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Effect of type 2 diabetes mellitus on biological characteristics of jaw bone marrow
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Abstract: Background Patients with type 2 diabetes have abnormal bone metabolism and marked alterations in both bone
quality and bone mass of the jaw, which is one of the systemic contributors to periodontitis. Wnt signaling pathway can promote
stem cells mineralization and repair bone tissue defects. However, it is still unknown whether the Wnt signaling pathway is involved
in the regulation of osteogenic differentiation of bone marrow mesenchymal stem cells in the jaws under the influence of type 2
diabetes. Objective To investigate the effects of type 2 diabetes on the proliferation and differentiation of jaw bone marrow
mesenchymal stem cells (JBMMSCs) in rats and the possible mechanisms. Methods The 13-week-old GK rats with random blood
glucose=16.7 mmol/L for two consecutive weeks were selected as the type 2 diabetes group, and Wistar rats of the same weeks of
age served as the control group, with 10 rats in each group. Two groups of JBMMSCs were isolated and cultured as the research
object by the combination of bone marrow flashing and bone slice digestion under sterile conditions. CCK-8 method was used to
detect and analyze the cell’s proliferative ability. The apoptosis ability of cells was assessed by flow cytometry. The expression of
genes related to osteogenesis, adipogenesis and Wnt signaling pathway was assessed by qRT-PCR, alkaline phosphatase (ALP)
expression was detected by alkaline phosphatase staining, and the difference in calcium nodule formation was compared by alizarin
red staining. Oil Red O staining was used to detect lipid droplet formation differences after lipogenesis induction. Results Compared
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with the control group, the proliferation and clonogenic ability of JBMMSCs in the type 2 diabetes group decreased, and the
proportion of cells of early and late apoptosis increased (P<0.05). Osteogenesis-related genes ALP, OCN and Runx2 mRNA
expression elevated in both groups after JIBMMSCs osteogenic induction, but the expression in the type 2 diabetes group was lower
than that in the control group (P<0.05), and calcium nodule forming ability and ALP staining area and density in the type 2 diabetes
group were lower than those in the control group (P<0.05). After adipogenic induction, the expression level of adipogenesis-related
genes and lipid droplet formation in the type 2 diabetes group reduced compared with the control group (P<0.05). The mRNA
expression levels of Wnt4, Wnt5a and Wnt7b related to the Wnt signal pathway in the type 2 diabetes group were higher than those
in the control group at 7 days after JBMMSCs osteogenesis induction, while the expression level of -catenin was lower than that in
the control group. Conclusion Type 2 diabetes inhibits the proliferation, cloning, osteogenic and adipogenic differentiation of
JBMMSCs, and the reduction of their osteogenic capacity may be related to the Wnt signaling pathway.

Keywords: type 2 diabetes mellitus; jaw bone marrow mesenchymal stem cells; osteogenic differentiation; Wnt signaling
pathway; GK rat

Cited as: Li TQ, Meng XB, Huo N, et al. Effect of type 2 diabetes mellitus on biological characteristics of jaw bone marrow

mesenchymal stem cells in rats and its related mechanisms [ J ] . Acad J Chin PLA Med Sch, 2023, 44 (4) : 372-379, 387.

HAT 252y 4.6 [ NEBEIRRS, o 90% L)
b DARR 5 3 BT AN % T BE R iy 3 2 AR L
HillAY 2 RUBEIRIG (type 2 diabetes mellitus, T2DM)!'],,
5T B 7 2 B PR s S8 8B B A, B/
PR B R R P, R B A 7S T A (Gaw bone
marrow mesenchymal stem cells, JBMMSCs) j& il
THUE B — 2B B B R R R 2 1) 4k
WRERY LA T AR, B s . WUR . R
Z s feie )1, EEHLUERE 5 AR A B
{H 2 B R % TBMMSCs A 4L i 11 (195 Wil
SOLHUHI T ATERE . A TREHUIR T 2 BORE IR AR
AN A0 E A SOk U ] 7 5 T 40 B Y A ) A
A B AT Wnt {5538 BERH DG4+ 19 AR AL AR
i, At — 205 o A Wt 5 58 K 2
2 BUBEIRIRIREE T IBMMSCs AUH BE J1H2HE3ER

MRS 7E

1 SE8shY 10 B2 12 JAWY SPF et Wistar K
R Tt s i R S8 sh R AR A FRAF] [ 314
HAEFEFATIES . SCXK(51)2016-0006]; 10 H 12 J#
1% SPF 9 ifEPE GK K BRI T4 M R SCHT 52 595 3l )
AIRAT [ WAl IES . (SCXK(F5)2021-
0013], AT T 3o fifp i 2 e 1 e 55 5 B ) A B
ZR WA HES . 2022-X18-20),

2 MR R S AR B (P RS )AL
45% fm B R EH IR A ARG RAE,
E); o-MEM % 3% 3 (Gibco, ZEHE); a4 1L
BI, LLad); 1% HF58 R - R . 0.25% R
HE-EDTA, PBS(H#RHER, WE); I 85
fitt (Sigma, K [E); MU IR & @, THE);
W RS SR 7 & (Gibeo, FE[H); CCK-8 iRk 7] &
(1=, HZ); Annexin V-PE/7-AAD J8 1T # izt
7| & (Sino Biological, "' [&); RNA $2Huil 7 &

(KRR, THE); BCAHEHZE®EIXA &
(Thermo Fisher, 32 [H); 0% 57| & (Takara,
HAY); 4% ZRFEE . W 0 aikil&E. 02%
PERLLY A (R3EE, 1T E); BCIP/NBT Bl
fame i AR &, SR Lam EasX, b
E); 40885 7544 (Thermo, 36 [H); i 2N 40 MY
(BD Celesta, FE[E); bR, SEHFFEGE i PCR
% (Bio-Rad, [H),

3 2 HUHEIRE R BB A GK KRR H AT
WA AE AR IE A & P 2 BB PR AR, HE
FE RS R W 2 ORI S R s R, 5A
25 2 RUBE PR U RO AL, GK R BULA 45%
PRI SR, 12 ~ 13 JEI WA s 4 & 31 5 st [ ) e
MBEAMA R 5, DA GK K BRI 25 R IR B L I A =
16.7 mmol/L A >y A5 5L 2y i A o B A [+] J1 # 1)
Wistar K FAE AR, DLEd iR ss , A3 fE A A
FI 3000 MR R T B, AR SR 10 H RS AR,
IR GK K EAE N 2 BIMEIRARZH, 10 H Wistar K
AT BB

4 JBMMSCs )45 85 58557 2 B A 2 1)
10 213 JEA GK K% 10 213 s Wistar KR
i s TR Y 2% S E 2 BRI (2 mL/kg),  SUME
FIALFE, 75% W2 30 min J5 B 2% S .
T AAE TR R A, LB NOUE LS R
N N 1 S LU/ 2 PN PR ) SRS
TEBEEE, HEH 10% FBS. 1% HEHE-HEE
) o-MEM 5% 42 K5 37 3 ) &2 vk i i s, A2 60
HEBEPYERE 15 mL &0 H, 800 r/min 5.0
3min, £ IVE, | mL EaiisRiEE. Kas
W E5A 9 mL 582 REFERAY 10 em LA, L
BT 37°C. 5% CO, MMk FRAfrh . whikEm
AR R R ED 1 ~ 3 mm® B R
2 15mL BOEH, A 0.1% I A5 3 mL,



374 RIRAEERSABE AR

Acad J Chin PLA Med Sch Apr 2023, 44 (4)

https://xuebao.301hospital.com.cn

BT 200 r/min FEIK 5 37°C . 200 r/min £
1k 90 min; 800 r/min Bf.0> 3 min, 2 ¥, 3 mL
SEan R AR, ME R R A O R
PR BRI, & T 37°C. 5% CO, 4t 37
FaRE . M 2h R, DM 2 diR
1R {308 A 22 W A0BE T LA A1 1) 7T 32
MO B A KRR, AT & A 2] 80% ~ 90%
B 12 2 R BIEAR, 26 2 IRAEARRT R BRE A,
B 3 ~ 5 ARAIMIE T30 .

5 CCK-8 Kl 4ufassane ) BUERRS RAF
AU 348 IBMMSCs, L) 2000/FLEEFE] 96 FLHK
W, RS 8d, BE3 AW 1K THEME 1~
8 d B AN 20 L (R BB R T, SRR R R
FEFLIMA 90 uL 1Y 58 48532 5 F0 10 uL () CCK-8
WA, 37°CHFE 4 h, FEAR I 450 nm &b 1
OD fH I 2 i A M 5 1t £&

6 JBMMSCs SulEIE BURAM B RCRES R4
M4 2056 3 4% IBMMSCs, LA 1000/10L42 Fh 2] H 4%
10 em BYEEFRILAT, 7E 37°C. 5% CO, B4 fiuLs
FEE TR, B3 A LR, ELEEFEISd)E
TS A Y ta . PBS TEE 3 i, HEEREE 5 min,
gk YLt S min, PBS {HEUEZREL LS AU,
Exbl- N R (S GO -9

7 YA TR WA LA 3 X JBMMSCs,
FH 4°C W2 0 PBS VEAIME 2 Ik, B0 A L
Binding Buffer B I/fi % 5 x 10%mL, 40 i
W 2w, 9% 100 uL, Wistar 21 Al
GK B4 478 . —E WUTERIRA, —&mA
5 puL Annexin V-PE, —%& A 5 uL 7-AAD, —%&
JIA 5 uL Annexin V-PE 1 5 pL 7-AAD; #4%21R
), FIRBEMEF 15 min J5 /i A 400 uL Binding
Buffer Z R, FAURIN ., FEARME T, B
PR E 22 28 1% 7 B T A MR 1T, (H 20 i SN EL AT 3
Y, HIE Annexin V 1T DI S5 40i2s &, (HAUMHE
4t 7-AAD, Atk K R T 48 1 S8 Annexin V FH
PE. 7-AAD BATE . FETT-MRI], 7-AAD AT DL
A EFEA NS DNA 454, [RIAY Annexin V 3
AN S WG B 22 Z R4S A, TR I T i 3 9 4
i H Annexin V il 7-AAD XUHM: .

8 MHIET . Bk PEWERR A (alkaline phosphatase,
ALP) By g ar et BUERKRE RIFM 4 4158
348 IBMMSCs DL 1 x 1054LEEFF 5L, 40
WA FE R 70% B BB, B3 ~4d
Bl . WMEASRFR 7 d 51 IR BCIP/NBT ff P
T Mg it S € 370 5 (9 U B 1 64T ALP e 55

BE T4 21 d Bh#E ToE R QA 50w, 2
AR A, PBSIHUE 3K, 4% ZR W
W R E 2 30 min 5 WX [ E W, PBS Y Uk
3, BALIMA 2 mL P RLTARMR, EhREE
5min, WEEZRYOR, PBSIHEEXRZRELLA
YW, RACEE N SRS EE R .

9 WMIBIES N oM KL AHE 3T
JBMMSCs VA 1 x 10°4L3 R T 75 fLak 4l
B IR 70% BT IR S S, T3~ 4 dft
W BRI 14 d IR BGMZT O Yy iatn) & ikl 1
B BRIATIML O Yot FFAE WA T WS
A

10  qRT-PCR Fa il i . i & Wt 15 538 % AH
KA mRNA £35  # &5 3 f{ IBMMSCs
PL T x 10°L4R TR, AIAIEA 2 70% I
el B BORIE S R, B3 ~4dHik 1R, %
SehgE 7 d 5 A RNA $2BGL ) & FR U RNA,
i FH AR E RNA VR, L) 500 ng RNA W15
M, He BG5S 150 & (PrimeSeript™ RT reagent
Kit with gDNA Eraser, TaKaRa) [ ¥ B 45 & KL
cDNA. KM SYBR Green %<5 i PCR Al i 7]
SR RS AR DG KL R ALP . B 85 & (osteocalcin,
OCN). Runt #1#% 5% K -F 2(runt-related transcrip-
tion factor-2, Runx2). H{JEHHICHE KRS 8 H Ak B
(lipoprotein lipase, LPL). it %A k.40 il {4 1 58 ) 3%

®1 HEXEESFT

Tab.1 Primer sequences of related genes

A JF51 (5'-3")

GAPDH F: ACCCAGAAGACTGTGGATGG
R: CACATTGGGGGTAGGAACAC
ALP F: CACGTTGACTGTGGTTACTGCTGA
R: CCTTGTAACCAGGCCCGTTG
OCN F: GGTGGTGAATAGACTCCGGC
R: GCAACACATGCCCTAAACGG
Runx2 F: GCACCCAGCCCATAATAGA
R: TTGGAGCAAGGAGAACCC
LPL F: GGAGTTTGGCTCCAGAGTTT
R: AAGGTTTTGCTGCTGTGGTTG
PPARYy F: ACCGCCCAGGCTTGCTGAAC
R: TGGAGCACCTTGGCGAACAGC
B-catenin F: AAGTTCTTGGCTATTACGACA
R: ACAGCACCTTCAGCACTCT
Wnt4 F: TCAGGTTGGCCACGCACTAAAGGAG
R: AGTCTGGACTTGGCTCCAGGTACAC
Wnt5a F: GCGGGACTTTCTCAAGGACA
R: CGGCTGCCTATTTGCATCAC
Wnt7b F: CTGGGAGCCAACATCATCTG

R: TGCCCAAAGACGGTCTTCTC
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A: PO passage on day3; B:P0 passage on day5S; C: P1 passage
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Fig.3 Effect of type 2 diabetes on the proliferation, clone formation and apoptosis ability of JBMMSCs
A: Proliferation ability by CCK-8; B: Clone-forming ability; C: Detection of apoptosis (*P<<0.05, "P<<0.001, vs T2DM group)
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Fig.4 Comparison of osteogenic differentiation ability of JBMMSCs between the two groups

mRNA (1 H X ¢ ik w1

Fig.5

A: Changes in mRNA expression levels of osteogenesis-related genes in the control group and the T2DM group after 7 days of normal
culture and osteogenesis induction by qRT-PCR (*P<<0.05, vs control-NC group; "P<<0.05, vs control-OS group; ‘P<<0.05, vs T2DM-
NC group); B: ALP staining; C: Alizarin red staining
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Comparison of adipogenic differentiation ability of JBMMSCs between the two groups

A: Changes in mRNA expression levels of adipogenesis-related genes in the control group and the T2DM group after 7 days of normal
culture and adipogenic differentiation induction by qRT-PCR (*P<< 0.05, vs control-NC group; "P<< 0.05, vs control-AD group;
“P<<0.05, vs T2MD-NC group); B: Oil Red O staining (bar=100 um)
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Fig.6 Changes in mRNA levels of Wnt signaling pathway-related
molecules during osteogenesis induction (*P<<0.05, vs control-
NC group; *P<<0.05, vs control-OS group; °P<<0.05, vs T2DM-
NC group)
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JBMMSCs WilEA K, KM I BET 44N ik
B, TWEZES ., CCK-8 B I 40 i it 19 58 i
J1, SXTR4IMHEE, 2 BUBER 4] JBMMSCs B4
MUs s 2818, SRR L AE ik i aRan AR
REEE R BoR, 2 BRI AR E T, &b F
JAT- IR ANt el T HR A TR, 2 HOBE PR
AT 4 A Y R 5 BUBR A3 Ak T . JBMMSCs A
HES R BNGAES 7 d 5 2 BB . g
FHOEIE P 1) mRNA Fik B L FXTIRAL, ALP 4efd
S5 R R R SRR, AR R BRI
DXL, SRR, 5IEHESKIE JBMMSCs A
Fb, BE R SR U ) IBMMSCs 1458 & i 4 1k fg
JI WSS, X SRR B A R 2,

R 56T 2 ROH bR J ot 65051 B 18] 55 5 1 41
LB S A I AL B R D . 2 BUBE PRI SR
Fa A REe AR U T 11(growth differentiation
factor 11, GDF11) i) mRNA FI£E R kK 3%
BT BRI GDF11 B3k Al 455 2 AUph bR
Jo K JR 1) IBMMSCs BUHERE T, A2 3E 2 B PR
M TR SRR A U, R e WOE R R
P B ) T T AU A G B . RS MR 4k
Al 7 30 S5 A PR R D PR R RN OE R R
A BT alO(ITGAL0) (136354 A% T R ke
DIl i J 3 N IE 5 B 5 ITGA10 5 [N Al B mT
i FRAIK JIBMMSCs 2L RE RS BE ), il
T4t FAK/PI3K/AKT/GSK3p/B-catenin 18 4 11 ] H:
BB TR U, RIAT A U BFGY & BE 2 RUME AR
95 K BLR JE ) TBMMSCs 1 NF-xB p65 1 75 11 1Y
mRNA N R IBIG I, JHHE NF-«B Al iE2 5
2 B RS ] IBMMSCs BB AL fig 1 3 72
P04l miR-203-3p (9334 1] [ BMP/Smad {5 il
B, (EIHARSNEAAEE T IBMMSCs B ML E,
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Wi PRI 41 IBMMSCs (5 & ZAEAE K 45 & 5
1 2 ) mRNA 235 IR (1 BIRK O 25 & TR b
PRI 14,

Wt {55 0 [ 2 R 4% T 20 B 34 2 A 22 ) 44k
() JCERIRAR 5 R R e 0T 40 M 1) e O R
BT UST AR TR B-catenin 7] 43y 22 HL3H H
LR 2 o f ;. JE 48 Wit {5 5l B R R
Wnt/Ca F1 Wnt/~F- T 4H A% P A5 538 i U, H R
() BF 5% 8¢ B DR 4 1 O3 B FAiE 55 Wnt/B-catenin
FUEBOCREY], 2 RUE R B NE T
PR S B-catenin & i B E LT XT AR, Gassel
U RS R o, B BRI Y 2 Al
BRI B T s 44 Wnt3a, WntSa ) mRNA
TR T IEH 4L, 28t Wnt {55 30 #4005
&, AT Y B-catenin B =5 I 1) 4 A%
TR, PR RS R I 5 R R I — R 50 RO 1
Wnt4, WntSa, Wnt7b J&JE 4 Wnt 5518 B 1)
Jash T, BT LGS 28 Wt {5538 5% & AR
FH o221 AR Sy e 2 OB PR 20 TBMMSCs A%
B S5 Wnt {5538 #4157 F Wnt4, WntSa,
Wnt7b [ mRNA Fik7K RN R, B-catenin
) mRNA Fik K45 BATRRAL, DiRH 2 BB IR
RS R 20 K AR 8 Wit {5 S B T e 2 5
TR R ) 7R T A AR R A PR AR A R
Jf H Wnt4. Wnt5a. Wnt7b 1] RE i i JE 2 i Wt
(55 E I RIEME ] . 5 Wnt {5538 B 3 0 2 45
M4, R BARNLHIA 72— 5T

ZELPTIR, 2 BUBH PRI 235 M - R 75
TG . soRE Ko bBE ST . 2 TR PRI MR
T IBMMSCs (3858 . Safe . Wil SOl s 1k ae
FIIREAR, B it A2 o Wnt 553 B AH ¢4
T PRI AT T o R BA 2 TR PR
i Wnt {5 538 B X IBMMSCs ELRBFEHLE], b
TP RS

EFETER = RBL. g0 oy T AW s8
B, SCEERT; SAEE S SiE; . PR
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