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The effect of recombinant BPI on pneumoniae in mice infected with
Mycoplasma pneumoniae and the TLR4/NF-kB signaling pathway

HAN Hong' , CHEN Xuxia®, LU Jianli', HAN Yanjun'*
(1. Department of Pediatrics, Xingtai People’ s Hospital, Xingtai 054000, China.
2. Department of Pediatrics, Qinhuangdao First Hospital, Qinhuangdao 066000)

[ Abstract]  Objective To investigate the effect of recombinant BPI on the inflammatory response and TLR4/NF-
kB signaling pathway in mice infected with Mycoplasma pneumoniae. Methods BALB/c¢ mice (n=67) were randomly
divided into the control group, M. pneumoniae (MP) model group and high-, medium- and low-dose groups of recombinant
BPI protein. The MP model was established by nasal drip of 1x10° CCU/mL (100 wL) MP bacteria solution for 4 days.
After successful modeling, mice in each treatment group were injected with 1. 5 mL of recombinant BPI protein solution with

concentrations of 0. 45,0. 3 or 0. 15 mol/L through the lumbar vein. Mice in the control group and model group were
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injected with the same amount of normal saline through the lumbar vein. All mice were treated for 4 weeks. The lung tissue
and serum of mice was collected at the last administration, and the lung index and dry wet ratio were calculated; the
pathological changes of lung tissue were observed by HE staining method and the pathological score of lung tissue was
determined. Serum inflammatory factors were detected by ELISA and the mRNA expressions in lung tissue were detected by
RT-PCR; Western blot was used to detect the expression of TNF-a, IL-6 and IL-1B. Results Compared with the MP
model group, the BPI protein group showed a decreased lung index ( P<0.05), increased dry wet ratio ( P<0.05), and
decreased serum levels of TNF-a, IL-1B and IL-6 (P<0.05). Compared with MP model group, the mRNA and protein
expressions of TLR4 and NF-kB p65 in lung tissue of mice in recombinant BPT group were significantly down-regulated ( P
<0.05), and the mRNA and protein expressions of I-kBa were significantly up-regulated ( P<0.05). Conclusions

Recombinant BPI protein may inhibit the production of TNF-a, IL-1B and IL-6 by regulating the TLR/NF-kB signaling

pathway, so as to reduce the pulmonary inflammatory response in mice.

[ Keywords)

Jiti R 37 JEAK ( Mycoplasma pneumoniae , MP ) JE& 4%
Z R TEME DA, BN R 5 T AT, IR AT
IR KT B R E 2 R GRS
E VG R ARl R S TR AR il 4k
( mycoplasma pneumoniae pneumonia, MPP) H1 MP J&&
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BN & B Toll #£3Z {& TLRs ( toll-like receptor,
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AR 3R TN BT A 3 ) 55 55 28 3K B SE 5 3h )
EHIZE 24t (TACUC-2019-0356)
1.2 FERKFSMNE

Jifi 48 3 JEAAK ( ATCC15331) FH AR #ERE ( FIEAA
FRHEABRA D)  Jbt B TLR4 Fifk i Bl NF-
kB p65 Hiik HZH BPI 1 M DAB & (i) & (b
RSN EBEARG R A A s RIPA 24 | IL-
1B IL-6 \TNF-ou I 295 W B 12 ( ELISA.) A6 251
K MP AZ BRI & (iR TR A
FRAFD) sHRP ARid FEH0 0 1gG (R L FEA
Al HE Bl F & (b st i A HE AR A F)
TRIzol &% RNA $2& B 57 J¢ RNA J2 % 563K 1) &
(Invitrogen A F]) o

ELX88 RUHR Y (35 [E Bio-Tek X 2F A BRA ) ;
CKX41 f1'E% 7 38 ( H A< Olympus 23 w]) 52720
Thermal cycler PCR #3443 ( 3¢ [# Applied Biosystem
INF]) UV=3 BUERANAT WA 6B T (1 253 iR )
AR T ;S99 PCR AX (35 E Bio-Rad 2
H]) ; RM2335 1 15 Y B #)L . Histostar A1 Mt £ # AL,
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TR/ B R A T 285 SR ) S22 P, A B )
1.3.3 Zjyub

BRI H X B4 MP AL | AR 4/ RO 4
25YIRYT , FA BPL B 145 A T 4 /DN BRI I e S
0.45.0.3 F1 0.15 mol/L £ BPI, 4t # M 1.5
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1.3.4  /NEURITE S T8 L2
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HAy it 20 21 8 T T AR SR s s 4R
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1.3.7 ELISA 0 % 4E 77K

/I BRI HEE 75 Jok DA B, 5 00 43 B85 110775 (3000 1/
min, 15 min) , ELISA £l 1L-6 \ TNF-a J2 1L-18 7K,
1.3.8 RT-PCR K&MfiliZ 4! TLR4 NF-«B p65 Fil I-
kBa mRNA X Rk &

AINERIEHE B WP 8t A T AR, WLEE 2,
/N BRI 20 29 #3 B5 , TR1zol $2 LG RNA, 485143
JEEETE /B RNA 4l & L cDNA, PCR 473,
RT-PCR A& ] fifi 41 1 TLR4 , NF-«kB p65 Fl I-kBa
mRNA 5K ¥, KW & & : SYBR Greeb PCR
Master Mix (2x%) 15 pL; Primer A 0.5 pL; Primer B
0.5 L, 4tk 2 30 L, PR 95°C FilE vk
5 min,95°C 21 15 5,60°C Bk 50 s, 3 40 MG,
JRE B LL Boactin R P2, R 27 AL MR
mRNA X F ik,

B WrLIE

Figure 1 Research roadmap
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1.3.9 Western blot #:J7E 31k

KA RIPA 4 0 224 i W 224 it /) BRI 40 2, 2.0
(12000 r/min, 10 min) Y4E b3 . BUE 30 pL, 12%
SDS-PAGE BEHL UK , LS 2 PVDF JiiE, 12 A H A1
FEE 1 h, A —$TE SR, R B IA P
B 1 h, BERERGENAL, UL GAPDH NS i1
HHKRIL,
1.4 Zit=EAH*

Bl 20 B % FH SPSS 22,0 i, 2K H Graphpad
502K HRFORER (2 25 ) 3Rom, HE HECK
FH ¢ K56 K3 K HE a=0. 05,P<0.05 ERERHLS

2 #R

2.1 BANMRIIEEH . W/D RIFEITFS

% B EL s, MP AR TR 2 /) R 8% il 24
AU BRA T B W (P<0.05) , ARl s A
BPI T 5, /Iy BUIT 95 %5 2H 2L 3127 DF 43 A I e
I, BREE AL BPT I 2 4Ll 48 5 S5 B A 4 LA e 4
TH2E R AN AR 20 00 i 8 250 % il 4 25 B2 753
SRR A, 22 R RA G R L(P<0.05) ;
F4H W/D R LG22 57 (P>0.05) , L%

PED-8

3.4,
F1 LRI AR

Table 1 Lung tissue pathology scoring standard

pRiEsill

0 1 2 3
Evaluation category
A 7 D (<25%) W& (25%~T75%) BT (>75%)
Nothing Few Many All
T T £ i o
LA i R 5, 2 " = oy Tk 5 F T R 22 AR L
WAL TR ) ORI, ML IV gt
PR ) PEAT <5 R IARERE ) 5~ 10 IS EE)
B Nothing( slight infiltration or AR A ) Moderate ( Complet S ( Complet
peribronchial lymphoid cell Mild ( Abnormal , often with ,O erate orrtlp'e ¢ ef'ere 'thOSmpl‘i)e
. . . . ring or crescent ring ring with 5~
mass was occl-asm.naliy) intermittent rings ) with < 5 cell thickness) cell thickness)
seen in normal animals
BE HE
C g (<S25%MEHA) (=25% A y
Nothing Mild ( < 25% Severe (= 25%
cavity closure) cavity closure)
b 7 2 (<10%) W£(10%~50%) REZH(>50%)
Nothing Less Many Majority
B -
E e (BEARSCTHER) Light(patchy a y
Nothing Severe
parenchyma )

TE A A0S SE/SCRUE IR A BRI RO RH 5 B 4 S S8/ SCUE IR R BRI AR BE 5 C . A SR/ SORUE IR NG ™ B2 D - I 787 J3] [l i

FRBRRE 3 B - SR i 48 A9 P B E

Note. A, Number of infiltrates around bronchioles/bronchioles. B, Degree of infiltration around bronchioles/bronchioles. C, Severity of exudation in

bronchioles/bronchioles. D, Frequency of perivascular infiltration. E, Severity of parenchymal pneumonia.

%2 RT-PCR A 751
Table 2 RT-PCR gene sequence

EIE/EAS Eik7Z)e2 ] PR
Primer name Primer sequence Amplification product size

TLR4-F 5’ -GCCGGAAAGTTATTGTGGTGGT-3’ 356 bp

TLR4-R 5’ -ATGGGTTTTAGGCGCAGAGTTT-3’

NF-kB-F 5’ -GCGCATCCAGACCAACAATAAC-3’ 125 bp
NF-kB-R 5’ -GCCGAAGCTGCATGGACACT-3’

I-kBa-F 5’ -TACGCCCCAGCATCTCCACTCCG-3’ 400 bp
I-kBa-R 57 -CTCCACGATGCCCAGGTAGCCAT-3’

B-actin-F 5’ -GCCATGTACGTAGCCATCCA-3’

375 bp

B-actin-R 5’ -GAACCGCTCATTGCCGATAG-3’
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2.2 /INRFTAAREENT

Xof R /) BRI 20 4t 960 355 Wi E 8, TE R 5
t0 ] LI AS A DL 98 P 240 =t 10 s MP S AR 2 /) B i
AR WK E B Y, B A Y ok, <
A RE K J) ] (8] 5T 70 00, it 9 1] J5i UL 9% A 4 i 3 Vi
F BPI & ARG S AR S R R B
RN D 52 R AR, DL 2,
2.3 FRA/NRIMFREREFKF

MP AL /N BRI TNF-o IL-18  TL-6 K48
Xf A 1 4 A (P<0.05) , 5 MP #EAUZH [, &
2H BPT 4550 = 41/ BRI 2E 7K 3 [ AR ( P<
0.05) , H-rh 41 BPI 3697 41 4 0F 240 M X 7K 7Bl
SN2 RGN R R, SR B R AR, WLk 5,
2.4 R4HNRAZEZ TLR4 NF-kB p65 1 I-kBa
mRNA BRIEKFE

RT-PCR & 45 % 7R, 5 1E % % B 4] b &%,

MP #5525 /)N Bl 2 20 TLR4 mRNA | NF-kB p65
mRNA FEikH i F il (P<0.05) ; 4] BPI 44/ il
fitigh 21 TLR4 mRNA NF-kB p65 mRNA ik 5 MP
R ZH H B W i R R (P <0.05) ; MP B A2 T-kBa
mRNA FKIREOT A B T (P<0.05) , E4] BPI
&4/ EUIMZH 2 1-«Ba mRNA 263k 5 MP RERIZH [
R FIE(P<0.05), WL#E 6,

2.5 KRANMRMALR TLR4 NF-kB p65 F1 I-kBa
ERRIEKF

51 % R 2H L g, MP AU 2H /)N Bl 2 41

NF-kB p65 . TLR4 #& &A1 8 I8, 1-kBa 25 13
KU R 5 MP R g, 4L BPT 45 418 A
FIRW R T, M I-xBa A FXWE F#(P<
0.05), WA 3,

x3 SUA/NRMEE WD HAL
Table 3 Comparison of lung index and W/D of mice in each group

#1531 i (% ) W/D LA
Groups " Lung index W/D ratio
IE % %} B ZH Normal control group 15 0.54+0.03 0.28+0.01
MP 72 MP model group 11 0.85+0.18* 0.24+0.02
4 BPI 5 57# 4 Recombinant BPI high dose group 13 0.61+0. 05" 0.28+0.01
4 BPI 74 Recombinant BPT medium dose group 13 0. 65+0. 06* 0.26+0. 02
4] BPI K541 Recombinant BPI low dose group 13 0.76+0.17 0.27+0. 02
L HIER AL, © P<0.05;5 MP B AR, *P<0. 05,
Note. Compared with normal control group, * P<0.05. Compared with MP model group, *P<0. 05.
x4 KA/ U SR AT
Table 4 Lung histopathological scores of mice in each group
L, A
e, O LS
e e e P IRER e MR SRR
RN mmmmen DO g wrme
20531 BIEMEE o Severity of . By
n P Periluminal . . Frequency of Severity of
Groups Number of infiltration . | K intraluminal K Total score
. infiltration of .. perivascular  parenchymal
around bronchioles/ . exudation in o . .
R bronchioles/ R infiltration pneumonia
bronchioles ) bronchioles/
bronchioles )
bronchioles
PG
IEF R FRA 15 0. 17+0. 41 0. 17+0. 41 0. 17+0. 41 0.33+0.52 0. 00+0. 00 1.50+2. 74
Normal control group
MP f#IZH MP model group 11 1.85£0.89" 1.50£0.56°  1.37£0.56" 1.43x1.13  1.17£0.81" 11.97+3.54"
Hi2H BPI i 4 . .
. '_].”JE 13 1. 00+0. 00 " 1.00+0.00" 0.3320.52%  0.33£0.74 0.17+0.38"  5.50+2.45%*
Recombinant BPI high dose group
21 BPT 52 , . . . .
, A 13 1.68+0.51" 1.500.56°  1.00£0.00" 0.17+0.41*  0.83:0.42" 9.17+1.42"
Recombinant BPI medium dose group
4] BPI IR =4l , X «
. I & 13 1.17£0.41° 1.50+0.55" 1.33+0.52° 0.83+0.41 0.83+0.41" 10.33£2.34"
Recombinant BPI low dose group
A G IEROG IR LLEL, " P<0. 05555 MP BRI LLER, *P<0.05,

Note. Compared with normal control group, *P<0.05. Compared with MP model group, *P<0. 05.
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B2 AU4/NETHLS AL (HE L)

Figure 2 Pathological changes of lung tissue of mice in each group( HE staining)

£S5 H4UPNBUMTE T TNF-o IL-18 1L-6 7K F HH (ng/L)
Table 5 Comparison of TNF-a, IL-18 and IL-6 levels in serum of mice in each group

205
:E%J n TNF-a IL-1B IL-6
Groups
RS
LER X IR 15 52.96+13.98 28.77+4.17 14. 66+1.76
Normal control group
MP BLAIZ . . .
B 11 253.21+12.34" 142.92+21. 10" 86.50+18.29 "
MP model group
H2ZH BPI 5 7 i 41
1 # # #
Recombinant BPI high dose group 3 88.20+11.28 49.27+11.72 29.87+8.26
21 BPI H3 &4
(AL BRI AL 13 113.81£12.26" 69.33213. 02" 38.37+16.51"
Recombinant BPI medium dose group
H4L BPLGH 4l
i R 13 162.28+15. 48" 110.31+18. 02" 65. 12+17. 58"
Recombinant BPI low dose group
T HIERUHRALILE, * P<0.05;5 MP BIBA VA, *P<0. 05,

Note. Compared with normal control group, * P<0.05. Compared with MP model group, *P<0. 05.

R 6 KA/ NF-kB p65 . TLR4  p-IkB mRNA Fik751k
Table 6 Expression changes of NF-kB p65, TLR4 and p-IkB mRNA in lung tissue of mice in each group

2H33] Groups n NF-kB p65 TLR4 I-kBa
N R 2
LR IRA 15 1.07+0. 09 1.46+0. 22 1. 00+0. 00
Normal control group
MP iR
11 5.12+0.05 4.10+0. 09 0.42+0. 04
MP model group
2] BPI il 2
13 # # #
Recombinant BPI high dose group 1.730.07 1. 80+0.05 0. 8620.05
o2l BPI 5l i 41
1 # # #
Recombinant BPI medium dose group 3 2.3520.10 2. 11010 0.750.04
2 BPL )20
At 13 2. 86=0. 05* 2.56=0. 245" 0. 65+0. 09*

Recombinant BPI low dose group

W HIEEX A B, * P<0.05;5 MP BB i, *P<0. 05,

Note. Compared with normal control group, *P<0.05. Compared with MP model group, *P<0. 05.
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W HIEEX A B, * P<0.05;5 MP BB i, *P<0. 05,

B3 &4/ NF-kB p65 . TLR4 I-kBa 5 [ 33k 7KF
Note. Compared with normal control group, * P<0.05. Compared with MP model group, *P<0. 05.

Figure 3 Protein expression levels of NF-kB p65, TLR4 and I-kBa in lung tissue of mice in each group

3 it

MPP J2&— i 32 2L hy il 98 S JR AR B 5 S 1) 2
PENP WG B e 5, by 1 LB B PR & AT, 13
2GS R il 5 B0 1) BLARBL ] 8 AS 52 42 B
W, IRPRBTFSE 2 5 1 R 40 403 40 A 4 g 27
Bl 5> BPT & —Fh PH B 7 IR &5 & B0 T
B, T2 AT /N B R KRS B e 20 i
LA P e M A J5 A B B A O 2 R BA M B A
LI HAR S 7= A Btk 28 MUK 558 B A 2R 40 ol
FEEEM ) 5w MPiA R AR, BPI il g5
g 2 WELE A s R BESE L ARk,
AATTXF BPT A KSR (A K AL R A AT T RS R
5%, IR KRB AR K AT T e A i A
Rk KL ST 2 BPT J A s/ 41 T SR o
B IR A RIS g AR A BRI 58 IE B R 41
BPT ELA B % [ P 7 0 2% FG B v 1 2
P, LT UL AR S R, AR50 S 4L BPL & 1N
FH it 49 S B A g /N BRI T R

MP JEH J5 LA G T BE 2K L, 12 30F 46 i 12 i
FISIE A PR TR0 . TNF-o0 T 38 3 412 1 v P s 4
B S RAE, 5 MP R A7 e MP &
e B F ) TNF-o K300 8 & 83> 16
SR ORE SN 1) FE B A | 7 i 9 i 5 1 LA 4
RER AR EE AR Y ST 2 B MP B/ B
HVEVER T T-6 /K75 RAER B 2 IEME ) A
WFFEH, MP YL /N BRI 35 4% 1 41 IR 7 7K SF 5 5%
WAL T, 42 MP B nT 52 M R PE 4 i IR 7

K, N 5 | &AL 98 9 J iy, EE2H BPL Tl )5,
MP /NEUALTE TNF-o JL-1B8 IL-6 K F-2 %A% HE 44
R B, HA BPI T 1SR MP /) BUM 41 21 %
YRR s S, R W B4 BPL REA 2L
I MP YLl 58 5E BV

Toll FEAZAA ( TLRs ) 42 B A KK f g FaR 15 v
BRI 32 4R, TLR4 J2 HE R A 2 — , g
BUA Y B0 s 55 [ e s, 42 F AR 15 Pk e g 10 7
A 3 U S 5 i S Je e 5 5 V) AR 9K, NF-kB
PR B A S T TLR R 5 38
AR B, S4B N TLR #3065, i 58 R 4
1L MyD88 i NF-kB, iF & f % F , NF-kB i
1 AR 1B AR 7R A T B A A TR BOIR
A, Y52 5 S0 B R 1-xBo B R I IR AL
L AR 1 NF-xB p65 (13005 AR L
NI4T 8 i 20 B R, R4 ML AR G 28 g 40
AW L B, MP B2 /N fRUIT 21 2 TLR4 Al
NF-kB p65 mRNA S8 [ A B IE #0 HRZH B i
1, I-kBa mRNA K& H R BB I B B T
P&, $7R MP B Ge ] #E TLR/NF-«B 5518 %, 5
HERAE RN, 4 BPI 4545 25 4 ifi 2 41 TLR4 1
NF-kB & [ %35 B i [ {iX, TLR4 1 NF-kB mRNA
TR ] B R F 4 BPT 2 AT A TLR/
NF-kB {55 538 FHCHT MP Y it B A il 3 28 i 5 1o
A

25 L ik 41 BP1 & U REWE 0 MP /)N U
R , MM X — 1 8 a0 I8 TLR/NF-kB 155
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