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CD81)#TXE . A FEEN k2 2miRNAs, M qRT-PCRAHMEE FiAmiRNAsEATY KA
BrE. 17T & miRNARIEKF 5K TEH5 (DAS28-CRP. CRPEE) ARG, R FAIROCH] &LiFHH 2 Wi
Hhe. ER: RIS BEF L2 HFERHMER L34k, qRT-PCRE R EIR, RAEE M3 4MEH miR-
200a-3p. miR-133a-3p. miR-3960 & miR-184-3pIFiE/K P EZ X FHCHBFIP < 0.001). Hrf,
miR-200a-3p. miR-133a-3p. miR-184-3pEEFIHFRAAFHRILEZMTREAGIP <0.01), HE
DAS28-CRP CRPE fifix. ROCHIZ E7~, miR-200a-3p. miR-133a-3p. miR-184-3p=FBE& LW
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Abstract

Objective: To investigate the expression levels of miR-200a-3p, miR-133a-3p, miR-3960, and miR-
184-3p in plasma exosomes of rheumatoid arthritis (RA) patients and their clinical significance in
early diagnosis and disease activity monitoring. Methods: A total of 30 RA patients (20 in the active
group and 10 in the stable group) and 20 healthy controls (HC) were selected from the First Affiliated
Hospital of Anhui Medical University between January 2023 and December 2024. Plasma exosomes
were isolated using ultracentrifugation and reagent Kits, and characterized by transmission elec-
tron microscopy (TEM), nanoparticle size analysis, and marker proteins (CD9, CD81). High-through-
put sequencing was performed to identify differential miRNAs, and qRT-PCR was used to validate
the expression of candidate downregulated miRNAs in an expanded sample. The correlation be-
tween miRNA expression levels and clinical parameters (DAS28-CRP, CRP, etc.) was analyzed, and
ROC curves were used to assess their diagnostic efficiency. Results: Plasma exosomes with charac-
teristic features were successfully isolated and identified. qRT-PCR results showed that the expres-
sion levels of miR-200a-3p, miR-133a-3p, miR-3960, and miR-184-3p in plasma exosomes of RA pa-
tients were significantly lower than those of the HC group (all P < 0.001). Among them, miR-200a-
3p, miR-133a-3p, and miR-184-3p were significantly lower in the active RA group compared to the
stable group (all P < 0.01), and were negatively correlated with DAS28-CRP and CRP. ROC analysis
showed that the combined diagnostic AUC of miR-200a-3p, miR-133a-3p, and miR-184-3p was
0.921, with a sensitivity of 86.0% and a specificity of 88.0%. Conclusion: A significantly downreg-
ulated miRNA profile exists in plasma exosomes of RA patients. miR-200a-3p, miR-133a-3p, and
miR-184-3p could serve as potential non-invasive biomarkers for evaluating RA diagnosis and
disease activity.
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SR FH B B9 0V B exoEasy 1RGP HUIL A A4 . JliT HT-7800 5T BE S EAS, Flow Nano-
Analyzer #ATHIAZ 34T, Western Blot ks Jll#5 £ 2 H CD9. CD81 A TSG101 3k,

2.3. BENFEESR miRNA BiFiE

TEFHIERY B, X RA 2H(n=6) K fi# FEXT B2 (n = 6) /M RNA 347 small RNA JIJF . $EHUF RNA £
A IE AR IRYN MR L R R IR 55 R 2 ] 58 WS PEAe K e B Bl e o SR imi AR s iR S A S R AR 3
FR IR AR RO AT o 7y RNA SCEER & MNP K5 SR B B A A KB R(BGL, )& dH, W7
- N BGISEQ-500 . R4l 7 45 2R , 2 5 214 73 i F DESeq2 #f4. LA P <0.05 H A543 1k (fold change) >
1.5 NEMEREE FiH5 N miRNA. Z 5% miRNA 747K H DESeq2 J5i%, ffikbr#iAy P < 0.05 H|Fold
change| > 1.5, Z5&FHCSCHR, JEH 4 NEZE N IHBFISMNAE miRNAs, BEATH KFEARLRAE.

2.4. qRT-PCR &1iE

ffFH miRNAeasy A GIEHUE RNA, MREEREFE K cDNA o KA SYBR Green £l miR-
200a-3p~ miR-133a-3p. miR-3960 } miR-184-3p KL, LLU6 NINZ, KH 2°-AACt HFiETHHEAEX &
L HE(ACt = Ct_target — Ct_U6; —AACt=—(FEA ACt— X ACY)).
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{81 SPSS27.0 BAF X LI HHE HEAT A3 T . FTA TF E RS T IERS AL, FF & ISR IR H
P + BRUEZE(r+s) RN T A2, RA ek 5. PRI REACR A ¢ i . R RS 2 Ai s U LA
M (P25, P75)& /R, ZRENFFEIERDAR, ZHNCRAREET Z0H, MR Pearson 7341 dF
IR0 A M P 2 5% B R Mann-Whitney FRAIRS 3G, 22 40X} LR A Kruskal Wallis #6565, #H 9G4 R Spear-
man 74T 4 P<0.05 BHAKHZERBEG SR e MR R T, LL a=0.05 KK,
P < 0.05 BN ZEFRA S8 . KA ROC MIZE 5 Hr oMKk miRNAs XF RA BRHIZHINE, P <
0.05 XRZEFA G R Lo
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Table 1. General information and clinical data of the research subjects

1. MANR RIS R IER TR

k=7 RA #H(n =30) HC #(n =20) GIRWZP) P

F ¥ (mean + SD, %) 52.27+10.10 46.60 + 11.72 1.822 0.075
(/5 n) 22/8 17/3 0.393 0.531
ESR [M (P25, P75), mm/h] 52.00 (11.25, 90.50) 5.30 (2.22, 10.00) —4.198 <0.001
CRP [M (P25, P75), mg/L] 39.66 (10.25, 69.55) 3.75 (1.58, 5.78) —4.484 <0.001
RF [M (P25, P75), IU/ml] 78.83 (14.93, 225.57) 5.90 (2.45, 11.55) —4.444 <0.001
Anti-CCP [M (P25, P75), U/ml]  66.00 (11.50, 154.25) 6.00 (2.80, 11.00) -3.676 <0.001
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A TR B N2 E 50 B, Hor R RIR G R (RA) & 30 ], (il FEXTIE(HC) 20 1], A
FHR RN, RA ALtk 22 41(73.3%) B 8 #1(26.7%), “FIFEE N 52.27+10.10 &5 HC 4tk
15 5(75.0%) FBE 5 6§1(25.0%), FIIFER N 46.60+ 11.72 % . WLLEER(t=1.821, P=0.556) K 15 #4
(2 = 0.017, P = 0.896) J5 Il = ¥ L Gi it X, FEL Rl A (L% 1).
3.2. S biEEREEFIES

X 7 2 A5 AN St e e SR 2L T o v e U IR 55 EH R I K ik R R 7 AR 2% BR A = 58 k. KEGG
W EE TR, 76 AR miRNA #1, MAPK {5 518 . Rapl {5 5@H . cGMP-PKG {5 5@ H . Wnt
G EEE A Ras (5 S IEEHE EERZ M 5 %G 5EEE. £ F M miRNA 1, MAPK {55i@EE. Rapl 5
M. cGMP-PKG 15 T8, #7577 K15 5B A mTOR 5 S @EE 1T 5 AL £ 115 S @B 1).
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Figure 1. KEGG pathway analysis. (a) Upregulated; (b) downregulated
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Figure 2. Targets of upregulated and downregulated differentially expressed exosomal miRNAs according to the GO analysis. En-

riched GO terms in the molecular function (a), cellular component (b), and biological process (c) categories
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3.3. {&i% miRNAs BFRIAEE

qRT-PCR £5 5 7R: miR-184-3p 7E RA 2+ [AHXTRIEKF[0.27 (0.19, 0.43)] 5 341K T {6 FE Xt HR 41
[0.90 (0.77, 1.54) AN RIEKF, ZRHAERI¥E L(Z=-531,P<0.001). miR-184-3p 7E RA iHzh41
[0.22 (0.15, 0.28)]H (I FRIE KT 5 I T RA 2B 41[0.60 (0.45, 0.75) AR RIE K, ZREF L%
X (t=-542, P <0.001). miR-200a-3p 7E RA 41[0.29 (0.21, 0.43)]F13R 1K A PR T-fd e X B ZH[1.20 (0.84,
1.60)], ZRAGITFEX(Z=-4310,P <0.001); HAE RA JEZIZH[0.24 (0.14, 0.53)]+ FIFRIAIKF-BH AR
T RA FEA[0.67 (0.266, 1.237)], ZFHEA G178 L (t=-2.42,P<0.001). miR-133a-3p /£ RA 41[0.23
(0.19, 0.4 MIFIEK T B E T BT IR 1.04 (0.74, 1.37)], ZRASiH#E L (Z = —-4.37, P < 0.001);
HAE RA 753141[0.21(0.14, 0.32)] F R IE KL T RA F2241[0.57 (0.38,0.87)], ZF7HA G5 Lt
=-3.02,P <0.001).miR-3960 7£ RA £41[0.41 (0.28, 0.57)] i) 1L /K P B 2K T e B X R 41 1.24 (0.84, 1.73)],
ZERAFRIFEN(Z =337, P <0.001); £ RA i AFREEN 0.38 (0.33, 0.45), £ RA FaEH N
0.43 (0.40, 0.47), % Mann-Whitney U fi3%, %% LG0T = X (P =0.262, P> 0.05) (W14 3, % 2).

Table 2. Analysis of the expression concentrations of 4 candidate exosomal miRNAs in plasma exosomes

F 2. 4 MEIEINDA miRNAs FEMIRINDBIRRIERE ST

) . 3 HC RA %)
5% miRNA W GeneID HC ¥ HC_SEM log2 (RA/HC) P{i Q1 ‘:Fig ‘:'Z%J
=H =
miR-184-3p  novel-hsa-miR184-3p  1.086 0.914 —10.081 3.246 2.249 31.5 0
miR-200a-3p hsa-miR-200a-3p 0.521 0.341 -9.025 4270 2.263 16 0
miR-133a-3p hsa-miR-133a-3p 4.114 4.084 —8.421 1.117  2.084 119.5 0.333
miR-3960 hsa-miR-3960 0.371 0.320 —8.535 2.624 1.116 9.5 0
miR-184-3p miR-184-3p
(RA VS HC) (Active vs Stable)
2.54
2.5 Howh A
= T 1 I 1
.2 L 2.0 ¢
%2.0 . ]
2
2154 131
o
.E 1.0 o 1.0 0
2 ° °
&) 0.5 . ': < 0.5 }_I_.
° P ®
0.0 0.0 T
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(RA VS HC) (Active vs Stable)
1.24
2.0' A LS =
'g T 1.0 T
8154 e 0.8 T‘
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5 4k 06 :
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Figure 3. Comparison of relative levels of 4 plasma exosomal miRNAs between RA patients and control subjects

3.RA BEANFTIRLAZ 8] 4 FPODIZINIAE miRNA BIREXT7K FEEER

3.4. HHXMESH

Spearman 7} T {7~ : miR-133a-3p [k K5 DAS28-CRP. CRP. SJC28. TIC28 i A K
(¥ P<0.05), BIPAKAERR ST EOZ , FilE G sh i, miR-133a-3p MIFRIEAK MK, H4h, miR-133a-
3p FRIEKT- 5 RE 2855 5iAH K (r = —0.481, P < 0.05), 1fj miR-133a-3p 5 ESR. Anti-CCP A H Al &
FEAR 2 B AR W82 21 0 25 AH (3 P > 0.05) (JLFE 3); miR-3960 FIAHXTFIiE /K5 DAS28-CRP. ESR.
CRP. SJC28. TJC28. RF. Anti-CCP %I R FEA5 2 [A]35) A WS 3 5. 2 A P34 P> 0.05); miR-200a-3p
IR 2% K F 5 DAS28-CRP. CRP. SJC28 J% TIC28 ¥R AH*(3 P < 0.05), 5 RF & ESR 55
FHIR(P < 0.05), miR-200a-3p 5 H A PR b5 2 18] R WA 35 AH (S P > 0.05); miR-184-3p AT R IA
/KF 5 DAS28-CRP } CRP A3 P<0.05), miR-184-3p 5 ESR. it 4. H B iih /K T4 HAh
115 RS F5 b 2 1) o W 252 1) 82 35 AH S PE(23 P > 0.05)

Table 3. The correlation between the relative expression levels of miRNAs in plasma exosomes of RA patients and clinical indi-
cators

% 3. RA B2E MR miRNAs B FiAKF SIEKIEFRE LS

_ miR-133a-3p miR-200a-3p miR-184-3p miR-3960
R AEAR
r {8 P {H r {8 P{H r {8 P {H r {8 P{H
RF —0.481 0.046 —0.435 0.041 0.102 0.591 0.155 0.413
Anti-CCP 0.222 0.238 0.227 0.629 0.39 0.953 0.185 0.268
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ESR 0.337 0.069 —0.598 0.049 0.092 0.632 0.361 0.777
CRP —0.535 0.002 —0.526 0.021 0—.581 0.003 0.079 0.713
DAS28-CRP —0.426 0.018 —-0.576 0.029 —0.363 0.047 0.037 0.877
TJC28 —0.467 0.009 —0.576 0.034 0.262 0.961 0.091 0.633
SJC28 —-0.571 0.003 —0.492 0.031 0.208 0.271 0.033 0.875

3.5. CHERBREVEM

ROC 2R B/R & abn i L2 Wi {: miR-200a-3p: 7EPUF %% miRNAs HFRILH SR B «
H AUC 1531 0.843 (95% CI: 0.730~0.937), ZHEA G155 X (P <0.001). EfHEEW{EL, Hizh R
BUE N 76.7%, 57 JEN 84.7%, PR ZIBIRTEX 7 RA B SR AR I A B m MEm b, RieH
TR1ZZARRAR . miR-133a-3p: JREoR H REFITIZIIALRE, AUC 24 0.802 (95% CI: 0.640~0.829, P <0.001).
ZARPRIRE ST B R(81.6%), R HAEHERRIE RA ABET RIS B R BUE(69.7%) I KT miR-200a-
3p, EE&IGRKRSHMNE. HEZ T, miR-184-3p Al miR-3960 [ A2 2L GEAI X595, miR-184-3p:
LWRRETEE, AUC M 0.703 (95% CI: 0.556~0.837, P < 0.05). k5 FE M A(77.2%), 1H REEAL N 57.3%,
PR B P iz A5 AR, ATREAEE — ERIIRIZ AU . miR-3960: 7EAHF 7T IS H R 2 W A
B, AUC 7 0.612 (95% CI: 0.515~0.785, P <0.05), /R REEEER(73.3%), (HRFFEEZ(55.3%), Bk
F HHUS ZF S P AR PSS RO 4). A miR-200a-3p. miR-133a-3p A1 miR-184-3p HIELE2 KT
PR, ROC MR TR, BEAIAL AUC #2714 0.921, R TAE—SIiifhibs. fEHEEWIEAZE R
BRREANRE 7 243 1R 86.00% 11 88.00%, R B ZFabr ik G Rl 5 A e =1 RA HIIZIiakAE. WK 4.

ROC Curves Analysis
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Figure 4. ROC curves
4. ROC HhZ[E
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RS, e
4. it

AWFRIUESE T RA B M AN AT miR-200a-3p. miR-133a-3p. miR-184-3p Al miR-3960 £ 3%
PRI . miR-200 FEH AR b R - AR HI R 7, T AT REfRRRAT FLS 40 (R 28 ML il
T I 2 TR [8]-[10]. miR-133a-3p [FIFEAK T BEHI G5 H TR 28 it “ R4 EH, S84 5 KIEKT
FEE[11]-[13]0 1 miR-3960 7E RA H R EIRFRIA T RETE 2 Hi [ Wt T8 E AR 2 i i e[ 14]. 6 G
LW R G oR AR 2 WAL RS, SRR AMNMA miRNA 4154 BN RA Bl B2 W Ko 5 W i A T AL
[15]-[18], Heallexd T M3E B 1 B B BRI ZEMME[19]-[25]. AWFFIIE o a5 R, (BEE—
SEIEERME . AWFFCAINI RA BN 30 19, HC o~ 20 Bl BRI R T Giit2# AR ESR LA H T B2
5, ABFX R/ INOFE AR R T RS2 ROC #h £ 11 B A5 X A %5 (W1 miR-3960 [1) 95% C10.515~0.785), PRl T
SRRV, WA E R, SR IREN R ARTY RFEARAT 2 R ORIE . AT R
WL, AW BT AR S AH DG, EITEIAIE R SR OC R, A AR AR M 2 HT 4 miRNA 550575 3)
IEHE . AR TG EIX L miRNA B IETT I3 I Bh A A Z A B U 5, ToIAHiE X &
miRNA KPR TG b VY7 UF S Mk SR, DRI AR o7 28 e R AR R 40 1 04 75 H A PR BA B 9 01E
. NI RA BT REIELERZ AN A 1 DMARDSs 677, 254001 H 2SS 20) AR & T RE S M A b 4R )
WA miRNA [3RIE[26]-[33], ARFFARN FHZEHAT 0 E 00T, KATRER — MRRE R . A7 E 2
1= AP RR MG R BT E T . 56T miR-200a-3p /&5 HYI#E ) ZEB1 4% FLS 1228, LK miR-
3960 A& 75 BB BCE A MO T RE[341-(39], v 75 I8 i R A0 i S 36 K A B AT 2B 36 E

5. &5t

R ITT R (RA) B 5 i FEXt BALAE MK AN A miRNA RIAHE FAAERE Z R . AL HF
I8AIE T DY FR %% N 8 miRNA (miR-184-3p. miR-200a-3p. miR-133a-3p. miR-3960), iX%& miRNA 7E RA
IR AN A B E T 45K, 5 RA MR AN A miRNA @) 280 OB FEAH, ]
REARIE SO B, TS5 RA AJFRHLE] . BEAR, JX 2 miRNA 5% 75 32 (DAS28-CRP ¥47) ) 44
FEAR(CUN LT C-J BEEE SRR IR 1 45) AU OG, i3k — B SCRPE A T7E RA J BRI 2 oo 1) R A
miR-184-3p. miR-200a-3p 1 miR-133a-3p i1 F 5 RA [F 1% 2 A SOGE T B UIAE G . X =Fh R
miRNA (KM% 35K 55905 1 51 B Fa FR(DAS28-CRP) M A AEFaFR(T CRP) S &3 fik e, #—50Hr
I, miR-200a-3p Fl miR-133a-3p 5567552 REGHR(UI SIC28+ TIC28) R FAHIE, I 84 S sk KIEFRbr
(WIERIER T PRI R) R I A OC. FREERE, X2 miRNA AfES 5 RA I JEHUK
YRR AR RO A gt e, AT R FIIGRR I Z 7 . miR-3960 7E RA 2% T, (A5 FEH
TSN TR PR R SOREFRAR 2 A AR R I A e . X — 45 RAPER, miR-3960 A HEE £ Hh S it RA FEEL550h
TR E (1) BRAE B2 BRASAEJo3 FEAH OC (103 S AR Ak, T FE A0 B S 0 A8 9 V5 3 1) 3l . ROC J3 #2855 8 1,
miR-184-3p. miR-200a-3p. miR-133a-3p Il miR-3960 %} RA 5 fd % HE 4 B AT e i W s sl kg o 3L
H1, miR-184-3p Ml miR-133a-3p 7£ RA 53 548 K X 75 vh R I B F 2 RO - X 28 miRNA A
BAEN RA I EEbREY), HE 5% 1) 52 W 5 1

&5k

[1] Di Matteo, A., Bathon, J.M. and Emery, P. (2023) Rheumatoid Arthritis. The Lancet, 402, 2019-2033.
https://doi.org/10.1016/s0140-6736(23)01525-8

[2] Liao, H., Yang, Y., Liu, Y., Tseng, H., Huo, T., Chiou, S., et al. (2024) Harnessing the Potential of Mesenchymal Stem
Cells-Derived Exosomes in Degenerative Diseases. Regenerative Therapy, 26, 599-610.
https://doi.org/10.1016/j.reth.2024.08.001

DOI: 10.12677/acm.2026.1641441 1988 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641441
https://doi.org/10.1016/s0140-6736(23)01525-8
https://doi.org/10.1016/j.reth.2024.08.001

[11]

[12]

[13]

[21]

Nakamachi, Y., Uto, K., Hayashi, S., Okano, T., Morinobu, A., Kuroda, R., et al. (2023) Exosomes Derived from Syn-
ovial Fibroblasts from Patients with Rheumatoid Arthritis Promote Macrophage Migration That Can Be Suppressed by
miR-124-3p. Heliyon, 9, €14986. https://doi.org/10.1016/j.heliyon.2023.¢14986

Gravallese, E.M. and Firestein, G.S. (2023) Rheumatoid Arthritis—Common Origins, Divergent Mechanisms. New Eng-
land Journal of Medicine, 388, 529-542. https://doi.org/10.1056/nejmra2103726

Zhang, Z., Liu, L., Ti, H., Chen, M., Chen, Y., Du, D., et al. (2025) Synovial Fibroblast Derived Small Extracellular
Vesicles miRNA15-29148 Promotes Articular Chondrocyte Apoptosis in Rheumatoid Arthritis. Bone Research, 13, Ar-
ticle No. 61. https://doi.org/10.1038/s41413-025-00430-3

Nygaard, G. and Firestein, G.S. (2020) Restoring Synovial Homeostasis in Rheumatoid Arthritis by Targeting Fibroblast-
Like Synoviocytes. Nature Reviews Rheumatology, 16, 316-333. https://doi.org/10.1038/s41584-020-0413-5

Nordberg, L.B., Lillegraven, S., Aga, A., Sexton, J., Olsen, I.C., Lie, E., et al. (2018) Comparing the Disease Course of
Patients with Seronegative and Seropositive Rheumatoid Arthritis Fulfilling the 2010 ACR/EULAR Classification Cri-
teria in a Treat-To-Target Setting: 2-Year Data from the ARCTIC Trial. RMD Open, 4, ¢000752.
https://doi.org/10.1136/rmdopen-2018-000752

Aletaha, D., Neogi, T., Silman, A.J., Funovits, J., Felson, D.T., Bingham, C.O., et a/. (2010) 2010 Rheumatoid Arthritis
Classification Criteria: An American College of Rheumatology/European League against Rheumatism Collaborative
Initiative. Arthritis & Rheumatism, 62, 2569-2581. https://doi.org/10.1002/art.27584

Kay, J. and Upchurch, K.S. (2012) ACR/EULAR 2010 Rheumatoid Arthritis Classification Criteria. Rheumatology, 51,
vi5-vi9. https://doi.org/10.1093/rheumatology/kes279

Murata, K., Yoshitomi, H., Tanida, S., Ishikawa, M., Nishitani, K., Ito, H., et al. (2010) Plasma and Synovial Fluid Mi-
croRNAs as Potential Biomarkers of Rheumatoid Arthritis and Osteoarthritis. Arthritis Research & Therapy, 12, Article
No. R86. https://doi.org/10.1186/ar3013

Shimizu, Y., Inoue, Y., Matsuura, N., Ishii, T., Sowa, Y., Sunami, H., et al. (2026) Mesenchymal Stromal Cell-Derived
Extracellular Vesicles in Regenerative Medicine: Standardisation, Bioengineering and Clinical Translation. Regenerative
Therapy, 31, Article ID: 101058. https://doi.org/10.1016/j.reth.2025.101058

Lee, H., Machado, C.R.L., Hammaker, D., Choi, E., Prideaux, E.B., Wang, W., et al. (2024) Joint-Specific Regulation
of Homeobox D10 Expression in Rheumatoid Arthritis Fibroblast-Like Synoviocytes. PLOS ONE, 19, ¢0304530.
https://doi.org/10.1371/journal.pone.0304530

Pandis, ., Ospelt, C., Karagianni, N., Denis, M.C., Reczko, M., Camps, C., et al. (2012) Identification of MicroRNA-
221/222 and MicroRNA-323-3p Association with Rheumatoid Arthritis via Predictions Using the Human Tumour Ne-
crosis Factor Transgenic Mouse Model. Annals of the Rheumatic Diseases, 71, 1716-1723.
https://doi.org/10.1136/annrheumdis-2011-200803

Saferding, V., Puchner, A., Goncalves-Alves, E., Hofmann, M., Bonelli, M., Brunner, J.S., et al. (2017) MicroRNA-
146a Governs Fibroblast Activation and Joint Pathology in Arthritis. Journal of Autoimmunity, 82, 74-84.
https://doi.org/10.1016/j.jaut.2017.05.006

Moran-Moguel, M.C., Petarra-del Rio, S., Mayorquin-Galvan, E.E. and Zavala-Cerna, M.G. (2018) Rheumatoid Arthri-
tis and miRNAs: A Critical Review through a Functional View. Journal of Immunology Research, 2018, Article ID:
2474529. https://doi.org/10.1155/2018/2474529

Stanczyk, J., Ospelt, C., Karouzakis, E., Filer, A., Raza, K., Kolling, C., ef al. (2011) Altered Expression of MicroRNA-
203 in Rheumatoid Arthritis Synovial Fibroblasts and Its Role in Fibroblast Activation. Arthritis & Rheumatism, 63,
373-381. https://doi.org/10.1002/art.30115

Rajasekhar, M., Olsson, A.M., Steel, K.J.A., Georgouli, M., Ranasinghe, U., Brender Read, C., et al. (2017) MicroRNA-
155 Contributes to Enhanced Resistance to Apoptosis in Monocytes from Patients with Rheumatoid Arthritis. Journal
of Autoimmunity, 79, 53-62. https://doi.org/10.1016/j.jaut.2017.01.002

Nakasa, T., Miyaki, S., Okubo, A., Hashimoto, M., Nishida, K., Ochi, M., et al. (2008) Expression of MicroRNA-146 in
Rheumatoid Arthritis Synovial Tissue. Arthritis & Rheumatism, 58, 1284-1292. https://doi.org/10.1002/art.23429

Stanczyk, J., Pedrioli, D.M.L., Brentano, F., Sanchez-Pernaute, O., Kolling, C., Gay, R.E., et al. (2008) Altered Expres-
sion of MicroRNA in Synovial Fibroblasts and Synovial Tissue in Rheumatoid Arthritis. Arthritis & Rheumatism, 58,
1001-1009. https://doi.org/10.1002/art.23386

Najm, A., Masson, F., Preuss, P., Georges, S., Ory, B., Quillard, T., e al. (2020) MicroRNA-17-5p Reduces Inflamma-
tion and Bone Erosions in Mice with Collagen-Induced Arthritis and Directly Targets the JAK/STAT Pathway in Rheu-
matoid Arthritis Fibroblast-Like Synoviocytes. Arthritis & Rheumatology, 72, 2030-2039.
https://doi.org/10.1002/art.41441

Zhu, S., Pan, W., Song, X., Liu, Y., Shao, X., Tang, Y., et al. (2012) The MicroRNA miR-23b Suppresses 11-17-Associ-
ated Autoimmune Inflammation by Targeting TAB2, TAB3 and IKK-a. Nature Medicine, 18, 1077-1086.
https://doi.org/10.1038/nm.2815

DOI: 10.12677/acm.2026.1641441 1989 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641441
https://doi.org/10.1016/j.heliyon.2023.e14986
https://doi.org/10.1056/nejmra2103726
https://doi.org/10.1038/s41413-025-00430-3
https://doi.org/10.1038/s41584-020-0413-5
https://doi.org/10.1136/rmdopen-2018-000752
https://doi.org/10.1002/art.27584
https://doi.org/10.1093/rheumatology/kes279
https://doi.org/10.1186/ar3013
https://doi.org/10.1016/j.reth.2025.101058
https://doi.org/10.1371/journal.pone.0304530
https://doi.org/10.1136/annrheumdis-2011-200803
https://doi.org/10.1016/j.jaut.2017.05.006
https://doi.org/10.1155/2018/2474529
https://doi.org/10.1002/art.30115
https://doi.org/10.1016/j.jaut.2017.01.002
https://doi.org/10.1002/art.23429
https://doi.org/10.1002/art.23386
https://doi.org/10.1002/art.41441
https://doi.org/10.1038/nm.2815

[27]
[28]

[29]

Hu, S., Chang, A., Huang, C., Tsai, C., Lin, C. and Tang, C. (2017) Myostatin Promotes Interleukin-14 Expression in
Rheumatoid Arthritis Synovial Fibroblasts through Inhibition of miR-21-5p. Frontiers in Immunology, 8, Article 1747.
https://doi.org/10.3389/fimmu.2017.01747

Tang, J., Lin, J., Yu, Z., Jiang, R., Xia, J., Yang, B., et al. (2022) Identification of Circulating miR-22-3p and Let-7a-5p
as Novel Diagnostic Biomarkers for Rheumatoid Arthritis. Clinical and Experimental Rheumatology, 40, 69-77.
https://doi.org/10.55563/clinexprheumatol/4me6tg

Wu, A., Wu, W., Chen, A., Tian, P., Yuan, Y., Huang, J., et al. (2026) Diagnostic and Therapeutic Significance of
Exosomal miR-143-5p in the Plasma of Patients with Rheumatoid Arthritis. European Journal of Medical Research, 31,
Atrticle No. 277. https://doi.org/10.1186/s40001-026-03845-8

Liu, H., Chen, Y., Huang, Y., Wei, L., Ran, J., Li, Q., et al. (2024) Macrophage-Derived miR-100-5p Orchestrates
Synovial Proliferation and Inflammation in Rheumatoid Arthritis through mTOR Signaling. Journal of Nanobiotechnol-
ogy, 22, Article No. 197. https://doi.org/10.1186/s12951-024-02444-1

Lu, J., Wu, J., Zhang, X., Zhong, R., Wang, B., Yang, H., et al. (2024) Characterization of the MicroRNA Profile in
Rheumatoid Arthritis Plasma Exosomes and Their Roles in B-Cell Responses. Clinics, 79, Article ID: 100441.
https://doi.org/10.1016/j.clinsp.2024.10044 1

Shapiro, S.C. (2021) Biomarkers in Rheumatoid Arthritis. Cureus, 13, €15063. https://doi.org/10.7759/cureus.15063

Curtis, J.R., van der Helm-van Mil, A.H., Knevel, R., Huizinga, T.W., Haney, D.J., Shen, Y., ef al. (2012) Validation of
a Novel Multibiomarker Test to Assess Rheumatoid Arthritis Disease Activity. Arthritis Care & Research, 64, 1794-
1803. https://doi.org/10.1002/acr.21767

Larssen, P., Wik, L., Czarnewski, P., Eldh, M., L6f, L., Ronquist, K.G., ef al. (2017) Tracing Cellular Origin of Human
Exosomes Using Multiplex Proximity Extension Assays. Molecular & Cellular Proteomics, 16, 502-511.
https://doi.org/10.1074/mcp.m116.064725

Bauer, K.M., Round, J.L. and O'Connell, R.M. (2021) No Small Matter: Emerging Roles for Exosomal miRNAs in the
Immune System. The FEBS Journal, 289, 4021-4037. https://doi.org/10.1111/febs.16052

Zhou, X., Hong, Y., Liu, Y., Wang, L., Liu, X., Li, Y., ef al. (2023) Intervening in hnRNPA2B1-Mediated Exosomal
Transfer of Tumor-Suppressive miR-184-3p for Tumor Microenvironment Regulation and Cancer Therapy. Journal of
Nanobiotechnology, 21, Article No. 422. https://doi.org/10.1186/s12951-023-02190-w

Kondo, N., Kanai, T. and Okada, M. (2023) Rheumatoid Arthritis and Reactive Oxygen Species: A Review. Current
Issues in Molecular Biology, 45, 3000-3015. https://doi.org/10.3390/cimb45040197

Wu, D., Zhong, S., Du, H., Han, S., Wei, X. and Gong, Q. (2023) miR-184-5p Represses Neuropathic Pain by Regulating
CCL1/CCRS8 Signaling Interplay in the Spinal Cord in Diabetic Mice. Neurological Research, 46, 54-64.
https://doi.org/10.1080/01616412.2023.2257454

Burk, U., Schubert, J., Wellner, U., Schmalhofer, O., Vincan, E., Spaderna, S., et al. (2008) A Reciprocal Repression
between ZEB1 and Members of the miR-200 Family Promotes EMT and Invasion in Cancer Cells. EMBO reports, 9,
582-589. https://doi.org/10.1038/embor.2008.74

Zhang, B., Gu, J., Wang, Y., Guo, L., Xie, J. and Yang, M. (2023) TNF-a Stimulated Exosome Derived from Fibroblast-
Like Synoviocytes Isolated from Rheumatoid Arthritis Patients Promotes HUVEC Migration, Invasion and Angiogenesis
by Targeting the miR-200a-3p/KLF6/VEGFA Axis. Autoimmunity, 56, Article ID: 2282939.
https://doi.org/10.1080/08916934.2023.2282939

Maeda, Y., Farina, N.H., Matzelle, M.M., Fanning, P.J., Lian, J.B. and Gravallese, E.M. (2016) Synovium-Derived mi-
croRNAs Regulate Bone Pathways in Rheumatoid Arthritis. Journal of Bone and Mineral Research, 32, 461-472.
https://doi.org/10.1002/jbmr.3005

Liu, J., Yan, Y., Zheng, D., Zhang, J. and Wang, J. (2023) Inhibiting MicroRNA-200a-3p Attenuates Pyroptosis via
Targeting the SIRT1/NF-«B/NLRP3 Pathway in H202-Induced Haec. Aging, 15, 11184-11200.
https://doi.org/10.18632/aging.205121

Dold, L., Frank, L., Lutz, P., Kaczmarek, D.J., Krdmer, B., Nattermann, J., et al. (2023) 11-6-Dependent STAT3 Activa-

tion and Induction of Proinflammatory Cytokines in Primary Sclerosing Cholangitis. Clinical and Translational Gastro-
enterology, 14, €00603. https://doi.org/10.14309/ctg.0000000000000603

Chen, S., Hsieh, J., Wu, P., Shiau, A. and Wu, C. (2022) MicroRNA-133 Suppresses Cell Viability and Migration of
Rheumatoid Arthritis Fibroblast-Like Synoviocytes by Down-Regulation of MET, EGFR, and FSCN1 Expression. Mo-
lecular and Cellular Biochemistry, 477, 2529-2537. https://doi.org/10.1007/s11010-022-04457-6

DOI: 10.12677/acm.2026.1641441 1990 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1641441
https://doi.org/10.3389/fimmu.2017.01747
https://doi.org/10.55563/clinexprheumatol/4me6tg
https://doi.org/10.1186/s40001-026-03845-8
https://doi.org/10.1186/s12951-024-02444-1
https://doi.org/10.1016/j.clinsp.2024.100441
https://doi.org/10.7759/cureus.15063
https://doi.org/10.1002/acr.21767
https://doi.org/10.1074/mcp.m116.064725
https://doi.org/10.1111/febs.16052
https://doi.org/10.1186/s12951-023-02190-w
https://doi.org/10.3390/cimb45040197
https://doi.org/10.1080/01616412.2023.2257454
https://doi.org/10.1038/embor.2008.74
https://doi.org/10.1080/08916934.2023.2282939
https://doi.org/10.1002/jbmr.3005
https://doi.org/10.18632/aging.205121
https://doi.org/10.14309/ctg.0000000000000603
https://doi.org/10.1007/s11010-022-04457-6

	类风湿关节炎患者血浆外泌体下调miRNA的差异表达及其临床诊断价值研究
	摘  要
	关键词
	Differential Expression of Downregulated miRNAs in Plasma Exosomes of Rheumatoid Arthritis Patients and Their Clinical Diagnostic Value
	Abstract
	Keywords
	1. 前言
	2. 材料与方法
	2.1. 研究对象
	2.2. 外泌体分离与鉴定
	2.3. 建库测序及差异miRNA的筛选
	2.4. qRT-PCR验证
	2.5. 统计学方法

	3. 结果
	3.1. 研究对象一般资料及临床资料比较分析
	3.2. 血浆外泌体差异基因表达分析
	3.3. 候选miRNAs的表达验证
	3.4. 相关性分析
	3.5. 诊断效能评价

	4. 讨论
	5. 结论
	参考文献

