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The cell cycle pathway regulates chicken abdominal fat deposition
as revealed by transcriptome sequencing

Jiahui Chen, Xueyi Ren, Limin Li, Shiyi Lu, Tian Cheng, Liangtian Tan, Shaodong Liang,
Danlin He, Qingbin Luo, Qinghua Nie, Xiquan Zhang, Wen Luo

Guangdong Key Laboratory of Agricultural Animal Genomics and Molecular Breeding, Key Lab of Chicken Genetics, Breeding and
Reproduction, Ministry of Agriculture, College of Animal Science, South China Agricultural University, Guangzhou 510642, China

Abstract: With the improvement of growth traits and feed conversion rate, the abdominal fat rate of Chinese
local breeds of broilers has been increasing. Excessive abdominal fat deposition not only reduces the slaughter rate
and disease resistance of broiler chickens, but also produces waste due to the difficulty of fat treatment. In order to
study the regulatory genes and pathways involved in abdominal fat deposition of broilers, we used high-fat diets to
feed the Xinghua Chicken, which is a Chinese local breed. Two weeks after feeding, we found that the abdominal fat
weight and rate of broilers in the high-fat diet group increased significantly, and the diameter and area of abdominal
fat cells also increased significantly. Transcriptome sequencing of abdominal fat and livers showed that the
differentially expressed genes in the abdominal fat were mainly enriched in the cell cycle, peroxisome proliferator-
activated receptor (PPAR) and extracellular matrix (ECM) receptor signaling pathways. The differentially expressed
genes in livers were also significantly enriched in the cell cycle pathway, as well as in the steroid biosynthesis and
PPAR signaling pathway. By analyzing the common differentially expressed genes in abdominal fat and liver tissues,
we found that these genes were also enriched in cell cycle. Finally, we used the chicken LMH (chicken
hepatoma cell) cell line and chicken ICP (immortalized chicken preadipocytes) cell line to do the in vitro validation
assays. We used high-fat and common medium to culture the cells. The results showed that after 48 hours, the high-fat
medium could significantly promote cell cycle and increase the number of cells in S phase. Additionally, gRT-PCR
results showed that the high-fat medium could significantly promote the expression of genes related to cell cycle.
In conclusion, we found that high-fat diets activate the cell cycle progression of chicken hepatocytes and

preadipocytes, promote cell proliferation, and then increase abdominal fat deposition.

Keywords: Xinghua chicken; high-fat diet; abdominal fat deposition; cell cycle; differentially expressed genes

[3

[1.2]

[4]



964 £ ! Hereditas (Beijing) 2019 a1
VLDL(very low density lipoprotein) —-80°C RNA
Bl 10%
5]
1.3 HEHFHNF
QTL 80
A (e RNA BGI-500
r (Mus musculus) NCBI'S Gene Expression Omnibus (GEO,

[8]

1.1 HBHEFEREERIE

8
6
( 40% 25%
20% ) ( 41%

5% 22% )
LMH (chicken hepatoma cell)

ICP (immortalized chicken preadipocytes)

1.2 ABEEMNE

http://lwww.ncbi.nim.nih.gov/geo) GEO
GSE128340

=2 Q ( P )=<0.001
7

( CCNB3 CDC45 CDK1l CDKN2A

GADD45B PLK1 PTTG1) gRT-PCR

1.4 RNAEEl. cDNA &R #1 qRT-PCR

RNaiso (TaKaRa )
LMH ICP
RNA RNA
PrimeScript™ RT reagent Kit with gDNA
Eraser (TaKaRa ) cDNA
cDNA ITAQ™ Universal SYBR®
Green Supermix (Bio-Rad )
gRT-PCR
1 10 uL 2xSYBR® Green Supermix
0.5 pL (10 pmol/L) 0.5 pL
(10 pmol/L) 2 uL ¢cDNA 7 uL MilliQ
95 1min 95 10s 58 30s 40
95 15s 60 1min 95 155
3 gRT-PCR 27AACT
2] LMH gRT-PCR
S-actin*®! Primer
premier 5 ICP gRT-PCR
GAPDH [11]
1.5 AR

10%



10

965

% 1 QqRT-PCR #1&5|4)
Table 1 The primer sequences of gRT-PCR used in
this study

(NCBI )
c-Myc (KU981087)

(5—>39
F:GCCAGCGAAGGAATGAGC
R:CGTCCGATTGGATAGACAGAAC
CDK1 (NM_205314.1) F: AAGTGAGGAGGAAGGTG

R: AATGGCAGAAGACGATA
PLK1 (NM_001030639.1) F: AACTGAACGGGCGAAAG

R: GGGAATACAGGCTGGGTC
CCNB3 (NM_205239.2) F: TCCTCATCGCCTCCAAA

R: CAGGGTCATCTCACAGACAAAA
PTTG1 F: GAAAGGCTCTTGGAAA
(XM_025154881.1) R: TGAGGAGGTCTCGTTATT
GADD45B F: GCTTCGGTCCCTTTGGTGA
(XM_015299957.2) R: CCGGCAGTTGTTGTGCAGTC
CDC45 (XM_415070.6) F: TGTCTCGCCATAACCA

R: GCCGCTTCTGTCCTT
CDKN2A (NM_204434.1) F: TACGTTCTCCCTTCACCTCC

R: AAACCGCTTCAACTGACTACAT
CDKN2B (NM_204433.1) F: AAACCCACCCGCTCTTCC

R: CCGTCCCTTTCGGCTTCA
p-actin (NM_205518.1)  F: TTGTTGACAATGGCTCCGGT

R: AACCATCACACCCTGATGTCT
GAPDH (NM_204305.1) F: AGAACATCATCCCAGCGT

R: AGCCTTCACTACCCTCTTG
16 HE#®&

55 6~12h

1.7 ZHRIER S5 SRR

10% 15% DMEM
(Gibco ) [12]
0.66 mmol/L
0.33 mmol/L 1 mmol/L
ICP 15%
DMEM
LMH
10% DMEM
24 12
80%
48 h

(12 ) RNA (24 )

1.8 HRaFH o

48 h 75%

-20 10 pg/mL
RNA  A(TaKaRa ) 0.2%(v/v)Triton
X-100(Sigma ) 50 pg/mL
(Sigma ) 4 30 min
BD Accuri C6 (BD Biosciences

) Flowjo 7.6 (Verity
Software House)

9 (CDK1 PLK1 CCNB3

PTTG1 GADD45B CDC45 c-Myc CDKN2A
CDKN2B) gRT-PCR
9
1.9 PRERAYRBER/INEYIE
Nikon Eclipec-Ti NIS-Elements
BR

3 3

20



966 2 i Hereditas (Beijing) 2019 41

1.10 #EZITFoH,

DAVID (http://david.abcc.ncifcrf.
gov/home.jsp) GO
Kyoto Encyclopedia of Genes and Genomes
(KEGG)
Metascape (http://metascape.org/gp/index.html#/
main/stepl) +
6 3
SPSS t
2

21 SEBIRTEMABEREITR, BXEE
M EZEFMER

L=T - R = -]

L
D

HIH

Tl

E 1400 - Ll

:

g

WA AR )
g3

)
S

=

1200 -
2 i kil

1 SIS AR AR A S0

10
( 1A

( 1 B ©
(P<0.05)

( 1D) NIS-Elements

BR

( 1E)

22 EREGIE LS EREAANERRE
£ RO

C 301

e

Fig. 1 The effect of high-fat diets on the abdominal fat deposition of broilers

A 2 B

E

A
=8
535
W 30 -
I 25 -
= 20
£
B s
0
fe 52| e
c D

*P<0.05 ***P<0.001



10

967
p53
273 491 (peroxisome
17 568 proliferator-activated receptor PPAR) (
( 2A) 2C) Metascape
GO ( 2D)
( 2B) KEGG
A ® Up:273 B ﬁﬂﬂﬂﬁ‘%ﬂﬁl'l%ﬁ W AT I
fold change =2, g value <0.001 Jr ﬂﬁ%‘%}%\%\] o 1"| m: if:%i’fﬁ
e Down: 491 B RS W A A
foldchango <-2, g value <0.001 ﬂﬂ&l?l‘ﬂﬁﬁgﬁﬁ
o 10-DEGs: 17568 RNABA WIS R 778 1
aba (fold change) <2 or g value =0.001 kg Ay
Scatter plot of HN_fat-vs-NN_fat. DEGseq Method {.’3[ FAEE
o BLBTE T
ﬂﬁ%ﬁﬂﬂﬁ.’—t%dﬂ
- 222 R
B 5 A
% L Sog s
P Ly S
4 A A 2457 LR O A e A
iz 91 M J5] 44
= il
i 3 1 Y fR o
= £ ff F 3 e A
&€ 7] BN TP
= PPl {4
= A
& 1 ek
i) : Rk, HLRIX
0: e 1 = SRk
A S B B B P .
log:o(#3 HEAG AR BEIH 2 157K ) AN A RE R
C 6 8 10 12 14 16
- P value (—logy)
PPAR{F il |5 genes D
pS3fi 'Sl |6 genes
ML PERCIR-SEAIILAE ] |14 genes
ECM-SZ{AHITLAES |7 genes
EREdE |5 genes
BIKER |8 genes
HTLV-I&it |14 genes |
FMAHIGE I 415 |7 genes |
SR 11 genes |
AR ERY |10 genes |
0 1 2 3 4 -
P value (—log;)
B2 SESMERGHERARNERREIES SN

Fig. 2 Analysis of differentially expressed genes in abdominal fat between high-fat diet chickens and normal

diet chickens
A Scatter plot

GO

(HN_fat NN_fat ) B

KEGG D (



968 2 i Hereditas (Beijing) 2019 41
23 SIEBINLIANGFFREALNERERFKIE ( 3A)
EROm GO
( 3B)
KEGG
( 30
502
569 17 261 PPAR Metascape
e Up: 502 . -
A fold change >2, ¢ value <0.001 B gaBpeamiEt " AT IR
e Down: 569 S AR
fold change <2, ¢ value <0.001 1 A " ARy
» no-DEGs: 17261 B4 o
aba (fold change) <2 or g value >0.001 m% % %g‘gﬁ
Scatter plot of HN_liver-vs-NN_liver.DEGseq Method T 1 LA
BE G A
Kb ARTEDES
6 2 5 AR A
_ 28 [ B A L R
B B2 5 U e
x5 I F A A R
% TREEEM AT
® I [ A A
& 4 R AR
b 4 R A= 4 et 7
= 5 B R
B 31 L A e R
2 o fifa S J4
= A 5y 2k
g 4 J
g BN
&1 By
Hb g
R RS 43
0 . ﬁﬁ?ﬁéﬁ%
o 1 2 3 4 5 6 SRR y - 7
logo( i HE RS T HERE (H ik 7K ) P value (-logi)
C . D
PPAR{EE1HEE |7 genesl
pS3{ESER |7 genesl
FEAE AR Je gene8|
PI3K-AKT{5 550 21 genesl
AMIPK {55 | 11 genes I
HeTEPERCR-SE AR IR 20 genes |
fLiff4% |61 genes |
YA (15 genes |
FiAE RAGEYI A 21 genes |
AR A R |10 genes |
0 Iz :1 I6 é lIO e ma m;-' e G G0 e D Bees SR

P value (—logyg)

B3 SESMEEASHFRAANEERREES SN

Fig. 3 Analysis of differentially expressed genes in livers between high-fat diet chickens and normal diet chickens

A Scatter plot (HN_liver NN_liver ) B
GO c KEGG D (



10 : 969

( 3D) CDC45 CDK1 CDKN2A GADD45B PLK1
( ) PTTG1)  gRT-PCR (
4C) ( 4D)

24 BEMPFEGAHNERESREIEREE

= 5 T4 R E HA 18 2% 2.5 =015 7= & TR i3 %8 BT Bk £ AR #0 By BS B
2 Bt 7 20 B B A gt A2
177
( 4A) 177 GO
LMH ICP
( 4B) 48 h
LMH ICP
G: S
177 ( 5 A B)
7 (CCNB3 48 h RNA qRT-PCR
A

0 2 4 6 8 10 12 14

1 R LR i vs 2 Al LI i —log,«(P)
T S 1 FF R vis i 201
C 4.0 . D 504 **
Y W &R » 4.5 1
R RciEs| 4.0 1
ﬁ ;g 1 %= - ﬁ 3.5 *
= 2.5 ~ 3.0 1 *
% 20 t 2 E25] 3
15 1 %2 ]
% 1.0 1.0 -
0.5 | 0.5 1
0 5 O N \ N 0" 5 Yy B N 3
P R A 0 P & G \J Vg o \ 5 W o
ORI NG U P R IR\ O ARG M AR DU
¢ ¢ & 6}9 < ¢ & 0}9 :

B4 BEEMFETHEFERREEIESZEETHEBHNEXHERR
Fig. 4 The differentially expressed genes in abdominal fat and livers were both enriched in the cell cycle

progression
A B GO C gRT-PCR

7 D gRT-PCR 7 *P<0.05 **P<0.01



970 i 1 Hereditas (Beijing) 2019 41

A 70 - B 70,
=i O w s hE ek
60 - W EE R 60 - I S B IR A
504 o s0] _*
S 40- S 40
: :
= 30 4 = 30 4 ok
20 E 20 4
10 10
0 - 0 T T
G, S G, G, S G,
C 257 BAEMERIE - D 357 mmpskist -

WA

sol MR

) -{5!25
gl,s- gzo .
x M
g g

0.5 1

0.5 1
o A A ) b o N M
5N D o) D D b."
ﬁ&ﬁﬁ@oﬁﬁﬁ & ¥ (E P @@
R &

5 EShE T E TR 2 S XG BT At 48 AR A0 B B A 48 AR A% 4R B B HA A2

Fig. 5 High-fat medium can promote the cell cycle of chicken liver cells and preadipocytes

A LMH 48 h B ICP 48 h
C LMH 48 h D ICP
48 h *P<0.05 **P<0.01
9 (CDK1 PLK1 CCNB3 PTTG1
GADD45B CDC45 c-Myc CDKN2A  CDKN2B)
LMH ICP
( 5 C D)
3
PPAR (extracellular matrix
receptor ECM-receptor) Whnt
[13~15]
Q)
PPAR ECM-receptor
el KEGG

PPAR



10 971
PPARa
(171 pPPARa
PPARa Al
(ATP-binding cassette transporter A1l ABCA1)
Al (apolipoprotein A-I, ApoAl) (201
mRNA (8] PPARa
(triglyceride, TG)
(high density liptein cho-
lesterol, HDL-C) 91 ppAR 22
[20] Spragua-Dawley
PPAR-y
(201 pp ARy [31]
[21] [32,33]
PPAR -1 (thrombospon-
[22] dins-1, TSP-1) B4 TSp-1
35
PPARy CCAAT sl
o (CCAAT enhancer-binding proteins,
36~38 39
C/EBPa) (3381 Kong
(23] TSP-1
KEGG ECM-receptor
1 [24]
2 3k (References):
ECM-receptor
[1] Haslam DW, James WP. Obesity. Lancet, 2005, 366(9492):
1197-1209. [DOI]
[25]

Hammarstedt [2] Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P,
Penninx BW, Zitman FG. Overweight, obesity, and
depression: a systematic review and meta-analysis of
longitudinal studies. Arch Gen Psychiat, 2010, 67(3):
220-229. [DOI]

[26.27] [3] Yan H, Zheng P, Yu B, Yu J, Mao X, He J, Huang Z, Chen
D. Postnatal high-fat diet enhances ectopic fat deposition
in pigs with intrauterine growth retardation. Eur J Nutr,

2017, 56(2): 483-490. [DOI]
(28] [4] Tu YJ, Yu DY. Study on the effects of enclosure and
Whnt grazing on growth and meat quality of local chickens.

3 China Poultry, 2004, 26(19): 46-47.
[29] ’

, 2004, (19): 46-47. [DOI]
[5] Lang QQ. Study on the selection method of abdominal fat


https://www.ncbi.nlm.nih.gov/pubmed/20194822/�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Postnatal+high-fat+diet+enhances+ectopic+fat+deposition+in+pigs+with+intrauterine+growth+retardation�
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=zgjq200419019�

972

2 i Hereditas (Beijing) 2019 41

(6]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

rate of high quality chicken[Dissertation]. South China
Agricultural University, 2018.

, 2018. [DOI]
Abdalla BA, Chen J, Nie Q, Zhang X. Genomic insights
into the multiple factors controlling abdominal fat deposition
in a chicken model. Front Genet, 2018, 9: 262. [DOI]
Gong DQ, Li H, Yang S, Zhang DX, Wang QG, Yu H,
Zhang HW. Selective effect of plasma VLDL concentration
in broilers - body weight and plasma VLDL. Heilongjiang
Anim Sci Veter Med, 1999(11): 1-3.
VLDL e
VLDL. , 1999(11): 1-3. [DOI]

Wijayatunga NN, Pahlavani M, Kalupahana NS, Kottapalli
KR, Gunaratne PH, Coarfa C, Ramalingam L, Moustaid-
Moussa N. An integrative transcriptomic approach to
identify depot differences in genes and microRNAS in
adipose tissues from high fat fed mice. Oncotarget, 2018,
9(10): 9246-9261. [DOI]
Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) method. Methods, 2001, 25(4):
402-408. [DOI]
Nishimichi N, Aosasa M, Kawashima T, Horiuchi H,
Furusawa S, Matsuda H. Biological activity of recombinant
chicken interleukin-6 in chicken hybridoma cells. Vet
Immunol Immunop, 2005, 106(1-2): 97-105. [DOI]
Wang W, Zhang T, Wu C, Wang S, Wang Y, Li H, Wang N.
Immortalization of chicken preadipocytes by retroviral
transduction of chicken TERT and TR. PLoS One, 2017,
12(5): e0177348. [DOI]
Li DD. Study on the mechanism of targeted regulation of
DvI2 on BMSCs osteogenic differentiation by microRNA-
29c-3p in high-fat environment [Dissertation]. Shandong
University, 2017.
DviI2

, 2017.

. miR-29c-3p
BMSCs [ 1
[DoOI]

Weiser M, Frishman WH, Michaelson MD, Abdeen MA.
The pharmacologic approach to the treatment of obesity. J
Clin Pharmacol, 1997, 37(6): 453-473. [DOI]

Surwit RS, Kuhn CM, Cochrane C, McCubbin JA,
Feinglos MN. Diet-induced type Il diabetes in C57BL/6J
mice. Diabetes, 1988, 37(9): 1163-1167. [DOI]

Stunkard AJ. Current views on obesity. Am J Med, 1996,
100(2): 230-236. [DOI]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Mabray CJ, Waldroup PW. The influence of dietary energy
and amino acid levels on abdominal fat pad development
of the broiler chicken. Poul Science, 1981, 60(1): 151-
159. [DOI]
Ma LA, Qiu HL, Li L, Gou DM. MicroRNAs regulate
lipid metabolism through PPAR and AMPK/SREBPs
signaling pathways. Chem Life, 2017, 37(06): 1017-1029.
) , , . MiRNA PPAR
AMPK/SREBPs . )
2017, 37(06): 1017-1029. [DOI]
Campbell FM, Kozak R, Wagner A, Altarejos JY, Dyck JR,
Belke DD, Severson DL, Kelly DP, Lopaschuk GD. A role
for peroxisome proliferator-activated receptor alpha
(PPARalpha) in the control of cardiac malonyl-CoA levels:
reduced fatty acid oxidation rates and increased glucose
oxidation rates in the hearts of mice lacking PPARalpha
are associated with higher concentrations of malonyl-CoA
and reduced expression of malonyl-CoA decarboxylase. J
Biol Chem, 2002, 277(6): 4098-4103. [DOI]
Li QW, Huang LP, Wang H, Cao LJ, Zhang W. Effect of
aerobic exercise on expression of PPARa, ABCAl and
ApoAl mRNA in high-fat diet rats muscles. Chin J Spor
Med, 2009, 28(02): 172-174.

PPARa ABCAl

ApoAl mRNA , 2009,
28(02): 172-174. [DOI]
Turay J, Grniakova V, Valka J. Changes in paraoxonase
and apolipoprotein A-1, B, C-1ll and E in subjects with
combined familiar hyperlipoproteinemia treated with
ciprofibrate. Drugs Exp Clin Res, 2000, 26(3): 83-88. [DOI]
Chen YX, Wang WM, Zhou T, Chen N. PPAR-y and
related signal transduction pathways. Chin J Cell Biol,
2006, 28(3): 382-386.
. PPAR-y

, 2006, 28(3): 382-386.

1 ’ ’

[DO1]
Meng H, Li H, Wang YX. Cloning and sequence analysis
of cDNA encoding PPAR gene. Hereditas(Beijing), 2004,
26(4): 469-472.

PPAR cDNA
, 2004, 26(4): 469-472. [DOI]
Liu SS, Zhao YJ, Zhang LJ, Jia ZY, Lian JC, He YX. Role
of proliferative differentiation of preadipocytes in obesity

induced by high-fat diet and exercise prevention of obesity.
Chin J Spor Med, 2017, 36(8): 667-674.

' ' ’ ’ 1


http://europepmc.org/abstract/MED/30073018�
http://www.cnki.com.cn/Article/CJFDTotal-HLJX199911000.htm�
https://www.ncbi.nlm.nih.gov/pubmed/?term=An+integrative+transcriptomic+approach+to+identify+depot+differences+in+genes+and+microRNAs+in+adipose+tissues+from+high+fat+fed+mice�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Analysis+of+relative+gene+expression+data+using+real-time+quantitative+PCR+and+the+2(-Delta+Delta+C(T))+Method�
http://europepmc.org/abstract/MED/15910996�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Immortalization+of+chicken+preadipocytes+by+retroviral+transduction+of+chicken+TERT+and+TR�
http://www.wanfangdata.com.cn/details/detail.do?_type=degree&id=Y3237951�
https://www.ncbi.nlm.nih.gov/pubmed/9208352�
https://www.ncbi.nlm.nih.gov/pubmed/3044882%5d�
https://www.ncbi.nlm.nih.gov/pubmed/8629660�
https://academic.oup.com/ps/article-abstract/60/1/151/1517670?redirectedFrom=PDF�
http://www.cqvip.com/QK/95706X/201706/674632142.html�
http://europepmc.org/abstract/MED/11734553�
http://www.cjsm.org.cn/WKD/WebPublication/paperDigest.aspx?paperID=10e731b0-eee3-405d-8e44-213d7b1914df�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Changes+in+paraoxonase+and+apolipoprotein+A-I%2C+B%2C+C-III+and+E+in+subjects+with+combined+familiar+hyperlipoproteinemia+treated+with+ciprofibrate�
http://med.wanfangdata.com.cn/Paper/Detail?id=PeriodicalPaper_xbswxzz200603005�
http://www.chinagene.cn/CN/Y2004/V26/I4/469#1�

10

973

[24]

[25]

[26]

[27]

[28]

[29]

[30]

, 2017, 36(8):
667-674. [DOI]
Lee HJ, Jang M, Kim H, Kwak W, Park W, Hwang JY, Lee
CK, Jang GW, Park MN, Kim HC, Jeong JY, Seo KS, Kim
H, Cho S, Lee BY. Comparative transcriptome analysis of
adipose tissues reveals that ECM-receptor interaction is
involved in the depot-specific adipogenesis in cattle. PLoS
One, 2013, 8(6): €66267. [DOI]
Hammarstedt A, Andersson CX, Rotter SV, Smith U. The
effect of PPARgamma ligands on the adipose tissue in
insulin resistance. Prostaglandins Leukot Essent Fatty
Acids, 2005, 73(1): 65-75. [DOI]
Luo JB, Yuan QY, Tao ZR, Tian Y, Li GQ, Wang DQ, Yuan
AP, Zou LL, Lu LZ, shen JD, Shi FX. Study on the tissue
expression characteristics of PPARs in geese before and
after feeding. China Poultry, 2008, 30(15): 24-27.

' 1 ’ ' ’ ’

PPARs

30(15): 24-27. [DOI]
Song QW. Research progress of key enzymes in animal fat
metabolism. Anim Husb Feed Sci, 2007, (03): 65-67.

, 2008,

, 2007, (03): 65-67. [DOI]

Oakes ND, Cooney GJ, Camilleri S, Chisholm DJ,
Kraegen EW. Mechanisms of liver and muscle insulin
resistance Induced by chronic high-fat feeding. Diabetes,
1997, 46(11): 1768-1774. [DOI]

He Q, Wang SZ, Leng L, Na W, Wang QG, Li H.
Differentially expressed genes in the liver of lean and fat
chickens. Genet Mol Res, 2014, 13(4):10823-10828. [DOI]
Qiu N, Fang WJ, Li HS, He ZM, Xiao ZS, Xiong Y.
Impairment of primary cilia contributes to visceral adiposity

[31]

[32]

(33]

[34]

[36]

[37]

(38]

[39]

of high fat diet-fed mice. J Cell Biochem, 2017, 119(2):
1313-1325. [DOI]

Ellis JR, Mcdonald RB, Stern JS. A diet high in fat
stimulates adipocyte proliferation in older (22 month) rats.
Exp Gerontol, 1990, 25(2): 141-148. [DOI]

Lemonnier D. Effect of age, sex, and sites on the
cellularity of the adipose tissue in mice and rats rendered
obese by a high-fat diet. J Clin Invest, 1972, 51(11):
2907-2915. [DOI]

Liu Z, Uesaka T, Watanabe H, Kato N. High fat diet
enhances colonic cell proliferation and carcinogenesis in
rats by elevating serum leptin. Int J Oncol, 2001, 19(5):
1009-1014. [DOI]

Voros G, Maquoi E, Demeulemeester D, Clerx N, Collen
D, Lijnen HR. Modulation of angiogenesis during adipose
tissue development in murine models of obesity.
Endocrinology, 2005, 146(10): 4545-4554. [DOI]
Bornstein P. Diversity of function is inherent in matricellular
proteins: an appraisal of thrombospondin 1. J Cell Biol,
1995, 130(3): 503-506. [DOI]

Frangogiannis NG. Matricellular proteins in cardiac
adaptation and disease. Physiol Rev, 2012, 92(2): 635-688.
[DOI]

Kazerounian S, Yee KO, Lawler J. Thrombospondins in
cancer. Cell Mol Life Sci, 2008, 65(5): 700-712. [DOI]
Kyriakides TR, Maclauchlan S. The role of thrombo-
spondins in wound healing, ischemia, and the foreign body
reaction. J Cell Commun Signal, 2009, 3(3-4): 215-225.
[DOI]

Kong P, Gonzalez-Quesada C, Li N, Cavalera M, Lee DW,
Frangogiannis NG. Thrombospondin-1 regulates adiposity
and metabolic dysfunction in diet-induced obesity enhancing
adipose inflammation and stimulating adipocyte proliferation.
Am J Physiol-Endoc M, 2013, 305(3): E439-E450. [DOI]

(T )


http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=zgydyxzz201708002�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Comparative+Transcriptome+Analysis+of+Adipose+Tissues+Reveals+that+ECM-Receptor+Interaction+Is+Involved+in+the+Depot-Specific+Adipogenesis+in+Cattle�
https://www.ncbi.nlm.nih.gov/pubmed/15936183�
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=zgjq200815006�
http://www.xmysl.cn/WKD/WebPublication/paperDigest.aspx?paperID=edc0e667-2078-441b-9a03-5e6363d7aaef�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mechanisms+of+Liver+and+Muscle+Insulin+Resistance+Induced+by+Chronic+High-Fat+Feeding�
https://www.ncbi.nlm.nih.gov/pubmed/25526202�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Impairment+of+Primary+Cilia+Contributes+to+Visceral+Adiposity+of+High+Fat+Diet-Fed+Mice�
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+diet+high+in+fat+stimulates+adipocyte+proliferation+in+older+(22+month)+rats�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+age%2C+sex%2C+and+sites+on+the+cellularity+of+the+adipose+tissue+in+mice+and+rats+rendered+obese+by+a+high-fat+diet�
https://www.ncbi.nlm.nih.gov/pubmed/?term=High+fat+diet+enhances+colonic+cell+proliferation+and+carcinogenesis+in+rats+by+elevating+serum+leptin�
https://www.ncbi.nlm.nih.gov/pubmed/16020476�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diversity+of+function+is+inherent+in+matricellular+proteins%3A+an+appraisal+of+thrombospondin+1�
https://www.ncbi.nlm.nih.gov/pubmed/22535894�
http://europepmc.org/abstract/MED/18193162�
http://europepmc.org/abstract/MED/19844806�
http://europepmc.org/abstract/MED/23757408�

	转录组测序揭示细胞周期通路参与鸡腹脂沉积
	陈家辉，任学义，李丽敏，卢诗意，程湉，谭量天，梁少东，何丹林， 罗庆斌，聂庆华，张细权，罗文
	关键词: 杏花鸡；高脂饲料；腹脂沉积；细胞周期；差异表达基因
	Jiahui Chen, Xueyi Ren, Limin Li, Shiyi Lu, Tian Cheng, Liangtian Tan, Shaodong Liang, Danlin He, Qingbin Luo, Qinghua Nie, Xiquan Zhang, Wen Luo
	Keywords: Xinghua chicken; high-fat diet; abdominal fat deposition; cell cycle; differentially expressed genes
	1  材料与方法
	1.1  肉鸡饲养及细胞来源
	1.2  肉鸡屠宰测定
	1.3  转录组测序
	1.4  RNA提取、cDNA合成和qRT-PCR
	1.5  石蜡切片
	1.6  HE染色
	1.7  细胞培养与高脂处理
	1.8  细胞周期分析
	1.9  脂肪细胞大小的测量
	1.10  数据统计和分析

	2  结果与分析
	2.1  高脂日粮可增加肉鸡腹脂沉积，增大腹脂细胞直径和面积
	2.2  高脂鸡和普饲鸡中腹脂组织的基因表达差异分析
	2.3  高脂鸡和普饲鸡中肝脏组织的基因表达差异分析
	2.4  腹脂和肝脏中的共同差异表达基因显著富集于细胞周期通路
	2.5  高脂培养基可促进鸡肝脏细胞和前脂肪细胞的细胞周期进程

	3  讨论
	参考文献(References)：







