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The Effect of Trp64Arg Polymorphism in the B;-Adrenergic Receptor Gene on Blood
Pressure, Body Composition and Bone Mineral Density in Athletes
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*Research Institute for Life Science, Sahmyook University, Seoul 139-742, Korea
**Department of Pharmacy, Sahmyook University, Seoul 139-742, Korea

Abstract — The purpose of this study was to investigate the relationship between Trp64Arg polymorphism in the [;-adr-
energic receptor gene and complex phenotypes such as blood pressure, body compositions and bone parameters in young

men about 20 years, and to collect the fundamental data in designing the exercise program. Eighty healthy young men

including 41 controls and 39 athletes were recruited, Trp64Arg polymorphism in the Bs-adrenergic receptor gene was gen-
otyped by PCR-RFLP method. By association study, there were no significance in genotype and allele frequencies of

Trp64Arg polymorphism in the B;-adrenergic receptor gene between controls and athletes, respectively ( p>0.05). When the
relationship between physiological parameters and Trp64Arg polymorphism in the [Bs-adrenergic receptor gene was tested,
this polymorphism was significantly associated with 3th lumber and left femoral neck Z-score values in controls ( p<0.05),
but these associations were not detected in athletic groups (>0.05). It is likely that Trp64Arg polymorphism in the Bs-adr-
energic receptor gene is a genetic marker for the bone mineral density index in young men, but environmental factors such

as exercise modify the significant effect of this polymorphism. Thus, our results suggest that Trp64Arg polymorphism in

the B,-adrenergic receptor gene may be applicable as a predictive marker for osteoporosis in Korean young men, and regular

exercise may prevent the disadventageous effect of this polymorphism for bone mineral density in male athletic group.

Keywords [ athletes, bone mineral density and f,-adrenergic receptor
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Table I - Basic demographics of male subjects
Mean+SD! (Number)
Control (41) Athlete (39)

Parameters
t-value

SBP (mmHg)? 119.9+9.0 118.6+104  0.630
DBP (mmHg)® 75.2+8.9 68.3+11.0  3.084*
Age (year) 21.1+1.3 214+13  -1.176
Height (cm) 182.2+4.7 176.5+4.6  5.486*
Weight (kg) 78.0+8.2 73.0£7.7  2.795*
BMI (kg/m®* 23.9+2.6 23.5+2.2 0.774
BMR (kcal)® 2135.2+163.1 1996.7+144.2 4.015*
Body fat (g) 11.5+3.7 106+33 1.098
%Body fat (%) 14.3+35 143+33  -0.069
Lumber BMC (g)° 23.9+4.0 22.3+29  2.042*
Lumber BMD (g/cm?)’ 1.2+0.2 1.2%0.1 1.091
Lumber Volume (cm?) 19.5+1.6 18.4+25 2.381*%
Lumber Z-score 1.1+15 1.0+1.2 0.353
Lumber T-score 1.5+1.3 1.2+1.0 1.000
LF BMC (g)® 6.8+0.9 6.6+0.8 1.131
LF BMD (g/cm?) 1.1+0.1 1.1+0.1 0.200
LF Volume (cm®) 6.120.4 59+0.3  2.016*
LF Z-score 1.1x14 1.2+1.3 -0.349
LF-T-score 2.2x1.0 2.2+0.9 0.116
RF BMC (g)* 6.6+0.8 6.4+0.7 1.413
RF BMD (g/cm?) 1.1+0.1 1.1+0.1 0.836
RF Volume (cm?) 6.1+0.4 5.9+0.3 1.329
RF Z-score 1.0x14 1.1+x1.2 -0.437
RF T-score 22+10 2.0+0.8 0.717

Abbreviations: standard deviation, Zsystolic blood pressure,
3diastolic blood pressure, *body mass index, °basic metabolic
rate, Shone mineral content and “bone mineral density, Sleft
femoral bone mineral content and °right femoral bone mineral
content. *p<0.05.

HRe] 29x 9 =573 422 DEXA(dual energy X-ray
absorptiometer, Lunar Radiation, Madison, WI, USA)Z- ©]43}
o] ST
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7F YAEEE =, dR3T AETE Alelo] e gk T O
TZ(buffy coaty #2531, 0.2% NaClzt 5% NaCl= Ztz}
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3 €2 (nucleic lysis buffer: 10 mM Tris-HCl, pH 8.0; 1M
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(suspension)*}7] 1, proteinase K(100 pg/mHE ¥l 4AF &,
55°Cellx] 3A17E E1t A8 o17]ol| phenols THCE &
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3o th] BlEASE2XE(1: DS $3O0=Z T8l g4
I, Beldt sl 2l T2 oekeS ¥, o W &
#3te] total genomic DNAS FE311, o1& 70% oll&-&olA
AR Fo, TE &5 A10mM Tris-HCl, pH 8.0; 1mM
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Z8 &2 A4S (polymerase chain reaction, PCR) —
PCRS Saiki 59 Wi oz WA Ajgsioict!t PCR wt
Sofli= 100~200 ng2] total genomic DNA, 10 pmol 552
primer, 200uM F 59 dNTE 10mM Tris-HCI(pH 8.3),
0.01% gelatin, 50 mM KCl, 1.5 mM MgCLE F3sl= 50 we]
ghgolg o] g3t

HIEI3-OI=2L8Y +=8X| REXIQ Trp64Arg CHEMS| &
N —wel3ol=aig®y 8ol tigh -84 Tip64Arg
PAS 73] 918 primers Widen 5% 7st 218 o] ¢

SR, 1 F7IMEE =3t 2

sense primer 5-CGCCCAATACCGCCAACAC-3.
antisense primer 5-CCACCAGGAGTCCCATCACC-3.

o]g7| Fulg HkEelS PCR cyclercd 94°ColA 30%, 61°C
oflA] 30%, 72°ColA] 30%E 15712 8ol 3557] B<F PCRE
&3t PCR BEZ0] B, WA F 5 WE 33l A
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gel(Multipurpose agarose, Appligene, Co. Ltd., Tllkirch, France)
olX A7]9%3% ¥, ethidium bromide k7 ¢ A3}
band FEE IS

SH 24
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AZAESTY B3 o SHEL t Ao UE B £
29 (one-way ANOVAYS o430 BAsIgT), TAESZ P
ol 0.05 Plvkd o, f-olshty wAgstgi o, BE FAEA
2 SPSSWIN version 11.0 program ©]8-8l] AT
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ERJ= Arg/Arg 53283 99 bpe) 62 bpe) 2 BHES YeRE=
Trp/Tip SR, 18], 161bp, 99bp ¥ 62 bpe] 3HS 1}
ER= o)) Trp/Arg 41802 e & Slrk(Fig. D).

ol PSP +AXE Y oY A IEE 24}
3t AF}, 714 ZReMT Trp/Tip FAAER1 -9l 1 H%rt
71%°194 3L, Trp/Arg 3248 9] Z-olle 28%01U. 2™, Arg/
Arg F7AARE 1% WIEE JYEhITHTable D). tix=24) 2
ol FARE 7 Trp/Tip F-AAERA Z-Fell 71%°130
i, Trp/Arg 821 0] 209013001, Arg/Arg ARFES Z8=
AAE A AEEA Gt &5 AFe) ZA$els Tp/Tp
FAxEo) 72%, Trp/Arg A E o) 25%, Arg/Arg FA18
o] 3% Ao LERiT.

Hardy-Weinberg B3] d43X)2 A A4l 2Jslo]
B35 Aah, dnkel(y?=1.205, df=1, P=0.2723)%} &% A3
T(F=0.009, df=1, P=0.9244) E2 A4 FE(*=0.492,
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Fig. 1 - Trp64Arg polymorphism of (4 -adrenergic receptor gene.
Lane M, Size marker; Lane 1~3, 5 and 6: Tip64Tip
genotypes; Lane 4, Arg64Arg genotype.

Table IT — Genotype and allele frequencies of Trp64Arg polymorphism
in the Ps-adrenergic receptor gene between male controls
and male athletes

Genotype No. (%) Allele No. (%)

Arg/Arg  Trp/Arg  Arg/Arg Arg Trp

Control 0(0) 12(29) 29(71) 12(15) 70(85)
Athlete 1(3) 10(25)  28(72) 12(15)  66(85)
Soccer 1(4) 5(23) 16(73) 716)  37(84)
Icehockey 00) 5(29) 12(71) 5(15) 29(85)
Total 1) 22(28) 57(71) 24(15)  136(85)
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df=1, P=0.4830) thaix] TF Hardy-Weinberg 33 0 5]
F2A3H BoluR] ok& okdhg VR F37F thekde] &
B U ARE e AXEE W, Y¥RI(PIC=0.219), +-&
AG(PIC=0.227) 2 AAl FE(PIC=0.223) &5 025820} 5
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A & Aoz YehgEd, ol Arg/Arg A0l 53] &
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Anielal % HEE dPFoz o] fRx TS vugS
wels faAE (" =1.150, df=2, P=0.2835) 3 ¥ %
R (x*=0.008, df=1, P=0.9287)0ll4 F w3kl o3t 2ol g
VERA] sket. B8, 5 ATE T S A olel st
7] A5Eo] thalA FAA NS BugS FolE A
AR (2=0.9460, df=2, P=0.3307) 2 g H4d2} Wl
(?=0.0290, df=1, P=0.8648)°|A] = F7toll &
3 2jo)7} AR ol B A7 iz fHA 9 disd
FRA N7 BE fARE Aoz YeRdrh

LA AERISH) HEIOf=AIERIY +88| FEXe| Trp64Arg
CleMajel 2y

HER-ol= e dAA &3 F-02ke] Tip64Arg Aol wh
= TRF Al AISAETe] BE8E 2ARE ZB9oll, Arg/Arg
Table III — The comparison of the clinical phenotypes according to

Trp64Arg polymorphism of Bs-adrenergic receptor gene
in total male samples

Mean+SD (Number)
Trp/Tip Trp/Arg +

Parameters G7) Arg/Arg (23) t-value
SBP (mmHg) 119.1+10.0 119.7+8.9 0.254
DBP (mmHg) 72.0+10.4 71.3+10.8 -0.281
Age (year) 213+13 21.1+1.2 -0.471
Height (cm) 179.4+5.7 179.4+4.9 -0.009
Weight (kg) 75.6+7.9 75.3+9.5 -0.121
BMI (kg/m?) 23.7+24 23.6+2.4 -0.253
BMR (kcal) 2068.6+161.9 2065.4+187.2  -0.076
Body fat (g) 11.1+3.6 11.0+3.2 -0.187
%Body fat (%) 14335 14.2+32 -0.145
Lumber BMC (g) 231+36 23.1+3.6 -0.004
Lumber BMD (g/cm?) 1.2+0.1 1.1x0.1 0.154
Lumber Volume (sz) 18.9+2.3 19.0+1.7 0.228
Lumber Z-score 1.1+14 0.8x1.1 -1.070
Lumber T-score 1.3+1.2 1.4=1.0 0.092
LF BMC (g) 6.7+0.8 6.7+1.1 -0.196
LF BMD (g/cm?) 1.1+0.1 1.1x0.1 -0.037
LF Volume (cm?) 6.0+0.4 6.0+0.4 -0.569
LF Z-score 13+14 0.8+1.2 -1.287
LF-T-score 22+0.9 22x1.0 -0.073
RF BMC (g) 6.5+0.8 6.5+0.9 -0.037
RF BMD (g/cm?) 1.1£0.1 1.1+0.1 0.075
RF Volume (cm?) 5.9+0.4 5.9%0.4 -0.246
RF Z-score 1.2+13 0.8+1.1 -1.251
RF T-score 2.1+0.9 2.1+1.0 -0.037
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Table IV - The comparison of the clinical phenotypes according to
Trp64Arg polymorphism of 5-adrenergic receptor gene
in male controls

Mean+SD (Number)

Parameters Tr(%/s')l)‘rp A;_rg/péggaz) t-value
SBP (mmHg) 119.4+9.1 121.2+89 0.564
DBP (mmHg) 74.6+8.7 76.6+9.5 0.650
Age (year) 21.1+13 21.0+13  -0.230
Height (cm) 182.6+4.2 181.1+56  -0.961
Weight (kg) 78.9+7.2 75.6=10.1  -1.198
BMI (kg/m?) 24125 233+27  -0.919
BMR (kcal) 2157.1+141.3 2082.4+204.2 -1.347
Body fat (g) 11.7+3.7 11.0+3.8  -0.578
%Body fat (%) 14.4+33 141+41  -0.227
Lumber BMC (g) 24.2+39 232+45  -0.756
Lumber BMD (g/cm?) 12202 12201  -0.662
Lumber Volume (cm2) 19.6+1.5 19.2+2.0 -0.712
Lumber Z-score 1.3+1.6 0.4+0.6 -2.050*
Lumber T-score 15%1.3 1.2+1.1 -0.692
LF BMC (g) 6.9+0.8 6.7+12  -0.432
LF BMD (g/cm?) 1.1+0.1 1.1=0.1 0.057
LF Volume (cm?) 6.1+0.4 6.0+£05  -1.257
LF Z-score 1.3x1.5 0.5+0.9 -2.116*
LF-T-score 2.2+1.0 22+1.1 0.037
RF BMC (g) 6.7+0.8 65+1.0  -0.727
RF BMD (g/cm®) 1.120.1 1.1%0.1 0.083
RF Volume (cm?) 6.0+0.3 58+04  -1.727
RF Z-score 1.2x1.4 0.5+1.0 -1.729
RF T-score 22+1.0 22+1.1 0.050
*$<0.05.
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Table V - The comparison of the clinical phenotypes according to
Trp64Arg polymorphism of Bs-adrenergic receptor gene in
male athletes

Mean+SD (Number)

Tep/Th Trp/Arg +

Parameters r(%s;'p Arg/)Argg an t-value
SBP (mmHg) 118.8+11.0 118.1+9.1 0.176
DBP (mmHg) 69.4+11.5 65.5+9.4 -0.987
Age (year) 215+14 213+1.0 0.419
Height (cm) 176.1+5.0 177.5+33 0.897
Weight (kg) 72.1+7.0 75.1+9.3 1.075
BMI (kg/m?) 233+22 23.9+22 0.708
BMR (kcal) 1977.0+128.7 2046.9+174.7 1379
Body fat (g) 105+35 11.0+26 0.363
%Body fat (%) 14.3+3.7 14.4+22 0.037
Lumber BMC (g) 22.0+3.1 23125 1.041
Lumber BMD (g/cm?) 1.2%0.1 1.2+0.1 1.174
Lumber Volume (cmz) 18.2+2.8 18.8+1.3 0.733
Lumber Z-score 0.9+1.2 1.2+1.3 0.724
Lumber T-score 1.1+1.0 1.5+0.8 1.091
LF BMC (g) 6.6+0.8 6.6+0.9 0.199
LF BMD (g/cm?) 1.1+0.1 1.1+0.1 -0.129
LF Volume (cm?) 5.9+0.4 6.0+0.3 0.579
LF Z-score 12+13 12+14 -0.001
LF-T-score 2.2+0.9 2.1+1.0 -0.157
RF BMC (g) 6.3+0.7 6.5+0.8 0.774
RF BMD (g/cm?) 1.1+0.1 1.1+0.1 -0.002
RF Volume (cm? 5.8+0.4 6.0+0.3 1.263
RF Z-score 1.1+1.2 1.1+1.3 -0.012
RF T-score 2.0+0.8 2.0+09 -0.157

HAES] F37 52 8H4F w7 Hole| ol A= A2t

Z}zke) W HAGEo| thaiA wWek3ol=alday 84 &
Az Arg Ui FAAK WSS A, Aoklel Ad=
93} Tepagl?he] Aol oF 8~13%, YEABH|M = oF
20%, 1231 ]m} QI (Pima Indian) AHPelx= 30% o)
9 w2 WEE Yehigied], 583 22 Jed A <
&9 8]9Ey o] FHES vehlle vl AU e
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TEE AT A v]oEY Far, TEDOA wE
3otz g -84 fARl EASR= Arg UiIY Ak o
ol st Fa8 AARE AAEE, o] FES AT
B 5 Qloh =3, el Arg O 34 Wi o)ed
2ol HER3-ol= A -84 R-2x19] TipbdArg thEAd
of B3t ATE Y o) o9 U FJDE e AFE
Ffaopst H2/de ZshA AlARITE & AT A= Arg
i Rk} BIET) ¢k 15% AR Yeldon, ol o
Q) Aks oz 3 AT Anel FA1R S vER
on 20 9 Eol zgto] thst AT} ozt Wgron} B9 o)
FAHR FoF Aol7} gloink. webA, ofAlel Heel Arg
g §AR}e WEE oF 15~20% AFES] Ao E ZAEn
ozt iy fRA REeM E 20)E YeRA] e A=
Az,

B A7l HER-ol=a g 84 53212 Trp64Arg
ko] Tkt AlA] AISXET ot BAYE Yehlis A
£ AE W, gekl Aol 83 2 HZ tiElRe] Z-score
#hellA st Alel7t AEHST 588, Arg ¥ /RS
F3eh= MAIEL 18R & A Bk v W F
A% AR #g Jeiet, 25 AFsdAe olEs
o] AEER Wsith. o), 5 ool 2siM wEBol=dE
DA 84 A2 TipbdArg THEAI) SUE ol w)x]=
Jof QoM zo)E YehlE Axz sidEed), & A

317 A+5 22 (gene-environment interaction)l] 2J3t Azl A

o

11.a

s
ne
R
ro

Aol 7AEd Arg iy FA7 ] o8t 2%
A 2ol 3t FAHAA o] Foll s AdHE *F AT
TollA Bl ol=dg T8 A Arg I £-47
o] g3} AEEA gk Aog Az Hel3ol=daiA
LA FAAR] Trp64Arg tHAdol ST gholl miX|E 3
o e AT g B=%d|, Katsumata 520& olr}
12~1540 L8] 2SS O R 3§ Aol o] ThEAo)
YT X BEH FT #dRAo] EAlHA] gerha Bagt vt
Utk 2 AtellM e Aol o] W AdHolx e Klojof] & A
72 B R A9, Katsumata 5299 A7 A= 8059 AT
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Yo Fst & A7 B 12689 A7 gider
FH A7) "], T2 5] o= wefsfolnt gt ol gt
el tiaix Bot o] B HE249 vt AdEES dide
E 8 FAIF BT AES S-S ot g Few
Atagct

olgjof| &, & AftelM= HER-ct=ddd 584 4t
9] Tip64Arg tHE/do] Eh 2 nlke] #ato] Yriel W &
Z A4 sl ojust §-ost AT Ueh)R] Yokt
TR ATE e o e AFEelM R vitely nEst
T frelgt dEAS JERR] (s, ol o] vl d=
Q1 Hedell Bafr= Fst E34F v|x|A] o= 32 TAA
Row AZE

2 Aox &5 T2 ol AF AlA 74 Wi
o] Wsh7} wiER3-ot=ddd 584 732k Trp64Arg oH
Aol gsle] Wslehe A2 A% 81T, Garenc 52
2wl 9 3Rl JUE uldoR B AolA 2057k fAkA
% ZE O] 23t AlAlTA AL #sk} o] thAel ¢
gl gl oFdE AESHA X3, ol el A
1 54 52t FHREE Alolel] gl 2eA|A] ¢k
£ 7FAdE AR AREA £ A Zdels gAgith 1
Ao, A0 S FPFHES dPdoR 3 ATellM uwl
A T2 Ao)AS T2 e oF AR A
Qe D tiAEE TEERS dEAo] o) RAR Y
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789 7FsAe AAEITE aeu, B A ks 74zl
g 5 A5ead duikkle® RIS ¥, P Ald
U TEFE AT AHelA ATE FHsHA &) wWE
ofl, o] fF32} vk do] &=l kel &5 T2 7ol )
A Q1] W) el [2fdt 2jolE vehfl= ol o
BME e AR WE 7 s B olE} AT iRk
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29 £ A7 AR vlwsrle sk, 2008 @Adel o
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9] HE 00}71 AT FAE TR S A28 &=
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£ e 20t P URle} 25 AeTS tido= wet
3ol=adagd -84 fHx] Trp64Arg tkAde] Fst, wlRt
= 9 ST g ofug fEAE e AE B4 Ae
22X, g3 22 7 A94E gl

1. 4178 9] duiely) 3952 -5 AFEL AAE 5
T, FPE v, 847 HHt=3.084), 71(t=5.486), &FAl
(t=2.795), 71% UAFE(t=4.015), 30 232 FF7|Z
(t=2.042), 34 Q39| ¥(t=2.381) ¥ == YHF | F=
(t=2.0160114 dHkele] &5 XEol vlgiM SAXNCE o ¥
& & YERISITHP<0.05).

2. 41789 UukelT} 39 2] &5 Aol st wE3-of=3
G 84 RRA Trp64Arg RN 9] 872K (42 =1.150,
df=2, P=0.2835) ¥ 1Y A WEEF=0.008, df=1, P=
092872 vluPS w), T F Alolo) EAHCR {3 Aor}
AEHA ot
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ARl 25 Agertel tiaiA Hst, vk 2 2UE gt of
He #BAGE Yehlls A8 2APS o, o) YA 31 2
F(t=-2.050) ¥ #Z thEF(t=-2.116)2] Z-score #k} T
HAAE VERo)(P<0.05) TUEE oIE3)] A8 fAF %
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