296 « FEIOHEFE2H 202442HA AKHEWwE%E  Drugs & Clinic Vol. 39 No. 2 February 2024

T BRSBTS SR AR SSGE R F &% TLR4A R FRIARIF N

B B R R b RIE 26 MR BT, TLR BE 210042

1 E. BRY Wi F S ERAUKERXTEES B AT I Propionibacterium acnes 755 (1) #RE R T & Toll BE324K 4 (TLR4) ik
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Effects of azelaic acid and salicylic acid on the level of inflammatory factors and
TLR4 protein induced by Propionibacterium acnes

SONG Shasha, WANG Yongfang, CHEN Yi, LI Xinyu
Institute of Dermatology, Chinese Academy of Medical Sciences & Peking Union Medical College, Nanjing 210042, China

Abstract: Objective To investigate the effects of azelaic acid and salicylic acid on the expression of inflammatory factors and Toll-
like receptor4 (TLR4) induced by Propionibacterium acnes. Methods The effect of drugs on cell proliferation was detected by CCK-
8 method. The concentrations of interleukin (IL)-8, IL-1B and tumor necrosis factor-a. (TNF-a) in the supernatant of cell culture were
detected by enzyme linked immunosorbent assay (ELISA). The molecular interaction of azelaic acid, salicylic acid and TLR4 protein
receptor was analyzed by molecular docking. The expression of TLR4 protein on the surface of HaCaT cells was verified by cellular
immunofluorescence and fluorescence intensity analysis. Results After treated with azelaic acid or salicylic acid for 48 h, the safe
concentrations of azelaic acid and salicylic acid in HaCaT cells were 62.50 pg/mL and 31.25 pg/mL, respectively. The maximum
experimental mass concentration of azelaic acid and salicylic acid in THP-1 cells were 1 000.00 pg/mL and 500.00 pg/mL, respectively.
Azelaic acid and salicylic acid inhibited I1L-8 production in HaCaT cells induced by P. acnes cell wall component peptidoglycan (PGN) +
lipoteichoic acid (LTA) or heat inactivated P. acnes. Furthermore, azelaic acid and salicylic acid could also inhibit IL-1p and TNF-a
production in THP-1 cells induced by phorbol ester (PMA) + lipopolysaccharide (LPS) or heat inactivated P. acnes in a dose-dependent
manner. Molecular docking showed that azelaic acid and salicylic acid could bind to TLR4 protein receptor effectively. Compared
with the control group, the fluorescence intensity of TLR4 on the surface of HaCaT cells stimulated by PGN + LTA or heat inactivated
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P. acnes was significantly increased (P < 0.01). After treated with 62.50 pug/mL azelaic acid, the expression of TLR4 protein on the
surface of HaCaT cells was significantly decreased (P <0.01). Meanwhile, pretreatment with 31.25 pg/mL salicylic acid could significantly
reduce the expression of TLR4 protein on the surface of HaCaT cells induced by heat inactivated P. acnes (P < 0.05). Conclusion Azelaic

acid and salicylic acid can inhibit the production of pro-inflammatory factors in keratinocytes and mononuclear macrophages induced

by P. acnes, and also reduce the expression of TLR4 protein on the surface of keratinocytes. Thus, azelaic acid and salicylic acid all

play an important role in the treatment of acne.
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acnes 12 58 S 9% ik Al G328 SN o AL AR G 92 400 i 2 £
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1 MR5RE%
1.1 FEMHE
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HIRAT, #'5 RH244687); /Kl (Jf &%
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Fi - 96 FLEEFRM, 0.1 mU/AL, BiFed e s dfli
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JEEUIMAN S IRIE 25 0.1 mL. F4H% 4 MEAL, &
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ZHIAFIE R = A sl A
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LTA 75 55256 15 B G IR AL (U3 7738) | #ER e
CInEEFRFERBNEAD . WA O i 7724/
D, £ R (62.50. 31.25. 15.63. 7.81. 3.91
pg/mL) AI/KA%mR (31.25. 15.63. 7.81. 3.91. 1.95
pg/mL) 4 P.acnes 53S0 B AN AL, B
M HH . T PR (62.50.31.25.15.63.7.81 ug/mL)
HFKER (31.25. 15.63. 7.81. 3.91 ug/mL) 4.
AR LA 3X 10° AN/ mL #:Fh T 96 FLAHMuRE TR, 0.1
mL/fL, 537 6 h J5 B H G I35 55 7R A AT ULk s
75, A FFEFLNEEFRIE, IO T &R 25
0.1 mL/fL, WH 16 hk 6 h )5, FRFLNERL N
A PGN+LTA (&R &K 12.5 pg/mL+12.5
pg/mL) HUAS[E] ot SR L2 L FIfEH 24 h, B P,
acnes (£ ¥ 2.25X 109 CFU/mL) FIAS[F] i Bk
2GRS RIVE R 48 h, AR ISR, #% ELISA ik
T Uk B AT I 20 e R % EIEh 1IL-8 .

1.25 THP-1 g5 5% i IL-18 A1 TNF-o 75
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WlE4H . £ /% (1000.00. 500.00. 250.00. 125.00.
62.50. 31.25 pg/mL) 4 A/K#EE (500.00. 250.00.
125.00. 62.50. 31.25 ug/mL) #; P.acnes i 55256
TE AR B, VA4 . . (1000.00.
500.00. 250.00. 125.00 pug/mL) A7k (500.00.
250.00. 125.00+ 62.50 pg/mL) 4. 401 I 11375 RPMI
1640 7= FEH#E AR 12 X 105 M/mL 5% 6 X 1054N/mL 4H
MBS 96 FLIEF,  IIAANFBT SR 25
¥F 18h 5 6 h, k&N PMA+LPS (& FEHKE
100 ng/mL~+-500 ng/mL) FIAS[E] 5 Bk FE 259 3L R
Fl 48 h, BN P.acnes (2RI 2.25X 109 CFU/mML
Y 2.25X 108 CFU/mL) FHAN [ Jo A< B 25 v 3L R /E
48h, YSEEANMY B3R, 4% ELISA 37 i BRI 41
s aE ERS T IL-1p A1 TNF-o & .

1.26 T R KRS TLRA B A%
5 IR AR EAE A I PubChem #iidis %
(https://pubchem.ncbi.nim.nih.gov/) 735 N4 T R
IKMBRIAL 22 G5 R0 SCA s 57 A\ Chem 3D (v15.0)

A4 R 3D faE g R E M. @I
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EE PRGSO, R PyMOL 8 LB A 45
IR A FIAIE N, SAJEFIF AutoDock (v4.2.6)
BAEX B A BT VA TR IR 2R
7, Autodock vina 437 SEHE T R KABER AN
TLR4 AR50 T A%, FFIH PLIP 43515 #r

T R KR AN TLRA £ (A 32 A2 40 [FIAH L
ERAES, fJaiEid PyMOL S ifb 45 5.
1.2.7 MG RIRI TLR4 FEAKIE  HaCaT
HAAEME 1 mL (1X10°ANmL) 0T B 42 15 mm
PR IR L, A4 AN RE 5 in N 2591 (- R 62.50
ug/mL. K#82 31.25 pg/mL) EH 16 h, FFEILA
25 N PGN+LTA (&K E 50 pg/mL+50
pg/mL) BL P. acnes (£ fE 2.25X10° CFU/ML) &
Bel i 259 (T 8 62.50 pg/mL. /KA%l2 31.25
ng/mL), #kEEAEA 24 h, JoBE PBS Bk 3 1K, 4 4%
RHIEEE E . 0.5% Triton X-100 . 10%1L 3 i
BTG, N TLR4A (1:50) $ifk, & 4 Cid,
Fi—41, PBSJEVE, I Alexa Fluor 488 bric Ll
PR 196G (11500, EOLHFE 1 h, DAPI 45
min, FWOLILRERMEBT (X100) WL,
1.28 T BRAUKEERH A Y5 A F R 5% S
HaCaT 724 IL-8 2 THP-1 4Jfi= 2 IL-1B A1 TNF-a
DR RRAUKIRTE 15 1 1 B ELBIRC I R
HEY, BRI E N 125.00. 62.50, 31.25. 15.63.
7.81.3.91 pg/mL . HA PR A R BT 3 5 HaCaT
YA 1L-8 PAK THP-1 404 IL-1B Al TNF-a
VRS, SEEGODIRIF] 1.2.4 A1 1.2.5,
1.3 HitFER*E
KH SPSS 25.0 #AF#EAT G or#r, i A
R T LSRN 2 5, FER A LSD-t A
B AT LL R
2 #HR
2.1 FEgFkHEENT HaCaT #1 THP-1 ZHAfEIE
JE RN
44 714 62.50~1 000.00 pg/mL )T —FR A1
IKRAEFT 48 h 5, KB T B &k FE > 1.000.00-
500.00 ug/mL i, HaCaT 41 g i1 4735 253 514 16%-
35%, Ifi - &SR A 9 250.00 pg/mL A LA R,
HaCaT 41 ffl 4735 238 = T 75%; AH R 52 65T Bk
JEE S LA ) T R THP-1 i3S 378 A 5650
1 000.00 pg/mL /KAHERAEH 48 h, HaCaT 4%
FH 43%, THP-1 4HMAFIEZN 61%, T4 500
ug/mL K LR BUREIREE, 2 Frififm R e T
75%, ULIE 1.
Rk, 76J5%E0 HaCaT 4 scye b, kix+ —
Fi% 62.50 pg/mL. KR 31.25 ng/mL Ay K SE5R i
BIRAE; THP-1 2050 | R IR K SE 50 it &
PN 1.000.00 ug/mL, 7K##& A4 500.00 pg/mL.
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ig. 1 Effect of drugs on the cell proliferation in HaCaT and THP-1 cells by CCK-8 method ( X %s, n=3)
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Lx AL #P<<0.01; SEGHALLE: "P<0.01.
#P < 0.01 vs control group; P < 0.01 vs medium group.

B2 E-EFIKIGEETT PGN-+LTA (A) SK#IKGE P acnes (B) B2 EH HaCaT A4 IL-8 B98I ( X s, n=3)
Fig. 2 Effects of azelaic acid and salicylic acid on IL-8 production in HaCaT cells induced by PGN + LTA (A) and heat
inactivated P. acnes (B) stimulants ( X +s, n=3)
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P ECso 4 1.05 pg/mL, 7K ECso M 2.16 pg/mL,
PGN+LTA 535 T R4 THP-1 414 TNF-
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XS R #P<0.01; SIMEALR: "P<0.01.
#P < 0.01 vs control group; P < 0.01 vs medium group.
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Fig. 3 Effects of azelaic acid and salicylic acid on expression of IL-1p and TNF-a in THP-1 cells after induced by PMA + LPS
(A) and heat inactivated P. acnes (B) stimulants ( x s, n=3)
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Fig. 4 Molecular docking of azelaic acid, salicylic acid and
TLR4 protein receptor
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(B)iER/E HaCaT 4 TLR4 ZEEFIXRIFN (X 100)
Fig. 5 Effects of azelaic acid and salicylic acid on TLRA4 protein
expression in HaCaT cells induced by PGN + LTA (A)

and heat inactivated P. acnes (B) stimulants (><100)

PGN+LTA

xR R #P<<0.01; SHMALLE: "P<<0.01.
#P < 0.01 vs control group; *P < 0.01 vs model group.
6 FBARIAMABATI R ERIAFIES/E HaCaT 4
TLR4 #xEARIAEMEM ( X +s, n=3)
Fig. 6 Effects of azelaic acid and salicylic acid on relative
protein level of TLR4 in HaCaT cells induced by
different stimulants ( x +s, n=3)
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Table1 Comparison on ECso values of azelaic acid, salicylic acid and their mixture on inflammatory factor induced by stimulants

ECso/(ug'mL™)

<o S =
b B T—®@ Kb e

IL-8 PGN-+LTA 5.17 3.50 433
P. acnes 2.76 2.80 1.60

IL-1B PMA-+LPS 1.05 2.16 M2 I7E 80% LA |-, AIFKAF ECso
P. acnes 3.04 217 2.44

TNF-a  PMA-+LPS 3.74 FNHIR A 90% LA |, A 3RAF ECso 3.73
P. acnes 4,05 3.02 i 23578 75%LL b, RKIKFS ECso
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TLRs A2 B AE D B Ao B AA, G4
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I, LPS AR A 22 [ 1 1 ARG 20 I e — il b

FERI B 5B TLRA & i AU 2 1 777 1Y
TLRs A H—ANER . AR IS LPS F1 LTA 13
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JR10-101 AHIF 5T A L G e O A R LIRS, 45T
PGN+LTA & B I, B KIS P acnes HIlEL
Ja¥ae A HaCaT 4Hiffa %1 TLR4 B HMERIL.
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