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[ Abstract ] Objective To clarify the metabolic phenotypic changes in the serum and placenta of pre-
eclampsia (PE) patients and their potential impact on fetal serum,and to identify and explore potential predic-
tive biomarkers related to PE by using non-targeted metabolomics technology.thereby providing a reference
for clinical diagnosis and disease monitoring. Methods Based on non-targeted metabolomics using liquid chro-
matography-mass spectrometry (LC-MS) ,metabolomic analyses were performed on serum, placenta and um-
bilical cord blood samples from 6 PE patients (PE group) and 6 healthy pregnant women in the late trimester
(control group). Differential endogenous metabolites in each sample were screened using multivariate and uni-
variate statistical methods. Metabolic pathways involved in the differential metabolites were enriched using

MetaboAnalyst software. Additionally, potential biomarkers for predicting PE were identified based on binary
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logistic regression models. Results Compared with the control group,significant differences in the metabolic
profiles of serum,placenta,and fetal serum were observed in the PE group. In the serum of PE patients, major
metabolic abnormalities included a-linolenic acid metabolism, taurine metabolism, glycine, serine and threonine
metabolism. In the placenta,abnormalities in linoleic acid metabolism,taurine metabolism, a-linolenic acid me-
tabolism,and unsaturated fatty acid biosynthesis were detected. In the fetus of PE patients, metabolic abnor-
malities were found in glutamine and glutamate metabolism, a-linolenic acid metabolism, and alanine, aspar-
tate,and glutamate metabolism,involving polyunsaturated fatty acids and amino acids. The receiver operating
characteristic (ROC) curves of differential metabolites were plotted using binary logistic regression models,
and 4 serum metabolites with an area under the curve (AUC) >>0. 9 were identified, mainly polyunsaturated
fatty acid metabolites. The AUC of a-linolenic acid,a common differential metabolite in all three samples,was
0. 806, with a sensitivity of 66.67% and specificity of 100. 00% ,indicating high diagnostic value. Conclusion

The serum,placenta,and fetal serum metabolic profiles of PE patients and healthy pregnant women in the late

trimester are significantly different and affect the metabolic phenotypes of offspring, providing insights into

the pathogenesis of PE.
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1.2.1 #AAR%E
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mm,1. 8 pm) ., FREAH AR S A 4l
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nalysis, PCA) il IE 58 fi £ /N = 3¢ - H) 7 73 #r Cor-
thogonal partial least squares discrimination analy-
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PR i ) 4005 8RB A, Q2 Bkl 1, T e )
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AR A A gt e . F R R VIP=1 Al
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www. genome. jp/kegg) ¥ 17 VT Bt 3k % 2 by A (1) 22
SACIY 8 T A OE R TR S 1 22 AR
Y5 A MetaboAnalyst ¥4 (http://www. metabo-
analyst. ca) #E47 QU B 0 7. W H = JC logistic [H]
YA A 22 ) 32 48 TAE4RAE (receiver operating char-
acteristic, ROC) f&k 43 11, TEM AR 9 X PE B9 2 Wi
e,
1.3 %Hitsa®

K SPSS21. 0 B4k £l 47 40 . RS A
M RR L & s FRoR . A ] L Aok FH b ST FEAS ¢
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2.1 B 543 ls R A rbaR

PE 4 B & 8% 0177 15 0 & BMI 5 Xt B 41 M
I, 22 R8¢ E X (P>>0.05), PE 20436228 I
BA LR E /N T X4l 25 R A gt B L (P <

0 v i) AR B 5 B M {H (variable importance in 0.05) .03 1,
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Eigi]| n IS (e Es . ) AL (96 ] BMI(z +s,kg/m") SRR G s D AR E G Es,
Xf B2 6 30.8%4.6 5(83.3) 27.6%2.7 39.9£0.6 3420.0%342.6
PE 41 6 29.74+2.5 6(100.0) 27.94+2.9 36.34+2.2 2 488.3+750.0
t/x* 0.548 0.667 —0.056 3.834 —2.768
P 0.596 0.505 0. 957 0.003 0.028
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BRI TR 3 A K- BT R, LR 2 o WERRTR .
5. 3 FARAS A9 22 AU Y 7 PE S F B BT R

x3 PEHBEMFERAFHERKEY

5 %iiﬂ R F VIP P FC ik HMDB 1D BIFER
1 0.82 A M s CHN, 0, .97 <0.05  2.69 A HMDB0000079 +
2 9. 04 W RTR CHy, O, .81 <0.05 2.6l A HMDB0001388 +
3 1.59 N1- 3 2- LB 5- 2 Wk i GHN, O, .79 <0.05 247 A HMDB0004193 +
4 3.40 5% B A B C,, Hy, NO, .90 <<0.05 2.41 A HMDB0002366 +
5 2.79 ZR Cy H;,NO, .78  <0.05 2.39 A HMDB0000210 +
6 0.83 N-Z. LS 5 C,H,,N,0, 1.87  <0.05  2.30 A HMDB0003357 +
7 11. 09 13S-#3 1 /\ik — MR CisH,, O, 1.56  <<0.05 2.24 A HMDB0004667 +
8 0. 88 N-Z k7 2 R C, H,,NO, 1.47  <0.05  2.16 A HMDB0062557 +
9 12. 26 o W RRIR CisH,, O, 1.32 <0.05 2.16 A HMDB0001388 +
10 3.42 Y- ABAR AR C,, HgN, Oy .75  <0.05 205 4 HMDB0000594 +
11 10. 29 13-L- St A W IR Cis H;, 0, 2.07  <<0.01 0.48 v HMDB0003871 —
12 .41 L~ M i 2 7 CyH;,N,0,S, 1.50  <<0.05 0.47 v HMDB0000192 —
13 5.63 L-TNAR Cp, Hy N, O, 2.23  <0.001  0.46 v METPA1236
14 11.57 7- il ] C,, H,, 0, 1.52 <0.05 0.36 v HMDB0000501
15 7.58 + iR A D C, H,, 0, 1.55 <0.05 0. 34 v HMDB0000638 —

Vo S AL L, PE 21 P Z AR M R AR s A . S % BRALH L, PE A1 Pz AR T

F 4 PEHEBEZEREMEATHERK Y

e {8l (min) it/ ¥ VIP P FC  ##%  HMDBID &7k
1 1.31 31 5 1 1L CyH, NO,P 1.93  <<0.05  3.37 4+ HMDB0000086 +
2 1.58 N1-H 5E-2-ni e i -5- 38 19 M C, HgN, O, 1.71  <€0.05 3.02 4 HMDB0004193 +
3 0. 81 N-H F-1-H i R C;H,,NO,S 1.69  <C0.01  2.90 4 HMDB0001015 —
4 8.93 R CsH,, 0, 1.70  <€0.05 2.73 A HMDB0000673 —
5 8.59 v PR iR CisH; 0, 1.47  <C0.05  2.56 A HMDB0003073 —
6 8. 14 ARG L AUIR AR Cos Hys NOGS 1.76  <<0.05 2.56 4 HMDB0000951 —
7 9.91 e IBAER CsH,, 0, 1.72  <0.05  2.49 4+ HMDB0004670 —
8 0.81 N-Z, k20 41 & H ik CyH, N, 0, 1.75  <<0.01 2.42 4+ HMDB0032055 —
9 9. 40 i PR CsHy, O, 1.50 <<0.05 2.11 4 HMDB0000207 —
10 12. 26 oV R 1R CisHy0 O, 2.30  <<0.001 2.07 4+ HMDB0001388 +
11 5.81 2-7K L e MR CyHyNO 1.84  <€0.05 2.06 4 HMDB0010715 —
12 0.97 T il i C,H,0, 1.68  <C0.05 2.06 4 HMDB0000243 —
13 0. 90 BEAETR C Hg Oy 1.93  <<0.05 0.48 ¥ HMDB0002899 —
14 0.83 N- 2 ik 7 % Joe -6 - i C¢H ;s NO,P 1.63  <C0.05  0.46 ¥ HMDB0002817 —
15 6.63 8- i [ [ C-H-N.O, 1.61  <C0.01 0.44 Yy HMDB0002032 —
16 0.98 o-D-H -1, 6- W AR CsH,,0,,P, 1.97  <€0.05 0.38 ¥ HMDB0003514 —
17 0.98 B R C,H,0.P 1.98 <€0.05 0.36 ¥ HMDB0001494 —
18 0. 80 O-BE R £ Wi C,HyNO, P 1.71  <<0.05  0.34 v HMDB0000224 +

VX BRALAR L L PE 41 A S0 IRALHT L PE AL i
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x5 PEARERILDFFATHNESKEY

FFe PRI E (min) ik TR VIP P FC &% HMDB ID [CER SN
1 5.05 23 B 1R 1 TG CyH,, 0, 2.08 <€0.05 4.77 A HMDB0031302

2 0.81 Sk = C,H,NO 1.96 <C0.05 4.31 A HMDB0000925 +

3 13.96 9-F M LR CsHy, O 1.87  <€0.05 3.31 A HMDB0030979 +

4 13. 96 9E, 11E-+ /\ Bk — I iR CsH;, 0, 1.91  <€0.05 3.28 A HMDB0005047 +

5 0.82 D-#H C,H,,0; 1.97  <0.05 2.86 A HMDB0000283 —

6 13.56 b 1 i i C;H,N,0 1.50  <<0.05 2.75 A HMDB0014483 +

7 6.86 A i 78 25 IR Cys H,sNOGS 1.94  <0.05 2.42 A HMDB0000874

8 13.96 o V. JR R CsH,, 0, 1.85  <€0.05  2.40 A HMDB0001388 -+

9 4.94 H AR CoH,, 05 2.08 <C0.05 2.35 A HMDB0000913 —

10 13. 46 B C,,H,,0, 1.69  <<C0.05  2.02 A HMDB0005783 —

11 6.63 2- B 4 5L 0 ) CyH,, 0, 1.40  <<0.05  0.50 v HMDB0000010

12 2.13 2-WR 1 il C;H,NO 1.55  <C0.05  0.23 vy HMDB0011749

13 3.23 B C,HgN, O, 1.95 <<0.05 0.19 v HMDB0001889 -

Vo 53RN L PE A P AR AR A 55 % BRALAT L . PE 4L iz AR v
2.3 EFRA RS 5% 5 A B AN Wi g B 25 o3 B, 0 18 OC A 4 id % . PE A&

B IF U B MetaboAnalyst #CPFXFRAT 69 3 M FH AN 6 8 KR L7 AR A 22 S AU 0 i £
P v 22 S A W B 8 I 9 S R 0 B B I 2 IR L R AR SR TR R B R o W RRIR AU I . WL
AT LR 5 o0 B CRLAG B SR 0 T R 20 ) AR P R 68,

R6  MiERESAEERGHE R

3 i A4 FR Total Hits Raw P —In(P) Holm P FDR Impact
a M RRMR AR 13 1 0.301 3 1.199 7 1 1 0.333 33
AR 5 WA iR A 8 2 0.018 10 4,011 7 1 1 0.285 71
HE R 22 5% R 33 1 0. 600 0 0.510 9 1 1 0.217 07
Z - (RNA W5 R 48 2 0.376 4 0.977 1 1 1 0.166 67
SR 41 2 0.305 9 1.184 4 1 1 0.158 29
TR KA AR G AR 28 2 0.174 3 1.746 7 1 1 0.113 78

Total . i % H 16 & 9 B9 B0 Hits: AP 1 AE B9800 o SEPRUC L A9 40 s Raw P R4S P {E s — In(P) X 40 P {8 ; Holm P Holm & 1E P {H;
FDR: #5158 & B3 ; Impact : 5 W J1{E , 38 B 3058 BrH 55

RT7  REPESRAGYEREE R

3 AR Total Hits Raw P —In(P) Holm P FDR Impact
R 5 1 0.211 910 0 1.551 6 1 1 1.000 00
TN R R AR AN R AR 4 1 0.173 410 0 1.752 1 1 1 0. 500 00
HRTR 5 A iR A 8 1 0.31710 0 1.148 5 1 1 0.428 57
R AR 10 1 0.379 40 0 0. 969 2 1 1 0.357 14
o KRR AR 13 1 0. 462 490 0 0.771 1 1 1 0.333 33
A FIBETFR AP 1 36 6 0.005 232 6 5.252 8 0. 439 54 0.439 54 0

Total . 38 F T4 &9 (1 S50 Hits P B AZ R BUE T SCPRICEC A 40 . Raw P2 JRIG P A — In(P) . X4 P {H; Holm P :Holm K IE P fH;
FDR: #51% %& B3 ; Impact . 52 W00 F7 {4, A58 B30 Fh o0 B 130

2.4 EFARH e TR Ha w2H T ROC ik, i Ja i 8] 4 4~ AUC>0. 9 1)
KT Lk 2 S R ELZ 2R, 50 R o RRIR . v & BEIE TN A R
Wk e IR A 22 S E W A A P g A RS 13S- BRI\ IR A 13-L-A AW e, WK
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2. LT AL KR L3 9 36 R 22 S A o R 100. 0004, WLIA 3.

R AUC 2 0. 806, RELFEE N 66. 67% . 5 E R

=38 B JL M i3 o 2= 54K 15 40 B9 X 151 i B

I e 44 TR Total Hits Raw P —In(P) Holm P FDR Impact
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