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ABSTRACT Objective: Folic acid is a kind of water-soluble B vitamins, and it plays an important role in amino acid and nucleotide
metabolism in vivo. It is an essential nutrient for fetal growth. The aim of our study is to explore the effects of folate deficiency on fetal
growth of mice, and the expressions of Insulin-like Growth Factor(IGF) system in fetal hepatic tissues through a pregnant mouse model of
folate deficiency. Methods: Female C57BL/6J mice, 6 in the folate deficient group and 6 in the control group, are received a purified diet
without or with folate 2 mg Per kg diet. Dams were mated after 4 weeks of feeding. The diets were continued throughout gestation. On
day 13.5 of gestation the dams were killed, fetal growth was observed and assayed, and Intrauterine Growth Retardation (IUGR) rate was
calculated. The expressions of insulin-like growth factor I (IGF I ), insulin-like growth factor I receptor (IGF I R), insulin-like gro-
wth factor II (IGF Il ), insulin-like growth factor Il receptor (IGF Il R),insulin-like growth factor binding proteinl (IGFBP-1) and
insulin-like growth factor binding protein3 (IGFBP-3) mRNA at 13.5 dpc of fetal hepatic tissue were evaluated by Real time RT-PCR.
Results: The body weight gain per day of maternal mice in folate deficient group was lower than in control group, and the 13.5 dpc fetal
weight in folate deficient group was also lower (P<0.05). The number of absorbed and dead fetus and the IUGR rate in folate deficient
group was higher than those in control group (P<0.05). The expressions of IGFII and IGF Il R genes mRNA of the study group were
significantly weaker than those of the control group in hepatic tissue of the 13.5 day fetuses (P<0.05), but there were no difference
between the expression of IGF | , IGF I R, IGFBP-1 and IGFBP-3 of two groups(P>0.05 ). Conclusion: Folate deficiency may inhibit the
fetal growth and elevate TUGR rate, and negatively modulates the expressions of IGF Il and IGF Il R genes of the fetal hepatic tissues.
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These results suggested that folate deficiency may regulate the expression of IGF genes, and take part in the mechanism of the occurrence

of IUGR.
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M-z (folate ) 2 7F £ i 3% L A4 R Bl 0 JFF I b 22 9L ) —
il B IEAEAZ , EE S5 DNA & UM Al 2, X iR L)
R EE BCEE, TRV, BEAMR MR K T T RS
ALE N &K BIRZE (Intrauterine Growth Retardation, IUGR ) 1)
RN AL M NI AE s AR SR BRI S i iR
Bz 25N RE R TR (H a3 i — 2B PSR
HHATIAY , TUGR By K2 Z R0 N R AVE RN EE R, R 2
FEA BT Z AL E . WAREUIIE TS = AR KA T
(insulin-like growth factor, IGF )™ J8 2% (leptin )™ i % b5 18 &
H (Glut)C R g1 K7 IV 55 515 JL TUGR 5 P0AH CT, JiE S 2 8l
IGF 3 FNTI e 5 A2 B RTAFR R FAUEM, IGF BRAERK KT
Frsds iy REZAEARAERETEF, 2L AR S A
JE AR E BRI, 5 5L A R DA OGP, IGF R
R R AERK KT T (IGF-1 ) BRE RA K11 (IGF - 11 ) |
JEREAKEFZE]D (IGF-1R), RS EAERKHEFZEIL
(IGF - I R) R ZAE KN TF45 58 H 1(IGFBP-1) Rl &=
AR HF45A %A 3(IGFBP-3)4% ,IGF- 1 |IGF - II #h k25 4b)
TR R B AL/ 245, B 40 A A AR DT E e A
G S 3R P T R Vi) 440 R A AN 434k, TR T AILAA ()
HEREEYN, AT R, HEREZ 2B R F1 2
18 Kt Ui F v IGF-1 2R 1 3 Bt AR 3 1] Kim HW fiY)— I3
WFFE 3 W I B R e = 2% S BCFAUIG BUR Hh IGF T iy 3k
R RN, U A R 2 T RE 43 IGF R GEAH CIE I Y 3%
briv/ S
R SB35 FE ST R R = B B A  AF S P A R BN R

= X0 iR B B IR, LR R B A A AR 40
SE T IGF RGUANCHE RIS IA /K, BRI - ARk = BRI
KA BIHUHRIEEAT T 0P AR

1 MR 575

1.1 #F

C5TBL/6J I i L MEE AR /N 12 R [ b [ B AR I 5
e sh ¥y fAAR R T R L 4EAE 2 AE I A 25 Sigma
AN SEPOGE R PCR AL(7500 fast) Sy ABI 377 i s Nan-
odrop 1000 4356 6RE i1 Thermo Scientific 2N & 7= s 514 H
A TREEARGRAREGM; YOUYE SYBR Green 111
H REA 2020\ s RNA 482 Bl ) & W B 35 QIAGEN 4 #]
RNA f % st & [ 32 [ Invitrogen /3],
1.2 7%k
1.2.1 Sh¥ERIR S & BRI PR &7 AR C57BL/6)
BU12 B, 12 Rl R 19.1-21.2 g $RRTEHERR , BEAL - M E &
X} B 2H (Control) AR e = 21 (FD) Wi £H , 4 6 K Xt HRZH /1
FUMEFRIA R L AIN-93G AR frl B RS 7ok 36, Ferh 2058
WY RN4E AR 2R A3 Bills N.D.48 A HE T 1Y 28 SR B e
T M TR A 5 Rk 2 20 /N BN R ARDEHR AR X R4 LAl 50
BRdmin i, EARRL MR LR 1o B/ BUE A ok iR &, i
A BR S 7 T AR L N BSR4 J S 5 IE R AR
C57BL/6J IR 1:1 AEACHE . B H T 17:00 5%, Ik HIE R
S RS , BB O 3L B Gl s B E Y& o UL, 12 E0.5
d, N IRAFR T D, YR SEMRAR 25 iR LR EUb . ARHIFSE
o A Bl Hh S5 sh 1 S B D s W A1 ] (S IL-
AS-PL-2012-001),

1 REZBHNRARKERAR(gke)
Table 1 Diet formulated for different groups (g/kg)

AL 5 Ingredient IEEXTE4H Control ntEREL = 40 FD

SEM Cornstarch 380.500 380.500

KEMIE &Y Amino acids mix* 200.000 200.000

#A4LE ¥ Dextrinized cornstarch 152.000 132.000

JFE#E Sucrose 100.000 100.000

il Soybean oil 70.000 70.000

£ 4 Fiber 50.000 50.000

¥ BB &4 Mineral mix* 35.000 35.000

%R G Vitamin Mix* 10.000 o

SIS B 44 =B &4 w/o Folate Vitamin Mix* o 10.000
BEFE A &R EL Choline bitartrate 2.500 2.500

i B S S RTE N,

Note: *For the concrete components see the 14 reference.
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1.2.2 RIEFR RN A8 FH o7 7Bk e LA, R 2
INBOS R — . BURTEHR] M 42 13.5 K (13.5 dpe) YK K 8:
00~10: 00, ic 5 2 U B IR 3 IR E . R SUIR BURN P R 4
MHEC R IR EE MR ER JRREK . SHRIFE R R 1U-
GR E, DIIEH X RGBT A R S i bR T 22 1)
2 AN M G B /N T S T AR PP S TUGR™, JY
13.5 dpc Jig BUFFAEEH 2T, B— 53 iR B 2L SV TR — AR
AR TR, -80°C VKARTRAT

12.3 LRFEHER PCR FRHL 13.5 dpe /NRURAAITAELLLL 20

mg, BHA 6 MR, R B LR EUS RNA, Nanodrop
1000 439656 B8 10 5 RNA % . >R H Real-time PCR 246
JFEZHZ R IGF T \IGF I R IGF-1I \IGF-II R .IGFBP-1 #/ IGF-
BP-3 mRNA K7k, 514551 L3 2. Real-time PCR [ hij {4 5
20 pL, 738 7 )3 452k 4250 C 205,95 °C 10 min ji7, L 95 C
155,60 C 1 min & 40 ¥, B FEA M = A ERE L RSN
23K Gapdh LA A CT 315 IGF mRNA A X} 2 1k

o

il

&2 IGF R EESIMFT
Table 2 IGF system gene primers used

£H i1 T R (bp)
Gene Forward primers Reverse primers Product length(bp)
IGF I 5" TATGGAGTGGGAAAAGCAAGA-3' 5'-GAAAACTGAGGCACCGAGAG-3' 150
IGFI R 5'-CTGATGTCTGGTCCTTCGGG-3' 5'-CACCCTCCATGACGAAACGA-3' 108
IGF-1I 5'-CACATTCGGCCTCTGCGAC-3' 5'-GATCCCCATTGGTACCTGGAAG-3' 143
IGF-IIR 5'-TGTCAAGTGACTGACCCAGC-3' 5'-“AGTGCCTCCTCTTCCCGTAT-3' 109
IGFBP-1 5'-CAGCAAACAGTGTGAGACATCC-3' 5'-GTTGGGGTCCCCTCTAGTCT-3' 112
IGFBP-3 5'-CTACTTGGGAACTGTGGGAGAG-3' 5-GCACCATTATTTGCGACATCT-3' 201
Gapdh 5-TGTGTCCGTCGTGGATCTGA-3' 5'-CCTGCTTCACCACCTTCTTGA-3' 77

1.3 it 48

SR SPSS 16.0 %, Bt Ll SEM 367, 4 (3-8 e k)
B E R R ST AR AR ¢ R, WG S5 A0 G 1 HE 2R (TUGR & 4E
T HBSR X2 K, P<0.05 W2ZEFA S #E L.

2 &R

2.1 MAMRKERNTL
BEBIL 7> 25 A 795 2 M B RO R MR TR A i 2 S (P>

0.05), 7£ 4 4R LA AR R ARLRHE | 5 15 8 % IR AR L, AR i =
ZH M LA A VU R AR A H K BRI, 2 R A SR B X
(P<0.05); TMiZe 5 2 WOb s i BRUR E 4 H A 1 K i L)
BAZER(P>0.05)(F3),

2.2 WAZRRUIAATNSERE & £ R L&

1 13.5 dpe OB iRk = 21 i BRSO 51, Hirp
MSI 14 451] 5 XE 5 Xk BRZEL A iR BBV EOCN 54 1 i 3

{5, FERG 3 4] 5 5% BREHLAR L , R = 2L IR AN AE IR R T e

*3 MAKRGETLX+ SE)
Table 3 The changes of body weight in maternal mice (X = SE)

FESHEKE(me/d)

2R3 2 RE VIR E(g) Increase of body weight (mg/d)
Group Number Pregnant Initial body weight ZEIEEFmAE ZEF1-13.5 %
4 weeks Before mating Pregnancy 1-13.5d
Mgk = 28 FD 6 20.45+ 0.21 17.86+ 13.33 461.73+ 38.19
IEEXTE4AE Control 6 20.05+ 0.34 57.74+ 593 458.02+ 22.74
P{&E P value >0.05 <0.05 >0.05
% 4 MEZRRKRFIZEIRZEXRM KX + SE)
Table 4 The absorbed and dead fetus rate in pregnant mice (X + SE)
WU ke + SERR
ZRE FERR B E R B %1 N
HEF FERAE Number Absorbed and dead fetus
Number Number Number Absorbed
Group dead fetus BilE BHE(%)
Pregnant Implanted fetus
Number Percentage
Mt ERaRZ 4 FD 6 51 y 0 14 27.45
IEEXTERZ Control 6 54 3 3 6 11.11
<0.05

P{& P value
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147 135, X2 K00 45 B iR, A 22 R B giit24 2 L (P<0.05)

(F£4),

RSWARZFHRAEE BRES . TEBKK IUGR £+ E/EBX + SE)
Table 5 The placenta weight, fetal weight, Crown-rump length, and IUGR rate of pregnant mice (X * SE)

IUGR Z 4
2R3 HERBE Ba#&E (mg) faE(mg) T4 (mm) IUGR rate
Group Number alive Placenta weight Fetal weight Crown-rump length LIRS BOZE(%)
Number Percentage
37 82.31£ 2.93 13
MFERGRZ 4 FD 105.78% 2.51 10.01 0.1 35.14
48 84.96t 2.94 0
IEEXFEB4H Control - 0.05 142.82+ 3.07 10.23+ 0.24 0
P& P value ' <0.01 >0.05 <0.001
1417 OHSERE 4H FD
O1F E7184H Control
H‘ 12
x B
B
@ 08 -
HE .
ﬁ £ 06 -
We 5
=
TR P!
0z
o T T . L
IGFI IGFIR IGFIl IGFIIR IGFEFl IGFEP3
2 13.5 dpc /N FREERRFTAEZE 4R IGF R4 E E mRNA RyHE3T FRIE
kF

1 13.5 dpc /N FRBEBR TS L B
ZEM: IEE X R AN R EERG ; AN : M ERERZ B/ R ARRR  #R R 1 mm
Fig.1 Morphological comparison of 13.5 dpc fetus

Left: Control fetus; Right: FD fetus; Bar=1 mm.

2.3 PRRAZ B K TUGR % & RHItb %

W Z R 6 FOMFZ5 R L, M RELZ 44 37 4
TR IR X R 48 G AG , 1 1 A 2 ) i R T 2556 L
P, ] i PR = 20 A BRUAR R /N o 5550 BRZEAH B, iR e = 21
SRR R B R, R IR H O IR AR B BEAY 74.06 %, 25
S EA B EM(P<0.01), HHESITHFIH MMM IUGR 1Y &4
MR B R B2 21 L TR R X IR, R R A G
F(P<0.001), fif s i AR B IBVBH AT 45 5 W i R it
ZAMALTIEH 4 HRA G422 57(P>0.05)(% 5).

2.4 BRERBTRE IGF REEEEXMNRIEETL

& BUIFIERTAS Hh IGF 2 %5 mRNA A% 367K AT 25
IR, MERERZ 4 IGF-11 A1 IGF-1 R mRNA /K EIE T iF
Xt A A3 AR 58.45 %ol 32.64 %, I 4H W] 24 B it
% Y. (P<0.05);#% ,IGFI IGF I R IGFBP-1 fil IGFBP-3 [¥
mRNA H{XF A AKF, MG A G227 (P> 0.05),

3 Wi
3.1 MEET SRR % S
MRl —FlK L 2, 5 5 DNA 94 15 0 34k,

* P <0.05, FHESERZ 4H VS IEETERA
Fig.2 The relative mRNA expression of IGF system genes in hepatic
tissue of 13.5 dpc fetus
* P<0.05, FD VS Control

XA AR A 3 T B, I AR AR 22 Sk 2 B IR A G L
REFZ %], Sram RIS Relton CL 25 A% $UAF B B G- 1%
B2 I R A LR, A WA 2T 15 4 Z i R AR BEAIS , LB AR
JLAAR X i i 6%, P R EE AR DG . BT AE A9 Lindblad B 1 3
TUGR ZHBE: it AU M H R A9 K P2 B % B2 —2f 5 K
FIVE Y Furness D 22 F 18 & ST 18-20 J8] . &A= ITUGR By 42LH
o, ST R K SEAIC T X B A, ) 28 2 Jik 4% (homocysteine,
Hey) i T B4, 3F HLAEW EL 40T L DNA B4 5 35 - 1%
AR R £, 3k 32 B R AT 3R P 0 BEAAR A AR 2 A s
Hey 7K -5 TUGR #156. ERJE R Gadhok AK 5 i SR A 4F R
1 150 4 TUGR F1 30 £ 1E % Z2iAm AR, LWE Hey, HHRA
VB12 /K-, &3 TUGR HZ2 1A IML7% Hey Ak B 5t R4,
TR AT VB12 fvk BEAIR X HB 4 . [ P A 3% AR5 55
T AR Z8 1 TUGR Z21H , % B TUGR £H 4% Z2 HH 21 20 jf - i 7K
SE MR X B, FUB AR LA ER 5 B i 21 400 v 8 7K - 2 DA
Ko LEEFTAR, IR A I8 B SR R KSR
2525004 )L IUGR 1k 4% T Ft,

MERBRZ ShAIIF ST 4 SRt & B, AR R TR B B A PR 2R
FARR , 272 RG22 300 i T 034 ek />, 27 U P 3% AR R0k 20, TRz i
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fify BUHG LS i, G B R R TR 43T R A KR TR 252
HB AR IE # B3 242, Xiao S AEPEENT BN ER R = MR AE A R
7N 0.033 mg/kg.0.066 mg/kg.0.132 mg/kg &5 A [A] & 12 1Y i
Fii, FE A 1 YRS HARE RiIEms (ss ) LA g 18 0 B2 B9 B A
BT 8 JH 5 4558 - Heid \Burgoon 457 R 75 1k S 1T
A, AR R RAE/NEE R IEE T 5 P 4 J8P A
SR rh R 2 2N BRUR FH A R 1 DR BC L LASE ISR
PEMBRIGBEA 5 I H N T I AR B M A0 2 Uy 7 Bl 2 3 i o
TR, ISP ST PR R ERZ X IR & B R RAEH,
ARG IR ss BB, DAHERR I BRG & & A8 1
M, /NI BRS BIE N5 10-14 K, B R ATk
13.5 dpe 2% B B B A< J ok O ¢ - i e = b vp 2 BB i 5 B
OS2I o Bills N.D.SF R SR H 5 2 B ST T IR B2 )/
SRS, 100 5 JE S S /0N RO T U R 20 240 i 558 A ol i 55
AR T B N PR 2R IR ST T M R
BOZ2 R 3 i 2 T 0 2 S, R B2 (E20 d) i A
PIRTE & - K IR E IR R . ASSEIE i U IR S
5 FRSCEE R —2, MRS 4R A SRR IS K TR,
Z R PR FANBERG FLR T R, R B R I X R A, X
ULARTE/ N B B2 i IR Z 5 RS P IR R B 2 IRk T 445
TR, DIAESCE AR iR = 2 B30 RE & TR (R
A A B R A TUGR H g bR T8 L3R, ARS8 R A bt 22
PRSI E T iR = BUNEIRS TUGR 2R3,
3.2 IGF %ix5 IUGR

IGF Z G5 $E Wi R A (IGF- 1 , IGF-11 ), W Fi 52 {/& (IGF-
I R, IGF-1I R) . /#] IGF %54 % 14 (IGF-binding proteins, IGFB-
Ps) IGFBP #k&E H (IGFBP-related proteins, IGFBP-1Ps) #{1—
20 IGFBP 75 (™, 1GFs 7£ )R 24V AREE il ok F i A (5
VAT IR , BLRFNSZ AR AE S & W0 T e (R, R4
22 5HE R, A S AR (LA RV 2 40 i1k 5 T fg
#ik. IGFBPs /&5 IGF- 1 \IGF-1l ff 454 A —HEA G
R IGFs vk bt IGFBPs AR ki 484k, & {12 IGFs 4=
YIThREBITR TR, BENs IGFs iz I 1 22 B 40 P FE K
PEHf IGFs By D R A e i 1, Forh IGFBP-3 #£
I ) B i e L & IGFs 1) 2 24 11, IGFBP-1 W Rk
PAT MK IGFs (s, IR FEAEMLK Y RS IGFs (194 it
o, B W IGFs IR AR ILAE K K B EEY R 2 —, IR
il JLAE R A SN 2240, i TN sh o [ A
ARG B B = 2k IGFs i R Ba8 s, BT AFRAT]
PEHUIG BUFNEAR A N BIF TR X 4, ¥R IGF R G0 B F ) ik 18
1k,

IGF-11 2 E B AR EIA K N, rTFE SR S IR BRI A AL
KB BLANA A 20, R A A R s i R BN . IGF-1T AN
FIENE DR e Vi DR B = I 5,2 T e I 2 O et
A DA AR 1 R A VE L, AT AR AT i A R 1A
W, IR SRE SRR SRR B R A WLR AR i 2121
BA SRR, vHES MRS E A T2 AR AR 45
A T & AR A 22 B0300% PN, IGFs BYAE W14 Dh B i i i
P IGF- 2 Kk /-5 52 i, IGF- | R IGF-1I R Wiff 3z 144351 5
2 BRI LS SRR 45, RAFAE 10 %0938 LR, IGF-

1L R JE—Ffi 4347 40 0 SR v 2R A b 1% B ISR 2R 1, B A
b BRI A HA B BRGNS B AR . AR
TS AIL 2 IV e 200 B P 3 i R F R, ) IGF-1T1
IGF-1I R (i i FR AT RE R H tf — A3 F AP, ZEASL I h
MRS = 41 13.5 dpe B EUFAEH IGF-11 IGF-1I R Ay 355
BT 1 X B A, VLA PR 3 FT REAAAEWMRIME AT Calvo MT 265
WFFEUESE , TUGR fif )L IGF B: PRI SRk W] i Az 4l o 22 50 ] 1N
5, 38T He AT TUGR Z2 011 IE # Z JE e 2 v 1) e 43 A ik =
K BRI JBF P IGF R GERY KA , K LTI AE A P IR 2 40 ik
B}, TUGR ZHL5 1ML 5% 7K i IGF- 1T 7K BR800 HE A b 25 A B,
YT I, IGF- 11 PR i o BR S 7 tF W d ) TUGR K it &8
gi/0, BE ST R RUE B AR K R, (H SRR B K AT
MRFIE % X IR, R il IGF- T % IGF-1T 228 BUE ™ & -
UGR, A BAE S8 TP, 34k, Lassarre SE°7& 91,
IGF- 1T PR 363k, 6 LR A K & & B A . LA
A BESL T IGF-11 #1 IGF-TT R Z2i5 LA R A B Py &
R, TUGR 046
3.3 MiEgs=5 IGF

Santoso MI MIF5% 55t MRl = 55 TGF-p1 Ml IGF- 1 ik i
ZIRISER, R ER = 20 R B E G BUSE h TGF-B1
AIGF- T (19334 S A0 b BRZEAIG ; 30 4 Kim HWU2fF 57 2 B
AR FRERZ 2 T 3T UG BUIRREE (A 3L AL FAIG , 4 IGF-
Il 75 Ak i T B AFoe 4 IR ER = 25 520 IGF R G5 AH ¢
FER AR, MAEA SIS R B = /I BB v i BRURF
WELHZY IGE-11 #1 IGF-1I R ik B kL TR TR, T
R AR A T AT, MR S- it
FRAE AR T A8 S- i [l M2 o 22 iR () i
TR IZAFAE R WP AL SR S L 3L, AT DNA (1) F 384k
EREFEHFA N BT, AR IGE-1 B H 225
PEHRSAEIX (DMR) 25 H SLAL RS ML S5 108 F B &
(CTCF) %54 ,CTCF REBH I i+ %F IGF- 11 3k g 2 F 1 1
FHL B IGF- 11 ASREA &AL 53, 1 T B AIG IGF- 11 SE A ) e 341,
FEARSLIG T IGF- 11 kK RREAIS,  PTRESE: fh 5E B R
B RZS S IGE-11 3£ DMR X [ F 3L (bR BB iR M. T
RIS IGF [ 98/, iT e TGk 2 40 M 25 K 9 E & AR B
T MR K R E

LE LR, ASSCE ST BB A R B Z /N B A, A
75 TR B ER L= X iR UL B RUIFIE IGF &R G0 36 R 33 1) 5%
Wiy, S5 SR R AANFRELZ S35 [ 2 /N B TUGR SR3  H AR
13.5 dpc JIA BUFIEPY IGF-11 #1 IGF-11 R 357K BFoT4s R
R, ERELZ X IGF RGHM AT , 7T 6625 2R Bl IUGR
RIERINLEZ e BEILRAE R R 2 FZ IR FEER A, A SO0
S RRG R E KRB E YRS IGF B HE4T T HRE, B IGF-
IL #1 IGF-II R Ay R AEARfbAN, HoMh SRR R B AR . 7E
SRS YRR K2 2T R B L IRXF IGF S X
B B AR AT | AR T IR B2 B AR IGF [N %
ik SEMAIR G R B RIHLE
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