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Abstract

BACKGROUND: In recent years, research on the interaction mechanism between the immune system and the skeleton in postmenopausal osteoporosis has
become a hot topic. However, the impact of changes in key immune-related cytokine expression on postmenopausal osteoporosis remains unclear and requires
further exploration.

TN EHAKRFEW BT EER DS EA, FONEENT 563006; N EAKRFAMBEHFHRELFZERET, FTMEHELT 563006
B—EH: HHY, &, 1996 F4, THEEREA, Uk, SXEHKRZARME, TEREFT RS @GHL.

BIEE: M, W4, #4%, SLEAREHREDEER G EA, FMEELF 563006
https://orcid.org/0009-0006-2604-5049 ( #4545 )

EEHRE: BRHARAFAAL (8206030955), AH R jrA: HILL; FMEABGTRIRE (442 -ZK[2023] —A% 540),
ARt A: Apiein; EXTAHOTRAA [ @ FAE HZ F (2022)424 5], TH farA: Heis; EXEMAXFHT AL
SRR (ZYK203), A fifr A Eik

BIAA: MHA, BRFai=fh, B4k, AINK, Tk, HERLL. L2 BT RGN BRI 0T 0 5 B AR £ BT3RS S 4

MB KA £ F AR 54 D). F ELALE AR, 2024, 28(25):3947-3954.

Chinese Journal of Tissue Engineering Research | Vol 28 | No.25 | September 2024 | 3947



@z  TEERTEES

www.CITER.com Chinese Journal of Tissue Engineering Research

OBJECTIVE: To investigate the differential expression of immune-related cytokines in bone marrow mesenchymal stem cells of mice with postmenopausal

osteoporosis by bioinformatics methods.

METHODS: Postmenopausal osteoporosis mouse model was established through ovariectomy. Bone marrow mesenchymal stem cells were obtained by the
whole bone marrow adherence method and passaged to passage 2. RayBio L-Series Mouse Antibody Array 308 Glass Slide Kit immune-related factor antibody
chip was used to detect the differentially expressed proteins in bone marrow mesenchymal stem cells from ovariectomy and sham-operation mice. Gene
ontology, Kyoto Encyclopedia of Genes and Genomes enrichment analysis, and protein-protein interaction network analysis were performed to screen common

Hub genes by MCC, EPC, and MNC algorithms.

RESULTS AND CONCLUSION: This study identified a total of 68 differentially expressed genes. Gene ontology analysis revealed that the differentially expressed

”ou

genes were enriched in terms including “immune system processes”, “extracellular regions”, and “signal receptor binding”. Kyoto Encyclopedia of Genes and

" ou

Genomes pathway analysis revealed that the differentially expressed genes were mainly enriched in “cytokine-cytokine receptor interactions”, “tumor necrosis
factor signaling pathways”, and “chemokine signaling pathways”. Further screening was performed by constructing a protein-protein interaction network
analysis of these 68 differentially expressed genes to identify 8 Hub genes. The violin plot and correlation matrix showed that the expression levels of these 8
Hub genes were significantly down-regulated in the ovariectomy group compared to the sham-operation group. These results demonstrated that there was
differential expression of immune-related factors in bone marrow mesenchymal stem cells of postmenopausal osteoporosis mice, and key genes involved in
cytokine-cytokine receptor interactions, immune system-related processes, and potential targeted signaling pathways and cellular biological processes were
identified, providing new promising targets for the diagnosis, treatment, and prevention of postmenopausal osteoporosis.
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0 5|= Introduction

B BBAARE S& — P B 2 P R R SR FAE A S 80 i o
BENERIR . B T RS WS 2 AT B i B R AT, 3 T 0
HERERMZER Y FREELZ L THE )G«
SN ER KA = S ECE A AR IR R R
LKA, R REFFSAREIEN, TR BARE . RIFE
B, U0 R R BE R F a(tumor necrosis factor-a, TNF-a).
H 40 i A 2 (interleukin, L)1, IL-6. IL-7. IL-17 A% §i %1 Jif
# E2 (prostaglandin E2, PGE2) ¥ &t 1% S Wi 41 ig 52 78 il L
¥+ (macro phage colony-stimulating factor, M-CSF) Fl #%
¥ kB yE AL A4E 52 AR B 44 (receptor activator of nuclear factor-kB
ligand, RANKL) [fJ3ik, M40t d seganiE, Six
HFEREEKTERRY.

G IR RIE TR o, 44 5 Lot B A R i
CD19'B #k [ 4H fitd i & 4 /b, T 3% 6 H 925 4 i 7 W6 B 22 11
& R4 B 5 40 Hf 45 V% R38Rl T (granulocyte macrophage
colony stimulating factor, GM-CSF)®, 4t 2 J5 B it i ¥4 iF
(postmenopausal osteoporosis, POP) £ [ 4 J& 1. 7 4 4 248
Mo - R M LA B, AR BB R ER S,
TNF-a, IL-1 85 538 A G PR 1 14 1 3R 04 AT I 35 4100 i - 8 1) 72
J5 - 41 Jiil (bone marrow mesenchymal cells, BMSCs) ] 1% 4
JRCE oA BE 3, 7RI 51 BMSCs A T T R, B
ZARAE B U AAE DL K JE P Mz, POP HRE A Py il it ]
TFRIER G AN 0 5 A s ¥ W FC R, POP H NEE
V) (ovariectomy, OVX) Zf 4 F Y 15 H B0 T bk L2 40 Jfd
TNF-a FRIE K34 0, TNF-a o] i gl B g e g 0, il
B 4 i £ RANK [A] 422 il R 15 40 B A A, AT 51 & POP JH
R R T YU S5 BT L, MR Bk AT i R
TE TR B AR 1) B Tha7 40 ) TNFT 4l 938, DA
T RANKL [P 3RIEFIVEPE, MM IE el Fsi e A&, @ikl
Wr Tha7 4 fa A0 TNF' T 4 B 173 HE o] 751 OVX i 3 1B
k.

WAESR, B SR PP BRI R, V2 o AT
DLid ik J5 PR 0 o A A SR AT IR NI FE, A SR 1)
RS R T S P S e A s R
ST A TR RE 1 22 5 RIS LR A 2 meA A S & A
Z R RIAE, & A A EAEH (protein-protein interaction
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networks, PPI) [ 2% i1/ i SSBEFE K] (CCRS. TACL. VAMP2,
CSF1 4% ), XULILIKN 5 A BMSCs {4058 M S E SN A 95 o
KIM 25 5@ A S5 40 A0 R B, /S BRI 4 i
(%) 5 DRLSES B v g 5 DL AR AR E (K )y Dnmit3a, & 3 I A
PEIRAR 23 A9 BB 20 M A B 2 T2 BUR PRS0
T2 HH AL 55Ok H Dnmt3a AR B 40 1Y Irf3-NF-kB {5 5 i %
A3 1 1L-20 S {2 5 4 IR 7 R 5 5 58 Al QIAN 2% 5
o i A FE R 3 2% 0 X 4% 43 BT (weighted correlation network
analysis, WGCNA) Sk ffiife 5 4 2R AH S I BRI, i vk
H 12 /N EE K] (NUP133, PSMD12, PPWD1 %5 ), J7£ PPI [
2R RIL AL 2% rh gl e NI RN, AR A i erh, R
A PPWD1 B[N [ ik 5 % FEAHOC, [K L PPWD1 BN 2
POP JETEHIIZ Wi A= Whs &M, BT, BARFR OB KR
FEFXT POP HIBETT, i R T — SRR E W T, (HAEE
G T7 THEAFAE — LA 2, JUH AR KB S A OC R - 1 e 3
Xf POP IS 1 AN IR, 7R St — PR R

YT, ZHE U@ I A A POP /N AR, ST 4 B
I EEVLIRIN BMSCs I A2 g AR 58 24X, i H] RayBio L-Series
Mouse Antibody Array 308 Glass Slide Kit 92 45 5% K742 0
Fr kI POP J% 1E %5 /N B, BMSCs 7 7F 22 e R IR 1, &t
Kol 25 R BEAT B I AA L (gene ontology, GO). HU#i2ERH 5
FE K ZH | R4+ (Kyoto encyclopedia of genes and genomes,
KEGG) & 470 #r S PPI 2% 73 #r,  Jf:0ik SC 8 () Hub HE[A],
4 POP [RZYA FI TR # (8 1) Bk 507 /), A T4H
NEAT B H MBS AR SRR AR .

1 #8lF01753% Materials and methods

1.1 3%at BENU RS SLL, 20 ) P RCR RS L RE A t
R o

1.2 B RhE SZEGT 2022 4E 1 H & 2023 4 2 HER X
R} K 2 Bt 24 2 80 0 8 A S0 = S A

1.3 ##t

1.3.1 sgieshdy Mtk Cs57BL/6) /R 60 K, 6 Y, AR
7 (18.36%3.65) g, W T NARAEMHE ARG R A (L),
YEA[IES: SCXK( 5% )2019-0010, %W 77 381518 Y [ f} K2
1B B o tliE, WS AMEH (2020) 2-473 %, SEER
S 1 1 M ARRIVE (the Animal Research: Reporting of in vivo
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Experiments guidelines) )36 IETE 7 -

1.3.2 SEIOANER R B TR S (R edE, FE);s co
{EIR. 557758 (Thermo Scientific, £[H ), /5% K 4 (HIRAYAMA,
oA ) 5] B A 2 2 508t (Olympus,  H A ); I 58 B O AL
(PR ARAR, T E); &iEE 0L (Beckman
Coulter, JE[H ): H 2K (Mllllpore EHED); s An A
(Beckmen, ZE[E ); SZA%¢)GE & PCR {X (BIO-RAD, 3E[H );
PCR #4531 (BIO-RAD, £ [H ); frzm@ (Eppendorf, fE[H );
M E R (Nest, £[H ): a-MEM(Gibco, [ ); G4 MLiF

(Gibco, BLAFIIY ); MR £5 2% vi i (Solarbio, R [E ); 0.25%
RS 1 (Solarbio, [ ); % = HER R IR S (Solarbio,

FE ), B- H IR AN (Solarblo, HiE ), — HIEIEAX (Solarbio,
HHIE ); 5|IESESE (Solarbio, W ); 4EA:E C(Sigma, W );
IBMX(Solarbio, 7[E ); W4l O 4Lk (Solarbio, 1 [H ); P&
41944 (Solarbio, H1[E ); Trizol(TAKARA, [74%); RNA J i 3%
AR (A A, ) e IR & (A T4, HE )
ARG (A LAY, ) BCA & R & (Solarbio, H1H ).
14 F%7k SERBOREAKME 1 PR,

*%rﬁ% ( Wit C57BL/6 /MR )]

Bﬂéﬁ*tﬂ F?—LQH%UJK?

|rm{ﬁntfr wwl | Micro-CT 14 | l

UD;&UJ\‘?"H
7% 12 J]

v

| BMSCs $/2 1 J B 7 |
v

I FCM e 41 ff 5 THT e J5 |
v

| R TP |
|

G
2
%
5
r

=TSR E O 0 mx

Pidz: BMSCs Dy il 78 0 T4 FCM Jyifit N AR
1 | SREERARIELE

Figure 1 | Flow chart of the experiment

1.4.1 POP /NI ST SR HUMEME C57BL /6 /NS 30 K
8 1% L Z AR LL 50 mg/kg 715 BRI /)N B B BR
““ﬁﬁ%kmﬁi%ﬁ FHWAR T B 4% R S0AL I R ke, i 5 B9
B, BRI N BBl AR E . BRI+ 15
/N ERAR BT Z B0 O 5L, g5 FLANEY 7, ST POP /1 R
RRL, VRO DIBRAL: 4 15 /N RACEY 25 op 51 B 4
SUWERNBTFRA . WA/ NRIEE NI 20-26 'C, AR
40%-70% [ 46+ N 7R 12 JH .
1.4.2 POP /NRBEMIFIGIE EF)E 12 &, HUBFR4FI5N
YGRS 3 X, e 1% R E L2 A R RREE, [ e
HETE/NREHA. H BRI o B JR A5 e B AR T ),

BRI e A L AT ) R0 B R AR Bk e M S o N R Sk
HE R, B SKB IR ER, RIS 4 42 /N B JE R 7
R LT R . HCH ) ot R W SE T TG R G B PE A A
FiE 2-4 h JE ] WISy )=, R 100 pL b )2 i 4% 7% 258
(75 T8 TC g I PE &8 b, SR ELISA 3% 751 &A% I L 375 b o —
Fig 7K S o BRI 58 A% e R F 300HE IO F 3k A ZE /N B, IS /N Bt
Ko, e LHERNRAZ, D40 g/l ZRFBIERIZ
M, B EERERR S ME 1 BB EAT Micro-CT 4514 K& 43
1, LL10.44 pm 43 #ER AN B E ( HL7 500 mA, HLE
160 kV), JEIETHENUKAEATE TS T = 4E .

1.4.3 BMSCs P35k 7% M4LEE 6 /MR, JH4T 1% 1%
B b 22 B 5 AR I /) BRI SR FH S B0 1 vk A B }ﬂﬁﬁ”’\
] 75% LBEIRIE 5 min, TUH/NRE TG T/EGHN, HE
B B/NR K, AEEDA X5 EIRERRAS, K
PBS It 1 min, B TR 4L 15% AZF TG 1% H 85 -
HHERIBAWN o-MEM SE 4 ki e, B R0 DL R
i, KGRI T e iR, ﬁﬁ”&ﬂiméij?%%ﬁ’l 1mL
TS A R E e E R, BRI AR 25 om® (BRI
i, RRIRG RIS, FET 37 C. R 5% CO, 4
L0 B A IR . WA AR KRS, B 2 d B 1 IR5E
AREFREL, RRGEEANR A KA AL F) 85% J, H 0.25% AR

FIBEEAL 1 min, 85 F IS EEAHL T I F 5% e 40k 7R 4k
&bk, BL1 ¢ 2 TR, BMSCs AARES 2 R T
BAF 5286

1.4.4 U AR ACR 40 B SRTH 70 Thr & KR Ir 2 2 4K
BMSCs H 0.25% JiE & [ B 4, DL 300xg {I 14 B .0» 5 min,
7 b, FseairstE e, iH, L 1.0x10°7 L 4iE (1 mL)
FHi 1.5 mL PE & 1, 300xg {K# B0 5 min, 3 _1iE,
100 L 54 E5 Rk E gk, 5 U B 0 23 N AR RS &% () 284
X8 (PE K& FITC % Y¢4r1c ) CD106. CD44, CD29. CD34,
CD45 Hi/NRPUIE ), WESEHFE 20 min, S 1.5 mL K PBS
Vet 2 R A APiiA, 1400 r/min K E.L 5 min, 3 R,
FH 200 pL 58 4= R HE L 200 H B ekt ug, AR,
AU
1.4.5 PEIRLG K2 O Yeth, Bk 3R 255 3 4L BMSCs,
% 1.0x107 L 4HARIR FE N % 6 FLAR P, fFfL 2 mL, B 37 C,
PRFR 740 5%CO, 4HHIGF & F I BE 7% . Ao 4H 0 %5 5 08 IS AR 85%
B, FEEEREEFAE, RN RS SR IR I
SHFE21d K 14d )5, FEFEFERE, A 2mL40g/L
Z %K ﬁﬂ@%#ﬁﬁﬁlrﬁ 20 min, PBS #22% phife 2 bk £ 5K H I ¥
W 1 sE S AL I 1.2 mL @%ﬁﬂ{&iﬁﬁrﬁﬁéé
10 min, AR SFHAMILFIAN 1.5 mLHZL O Juili# & 4
30 min, PBS 2% i 2 B ik B e, Ty‘fz?ﬁﬁﬁz%ﬁ?u%ﬁ
SR It
1.4.6 BMSCs AT FHuiRts A Al K775 2 4%
BMSCs H 0.25% Jifi & 1 i 74 1k, LA 1 000 r/min ik 3 55 0
5 min, FEJEIFEUE AR A 3x10° L, K4 B A RS
Z 1.5 mLIELEE S, L 800 r/min iG55 .0x 5 min, F IS,
R A -80 CHMKIRVKAR H A7t MRTF ARG HIBR Y
HE 3MEA. RA BCA & 1R @ % i B B A SR U A
R R A T EREAS . R 40 B R AR B AR R
wn R R S R B A AT AR B A, B RS,
SRR T R (1 S Bk, A R bR C HRE SN n 2
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TS A R A b, SRR E ek S E AL
B IMANBEEE MBI IR} (Cy3 X ), Fradi
T4 5 A O RO R TR E 5 .

1.4.7 MR -FHUiAOR  BdE o

(1) BB B R 72 R RIA BT o br: ekl f5 3R
85 AR, o B2 R AT TR IS 19 2R O0E,
PABCAEAE AR GG E, 8 R AR 1S 5 (s 5 ERHE IE
B, DAbRdEAL ikl P s e e 1, 3 B hR fE(E 5 DA
R4 R log2 K4 BRI . BB RE M 2 iR e
HARIBIEMAERES EO#ITRE, EUEREAEAR
[FIRE ity o ) 22 S A L . L BARRR RREA, AR N 2
FREH, AABEGEERRARREEDREKF, BEhRas
BB ARRREEMEER .

LTSN I BR A 5 R F R KA AR AR 1 LU AR 3R
372 {54 (fold change, FC). FC BUBEA Z (0] [ — A EEH
FIE RNV, A PMSTAEAR ¢ 48560 P9 24 2 8] 1 22
ST IR AKHE FCAE DL t K 56 1 B 35 KR, A
—AEERS NI 325 O LEER: FieFc=13H
P<0.05; @ FEMER: ik FC <0667 H P<0.05; GF
ZFIEK: 1/1.5 <FC< 1.5 8 P = 0.05. £k 1L FlHiik 2%
RRIEEAMBEAR D AED. UL log,FC NEALYR, REEH
TEPAREA T 22 7 RIB R EIAT G —logy(P AH ) AR,
REE L RE BB ZE TG B .

(2) ZRFILFEFN GO K KEGG & E 4 Hr: @ik
W25 F I A48 NCBI s 5 3347 48 R 70 M 15 B FE AR B 1 X B
ff) mRNA. 5B R 15 5 22356 “ChiPseeker” X & £ U6 kAT
VERE; R kR AH X A KT deepTools 2z 4], J8 it GO
RS ITR A Z 5 mRNAs £ 22 51 ekt J (5 516 2
%1%, mRNAs XTI [ GO 8/ 3 25 AWt 2 (biological
process, BP). ZHJifl 54 (cellar component, CC) Fll14» T Ihfig
(molecular function, MF), R¥E &4 X RIES 2] GO
EEMEVIE. ARELL RSB E. KEGG B{AZ 4 BT 2 K 2 A
Wit 21 KEGG IZ12 M ThRE 2> #T. T KEGG U4l & R 4i 70 bt
SR = D 20 e b R AT I AR DL SO L B PR P T e, R
FH ) 3 AR 7 v 88 LA 40 AT« KEGG & B M R il R O
BENT, PHEIREE; AR, e SRR
#fi % ; Rich Factor SR T 1% % 1) 22 7 2 R 85 A T
TS S R B B, LR, T AR R R .
PHRRE KM B EENE, PAEM/N, WE SR
EE, WIS . HFIEF P {E < 0.05 #A N ZE
AHREER X

(3) PPI 28 (K. @i String #3E)% (https://cn.string-db.
org/) /M4 2 FEE ) mRNAs Z [H]IFHEAEF, F4%EE PPI 4%

(4) 2% B Hub 2& R 3R A Jil it cytoHubba( kit 4% 0.1) #%
PPI W 2% & T 19 508 b 47 Hub 2[RI ik, 12 L& iE r =
(edge permeability component, EPC). iz K4[IH 7> & (maximum
neighborhood component, MNC) J% & K4 #4004 (maximal
clique centrality, MCC) 2 #t 5215 3 % 8 HE 4 51 10 [ Hub
FEDR, 2t 5 B IR 3 AR BT/ 3L E] Hub 2[R X
DA b3 6] Hub Ji (R 22 1) B 1 308 1Y) /N 35 B SR G MR B
1.4.8 RT-gPCR Ml SCHEIR 1 3RIE 55 2 AR TR AN
HY) B /N BMSCs #£ A H T4 Il GREM1 mRNA (1)K 1A
FR A Trizol 15 B 45 MR i 1 $2 HU RNA, I RNA Jz 7% 55 il 77
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BT RE B RNA JE4T S 8558 cDNA. ¥ B 19 3L K 18 51 ¥ 7 %)
(GREM1: 5’-ATG AGA CGA AGT GGG GAG CT-3’: 3’-TTA CAG
TGG GCA GGA GGA GT-5’; B-actin: 5’-CTG GCA CCA CAC CTT
CTA CA-3’; 3’-GGT ACG ACC AGA GGC ATA CA-5’) A gRT-PCR
HATY B RE, BEE Y 1Y [ MR R, | qRT-PCRAX, W& %A
OLBYE (FAEPE ). 95 °C 5 min; ZH 2 BB (A8 ): 95 C
10s; 3 FrB(iB-K): 60°C, 20s; 55 4 BB (& ). 70 °C,
1-10's; 2 2-4 fr BOUR EIE3F 40 k. F 2% iR IR R %
1A PR A4

1.5 2T OINEVRASERFARUALEZERR
IR R s @2 RIS B R GO J KEGG ‘& #7317
3 PPI & A H AR M4 73 BT Sz Hub FER i i o

1.6 %it5 57 fH] GraphPad Prism 8.0 J% R i& & %} #if itk
T8t ot HIE BRI A tiegs, DAXUR= P<0.05
NEFARFZEER N MR Pearson’s FHICH: 7%,
PARUE P < 0.05 Ay 2H s 2 (0] BAT 2 A OGHE, rBUE AT -1
1A, HAXEBET 1R EE, 2 rBUEA
1B R B P2H 2 8] I IEAR GG &R, 2 r UE N BN R B
HZ ] RIAAAARK R BARLRH xbs TR AFATHIR . 1%
Xk A s L ERERF G E T K E .

2 258 Results

2.1 POP /) RAEA 4952 4R HBAJE 12 4, {FH ELISA
A SR MR T R 4H 5 O 53U B 4 T ME KT, E
2A, P EIER /DN BOIE HE BE AP IR TR FARA, ER
H R EMEZ Y (t=13.368, P <0.001). Micro CT F##HFAR4H
5o S0 ER 2 /N B i IR AT R A A, WA 2B-D,
SR BN RFARLAML, WEYIGRAE NEEHE (To.N,
t=5.188, P=0.003). ‘& /) %% & FF (TbTh, t=5.124, P=0.003)
555 80 (BV/TV, t=4.677, P=0.005) 24 i K T T R4,
1M 9P S B 40 B R I AUAFLLL (BS/BV, t=5.650, P=0.002) J
H/NZIAIRR (Th.Sp, t=12.779, P<0.001) ¥ 5. 2 & T AL,
B 5P S B4 N BRAELE B S5 ) RBRAA R LR

2.2 BMSCs 9 AR AR 4R KB HIEER IR, ¢
e B AMEE N LEE 4L BMSCs AR KA L L R AS, T IR
WiZH BMSCs ¥ REMGEEAE K, ERIEBURTZ MY, EAMNR
R T2 ASRHE, ILE 3.

AR 2 AR/ BR i 1) 78 J53 40 i 33k A7 9 SR CD34
CD45. CD44. CD106 Fll CD29 Zbp EWIIFiL, 4R TR:
CD44. CD106 Fl CD29 T J& & 7214, CD34 1 CD45 H G R FE ik,
BAEFER T etE, LE 4.

P L) B AN T AR 4 BMSCs (i 55 21 d JEAT R
AYeth, e EAEE N ] WL 241 BMSCs 2 #5140 4575 11 7=
A, JLE 5A, BARCE S iERE. IR DIBRA MR FAA
BMSCs IS 14 d J54T W40 O Yefhy, e B T I
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