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Abstract Objective To explore the role of N6-methyladenosine (m6A) modification of RNA and
Methyltransferase like Protein 14 methyltransferase (METTL14) in the pathogenesis of
early-onset preeclampsia (ePE). Methods Placental tissues of 15 pregnant women with early-onset
preeclampsia and 15 normal pregnant women were collected. The level of m6A was determined
by colorimetry, and the expression of METTL14 was determined by RT-qgPCR, Western blot and
immunohistochemistry (IHC) experiments. By transfecting siRNA and plasmid, METTL14 levels
of trophoblast cells were knocked down and overexpressed, and cell phenotype experiments were
carried out in vitro. The effects of METTL14 on the proliferation, migration and invasion of
trophoblast cells were investigated by CCK-8, scratch assay, Transwell assay and invasion assay.
Results The level of m6A in placental tissue of ePE was lower than that of normal pregnancy.
METTL14 was mainly expressed in the nuclei of trophoblast cells. Compared with normal
pregnancy, the expression of METTL14 in placental tissue of ePE decreased, and the level of
METTL14 mRNA was positively correlated with the level of m6A in placental tissue. The results
of the CCK-8 experiment showed that compared with the control group, knockdown of METTL14
expression in trophoblast cells significantly reduced the cell proliferation rate, while the
proliferation ability of trophoblast cells with overexpressed METTL14 was enhanced. The results
of the scratch test showed that compared with the control group, the relative healing rate of
scratches was significantly reduced after METTL14 knockdown, while it increased after the
overexpression of METTL14. The results of the Transwell assay and invasion assay showed that
compared with the control group, after knockdown of METTL14, the number of trophoblast cells
passing through the chamber was significantly reduced, while the number of trophoblast cells with
overexpressed METTL14 passing through the chamber increased. Conclusion: The total RNA
m6A modification level in placental tissue of ePE is lower than that in the normal pregnancy
group. The down-regulation of methyltransferase METTL14 is involved in the regulation of the
total RNA m6A modification level. The overexpression of METTL14 can enhance the

proliferation, migration and invasion abilities of trophoblast cells. It provides a new perspective



for exploring the pathogenesis of early-onset preeclampsia.
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THRATH (preeclmpsia, PE) 2l R &5 2N RGHBIN, EIEIREFEARIFEEN
2%~8%, & FEUE A SR ) LR A BE T 1) B B R, FERE YR 34 JHT Wi PE FRN
BRI ATI Cearly-onset preeclmpsia,ePE) # A A& —Fh iR BLIR S0, BEIR40 i Th g
SR BN iR A DD REREAG 2 H E A AOm LI, AT FEIREET RNA F0Li 1% rT i in f K
BIEAES SRR RR R A K, N6-FHIERTF (N6-methyladenosine, m6A) &1fi &
HAZAEY mRNA T+ 5 5180, PN (Writer) . L HJELEE (Eraser)
DA K53 (Reader) 2 [F] 2 51, Hoh FELELFE Mg A 22 1 14 (methyltransferase like protein
14 METTL14) 5 METTL13. B REANAIE 1 AHCE E (wilms tumor 1-associating
protein, WTAP) JL[e|# it AL RE &4, et mBA (AR, 2 FREAL It e i s R0 AE P
A A (fat mass and obesity-associated protein, FTO) . Alkb A4 5 (alkb homolog 5,
ALKBHS5) FL[EIFRG, P # e T o [ BRARHH XU A 5, 383 Fe (DA o~
R J7 2 B mRNA ARSI mBA 1211, 5 m6 A HEL AL R IL R 4%, (1A N m6A
BRSNS P “Reader” tHFRA m6A HIIEIRAIE A, ok HAFE AR KK T
PRk, B4E A AN — 0% 2 11 (heterogeneous nuclear ribonucleoproteins, hnRNPs) . i
BEMEAEKET 2mRNA 4548 1 1/2/3 Cinsulin-like growth factor 2 mRNA-binding protein
1/2/3, IGF2BP1/2/3) %, Xt mBA &Ml RNA [ N i i M F o fgtc ik & E o KEFIA
BIEH m6A )5 H S 5 NRZFBR R AL, BEHE. ZERGN. AHAGK
WiAE, (HAE ePE PIBTFLRD . AWFFLESEIE T ePE B IR AL meA /K, S5
it e 3 7KV B B U ) mBA HIEEAL I 8, R JU R B XA SR A  AE ) s ThRE R 2
R m6A 1E PE A HIMLA H HI/E
1R 5T
LURBIBRL Wk 2023 4 1—7 AR BRI A BHE R 43 W 1 1 fif 4 30 491, o
ePEL5 i, IEWAEHRIIRAL 15 41, yRAIHE 7 AR IR T AT A N br e



SR (=R B 9 FREA S TR ET I 4k 20 J& J5 H IS 4 H:>18.62 kPa AT (B
5K IE>11.97 kPa, FEHEAEAIK>0.3 /24 h SBEHLE AR (++) , SBELEAKRESH
AR —Ti%: O Mol @ Fohiesid: @ BIaes®E: @ Mk &
K (O BREMTTAXMZE RG R H SRR . HEbRbrdE: O RRMESILE: @ B
s 3 AL M E MR E: @ AS et & MERY. B
RPN RIGIEYR, TOWHSE RIS . ARG IR K FCEZ R i (LS
P2021-12-22) .
12 BRAARFERRA AP UERGI 4114 PBS ik ja, — T —80°CUKAs % A7, JH TR
HAEA, HIHMRT 4%% K PEEE RNALater B, H T % H 2102 FiE ) RNA
PIFEEL . NZRENEEE TR0 R HTR-8-SVENO FIAG 4 LS 1 H PGS 28 AL RH A BR A
7]; DMEM-1640 153745, PBS W [ i e 4t /R LM RHE A IR A F) ;. jetPRIME % 471
2 polyplus 22 7] ; & RNA $BURFI G0 5 b RARAALEHEAT LA 7] gPCR SYBR Green
Master Mix i B L8 5 A RHE A IR A A . RNA MEA AL 52 157 & 0 1 55 [F
Epigentek A 7]; METTL3. FTO Hif&I BV /B EYA R A E, METTL14 ikl 5 i)
=AY ARAR AT ; WTAP. ALKBHS. IGF2BP2. GADPH $Hi{&I4 H 3% [E immunoway
FEIRME A AL CCK-8 R I &I H RBUT AR AP H ARG R AR Transwell /N2 H K
AAEAERFHABR A A o
1.3 ik
1.3.1 RNA HI$REU R 2 9 % BB PCR 5 RNA Later fR77 IR HZIBTRE, #4 4 RNA
FEMGRF G PRIZI RNA, JF e R BERIAERE . K RNA W04 cDNA J5, /] gPCR
SYBR Green Master Mix 24T qPCR tailll, &FMFFa & 3 AMEIfL, tHEF Crfd, RH 2
CANCL I ETHE H R R AR Rk . ST A LR L.

x 1 ZH519F35

Tab.1 Gene primer sequences

Gene Primer sequences (5-37)

F: GCAGGCTCAACATACCCGTACT
METTL3
R: GATGCGTTGCAGTTGATTTGTCT

F: TGAGATTGCAGCACCTCGAT
METTL14
R: AATGAAGTCCCCGTCTGTGC




F: CTGACAAACGGACCAAGTAATG

WTAP

R: AAAGTCATCTTCGGTTGTGTTG

F: CACATCCTGGAAGGCAGCAA
ALKBH5

R: CCCCCAAAGTGGTGGTATCC

F: CCAGAACCTGAGGAGAGAATGG

FTO

R: CGATGTCTGTGAGGTCAAACGG

F: AGTGGAATTGCATGGGAAAATCA
IGF2BP2

R: CAACGGCGGTTTCTGTGTC

F: TTCACCACCATGGAGAAGGC
GAPDH

R: GGCATGGACTGTGGTCATGA

1.3.2 m6A KFMsE 4% IH meA IR i 5 I & U AT . 7EZRTE SN 80 uL
SEEWORAT RNA 456, DAJ 2 pL PHPEXSHEAN 2 uL BAYESTHR, 0\ 200 ng RNA FEA, R
A)J5 37 °CHEE 90 min; 2% BS ¥, Western blot VAR BELJE IR IIN 50 uL FFRPUIAR
Wi 50 pL KUPUATAT S0 pL HESRBABEAT m6A RNA 3K, AR R AT A ek
OB BE: TN 100 pL & (Vi = IR EOEI &, S BAPE AL AR Dy I TN 100 uL 2%
IR B, T B 450 nm AbEEEUROEEE, 5 meA AR R

1.3.3 AR KR Western blot 32 M —80 °C VKA EUH fnAE2H 4L, FREL 20 mg A
5 R A o) )R B TR AT ) 7R ) RIPA ZRARV 400 pl, IMNBIFBE AN ERARTRL 1) B 75 2
Javk BB 10 min, 4 °C 14 000 r/min B0 20 min, Wk BiEW, N 14 4RF1 5xE 9 B
ZErPili, 100 °C 4xJ@#y 10 min, J-T Western blot S2i R, BEAHIKERE, RA<=H
VR, 5% M35 1 (=R 1A 2 h, TBST Peit)s 4 °CiF & —biid . kK H TBST %k
IR I 2 i 0 A N AR SR YR ) — T 2 h, PRI S BRSIE R, KT Image J BN SR K RE
(AT AR 3 AT -

1.34 HBHARNERE ALY NG 65°C #5790 min, — HFR B & L B2 /K, EDTA
PUREE )G 0.3% i hididiE, WM ALY K% 30 min, PBS i&BE)/G KA 10%1L2F 1
TEEI 30 min, EINMRELFH—Ht 4 °C ERBFE, PBS Pek 5 M B ZHU#E E 30 min,
THIEECRNE (diaminobenzidine, DAB) W ff, B FULEZ H ARER A H ILE RS e
SYEEARB ORI RN, ARG, KiEREE RS, AR,



1.3.5 /M3 RNAC(small disturbance RNA, sSiRNARIUF R fH 8 R s Y si-METTL14
FH 22 RO H AV AR G BR A Al & R, i3RIk METTLL4 1 BURL iR Bk AR A PR 7
TR AN 0.25% 1 REHI AL R 4T 6 FLARH, TL& A S 50%~60%/ jetPRIME {7
PRI B BRI IRA, 48 h JEHHT IS4 sEys, IR RNA MR AT, i SEmh e
Ot & PCR 1 Western blot SEE 38 1EF G RUR, MIE mBA 7KF-
1.3.6 HMOIGFESELS RGNS TR BREERRRE . 2>0% mL, X 100 pL (2 000 AM/FL)
BT 96 FLAR, dHAGEES, 558 4B R CCK-8 1R LA 9 & 1 I LLBR A, LI 100
uL JFBCEX A, ARFRAEDER IR 2 h, I AEAR AR 450 nm AbHIMEOERE(E (OD
B .
1.3.7 RYRERE: 75 6 FLBURHH Dro Bl 3 SMEEk, Fri Gedi SorH S ¥ s B2 4 K 5
A1 200 pL WSk TR BT FUBRAFRIC 2R 2 2632k, HI PBS %L 2~3 UG IS 19%FBS )5
TR LRGSR, £ 0. 24 h BB FAULEIHAME, 1] Image J B AF it MR TH AR -
1.3 8 MR FEBELR  FEIURAG G, HTCMiERFREELL 11 8 iELpIMRe, &4
Transwell /NI 60 puL, JAEEFRFENFE 2~3 h, RGBSR, LEREZRBE. ¥
TPt METTL14 Rk 5 A nsfb, FHIC G B 72 3 B R4, 140 o 5 75 1 2 42 2<10°/
mL, H 100 pL BN E%, FEAAS 10% FBS 156485 75 600 uL, EAHEFE 48 ho HL
/N2 PBS i ¥E, 4%% R EERE 10 min, 5858540 10 min, UKME SRR E RGEL
MR N RS KA, B TSI TR Rg N s A AR PR,
RABRFIR SR
14 Giitseab3# MM GraphPad Prism 9 B HEAT Gi vt 70 i 1HEBORME IS Bir i 2
( X48) i, A H 725 MW RS Ry, 2 4 RS o 4] K Ll e P
SMEGORHE T 2200, PIALAMRECR AR (8 #56, DL P<0.05 A% A Gitt 2
Lo
245R
QLA ZEK—ERL XA AR Z AR . M ETE% (body mass index ,BMD .
L . BEVLERE R B LA E . Apagar 1P SE KIS BTG, KILBRF R
bh, ERBA GRS WK 2.
R 2 HAFEKRSHELE ( x3s)
Tab. 2 Comparison of clinical parameters between the two groups of pregnant women

( x4s)



Item Early-onset preeclampsia  Normal pregnancy tvalue P value
n 15 15

Age (years) 31.1342.22 31.20+2.26 0.08  0.940

BMI (kg/m2) 25.0844.54 21.4742.20 2.68 0.010

Systolic blood pressure (kPa) 20.9542.02 15.37+.30 8.70  <0.001
Diastolic blood pressure (kPa) 13.84+1.90 10.35+1.11 584 <0.001
Random proteinuria (1+-3+) 2.4741.02 0 9.01 <0.001
Gestational age of delivery (weeks) 31.97+2.40 36.5043.20 427 <0.001
Birth weight (g) 16124572.04 27934820.47 442  <0.001

Apgar score (1 min) 7.5341.13 10.00 7.05 <0.001

2.2 WAHRRBAR D meA KFREMREARRERR RIAZ RNANE G ER, 5IE
WIEYRMILL, ePE 4LAHEE RNAMBA KT [k (B 1A) , ZERA SR X (1=5.220, P

<0.001) . FERFTL] LG AL A KP FRAR A 2 25 A, J85d RT-gPCR (] 1B) A1 Western

blot SZ36 (& 1C) s LR/ METTL3. METTL14. WTAP, #H AL ALKBH5.

FTO DL A i 45 1 IGF2BP2 ) mRNA FI&E /K. 45 EIR (K 1D) , ePE A%k F 314k

fif METTL3 mRNA 7K 1E # I iR AL (P=0.02) , HE /KL B2 5%, WTAP, FTO.

ALKBH5. IGF2BP2 [ FiE LT H B 2 57 . FFEEALEF METTL14 mRNA 7K-F K 85 315 & UE

IRFEE, ZRASRTFE N (1=4.920,P<0.01) .



Bl 1 BRAAR meA RIEATEERIZAKF
Fig. 1 The expression levels of m6A and its regulatory enzymes in placental tissue
A: The total RNAmMG6A level in placental tissue; B: mRNA levels of m6A regulatory protein;
C: Western blot analysis of m6A regulatory proteins ;D: bar graph analysis of Western blot results;
*P<C0.05,***P<<0.001 vs normal group.

2.3 WAMRAAR D meA WTERAMALRXEIR U meA 77 & A ERAAZ K
M e R AN FRIE GO, R S LG S Y (AT 5250, Image I A HEAT P IOR 4y
B (B 2M) o GEREIR, HREBE METTL3. METTL14. WTAP FZ7E#7 41+
FiE, METTL3 (E 2A. 2B) F1 WTAP ([ 2E. 2F) 7 ePE L Z4H URIIE 5 4§ fif 4 241 41
I RIEZE R LS F L, METTL14 (& 2C. 2D) fE ePE JR#f4HZ (RIA LR 7 U
IRALBRAG, HERASI¥E L (1=3.326, P=0.022) . k£ H3HALE FTO (B 2G. 2H) .
ALKBH5 (& 21, 2)) 7EANRuRZ AR T h 540 205, MM E i, EMANR R P
RiLZERTLGAT 8 L. FiEEA IGF2BP2 (2K, 2L) FEAFMF+ £k, 1 ePE FIIE
IR AR R IE 2 B RGO
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Fig. 2 Localization and expression of m6A regulatory enzymes in placental tissue >200
A, B: METTLS3 expression in placental tissues; C, D: METTL14 expression in placental
tissues; E, F: WTAP expression in placenta; G, H: FTO expression in placental tissues; I, J:
ALKBH5 expression in placental tissues; K, L: IGF2BP2 expression in placental tissues; M:

Statistical analysis of IHC average optical density; *P<<0.05 vs normal group.

2.4 AR m6A KFEE METTL14 MRS T 22T RT-gPCR. Western blot 142 41
k. Cimmunohistochemistry, IHC) S2i, fox METTL14 (&K VAE ePE Wb ARk i 9 i
%, - PRIREA1Z) RNAMEA AL EMIK-F5 METTL14 Rk /K-FREAT AR AL 4T,

P FRIAAH PRI 2R, ok RNAmBA 217K 5 METTL14 Rik/KF 2 IEMAHK (E

3) , Y=0.167X+0.287 (Y: Ha#: 5 RNA m6A HIEEALEM/KF, X: METTL14 mRNA /KF,



P<<0.001) .
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METTL14/GAPDH mRNA

B 3 faftd meA FEALBHIKTFS METTLIAMRNA 7K K& A5 4T
Fig.3 Linear correlation analysis between m6A methylation modification levels and

METTL14 mRNA levels in placental tissues

2.5 WK R RE METTLL4 JG#5R40H m6A 7KF  Western blot 5248 561ET- METTL14
JE USRI P RN (B 4A) o SRS RNA BIE mBA FIEL /KT, &R
METTL14-siRNA [t % 4 J5 240 il m6A F ALK (1=15.230,P=0.003) , id ik METTL14
Yl m6A HI3ELTFi (t=4.220,P=0.0135) (& 4B) .

2.6 R METTL14 XS 40MRIESE. TBARREIMEM CCK-8 Mg, Tl
METTL14 MRIA S5, UEFr4MgsERe /1% (&l 4C,48h P<<0.01,72h P<<0.05) . ZHfEKIIR
RIGZE R (B 5A. 5B) IR, @ifik METTL14 3R5E, RIJR & &8 18 T i 41 (t=17.900,P
<0.001) . Transwell iLFESEE6 Eox (B 5C) , METTL14 RikMAK)G, SR,
7 5] PAY 23 /0 2 O 40 B 5 B S PR IR (1=10.520,P<<0.000 1) . fRESZH A (E5C) , 5
IR LE, METTL14 RIAPEAL, 7 3 R 4t g s> (1=5.850,P=0.0008) . Ak,
N METTL14 w] $0f1 TR 4R A 19 B . TR AR 2%

7 ERIE METTL1A MEEFR4METE . TRMERRBESNRIET CCK-8 ML, i
A METTL14 J& , %3740 M 3 51 A8 3 3% (/&1 4D, 24h P<<0.05, 48h P<<0.05, 72h ,P<<0.01).
MARYRRE (B 6A) 4R (K 6B) i, METTLIA MRIAJE, RIJEE A PTG
l (1=4.810,P=0.008 6) . Transwell iL# L5 2 8 (K 6C) , METTL14 £isTtEfE, HIF

I A] P 2 e /N S R gh e e 2 T B4 (t=7.018,P=0.0002) . f2Z&scied (B 6C) , HXf



HRAHAALL, E3RIA METTL14 55 R R4l £ (1=2.96,P=0.036 2) . KIt, Lif

METTL14 o] B IR M B . BB AIR2E .

B4 BUERTRIE METTLLA B#F4H meA /KPR IEEE S

Fig. 4 Cell m6A level and proliferation ability after knockdown and overexpression of
METTL14

A: Knockdown and overexpression effects were verified by Western blot; B: Trophoblast m6A level after
interfering METTL14 expression; C: CCK-8 was used to detect the proliferation of trophoblast cells after
METTL14 knockdown; D: CCK-8 was used to detect the proliferation ability of trophoblast cells after the

overexpression of METTL14; *P<<0.05,**P<C0.01 vs si-NC group; *P<<0.05,P<<0.01 vs OE-NC

group.



B 5 Wk METTL14 JFH#FFAREIERS KRR

Fig. 5 The migration and invasion of trophoblast cells after the knockdown of METTL14

A: Scratch test >40; B: The percentage of cell healing area in the total scratch area in each
group; C: Migration and invasion assay >250; D: Statistical analysis of migration and invasion

assay; ***P<<0.001,****P<C0.000 1 vs si-NC group.

B 6 RiE METTL14 JF#FFAREIIER RRE-E S



Fig. 6 The migration and invasion of trophoblast cells after the overexpression of

METTL14

A: Scratch test >40; B: The percentage of cell healing area in the total scratch area in each
group; C: Migration and invasion assay >250; D: Statistical analysis of migration and invasion

assay; “P<<0.05, *P<<0.01,"#P<0.001 vs OE-NC group.
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PE JiIGE, AR, MEGERTEME, HTEREN 2L gR AN A VA B T
FRTTF B SIRAVNILLEL, ePE SCiRaEE, MfEik eI, 525 5 i o™ & ik R s 4,
BE— SRR HJORHLER G B S IR R B 7 = - IR A IR S, R
PR IX — 0% FR BRI S B, SRR, EE £ M%7 A A o A TSR (K SR B AN TR A AR N T
TEF B URIESN K YT e A, SV T R A P B, s L L R e 3 ke
APk KT B G M, iR A MR AN R, A I A T AR T LR L
WeiR28, ERCIREERE IR, IR, dkMGIK— R PE BEIR. g5l EETR 401
REANCMERR L, BRI RGP E ARG 55« FOULE (L FIPR 55 6 31 46
71,

TMRLBMF A E L, 10 DNA FEL. AEEABM. =M. JE4mi5 RNA
FA%, mBA AL BM & FAZ A mRNA B ILIHSRJE 1210, BE S5 mRNA [I#1,
W AR SRR, X TRk S SN 0 LR S e B B B AR
AER, 524 R G050 (K R A AT R ASHI 7 A ePE R #iE 4L ZURIIE H a4 205 RNA m6A
BHIKFENTF, RIT m6A (&1 5 ePE R IHIGHE, JiE—5iAR PE IR M ERIHR ML T
Brigae

ARG R LA RNA J5, @ B AR meA HEEKS-, IR ePE G4
21 m6A JKPEUE T IEIRA L, A7 E P meA (2115 PE AH LRI 78 th iR Hh—
LR . Wang et alM2 g HT 72 46 H PE JR4 412U mBA 7K P Tk, 25 HRATF 78 % SRS
BT EEAHEN 222 BRI Ll RA— BT e S U PE IRt 21 JBOR (>37 i) K.
PE fRHLHIIEA TE A B, ePE £ 25 IR A B S BN 5 15ie 3 ik = A 2
AR, MR BT T T e S RGOk BEHR Y . MR A LR S5 SRR A & A TR A L RO 0%
O8], R W T4 AR —BE ] T PE IR HLIIAETE 2 FEME. RNA mMBA FIEEL K T-52



FIFFILEERLEE (Writer) . 25 3E4LEF (Eraser) FIELEE M (Reader) MIZIAATE, m6A
AP BB 5 “Writer” RIAPK . “Eraser”®iAM LA K. Nt —SHASEIHHAL m6A
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