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Effect of high-fat diet on the number of bone marrow-derived mesenchymal stem cell
subsets in elderly mice and its mechanism
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[ ABSTRACT] Aim To investigate the effect of long-term high-fat diet (HFD) on the number of bone marrow-de-
rived mesenchymal stem cell (BMSC) subsets in elderly mice and its mechanism. Methods
C57BL/6 wild type (WT) mice were randomly divided into three groups: WT+normal diet (ND) group, WT+HFD group
and WT+HFD+N-acetylcysteine (NAC) group.

dismutase and glutathione peroxidase) were randomly divided into two groups: TG+ND group and TG+HFD group. The

Forty week old male
Forty week old male transgene ( TG) mice (overexpressing superoxide
intervention period of each group was three months.  The levels of total cholesterol (TC) , triglyceride (TG) , high density
lipoprotein (HDL) , low density lipoprotein ( LDL) , non-high density lipoprotein (non-HDL) and TC/HDL in each group
were determined by Alere Cholestech LDX ® blood lipid analyzer. The quantity changes of BMSC subsets in bone marrow
Cell proliferation was detected by 5-bromo-2'-deoxyuridine labeling

and peripheral blood were analyzed by flow cytometry.

method.  Annexin V-fluorescein isothiocyanate/propidium iodide double staining method was used to detect cell apoptosis.

The level of reactive oxygen species ( ROS) was detected by flow cytometric ROS detection reagent labeling method.

Results The production of ROS in BMSC of HFD mice increased significantly.

TC, TG, LDL and non-LDL in HFD mice.

decreased significantly, but the number of Lin"c-Kit" cells in blood did not decrease.
Sca-1" or Lin"CD133" cells were similar in bone marrow and blood of HFD mice and normal diet mice.

inhibited the proliferation and increased apoptosis of bone marrow Lin™ c-Kit" cells in vivo.

NAC could reverse the levels of serum

The number of BMSC subsets Lin~c-Kit" cells in bone marrow of HFD mice

The numbers of BMSC subsets Lin~
HFD significantly

NAC treatment or transgenic

mouse model effectively prevented the production of ROS in BMSC and the reduction of bone marrow Lin~c-Kit™ cells in-

duced by HFD.

increasing the production of ROS in elderly mice.

8] 7T 5% 41 Bl ( mesenchymal stem cell,MSC) , 40l
B8] 7041 AE ( bone marrow-derived mesenchymal
stem cell ,BMSC) , J&2HZUE R FITT-A4: 4l yGy 7 i) B2
KIE L KRBT EANMIATT I R, R B
PO WU 8, TR AT AR 5 (A5 i il
KE) Wi iR . IR YT A Ak A AT RE
5 BMSC AR R REA & 10T o5 i S 5 i £
LI FE 2 N5 S W D RE B 2K 2R O BMSC
MR R ZS R R R EEAE Y SR, stk
AN BMSC Azt MU RE R0 H AT i AT

15 P4 (reactive oxygen species, ROS) K] LAk
PR T AT SN ) T2 TR, e A A I HOR 20
LT RE (FL A5 AT 515 T G5 e R 5 s f 3k
PABANEAR G5 FIBE TS ) th R EEAE Y, — &
HIWF5E L F2 B ROS FIAR DG S 5 T 4 A
LA AL (245 BMSC) Fleas Fl/ s o g 8 5y, {H 3 B
P B9 ROS HIAH 5 Y S8 A I IS I nT 22400 3 1
AR TR AT T Al R T 1A R

ROS JEA A 22 Bl U5 (R 45 RE R ACH) AR AR
FEYINOR W AR E A sh s D7, i e A R

Conclusion HFD selectively decreases the number of bone marrow BMSC subsets Lin” c-Kit" cells by

(hight-fat diet, HFD) 4k B A8 2 25 1 n 42 58 40
T (IR AL I 5 o) B A2 JF 5 R L U4 AL
B B ST B AR BIE HFD & 75 0] 3 i 3 i
ROS 77 A AR S i /N B BMSC B0t , WA A IS5
T : (1) PRI HED BRFR % & #/) Bl BMSC 19 52
Wi 5 (2) 38t BT A A7) N-C 22 ( N-acetyleys-
teine , NAC) &b 3 5 (i i 2 35 470 S8 T 1 1) 7 6 A
(transgene , TG ) /INFIE /> ROS 724, #i i€ ROS 1E
A5 HFD X BMSC 0 i/

1 #RITE

1.1 3Rz

DL 40 JE A C5TBL/6 B A A (WT) /NE K
HR XL, KA HFD 8% AR RE R 3 AN A, A
Hg JF 4 A0 A & Xk ( Cholestech LDX, CA, USA)
FE B E /N ROt E g BT, DUIE 52 HFD "R 9% 3 A A
EEEmER SN EL, KT IFMFE ROS EN T
HFD *f BMSC I % % v oty 18 I, 2 F] NAC FH #r
ROS'™', s f# Ji| 40 B #% 4 M C5TBL/6 # 2 (TG)
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ANE JE PR AR A A 5 (L B8 1 (superoxide dis-
mutase 1, SOD1) . SOD3 Fn A& it H ik it & 1t 4 B
( glutathione peroxidase ,GPx) th ¢ & & 35 ")
1.2 ®FENH

NAC ( Sigma-Aldrich /- 7], St. Louis, MO, USA;
A7250) ;Alere Cholestech LDX® i fig 2~ #F 5L K B &
Alere Cassettes 11/l ; % % #1 4t & ( peridinin-chlo-
rophyll-protein , PerCP) 37 /)N i, Ly-6A/E ( Sca-1) ¥ 7
[& 40K ( BioLegend /A & , USA) ; Alexa Fluor 700 1t /)
. CD34 ¥ 72 & 414K ( BD Pharmingen /A & ,USA) ; 7
# ¥ % @ (allophycocyanin, APC) i/ i CD133 # 77
& 01K ( BioLegend /A 8 ,USA); K& EX K& A
(pacific blue) ¥ /M & Lineage Cocktail B OE R AR
(BioLegend /7], USA) ; 5-1% it & & " ve % # (5-
bromo-2'-deoxyuridine , BrdU ) 3t 3\, 2~ 477 i 7| & ; JE Bk
& B (Annexin ) V-7 51 & B 7% /- & (fluorescein isothio-
cyanate, FITC) J = 7 #7 X 7| & ( BD Pharmingen 7
7 ,USA) ; Z8f 9 ROS L 48 M F 42 (Thermo Fisher
Scientific A% ,USA) ,
1.3 BMSC 3XEX

5% 5+ BRI AL T R, T5% T8 E ER,
T 4t T R 57 IF 7 0 5 Rk ROAL A, R B
WM 5 B, 97 e B BR #h % R ( phosphate
buffered solution,PBS) # ; /NG 4 B F IR LA, T &
oW RCE KR E R A PBS W KRR A A K
BEAWBHCEET LN LT HF0 mn EHEHL
#6,BEPBS B, ARGEER BREZ N PBS
TEKR3 B EREIEFNEANT 2R I
AN RERY T, ZBEHEMHE, A 1 mL
B9 — ok MEVE 428 WK | mL PBS, ] 23 G BD 4t k4
B F Sk oy — 359 %k £ Eppendorf &, 4k J& % 5 — 3%
e, LA A 1 mL PBS iﬁk?kﬁ@%éﬁ
K4 F 8w H E Eppendorf % ; B3 B0 AL 4 C LA
300 g B4 A #0820 min ﬁ,l:fi }ﬁ 500 pL PBS &
E M E 50 mL B O E N 10 mL 4048
ZL A1 7% (8.26 ¢ NH,Cl,1 g KHCO,,0.037 g 7. = %
WZEET1ILXEKF), ZETHMES min; fn
A 20 mL PBS, i 300 g BN ER 10 min, F E
7% 5 500 pL PBS R & 40 1 2 % £ Eppendorf % DP
VEA 10 mL B0, in N 4 mL PBS; ¥ % H &
A8 4 Eppendorf % 78 4 E 3% 1847 , B 10 pL 4E1E’E7J§
 PBS BB BRI 3,4 K 4 i
B2 Boh RS mpk (2w m)
1.4 5hE i 48 3R EX

EFH ATBIMBNRXETF XA LIk, /I8

Bl R AN W e ) 2 o= N
i, T4 61242 JE 3, 48 20 48 48, 4% 5 B ofn U] BR 3 %
BR,ERRAMREY, AT L EEABREK; RFEFE
W m, FAEAAFFREL DR
NN 2 A Y Qi NN £ A R - A 1 7 ) N s 2
WAR#EEZEERANMBEEZCEF; L TEREED
LB B R B 71 R 3 DL PR A v ot 4 B e 300 ¢ B
A B 20 min B CE R THLEEE P #E 30 min Y
J: B _E E it % £ Eppendorf & H, R 7 £ -80 C 7k

f,304 Cok4 (48 h WtAT I B 47 ) ;R E T B
mémﬂ@ HAZE S50 mL B0 W 10 mL 41 48 i
R, R T A M5 ming i X 20 mL PBS, £ i
300 g HO B 10 min, F L, EEE AL
K3 F1 500 pl. PBS 38 & 40 8. % # % Eppendorf & ¥ ;
mARAFETH, BRI BRARIE, FH2 %
% 4% Eppendorf & ¥, 3f 7 im PBS £ 100 pL,
1.5 #wmRAAEAR

B 1x10° /> BMSC % — #7 Eppendorf % # ( 4h &
mAEAFIH, FHL2RELE), KW PBS £
100 pl; & —% 4000 F o N T E I AT R 4080 7
By AT, vk b R E 30 min, E & ¥ An N 500
pwL PBS, EW% 344 ;@& B ul4 CLL300 g B A
B0 10 min, 3 _F % B 500 pL PBS B & 48 i # %
ERAREF K EKFE,2~4 h AHATHRR @S

A 5 K A Flowjo 2K 1 Xt 45 R¥EAT Gt 24
1.6 ZAREIEsEKE T
/NEALFLET 12 h £ fF JE 7 4 BrdU 1 ~2 mg(50

mg/kg) s BEAT 40 HL M B AR B A % 85 % A 100 pL
BD 4 A [E = R & 4 4, vk L% F 15 ~30 min; Au
A1 mL 1xBD P& Z W iK,250 g B A BERS
min, & F3&; 5% F 100 pwL BD 48 05 % & o iR &
M, 7k EEE 10 ming An N 1 mL 1 xBD ¥ % & o
W,250 ¢ B A1 B 5 min, £ E¥; KA 100 wL
BD 2 f [ & AR A& A, ok EE S ming w1
mL 1xBD ¥ % % % 7,250 ¢ B8 4 B8 5 min, &
E VK 100 WL 300 mg/L DNA B 1 i 8 & 40 4,
FIRIFE 1 hy A 1 mL 1xBD 3% i 4 o %, 250 ¢
OB S min, £ _EE; KA S50 pl 1xBD k%
ok OB A A, % 18 E 20 min; fm A\ 1 mL 1xBD
P& Z R ,250 ¢ B A BN S min, £ EWE; A 1
mL PBS B E& AW H ERAEH, % BD £ 65K
28 B A AT AL AT 0 AT, R B 4 L IR E D <400
/]\/5[18—19:

o

1.7 Annexin V-FITC/PI X% 46 il £/ R =
ATH M ERARF M A ;KA 1 mL % PBS



96

ISSN 1007-3949 Chin J Arterioscler, Vol. 30, No. 2,2022

VAW ,250 g B A BN Smin, £ FE,EE 2 KR
F UG e % op AR B 2 8 2 1x10° AN/L, #4100 pl
HMIE R ERAEF, NS wL Annexin V-FITC
K5 wL # AL 7 %2 (propidium iodide, PT) 5 /N0 ok 47
EA M, E R OEIEE 15 min; Ar A\ 400 pL 1x %
BEBR 1 h TR M,
1.8 ROS 7k F4&

AATRTIE ROS Z 6 7, i B # KRG A
0.1 wL ROS % 7,37 CHEE 10 min; 28 i & X
WA gt im A 1 mL PBS 5,250 g B0 A B%
5 min, & b ; K 500 pL PBS AR &4 E
T A HEAT AT (ROS KA FITC #3847 ) 17,
1.9 SitEHZE

P A7 S B0 4 48 K | SPSS 18.0 481 2k 4 #E 4T 4
o, FEHFHATESELN, LFHFAE
AT ERARE N B SR )E, BEH—F R
DA, EEMTERRM xes T, KA EHNEF
Z T HAT R 2T, 45 )5 & A LSD-t 4 B ¥R AT 41

8] 7 7 LB, P<0.05 A A ZRHRIUTFEL, A
BRERTE AT X FPERLRAEDHAT 3 K

2 # B

2.1 HFD @IEmESH/NRMMA ROS F=EEHF
TR D B BE Lin c-Kit" 4 A8

HFD ME5E 3 AN 5, E il B A= 780N B g 7K 7
WEAE (R ) IR YR LY, A AR
M, 5 OE R X FRALA HE, HFD M 3% 3
ASH BN BB BEA I ROS A= il i E I (& 1) .
XA L, HED MRS 3 A H 5, & 8 BMSC
WAHE Lin~ c-Kit" 4 i 8505 080 T 26% , {2 1M
H Lin™ e-Kit" 4 Mo %50 AR 980 | il HFD WSR2 A
X BEZH 1) S AN I 1) BMSC WE A Lin~ Sca-17 5%
Lin"CD133 " i s AR (1 2) .

F1. EHMAEKTF(n=38)
Table 1. Blood lipid levels in each group (n=8)

eI WT+ND 2 WT+HFD 4 WT+HFD+NAC £ TG+ND 2 TG+HFD 4
TC/ (mg/L) 1 146.7£181.1 1304.2£122.4° 1 183.3£100.4" 1 195.2+201.4 1241.1£167.3
HDL/(mg/L) 100.83+14.95 91.43+7.98 93.21+11.29 101.54£19.71 98.59+18.76
TG/ (mg/L) 67.67x19.51 99.03£29. 46° 71.02+22.19" 68.42+20.01 75.68+22.89
LDL/ (mg/L) 13.02+9. 85 26.87+11.23" 11.99+8.92" 11.08+10. 11¢ 13.57+8.96
non-HDL/ (mg/L) 13.83+10. 60 42.39+19.21° 25.73+10.43" 17.98+11.20° 25.52+15.91"
TC/HDL 1.130. 10 1.45+0.21* 1.28+0.18 1.18+0. 15 1.26+0. 19¢

L WT B AR (wild type) ;TG : 5% 55 (transgene ) ; ND ; IE 7 ZK & (normal diet) ; TC ; & JIH &/ ( total cholesterol ) ; HDL: = % £ i & 11 ( high
density lipoprotein) ; TG : H il =i ( triglyceride) ; LDL fik % B i5 8 A (low density lipoprotein) , a & P<0. 05,5 WT+ND 41 b #;b 24 P<0.05,5
WT+HFD 41 H42 ;¢ 2 P<0.05, 5 WT+ND 4 8 d o P<0.05, 5 TG+ND 41 He#%,

WT+NDZH WT+HFDZE WT+HFD+NACZH

SSC-A

TG+ND#A TG+HFDA

ROSKF/%
N oW
S
o

Lin-c-KitZaff

1. HFD 188 Lin c-Kit" ZAf  ROS BIF=4
SSC-A 7R i 20 1) S 56 S50, 18 WT+ND 44,2 5 WT+HFD #1,3 & WT+HFD+NAC 2,4 4 TG+ND 4,5 & TG+HFD 4,
a  P<0.05,5 WT+ND 41 b# ;b 4 P<0.05,5 WT+HFD 4 [,

Figure 1. HFD increased the production of ROS in bone marrow Lin c-Kit" cells

2.2 HFD BEM&H BEE Lin c-Kit" AWK R
T 5E
ARG HED MR/ BB BE D Lin™ e-Kit " 41 fi %1

T U D SR T R T A P B A 7 T L, R
BrdU 7EMRR M 365 K -, 25 3R o, 5%
FEZHARHG , HED i 2 FAIK Lin~ e-Kit™ 40 A 6 44 Py 18
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B, M AE HED MEFE AN EURIXT IR Z [ -l A /N BB BE P Lin™ e-Ki™ 40 i ity 1) o 22
WY Lin~Sca-1"8% Lin CDI33 4 AR Mg 24 J RSB A ot K, 4R BN,

MEtsE A WAL (K 3A) HFD 2350 Lin~ c-Kit™ 40 fa (9 Ny i T, i 1
2.3 HFD BEHEMEBE Lin c-Kit' HIEWER Rt BB A%, T AE HED M FE A% /N BRI X HE 20
BT Z BB B BESUMAE T Y Lin~ Sca-175% Lin~ CD133" 41

NP LW T IR AR S B HFD MRIR MR R R AU T R (K 3B)

WT+NDZ# WT+HFD4 WT+HFD+NACZH TG+ND4H TG+HFDZH
A :
. 2
(4] =
) &
a 2
& 8
5
B 10~
Be
kS Fe
% % 4
[$]
2 @
£2
0
C 4
. 23
) g2
£
-
0
Lin-
& 2. HFD &4 EE S /R B8 Lin c-Kit 2
A >N HFD X} Lin~ CD133* 40 A A 5200 ; B S HFD X Lin~Sca-1* 41BN ; C 9 HED X} Lin~c-Kit* 4005 b 52
1 Jy WT+ND #H,2 4 WT+HFD 24,3 Jy WI+HFD+NAC 44,4 Jy TG+ND £ ,5 4 TG+HFD 4,
a A P<0.05,5 WT+ND 41 L4 ;b B P<0.05,5 WT+HFD 4 Lh4s,
Figure 2. HFD selectively reduced the number of bone marrow Lin c-Kit" cells in elderly mice
WT+ND4H WT+HFDZH  WT+HFD+NACZH TG+ND#H TG+HFD#H
r
E
=) =2
° &
@ 5
Lin-c-Kit*
B u\\o 8_
> R
< g
5 p
c | %2
c § =
< S0

Pl

3. HFD #8858 Lin™c-Kit" 41 A A& 7 B 5E H 2 B 4R R =
A 3 HFD X486 Lin~ c-Kit* 4 B35 55 19200 ; B 24 HED X B Lin~ c-Kit" 201 T2 520
1 5 WT+ND #H,2 2 WT+HFD #H,3 & WT+HFD+NAC 41,4 4 TG+ND 41,5 2§ TG+HFD 41,
a } P<0.05,5 WT+ND 48 ;b i P<0.05,5 WT+HFD 41 b3,

Figure 3. HFD inhibited the proliferation of bone marrow Lin c¢-Kit" cells and promoted apoptosis in vivo



98

ISSN 1007-3949 Chin J Arterioscler, Vol. 30, No. 2,2022

2.4 #) ROS F=AERI{R#F HFD /NR &8 Lin c-Kit”
{HpEETEIK T

T B2 ROS = A AE KA HFD W57 %t B i
Lin~c-Kit" 4H i (4 5% mi v i 4 B, Bt 40 Ak 7] NAC
b PR/ BB fdE FHAERE SODT . SOD3 il GPx 4t A AL il
(antioxidant enzyme network , AON) #f FE K19 3 F
FEIEPUNERAIH] ROS j=/E , IE T G AREE , NAC
AbFEEE AON i3 B 3R A RO FH 1L T HFD 55 1Y &
/N BN ROS 1974 (I 1), AR $F T B b
Lin~c-Kit" 41 /) 34 58 , 30657 7 HFD MR = 3% /1
SR P 20 B AR T AR e (R 2 FEL3) (AR
T EE 76 HFD MR/, NAC b 34 1 25 1%
i 7 1MiL3% LDL F1 TG /K-, i HDL Fl TC %A 2 3%
(R D),

3 %W iR

ARBFFEUE AR HFD 7] 3% b ol 254 v i
AT MR Lin~ e-Kit* 40 A9 £, 7T 65 i i/ B
ROS A= 34047 ¢, HFD & AR5 Lin c-Kit™ 40
JA P ST AR T, TS BURHE Lin ™ e-Kit" 4H
M, NAC AbPHsk AON i B 3 kBT ROS
FEA I HED 3755 Lin~ e-Kit™ 41 Jif 384 8 sk 20 11 41 g
PAT BT A BBk, /N BB Lin e-Kit™ 40 £5
DIPRAE . 0] HED 38 1 vk 20 1 78 R0 fin o8 7~ 326 4%
Pl BB Lin™e-Kit 41RO BCRE: , HALH S5 = i
/NELH ROS P2 AR B IR G

HREE MSC ) FE 2R, MSC Al LLE & E .
el HCE N R 20 M s UL PR A0 B, B A R Y
MSC A 4 2 EL A AN [) 6 RARAE 1) S FHE 40 i,
AR RIS RES ASAHIR] . BMSC BEfE 2 fL i Z
i, HAT 5K 1 55 40 I D BE , PRI 45 7 o, B2 i
PEAG, JOT5 16 BE% 18, J2 14 I 2% v 40 M 35 7 9 2
MORTE . SR, P ARAE I, BMSC i PRI 5T (1) 45
BAR—FH I EL™ , F W] LIFEAE A MSC
FEUA 0 S 5, HLARE AR AR I8 2 52 e BMSC TG
FATPR I EE N R 2 RS, BMSC 761
Ead B v 27 BAS [ AR R (0 461407 , 396 5 A0 R PR B
FIREAR, 103k A LA IR D 20 220+ 20 i oK 32 3
FERRN 2 BMSC FE R A AWt AT g
Jy i AR H S5, AR BT A B BMSC 7E 53 1ERE T I
HRIEZ R IR IS R A 1R e
HubrE YK E L MSC FItH 40, f14E Sca-1,CD133
A e-Kit ™2 R B AR A8 O = (RS A
Y5545 R ) LA DR I (I PR R IE Ife AR

PR ) 1 ] fE S 2 BMSC i FR BIF 5% 45 R i R —
Ejl,ly.lp[ﬂ-}ﬂ .

ARWFFREE R DR, 3 A H B HFD TR PR
T /N BB BE T Lin® e-Kitt 40 MU B . e-Kit
FEE LT 40 M RN AR 20 i b 3R 3K (E A ik I &R A3 Ak 4l
M EAFEE, Lin e-Kit"Sca-1" 40 5 B B& A #Z 41 i
[190.08% . WKW, B84 o-Kit™ 40 & 5k
T-A0M (4 41 2118 B R A G TT 0 T R IR
I HED ] BE 520 BMSC VAT 45 3 1 o — 4>
BIRER O MR I R 3 | R 4 R A7 AE 1
M2 AARBE T HFEAT T M/ B 5, RoR Y
5T FE LW HED X3 8ER 1Y Lin™ c-Kit " 20 i Y
MR AR 2 5

ARITFEN, ROS ISR A1 T4 (£
5 BMSC ) A% A I i J 1 2 2 5 B4 T
HFD M 32 7% S gp91 (—Fl NADPH %A 1k fiff V. #
D7) WIS, PR R 45 i 1 B 20 i A0 [ 45 J2 40 it v
ROS 77414 | LDL w ek N Ak R AL A 1DL
(oxidized LDL,ox-LDL) , ox-LDL & —F 45 i 19 %A 1k
e A K AEHE ROS B, NAC 4b 34 ] BH By KX 48
LDL [1] ox-LDL 1 4= ¥ %% Ak, JF 9k 55 ox-LDL B ik
ROS, T3 HFD MR =% /N B P ROS 7KF-
A%, DEAh, NAC A BT R8I i 77 [7) 76~ fo 20 1R /K
V- XA A& ROS BB A JE R4 Ak N i i) 2 o
J5 . ASBFTESS R s, HED 3900 7 v /) B e
Lin™c-Kit " 4fiffif) ROS A%, I FECEHET Lin c-Kit"
YN A ECEE DD | T NAC AL BRAG 2B 1 T HFD
S ROS TERL, i HFD MEFE/N 86 Lin™ c-Kit 21
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