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[Abstract] Objective To construct a complete chemical culture system based on small molecule compounds and study
its role in promoting the reversal of senescence of mesenchymal stem cells (MSCs). Methods MSCs were transmitted to 20
generations (P20) continuously. The model of the replicative aging cells (P20-MSCs) was established, then divided into aging model
group and small molecule treatment group, and the fifth generation of umbilical cord MSCs (PS-MSCs) was set as control group. The
aging model group and control group were cultured in the whole chemical culture system for 7 days, and small molecular treatment
group was cultured in the whole chemical culture system containing valproate and Repsox for 7 days. B-galactosidase staining was
used to detect cell senescence, immunofluorescence staining was used to detect the protein expression levels of Ki-67, OCT4, Nanog,
P16, and P21; RT-qPCR to detect the mRNA expression levels of OCT4, Nanog, P16 and P21. Flow cytometry was used to detect
the anti-apoptotic ability of cells. Migration experiments, Transwell invasion experiments and clone formation experiments to detect

small molecules effects on migration, invasion and self-cloning functions of senescent MSCs. Results The cell bodies of senescent
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mesenchymal stem cells were enlarged and presented dendritic processes. After incubation in the full chemical culture system, the
cells return to a spindle shape or irregular triangle similar to young MSCs. SA-3-gal staining results showed that compared with aging
model group, the positive rate of galactosidase in cells treated with small molecules was significantly reduced, and the difference was
statistically significant (45.00% + 1.23% vs. 84.80% + 1.50%, P<0.001). The immunofluorescence results showed that compared
with aging model group, the proportion of positive cells expressing Ki-67, OCT4 and Nanog increased (Ki-67: 89.00% + 1.50%
vs. 25.00% * 2.00%, P<0.001; OCT4: 88.40% + 0.80% vs. 25.40% + 1.20%, P<0.001; Nanog: 76.30% =+ 1.70% vs. 10.50% =+ 0.60%,
P<0.001), the proportion of positive cells expressing P16, P21 decreased (P16: 64.00% + 3.20% vs. 98.00% = 1.50%, P<0.0S; P21:
45.00% % 1.10% vs. 82.00% + 2.00%, P<0.0S) in small molecule treatment group. RT-qPCR results showed that compared with
aging model group, small molecule compounds could up-regulate the mRNA expression levels of OCT4 and Nanog in aging MSCs
(P<0.001), down-regulate the mRNA expression levels of P16 and P21 (P<0.05). Compared with aging model group, the abilities of
anti-apoptosis (21.60% + 1.20% vs. 31.40% + 0.80%), migration (49.30% + 3.30% vs. 30.60% + 4.40%), invasion [(90.00 + 12.00)
cells vs. (34.00  9.00) cells] and self-cloning abilities [(144.00 + 10.00) cells vs. (68.00 £ 7.00) cells] in small molecule treatment
group were significantly increased, and the differences were statistically significant (P<0.0S or P<0.01). Conclusion The

constructed small molecule full chemical culture system can inhibit and partially reverse the aging process of long-term cultured

MSCs in vitro.
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Fig.3 Effects of small molecule compounds on the apoptosis of MSCs (Flow cytometry)
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Fig.4 Effects of small molecule compounds on the proliferation of MSCs (Immunofluorescence staining)

SR s, (1)P<0.001,

1.5= 1.§m

& 1.0 1 1.0 T
E (1) B
= - 5 (_}_)
% 0.5 % 0.5=
2 8

C A s ) e

%% V ’\\Iﬁ:? %{75 57\\/1\:7(

%3
]
o
1

) ©)

Rkt
w B
1 []
B
T

OCT4 mRNAAH XS
= o
1
Nanog mRNAAH X}
N
1

o
1

i

—

LI )
s )f\y\,@% \\s;}}f‘g&
BV

T T
N ,wj& R \Jy\’%,l’;%
,%»L;Qs?l @‘r >

Bs /N TALG PRI MSCs ARSI P16 . P21 K TR CEEFIOCT4 . Nanog mRNAFKIA 52 (RT-qPCR)

Fig.5 Effects of small molecule compounds on the mRNA expressions of cellular senescence genes P16, P21 and cell stem genes

OCT4, Nanog of MSCs
S ERA A, (1)P<0.05, (2)P<0.001.

RO g R R, N T A Y
P16, P21BHPEANME A 2 LMK T 2 4] (P16
64.00% = 3.20% vs. 98.00% + 1.50%, P<0.05; P21:
45.00% =+ 1.10% vs. 82.00% + 2.00%, P<0.05, [Xl6A. B),
OCT4. NanoghH M40 Ml A 43 bb ¥ & T B A AL
ZH(OCT4: 88.40% +0.80% vs. 25.40% + 1.20%,
P<0.001; Nanog: 76.30% + 1.70% vs. 10.50% % 0.60%,
P<0.001, [¥l6C. D).

2.6 /NrTIEEYRMSCsIERERE IR RIE
SER AR o, R AR KNy Ab
P24 hRJR A H 43 AR IR }158.10% + 5.45% .
30.60% + 4.40% . 49.30% + 3.30%. 5 X MEL L#,
AR 24 WRIR A A A o LREIL, Z5 A%
X (P<0.05); SR b, NrFab i
H24hWWPR A A IS, ZRAGITFEEXL
(P<0.01, K7).

2.7 /INrFAEE Y RTMSCsIR B fE 1 15
Transwel {R 22 LI 4E R W/R, XHARA] | R pA 4]
Kooy b HH A% 2% 40 ML 53 591 2R (140.00 + 17.00)
AL (34.00 £9.00)7 . (90.00 £ 12.00) 1~ SXJHELH

Fede, BRI SNy Ak 3 4 2% 20 e 2500
b ERAHGIAE L (P<0.05); SEERA
B, /IO ARRMECE 2, 2RA5%11F
= X (P<0.05)(E8).

2.8 /N TFALEYINIMSCs TR ACRE 71 A 52

YOREIE IR A R o, XPRRAL . BRI KN
53 Kb B2 240 L AR T RO R (247.00 £ 20.00) 4
(68.00 = 7.00)1~. (144.00 £ 10.00)1~. SXFHR4] L
LZ S~ IR DN N e D S SOE2 @ R
EFAHGIFE L (P<0.05); SRR L,
N AR AR TR B 2, ZRAGITEE L
(P<0.001)(#9).

3 it it

ARWFGERH—Fh e 4 . AR B AEAR M
FEWFEMSCsIFEZ RS, AERFMSCs I [E = 12
FRAE, 250 WoR, WMEM S /NrF IR . Repsox
)22 B SRR R 0] T 8 5 2 0 i P SA- B-gal 1 3
ik, BRI EATPI6. P21ANFRIAKT, fEdE4
MO¥G5E , JF R S MRS . RERTEREIE A



648 BN EESLE 20214E7H28H  faed: 7

DAPI Phalloidin P16 Merge

. 150 =
xX
>
-
& 100+
NI
= (2)
SO pm S0 S0 pm i 50+
‘ =
3 C
& CEN
= AR QB
T »ﬁf 4{@‘%
= g _ N
> 50 pm S0 ot < | SOpm S s B @
100
xR
&) I 804 ==
b &
= = 60
3 2 (1)
i ‘ =
> - ’ S 404
SO m S0 S0 m ‘i
‘ £ 204
5 TP Y
Mo \?“y QK\/@
/\B 4 " ¢ 3 %‘ ,\\
R 50, Sopm = Y 50 o x )
Phalloidin
g 197 ()
= b=t
\_}‘i\‘ —_ =
Fﬂ' = 80
s flang
S =z 607
® =
50 wm S0 pm 50 wm Ful 407
— — — =
= 20+
2 R 7 W ¥
\LL L)
b B> @%&
ﬁ v e e ,\\)5\
i s0m 50 50 , ©
DAPI Phalloidin Nanog Merge
= < 1009
m &
NN
i KR
iR Jiany
W 5 60
i =
25 pm E 404
"% =
H 2 204
. = A QB
= P
j,: R t R \ %;‘% IX
< \ ) ,\\7\
25 25 pm 3 @

Ele J\ﬁ?%’*%XTMSCsE%*H?@EHPIé leﬁ?f*ﬂ‘ﬁ?éﬁHOCTét Nanog# 15 (M (S e DR ()
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Fig.7 Effects of small molecule compounds on cell migration ability of MSCs detected by migration experiment
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Fig.8 Effects of small molecule compounds on cell invasion ability of MSCs (Transwell)
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