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i E UMBREEMEEREYAHAENER, EEERINHEURER G %0, WR B2 8
T & 05 MBS PRAS AN T b /R A . SR FHBTEIEE 7 &9 HPLC-MS/MS FERE T 121 Bl HIH 118 4% B Ak
ME P A AR K, 38 DU A BN ¢ A6 0 8 25 AR I (p<0.05) , 8RS A FH Logistic B30 ROC 4M7
TR A I PR3 b DA R T 3R % S e St PR AN TR R, 45 R %R0 4 A2 R P, 5-F &
POEUT BRI B DA AR Y DR 2 L L R MR B M T SR B TR . A7 0 A FRORAR B B A4

XEEHE  HPLC-MS/MS; Logistic M5 ; ROC 414 ; HBE;5-F IS IHER; FELIER
1 5 §

12 B W ( Neural tube defects, NTDs) £ — 25 2B T BB G S 2 M B KD, 4 5 M- BR 2
FEAR NTD ZRRA F BT WK, B, HRTHEFE—ENBIERY: —Ef BN RR s
BEIFINELEAE R B, SEAER; mAE KT ERAEREENBT NTD, R il fE & S A BT EE LY
FBi% . BN, HAREFAE R NTD AR LU 3 #b 7o BR AT BB ™ . Bk, T B I R BER R
NTD &R AR &Y, LMEE T4 T3 fEiriP s, Baiw AN RERR .
F K06, o3 SR O 20040, TR dE— 405 AR R Wy st B i & 28 XU RO PEAS AT B8 F7 . ASBF9E R
BIHAEE LAY HPLC-MS/MS BRI IET, o5 1 0 X et 28 it 375 8% AR o A4 o iR B HC AR S AR 4 (5-HR 7Y
AR S-HBER IS BR L AR A E RN R AL B AR ) HET TR E B AT, 8 1 DURE AR ko
¢ KR k2 AR , HE A Logistic [EJIAT ROC 2047 25 28 & 117 NTD KBS PEA% A0 H0 946
X ERE Y K I7E NTD (EHA M &AL, IF B 51 BB E AR,
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2.1 EH5ERM

1100 R348 {43 ( Agilent Techonologies, USA) 821k API3000 = 2% DUk AT EB % 5 3% ( Applied Biosys-
tems, CA , USA) ;Excellence Plus XP 4347 F ( Mettler-Toledo , Switzerland ) ; Micro 22R ¥ ¥ & 3£ B0 #1L
(Hitachi, Japan) ; N-EVAP-24 {E ¥4 5 & KX ( Organomation, USA) o

M-# (Folic acid, FA), 5-F % I & M B ( 5-Methyltetrahydrofolate, 5-MT ), 5-H &t % 1 & i 88
(5-Formyltetrahydrofolate, 5-FT) , VU& M #i& ( Tetrahydrofolate, THF ) , 22 & /8 ( Serine, Ser) , 1%k ( His-
tidine, His) . [A] 52 Bt & B ( Homocysteine, Hey ) F1 % # ¥ B2 ( Dithiothreitol, DTT) ¥y H Sigma-Aldrich
A, ZHE(RWER, J. T. Baker 2 F]) , FEF (EIEHK, Merck AH]) , FRR (354, Sigma-Aldrich AH]) ,
VIR LR FrERR . H BREE AN B R (Al b Ak 22 A F) ) . B A/K i Milli-Q AAUK RSl &
2.2 HEmRE

PRXR EZRH ILTEE B RMX, YR RAM B . HH NTD-EiR1E B2 @ id B @2 W
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B LA TEI L, A i 5 . B T 239 BlREA , RV A NTD R JLI4EE 121 B R4 , ik
WA 118 ) (HERAL) D SR E B AR, AR B YR E 5 SO, JFRE T A 2 581
S EE

EZORF AR EHKIN 2B 0EN, B FIK LEERE , 76 4 CF, L2500 r/min .0 10 min, b
Z B T-80 C,
2.3 HRFgHE

S PR HA & ST B0 RE 51 45 7 60 MERR W B 200 pL I3, N A 100 pL DTT %W (15 g/L) , I8
2 min; LA 800 pL B BE( 7 100 mg/L FrGER MIBTIR ML BR , B (- i BR[% A% ) , i€ 2 min; 74 CF, LA
10000 r/min Z.0> 15 min, B FIEWAEER T, LHRF N FK T, 5% A 100 pL /KB (7 10 mg/L #7T
WL , ¥ ERe A DDT) B 15, IHE2 min; 7E 4 CF, L4 10000 r/min 5.0 10 min, B b iH IR BEEE
2.4 BEOWAHE

HPLC-MS/MS S 5 E: 40 SCHR[7 1 38 - €635 43 B8 R A 835 AL Ultimate™ AQ-C 4 (250 mmx4.6 mm,
5 um) Al Alltech Fi4E: (20 mmx3.0 mm, 5 pm) . FahAH A S mmol/L FEREZ-0.15% (V/V) HRRIB W
(pH =32) %zl B R 0.15% (V/V)HER-Z &, BB : 0 ~25 min, 100% ~20% A;25 ~28 min,
20% ~5% A;28 ~ 30 min, 5% ~ 100% A, 7 #7 8- 10 min, £ 20 pL, HiR 30 C, WHE
0.5 mL/min, 3% M0 S =58 #1700, A BE R A 0.2 mL/min,

Jig s R R IEE FHE R B 2 O W, B 55 B R 5000 VB FIRIE A 400 °C L RHE SR
800 mPa, 351 AA SR BY TR A 504 8.9 F112 L/min,
2.5 Sirar

G/t 4ok A SPSS 14.0 81 {f. #4T Logistic BT ROC 434 B, BT A 8 Se b 4T B SR % 508
¥, 9k 5 13 Kolmogorov-Smirnov 36 M &M, P< 005 Bl K BA Gt B F M,

3 #AREiTie
3.1 HPLC-MS/MS EESIFER

F AT AL, X NTD #3689 7 # Q54 (5-MT,5-FT,FA, Ser, His, Hey il THF) , fT &7 9
HPLC-MS/MS J5 ¥ 8 5L B UM 7E 88.6% ~ 116.4% Z [8], [Bl R TE 76.5% ~ 114.8% Z A}, & 2L b
(ME) M3 (R) THE AT

M,-M
MEz—%xIOO% (1)

M.-M
R:—ls—ime% (2)

Hodr M, ML FL M, 4y 5 R R 25 ELITE R ROBTVR E , 25 3 I v A 3RS AR 89 ACIET P vk B RN 28 i
I A ARG IR B, S 2R BT IR & VR R o

WA, HN B IRHE % E /N T 10% ,24 h WEREH RIF. LRI T 0995, B FAF AL
HH AR THF, B HE 6 FRE s ir e &a0r, SR mE 1 i,
16 FMCETIRIE BTSSR

Table 1 Quantification results of the six metabolites

RIHY] Metabolite SR BIZH Case STERZH Control p {& p value”
M-8 Folic acid (FA) (pg/L) 0.53+0.36 0.63£036 0.042
S-HZL U MR 5-Methyltetrahydro-folate (5-MT) (pg/L) 6.17+2.73 711134 <0.001
5-FEER: U BR 5-Formyltetrahydro-folate (5-FT) (pg/L) 643+1.69 6841285 0038
[a) B2 B &A% Homocysteine ( Hey) (mg/L) 1.80+1.02 134+0.87 <0.001
22 R Serine (Ser) (pg/L) 149£48 16158 0.172
HE R Histidine (His) (mg/L) 3.10+0.76 326+1.09 0.553

T AR RS £ RGBT AR ( H RSO UR B BEE ) Two-sample t test with natural log-transformed data.
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H# 1 A[A1,5-MT, 5-FT, FA il Hey P4 IAIA BEES . ABIZLH 5-MT, 5-FT 1 FA (& B &K
TR Hey & BB TXEA, HIX 4 AR R TR S AT RIE R A B,
RIS B R A AL G W YR B AR 22 R, IR R 2 B T A R AR 4R
KeMZESE , R 2 WA, AR 2 BHREMREERGER
IR EER S TR EL Table 2 Characteristics of participants in this study

S A R o B S N W f|4H Case group %t H84H Control group "
N AR — El.". H:M tt% p *
R A UL B Chamclrisic (e Peeemage i, Peeenage P vale
° % %

3.2 Logistic ElJ343 4 SEHE Age

'ﬁl:%‘ H ( Odds ratio, OR) /% <20 ﬁy(Years old) 7 58 9 76

- o 20 ~24 % ( Years old) 51 a1 41 347
ﬁ}ﬁ%ﬁﬁ‘_ﬁ = Z R R AR 25 ~29 % ( Years old) 31 256 39 331 0313
HI$EHR, R A Logistic [a[1H312 230 % ( Years old) 32 265 29 246
4 FhE AL EH (5-MT, 5-FT, Z2[H Gestational week

1 " . <28 JE(Weeks)  100(827% ) 9 780

FA *ﬂ Hey) L% Ft ’ uﬁﬁﬂ? 228 il (Weeks) 16 (132%) 26 220 0.138
151%]‘”&@‘“‘ NTD % MU 5 v (H(FRR PR A Z B % 5 ) th+ 7 (ry) K%l Fisher Hroh 22031
' GG 3, R

p value for Chi-square (y,) test and Fisher's exact test ( For categorical variables) .

Hi% 3 AT, 5-MT #9 OR

\ JH RAGEZEATF 1,0 %3 ERAMIEL KL
BRFAT L < " OR EEHRT 1, B Table 3  Adjusted odds ratios ( ORs) of differential metabolites

IR P 5-MIT ¥ B G Hey Y BEHE AN, 2 S5 \ T ——
NTD B9 FIABR. 1 FA MRS A p> Moo Adwelodd 95% Condenee [ [E,
W NTD K2R ME5F, 5-MT KDL 5"?%%?"*@ 0.138 0047 ~0407  <0.001
INF FA BUBIEWBEAS LA NTD BOBRRIRE | oo

\ 0.363 0.149 ~0.982 0.052
WEE K, HT FA.Hey #1 5-MT 7E BT 2H (B AR 4L SFT

. o s ) U i

BHIR B N T B R SRS he 184 4151-815M <000
L, BEEX FA, 5-MT # Hey R AEXT BBA B 4> i AR BRI FEAT A R B OR M T 1 B it
N £ = 3 [13] vf 4= sl HPifg.

{iﬁﬁﬁ E’JZ: mmg%ﬁ)ﬁ Jﬂ:/fT LOngth Ewa * Adjusted for age and gestational week;® p value tests the hypothesis

ﬁ"*ﬁ ’ ﬂ‘% OR {E s %%EL%‘% 4, that the OR is equal to one.

F 4 FA,5-MT fill Hey BIH S B st
Table 4 Adjusted ORs and 95% ClIs of FA, 5-MT and Hey

B A BIE R R
B ik 9o I Puiistd PHH(95% BIF X)) (95% B 15X [])
Concentration cutoffs Cases Controls OR (95% CI) Adjusted OR
and percentiles (95% CI) "
MBS FA (ug/L)
<047 (30th) 53 31 153 (1.18,198) 1.54 (1.19,2.00)
<042 (20th) 44 21 1.88 (124,2.84) 190 (1.25,2.87)
<034 (10th) 17 10 1.86 (0.81,428) 1.90 (0.82,440)
5-REPIS B 5-MT (pg/L)
<642 (30th) 56 32 239 (163,392) 243 (178,435)
<596 (20th) 45 21 296 (1.80,442) 3.14 (1.67,4.69)
<559 (10th) 35 11 357 (2.13,637) 432 (288,7.17)
(A 24 B2 E8 Hey (mg/L)
>1.85 (70th) 65 29 269 (192,685) 2.81 (194,744)
>232 (80th) 50 21 334 (187,9.81) 353 (1.88,10.1)
>266 (90th) 40 11 6.86 (2.10, 184) 7.55(229,210)

AR Z A AT IE . Adjusted for age and gestational week.

HiZR 4 PO, FH ELXT BRAL, ) 40 FAS5-MT B9k EEBIK, Hey B SRS . BRE LIS R
F, AR B T R N BB L IR R M TR . B FAS-MT VR RIRTREAE LA B Hey ¥R MR W m , £
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FELLR BN, B NTD B & X A Brgm. HEER R, Hey M 5-MT 784 [\ ¥ B 6 B N i U8
BEF FA, X 5% 3 WER—8, BLTTH, M FA  Hey fil 5-MT HEREE/R NTD #) &R .
3.3 ROC fhgk4r#f

AT R 32 3R TAEHHE (Receiver operating characteristic, ROC) 434t 3% FA, Hey #1 5-MT 7E
NTD &5 WS T H 894E . ROC 43 KA — Rl 45 58 (AR BE ) 1R R vl e B2 W R, A3t
BRI REUE (EREER) BARAR, 15550 (BB ER) i il 4, i AUC(HIZ& T
) R/ T2 W R 0 A/, B 1 3R T FA,Hey M1 5-MT B ROC #i£%, H i+ Hey K

PERARKBHSHE 2 MURAR , 7 1T E % 1.0 T
Z 0.8 .ﬂ"ir %
ROC HIZhHbE: T RO £ 00RO R s 2 A
YIbREMITE NTD 2 KR B b HERa e B, ROC H § o6f ra
LFEBAT 0.7 MANA—EWIEREX, w24 | 7
#,5-MT il Hoy ) AUC BIAT FA, HHR S-MT #§ AUC B B iy B o
Ko TER S HIH T B8 AUC.p HLU K RBUE H5 5 02p L —wmEs
P, BEE 3R ( Positive predictive value, PV™) F1 B 4 Fil 00 7 . ' . .
# (Negative predictive value,PV™) , & Pi & 2 BIH8 B “ H 0.0 0-12_,% Ffr’i N ngc : ﬁci%rg 10
ﬁzgzzfﬂﬁﬂi DA K0 g B P B AN RS B A 2R @1 3 mem Rgc e N
Fig. 1 Receiver operating characteristic (ROC)
PV = Tl;TfFP = 3 +(Sll ) (3) curves of the three metabolites
1 2
S,
PV_zFNT+I\ITNz(1—S )+5, (4)

Hp, PV, PV 43538 R P TR SR A B TRV SR, TP, FP, TN A1 FN 43 B3R B M B IA MR, &
BT R AR ISR, S, F1 S, AR REEEE M

®5 3 MBI EE ROC B4
Table 5 Important ROC parameters for the three metabolites

. ] L v 1 iy
Nf;ﬁfbj?l‘i’te Ar;ﬂ:jlI %;:—{i?éﬁjj&ve » 5 afe' Si?ii%ty Siiﬁi%ty Posﬁti‘;\?e‘it;;),%ﬁ(iﬁti%e rate Negat%e%%émicjzf/e rate
HE FA 0.654 <0.001 0.845 0413 0.590 0.727
S-FAZEE U MBS 5-MT 0.888 <0.001 0770 1.000 1.000 0813
[F) R 28 Hey 0672 <0.001 0942 0365 0597 0.869

T ERR I B FEiIFR=0.5, Null hypothesis : true area=0.5.

H& 5 AT, 5-MT 9 REEFE+F R0 B K, P RERMIAR T 100% , 83 T FA Al Hey, St
FEL, W PR BE AR T SR A 3 . I RS b 3 B B M S DL R SR e N SR AR,
FEBESREY RIS, BT B RS R SR MBI, HE S WA,
5-MT HIFHEFIN AR T 100% , BTN ERBL T 80% , %8 F FA;Hey BB TN BT T 85%,
BT FA, TN R RS R F FA, AHEHCFREER, XA S BB T NTD ) & XU o
3.4 NG

A5 R A HPLC-MS/MS #EATR I 2 B 44T, 8 i BUREAS ¢ k36 0% e 22 AR , 3545 & Logis-
tic [@ 31 ROC 4347 LA 7 M BR ALH A SSAQ I TE NTD XU Ak A0 T o B VE PR o 388 3k 3o 9 491 4
Xof B 4 IV R A A BAS BRI 8 , R BT 5-MT, 5-FT,FA #1 Hey 7E W46 A B E £ 5 ; Logistic [A119
R BN, 5-MT Hey BEE LK T B8 ; ROC 43 B85 3R B, 5-MT #1 Hey B9 AUC ¥ K Fig, B
BHE | BF T 22 2 1 T HBR . 25 B AT, 5-MT F1 Hey 7E NTD #9.% J KUK 4% #1753 1 v £ 26 TR IR
FHER, TR NTD FHM A T MFH N EERREY . XA EBRMTMEREIHTF ERWR T
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A Comparative Study Among Folic Acid and Its Related Metabolites on
Risk Assessment and Prediction of Neural Tube Defects

HUANG Min'?, LIANG Xiao-Ping'?, LIANG Qiong-Lin’, WANG Yi-Ming’, LUO Guo-An"'?
' (School of Pharmacy, East China University of Science and Technology, Shanghai 200237, China)
? ( Department of Chemistry, Tsinghua University, Beijing 100084 , China)

Abstract Quantitative method and multiple statistical methods were used to compare the effect of folic acid
and its related metabolites on risk assessment and prediction of neural tube defects. First, a previously
established HPLC-MS/MS method was employed to determine the levels of these metabolites in maternal serum
samples of 121 cases and 118 controls. Then two-sample t test (p<0.05) was used to obtain differential
metabolites between these two groups. At last, Logistic regression and receiver operating characteristic (ROC)
analysis were employed to calculate the odds ratio, sensitivity and specificity, positive and negative predictive
rate of these metabolites. Results showed that among the 4 differential metabolites, 5-methyltetrahydrofolate
and homocysteine both got higher odds ratio, positive and negative predictive rate than folic acid. The method
was suitable for screening and assessment of disease biomarkers.

Keywords High performance liquid chromatography tandem mass spectrometry; Logistic regression;

Receiver operating characteristic analysis; Folic acid; 5-Methyltetrahydrofolate ; Homocysteine
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