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[RE] Bo RBRREEHBRBEER(RFCI)ASG BAKSEXEOMR (CHD)MEREHZ
R X AT R CHD BB NERFENBRE R BREWRERITRERE, F%E KA RFLP-
PCR ¥ ,% 67 4~ CHD B2 JLRE 2 MEREHBILREM 100 ~E¥ JLERER R M4 AE L DNA
#4T RFC1 55 80 i SNP &, #| F#% .0 ZE 4 # 17 LK B A ZE R0 KB K % (FBAT) , 4% T
FRRFCI ZER SR EHWAFRATRNEEEH. &R FHIMRHOEFELET CHD LK
ER B TR BRKEFE(OR=2.68,95%CI:1.14~6.41) , Bl R EZ YR MBS CHD R4 fE
REXBEAESKIT¥E X (Y =6.213,P=0.013);7£ FBAT &% ,RFCl G S £H 5 CHD ¥ W f&
RAEFIT¥EB(Z=2.140,P<0.05),%H RFC1 G S AR CHD RFEHBE 5 RER, %
RABIEH S RFC1 ZRIWEHH¥XB, £t RFCI GEMZEHETHEE CHD RAEBRESBRER
Z—,FRRFCl #£H GG GA ERA H KRB BELZ T HEHE I CHD M RHEERK -
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Study on the association between reduced folate carrier gene polymorphism and congenital heart defects
and cleft lip with or without cleft palate PEI Li-jun” , REN Ai-guo, HAO Ling ,ZHU Hui-ping ,ZHU
Jiang-hui, ZHAO Wen-rui, ZHOU Min-zia, SUN Xia-mei, JIANG Mei-fang, CHEN Hai-lan,
ZHANG Bo-lan, LI Zhu. *Institute of Reproductive and Child Health , National Reference Laboratory on
Reproductive Health Research Ministry of Health , Peking University, Beijing 100083, China

[Abstract]  Objective To study the association between reduced folate carrier gene ( RFCI)
polymorphism and congenital heart defects (CHD) as well as cleft lip with or without cleft palate (CLP)
and to provide epidemiological evidence on genetic markers of CHD and CLP. Methods RFC1 (A80G)
genotype was detected using RFLP-PCR for blood DNA of the 67 triads with nonsyndromic CHD-affected
child, the 82 triads with child-affected cleft lip with or without CLP and the 100 control families without
child-affected birth defects. We performed a family-based association test and analyzed the interaction
between RFC1 A80G genotype and maternal periconceptional supplementation of folic acid. Results
Offspring of mothers who did not take folic acid had an elevated risk for CHD when comparing with
offspring of mothers who did (OR = 2.68,95% CI:1.14-6.41). There was a statistical association
between the risk of CHD and maternal periconceptional folic acid supplementation (X2 =6.213,P<0.05).
In the family-based association test, G allele was positively associated with an increased risk for children
CHD (Z=2.140,P<0.05) while G allele of RFC1(A80G) polymorphism might increase the risk for
CHD. Elevated risks for either CLP group were not observed between RFC1 genotype using or not using
folic acid. Conclusion Our findings suggested that the G allele was likely to be a genetically susceptible
allele for CHD. There was possible association between offspring with GG, GA genotype and maternal
periconceptional folic acid deficiency.

[Key words] Congenital heart defects; Cleft lip with or without cleft palate; Reduced folate carrier
gene; Family-based association test
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AiF 28R W e K OB (CHD) #E R A5
AR (cleft lip with or without cleft palate, CLP)
RIRAT AR o (BB DA A X SR AR fE
BHMLHE BRI AEE B, FEMREFESE
PFRREERRK e REMERLE, X
BHRIEL, HBRAHE S, 10- EFEZNEAHRAE
JE % B (MTHFR) C667T # 8t o & R4 K
A1298C R A NTDs K £ M 15 5 BE R,
SR, HE O PR R B B A\ B AR R R B
R B8 88 1K (reduced folate carrier, RFC), B 5 M
MEZEMAELE S DEEM, LRE TR BRMAARD
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REBREKERFETRERATREFTRPIBNEER
EmER, AHRWEHEKE RFCL 5 80 I H
BHME S A80G ®A& 5 CHD fil CLP XA Bk
ZEIRBHFERXE, B CHD f1 CLP % E 5% F
gt 1% 5 Bbr SV R RAT IR FKE
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L ARASR I 5 W R X R 08 % : 44 6] CHD %
BIEERAH 19951997 Fh R KFEERRHFR
FREEX 22 H“0~2 Z IILEE R OMR S5 Z2H R
ERAMBREINNXEROMR FHEHEEN
CHD %411, %5 23 1% 2000 — 2002 4 11 ] i 4= i
CHD %%, E R R Fi 3 23 BE o s B, L8
2 67 4~ CHD & JL & H AL H;82 # CLP Wik B
1993 - 2002 4F # [8] 3£ BBy i A4 Gk je 5 5K A 1
TEHBARBENRSE, BREEREB. ESHH
HF BB R B A R BT B RIE R LE
REFAERXHPEET 100 MEOLREENITE,
e B 9 01 0 3 BB R BE AL B A B A O I B R
A R R R & R A R LT MU R A Y
WIT o Xt AR 58 Xt 5 34 47 1) 45 18 25 AR 48 I 4 A
B A REAREEENBRERLET, &
HRAREGUFERFEXHLEYZRCFEMES
i

2. BFFEXT S 67 FlIELR AL CHD B K EEF,
B 65 B, AL 63 B, HhEMMPREEH 564.2%,
B H16.4% , Bk FERM14.9%, BARK
PUBKAE3.0% , .0 % 1.5% ., CHD % #F ¥ 4 i
H4.59%  EBTEO0.5~9.42% ., CHD W4 H

28 B, &t 39 B, 82 B CLP % B+, & 3% 80
Bil, L% 76 B, HAER G 12.2%, B4ifFR
37.8%,BHFEIERIS0.0% ., CLP f% 5/ B 4E
H5.24%, HVEER0~9.47% ,CLP wfl+H, B
47 B, %tk 35 Bl 100 SxF R EEH, JLE 99 i,
AL 97 B, B3 100 #, X BB 2 5 9% B 7E ] — B 35
55, FHERRS.88% , HAFRTEN1.96~9.42
&3t Bk 5B 48 B, otk 52 #il, CHD 4 #1 CLP
o R S5 A g, MR B T E R,

3HHMHBHNE N - HREAFEXRETAE
%, A& R E 2001 4 1 A & 2002 4 12 A #iH,
&t g — I LRHR B E A SR 8RR E
Xt IRB RN GBS RAY R, BZER3 A
BRE3IANAEBRATBRE X N B, NR
IR i v % B AR R BFTRD R B — A A B R R 3 Ab
R,

4. DNA B8 % A H 2% B A4 7™ 8 Wizard
Genomic DNA Purification Kit ( Promega Madison,
WI, USA) 2 4R EEE 4 DNA, Taq DNA ¥
M AIEE Hha I 98 Promega P= &, 5|9 B -
BETEYEARFTRAT AR, INTPs g B4 E4E
AT

5.PCR. B ¥ 52 5 K 3% V9 97 Bk Ji o B B 3K« 7E
PE 9600 ¥ #4{Y - §"# RFC1 W% 2 4t B FH 4
O, 519 5] Lifh 5° agt gtc ace tte gtc cce te-
3", TN 57 -cte ceg cgt gaa gtt cte-3" " 5 R K
%:10 X PCR buffer.25 mmol/L MgCl, (Mg*" &
WEH1.5 mmol/L),25 mmol/L dNTPs. #5359
(10 pmol/L) 0.5 pl, T ## 51 # (10 pmol/L) 0.5 pl,
Taq DNA polymerase (5 U/pl) 0.2~0.4 pl (1.0~
2.0 U),DNA £itg1 pl,ﬁﬂ%%7ﬁﬁa§{$ﬁ§25 uls
PCR f B % 4:95C S min(95C 15 s, 60 30 s,
72°C 20 s)3t 35 ANEFF;72°C 5 min; BR & ¥ 4 U1 B
Hha T (20 U/pl)0.5 pliE 4L PCR ¥ 874, BAR
15 pl,37C 48 ho 12% BN HBERBE B AL IK

GER . B R K B 5230 bp, RFCL £ R
LEMEEH N GG 44 F (125 bp, 68 bp, 37 bp) .
AA 44 F (162 bp, 68 bp) fl GA 24 F (162 bp,
125 bp,68 bp,37 bp),

6. 551t 05 ¥ . M A SPSS 10. 0 f43F RFCI #
HA 5 CHD kB [ 9 OR K& H 95% CI; #I A
IR E b &6l LK K % (the family-based
association test, FBAT) BB Xf RFC1 EEH & 5
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CHD.CLP R 8 2 8] & 75 7 7 R BR A7 4k 1ol A AR
B, FR R B R RE B R R, DT
KRR T Z BB R T A B AR I REEE #AT
XBERBY, REBREE - BREFTREHER L
F =LA Marker SEBREIAREPHAKEK,
HETSBR AR T, 2O K ER G R EER
PREHTHEE M. ZKMH T 2000 FHEE
Harvard KA L DA %BRAEDS T FEREE o
o

5 R

R1FR , BEREAHBLET CHD HERE
BEANH R EH2.684%(95% CI:1.14~6.41), 4
' KB EA ST ¥E N (¥ =6.213,P<0.05),%k
KBS CLP Z R XK (P>0.05); BB EE
B ER ST Z , T TE 3 b i BR 4138 2 K 38 bt
B4, LA CHD 748 GA 1 GG EE A 43515 AA B
B ERERYTBES.

7 2 CHD #1 CLP &)L RFC1 £ R & 5 & %
BB E AR DFR AA ZEH BRI E
B NIERE, TR GALGG 5 B HIAF 3% K 1%
BRI BRBEREATHE, ABFREEGITE
OR H, X BAFENK OR A,

RIRURENEMBOXKRE . NBHRE
AR EH, EMERN G5 CHD RBZ HEIEX
B(P<0.05), Bf RFC1 EH® G &7 2B w73
CHD M RWmNE ,HREH G HMNERE CLP &

AR A 7R KB
Wo#®

HET,EHNX RFC1 REHNRERERESH
A B 2 TR Y R BR B 5T W R 2 25, B AR RFCL &
R B EVUERITHMIER & RFC HizEH
B (MTX) MR ERZ , E X EHRE R LR
it RFC R H# P RFC1 B SR M B 5 R R
B, R4 CHD 8 CLP &% 5 RFC1 7 X Bk
RS RES, BRI E REEBNHEITT RFC1 R
AMGEFEABPTHNAGHE, ERNE LN
RFC1 #£RBAH ST HAERERE TE TN
AAEE—B XSGR N TR RS
HMXEE RFC1 5 CHD.NTDs %5 H 4§t pj 2 18] %
BT IR L B B AKHE

AR KAT FBAT, MIAXGEERM % & F
TEEARERRM R R, 17 W E A58 FH K
ZEMEN SRBEMNLBEIHF Y BE
5% B 1 (dominant ) F1 3 (recessive ) 1% ¥E 2 (R i)
RRERERE XM FTEUAENEMTEER
FHREENR BTERBAERATHERE
(TDT) Y B EMER HEEEBFEREH
R, Hl RETREERRAALEERES FA—H
NFHOTRBHFTE XHESE - G4aF
BEARSE 5, MR ER, X7 FBAT B 5K
GRADEN, HICHDHR P HF T LK

F®1  BFRHH SRR TR RFC1 ZEE S CHD M CLP & A& fE KR Bl 0k B 5

B % CHD CLP PO
BI% BB %) OR f8(95% CI) BB HBBLL(%) OR {H(95% CI) B M%)

B FE AR 10 14.9 1.00 20 24.4 1.00 32 32.0
B3 R R R 57 85.1 2.68(1.14~6.41) 62 75.6 1.46(0.72~2.96) 68 68.0
BRI AR

FR AA 2 20.0 1.00 7 35.0 1.00 7 22.6

GA 4 40.0 0.82(0.09~8.43) 8 40.0 0.47(0.10~2.19) 17 54.8

GG 4 40.0 2.00(0.19~23.40) 5 25.0 0.71(0.11~4.42) 7 22.6
B R B A BR

FHAA 10 17.5 1.00 11 17.7 1.00 15 22.1

GA 38 66.7 1.73(0.62~4.83) 35 56.5 1.45(0.53~3.97) 33 48.5

GG 9 15.8 0.68(0.19~2.39) 16 25.8 1.09(0.35~3.42) 20 29.4

¥ :CHD %81 67 4l , 8 3% 65 1 ;CLP 5% 5 82 4, £3% 80 B ; 3 B8 L 99 8, 83K 100 #, Bk HIRCR 4R BT W& B0 m A A< 3, B otk , 3 L

RS B8R 99 B

%2 CHD M CLP B JLRFC1 £HEB 58 RHHHMZAKTEER

FRERR SEMMHE CHD AN CLP # % St A KK CHD OR 1 (95% CI) CLP OR {H(95% CI)
AA I3 2 7 7 1.00 1.00

GG+ GA B 8 13 24 1.17(0.16~10.14) 0.54(0.13~2.23)
AA & 10 11 15 2.33(0.32~20.42) 0.73(0.16~3.27)
GG+GA % 47 51 53 3.10(0.55~22.84) 0.96(0.28~3.33)
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%3 CHD fil CLP i FBAT MR

Fam* S E(S) Var(S) Z 1 P

CHD A 0.515 34 43.00 37.75 21.438 1.134 0.2568
G 0.485 34 49.00 38.75 22.938 2.140 0.0323"
CLP A 0.463 43 69.00 85.25 84.438 —0.588 0.5562
G 0.537 41 23.00 69.75 80.188 -0.895 0.1716

B:Fam* A RRRERRFYGS: S 5RO RE RG4S
Gt B, E(S): S WM Var (S): £ Z score= {3,[S, - F

(SHN /ZVar(SY; P<O.0SRWAEAZIT#E X
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