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Antagonistic effect of Polygonum cillinerve against methicillin-resistant
Staphylococcus aureus and its immunoregulatory mechanism

An experimental study
Cao Lanxiu',Lii Juan®,Zhao Xian',Wang Jiang' ,Ma Li’
(1. Teaching and Research Section of Prescription Science ,School of Basic Medical Sciences ;
2. Teaching and Research Section of Chinese Medicine Science ,
Shaanxi University of Traditional Chinese Medicine )
[ Abstract ]Objective . To investigate whether Polygonum cillinerve can antagonize methicillin—resistant Staphylococcus aureus (MRSA)
using a multilevel evaluation system and the immunoregulatory mechanism of its antagonistic effect. Methods ; Tube double dilution
was used to perform drug sensitivity test to observe the inhibitory effect of Polygonum cillinerve on the growth of Staphylococcus aureus
and whether Polygonum cillinerve can affect the invasion of MRSA in host cells. Fibronectin adhesion test was used to evaluate the in—
fluence of Polygonum cillinerve on bacterial adhesion. Real-time PCR was used to analyze the effect of Polygonum cillinerve on the
mRNA expression of Toll-like receptors (TLRs) ,nucleotide—binding oligomerization domains (NODs) ,and downstream inflammatory
factors tumor necrosis factor—a(TNF-a) and interleukin-6 (IL-6) in AT- I cells. Western blot was used to investigate the effect of
Polygonum cillinerve on the protein expression of mitogen—activated protein kinase(MAPK) and nuclear factor—kB(NF-kB) in AT-
Il cells. Results : The Polygonum cillinerve group had a significantly lower number of AT-II cells with MRSA invasion than the
model group and the positive control group(471.57 +34.32 vs. 1 014.54 +127.51/810.05 + 101.33,P<0.05) ,as well as a significant—
ly lower fibronectin adsorption ratio in AT-1I cells infected with MRSA (0.25 +0.01 vs. 1.04 +0.12/0.74 £ 0.07,P<0.05). Real-time
PCR showed that MRSA significantly increased the levels of TLR2,NOD2,and downstream inflammatory factors TNF-a and IL-6
(P<0.05) ,while Polygonum cillinerve significantly reduced their levels(P<0.05). Western blot showed that Polygonum cillinerve sig—
nificantly downregulated the expression of the proteins involved in the MAPK and NF-kB signaling pathways (P<0.05). Conclusion .
Polygonum cillinerve can antagonize MRSA jand the MAPK and NF-kB signaling pathways might be involved in this process. It fur—
ther regulates the pattern recognition receptors TLRs/NOD-like receptors and the downstream inflammatory factors TNF-o and IL-6.
[Key words]Polygonum cillinerve ; methicillin —resistant Staphylococcus aureus ; pattern recognition receptor ; nucleotide —binding

oligomerization domain-like receptor;nuclear factor-xB
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tern recognition receptors, PRR) & EEMIEH , H
it NOD #£ 5Z {& (nucleotide binding oligomerization
domain—like receptors, NLR)F Toll ££3Z & (Toll like
receptors, TLR) 73V A il 9 LA B i s =G E 1 52
TR AR RAS B MOk B2 1 OGTE . A SCARAD-E %
i B4R P PR 4 ¥ {4 %5 45 BR B (methicillin resistant
Staphylococcus aureus, MRSA) HIRIMEAZRI%T MRSA
YL AT- I B PR3V T S HAL A TR ], LB
AP -C RGP A v BRI 21, S s He
TERIE Y TLRs Fl NODs Z A,

1 #REFE

1.1 SEEAbdt

Rtb b (b 2 BR AT A ) ) /K SR, g A3 g
FRIAT, BT -20 CUKFIIRAATF T . 25 UG o i % S
TR o RSB FR I B IR A AN 2935088 o 2 175 1
AT DU 2R A ] 2N L RPMIT640 15 352 350 A Gibeo
OS] EFRR R I H S5 Sigma; Trizol 14 H MK Bio Basic
Inc, Ready—to—Use PCR Kit W H Fi#EAE T A TRHARNRSS
H R/  MMLYV first strand ¢cDNA synthesis kit 14 H /T4 Kk
Bio Basic 23 ) ; DEPC W [ Jb 3 5 A 74 FRA W) e
g KRR HUEHE WL L5841 1 Thermo fisher;
GAPDH MAPK H1 NF—kB i/ [ Abcam,
12 2HERNHRAWET A

AR YR S B0 FH (14 B A I R B80S 11, 3R A3 5 i 45 09-44,
BRI F o P 2 Bl e 2 B I o 5 B 205 2 ) Uk
PSS S 7 2 AR T 25T (MIC5=32 mg/L, MICo=128 mg/L,
MIC i [l 32~256 mg/L) . ¥ FRRIZRBERD T 547 H B
TR AR T PRI VR R A B SR R A, Bk
PR RN T B 5 %, 37 °C 150 r/min {5 IR R T 7 1%
FELTE (18~20 h, HRAE T B 1 A 1M 22 ), 5% 4% 100 L B
TP TR et B R e I AR R 3R 20 2 h, A AL TR BUE K
M, WS (absorbance , A)E A 0.1~0.2(#J 108 CFU/mL), &
LIRS E W, 7E 6 000 r/min 254 F 04 5 min, 37
1, ] PBS Yk 1~2 ¢, RPMI1640 353 5L B JEM B Z
2SI I R R R FS , RAT R
13 AT-11 tefe sz Aot &

KB W S K A SRR, AT BRI 28, 47
FER i, ZS B OB R SR A D BT 1~2 om, 47
TR DTF F A4 AR BT 20 Jhk i e o e 1, S
8~10 Wi, FHTEVEI 1 | I HEL VA wh e s 102, E vk
VT EVE R U . JRBGE O il R SRR AR
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Ji ZHZA0E 37 CCOKIEHA HUE 20 20 min, 7E75 7 DNase [
2 mL A5 BOR TR L SR IR B R 2 1 em® RN, REAR
A1 id BEP= A UM . A 2.5 mLL FBS, FFANE DR
M2 2 10 mL, I7E 37 CHERFRIRFACE 5 min, 28 200H
i8S , T 800 v/min Z5M4F R ESLy 5 min, 5 B3, T
RPMI1640 3552 3 H B AR A0, TR 51 e SO A
B 1gG FAL BB R AN ss 2= L, F 37 “ClEd e
F229 3 h, WHEA ML, T 800 r/min 45 FES.L> 10 min, 3
¥, FTCILGE RPMI1640 PE¥s 1~2 IR, IF HANMIRE 70
B MM TR, AF 37 CIHIR 5% CO, FREE F4k&:
Figt
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FHIAE A5 B A 25 W U S . ARSI T
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% 4 ML PRI S T ORI — R T RN, 37 C
150 r/min FEPRIE IR 18~20 h), 4% 100 wL 55591 T8
i MH 3537 3 P e R — S0 F R 3229 2 h, 4 A T 380k
K, Agom=0.1~0.2, HH L MH PR 1 000 17, HiR4
FIA 0.1 mL(&HE 2 0.5 x 105 CFU/mL) , i A2 M 47
HHAAE T 37 CHFEH R 18~22 h, WM ISR I8 ,
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TP TR AR IR VA B, 45 5 5 26 I DR 92 30 AR EAL & A &5
(NCCLS)Frififin AXT BE
1.5 fEANEK
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% (PG,200 mg/L)+MRSA 41, IR I HATTLY 16 h, F 2 +F
TR P A R, 4 R L A Ak T B AT R R AT TR TR
(10:1) TG, B 37°C 5% CO, HIEFHAF TR 2 h, 55
ETEW AN PBS YT 2~3 UK, LA BR ARG A AR 9T
A RPMI1640 4453 (&4 100 mg/L JEKEZE )1 mL,37 C
Bi5E 60 min, RACAAZ AANMIAO AT 04N B 1= YL A 21 LA
PBS Ve 3 U, A 1 mL B (0.25%) , 7E 37 CAUF T IRE
10 min, FHILA 100 L 8 TritonX-100, 754518 E 15~30 s,
HRAN M 2 10 £i5 RIVFRRE R AT T8 IR 5AR -, 151 8 1
FRAE 37 CH&AF T 12~16 h 5 4L, A AR AMEEH .
1.6 LFHbi &R G db M 2 5

HUAT- 1T 4 B4Ah T 96 LR, Hhik 4 41 R4 (NS) |
MRSA 2H Kfib-E (PC,2 ¢/L)+MRSA 4H 5% % (PG, 200 mg/L)
+MRSA 4, PR Fn I PBS IR FEZE 40 pg/mL,
0.22 wm FEFLIEMEBR L€ S5 , A 96 FLAR b, Herp AL
A 200 pL, TEIRAFTER, WH,FEEA LW, TR
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B LA 50 wl, 10%F 107 37 CEHA 60 min, PBS PEi4% 3
WIS H 2P R FR I (16~18 ), A B4 8 1 AL 24
1 x 107 40E 37 CHEF% 60 min, PBS P 3 WK, FH 29%1% —
BRI E 2 60 min, T 0.5%45 25940 5~6 min, Ye(d
Je il FHTC R K SRR 3 K IR A B AT, &5 4 RE
) A {E BRI E ISR IR (R IMAH ) , T BFHE (A)
=(SEBRIISE A fE-BIMEXTHEFL A {H) x 100%,
1.7 RT-PCR

AT- T 4033 4 41 . JE % 41 (NS) \MRSA 41 A hb -t
(PC,2 ¢/L)+MRSA 4 . F 8K (PG,200 mg/L)+MRSA 4, AT-
I 4 (AL +MRSA 20 K 75 % R +MRSA 41 [R] B A Rz
iR RN 1 mL Trizol 213K R & 1.5 mL JCRR S >
B FTICAE AN e IR 5% 10° S 4IAA 1 mLL Trizol , F- i
200 L %05 2 1.5 mL B0 b 0 IR 78 & A0
RNA, FFHZI RNA ZEEE | Ay o/ Ao WA 1.8~2.0, 120507 T
519 mRNA b at R TAE TR RS A RA R AR, 1
HI LA ZEKEC A 10 wmol/L, % 519075 W3 1, FIJH AB
applied biosystem 4= [ 8l PCR A HE47 6 J3 I )3 ) B 14
PCR FR £ 40 194 CHiA 5 min; 94 °C R A8k 45 5,60 °C
MR Kk 30,72 CCHEMH 60 s, T 40 MEFR; T 72 CE&F
T 10 min,

#1 PCRE&EHERMSIMEIIZIR

A emn s o

LA (C)

TLR2 NM-011905 5’-TTTCACCACTGCCCGTAGAT-3’ 57.8
5’-TTCGCAGGAGCAAACAAAGT-3’

NOD2 NM-145857 5’ -CCGTGTGGTGTTAACCTTTG-3’ 55.8
5’-AGGATCAGCAGGTACATGTC-3’

TNF-o NM-027113 5’ -TTAGATCTGCCCGTAGAT-3’ 64.0
5’-AGTTCGCCAAAGGACAAAGT-3’

1L-6 NM-008237 5’-CCGTGTGGTGTTAACCTTTG-3’ 60.5

5’-CATATCAGCAAGGGGTAGTC-3’
GADPH NM-008085 5’-CCATGCCATCACTGCCACTCAGAAGAC-3’ 66.5
5’-GAGCGGCTCTCTCTTGCTCTCAGTATC-3

1.8 Western blot

AT-TT A0 S 43 4 41, IE % 44 (NS) \MRSA 4 kL
(PC,2 g/L)+MRSA 4 | HF %5 % (PG,200 mg/L)+MRSA 4,
MRSA ZH il A 43 8 €045 25 BR DR B4 % , PC+MRSA 20N AR
LIRS PC+MRSA AUINA T B = 305 AR 12 h
J& , FH RIPA (#1907 (NI $E LR R 1, BCA T8 & .
JH PBS /5,99 CZ8E 10 min, T-20 CIRAEFFH . Bil10%
AYES IS (R M) ) T IORE A 10 W AR 84T SDS-PAGE
FLK,70 V.25 20 min J5H4E % 120 V,300 mA $5052 1 h,
FHE 5% R W58y 1Y TBST W W ET P 3 h, TBST W 3 3K,
5 min/¥%, ILA—$T GAPDH(1:2 000, Abcam) . MAPK(1:1 000,

Abcam) \NF-kB(1:1 000, Abcam),4 CH;H iF %K 12~16 h,
TBST $Ef 3 1,5 min/ik, IR T 525005 1 h, ZHih
BRAR A AL R IC Y EHTRBTA (1:3 000) (Abeam, USA),
TBST Pl 3 K, 5 min/Ik, 5%,
1.9 %itzam

3 () A 5% 1 SPSS18.0 BT 5e 40 .
THE TR R LAIEL + AR (0 2 5) FRom B R B 2
1530 A L AR FH LSD— 325, K2 36 /K 1 =0.05

2.1 MRSA xR &L UM A

3 R A AR R A I A S AR Db AT BRT VR S
0.5 g/L, b7 I ARAF A3 il 4 BRI X 75 25 3= it 247 MRSA
X ARA-EARIR A AR
2.2 kALY MRSA & AT-T 28 f 6943 A

PC+MRSA 41 Al PG+MRSA ZH#4 1] [ MRSA % AT-11
AMAAZ A (P<0.05) fH/ZSEE 45 T, PG+MRSA AL 1 H
IS, PC+MRSA ZHHDHIRCR 00 =2 A0 B A I e IGF
PG+MRSA 1 (P=0.010), HMA%E W% 2,

2 RESEI MRSA B AT- I BB IZEE BN

4151 FRAIE R W B A5 (9% )
NS 0.00 £ 0.00 0.00 +0.00
MRSAZH 1014.54 + 127.51* 1.04 £0.12
PC+MRSAZH 471.57 +34.32% 0.25 £0.01°
PG+MRSAZH 810.05 + 101.33% 0.74 £ 0.07*
FAH 15.430 8.180
P1A 0.000 0.020

AR AT E B E 5 a, 55 NS HLE, P<0.05; MRSA , P=0.000;
PC+MRSA , P=0.000; PG+MRSA, P=0.000;b: 5 MRSA % ,P<0.05;
PC+MRSA,P=0000;PG+MRSA,P=0030;c: 5 PC+MRSA 4% ,P<0.05;
PG+MRSA, P=0.010;

B T ERR -0, 5 MRSA Fo#%, P<0.05;PC+MRSA,P=001;PG+MRSA,
P=0.04;b: 5 PC+MRSA ¢, P<0.05;PG+MRSA , P=0.020

2.3 REPLTEARIT MRSA 474635 & & 09 45

FER AN EBEILZ — AR B 12 MRSA 456103
BN R B ARG AR ORS00 5 SR AL X MRSA
AT- T1 200 S FH ) 2 ), 255 %% 30, PC+MRSA 2401 PG+
MRSA 4115 7] B A% MRSA JE&%e AT 1 40 jd i) W B A FH (P=
0.010, P=0.040) , T AR YL ) My it 25 B #E , PG+MRSA 41
IMHIVE AR, 5 PG+MRSA 41 L 4%, PC+MRSA 41 ELAT i
BRI FH , W B LG 9 AT (P=0.020) , HLARKIE L35 2,
2.4 REFX ST MRSA B AT- I %8 e, TLR2 NOD2 & 1k &
T % KM B F TNF-o/IL-6 %5 mRNA £ ik K -F 65 %6

5 NS 41 b #¢ ,MRSA £ TLR2 NOD2 K H R i 4 v A
F IL-6 \ TNF-a #4745 W1 i _E T+ (P<0.05) ,PG+MRSA £ . PC+
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3 KEEIT MRSA B AT- |l 48A8 TLR2.NOD2,TNF-o . IL-6 B mRNA Fix/KFHI=0 ( n=6)
25 TLR2 TNF-« -6
NS4 3.63+1.12 3.71+1.62 6.88 +2.33 5.66 +1.21
MRSAZ] 47.13 £10.23" 59.34 £ 15.23" 56.44 +20.8" 42.44 £ 10.57"
PC+MRSAZH 17.12 £3.22% 24.54 + 6.33" 18.71 £ 8.12%% 17.88 £ 4.90"
PG+MRSAZ] 21.43 £ 6.67" 28.42 +7.32% 31.00 £ 10.20" 22.92 +3.53%
F1E 18.103 26.005 21.146
P1E 0.000 0.000 0.000

a5 MRSA HER, P<0.05;b: 15 NS FLEE, P<0.05;c: 5 PG+MRSA H4, P<0.05

MRSAZL T (G % [ TS5 (P<0.05) . PCAMRSA 41 H:
PG+MRSA 2 MG 1% K4 8 FH BT 2 (P<0.05) . LI 1,
3.

B3 NS4

228 MRSAZH
E3PC+MRSAZ
@D PG+MRSA 2H

TLR2 NOD2 TNF-a IL-6

a: 5 MRSA 48, P<0.05;b: 5 NS F#5, P<0.055c: 5 PG+MRSA
&, P<0.05
1 REb-EXF MRSA B AT- || 4858 TLR2.NOD2. TNF-«
IL-6 B mRNA k7K FHIEME ( n=6 )

2.5 kAt MRSA &A% AT- I 286 MAPK NF-kB & &
F A KT

5 NS 40 He %, MRSA #5720 MAPK NF-xB ] & | F+
(P<0.05) ,PG+MRSA #H PC+MRSA 2H 7] B & FRAK % | T}
e MAPK NF-«B 38 BEAE &R AR A W 4 (P<0.05) . B
PC+MRSA 4{AH L PG+MRSA 4 BT N i 5k (P<0.05)
W2 F4,

Qckf/@ B

H

R >

S
&

NF-«B  —— - - -—

MAPK .- .
eee®

2 SREM-E3T MRSA Bt AT- |l 4AA MAPK.NF—«k B EARIX
IKERIF M

R4 KESEXT MRSA B AT- || 4058 MAPK.NF-« B EB &%

K FHIR M
215 NF-kB/GAPDH MAPK/GAPDH
NS4 0.13 £0.02 0.09 +0.02
MRSAZ] 0.78 +0.12" 1.12 £ 0.26"
PC+MRSAZ] 0.31 £0.08% 0.18 + 0.06"
PG+MRSA4] 0.45 £0.10" 0.30 + 0.09"
FAE 14.093 20.341
P{H 0.000 0.000

7 a, 5 MRSA 4%, P<0.05;b: 5 NS FL#8, P<0.05;¢: 5 PG+MRSA
He# , P<0.05

3 3 R

250 B DR T ol ) 4 B 000 7 ) B R T 24 17 ) A
SN PRIATT MRSA JEGEPEBA 1T (41 BHXS
PRIR) L I RV S 75 B €030 28 R T SR e P P
AR 2GR S R AR AP AE 3R | DASEZE 4 ¥
(O A BR A 25 PR )7 A (A REAR S M it o
IX — SR T 24 1 S ORAR ™02 5B ) T 245 7 14
LSRR BT — AU R M, B2, AL
A LT TS A TR BT AR R B B T A
JOL BT 245 1 T R 25 PR HIBLAR A9 2290 A3 22 A s
SRR T EEIIRE . MRS RIALE] s AN R4 AR
RGNS O A0 AR N A A 2 R AR
AR, ABPFEEAR L AN ARRD-E 5P 3
A ER TR 251 | 5558 B0 A: 36777 58 (LA Bk
ERIT )L, BA PO o FH R R D RE  E R
BT B BTRBCR A LR T, w] DR G 5550 465 o
O HI BRI 250, BA IR BRI, #—2
5 B AP P ATE T AT B2 18 a8 75 TLRs 1
NODs Z AR KO  R AR TR LAY, TLR &
LPS 1 FZE 52 4 LPS J& 4 22 [T 1 240 14 1 g 1)
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