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Study on the function of FOXO1 gene in regulating the
proliferation and differentiation of bovine preadipocytes
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JIANG Chao', SONG Xiaoyu', WU Hao'
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Abstract The aim of the study was to investigate the effects of interfering with Forkhead box protein O1
(FOXO1) gene on the proliferation and differentiation of bovine preadipocytes. Taking the Guyuan cattle
preadipocytes as the research object, bovine preadipocytes were isolated by tissue block method, and the

purity and differentiation potential of the isolated cells were identified by phenotypic identification and marker
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gene expression profiling. The bovine FOXOT interfering lentivirus was screened and packaged, and the
effects of interfering FOXO1 on the proliferation and differentiation of bovine adipocytes were explored by
EdU staining, flow cytometry, oil red O staining and gPCR. The results showed that: 1) The bovine
2) EdU

staining showed that infection of Lv—-FOXOT1 significantly increased the proliferation rate of bovine

preadipocytes were successfully isolated and showed high purity and differentiation potential.

adipocytes (P<<0.01). 3) Flow cytometry results showed that interfering with FOXO1 significantly increased
the proportion of S—phase positive cells and promoted the G1/S phase transformation of bovine adipocytes,
4) After interfering with FOXOT1, the

expression levels of proliferation marker genes PCNA, CDK1 and CDKZ2 were all extremely significantly

which in turn promoted the proliferation of bovine adipocytes.

upregulated (P<<0.01). 5) After interfering with FOXO1, the production of lipid droplets in bovine precursor
adipocytes was significantly reduced, and the expression of PPARG, a lipid—forming marker gene, was
extremely significantly down-regulated (P<<0.01), together with the expressions of CEBPB and LPL (P<
0.05).
adipocytes by up-regulating the expressions of proliferation marker genes PCNA, CDK1 and CDK2,

In summary, interfering with FOXO71 can promote the G1/S phase transformation of bovine
thereby promoting the proliferation of bovine adipocytes. Moreover, it can reduce the formation of lipid
droplets in bovine adipocytes by reducing the expressions of lipogenic marker genes PPARG, CEBPB and
LPL, thus affecting fat deposition. This study can provide theoretical basis for genetic improvement of meat

quality of Chinese local yellow cattle.

Keywords FOXOT1; Guyuan cattle, preadipocytes; proliferation; differentiation
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4 1Ml %5 (Fetal bovine serum, FBS) il Lipofectamine™
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filil , IBMX (3-isobutyl-1-methyl-7H-xanthine) FI
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503 W H 22 HE LA Wy B2 245 B A BR 2 W) (a5 il
£ O M A Solarbio 2+ &l (4t 5U) ; 2XM5 HiPer
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it FE 1 (5 pmol/ L) #4776 B 3845 Bodipy TAEW ; B
LA L M 500 pL Bodipy TAEW , T 25 I 4 10 °F ikt
JG4 (5 30 mins PBS ¥k 3 W5 , A DAPT 34 W G4 #%
10 min; PBS ¥ 3 W J& , F IX71 8] & 2¢ ) & ik 5%
(OLYMPUS) T #A7T UG WL, JF 41 BRC 5k o
1.2.3 %8 % k& & ¥ PCR(Real-time quantitative

PCR,qPCR)

K M Trizol ¥ $2& B4R 5 05 40 g RNA. = I
Prime Script™ RT reagent Kit with gDNA Eraser i}t
B 45 8 A I 5 4% B9 B RNA R 5 5% 8 cDNA, T
—20 CI-AE % M . i 2X M5 HiPer SYBR Premix
EsTaq 2t 5 7 3 ) 0 X6 18 59 RN o0 Ak b i 32k R 3k A 7
S R . A A G 1A R AR R B
AN E CEBOMATE B, 51 9E B R 1. qPCR N
R Z A (15 pl) : 2>X M5 HiPer SYBR Premix EsTaq
7.5 pl,cDNA 1 pL, EIE514) (10 pmol/L)0. 3 pL,
T % 51 ¥ (10 pmol/L) 0.3 pL, ddH,0 5.9 pl.
PCR [ W 7 CFX96 Real-Time PCR Detection
System ¥ %% (Bio-Rad, California, USA) [ #k 17 .
SR S (W20 ) - A2 P 30 s(95 °C) 3 A8 PES s
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Table 1 The sequence information of gPCR primers

FH 319 )% 41 (53" 7 RN /bp oS
Gene Primer sequence (5'—>3") Product length Genbank No.
F: AGGATGGGGTCCTCATATCC
PPARG 121 NM _181024. 2
R: GCGTTGAACTTCACAGCAAA
F: TTCCTCTCCGACCTCTTCTC
CEBPB 79 NM _176788
R: CCAGACTCACGTAGCCGTACT
F: AAGTCAAGAGCATCGTAA
FABP4 111 NM _174314. 2
R: CCAGCACCATCTTATCAT
F: GCAGATTTACGAGTGGATGG
FOXO1 86 XM _025000053. 1
R: TTGAATTCTTCCAGCCCG

&>

: GAACCTCACCAGCATGTCCA

PCNA 97 NM 001034494

R: TACTAGTGCCAACGTGTCCG
F: GAAGGGGTTCCTAGTACTGC

CDKI 176 NM 174016. 2
R: ATGAACTGACCAGGAGGG
F: GCCAGGAGTTACTTCTATGC

CDK?2 102 NM 001014934.1
R: CTCCGTCCATCTTCATCC
F: CCAACGTGTCTGTTGTGGAT

GAPDH 80 NM _001034034. 2
R: CTGCTTCACCACCTTCTTGA
(95 °C) iR k 30 s Cle il iR JCUR BED L ZE M 30 s P 245 SR E# #E 47 )5 22K 5 o % pENTR/US-

(72 °CH 40N TEH . WS HH i GAPDH., R H
2 AAC07 e R 3 A mRNA 26 3k K SF B 17 M X E
T
1.2.4 FOXOlTHRBBRFETAREMHEL & F
e

5%, FI ) Thermofisher ) RNAi % 7E 4k T. B
(http: //maidesigner. thermofisher. com. maiexpress/ )%
iF 3 4 (sh-FOXO1-2286, sh-FOXO1-1807 Hl sh-
FOXO01-1798) L [5) FOXO1 #) 5 % J¢ RNA F¥ 4
(F2), o Ay CZHO A UG ¥ H T A
) 2 7% 4 43R kI i X EE shRNA J¥ 81 i
pENTR/CMV-GFP/U6 #k & 43 5l S Y] ( BamH 1
M Xho Do 4254 , 50 5 3 55 shRNA J¥ %1 5 U6 Jit
ki % ¥, v 4 8 pENTR/U6-Sh-FOX01-2286 .
pENTR/U6-Sh-FOXO1-1807 fl pENTR/U6-Sh-
FOXO01-1798, # — 29 # FOXO1#) CDS X, Jf
¥ H 5 Psicheck 11 2% {4 3% & DL #g & & 41 B3 kL
(psicheckII-FOXO D), J%Liff‘ﬁ’rﬁ%éu () 4 A F5 21 Ji
ik B BER AW BRA R A " H#EATIY .

shRNA 5 pENTR/U6-NC 4 5l 5 psicheck II-
FOXO1JRHF IR A , ¥ B DNA-JE AR A9, i A
HEK293T 41 g (24 fLAO o, F 37 °C 5% CO, 5 57
Wb s, 48h)5, %IJFHXX%%%‘?@@%&%%%
B e e R EE S AT IRAEN
shRNA J¥ %1, If B A0 %6 18 0 58 o A Jm . R
Lipofectamine™ 3 000 ¥4 5 41 4% {4k c-shRNA 5 % Bl
AR pMD2G 1 psPAX2 3L #% Yt HEK293T 4il g .
BE e 24 h e B AT R A B B GRS EE  O ak
B, IF 4300 T 48 F1 72 h AR 1 WA T vk 4 Fnali ik
T o
1.2.5 4 & % A # (Multiply of infection, MOD
15 9 #h T

W F 3R 38 B9 28 BB 107 40 M Bl 8 96 L A v
(n=3) , 15 4 Mo & B 38 50 % 22 A7 I, 3% B 22 S Ik
Jubh i (MOI1=30.60.90,120.150 F1 180, f| FH 1/2
AN FRUR L 42 G i 107 40 B, OF T 4 h s #h 4 15 5%
B Fr2dhfEiom i L. &5, T 72 hi Al
it JER L AN ] ¥ B2 5 B 19 2 J D 4 T A A IR S S I
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Table 2 Short hairpin RNA sequences information of FOXO1

51 4 Bk

Name of sequence

FEA (53D

Sequence(5—>3"

o

sh-FOXO1-2286

: GATCC GCATGTTTATCGAGCGCTTGGTCAAGAGCCAAGCGCTCGATAAACATGC TTTTTTC

R: TCGAG AAAAAA GCATGTTTATCGAGCGCTTGGCTCTTGACCAAGCGCTCGATAAACATGC G

o

sh-FOXO1-1807

: GATCC GGACAACAAATCGAGTTATGGTCAAGAG CCATAACTCGATTTGTTGTCC TTTTTT C

R: TCGAG AAAAAAGGACAACAAATCGAGTTATGGCTCTTGACCATAACTCGATTTGTTGTCC G

F: GATCC GACGCTGCAGGACAACAAATCTCAAGAGGATTTGTTGTCCTGCAGCGTC TTTTTT C

sh-FOXO1-1798

R: TCGAG AAAAAA GACGCTGCAGGACAACAAATCCTCTTGAGATTTGTTGTCCTGCAGCGTC G

TE: GATCCHI TCGAG W YI i BamH 1 Xho VT4, IR 91 4675 1E 5 , R R 4R 79 91 7R G, RHA T 51 2678 Loop 3

Note: GATCC and TCGAG were the sequence of endonuclease BamH 1 and Xho 1, bold sequence indicated sense strand, underline sequence

indicated loop sequence and red sequence indicated anti-sense strand.

DG ARARNE DU E B AR IR BB
1.2.6 EdU#% &

F ol A AT 1R i 0 A B 28 24 FLAR (n=3) , TR 2F I
A BG40 B3 & B 3k 5090 2 A B, DL MOT Y
Joa B 1= gy I T A0 M OF TR S 3 R #EAT EdU 4
. B, H EdU T/EW (20 pmol/L) W5 & 4= Ig i
M4 h(37 “COs 3, 4% 2 2 W [ 2 40 i
15 min; JFFEZE R T H 0. 3% Triton X-100 i 75 4 ifd
ZPEH )R L N 1 X Hoechst 33342 ¥ % & 56
Je % 10 min; e Jo, TS BB T #7208,
FEHA D S
1.2.7 @mie B e

e Lv-NC Al Lv-FOXO1 5 3 K (14 4 i Ui 4
Mi(n=3>Z L5 I T 1.5 mL .08,
FIFH FL¥e 1) PBS W PE 40 L 2 0%, JF FH#L 70% &
Pt [ 72 12 ho )P 48 A 5 5995 200 0 T A a0 &
(Beyotime) Xf C [# & 09 4= JIF 1l 40 i FH i 4k Py e
(Propidium iodide, PD #F 17 #% & (@, I F 37 “Cili )t
A F ¥ F 30 min; & i, A I X 40 B {3 (BD
Biosciences, New Jersey, USA) HEA7 G
1.2.8 #FEHH

EdU Zt {4 25 % Image J 3K 4 (Bethesda,
Maryland , USA) #4773 8 , EAU b1 19 1 58 41 i 54
i B3 LA Hoechst 33342 5 1c 4 20 i A% %5 B Sy 200 i
BB R 40 JE B 45 2R il FlowJo_v10. 6. 2 #
(BD Biosciences) # 17 43 #fr . ] /] Image Pro Plus
B AF (MEDIA CYBERNETICS, Maryland, USA)

15 min;

Xf GFP M 21 O #4754k . f# F| GraphPad Prism
8.0(San Diego, California, USA)# 17 5. [H & Jr 22
Cone-way ANOVAD 43 #r (ol 7 K 55 43 #7) &k 2% M IF
], R ik i 25 S (P<<0.0D) , * K m 3% 22
5 (P<C0.05),

2 FER59M
2.1 HEMEBNSBESER
AT 5 R 21 23 B 1 ) 2 o 1 A B A I 7 4

i, A 1) i, 4 B 55 5 KA U R Bl A >
It R 0T A0 M A A o BE A B TR HE E R D7 200
BT 2 R o 2 0 IR U A0 S ) R4 RS
M REKRIE (- 1)~
2.2 HEEARMNETE

FI 43 Ak B 3% X055 BT 43 5 A A I 4 i 38E 47 1%
o34k, IR 2 R % 8 (AT O %2 {5 F1 Bodipy 4
0 F b s 3 DR 36 38 13 26 2 2 B O i ) % 5 2R IR
0 240 B % 4 B RN A AR BB T o T EL O G i 25 S R
(E 2Ca)) , 43 H0 58 8 KAy 28 I I 4l i b A K 2 i i
RENRHEEIANERIKR . Bodipy ek B (& 2
(b)), 43405 8 KBy 48 i 7 4 B ¢ S i B2 45 ik, 13 1]
Hgm & &+, #F—2 M qPCRAM WS bR & 5
PRLTE 4 IR 07 40 B Ak ok A b 1 28 2R 0 B (R 2
()~Ce) , MHE Ttk od, BilEts i K PPARG
I FABP4 1335 1 B8 R U7 440 M 53 Ak 2 2 i 4 2 1
B L P<<0.0D), FAMEE 4 RikWefl  Hif5 T
I8 ; CEBPB Y5 PPARG HI{UL , bfi % 53 fk i #2 4 0 , L
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Ca) = R W7 A B 23 15 505 5 0K 5 (b)) 2= BRI 2 MR J3 #5 465 10 K5 (o) - R W A B 0 K8 3%
(a) The 5th day of bovine adipocytes isolation; (h) The 10th day of bovine adipocytes isolation; (¢) Expanded culture of bovine adipocytes.

Bl1 4ERABKNSESESR

Fig. 1 Isolation and culture of bovine adipocytes
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*P<20. 05,**P<0. 01,

(a) Oil red O staining; (b) Bodipy staining; (¢) The expression pattern of PPARG during the differentiation of bovine adipocytes; (d) The

expression pattern of CEBPB during the differentiation of bovine adipocytes; (e) The expression pattern of FABP4 during the differentiation of

bovine adipocytes. Data are presented as mean®=SEM (n=23). Significance was determined by one-way ANOVA analysis, *P<C0. 05, **P<0.01.
2 HEMABNEE

Fig. 2 Identification of bovine adipocytes
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> pENTR/UG6-shRNA 73 5l 5 psicheck II-FOXO1
RA I Y 2= HEK293T 41 b o X056 6 2 W T
PR B R (- 3(h)), 5 X I 4] pENTR/UG6-
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(a) Sequencing and detecting that the recombinant plasmid has no mutation; (b) Detection of interference efficiency of three sSiRNA sequences

on FOXO1 by using dual-luciferase reporter experiment. Data are presented as mean == SEM (n=3). Significance was determined by One-way

ANOVA analysis, **P<Z0.01.
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Fig. 3 Packaging of bovine FOXO1 interference lentivirus
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(a) Exploration of the optimal MOI value of Lv-FOXO1 in bovine adipocytes; (b) Quantitative results of fluorescence expression in the
exploration of the optimal MOI value; (¢) Determination of Lv-FOXO1 interference efficiency. Data are presented as mean=SEM (n=3).
Significance was determined by z-test analysis, **P<C0. 01.
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Fig. 4 Exploration of optimal MOI value and determination of interference efficiency
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(a) The EdU staining results of LV-NC and Lv-FOXO1 groups (Blue is the nucleus, and red is the proliferating cells) ; (b) Quantitative

results of EAU staining. Data are presented as mean == SEM (n=3). Significance was determined by z-test analysis, **P<Z0.01.
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Fig. 5 Effect of FOXO1 on proliferation of bovine adipocytes
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(a) and (b) are the proportion of positive cells in each stage of cell cycle at 72 h after Lv-NC and Lv-FOXO1 infection, respectively; (c)

Compared with Lv-NC, the percentage of positive cells in different stages of cell cycle after Lv-FOXO1 infection.
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Fig. 6 Effect of FOXO1 on proliferation cycle of bovine adipocytes
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(a) RNA gel electrophoresis detection; (b) The mRNA expression changes of proliferation marker genes in bovine adipocytes infected with
Lv-FOXO1. Data are presented as mean == SEM (n=3). Significance was determined by z-test analysis, **P<Z0. 01.
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Fig. 7 Effect of interfering with FOXO1 on proliferation of bovine adipocytes
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(a) Staining with fat droplets of bovine adipocytes infected with Lv-NC; (b) Staining with the fat droplets in bovine adipocytes infected with Lv-

FOXO1; (¢) Quantitative results of oil red O staining. Data are presented as mean+SEM (n=3). Significance was determined by z-test analysis,
#xP<0. 01.
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Fig. 8 Effect of interfering with FOXO1 on lipid droplet formation in bovine adipocytes
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(a) RNA gel electrophoresis detection; (b) Interference efficiency of LV-FOXO1 on the 4th day of bovine adipocyte differentiation; (¢) The

mRNA expression changes of adipogenic marker genes in bovine adipocytes infected with Lv-FOXO1. Data are presented as mean == SEM (n=3).

Significance was determined by z-test analysis, *P<Z0. 05, **P<C0.01.
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Fig. 9 Effect of interfering with FOXO1 on expression of adipogenic marker gene in bovine adipocytes
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