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[Abstract] Objective To investigate how neutrophil-derived microvesicles (NDMV) promote LINEI gene
hypermethylation in fibroblast-like synoviocytes (FLS) by regulating DNA methyltransferases (DNMT). Methods
Neutrophils were isolated from the peripheral blood of healthy volunteers and stimulated with tumor necrosis factor a
(TNFa) to produce NDMV. Primary FLS were cultured to the fourth passage for use. MTT assays determined the optimal
NDMYV treatment ratios and durations for FLS. Experiments groups included control, TNFa, NDMV, and TNFa +
NDMYV. Combined bisulfite restriction analysis (COBRA) assessed global LINEI methylation levels and methylation at
two specific sites. RT-qPCR and Western blot analyzed phosphorylated and non-phosphorylated DNA methyltransferase
1 (DNMT1) expression in each group. Results No significant cytotoxicity was observed at NDMV : FLS ratios <
100 : 1 (P > 0.05). NDMV treatment for 24 hours had no significant effect on FLS cell viability (P > 0.05). The overall
methylation level of the LINEI gene in the TNFa group was (37.62 + 2.38)%, which differed significantly from the control
group (58.97 + 1.50)%, NDMV group (59.59 * 1.15)%, and TNFa + NDMV group (59.11 + 0.85)%, P < 0.001. Compared
with the TNFa group, methylation levels at LINEI sites 1 and 2 in the control, NDMV, and TNFa + NDMYV groups also
showed statistically significant differences (P < 0.01). The relative expression levels of phosphorylated DNMT1 protein in
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the control group, TNFa group, NDMV group, and TNFa + NDMV group were 1.00 + 0.01, 0.40 + 0.01, 2.18 £ 0.02, and
1.58 * 0.05, respectively (P < 0.001). Conclusion NDMYV enhances LINEIl gene methylation by regulating

phosphorylated DNMT1 expression in FLS.
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W B R R ZE X T & (rheumatoid arthritis, RA) A
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8, PRI AMRAS S KGR IR R, ZRBOCTTRTE 5
TREe kR, 45 B H FBEEW R G UF S . H oy
RATCHIA AL, 2R B, FAag W, FRyT, Fahi i
RUVAGERREIR . BG40 LT e T IR A
(fibroblast-like synoviocytes, FLS) Sk 15 A5 L 2T 2% 41 i
(synovial fibroblast) J&: ¥ i 2 = ZE A A%, HORAL 53
BEWIR . BB, 06 AR N 7 2, 5200
KEEY ., DNAW B B2 R AE L, F57E
DNA 354445 (DN A methyltransferases, DNMT) {1k
T, I RS ZEDNAGREE, 520 3P A2 ) | 5% 5% 5 B,
H AP DNMT R R 5T E A H R A, o ml F g
DNAHEEY RABFHFLSHIN IR DNMT UK PR, %
TRDNA M SALFEEE /N, LINEDE: F B MR 5 e 7 B
WA i e (long interspersed nuclear elements, LINE) &
SZARRIS T A, 2 5 NEEER A 117% . 40%DNA ! %k
KA AR X ST P41, LINE1E R B JE Ak ) 42 s e 1
RIRDNAW AL . 1E % 40 i LINE 1R K 2 P A, ARG
TR sz il ez, WIS BRI E | sk 5w
Ttk e DNAMBSZ K . (€3 (microvesicle, MV) J& T-4f
HEAMEEY (extracellular vesicles, EV) i) —32%, B T340
LTSS R ) /N, P B BT RNA IR 55 2 H R
AR, MVEISAE I 207 A 72k, BA IR, g
P 2, TP R A MR S5 5 A T B (R, 1 v
KL 20 e 5 2 # (neutrophils-derived microvesicles,
NDMV ) 7E S AE SO &5 P fin, JUHAE RAE ik
A 5 $0 38 o A R A I S PR A A Y U A A v
(combined bisulfite restriction analysis, COBRA), RT-
qPCRFIWestern blot&5 J5 2, K INDMV &b ¥ 5 240 fifd 5
LINEISE R H AR B S DNMT 1 sk FIBHR K7, B AE
$ R FLSHE {4 FH LAl /K- | R BEPAI 2 L Jl b ARt R -
ik, ZFRAIFRR S

1 HRET®

1.1 SRIEH#
1.1.1 @
R 200 I R B R A 50 mLEE K ML (n=10) Z[F]

Neutrophil-derived microvesicles

Fibroblast-like synoviocytes

{&FPolymorphprepi&E i L, & I T 500xgH5.0>30 min, Y&
£ L A A2 (polymorphonuclear, PMN) 3-8 7% T
RPMI164055 729 HH; 400x g 0315 min, 3 L7, H &
PMN; JI ARPMI16403% 371 mLFIZL 20 i 7 2% il
9 mL, #HEH E 3 min/5400xgE >3 min, BB 40 LT IE
T3 mL RPMI1640( 5 5%ABIMAL (15 ) . FLS: BAEZK
BT RIS (n=5), B K o Pk s bl ak2 ~
3 mm41 2RI T25 TH SRR, A 5T DMEM/
10%FBSHE SR, kit He 20 2L TF TR IR, & Y
HH5%CO, 37 CHFRAHE IR 14 AT AR Z .
ST A B AIR, W s IR H FLS v Al M 5 o F
9805 Ge il it LW R R KA R A AR TS D 23 o A (L5
KMMU2024MEC086 ), T i 4 A1 ikt e s Jas 2 26 38 1
) =45 BRAE AT AT G MG, SRR /R IR I
L1.2 E2iKA

Polymorphprep¥ il H Axis-Shield Diagnostics;
DMEM = 4 FTIRPMI164015 3% ) [ F8 8K € /K ; FBSI
H 2R LLA MR AE S vl . MTTIE 3 A4 T4 95
ABILAY I 0 358 A5 PKH26ZT A58 S & A
Sigma-Aldrich; Taq | F1Tas I {4 f New England
Biolabs; 1 Vi 2 #4157 & H Zymo Research;
TaqDNA polymerasellJ H Qiagen/A #l; Tag qPCR
SuperMix Il F 434 4= #; Phospho-DNMT1-Ser7 14414
It A ABclonalZy H], DNMT1/1B-actinBt &Il H AbcamZy
Fl; QPCREI YA T A A L
113 E&%4&

75 5 LB JEM - 1400Flash il [ FEF kU Skt
BisSU8200My [ H 37 Bk2a e 5 44 K UKL B 5 23 Hr {X
(NTA)NanoSight NS300/4  Malvern Panalytical; Ji =0 4H
Jf2A g [ Beckman; &EIE L% F G20 H Bio-Rad; HLUK AL
G 5 5020 w5 AR FR A6 I H 38R K IEZR . BioTek
Synergy HT X AR B Agilent; AX/AX R with
NSPARCH: IR £ il 5 F JE B ; QuantStudio qPCRIXIE
SES NIV
12 KBWHE
1.2.1 RIRNDMV

JMARPMI1640 (7% 5%ABIfL B ifi. 3 ) F B Hh e 48
22x10" mL™", R 50 ng/mLIFE IR SE K Fa(tumor
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necrosis factor a, TNFa) 7£37 C/KIBHHIE20 min, SR/
4 CHRJE T 4400xgH 0>15 minks bR ILIE, B L3,
13 000xgE5.0>2 min, FEML/MRTTIE . L35 A A B
DEH, 4 CEMFF100000xgES 0060 min® . JIEEET
100 pL PBSJ5#% % —80 CLRAFAE .
1.2.2 SHILLENDMVHE &

10 uL NDM VA B4 1210 min5PBSPEL, fii
10 pL 2% R XUAE A3 %o TGS RR A 4 €,1 min; 75 S L7
/% (transmission electron microscope, TEM)#E
80 ~ 100 KV T WLEH I . X T4 4 Hi 1 {3445 (scanning
electron microscope, SEM) M4, 45 uL NDMV &K & T
FE T BTG, 2 /ESEMAE S & 440 nm A4S
4, [l HISEMAE25 ~ 50 kV R WAL
1.2.3 4R B IR IZ AT RINDMV

T4 s 4L (EV) PBSHI i 10 uL NDMV 1000£%
BVESIARN, HFEE4148 28 (spring pump flow=50) fR-FF{E
FE WL, KR HLY I B M 15, SERILN, 1C ENDMVY
fAE SN, YA Nanosight NTA 3. 1844 H 8387 o
1.2.4 NDMVFLSE %57k

B 4 R PR K FLS 30015 F T96FL R, PBSIE
3R I ANDMV /810 ng/mL TNFa, {4 /41
(vesicles/cells, V/C) L4 5I810 : 1,20 : 1,30 : 1,
50 : 1,100 : 1,200 : 1, 300 : 151400 : 1, IRAAHEFO. 6.
12, 24148 h, PBSIHVE3W, FHATAL100 pLiGF M (&
0.5 mg/mL MTT) J A& 4 hJ5 Bk, A 100 L
DMSOZ /K F-FEIR37 CHEFE30 min,  EAUKGIN . SLH5
B PO LA N AL
1.2.5 FLSEINDMVALR

BB OSSR ANDMV E A T 100 pLi B
CH. SRJG, IASE R 1 2x G A R (PKH26V TR - Wi Ff
HC=4 pL : 1000 uL), Z i FHFHES5 min, FFAIA200 pLIo
EVIiE, 7= T E 1 min. A5 mL RPMI16408% 57
F£/10%JCEV LT, T Ve PKH26 4L (5 FNDMV I
5% BA (I PKH26, i i) i 5.0 (100 000xg, 4 °C, 30 min)
A PKH26 % (4 Y NDM VITUIE J K H 8 & 7100 uLICEV (Y
RPMI1640K5 52 5krh . S50 70 X B4 | TNFaf |
NDMVZ FITNFa+NDMVZ . TNFaZlAYFLSHI R
10 ng/mL TNFa4t¥24 h; NDMVALLAV/C=100 : 1H 4k
FHFLS 24 h; TNFa+NDMV 4 (I FLSAIESE FH 10 ng/mL
TNFaih P24 h, FLIV/C=100 : 1HFAbFE24 h; £
IR BB EAE I Ol X HRZE AR AT
1.2.6 COBRAA&MLINEIE F 34t

X REZL . TNFaZll . NDMV4] fITNFa+NDMV 4535

f# FH Trizol#2 HUFLS DNA, 4K J5 H10.1 mol/LATE IR BA T
21K, 75% £ P B R E 10 min, LI2 000x gL
5min. 45T A7 T8 mmol/L NaOH., H(50 ng DNA
TR VAL S 4TPCR. LINEIRER GIH WF1, [
25142 95 CHFLEL5 min, LA95 CHF4E45 s, 55 CiB k45 s,
72 CHEKA5 s —MEAIEAT40K, 72 CHFLE7 min, 65 C
T, PP A& 25057 Tag 1 FI82ANL Tas 1 ANEBuffer3iH ik
PR TH AT WIAT 8% 5 T s ok f 15 s Pl K I 1Ak £ B
Yeta 3o PP LINEIRER CpGAz i F KAk - i 43
R AR A 5 75 F 4K (mCmC) , B 35 43 H 5k
. (mCuC., uCmC) FXAL AL FAk (uCuC) o MEH L
J5 4% A Bt92 bp=A. 60 bp=B. 50 bp=C, 42 bp=D#I32
bp=E, F=[(D+E) — (B—C)]/2. LINEIW 3E4k /3854
AN AR AL %mC=100x(A+2C+F)/(2A+
2B+2C+2F), B g 5 L% mCmC=100x(C/2)/
[(C/2)+A+B+F], Bfi g5 H 34k % mCuC=100A/
[(C/2)+A+B+F] F1%uCmC=100F/[(C/2)+A+B+F], XUfi
15 H 34k %uCuC=100xB/[(C/2)+A+B+F].,

%1 PCRy1E3|Y
Table 1 PCR amplification primers

Gene Primer Sequence

LINEI Forward  5-GTTAAAGAAAGGGGTGATGGT-3'

Reverse 5-AATACGCCGTTTCTTAAACCRATCTA-3'

DNMT1  Forward 5-AGGCGGCTCAAAGATTTGGAA-3'
Reverse 5-GCAGAAATTCGTGCAAGAGATTC-3'
B-actin Forward  5-CATGTACGTTGCTATCCAGGC-3'

Reverse 5'-CTCCTTAATGTCACGCACGAT-3'

LINEI: long interspersed nuclear elements 1; DNMTI: DNA

methyltransferase.

1.2.7 qPCRAZMDNMTIA B f &

K FH Trizol ¥ BUFLS B RN A F46: I e B A4, 4%
T 2 SRR B30 7 S L cDN A JG 4 FRT-qPCRI N o [
R 254 95 CHFLE15 min, LL95 CEHE4S5 s, 60 CiB k
45 s, 72 CIEK 45 s H—DEFHRHIT30IK, 72 CHFLE
7 min, BB EINEASL, IFHAT T3 g, LAB-
actin N2, RH2 954G M DNM T15E K 335 A X 4t
ST HILZEL,
1.2.8 Western blot# M DNMT1%& &

RIPAZLS# 5 ] 75 Western blothf i . Z2SDS-PAGEH,
W B IR B EPVDEE . TBSTYEE3K, MA
DNMTIHiiEAE4 CTFIFE LR . FIRAHTBSTIER3IX,
SRIGTNAL : 8 000K B AUHRP-F-H felgG, TR FIFHE
60 min. IEPESE, [MPVDERRE FINAECLA G, IFFAEBERE
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AL R G RN, f H Image] RILAR A MK (BT HE
BEREASNSEOKEMMNE. NSEEAHP-
actinF-HF(T 1 3T S5
1.3 SZitZEFE

¥ JHGraphpad Prism 65F X5 B4 #4748 1347 -
TR FORIU AR HEIR IR, BTG B0 Hoy 2555
YT 2 8] LL % FH Student's e 56, 22 20 8] L4856 K% FH
ANOVAK K, K FH Tukey's % B LA I ; 2 AAFAIE
AR BT ZANTE, WP ZH 8] 2% Fd Mann-Whitney Uk
%, Z 4 ) LR SR Kruskal-Willis HfG 56, F%
Dunn'sZ 5 B . P<0.05 N2 3 A S X,

2 #R

2.1 NDMVERZEZE

TEM /R NDMVIE L TC R A ¥, B4 1 R
200 ~ 500 nm, F4(213.19410.72) nm (& 1A); SEM F
NDMV & BRI B ERIE , 2T MY A, HP-24 A2
(198.64+8.97) nm([H1B) . NTAICENDMV {7 Wiz 5l
(K1C), H B %2 }64.50 ~694.50 nm, “FH K
(379.50+182.30) nm, NDMV F{{£<100 nm#Z i S A% it
f3.24%, e M2.61x107 particles/mL(J&1D) .

2.2 NDMV4bIBFLSERIE bk #n A [A]

10 ng/mL TNFakb#24 hJ5 FLSAHYTE 14 5 X IR 4 He
BICH 22 5 (P>0.05) . NDMVLEL200 : 1, 300 : 1Al
400 : 1AYV/CLLANEEFLS R, 4% 1 20 5 P AR 2= 63%
58%169%(P<0.01), NDMVLEL10 : 1,30 : 1,50 : 174
100 : 1A9V/CLLEIALH S, 20 A Pk 5 %) B 41 b A JC e
W#E5(P>0.05), WLE2A, NDMVLEL100 : 1#9V/CH AT
FLS, 24 h N 20 M35 M Jo W1 2 22 4k (P>0.05) , {H AL 3
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Fig 1 NDMV morphology and particle size distribution
A, NDMYV features by TEM; B, NDMV characteristics by SEM; C, bright
dots represent NDMV by NTA; D, particle size distribution and concentration by
NTA. Scale bar = 500 nm.

48 hJ, FLSIR PEFEAK(P=0.008), WLIEI2B. YT, JRLest
B FENDMV AL B FLSHf[A] 24 h, JFLAV/CLL R
100 : 14bFRAHAR.
2.3 FLSIEEINDMV

TENDMVHITNFa+NDMV4, K JHPKH2645iC [
NDMV4ZEHIFLS 24 hJ5 AT ILDNMV# FLSH B A 7 5
A HANDMV AL 5% B 20 FITNFaZl TDNM VAR, UL
3.,
2.4 NDMV_LELINEIEFEBENLRE

LINE 15 D5 FR il 4 4% 8 N VT 3% 0 s 54> B,

kokok

[ -NDMV &3 +NDMV [

L 1T I
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B 2 FLSiE A
Fig 2 FLS activity assay

Ctrl: control; TNFa: tumor necrosis factor a; NDMV: neutrophil-derived microvesicles; V/C: vesicles/cells. A, FLS viability after different ratios of NDMV/FLS

treatment (“ P<0.01,”" P<0.001, vs. ctrl); B, FLS viability after various times with NDMV/FLS = 100 : 1 (W P<0.001).n=5.
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i) 5574

Ctrl TNFa

NDMV TNFa + NDMV

3 FLSW{LNDMV
Fig 3 Internalization of NDMV in FLS

Ctrl: control; TNFa: tumor necrosis factor a; NDMV: neutrophil-derived
microvesicles. PKH-26-labeled NDMVs (red) are internalized by FLS. Nuclei and
F-actin cytoskeleton are counterstained with DAPI (blue) and phalloidin (green),

respectively. Scale bar = 20 ym.

92 bp. 60 bp. 50 bp. 42 bpHI32 bp(&l4A) . Kl4BiI/R
LINE15E R B R AL R B . X RZH . NDM V4L Rl
TNFa+NDMV 4 LINE 1% k& H 3% Ak 72 & 43 5l

(58.97+1.50)%. (59.59+1.15)%F1(59.11+0.85) %, £ [H]
ER G5 L ; TNFadl [ (37.62+2.38) % KT 73
A3 20 11 8 A B AL R B (P<0.001) . XXH,JEE‘F%
L E A3 WK 4C, TNFaf XA 5 AR A 1 4
H1(33.63+4.85) %, T X HEAL((2.96+0.93)% ] NDMVéﬂ
((2.48+1.28)% ) FITNFa+NDMVZ4 ([ (2.46+0.57) %)
(P<0.001); % B2 . NDMVZ HITNFa+NDMV 4 [i]
M JE B 2 2% 5 (P>0.05) o LINE 13 XU 0 =
RE S ILE4D . S5XTHRZE0(11.51£1.43) % A LE,
NDMVZH FITNFa+NDM V4 XU 5 5 34k 43 L
(43504 (11.19£0.76) % A1 (11.38+0.75) % ) TG A i
%5 (P>0.05); (HTNFa41( (3.95+0.42) % KT 75 4h34
XAV 5 e B 4 A 43 e (P<0.001) o B A5 H 561k
P2 A0 45 37 S5 1-m CuCFI 25 2-uCmC, WL IEI2EFI2F
XFHEZH . TNFaZl . NDMVA A TNFa+NDMV 4 1E
LR 1-mCuCH BALFEE 7351 K (60.7142.69) % .
(45.44+3.43)%. (59.27+1.31)%F1(61.23+2.52) %, TNFa]
K F 5434l (P<0.001), 55 434l 2 7 L4 it
RN, TNFadfidi2-uCmCH RiLRE RN
(16.98+6.56) %, JRIK T X} B4 (24.83+£1.83)%) .
NDMVZH[(26.25+1.22) %) FITNFa+NDMV 4 [
(24.94%2.28) %] (P=0.001), 73 #F34 [A] 22 R AR L Ge i 12F

(bp) Marker#1 #2 #3 #4 #5 #6 (bp)
i o ] skok
& 80 sk sk = 50 ¢ |
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] =t i 1
=2 = 40 F
a 60 | —= =
=
E £ 30}
g 40t &
O L;J 20 ¢
E a0t 2 1ol
LL] ~
]
E 0 Z 0
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0o . (5 (]
é: 15 § 80 r s sk sk o § 30 - sk ek =
S E I g
2 g ol = E T
<10t o) £ 20}
Q Q
8 g 40} E
5r 10+
O Q
E E 20r e
— 5 &
z & Z 0
3 Ctrl  TNFa NDMV TNFa + ~ Ctrl  TNFa NDMV TNFa+ =3 Ctrl TNFa NDMV TNFa +

NDMV

NDMV NDMV

B 4 LINEIEERENLIZE
Fig 4 Methylation Levels of the LINEI gene

Ctrl: control; TNFa: tumor necrosis factor a; NDMV: neutrophil-derived microvesicles. A, Restriction endonuclease map after amplification of the LINEI gene and

digestion with Tag | and Tas | enzymes, five bands are observed. B, General methylation level of the LINEI gene. C, Hypo-methylation level at two loci. D, Hyper-

methylation level at two loci. E and F: Partial methylation level at two loci.

" 001, e

P<0.001,n=5.
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2.5 NDMV_EiEFLSHIBEER L DNMT15R %
TNFaZINDMTI mRNAR)F K& H2.2340.55,
M4 . NDMVAL A TNFa+NDMV 4 43 5] 4
1.01+0.11, 1.79+0.24710.81+0.24, 41 8] L4 22 A 48
TH# 8 L (P<0.05), WEI5A . [E5B/R %% 4l I B
PR A6 RN B 2 AL DN M T 18R 11k BEAH X A8 4k X B4
TNFaZl. NDMVZ FMITNFa+NDMV 4 3k # iz 1k
DNMT 14 FH AR 3K 5 7351 4 1.00+0.01, 1.78+0.01,

1.4740.02710.70+0.02, A LW EZ R AL FE
X (P<0.001), TNFa+NDMV £ B B AK T 55 4h 3414k
BEFR L DNMT 14 K P, WIEI5C, X4 TNFa
20 . NDM V] FITNFa+NDMV 4 # iR {LDNMT 15 [ 41
X F K E 3 1M 1.0040.01, 0.40+0.01, 2.18+0.02F!
1.58+0.05, ZH ] Fb 45 22 5+ A1 Ge i 4% 8 X (P<0.001),
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