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Tk RIANATH AR 6940 28 SR (NTD ) s RAEE! , AL BARBL T LA NEIE A o ARAE — P EF 0L,
MFERETUE K. R EFI5HF ; & RAER &M FiRien NTD LR 5 RBLAREIS K 7 5% 11.5 R RIEM AP 240
P INPPSE LR B 3T K DNA WAL O 5 52 0F 38 8 2 IR B4k R F= Western blotting #i] I i A% 22 28
29 INPPSE & @ 4= mRNA ABx £k B 5 4 3 ZUR A8 & 38 B IR AL M IR e AY 2400 et Bt (FA ), 5— F
HEw A r+BR (5-MeTHF ), 5— WHBtW A T8 (5-FoTHF ) AR A ¥ A8 (Hey) K-F. R NTD 4
BIEfsAP 22 40 4% INPPSE 2B B 2T R W A ALK P | INPP5SE & & A= mRNA #sT R A T AEERB LT H 115 K
AT B4R (P <0.05 ), NTD ZLAE 4% 2 402269 FA A= Hey K-F 85T RBAIT& (P <0.05), 1 5—MeTHE
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Molecular mechanism of INPPSE gene on embryonic
neural tube closure in mice
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Abstract: Objective To investigate the molecular mechanism of inositol polyphosphate 5-phosphtase IV
(INPP5SE) gene on embryonic neural tube closure in mice. Methods All NTD embryos were examined carefully
using a dissecting microscope. The structure changes of neural tube tissues were detected by HE stain, the crown-
rump length and body weight of embryos were measured. Bisulphite sequencing (BS) was used to detect the DNA
methylation level within the promoter region of INPPSE in embryonic neural tissues of NTD and control group on

embryonic day 11.5 (E 11.5). Real-time quantitative polymerase chain reaction (RT-PCR) and western blot was used
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to detect the transcription and expression levels of the INPPSE gene in neural tube tissues on E 11.5. UPLC-MS/
MS was used to detect the level of folic acid (FA), 5-methyltetrahydrofolate (5-MeTHF), 5-formyltetrahydrofolate

(5-FoTHF) and homocysteine (Hcy) in embryonic neural tissues. Results Compared with control group, the

methylation level of INPPSE promoter region in embryonic neural tissues were lower in NTD group on E 11.5

(P < 0.05), and the transcription level and the expression level of INPP5SE were decreased (P < 0.05). Meanwhile,
the concentrations of FA (2.76+0.98 VS 4.394+1.41 mg/g) and Hcy (4.33+£1.42 VS 7.06+1.38 mg/g) increased
(P < 0.05), and the concentrations of 5-MeTHF (9.55+2.38 VS 4.62+1.98 mg/g) and 5-FoTHF (4.86+1.02 VS

3.19+£0.75 mg/g) decreased in embryonic neural tissues in the NTD group compared with the control group

(P < 0.05). Conclusions The INPPSE gene plays an important role in regulation of embryonic neural closure.

Reduced methylation level in INPPSE promoter region caused by folic acid metabolic disorder may be involved in

the etiology of NTD by affecting its expression.
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WS 2 S Wi 2 5— W W2 Wiy (INPPSE ) [N 4 £
INPPSE £ F, 12HE H R J /0 B 0 ki 0 g fi )
M EBA (neural tube defects, NTD ) 281 "' NTD
HIRNG PR RGO RIIE , JE R R 5iE
REAACHAEMMEE R, R RASERHAETR . 1
PR At e 2 POIRILEE , M BHAMR (folic acid, FA ) 5
NTD & A BV Y FA FEOR LAY BRI B
K25 -BPAS, 5 DNA HI R F 45 R0
WL BMA G, AFFEE L FA §t2 NTD /NS,
WFFEIZEE R IR IG #2248 A 1 73 L], O NTD
I e BE SRR i

1 #MEERE

1.1 ##
111 #4 7 ~ 8 FKE 18 ~ 20 g Y 4R E IR

JE AR % CSTBL/6T JL AT filt B HE B 20 2 (b 5t 4 3
BB SN HARARA T ). 7520 ~ 24°CHEIE .
40% ~ 60% THILAIARAE T, BRI FARTE (dE
Y3 MRS S YIEARA R AT ), WHLPOK, HHHR
B Wb P A ERHRILE K . ABPRE AT E
HRILBHIESE Bl Se i sh e B 2 51 2s it (e
DWLL2016004 ).

112 KA AAE SRR HINEE -3 BRI
( glyceraldehyde—3—phosphate dehydrogenase, GAPDH ),
INPPSE FLsg A ( 518 Abcam A ) ), HIH LR
il (B m RAEYEARATD), BURTR (KHE
BD Difco AH] ), Tt Marker ( Z€[E Thermo Scientific
N, 30% RINKEBENE ( BigE S KRAEWEARA
Al ), — s HLE R R BOAR & ( B
A TAEY TR A AT R 7] ), DNA $2 2l 16351

& (1E[E QIAGEN 22 7] ), DNA il & ( 5&
Chemicon 2 H] ), EG1150 A7 MEAIIEHL ( #2[E Leica 22
A ), Model200/2.0 £ 1 J5t # 9k A% ( 38 [ Bio—Rad 23
7] ), 221BR Trans—Blot SD Semi—Dry Transfer Cell (%
[E Bio—Rad 2 7] ), Image Quant LAS 4000mini (£H
General Electric 23] ), B##RY ( 32 Perkin Elmer 2
A] ), 7500 52 2¢O AE i A WEEE S (quantitative
real—-time polymerase chain reaction, qRT-PCR ) A (%
[E Applied Biosystems 28] ), 22 &I UG 01T 280
( 3E[H Bio-Rad AH] ), M= ROBAH O35 - ERIKPOBAT
B AL (SEE Waters 2AH] ) 55
1.2 A&
12,1 FHHBEREFARE MREERL 205, 5
HER AR (18:00 EUCH 6:00), U H ML H
BB | B AT IA Y 12:00 B R IRIG R B 5 0.5 K.
16 AR, TG R B4 7.5 RIFBERL > XS
HRZH AN NTDZH SEAT AR B, 2 8 Ho Xof B i 1
5 0.9% A ALEN NaCl, NTD 2H % JHRE B 15 4.5 me/ke
HIZIERE , T FA AR TISZ ) NTD /NSRS
TEMRIR R B A 11.5 REE B H TN, BURG, 14
LR T MR TS I
1.2.2 IR M - (henmtoxylin—eosin staining,
HE) #&  fIRREE T 100 /L PEART, 7EL
B P BK e R PRI, R A A I
HAGLER, K iR 2] HLE TP A 2 2
SOV R, JREEER 5 mm, KT RO Z A OB
B, B A TRARE G O ZY 10 min, 7Kg
Ji FPRLDR0R G 3 min, P58 TR PR 7760,
123 &SR EHE P HEE 20 ml /MR
M3, A 1.0 g W, WK ERERFE 1L, 4°C,
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20 000 /min 0> 5 min, E3ENTE FA /NRUMLE S5 A
fitf, BfEAET -70°CH M. 5 11.5 R ARG vp
WO FRZH e NTD 2H /)N UV G B 28 20 2R G iR 472
3. 100°CHIFEZEL 15 min, 20 000 r/min Z5.0> 15 min,
TE IEH A MRS G 1, 2R FA 536H
INGFTHIBAAS E R FA, 37°CHEE 1.5 h Ji7 100°C il
5 min, 20 000 r/min 250> 20 min, FHESORAE (15
15 DN 7Ry LIl M R 8

124  FERmEENFE ERANERIRIG R T S
11.5 KR FH B0 30 2 56 000 7 25 A 1) A Jis ot 22 21 480
INPPSE $: 5 5 3+ X DNA H 246K -, {4 ] DNA
P Bl Ak 3R] & B3 [ 2 DNA T 20 °C f- 17
NTD £ DNA 2% DNA &/ i 5] & 17 2 0 A7 iR £k
AbFR, K NTD 2H rh oK A AL R S IE (C) %%
A PRMENE (U), PCR ¥ 345540k i B mene (T ),
RZ kAW AN C AR fb, FIH UCSC 7F 4k 2
1] INPPSE %5 K CpG &y, i i Methyl Primer Express
V1.0 BAF T AR R ER I P vk 519, Em 519 .
5" —GGTTTAGTTATTGGGAAGGAGT-3", K[54y
5" —AAATTAAACAAAATTAAATCCACCAAA-3", P~
B EE S 328 bp, LRGN X 8 4~ CpG HT 2
B 5. PCR VAR R R 501, SO 450« 95°C Tl
5HE 10 min, 95°C7EME 30's, 55°CIB K 30 s, 72°CHEAH
30 s, k40 MEFF, 72°CHELEIEM 7 min, PCR 4
28 2% BNEHHEE I L TK , 7E 300 mm SR AMT R M EELE R,
BEISAZ3 M R GE i A BB, 4lifbJ5 2 Sanger ¥
Wy, I BiQ Analyzer HAFFEAT/HT, F C 1551
Vg5 CH+T (55 Mg B AT Lh 8, Sk iR CpG
AL R AL AT P F AR AKOT

1.25  Western blotting il 1 Western blotting i Il
INPPSE 5 [ RUAEXS Rk i, TEMIG R TS 11.5 KXt
KB EE /NG M L E Bba NS IGEE TiR], dk
FEPNG L, HH CelLytic MT 25 11 2 Wi Hi U IE 3 i
et H LU, ARG IS Bk
FEHEE . XMEAIT SDS-PAGE JFHUF#ElE, ##17
R, BRSO KIE (polyvinylidene
fluoride, PVDF ) 7E 10% i fig 4= b = i 52 4%, &4
1.5 ho K PVDF BCABERS L, A —ERBRR R
IH(1 = 1000 ),4°Cid i Z g PR IIHIC1 = 2000)
FIRIEE 2 he FHHERALSE KOG ECL W5, i
B PRS2 T, GAPDH VE M INSE A .

12,6 qRT-PCR R JH] qRT-PCR #a Il %5 41 It i3
KHH 115 K/ EE G i 2 41 21 p INPPSE mRNA
(9 A X #2 3k fF. 20w 1 PCR 2 1% ¥ : SYBR® Premix
DimerEraser™ (2x ) 101, PCR IE[ 5[4 (10w mol )
0.6l PCR I [ 5] % (10wmol ) 0.6p1, ROX &
Ak (50 ) 04pl, Bt 2pl, ddH,0 6.4 1, K
FHIF 5 43 B R fff 2653 B0 % PCR 7= 90 11 4 S5 i
TR se . O 2+ 95 CHIZETE 30 s, 95°CAEME: 3 s,
55°CiEB K 30s, 72°CHEfH 325, 340 MIEFR, 72°CHkK
R 34 5,
1.3 SHit=FH*E

B 43 B R JH SPSS 23.0 Bk, R TR LY
B+ bRifEZE (xxs) Fon, OB K5 5 AR
PR (% ) Fm, LB x* K505k Fisher i UIER T,
P <0.05 HZEFAGFE L,

2 #HE

21 WH/NMRMEEEREKR HE £ BER

X HEZH /N IR & B 56 1.5 RIRBRSM LSS it
W, ST, T AJE AT SR BIEMN, B
FMTEETCHO (WA 1A ); o] WA A3 HR g,
B i, HE RS £ T BRI, 4
Hep w5t (WK 1B, C).

NTD ZH /)N UV G 0 5 B B2 1 2258 R AT 65, f
SALYEBEENAGSN (WLE 1D ), HE Ze 6 18R 5 i
Tk AR &, MR, HAMHES & (I
E1E, F).

2.2 WH/NRIERR—ME R
PRGBS, R e ke, 225940
Bt (1 =24.480,P =0.002 ), NTD ZH%8 T % HR4H .
P RIG IR hAs, Rt K, ZRARITYFE
S (t=41.860, P =0.001), NTD Z4UILFXFHRAL. W4l
JRRRIE K AL, K Fisher MVIMEREE, Z2RA%
PHER S (P=0.000), W1,
2.3 W4 INPP5SE EREBEzhFX AENKFELLE
TES )P B 328 bp Kkrh, fU5 8 4~ CpG —
A iR, X R4l 5 NTD 41 CpG ' He Ak 7K - 43 51 Ky
40.6% F19.4% , NTD 215 %} BE 20 F AL FEE Y LR
23.2%. WiZH INPPSE B& (5 )+ X ) H 4K P e
B, R xRS, ZRA%00E L (x'=33.330,
P =0.000), NTD U X HRZH . ULIA] 2
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A XHRZARRHR; B: XIEAIARHRE M C. XTIRALARIRJE I HE @458, D. NTD 4R (BIHE ) 5 E: NTD AMRIREN; F.
NTD 4URIRIE I HE PR ags i, * 5 D=,
B 1 WHENRIEBEAESE 11.5 RIERRRE N HE $amgER

F1 WHERR—MBARILLER

Xt HR 4 8 65 0 0.0 6.41+0.51 22.42 £3.28
NTD 41 8 59 19 322 429+0.36 9.61 +3.81
1 2
GATGTTTGATTTGGGCTTCATTTCGTGTGTAGGAGCACGGTTAGACTCACTGTTAAGGAAGCTGGAT
3
l m 4 : :—' : :: m GCACTTCTCTAAAAGGCTGCACTTTCCOTGAGCACTITTC.OTGGTACAATCCACATGACCCACTTTC
Prommu TCCCCTGGGGGACGTTGGTTCAGAGGTTGGTAGCACTTGGGGAGAGTATCTTAACACAGTTTCTTG
ACAGCAGCTCTGGAACTTAGTATTTCTGCCCCGAGTTTTGCCACACTGAGACTTTGAGTAGCT
8
A B
1 2 3 4 5 6 7 8
Wl - - gy @
g E g O O O P @& O
wigis O B G & & O & O
Wiggls = CO G - @ = P O
nos1 G £ @ O € 4 &% €D
o2 O O & O O O & O
ND#3 T 2 € £ € £ €3 £
NDd4 D O O £ OO O & O
C

A: INPPSE SERS 8T X; B: INPPSE FEHS 871X CpG {7 s 504 C: INPPSE JEH G 2T X H SO0 ( Btk A ki,
HeERERF L) .
2 INPP5E & CpG BRIEREML
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24 WH/NRERARF INPPSE HHXTRILZ=Z
Eb&s

X REZE FTNTD 4 /b RO iR & & 55 11.5 K it
INPPSE 25 M A XF 3 ik & 43 %l 24 (1.000 +0.230 )
1 (0.482 +0.080 ), éfétﬁ %, ZRASI ¥R
S (1 =5.981, P=0.027), NTD 4 fik T %f f& 4. X}
W8 2 F11 NTD 25 INPPSE mRNA A %J 2 35 & 43 91
(1.000+0.117) F1 (0.623 +0.034), %1 ¥4, X5
HaitrE L (1=7.867, P=0.016 ), NTD 4K T-%] i
H. NTD d/NRIRR L 819, INPPSE 3£1K )5 3h

1.5
i
|

XHHEZL NTD 41 10

= 1.0 4
INPPSE e s 72 kD %
I

GAPDH e s 36 kD Pf 0.5
E::
(=W
Z

0.0

Xof 2
3 WHNRIERRY

2.88
1007 FA m/z 442-295
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0.5 1.0 1.5 2.0 2.5 3.0 35

5HE] /min
FA
2.82

100 5-FoTHF m/z 474-166

0.5 1.0 1.5 2.0 2.5 3.0 3.5
[5F[E] /min
5-FoTHF

4 FA REBXKB=HEE

FA 76 X B8 40 K NTD 41 b # % & 4 9 A
(276 +0.98) Fi (4.39+1.41) mg/g, 5-MeTHF [ &
AR (9.55 +2.38 ) Fl(4.62 + 1.98 ) mg/g, 5-FoTHF
0 &9 (4.86+1.02) il (3.19+0.75) mg/g,
Hey B0 500 (4.33 £ 1.42) f1(7.06 + 1.38 ) mg/g.
PIZH /N U IR R 2 41 2 FA | 5-MeTHF ., 5-FoTHF

HZAh INPP5SE &A1 mRNA Rix/KELLE

FIX AR AL AT A2 5 IS INPPSE mRNA 3k FEA%
AN, INTITRZ MR IG R A i K T . LR 31 4.
25 FENRIERMEERADR FA REMERH
FKFELLE

TEAER R AR ERE A IE T Bl FA KL
FHACE ™) 5- I IEPU S FA ( 5-methyltetrahydrofolate,
5-MeTHF ), 5- H fit P4 % FA ( 5—formyltetrahydrofolate,
5-FoTHF ) Flla]%>F e iz ( Homocysteine, Hey ) K,
éa‘j”ﬂJf 2.82, 2.53, 2.88 F10.71 min BEUEME, HE—2b

i B T . WL 4.

1.5 5

—_
(=]
i

INPP5E mRNA
o
W

NTD 4 Xt HR 2 NTD 4

(n=8, x+s)

2.53
100 7 5-MeTHF m/z 460-180

0.5 1.0 1.5 2.0 2.5 3.0 3.5
[5F[E] /min
5-MeTHF

0.71
100 Hey m/z 136-90

0.5 1.0 1.5 2.0 2.5 3.0 35
MHE] /min
Hey

b %5 [ 7 M ) R i

F Hey KOF L, Zoihsh, % 5H %138 X
(t =6.566, 21.350. 10.710 Fil 118.200, P =0.022.
0.002, 0.009 F1 0.000 ), NTD £H /s fUIE i 1t 25 2 21
' FA 1 Hoy 7K -85 TXFHEZL, NTD 41/ EUIR 2
15011 S-MeTHF Il S-FoTHF /P T 0f fit 4. 0
KRR
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FA S HACHH" W1 1 (poglg)

FA 5-MeTHF 5-FoTHF Hey
5 FANRIERHAASH FA RERER G
KELE  (n=8, Xzs)

3 it

INPPSE LR WURES Sl s 1k, S 5006
LR, Hgm R INPPSE 8 [ AEAE T 440 1Y
AT AR | AR BAhLL | BRI | AR SRR
SRR 1 RN " AR R IR, INPPSE JE
PR 9878 S B i DR S8 B AR A 7 A FSE o,
INPPSE JE R FETR 52 I R AT BAGE M, o 8 4 i
LA "™, A2 HIRIE INPPSE LR 2878 5 4
ZAEWIEAE, WA WL LT B CBOR 1) B2 3R
Rz —, B m i e GG, RREREE R
O i N e e i e N B (1) AL G E2 5 1
A " INPPSE JEH €748 23515 PI(3,4,5 )P3 Fl PI( 4,
5) P2 AR/, JFiE AR PI3K {550 52
WML A . AFE . AT R B EE, R
R RIS LT BAH R =

DNA H A JE—Fp 2 R R 80, =55
Rk, sEmRia A KR E ™ I 5L DNA
e 22y 38 5y e e B, SBOER & A R s o 1
LG LR R P A5 RIE NTD /NIRRT,
SR MIIEFEAR Y Prchl . Pla2gda . Foxgl J R At B
IRV 55 %5 BRZFAH LL i 25 R AIK, H qRT-PCR 2558 5
ST UG, HEDH AR SR 7E NTD KAt
PR A EEEH ™ AWFSCR FIE ST 4.5 me/ke
FHAUERS 4 FA ARSI & i NTD /NSRS,
o K B ZH K NTD 21/ BV R b i FA B AR 5
PR, I NTD 2/ R 21 210 FA S
T, HACEY) 5-MeTHF F1 5-FoTHF f4 5 2 B i
FEAIC, DB FA RIS EIEFLES 5 INPPSE 3L H
Je 8 DX SR KT 1 S B R, 4 FA ARk
SIS HHAAN R, S8 INPPSE SR 8l 7 X H

TR K- B K, Mz IE R Y IE# Rk, +
MW G D LSREHEMS LT R, &
B INPPSE 5: A — 5 KT bR AR &4 Ew
ZifEs

AMFFE &I NTD /NRARRR INPPSE 2 1 il mRNA
FHXT B AR T IE R /N U] INPPSE SEIRERE
WM ARG KT, AT RFY NTD /MR
WRRR R Z 2 2L 0) INPPSE 2 [ il mRNA AN RA & T
Me, 25 FARIBSEELIZE AR, 1N
JHTE o INPPSE 3 K 363k /K (4 i AR J2: 753 i PI3K
{55 W TR AT B, HELRBLS 4 5 7E
RN T INPPSE BRI 263K, Wi CRISPR-Cas9
LR B AR AE /N R I 28 T 20 L 47 INPPSE
SRR SCE . [FIR, K PI(3, 4, 5) P3FIPI(4,
5) P2 KW REF B B AT HE— 25 B 5T 1% R 0 IR G
PRZE R H RIS

P, INPPSE FEPRAEE 5 IRIG #h 48 k & il &
FLVEF, NTD 2/ B AR 2 41 21 i 3L I8 i) e ik
i, HEM R T FA A A DR H S AR 2,
R R S FIX EAARH 1k, S5 5 RN 50 &
RSB NTD &, XF INPPSE SRR IR 4 %
B THUR R IE—2E B, X2 R Gk B BRIEAH G
PR S W M R BT SRR L
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