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[ Abstract ] Sepsis is a common complication of severe injuries, such as severe infection, trauma, burn, and
shock, and it is the main cause of death of critically ill patients. Endotoxemia caused by lipopolysaccharides (LPS), cell
wall components of gram-negative bacteria, is one of the main causes of sepsis. Multiple plasma proteins, including
lipopolysaccharide binding proteins ( LBP ) and bactericidal permeability increase proteins ( BPI), are involved in
regulating the signaling pathways of LPS activation. The two proteins belong to the same family of proteins with similar
structures but different biological functions: LBP facilitates LPS in binding to the CD14 receptor of target cells to increase

host sensitivity to LPS, while BPI neutralizes the inflammatory effects of LPS and accelerates the clearance of LPS from the
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circulation. In this review, we summarized the research progress of LBP and BPI in terms of structure, function, potential

for treatment of sepsis, and the correlation between gene polymorphisms and sepsis.

[ Keywords ] sepsis;  lipopolysaccharide;

increasing protein
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Note. A, The licorice style of LBP and its ligands in spacefilled style. B, The surface style of LBP structure. C, The licorice style of

BPI and its ligands in spacefilled style. D, The surface style of BPI structure. All information was downloaded from Protein data bank

(LBP PDB ID, 4M4D; BPI PDB ID, 1EWF).

Figure 1 The structures of Lipopolysaccharide binding protein (LBP) and Bactericidal/permeability-increasing protein ( BPT)
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Note. Lipopolysaccharide binding protein ( LBP) synthesized principally by hepatocytes and secreted into the bloodstream, can extract LPS monomers
from the out membrane of Gram negative bacteria ( GNB) , thereby deliver the LPS molecules to membrane and soluble forms of CD14 receptors,
which trigger the pro-inflammatory response mediated neutrophils, monocytes, and macrophages. Besides the activation described previously, LBP
delivers LPS to lipoproteins leads to hepatic clearance. Bactericidal/permeability-increasing protein ( BPI) is found mainly in the granules of
neutrophils and eosinophils. Additionally, BPI has been detected on the surface of monocytes and colon epithelium, which possibly due to the
secondary secretion from activated neutrophils. BPI has higher affinity for LPS and bacteria, is bactericidal and represses inflammation by preventing
LBP from delivering LPS to CD14. The major target cell of BPI-endotoxin aggregates are monocytes, while BPI promotes the CD14-independent
delivery of purified LPS aggregates to host cells without apparent cell activation.

Figure 2 Role of LBP and BPI in host responses to Gram negative bacteria
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Table 2 Impact of SNPs in LBP gene on sepsis and septic complications
dpSNP Fifith PR SNP #E4JE X X TR RERE A 3 25 0 EEPUS
dpSNP 1D Disease SNP carrier Major effects on sepsis Reference
Wete e T BB I 53 P R e REIE Y 2 SRR
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IS to sepsis in male patients.
& 1T 2 i A% M fS e e NN — " S
s BT C 5 S 380 A MBS S 2 442 1
1s2232582 Septic complications AT MREAE Y RS [26]
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; MRFEIE Kt LB
152232571 kKA e : [26]
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AR SRS CD14 Zs G RE I ok, C Ak
ol PRSI B3 S5 WRFRAE Y A 2R
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raum
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12232618 incidence and development of sepsis.
55350004~ SNP #2H &R LB IREEIE A L,
Werpse HaT SR SNP AL RULRIGEAE fos.
. A combination with additional four SNPs was associated [31]
Sepsis Homozygous

with sepsis in children.
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Table 3 Therapeutic potential of rBPI

BPI 25#! S XFBE AR S 3CHk
Stype of rBPI Disease Effect on disease Reference
I B85 58 TR TR Il i B 58 TR TR F) O A (43]
Meningococcal disease Reduce the complications of meningococcal disease.
rBPI21 T A5 A A REE % SR GRS PR AT BT PN 7%, AT A1 A
BPD] A £ LAY DIRELE .
ki JEE 4 T T e B rBPI21 can effectively inhibit meningococei and clear bacterial [46]
Meningococcal sepsis endotoxin, thus reducing clinically significant morbidities and
improving the functional outcome of children with severe
meningococcemia.
- e . BP123 1T LLF AL LPS, 5 1 3 9 /0 9 0 R 7 R e, Fog A/
BRNGREIOARRG L S
RRELIVATERII AR o s i o R RIS R 500
rBPI23 T o & |BPI23 neutralized endotoxin and reduced the activation of the [44-45]

endotoxin challenge of

human volunteers

fibrinolytic and coagulation cascades after low-dose endotoxin

infusion in human volunteers.
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AR T BPL Y5 LPS B9454, BPI216K F I B
1) LPS HHFIRE J) i BEAI R LPS 755 19 95k I -7
W BRI B RE BB R . BPI216K il BPI216E 7% &
ARTE i 5 0 B A7 78 1) AS [) 2 B, A g ok A 4
BP1 Y7 GNB JREEIE S AL H 1L+

i TR RS, R B 4] BPT F BOGY T METIE ,
BPI H PRt 2 miayr AU MH R 2 —, Bl
Pt BP1 H B EALHAIAS B, (0 7E =2 [ H
PEBFN GNB MREEAE B A A3, 40 4 B (5 3 24
BREA HSHECA M , U HTE GNB IR #AE o & AR
Bmtel BAN N FHE L BPI AT WA W] BE S A T
BPL ik, Sy 7 2R . $1 BPL H B4k w] Lidt
PEBRAFIE B BPT R TE, BI85 BPT HTRIE M, Al

AR RE 1) R R FIBE TR Jf H S B E 4
BPLIRITPRICR AV, X 2 Z AT 5E W BPT H &
PO A AL S 5 LR B 1 56 2 18l HR
FYRCR A R,

4 REHRZE

LPB 1 BPI )&% 5 e 5 i o 72 1) 8 22 1l 3%
B, M T AT e B A A B ML, o] R B
X BIRYT R mE . BPT T H A KB | o LBS
PHPRAF TG M PU AR AE A, O WUE W 2 AR AT H 5t
(TR TR 7 F0 0, AR W 2 R A IR A 5T
U BPT 1) C Szt SR B A M RE R 6 R L & K
H 2 BPI Il R N H L 58 32 L 41 BPI, BPI &[5 SNP
5 MeRERE 5 SR AE LA e BPT [ B HiAR 5 95005 i 56 &
%5 LBP ZEIARYY 5 1 0 S AT A PR AR5, k7
i A B T SRR A 151 LBP 1) I8 A Sk i 3 A
WREE LPS V5B, N B3k i B S RAE RN, 5
Hh ST R LBP A R FIE R LPS A il LPS
A FERAE MG L, AL LBP K514 vl RE M iR
ST IEHERE Y T L2 —. LBP L[ SNP 5k 5 4E )
JERPERYOC R B A MR SR A T AT R A £
(R ELRI AN R A SE 0 LBP 1 80 536 77 e 27 4 12
BEIESE

S 3k

[ 1] Singer M, Deutschman CS, Seymour CW, et al. The third
international consensus definitions for sepsis and septic shock
(sepsis-3) [J]. JAMA, 2016, 315(8) . 801-810.

[ 2] Rudd KE, Johnson SC, Agesa KM, et al. Global, regional, and
national sepsis incidence and mortality, 1990-2017; analysis for
the global burden of disease study [ J]. Lancet, 2020, 395
(10219) : 200-211.

[3] He Z, Song Z, Meng L, et al. Lipopolysaccharide-induced
transcriptional changes in LBP-deficient rat and its possible
implications for liver dysregulation during sepsis [ J]. J Immunol
Res, 2021, 2021; 1-14.

[4] PengX, Luo Z, He S, et al. Blood-brain barrier disruption by
lipopolysaccharide and sepsis-associated encephalopathy [ J ].
Front Cell Infect Microbiol, 2021, 11, 1-18.

[ 5] Gabarin RS, Li M, Zimmel PA, et al. Intracellular and
extracellular lipopolysaccharide signaling in sepsis: Avenues for
novel therapeutic strategies [ J]. J Innate Immun, 2021, 13
(6):323-332.

[ 6] Levels JH, Abraham PR, van den Ende A, et al. Distribution
and kinetics of lipoprotein-bound endotoxin [ J]. Infect Immun,
2001, 69(5) : 2821-2828.

[ 7] Opal SM. Endotoxins and other sepsis triggers [ J ]. Contrib



P HE R PR 2R 2R 2022 4F 11 A5E 32 %5 113 Chin J Comp Med, November 2022, Vol. 32,No. 11 93

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Nephrol, 2010, 167. 14-24.

Durasevic S, Ruzicic A, Lakic I

, et al. The effects of a
meldonium pre-treatment on the course of the LPS-induced sepsis
in rats [ J]. Int J Mol Sei, 2022, 23(4) . 1-28.

Balakrishnan A, Marathe SA, Joglekar M, et al. Bactericidal/
permeability increasing protein: A multifaceted protein with
functions beyond LPS neutralization [ J]. Innate Immun, 2013,
19(4) : 339-347.
Yu Y, Song G.
bactericidal/permeability-increasing protein in lipid metabolism

Adv Exp Med Biol, 2020,

Lipopolysaccharide-binding  protein and
and cardiovascular diseases [ J].
1276 27-35.

Alva V, Lupas AN. The tulip superfamily of eukaryotic lipid-
binding proteins as a mediator of lipid sensing and transport [ J].
Biochim Biophys Acta, 2016, 1861(8): 913-923.

Krasity BC, Troll JV, Weiss JP, et al. LBP/BPI proteins and
their relatives: conservation over evolution and roles in mutualism
[J]. Biochem Soc Trans, 2011, 39(4): 1039-1044.

Weiss J. Bactericidal/permeability-increasing protein ( BPI) and
lipopolysaccharide-binding protein ( LBP ) : Structure, function
and regulation in host defence against gram-negative bacteria
[J]. Biochem Soc Trans, 2003, 31(4): 785-790.

Eckert JK, Kim YJ, Kim JI, et al. The crystal structure of
lipopolysaccharide binding protein reveals the location of a
frequent mutation that impairs innate immunity [ J]. Immunity,
2013, 39(4) . 647-660.

Theprungsirikul J, Skopelja-Gardner S, Rigby WFC. Killing
three birds with one BPI: bactericidal, opsonic, and anti-
inflammatory functions [ J]. J Transl Autoimmun, 2021, 4. 1
-10.

Schultz H, Weiss JP. The bactericidal/ permeability-increasing
protein ( BPI) in infection and inflammatory disease [ J]. Clin
Chim Acta, 2007, 384(1-2) . 12-23.

Chen KF, Chaou CH, Jiang JY, et al. Diagnostic accuracy of
lipopolysaccharide-binding protein as biomarker for sepsis in adult
patients; A systematic review and meta-analysis [ J]. PLoS One,
2016, 11(4): 1-13.

Garcia de Guadiana Romualdo L, Albaladejo Oton MD, Rebollo
Acebes S, et al. Diagnostic accuracy of lipopolysaccharide-
binding protein for sepsis in patients with suspected infection in
the emergency department [ J]. Ann Clin Biochem, 2018, 55
(1):143-148.

Meng L., Song Z, Liu A, et al. Effects of lipopolysaccharide-
binding protein ( LBP) single nucleotide polymorphism ( SNP)
in infections, inflammatory diseases, metabolic disorders and
cancers [ J]. Front Immunol, 2021, 12, 1-12.

Le Roy D, Di Padova F, Tees R, et al. Monoclonal antibodies to
murine lipopolysaccharide ( LPS)-binding protein ( LBP) protect
mice from lethal endotoxemia by blocking either the binding of
LPS to LBP or the presentation of LPS/LBP complexes to cd14
[J]. J Immunol, 1999, 162(12) . 7454-7460.

Castellano G, Stasi A, Intini A, et al. Endothelial dysfunction

[22]

(23]

[24]

[27]

[30]

[31]

[34]

and renal fibrosis in endotoxemia-induced oliguric kidney injury:
possible role of LPS-binding protein [ J]. Crit Care, 2014, 18
(5): 520.
Stasi A, Intini A, Divella C, et al. Emerging role of
lipopolysaccharide binding protein in sepsis-induced acute kidney
injury [J]. Nephrol Dial Transplant, 2017, 32(1) ; 24-31.
Gonzalez-Sarrias A, Romo-Vaquero M, Garcia-Villalba R, et al.
The endotoxemia marker lipopolysaccharide-binding protein is
reduced in overweight-obese subjects consuming pomegranate
extract by modulating the gut microbiota: A randomized clinical
trial [ J]. Mol Nutr Food Res, 2018, 62(11): 1-32.

Jack RS, Fan X, Bernheiden M, et al. Lipopolysaccharide-
binding protein is required to combat a murine gram-negative
bacterial infection [ J]. Nature, 1997, 389(6652) ;. 742-745.
Le Roy D, Di Padova F, Adachi Y, et al. Critical role of
lipopolysaccharide-binding  protein and CD14 in immune
responses against gram-negative bacteria [ J]. J Immunol, 2001,
167(5) : 2759-2765.

Lamping N, Dettmer R, Schroder NW, et al. LPS-binding
protein protects mice from septic shock caused by LPS or gram-
negative bacteria [ J]. J Clin Invest, 1998, 101 (10): 2065
-2071.

Zweigner J, Gramm HJ, Singer OC, et al. High concentrations of
lipopolysaccharide-binding protein in serum of patients with
severe sepsis or septic shock inhibit the lipopolysaccharide
response in human monocytes [ J]. Blood, 2001, 98(13) : 3800
-3808.
Thompson PA, Tobias PS, Viriyakosol S, et al.
Lipopolysaccharide ( LPS)-binding protein inhibits responses to
cell-bound LPS [ J]. J Biol Chem, 2003, 278 (31): 28367
—-28371.

et al. Acute-phase

Hamann L, Alexander C, Stamme C,

concentrations of lipopolysaccharide ( LPS )-binding protein
inhibit innate immune cell activation by different LPS chemotypes
via different mechanisms [ J]. Infect Immun, 2005, 73(1) ; 193
-200.

Yang C, Shen J, Hong T, et al.

Effects of ketamine on
lipopolysaccharide-induced ~ depressive-like behavior and the
expression of inflammatory cytokines in the rat prefrontal cortex
[J]. Mol Med Rep, 2013, 8(3): 887-890.

Wu Y, Li W, Zhou C, et al. Ketamine inhibits
lipopolysaccharide-induced astrocytes activation by suppressing
TLR4/NF-kB pathway [ J]. Cell Physiol Biochem, 2012, 30
(3): 609-617.

Lu HX, Sun JH, Wen DL, et al. LBP rs2232618 polymorphism
contributes to risk of sepsis after trauma [ J]. World J Emerg
Surg, 2018, 13: 52.

Chien JW, Boeckh MJ, Hansen JA, et al. Lipopolysaccharide
binding protein promoter variants influence the risk for gram-
negative bacteremia and mortality after allogeneic hematopoietic

cell transplantation [ J]. Blood, 2008, 111(4) ; 2462-2469.
Hubacek JA, Stuber F, Frohlich D, et al. Gene variants of the



94

P PR R AA 2 R 2022 4F 11 A5E 32 %58 113 Chin ] Comp Med, November 2022, Vol. 32,No. 11

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

bactericidal/ permeability increasing protein and
lipopolysaccharide binding protein in sepsis patients: gender-
specific genetic predisposition to sepsis [ J]. Crit Care Med,
2001, 29(3) : 557-561.

Flores C, Perez-Mendez L, Maca-Meyer N, et al. A common
haplotype of the LBP gene predisposes to severe sepsis [ J]. Crit
Care Med, 2009, 37(10) : 2759-2766.

Guinan EC, Palmer CD, Mancuso CJ, et al. Identification of
single nucleotide polymorphisms in hematopoietic cell transplant
patients affecting early recognition of, and response to, endotoxin
[J]. Innate Immun, 2014, 20(7) : 697-711.

Zeng L, Gu W, Zhang AQ, et al. A functional variant of
lipopolysaccharide binding protein predisposes to sepsis and organ
dysfunction in patients with major trauma [ J]. Ann Surg, 2012,
255(1): 147-157.

Jabandziev P, Smerek M, Michalek J, et al. Multiple gene-to-
gene interactions in children with sepsis: A combination of five
gene variants predicts outcome of life-threatening sepsis [ J]. Crit
Care, 2014, 18(1): RI.

Elsbach P, Weiss J. Role of the bactericidal/permeability-
increasing protein in host defence [ J]. Curr Opin Immunol,
1998, 10(1) : 45-49.

Wiese A, Brandenburg K, Carroll SF, et al. Mechanisms of
action of bactericidal/permeability-increasing protein  BPI on
reconstituted outer membranes of gram-negative bacteria [ J].

Biochemistry, 1997, 36(33): 10311-10319.

Levy 0. A neutrophil-derived  anti-infective  molecule:
bactericidal/permeability-increasing protein [ J ]. Antimicrob
Agents Chemother, 2000, 44(11) . 2925-2931.

Capodici C, Chen S, Sidorczyk Z, et al. Effect of

lipopolysaccharide ( LPS ) chain length on interactions of
bactericidal/permeability-increasing protein and its bioactive 23-
kilodalton nh2-terminal fragment with isolated LPS and intact
proteus mirabilis and escherichia coli [J]. Infect Immun, 1994,
62(1): 259-265.

Madsen LM, Inada M, Weiss J. Determinants of activation by
complement of group ii phospholipase a2 acting against
escherichia coli [ J]. Infect Immun, 1996, 64 (7). 2425
-2430.

Schultz H, Hume J, Zhang DS, et al. A novel role for the
bactericidal/permeability increasing protein in interactions of
gram-negative bacterial outer membrane blebs with dendritic cells
[J]. J Immunol, 2007, 179(4) . 2477-2484.
Nishimura H, Gogami A, Miyagawa Y, et al. Bactericidal/
permeability-increasing protein promotes complement activation
for neutrophil-mediated phagocytosis on bacterial surface [ J].
Immunology, 2001, 103(4) . 519-525.

Burns AS, et al.

Theprungsirikul J, Skopelja-Gardner S,

[47]

[48]

[49]

[50]

[52]

[53]

[54]

[55]

[56]

Bactericidal/permeability-increasing protein preeminently
mediates clearance of pseudomonas aeruginosa in vivo via cd18-
dependent phagocytosis [ J]. Front Immunol, 2021, 12. 1-12.
Tobias PS, Soldau K, Iovine NM, et al. Lipopolysaccharide
(LPS) -binding proteins BPI and LBP form different types of
complexes with LPS [J]. J Biol Chem, 1997, 272(30) ; 18682
—-18685.

Tovine N, Eastvold J, Elsbach P, et al. The carboxyl-terminal
domain of closely related endotoxin-binding proteins determines
the target of protein-lipopolysaccharide complexes [ J]. J Biol
Chem, 2002, 277(10) : 7970-7978.

Evans TJ, Carpenter A, Moyes D, et al. Protective effects of a
recombinant amino-terminal fragment of human bactericidal/
permeability-increasing protein in an animal model of gram-
negative sepsis [ J]. J Infect Dis, 1995, 171(1); 153-160.
Levin M, Quint PA, Goldstein B, et al.
( tBPI21 ) as

Recombinant
bactericidal/ permeability-increasing  protein
adjunctive treatment for children with severe meningococcal
sepsis: a randomised trial. RBPI21 meningococcal sepsis study
group [J]. Lancet, 2000, 356(9234) ; 961-967.

von der Mohlen MA , Kimmings AN, Wedel NI, et al. Inhibition
of endotoxin-induced cytokine release and neutrophil activation in
humans by wuse of recombinant bactericidal/permeability-
increasing protein [ J]. J Infect Dis, 1995, 172(1) ; 144-151.
von der Mohlen MA, van Deventer SJ, Levi M, et al. Inhibition
of endotoxin-induced activation of the coagulation and fibrinolytic
pathways recombinant  endotoxin-binding  protein
(rBP123) [J]. Blood, 1995, 85(12) : 3437-3443.

Giroir BP, Scannon PJ, Levin M. Bactericidal/permeability-

using a

increasing protein-lessons learned from the phase iii,
randomized, clinical trial of rBPI21 for adjunctive treatment of
children with severe meningococcemia [ J]. Crit Care Med,
2001, 29(7 Suppl) : S130-135.

Opal SM, Palardy JE, Jhung JW, et al

lipopolysaccharide-binding

Activity of
protein-bactericidal/ permeability-
increasing protein fusion peptide in an experimental model of
pseudomonas sepsis [ J]. Antimicrob Agents Chemother, 1995,
39(12) : 2813-2815.

Ederer KU, Holzinger ]M, Maier KT, et al. A polymorphism of
bactericidal/ permeability-increasing protein affects its
neutralization efficiency towards lipopolysaccharide [ J]. Int J
Mol Sci, 2022, 23(3): 1-10.

Theprungsirikul J, Thaden JT, Wierzbicki RM, et al. Low-
avidity autoantibodies against bactericidal/permeability-increasing
protein occur in gram-negative and gram-positive bacteremia [ J].

Infect Immun, 2020, 88(10): 1-10.

(A= HH#A)2022-04-18



