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BE BRI E G 2R3 7 BML-111 9% COPD /I~ & K 52 B 69 HUH . F73% : #3& COPD /) R AR i it HE % &48m] /)
B4R 27 Fm fn 5 ) BRSP4 iR A A s il it ELISA #aml s R ¥ A% A i # 26 3% (BALF )  TGF-B.TNF-o IL-1B #= IL-10 #34~
% ;i it Western blot 4 /Js R At 20 2% # NLRP3 Cleaved-IL-18 . Cleaved-caspase-1 o Nrf-2 ¢ % ik, R . Fa L 4R 2 F, 5
*tFR2EAR L, COPD A2 A0 B = th = & 04 K i B, K 40 J0A5 A4S B3 hm B A R Q38 K, L AE B R, SR MR %
BML, # BML = Dex 28 9 i 48 43 F= o 7 JB) ) 04 bk 4w iz 8 42 B 9 B 4K (P<0.05), ELISA #4527 ,COPD A A! 20 o
TGF-B.TNF-o . IL-10 F= IL-1B #4 %34 38 2 & F 2 1B 41 (P<0.05); /£ % BML 1 % , TGF-B. TNF-o. IL-10 F= IL-1B #4434 B 4% F
COPD #£7 40 47 4 £ 3% (P<0.05), 5 COPD A& A48k, Dex 4049 TNF-o IL-10 = IL-1B # & ik 8 % T iA(P<0.05), TGF-B #4 & &
B F £ F(P>0.05), Western blot #&] 2& R .7, 5 s 28486, COPD #£ 7 20 * NLRP3 ,cleaved-IL-1B #= cleaved-caspase-1 # %
k2% LA (P<0.05); 5 COPD £ A za48k, &A% BML #8. & # & BML %1 f» Dex 41 ¥ NLRP3 cleaved-IL-1B #=
cleaved-caspase-1 #9 & ik .2 Fifl (P<0.05), FHAMLR R 7, 5B a4ak,COPD £ A 24 ¢ SOD & M+ B % A% (P<0.05),
MDA & 2 338 3% (P<0.05), BML-111 232 )5 , 5 R 204818, 10 mg/ kg #9 BML-111 4= 2 mg/ kg #9 Dex 2 342 % SOD &%, 5f
B E A% MDA EH(P<0.05), X528 a4a 5k, COPD A7 20 45 Nrf-2 45 & ik 8 2 T8 ; mi&# 3 BML 41, % 7 3 BML 40 4= Dex
48 9 Nrf-2 ¢4 %35 80 2 % T COPD A2 % 28(P<0.05), %518 :BML-111 2f COPD /s § ¢4 4% £ 4F A T4k 2 i@ i3 8% NLRP3 ¥ j vk
BEA ROS 8 77 & k-5
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ABSTRACT Objective: Investigate the mechanism of lipoprotein receptor agonist BML-111 regulating the inflammatory response
in COPD mice. Methods: Modelling of COPD mice was established. The degree of inflammatory cell invasion in the lung tissue and
surrounding blood vessels was detected by HE staining. The contents of TGF-B, TNF-q, IL-13 and IL-10 in bronchoalveolar lavage fluid
(BALF) of mice were detected by ELISA. The expressions of NLRP3, Cleaved-IL-1p, Cleaved-caspase-1 and Nrf-2 in lung tissue of mice
were detected by Western blot. Results: Saffron staining results showed that compared with the control group, the COPD model group
showed a severe inflammatory response, increased inflammatory cell invasion, increased alveolar sacs and spaces, and thickened
bronchial walls. Compared with the model group, the levels of inflammatory cells in the lung tissue and blood vessels around the low
BML, high BML, and Dex groups were significantly reduced (P<0.05). ELISA results showed that the expressions of TGF-B8, TNF-a,
IL-10 and IL-1B in the COPD model group were significantly higher than those in the control group; in the high BML group, the
expressions of TGF-f, TNF-a, IL-10 and IL-13 were significantly lower than those in the COPD model group (P<0.05). Compared with
the COPD model group, the expressions of TNF-a, IL-10 and IL-1 in the Dex group were significantly down-regulated (P<0.05), while
the expressions of TGF-f3 was not significantly different (7>0.05). Western blot results showed that compared with the control group, the
expressions of NLRP3, cleaved-IL-18 and cleaved-caspase-1 in the COPD model group were significantly up-regulated (P<0.05). And
compared with the COPD model group, the expressions of NLRP3, cleaved-IL-1@, and cleaved-caspase-1 in the low-dose BML group,
the high-dose BML group, and the Dex group were significantly down-regulated (P<0.05). Activity test results showed that compared
with the control group, the SOD activity of the COPD model group was significantly reduced (P<0.05), but the MDA activity was
significantly enhanced (P<0.05). After BML-111 treatment, compared with the model group, 10 mg/kg BML-111 and 2 mg/kg Dex
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significantly increased SOD activity and significantly reduced MDA activity (P<0.05). In addition, compared with the control group, the

expression of Nrf-2 in the COPD model group was significantly down-regulated; while the expression of Nrf-2 in the low-dose BML

group, the high-dose BML group and the Dex group was significantly higher than in the COPD model group (P<0.05). Conclusion: The

anti-inflammatory effect of BML-111 on COPD mice may be mediated by regulating NLRP3 inflammatory body activation and ROS

production.
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18 BH ZE 4 fili 4597 ( chronic obstructive pulmonary diseases,
COPD )2 —FP ATk, R TR A AT IR 7 BB , IR RFLL Y
W 37 BRI S 4 AT il 4ok, COPD ™ H Bl A
AR, T 2020 4P B R BREE = RAE TR, BT, 4
HF 40 2 UL 1 AE A COPD Uk T ik 5] 9%~10%,
I, SRA BRI 25 W) R AR TR U

75 COPD it J i #2 i, NLRP3 4 ¥/ )MAF 5 i D 5E A
TR R PR, IL-18 J2AAE/IMAHY T Ui+, 76 COPD
R MY ARAE BN R SCEEAE T, O H 5 COPD ™S A% 52 1EAH
OSBRI, TR S8 RE 20 MR A A P AR RE/IMATE T R AL
T ZE COPD B 1 RAE B REE

g4 & J5 (lipoxins, LXs ) /&A= DU I A P06 P B WAt
=4 A5 R A 28T 7= A LX I AR o 58 i LA 3B ¢
HEWERY, LXs 0 2200 50 SN , (046 3R B2 480 | R ki
I - PG B R SR e R B R AR, A
LXs 7E COPD 35 iy Hi R AE A WA T (H T R —Fi iR E A
ZARHANRC SR ENES . JRE 2R Eh 7R BML-111 245
AREDW B —F, AT SR Z ARG G 7 A FR R AN
[FIREYIERY, TSR], BML-111 7ERERER A S 1 ¢
TR REYIRAEN M, BML-111 7] Gl i 78 75 IncRNA
MALATI )ik 2 M09, 481, BML-111 #£ COPD
ANERPEFIPLRIE AN TEAE

AHHFE ETEARTT BML-111 7EJH5 COPD /N A AE S0 H?
BIFER, LIS COPD G2 & ANRTT 7 S8 1 il 2 B it
BTSSR

I R 5 E

1.1 EIezEhHFnik

40 H SPF it /N (2-4 A4~ K, 26-28 @)Wl F Y 22388 K
FBEAE B 2 S S UL [SYXK(BR)2018-001] . FEARHEAAF
LA 12 h AR/ R R R N, R PR HE R B FK .
INERBENLA LA 5 41 XHE4L (Ctrl); COPD %441 (COPD
2H); BML-111 {20 (1 mg/kg, ik BML 41 ); BML-111 &5
TR (10 mg/kg, 5 BML 2H ) Flih KA 2H (2 mg/kg, Dex 4H ),

THIE R R 2RI BIE RO B A R s A
YIRHABRA T JE ISR A VPG A5 Tl 7] ; ELISA K
AR £ . 26 [ BT IOR . SOD F1 MDA I Mt 5 £ \HE
Yeta i3 & (caspase-1 . IL-18 Nrf2 I B-actin 45 4T 1A 241
M 2% E Abcam /A &) ; ECL A5 i 77 £ 1 H 32 [&) Millipore 2%

Fl; WA B 32 Thermo /4 w] ;Image J 43 M4 1R A 26 H
Waltham /A 7] ; GraphPad Prism 6 43 #7 24 I H i1 & K San
Diego /N H]

1.2 A&

12.1 Zh¥5rA4E 1% COPD /MR AL i i/ R 22
THRZE PSS TR NE 208 (LPS ) EEAZ, 8 40 H/ N3 R
AL ZH A 20 5 4, 4350l kot BR A (Ctel ) < 1E % /N B 4
0.9%*: 3 #h 7K ; COPD KLU ZH (COPD) : 1E /N L2 U8 N T
FELPS; /It BML 46 (Low-BML): 47 COPD /il 4 1 mg/kg
BML-111; & BML 41 (High-BML ) : 45 F COPD /) f, 1 5t
10 mg/kg BML-111;Dex ZH(Dex): 45F COPD /Nili3- 4t 2 mg/kg
HuZERH . AT BML 41 | = 775 BML 201 Dex 41 ) 5255/
A B2 EET 12 SRR IR E S (F27h: 11 mg,
Jel T :9mg, 4kl 14 mg/ 37), FEMERARSS R 21K,
BRUR IR 2 h JOMR, R 4 AN B, IS S EBI 1.7, L
PRV T 2R S RSET . SRR/ NIRRT S
122 BALF fil& B SEWE A | mL B08 1 BEIREL 2%
R (PBS) IR A iy il o ek 3 3t J, MR 2y 2 mL (1) BALF,
FF7E 4°C (1500 r/min) R B0 10 min HoSglcdE FIFWIFE L
i FH ELISA U 540 X 17K -

1.2.3 ELISA #& MK EEF  ELISA iK1 & M T4l BALF
Ay IL-1B.IL-10 , TGF-B H1 TNF-a 7K ., ¥ 0.1 mL B .0»
BALF (1 I35 7 3 ELISA 96 FLIsFLAR &~ FLH, IF4E
37°CHERE 60 min, F PBS WAL 3 WK, S Ke At S Aa
PR A R AR IRAE 37°CFIEE | h, A s v FL A 7E
B BFRRAEN T BE)S KA FLAH PBS Pk 5 Wk, IR B s T
37°C5 0.1 mL (WEFHA MRS 30 min, SR VEEASTR, IFHHE
5 TMB JIEYIAE 37°CF TR PR E 30 min, FHZIERRA
IR A AL B SR, IR A 10 min, 38 53 76 BgHR (L i)
T 450 nm PIROGEEBRITHAITA LAY OD fH.

1.2.4 Western blot #  HB/NR A MiCAE Y4 Z7E 1 mL &
FUTHRBUR )3, R #E vk AR 30 min, 12000 t/min,4°C
BLLATH 10 min JEIER TR . WEBIRRSIHI 5 LS
WA 5 min, I BCA 85 15 Sk U350 £ 2 11 JBave B A 7
FE NG RS 7 SDS- FRTTIAGTESE R BTk, SRS
VKR8 % PVDF I I, WA S%BNE Uikt ] 1 h s S
—¥Pi(caspase-1, IL-1B, Nrf2 Fl B-actin, )7F 4°C F I HFH . R
Jii B IE T TBST BE¥ 3 Ik, I 5 i b Wy B 36 1 Ll =E 4/
B IgG ZHilEE 1 h, ffi ] ECL kil Sl it fh e Rl 4%
WAL, Jf il Tmage J RGEFHATIIHT

1.2.5 SOD #1 MDA i&HEME  MEHTEGEEWHL,
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AERIERK LA 1: 9(wiv) I LU Bl B ZHZ 510 (10% ) o K S0 R A
4°CF LA 2500 r/min B0 10 min, P85, W8E IS, IFHRIESOD
1 MDA 5PN &3 EULHT I & SOD 1 MDA i 4 .
12.6 HE &  AI/NRE, HAME TAREET, Ee
24 h, FEFKMPE 2 h, BEIS, KGLLLUE CBER RS R K
(50% ) Z, 1% 30 min, 60%H4 Z 5 30 min, 70% ) Z, i 30 min,
80%7 Z, 1 30 min, 90%(¥) Z, B 30 min, 95% 7, % 1 30 min, 95%
2,1 11 30 min, Jo7K 2,1 30 min, Jo7K 2,7 11 30 min, $:35
RO oK QSR AW (1 DR S min, BB ZHR 1
EWIREE 2 min, 30 TR THARON T 2 min, &, K44
LA A U0 IR HE Y il G A7 e 6 LASEF T4
AR 2 T

L3 Gt o

{#i Ff} GraphPad Prism 6(San Diego, CA) #4740 112% 4347 .
FrBRHERR N 3 YOS 55 SR P B {E - SEM, {5 FBCRT t
K35 ol B ] ANOVA HE17 5% IR ZH FISE 6 2 =2 [8] 9~ S48 1) Eb
B, P<0.05 FrErBERARIE L,

2 &R

2.1 BML-111 & COPD /|\iR RifiZR 4740 1 25 B Bl s M 4R RS

555 B 40 AH L, COPD #5578 20 /)N B S 7w H0 ™ 3 1 48 i R
INF, & AT 200 A R, O 2 N ) B G, S A e
JE. SEAIZHAR L, Ik BML 41 | 5 BML 417l Dex 4H [t 21 41
FRILIIL A ) L %) 2 P 20 B Y T 2 O 8 P . LI 1

B 1 H&E Fa0aRIE R REFTA(x 200)

Fig.1 Pathological changes of mice lung tissues detected by H&E staining (X 200)

Note: A: Lung tissue of control group mice; B: Lung tissue of COPD model group mice; C: Lung tissue of low dose of BML-111 group mice; D: Lung

tissue of high dose of BML-111 group mice; E: Lung tissue of injection Dex group mice.

2.2 BML-111 #f#= COPD /R AEp 4 E B F kL

COPD ## 2H /N i, TGF-B . TNF-o\IL-10 1 IL-1B #5235
YIS T R4 (P<0.05). & BML 41/ TGF-B.IL-1B.,
TNF-o F1 IL-10 93235 ] AL T COPD #1141 (P<0.05), 5
COPD #5714 3¢, Dex 20/ B, TNF-or IL-1p 1 IL-10 f) 323k
W3R (P<0.05); TGF-B YA Jo i 32 5 (P>0.05), COPD
FEAIZHAMIE BML 28 /N2 18179 TGF-B  TNF-o IL-10 1 IL-18
MIFRIATC W22 F(P>0.05), TLE 2.
2.3 BML-111 il COPD s NLRP3 Z¢ 14 iE{L

/NI ZH 2 b NLRP3 % [ | caspase-1 1 IL-18 (1) 31524
B on, 5XFH 4 A ,COPD £ #Y 44 /N i, ' NLRP3,
cleaved-IL-1B8 F1 cleaved-caspase-1 fit) ik i 2 I (P<0.05),
5 COPD ##UZH AR, % BML 20 . f& BML 201 Dex 41 1
NLRP3 | cleaved-IL-18 #l cleaved-caspase-1 ) & ik & 3 F 1
(P<0.05), ULIE 3,
2.4 BML-111 ¥83 ROS #ri2#I =%

ROS #ric#y SOD il MDA HJiG MR MZE R R, S5t
ZHAH L, COPD i RIZH /N ELAY SOD 376 P i 38 F& i , MDA 33 4
BFETR(P<0.05). BML-111 4b#J5, 5 COPD #RIZHAA L,

1= BML 41 il Dex 21/ SOD ¥ ¥4 i 35 T+ 15 , MDA 5 i
ERRAR(P<0.05), HE—2 1Ak Nrf-2 28 (78U ZH 2 Hh g 36
ik, 5 X RRZLAH H , COPD U2 /N SR Nrf-2 1 4635 B35 #
(P<0.05), Tfifik BML 4 .5 BML 411 Dex 2H/NEL T Nrf-2 1)
Fik B EE T COPD AL (P<0.05), WK 4,
3 Pig

JIg 48 & 2 (lipoxins, LXs ) & —FopT B 1) PR PE AN BT, HA
BURAEF, AT i 25 AT 25 Fh 0 i 240 MR 9 0 AF DG I D ) 23K
PRI, LX SRR R RAER " 45 1155 "0, LXs 7E& R h &
VESRR BT RAE T, LXs BB R M B B R TR R R
BRI A g8 5 17 707 R, LXs 78 COPD H A # VE i i R
T, WEA LM AR B PR NE B 32 AR sh )
BML-111 #7%5 COPD /MR A AE S i (B o BT 45 R 3R,
BML-111 % COPD /N R (9471 4 1 FH 7 B J2 3 i 1% 75 NLRP3
SIE /MR FT ROS 1977 A4 A S0

TERAAZ A - L VEZN I 2R, COPD f4 5 BEAE 1k 5 R L
N 22 [E AR S BB R 7, I 4IiE COPD A £ 58
IR T NLRP3 R PE/MA, SAE/IMAE B NLR L8288 T4
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Fig.2 The expression of TGF-g, TNF-q, IL-10 and IL-1@ in BALF of
COPD mice was detected by ELISA
Note: A: TGF- expression; B: TNF-a expression; C: IL-10 expression;
D: IL-1B expression. Compared with control group, *P<0.05, **P<0.01;
Compared with COPD model group, “P<0.05.
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[& 3 BML-111 i COPD A NLRP3 ¢t {kiE 1k
Fig.3 Bml-111 inhibited the activation of NLRP3 inflammasome in COPD
Note: A: Western blot result of NLRP3, caspase-1 and IL-1 proteins;
B: The expression of NLRP3 protein; C: The activation analysis of
caspase-1 protein; D: The activation analysis of IL-1@ protein.
Compared with control group, *P<0.05, **P<0.01;
Compared with COPD model group, “P<0.05.
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Fig.4 Bml-111 regulated the expression of ROS markers

Note: A: The activation detection of MDA; B: The activation detection of SOD; C: The expression of Nrf-2.
Compared with control group, *P<0.05, **P<0.01; Compared with COPD model group, “P<0.05.

KBESFETE N (ASC) Fil caspase-1 FURTIAH A £ E A E S
o WL caspase-1 4 LA PR T iE4) pro-IL-1B, FF{E #fiE
RAMIA T IL-18 (Y BRI S3IAR, NLRP3 AP/ MATE A2
IR Th A S RAE N L B 2 V2 fRIE . N, R B E
i SIRTT it COPD KR NLRP3 S (41 IL-1B Ik
B AE AER YK AN I AMORE B T TLR4 3% 42 3% NLRP3 4
PRI TE SRE R ik JE R A 38 1 BH W NLRP3 4 4 4 (1)
AR SN 2 W5 W I AR A RN LF AL, AR oE b, iR
1 5 B30 4347 45 B 46 B, COPD A% 2H /N L9 NLRP3 \IL-18
I caspase-1 Feik /KB I8 i X HRAL, X & COPD %1/
FRAYHIE 5 NLRP3 RPEARBOE 2 IA G . SARIZEAH LL , IR

4t BML 4] fil = 7] & BML 40 ) NLRP3 IL-1@ #il caspase-1 3
T34 A, W BML-111 0] G ad 5 40 /IMA
TE M T COPD A7 /N BRI 48 i . ELISA 45 B30,
7l BML 2 BALF vy IL-18 % 5B X T COPD # 7 ZH
T, B IL-18 AERIA T RE S NLRP3 RAEMRA TS %
ARG, BML-111 A ggid 1 i i) COPD i NLRP3 5 14 {4 1%
b, T IL-18 19533 , i T 2208 COPD /INER & AE S o

7 P 4 (reactive oxygen species, ROS ) J2 18 i1 4 AE /IMA 1
KHE 2, IEH K0 ROS A IZEFG 40 Y 45 R AR B AE , H
S MY ) ROS & il i e AL BE JT ), 4t 23 &
AR AR RTE, IR L, SOD il MDA il % #A & ROS #ritt
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