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XF i S AR HEAT DI RE TN, R IR A 5 AR S RTREXS AR (IR EN AR A R . S5 FENEEJLEE MCAR gk
Mgt X Ak B 5 ANAESE, Hoh Vall79A1a e R & B BT 2748 ;. THREFTIN & B 5 A48 S35 7] BEXT 2R 11 5 )
Yrags g2 m . [ MELRILRIZE, 2015, 17 (4) : 356-361 ]

(XA ] B E 420 OB LR, ShEEmm; JL#

Mutation screening and function prediction of melanocortin-4 receptor gene in obese
children

SONG Jie-Yun, WANG Du, MA Jun, WANG Hai-Jun. Institute of Child and Adolescent Health, Peking University Health
Science Center, Beijing 100191, China (Wang H-J, Email: whjunl@bjmu.edu.cn)

Abstract: Objective  To screen the coding region of melanocortin-4 receptor gene (MC4R) for mutations in
children, analyze the association of the identified variants with obesity-related phenotypes, and predict the potential
functions of the identified variants. Methods A case-control study was conducted in 160 severely obese children
and 100 normal-weight controls, all aged 7-18 years. Their anthropometric data were collected and blood tests were
performed. The coding region of MC4R gene was screened by polymerase chain reaction (PCR), single strand
conformation polymorphism and sequencing, and the potential functions of the identified variants were predicted by
related online databases. Results  Three heterozygous missense mutations were identified in obese children (Val95Ile,
Vall66lle and Vall79Ala), and one heterozygous missense mutation was found in controls (Met218Thr). Vall1031Ile
variant was found to be carried by seven subjects in the obese group and six in the control group (P>0.05). Vall79Ala
was a newly identified heterozygous mutation. No significant differences in BMI, weight, waist circumstance, hip
circumstance, serum lipid parameters, fasting glucose, and body fat percentage were found between Val95lle, Vall661le
or Vall79Ala mutation carriers and non-carriers in obese children. The function prediction of the variants showed that
all the five identified variants influenced the protein function. Conclusions Five variants were identified in the coding
region of MC4R gene, among which Vall79Ala was newly identified. All the five variants might influence the protein
function as evidenced by online prediction. [Chin J Contemp Pediatr, 2015, 17(4): 356-361]
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AR SY W] B Hy % 4 521K (melanocortin-4 53 /1 86 f4i], BMI 27.6 + 3.6 kg/m’, 4E#4 11.2+2.7

receptor, MC4R ) JEH SRH A 17 UIAC, MC4R
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1 #ERERE
1.1 RIS

HRAE 2005 44 [ 25 A (R BRI 25 S v i 1A R
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BRI 50 F iz ], Heh 2 Az 49 4], 55 Ak 51491,
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e
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K FH R B S0 ¥ DA I 5 B v i KL
20 DNA, i i # X% NCBI. Ensembl, HAPMAP
S LR AH R R, R BLIZ R ALK N 1A
Sh i, R 2 X PCR Bl ¥ P 1 MC4R
W, 5192 % ek ™, 5 — X514 MC4R-
1F: 5'-ATCAATTCAGGGGGACACTG-3";
MC4R-1R: 5'-GACAGCACTACTATCTGAGT-3'
(615bp) o % X5l ¥ MCAR-2F:
5'“ATGCTCTCCAGTACCATAACA-3'; MC4R-2R:
5'“TGCAGAAGTACAATATTCAGG-3' (622bp)
S—XT5 Y n Y yE - W N DT Eco811 A1 Sspl
HATEEDY, PR RN S 179, 217, 219 bp;
S X RS S Mspl EATREDD, P
K/NH 167, 223, 232 bp,
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15 ZRISTHEEFN AR 3], i 1.9%; 100 )% IR AL RS B 58

it JH 2B W) 15 B 2% W 2% %% 95 % PolyPhen-2
( polymorphism phenotyping2 ) . SNAP ( Screening
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4 653T>C ( Met218Thr ) . 307G>A ( Val1031le )
AR SEAENERE . XIRA R B, A 35 30 4.4%
H16.0%, WEELAFHS FPE AR 55 M0 e AH 6
P (P=0.588) . B JE4H H 536T>C ( Vall79Ala )
S R RS S, AT R AGE .

REREL Y 3 44 LEAE 283G>A (Val95lle ) |
496G>A (Vall66lle ) . 536T>C (Vall79Ala) 3
SO o e BN AE | i 1\ T N O 1 P
29.59. 29.16 Fl 28.44 kg/m*; % M 2H K BHL (%) 28 7%
653T>C (Met218Thr ) B HAG TR HEA &,
HBMI N 17.12 kg/m® o HEEHEATIX 3 S RAERYAE
JHEJLEE 5 ARG X 3 A5 AR (1 HA 157 I IE Bk )L
B BMI K-, W32 fis, #i& BMI -1 {H
mTEH, HERTEI¥E L (P=0.078) . W
HAERELEME . R B R, AR,
A IS 7 A o e b 25 R e S i X
(P>0.05)

SR FHAH DG 1) PO £ 50408 P2 X6 9 742 1) D g ifE 47 1
M, 25503 3, PolyPhen-2 CH FE M 45 5 @/~
Val95lle il Vall66lle 545 0] BB IR 25 1 5T A9 45 44
MINRE, 154370 942 0.873 F10.542, SNAP %
T2 T80 45 5 5 7% Met218Thr 28 745 1] HE %) 48 14 i 4%
PR, TSEPEFRBOE 1, TMER R A
63%. Mutation Taster ZCHE JZE TN 45 58 FBow 5 A8
SALFE R R IRGEAE Vall79A1a B B0 TEAS 5, 7]
RETESEER A 0.9999, M Ensembl %5408 7] 3145 1)
55 N, Vall79Ala 2248057 B A 49 Sy
R ERR (Val) , PR ORI E 53800 89%:

o LEHE UniProt ¥ 3% %041 i 7R Vall179Ala £i7 T MC4R £ [
W — 19 JRL 25 21 5 8 5 16 ) BB B 1) 55 4 1 15 TR AR e
WM 1 FrR, 78 160 FIIE e L b 4 X3
#£1 MCAR ERTZAEEMHAMMRBAMERESTIENST (1 (%) ]
26 5] %k 283G>A (Val95Ile) 307G>A (Vall03Ile) 496G>A (Vall66lle) 3536T>C (Vall79Ala) 653T>C (Met218Thr)
X HE AL 100 0(0) 6(6.0) 0(0) 0(0) 1(1.0)
AERE2H 160 1(0.6) 7(4.4) 1(0.6) 1(0.6) 0(0)
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K2 EESTES MCAR EERTHMILEHEXIERKERHLLR * (x+s)
N ‘H""/_‘g?l‘l'( L2 = «H—P:/—‘gﬂ'r\‘ L[z =
sk N %%ﬂ?k_xEEH#JLE ?%?ﬁkx_ﬂﬂﬂ#%g il Pl
(n=157) (n=3)
BMI(ke/m?) 275+3.6 20.0+0.6 3.15 0.078
PREE (kg) 68 +19 79 +8 232 0.129
[ (cm) 86+ 10 88 +7 0.79 0.374
R (cm) 97 +11 103 £5 2.75 0.099
JEE L 0.89 + 0.06 0.85+0.03 1.45 0.230
SAHE P (mmol/L) 42+0.7 40+0.8 0.04 0.838
=BEHH (mmol/L) 1.19 +0.52 1.14 £0.22 1.29 0.258
AR5 M5 2 1A HEL 8% (mmol /L) 246 +0.62 2.19+0.39 0.78 0.378
o 28 B I B P R (mmol/TL) 1.35+0.26 1.41 £0.33 0.18 0.671
23 WG AR (mmol/L) 5.45 +0.44 5.44 +0.29 0.29 0.591
NEREE 53 L (%) 30.6+4.5 356+ 1.6 2.00 0.160
e * 51545 283G>A (Val95lle ) . 496G>A ( Vall66lle ) . 536T>C ( Vall79Ala ) 3k 3 5875,
Fz 3 MC4R EFE RIS HITh e T
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&b . N7
Val9slle  AIREATEIRME 0.873 0 53 i ol 0.9999 ;g?ﬁ,ﬁf% CHIPY cAMP ACE T
HIRETCAEML (RPN cAMP /K
} , , TCH AN 5 ShREAEfk (Xt
Val103Ile Rk 0.025 3 78 ok How 0.9999  Joiul b o AGRP () SRR
Rl
DIREJCASAE ( 4nff a2k k
NS S y ) E'Z‘}DEEW cAMP 7J<E'Zi/"’j%/§1‘t
Vall66lle nBEA IR 0.542 1 60 ERlis Hom 0.9999 ) DA AR T
KRR
Val179Ala Rk 0.009 2 69 Rk Ee 0.9999 K ILIRIE
DIRETCARAL (2 AARAE 4N 2 i
Met218Thr K 0.140 1 63 e o 0.9999  FKKN, ZAREIARLE A HET
FIBLN cAMP /KF-JE7E 4L 1)
3 iTig A= AR S AR REAR B INE . RIS
TENE B2 3 Pk 0 Val9sTle 5 Vall661le 2878,

A FE XL E T 160 4] 7~18 % 5 FE AT ik Al
100 Bl EH 1Y LB E A 4E T MCAR JER 4ihd
XA i fy, S5kt 5 NS, BRkd &
P34 LR AE. 283G>A (Val9slle ) | 496G>A
(Vall66lle ) . 536T>C ( Vall79Ala) ; XfH&EZH o
KI5 X RAS, B 653T>C ( Met218Thr ) ;
307G>A (Vall03lle ) 22 S AENEPELH . X HEZ h 1Yy
BRI, HRERZGN 4.4% F16.0%, P4
BESTHIT¥E L, $oRizZ 5 50 ICH G
Pk, ZEE RS A UG R 9 — 30 meta 53 AT 45 R

REAEOT SR A i, Hr Val9slle 5828 7E — A4
BURAENERER B MY, Vall661le 28728 7E— >
[ ARk L P RS s U, T Met218Thr 28 78 A 4G 1
A, AR AR E EH B LE S
KB, 1M Rong 25 M 7E—A v [ 75 98 14 0B £ 1
HRG Y, B 12 2 78 T RE A S 191 R BE R R 24
Al REHEY, TR KEEAR AR BIE, A

BT R & TR Val 179A1a 2878, 14K WA AFF 4

HEH# A — %23, BMI 2l 28.44 kg/m’,
W58 & B MCAR Ji [K] 58 75 5 45 T j 2 5
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Tao' 7E — i &5 38 v X ax Fl 22 5 E 47 B 4. 7
Wi 1 ARE i B, MC4R 78 #6 R A T
1.72%~1.96% 2 [8], At.3% VAR 22 M ek ARE vz
BN 2.25%~4.60%; F AL AR H RS,
HAAWFGE (n=50) AKKiH MCAR 22745, 4B AL
JHERE HRRS R A T 0.3%~1.76% 2 [i] "o
ABEFEAE 160 151 5 AL AHE S H MCAR 848
34, FRARKE N 1.9%, WS T IEA AL E ARE
WFoEA 3, AT AR SRS R B I AR BEAS WA
Ko ABFIENBE N EFENCRELE, WiATHI0EE
NBEWF ST A RE R AR, oA b L3 n] RE 45 BT
Z ) MCAR 875, & T MCAR 2745 280 275 A Ay
P22 S0k, ST WM EA, H A fedt
P, HE8rE b E AR R 24 (i
Met218Thr ) 1 JCH A A A B FEHGE -

AN MCAR FH RS R NE R ZHE,
HAEpE 2 0 a L, HioteidE, S5HAm—
e LR AR I A A B (A 2L R 2 ARk
b5 ) AHEL, HPN SR ELI A o
ARTIRGT L R 22 AR A I AR i L8 5 R B A 58
AR 5 AR ) L3 4 BMI, A o R B 4548 s
WAHRIMAZ M EARE2E, . sk
NRW & B iR B2 S, ST ars 4
g,

Y MR L) MCAR 5 L BCAR o -MSH 45 &%
a8l G B RIS 5 R, WL IR L ,
SR cAMP _LTF, A4 — R 5B
TBIE B, MCAR LR 505 X 48 ] e e 8 (1 P21 &
B s | SZARTECARZE A ARG T 1) 7= HE 5
AHIGE R AR S I 28 5585 %2 ( PolyPhen2, SNAP
F1 Mutation Taster ) XJASHFFE BT 28748 Val179Ala
X S5 F AT Re e A EA T U . SNAP
HAE THREM T AR (AU ESEA R
RN BT RmEA T HE ),
B4, WA RO FTE A A T RE (R
B8 Z B, PolyPhen-2 [ i Il 74 4 F SNAP!',
Mutation Taster TE 5% 8 (4 R AF 10 340l iR S
AR SRS R R A B AT O, 4R
o TR () B o AN TR) 1 ) 4 5040 T a0 A 7
D) JE A TR], ASBIFFE A 3 A AN [ 1) B0 2
T, Vall79 fi2 T MCAR & 55 4 PMISHEIX,

PIRh PRSI RC IR  E ZRAE T RE S R
DIREM S . T 25 5 32 HF Val179A1a 7] BE 80K
HRe & AR,

AW FT T PolyPhen2 ., SNAP Fll Mutation
Taster FH5 B %5 HAl 4 A4~ B 01 28 28 (1) 50 5 4k 4h
DIREFIE IS 3. BE 12 T 45 2 R 4 A28 748
PInl BB R A YIfE. SCRRHRAE Val9slle 28748 1]
5| JE2 A2 (A B Sh A0 R B P c AMP 7K ST RAEG 1
Val166lle 5& 48 (1) 1 F 76 A [5] iF 5% 25 S AN [A],
Hinney % " B 55 45 - 7R Val1661le 2875 £ T2
i P BB )5S0 cAMP ZKSF- 5357354k, T Rovite
S VB AR A1 S B0 I e IR R I S5 R, Rk
L Vall66lle AT G 25 B I 32 14 25 Y 48 if 3¢ 1 %
157K ;5 Rong %5 "X} Met218Thr 14 3 GE #F 47 #F
I8, AR BRGS0 1 3% 1 22 1A 1) 35K K-
ZARFECARES A 58 1 AU Y cAMP /K7 A2 52
RN HERR 12258 48 HAT oAt 75 01 D) e Y AT R
XF Vall03lle 575, 1ASMIFSE B85 Vall03 I,
Ile103 7] GEXT AgRP # I /E FH A BUSMEAL AL, AT
SRS S, AR R KU A, X — 2%
FABEASW, 20 4 AR L IEBILER Y,
H R BRI SE Val1031le S AEREAEAEAR SCE T,
Bromberg & (23 % FH SNAP 48 2 % MC4AR 4 5 X
RAFTNREIEAT I, 255 Kk IR B AR X 52 1k
WBh RS A e 1 7 ) A8 A TR AR T 32 45 o
LA Re AR R T . H5ds e X 2 AR T BE Y
Toui 5 BEAE SC B A T 45 RAEAE BB 0 — Bk, W R
i 5 Ty fig B 2 I 2 AR Pt — e ARk . TR B R
&, AN[ETIN AR AR f 5T DR A [ S B 2
&, BN ZEF S S 58 A A — T
DA At P D0 2 50 B0 P2 %o 2k PR 2 A 184 7 2 6 190 £
S5 FA T B — A W S IR 0 IE

ARG e E L H A AR MC4R 3
HRAS AT AE, bR T EHIM 4 MRS, HIRE
BT Vall79Ala 245, SR I 4 B8 2 Tt MC4R
SRR TR, ZIALFTHIZEAE Val179A1a 7E
() 5 /A8 S ] BB X B R DD RE = A RS W, AT
Wl ses b E O\ MCAR 52 5 40 IX 52 A8 18 . )
B MCAR 3 PR 4 i) X 728 S5 7 Ak & AL il o i) £
FHPEAE T 445 .
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