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[Abstract] Objective To observe the effect of serum retinol binding protein 4 (RBP4) on the offspring
renal mitochondrial function in hypothyroidism during pregnancy and its mechanism. Methods Sixty SD rats
(ratio of female to male was 2:1) were chosen. Female rats were copulated with male rats in the same cage.
After 1 week of pregnancy,the female rats were randomly divided into the subclinical hypothyroidism group
(SCH group) ,overall hypothyroidism group (OH group) and normal control group (CON group) for con-
structing the models. The offspring rats were beheaded on the ice for extracting the renal mitochondria on
postnatal 14 d (P14) and 35 d (P35). The mRNA expression of RBP4 was tested by qRT-PCR. The protein
expressions of SREBP -1c, Netrin-1 and RBP4 were tested by Western blot. Results On P14 or P35, compared
with the CON group with the same day age,the difference of serum RBP4 level in the SCH group had no sta-
tistical significance(P >>0. 05) , while the level of serum RBP4 in the same day age of the OH group was in-
creased,in which the difference in the comparison on P14 between the two groups had no statistical signifi-
cance(P>>0. 05) ,but the comparison between the two groups on P35 had statistical difference(P<C0. 05). The
offspring rats with hypothyroidism,the expressions of RBP4,SREBP-1c and Netrin-1 on P35 in the OH group
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were significantly higher than those in the SCH group. Moreover, the RBP4 expression was positively correla-

ted with SREBP -1c and Netrin-1 respectively. Conclusion Serum RBP4 may be used as the predictive factor

of offspring renal mitochondrial lesion in pregnant hypothyroidism. SREBP -1c¢/Netrin-1 pathway activation

may be one of the pathogenesis.
[ Key words |
SREBP -1c/Netrin-1 pathway

BB At 25 28 KO 1Y 4 i R A R 1 3 K, A R
R Sy 156 DR 114 2 9 3 50 T 1Y Sk AR AR L O 400 FHOIR
JH Ty R VAR 3B A A & AT R L 0. 390 ~0. 5% [ 4T
R4 2 B A e DR FFOIR R D RE WRlGR , 2 96 ~ 5 Y R IR I %t
R PR FRODR IR D BEGR AR AT YR AT (12 ~
16 i) Bl HUIR B2 6 LA K & B BT A e — BRI
UER R YR BV R A A 42 f i FROIR B 08 3R 6 = R T
S OERAE L EAY - R IR Ay R S N B
B30, DRI A AR 30T R R T AR X A B i
W, FEEPAEM AR T 2 044 B 15 A A 5
13 77 1T 10X I S e 1 F 8 R R A /b A
454 H 1 (RBP) J2& # ii & 3L —Fh i 195 R 5, i 181
A G FER R FE A I, I T B B2 G B S TP A W
RO L A . RBP4 i FIE A B BRI I
i ok 5B | HOIR R e A R 1 B A i A T A2 A4 A
HAEN .2 540 &5 E L 3 bk ok 4 65 16 A HT R i 2
REVBR 45 PG 1 & A L & LY L SR, RBP4 &R S
G i 307 FH AR i Dy A8 el R A 3 AR ok Ak T R
T3 5%, LA RO AT B & 2B ML ) AF 53 1 9 A0 i 20 D A
W, AT RBP-4 % 45 i B B R IR ) B v iR
FARBE LR AR RE R 2, I S5 R BT,
1 #R5H*®
1.1 #MH kR

BEHC SD K RIL 60 HOCHMEMELL S 2 ¢ 1, MR
(200£20) g, W H H PREE 22 BF 27 Be 52 50 s ) Hh) |, i
SR A B A B iR 3% . SC LA W BB T O 5% M R
BB IR R KB RE T WA S 2 2 88, gk 1
Je K ME BB L S 3 4H . E I AR FR IR I 2 i R 4
(SCH 1) . 584 AR R D B sl iR 41 COH. 41 Al IE 5 XF
WEZH (CON 4D pEf7 i, OH 4. FAR5E 2 VIBRH R
Bt AR JE 30 d BE J5 bk DA B I 42 R OBR B R
CTSH) i 25 D it B R B I 2 R (FT4) . %5 TSH &
T CON 4 . FT4<<1. 0 pg/dL K I 38 [ $5c /MED T 4
7N s SCH 4 - 78 6 PR HH AR i Ty A 9B K U
R ST T A SERE b RS R ST 1.0 g/ 100
g 2l HOR IR R (L-T4, 32 B Sigma A &), 4 Il 75
TSH /K-8 F CON 4 3 FT4 /K F-78 1E 3 6 Bl i 42
ARSI s CON 41 AT R 52 28 R AR . A 1Bk

maternal hypothyroidism; offspring; retinol binding protein4; renal function impairment;

FORAR . S H KR T ARG 4~6 h &, JBh1kh T
T8 % B AR 55 IR 15 R AR s R JE oK oA 1.5 %
MRS, RS HE RN Po R, BERT
P1 i BIE J & bk A\ BRI, K20 FT4 TSH., B 4 2 A4~ 2
Wi A oy, & A AT R e AR TR AR 14 R
(P14) .55 35 K (P35) FR A, 43 0 Wl i JUL BF . afn 375 &
.24 h REFKF,

1.2 B RS RAK G 4] &

V5 B IUEZH 28T 6 PR BE A, T & A 0. 25 mg/mL
ik T 11y 28 7 1R 43 5 X700 B VR MR A LB i A B TR
BLWREE 10 mg/mL ¥WAIREG .4 CEL.OHIURE & .O
(R ) | NS AL N = | R = A i
Dounee S 3K #8212 .4 C B OHULE B0 5 min, B
FHEBRTH —BOEN.4 CBEOHLE#EE S 10
min, # & FIE W DOVE W B b ki ik, — 70 C R 7
A
1.3 %Kk %% PCR #n RBP4 mRNA % ik

F TRIzol i 5 & £2 B BB £ b ik S RNA, =
PG SRR & BT A5, W 2w RNA FE SR AE 10
pL KRR AT RO S SO . BURCEG Sk 1 L i
17 PCR &34 ,PCR ¥ K R Ry . 5 plL 9800 0E &t ek}
2XSYBR ZE &l .2 pL 518 (L T4 1
pl) 2 pL Plus W .1 pL cDNA, RBP4 #5149
5 H: 5 - TGGTATGCCATCGCCAAA-3', F i 5l
Y3 K5 -TCCCAGTTGCTCAGAAGA-3"; N &
Bractin I i 51 ¥ J¥ %1 . 5'-CACCCGCGAGTA-
CAACCTTC-3", T il 51 ¥ J¥ % 4. 5'-CCCATAC-
CCACCATCACACC-3", ¥##F:95 °C 1 min J7.
HEAT 95 °C 5 5,58 °C 5 5,72 °C 20 s, 3L 47 PMEIR,
RN CoERL 272 B F 5 mRNA FiEKF,

1.4 Western blot #%& | & B2 8 ¥ & &-1c (SREBP-
lc) .Netrin-1 #= RBP4 % i

PRI AR 1 b ot A TR - 2R T Ik e
LUK (SDS-PAGE) 73 8. R AL L#E 50 pg SR, N
SRR 2 X IR G2 vl . 100 CZZ % 5 min, 60 V HLJK
EREPEA BB 120 V Bk 2 h BUH BRI, KR
F 25 B8 25 il TR 2T 40k M55, 3 00 i g W 4 6 B S A — it 4
CWF T ,0.05% Tris Z&1fEh-Tween 5K % 15 &



1814

VeJE 5 30 e Wi A B REJS 1) Bt 37 CHESIIRE 2
h, 3843 U6 U 5 fiF ik U AU (NBT/BCIP) % €654 5
EWREEAEE&A . B85 8T (Quantity One E4
I3 AT B4 BIO-RAD) K il 85 11 %35 K F-
1.5 %itzam

KM SPSS23. 0 GE it kAT 40 M . T BERELA
s Fon A R ¢ KK, AE S50 55 R H
Spearman A& 73 #r, L P <<0. 05 W 2Z R A G il %
2 & B
2.1 AABMEBHTRG BT kdgirii

K IR — I ) A AR L W] H R CON
415 SCH A B ig 5 £ L i ILEF A 24 h JREE A E
KT ERB LG EE L (P>0.05, 5IHH#
CON 447 Bl &L, OH 4T BUIL I B & L i ILEF A 24
h JREE F1E 1 K7 40 8 Horh P14 i 7 20 20 ) BE A
ZR LG E L (P>>0.05) . {H P35 i B4 41 [a] kb
BESAE G HE L (P<<0.05), KT WA RE I &
NI, P14 AT B TE B & i JLEF AT 24 b
PRAEE 8 B KO3 8 KT P35 BT R (P <<0. 05)
W1,

1 BFHFREDERERER (n=20,2E5)

R 1L 7% B # I UL 24 h JREEH
21 51 A 1)
(mmol/L) (pmol/L) (mg)
OH 4 P14 5.8440.42 40, 7843. 49 12.0540. 29

P35  9.062-0.32% 45.2322,28" 70.2741.64™
SCH 41 P14  5.4840.38  37.11%£2.52  11.4820.50

P35  7.3140.26™ 41.224+2.64"™ 28.6240.64"™
CON #H P14  5.524+0.34  37.80+2.26 11.64740.52

P35 6.0740.28° 40.3342.06° 27.50=£1.00°

", P<20.05.5 CON 41 [l i) He 455" P<<0. 05. 5 OH 4 [l it [l
H#E ;¢ P<<0. 01, AN [R] B[R] 2 PN Eb 35

2.2 % #44F & SREBP-1c,Netrin-1 #= RBP4 #) & ik
B AR K 4 HF

P14 #1 P35 i, CON 4 4f il RBP4 1 mRNA #l
FEHREY W EMT OHLSCH 4147 R (P <C0.05),
P14 i} SCH #H /¥ Bl SREBP-1c #l Netrin-1 % [1 %3k
5 OH #H 2 5 L4 it 5 & L (P>>0.05), 1M P35 i}
SCH #H1f Bl SREBP-1c Ml Netrin-1 2 4 % 1k i # ik
T OH A, EZRAGiH7#E L (P<<0.05), WK 1.2,
OH #4 RBP4 ik 43 % 5 SREBP -1c #l Netrin-1 2
IEMIE(P<C0.05),

FTHREF 2021 %6 A% 50 %% 114

. P14 WP35
25
2
=
Z 15
2 10
o
5
0
OH¢H SCH4H CON4E
1 £ HFR RBP4 mRNA Rix
CONZH SCHZH OHZH CONZH SCHZH OHZH
SREBP—1c | wewus s —l |—_ -— —|
Netrin—1 | S s -I |— -.|

RBP4|-— —-||— --|

P14 P35

2 £ 4HF R SREBP -1c,Netrin-1 #A
RBP4 #I %R i%

3 i ®

4 U0 FP LR R Ty B D AR X S AR G 5 R s 3T AT R
GEUR N 43 WA S ) B 58 B . A B SE R B AR IR X
BER FUIR IR D B AR B & 7= AR E RS e, R BRI
TR R 1] A 4% B RS0 P AR 38 38 (HCGO X TSH 24K 11
A S 8 T4 A T3 88005 55 — O i 2 B A I AR
3 [r0) FEPR B R REURE A, L HE R B 2 R g R LI 75 oK
Hahnt AT B 202 WOl SE 4 B I R T HORR
Ji ) R 3R AR L 2 0T PR OIR R R e = o T
B, EAMT R E S R B G R R AR T R
1B AR 2l P A T HOIR IR AR YT L B i v
JULIEF 7K - 38 5 AT Wk &2 1E 5 AE6F i AR 0 2ok 4 1) g
F4 5% ) R 5 1 AS B 3Kt 2 A LA 4 I 5 1
AL, ARBFR K, e P14 6 J2 P35 B, 5 H iR
CON Z1#H . SCH 417 B i v B 2 L i ILIFF1 24 h
R A RE BEKOF 22 5 Y R G012 5 L (P >>0. 05) 5 1l
[F] H & 4E g3 OH 447 B 7% 5 & L m ILEF AN 24 |
JRAE A R AKF 8 T CON 41, o P14 B 9 28 4 i)
W 2RI E%E X (P>>0.05) {0 P35 i} 2 21
W] A2 A G B X (P<<0.05), 45BN, &
REAC R IR T BEUGR 758 B A g i I8 4 Bl 2 1
I HEATPE I EE L T B8 H B T R

FFOBR B 26 76 IR i 8 3l A oh ok U R A R
PERT . S HLAAR Py R IR 3 28 7K 7 5 22 R AR, 4t i
b Na K™ Z 094G B0 PEREAR, 40 5 1 45 BH 7 3 fm
U AR N = o = 1 T
B /INER U A B A, 2 0 BB T 45+ RN T e
Il PR 1 2 B0 B T e S5 SR 11 IR 2 e Y JUE 440 i
i Na' /Ca®" $5i2 PRi2 55 DB 5 & v it AR 8 25 L .



FTHRESF 2021456 A% 50 %% 114

A B WE 25 40 N Ty B8 & AR el AR, T R VR T R OLR IR 41
21, FRBR U 2% i R R HE s R A1 £ 1 R R 9 R K
SFREAR 175 & FHR IR T RERGR |

SRR SR AR U A Y F T A B AT A A
A KA M R R . AETEEL s b HOIR IR R
RS HAREEYEAWRBEENEZ —, a2k
LR R E (gt 3 W ik . 5 — T, ok Ik
I i WA T S 20BN 8 05 0 A & AN i O
T, [ B S O % S S S 4

BE A 5E & I, RBP4 i IE & BT BEICA I, AT
F 25 /INER U 3, LT 4 3k il N A 0 i,
AR AR ) BE W R R I v ORI JR th RBP4 K P 3
B G A g A R A — B, A T — 25
G i 491 56 4 0 i PR OBR AR D) i D8R 41 47 B RBP4
) mRNA I R B AR 511, s P14 iE &
P35 i, CON 44 il RBP4 iy mRNA Fl&E H £ ik
B EMT OH.SCH 4117 K.

WANG %" BESE & B, RBP-4 38 3 410 1 £k {4
A -1 Ik, YR 2 bR 4 244 SC I F Drp-1.
Fisl B &k e LR IR DI REBR A I K 2B R B, 4
SRR D) B W A5 B, BILAAR P9 5 R g 65 1 [ O Y5 43 T
 F1-1c(SREBP-10) () mRNA F1#E 12835 K V54 &
55 81 JIE [ B BRI PR A I R B . 24
et B BCIR A R /il /N 4 i B % 35 Netrin-1,
Netrin-1 J& F—F i A= B T, % 15 P B2 40 i
%6 SF ¥ AL 40 i ke A1 30 348 4 L3 B8 R B EAE . Ne-
trin-1 3o B 3R AN (AR HE v i B8 R A T A L i
AT AR SE S Jok O 4 B S it A TR A, i S 0 R T Ak B
HERE

ARG R I 2 I O 30 OBR AR 2 g R B, AR
SREBP-1c i Netrin-1 B2 X ¥ 8] 8 [ 34, 1M H OH
41 SREBP-1c il Netrin-1 [ # ik /K F &% & T SCH
., dE— M 45 B R L RBP4 il 3 15 K43 51 5
SREBP-1c il Netrin-1 2 IFEAHIC . HE DU 4F Big 157 HH R
Dy tie v 18 i 5 A B LR iR 40 E 1Y W] RE & e AL R
RBP-4 3 ik Fb i 1% B OE 4 OR0 A 00 3, 2 R IR
SREBP-1c ik 8, it fff Netrin-1 {3 B4 76 H 3
B AR A R A e [ R 0 S o 0GR O A B B
o e B [ A B A 2 A e A B O T AR
JIE K Az S8 Ak I A A

g5 b fr ik, RBP4 0] AF A F000 40 O 309 FROIR R 2 8
IR AR I 0 B 2 -, RBP4/SREBP-1c¢/
Netrin-1 15 53l % i 1k 77 6 38 13 2 5 9 37 45 Ok 3 H
Ry 138 DR A B IE Al I 4o R i A A L A
IFE £ R A4 Ty R AR 38 o AR AR AT 5 1 it 2 i R S 56 B4 4

1815

TIE G R 393 P AR U 2 B e 1B i AR AE 2k A 45 T Y
TR HLH .

2% 3k

[1] ANDRADE L J,CRUZ T,DALTRO C,et al.

Detection of subclinical hypothyroidism in

pregnant women with different gestational ages
[J]. Arq Bras Endocrinol Metabol,2005,49(6) :
923-929.

[2] NEELAVENI K,HARIK V S,RAKESH S, et
al. Postpartum follow-up in women diagnosed
with subclinical hypothyroidism during preg-
nancy[ J ]. Indian J Endocrinol Metab, 2017, 21
(5):699-702.

[3] SHAN Z Y,CHEN Y Y, TENG W P,et al. A
study for maternal thyroid hormone deficiency
during the first half of pregnancy in Chinal[]].
Eur J Clin Invest,2009,39(1) :37-42.

[4] PERE B.JOSE L M, ASUNCION S, et al. De-
layed neurobehavioral development in children
born to pregnant women with mild hypothy-
roxinemia during the first month of gestation:
the importance of early iodine supplementation
[17. Thyroid.2009,19(5) :511-519.

[5] FUKUSHIMA T,YOSHIHARA H,FURUTA
H,et al. Nedd4-induced monoubiquitination of
IRS-2 enhances IGF signalling and mitogenic
activity[J]. Nat Commun,2015,6:6780.

[6] FRANCESCA M,MICHELA S,SARA S,et al.
Testing the correlation between experimentally-
induced hypothyroidism during pregnancy and
autistic-like symptoms in the rat offspring[J].
Behav Brain Res,2017,321(1):113-122.

[7] KOKKINOS S,PAPAZOGLOU D, ZISIMOPOU-
LOS A, et al. Retinol Binding Protein-4 and Adi-
ponectin Levels in Thyroid Overt and Subclinical
Dysfunction [ J]. Exp Clin Endocrinol Diabetes.,
2016,124(2) :87-92.

[8] SUN H X,JI H H,CHEN X L,et al. Serum
retinol-binding protein 4 is associated with the
presence and severity of coronary artery disease
in patients with subclinical hypothyroidism[]].
Aging,2019,11(13):4510-4520.

[9] ESCOBAR-MORREALE H F, OBREGON M



1816

[10]

[11]

[12]

[13]

[14]

J,ESCOBAR R F, et al. Replacement therapy
for hypothyroidism with thyroxine alone does
not ensure euthyroidism in all tissues,as stud-
ied in thyroidectomized rats[]J]. J Clin Invest,
1995,96(6) :2828-2838.

ALEX S G,MARCOS A,ERIK A,et al. Guide-
lines of the American Thyroid Association for
the diagnosis and management of thyroid dis-
ease during pregnancy and postpartum [ ] J.
Thyroid,2011,21(10) :1081-1125.

ERIK K A,ELIZABETH N P,GREGORY A
B,et al. 2017 Guidelines of the american thy-
roid association for the diagnosis and manage-
ment of thyroid disease during pregnancy and
the postpartum[] ]. Thyroid,2017,27(3);315-
389.

MOHEBBATI R, HOSSEINI M, HAGHSHE-
NAS M,et al. The effects of Nigella Sativa ex-
tract on renal tissue oxidative damage during
neonatal and juvenile growth in propylthioura-
cil-induced hypothyroid rat[J]. Endocr Regul,
2017,51(2) :105-113.

MAHDI E, MAHMOUD H, FARIMAH B, et
al. Vitamin C improves liver and renal func-
tions in hypothyroid rats by reducing tissue ox-
idative injury[J]. Int J Vitam Nutr Res, 2020,
90(1-2) :84-94.

KUDUGUNTI N,RAKESH S,HARI KUMAR K
V S. Levothyroxine dosing after delivery in women

diagnosed with hypothyroidism during pregnancy-a

[15]

[16]

[17]

[18]

FTHREF 2021 %6 A% 50 %% 114

retrospective,observational study[]]. Indian ] En-
docrinol Metab,2019,23(2) ;238-241.

SONG W,GAO L L,ZHEN L L. Whole mito-
chondrial genome sequence and mutations of
the hypertension model inbred rat strain (Mu-
ridae; Rattus) [ ] ]. Mitochondrial DNA A DNA
Mapp Seq Anal,2016,27(2) :1245-1246.

HOU Y J,LI S C,WU M,et al. Mitochondria-
targeted peptide SS-31 attenuates renal injury
via an antioxidant effect in diabetic nephropa-
thy[J]. Am J Physiol Renal Physiol,2016,310
(6) :F547-559.

WANG J J,CHEN H G,LIU Y,et al. Retinol
binding protein 4 induces mitochondrial dys-
function and vascular oxidative damage [ ] ].
Atherosclerosis,2015,240(2) ;:335-344.
GAIPING W,KLAUS E,ROBERT R,et al. Sterol
regulatory element-binding proteins are transcrip-
tional regulators of the thyroglobulin gene in thy-
roid cells [J]. Biochim Biophys Acta, 2016, 1859
(8):994-1003.

[19] JALALEDDINNE O B, WANG P,SIU K L,et

al. Netrin-1 improves post-injury cardiac func-
tion in vivo via DCC/NQO-dependent preserva-
tion of mitochondrial integrity, while attenua-
ting autophagy [ J]. Biochim Biophys Acta,
2015,1852(2) :277-289.

Clicf H 3 :2020-09-18 &1 H 111 . 2021-03-02)





