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SRR PH B T 9K Ik 4 2 B S B YR T SRS A T JA R BT BT 52
AKIEHT, M
CRBERNR S DGR be, BRI MR IR EERE, 220 s B i 78 2 m S0
=, AL 230032)
WE B S0 A3/ T RNA GGIRNA) FXCHRH B TR IR Ik 40K 8k (DCNAD i
4% Bruton BEEIRIAG (BTK) FRIEXS A 2 S RIEROM R . JrEs RHIXFLAL
VAT R % DCNAGisrk, IR I BRALR P e e Bt e o d i 40 B 18007 -8 (CCK-
8) VAVPUT AU AR E: SRAIRAE RN FNS 2 J BOW W (R B T SRR SO E B R R
RAMEE R (qQRT-PCR) J 8 i BN E (Western blot) Ailll BTK ik ; I G e
B8 (ELISA) A4k K1 A 2-1p (IL-1B) HAMIAK-6 (IL-6) M HIREIRIE
BlF-a (TNF-a) 7KFo #%/NRF ) S5 5 45 T DCNAGerk T-10, K SElF 58 06 58 7 2R
AHEEE RN (QPCR) ST FHHLBZFI3 (Micro-CT). JRARS-H4T (HE) Yot e il
GULE (THC) Pty IRy AR S ez et . G5 bl & Rife (168.8+2.2) nm.
Zeta A7 (17.9+0.8) mV HIFEE DCNAgprk, 57 B48 (TEMD o BRI EIE ,
BA RIFgRMERE . CCK-8 £l i7" DCNAgigtk ££ 0~100 nmol/L i [ P JfC B S 41 i 734k
RO SRR W], DCNAgsrk W& F0H A MRANK AN (Po). FRMERENTE (4a) FH
MWATE (Fn) 4K, BATEFEENE. qRT-PCR Ml Western blot 4% 78, DCNAgisTk
FFEAAPE T i BTK mRNA 2 13815 7/KF. ELISA ./~ DCNAgiprk 7] 2 3 B A% IL-1B-
IL-6 & TNF-o 73ilh (P<0.0001), JAREARAERN . KASLIGE R TR, DCNAgsrk A ]
JAAS P R R, YRR R R S A S SRE, BRI B MR i BRI
SRS, 451 DCNAgerk AU IF R siBTK, HAPUE SR WE G, 7]
I BTK FRILGEMRA A RERE, R A S IR A T 7 SR A7 1 S
KB FRK KA Bruton B RIMET; siRNA; PUHEILR
HFE RS R781.4
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Zhu Yumeng, Liu An
(College & Hospital of Stomatology, Anhui Medical University, Anhui Provincial Key Laboratory
of Oral Diseases Research, Hefei 230032)

Abstract Objective To investigate the effects of a dual-functional cationic nucleic acid nanodelivery
system (DCNA) loaded with small interfering RNA targeting Bruton’s tyrosine kinase (siBTK) on
the immune-inflammatory microenvironment of periodontitis by regulating BTK expression.
Methods DCNAigTk Was prepared using a double-emulsion solvent evaporation method, and its
physicochemical properties and sustained-release performance were characterized. Cytotoxicity
was evaluated using the Cell Counting Kit-8 (CCK-8) assay. Antibacterial activity against
periodontal pathogens was assessed by colony-forming assays. BTK mRNA and protein expression
levels were determined by quantitative real-time PCR (qQRT-PCR) and Western blotting, respectively.
Enzyme-linked immunosorbent assay (ELISA) was performed to quantify the levels of
inflammatory cytokines, including IL-1f, IL-6, and TNF-a. A murine periodontitis model was
established and treated with DCNAigTk. Therapeutic efficacy and biosafety were evaluated using
qPCR, micro-computed tomography (micro-CT), hematoxylin-cosin (HE) staining, and
immunohistochemistry (IHC). Results Stable DCNAgigtk nanoparticles with an average particle
size of (168.8 £ 2.2) nm and a zeta potential of (17.9 £ 0.8) mV were successfully prepared.
Transmission electron microscopy (TEM) revealed uniformly spherical morphology with favorable
sustained-release properties. CCK-8 assays demonstrated no significant cytotoxicity of DCNAz7x
within the concentration range of 0-100 nmol/L. In vitro studies showed that DCNA 7k effectively
inhibited the growth of Porphyromonas gingivalis (Pg), Aggregatibacter actinomycetemcomitans
(4a), and Fusobacterium nucleatum (Fn), indicating broad-spectrum antibacterial activity. qRT-
PCR and Western blotting analyses demonstrated that DCNAgigrk downregulated BTK mRNA and
protein expression in a dose-dependent manner. ELISA results showed that DCNAgigTk significantly
reduced the secretion of IL-1pB, IL-6, and TNF-a, thereby attenuating inflammatory responses. /n
vivo experiments further demonstrated that DCNAgigtk suppressed anaerobic bacterial proliferation
within periodontal pockets, alleviated alveolar bone resorption and periodontal inflammation, and
caused no obvious pathological damage in major organs, including the heart, liver, spleen, lungs,
and kidneys. Conclusion DCNAsTk efficiently encapsulated and released siBTK, and exhibited

dual antibacterial and anti-inflammatory activities. By suppressing BTK expression, DCNAsigTk



effectively attenuated the progression of periodontitis, providing a promising novel strategy for
adjunctive periodontal therapy.

Key words periodontitis; nanocarrier; Bruton’s tyrosine kinase; siRNA; antibacterial and anti-
inflammatory
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FJA# (Periodontitis, PD) & H % J& BUW B 4R 3N S SO EDR , LT R ZH
A REE RO EBARAE, RAEBRBEENRF g EZER —03 By, F 806w
S R (V7 5 3o B G2 O ) 2 Rt IR AN A LR IR 1 S AL A S YA A AR T T
AT T RN A7 ) bl 7 28, RS2 F A AR S A A e oAy R o 4 gt 5 W S A M 1Y
SO, BRAHLRRIA T A LAY G s S, ik B P 25 T A S T A 0 B
B, AR5 B 24550 3 1Y I 25 A0S R R A U L. DRI, O e e B RN e 1
& F R LR SN O 2 ) 9 S0 B if 7 1) B A 7 07 1)

Bruton F{Z RIS (Bruton’s tyrosine kinase, BTK) & B 4Hfi524A& (B-cell receptor,
BCR) 5 Fe 324 (Fcreceptor, FeR) 155 I@HAZ LI, ¥ B 4k &5 T 40/
B2, A AR DR T2 o BRI, B BTK 6611751 DR A B0 2008 53 51 % 4 B Ha s 1),
/TP RNA (small interfering RNA, siRNA) EA 751145 M DT ERBEIE R 48 404, (B Ak
AR E TEZE . 20 MOS0 ORI A5 e RELBR ) 7 I RS2 FUSY. 2 75 A g2 173 siBTK FRIRN
R B TR %16 90K #i 4k (Dual-functional Cationic Nanodelivery, DCNA), #5itHxt o f
RGP IIERIREE . 00 1 8 A S R RS R A, DA 2 8 3 AR A Bh iR o7 42
AT R AR A A S5 B Al
1 R 5T
1.1 FESERE
1.1.1 SEshY)

6-8 JA# C57BL/6 HEPE/N R (R 20~25 g) W EH B FURSI6 sh R A R A 7],
FITE W35 Je SERG B VR 3 1806 (LI B S HR ) AHORIUE, R4 i 2RI RER
LR SEIAC I ol (S5 LLSC20261935).

1.1.2 EERFI G



RAER O OW-RAR-FRE LRILEY) (NH-PEGsk-b-PLGA 0k, IR/ F2EE LR
(Lactic acid/Glycolic acid, LA/GA) EE/REE=50/50, LifERMEaEMRHERAT, Cat. No.:
67345K-754210K-1G ), (2,3- =yl Ik 56 - 79 2 ) - = H B & 1k 8 ( 1,2-Dioleoyl-3-
trimethylammonium-propane chloride, DOTAP) ( L5z s AR A B IR A 7], Cat. No.:
D890287), #I [ BTK [f] siRNA(siBTK)R:5’-AAUCCAGCGCUUUCUCAGCATAT-3" #LJF (1)
%} I siRNA(siNC)R:5’-ACGUGACACGUUCGGAGAAATAT-3"). Cy5 % hric ) siRNA
(Cy5-siRNA, #iL7) GEflER, HlEHEBEHIZHAREGR AR, Lipofectamine 2000 (3£ [H
Invitrogen A ], Cat.No.: 11668019), PrimeScript™ RT Reagent Kit ( H A TaKaRa A &, Cat.
No.: RR037Q), SYBR Green Pro Taq HS Ty qPCR A& I LR AV TREARA
], Cat. No.: AG11718), anti-mouse-BTK Hiff (il =& LW H RA R A F], Cat. No.: 21581-
1-AP), anti-rabbit-IgG-HRP —3t I RHA A ARG R AR, Cat. No.: A25222), 4l
B -7 R R 75 £(Cat. No.: BS350B). 4%PFA [& € #i(Cat. No.: BL539A) (b5t 2 A4 &}
HARATD, WCIRM A7 (Cat. No.: HB8297-5). #E4E & K1(Cat. No.: 2100501). G4k I 4T
2 (Cat. No.: 2100500) L- it & B& £h R £ (Cat. No.: HB8493a) (5 i M ARG IR A D,
lEZ ## (Lipopolysaccharides, LPS) (b3 Z K FERHZA R A 7], Cat. No.: L8880), Mouse IL-
1B(Cat. No.: 1210122). IL-6(Cat. No.: 1210602). TNF-a ELISA(Cat. No.: 1217202)#&ll 487 &
RN IER A FAR AT B R A T, Delivector™ Avertin B T =R ( FZ Ik
AR BR AR, Cat.No.:DW3101). 4HE 5K DNA #£HUAH & CRARAEMER (b
7)) AFR/AF, Cat. No.: DP302),
T 75 Y 4 A AL Scientz-IIDCT BT 2 AEMIBH R AT BR A 7D, e 25k %% RE-52AA
(LW ZRAEAALER] ), Zetasizer Nano ZS90 (Malvern A &), JEE), &5 H4E Talos L120C
G2 (Thermo A H], E[E), UVI800 A Ab-n] W43t (HA A, High-Speed
Refrigerated Centrifuge CR2IN (Himac, HZA), C-MAG MS 4 # /14 +E 2% (45 E IKAD . Infinite
200 PRO ffFr{X (it Tecan), KfE Tanon 5200 KIGHME RS (Ll RAEAEMABIEEIRA
")), Agilent StrataGene Mx3000P SEZ 7 ) i& & PCR X (£ [EHZH#18), Micro-CT VNC-102
CPAERTRHE (B HRAFD,
1.2 SERTTHE
1.2.1 DCNA H& RS RAE
DCNA 8 i SUCAAL A% A& 21 4% . BX 400 uL NH,-PEGsk-b-PLGA 1ok (62.5 mg/mL, &

P 100 uLDOTAP (30 mg/mL, MGV 5 25 uLsiRNA (40 umol/L, 7KIFHD &



A, TEVKIBZAE R KA Scientz-11D B8 75 40 MUY BFEAL LA 80 W Th i 75 AL 4K 1 min, JEAR

WIF: BEJE, FAIFE A 5 mL DEPC /K, fREFKI K 80 W D264 il 75 FL AL 2 min,

P E I 55 R RE-52AA RUNRiE 78 R 30 AT e 28 Ab 3, 23 B A HLAH K ) Malvern

Zetasizer Nano ZS90 KL EEALLE 25 °CF I & G K FURL RLAR K Zeta HRAL; L 58 40-1] I,

S HIEREETEXS SIRNA MR E AT E 80T EE KT, RABEH BT R
(transmission electron microscope, TEM) MLELFRL I 35 -

N PEAl 9K RO (A% 08 14, #% DCNA 7331 B T 1xPBS 7% 10% FBS 1] 1640 £ 7751,
F37°CTME 2 d, IMAYPKP S MM ERAAEEN . HHE sIRNA ARSI RAT
N, F DCNA & T PBS e, FERLIBHERAE T T 37 cCHATRIBRES . £E TR IN [H]
RIURE, JFRIP AN 8 SRR PBS. K FH 540 1] WA oG BE T E B840 1T siRNA 1) SRR
&S aillh =i qii s
1.2.2 DCNA &5 M s & A

B F RN U (Porphyromonas gingivalis, Pg)« fEUEERENH (dggregatibacter
actinomycetemcomitans, Aa) X ENGAFFH (Fusobacterium nucleatum, Fn) B b8 0 5
£ 1x107 CFU/mL, 5% B EHEARILL 1:1 1A, 37 CIRAFKM FIHEE 1d, LLPBS &
AR R B 40 pL ACFR S 10 BRI SR A T LR P AR, 37 CCIREI S 21 d
5, BiFHETE L EAAL (Colony-Forming Unit, CFU) g S8 P4
1.2.3 4Afassss

B 6~8 JHWSHEYE CSTBL/6 /NERBIIE, 22 Je eI ik S AL 40 M 2R AL R, K 4t i e o
T4 10% FBS ) RPMI 1640 X5 7755, BT 37°C. 5%CO HER M T E 2d, LFRMAE
MPLSE, WOEIRAS R A .

1.2.4 A4 DCNAgeTk XF BTK mRNA FIE 5 R i& I

4 C5TBL/6 /N ERUBE R EL A M 4k T 12 FLBR (1x10°N/FL), 537 24 h G, r Al
siRNA ZK 224 50, 100 nmol/L ) DCNAgiTk» LA sSiRNA ZJKEE 25 nmol/L [#) Lipofectamine
2000 415 siBTK %% 442H (Liposisri ) /E A FH M HE: PL siRNA 249K 50 nmol/L V7 E5 siBTK
H (Freesprk )~ PBS M DCNAginc ZMENBATEX . W E 6h J5, B AT 10%FBS [H7E
FrgRdk, Y a8h JSUEELNM . KA RNA Pl 677 & (ES Science) #HUE RNA, i
Fi RIPA Zf#¥ (Beyotime) #2HUE & (1. 8T ST 5 i & & i 5 T A itk X I

(quantitative real-time polymerase chain reaction, qRT-PCR) Fi{ll BTK mRNA FiA/K,

Western blot #&illl BTK &5 H #&i& /K.



1.2.5 ARAMEEIN DCNA i X #REAR 58 B 753 WA R i

4 CSTBL/6 /R AEA 0B ER T 6 cm R5FFIL (4x10°A4M/IIL), AN 2 mg/mL LPS
RAMERL T ) 5 S REROA B, W9 2 h JEREAT 23 41LF 90 23 3 N PBS. 3% B9 siBTK(Freesisrk )
Lipofectamine 2000 /5 siBTK #4444l (Liposisrk)» DCNAgpTk (siRNA 3K 50 nmol/L)
DCNAgptk (siRNA &K% 100 nmol/L) & DCNAginc.. 4EE59% 10h J5, KB % %)
P36 (Enzyme-Linked Immunosorbent Assay, ELISA) 714 5 f Al 4% 4L 41 A 43 Wk f) 48
FEAH G T A4/ 25-1B (Interleukin-1B, IL-1p). HA4HMIS%-6 (Interleukin-6, IL-6). Jil
JMHEIN F-0 (Tumor Necrosis Factor-a, TNF-a) FIZEIAK .
1.2.6 F R #3hPptEA

/N RGBT T R S R S e T T RERE G . BL 5-0 AMRIEEZIRIE Pg W3 THTK,
S5 B RIS B 2 R S, W ORGSR AL TR TS TIUNAT 4 B 5T o IERIRIE | R g sk
SOVESF A A SR R 2507 K, BERE 3 d R SF AR ST 20 uL KIER, 3t
TRZ 5 IR, ESRIT 2 A
1.2.7 £ DCNA Xt 7 8 # BFE R

K NRBENL A 3 4 CRSEBRFANIGRIN 5 RN, 187 A RET M Ed fE v, &5
BN A IR B TR AR e SR 58 L IAR, AN GT TR ARy 3 HD: PBS,
NH,-PEGsk-b-PLGA 1ok /% NHo-PEGsk-b-PLGA10k/DOTAP 4. FRIR4A 2570, W 4 R
B EUAS AN AR R R AS AL S A BB, TRET 1 mL B EE/K A B 100 uL R 50 iR A
TP, 37 CCIRAEE R 24 h JG Guit S HBVE S 19T ARG, FRIREIBUA J8 48 0 B 51
FiF BHI A 773k, F 37 °CIREREFE 24 ho WEER I IEEUERIZ] DNA, J8 5T seit %
g B R A M (real-time quantitative polymerase chain reaction, qPCR) il Pg W83
BRI R S M R DR R R A /K
1.2.8 &PHRII DCNAgerk X7 A & 50 R BR

BANRBEHL A 5 H (n=3): AKX (Negative Control, NC) 41, PD+PBS 4.
PD+Freesiprk 2. PD+DCNAgnc 2. PD+DCNAgprk 4l VAT 2 G, /NRE % RIEAIE,
WAk FAIUE HEAT Micro-CT HI B, JFIRIUE B M, Feiiizrh . ool Kk 6 M
A, DER R A2 A TR 2 (Cementoenamel Junction-Alveolar Bone Crest , CEJ-
ABC), VATHAE A REERISIR R . 58T IRAKE - 2L 5 (Hematoxylin-Eosin, HE) A #E
K7 IL-1B+ IL-6+ TNF-a ffE 4L %444 (Immunohistochemical staining, THC), #F—35

PR A R IR GRE R T DL o



1.2.9 DCNA & A £ =2V

WS /N R RS GOMEL FRIE. BRAE. FE. BT, HEAT U I CAVPAG A=
PR
1.3 it a8

ERBYELLX £ 5 #or, K GraphPad Prism 10.1.2 BTS20 0. 4L LI
K LR 2577 2250 B Cone-way ANOVAD, 2[R P ELECR FH Tukey 2 H LLEURT S . DL P<0.05
NESBEAGIFFEE L.

2 &R
2.1 DCNAgirna & S RAE

AW 08 T R AR O 4> T MK PEGs-b-PLGA ok A 3 45 11 20 32 5 i LA BH 85 1 g 5
DOTAP 38 i XA I 745 K05 H AT B DONA, S5 7R 2 B LR 1A . FilFH 3h A e X
R, AR LA (168.8+2.2) nm (B 1B), Zeta 74 (17.9+0.8) mV (K 1C).,
TEM SR gKBURL S RNERTE, dnEl 1D, AR A0 6 TS I 9K AL siRNA. 1)
LN 92.7%.

N T VAR B & g K BUR RS E E, 5 DCNAgina 73 BB T 1xPBS K& 10% FBS 1]
1640 57k, 48 h SR MIURL Y 43 8L B Wl 1E Bz, 7E PBS H DCNAirna FIRLAE
NRARMAN, RWHAERAZ AR PR et R MfES FBS mksaesbeh, Tl
B B IR, R R SE I KR IR EN AR, IR TRUE (A9KBURL 2 43 il
E% (Polydispersity Index, PDI) 4 0.3) (& 1F) . #— 3@ AR ARSI A0, A FRFR S,
SR EIR (8 1G), DCNAgirna 7E AT FE P 4 SEL siRNA FIZEISRE IR, $on R & Rpsi ik %

TER T 77



B 1 GORBIRL & RS RAE
Fig. 1 Preparation and characterization of nanoparticle

(A) DCNAgiprk FIE R E K. (B-D) REH siRNA (F2) FIEH SIRNA ) KBk
(FHif2 (B)\ Zeta HUfL (C) A TEM BR CGEROKAEH: x13,500) (D). (E-F) DCNAgirna 1E
PBS (E) #1FBS (F) #1EENE. (G) DCNAgirna 7 PBS H IR i £k .
7E: A: Schematic diagram depicting the synthesis procedure for DCNAipTk; B-D: The diameters
(B), zeta potential (C), and TEM images (magnification x13 500) (D) of nanoparticles without
siRNA encapsulation (left) and with siRNA encapsulation (right); E, F: Stability of DCNAirnA in
PBS (E) and FBS (F); G: In vitro release profile of DCNAsirna in PBS.
2.2 DCNA FERSME RN A BUR S £ K

ASHIT FUIE I 20 T P R A L R PR B DU RE I ISEN, Pe da K Fn BTRRER T

ARG RUE 2A Fios. WigERGTHE R TR (K 2B), 4 DOTAP 21 i BRI I H 5
R I PURE RUR, PgsAa F Fn 1R T 5088 PBS X B4 20 1) 2 35 FRAK T 94.4%+.86.0% 5 71.3%,
ISR AN 5 B A CHUR AU R 1 R A2 DOTAP (10.4+0.4)  mV FMEMF DOTAP 1%
BUKL (20.3+0.7) mV Zeta RUAZARAEE S AR — B BEHIGORBIRIA B B W1 (1) 3 504
BB . CCK-8 i #MESLIR s R (B 3) KRB, 1ZgN KR FH Tk EL 40 A 1) e K 22
ARIEN 100 nmol/Ls (EMEIRIE T, FIURLRE NS 75 4EFF74K A M AH RS S 1 1 ] Bef SIS 28



JEVESO T A R, ARELE RAF B B S BT RE I S —

&l 2 DCNA RSB i PP
Fig. 2. Evaluation of the antibacterial efficacy of DCNA in vitro
7E: A: Photographs of bacterial colony formation on agar plates across all experimental groups; B:

Quantitative analysis of colony forming units (CFUs) for each group; ***P <0.001, ****P <0.0001.

Day 1 Day 2 Day 3
120 120 120
— 100 * — 100} — 100 - *
2 X 2
E 80 L; 80 | L;, 80
E 60 E 60 | E 60
2 40 2 40t Z 40
[1}] ()] Q
O 20 O 20} © 20
0 0 0
0 12.5 25 50 100 200 0 12.5 25 50 100 200 0 12,5 25 50 100 200
Concentration (nmol/L) Concentration (nmol/L) Concentration (nmol/L)

B 3 AEWRE DCNAgsrk Xk E4HAEYE 7 50
Fig. 3 Effect of different concentrations of DCNAiprk on lymphocyte viability
*P <0.05, ¥*P < 0.01.

2.3 DCNAgiprk fE/A5F T BTK mRNA FIE H 3R

BTK & T. B 407G 3658 S 980 R 740 Wi F2 vp R ¥ G B #E T, U8Rk T B 400
i BTK J KR S8 O — Pl e A7 (4 2 ) S e A B 1 7 5« O THIEW] DCNA R 5K
siBTK 3353 T. B 4 N R IE RN, AN FEKG 9 KON 5 /) SRR I bk S A0 B L% & 6 h,
HT 0% 48 h J5 kil BTK [ mRNA K £ 15814 7K F . qRT-PCR 45 R 7R (B 4A), DCNAgisTk

AR R A S b R A o BTK mRNA FIRIE, MR 5 siRNA JoiZa 40 i S B il



/s 7E 100 nmol/L ¥ T, BTK mRNA KA # mifiK 72% o 13— 18 i 25 [ 5 B0 128 43 B ik 5K,
BTK & F/K -t EBAEMN 75 B i (B 4B). %41, DCNA 49K#Eikn] ¥ siBTK
BIEE T. BN, FHEUTER BTK LK R IA RS BTK & AR IA K.

B 4 DCNAgipi FE 4R IR RSN RTS8 B REMH RITR ORI
Fig. 4 Assessment of in vitro gene silencing efficiency, protein inhibition, and anti-
inflammatory effects of DCNA Tk in lymphocytes

(A) iBiL qRT-PCR Kbk 41 BTK mRNA (A% A K. (B) il 8 [ 57 ik
Ptk BTK 8 A RIMX RIEK . (C) it ELISA Z#réiff B IL-1B. IL-6 K
TNF-a K. ****P<0.0001.
7E: A: Relative BTK mRNA expression levels in lymphocytes analyzed by qRT-PCR; B: Relative
BTK protein expression levels in lymphocytes evaluated using Western blot technique; C:
Assessment of IL-1p, IL-6, and TNF-a release into the extracellular medium using quantitative
ELISA; ****P <(.0001.

2.4 DCNA gtk FEARS MR SEH 1971

AT PP DCNAsisrk RSN BCR, AW TR LPS itk 40 A LA i AR
RIGEARSEE, BEFIMAGPKRBUR LR IR 12 h, JFilid ELISA Kl 20 b5 b 9 RE K1
YK SE RN 4C R, SXFIEA4L (LPS 41) AL, DCNAgprk ALFEZH H IL-18. IL-6
Jo TNF-a Bl 85 25 PR, RUIZIEIE RGEARIMRER R SAER T IR BRI



Go AN S SN, AR IR FLAE R 2 ) S AH 5% S S BL o R Y FEAE
2.5 DCNA 7E 44 P i 5 i BUw B R AR+

1E Pg W83 15 {1/ J SARAL eht, AN [ R R A v 7 20 F o 48 B B A7 B O 5
7, SERAEA KL R WME SA FiR. WETRSTGERETR (B 5B, BHPRBRIL
eI H B M B VE T, Horh DOTAP EM LB 4 M4 B BOR BN R, R R o i 4%
PR B IS5, B8 V& B BEIR T I 8] S R T P 3 (S0 2H ORI TH] AU EL R, P<0.05) .
EIT 2 A Ja, Bt DR ECF R4S EBEE DNA, J8id qPCR HiARK I = EEUH E Pg W83 1)
MK RIEIK o W1k 5C FiR, NH-PEGsk-PLGA ok 415 NH»-PEGsk-PLGA 10k/DOTAP 411
Pg W83 A% 41k f#% PBS X HRAL B E K, HIS&EMHmbIEHE NH R, X —45 0K,
DOTAP ] T 9K R0kL 5 B AL B IE R PR RS54, T S8 A Rt Pg 528 & J=y R Y
ERSAEK. BRI E R SRS A A0 5 B — 3 UESEAHIE B (R 9K ROk
FU R S5 ) A A B R



& 5 DCNA Hk A HUBE SR PR Al
Fig. S Evaluation of the antibacterial efficacy of DCNA in vivo

(A) FHNRF AN PREA R PR A LS. (B) B2/ AR P DR VR T4
ALK (C) qPCR il %21/ iR Pg W83 B MRRR 57 P 56 IR A AH X R IE /K (n=3)
*¥*P<0.01, ****P<0.0001.
7E: A: Representative images of anaerobic bacterial colonies in the periodontal pockets of mice
from each group; B: Dynamic changes in anaerobic bacterial colony counts in the periodontal
pockets of mice from each group; C: Relative expression level of Pg W83 strain-specific gene in
mice from each group as measured via qPCR; **P < 0.01, ****P < (0.0001.
2.6 DCNAgipTk TE4E IR A H R SAEREIR

FEANRIF R, A RGPKRR A FHYGYT 2 FJE, RA THC G sl f# 4H
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Fig. 6 Evaluation of the anti-inflammatory efficacy of DCNA in vivo
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7E: A: Representative images showing IL-1p, IL-6, and TNF-a expression in periodontal tissue
sections via immunohistochemical (IHC) staining (magnification: x80); B-D: Quantification of the
immunopositive area fraction for IL-1p, IL-6, and TNF-a expression; ***P < (0.001, ****P <(0.0001.
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Fig.7 Micro-CT imaging and histological staining of periodontal lesions in mice receiving
DCNAgigrk therapy for a two-week duration
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BHLRFY 4R (n=3) *P<0.05, ****P<0.0001.
7E: A: 3D reconstruction images (top) and sagittal cross-sectional views (bottom) of the maxillae;
B: Quantitative assessment of CEJ-ABC distances across all experimental cohorts; C: Evaluation
of BV/TV at the second molar mesial site; D: Determination of BMD localized to the mesial region
of the second molar; E: Histological assessment of periodontal tissues following HE staining; *P <
0.05, ****P < (0.,0001.
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Fig. 8 HE staining images of major organs in mice from each group x10

3 Wik

F R RE NN IR S KA GBI, fER B EZIC &R, 2 iERREEA
RAMEZER, CROVEER AL DA G HRENLEA O KF FBUR &S, B
16 T YR, W EEEAGH) T 4Af0AT B 4 Ay RESEREBAR R K7, sk 28 A 4124
ORI o A% 48 AU 16 5 DU 2590 9 5 A0TR 7 AT BRAE DI L 128 1) SRE S 3k e i 24
Ti ISR IR, A DAMARAS b330 8% o i 2H 20

AR BIR R R AT TR L BT ABFFTEL NH2-PEGsk-b-PLGA 10k AH ZIF
LA T 55T DOTAP, 3 1 — oW R P 1 T % BR IS A A BAk DCNAgisk, AU
7 siRNA HIAGE M 5 A SRR, IR E ARG 5o F JBUR B (Pgy Aa Fn) R4
HIEF, SEL T U 2 DR R % A XU IR T R IR AR BT DX TR SR g oK A T ik 14
BRI SRS, D9 T 2RI T SR BB IR R T SR RSN R SR, DCNAgisTk ££ %
A R B Y W AL S A TG B R, (RIS AE SO vh SBT3 BTK TR 2
Bl TR, ARELH RAF A e REPE PR RE 0 S AV A

AN B SEIE—AESE T DCNAgistk FIZR AR T BE . DCNAistk RIS 5, /MR



IF AR R E I BOR B D, SER T RIE T IE, Micro-CT M HL 2 Bon 4 R
WAL I S 1 A5 A B 8 IX R W] DCONAgimr AN 42 o B I MR At S0E » I R 8] 4%
DRI LA, YA T B 5 S B U R R AT ATk o 22 R PP O B s R W B
FERERET, N F G IREE IR T WD AR o 120 AR AFAE— 28 JR PR o Al MR Ty 5 4
B T AR 2R I SOE RO, AR R VT S BEOA S AR X MR A0 M 24 Rl 21 4 24 )
M. FLIR, AT FERI AR DCNAsiprk A G2 SN HITE A R AT IR AR A, R
AT RVE AL S R GENIE AR BE &I E T -

25 EPTiR, DCNAgsr 3BT P EISUE 5 e ids, 164N Shscgs dh 38 e I A0 5 (1 va o7
ORI R ARG oS IR IR R B UME, 2 i S A BhR T R i 1 AT R IR
FACHHE R K HEms AR LR

SE IR
[1] Heitz-Mayfield L J A. Conventional diagnostic criteria for periodontal diseases (plaque-induced
gingivitis and periodontitis) [J]. Periodontol 2000, 2024, 95(1): 10-19. doi: 10.1111/prd.12579
[2] Lasica A, Golec P, Laskus A, et al. Periodontitis: etiology, conventional treatments, and

emerging bacteriophage and predatory bacteria therapies [J]. Front Microbiol, 2024, 15:
1469414. doi: 10.3389/fmicb.2024.1469414

[3] Xiang D D, Sun Y X, Jiao C, et al. Diabetes and periodontitis: the role of a high-glucose
microenvironment in periodontal tissue cells and corresponding therapeutic strategies [J]. Stem
Cell Res Ther, 2025, 16(1): 366. doi: 10.1186/s13287-025-04441-z

[4] Slots J. Primer on etiology and treatment of progressive/severe periodontitis: A systemic health
perspective [J]. Periodontol 2000, 2020, 83(1): 272-276. doi: 10.1111/prd.12325
[5] Li J, Wang Y, Tang M, et al. New insights into nanotherapeutics for periodontitis: a triple

concerto of antimicrobial activity, immunomodulation and periodontium regeneration [J]. J
Nanobiotechnology, 2024, 22(1): 19. doi: 10.1186/s12951-023-02261-y

[6] Steckiewicz K P, Cieciorski P, Barcinska E, et al. Silver Nanoparticles as Chlorhexidine and
Metronidazole Drug Delivery Platforms: Their Potential Use in Treating Periodontitis [J]. Int J
Nanomedicine, 2022, 17: 495-517. doi: 10.2147/ijn.S339046

[7] Wei Y, Deng Y, Ma S, et al. Local drug delivery systems as therapeutic strategies against
periodontitis: A systematic review [J]. J Control Release, 2021, 333: 269-282. doi:
10.1016/j.jconrel.2021.03.041

[8] Luan J, Li R, Xu W, et al. Functional biomaterials for comprehensive periodontitis therapy [J].
Acta Pharm Sin B, 2023, 13(6): 2310-2333. doi: 10.1016/j.apsb.2022.10.026
[9] Teughels W, Feres M, Oud V, et al. Adjunctive effect of systemic antimicrobials in periodontitis

therapy: A systematic review and meta-analysis [J]. J Clin Periodontol, 2020, 47 Suppl 22: 257-
281. doi: 10.1111/jcpe.13264

[10] Pal Singh S, Dammeijer F, Hendriks R W. Role of Bruton's tyrosine kinase in B cells and
malignancies [J]. Mol Cancer, 2018, 17(1): 57. doi: 10.1186/s12943-018-0779-z



[11]

[12]

[13]

[14]

[15]

Xia S, Liu X, Cao X, et al. T-cell expression of Bruton's tyrosine kinase promotes autoreactive
T-cell activation and exacerbates aplastic anemia [J]. Cell Mol Immunol, 2020, 17(10): 1042-
1052. doi: 10.1038/s41423-019-0270-9

Pokhrel N K, Kim Y G, Kim H J, et al. A novel Bruton's tyrosine kinase inhibitor, acalabrutinib,
suppresses osteoclast differentiation and Porphyromonas gingivalis lipopolysaccharide-induced
alveolar bone resorption [J]. J Periodontol, 2019, 90(5): 546-554. doi: 10.1002/jper.18-0334
Zhu S, Gokhale S, Jung J, et al. Multifaceted Immunomodulatory Effects of the BTK Inhibitors
Ibrutinib and Acalabrutinib on Different Immune Cell Subsets - Beyond B Lymphocytes [J].
Front Cell Dev Biol, 2021, 9: 727531. doi: 10.3389/fcell.2021.727531

Kim B, Park J H, Sailor M J. Rekindling RNAi Therapy: Materials Design Requirements for In
Vivo siRNA Delivery [J]. Adv Mater, 2019, 31(49): €1903637. doi: 10.1002/adma.201903637
Xiao B, Wang S, Pan Y, et al. Development, opportunities, and challenges of siRNA nucleic
acid drugs [J]. Mol Ther Nucleic Acids, 2025, 36(1): 102437. doi: 10.1016/j.omtn.2024.102437



