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The mechanism of human B-defensin 3 in methicillin-resistant Staphylococcus aureus-induced infection of implant
biofilm in the rat tibial bone marrow

Zhu Chen, Shang Xifu, Kong Rong, etal. Department of Orthopaedics, Afftiliated Provincial Hospital of Anhui Medical
University, Hefei Anhui, 230001, China

[Abstract] Objective To study the mechanism of human B-defensin 3 (HBD-3) in methicillin-resistant Staphylococcus
aureus (MRSA) -induced infection of implant drug-resistant bacteria biofilm in the rat tibial bone marrow. Methods
The SD rats were selected to construct the model of MRSA-induced implant biofilm infection in the left tibial bone mar-
row. The drugs were intraperitoneally injected after 24 h medullary cavity infection, and the experimental groups included
the model group, HBD-3 group, and vancomycin group (20 rats in each group). The model group was injected with
2 mL saline, HBD-3 group was injected with 2 mL 8 ug/ml (IMIC) HBD-3 and vancomycin group was injected with
2mL 0.5 pg/mL (1 MIC) vancomycin. Five animals that had been injected in each group were sacrificed on the 1st,
7th, 14th, and 21stday, respectively. The laser scanning confocal microscopy was used to observe the morphology of
the biofilm and the number of viable bacteria. Immunohistochemical staining was adopted to test the expressions of NF-
kB and TLR-4, and ELISA was used to test IL-10 and TNF-a expression levels. Results The percentage of the neutrophile
granulocytes, total white blood cells and the number of viable bacteria in the model group was gradually increased, while
those in the HBD-3 and vancomycin groups were decreased gradually (P<0.05). The NF-xB and TLR-4 expressions in
the HBD-3 group began to increase on the 1st day, reached the peak on the 7th day and began to be fallen on the 14th
day; those in the HBD-3 group were significantly higher than the model group and vancomycin group at each time point
(P<0.05). The IL-10 and TNF-a expressions in the model group at each time were significantly higher than the other two
groups (P<0.05). Conclusion HBD-3 can inhibit the bacterial growth by regulating inflammations and immune responses
in the MRSA-induced implant biofilm infection in the rat
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RN IR 3 — A 2 WP BB A 1
— PR IR BT P LT R K — A BB 3 (Human B-de-
fensin-3, HBD-3) 7EHHI AR5 e A G 7 15 i R AT
TR P, AR IR IR, HBD-3 ) LA il i) 24
Gt 48Kk (Methicillin-resistant strains of Staphylococ-
cus aureus, MRSA) ZEA5 I B R 0] 16N IR 48 BT AT 2% KAE
JI s kAN, HBD-3 ids i DU [N icaAD i 245 4%
MecA [FJ438 M, i 2446 s (T 45 BR A 35 e A% a0 1 7%
& p38MAPK 17543 K Bl B 1 40 Jf 7334 HBD-3 [l Y5042 bl BISJs 45
% 14 (MBD-14) ", JtAh, £EIEYs 1 244 i (0 25 2K 1
(G PEH PR A6 2R b, W p38MAPK i ) 771 1
I T G AT, MBD-14 [FRSTBOTH0] 17 88 28 11 1R 9, 4R
I, AAWIREE T, HBD-3 Wi 47 G S v LA A )
I ML SR AR RN o ASHIF TR I A Py 52 56 90 0
HBD-3 % 4l B Ik G4 i S U448 S S ONETR s i, DLSAIE
FT JAE SN 294 TR A, IF AR Y. H] HBD-3 it
B B AR e
1 #HRAnA %
1.1 Ry MRSA R AN R AP P i G 1 AT

A ¢ B O 4 ER RS T R B ATCC25923 IS
PRI R R =, Al VITEK 2 [ 8tk
%or 7249 (BioMérieux, Marcy 1’ étoile) UEAT B P )% 2
RGO, i AP AR BRI e BE D (MecA)  UESI B
Bt MRSA " AHIBUALAR S (MTP) Ky Bl B/ 14
WERIfE s ™, HBD-3 (Sigma) DL RSB AkAE, ikt
WIRT 0.1%40%, JFHlesk Img/mL 1) )5 fifir. HBD-3
KA #)%  (Minimum inhibitory concentration, MIC)
A AT AR A Tl P, TSA  (BRAR IR iR Ry
FRHE) RITSB (Wt 11 AV AY, pHH 7.240.2) M55y
T T2 R ARAT B 2 vl W) 2 KR T 6 L1 it i i 5%
BT, Tk A £ 1 4 B ARE A 1 1000, 50 pL (1) ATCC25923
PRI (~ 109 A I3 BAPEIK) 0.5%TSB B J= A P
37°CHEAL 20 /NI, KEHE IR IR R e AR EPE SD ORI,
RIRTE 230 g, AN RUATIRIGRREE,  VIJT R ST 6 T
POREEIE, N4 ORI G RS I, ke 24
NI A A ARG AR 1 IR S ).
1.2 S5 4l KoM s FR bt

ARSI BN 4 0 R AL, HBD-3 4LHUS iR R
A1 (R AARR - RSl e, T8 HT T FH AR P PR <6 i €0 2 BR T
TSRS, ) R - Al VIANEX S. A, (PLANT C)
), BEAL20 JUREL, X HRZLH] 2 mL R ZE#ER K, HBD-3

ZHE S HBD-38 pg/mL. (IMIC) ) 2mL A= EE K, Jil
B ERAVER ST 45 2% 0.5 ug/mL (IMIO) (1) 2 mL ZEBE &L
K, BRI IAE BT G5 1, 7, 14 Rl 21 RARIE 5 1
WG e A ATAT PG, A5 1A AT ek 73 0h ;R Jk 5%
AL 1 mL AP L RORALES 57; AE OGS A WA B
NSRRI B R, i Sy A1 21
1 EGANA NF-xB il TLR-4 143k, Jf-H] ELISA vAKM
IL-10 J¢ TNF-alfJ&IiA/K -, flbt NF-xB &[], TLR-4 [1J 5
SEREHUARI D) 2 b W 5 BRI 1 5518 26 e 507, DAB
TR A P B D ARAT I v W 3%, ELISA ik
FEE I Invitrogen 23 7] ) 2,
1.3 WOCHH IR AR Wi i ae

IO SR L B 148:  (Confocal laser scanning micro-
scopy, CLSM, Leica) M%/EWIRIEA:, fiiH] LIVE/DEAD
BacLightTM 4l i /E A7 R A G e (0, LSRRl 121 b
(K TG ARGE K S AT )0 SYTO9 BEALNG 14 S 4 (4.5, Pl
REALTZE 41 PR AR 2105, W5 TR AL R 0] LRSS AN 7] 1152
SO IX 5) T SYTO9 : PI: Z84/KIE 1.5 1.5 ¢ 1 4%
[P S S K U PR A o Tl RV /N AL 1 S R R S
ROkl 1 37°CITAbR IR 15 4080, /] Image-Pro
Plus liA 6.0 (Media Cybernetics, USA) &4/ Hr i 1) 4k
B, P S 2 T 10D, MER KRR i Y €0 X I,
L4 fusdifegen

R D) UEA TS, 1] PBS W, 3%l 4tk il
ITEE A PEPT B R, S% I i C s B, At
Aiifn (12 1000, BLALERIT 1 :500), JfAE 37°CHFF 4h,
J PBS i, 50 uL ZEWzEkrnid it i AEM (1 : 500, B
WL 12500, 71 37°CHL T 30 7r4%f., PBS PLik)i, DAB
W, ARG TEYLAN, KD A, B4R T 23 LA
CERFFIATARET (400%) R ESCRITE AN 20 Y S an i v 4L
PILGAE, BEHLEE - ANRREF, AR5 R4,
1.5 il ik

K 252 OB R M S B b e 2 () i, Al
SPSS19.0 %} (SPSS, Chicago, IL, USA). % 4lin] kL%
KHUC 0 )y 2250 M1 (one-way ANOVA) HEATKG:, PI4LEL
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2 #R
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o) TR ZH R I 1 A0 R BSORT R 200 L) 17 L B e ) 3
A9, i HBD-3 2R3 %7 2 2 v U B IR 1) BTG (P<0.05)
LERFANIF ] A HBD-3 2R S b s 25 4 1 6 TR A AT L 38y b 2%

[k (P<0.05), HBD-3 41F1 5% =4l bk, ol #
Mgt 4255 (P>0.05), L& 1. MRk 7ibr, X
UL IR M A1 1)  MRSA,

1 SRR ZH M A A0 L HEOR F A 20 L P 2 B R

Groups

cel Day Model
Total white 1 10.6+1.8
7 12.2£2.0
blood cells(x10°/L) 14 14.5+2.2
21 17.3£2.6
F-value 9.538 7.628
P-value <0.001 0.012
Neutrophil 1 82.6+5.3
7 83.4+5.5
granulocytes(%) 14 86.6+5.6
21 88.0+6.0
F-value 8.030 7.534
P-value <0.001 0.013

HBD-3 Vancomycin  F-value  P-value
8.5+1.0 8.8+1.2 6.857 0.027
7.3+1.1 7.5+1.3 8.201 0.009
6.6+0.8 6.7+1.0 8.634 0.002
5.0+0.6 5.2+0.8 9.125 <0.001
7.549
0.013
78.9+4.6
75.3+4.4
73.4+4.2
72.5+4.3
7.632
0.012

80.2+4.7 7.322 0.026
75.5+4.8 7.564 0.023
73.6+4.6 7.747 0.020
72.6+4.5 7.865 0.016

2.3 IR R R

0J FRCALAE  HEE PN A7 305 A0 A1 1100 400 H 28 W B IS () 389 i
HBD-3 24015 b 8 2 4 W BE I i) gk b (P<0.05) , f NI [i]
RUE HBD-3 4R 7 82 2 20 A0R AN 4 H S50 A AH LG
Y F b (P<0.05) ; HBD-3 41H1 ) 1 % %412 ] b #%,
ZES RGO S (P>0.05) . WK 1,
2.4 NF-kB Ml TLR4 {41k

AR )5+ 25 2241 rh NF-xB Fil TLR-4 [ 461k A RE
INF ) JOBEAT 5484k, i HBD-3 4155 1 K JFUam, 45 7
RIKBNEAR, 55 14 RIFURFRAG,  BEANIN ) 52 T 9 25 A
Givhe# i X (P<0.05), HBD-3 41t (14515 ii] 55 NF-xB Al
TLR-4 [T 4 10 & v TR RRALRD T % 2541, 22 S gail
X (P<0.05) . S WL 2 R 3,
2.5 IL-10 5 TNF-aff) 43k /KT

o PR ZH P (R BE A IR ) R0 IL-10 FH TNF-aff) &35 /K- L
e, Zragilm X (P<0.05) ; HBD-3 4181
Wi R 2 M, 2 g E i X (P>0.05) . UL 4,
3 g

BB ARl i 2 ~ 6 kDa [(FH & R A%
J, AR R R A R G R, SEREIE A )2 R P
W ARG, IR 2555 SR G (Rl AR P A I L 11 e
ST, TR IO R SR 1Bk 2 (174 AR I IR S ki
WFSC 7 R L, I S E AT LG, HBD-3 H
AT Z PTG, Ao BRI 22 VT, DA I

BHE, BHPERIEC AR BRI A iR AE T, nTad i toll A A 52 44
(TLR) , JFfEIEHI R RISRTFE Gusis SN P A BB A 22
PR LI BH 257 F AR TR IR 71 1] BA a1 9 26 Haar (1) 41
PN 1 244, ARG AE 21 b R A PR B BRI 3 o
DB TRERAT N BT, e 2 SN MBI 53 B i 2 A3,
1 IE 3 S50 A7 S T BB LA, 35 K 7 3 A I e 285 B3040 11 4K
Tt BB 2 5P T WL B T S BN, X SRS
PUE IO IPLEL S & AN R, BB AR ) e = AR 5
APAPE, I BB ARV £ i 245 40 b L A A T it
DIt F I 3 R R HAT R AR TR DAL iy HLAS 2308
SIA1 AN IR TY " AR MRSA B iaets 5
IS AN TLR-2 fl TLR-4 BEICAIZRIA HBD-3 ', ItAk,
HBD-3 71 PRI S (1015 2 2R A ) OG5 I 11 1
SR LU RS I 7%, RN IEPEBTE R HBD-3
JEAN BN B A2 5 5B B 2.

TLR JEAERAR G5 REEN0 BB CUUNAZ A4, AN
AT DA S0 D A 40 S I~ tdg Ui, i FLIE fERE 2 5 5K
PIPEGg2s S NE, e CAER Ak I 4 (AR s L5 R A I g
(R 1, TLR AR DC, MO Mo ) 32 ik, i1
PO TCRH PR RERR,  HUA w811 60, LPS FIIE 24/
ST SRR ] M MG Y], RN R
A HBD-3 LU b s HH 00 [ 40 0 1 5 22 0 2 it
IR EIN f-a (TNF-o) FITI40A 256 (IL-6) [1)fE
HBD-3 & v] DAid ok NF-kB 4 1 TLR-1 il TLR-2 32 {4 i& 41
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WAL RS F1E (MAPK) , 4IRS i
fif (ERK) 155k, MORPHE LS (APO) ", [N
B, AT NHEN, HBD-3 FLATHUR 5 30 98 s W [E 8 i) 3
AR

AW EE Wee ], 78 HBD-3 4Ry 241, W
AT BRI G0 T BO AL 24T L B EA; LUK, (A
AT MeVE 2> Wb, HBD-3 ALRI #2241 il 1140 i 2 50Rn
R T 23 Ll DA A W R A5 RS TR BB I ()] 4 R,
XF TRAL LU AR F5 IR T0) 0889 Al 5 AT, 5 AL TR R0 AL LA
TESATYEUF R X s HBD-3 4N i #2412 ke, 72
SERGO RS, KW R Z AL, HBD-3 AT
SRICIPT B AGE, HBD-3 Sl 4 g A KR AR5 jl d4) H.
FTARSRIKAE] . NF-kB Al TLR-4 [{1405, 100 41 5t
FERAPORBEN ) 5 AE, A HBD-3 4155 1 KJFehhn, £
557 RENAWAIFAEL 14 IFUG AT, AEREAN 1] 2 HBD-3
YU N F v TR R T #2241, R gl e X, &
H] HBD-3 {401 /F F 7T fig 55 NF-xB fll TLR-4 [{) €15 F AT
O, T 2 IO B A nT el L L e & Aok S, Aex)
JEA1, IL-10 Al TNF-aff) &I 7E 55 I 1] s 34 Lad 225 v 1 LAt
WAL, 25 Goil i X AF HBD-3 4LAI #2412 1],
FESE G55 o HBD-3 ALJS 47 22 4] DL kb IL-10
FI TNF-af ™5 10 JAE SV

M2, HBD-3 0] DUt FLHER R 1Y 2 M s
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