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E T PBMCs HRAFRITMBIZZSI N ERZ G B R E
EEERHBIERVLE

B R ULVRIHT L FARE R A 3 g
LN BE A R KT 410208; 2.3 EM R B, IR MR 423000

(ZE) B T 408 4% 40 i (PBMCs) 5% 5K 4L A, K34 3 N A WP % 58 40 PELA2 3 B 3 48 & )5 B R A E (PMOP) &
#ERAT LR ANLE, iR 2025 F 4 I E 2025 4 8 AAEMEFKMEERREEZRITLHDH 16 ] PMOP £,
WAL Ky ot PB4 Gamsh 2 (& 8 1)), *TIBLL L FTRRER4s Dy AN A R BT H oy At B e AT S s 5 T,
HJE 39Kk, 4 K 60 min, #4523 F, A ELISA Al FH A1 & dwvd T AT R % 363% R AR (PICP) | T &L iR 2B C 3 Ak (CTX) 4
B, 98 TSR )E R & W M+ 8 PBMCs #4745 47 ; R A edgeR 4 mRNA IncRNA 1 miRNA #E4T7 2 53 K 34 947 ;
STRING # 4 B #772 PPL I 4 3 ff e AR L 3L 1 ; st S 94T GO 78 KEGG B o7 B A £ Rk o 07 SR E 8w TN 5 3£ %

TRHT M FE ceRNA R 45 5 K JF S A B 4 5 2 AT (ssGSEA ) #HAT #0032 3 447 s RT-qPCR 30l e R F Rtk AP, R T
AT, P4 fiF PICP fn CTX A B i, £ 3 R H 8 L (P>0.05), §F s, T 75550 4 fiF PICP AF 75 (P<
001), 5T BAE,E 54T HUa ik PICP 4 F 5 (P<0.05), 5 xtFR AR, 5 50 4 F T A 5 i PICP 4 B ZE & (P<
0.05), THUAI J& ML CTX By Z M8 B 1K (P<0.05), #53+F 35 oA 3R 5] 529 4~ mRNA 500 4 IncRNA 68 > miRNA; PPI %] 28-3R 7
H 10 MEAFEE ;GO 71 KEGC BRI B =, 2R HE EEF R ESMFR/ESER MA G @RAE . aamRiF-6 8% C A%
EEZARETHEE Tl HZHR(TLR)E T RBE X R ARG RERFT 5T AMWREEADHE K R2REHEEZ A
T IR R LR A ke B R IR R S K B B A X, ceRNA B 458,45 2 4 IncRNA 5 > miRNA #1 7 /~ mRNA, 2 % IncRNA
¥E £ F K 1(NEAT1) 5 £0R % 3k £ H 3(MEG3)  ceRNA F4 %423 5 mRNA & & T AR B/ AL A 25K Kb 58 8 40 5
AU E B RN FE S TLR 5815 5 RS HRACHE X @, RIZREMT T, 220 4 Mok 40 e | B vk a0 e 4 200 4 e

BRI T 40 B 4 0 4 i B R R 2 TR (P<0.05), EL ceRNA F% mRNA 5 % £ 45 K %% 40 035 0 £ FA % (P<0.05),
TLR4 5 AP-1 % HF T #4L(FOS)1E A PPI M4 5 ceRNA 45 6 3£ B k4 £ [, 2 RT-qPCR ¥ £ 32 5) 41 % 15 T 38 (P<0.05),
LEiE 3 AN A b SR U AR B T (R PMOP B B R RS IR, HALH T8 5 e R ek o iR S R RIE 53R A4S/
Wb AR AR A K, NEATL 5 MEG3 A5 4 ceRNA W 4 71 #8318 45 miRNA %7 TLR4 . FOS & x# X H kK N5 5
BHNFWRERERR G AFRAAE,

(KEBR) LZ 58 FBAE ; 3015 35 5 40 F i 3 4% 40 M 5 3 K 41 % 5 ceRNA ; IncRNA ; miRNA ; % 9% 32
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(Abstract] Objective To explore the potential mechanism of action of 3—-month moderate—intensity resistance exercise in
improving bone metabolism in patients with postmenopausal osteoporosis (PMOP) based on peripheral blood mononuclear cells
(PBMCs) transcriptomic analysis. Methods Sixteen PMOP patients who visited the outpatient clinic of the Department of
Rehabilitation Medicine, Affiliated Hospital of Xiangnan University from April 2025 to August 2025 were enrolled and randomly
divided into control group and exercise group, with 8 patients in each group. The control group received calcium carbonate D3
supplementation and health education, while the exercise group received moderate—intensity resistance exercise intervention on the
basis of the control group, 3 times per week, 60 min per session, for 3 months. Serum levels of type I procollagen carboxy—terminal
propeptide  (PICP) and C—terminal telopeptide of type 1 collagen (CTX) were measured using ELISA before and after the intervention.
PBMCs were isolated from post —intervention blood for transcriptome sequencing. Differential expression analysis of mRNAs,
IncRNAs, and miRNAs was performed using edgeR. The STRING database was used to construct a protein—protein interaction (PPI)
network and screen hub genes. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses
were performed on gene sets. A competing endogenous RNA (ceRNA) network was constructed by integrating differential expression
analysis, database—based target prediction, and co—expression analysis. Immune infiltration analysis was performed using single—
sample gene set enrichment analysis (ssGSEA). Key gene expression levels were validated using reverse transcription quantitative
real-time PCR (RT-qPCR). Results Before the intervention, there were no statistically significant differences in serum PICP and
CTX levels between the two groups (P>0.05). Compared with before intervention, serum PICP levels in the exercise group increased
after intervention (P<0.01). Compared with the control group, serum PICP levels in the exercise group were higher after intervention
(P<0.05). Compared with the control group, the exercise group showed a greater increase in the difference in serum PICP levels
before and after intervention (P<0.05), and a greater decrease in the difference in serum CTX levels (P<0.05). Differential expression
analysis identified 529 mRNAs, 500 IncRNAs, and 68 miRNAs. The PPI network identified 10 hub genes. GO and KEGG
enrichment analyses showed that the differentially expressed genes were mainly involved in innate immune and inflammatory
signaling, including phagocytosis/phagosome, myeloid leukocyte activation, interleukin-6 (IL-6) regulation, C-type lectin receptor
(CLR) signaling pathway, and Toll-like receptor (TLR) signaling pathway, and were also associated with pathways related to
peroxisome proliferator—activated receptor (PPAR), mitogen—activated protein kinase (MAPK), AMP-activated protein kinase (AMPK),
and parathyroid hormone (PTH). The ceRNA network included 2 IncRNAs, 5 miRNAs, and 7 mRNAs. Among them, IncRNA
nuclear—enriched abundant transcript 1 (NEAT1) and maternally expressed gene 3 (MEG3) were key nodes in the ceRNA network.
The mRNAs in this network were enriched in pathways related to mechanical stimulation/muscle stretch response, regulation of
osteoclast differentiation, lipopolysaccharide -mediated signaling, TLR and calcium signaling, and calcium reabsorption. Immune
infiltration analysis showed that infiltration scores of neutrophils, macrophages, dendritic cells, and myeloid—derived suppressor cells
were decreased in the exercise group (P<0.05), and the mRNAs in the ceRNA network were positively correlated with the infiltration
of multiple innate immune cells (P<0.05). TLR4 and AP-1 transcription factor subunit (FOS), as common key genes in both the PPI
and ceRNA networks, were downregulated in the exercise group as verified by RT—qPCR (P<0.05). Conclusion Three months of
moderate —intensity resistance exercise can promote a favorable shift in bone metabolism in PMOP patients, and the underlying
mechanisms may be associated with the remodeling of innate immune functional status, inhibition of inflammatory signaling, and
regulation of calcium/endocrine—related pathways. The NEAT1- and MEG3-mediated ceRNA network may modulate the expression
of key genes such as TLR4 and FOS through miRNA regulation, thereby participating in exercise—-mediated immunoinflammatory
changes and bone metabolism regulation.

(Keywords] postmenopausal osteoporosis; resistance exercise; peripheral blood mononuclear cell; transcriptomics;

competing endogenous RNA; IncRNA; miRNA; immune infiltration
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76 28 J5 ‘B JiT B FAGE (postmenopausal - osteoporo-
sis, PMOP)J2& H1 MEZ /K P 2l B T2 1 4 B 1
BRI , RN B R B A AR KR e
PEREIY, PR PMOP 30 32.1% , BH H T
W S K I, AN B A B I A R
R ECR B BT R B3y P A — PR
TITF-Be, ©WUE BT AT LU R4 BT B BB A AE (os-
teoporosis, OP)¥ HF55 R WGz 3 A Az 3
LG iz slife N 2Rz shiiE A e G B %
B, Hoh iz sh 2 oA R —For A, BRTE
W5 R iz 3l ] LU o 98 45 i 41D (osteoblast,
OB) k& 20 fitd (osteoclast, OC)HTE T A S 25 By
ARIIE B 0 OPP T AER 98 &3, B 3/ F 1)
ST WE G OP I EEHLHIZ —, A1E i 5
1% 4f B (peripheral blood mononuclear cells, PBM-
Cs) R HSERGYIREM EEPATH , A ARk
L AR ZE B, W 5T R as sl ] il 9855 PBMCs
LA i PR R T L 9 e R DAk TOR B
M B A G SR, 32 Sld i 961 PBMCs 2%
OP FAEIBILTR i A 56 4 ) ] 2 sk 2 Ry AT 51
T PMOP AR AL SR AL T8 TR, a5
FRSEPEE R small RNA 2% | Al [H] B A0 mRNA
DL R AES S RNA (40 miRNA IncRNA) Bk 7KF
TR Je 7 1 B il 4 R 4511, RS e T, AR 2
i RNA 7] 3 55 4P PR RNA (competing endoge-
nous RNA, ceRNA)Z: 55l S RAE a5, BT
I ARBEFELL PMOP B8 BN, 9647 3 A Y
Pz )+, 455 B AUHE PR . PBMCs % 53¢ 21
¥ .ceRNA 2848 K& RT-qPCR 56 iiF | #1141z
ks PMOP 1YW TEAE FHAL I, bis sh T Wit 5E
PRI

1

1.1 —RER

TEHL 2025 4F 4 H & 2025 4E8 H eI E 2 Be bt
J& B B R BB T2 3021 PMOP 3 16 fil1E
FWFFERT S, R SPSS 25.0 A i BEHLECF
G, I 11 0 F BB 32 33 B AL S X BE 4 Az
AL, B4L 8 B, LR ARG A BRI TR
i EHEENE I B, i AW iz sh+
WY, 5210 B FE S TG I IG5t B 2 it
R ICE TSR B, T 22 8 e T T K
I BAEARAE PR B 5 — I ] 4

] E2 R T M2 RS2 L (P>0.05),
PI2H B 4 TT B 3l RO B Rl s B AT T
PR, IR 1, AT H T3 2 e 2 B B s B Bed R
RIS BIZ: 51 2 H 2 (45 . K2025-003-01)

®1 WABRE-MABLR
Table 1 Comparison of general data between the two
groups of patients
M n AERY ERFE-WAZ BEE/ T {8/
(x£s,%)  FUEHE) (s, 4F) (s, mglem?) (%+s)

SR 8 59.50+4.78 9.75%3.73 61.42+14.49 -4.52+0.52
izl 8 61.38+4.37 11.38+4.90 56.36+20.38 —4.70+0.73
t1H -0.818 -0.746 0.573 0.574
P{H 0.427 0.468 0.576 0.575

1.2 SR

Z IR M BB IE 1297 46 /e (2022) )
(Y E EAE B BBAME 1297 1/ (2023) )12 Wiks
e WM ST ALBTZ 4 (quantitative computed
tomography, QCT) & % & 46 X[ {5 <80 mg/em® T 2 Wt
H OP,
1.3 MNFRAE

(DFFE Bk OP ZWbRIERE ; (2) 4N 50~70
BB AR AL (3) BEEE-KA&=121
A5 (4) ARSI A RSB E
1.4 HEBRARME

(1) A AT E IIRERER 2 RGBSR X
MRAEVERR# 5 (2) A BRI ; (3) A%
PR RGP B S5 E R 5 (4) Tl ]
SR B A 25 W3 5 (5) PR BE At AL R it
TRPEBIE 5 (6) 4k &M OP & 5 (T)FAAE L T BT
PG 5 (8)1T 12 1 H R A B I s e e )= R R
5 (DAL ZUAT 1 s B8 RUE# ; (10) LS
A E RN R
1.5 PR

(D)ABEFEBITE I e iz shill gtk s (2) A
Frid e FEERIB 3 5 (3) RREHAI ZR 52 AL
FEACREES
1.6 HIBRIRAE

(1) BRI RS ™ B A SR (2) 18R 1Y)
[ HESZ AR ST T S ME YA OP IRY7 4 5 (3)isgh T
Pl R ISR S BUR MR 223
1.7 RIEtRE

(1) izl fe i A A EHA R F el 7] 2
ARG 5 (2) AN BETH 32 1z g TR b Y 58 32 5 67
fif , LEE S AT B AR EE 5 T 10
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2 Tk
2.1 FWAE
211 XPRREH BE ORERERES Ds B 1 A,
H 2 W, 8823 1A, [FIEET OP RS 2,
FERE AL AT 2158 Ty S (B RO P S 55
2.1.2 iEshfl  BAETEN B R FERE_ LT AR
JEBURHAZE ST, A 3 UK, 3K 60 min, FELE 3 4
Ho BARIIZIHRIIT . (1) RSz 3, 6456 T &
JER BTG 2l JH AR ERGE | ER AR AR SRR
28 5 bR L 5 ming (2) FMHMIZEEN, A
FEBE 2 el BN A5 3 (rate of per-
ceived exertion, RPE) P43k 5~6 355 & (H %5
SO )25 min/UK 5 DREE RIS, ST PR BRI 25 2
4, T 8~15 /1~ (3) LIz 3l , g ik =k AL
i ik S LA 2 OBUR 2 | XUEF T2, 45 S E
KA Brazycki 2 2k 3 e KEB YR FE 18 (one repetition
maximum, 1RM)" Y| Zk58E % 5 A E 1RM 1960%
~80% , R YIZR 2 41, B340 10 45 () 2
B, AN 2 41, 540 10~15 45 (5) ORI 45, £
& T BORAZ O U SR 542 5 min,
22 FERKFSINE

I EL 200 0 B T (525 07801, Il & K STEM-
CELL A ) ) ; ZL40 M AR (175 HY -K3010, 3£ [
MCE A #] ) ; AT B e It 38 35 3 J5UIK (procollagen
type I C—terminal propeptide, PICP)ELISA i3z 5
& N 1 B AR B0 K (C—terminal telopeptide
of type I collagen, CTX)ELISA &7 & (77543
B JL19025 149228, [ VT3 MR A IR 2
) ; TRIzol A% MK RNA 22 BRiK 7 & | i HIRNA
IS0 P AR £ small RNA SCEEM A &
DNA glifbfgk RNA glifbgEk i 80 & 9
AE T PCR A& (525505 :R411 RN416 RN616
NR811 N411 N412 R333 Q412 74 &L i ME 4= 4
FHE AR AR A

f i 5 P 5 (45 . NovaSeq Xplus , 35
Hlumina 24 7)) s PEFRS I INAL PCR AL (24 : C1000
Touch, 3¢ [E BIO-RAD A &) ) ; 8 CC T ¢
JErE i PCRAX R URES LA 6 2R U8 VR L
HL(FL543-51) 4 : Nanodrop One QuantStudio 7 Flex,
Fresco 17 Sorvall ST 16R, 25 Thermo Fisher A7) .

23 IGRZBMFNIEE

BRERES Ds Fy (5 . 7M2D, B IGHI 25 A BR A 7
E 2 H10750029, 4% - 55 - 5 45 600 mg 4k
R D;125 1U); B B4 (B 5  JTB616a, i VL4 #i
HLEABRATH)
24 HARE
2.4.1 PBMCs4r# felda—WKizshTHi5 24 h,
i ] EDTA HUBER M R4 10 mL S F ki,
PBS 28 w4 1:1 LL AR RS, 17 FH Ik B 40 B 53 25 T
i 3 B B0 E 5 B PBMCs,, BDZE R /D
LI PBMCs JZ (BVERR ) IF 8 LS,
A PBS 2 MR TR, B O AR TTE . A
T 20 i S T SR AR AR AT A, B 0 E B T
PR PBS ZErfifeA T, 5.0 5 268 B,
1 mL TRIzol FEITIELNNM, HLA-80 CIKFTRTTE
242 ISR s THRTHERE —KEshT
TG 24 h, @ ARIMAERE 5 mL SMEE KL,
FIRERE 1 h FFATEEE 5323 000 r/min Z RO
10 min(B02F42.16.8 em), B I 2 TV
L 12 000 t/min 4 CEL 10 min(BS0FE4
85 cm), B4 15 mL B.048 445 02 mL,
A -80 COKFRIT
2.5 HiMEHR

AU AE P S A R A ELISA A5 3
Hif& PICP CTX & & , #/EP PR Gt W] it
2.6 BHRANFSEHIBSH
2.6.1 RNA #2H SCEME ST i H TRIzol A
PBMCs $EHUE RNA, FEEAT RNA el ks &
FERIREAS T TR SO, L RNA Z84%8A RNA 2
R Je , SR I T RNA DU SC2E#a ) i et
RS SO SR small RNA SCE A 532057 4 4
small RNA SCJ%E , SCEEZ Al | Fr B ve K oA i
E ¥ J5 7 Nllumina NovaSeq Xplus “F &5 #4700,
WA PE15O,
2,62 ¥R X EER  FastQC F xR T
A R D T DO S A AT T R Ao fastp R LB
LFHN S reads, PRAF T2 B, (i STAR%K
PR 5 3 2 2% 2 N 41 (GRCh38, GENCODE v49),
38 1 featureCounts XA AT K Tk E&E . small
RNA F 00 7 B 8 bowtie #1455 % K 41
VEFEATEEXT , R H miRDeep2 AT miRNA #1738
IKEHL,
2,63 ZRRIEGH EH edgeR #1118 34 5 XF
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JE4] mRNA IncRNA 5 miRNA 2273 RiE0 1. 225 WAMAR .50 CHifE5E 15 min,85 CKiE 5 s, qPCR

KN TR ERI A P<0.05 Hllog,FCI>0.5,
2.6.4 KA ML BN G 5 ENCORT %4 /%
(https://rnasysu.com/encori/) il 22 57 3235 IncRNAKE
1) B9 miRNAM, R F multiMiR 3 45 4 TargetScan
miRDB FlI miRTarBase ¥ 4 Filil] 22 5 % 18 miRNA
F PR S
2.6.5 PPIFZEHHE SAXALEEN L fiHISTRING
B E (https://en.string—db.org/ ) ¥ 3 32 48 J& [H] )
PPI [ 2% | 3 1 B 28 5 74520 B B E R 0.4, ]
Cytoscape FAHAY cytoHubba X PPI 255 i iF
CRE R A7 ipvi e B S S I R A VAN = o S .3 E
¥
2.6.6 UIEE N XF2ESREEIN K ceRNA (45
H B mRNA 4T GO B30T 5 KEGG &4k
AT, GO & 1535 A i #2 (biological pro-
cess, BP) U2 53 (cellular component, CC)-543
F-IHE (molecular function, MF)3 )2 If fif B L K]
LM IIBEAFE ,KEGG & £ bl & S £ 015
SR A R, WARAIR I A S W AR
JEHEF I BT AL, LA P<0.05 M A i 35
2.6.7 IRIKM A FITELERY IncRNA-miRNA
5 miRNA-mRNA 5 5C 5, % 22 57 335 IncRNA |
miRNA mRNA IS , TR 4 T
Z [B] f#) Spearman AH & R (p) , I LA 2 3 B A ¢
(p<-0.5 H P<0.05)1ERIBTEIE LR X p<-0.8 1
TR HEAT AT RAL , R JH F BE 1 7R IncRNA-miR-
NA J miRNA-mRNA B TEIE R 5RB T,
2.6.8 ceRNA MZEHE RG22 57 RIA 0 Kl
JEERE o) T 5 SRR A A 2 SR LATRU) B IncRNA
F1 mRNA 4% (1 miRNA, fi 1% 19 miRNA K352 1L
FEFALTR R IncRNA/mRNA AL (D), it Cy-
toscape AL, #48 T IneRNA-miRNA-mRNA W%
2.6.9 EERIESIHT AR A LD AL E RS
(single—sample gene set variation analysis, ssGSEA)
HEAT DL 1R 1 43 A B T P e i A g BE PR B2 3
BT S AR AR, s s
Xof R By 20 ML i VT 2 S 5 i — 2B H AR e 4
Jfl 22 [R1 I A5 43 (R AE DG | TPAG S i 248 i o1y [v) 22 £k
fad, [R5 BT ceRNA 2% mRNA 5 652 46 i 2
T AR SCE | DASRI SC S L N 5 A e A S5 A Y
BIER R
2.7 RT-qPCR W&iE

3 3 7 SR E0FF RNA 3044 555 ¢DNA, 2

AN H A R R B K 3 S A5 95 C TR
P30 5,95 CAEHEI0 5,65 CiBk 30 s, k404
i§#h. LA GAPDH Jy NS BEATARIEAL , fEH] 2744 TF
A Toll BESZAA 4 (Toll-like receptor 4, TLR4)
1 AP-1 ¥4 55 K7V B (AP-1 transcription factor
subunit, FOS) B X} ik K- LB R4 51z 5)
21 TLR4 FIFOS HYF3A 225 | LIS UE I Fr &5 R 1wl
SEPE S T —EotE . B GIh AE TAEY) TRA FR
PR (PRI B BT LR 2,

x2 SlHF7

Table 2 Primer sequences

FEH SIPFEN(5-37) KB /bp
TLR4 1EM] : GCCTTCTCAGCAGGAACACT 152
JZ 1] : TGTTGCTTCCTGCCAATTGC
FOS 1E M : CAGACTACGAGGCGTCATCC 82
JZ I : TCTGCGGGTGAGTGGTAGTA
GAPDH 1E [ : ACCACAGTCCATGCCATCAC 155

S [ : TTCCCGTTCAGCTCAGGGAT

2.8 GFitFELS

KH SPSS 25.0 TG it2= T, TR RS
PHFIESPARRTS 75 A IE S, UL “xes " FoR , 2
[) FL R FH A SRR AR ¢ K08, AL R 3R T
TR IS () 2208, Z(EAF & IES A0 R BCA ¢ 45
5, PhP<0.05 RFREFAGRITFEL,

3 #R

3.1 FHEIEEEMDE PICP #1 CTX S ELLE

TR, P2 B 2 1L PICP I CTX &= b4k,

SETGE 2 E X (P>0.05) . 5T HUR e, T

Ja X REAH LT PICP A1 CTX & R 2Z R LS i¥ =
N (P>0.05) ;18 40 1L 3 PICP F & (P<0.01) , IfiL i
CTX SR TG I#E L (P>0.05) , T 15, 5XF
WEZH [ 38 Sh A T PICP & & FH s (P<0.05) , Il
i CTX 2R TLGRIEE L (P>0.05),, 5XTHRA
P, 32 sh 4l FET 5 M35 PICP & iy 22 (E T &
(P<0.05) , T-TRT G M CTX AY 22 (HF#K (P<0.05)
HEILER 3,
3.2 WZHEE mRNA IncRNA #1 miRNA HERR
KSR

2e 5 RIB AT R 529 M R KRIBR
mRNA (192 4~ 94,337 ST #) (500 22 57 3K35 1Y
IncRNA (184 4~ #1316 /> F i) Fl 68 2= 573
IKH miRNA (49 4~ AN 19 AN TR BEULIE 1, 22
IR miRNA 5 61 > miRNA 2k (46 1
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VEFN 15 AT )AL 7 A FTA miRNA (3 A4S F I
AT, JFLE ] miRNA BEVA AT 4347
3.3 ZERFRIE IncRNA #[E miRNA Bl & R&RiX
miRNA $RE FE R E E5H

25 LM IncRNA JEH 76 /L] miRNA , 25
5 R IncRNA FEF0 522 /N8 6] miRNA, R 3
IncRNA Fll miRNA Z[A] R4 VE T, 25 5% 1 8 IncR-
NA U (9 #0 ] miRNA 5 22 72 F 8 miRNA B A2
£ K15 0 EE] miRNA; 225 i IncRNA F4E i)
miRNA 5255 F#0 miRNA B8 3575 34 it
[7] miRNA (UL 2A), 225 I miRNA FE5000 6 467
AL 2% %R miRNA 2R3 1 611 H#EAL

K, Hi4E miRNA X mRNA (MHIER, 225 i
miRNA TN R BE P 5 25 5 T 8 mRNA HUOsg4E 3R
5132 N IL[EFE 2255 F I miRNA TR R 5
225 1R mRNA OSSR A5 11 AL [ml BB (UL
2B), XHAEIEHFPEAT PPL 44T (WLIE 2C) , 48]
cytoHubba i EHX A1 FE P | FAR 0 10 XA FE K
(WLE 2D), GO srMrés s, BP £ & FEAE TG
YEF BE 2 40 B IE L | 1 40 B -6 (interleukin—
6, 1L-6)JH#555,;CC E 2 & EAr NI N
Jis | SRR A AL T 45 s MF 228 5 AR AE A
VU B2 R0 M T B RS2 AR M R A2 AR
(WL 2E) KEGG i 53 Hr 3 2 & 4EAE T W iA  C

*3 WABRETHRIFMIE PICP F CTX FEELE (x5, ng/mL)
Table 3 Comparison of serum PICP and CTX levels between the two groups of patients

before and after intervention (x+s, ng/ml)

PICP CTX
25 n — i . i}
] T Z{H Rl T #1H
il 8 491.39+250.03 473.012184.88 ~18.38+150.05 1.58+0.37 1.67+0.25 0.09£0.22
B 8 509.40+180.14 709.83+192.42%%* 200.43+141.19* 1.62+0.26 1.40+0.34 ~0.22+032"
. 5 TIRT R, *#P<0.01 ; 5% BR4H L, #P<0.05
A Volcano: mRNA (Exercise VS Control) B Volcano: IncRNA (Exercise VS Control) C Volcano: miRNA (Exercise VS Control)
g % . . ) K 4
¢ I by " . [,
. e ‘
? ! \OQZFOIZChange : : Iog2Fo?dChange ! : ¢ ! log2FolgChange !
D _ . F .
Top 50 DE heatmap: mRNA (Exercise VS Control) Top 50 DE heatmap: IncRNA (Exercise VS Control) Top 50 DE heatmap: miRNA (Exercise VS Control)
HESH -5‘3’ —
- - || |
. - "= Eeg -
: = - =
- ¢ i
s - - L
: = = -
g === E =
1[5 | — - -
E_ B L . E ! .
: == - = = = A

1 mRNA.IncRNA #1 miRNA HIZ R RIESH
Fig.1 Differential expression analysis of mRNA, IncRNA, and miRNA
T A2553%7K mRNA 1K 115 B.25 523835 IncRNA (1K 111 &l ; C.25 53R 35 miRNA (9 K 1Ll D.25 7% % mRNA (LA E.
254235 IncRNA PR F 25 533655 miRNA AUFREL Ol B By SR DLAD (SRR R IRAEE DL (3R PRI IR T 24
FIBAET 50 1Y mRNA IncRNA #1 miRNA #7230, FiRMEER DILLERR, FIREEF DI 6AERR
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L 4E K 52K (C—type lectin receptor, CLR) {55
i P TLR 15 530 8% | 40 %6 B 231 AR AR ] 5 4
WAL B2 ARAR AR G SR RS S <2
A& (peroxisome proliferator-activated receptor, PPAR)
15 5 30 [ U 200 PR g B O £
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