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5, 10-Methylentetrahydrofolate Reductase (MTHFR C677T)
Methionine Synthase Reductase (MTRR A66G)
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Polymorphisms of 5, 10-Methylentetrahydrofolate Reductase (MTHFR C677T) and

Methionine Synthase Reductase (MTRR A66G) as Maternal Risk Factors for Fetal Aneuploidy

Do Jin Kim', Shin Young Kim', So Yeon Park’, Jin Woo Kim', Moon Young Kin?, Joung Yeol Han?
Jae Hyug Yang?, Hyun Kyong Ahn®, Jun Seek Choi’, Jin Hoon Chung’, and Hyun Mee Ryu"*

"Laboratory of Medical Genetics, Cheil General Hospital and Women's Healthcare Center,
’Department of Obstetrics and Gynecology, Cheil General Hospital and Women's Healthcare Center,
Kwandong University College of Medicine, Seoul, Korea

Purpose: Aneuploidy is the cause of diseases such as Down syndrome or Edward syndrome and, more
generally, is a major cause of mental retardation and fetal loss. The purpose of this study was to evaluate
the association between MTHFR (C677T) or MTRR (A66G) polymorphisms and fetal aneuploidy.
Materials and Methods: Data was collected from 37 women who had a fetus with aneuploidy (cases) and
78 women who had previously delivered at least two healthy children without aneuploidy and did not have
a history of miscarriage or abnormal pregnancy (controls). The MTHFR (C677T) or MTRR (A66QG)
polymorphisms were analyzed by PCR-restriction fragment length polymorphism assay.

Results: The frequencies of the MTHFR 677 CC, CT, and TT genotypes were 30.7%, 48.7%, and 20.6%
in the control group and 37.8%, 48.6%, and 13.5% in the case group, respectively. There were no significant
differences in genotype frequencies between the two groups. For the MTRR A66G polymorphism, the fre—
quencies of the AA, AG and GG genotypes were 50%, 46.1%, and 3.9% in the control group and 13.5%,
81.1%, and 5.4% in case group, respectively. The frequency of the MTRR AG mutant was significantly
increased in the case group, with an odds ratio of 6.5 (95% CI: 2.3-18.6, /X0.05).

Conclusion: The results of this study suggest that mother carriers with the MTRR G allele have an increased
risk of fetal aneuploidy, while the MTHFR T allele is not associated with increased risk of fetal aneuploidy.
The MTRR A66G polymorphism may be a risk factor for producing a child with chromosomal aneuploidy.
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5, 10-methylenetetrahydrofolate reductase(MMTHFR)¥}
Methionine synthase reductase(MTRR):= ©]213t 34t thAlag
ol Folehs 4R delA vk MTHFRE At thAkd
A FoA 5, 10-methylenetetrahydro folateE 5-methyl-
tetrahydrofolate® A ¥A17]1™ 5-methyltetrahydrofolate=
SEAZHRJS gHd3iAA HEI QWO 2 THE = methyl-
donor®A1 2] 982 $rh(Fig. 1). MTHFR 32k 677 5-91<]
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Fig. 1. Folate metabolism pathway". Folic acid is fully reduced in the intestinal cell to tetrahydrofolate
('THF). 5-MethylTHF is formed from 5, 10-methylTHF by the enzyme methyltetrahydrofolate reductase
(MTHFR), the methyl donor. Methionine synthase(MS) catalyses the remethylation of homocysteine
to methionine by using the methyl group from 5-methyl THF and MIRR maintains MS in active state.
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2.

ZF 540 vEAds w418 918l AHSE = DNAE 9
O 2 HE DNA extract kit(Puregene, Minneapolis, MN,
US.AE ol&3ate] F=Z33nh #2j¥ DNAE A stuat
sz Ak 5ol Zefolm A EE o]&3sto] T3
o},

MTHFR +32ke] thd A (MTHER C677T)= #4131H7] <138l
THE AT 4] DNAE 714 1 PCRS A 38383t
MTHFR 677 %-%1¢] 32 t4g4d AARE 913 PCRE 60 ng
©] DNA, 200mM dNTPs, 7t primer 1 pmol, PCR buffer %
0.5 unit®] Amp-Taq Gold polymerase@® A 83} 01 Fag-2
10 ul® skt Ak 28 AR 95T 30%, 61C 30%,
72T 602 F-3Y3t0] 35385 HHESE & 72 CollA] 7zt vhs-
sh3ith. ofu) ARgE Lol MU 5-TGAAGGAGAAG
GTGTCTGCGGGA-3' 7 5'-AGGACGGTGCGGTGAGAGTG-
3’01t} Restriction fragment length polymorphism(RFLP)
W o2 PCR AHES] F482F 7] A1$kg glslr] flsto
S3%E PCR AHE 4 plLe} 5 unit®] HinAl A$HE 4, 10X buffer
1 L2 F4E F 10 pLE 37CollA 3-4213F v 2171 &
8% polyacrylamide gelollA 719% &3t MTHFR 677
C>T 218kl A5 d#] 198 bpel PCR B =°] 176 bp2t
23 bp= A= e gl

FUS PCREA S AFEalom W 2707 25 95T
30%, 55C 30 %, 72C 60% % 353] HHE3l 5 72T o)A 787
2 Hkgki) oju] ARl Zetol MAL 5-GCAAA
GGCCATCGCAGAAGACAT-3'$}  5'-GTGAAGATCTGCA
GAAAATCCATGTA-3" o™ o]i= UREAQl d7]AHelA
Ndel A|Frazert 1A = = QAo R CH7IE AR
ABA 7| =5 A Zste] ARSI T5% PCR A 8 nlék
5 unit®] Ndd A¥tE2, 10X buffer 1 L2 7€ F 10 yLs
37CoAA 3-4A17F 71 WES-& A1Z $ 20% polyacrylamide
gelolAl 71%9% aF3ict, olw) A== PCR A& 66 bp
o]w RFLP W& g3t A717F 47 83 AR)0 45
Ndel 213l 44 bps} 22 bp2l 2712] THHE RISk om, =
olol FHA(CH)S ATHa 7 wH3HA] ol 66 bp7]

o AEe BAsst

3.

A 2=l o] FAAkeh AR ] RIERA S
Chi-square test T+ Fisher’s exact testS AFE-3FI ). 9
A 2 o] vl AALEE 57457 918l odds ratio (OR)
2} 95% A1 2] 7H95 percent confidence interval; 95% C=
AHESEITE AT A T2 FAREA - SPSS 10.0 A4 714
(SPSS Inc., Chicago, USA)E AHE-3H 1L, ko] 0.05 #] k]

A% BARA fegel drka st

1. MTHFR (MTHFR C677T)

olgx A Woldel CT, T3HIA #
30.7%, 48.7%, 20.6%%1 2., Ao = 242F 37.8%, 48.6
%, 13.5%3AH Table 1). 473 4282 CCE olFHTA

g W BT oot xfolE KolA] ekgrom, mak gt {4
A g 2ol obd BE AR (CT/TD Hlastis o
i Al 27t Aol 5 BolA| 3kvh MTHFR C677T v
oA T tiEAA &S dxaa SArelA 74zt
44.9%, 37.8% oM, SAHCE FoF zol= sl
(Table 1).

2. MTRR (MTRR A66G)

MTRR 66 99 #Ax8-& tzrolla AAFsel AA, o]

Table 1. Genotype and Allele Frequencies of MIHFR 677C>T in
Women Who had a Fetus with Aneupoloidy and Control Mothers

MTHFR HSO%Y?};G ) HZC%S??%) OR (%% C) P
Genotype

CcC 24 (30.7) 14 (37.8) 1.00 -
CT 38 (48.7) 18 (48.6) 0.81 (0.34-1.93) 0.637
TT 16 (20.6) 5 (135 054 (0.16-1.79) 0.305
CU1T 54 (69.2) 23 (6220 0.73 (0.32-1.66) 0.452
Allele

C 86 (55.1) 46 (62.2) 1.00 -

T 70 (44.9) 28 (37.8) 075 (04-1.32) 0314




122

Table 2. Genotype and Allele Frequencies of MTRR 66A>G in
Women Who had a Fetus with Aneupoloidy and Control Mothers

MTRR nzco%r((’}; ) HZC%S‘??%) OR (%% C) P
Genotype
A 39 (500 5(135 100 -
G 36 (461) 30 (8L1) 650 (2.28-1857) 0,000
GG 3(39  2(54) 520 (069-3909 0143
AG/GG 39 (5000 32 (865) 640 (2.26-1814)  0.000
Allele
A 114 (73D 40 (541 1.00 -
G 42(269 34 (459 231 (L29-41D  0.004

FA o)l AG 2
50.0%, 46.1%, 3.9%3 2", A} 5
%, 5.4%3THTable 2). 87 A2 AAE oA A W
o]l AG FAAH 7} vlwatS vl f-ogh 2tol& Kl
w(OR: 6.5, 95% CI: 2.3-18.6, Q. 05), Z**c}ol ol BE
AR (AG/GR)T B a3 S wo = o =
A THOR: 6.4, 95% CI: 2.3-18.1, /X0.05). ~L
Hol &l GG A 7] vlaelA= &
2] F3ETE MTRR A66G THE/dellA G ti1Ake] RIEE o
Z79) 27.1%°0 vl8l Bl 37.8%2 FAFolA G
HzE on] A S7FFATHOR: 2.3, 95% CI: 1.3-4.1,
P=0.004, Table 2)

thylation®ll &} defuf= AAA o) =} 2
o) ofgkel] #41& 2L QAP # MTHFR 72| Fa

MTHFRﬂ} MTRR=> DNA methylation®] 223t =
o thabebg ol #hofshis aaolr ol Al o

< g3} 955 WM3A|A DNA hypomethylations -8}
A\ Y mee. o o A MTHFR C677T thEA] o2 915
"40 BT} TRAIAHQ FEO] Aol ot o o)

ZA QI P reEk o)) §F MTHFRE] thAl S Ve w=

sl 72 W) ghE?,
Skl F ol Al MTHFRE] 48 3 o sl fr2ke] &

iz oo HRE =FE} aws B o FAskcH 0,
B Aol b 07 MTHFR 67704 $1719) thegAdo)
Efo}ol] QlojA] A A o] =& o] AL Zhy] 9%t o TloixT
A o A= AORE A E 9o, MTRR 66WA1 9171+

Aol
olg]st A 47 o)Al AT AR f-o]Ao] gl A

Lo Ao The-EI T AYE 77l oy SR HE
MTHFR F372Fe] &S 2AFSE A3, MTHFR 677T
HHAAL G5 BAE 2 oA UelAA w2 2
o BuHPTt I wE Grillo 50 XEFAAES
Aoz 3 Aol MTHFRS C677T¢ A1298C F A<
o] @S ZARIG O s 7H oy Eel
2] MTHFR 677T 2 1298C ®lo]3¢] RIEr} =88 ny
a9tk 121u Boduroglu 598 53T AIE 74
15299 olvusa 43 Hxw 919= dide® oo
MTHFR 6773} 1298W4 171 7
C677TSF A1298C)= =AM Ao, o] 5 %] tff#-x
2} e g7k A SAe] AdAS gl
T Utk 23E Busiglon thE AR ] mEd x
G0 olgkgloltl) QR oS thf o AgE 2
At thes9at AAdE 4t o149 ¥ MTHFR 3%
Aol dyto] Qe A ow Wausta gt} o3 A}
o thall Stuppia &2 olgelotelld Arjdow o
H=7h Absrsel vl 2 v1&9 677T dhEF84E

AU E AABAED 22 Agho] e wrtE W
5 AGFde] e gk Ak A3 wEol2ta
I Atk E=3F MTHFR C677T= 1%k A3te &
Agero] Jate] HAR Q&) i) Askd &
F At Baskan Qb ek A7 @{i
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A= FAb tiate] BEE &
C677T, MTRR A66G)= FAlste] Hlote] A =2 o]t

7 fxel AuS dobuid ek

QA Aol o] Selgl lobe AE
379 ARRSE fatol L HI AR QAL & Aol

: MTHFR C677T
217} 30.7%, 48.7%, 20.6%% 0™, SAptollA 2+2t 37.8%,
48.6%, 13.5% ATt 743t A Abo] BE x3telA
ogk ztol& Kol Agkrh, ti-FHAke] vl Atz
o} FAptoll A Zhzy 44.9%, 37.8%5 01, BAA F-2% A
ol YAATE MTRR A66G 3282 tiz=ell A AA, AG,
GGell ti8ll 242y 50.0%, 46.1%, 3.9%% W, Aol A=
2} 13.5%, 81.1%, 5.4%At. MTRRE] 7 fx3<1
AASE 018 AT Wolgl AG FAAE S v S )
Fos aelE HJAOH(OR: 6.5, 95% Cl: 2.3-18.6,
X0.05), 7ol ohd BE o A (AG/GG)H vlaLsk
e Wl oA {28 Aol BITHOR: 6.4, 95% CL:
2.3-18.1, /X 0.05).
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