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[FE] BH 7% DNA HF EALTE Lotk A R 55 Rl AT ST AE A XU S 1B P T BE A AR A3k
Nio FiE 20164F3—12 A% 1602 45 LT 1T XA FL KRN 2 ~ 4R T I
ARE AL YR AR TS R S E B R B AR I (WC) B, R TR
P A& I, >R FH A B R R A I 17 R 45 A B I TR MO R S RNAL(GNASAS) 5 Z A K
F2(IGF2) R H AR T 2 2K (IGF2-R) (AN 10(IL10) T 2 (LEP) 5 A3 R 571k
P BEAIKT- o SRS, & BRI 7 B 2 BRI SURK T AR R PPAly 1 2B A ER 5 4 10
BMI WC & L (WHR) Rl i b (WHER) (9 GEK , £ F 22 /K- RSB 45 S7A AR A o T
LR R AL TG bR 5 A5 R A a8 S KO B DRI o A RO 3 T 2 KT 25 T R AR AL IR AT
Al &R HAEKRES WC & WHIR ¥ 58 3 IR Sk (P<<0.05) , 5 IGF2 25 5% H1 3%
B IX (IGF2-DMR ) CpG1 .2, IGF2-R CpG8 .10 .13 . 16 1 17 [y I B4k 7K - 52 5 35 1 171 1) SE I8¢, 1o
IH 2 ¥ B H (95% CI) 43 3 hy —4.35 (=730 ~=1.39) ., -4.50 ( =7.59~—1.41) . -2.33 ( -4.60 ~
-0.05) . —1.78 (=3.88~-0.33) . -2.58 ( —4.82 ~ -0.34) . —2.03 ( =4.00 ~ —0.06) F1-1.87 ( -3.73 ~
-0.01) , 5 LEP CpG16 1 H B4k 7K - 52 1E 7] Se 1K (8 =4.19,95%C1: 0.37 ~ 8.00) . [GF2-DMR
CpG7,IGF2-R CpG3.5.8.9.10.14 .17 f119, LA K LEP CpG3.8 1 10 1) H FE Ak /K -3 5 W & i
RG] S, ARV AOBIELAE -0.016 ~ —0.040 Z 1] (P<<0.05) . IGF2-R CpG8 i H JEAL K- 1 fig e
AR AR TR 5 AR WC SEIR TP T ANE T (P<<0.001) , 1T LA BRI G K0 3.3%., 4518 DNA
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[ Abstract] Objective To evaluate the possible mediation effect of DNA methylation in the
associations between birth weight and adulthood obesity in women in China. Methods A cross-
sectional survey was conducted in 1 602 women with genetic relationship in urban area of Shanghai
during March-December 2016. Information about their birth weight, birth length, current lifestyle and
disease history were collected and body measurement was conducted at the interview. DNA
methylation at specific sites of GNASAS, IGF2, IGF2-R, IL10 and LEP were measured using bisulphite
pyrosequencing. Generalized estimating equations models with restricted cubic spline functions were
used to estimate the associations of birth weight with BMI, waist circumference (WC), waist-to-hip
ratio (WHR), and waist-to-hip ratio (WHtR) in adulthood, and their associations with DNA
methylation were evaluated using multilevel linear models. Multilevel structural equation models were
used to evaluate the mediation effect of DNA methylation. Results A significant non-linear
association was observed between birth weight and WC as well as WHtR (P<<0.05). Lower birth
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weight was associated with higher level of methylation at /GF2-DMR (CpGl, 2), IGF2-R (CpGS, 10,
13, 16 and 17), with 3 coefficients and 95%CI being —4.35 (-7.30— -1.39), —4.50 (-7.59- -1.41), -2.33
(-4.60- -0.05), —-1.78 (-3.88— -0.33), —2.58 (-4.82— -0.34), -2.03 (—4.00— -0.06) and -1.87 (-3.73- -0.01),
respectively, but related with a lower level of methylation at LEP CpG16 (8=4.19, 95% CI: 0.37-
8.00). Lower level of methylation at /GF2-DMR (CpG7), IGF2-R (CpG3, 5, 8, 9, 10, 14, 17, 19) and
LEP (CpG3, 8, 10) was associated with larger WC, with 3 coefficients ranging from -0.016 to —0.040
(all P<<0.05). Methylation at /GF2-R CpG8 was observed to mediate the association of birth weight
and WC, and could explain 3.3% of the association. Conclusion Our results suggested that DNA
methylation might mediate the effect of nutrition in uteri on adulthood central obesity in women in
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China.
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AR 2 047 S WFFEXT SR ERIK I, T 4 CUKAR
GBS RAE, I T2 H ik 25000 % 74, B -80 CIKAH
PRI R

4. fo 3k 3 R0 B R B R A . a8 A R
PubMed , Web of Science 254 /22 , -8 BE A e 18 79
5ENEFRA RAHCH LR B AN 05, 27 A % R
FERIZEA (ALY EDIC BRIREDIC AR ERIC B ) | 3
USRS SRR P25 A \DNA H 3L 5N R AR
KHR LB IC 7 A 22 R B SR fR X (differentially
methylated region, DMR) %5 [H 2% . Fe &% £ 4T 1R
5 A B AN TERIBK I L RNAT(GNASAS) |JiE 5 %
FEAER N7 2U6F2) R B RFEARKKF 25214k
(IGF2-R) 3 A~ ERC 2 H, A2 10 (IL10) FE 2%
(LEP)2 A AEEMC A #7507 o

5. SIS . 40 1M DNA S48 RARAE AR
e (b5t A PR 7 DP348 il 7 55 K 41 DNA $2 B,
Fgx (B . DP34R) 3 AR i i T . &
B3 AT A R B DNAREA S, e &0t 1 717 A
() DNA FEAEAT T FE JEALASI , ABIF SR ALK =20 %7
)1 602 24 L A T50 BT . DNA 83 WA R S b 4%
fbJE , AT PCRY IS . P 3851 s AR
HABRA R, S X PCREIYFFINLE 1. R
FH AL RE FF (Next Generation Sequencing , NGS )il
JEOT R ISR A YR A IR A FIXT IL10 B
CpGl ~4. GNASAS % I CpGl ~19. LEP %
CpG2 ~32. IGF2-R CpG1 ~22 } IGF2 % A DMR
(IGF2-DMR)CpG1 ~ 8 #47 DNA H FEAL AT E .

FEARRALRCR H(99.26 £2.12) %, I FEAEIR AR
SR BT A G, SIS I R A AR R
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P ST ~3") FEIE #10(n=804)  FIL(n=804) P
ILI10 TGATTGGTTGAATATGAATTTTTGTATT SCALTRRE (%) <0.001
CACCCCCTCATTTTTACTTAAAA N R 512 10
TAAATAACCCAACTAAATCCCAACA .
G GGAGGG AGGA ik Bl 207
LEP TTTTT! ATATTA TTT o
CTACCAAAAAAAACCAACAAAAAAA j‘i& fi L i‘s > i‘g
IGF2-R  TTTTGAAAAGGAGGTAGAAAAAGG AR v +5) 391£1L12 39.1£1.40 0.440
CCTAACATATTAAAAACAAATCTTAAAAAC RERE SRR 294037 3.1£046  <0.001
IGF2 GATTATTAGTAAGAAATTGGATAGGAGA BMI(kg/m’,x£5) 247£3.14 2274323 <0.001
AAACCCCAACAAAAACCACT WC(cm,x+s) 83.2+8.39 7684837  <0.001
WHR(@ +5) 0.8840.06 0.84+0.07  <0.001
H 5152 S A% 9 2l =
[E MR, 38 H 0P F 91 (sequenced reads) 5 % A WHR (i +5) 0.54+0.06 0484005  <0.001
37 Ui A LA IR A A8 5 AR X B 1, ARBIE 5 Ay W AH(%) 0.6 0.1 0.103
2 X 150 bp A i il J¥ (illumina hiSeq X) o F| H TRIT(%) 24 24 1.000
B (%) 47.8 40.2 <0.001

FastQC T B2 Ml 7 3R A5 I iy e 91 1) Joa 1 (., O
XTI A A AR B R 3 52 43 Sl AR A P AL o SR
TrimGalore T H AT FH 08, B4k 519 L) &
I F 91 5 % JH Bowtie2 v2.3.4 B F kAT 2L [ 1
Xf Bismark v0.19.0 #4025 5 01 1A 152

6. L1270 M . % H EpiData 3.0 2461 7 80P
SEN FLIZ ARG L SAS 9.4 Bt 47 B4 4 #r
Mplus 7.4 A FEAT A 500 o FEBF 5% R 47 93 L
804 X BEL HEAT 4 HT, b 792 X3k [ AR FREE
12X A T 6 =ACr KEE . iz HECX ¢ Ko 9 5 e
XT R LU AR L AR BEACRRE . SRITZE G T IR
Tl P 37, 5 BE 4% BRI B (restricted cubic spline, RCS) Y
I Al 1T J5 F2 (generalized estimating equations,
GEE) B 43 B A= (R 5 5 2o 1 B AF 191 BMIT,
WC WHR HIl WHER (1) 5k . RCS R HI 54~ 73 £
BU(Ps Pas Pso . Prs  Pos) VRN 1Y 5 AZRENE NS —
IR AR S — K SR FH 22 KT [T AR 23 3 il
T AR R E B REFE bR 5 &R 5 CpG i T 4L
ORI o X5 A A S AR AT AR bR 38 A
b 2 OCHR Y H AR A TR T 2 KOS5y R
4 (multilevel structural equation model, MSEM ) 1Y) 1
IR P A KSR AU, P<<0.05 1 22 5347
giiter i X

s R

L EEAE B BRI R (66.1£9.62) %, 1K
H1(40.8+9.74)% . HFACHH L, BEARAY -4 A 4
AL, BMI,WC, WHR , WHtR % 5 | SCALF2 B 43¢
% SRR Y L s (P<<0.05) o PIARTEZ2JA]
MR FITE Jy ThT 22 57 G 2 (£ 2) 6

2. AR R S I RAE I S RS A
RCS 1Y) GEE 15 | i 3% 26+ OC R AR UL FRBE |

TE Bl B 5 <20 8 H RN AT, M LA 1 T X ¢ 4G
50, AL XS A5

W TS BRI BMIUG , AT 45 S R, AR IR
5 WCTE SR 1A W3 OCHk (P=0.005) , H & 1
B PERER (P=0.018) . M/ ERFEMF 2650 g
BF, WC Bl A= R T 52 T Bt 3, Y A4k
HAE2 650 ~3 100 g Z Al , WC 5 EFF#a#, 24 i
AR TE3 101 ~ 3 500 g Z (A I, WC B, Hi Ak
HE T 3500 gt 2518 B RiEERA
A 5 BMI.WHR F WHIR 75 5K [ G527 G Hk
(%£3).

R3S BMI ] R LG R g b A OCTR

Pl

Kl A OB

- A R e
BMI(kg/mz) 1 383 0.08(-0.29 ~ 0.47) 0.790 0.704
WC(cm) 1383 0.74(0.02 ~ 1.49) 0.005 0.018
WHR 1381 -0.004(-0.012 ~ 0.004) 0.169 0.158
WHtR 1384 -0.001(-0.006 ~ 0.004) 0.076 0.039

TE SR U7 ARG 11 05 R ARBIE (95%C1) 5 R JTI 45
A BRAIE ST T RE S BRI A T T AR A T B A OGS ALk
PRSI P ; A A A AR 126 TR R AR SO
S AT BB 5 AR PR EE 5 WC WHR WHIR (9 GG % T BMI

3. AR S5 R S 3 RS o b KT 56
5 2 LA S AN FE A 1 84 4> CpG A i i HY S Ak K
SRR AS i SR 2K AR Sy #r i AR S
(e, AR E 5 IGF2-DMR CpGl.2,IGF2-R
CpG8.10.13 .16, 17 [y H AL /K- 2 5 25 1 171 1] G
K, HH AR E BRI 1 kg, 3X 2643 1 FH REAL K- 5331
KA 1.78% ~ 4.50% . W AEKE S LEP CpGl6 i
FAL A WA I R . LR 4.

PR G d e AR 7 I (<2 500 g)
IEH (2500 ~ 3999 g) FliE (=4 000 g) AR IAE A,
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F4  HAERE SRS A KT ) Bk
FEN CpGhidi A% piE 95%CI P
IGF2-DMR 1319

-435 -730~-139 0.004

2 -4.50 -7.59~-1.41 0.005
IGF2-R 1395
8 -233 -4.60~-0.05 0.045
10 -1.78  -3.88~-0.33 0.039
12 -2.19 -437~-0.00 0.050
13 -2.58 -482~-034 0.024
16 -2.03 -4.00~-0.06 0.044
17 -1.87 -3.73~-0.01 0.049
LEP 1145
16 4.19 0.37 ~ 8.00 0.032
17 325 -0.01~6.50 0.050

TE PR TR SRR

Fb 45 2H W AR K- o 43 ) A4S 36 PR R 2 Cp Gz
SR ST Ry R AR S, AN (] AR AR R 2 R B AR
i H#AT KRR R T R SRR S,
g R woR R AE K B 4 IGF2-DMR CpG2 1Y
H LA 7K B S T IE S AR E A, [l R B E
6.38(95%CI:0.43 ~ 12.34) , Ho A 45 AR IR d 44
H ALK 22 S R Ge A3 (K 5) .

4. Ry S RE A 5 AR K OF 5 WC I ORHK
B4 5 AR 84 4~ CpG A 1 1Y FY Ak 7K 43 A
Sk H AR A L K- AR ST S WC ¢
B, 259K, 2124 CpG 7 A Y B 34k 5 WC A
X, 598 IGF2-DMR CpG7,1GF2-R CpG3.5.8.9.,
10,14 .17 #119, L) M2 LEP CpG3 .8 110, W 6.

5. DNA 3L 7E AR R 5 WC SCEE iy nf
REFF ARV : IGF2—-R CpG8 Hl 17 iy F Ee Ak /K S 5 1

AR SRR TG WO R/INAG i 2 OGHK, F H 4331
Y ANFETF MSEM Y 1-1-1 A AL T 22 /K S H A 3500
G3HTe THECEF IR AR SCILFREE (W AR A
RS TREMNIR AN 2, FLIX 43 T F Bz 2 A 52
J& AR ZTE L AR S WC S 35 0 1 1] 56
B[B=1.09 (95%CI:0.55 ~1.63) ] ,IGF2-R CpGS8 ")
HIEAb K5 AR T [ B=-1.85(95%C1: -2.36 ~
-1.34) JF1WC[B=-0.02(95%CI:-0.03 ~ -0.01) |1
S E R Ok . AR R A IGF2-R CpG8
H A X WC 7= A= 1 [a] 422 240 A 0.04 (95% CI
0.02 ~0.06) , A& A Ge it L (P<<0.001) ,
IGF2—-R CpG8 H &AL AT LAUf# Ff 1 A= AR EE 5 WC CHK
193.3% . AHIXFP A R0W AE ZBEZ T ARGk i 3
Ko

TE IGF2-R CpG17 /- F 0y Hh A 20 o3 #r b, 7
MEZEm L, i AERE S WC[B=1.07(95%CI:
0.44 ~ 1.70) | X IGF2-R 3[R CpG17 ) F KAk /K S
[B=-2.02(95%CI:-3.70 ~—0.01) ] ¥J 5 i 35 1k
TEZRBE 10, IGF2-R 3£ N CpG17 (1 H 3L K- 5 1
AR 5L I 25 5 [ B==6.71(95%CI -7.52 ~-5.90) ];
BT A AR 2 R EEZ 1, B R e R IGF2-R
CpG17 I EALKEAE AR R E S WC SR A
FEHI A RO

W

U PR RE I SCRRIE BURE IR, R e T B i 17 1
A3AR S W R WC . WHR FI WHR VE R 48 bR T
i, EANAOIE B, AR E 5 B L

RS AN R A R LA SRR PR B R A K

HHREAL K- (%)

EH HERTE®R=1279) F R (n=42)

A CPGALR AR T (n=74)
IGF2-DMR
1 62.32(49.51 ~ 70.82)
2 64.60(50.84 ~ 78.34)"
IGF2-R
8 69.45(58.31 ~ 78.03)
10 70.27(60.82 ~ 85.39)
12 64.37(54.55 ~ 73.14)
13 64.65(54.12 ~ 72.57)
16 76.96(68.59 ~ 88.89)
17 82.04(72.22 ~ 92.78)
LEP
16 24.64(9.09 ~ 42.86)
17 9.38(0.00 ~ 21.62)

63.51(47.90 ~ 75.49)
60.29(42.31 ~ 73.58)

68.21(58.09 ~ 77.44)
75.00(64.29 ~ 85.17)
64.68(53.61 ~ 74.58)
63.16(52.88 ~ 73.05)
76.57(66.84 ~ 85.71)
82.55(72.71 ~ 90.93)

28.57(11.11 ~ 50.00)
9.75(0.00 ~ 27.05)

59.77(44.35 ~ 73.82)
58.54(50.39 ~ 72.66)

64.11(56.11 ~ 79.64)
74.01(63.42 ~ 84.68)
63.92(51.94 ~ 79.41)
59.70(47.28 ~ 76.79)
70.04(60.89 ~ 85.36)
80.23(71.37 ~ 92.68)

38.10(19.44 ~ 50.00)
9.09(0.00 ~ 22.22)

TE ARSI MG WEUE R Qus *THER T XA S4EIR , 51EW AR R4 L P<0.05
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K6 PRSI L AL KT T ) S B

FE CpGfliisi A#  pld 95%CI PIE
IGF2-DMR 1521
7 -0.025 —0.042 ~-0.009 0.003
IGF2-R 1597
3 -0.028  —0.049 ~-0.007 0.010
5 -0.031 —0.055~-0.007 0.012
8 -0.028 —0.049 ~-0.006 0.011
9 -0.036 —0.063 ~-0.010 0.008
10 -0.024 —0.048 ~-0.002 0.034
14 -0.028 —0.050 ~-0.006 0.012
17 -0.040  —0.066 ~-0.015 0.002
19 -0.028 —0.051 ~-0.004 0.024
LEP 1330
3 -0.016 —0.031~-0.002 0.029
8 -0.023  —0.040 ~-0.006 0.009
10 -0.020 -0.037 ~-0.003 0.021

TE PR TOCR AR SCIGRRIE R I AR

PERE R (BMD AAAEAR St B, R TR ATI7E it
i X A PR — T S o, AR AR 4 Bk
AEJE (BMI) A EBAE B (WC , WHR \ WHIR ) 2] 2t I
F AR . AT B R AR AR SR
4FJ5 BMI A WHR A i 2 0K, {H ICHK 77 0] 53K AT]
PRI —30

ATFFREE AR BN AR 5 GNASAS 5L Ry
S A KA 3 OCHK, 5 Tobi 45 A5
— 3, R R AR 5 IL10 JE R R S0 5 3
KA 2 e H 45 R R AR E S
IGF2-DMR . LEP 3 PR S A3 s 1 H AL K F- A
W, KLBEJT M 5 Steegers-Theunissen 55 ' fY
WF5E — 2, ¥uis g B (R 5 I6F2-DMR H 4L
IS G ) JCEE . BFIT A R B S SR ] BER IR
IGF2-DMR A9 B 30 K-

[GF2-R & —FPEie SR, X AR AR i s 19 A=
KA FHARE EE " iYL s , R
(A3 AR K5 IGF2-R W AR K 1) A 2
AL A A BN S BT a5 3 R L IGF2-R FE A
CpG8 1Y H FeAb n] R Hh AR IR 5 WC B Y A
PRI, F AR AR AT DA R 2 R OGIK 1Y 3.3 %, 1.
XA AAE R AE AR A Gt 228 S FERBE
VS EINIIPRE SINTE Y O G YN ¥ A b a7 ]
RZ BT BEAFEAEAG RN . XL PR IGF2-R
SEH CpG8 1y H SR AKCE AT A M, 2 SR R
A RE S M EFSINTE Y S S E 4 S 2L iy
SATIEE IR —3, A IUHIKCE R A B T 43
B, W AR AR I N 2 8.3%, ] WL, A4S IGF2-R %
CpG8 M HAL7E Z 2 /K - 1T 825 1Y v A 2500

(AR BE A [ R0 IR 2 E R ] Z 0 e
A, TR TERS AU h , DNA F AL K25 B4
WA LA U | (X b AR fh 3 B S sl 2 U
PEM . Talens 55 AU RFSY 25 S R , B 28 CpG o7 A5
LA Rl RS e M i ELEC 3 P AR B e L PR B
FarE o IGF2 IGF2-R¥ERJEENICEL I, B BA —E
Rk ABIFGE A K B PN BRI C L PR (1) R Ak
SFAERE L Z G .

AHFRAETERBRTE . 158, AW 8 TR
P, TEdE R F AR 5 M PR %) R R OC TR FT RE A7
TE—SE R BRI . R AR i AR E L2 IR
5 s, nTREAEAE BRI o P, AR
B NBHERA IS B Ak (20 ~ 93 %), 1fif DNA H5E4k
SREAEIS KA AR o NBEHERR IS SR R X IE 45
SRBTR AR o BEAh, 20 MRS B A T BB ) HY
AR . ASHIFTE A BEAS I 1 200 B R 50, mT BE
R EE AR e . SR, 45 H 26 CpG W 3k
ML Z0MEAA A 2 (H R 280 CpG S 4k [ 41 H 4k
WL AZ 500> . Dick 252 U fF 5 45 5 s L 4
FET R CVARM s 4 SR A AU TR e
55 DNA F 4L 5 BMI 1 568 . Talens %6 [ F 5%
25 5L R I R AN M L ) 5 IGF2-R VIGF2
GNASAS 1) W BEAL K- TE 56 B 5 IL10  LEP (1) H 5
WACEFA G, AL, ARG R Y IGF2-R IGF2 |
GNASAS W EAL KRR IR AN 2 e o s,
DNA H A BAT A GURE M, AR I 1 A1 & 1
DNA FBEAb, A6 21 28 (Ui 17 41 i) v DNA H
HALIKF- . Crujeiras 552 BT B, HEG
IR T IR B 7 40 B 7 DNA B ALK 7 1T BE 2 4t i
SR B SCIR A R S A o5 o ARt A IR S s I
T IR G 7 2 20 1 A0 9 R e R S A6 05
Slieker 45 [ AfF 5 25 S b s, ML T8RN B 0 408 28 6T
HRZE VR 20 s i H AR A B ARG . Tobi
G 12 FPAE SR AT 0BT, S R o, RS
PRRSE | Bz T R 7 B I ] L E6 BB Ay v %) DAL Y
FEIKEA S . Wahl P8 IR 5T 25 5 BoR | RS K
TR RS 7 SR AL PR ML A R 40 i DNA
AL KSR E , B B 4L 2RI 7% H DNA 38 4kK
-5 BMICHR Y J7 10— 2K

25 L, ABIFSE 0 A a0 R 5 AT I
JHECIR BOCALHI AT TR A 2 1 s R
PE,HFSE S5 R T DNA AL AT A 26 A R
B FEROOS [ 2 P A I RE A 52
FlzERZE A 1R R AR R 25 e
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