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[(HE] a4 HIHRSPEICEREFIMEXE, (imprinted differentially methylated regions, iDMRs ) HJ4HE & H 5
T (preeclampsia, PE) BIMIICHE, Fet 8 2021 4F 9 H F 2023 4F 9 H L% F X A0 B Be AL A28 K
2 PR 2 BE I B R I 4 (e e 9 e B 2 401 43 7] (XPHRZH ) A PE 2243 33 5 (PE 40 ) - R BisCap ) 5 W AR IR ER
¥ (BisCap-seq) , Kl 76 FIZR Il LAN 5 4%t FR A1 Z2 1T S0 F kR4S 62 4~ iDMRs 9 3 362 4~ CpG i 5 i F 34k K
-, AR A AR AL KT RS 3 67 o5 1] F AL % UOR P-4 ( methylation linkage disequilibrium, MLD ) &2, FT
MLD #ZEIC FH L fh Bf5 Y X B (imprinted methylation haplotype blocks, iMHBs ) , CAfdFRMGH: . PE e M o1 i
FEA T4 CpG (i . 4% IMHBs B SRR AR PR 2257, 4 % 7 iDMRs '/ CpG & 1, CpG 7 5k 45 B JEkk
S, AR A AT R B B MLD (B 3Efb K- 0.35~0.65, {8l D°> 0.8) . #EE 185 4 iMHBs, HH 60 R4
iMHBs 1 38 A4 i IMHBs 1) S0 K A I 2 5 Z2 a2 i 1 22 5 A Gt 3 X (Py<<0.05) ; 27 4~ iMHBs 7
A S S P B A v AR v, SRR AR L, PE B4 AY iMHBs B IRML 0 B AE . 7F iMHBs 254N 52 T
27 NS EALMEELE ( differentially methylated cytosines, DMCs) , H:A1 19 4> CpG iz 5 (19 H! 34k /K 78 PE 26 Fixf 1]
HIZRA G FE L (P <0.05) o i8R P AL BA5 AL ( placenta-specific haplotype, PSH ) X224 ifil 4% i £
DNA RG R4 AT AR, 4515 RBRIT LR85 R (7=0.973, P<0.01) . %+ PE iasahka
ECRHER &, Horp PSH Wk PE MG &M AEAR G, HI T A B2 10 i 2% 25 DNA P fig 84055 .
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Characteristics of imprinted differentially methylated regions in preeclampsia placenta

TANG Huijun', JIA Xiaojun', ZHAO Xinzhi’>, YE Weiping""

1. Department of Obstetrics and Gynecology, Shanghai Putuo Maternity and Infant Health Hospital, Shanghai 200062, China

2. International Peace Maternal and Child Health Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200030,
China

[ Abstract] Objective To investigate the characteristics of imprinted differentially methylated regions (iDMRs) in
placentas and their correlation with preeclampsia (PE). Methods A total of 43 healthy pregnant women (control group) and 33
pregnant women with PE (PE group) at Shanghai Putuo Maternity and Infant Hospital and International Peace Maternal and Child
Health Hospital, Shanghai Jiao Tong University School of Medicine from September 2021 to September 2023 were selected. A total
of 3 362 CpG sites in 62 iDMRs were analyzed in 76 placenta and 5 maternal blood samples using BisCap targeted bisulfite
resequencing (BisCap-seq) assays. The CpG sites in the CpG islands of the iDMRs were assessed for their methylation levels and
methylation linkage disequilibrium (MLD). Imprinted methylation haplotype blocks (iMHBs) were constructed based on MLD. The
methylation levels and variablility of CpG sites and iMHBs were compared among the healthy placenta, PE placenta and blood
samples. Results The CpG sites in the CpG islands of the iDMRs exhibited intermediate methylation, with adjacent sites displaying
high MLD (methylation levels: 0.35-0.65, D’ > 0.8). A total of 185 iMHBs were constructed using these coupled CpG sites, 60

placenta-specific iMHBs and 38 somatic iMHBs were found to be differentially methylated in the placenta compared with maternal
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blood (P,;<<0.05). Twenty-seven iMHBs were identified with differentially variable methylation patterns in the placenta. The iMHBs

methylation was unchanged in the PE placentas compared to the healthy placentas. Twenty-seven differentially methylated cytosines

(DMCs) were identified outside the iMHBs structure, among which the methylation levels of 19 CpG sites showed statistically

significant differences between the PE group and the control group (P,;<<0.05). The quantitative results of placental compositions of

maternal plasma cell-free DNA (cfDNA) using placenta-specific haplotype (PSH) were highly correlated with those estimated by a

deconvolution methodology (»=0.973, P<<0.01). Conclusions The genomic imprinting features in the PE placentas were obvious,

and PSH could be a potential marker of the placenta to quantify the placental compositions of maternal plasma cfDNA.

[ Key Words ]

preeclampsia

JiG B D) RE R A A] 5| S Z R A R OT A0, A4
IR IR 5% ( hypertensive disorders of
G LAER AZFR (fetal growth
restriction, FGR) . H&VER=RGERAH" . T
JWAETH ( preeclampsia, PE) J&—7#i/™ & ) HDP,
RN YR 20 A G B s . 8 R DA SCBEAR
M. BB PE 1K AR ST, &Kk
TR . B R G E H AT 2L PE BRI N EE .

BERZH EC 2 — P RS G, Tl 4
BB LR, BRI IR YR H R R B SR I A
FEP CERE &R ) o ERC &I Y DNA H A&t
MACEEAETE A M AR A, 2 A4 PR ) 1) Y 3
ZESE R, ERENC 2S5 H XS (imprinted
differentially methylated regions, iDMRs) . %
DNA FEABE A iy v BT e I e 19, 9
WA 22 57 2455A% DR IO 2% Rl A 240 i ) v 226
L. SR, JE B TR A0S R AR IR O 455
b, NG AT R IR A 2L R 4L BRI 4y
B B ENE KRB AR TR s A B A
TEA [ s SR AR ] BT 287 1 DNA H 4k
B2y

B P 7E it 2 2 s BHACE R ) o A 4 v
EICHAVET, JFMBEmR LA K™ 2R
WR I RAE 2B NG S AR ENIC B DNA H AL
KV EETR S Z Ak 2", Yamaguchi
SR, PE BRI H19 SEM iDMR H L
Rg74s, MAEERRE AR EIIZRZ ., J5—I
WrgE" & B, 1IGF2. GNAS, MEST. DLKI,
KCNQ1 1 PEG3 EC AL 3 N BIFR 73 CpG L ki
1t PE JIG 87 WL i . Hn, ASR#h
(W EDC S AR TR, ARG A R

pregnancy, HDP) .

imprinted gene; imprinted differentially methylated region; imprinted methylation haplotype block; placenta;

o iDMRs X 1 i BRI ZH BRI AE PE T AME I EA
WEE L,
iDMRs H1 £~ CpG i s B A 45 FF LAk

S, HAAE CpG i H IR S AT
S B R E BURF- 4 ( methylation linkage
disequilibrium, MLD) . It4h, EEMAE D
CpG 7 sS4 B H AL B A% B X B (\methylation
haplotype blocks, MHBs ) 5.4~ CpG i £ A5
25 DNA ( cell-free DNA, cfDNA ) B E =",
5 5 40 RF S EIC BE K Y MHBs ((imprinted
MHBs, iMHBs) Xl THABALAN, ATRERZHA
FAR IR BAs &Y, AT T Jo R A D
(noninvasive prenatal test, NIPT ) HJigJL
DNA 4143 {9 e 43H7 . ABFFE R A BisCap #L ]
HVHRRERIF ( BisCap-seq ) i AK M i 45 Fn4h
JAIMAEAH H iDMRs, MR A T fiffif #4121
PR ERIE, DL RCHAE PE IR ay ks

1 AN

1.1 —f&FH 40A 2021 4£9 A E 202349 A
T B DX A R R A B b 9 S T R B e
A5 T8 ] oo 0~ £ 40 £ e 1) £t e 2 49 (% B2
n=43) M PE 22l (PE 4, n=33) . REMWA
ZEIE B IR SRR AR BOG BR AL 5 5 2 A0 1 JE i 4 1,
REAS . REORRIHTAE JLERAE WLEE 1. PE 2IKARIE" N
TR 20 JifE LA ML, fEA R =03 g/24 he
[l — T =M 2 I, Wik =140 mmHg A
(=% ) 79K =90 mmHg & X A&l . FGR 2
W v A i LB A A R R L /0N A Y i
WEIES 10 AR I RFEATERIE ARG 1 h
PICEE . AR R LR AL LA 0.5 om’ 4140
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FEAE TELE T, —80°C 117, ZE1H4MNA Ak
AP H AR R AR, RAE 2 mL AME LB T U
Hr, —20°C R4

1.2 iDMRs 84 KR AT 4% A 62 4
iDMRs, f14% 32 NE AR IAR4IHE iDMRs . 20 4~

i #5455 iDMRs DL 10 AR KHIE iDMRs' ™,
A~ iDMR 2/ & —~ CpG & (CpG island,
CGl) . WHEL5 (https://design.igenetech.
com/; SOHZRME) BOTHER TR PR, LU
% iDMRs W) 244 BIEF 75

R 1 BT LI REHE
Table 1 Clinical characteristics of maternal and newborn

Characteristic PE group (n=33) Control group (n=43) P
Mother

Age/year 31.64+5.02 30.84+3.59 0.374

Systolic blood pressure/mmHg 157.7+24.9 117.31+10.6 <0.001

Diastolic blood pressure/mmHg 106.8+14.0 71.701+7.80 <0.001

Proteinuria/g 2.80+2.78 0 <0.001
Newborn

Male n(%) 18(54.55) 20(46.51) 0.498

Gestational age at birth/week 32.85+3.15 38.28+2.24 <<0.001

Birth weight/g 16671671 32761621 <0.001

Fetal growth restriction n(%) 25(75.6) 0 <<0.001

PE: preeclampsia.

1.3 BisCap-seq # ffi [} DNeasy Blood &
Tissue ikl & ( Qiagen, FEE ) HRHIEHH
DNA. i ] Biorupter  # /5 i B #E4% ( Diagenode,
EE) ¥ 500 ng IEN 4 DNA H Btk i H
IGT™ Methyl Fast SCE &l & (LHFRE)
LT SCPE, i EZ DNA WAL R &
( Zymo Research, 3E[E ) #f47H WALHRERF 1L
D FP SC I 5 A2 ) 2 bR i 9l SRR B A R AT 2
A%, fdiH] TargetSeq One BisCap Z43Cif 5 & ( 3
) AR BARF . AR 0 SCEY S TR
Mlumina HiSeq X Ten 75 L 47 BER b J37
(2X150bp) -
1.4 BisCap-seq #x#& 422 |5l BisCap-seq £
i Fi] Fastp BEAT JEALBE™ , If-08 ] BisMark il
JFIERBGT 2 AR S SN (GRCh37/hgl9) ™
it g 1 T AR A (BERT MR ) THE Tk
B=CIC+T), Hr CH T 435 A Momsng iy F 34k
HIR AL M=log, [p/(1—p)] .
1.5 iMHBs M & %2 (G EA thaE R AL
KA CpG ki (BIEN 0.35~0.65) , FIEC

fik R A0 JT A IMHBs ;8 450 R R0
CpG Ao o5 4 467 5 R0 H S AL RS o e Y b PR
AL, WA R AR AT RS, TSR
S MLD, BL7* F D3R o B 40T 7 5 T
D> =0.8 I EEH4H F Boe Sl iMHBs .

G #LRE R IMHBs (#2286 DL N Anife: {1
2020 DA R BAEA T K 0.4~0.6 1Y
CpG i si, HiXLe CpG A fEAHN FEA AT B9
WA (D >08) MH RS,

{8 1 BisCap-seq £iA, XI 81 MEAH ) 62 4~
iDMRs #EATHE P, P00 PR IR 3] 552.02X
I BAEAL RS , BMIE R 3 362 > CpG ALY
ALK (B1E) o B TASEUALHIH iDMRs
e E—E, [ 5 B2 104M A i ) BisCap-seq
B0 AR iDMRs (1) FF IEALIRZS
1.6 23 cfDNA ¥ 6915 &4 7 7 AL 45 R

( placenta-specific haplotype, PSH) &5#1 22§
M3 cfDNA i 3ALAE B AT T PE S8R &
SE R TCRIPER ™, Hbh s L (G4 AR EE
MIZH MK cfDNA 1143 K 21 5 0 B i k0l
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( whole genome bisulfite sequencing, WGBS ) 4§
#id (GSE154378 ) £U4f 102 R UL Pk L PEAIA
A 20 J& 22 40 B s 0 o R FHZ B 4 o
iMHBs 1/ PSH J& 5 A LAE fE il 3 cfDNA 9 if
By
1.7 %itsas@ (i R 4.3.1 P50, #F
R A LAY ERE LA X £ 5 38 n(%) Fon, 0 31R
FH ¢ ¥ 5 5¢ Fisher B UIME# 3% . R Mann-
Whitney U & 55 34l 2 1] iMHBs H Bk 22 57,
Levene f30 PEAG AT 28 P22 5 B84 CpG A a5
B H LA IR e R MBS, 3d 3« o e e i) G
5 PE By# Wit 15 k. "R Bonferroni 4% 1E 4% il
Z H A b R AR R R AR BT A K
cfDNA ) WGBS i, 735! 1 /i £ iMHBs #5
EY AL REAGE RS DNA B LHLF], @t
Pearson AHIC R BORITAL 45 AR AP EARDCHE

2 & B

2.1 #k#mje iDMRs P &9 iMHBs %2 4R KH
ZE AN R, GE A Ay B 32 A AR 2
iDMRs & 1 771 4~ CpG i, KHEZHALT
CGI NI CpG i i HA & ALK, HrbiE
ETE 200 bp LA NI CpG i s Z [H) B2 G (D >
0.8, ' >0.5) . FIFHEEMAN CpG H 347
A, ET R4 iDMRs B A 100 > iMHBs,
&/~ iDMR &=/ 14> iIMHB, 383 5351
10 N ARIGIEA 40l iDMRs F1AY 403 4> CpG i
R, RILCGI 1 CpG i i VB w AN A 1 h 45
HOIER S, SRMBairas R —8. £
10 4~ iDMRs %% T 25 > iMHBs.

22 J6#45% iDMRs P4 iMHBs X2 4%
M 76 A~ £k BisCap-seq £l 7, 20 MR &L FE
iDMRs N[ 1 188 4~ CpG i 5., F-5ZE 440 & i
Bl tbis . 25R B 4 iDMRs H % CpG fif
MAEARE G SR A b A — 20 v 48 B 3t fh ok
-, #B4r iDMRs H11 CpG v 5 2 B FE v AR 1
ALK, 4R IR BN e RS v e B Ay 284k
s ARME . TR RS IMHBs (R &R, 7F
20 MRS iDMRs FEE T 60 4~ iMHBs, 4
A~ iDMR H 245 14~ iIMHB. XSG #54 5

£ iIMHBs 7EZE 71 1. DNA W S B otk
LR A . 10 AR Bk 58 & W 3L fb X 3
(FMRs, > 0.8) , 50 PRI NIEH HAL X K
(UMRs, $<0.1) .
2.3 fEf 5 Fdadl A e ey iMHBs WAL £ 7
60 ™ £ 5 iMHBs 15 76 il £k 5 5 42 1d5h
Ji) I A A R R SRR 2 R A S E L
(P,:<0.05) . A 154 iDMRs [ 38 &4
iMHBs 7 i 85 5 Z2 1A 40 1fi 1] (4 FH B ALK F- 25 55
HG#E L (P,<0.05) . Hr, 7EMG#EPAR
T MEG3 iy % ® DMR (IG-DMR, g1 N
0.84740.042) . NNAT (3 4~ iMHBs, f{H435l
7 0.909+0.024., 0.888+0.029 1 0.85540.044 )
1 GNAS-AS1 (24~ iMHBs, B1{H4T7]R 0.819+
0.032 1 0.831£0.042 ) MYEPICEEH FEH 1) iIMHBs
SR AR 10 SRR N 25 42271
FALR) IMHBs 7 Jif 8 b 2 v | B B K, 3
MLD 7K A% 4 AMKH 3646 A iMHBs {320
MEST . IGF2 #ll MEG3 & [H )& N 354 iDMRs,
XL PR A TE NG 2 bt S B R AR
2.4 5P iMHBs 9 DNA W AT T DI
EAMNA M FEA T 25 &4 il iIMHBs [ BisCap-
seq B ¥E WS, X 76 G FEFES T 185 4
iMHBs #1417 T Levene ¥i 3%, 458 EH, 16 1~
iDMRs 1 27 4~ iMHBs, {035 & 40 iy
iMHBs ( 41 IRAIN J£H EEAYES 2 4 iMHB ) i
S iIMHBs (40 GLIS3 R 1 55 2 4
iMHB) , 7EfR#H 20 B ETHE 0 DNA H 3k
AfARE (P <<0.05) o & ] 28 M 0 44 40 g
iMHBs 7E #B3 JIf BAEAS it ] 7 52 30 g T ERAROIR
B (p>0.7) 5 FEATAETERY NG AR S iIMHBs M i
TR IACH SRE, b 8 MG ARTE
GLIS3 J:H R 2 4~ iMHB & H 3t 1k
(p<<0.1) . GLIS3 L5 3 1> iMHB £
R[S, 45 5 S iIMHB 1E A IR I REAR T 1
SRS Y R AR
2.5 5 PE Xy £ 57 7 A AherEee (differentially
methylated cytosines, DMCs) %2 XA
iMHBs 7 PE 415 % I8 21 v i H 364k 7K f2 m] AR
PE, KRAEBE PE LB iMHBs H 34k /K- sk n]
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AR . K 3 362 A~ CpG s, 7E 4 43
JAE & B 27 4~ DMCs, HH i F IGF2 DMR2 %
K EE Y CpG 3 5 chr11:2154190 H 3L Ak K- 78
PEASXMERRERE (AB=—0.095, P, <
0.001) , HiZEEHEHNA 19 1 GpG {7 s H Ak
KFAEMAZEFAEITFEL (B 1) . 274
DMCs 45 {3 T- M7 iMHBs 2549 Z AMR X I8, 7
PE 4 ¥ H AL
2.6 PSH THAEABEGBIEALREY MK
0.8 -
0.7

0.6 -
0.5F

Methylation level

Position

cfDNA By 4 3 K 41 5 W &% R £ I ¢ 4% 4 4
( GSE154378) srir&i iR, PSH BE8UFE AR 4T
IRZPER) cfDNA HF-318 0.3%; fE4E ik P4 %
PERY cfDNA HE1 K 2.7%, TEGEIRIGI 1 K
9.4%, AU R 10.7% . PSH 1R E G &
iDMRs H 1 1 AN FEFE, FIEA N
PSH Wi %1 2 £ . # & PSH Al 55 09 ifn 2%
cfDNA & 7 5 X BRI EAG B 45 R m
FX (r=0.973, P<<0.001; K2) .

O Control
mPE

1 PE 53184 IGF2 DMR2 EFEE CpG L S AR KF LR
Figure 1 Comparison of CpG methylation levels at IGF2 DMR2 between PE group and control group

PE: preeclampsia. "P<<0.05.

=

2

5030

£ 025 -

S 020 o o7

2 ois S

2010 -7 )=0.954 8x+0.002 9
= & =0.973, P=2.22x 10°¢
g 005} o

Z 0 005 010 0I5 020 025 030

Estimated by PSH frequencies

B2 PSHEEMNZEMR TR DNA WiRRASS
EEREMBELERNBEXED T
Figure 2 Correlation analysis of placental compositions
of plasma cell-free DNA estimated by PSH and the
results estimated by deconvolution method

PSH: placenta-specific haplotype.

3% 8

A5 5T BisCap-seq 5idi, H#E T 185 4
iMHBs, X%t iMHBs HA H 45 LA KE 4k

CpG s[5 & MLD, [t T iDMRs B4R
P BAIRZS . £ IMHBs 7EJA A 2210 40 A 1
b2 R, A2 RER R IMHBs, ¥
SURGHL iIMHBs 75 G 48 52 90 2% 5 3 Ak, b
2% 50 PR A O AT BRI L 1 G 4 rh AR BRI ER T
FiABIL, W ZDBF2 Ml NAAGO 3 [H JE P Y
iMHBs 7Efif & 222 2 L, X 2 SRR
e b ELA Ao (0 S AR S (v S ek, Tl A
DA 2 i O S22 T ) BT e PR Bk B2 L Ak,
#B4r iIMHBs ) DNA HELAb 78 Jif 2 v 52 o B T AR
Mo DLAERFSE ™ BRI iDMRs HSL 2 £ 5
Mo ARWFFENZRI, H AL AT AR M AR A T A —
iDMR ¥ [A] iMHBs [A]

WS AR MEL ] PE i £ b 817 iIMHBs (1) H
FAbpAr, FW iMHBs 4578 PE &kl f2 44
Rt . SR, A 27 15 PE XA DMCs 7E
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IKTE PE JIG#Erp & Aok s "™ . 27 41SDMCs BJ5E (7
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I, EPic 3 A A 2R I8 ] g [F B A2 ] iDMRs
iMHBs AN F R R g, 25
PE &4
B4 i B 5 iIMHBs fRERRRE (1) H B AR IR
A, JHE PE M8 RS . A 4 s A
AT, B PSH, AR#FFEH, PSH 34U7E
WURS R WR LPE L ARG IR 2 0 22 57
F, ENBTEN RS EY, H T4 uim
W cfDNA H iR IL (JREL) 41y, RHZSHET
FI AWM PE SRR IF R AE M NIPT ik A &
RS, AT DA BB R R KU, T
HoA G B EAR S TR AL . BT 1Y PSH %X
BARE . BEEERTSE T IR R T 2 BT 2R
2T J6 SR Y R 5 i 4545 5 iIDMRs, AR XX 88 X
B — DI R B 2k
ZE L RTiR, Zliﬁﬁﬁ%%jfﬁﬁﬁqﬂﬂiﬂﬁﬁﬁ
R WAL, it BisCap-seq &l T 62 4~
iDMRs £ iy 85 A2 A 40 i i i B b RRAE, iE—
HAE T R a R R Eics =, &I PE iR
FH ST T iIMHBs B9 R UIRAE A4S . AT 4
NS IMHBs HAT IR A RS e, WTHT
SE MK ofDNA BRIy, 1ERIREAREY .

CEFRE AR S e X 2 R
et B /& B 25 514> ( PFYLL-2021001) A |32
A R B 2 o B I [ P A i 4 AR B ( GKLW
2022-01 ) #tiE,

Pl Pra S A AR R

1’E%‘f—"7 /ir A BRSSO . B AT
SRR : BEER . BE T BK
Z: ﬁ%ﬁéﬂ‘ﬁ\ iﬁﬂ%‘ﬂ&; MR BHEE S
SRR

HIRSE AU A S M B 4R n]

7 [ 58 3k TR A1 B 22 B0 o0 D G BlE A BRAR R
(GSA) e (&35 : HRA003532) .

[2]

(3]

[4]

(5]

(6]

[7]

[8]

(9]

[10]

11]

[12]

al. The “Great Obstetrical Syndromes” are associated
with disorders of deep placentation[J]. Am J Obstet
Gynecol, 2011, 204(3): 193-201.

MOL B W J, ROBERTS C T, THANGARATINAM S,
et al. Pre-eclampsia[J]. Lancet, 2016, 387(10022): 999-
1011.

CHAIWORAPONGSA T, CHAEMSAITHONG P,
YEO L, et al
understanding of its pathophysiology[J].
Nephrol, 2014, 10(8): 466-480.

COURT F, TAYAMA C, ROMANELLI V, et al.
DNA methylation

analysis reveals the intricacies of human imprinting and

current
Nat Rev

Pre-eclampsia part 1:

Genome-wide parent-of-origin

suggests a  germline  methylation-independent
mechanism of establishment[J]. Genome Res, 2014,
24(4): 554-569.

LAMBERTINI L, DIPLAS A I, LEE M J, et al. A
sensitive functional assay reveals frequent loss of
genomic imprinting in human placenta[J]. Epigenetics,
2008, 3(5): 261-269.

HANNA C W, PENAHERRERA M S, SAADEH H, et
al. Pervasive polymorphic imprinted methylation in the
human placenta[J]. Genome Res, 2016, 26(6): 756-
767.

CONSTANCIA M, HEMBERGER M, HUGHES J, et
al. Placental-specific IGF-II is a major modulator of
placental and fetal growth [J]. Nature, 2002, 417(6892):
945-948.

JONKER J W, WAGENAAR E, VAN EIJL S, et al.
Deficiency in the organic cation transporters 1 and 2
(Oct1/Oct2 [SlIc22al1/S1c22a2]) in mice abolishes renal
secretion of organic cations[J]. Mol Cell Biol, 2003,
23(21): 7902-7908.

CHARALAMBOUS M, DA ROCHA
FERGUSON-SMITH A C. Genomic

growth control and the allocation of nutritional

S T,

imprinting,

resources: consequences for postnatal life[J]. Curr
Opin Endocrinol Diabetes Obes, 2007, 14(1): 3-12.
ISHIDA M, MOORE G E. The role of imprinted genes
in humans [J]. Mol Aspects Med, 2013, 34(4): 826-840.
YAMAGUCHI Y, TAYAMA C, TOMIKAWA J, et al.
Placenta-specific epimutation at H19-DMR among
common pregnancy complications: its frequency and
effect on the expression patterns of H19 and IGF2[J].
Clin Epigenetics, 2019, 11(1): 113.

BOURQUE D K, AVILA L, PENAHERRERA M, et


https://doi.org/10.1016/j.ajog.2010.08.009
https://doi.org/10.1016/j.ajog.2010.08.009
https://doi.org/10.1016/S0140-6736(15)00070-7
https://doi.org/10.1038/nrneph.2014.102
https://doi.org/10.1038/nrneph.2014.102
https://doi.org/10.1101/gr.164913.113
https://doi.org/10.4161/epi.3.5.6755
https://doi.org/10.1101/gr.196139.115
https://doi.org/10.1038/nature00819
https://doi.org/10.1128/MCB.23.21.7902-7908.2003
https://doi.org/10.1097/MED.0b013e328013daa2
https://doi.org/10.1097/MED.0b013e328013daa2
https://doi.org/10.1016/j.mam.2012.06.009
https://doi.org/10.1186/s13148-019-0712-3

A T R B 2

202542 H 32 F1

Chinese Journal of Clinical Medicine, 2025, Vol.32, No.l 71

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

al. Decreased placental methylation at the H19/IGF2

imprinting control region is associated with
normotensive intrauterine growth restriction but not
preeclampsialJ]. Placenta, 2010, 31(3): 197-202.
KOUKOURA O, SIFAKIS S, ZARAVINOS A, et al.
Hypomethylation along with increased H19 expression
in placentas from pregnancies complicated with fetal
growth restriction[J]. Placenta, 2011, 32(1): 51-57.
WANG X W, LIU Y Y, WU Y Y, et al. Methylation
alterations of imprinted genes in different placental
diseases[J]. Clin Epigenetics, 2024, 16(1): 132.
HAMADA H, OKAE H, TOH H, et al. Allele-specific
methylome and transcriptome analysis reveals
widespread imprinting in the human placenta[J]. Am J
Hum Genet, 2016, 99(5): 1045-1058.

PILVAR D, REIMAN M, PILVAR A, et al. Parent-of-
origin-specific allelic expression in the human placenta
is limited to established imprinted loci and it is stably
maintained across pregnancy[J]. Clin Epigenetics,
2019, 11(1): 94.

GUO S C, DIEP D, PLONGTHONGKUM N, et al.
Identification of methylation haplotype blocks aids in
deconvolution of heterogeneous tissue samples and
tumor tissue-of-origin mapping from plasma DNA[J].
Nat Genet, 2017, 49(4): 635-642.

CHEN S F, ZHOU Y Q, CHEN Y R, et al. Fastp: an
FASTQ  preprocessor[J].
Bioinformatics, 2018, 34(17): 1884-i890.

KRUEGER F, ANDREWS S R. Bismark: a flexible
aligner Bisulfite-Seq
applications[J]. Bioinformatics, 2011, 27(11): 1571-
1572.

DEL VECCHIO G, LI Q J, LI W Y, et al. Cell-free

DNA methylation

ultra-fast all-in-one

and methylation caller for

and transcriptomic  signature

5| A

VEH, BRI, Bk, S TR ATPIG & e 22 5 I EL XCEURRAE 2 A L] rh G R B2 27, 2025, 32(1): 65-71.
TANG H J, JIA X J, ZHAO X Z, et al. Characteristics of imprinted differentially methylated regions in preeclampsia placenta[J].
Chin J Clin Med, 2025, 32(1): 65-71. DOI: 10.12025/j.issn.1008-6358.2025.20241021

[21]

[22]

[23]

[24]

[25]

[26]

[27]

prediction of pregnancies with adverse outcomes[J].
Epigenetics, 2021, 16(6): 642-661.

FEINBERG A P, IRIZARRY R A. Evolution in health
and medicine Sackler colloquium: Stochastic epigenetic
variation as a driving force of development,
evolutionary adaptation, and disease[J]. Proc Natl
Acad Sci USA, 2010, 107(Suppl 1): 1757-1764.
KOBAYASHI H, YAMADA K, MORITA S, et al.
Identification of the mouse paternally expressed
imprinted gene Zdbf2 on chromosome 1 and its
imprinted human homolog ZDBF2 on chromosome
2[J]. Genomics, 2009, 93(5): 461-472.
NAKABAYASHI K, TRUJILLO A M, TAYAMA C,
et al. Methylation screening of reciprocal genome-wide
UPDs
genes [J]. Hum Mol Genet, 2011, 20(16): 3188-3197.
SANDOVICI 1, GEORGOPOULOU A, PEREZ-
GARCIA V, et al. The imprinted Igf2-Igf2r axis is

critical for

identifies novel human-specific imprinted

matching placental microvasculature
expansion to fetal growth[J]. Dev Cell, 2022, 57(1):
63-79. e8.

GUO F, ZHANG B, YANG H, et al. Systemic
transcriptome comparison between early- and late-onset
pre-eclampsia shows distinct pathology and novel
biomarkers [J]. Cell Prolif, 2021, 54(2): €12968.
STADLER M B, MURR R, BURGER L, et al. DNA-
binding factors shape the mouse methylome at distal
regulatory regions[J]. Nature, 2011, 480(7378): 490-
495.

SANCHEZ-DELGADO M, COURT F, VIDAL E, et al.
Human oocyte-derived methylation differences persist
in the placenta revealing widespread transient
imprinting [J]. PLoS Genet, 2016, 12: €1006427.

(AXHwEE]  WEHDT


https://doi.org/10.1016/j.placenta.2009.12.003
https://doi.org/10.1016/j.placenta.2010.10.017
https://doi.org/10.1186/s13148-024-01738-3
https://doi.org/10.1016/j.ajhg.2016.08.021
https://doi.org/10.1016/j.ajhg.2016.08.021
https://doi.org/10.1186/s13148-019-0692-3
https://doi.org/10.1038/ng.3805
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1093/bioinformatics/btr167
https://doi.org/10.1080/15592294.2020.1816774
https://doi.org/10.1016/j.ygeno.2008.12.012
https://doi.org/10.1093/hmg/ddr224
https://doi.org/10.1111/cpr.12968
https://doi.org/10.1038/nature10716
https://doi.org/10.1371/journal.pgen.1006427
https://doi.org/10.12025/j.issn.1008-6358.2025.20241021
https://doi.org/10.12025/j.issn.1008-6358.2025.20241021
https://doi.org/10.12025/j.issn.1008-6358.2025.20241021

	1 资料与方法
	1.1 一般资料
	1.2 iDMRs的捕获探针组设计
	1.3 BisCap-seq检测
	1.4 BisCap-seq数据处理
	1.5 iMHBs构建及鉴定
	1.6 血浆cfDNA中的胎盘特异甲基化单倍型（placenta-specific haplotype，PSH）分析
	1.7 统计学处理

	2 结　果
	2.1 体细胞iDMRs中的iMHBs鉴定结果
	2.2 胎盘特异iDMRs中的iMHBs鉴定结果
	2.3 胎盘与孕妇外周血间的iMHBs甲基化差异
	2.4 胎盘中iMHBs的DNA甲基化可变性
	2.5 与PE关联的差异甲基化胞嘧啶（differentially methylated cytosines，DMCs）鉴定
	2.6 PSH可能作为潜在的胎盘内参标志物

	3 讨　论
	参考文献

