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# E: FRH/AAEZEMEMEE (Bactericidal/permeability-increasing protein, BPI) #4424 Jf4F FiF ok
2K IAMEINEGNE %24 (Lipopolysaccharide, LPS). 4 7 AF L 4F /R BPI & & & N LMK E LPS 549
LB AR, ALAE BPI 2K 1449 bp % X /75 (BPI) A= N 3% 714 bp #9% A X 55| (BPI714) 4
%A mHEK293 fmfies, »#r T 422 & ik 49 BPI X BPI714 #F LPS A~F-49 X M B F £ X 4%k . 4 a¥H
3 %) pLEX-BPI/pLEX-BPI714 # k% 5|45 % mHEK293 %@fe, k{3447 &k 4R BPI & BPI714 # mHEK293
mie; Ka M LPS &gk Eikmie, 4 A& RMAT. &% E 1h. 3h. 6h. 12h. 24h. 36 hF 48 h ¢4/,
F R B A& R KA BPI & BPI714 49 mHEK293 40 /i f2 &-0F 18] & 69 4% Su Ak A 2T B, R A & & RT-PCR A& L&
e Kt m e B F IL-8.IL-18. TNF-a . NF-xB-1.NF-xB-2 ¢ 485+ & ik /K-, puix LPS )8 77 /& % i& BPI/BPI714
Fosf BB am i b bR K R 4% FOK-P 69 RALIAE . BRR A, LPS RliE, AR amfie¥ IL-8. IL-1B. TNF-o.. NF-xB-2
AR AERE S BERE (P<0.05), HEZIMEM T, @mAEZ AL BPIBPIT14 49 ta e £ ) 4 k)%
T, IL-8. IL-1B. TNF-o. NF-xB-2 3B 695 FK-FHRE AR E R (P>0.05). RFEMEGZHLER,

# mHKE293 #n /@A A! F BPI 2 BPI1714 3 48 2 & F&1K LPS /549 X M am o B F &L, 47 %) LPS A5 69 5 i
K, XA B —H AR BPL @A AE Ao A) B LA ) A ARAE T T 00 FIIRAE, AN REA R EHIA
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Abstract:
(LPS) from the outer membrane of Gram-negative bacteria. In order to evaluate potent LPS-neutralizing activity of bovine
BPI, the full-length coding sequence (1 449bp) or 714 bp N-terminal coding sequence (BPI714) of bovine BPI was
transfected into mHEK?293 cells and the expression of LPS-induced inflammatory cytokines was studied. First, we

Bactericidal/permeability-increasing protein (BPI) can bind to and specifically neutralize lipopolysaccharide

constructed the lentiviral expression vectors and generated mHEK293 cells stably expressing recombinant bovine BPI or
BPI714. Then, we detected the expression of /L-8, IL-1f, TNF-a, NF-kB-1 and NF-kB-2 genes by real-time PCR at 0, 1, 3,
6, 12, 24, 36 and 48 h post of LPS induction in cells with or without recombinant bovine BPI or BP1714 ectopic expression,
respectively. In response to LPS, the robust abundance of inflammatory cytokines including /L-8, IL-1f, TNF-a and
NF-kB-2 was observed in wild type mHEK293 cells at eachtime point. On the contrary, mRNA abundance of /L-8, TNF-a
and NF-xB-2 in transfected mHEK293 cells showed no significant changes at each indicated time point. Our results
demonstrated that recombinant bovine full length BPI or BPI714 down-regulated the expression of inflammatory cytokines
and revealed that either of bovine BPI or BPI714 was able to inhibit the immune respond stimulated by LPS. This study
provides evidence for further investigating the mechanisms and application of BPI/LPS-neutralizing activity and also
documents a reliable approach for analysis of the efficacy of antibacterial proteins.

Keywords: bactericidal/permeability-increasing protein, lipopolysaccharide, immune respond, inflammatory cytokines

TENFN BN A 1 1 A TP A KR R
2 RBHMEE, IEZ B (Lipopolysaccharide, LPS)

8, IL-8). M4+ % 1B (Interleukin-1p, IL-18) Fifif
JREYRBEA T o (Tumor necrosis factor-a, TNF-a)

Pt el A 3 e SR e o e 9
PERRAZIPINUARIG . LPS BEHLIAR R R IR Sz
A48 TLR 5, LA E] LPS BIARLE 5
J5 ., TE¥ s 7 %K & (Nuclear factor-k-gene
binding, NF-xB) W, F% 8 (Interleukin-
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Xt #% FG B E R A w2 A AN B

BPI 3[R )2 e A b ok i i b 2% 30,
I T A 40 e A (K B 28T B S 1
WA, TENEHIE E R Rz ks T 4 4
AN E o o1 RN o7 81 W w2 1 DA
TR I 2 BPI A% sk Rk . 4+T5 BPI £
WFFE AR /0, A 3 A e 3 R 22 285 P xof
FE BRI Je BPT RSN 63K 5 I B Th RE Y
5T, XF 4 BP0 R AL (14 B 580 R WL

ASLE A PR BPI 3L % A %] mHEK293
(ZANMF A A% 2% Sauter % %,
B 2RI CD14-MD2-TLR4 2R % UL 51| HEK293
MMLSS, ZAMMREA T REN R, &bt
FEAR KR G P LI I A AT ) 24 i vh iR A 3R
iK, W T LPS M RE S & BB, BPI
FE PR e 1k 6 e M Al i R 7 SRR 1 R
M. teAh, BESE R R AU BPI 5 LPS 454 1%
O XIALT BPIEH N . Kk, AR5 akE
AS T AU BPI 3R CDS 4K M BPI'N i ) 25
S, PR T ZF X LPS A S S8 5E Sz i 5%
WA SE . AP A BT T R4 IR BPI (BT
BUEE, Shik— PR LU S M, RS W A4 2L
BRI R, $Em A 0B i 2 iR o
WHISE I AR

1 AR

1.1 ##
111 Bk, R LLH

DH5a J&& 52 75 4 ML 5 3 50 R AR 2l
pMD20-T #/A&lJ [ TaKaRa /3 #]; pLEX-MCS
5 B 2B 2 AU Uk pMD2G | pSPAX
) H Openbiosystem 23 w3 F T4 7= #4182 0 5
() 293T fUE4HiE H ATCC A H]. 48

CDI14-MD2-TLR4 FE[H i) mHEK293 41 it 5 Hi
it 7 O B s W AR B R o AR I
112 B EZEEHN

FR il P 9 U1 B BamH 1 . Miu 1 ) H
Fermentas 2> 7 ; T4 DNA %3547 . PrimeSTAR®
HS DNA Polymerase W H F4EY T# (Ki#)
AR H] 5 Trizol 35 A1 Lipofectamine™ 2000
A A Invitrogen A H]; DMEM 35385015
AL A GIBCO 2w HA Htikl A AL st R
HZAN ] 5 26 —HT H LI-COR A ] ; QuantiTect
SYBR Green I i:{f|l§ H QIAGEN A ], HAt1i
Ay [l 7 a3 Bt

1.2 4 BPI/BPI714 EERIEH KM EE

H 4 BPT LA ) mRNA J751 (NM_173895.2),
VT4 BPr £ N 4 R/ K
714 bp) M—XF PCR 51¥1, L. TiEs14914 5
SIA BamH 1 Miu T BEVIN &5, N RIZF R
HA FRZF4 . BT 55— X 51 9 LAY 1
BPI 4K CDS ¥4I (K/INR 1449 bp), 514t4)
MBI BamH 1 1 Miu 1 BEUINL S, T RIZH 55
N HA PRSP0 HEILER 1) FA B 4 i
FE 2.5 mL $2BUE RNA, U1 pg RNA S5 S
cDNA. HHBHY PCR ¥ I41AZ Jy: cDNA
2 uL, 10xZE M1 2 pL, 25 mmol/L MgCl, 1.5 uL,
10 mmol/L dNTPs 2 uL, Hjik F TG94
10 pmol/L, 1.25 U PrimeSTAR® HS DNA &4
fitf, #E 4K ML F] 20 uLo PCR W £ 95 C
FiAEPE 5 min; 95 “C7AEME 305,65 C (F&Ak 2 'C/2
HEFR) 1Bk 40 s ARz 72 ‘CHEMP 100s, 316 4
TG ; SRJ5 95 CAEE 30s, 51 ‘CiE Kk 40s LUK
72 CHEAH 100 s 3t 19 NMEFR; )5 72 CREf
Smin , 3505 W E R R VKR . H 9 R B A
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pLEX-MCS &5 51H BamH 1 F1 Miu 1 XU
VI, DSl Yy ik AT se b, 2 Wl U0 A e A
€ 1F B 1) H 41 5Tk 43 3 4 4% 4 pLEX-BPL
pLEX-BPI714.

1.3 M EXRIZEHS BPI # BPI N if &y
mMHEK?293 £ 1 19 3% 1%
1.3.1 BPI, BPI714 B4 BRI H &

* 0 B BR 85 J7 % ol F pLEX-BPI
/pLEX-BPI714 JiUkr . % Jour Fi A 5 o by e
JeF) 293T ZHfHh, 735 KIS 447 BPI F BPI714
LR EALR R BT : 293T 4052+ 10 cm
FFRILAE R, MG BE IR B 70%—80% I 1T
ey By 40 f% pLEX-BPI/pLEX-BPI714
JFRL 20 pg, f92%E ok pSPAX 15 ug .pMD2G 6 pg,
EBFIKHME 500 uL, LA 2 x HBS (0.273 mol/L
NaCl, 10 umol/L KCI, 1.4 pmol/L Na,HPO,,
42 pmol/L 4-F8 £ FEWR G R Sz 10 pmol/L
2B, pH 7.05) 500 pL, 2.5 mol/L CaCl, %k
50 pL, ZEIEE 20 min J5 , PRSI A0
AR 293T AU FRdth . 12-14 h J5 B4
fif B5 R HL, 48 h S5 WSCHR T e EE UKL 1) 41 A 3G 7
W, SR T-70CH .

1.3.2 #&EF3L BPI/BP1714 mHEK293 4k
MR B X 8

¥ pLEX-BPI/pLEX-BPI714 21 125 7 5%
Y mHEK293 4. £BRUNT, 7 6 fLi A L4
i 3x10° 4~ mHEK293 4iififd . 2440 M il 4 s 5]
70%0} , ¥ pLEX-BPI/pLEX-BPI714 20 185 %
0.5 mL Al DMEM ¥ 5% 0.5 mL B4, RIEHm
A EEE (Polybrene) 10 pg, 16 h #1054k 2235
F% 48 h, FERGFRIEFURIN 600 ng/mL AR FE 2R
P T E, RIS FRIBFE BPI/BPI714 FEHH 40
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Jifi & mHEK293-BPI 1 mHEK293-BPI714.

BPI/BP1714 J£[K 7E mHEK293 H YA %K E .
43 W 4E mHEK293-BPI Al mHEK293-BP1714 i
Mo, ZffJEHC 40 pg B SCER (1318617
Western blotting 708, HA—HiH 1 :5 000 /)
R0 HA Filk,

1.4 FAEFRIEBPI EE T LPS M S8 K 44
R E FRIER FI0

6 fLA 43 Bl 3R 3x10° AN /fLFasE Rk
BPI/BPI714 Fik#:ik BPI/BPI714 i) mHEK293
YiHE, AN A IR E] 70%), N LPS (&
W FE 100 ng/mL), 43 WA S0 20 Fxs BEZH 0.
1. 3, 6. 12, 24, 36 fl 48 h 3t 8 ANHF[A] S i
M. M ORIE SIS SRR, AR IR
SEATRE b o i 2 5 B RT-PCR A0 3R 40 it o A4
SRR 20 R P AR X e R AR A

1.5 LFZEE RT-PCR #3040 A 45 14 21 B ]
FRYEERIKFE
1.5.1 #ruEdiZRAH&

et AR A 2R X 6 BRI mRNA 7K
V47 3E 5t RT-PCR 438 o B 5553 0l il 45 H 1% 25
(AR AE & o FxF AN IL-8 . IL-18. TNF-a .
NF-kB-1. NF-kB-2 F1 GAPDH F}:[N, #&3HHHN
MENE 5 (R 1. F PCR ARG HB A
BtvilE E pMD-20-T #ifA, f#iff] EcoR I VI
A AL TR . & DNA 4ifk ik 7 &
(QIAGEN) #lifbZt:fbiki DNA, HEMRERE
1 ng/uL., 100 pg/uL. 10 pg/uL. 1 pg/uL . 100 fg/uL
10 fg/uL . 1 fg/pL 3t 7 DV EEVEAFRAE S o
QuantiTect SYBR Green [ if #| ¥ 17 & &
RT-PCR, A= mibriEihk .
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*1 EFAREKES RT-PCR&ENHISIFT
Table 1  Amplification primers for real-time RT-PCR and gene cloning

Primer name Forward primer (5'-3") Reverse primer (5'-3") Size (bp)
CTTACGCGTTCAAGCGTAGTCTGGGA
BPI CTGGOATCCGAAGACATGGCCAG CGTCGTATGGGTAGCTGTAGTGGACA 1 449

AGGCCCTGAC TCTGCACCG

CTTACGCGTTCAAGCGTAGTCTGGGA

CTGGGATCCGAAGACATGGCCAG

BPI714 CGTCATATGGGTAAGGTGCCACCAGT 714
AGGCCCTGAC GAGTAATCG
IL-8 ACTGGGTGCAGAGGGTTGTG AACCAGGAATCTTGTATTGCATC 187
IL-1P CGAATCTCCGACCACCACTACAG  TCCCATGTGTCGAAGAAGATAGG 156
TNF-a CCTCTTCTCCTTCCTGATCGTGG ACATGGGCTACAGGCTTGTCACT 174
NF-kB-1 ATGAAAGACGAGGAGTACGAGC CTTTTCTTCATGGATGATGGC 153
NF-kB-2 ACATGGAGAGTTGCTACAACCC GCCTTCACAGCCATATCGAAAT 179
GAPDH CACGGCATCGTCACCAACTG CAGGGGTGTTGAAGGTCTCGAAC 183

The underlined sequences are the HA peptide tag sequences.

1.5.2 BEARRHIF KL EERE PCR R

' Trizol &S24 AT RELH A9 A [R B ]
SLUNBERE A A RNA, B 1 pg &L RNA JRFE SR
cDNA, Ht 2 uL cDNA #f7%E &t RT-PCR, £
GAPDH fE NS R . RVFEFI R 95 C
15 min, 55 ME¥: 95 C 30s, 60 'C 30s, 72 C
30 s, fRhZ: 99 °C 10s, 40 'C 1555, 99 C
0.1 °C/s,BEIRZ 40 °C 30 s, WA Z : 2xMaster mix

#1714 bp () BPI CDS 4K M N i H 19 Bz . Bl
RI43 510K B % B s P& 3] pLEX-MCS ik 4%
A, XYY E R, X ORI . I
SN, RGN BN BIFSIER, HEN
J7 51 MER AR A AR Y T 0 B
2.2 IRBIAERIX BPI B mHEK?293 fHi &
WA 48 BPI/BPI714 1 T 419 75 Ik e
mHEK293 #iififl, K155 %5 BPI/BPIT14 (1)

10 uL; E RS54 (10 pmol/L) 1 pL; cDNA 2 pL;
JC RNA BffR4EK 7 ul. BAFEAREE 3 K.
153 Giitatr

{61 11 SPSS13.0 34 T84 (1 7 225317 o
MR BN FIREF B ER (P<0.05), 7K E
AAFEFEEa, b, ¢ £n; YEREBIRKILLER
AR ER (P>0.05), TERE EHAMRFERR

2 HER5pH7

2.1 BPI/BPI714 18/ EBRIEZF IR E
DLfar 30 35 2R 0 RE B RNA 9 R 57
cDNA N E T PCR P44, 4353545 1 449 bp

mHEK293 4 Jifl, Western blotting #5:)l] BPI/BP1714
TEANM AP AT L. S5 R B R, 7E 55 kDa Al
25 kDa prifEsrFHEMHEAR S HED, B
i BPI/BPI714 7 mHEK293 #ifig h ik (& 1).

2.3 FAERIAR BPI/BPI714 3F LPS i5ESHY
R E FRIERF

N T BF5E #4H BPI/BPI714 % A%} LPS /i &
MR M A8 M o, DL AR E R i
BPI/BP1714 mHEK?239 4fi i 4y 40 ffi 7Y, Ff] LPS
435 H)#4 BPI/BPI714 mHEK239 (15256 2H 41 ity
FIANZFR ik BPI/BP1714 () mHEK239 X f 20 41 i,
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SIMTARTRI L2 LPS 7555 RAE K F Rk iy 7E
& o 23 WA LPS BT . S AS [ 18] g
(RS2 6 2 AT FRZE A A, il 5 A LS. RNA 3
TP sk, ARAFHIN cDNA. 38 i SE i
RT-PCR A% il 52 56 25 11 %F BE 20 4% i) 8] 25 41 i
HIRAER T IL-8 . IL-1B F1 TNF-o L) J 5 5% R
- NF-xB-1 Fl NF-xB-2 & 5 DB /K F- Y
FHXT 35 1 o
2.3.1 FEEFEIEH BPI/BPI714 Xt LPS R
IL-1p FEFEREK W Z R

X% #35 BPI 5 BPI714mHEK293 4iijifd,,
LPS Hili# 6 h J&, IL-1p 3 [H AR sk T8
(P<0.05), FlfG TIEESXMMERARE, ZEH
R[] 5 SRR T A /IR B, (HLE 5 R 22
SARZE . tHEH, JCigsRis BPI 5k BPI714, LPS
T4 1 h J52%3% BPI/BPI714 R4 1L-1p KA
AIARXT S Sk & THm (P>0.05), BlifS T,
ZIGA A S, TL-15 LR bk AR AT A EL
ERABE (P>0.05) (K 2),

BPI714

BPl7]4

Control Control

25 kDa

43 kDa

1] e R S S——
Control  Control

C 55kDa

D 43 kDa

1 Western blotting &M EEH BPI /BPI714
IR
Fig. 1
/BPI714 expression. (A) Western blotting analysis of
BPI N-terminal domain. (B) Western blotting analysis
of B-actin, the samples were the same as A. (C) Western
blotting analysis of full-length BPI. (D) Western
blotting analysis of f-actin, the samples were the same
as C.

Western blotting analysis of recombinant BPI
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mBPI- @BPI714+ oBPI+
8.00E—03
7.00E—03
X 6.00E-03
S 5.00E-03
3 4.00E-03
R 3.00E-03
& 2.00E-03
1.00E-03
0.00E+00

1B/

Con lh 3h 6h 12h24h36h48h
Hours (h) after stimulation with LPS

B2 LPS #HAIRIAETRIE BPI/BPI714 FAKR Fik
BPI/BPI1714 ) mHEK?293 ¢l IL-1p B E ry+E 7T

RikKkF

Fig. 2 IL-1f gene responses to LPS (100 ng/mL)
stimulation in mHEK?293 cells transfected with BPI/BP1714
and non-transfected mHEK?293 cells. Con: control.

2.3.2 FaEFIKH BPI/BPI714 X LPS BRH
TNF-a 2R F3EKFHZ W
LPS Jili#% 1 h J5, &A%k BPI & BPI714
E@ mHEK293 4ifitih TNF-a K&K A AR R 5K
IR (P<0.05), FifiJ5 4B (] 2 20 T B
aﬁi 36 h J& FE S 50 E 25 55O 1 35 T %35 BPI
1 BPI714 (40 ifi7E LPS Bl , TNF-o JL[H Y
AR5 K SE AR G LPS AT A i 2 728 1k
(P>0.05) (K 3),

3.50E-02 ;
- 3.00E-02 | @ BPI-
S 2.506-02 - @ BPI714+
Q 0O BPI+
3 2.00E-02
¥ 1.50E-02 |
=
& 1.00E-02
5.00E-03 ada a2 a

0.00E+00

Con 1h 3h 6h 12h24h36h48h
Hours (h) after stimulation with LPS

B 3 LPS fli#aiEiERIE BPI/BPI714 FAk Fik
BPI/BPI1714 B mHEK293 ¢l ff TNF-a £ [ B9 #8 %
FikkFE

Fig. 3 TNF-a responses to LPS (100 ng/mL) stimulation
in mHEK293 cells transfected with BPI/BPI714 and
non-transfected mHEK293 cells.
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2.3.3 FREFIEH BPI/BPI714 Xt LPS R H)
IL-8 BERFRIR KB

LPS H#% 1 hJ5, WA 3Kk BPI 5 BPI714
) mHEK293 g 7L-8 LR 1 AH X 4% s 7K S
B2 E TR (P<0.05), £ 3 h kB aE A, WS
BT R, T 36 Al 48 h 5 IL-8 FEHFE R
XS HINAT AR LG 2 AR A (P>0.05), S RiA
BPI & BPI714 B 40MIAH I, IL-8 FE[A AR 5%
SRAKAEAE LPS T 5 A 481k (P>0.05)
(GESE
2.3.4 FEEFEIXH BPI/BPI714 Xt LPS BRH
NF-kB-2 B H 2K KRR

%A #35 BPI 5 BPI714 () mHEK293 4l ity
fumﬂﬁF1h3hﬁ6thw4%ﬁ%
ARG KRB | FRelThm, 4EFRRcm ny 5%
%%Lm¥,5ﬂﬁmmw,§#ﬁ%
(P<0.05). LPS ## 12 h if, NF-xB-2 F:NF£ik
KT BRI ETKE (P>0.05), il 24 h i
HFRRAKFFIR T, 8 LPS Rl BT Rk K
S5 SWE, BEJSAE 36 h 1 48 h SR 5 3 )
AT F B AKFE (P>0.05). HbFIEE, ik BPI
A1 BP1714 #Y mHEK293 4ififg, H: NF-xB-2 &[H
FEORH G sRAKF- LPS SRR a1 RIS BeAT 3572
k. (P>0.05) (A 5).
2.35 FaEFEIAN BPI/BPI714 X} LPS B&H
NF-kB-1 B FRX K5I 0

TE A #2314 BPI 8% BP1714 1) mHEK293 4
i, LPS MBS NF-xB-1 FEIN A KT
o, TERIUS 3 h A 3RA 1 5 00 AT AH T 25 5 12
F, RIEZE TR, JEERNK 12 h 5 RBKF
R AIG 22 000 98w B9 R TR K. fE R 1K BPL A
BPI714 M4, NF-xB-1 BYAHXS 55 5K SEAE
LPS I 1 h i Jhisg, Sl B 2= 5 s

TR, ﬂ@3h6hFNRw4ﬁa%%m¥
R 2 IRT I #235K s 25 NF-xB-1 3Rk
h:Tﬁ,ﬁﬁﬁ%ﬂﬁm%iLm¥(Emo

1.10E+01 -
8.00E+00 - < m BPI-

@ BPI714+
O BPI+

= 5.00E+00

3

=

i~

% 2.00E+00

= 6.00E-01

3.00E-01

0.00E+00

Con 1h 3h 6h 12h24h36h48h
Hours (h) after stimulation with LPS

B4 LPS ®AIFETEEFRIE BPI/BPI7T14 FIR FRiE
BPI/BP1714 B mHEK293 £ fft fh IL-8 B & HI#E 3 &
by S

Fig. 4 IL-8 gene responsesto LPS (100 ng/mL)
stimulation in mHEK293 cells transfected with
BPI/BPI1714 and non-transfected mHEK?293 cells.

1.60E-01 BBPI-
aBPI714+

OBPI+

NK-kB-2/GAPDH

Con 1h 3h 6h 12h24h 36h48h
Hours (h) after stimulation with LPS

5 LPS %A1 fF12 E & BPI/BPI714 FlR FRix
BPI/BP1714 &) mHEK?293 lfi & NF-xB-2 EE &I+8
X FiEKF

Fig. 5 NF-xkB-2 gene responses to LPS (100 ng/mL)

stimulation in mHEK293 cells transfected with
BPI/BPI714 and non-transfected mHEK293 cells.
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L40E+00 ¢

= 1 20E-00 - BBPI-

Q iggg +gg BBPI714+

S I OBPI+

S 8.00E-01 b b be

T 6.00E-01 ph b by

3 : 1

¥ 4.00E-01 |k | L

= 2.00E-01 [ 2 qan
' & * B |, E6F0

0.00E+00 Hd L. B i L L L LR -
Con 1h 3h 6h 12h24h36h48h

Hours (h) after stimulation with LPS

6 LPS#IHMAIETRETRIE BPI/BPI714 FIRFTiX
BPI/BPI1714 B mHEK293 ¢l s NF-xB-1 £ [F /Y418
FOE Suy/ S0

Fig. 6 NF-kB-1 gene responses to LPS (100 ng/mL)

stimulation in mHEK293 cells transfected with
BPI/BPI714 and non-transfected mHEK293 cells.
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