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[ Abstract] Objective To explore gene expression and metabolic capacity changes of brown adipose tissue
(BAT) during different gestation periods. Methods A normal pregnancy model was established using C57BL/6]
mice, while infertile mice of the same age were served as the control group. The morphological alteration of BAT during
pregnancy as well as the gene expression of uncoupling protein 1 ( UCP1) and other fat browning and mitochondrial
marker genes were detected. Moreover, BATs from early and late gestation were selected to screen differentially
expressed genes in relation to pregnancy progressing by RNA sequencing( RNA-seq) , and gene ontology (GO) and
Kyoto gene and gene sequencing ( KEGG ) were performed. Results With pregnancy progressing, the size of BAT
lipid droplets was substantially enlarged, UCP1 protein expression was decreased (P<0.01), and the fat browning
marker genes( Ucpl, Dio2, and Pgela) and the mitochondrial marker gene CytC were downregulated ( P<0.001).
Additionally, a total of 1 298 distinct genes were identified by RNA-seq, 906 of which were upregulated and 392 were
downregulated at later stage of pregnancy. GO and KEGG analyses revealed that the differentially expressed genes were
mainly enriched in bioregulatory functional pathways such as lipid metabolism, sex steroid hormones, and
inflammatory factors. Conclusion BAT in mice showed larger lipid droplets and reduced thermogenic and metabolic
capacity during late gestation, and BAT gene expression was significantly different in different periods of gestation, so
reduced metabolic capacity of BAT may contribute to metabolic abnormality during pregnancy.
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kg i 221 ( brown adipose tissue, BAT) J& A&
FRFLAWIIRII R FERA . — 5 H AR A
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XF BAT FRIEHRE I Bl 4 4R S 191 1) 28 A Ak 1 B0 20 4R R T
HE— 2048 7S PR Y B R A AR AL

MR T E

— . bk

1. 3 . b p ot BE R R A R 24 52 5 Bl g v A Ak
6 J& i MEVE C57BL/6) /L 20 (8 Jal e EE C57BL/
6J /L 10 H, T R 5 BERL R 27 9256 Zh ) o I
HEEESR PR 12 b/ A, 2 24°C 1R 50%
AR IESE 0 2 25 ST TRLAS BR ) RO B B £

2. FEGAF: RIPA (P EZE Z REYHEALF) ,
AF R ) R Bk 0 750 ( 56 ] Roche A 7)) ,BCA
EHIRF A& ( 3£ E ThermoFisher 22 7)) \UCP1  #UK T3
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Z3])  RNA SIBGRGH & (P R RARAE AR A A]) (8
Wkl & (W) (h E R MERE AR R A D) |
SYBR Green Master Mix ( 32 [€ Life Technologies 2y H] ) |
RNA 51 (_EigbER B TAEAH]) .
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WH R, A R EIC R GOd, 4T IR 41 (the first
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IR 15 3] 2H (the third trimester, T3) F G6d., G12d,
G18d 73 ALFE , Cul 415 T1 4 [E AL BE, 4bFERT H
SRR R OF I ) B R N RO e ok 2R
16 h, Zb5E >4 H HUR K i A6 I 25 1 iiofE (FPG ) 7KF-

2. BESEAIINT ( RNA-seq) K il BAT %% st 2 LA
ARFFEHEI 3 HIEH RS 3 AT gRm /N B Y
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GO 43Hr Fl KEGG 43#r .

3. TR AKE - 2L (hematoxylin and eosin, HE)
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4. Western ENF ; B H/NEREL 50 g BAT, A 400
WL ZH 220 M A i, 45 1 2 50 A EE £ 3 R A
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5% Be Wik 3P 4CIFE —PL(HEE 1 2 1000) 3%,
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5. SEINPE % E B PCR (RT-gPCR) : % FH Trizol 1
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= GiiteEAb
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Uepl AGGCTTCCAGTACCATTAGGT CTGAGTGAGGCAAAGCTGATTT
Dio2 GATGCTCCCAATTCCAGTGT TGAACCAAAGTTGACCACCA
Pecla CCCTGCCATTGTTAAGACC TGCTGCTGTTCCTGTTTTC
CytC GCAAGCATAAGACTGGACCAAA TTGTTGGCATCTGTGTAAGAGAATC
Ppia GAGCTGTTTGCAGACAAAGTTC CCCTGGCACATGAATCCTGG
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2 FEARIEEYRIHY BAT HZUE M UCP1 YRR L

0.55)g X (20.13+0.18) g, P<0.001, & 1A] &% FPG
[ (5.86+0.50) mmol/L %f (4.02 + 0.67) mmol/L, P<
0.001, &l 1B) J 7K V-7E 4 i 501 B oF 0 0 25 2% S, B
IR R R BT T1(21.50+0.55) ¢,
T2(25.34+1.57)g, T3(31.96+1.18) g, P<0.001 ], i
FPG B A [ T1(5.86 +0.50) mmol/L, T2(5.02 +
0.42) mmol/L, T3(4.52+0.40) mmol/L, P<0.001 ], {&
[ (21.50+0.55) g X (31.96 + 1.18) g, P<0.001] K&
FPG[ (5.86+0.50) mmol/L H.(4.52+0.40) mmol/L, P<
0.001 ] 22546 T1 J2 T3 4%,

TN IA R ORI BAT 4 2UIE 2 DL R AR i RE
J175 4k,

HUR RS 4R I B9 BAT 41 20T R 4 41 25 24 Al

FRRE I AHOCHEE 11 5 R R A By A . 25 R R, i
THAE HE e 0058 T 3R R K/ 48 (1 BT 25 30, B
SRR RE /N BAT R 25 48 O, 0 BEZH 2L A
AU T UCPT e AR (8 (18 2) o

FERIh bR 1 UCP1 FIkEE RIS B % %
I % (P =0.006, K 3A), Jig 5 0 A b s 2 1A
Ucpl . Dio2 \Pgcla FIZRAAPR &G I A CytC 1) iR 7E
/N BAT FRBf YR IE I/ (1 P<0.001, € 3B) , LA
BAT $FAEH = AT RE T i AR vfE | $278 BAT TE4F
BRI E) 1 AR RE J7 320, DAL R e S0 55 B Ay .
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Molecular function
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JIEL [T e A ) - ol A % 2 I 618 B 7 S o] A 28 T TR
fitE 3% Ak T 41 fg A2 K F ( nuclear factor of activated T cell
NFAT) 559005 Je STt A QI 72 45 A W aod 7
(K 5B) s [alm, 22 5 & X 7 A 7E R 45 1 S5 9 3K 3

EAEAKR AT e FEEE G
THRIEE AWK BREZEAZAY REEAZE
Yy P2 ST LA | PN 5T I R K 5 fih 4 22 ik 44 L 2 Sy
H(Es5C),

HE—25 R KEGG 3l 5 43 1 %) 22 5 3¢ 3k JE P
T332 B B, e 9 HABE ] T 75 9 43 W L e g LT Ak
ARG EE, IS GRS B s B AR 45
6A) . FEMEBEAYI G L Na VTR A G 1 S AN TR 0 i
R A A 4 ) i 22 57 3 R KEGG 3 & 42 Wi 3 1
(K 6B),
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BAT VLA ANy T2 RE R IR, [AI BAT X
Je 4 B R I 3 RN B U Al T R
7K BAT B 5¢ 205 , 1 AE I #E 4.1 kg R BAT
(AL AR L 0T 35 WAT (1 100 £, 161k BAT il
TP BT BRI AE , AT e 5 2R i
SR FETT G S B AT RE" . P BAT -
P 50~70 ¢, U5 AE X HLAE BRI AR A A
RTTHR, JE R B H E R R BB N 15 35 ik
Ak BAT FCBDIRE, 7Ty 2 BB R A GDM IR )T
e O LSRN

A aek AR X B AR A BRSO R AR, AR a8
ARV R B S BB G S A S < NI RER Bz 20
MALFE BAT #E AR I 20 2V 1A = B sh s ik, il it [
B 41T LA AR R B A AR AR BIESE R
RNA-seq 4341 BAT 7E 1E 4T -5 W 93 19 A A [R) R 11E
PAERTT BAT fR85RE 1 75 4 U 49 1) 728 Ak SO0t 4 Uk g 1
P AR 520, BB ) 22 5 R IR I Y GO 2
RAE R ST KEGG 38 #% 70 A7, 25 58 W 7 2 5 B A 7
FIEMR JEE B W, S WER G A 45 e i Al
PR E WAL IS5 IR R 5 R 2 S L B P
BREBEAZRGES BRI A 55 AR

AW R BT R DR AN S PR T eSS
55 F 1 (sterol regulatory element binding transcription
factor 1, Srebfl) AHARMEEAHEGF A ZfI I 1 (stearoyl-CoA
desaturase 1, Sedl) | A4 i ZE A 6 ( growth arrest-

specific, Gas6) SF7EULUR ML ] BAT v 3Rk 3 1k,
Kariba %5 & 3, JFIE Srebfl 3K 7K V- 1ERFLLFES
PR SRR ENE VA SR miR-132-3p ], BHiE i
JET AR R LRI B 3 W VS, Sed 1 G % BN R AR
TR AL BRI B il , AN AN AR DR 22 5 I |
WEBRI S5 Z R IR S A K, #E— LS E BL, Sedl
BZ 38k WO B3-H B g 52 1K ( B3-adrenergic
receptor, B3-AR) i 12 LA S B J& I 9 (1) i D5 o3 fik A
i AR K 3 N Sed 1™ /N L BAT 19 7= #0017
Gas6 1 f IR TR S5 AN % 4 T A gk /)N BB s 7T
FUU4 D Hsiao 285 HEW Gas6 S HAZ A ( Tyro-3 ., Axl,
Mer \TAM) S5 ] B30 ok 9 55 10045 A= 02 5 E Jpk B HG
AT e W R A A= o e Ah | JIE T3] P A 305 O
it F- 6 {51 B i (1anosterol synthase, Lss) /' 3B-F2 3k
B WE-A24 8 J5 i ( 3B-hydroxysterol-A24 reductase,
Dher24) ' RERIZELE YR G BAT rh 3k B, I BRI
IR A3 PT 8 5 M 7 ORI AR ST ax s R
IL[F R, GO I BAT (4 i AC AR a5 A ot o0 52
TS 0, BAT BEREW /D, #E 1 n] BE T 2 BAT
ARG,

Qiao %51 FE 1E 4T R /1N U W8 58 3], 40 0% 6 101
BAT PRSI AR s BB o, i UCP L 5 1 3Rk K&
RO AT i S5 B AR, B4 UCPT A 10 7= S s > S B
PRFIRG LA AR B3 T Bt . Frontera 557" 1A
BAT 7 A4 RE ) 2028 5 0 Uk S R R TR 3R B8 % 1)
AHSG o ASBIFSE Hh G B s 28 935 3R DG B B PR A 17893 ik
2 [ B Bl U 7 Y (17 B-hydroxysteroid dehydrogenase
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type 7, Hsd17b7) | 22 il 52 1& ( progesterone receptor,
Pgr) 2 [# B #4232 7R 3L 3075 I F (steroid hormone
receptor coactivators, Sre) ™! 7E4F YR MG BAT A,
Hsd 177 5 57 5 55 W 330 2% M I % 1 o B A 20 ) e —
B2 PRRTE AT Won BAT 1R AE 71 5 MEZR i &R
HARRNE, BAT 704 B il M BAT P — R e fe
Wk B R NS AR METE B BAT A
A S P FARE ) AEE KO 2 i SOk A X R A
DIBROP SR 2511 %, 178-ME — BE oA i i
et e A0 Y PR T A 2R VO (AMPK) |,
BBAT WA 2G> B 2R B TE IR A3 A
Pl 175 200 B A P DR 50 e A 4 0L (L 2 g o
BAT PRI 22 5 335 56 4 (1 7T /8 e 9 70 ik
S, Lt A g R A B BRI, S B PR AT
IRV IEAR G, WRB A UEZ2 IR X BAT j $AT) RE A 145
VEFRES . ARWRgE b, BI85 L DA (leptin ) 7E 4T R e
1 BAT FEA T RIRE R L, (B PR & I 56
P AE AR YRV 4z 1w SCFA” , B R iG JL & & ™
S FLAB TR R, TSR N R A S5 A i o i R
V5 I B IR B A 5 AR TR IR T , A% 0 0 M 2 YRR S
FIERLRAAET) 2 TS M = I R BN
Wb SR 7oA s | LR AE ROV M5 38 %
H: 25 1 ( bone morphogenetic proteins, BMPs) At 3% Y
Z2 AR WD T A AR R BAT R AR, BE
TEWFSE R B, B 5 2 s A2 A 1 e 4 i o & 1 1
PEARRRE JRAE E JI | & M 200 i DAL e Tk a0 i 35 5 JBR 15
FIPUR A AW h G E T B2k B L T A
R BE 5 FE R 1 (apoptosis-associated speck-like protein
containing CARD , ASC, tWFK A Pycard) " FE -4 15 1)
BAT wpik [, AU AR ST R Bt 8 A0 I8 45 77 i 21
Z N4 1 (heme oxygenase-1, Hmox1) " F&35 i
BMPs 2 518 il 4fi i & & B Mg AR -1 . BMP6
PIAE ST 3 98 B 0b/ob /N BRI 2175 25 0 A B
JFKF-, T BMP6 E4EURIGEI BAT ik Tl
AW SRS T H IR YRAN[F] B B BAT 647 1 5K 3R
KSR T o RGBS A P AR R4 TR /N
IEARMEHA BAT %% 5% 20 7 i 45 5 2 IR B4 s b e 26 [
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