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factors to diabetes mellitus in men and to obesity via aberrant fat metabolism in

women.
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Introduction

In order to study how to overcome obesity, diabetes
mellitus and metabolic syndrome, we recruited 235
subjects with a body mass index (BMI) >28.3 (upper
quintile) from examinees who appeared for periodic
medical check-up in the Human Doc at Saku Cen-
tral Hospital (Nagano, Japan). They were asked to
participate in the weight loss intervention program
named the Saku Control Obesity Program (SCOP).
The details of the SCOP were described in else-
where [1,2]. At the baseline study, we investigated
the association among the SNPs, BMI, and other clin-
ical parameters measured at the start point. We
had previously reported their 10 SNPs in metabolic
syndrome-related genes. Although many popula-
tion studies have reported on the associations of
BMI and other clinical parameters with the SNPs in
UCP1/2/3 or B2AR/B3AR genes, few of these asso-
ciations were confirmed in the obese subjects in
the SCOP [3]. In the present study, we reported the
effect of preproghrelin gene polymorphisms on the
diabetes and obesity. ‘

The human preproghrelin (GHRL) gene is
located at locus 3p25—26 and consists of 4
exons and 3 introns. The gene is expressed
as a prohormone, preproghrelin, which gener-
ates ghrelin and obestatin after posttransla-
tional processing (for review, see NCBI OMIM
605353; www.ncbi.nlm.nih.gov/sites/entrez). O-n-
octanoylation at serine-3 is essential for ghrelin
activity. Mature ghrelin is secreted from the stom-
ach and stimulates the pituitary to release the
growth hormone and also up-regulates eating
appetite via the hypothalamus. (Obestatin has the
opposite effect; treatment of rats with obestatin
suppressed food intake and decreased body-weight
gain [4].) Ghrelin is suggested to play an impor-
tant role in regulating energy balance, insulin
signalling, and control of serum glucose concen-
tration. Indeed, administration of ghrelin caused
weight gain by reducing fat utilization in mice and
rats [5]. Accordingly, dysfunction or insufficient
generation of ghrelin may cause growth incom-
petence. Conversely, overexpression may result in
obesity or metabolic syndrome.

Relationships between preproghrelin gene SNPs
and susceptibility to metabolic syndrome have been
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intensively investigated. Leu72Met is the most fre-
quently studied SNP of the gene, which is located
in the inter-region of mature ghrelin and obestatin
(neighboring the putative convertase cleavage site
of obestatin) [4], thereby causing incompetence
of the processing due to the polymorphism, pos-
sibly affecting the active ghrelin and/or obestatin
concentration. However, conflicting results are
reported. Ukkola et al. [6] first found this SNP
in obese subjects, and reported that the age at
onset of self-reported weight problems tended to
be lower among 72ZMet carriers. Korbonits et al. [7]
noted that children carrying the 72Met allele had a
significantly higher BMI as compared to those carry-
ing only the wild type allele. Hinney et al. [8] also
identified this variant but at a similar frequency in
both extremely obese children and adolescents and
normal weight students. Comprehensive studies
examining and comparing the maximum number of
SNPs and parameters possible are further required
for explaining these disagreements.

Here, we conducted the genotyping of 5 SNPs
in the preproghrelin gene —1500C>G, —1062G>C,
—994C>T, Leu72Met (+408C>A), and +3056T>C in
SCOP. Their frequencies were compared with
those of healthy people that were published in
the HapMap Project or those analysed in East
Asians by other research groups. Additionally, the
associations between these SNPs and the clini-
cal parameters related to diabetes mellitus or
metabolic syndrome were studied.

HapMap is a public database of common gene
variations (human genome) maintained by The
International HapMap Consortium [9]. The map
inctudes information on more than 1 million SNPs
obtained in 269 DNA samples from 4 populations:
Yoruba in l|badan, Nigeria; Utah, USA; Beijing,
China; and Tokyo, Japan.

Subjects and methods

Subjects

Japanese obese subjects aged 40—64 years with a
BMI greater than 28.3 were selected from exam-
inees undergoing a medical check-up at the Saku
Central Hospital. They were asked to partici-
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pate in the intervention program for weight loss
named the Saku Control Obesity Program (SCOP);
they were divided into two groups and received
different instructions on food intake and daily
exercise to evaluate the outcome with single
nucleotide polymorphisms (SNPs) [1,2]. The partic-
ipants underwent an anthropometric and clinical
examination (height, weight, body fat percentage,
waist circumference, visceral fat area, and bio-
chemical markers of blood and urine) (Table 1) and
were assessed for present illness, physical activity
and dietary habits at the start of this program.

The ethics committees of The National Institute
of Health and Nutrition and the Saku Central Hospi-
tal approved this investigation. All the participants
gave their written informed consent before the
start of this program.

Medical examination and measurements

The height (cm) and weight (kg) of the subjects
were measured using an automatic scale (Tanita,
BF-220, Tokyo, Japan). The percentage body
fat was evaluated by the bioelectric impedance
method using the same scale. Visceral and subcu-
taneous fat areas were assessed by a computed

Table 1 Basic characteristics of the subjects in SCOP.

tomography scan at the level of the umbilicus, with
the subjects in the supine position, and calculated
using commercially available software (Fat Scan; N2
System Corp., Osaka, Japan).

Adipocytokines (i.e. leptin, TNF-a, adiponectin,
and free fatty acid), C-peptide, and insulin concen-
trations were examined using the laboratory testing
services provided by SRL Inc. (Tokyo, Japan).
Leptin (ng/mL) was measured by a radicimmunoas-
say (Human Leptin RIA Kit, LINCO Research, St.
Charles, MO, USA) with a sensitivity of 0.5ng/mL.
TNF-oo (pg/mL) was measured by an enzyme-
linked immunoassay (ELISA; Quantikine TNF-a HS
Immunoassay Kit, R&D Systems Inc., Minneapolis,
MN, USA) with a sensitivity of 0.12pg/mL. The
high-molecular-weight form adiponectin (wg/mL)
was determined using ELISA (Fujirebio Inc., Tokyo,
Japan) with a detection limit of 0.18 wg/mL. Free
fatty acid (mequiv./L) was determined using an
enzymatic assay (NEFA-SS ‘Eiken’, Eiken Chem-
ical Co. Ltd., Tokyo, Japan) with a sensitivity
of 0.005mequiv./L. C-peptide (ng/mL) was mea-
sured by a chemiluminescent enzyme immunoassay
(Lumipulse Presto C-peptide, Fujirebio Inc.) with
a minimal detection limit of 0.1ng/mL. Insulin
(nlU/mL) was measured by a chemiluminescent

All (n=223 Male (n=115) Female (n=118) p-Value'
Age (years) 53.9 + 6.5 53.3+ 6.6 545 + 6.4 0.171
Height (cm) - 161.8 £ 8.7 168.4 -+ 5.8 155.3 £ 5.5 <0.001
Weight (kg) 80.7 + 12.1 86.5 + 11.8 751+ 9.6 <0.001
BMI (kg/m?) 30.78 + 3.36 30.44 1 3.55 31.10 £ 3.13 0.134
Body fat percentage (%) 34,97 £ 7.66 29.04 + 4.44 40.69 + 5.43 <0.001
Waist circumference (cm) 102.6 + 8.6 101.5 £ 8.7 103.7 + 8.4 0.052
Total fat area (cm?) 441.9 1 124.4 414.4 + 133.2 468.7 + 109.2 <0.001
Subcutaneous fat area (cm?) 297.3 £ 104.4 255.2 + 102.9 33831887 <0.001
Visceral fat area (cm?) 144.6 + 52.5 159.1 £ 54.3 130.4 + 46.7 <0.001
Visceral fat ratio (%) 33.3 £ 10.2 38.8.+ 9.0 27.9 +8.3 <0.001
Total cholesterol (mg/dl) 210.3 + 34.8 204.2 + 28.0 216.3 + 39.6 0.007
HDL cholesterol (mg/dL) 52.87 + 11.10 49.80 + 9.68 55.86 4 11.61 <0.001
LDL cholesterol (mg/dL) 125.7 + 31.8 120.4 1+ 28.6 130.8 &+ 34.0 0.012
- Triacylglycerol (mg/dL) 161.5 + 101.9 174.9 + 120.3 148.4 + 78.3 0.047
HbA1c (%) . 5.85+1.06 5.81 + 0.9/ 5.89 4 1.14 0.556
Fasting glucose (mg/dL) 112.0 + 25.7 111.7 4+ 249 112.3 + 26.6 0.875
HOMA-IR ‘ - 334125 3.4+ 3.1 3.141.9 0.380
Free fatty acids (mequiv./L) . 05440.20 0.51 £ 0.18 . 0.57 + 0.21 0.017
Leptin (ng/mL) 14,83 £ 11.02 8.21 £ 5.63 21.34 + 11.16 <0.001
Tumor necrosis factor-a (pg/mL) 1.25 + 0.47 1.29 4 0.50 1.22 4+ 0.43 0.263
Adiponectin (i.g/mL) 414+ 2.84 2794+ 1.77 5.45 & 3.06 <0.001
C-peptide (ng/mL) 2,70+ 1.11 2.86 + 1.25 2.55 4+ 0.92 0.034
Insulin (lU/ml) 11.62 + 8.20 12.11 + 10.01 11.14 £ 5.92 0.373
Creatinin (mg/dL) . 0.77 £ 017 0.87 +0.13 0.67 + 0.13 <0.001

Values are mean +SD.

* p-Values are given by Student’s t-test between male and female.
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enzyme immunoassay (Lumipulse Presto Insulin,

Fujirebio Inc.) with a minimal detection limit _ |8
of 0.3wlU/mL. Other biochemical markers were a8 (g
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Table 3 Genotype frequencies of preproghrelin gene.

SNP. Cohort {population) Geriotype (%)
n Major homo Hetero Minor homo MAF HWP p-Value
=1500C>G SCOP.- 233 61 (26.2) 115 (49.4) 57.(24.5) 0.491 0.85
Male 115 30 (26.1) 51(44.3) 134(29.6) 0.517 0.23 0.168"
Female 118 31.(26.3) 64(54.2) 23(19.5) 0.466 0.33
HapMap-JPT(ss68852548) 45 11.(24.4) 20(44.4) 1431.1) 0.533 0.47 0.643"
Choi et al. (Korean) [11] 641 167 (26.1) 316(49.3) 158 (24.6) 0493 0.73 0.998°
=1062G>C SCOP. 233 84 (36.1) 109 (46.8) 40(17.2) 0.406 0.65
‘ Male 115 41.(35.7) 49 (42.6) 2521.7) 0.430 0.16 0.164"
Female 118 43.(36.4) 60(50.8) 15(12.7) 0.381 0.40
HapMap-JPT(ss68852547) 45 19 (42.2) 21(46.7) 5(11.1) 0.344 0.82 0.537
Choi et al. (Korean) [11] 640 257 (40.2) 289 (45.2) 94(14.7) 0.373 0.39 0.468°
~994C>T SCOP. 233 78 (33.5) 110(47.2) 45(19.3) 0.429. 0.58
Male 115 39.(33.9) 50(43.5) 261(22.6) 0,443 0.20 0.375"
Female 118 39331 60(50.8) 19(16.1) 0.415 0.61
JBIC-allele(ss4941811) 454 Not appticable . 0.427 0.900°
Choi et al. (Korean) [11] 639 235(36.8) 306 (47.9) 98 (15.3) 0393 092 0.336'
Leu7ZMet (+408C>A) = SCOP 223 143 (64.1) 75(33.6) 15(6.7) 0.225 0.23 ‘
Male 115 74(64.3) 33(28.7) 8(7.0) 0.213 0.12 0.526"
Female 118 69 (58.5) 42(35.6) 7(5.9) 0.237 0.86
HapMap-JPT (ss68852544) 45 28 (62:2) 17(37.8) 0{0.0) 10,189 0.12 0.196.
Ando et al. (Japanese female) [12] 300 205 (68.3) 84(28.0) 118:7) 0177 0.52 0.149
Kuzuya et al. (Japanese male) [13] 2228 1412/(63.4) 728(32.7) 88(3.9) 0.203 0.63 0.195°
Tang et al. (Chinese) [14] 323 195 (60.4) 112 (34.7) 16(5.0) 0.223 0.99 0.668°
_ Zouet al. (Chinese) [15] 125 77:(61.6) 43(34.4) 5(4.0) 0.212 0.74 0.611
Chot et al. (Korean) [11] 636 429.(67.5) 185(29.1) 22 (3.5) 0.180 0.71 0.080°
Kim et al. (Korean) [16] 80 54 (67.5) 23(28.8) 3(3.8) 0.181 078 0515
+3056T>C SCOP. 233 111 (47.6) 92 (39.5) 30(12.9) 0.326 0.12
Male 115 58:(50.4) 43(37.4) 14(12.2) 0.309 0.18 0.701"
Female 118 53 (44.9) 49 (41.5) 16(13.6) 0.343 0.39 ,
HapMap-JPT (ss44387483) 45 22 (48.9) 19(42:2) 4(8.9) 0.300 0.97 0.751
Ando et al. (Japanese female) [12] 300 162 (54.0) 112(37.3) 26(8.7) 0.273 - 0.30 0.182°

MAE =minor allele frequency, HWP = Hard:
* p-Values are given by the chi-square
= p-Values are given by the chi-square
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latter 2 were very low (minor allele frequency
<0.05): therefore, further analysis was not per-
formed. First, the 5 SNP frequencies between men
and women in SCOP were compared (Table 3),
but no specific differences were observed. We
also compared the SNP frequencies in SCOP with
those of healthy people published in the HapMap
Project or those analysed in East Asians by other
research groups (Table 3) [11-16]: no statisti-
cally significant differences were observed among
these frequencies. HapMap also introduces these
SNP frequencies in Han Chinese healthy people
in Beijing (www.hapmap.org/cgi-perl/gbrowse/),
and these are very similar to HapMap-JPT and
to the results in SCOP, suggesting that the
Japanese, Chinese, and Koreans are not quite
genetically diverse in the preproghrelin gene
polymorphism.

Associations between preproghrelin SNPs
and anthropometric or clinical parameters

The phenotypes between men and women were
rather different. In men, although the leptin and
insulin were not elevated (Table 4), higher concen-
trations of fasting glucose and HbA1c were observed
in the +3056C/C minor homozygotes (Tabte 5).
Additionally, 72Met/Met minor homozygotes also
showed the trend of higher concentrations of
fasting glucose and HbA1c (Table 5). In these
homozygotes, however, the other parameters were
not so different.

In contrast, women showed a significant corre-
lation not with diabetes but with fat metabolism
and obesity. The —1062C/C minor homozygotes had
higher values of C-peptide, insulin (Table 4), total
and visceral fat area, waist circumference, and BMI
(Table 6). Additionally, 72Met/Met minor homozy-
gotes showed reduced concentrations of leptin
(Table 4), total, HDL and LDL cholesterol (Table 5),
and increased of visceral fat area (Table 6). Also,
in the other SNPs, minor homozygotes showed a
similar trend as above and heterozygotes had the
intermediate values.

After Bonferroni adjustment for multiple com-
parisons, almost all of the associations mentioned
above remained significant between the major
and minor homozygotes. In comparison with the
total cholesterol concentration and visceral fat
ratio in women, the 72Leu/Met heterozygotes were
also significant against Met/Met minor homozy-
gotes (Tables 5 and 6). Similarly, the —1500C/G and
—1062G/C heterozygotes have significant values of
visceral fat area against their minor homozygotes
(Table 6).
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Figure 1 (A) SNP positions and LD block structure of
the preproghrelin gene in SCOP. D' (100x) values are dis-
played in the squares. (B) Haplotype blocks and their
population frequencies. If haplotypes in 2 blocks occur
together with a frequency >10%, a thick line connects
them. If >1%, a thin line does so. Beneath these lines, a
recombination rate between the 2 blocks estimated using
Haploview was shown.

Haploview analysis of haplotype
frequencies in case/control subgroups to
detect causative loci

To know about the causative loci of the above
abnormalities, we depicted the LD map before-
hand, using Haploview (Fig. 1A). In this region,
two haplotype blocks were found: block 1, —1500-
—1062 - —994 and block 2: Leu72Met - +3056. Hap-
lotype block 1 expands in the promoter region and
block 2, in the exon—intron region. Fig. 1B shows
the haplotypes and their estimated frequencies.
Next, we divided the 115 male subjects into 2
subgroups of diabetic and non-diabetic and esti-
mated the frequencies of each haplotype in the
subgroups, using Haploview (Table 7a). Based on
the criterion of The Japan Diabetes Society, the
diabetic subgroup comprised 59 subjects diagnosed
with diabetes mellitus and under medication for
diabetes, with a fasting glucose value >126 mg/dL,
2h 75g oral glucose tolerance test (OGTT) value
>200mg/dL, or HbA1c value >6.5%. The +408C-



Table 4. Preproghrelin genotypes and plasma biochemical parameters.

SNP Genotype n Free fatty acids Leptin TNF-a Adiponectin C-peptide Insulin Creatinin
Male
—~1500C/G c/c 30 0.46+0.16 9.58+7.95 1.44+0.58 2.72+1.58 2.88+:1.27 12.004+9.20 0.90+0.14
c/G 51 0.50+0.19 7.563.88 1.26-£0.48 2.92+1.91 2.99+1.31 12.98+11.44 0.87.+£0.13
G/G 34 0.55+0.20 7.964+5.36 1.1940.45 2.66+£1.76 2.62+1.15 10.904-8.41 0.85 +0.12
—1062G/C G/G 41 0.47£0.15 9.09:£7.33 1.4040.59 2.61+1.49 2.74+1.20 11.63+8.50 0.89£0.14
. G/C 49 0.51£0.19 7.624+3.82 1.21£0.44 2.994+1.93 3.05-£1.31 12.85+11.41 0.87.+0.13
c/c 25 . 0.56+0.21 7.91£5.46 1.25+0.48 2.68+1.91 2.6711.23 11.44£9.66 0.84 + 0.12
—994C/T c/C 39 0.47+0.15 9.264+7.46 1.43+£0.58 2.6441.52 2774121 11.7218.66 0.89.+ 0.14
C/T 50 0.51+0.19 7.37.£3.62 1.214+0.44 2.91+1.91 3.00+1.31 13.00+£11.42 0.87 £0.13
T/T 26 0.55+0.21 8.23+5.57 1.23£0.48 2.77+1.89 2.70+1.22 11.00£9.18 0.86 +0.12
Leu72Met Leu/Leu 74 0.484+0.16 8.21+£6.15 1.35:£0.55 2.57+1.44 2914137 12,39+ 11.20 0.88 4+ 0.14
Leti/Met 33 0.53+0.21 8.221+4.84 1.1540.43 3.09+2.12 2.81+1.12 11.67+8.00 0.86 +0.12
Met/Met 8 0.63+0.23 8.13+3.87 1.25+0.28 3.53+£2.65 2.5710.48 11.32+5.43 0.84 £ 0.12
p=0.084 : -
+3056T/C T/T 58 0.4740.16 8.40+6.59 1.40+0.54 2.704+1.55 2.90+1.33 12.22+11.27 0.89 +0.13
T/C 43 0.52+£0.19 8.06+-4.85 1.1740.48 2.82:£1.97 2954129  12.77+49.52 0.86 + 0.13
c/c 14 0.59+0.23 7.88-:3.36 1.17+£0.28 3.04+2.08 2.38+0.55 9.63:+4.55 0.86 £ 0.12
‘ p=0.080 p=0.049
Female .
=1500C/G c/c 31 0.57+0.16 19.42+7.84 1.174£0.39  6.011+3.20 2.214+0.70 9.13+4.28 0.67 £ 0.10
C/G 64 0.56+0.22 23.19+12.71 1.23+0.45 5.28+£3.12 2.64+0.75 11451 4.66 0.66 - 0.14
G/G 23 0.58+0.27 18.87+£9.82 1.25+£0.43 5.16+2.73 2.72+£1.43 13.0419.43 0.68 % 0.13
‘ f - ~ p=0.060 p=0.046 '
—1062G/C G/G 43 0.57+0.16 18.63+7.47 1.174+0.37 5.89£3.07 2.22+0.67 9.13:£4.05 0.66 +0.10
G/C 60 0.57£0.23 | 23.37413.02 1.26 £0.47 529+3.12 2.66+0.75 11.66-:4.56 0.66 + 0.14
c/c 15 0.57+0.29 21,15+ 11.07 1.17+£0.46 4.82+2.81 3.02+1.66 14.90+11.27 0.71 £ 0,15
; . p=0.006 p=0.003
~994C/T c/c 39 0.58+£0.16 18.30+7.65 1.16+0.38 5.96+£3.05 2.2340.70 9.20+4.22 0.66 £ 0.11
CIT 60 0.56+0.22 23.97+12.69 1.26::0.46 5.23+3.17 2.67+0.74 11.54+4.60 0.66+0.14
T/T 19 0.59+0.29 19.41£10.66  1.1910.44 5.07+2.74 2.8111.54 13.89+10.17 0.69 + 0.14
; ; ; ‘ p=0.033 p=0.028 p=0.013
Leu72Met Leu/Leu 69 0.59+£0.21 20.18-:9.64 1.2440.44 5.98+3.18 2.39:£0.76 10.304-5.06 0.66 + 0.12
. Leu/Met 42 0.53£0.22 24,304+:12.98 1.1510.43 4.75+2.71 2.8111.09 12.54+6.88 0.67 + 0.14
_ Met/Met 7 0.53+0.19 14.91+9.74 1.33+0.35 4.49+3.21 2.53+1.04 10.984:6.87 0.70 + 0.15
. p=0.048 p=0.082 p=0.065 ‘ ; ,
+3056T/C TIT 53 0.57+£0.19 20.89-£10.10 1.23+0.40 5.98+3.38 2414077 10.41+5.26 0.67 + 0.13
‘ T/C 49 0.5740.24 - 20.48+9.95 1.184£0.46 5.104+2.82 2.69-+£1.10 11.85:£6.37 0.65 + 0.11
c/c 16 0.55£0.23 25.47+16.68 1.274+0.43 4,804+£2.50 2.56+£0.79 11.37 £ 6.61 0.68 + 0.18

p-Values are given by ANOVA, and p<0.05 are bold.
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Table 5 Preproghrelin genotypes and lipidemia- or diabetes- related parameters.

SNP.
Male
=1500C/G

10626/C
_994C/T

Leu72Met

+30567/C

Female
=1500C/G

=1062G/C

—994C/T

Leu72Met

- +3056T/C

p-Values are given by ANOVA, and p<0.05 are bold.

Genotype n Total-cho. HDL:cho.
c/C 30 198.7+30.8 47.27+9.40
C/G 51 209.0::25.3 49.24+9.27
G/G 34 201.7::28.7 52.88:+9,98
p=0.057
G/G 41 202.6:28.6 48.104£9.71
G/C 49 208.2£28.5 51,291 10.49
c/C 25 198.8:£25.6 49.68--7.66
c/c 39 202.2429.2 48.26£9.87
/T 50 206.6+:27.8 . 50.10£10,21
TIT 26 202.5+£26.9 51.541+8.25
Leu/Leu 74 200.7::26.6 49.20+9.54
Leu/Met 33 212.6:£29.5 51.64+9.91
Met/Met 8 201.6£29.9 47.15+10.18
T 58 202.04+29.2 48.40-£9.71
TIC 43 207.1+27.2 50.51:£8.32
c/C 14 204.2.3-26.1 53.43+12.65
c/c 3 222.54138.1 59.814+12.72
C/G 64 215.2:40.6  54.55110.24
G/G 23 211.2+£39.5 54.17+12.89
‘ p=0.086
G/G 43 223.8+43.0 58.81+12.25
G/C 60 21444357 54.20:£10.56
c/c 15 202.94+42.5 54,00+ 12.81
c/ic 39 223.4+42.8 59.18+12.46
/A1 60 214.9+37.5 53.58-£10.05
WA 19 206.41+38.8 56,21 £13.26
; , p=0.062
Leu/Leu 69 223.2+39.0 58,061 11.47
Leu/Met 12 211.04384 52.88110.87
Met/Met 7 181.1+33.2 52.00£13.95
p=0.014 p=0.048
T 53 224.5140.6 59,304 12.03
TIC 49 214,01 34.1 52,51£10.18
(d[e 16 196,61 46.1 54.69+11.76
p=0,040 p=0.011

~114~

HbAtc

{DL-cho. Triacylglycerol Fasting Glc. HOMA-IR
117.8+£30.4 184.7 £ 185.6 5,61+0,87 107.8+21.1 3.2542.72
. 1225%295 186.5£89.5 5.84+0.83 113.5+26.1 3.62+3.11
119.5£26.1 148.9.+ 81.2 5.95+1.22 112.6£26.4 3,25+£3.32
122.84:27.1 158.7.+ 90.5 5.62:+0.76 107.5+£19.1 3.124£2.47
12074311 181.2 £ 93.0 5.9240.92 114.9+26.1 3.62+3.1
 115.9+26.2 189,04 192.6 5.90+1.32 112.4£30.3 3.47 £3.83
122.1:£27.6 159.6 £ 92.6 5.66+0.76 107.94+£19.5 3.15+2.52
120.1:£30.4 18171915 5.87::0.88 114.6 £25.9 3.65+3.10
118.4:£27.4 184.7 & 189.8 5.94+1.36 112.0+£29.8 3.34+3.73
118.2£25.6 166.7 + 93.1 5.68+0.77 - 108,8+19.2 3.43+3.37
1725.81+33.8 192.5 £ 173.8 5.9510.98 115.2+£29.0 3.26£2.16
118.4:£32.5 177.6+722 6.46-:2.00 125.1£44.9 3.84+3.51
p=0.061
122.4427.5 156.1 £ 79.4 5.58+£0.65 106.8+16.0 3.31£3.19
119.6:£29.2 187.0 -+ 106.4 5.93+0.95 113.3+273 3.62+3.03
1145+£32.2 215.8 £ 242.6 6.37+1.70 127.6+38.7 3:20+2.71
‘ p=0.013 p=0.016
135.34£33.1 1370 £ 844 5.671+0.68 112.1426.2 2.67+2.04
131.8+£33.9 144.3 £71.3 6.00::1.34 113.8+:28.4 - 3181136
122.1£35.3 175.3 + 85.7 5.904+1.02 108.3£22.2 3.5542.66
137.1:£35.3 - 139.31+894 5.741+0.71 111.2£24.6 2.621+1.81
130.14:31.3 150.6 £ 71.0 6.02+:1.39 114.5£129.3 3.251+1.33
115.9437.7 165.7 £ 73.8 5.82:+1.06 106.7+20.4 4.03:£3.17
‘ ~ p=0,030
137.24:35.5 1348 £78.3 5.76+0.73 112.2£25.5 2.67+1.89
130.8+32.3 193.1 £ 81,4 - 5.971+136 11294284 3.1941.35
117.9+£34.3 161.5:£67.1  5.9511.10 110.4:£23.9 3.83+2.85
. - ; p=0.080
13754326 138.4 £ 70.9 5.814+0.98 111.4£27.2 2.8041.84
1249£335 16594924 5.9941.33 115.0+26.1 3.5441.93
101.0+£32.8 141.9 £ 28.2 6.1341.52 104.6124.4 2.79+1.60
p=0.008 : ‘ ~
13754344 138.2 + 76.1 5.73+0.71 110.9+24.3 2.96+2.02
128.6+£79.9 164.8 £ 86.2 6.03+1.37 113.0126.9 3.25:£1.65
115.54£40.3 132.3£49.2 6.03+1,48 114.8+33.7 3.2442.08
p=0.062
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Table 6 Preproghrelin genotypes and obesity-related parameters.

SNP. Genotype:  n. BMI Body fat (%) . Waistcircumf. = Totalfatarea . Subcutaneous f.a. | Visceral f.a. Visceral fat (%)
Male . ~
=1500C/G. C/C 30 30.53+4.04 28.83+5.00 101.6+9.6 414341443 255.3 4£105.3 159.0+62.5  38.7019.54
I c/G 51 29.81+2,04 29.05+4.11  100.4+6.3 392.14+89.5 237.2 4 63.9 154.94-47.1 39.52+7.84
G/G 34 3314464 29.214450 103.14+10.8 447.9£170.0 282.3 + 139.3 165.6+57.8°  37.98+£10.24
-1062G/C G/G 41 30.314+£3.59 2831 +£457 1013186 410.7+130.1 2534+ 93.5 157.2+£59.2 38.4749.00
G/C 49 3022+293 2952 4+458 1011475 407.4+120.8 2485 £ 84.1 158.94+58.6  38.9119.09
G/C 25 31091455  29.34+ 391 102.8+£11.1 434.01L162.1  271.4 £145.8 162.6+36.0  39.374+9.13
~994C/T c/c 39 3041+3.65 2846+4.67 1016188 412.8£132.5  253.2 £ 95.6 159.6:£59.6 38.91+9.01
C/T 50 30.104£2.90  29.36 1459 100.7+7.4 403.0£118.9 247.4 1 83.2 155.6+£57.9 . 38.51+9.15
/T 26 31.154+4.48  29.32+£3.90 103.0+:10.9 438541600 27341 142.8 165.14+38.0  39.411£8.98
Leu72Met Leu/teu 74 30394342 28901459 101.1+82 41031305 2514+ 915 158.9+59.0  38.85+8.81
Leu/Met 33 30.28+397 29.384+4.09 101.8+9.8 415.6+148.9 7581 + 1314 157.6:47.7 = 38.98+9.83
Met/Met 8 31584307 2895+489 1040493 446.6 £ 91.7 2791 £739 . 167.5+36,9  38.29:+8.06
+3056T/C 1/T 58 30.37+3.63 28.88+:4.92 101.5+8.7 41111417 2543 £100.7 156.8-:59.00  38.52+8.75
T/C 43 3057+3.74 29244382 101.7+9.1 419.0£136.6 254.2 £117.2 164.9+:51.0  40.01+£9.13
c/c 14 3036+2.73 2911 +£433 1011+ 8.0 413.6184.5 262.4+63.8 151.1:4+45.1 36.62+9.71
Female
~1500C/G  C/C 31 3045+£2.71 4020 £5.32  102.3+7.9 453.1+101.1  330.9 L 87.7 122.2+44.7  77.08+9.07
C/G 64  31.14+3. 40,34 + 484 103.2+79 455,6+95.1 3305 £77.3 12514453 27.4117.99
G/G 23 31.87+£3.7 42.33£690 1071195 526,01+138.7 370.0 + 113.9 156.0+46.5  30.17+8.02
p=0.087 p=0.018 _ p=0.012 -
~1062G/C  G/G 43 30.11+2.55 3990+5.09 101.3+7.7 439.4194.2 321.8 £79.2 117.6+42.0  26.73+8.33
G/C 60  31.4943.10 40.75+:482 104.3+7.7 = 47221981 341.2 £ 80.5 131.04+46.2  27.784.8.02
c/c 15 32.4014.09 42.73+8.01 108.1+10.8 538.4+15.4 373.8 +132.1 164.6+47.3  31.4418.86
p=0.019 ~ . p=0.016 p=0.009 p=0.003
—994C/T c/C -39 30,09+2.67 39.60+518 101.4+7.8 438.5+97.8 321.3 £ 82,0 117.2£43.2  26.70+8.54
C/T 60 31.5213.08 41.06+:482 1043178 472.6+98.1 341.4£79.5 131.2+463 27774794
1T 19 31.86+3.79 41.78 +7.38  106.6+10.1 518.0+145.4 363.4 & 122.1 154.6+:47.5  30.55+8.72
; p=0.042 V p=0.059 . p=0.030 . p=0.015
Leu72Met Leu/Leu 69 30.69:+2.91 40344527 1026480 458.4:106.3 3341 £ 87.7 124.3+:40.8 27.22:47.52
Leu/Met 42 31834339 41.27+5.63 1050189 480.0-112.5  347.4 £90.2 132.5454.1  27.55:+9.27
Met/Met 7 30834330 4071 £630 1067175 502.14+£120.2  325.2 +98.8 176.9+£27.3  36.0845.52
- : . p=0.016 p=0,024
+3056T/C T/T 53 30.63+2.99  40.60+550  103.2+8.1  466.4+111.1 339.0 £ 92.6 127.4+39.9  27.514+7.35
T/C 49  31.3543.200 4096 557 103.2+8.9 462.01+105.9  334.6 1 86.6 127.4+504  27.51:£9.25
c/c 16 31934336 4018 +£5.04 106.8+17.2 496.8+115.0 34741 86.7 149.3:£54.2  301248.34

. p-Values are given by ANOVA, and p<0.05 are bold.
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Table 7. Association check of preproghrelin gene polymorphisms and haplotype.

freq. in case/control

0.576/0.455
 0.492/0.366
0.492/0.393
0.237/0.188

SNP . Allele Freq.
(a) Diabetes mellitus in male (case=59/controi=56)
GHRL — 1500 G 0.517
GHRL ~ 1062 C 0.430
GHRL — 994 T 0.443
GHRL +408 (L72M) A 0.213
GHRL +3056 C 0.309

(b) Visceral fat area >100cm? in female (case =84/control=34)

GHRL — 1500 G
GHRL - 1062 le
GHRL - 994 T
GHRL+408 (L72M) A
GHRL + 3056 T

0.466
0.381
0.415
0.237

_ 0.657

0.390/0.223

0.506/0.368
0.423/0.279
0.458/0.309
0.256/0.191

0.661/0.647

(c) Total-cho. >220mg/ dL in female (case =54/control = 64)

GHRL — 1500 C
GHRL - 1062 G
GHRL - 994 c
GHRL+408 (L72M)  C
- GHRL +3056 T

0.534
0.619
0.585
0.763
0.657

0.537/0.531
0.648/0.594
0.602/0.570
0.824/0.711
0.713/0.609

(d) BMI >30kg/m’ in female (case=67/control=52)

GHRL - 1500 G
GHRL - 1062 c
GHRL—994 - T
GHRL +408 (L72M) A

C

GHRL + 3056

0.466
0.381
0.415
0.237

0.343

0.538/0.375

0.462/0.219

0.492/0.317
0.273/0.192

0.409/0.260

0,016

p-Value

0.067
0.055
0.132
0.357
0.006

0,054

0.040
0.035
0.289
0.841

0.929
0.391

0.624
0.042
0.095

0.013
10.004

0.007
0.149

p-Values are given by the chi-square test between case and control, and p <0.,05 are bold.
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Block

Block 1

Block 2

Block 1

Block 2

Block 1

_Block2

Block 1

Block 2

Haplotype Freq. Freq. in case/control p-Value
CGC 0.473 0.423/0.526 0.118
GCT 0.417 0.482/0.348 0.038
GGC 0.079 0.077/0.081 0.907
GGT 0.017 0.009/0.027 0.291
CcT 0.687 | 0.610/0.767 0.010
AC 0.208  0.237/0.178 0.272
cC 0.100 0.153/0.045 0.007
[dele 0.534 0.494/0.632 0.054
GCT 0.381 0.423/0.279 0.040
GGC 0.051 0.048/0.059 0.723
GGT .0.034  0.036/0.029 0.809
cT 0.643 0.647/0.631 0.814
AC 0.223 0.242/0.175 0.260
(o 0.120 0.097/0.178 0.083
AT 0.014  0.014/0.016 0.880
c6C 0.534 0.537/0.531 0.929
GCT 0.381 0.352/0.406 0.391
GGC 0.051 0.065/0.039 0.370
GGT 0.034 0.046/0.023 0.334
ct 0.643  0.711/0.584 0.043
AC - 0223 0.174/0.264 0.099
cc 0120 0.113/0.126 0.747
AT 0.014 0.002/0.025 0.133
CGC 0.534 0.462/0.625 10.013
GCT 0.381 0.462/0.279 0.004
GGC 0.051 0.045/0.058 0.671
GGT 0.034 0.030/0.038 0.731
CcT 0.643 0.582/0.720 0.028
AC 0.223 0.263/0.172 0.094
cC 0.120 0.146/0.088 0.174
AT 0.014 0.009/0.020 0.475
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+3056C haplotype was more frequent in the
diabetic subgroup (case) than in the non-diabetic
subgroup (control) (Table 7a). Simultaneously, the
+408C - +3056T haplotype was more frequent in
the non-diabetic subgroup, suggesting that the
causative locus is located around not 72Met but
+3056C.

Similarly, 118 female subjects were grouped into
the subgroup of higher visceral fat area (100 cm?
and more) and the normal one. A visceral fat
area >100cm? is the criterion for the metabolic
syndrome, indicated by The Japanese Society of
Internal Medicine. The higher visceral fat area
subgroup (84 subjects) had the —1500G - —1062C -
—994T haplotype more frequently (Table 7b).
Particularly, the —1062C and —994T were highly
significant (Table 7b).

The female subjects were also divided into two
subgroups of higher total cholesterol (>220mg/dL)
and normal concentration. A value >220mg/dL
for total cholesterol is the criterion for lipidemia,
according to The Japan Atherosclerosis Society. A
higher total cholesterol subgroup (54 subjects) had
a higher ratio of the +408C - +3056T haplotype than
the lower subgroup (Table 7c).

Furthermore, the female subjects were grouped
into a higher BMI (30kg/m? and more) subgroup
and relatively lower BMI subgroup. The higher BMI
subgroup (67 subjects) had the —1500G - —1062C -
—994T haplotype more frequently (Table 7d).
Conversely, the +408C - +3056T haplotype was more
frequent in a subgroup with a relatively lower BMI
(52 subjects) (Table 7d), implying that there are
more than 2 loci relevant in adiposity. Thus, the
susceptibility to obesity is a mixed feature of the
above-mentioned higher visceral fat area subgroup
with the lower total cholesterol subgroup.

Discussion

Phenotypes of the preproghrelin gene SNPs are par-
ticularly complex, since this study revealed them
to be quite different between men and women. In
obese men, the +3056C/C minor homozygotes were
demonstrated to be susceptible to diabetes melli-
tus, which is not accompanied by insulin or leptin
accumulation.

In contrast, in obese women, the correlation of
preproghrelin polymorphism with diabetes may be
insignificant, i.e., although the —1062C/C minor
homozygotes (those of —1500C>G and —994C>T
also) had higher concentrations of insulin and C-
peptide, their fasting glucose and HbA1c values
were normal. Instead, these preproghrelin poly-
morphisms may contribute to the development of

obesity via aberrant fat storage; female subjects
with a —1500G- —1062C- —994T haplotype had a
higher BMI and a tendency of fat mass accumula-
tion, particularly visceral. This is notable because
generally, women tend to accumulate subcutaneous
rather than visceral fat mass. Likewise, in SCOP,
females had a lower visceral fat area (130.4cm? on
an average) than males (159.1 cm?) (Table 1). To the
contrary, females with the above haplotype tended
to have a higher visceral fat area comparable to
male average. (This is because estrogen influences
body fat distribution; the estradiol concentration is
inversely associated with visceral fat accumulation
in menstruating females [17]; and body-fat distri-
bution shifts toward the upper part of the body
(viscera) after menopause [18].)

Additionally, preproghrelin polymorphism also
affected serum cholesterol homeostasis: female
subjects with the 72Met allele showed lower serum
concentrations of total, HDL and LDL cholesterol.
Thus, reduced cholesterol are probably linked to
the accumulation of body fat: however, interest-
ingly, the causative loci may be distinct; lower
cholesterols, 72Met; accumulation of visceral fat,
—1062C and —994T.

This study suggested that the contribution of
the preproghrelin gene SNPs to metabolic syndrome
should be estimated separately in women and men.
This is a reasonable proposition because andro-
gens regulate ghrelin secretion or catabolism in
a gender-specific manner; androgens and ghrelin
have similar effect in males but opposite effects
in females [19]. Conversely, ghrelin may down-
regulate the concentrations of testosterone [20]
or estrogen; Misra and his group reported that
adolescent athletes, who are possibly in the nega-
tive energy balance state, showed high ghrelin and
decreased estradiol concentrations [21,22].

Choi et al. identified the 9 SNPs in the promoter
region and compared their frequencies in type 2
diabetic patients with non-diabetic controls in a
Korean population [11]. They found the association
of the —1062C allele with lower HDL cholesterol,
higher fasting glucose, and higher homeostasis
model assessment of insulin resistance (HOMA-IR)
values. Their results were similar to ours. Possibly,
gender-specific estimation may uncover the contri-
bution of these SNPs to diabetes or obesity.

In the study examining the risk of metabolic syn-
drome in an Amish population, a Caucasian cohort
of European descent, Steinle et al. [23] found the
association of the 72Met variant with increased
prevalence of metabolic syndrome and higher fast-
ing glucose, lower HDL cholesterol, and higher
triglyceride concentrations. Their results partly
agree with our data. In the cohort, metabolic syn-
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drome as well as type 2 diabetes mellitus was more
prevalent among women as compared with men.
Because their results were not gender-specific, it
is not known whether 72Met variant was strongly
associated with the above phenotypes in women.

Kuzuya et al. [13] reported a significantly higher
frequency of the 72Met allele in the higher BMI (25
and more) group of middle-aged men than in the
normal-weight group, suggesting that not only the
gender but also the extent of obesity (obese or non-
obese) should be considered.

Recently, Zavarella et al. [24] reported on the
protective effect of ghrelin in insulin resistance by
the 72Met allele in a Caucasian (Italian) population
consisting of obese and normal weight subjects; the
Met/Met minor homozygotes had lower values of
triglycerides, fasting insulin, HOMA-IR, and a higher
total ghrelin level. We could not observe such
effects in Leu72Met. They also reported that the
T/T minor homozygotes of —604C>T had decreas-
ing values of fasting insulin and HOMA-IR. We have
not yet analysed —604T>C (rs27647): however, if
LD is maintained between —604T>C and —994C>T,
our results in the —994 minor homozygotes are not
in agreement with theirs. Preproghrelin gene poly-
morphism may affect insulin metabolism differently
according to the race and gender of the subjects or
extent of obesity (obese or non-obese).

We are particularly interested in the relationship
existing among the SNPs, plasma ghrelin concen-
tration, and susceptibility to diabetes or obesity.
Unfortunately, the plasma ghrelin was not mea-
sured in the present study. Ando and his colleague
[25] reported on the association of higher acy-
lated ghrelin (active form) concentration and body
weight, BMI, fat area, waist circumference, skinfold
thickness, and a lower HDL cholesterol in Japanese
women with the +3056C allele. They stated that
the 72Met carriers also had a higher acylated ghre-
lin but to a lesser extent than the +3056C carriers.
Some groups reported a higher ghrelin concentra-
tion in the 72Met carriers [24]. These results predict
that a higher ghrelin predisposes to obesity in the
subjects with the —1500G - —1062C - —994T haplo-
type as well. Above mentioned Choi et al. [11]
used biochemical experiments and found that a
transcription factor, myoD, preferentially binds to
the region with —1062C, although they described
that the region with —1062G had a 1.7-fold higher
promoter activity of preproghrelin than that with
—1062C.

About the reason why preproghrelin gene SNP
may relate to diabetes in obese men, we suppose
that higher ghrelin affects serum glucose home-
ostasis via androgens. Dezaki et al. described that
besides effects on appetites and energy homeosta-
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sis, ghrelin is also involved in regulating insulin
release and glucose metabolism: ghrelin inhibits
insulin release [26]. As shown in Table 4, male
+3056C/C homozygotes indeed had lower insulin
and C-peptide levels on an average, though these
were not significant.

Haploview enables the study of LD among SNPs
and the estimation of frequencies of the analysed
haplotype. Our D’ values of the LD are mostly in
agreement with those of Ando et al. [12] or of
Choi et al. [11]. We observed 2 haplotype blocks
in this region: block 1, —1500C>G-—1062G>C-
—994C>T and block 2: Leu72Met - +3056T>C. These
SNPs shows a strong LD in each haploblocks. This is
probably because not only the coding-rich region
but also the promoter region also has functional
importance.

In conclusion, the +3056C/C minor homozygotes
were associated with predisposition to diabetes
mellitus in obese men. In obese women, the
—1500G - —1062C - —994T haplotype was correlated
with visceral adiposity, and the 72Met-+3056C
haplotype was associated with susceptibility to
obesity via aberrant fat metabolism (reduction of
serum cholesterol). Thus, polymorphisms of the
preproghrelin gene are suggested to be closely
related to diabetes and obesity in obese Japanese.
Further studies are required to evaluate these find-
ings and to elucidate the underlying biological
mechanisms.
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Ketoacid-aminoacid mixture umol/kg/day
L-tyrosine 271

L-threonine 119

calcium 17
D,L-hydroxymethylthiobutyrate 34

L-tryptophan 4

L-ornithine 491 EEMT I B
L-lysine 273

L-histidine 68

ketoisocaproate 305

ketoisovalerate 254
R,S-ketomethylvalerate 237
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o L2 L, HERZBWTIREKLA

ERICHERNZER DY KZA

ZOUEOORPISKRETIF DN RPED D LR
4% Modification of Diet in Renal Disease (MDRD) Study 28¥ifg L7z &9 & dw
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LaHBo ARTIE MDRD OMBMERAL, REORIGBHREOME L

KN, R—2A54 VIZBVWTEEEHIT 18K~ T0MRK
OHEBET.EZ LT F=v (Cr) PEUTIELIL4~T70
mg/dl. THETIZ1.2~7.0 mg/dlOFEE S22 A
YA CiERE LTV AERREEREREL XU T
W5 ORI Sz,

2507 B BENA ) -2y 7EN, XN=A T4
12 1,785 A% GFR ##Mii, AFEIL MEOREIS
mX N7, GFRA%25 ml/min/173m? LA EdH B HITE
HEATCEDERE® 1.3 7212 0.6g/kg/day 2L

2T B9 SF o, £72GFR D24 ml/
min/173m2 LF Db DIE7- AL EEIRES 0.6 g/kg
DEEL X icvwbh/e, fho4fid, 4EIL National
Health and Nutrition Evaluation Survey (GRS L5
TR D 80~ 120%, MiFET7T V7 3 ¥ id 3.0g/dl Bk,
R AT EIE 10g/day LT CThH o720 39 AfRIZT:
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24 ml/min/1.73m2 ® b ¢ 255 %% B #IIRY ﬁ‘h‘f:o
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<ﬁ(0%g&@ﬂw)ﬁb%b‘”%ﬂtoBﬁuA
BLRE U A BB EBEZAECR (0.28g/kg
/day) BEIIR D 5 b, B A ERRFEE
120.28g/kg/day DEIGTT I VBE—7 VERREWE Y

TYXY PELTRALE (Fl)o 72, =V FES

14 (238)

-120-



IV IATNOERTER LERF L.
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FRFOBRFELY Y —DPHEL, MATTT T L
[Protein Wisel #{EL7ze 2705 F LI34T7E)H
WICLEDE, FNFRO T V=T TENED LD, #
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BRAECE  EE 2 03 AERAMCE 4 L4
N=291 AB: 63 103 N=12 28 116
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MRA A CBOR 4 BRI ANE I A S
<074 1 03 <06l 0 0
ABE 31 9.9 15 115
Wik 20 57 % 175
A 145 614
075 - 093 e 1 03 062-067 1 07
KB 31 108 13 103
Wk 19 59 2 149
/MEE 144 63
094 - 1.12 BT 5 15 0.68-0.75 1 0.7
AB 3B 123 19 16
w26 79 216
AN 144 64
> 113 3 09 > 076 3 24
AB 32 105 13 112
Wik 18 5l 31 245
NEE 145 63
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usual protein  low protein diet
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AR ZARCEIUEM LI2x018 1.12%0.19 111 + 014 077 + 013
PAESEIRETF 1L13+017 1.12x022 109+ 0.14 076 + 0.11
T HAAF—EIMM 276+701 kcal 27.6+7.27 kcal 26.7 + 544 231 + 572
ZANE—JBINF 264+664 26.9+740 247 +531 219+ 626
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A& F 718 + 150 705+ 14.3 722+ 149 693+ 137
low protein  very low protein low protein  very low protein
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hE M 80.8 + 0.20 819 + 1116 796 + 115 793 + 109
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EEDEBEERT SOV E 5, BIfE, BHATIHE Renal Disease (MDRD) Study. Am J Kid Dis 53 2009: 208-17.

’@%’l 74 Jﬁ% %A HE ﬁﬁ:; ij DIDHD E é’%"ﬁﬂ %g D ﬁimﬁ 4 Fouque D, Laville M, Boissel JP, et al. Controlled low protein diets in
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Evaluation of Modification of Diet in Renal Disease (MDRD) Study
Shaw Watanabe, Editor-in-Chief, Clinical and Functional Nutriology

We have made a review of the Modification of Diet in Renal Disease (MDRD) Study. In this study, 585 patients in group
A (GFR 22-55 ml/min/1.73m’ ) were divided into two sets, one set prescribed a normal protein intake (1.3 g/kg/day) and
the other a low protein diet (LPD, 0.6 g/kg/day); the 255 patients in group B (GFR 13-24 ml/min/1.73m’) were divided
into an LPD set (0.6 g/kg/day) and very low protein diet (VLPD, 0.28 g/kg/day) set. The VLPD set were also prescribed
a daily 0.28 g/kg amino acid-keto acid supplement and multivitamin tablet. Energy intake was set at 30 kcal/kg body
weight. Follow-up period was 2.2 yrs in average; an additional 9-month follow-up identified poor prognosis in the
VLPD group. The actual protein intake was found to be above the specified level, and it is thought that the low energy
intake (22-20 kcal/kg) may be the cause of malnutrition. In addition, it is believed that the high concentration of ornithin
and lysine may cause toxicity in CKD patients. In our opinion, failure of the MDRD study to demonstrate efficacy of
LPD, is due to insufficient energy intake. Clinical & Functional Nutriology 2009; 1(5): 238-41
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