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[Abstract] Objectives: To investigate the effect on cell growth, cycle, apoptosis and senescence of human
bone marrow mesenchymal stem cells in high concentration of glucose microenvironment or with high level of
0-GleNAcylation cell models, and to explore the underlying molecular mechanism. Methods: The extent of
growth of hMSCs previously cultured in normal concentration of glucose(group A)(1.0mg/ml), high concentration
of glucose (group B)@.5mg/ml), normal glucose with thiamet—G (group C)(1.0mmol/L) and high glucose with
thiamet—G(group D)(1.0mmol/L) was evaluated by WST-1, flow cytometer, B—galactosidase staining to identify
the role of glucose and O -GlcNAcylation in the regulation of proliferation, cell cycle, apoptosis and
senescence in hMSCs. In addition, the expressions of Cyclin D1 and caspase-3 were detected by real-time

RT-PCR and western blot. Results: In group B, group C and group D, hMSCs grew fewer than which in
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group A on the third, fifth and seventh day(P<0.05). Also in group B, group C and group D, the induced
cell cycle was arrested at G1 phase in hMSCs on the fifth day (P<0.05).
group B, group C and group D was higher than that in group A(P<0.05). After treatment, the dimension of

The rate of apoptosis of hMSCs in

hMSCs in group B, group C and group D was larger than that in group A culture(P<0.05), and the positive
cells of SA—B—-gal staining were also more than those in group A on the seventh day(P<0.05). The real-time
PCR showed thawt the expression of Cyclin D1 in group A, B, C and D was 1.01+0.31, 0.31+0.07, 0.42+0.1,
0.18+0.04, and it decreased in group A on the fifth day(P<0.05). The expression of aspase-3 in group A, B,
C and D was 1.09+0.82, 5.73+1.54, 3.43+0.59, 6.82+2.13, and it increased in group A on the fifth day(P<
0.05).
increased when hMSCs were cultured in group B, group C and group D on the fifth day(P<0.05).

Compared with group A, the expression of Cyclin D1 decreased and the expression of aspase-3
Conclu-
sions: Our findings demonstrate the effect of glucose concentration and O-GleNAcylation on regulating the

growth, cycle, apoptosis and senescence of hMSCs, which provide insight into the mechanism of how glucose

concentration regulating hMSCs.
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annexinV—5 i 5 ER (PITC) F1 PI Fric 5 W & 2 41
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W A B.C.DAHEEFRESE S RN, W
A TRIZOL 12U hBMSCs RNA, 2 I % ¢ i
# & (Prime Script TM reagent Kit TAKARA
code NO RO037A) Ui W45 HEAT cDNA 945 )8, Li-
negene 9600 {X#5F#1T Real-time PCR S5, 514
JFH) W4 1, hBMSCs # Cyclin D1 il caspase—3
5t DLH B -3 - R A (GADPH) WA
Z R H 28 AR R4S AP Cyelin D1 AT cas-
pase—3 FAHXIME , #EATHETH 220047 .
1.7 & H DT 7 (Western blot) £ i) hBMSCs
1 Cyclin D1 Fl caspase-3 ik

WAE A A B 255 5 RN, N FHZH 213
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SRR B A AR ] 5% A 5 Ef
M 2h, 1 1 4°CH% 5 147 (RL2, Thermo Fisher sx-
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M Hr=WEBEE 2h, B EFE,
1.8 HddEgit

KH SPSS 13.0 iRt Ar it a0, 2%
Bl LA xes o, S TP A2 B K R H 58 42 Bl
LB SR R 7 227087 (One—way ANOVA)
Xt L RORY 22 5, 9 /bt 5 22 1 (LSD) ik AT
PIPILLE, P<0.05 N 22 RA Gt # B L, A r
SEEE B EIR,

2 HR

# 1 Cyclin D1 #1 caspase-3 5|41/ 51
Table 1 Primer Sequences of Cyclin D1, caspase-3 and

GAPDH
FEH Gene 51417 % Primer Sequences
Cyclin D1 #5149 Forward primer GCTGCGAAGTGGAAACCATC

T34 Reverse primer CCTCCTTCTGCACACATTTGAA

3 #5149 Forward primer CATGGAAGCGAATCAATGGACT
CaSPASE=I Ry ) Reverse primer CTGTACCAGACCGAGATGTCA

E3#514 Forward primer TGTGGGCATCAATGGATTTGG

GADPH FUE5 149 Reverse primer ACACCATGTATTCCGGGTCAAT
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0.05), D 41H1 B 41 (% hBMSCs 458 JC i & 1 22 53

R 2 FEHEM O-GleNAc #% £ L Xt hBMSCs 178
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Table 2 Influence of glucose and O-GlcNAcylation
on proliferation of hBMSCs

3D 5D 7D
i
. AdL 6.41+£1.09 15.33+£3.34 47.57+5.75
Group A
4 . P .
G B4l 3.78+0.73" 6.79+1.54Y 21.73+£3.85%
roup B
. cal . 4.33+0.927 10.93+1.59% 34.01+1.03%
Group C
D& 33:10172 582413302 19.47+2.56"2
Group D

D5 A 411, P<0.05;2)5 C 41 HH, P<0.05
Note; (D Compared with group A, P<0.05; @ Compared with
group C, P<0.05
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Comparison of cell cycle charts of 5-day hMSCs cultured under different concentrations of glucose and

Figure 2 Comparison of cell apoptosis charts of 5-day hMSCs cultured under

different concentrations of glucose and different levels of O-GleNAcylation
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BT WS R 25 IR AR R R R e €, R W]y
FTEEZ (K 3), UG ITES HE B L R (R
3): HAMERA LI FE L (F=95933,P<
0.05), Hh B4l .CAHMD AWM= T A4l
(P<0.05), M D AMHT- R BALR ENES
(P=0.39),
2.5 Cyclin D1 il caspase-3 7E A [A] &b B 20 1)
hBMSCs H Y1k

i i Real-time PCR 55543 #7 Cyclin D1 il
Caspase—3 7E/ [7] 4b 2 2H (1) hBMSCs 1 1Y 3 15 748
fB(F£4), LB A B.C.D 4Pl FR=5 5K
W, 40 Cyclin D1 FRikIKF-2 740405 =
M (F=126.501,P<0.01) , % 41 [i] caspase-3 ik 7K
VA G E XL (F=735.75,P<0.05), 7t B
4 .C M D 4 hMSCs H Cyclin D1 7K F B 2 A%
T A 41 (P<0.05), 1M =20+ 1Y caspase—3 7K F-BH
e T A4l (P<0.05);caspase-3 mRNA #ik D
Y5 B ARG #E L (P=0.51),

i f Western—blot Kl /& . B ARERES 5 K
B} hBMSCs 1 O—-GleNAc H5 564K 7 1 @ fIC, 45
RN B A BRERALKE B35 m T A AL U
Vi BE A 4G B T % S hBMSCs ML N 2R 1 i O -
GleNAc i34k (F 4a) ;18 3 Westen—bolt Z£ 56 X}
It Cyclin D1 I caspase—-3 7£ A~ [A]1 4b P 2H hMSCs
R, R A MG PCR 45 R —3%
(K 4b,3 5) . %411 Cyclin D1 RikKFEFAH
Gi it % & U (F=65.551,P<0.01),3rh B 41 .C 41
A1 D 41 hMSCs 1 Cyclin D1 7K F B @K F A 41
(P<0.05) ; %41 1H] caspase-3 Kb K V-2 5 H 511
3 Y (F=144.117,P<0.01), Hrf B 41 .C 20 #1 D
2l hMSCs "' caspase-3 /KBl = F A 4 (P<
0.05),

3 iWig

A P9 AR A 35 110 A A 25 5 T 40 B 34 5 43 Ak
(R BE 7, E T 5% 0 2H 2R R B B (0 08 0 R AR | B
T BB 1) & AP hBMSCs RSN SR 1 1
PR, S H A T B SRR A
B ER R I SAR IR ST & B . R B IR T LA AR
20 ff 3 A0 i PR T (R R SR T ML
ANy, BT iE— 2050, ALK 3K
IR WST-1 G A0 M A L 1 A ZHF0 B ZH %)
hBMSCs W50, &3 T ARG 37 R 5 rh s vk

JEE A 2 W R T RV R A B ] hBMSCs 3
B, A L H TR S TR Y RIS G A
il hBMSCs 3451 , f #F HJ8 T Fn s 2 AL A « 5
P 35 3 3 A A D R 1A T AR SRR 1 R
I 2y RE A S S A0 0 B, 755 20 O T T B R

R 3 HEEM O-GlecNAc # £ 4 3t hBMSCs 48 A /3
H AT IEZNER (xts,%)

Table 3 Influence of glucose and O-GleNAcylation on
cell cycle, apotosis and senscence of hBMSCs
Gl T wE
G1 phase apotosis senescence
G Adl A 76.67+2.36 16.3+0.45 2.5+0.53

sroup

G B B 87.29+3.29 29.33+1.69% 10.2+2.227
roup

G cA C 84.73+1.63V 20.53+2.55% 6.7+1.24Y
roup

G D4 D 86.17£2.57% 30.07£1.34% 11.7£1.57%
sroup

D5 A 4l1k4, P<0.05
Note: (DCompared with group A, P<0.05

* 4 BHEHEM O-GleNAc # & £ 3 hBMSCs H
Cyclin D1 #1 caspase-3 mRNA 3% &0
Table 4
on theexpression of mRNA of Cyclin D1 and
caspase—3 of hBMSCs

Influence of glucose and O-GleNAcylation

Cyclin D1 Caspase—3
. A4l 1.01£0.31 1.09x0.82
sroup A
o 0.3120.07" 5.73£1.54"
Sroup
il L B
ot 0.420.10 3.4320.59"
o 0.18+0.04" 6.82+2.13"
sroup D

D5 A 4, P<0.05
Note: (DCompared with group A, P<0.05

x5 HEHEEM O-GIcNAc # E L 3f hBMSCs H
Cyclin D1 #0 caspase-3 %= H Rk KM
Table 5

on the expression of protein of Cyclin D1 and

caspase—3 of hBMSCs

Influence of glucose and O—-GlecNAcylation

Cyclin D1 Caspase—3
A4 (Group A) 1.00+0.12 1.000.18
B# (Group B) 0.44+0.07 3.18+0.11%
C# (Group C) 0.26+0.05Y 3.19+0.33
D (Group D) 0.170.34% 3.55+0.417

.5 A 414, P<0.05
Note: @C()mpared with group A, P<0.05
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Figure 3 B-galactosidase staining analysis of each group after 5-day induction.

The specimen sections were stained

with B-galactosidase. Cells with red arrow were senescent( x200) Figure 4 a The expressions of O-GlcNAcylation of

protein in A and B glucose were determined by Western blot with GAPDH as a loading control b The expression of

Cyclin D1 and Caspase-3 in each group was determined by Western blot with GAPDH as a loading control
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MK, & B ER  ve E  AE  s
it O-GleNAc HiFE AL Mi KT . R A BE3EAL
K fift T 0 4 ) Thiamet—G 4 £ 5 B 5 1k 40 g 5
RUF M S A 40 i A5 7Y, 3 i WST-1 i = 48
JHASCRG I 25 5 7R . C AL AR T A AL A 4 A
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PEHPATRIEEE 10 B 4181 D 417 hMSCs 3451 |
JT- R LR EEZER . LR R UM
B8 v v Wk B A OB T 5 hBMSCs M P4 2 (1 T
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