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# E. KCBERP X kE04 (forkhead box O4, FOXO4)7E A5 7] 78 & 21 g (human umbilical cord-derived mesenchymal
stem cells, hUC-MSCs)ZEZH EH . K B REEHE ShUC-MSCsIE ¥,  H1897% 75 shRNAFIHIFOX04FR 1A, FHB-F-FL ki
TG R R 20 i s 215 0L, I CCK-8iE kMl At i & 14, a4 B AR M 40 M A 12, qPCRAFI Western blotfar il 24 g
Bcl-2. Bax. FOXO04. [44r%6 (interleukin 6, IL-6)Flcleaved Caspase-3M{IZEIA 150, F S )% 5% 6 Je b M 4 i FOX 0436 ik
0L, HELISAKAHMIIL-67 it . 25 R R, AHEEES —4RhUC-MSCs, ZEZhUC-MSCsHFOXO4HIBax# ik 7K i,
Bel-2flicleaved Caspase-35£iA7/KF T i, 1L-6 mRNAFRIA/KF . Wi in. #IHFOXO4 RIS, 3 ZhUC-MSCsiH
TN, 4HME ST T RE, IL-6 mRNARIA/K T T, HWEMK. LR R ER, FOXO4REM@ R HIHIE 1k 4 FF = ZhUC-
MSCsi& IATRE, BB REEE L.
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FOXO04 maintains senescence in human umbilical cord mesenchymal stem cells

by repressing apoptosis
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Abstract: The purpose of the present study was to investigate the effects of forkhead box O4 (FOX04) on the senescence of human
umbilical cord-derived mesenchymal stem cells (hUC-MSCs). The hUC-MSCs were induced to senescence by natural passage, and
FOXO4 expression was inhibited by lentiviral shRNA transfection. The hallmark of cell senescence was analyzed by p-galactosidase
staining, and the cell viability was assayed by CCK-8 method. Flow cytometry was used to investigate the apoptosis of hUC-MSCs.
The expression levels of Bcl-2, Bax, FOXO04, interleukin 6 (IL-6) and cleaved Caspase-3 were detected by qPCR and Western blot.
Immunofluorescence staining was used to detect FOXO4 expression. The amount of IL-6 secreted by hUC-MSCs was detected by
ELISA. The results showed that, compared with the passage 1, senescent hUC-MSCs showed up-regulated expression levels of Bax
and FOXO04, down-regulated expression levels of Bcl-2 and cleaved Caspase-3, and increased IL-6 mRNA expression and secretion.
FOXO4 inhibition in senescent hUC-MSCs promoted cell apoptosis, reduced cell viability, and inhibited the mRNA expression and
secretion of IL-6. These results suggest that FOX0O4 maintains viability and function of senescent hUC-MSCs by repressing their
apoptosis response, thus accelerating senescence of the whole cell colony.
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SEAPSAE . FOXOAME T F0 1) T 245 A 55 8] 76 o T2 o 5 %

sk, AN A 78 i 41 il (human umbilical
cord-derived mesenchymal stem cells, hUC-MSCs) 1f
RH T REFI AN AR 2 2 (M B AR A ok, 48 5]
TR TN B G3E Me SEBRE 7R R
(s ik IR ANIG R IG T ) 3 7R EHE E R
IEHRFAS ) hUC-MSCs, % 75 37T KEAA M 1.
EIR hUC-MSCs »&—KEA HIRE W, g me
) AT RER 40, (HOHSETE R A IR, BEEAE
Rt a7, HRMEHMEMIIRE &AL, 20
SRS 0855 A DR Rk O R H IR A R )
WR RN LEAE P, AR IIBE LR, BEE N
MUFIAWARAR, S22 018 78 5T T4 B o AL BE /A0 g
WATRE S B, BN PHAS LI PR B i = R R

Y 3k£r 04 (forkhead box 04, FOXO04) 2 I#F.3))
Ve sk Rl FOXOs KGRt — ot, R/ JE
By RAEAAC IR 15 S 0 % P A R 2 2 1) U 4 A
T, SYifuEEEMASRRSETIML Y, vk,
FOXO4 (& v Fif p21 KT, HiESH®
BEMAEE L Y MR, FOXO4 [ i W m] )
i p21°°" A S ROAT M AR A AN R, B IE R
Y e Baar 55 B FC LR, FOXO4 1 3%
2 AT AR R OE, I R I A T R R R
YERF 2 MM, SR, FOXO4 £ hUC-MSCs
IR RO MAERE . 7R %,
AWFFATN T FOXO4 7£ 3£ % hUC-MSCs 13 ik )
A5k Je ] FOXO04 %34 J hUC-MSCs & fjE -
O, DU IELE hUC-MSCs % 2 3k 2 H
T PR A L R A

1 RS 5E%

1.1 ZHpaFtsn JB s R A B LT e B e =
e, 7o KR )L SRR, E IR R . BEAT
T REEGAC R B, P2 R KN AR
YR R & . hUC-MSCs 58415775800 H Z8L A
BHEA A s P Bel-2, Bax. cleaved Caspase-3.
FOXO04 #1 GAPDH /&y H Abcam A & ; 5|¥)
A 5 & i AE R BR A 7 G ks CCK-8 17 &
A B- 2 FLBEE I G (515 &% B Solarbio BHEA R
~#] 5 Super &L RNA $2HUAF & . Go Script ¥ #4555
A&+ Go Taq qPCR Master Mix Il  Promega 23
"] 5 F4HES 5 6 (interleukin 6, IL-6) BiFIBC 5 72 I Fft
M5 (enzyme-linked immunosorbent assay, ELISA) it
A& B R SRR AE R A R A 5 18 B
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shRNA FOXO4 T84 5 Bl &I AR« B
BRI BB SRR R
2L 0 Yt | MR AR AR A F] .

1.2 hUC-MSCs FKIEF. BRREE WU
FrAs, EBRI2h Bk S T R R R (46
AR ) BYREAL 1 mm® KNSR, bR RS
FRILPY, LA hUC-MSCs SE 435 7R iE 9%, fir 4t fie
Bk 90% It 3 Fh T 25 em® BRI E IR, 43
R IR, 420 Rl Ak 80%, JiR AR B3 FLH 1L,
o 13 e, BHEgiefs b aE. BUR 5 R4l
RS 3T 08, S Rk CD29. CD90
CD105, CD19 £k BH M, W hUC-MSCs JE AR %
EEEgE T 7. HUES 548 hUC-MSCs % 3 x 10Y/em’
FEREREMT 6 FLAR N, BESLAINA 2 mL hUC-MSCs
BCE /BRI, ) B A 40 e DA SR B 7
Redkali g, HEES 14d, Eyk, BEEELN
A1 mL # R G OIE S 5 min BUHAL O BB
124 30 min, T8I B AN 2 BT N SR 4NE
LI

1.3 FOXO4 shRNA 1BfEERE 55— P
F1 P10 hUC-MSCs 4270 % 6 LAk b, FF4H il & e
ik 40% B, AN NS B AR VR (IR H = 10),
12 h J5 B g 57 9 I 4k S 15 5% 72 h, MRS
HRIBNEN, MRS RImERE R AR R,
T g LB 1 o} HE IS 975 25 11 FOXO04 shRNA 1597 75
(RI4H 43 AI3C 9 shNC FiT shFOXO04 4H .

1.4 FEHEX - FAFEFHEMLE  BHRO
(1) &AL -4 hUC-MSCs 50 T~ 6 FLIR N, 41
Hv 3 Lo HR I B- e FUBE B G ) U
WOGHAT [ e . e B, WESDE, B
TSR Y e O, 4 b B € e B A R
PE, BENLIE SR BT T8, 22 (%) = PR
i/ S HAE < 100%.

1.5 CCK-8 BM4pmES  HOW £ A4 K hUC-
MSCs, % 1x 10*/ fLEF T 96 FLESFRIL, 41351
B AN LAY AT ol TR 24, 48,
72, 96, 120 h J5&FLINA 10 uL CCK-8 iX55), W&
2 h G EERRACH 2 HE 450 nm AAW G EAE (4), 2l
KHigk, THEAERE T, QST (%)= A —A )/
(A gy = A 251) * 100%.

1.6 EEXGEINMISELE (enzyme-linked immunosor-
bent assay, ELISA) & # 45 W i) hUC-MSCs
15 < 107/ FLEFFREFRIRAN, FRdifss NGRS,



428 HEPR2ER Acta Physiologica Sinica, August 25, 2020, 72(4): 426432

PBS &9t 13, JiA 3 mL JCIMiEH; 75577 24 h,
W AERE SR 3L, %18 ELISA A il ik 7) & 4 FH i B 15
ol TL-6 e .

1.7 RRNMABRARRNMAET RS Aa s
FE R 1x 10° /L, HU 1 mL 44 ff 2 9% 5174 PBS ¥
Y23, 4% J5 b o\ 200 pL binding buffer. 10 pL
Annexin V-FITC 1 10 uL PI, & N#% M 15 min
JE I\ 300 uL binding buffer, 040X E S I
YU TR

1.8 qPCR # ) mRNA %« iE K F % Super
RNA 2B 57 & Go Script ¥ # 3% 18 71 £ 6 B B
P2 HL A L RNA, 3 #% 5% O ¢cDNA,  #% Go Taq
gPCR Master Mix Jit. #l] ;2 W /& & (10 pL 2 x Master
Mix. 1pL F#E51490. 1 ul R34, 2 uL cDNA).
BRI S F S WE 1. PCR ¥ 18 [ 3 44140 F
94 °C FiiAEE 305 ; 95°C A5 155, 60 °CiEK 30's,
72 °C fEAf 30 s, 3L 40 MEIA, AREF G, L
GAPDH AW, FKH 27 Jrikxt HbrZEH mRNA
FIR KT AN 2 &

1.9 Western blot &1 & H F=iE7KF R4 A
KA A 90% B RIS HA s & 1, BCA v
SEREIREE, KT SDS-PAGE %tk Lk, e,
4, 4°C—¥0 (Pt Bel-2. Bax. cleaved Caspase-3.
FOXO4 #4475 % Lt 451 %1 9 1:500, #i GAPDH #i
A TR R EL B D 105 000) 51 & 3 %, TBST P fi 3
WG 28T —H0 (HRP 3£ 51 % — Ho b B L 4] Ky
1:5000) & . FAMZEE G RS (ChemiDOC™
Touch Imaging System, 3 [E BIO-RAD A & ) 4 #7
H%7, LLGAPDH AWZSEN, HH % BIrE
FI A X R I =
1.10 BERAEE

F 4% 2 58 I [ % 4 i

0.2% Triton X-100 A% 5%, ¥ 0 100 uL % % J5 (5t
FOXO04 #it#k (1:100), 4 °C B HEERK, A+E 4
(1:1 000) =I5 5 30 min, F DAPI #E47 40 itz 4
o, POLEMBE MY A

111 it L ERT A SR E/ b EE 3
K, BT £ K A mean + SD R7R, K H SPSS
20.0 A RAT G RO, 2 A LLIBCR F B R R T
ZHr, JEdt Scheffe vEHT A LLE:, P<0.05
AR ZF BAE G5 m

2 &R

2.1 hUC-MSCsH BIiE# B FES L

W WA B LS 45 L 2R, hUC-MSCs £
Ky, HpI'E%, SareaiieiniRoy
A, R ZRgERAEK (B 14, O). XF 55 548 hUC-
MSCs #ATHE e 14 dJE, oalHERL
FMAT O Yethy, FE 2 AL Am A mT LK R 20 (045 fh i
i (B 1B), W A 4 N A 4 g i TR i (1
1D), W hUC-MSCs B 5 £ [m] /LB RE .
2.2 hUC-MSCsHIRERBEEFMATHXERSE
KT

G EARARARIIHEAT, 20 B 20 PR A AR B i
WK, HFIREL, BFREgpEmE A AL (E
24), FACEMIREK:, AR 25K, ApsEAEIL
W . ARG B- P FUBE TR RS 1 e (g R R,
B AR K 3G 0, 40 i 2 AR B B, Hod Pl
Y TEZZN (4.43 £ 2.19)%, P10 F1 P20 40135
%49 (29.85 + 3.10)% F (72.28 + 3.83)%, &A%
SHGTE L (P<0.000 1)( & 2B).

gqPCR Az Western blot 25 7R, [fE 4K
3N, P TR Bel-2 #iAAKFERE T, &

K150 /7 5 Fa 7 Kol

Table 1. Sequence of primers and product length

Genes Sequence of primers

Product length (bp)

Bcel-2

Forward: 5’-GCGGTCAAAATGGGTGAATTTC-3’ 205

Reverse: 5’-TGTCTTCTGTTCGCCTGGTA-3’
Bax Forward: 5>-TGCTTGAGTCTGGGAGTTCA-3’ 200
Reverse: 5’-CT-CACTGTGTTGCCCAGG-3’

FOX0O4

Forward: 5’-CCAGAGAATAAGAAGTCAGCCACAGAG-3’ 147

Reverse: 5’-CTCCACCTCGGACGGTTCGG-3’
IL-6 Forward: 5’-AGTC-CGGAGAGGAGACTTCA-3’ 108
Reverse: 5’-ATTTC-CACGATTTCCCAGAG-3’

GAPDH

Forward: 5’-GCACCGTCAAGGCTGAGAAC-3’ 138

Reverse: 5’-TGGTGAATACGCCAGTGGA-3’
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Fig. 1. Multilineage differentiation potential of hUC-MSCs. 4, B: Osteogenic differentiation of the hUC-MSCs treated with complete
medium (4) or osteogenic induction medium (B) identified by alizarin red staining. C, D: Adipogeneic differentiation of the hUC-

MSCs treated with complete medium (C) or adipogenesis induction medium (D) identified by oil red O staining. Scale bar, 200 pm.

AT 2R Bax RIAKFEE L, FOXO EikKF
BHE i (B 2C. D). Western blot 45 8 & 7~, [
EYH R ACIR B N, cleaved Caspase-3 £ [k i
=T (& 2D).

2.3 FOXO4iB#EhUC-MSCsT&- 1=

FHEG PL A0, 32240 (P10) FOXO04 FikK
R B (K 340 B), R F401H] FOXO4
FikJE, FOXO4 ff) mRNA FI4E [ % ik ¥ W] & 240
(&l 34. B).

FEAK B- FANEE RS 8 R SR,
sh-NC 21 P10 4 Jfi # E, sh-FOXO4 41 P10 4 ffg 5%
ERYIE TR (P <0.05)( B 30). i gifa R4 R
o, PLAMATE T3 (12.20 £ 1.41)%, 1 P10
IR TSRy (13.50 = 1.11)%, PENLEEZER,
FH shRNA #ii] FOXO04 &i&J5 P10 40 i -2 W 3%
L (P < 0.05)( & 3D). Western blot 45 5 7R, Al
sh-NC 45 P10 0L, sh-FOXO4 £ P10 4l cleaved
Caspase-3 & FIRIE/KFEFH L (K 3E).

CCK-8 Z5 5 oR, MIELIEH 4000 (P1), FEZ40
(P10) 7£ 55 48, 72, 96, 120 hi% /343 5l v 20.1%.
29.3%. 53.8%- 89.5%, iif /1B RIS (#5 P <0.05).

] FOXO4 Ji5 %32 A MU AE 1T HH (< 72 h) 40 i g W
BNBE (55 240 48, T2h 435N 63%. 7.0%. 19.7%),
JERAEII AR, A 120 h 4HAYE J1 R 129.3%, &
Z T sh-NC 41 P10 41 (P < 0.05)( K 3F).

5 P14ifuAd L, P10 40 A0 IL-6 mRNA ik /K
FEE R, MEIEEZ (P<005), i shRNA
1] FOX04 ik J5 IL-6 mRNA /KF 2% R, 4
WEA R ZE D (P<0.05)( B 3G, H).

3 g

PRAMREFRE I hUC-MSCs A IE A 29 18 B3R 5
HENFEZRAS, MGG TR Rk, T
AR N BT . B, B Z ARG 2 FAL
i, %ELZ hUC-MSCs FE KBt AA HEE L. 4
U258 S R A8 A SR SR K AT A, SR IR B
WAEAS], MRS RERCE, I I R
JoE M B 2 A 5% 4y W 2% 7Y (senescence-associated
secretory phenotype, SASP), HKF1E /& IL-6 Fl1 IL-8
2 JORE R4l 3 I ™o AHIF 70388 ) 20 SR e i
IRE T K m 4l B i hUC-MSCs, AR # 2%
AAMI AT 73 A RE I PR ARG E . BIFFE MSC
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Fig. 2. Apoptosis of senescent hUC-MSCs was restrained. 4: Morphology observation (upper) and senescence-associated -galacto-
sidase staining (below). Scale bar, 200 um. B: Senescent hUC-MSCs counting. C: The mRNA expression levels of Bcl-2, Bax and
FOXO04 detected by qPCR. D: The protein expression levels of Bcl-2, Bax, cleaved Caspase-3 and FOX04 detected by Western blot.
Mean + SD, n=5. P <0.05 vs P1, “P < 0.05 vs P10.

WERRET . KBRS R BN, RS )E, FrE A7 7L SASP Be i 0 AR 41 o &) FE A S,
P10 ZHA BN HINZ 30% FEL R, IL-6 (4r et @A P, MmeEEgu SASP k. Hit,
FHE N, FRHAMIE N RS T R T 2 T B IR 22 hUC-MSCs % Z [1H 3 F
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Fig. 3. FOX0O4 maintains viability and function of senescent hUC-MSCs by repressing apoptosis. 4: FOX04 mRNA expression level
detected by qPCR. B: FOXO4 protein expression detected by immunofluorescence staining. Scale bar, 100 um. C: Senescence of
hUC-MSCs detected by B-galactosidase staining. Scale bar, 200 um. D: Apoptosis of senescent hUC-MSCs detected by flow cytome-
tery. £: Protein expression level of cleaved Caspase-3 detected by Western blot. F: Cell viability assayed by CCK-8. G: Secretion of IL-6
detected by ELISA. H: IL-6 mRNA expression detected by gPCR. Mean + SD, n=35. P <0.05 vs P1 sh-NC; “P < 0.05 vs P10 sh-NC.
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Bto MR NERF NIRRT, AR R )
U E £ AR RAMIERTT AT, 8
TEEMRAGTET A Y, AR TS R E R,
¥ hUC-MSCs B T 478 A cleaved Caspase-3
FIEIKF- T ERERNEZE, 3EZ hUC-MSCs it
JH TR A Bel-2 SRk H1 R, [0S {2 9 T % (5] Bax
ik B, IXFEWFEF hUC-MSCs IHT-REFEL
Ja s, BPATZRH, I G ] B 5 SRR T
ST T 5. Baar 28 ) B 5t £ B FOXO04 gl
ok 555 P53 ) H A T 0 TR 4 4 5 2 A TR
71, TEAMEZ AR TSR R CEIER . At
FEE RN, FOXO4 70 IEF AN MARARRIL, MTER
ZAMHH B E I, R FOXO4 1T g & 2 ff f
YEFF hUC-MSCs FEE | FHATHIR T 1 S B4 S I 7

N T 1) B FOXO4 BE 75 5 M) 41 i 32 =2 F1 ) T2 (1)
P, AW TR A R R BRI T FOXO04 B3R I8,
R R, FOXO4 %3 |##|f5, P10 hUC-MSCs [
R IEC, X AT BE I 2 A A R T R
TBEERFTEL 2 — 2R IR SL A ) FOXO04 J5 3%
AN TR PRGN, cleaved Caspase-3 Fik
KPR E 2P . 3X 3R B FOXO4 f& % 3l il 32 &
hUC-MSCs J# T=. 4 Jf 7% 7y kx5 S 27w, #i i
FOXO4 J5 P10 ZHf1i% /) 2L T B F T s e 5y,
A AL S AT 2 AN AR TR >, SR R A IE
YIRS KR A 5% 5 0] FOXO4 [ 33k nT B &0
/DFEY hUC-MSCs 73 IL-6 ()&, FH] FOXO04 fiE
YEFF 352 hUC-MSCs {135 JIFIThRE .

gx b, ARWFFUR I FOXO4 fig i i #fi| )5 -k
YEFFIEZ hUC-MSCs i/ FI TR, I 4420 i de
W . A ANH FOXO04 (132K AT 45 R AE 2% hUC-
MSCs 1%, N hUC-MSCs A2 3R 4L T
s, KRR AL TREMMEEREYR
KIE.
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