87) (n = 66) complication (n = 30)
Z-6 17.2 (15/87) 10.6 (7/66) 20.0 (6/30)
Z-4 35.6 (31/87) 28.8 (19/66) 40.0 (12/30)
z-2" 64.4 (56/87) 77.3 (51/66) 43.3 (13/30)
Z 42.5 (37/87) 45.5 (30/66) 33.3 (10/30)
Z+2 14.9 (13/87) 15.2 (10/66) 23.3 (7/30)
Z+4 6.9 (6/87) 3.0 (2/66) 6.7 (2/30)
7+6' 1.1 (1/87) 0 (0/66) 10.0 (3/30)

Data were expressed by percents. The number in parentheses is the number of n per total number of the group subjects.
* x* = 10.7, P = 0.007 between diabetic patients with neuropathy and those without microvascular complication.
tx* = 6.8, P = 0.063 between diabetic patients with neuropathy and those without microvascular complication.

Table 4. Allele frequency (%) of the microsatellite repeat of aldose reductase gene in patients who developed

diabetic neuropathy within 5 years after the diagnosis of diabetes and in diabetic patients without microvascular

complication
Type 2 diabetic patients
With neuropathy within 5 years Without microvascular
after diagnosis of diabetes (n = 12) complication (n = 30)
Z-6 16.7 (2/12) 20.0 (6/30)
Z-4 16.7 (2/12) 40.0 (12/30)
z-2" 91.7 (11/12) 43.3 (13/30)
Z 33.3 (4/12) 33.3 (10/30)
Z+2 25.0 (3/12) 23.3 (7/30)
Z+4 8.3 (1/12) 6.7 (2/30)
Z+6 0 (0/12) 10.0 (3/30)

Data were expressed by percents. The number in parentheses is the number of n per total number of the group subjects
* x* = 82, P = 0.028.
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Table 5. Z-2 genotype frequency of the microsatellite repeat of aldose reductase gene in type 2 diabetic patients

with neuropathy and those without microvascular complications

Type 2 diabetic patients

Z-2 With neuropathy Without microvascular complication
(n = 66) (n = 30)

Homozygote 13.6% 6.7%

Heterozygote 63.6% 36.7%

No 22.8% 56.6%

Table 6. Z-2 genotype frequency of the microsatellite repeat of aldose reductase gene in patients who developed

diabetic neuropathy within 5 years after the diagnosis of diabetes (Group I) and in diabetic patients without

microvascular complications (Group II)

Z-2

Type 2 diabetic patients

Group I (n = 12) Group I (n = 30)
Homozygote 8.3% 6.7%
Heterozygote 83.3% 36.7%
No 8.4% 56.6%
* x* = 6.1, corrected P value = 0.042.
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