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WE BE R ARG W0 G A R E CRRTED B RamsER, e
KGR (EVS) MKRHKIBLH] . s 7ENBrE KN 485 (Human Umbilical Vein
Endothelial Cell, HUVECs) SaRiHZARE 4 (Vero E6) Jz C57BL/6 /N H AL &4 T
GBI, BB, B EMAEIIA . RSB RAI 4N B 4, Western blot A5l

ENERESRIEH (VE-cadherin fH) Kik; I JOHF &L & EVs, JFHZESS
HLEE . ANKRRLERIER 7 T SE BOR AT S5 5E s X AMBAR miRNA 4TI 70 4. G55 £mkt
BT WAL TR AMERL R S AR, LT VE-cadherin ik, SMEA miRNA MIF
LR, R 3B hsa-miR-320c &34 LI, TZEENAYT A% hsa-miR-320c )7 &
ik, AWE RS — R hsa-miR-320c [HEEEDE, JHEEELDN 2% & 4R T 40 M Al
K. G5k LM AT HIPUE 518 EOR AN, AHEIE R EVS 1 hsa-miR-320c 4E
i A J it
RERIE GEOBBERE: EH; SMNME; NBEBEEE: VE-cadherin
HFE KT R 3632
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Modulation of exosomal miR-320c by gingerol in defense against Staphylococcus

aureus infection
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Abstract Objective To investigate the inhibitory effect of gingerol, an active component of ginger,
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on Staphylococcus aureus (S. aureus) infection, and to preliminarily explore its mechanism related
to extracellular vesicles (EVs). Methods S. aureus infection models were established in HUVECS,
Vero E6 cells, and C57BL/6 mice. Experimental groups included control, infection, and
gingerol-treated groups. Bacterial load and VE-cadherin protein expression were detected using
immunofluorescence and Western blot. EVs were isolated by size exclusion chromatography and
characterized by transmission electron microscopy and nanoparticle tracking analysis. miRNA
sequencing was performed on EVs. Results Gingerol treatment significantly reduced the bacterial
load in both in vitro and in vivo infection models and upregulated VE-cadherin expression.
mMiRNA sequencing of EVs revealed that S. aureus infection upregulated the expression of
hsa-miR-320c, while gingerol treatment reversed this abnormal expression. Bioinformatic analysis
further predicted that the target genes of hsa-miR-320c were significantly enriched in cell
junction-related pathways. Conclusion Gingerol exhibits clear antibacterial and host-protective
effects, by regulating hsa-miR-320c in EVs to maintain endothelial barrier integrity.
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SO EERE (Staphylococcus aureus, S.aureus, RIFR“EHIEE") AR H WAHIEHr
P SR AT, B 5] R B IR A SR G B A I L B O P R 8 ST B R . AR,
X2 RPUAER MM 51E R LT, SBONEI A S AR SR, Tk A AR S H
TG E BRIRIIR A=), BRI Bk 2 My . BoA 2l R I mi 2 21060 . AEEE R
WEMSHATE, &% ZMEERSE, HhEm (gingerol) RAAH#K. Bl L hs
AT EAE B BT SRR, 2 I T microRNA (miIRNA) 25 50K

LT, (LS A S B 9554 T4 5 1 FEUSR 05RO . ShSHA Cextracellular



vesicles, EVs) JE4HMuIE(E B LB HE R A, nlifik miRNA EDRettn+, S5 GS
TPERAASE, LR e T 2 R AR EE R, OO IR YT T S R UL, SR,
REPEid EVs-miRNA 30 s L] FRIIF 78 6 A HE .
1 MRl ETE
1.1 w1k
1.1.1 4Af

NS B A (Vero E6) FI G &k 19 52 41 A Chuman umbilical vein endothelial cells,
HUVECs) 1 H sl i 3 A A IR A A
1.1.2 SERFW

35 H 6 & HEME C57BL/6 /MR, AR R 209, W E T IR EER 25 AR AR A A,
W% T A e 45 A 1 E R vhob KAE BT Ao Be ABSL-2 REhM 5, s & HiE S
B202504140572, {&¥5: IHM-AP-2025-016.
1.1.3 FERF AR

YN IR B . AR FRAE (35 Thermo A, E§FRIX (3£ Thermo Fisher
Varioskan 24 ] ); %t EE PCR X (3[H BIO-RAD CF-X96™ A ] ); % §f B4 (32 [/ Thermo
scientific TalosL120CG2 A#]); JRF /1 R4EE (3£[E Bruker Aw]); S. aureus (AbxTH Rk fH
AT, 585 bio-52742); %M ( EilF MCE AF], #75: HY-14615); Flotillin-1 Rabbit pAb.
Calnexin Rabbit pAb. CD81 Rabbit pAb. VE-Cadherin Rabbit pAb (X Aclonal A#], %
F: A6220. A15631. A5270. A0734PM); GAPDH Antibody GEFHEREM AR, 5.
T0004); qEV R ~FHEBH (o iyl AN A4y B4 (qEV 4, 1zon, New Zealand, #¢5: qEV10) ,
Goat Anti-Rabbit IgG (X Elabscience A, #%%5: E-AB-1003).
1.2 H¥k
1.2.1 REHAEEEFRED S AE

WG 256 T 4 °C. 2000 r/min &0 10 min LLLBRAIMIRE F . YdE i, T
4 °C 12000 r/min £5.0> 30 min LA ZEBR KB BEfS, EH qEV HARHE filis i i B 4555
BOAMAR . FERRE A H PBS TIPS AR, U g S RS A S BB
TSR IMIMA T B 18, ATUCERARSMIMA A TRAE S fR . T2 LUG B O BRI PBS B/
e, ARSI SRt B B A RIE T
1.2.2 BHEHBETEMBE (transmission electron microscope, TEM)

B 10 pL AP AAA S B0R T AR 0, =R P 2 min 5 ABE AR R AR A . TN 10 pL



2% RS IR 15 1 min, WF GBS iR K 2R E S R G, W AN R
ML RAEEER
1.2.3 BEFHE/MEE (atomic force microscope, AFM)

PR RIS 0 = B BE TR &, B S pL SNMARE SN T = RERTH, ZiREE 10
min fESMBARIR T . AT ALK R pP e Ja i A ERETFE e B U HEAT R
1.2.4 GRBRIREE S HTIX (nanoparticle tracking analysis, NTA)

IR BRI AN AR IR 46 E 4 °C. 12 000 r/min &5.0> 15 min, FEJIA 200 uL PBS &
= REBFWAT, ik 2 I BRITE R ANBARE B . KA A AP 15 min,
FRREINUK, REFRIR. 1 mL yEg S BGE 2K, RHAESde 3 k. 1 mL 4 &%
WREUREAS, SRS HERE AT, WLa i bf e, IR R I T aa da 8%, A4 % & 10 s,
PSR B A AR AR P 3 K. LA PBS Mg AMIAARKRE Si% TFARE . BRI T 5 F
A K PR S 3 KL .

1.2.5 S. aureus B 41

YHfsr A 4 4. FEFINIEZL (Mock+Vehicle, MV 41). ZEE x4 (Mock+Gingerol,
MG ). &R (S+Vehicle, SV 4D KRGy )5 ZMiA T4 (S.+Gingerol, SG 4).
FERHEAE K I HUVECS Hin N &4 5 3 (multiplicity of infection, MOI) =10 i S. aureus,
37 "C.5% CO:FE 30 min G ALY, B J5 IN AN Z /), Z9K ) 10 pmol/L, 37 °C. 5% CO:
GRSEEE 7R 18 ho 21k R YRS B V% 50 mL 250, PBS #hise4i il 2 Y, N 10 mL PBS,
P AR R AR 4 .

1.2.6 S. aureus B/,

I KA 100 uL PBS FEHT. FIEA 1107 CFU {1 <5 Al T B R LA 2 37 4 B R
B, 0PI ZH /N SRR S SRR R o R PBS. B4k 24 h J5, iR y7 4/ BOdE e B 5 45
TRV L 22 My AT PSR, AR WRIEY 20 mo/kg. X B2 A S S5 AR AR VA 711 o
RIS BAA B A AE AR, TR 55 7 RACSE/N IR IR 4.

1.2.7 Western blot

TEFEA A 200 uL 1) RIPA JRAEUK b, BRI A 30 min, 4 °C. 12 000 r/min &5
O 15 min, WA TS _LISHON RS 2N E B AR . BCAIEER B EARES —,
W i BEAT SR P A I I FL UK, B, AL, R T (4 °CI RO, B AN T Flotillin-1
Rabbit pAb $tf& (1: 1000), Calnexin Rabbit pAb #if& (1:1000), CD81 Rabbit pAb ik



(1: 1 000>, VE-Cadherin Rabbit pAb #if& (1:1000), GAPDH #ifk (1:100 000), Goat
Anti-Rabbit IgG $itf£& (1: 100 000
1.2.8 4Hffu s oot

JEGLEE S, FH PBS PhR4EM 2 K, BN 4%4ARNE 2, 7E 4 °CE e 24 h, PBS Bk
3 Ko MANEIZEWLE, 2R 15 min, PBS ¥l 3 k. IIAB I, iR 30 min, PBS ¥k
3. MA—HT, 4°Cidl, “PEIREE 2 ho BE AN SH RO KFIN PAPI, EiE
10 min, ZI6RAE T HBLRAE .
1.2.9 HHAGRET

INRE ISR AR, U B, PUEEE . R TE A, =E 1h, PBS
etk 3 W IMA—HiiFE 4 °C W8, ZHERBOE 2 ho 5 IS H PLoOLFE K FIH) PAPIL.
=i 10 min JEH R, KRS N HBLRAE.
1.3 Givh&4bE

AHEFFALEH] GraphPad Prism 8.0 #EAT G it 43 Hr S1E R . B Rl 7 22 40 MR t 4656, 1
BHIELLX £ s TR, FrALKREDMTIER 3R, P <0.05 AEFHLIT ¥R L.
2 &R
2.1 =BRSSBT Vero E6 4 i RS

NAVPE IR ZEM PR AR, IR 2 J67E 5 1 Vero E6 AL HEATRI . 4
PER GO LE R TIR, 5 S R B AR, R SE ZEmHATT 4L A0 7OG(E 5 R B IR
550 Giit oMt — AR S T % E R R E M. i85 RERW, EEyEEE 2N &4 #x Vero E6
M. WHE 1,



B 1 ZEFEK Vero E6 4HfH T S. aureus & >400
Fig. 1 Gingerol reduced S. aureus load in Vero E6 cells >400
vE: S.aureus is shown in red, and nuclei are stained in blue; “P<0.01 vs SV group.
2.2 ZWIH HUVECs FIH B BRI P B2 40 Ml B i e e 1tk
G TR R 7R, ZEM Ab BB 2 A0 H &G HUVECs [MAR1E & (B 2A). [, Western
blot 45 LM, USRI F & IER SR VE-cadherin FRIE N, MZMiGIT 152
B (B 2B). REELE RN, ZEMy A EE A6 &8 W4 HUVECs, iEReds s

BU e W B, 2B NI R Y B2 4RI TR ERAIE T =B

A 2 EME HUVECs HHIEHBE VE-cadherin Ri&

Fig. 2 Gingerol inhibited bacterial growth and modulated VE-cadherin expression in



HUVECs

7E: A Immunofluorescence detection of S.aureus infection in HUVECs untreated or treated with
gingerol after S.aureus infection X 400; Red fluorescence indicates S.aureus, and blue
fluorescence indicates nuclei; B: Western blot detection of VE-cadherin expression in HUVECs
from four groups; "P<0.05 vs SV group, “"P<0.01 vs MV group.
2.3 ZFHNH] C57BL/6 /NI B R Y

KBTI EESL T C57BL/6 /)N B <5 R G (B BA) . I S Ia 1 € 1 fie (K
Qe 1107 CFU, fESLAIE NS IEFREUE % LT RIS @Eset: (8 3B, 3C). [
W, FRSZIGIRST T My 25K (0.5, 5. 25. 50. 100 mg/kg), #i/~ 25 mglkg RCRE AT
WPE<S mg/kg WA MHIBR, HKE=50 mgkg, MMEXSHPUENSG, T&XEET (20, 25,
30 mg/kg) 3 MIREEEATFSLE, Bon 3 MIRFEEXIAMIHIRUR, TR A KA RO E Y
BURHE 20 molkg, %R EEH ROEERE IET 4R (& 4). fEIERSER T, HEHA %
PG OAESE, SRGAMLL, ZmaIT A, ARSI g R > (BI5).



& 3 C57BL/6 /MR S. aureus BRIz 5RAE
Fig. 3 Establishment and characterization of the S. aureus infection model in C57BL/6
mice
7E: A: Schematic diagram of the mouse model establishment; B: Body weight changes in mice; C:

Hhk

Organ index of mice; “P< 0.05, “P<0.001 vs Control group.



B 4 SRtk C57BL/6 /RERHBRREANFRZIRER B RS ERIE <00
Fig. 4 Immunofluorescence analysis of S. aureus burden in kidney sections from C57BL/6

mice <200



Bl 5 ZBxt/ RER 8 & R R GHIR W
Fig. 5 The effects of gingerol on S. aureus infection in mice

7F: A: Schematic diagram of the mouse model establishment; B: Immunofluorescence detection of
S. aureus in mouse renal tissues >200; S. aureus is stained red, and nuclei are stained blue (DAPI);
C: Quantification of bacterial fluorescence intensity; “"P<<0.01 vs SV group.
2.4 HUVECs HisrZRiMBAIRIIRINE K52

MRS HEB 3%, I HUVECs 35 Fr%Eh7p B At . B 5 R 5 )57 0 iR
KGR T A AR TEETEAS (B 6A. 6B); G KR ER IR 43 #T S s Mk A 42 32 22
AT 30~150 nm YaFE N, £ SMNBARERE (B 6C); Western blot 2413t — B AIE SR B4



RIS AN ARR B CD81 A1 Flotillin-1, WiARIEAM A EEA Calnexin (B 6D). X

SRR IR T RIS

Bl 6 HUVECs 4 ffd_Ei% A 3R X B9 S A R AL U
Fig. 6 Isolation and identification of EVs from HUVEC-Conditioned medium

7F#: A: Morphological analysis of isolated EVs by atomic force microscopy X 20000; B:
Morphological characterization of EVs by transmission electron microscopy X73000; C: Size
distribution profile of EVs determined by nanoparticle tracking analysis; D: Western blot analysis
of EV-specific markers. Blots were probed for positive markers (Flotillin-1 and CD81) and a
negative marker (Calnexin).
2.5 M ACTEY RS G A o R T 40 B SR B R B S B A miRNA 338

XPAMBAREAT mIRNA U3 R (B 7TA), hsa-miR-320c (#1414 7E 4 A B e 21
W LW, MAERGE 2T, HARBNWEE TR it P ERSNE A mIRNA 7E



SRR EEN, AR ET mRNA P HIEREHRREERFREEN
hsa-miR-320c 47 A 4015 2. 2443 H7 . il i TargetScan ¥ % il hsa-miR-320c (178 £ #EHE A,
HIRIT 848 A LR T IHE mRNA. BiJ5, FIH Metascape “F £ 5% 1% L I (R ik A7 B PR A
& (gene ontology, GO) &H4HT, FSREAET AL (biological process, BP). Ui
4y Ccellular component, CC) #1431 Th#E (molecular functions, MF). GO ZrHr4i 5 &R,
hsa-miR-320c F{HEIE K] 5. 2 o A 15 40 0 IR el R AR SR O AR 22 i i, g <2 280 Bt
(R 1E [ 9 55 (GO:0045785) il il — 4 f 3% #2 (GO:0005911) il fil By % 4 1 45 &
(G0:0050839) > (& 7B-7D).

SEA RSN 5 442 T2 2 (1) VE-cadherin 454k, FiAZE LR hsa-miR-320c
A RE I B ) 2 R A0 N SR AR S L R R A B PR R AR A s TR By A B W
hsa-miR-320c )57 % &Ik, AL REN BOER R A 4R S DI .

& 7 hsa-miR-320c ¥EEF ) Gene Ontology BHEHT
Fig. 7 Gene Ontology enrichment analysis of hsa-miR-320c target genes
7E: A: Exosome miRNA sequencing results. The selected gene hsa-miR-320c was highlighted; B:
GO, BPs. Positive regulation of cell adhesion was highlighted; C: GO, CC. Cell-cell junction was
highlighted; D: GO MF. Cell adhesion molecule binding was highlighted; (B-D) The top 18

enriched GO terms for hsa-miR-320c target genes were shown.
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AR FHE TN SMERLIE S, 228 AR 40H] S0 &G, IR HAEA S EVS-miRNA
TR UM, BoL WS aAE . MR RGH IS ST, S8 A B & R 1 VE-cadherin 1)
Fik, FEATE YA S H EVS-miRNA 4, JEH 2 hsa-miR-320c /) L.

o R AT PO 24 B A ) R, AR AR b TR AR T R R R L AW AL
LR, A AE B PRGN MR/ BB o (0 B AR (EAE R, R i o
APIE . AR, 2RSS G T BN VE-cadherin & N, X0 T4ERRIL
BN B bR B e R A DG ), FEMSRI T — R XU . BE B U R, ]
N E 1 2 8 B AR A B s, AL S e Geh A AR FALEIE 5, W] RE A v R 24 1 4
HEAR S

AP FER— A B T TH 22 M A P AL 5 b A1 5 1t 400 6 0 A BB 2R o TR 2 4
B IRUEE TORIET HUVECS R BRM 4 bk, M FIEAKME T EVS-miRNA, Tt
hsa-miR-320c ()2 i, T2 . 454 M1E BF4 5, hsa-miR-320c 1)
FEIEIR B A T4 O B 5 40 i — A i B S il i, SRR LT RERC I Y RS S hERE Ih
AEo FET o, BRI H —ATRUER TAERUL: 7£ S. aureus /&G FEH, hsa-miR-320c
AT BERRE BN S UAA T E P B AL IR) (BN B — G e A 2 1)) A, AT 428 45 R B — %
SEAR SR SRR IE R M 2% 5 22T IEIE 1% miRNA [ IR B3 — Wt 72, T AR
M5 Sk, BEMA BT RRREIhaE R gERr. HERFNL, X T EEESH (i NF«B.
FIWEAR GBI ) (A NI BHEN, W RF D) REIRAT 55 B 2 5250 2l B T T S 3t — 2B B0 E
[10]

AW FIAFAEE TR He—, MHTUEE SR hsa-miR-320c 5 9 J2 B B dR b5 2 (L 1 AR
S, (HAR S8 BAE SN A -5 31 2 10 (0 R A B0 B iul vk ek 320k | 4 S M 3] B A s s
HPHWEE) . H =, ShPpseme T BATAL T T A AR, 0 HAR RS B R 1 T RS
PRAl

L b, ZEMERNH S8 B Rl 2 R . — 5 T AR A B e, )
— 7L EVs-miRNA (JL3L2 hsa-miR-320c) AHSGH B 4EY W I i1 5 IR . %K
W B AR MY A1 E 3 ) B PR AL SR TR A, OISR T —1E £ HAE” T
HREHEHE TRMATHI A FUIA R JEZENRAET hsa-miR-320c PRI SRS F R 15 s Bk s
I A - R SRS A A A S8 MO S e, DAHE SRR 5 R AR P AL i ] B
SR

SR
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