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ABSTRACT

Relationship among sSRAGE, AGE and CRP according to RAGE

Gly82Ser and obesity statusin Korean men

Seog Hyun Jo
Interdisciplinary program: Science for Aging

The Graduate School, Yonsei University

We studied the relationship among souble receptoadvanced glycation
end products (sRAGE), AGE and inflammatory marlarsording toRAGE
Gly82Ser gene polymorphism and obesity, a low-griaflammatory state.
We measured circulating concentrations of SRAGEEAdRd inflammatory
markers (CRP and IL-6) in a group of Korean mertotal of 1096 men aged
30~70 vyears with body mass inde¥8.5kg/nf were recruited.
Anthropometric parameters, lipid profiles, glucos(RAGE G82S
polymorphism, sRAGE, AGEs, and inflammatory mark@eRP and IL-6)
were measured. SRAGE concentrations were lowestthiose with
homozygous mutation, ‘S/S’ (G/G: 1036.3+40.3, G887.0+49.6 and S/S:
443.0+47.8pg/ml, p<0.001), which maintained aftdjuated for age, BMI,
cigarette smoking and alcohol drinking (p<0.001}ep®vise regression

showed that RAGE Gly82Ser genotygecpefficient=-0.384, p<0.001) and



BMI (B-coefficient=-0.168, p=0.001) were major influergirfactors on
SRAGE concentration. Obese subjects (BRBkg/nf) had significantly
lower levels of sSRAGE (831.7+36.7pg/ml) than noresd® subjects
(1022.7+47.8pg/ml) (p=0.009). In Obese subjects,'81S’ group had lower
concentrations of SRAGE (439.5+57.7pg/ml) than BAG (917.5+45.7
pg/ml) or the G/S group (768.8+56.1pg/ml) (p<0.0@h the other hand, the
obese subject with the S/S genotype showed highecentrations of AGE
and CRP comparing with those with the G/G or G/Botype (p=0.012 and
p=0.006, respectively). In conclusion, SRAGE iduahced byRAGE G82S
polymorphism and obesity status as a result of eetdthAGE-RAGE binding
affinity. Inflammatory condition such as obesityt ramly decreases sRAGE
levels but also increases AGE and CRP levels péaitly in subjects with

RAGE 82 S/S genotype.

Key Words : soluble RAGE, AGE, CRRAGE Gly82Ser polymorphism,

Obesity, AGE-RAGE binding affinity andaflammation
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[.INTRODUCTION

Receptor for advanced glycation end products (RAGE)ulti-ligand
member of the immunoglobulin superfamily of cellfage molecules (1)
interacts with a diverse class of ligands includik@E (2), thereby resulting
in oxidative stress and cellular dysfunction anithdging about the generation
of oxygen free radicals and the cellular activatminNF+«b, an oxidative
stress marker (3,4). Nawroth et al reported theraation of AGE-RAGE
mediates in the development of diabetic microvascabmplication (5). In
addition, animal study showed that RAGE expressi@s upregulated in
atherosclerotic plaques of diabetic animals (6) dahd human studies
implicated the involvement of RAGE in diabetic valepathy (7,8).

RAGE has a C-truncated secretory isoform of theptar protein, termed
soluble RAGE (sRAGE) produced by alternative spticof RAGE mRNA
and present in the circulation, which may neutealthe AGEs-mediated
damage by acting as a dec@y {0, 11)Related to this mechanism, a number
of studies have shown that sRAGE is inversely aatemt with chronic
inflammatory state, diabetes, atherosclerosis agtélmolic syndrome (12, 13).
According to Falcone et al, low levels of SRAGEpiasma are independently
associated with the presence of coronary artegadis (CAD) in nondiabetic
men (12). Koyama et al. also showed that SRAGE mowel and potential

factor for the metabolic syndrome and atheroscieids).



A functional amino acid change (glycine to seriaefodon 82 in exon 3
of the RAGE within putative ligand binding domairRAGE G82S) is also
involved in the RAGE expression inflammatory resgem (14, 15). Hofmann
et al reported thaRAGE 82S allele upregulates the inflammatory response
upon engagement of ligand and might contributenttaace proinflammatory
mechanisms in immune/inflammatory diseases (15).

sRAGE is highlighted as a pivotal protein to blacammation pathway
resulting from RAGE-AGE axis. However, it is uncleghnich factors affect
expression of SRAGE. We assume that there is soesdanism to decrease
expression of SRAGE in inflammatory state. Furthenerthere were no study
for the relationship among SRAGE, AGE and inflamonat markers
according taRAGE gene polymorphism and obesity. Therefore, we nredsu
circulating concentrations of SRAGE, AGE and inffaatory markers such as
C-reactive protein (CRP) and interleukin-6 (IL6)Knrean men and observed
the change of sSRAGE concentration and other maritecerding to G82S

RAGE gene polymorphism and the status of obesity.



1. SUBJECTSAND METHODS

2.1. Sudy Subjects

Study participants were all men recruited from lHealth Service Center in
the course of a routine check-up visit or by a nEpgr announcement for
health examination. The newspaper announcemerilybdiescribed the study
design and invited Korean men aged 30~70 years ity mass
index>18.5kg/nf to participate in the Cardiovascular Genome Cesttaly as
control subjects. Excluded were subjects with gréabc limitations, weight
loss/gain over the previous 6 months or any diaignot disease such as
diabetes mellitus, cardiovascular disease, liveealie, renal disease, thyroids
disease or cancer. None of them were taking anyicakoh. Written
informed consent was obtained from all subjects #&mal protocol was
approved by the Institute of Review Board of Yorideiversity.

Current cigarette smokers were defined as subjegisrting at least one
cigarette per day. Current alcohol drinkers weriindd as those reporting at
least one portion of alcohol per day. Finally, sate@f 1252 male subjects

were recruited and they were un-related.

2.2. Anthropometries and blood pressure measurements
Anthropometric measurements included height, bodigt and waist and
hip circumferences. Body weight and height were suszd in the morning,

light clothed without shoes. The body mass indeMIjBwvas calculated as



body weight in kilograms divided by height in scgianeters (kg/A). Body
fat percentages were measured with a TBF-105 bathyaralyzer (Tanita
Corp. Tokyo, Japan). Waist circumference was meaiswith a flexible tape
midway between the lower rib margin and the iliaest in the standing
position after normal expiration. Blood pressureswead from the left arm of
seated patients with an automatic blood pressuneitano(TM-2654, A&D,
Tokyo, Japan) after 20 minutes of rest. The averdgifiree measurements
was recorded for each subject. In this study, presef obesity was defined

by body mass index25 kg/m2 as reported for Korean population (16).

2.3. Fasting blood collection

To reduce the influence of circadian variation, ldtéod specimens were
collected between 08:00 and 10:00 after the subjeatl fasted overnight.
Venous blood specimens were collected in EDTA-&@aind plain tubes. The
tubes were placed on ice until they arrived atlafs@ratory room (within 1-3

hours) and stored at —¥D until analysis after plasma and serum were

separated.

2.4. Genotyping of RAGE Gly82Ser

Genomic DNA was prepared from peripheral blood dempising a
Puregene® DNA purification kit (Gentra, Minneapoli#N, U.S.A.),
following the manufacturer’s protocol. RAGE SNP (single nucleotide

polymorphism) [rs17846805, Gly82Ser (G82S)] was genotyped in 1252



subjects. G82S genotyping was performed by SNP-I&8%ays using
SNPstream 25K® System (Orchid Biosciences, Prim;eNd, USA).

Briefly, the genomic DNA region spanning the polypitc site was PCR-
amplified using one phosphothiolated primer and oegular PCR primer.
The amplified PCR products were then digested aitbnuclease (Amersham
Biosciences, Uppsala, Sweden). The 5" phosphote®laere used in this
study to protect one strand of the PCR-product fexonuclease digestion.
The single-stranded PCR template generated fromusk@ase digestion was
overlaid onto a 384 well plate that precoated cemidy with SNP-IT™
primers (Intergrated DNA Technologies (IDT) Inc.pr@lville, 1A, USA).
These SNP-IT™ primers were designed to hybridize@aiately adjacent to
the polymorphic site. After hybridization of tempdastrands, SNP-IT™
primers were then extended by a single base wittA PNlymerase at the
polymorphic site of interest. The SNP™ primer is extended for a single
base with DNA polymerase and mixture of appropriatgcloterminator
which is labeled with either FITC (Fluorescein fgotyanate) or biotin
(Perkin-Elmer Asia Singapore) and complementarytie polymorphic
nucleotide. The final single base incorporated wdemntified with serial
colorimetric reactions with anti-Fluorescein-AP (Re, Basel, Switzerland)
and streptavidin-HRP (Pierce, Rockford, IL, U.S,A8spectively. The results
of blue and/or yellow color developments were amedly with an ELISA
reader and the final genotyping (allele) calls wemade with the

QCReview™ program.



2.5. Serum lipid profiles and glucose

Serum total cholesterol and triglyceride were messwvith commercially
available kits on a Hitachi 7150 Autoanalyzer (kitaLtd., Tokyo, Japan).
After precipitation of serum chylomicrons, very lodensity lipoprotein
(VLDL), and low density lipoprotein (LDL) using d&an sulfate-magnesium,
high density lipoprotein (HDL) cholesterol left ithe supernatant was
measured using an enzymatic method (17). LDL chkelekswas estimated
indirectly using the Friedwald formula, i.e., LDLhaesterol = total
cholesterol — {HDL cholesterol + (triglycerides/5¥pr subjects with serum
triglyceride concentration <400 mg/dL (<4.52 mol{1)8). In subjects with
serum triglyceride concentratia#.52 mol/L, LDL cholesterol was measured
directly. Fasting glucose was measured by the gkioxidase method using a

Beckman Glucose Analyzer (Beckman Instrumentsn&yvCA, U.S.A)).

2.6. Measurement of SRAGE and AGE
The plasma full sRAGE (soluble receptor for advancglycation
endproduct) was measured using a commercially ablailenzyme-linked
immunosorbent assay kit (R&D systems, MinneapdiB\, USA). The
resultant color reaction was read at 450nm usikfigcr? (Perkin Elmer life
sciences, Turku, Finland) and wavelength correatian set to 540nm.
Measurement of AGEs (advanced glycation endprojluntserum was

performed by a non-competitive enzyme-linked imnsorbent assay



(ELISA) according to the method of Horiuchi et &9). A 96-well microplate
was coated at@ overnight with serially diluted AGE-BSA as standsr or

diluted serum samples. Unbound sites were block#d2® skim milk, 0.5%
BSA and 0.5% gelatin in 0.05M carbonate bufferX¥drour and washed with
washing buffer (PBS, 0.05% Tween-20). Each well iasibated for 2 hour
with anti-AGE monoclonal antibody (dilution 1:100Q;ransgenic Inc.,
Kumamoto, Japan). The plate was washed again andbated with HRP-
labeled goat anti-mouse IgG antibody (dilution D@0Zymed Inc., San
Francisco, CA, U.S.A.) for 1 hour. The unbound laodiies were removed by
washing and bound antibodies were detected by atmb with 3,3',5,5'-
tetramethylbenzidine (TMB) substrate for 30 minutédter reaction was
stopped by 1M sulfuric acid, the resultant colaateon was read at 450nm

using a Victof (Perkin Elmer life sciences, Turku, Finland).

2.7. Serum levels of C-reactive protein and interleukin-6

Serum high-sensitivity C-reactive protein (hs-CR&)els were measured
using a commercially available high-sensitivity , KIERP-Latex (II) X2
supplied by Seiken Laboratories Ltd. (Tokyo, Japha) allowed detection of
CRP levels as low as 0.001 mg/dL and as high asn§&IL. The assay
principle is that latex microparticles coated witlonoclonal antibodies
against CRP reacts with the CRP in the added samgdier
immunoagglutination reactions.  The measurements  dhese

immunoagglutination reactions were performed onresg Plus auto-analyzer



(Chiron Diagnostics Co., MA, USA) using reactionffeu The absorbance
change was calculated at 572 nm for 3 min.

Serum interleukin-6 (IL-6) was measured using arye® immunoassay
(R&D Systems, MN, USA). Sample was added to a miomat anti-1L-6
antibody which was pre-coated onto a microplatdeAfvashing away any
unbound substances, an enzyme-linked polyclonatllat antibody was
added. A substrate solution was added to develty @o proportion to the
amount of IL-6 bound. The resultant color reactizas read using a Victor
(Perkin Elmer Life Sciences, Turka, Finland) at 49® and wavelength
correction was set to 650 nm. Quantification ofélvas performed using the

peak area ratio.

2.8. Satistical analysis

Statistical analyses were performed with SPSS mer$R.0 for Windows
(Statistical Package for the Social Science, SPSS Chicago, IL, U.S.A)).
Hardy Weinberg Equilibrium (HWE) was examined usihg Executive SNP
Analyzer 1.0 (http://www.istech.info/SilicoSNP/ iexlhtml). One-way
analysis of covariance followed by a Bonferronittaad a general linear
model (GLM) for adjustment of potential covariatesch as age, BMI,
cigarette smoking and alcohol drinking were perfednto compare the
differences in biomarkers among genotype groupschEwariable was
examined for normal distribution patterns and digantly skewed variables

were log-transformed. For descriptive purposes,mrmedues are presented



using untransformed and unadjusted values. Resas expressed as
mearxS.E. Proportions of cigarette smoking and alcohimlkehg were tested

by x% A two tailed value 0P<0.05 was considered statistically significant.



1. RESULTS

3.1. Frequency of the RAGE G82S polymor phism

The RAGE G82S genotype distribution among the 1252 subjecsnined

was as follows: 904 subjects examined were homarydor the G allele

(G/IG), 319 were heterozygous for the S allele (G/&d 29 were

homozygous for the S allele (S/S). These frequenciE not deviate

significantly from Hardy-Weinberg equilibrium. T allele frequency was

0.177, much greater than that reported in whit@05) (20,21).

10



3.2 Anthropometric and basic biochemical characteristics according to

the RAGE G82S genotype

Table 1 shows the general characteristics of thgests according to the
RAGE G82S genotype. There were no significant G82S tyeeerelated
differences with respect to age (p=0.161), BMI (1253), waist
circumference (p=0.236), body fat % (p=0.932) distand diastolic blood
pressures (p=0.447 and p=0.991), lipid profileshsag triglyceride (p=0.636)
total cholesterol (p=0.935), HDL-cholesterol (p=B) LDL-cholesterol
(p=0.710), serum glucose (p=0.813) and proportiohgigarette smoking

(p=0.587) and alcohol consumption (p=0.658).

11



Table 1. Anthropometric and biochemical parametersaccording to

RAGE G82S

G/G (n=904 G/S (n=319, S/S (n=29)
Age (yrs) 51.£40.36 51.6+0.55 47.¢+2.05
Body mass index (kg/f 24.£+0.09 24.6+0.16 25..+0.42
Waist circumference (cm) 88.1+0.24 87.¢+0.44 88.1%£1.13
% body fat 23.240.18 23.2+0.30 23.1x0.77
Systolic BP (mmHg) 123.0#0.55 122.:+0.94 125.(x2.44
Diastolic BP (mmHg) 78.£+0.35 78.¢+0.59 78.+1.84
Triglyceride (mg/dL} 157.:#3.13 163.4+8.17 167.¢+18.5
Total cholesterol (mg/dL) 192.¢+1.27 19314226 191.(+4.55
HDL-cholesterol (mg/dLj 44.2+0.40 42.1£0.62 42.£:+1.71
LDL-cholesterol (mg/dL§ 117.7+1.18 119.¢£2.08 115.:+4.93
Glucose (mg/dL]j 96.5+40.88 96.(+1.47 93.7+3.04
Interleukin-6 (pg/mL) 3.21%0.83 3.0:%0.33 5.2:*1.74
Current smoker % 455 44.2 41.4
Current drinker % 67.1 68.9 55.2

Data are presented as mean+S.E and or percentage.

'tested after log-transformed. Determined by one-amslysis of covariance

followed by a Bonferroni test

Values significantly different (p<0.05) are indiedtby different alphabets

12



3.3. sSRAGE, AGE and inflammatory markers according to the RAGE
G82S genotype

sRAGE concentrations were highest in subjects witd type ‘G/G’ and
lowest in those with homozygous mutation, ‘S/S’ ®/1036.3+40.3 pg/ml
and G/S: 807.0+49.6 pg/ml, S/S: 443.0+47.8 pg/m0.p01), which
maintained after adjusted for age, BMI, cigarettaoking and alcohol
drinking (p<0.001) (Fig. 1). AGE concentrations wéiigher in S/S genotype
group than the other two groups but, it was notistigally significant
(p0=0.069, p1=0.091).

In association with inflammatory markers, CRP coicions showed an
increasing tendency when carrying 82S allele (ps®).0 which turned
statistically significant after the adjustment (83b) (Figure 1). However,
IL-6 concentrations were not significantly diffeteamong three genotype

groups (Table 1).

13
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Figure 1. Concentrations of SRAGE, AGE and hs-CRP in Korean men according

to RAGE G82S polymorphism.
Mean+S.E.
All data were tested after log-transformed. Tested by one way-analysis of variance and general linear model
(GLM) followed by Bonferroni method with adjustment (P0: p-value before adjustment, P1: p-value
adjusted for age, BMI, cigarette smoking and alcohol drinking).
Values significantly different (p<0.05) are indicated by different alphabets by GLM test.



3.4. Stepwise regression to identify major factors influencing SRAGE

concentrations

BesidesRAGE G82S, to find other major factors influencing sRA@vels
among anthropmetric and basic biochemical parasetge performed a
stepwise regression with SRAGE as a dependentblaréad age, BMI, waist,
blood pressure, triglyceride, HDL-cholesterol, iiagt glucose, cigarette
smoking and alcohol drinking as independent vagsbl

We found thaRAGE G82S is the first influencing factor (standardified
coefficient = -0.384, p<0.001) and BMI is the seta@me (standardizef-
coefficient = -0.168, p=0.001) (Table 2). Therefovee subdivided study
subject into two groups ‘Non-obese’ group (BMI<256k8 and ‘Obese’
group (BMB25kg/nt) according to their BMI level, and observed theG&

G82S genotype-associated phenotype in each BMpgrou

15



91

Table 2. Sepwiseregression to identify major factorsinfluencing SRAGE concentration

Standar dized
model Unstandardized coefficient p-value R p-value
coefficient
B Std.Error B

1  Constant 6.858 0.038 <0.001
RAGE G82S -0.317 0.055 -0.385 <0.001 0.385 <0.001

2 Constant 7.640 0.308 <0.001
RAGE G82S -0.317 0.054 -0.384 <0.001 0.420 <0.001

Body mass index -0.032 0.012 -0.168 0.011

Independent variable: RAGE G82S, age, BMI, waist, systolic and diastolic bloagdspures, triglyceride HDL-cholesterol,

glucosé, cigarette smoking and alcohol drinkirigpendent variable: SRAGE  Tested after Log-transformed



3.5. SRAGE, AGE and inflammatory maker s according to obese status

We found that age and basic anthropometric paramsteeh as BMI, waist
circumference, body fat % and blood pressure wégbehn in obese group
(BMI>25kg/nf) that in non-obse group (BMI<25kgfjn(Table 3). Fasting
glucose and lipid profile except LDL-cholesterolrevealso higher in obese
group. Related to inflammatory markers, CRP comagioh was significantly
higher in obese group compared with non-obese gfpgfp.001), however
IL-6 was not statistically significantly differefitetween two groups. Obese
subjects had significantly lower levels of SRAGE1&+36.7 pg/ml) than
non-obese subjects (1022.7£47.8 pg/ml) (p=0.008), AGE concentration

was not significantly different between two grops0.752) (Table 3).

17



Table 3. Anthropometric and biochemical parameter s between

non obese subjects and obese subjects

Non-obese Obesé

(n=694) (n=558)
Age (yrs) 52.C + 0.40 50.7 + 0.45
Body mass index (kg/f 22.¢ + 0.06 27.2 + 0.08"
Waist circumferences (cm) 84.F + 0.22 93.¢ + 0.24"
% body fat 20.§ £ 0.17 26.2 = 0.19"
Systolic BP (mmHg) 120.7 + 0.62 125.¢ + 0.68"
Diastolic BP (mmHg) 77.1 + 0.38 81.1 + 0.46~
Triglyceride (mg/dLj 142.C + 3.21 180.« + 557"
Total cholesterol (mg/dL) 190.. + 1.40 195.¢ + 1.70
HDL-cholesterol (mg/dLj 45.¢ + 0.47 415 + 0.44"
LDL-cholesterol (mg/dL§} 116.7 £ 1.31 119.¢ + 1.57
Glucose (mg/dLj 95.C + 0.92 98.C + 1.20
C-reactive protein (mg/dL) 0.7: + 0.05 1.1C + 0.07"
Interleukin-6 (pg/mL} 2.97 + 0.23 3.5( + 0.54
Soluble RAGE (pg/mL} 1022." + 47.8 831.7 = 36.7
AGE (U/mL)* 2.0¢ = 0.10 2.0z + 0.13
Current smoker % 44.4 46.0
Current drinker % 68.7 65.5

Data are presented as mean+S.E and or percentage.

'tested after log-transformetbesity: Body mass inde25kg/nt
"p<0.05,” p<0.01,” p<0.001 between two groups by independent t-test

18



3.6. SRAGE, AGE, inflammatory markers according to obese status and

RAGE G82S polymor phism

We observed thRAGE G82S related-phenotype according to obese status.
We could not find any statistically significant fdifences in age, BMI, waist
circumference, body fat %, blood pressure and ptaps of cigarette
smoking and alcohol consumption accordindRfSE G82S genotype in each
of non obese group or obese group.

In non obese subjects (BMI<25kdinwe found the strong association
between sRAGE concentration and 82S allele. Subjébtthe G/G shows
the highest levels of SRAGE and those with the g&%otype had the lowest
levels (G/G: 1115.5£58.4 pg/ml and G/S: 832.1+4&ylnl, S/S: 457.1+96.2
pg/ml, p=0.002) (Fig 2). On the other hand, conegiuns of AGE and CRP
were not significantly different according RAGE G82S genotype (p=0.743
and p=0.436, respectively) (Fig 2).

In obese subjects (BMR5kg/nt), we also found that subjects with the S/S
had lower concentrations of SRAGE (439.5+57.7 ppthdn in those with the
G/G genotype (917.5+45.7 pg/ml) or G/S (768.8+5831ml) (p<0.001) (Fig
2). Unlikely shown in non-obese group, obese subjadith ‘S/S’ genotype
had higher concentrations of AGE and CRP compaite tivose with the G/G
or G/S genotype (p=0.012 and p=0.006, respectiEig)2).

On the other hand, we could not find any signiftcdifferences in age,

basic anthropometric parameters and lipid profile; levels and percentages
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of current smokers and current drinkers accordm@AGE G82S in both

non-obese and obese groups (Table 4 and 5).
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Figure 2. Concentrations of sSRAGE, AGE and hs-CRP in Korean men according

to obese status and RAGE G82S polymorphism.
Mean#S.E.
All data were tested after log-transformed.
Tested by one way-analysis of variance followed by Bonferroni method.
Values significantly different (p<0.05) are indicated by different alphabets.



Table 4. Anthropometric and biochemical parametersin nonobese

subj ects (Body mass index<25) according to RAGE G82S

G/G (n=495) G/S (n=188) S/S (n=11)

Age (yrs) 52.2 + 0.48 51.7+£0.75 47.¢ £ 3.36
Body mass index (kg/m2) 22.¢ + 0.07 22.£+0.11 22.¢ + 0.47

Waist circumferences (cm 84.7 + 0.26 83.¢ + 0.46 83.f +1.18

% body fat 20.6 + 0.20 20.7+£0.35 19.¢ £ 1.08
. 120 . .
Systolic BP (mmHg) E: 0.74 120..+1.23 124.” + 4.00
Diastolic BP (mmHg) 77.(+0.44 77.4+0.76 77.8 £ 231
Triglyceride (mg/dLj 142 +3.67 146.¢+6.78 126.f + 15.6

~

190
Total cholesterol (mg/dL) , +170 190..+258 188. + 7.68
HDL-cholesterol (mg/dLj 46.t + 0.57 44.: £ 0.84 45.1 + 1.95
116
LDL-cholesterol (mg/dL} 4 +159 117.¢+239 118.0 + 8.63

Glucose (mg/dLj 95.7+1.12 93.:+166  89. * 5.60
Interleukin-6 (pg/mL) 3.0( + 0.26 2.91+0.46 2.8: +1.04
Current smoker % 455 42.0 36.4

Current drinker % 68.1 71.1 54.5

There were no significant differences in variatdesording to genotype.
Data are presented as meanS.E and or percentage.

'tested after log-transformed. Determined by one-amalysis of covariance
followed by a Bonferroni test

Values significantly different (p<0.05) are indiedtby different alphabets
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Table 5. Anthropometric and biochemical parametersin obese

subjects (BM1>25) according to RAGE G82S

G/G (n=409) G/S (n=131) S/S (n=18)
Age (yrs) 50.t £ 0.54 52.(+0.81 48.( + 2.67
Body mass index (kg/m2) 27.z + 0.09 27.:+0.20 26.€¢+0.30
Waist circumferences (cm 93.¢€ £ 0.27 93.7+ 0.56 91.6+£1.15
% body fat 26.z £ 0.23 26.2£0.34 25.+£0.65
. 126 .
Systolic BP (mmHg) 17 0.81 126..+1.42 126.f+3.15
Diastolic BP (mmHg) 81.1+ 0.54 81.2+0.91 79.5+2.64
: . 177 . .
Triglyceride (mg/dLj 7 +513 187..+17.2 193.:1+29.9
, 195 )
Total cholesterol (mg/dL) +191 197.+x4.06 193.¢+574
HDL-cholesterol (mg/dLj 41.F + 0.52 41.5 +0.90 40.¢ + 2.46
119
LDL-cholesterol (mg/dL} . 175 122.:+3.79 113.:+6.08
Glucose (mg/dLj 97.t £ 1.40 99.¢ + 2.65 96.(+3.51
Interleukin-6 (pg/mL} 3.4+ 0.71 3.2€ £ 0.43 6.6( = 2.59
Current smoker % 45.6 47.3 44.4
Current drinker % 65.9 65.6 55.6

There were no significant differences in variatdesording to genotype.

Data are presented as mean+S.E and or percentage.

'tested after log-transformed. Determined by one-amalysis of covariance

followed by a Bonferroni test

Values significantly different (p<0.05) are indiedtby different alphabets
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V. DISCUSSION

In this present study, we found tHRAGE G82S polymorphism and
obesity status influence plasma sRAGE concentraiamticularly, the
genotype effect on the levels of AGE and CRP, infatory marker
were shown only in obese status; SRAGE concentraticere lower in
subject with 82S allele than those G/G homozygaotamardless of
obesity status. On the other hand, concentratibA$&s& and CRP were
significantly higher in only obese subjects witls $fenotype that those
with major G allele.

RAGE is thought to be activated by AGEs to induttaicellular
MAP kinase activity (22) leading to the nucleansimcation of NFeb
(3,4,23) and activation of several secondary meggenystems that
increase the production of pro-inflammatory cyta@srand adhesional
molecules (24). The activation of N#- also results in increased
RAGE expression and increases the number of liganding sites,
thereby prolonging Nk activation (4,5). This enhanced AGE-RAGE
binding affinity is suggested to cause the decreasesRAGE
concentration by cellular signaling pathwag®AGE is known to be

produced by alternative splicing of RAGE mRNA (1Darboxy terminal

proteolytic cleavage of RAGE is thought to be apotimechanism of SRAGE
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production in humans (25).evels of SRAGE may be regulated B#AGE
G82S polymorphism. Actually, cells bearing tRAGE 82S allele
displayed the increased ligand affinity, thereldgtieely less producing
SRAGE and enhancing proinflammatory mechanisms (15)

Another considerable confounding factor is obestgtus and the
related inflammatory response. In our study, wentbthatRAGE G82S
and BMI were major influencing factors on sRAGE cenmtration.
Obese subjects (BMR5kg/nf) also showed higher levels of CRP as
well as lower levels of SRAGE compared with nonebesmes. As
already reported, obesity is related to a low-gradlemmatory state
(26) and weight status is positively correlatedhwitsCRP (27). C-
reactive protein, a key proinflammatory cytokinattts highly elevated
in atherosclerotic patients, not only serves ammarker for the risk of
cardiovascular disease but also functions as aweactediator of
atherosclerosis by promoting arterial endothel@ivation (28). Zhong,
et al. reported that CRP not only enhanced RAG&ntigbinding, but
also increase®AGE gene expression (29) in human endothelial cells at
both the protein and mRNA level. In this aspect, vauld find
significantly differences in CRP levels, inversetprrelated with
SRAGE according tdRAGE G82S genotypes, particularly in obese

status.
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However, we could not find any significant diffecess in AGE
concentrations according to obesity status. We rgbde the
significantly higher AGE concentrations only in ebesubjects with
82S/S genotype than those with G allele, even thdlig concentration
tended to be higher in S/S genotypes among whdippsis (p<0.01).
This pattern is a little bit similar with that oRP. AGE concentrations
shown in our study might be more closely associatgd CRP levels
rather tharRAGE G82S or obesity itself. As we mentioned above, CRP
might enhance AGE-RAGE interaction (29); we assurttet CRP
itself or its cellular signaling pathway affects BERAGE axis and
RAGE- NF-kb axis thereby forming more AGE. In aduiit Tan et al.
elevated plasma CRP levels are associated witheased serum
concentrations of AGEs in patients with type 2 digs and serum
concentration of AGEs could also be an independeteérminant of
plasma CRP levels (30).

On the other hand, any significant differences wsse shown in
IL-6 levels according t&RAGE G82S or obesity status, which is quite
different from the results shown in CRP levels. May consider a few
things; obesity status in this study subjects welatively less severe
(average BMI of obesity group: 27.2+0.08kg)mthan Western

population and IL6 may not respond to intrinsic asgtrinsic
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stimulation as acute as CRP, a general inflammatamker.

In conclusion, sSRAGE concentration regulated byaeckd AGE-
RAGE binding is shown to be significantly influedcéy not only
RAGE G82S polymorphism but also obesity status. Pdatiky
significant genotype effect on the levels of AGEI &RP were shown
in obese status. It indicates that stimulating domd such as obesity
increases CRP levels, which may actiiaf&SE gene expression more
and strengthen the binding of AGE-RAGE in subje@hvB2S allele
thereby less producing sRAGE.

However, this study has some limitations. It isf@ened only in
men without any type of diagnosed disease undasesectional design.
Therefore we need further study to find out how Cétfects AGE-
RAGE axis in more detail through the weight reduettstudy in both
men and women and TO measure the diverse AGEs igndliag

cascades identified in RAGE-mediated cellular digga

27



REFERENCE

1. Yan SF, Ramasamy R,Naka Y, Schmidt AM. Glycatinflammation and
RAGE:a scaffold for the macrovascular complicatiohsliabetes and beyond.

Cir Res. 2003;93:1159-1169

2. Schmidt AM, Yan SD, Yan SF, Stern DM. The nligéind receptor
RAGE is a progression factor amplifying immune amdlammatory

responses. J Clin Invest. 2001;108:949-955

3. Yan SD, Schmidt AM, Anderson GM, Zhang J, BdtZou YS, Pinsky D,
Stern D. Enhanced cellular oxidant stress by therdction of advanced
glycation end products with their receptors/bindpteins. J Biol Chem.

1994,269:9889-9897.

4. Lander HM, Tauras JM, Ogiste JS, Hori O, Moss FB&hmidt AM.
Activation of the receptor for advanced glycatiamd eproducts triggers a
p21*-dependent mitogen-activated protein kinase pathwegulated by

oxidant stress. J Bio Chem. 1997;272:17810-17814.

28



5. Nawroth P, Bierhaus A, Marrero M, Yamamoto H, rsteDM.
Atherosclerosis and restenosis : Is there a raleRI®GE? Curr Diab Rep.

2005;5:11-16.

6. Park L, Raman KG, Lee KJ, Lu Y, Ferran LJ Jr,Chdi8, Stern D,
Schmidt AM. Suppression of accelerated diabeticeratclerosis by the
soluble receptor for advanced glycation endprodudsd Med. 1998;4:1025-

1031

7. Cipollone F, lezzi A, Fazia M, Zucchelli M, PiBi, Cuccurullo C, De
Cesare , De Blasis G, Muraro R, Bei R, ChiarellSEhmidt AM, Cuccurullo
F, Mezzetti A. The receptor RAGE as a progressiaatoi amplifying
arachidonate-dependent inflammatory and proteolytisponse in human
atherosclerotic  plaques: role of glycemic controlCirculation.

2003 ;108:1070-7.

8.Suzuki D, Toyoda M, Yamamoto N, Miyauchi M, Katoh, Mimura M,
Maruyama M, Honma M, Umezono T, Yagame M. Relatiimbetween the
expression of advanced glycation end-products (A&ff) the receptor for
AGE (RAGE) mRNA in diabetic nephropathy. Intern Me®006

Jul:45(7):435-41.

29



9. Malherbe P, Richards JG, Gaillard H, Thompsorb#ener C, Schuler A,
Huber G. cDNA cloning of a novel secreted isoforinthe human receptor for
advanced glycation end products and characterizaticcells co-expressing
cell-surface scavenger receptors and Swedish mutantioid precursor

protein. Brain Res Mol Brain Res. 1999;71:159-170

10. Yonekura H, Yamamoto Y, Sakurai S, Petrova RBedin MJ, Li H,

Yasui K, Takeuchi M, Makita Z, Takasawa S, Okaméto Watanabe T,
Yamamoto H. Novel splice variants of the receptar ddvanced glycation
end-products expressed in human vascular enddthella and pericytes, and
their putative roles in diabetes-induced vasculajury. Biochem J.

2003;370:1097-1099.

11. Park IH, Yeon SI, Youn JH, Choi JE, Sasaki MoiCIH, Shin JS.
Expression of a novel secreted splice variant ef rikceptor for advanced
glycation end products (RAGE) in human brain asties andperipheral

blood mononuclear cells. Mol Immunol. 2004;40:120341.

12. Falcone C, Emanuele E, D'Angelo A, Buzzi MPlvBe C, Cuccia M,
Geroldi D. Plasma levels of soluble receptor fovaamted glycation end
products and coronary artery disease in nondiabetn. Arterioscler

Thromb Vasc Biol. 2005 ;25(5):1032-7.

30



13. Koyama H, Shoji T, Yokoyama H, Motoyama K, M&i Fukumoto S,
Emoto M, Shoji T, Tamei H, Matsuki H, Sakurai S,nYamoto Y, Yonekura
H, Watanabe T, Yamamoto H, Nishizawa Y. Plasmallefeendogenous
secretory RAGE is associated with components ofntle¢éabolic syndrome

and atherosclerosis. Arterioscler Thromb Vasc BI6D5;25(12):2587-93.

14. Hudson BI, Stickland MH, Grant PJ. Identificatiof polymorphisms in
the receptor for advanced glycation end products3R) gene: prevalence in

type 2 diabetes and ethnic groups. Diabetes. 19987J7):1155-7.

15. Hofmann MA, Drury S, Hudson BI, Gleason MR, @i Lu Y, Lalla E,
Chitnis S, Monteiro J, Stickland MH, Bucciarelli |.&Moser B, Moxley G,
ltescu S, Grant PJ, Gregersen PK, Stern DM, SchiMt RAGE and
arthritis: the G82S polymorphism amplifies the &amfimatory response. Genes

Immun. 2002 May;3(3):123-35.

16. Moon, OR, Kim, NS, Jang, SM. The relationshgiween body mass
index and the prevalence of obesity-related disedsesed on the 1995

National Health Interview Survey in Korea. Obes R#802; 3:191-196.

17. Moshides JS. Kinetic enzymatic method for aatigth determination of
HDL cholesterol in plasma. J Clin Chem Clin Biochel887 Sep;25(9):583-

7.

31



18. Friedewald WT, Levy RI, Fredrickson DS. Estimat of the
concentration of low-density lipoprotein cholestéroplasma, without use of

the preparative ultracentrifuge. Clin Chem. 1972;18(6):499-502.

19.Horiuchi S, Araki N, Morino Y. Immunochemical@pach to characterize

advanced glycation end products of the maillardctiea. J Biol Chem

1991,;266:7329-7332

20. Kankova K, Zahejsky J, Marova |, Muzik J, KumaoV, Blazkova M,

Znojil V, Beranek M, Vacha J. Polymorphisms in fR&GE gene influence

susceptibility to diabetes-associated microvascdéamatoses in NIDDM. J

Diabetes Complications 2001;15:185-192

21.Kankova K, Vasku A, Hajek D, Zahejsky J, VaskuAgsociation of G82S

polymorphism in thédRAGE gene with skin complications in type 2 diabetes.

Diabetes Care 1999;22:1745b

32



22. H. Zzill, S. Bek and T. Hofmanst al., RAGE-mediated MAPK activation
by food-derived AGE and non-AGE products, BiochenppBys Res

Commun. 2003;300:311-315.

23. M.M. Sousa, S.D. Yan, D. Stern and M.J. Saraimgeraction of the
receptor for advanced glycation end products (RA®H) transthyretin
triggers nuclear transcription fact&B (NF-«B) activation, Lab Invest.

2000;80(7):1101~1110.

24. E. Boulanger, M.P. Wautier and J.L. Wautétral., AGEs bind to
mesothelial cells via RAGE and stimulate VCAM-1 egsion, Kidney Int.

2002;61(1):148-156.

25. . L.E. Hanford, J.J. Enghild, Z. ValnickovaySPetersen, L.M. Schaefer,
T.M. Schaefer, T.A. Reinhart and T.D. Oury, Pudfion and characterization
of mouse soluble receptor for advanced glycatiath groducts (SRAGE). J.

Biol. Chem. 2004;279:50019-50024.

26. K. Florez H, Castillo-Florez S, Mendez A, CamatRomero P, Larreal-
Urdaneta C, Lee D, Goldberg R. C-reactive protairelevated in obese
patients with the metabolic syndrome.

Diabetes Res Clin Pract. 2006;71(1):92-100.

33



27. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack GWéactive protein in
healthy subjects: associations with obesity, imstédisistance, and endothelial
dysfunction: a potential role for cytokines oriding from adipose tissue?

Arterioscler Thromb Vasc Biol. 1999;19:972-978.

28. Verma S, Deraraj S, Jialal I. Is C-reactivet@iroan innocent bystander or
proactive culprit? C-reactive protein promotes aitteombosis. Circulation.

2006;113:2135-2150.

29. Zhong Y, Li SH, Liu SM, Szmitko PE, He XQ, F&daWw, Verma S. C-
Reactive protein upregulates receptor for advargigdation end products
expression in human endothelial cells. Hypertens2@06 Sep;48(3):504-11.

Epub 2006 Jul 17.

30. Tan KC, Chow WS, Tam S, Bucala R, BetteridgAssociation between

acute-phase reactants and advanced glycation eddgis in type 2 diabetes.

Diabetes Care. 2004 ;27(1):223-8.

34



Relationship among sRAGE, AGE and CRP according to PAGE

Gly82Ser and obesity status in Korean men

AA= AGE-RAGE bindingo]l Z3t¥ = RAGE Gly82Ser

genotype % obesity &< A3to]A sRAGE, AGE, CRP ¢ %

R WIE SYsho] OB N BAZ Tehnud HUh

!

30-7041 Atele] BMI218.5kg/m” & 7F¢l & 10967 <] @A o] 2
ol 25 23L, anthropometrics, lipid profiles, glucose, RAGE
G82S polymorphism, sRAGE, AGEs, inflammatory markers (CRP
and IL-6) 52 7433 th soluble RAGEE RAGE Gly82Ser
genotype®] 9|8 JTFS Wkom 82 S/S genotype oA & A E}H
A gt (G/G: 1036.3+£40.3 pg/ml and G/S: 807.0£49.6 pg/ml,

S/S: 443.0£47.8 pg/ml, p<0.001). Stepwise analysisE %3l
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RAGE Gly82Ser genotype™ BMI7} sRAGE®] 434S F= ZHo=w

vebykth  (standardized B-coefficient = -0.384, p<0.001,

standardized B-coefficient = -0.168, p=0.001). sRAGE+= obese

group®ll A A A 51 whoron (S/S:439.5+57.7  pg/ml

G/G:917.5%£45.7 pg/ml G/S (768.8456.1 pg/ml) (p<0.001)),

Obesity7} F4¥tg 82 S/S geotype oA soluble RAGE7F kS

¥y CRPY % 2 AGEY s #&ET & At (p=0.012

and p=0.006, respectively). sRAGE+= AGE-RAGE binding

affinity 7} 235+ RAGE Gly82Ser genotyped H|HFo]| o]&f o 3F

© 4k
= T«

rr

Ao A8 ¥ 82 S/S genotypewoll A H|wa} Zro]

inflammation®] Z7}5o] A= Aol FutE AL ul soluble

RAGEY] Z+A 9} tEo] AGEY CRP9 A453dlA HE Ho=z H

c}.

A o] sSRAGE, AGE, CRP, RAGE Gly82Ser polymorphism,

Obesity, AGE-RAGE binding affinity and inflammation
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