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Humanized anti‑TLR4 monoclonal antibody ameliorates
lipopolysaccharide‑related acute kidney injury
by inhibiting TLR4/NF‑κB signaling
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Abstract. A humanized anti‑Toll‑like receptor 4 (TLR4)
monoclonal antibody (mAb) was previously produced using
phage antibody library technology, and it was found that
the mAb could effectively ameliorate lipopolysaccharide
(LPS)‑induced damage in macrophages. The present study
investigated the protective effects exerted by the human‑
ized anti‑TLR4 mAb against LPS‑induced acute kidney
injury (AKI), as well as the underlying mechanisms. Female
C57BL/6 mice were randomly divided into four groups
(n=8 per group): i) Control; ii) LPS; iii) LPS + humanized
anti‑TLR4 mAb (1 µg/g); and iv) LPS + humanized anti‑TLR4
mAb (10 µg/g). Serum creatinine, blood urea nitrogen, IL‑6,
TNFα and IL‑1β levels were then examined, followed by
renal pathology assessment, immunohistochemical staining,
reverse transcription‑quantitative PCR and western blotting to
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assess apoptosis/survival/inflammation‑related molecules and
kidney injury molecule (KIM)‑1. The humanized anti‑TLR4
mAb successfully ameliorated LPS‑induced AKI and renal
pathological damage. The humanized anti‑TLR4 mAb also
dose‑dependently suppressed LPS‑induced elevations in serum
IL‑6, TNFα and IL‑1β, and decreased the renal expression
levels of myeloid differentiation primary response 88 (MyD88),
IKKα/β, Iκ B, p65 and KIM‑1. Compared with the LPS group,
renal Bax and KIM‑1 expression levels were significantly
downregulated, and Bcl‑2 expression was notably upregulated
by the humanized anti‑TLR4 mAb. Moreover, the human‑
ized anti‑TLR4 mAb also significantly decreased the protein
expression levels of MyD88, phosphorylated (p)‑IKKα /β,
p‑Iκ B and p‑p65 in the renal tissues compared with the
LPS group. Therefore, the present study indicated that the
anti‑inflammatory effects of the humanized anti‑TLR4 mAb
against LPS‑related AKI in mice were mediated via inhibition
of the TLR4/NF‑κ B signaling pathway.
Introduction
Acute kidney injury (AKI) describes acute renal func‑
tion decline, which results in >60% of patients requiring
intensive care (1). The etiology of AKI can be multiple,
and sepsis, which is defined as the presence of any organ
dysfunction that results from the deleterious response of the
host to infection, is a common offender. Indeed, the kidney
is one of the most commonly affected organs during sepsis
and sepsis‑induced (SI)‑AKI substantially contributes to the
morbidity and mortality of patients who suffer from sepsis (2).
The most common cause of SI‑AKI is gram‑negative bacte‑
rial infection, and lipopolysaccharide (LPS), which is an
important constituent of the outer membrane of gram‑negative
bacteria, can be an important contributor to risk associated
with AKI (3). LPS can activate Toll‑like receptor 4 (TLR4)
signaling and NF‑κ B, leading to the generation of vital effec‑
tors, such as TNFα and IL‑1β (4). Excessive inflammatory
cytokine generation can be deleterious to the kidneys (5).
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Pathologically, SI‑AKI involves the presentation of peritubular
endothelial dysfunction, tubular injury and inflammatory cell
infiltration (6‑8). Although the understanding of the patho‑
physiology of SI‑AKI has improved, its incidence remains
high, ≤60% of patients with sepsis have AKI (2), rendering
SI‑AKI a frequent complication for those suffering from crit‑
ical illnesses (2). Therefore, effective treatments for SI‑AKI, in
which LPS‑induced SI‑AKI constitutes the majority cases, are
urgently required.
TLR4 is a transmembrane protein with extracellular
leucine‑rich repeats (9). The primary ligand for binding
TLR4 is LPS. Upon recognizing LPS, TLR4 triggers
the IL‑1 receptor‑domain‑containing adaptor‑inducing
IFN‑ β ‑ and myeloid differentiation primary response 88
(MyD88)‑dependent signal, causing the production of proin‑
flammatory cytokines and type I interferon via activation of
NF‑κ B, interferon regulatory factor‑3 and MAPK signaling
pathways (10). The renal expression of TLR4 is primarily
located in the tubular epithelia, but it can also be found in the
glomeruli and vascular endothelia (5). It is possible that TLR4
may serve as a potential therapeutic target for LPS‑induced
AKI and the use of a monoclonal antibody (mAb) is a prom‑
ising approach (5,11). The monoclonal antibodies are frequently
administered among patients with inflammation‑triggered
diseases (11). In prior studies, humanized anti‑TLR4 Fab frag‑
ments with gene‑splicing were created using phage antibody
library technology and antibodies based on a prokaryotic
vector were successfully constructed, followed by the collec‑
tion of purified anti‑TLR4 Fab antibodies (11,12). It was also
revealed that the produced anti‑TLR4 mAb can effectively
counteract LPS‑induced damage by blocking TLR4 signaling
in macrophages (11,12). In light of these findings, the protec‑
tive effects against LPS‑related AKI exerted by the humanized
anti‑TLR4 mAb and the associated mechanisms in mice were
further investigated in the present study.

system was obtained from Shanghai Changdao Biotechnology
Co. Ltd.

Materials and methods

Serum biochemical and cytokine analysis. The sera obtained
from mice was isolated from total blood by centrifugation
(3,000 x g for 10 min at room temperature). Subsequently,
serum creatinine and blood urea nitrogen (BUN) of serum
were measured using commercially available kits. The levels
of serum IL‑6, TNFα and IL‑1β were determined using ELISA
kits according to manufacturer's protocols.

Reagents, diagnostic kits and antibodies. The human‑
ized anti‑TLR4 mAb was provided by Professor Jin Zhu
(Nanjing Medical University, Nanjing, China; patent no.
ZL201410765623.8). The Escherichia coli 0111 B4 LPS was
purchased from Sigma‑Aldrich (Merck KGaA). The diag‑
nostic kit for serum creatinine and the test kit for blood urea
nitrogen (BUN) were purchased from Beckman Coulter, Inc.
For detecting IL‑1β, IL‑6 (Rockland Immunochemicals Inc.
Mouse IL‑1 beta AccuSignal ELISA kit; cat. no. KOA0211
and Mouse IL‑6 AccuSignal ELISA kit; cat. no. KOA0226)
and TNFα (Dakewe Bio‑engineering Co., Ltd. Mouse TNF‑α
Precoated ELISA kit; cat. no. 1217202) ELISA kits were
used. For western blotting, the antibodies targeted against
Bax (cat. no. 14796), MyD88 (cat. no. 4283), phosphory‑
lated (p)‑Iκ B (cat. no. 2859), Iκ B (cat. no. 4812), p‑IKKα /β
(cat. no. 2697), p‑p65 (cat. no. 3033), p65 (cat. no. 8242) and
GAPDH (cat. no. 5174) were obtained from Cell Signaling
Technology, Inc. The antibody targeted against kidney injury
molecule‑1 (KIM‑1) was purchased from Novus Biologicals,
LLC (cat. no. NBP1‑76701) and the antibody targeted against
Bcl‑2 (cat. no. ab182858) and IKKα/β (cat. no. ab178870) was
purchased from Abcam . The HRP‑linked polymer detection

Animal experiments: Group assignment and treatment.
Female C57BL/6 mice (9 weeks old, 18‑22 g) were obtained
from Changzhou Cavens Lab Animal Co. Ltd. All animals
were acclimated for 7 days before experiment initiation,
placed in a 12‑h light/dark cycle at a temperature of 22±2˚C in
an air‑conditioned room, and given access to food and water
ad libitum. All procedures were carried out according to the
Guidelines for Laboratory Animal Care of the US National
Institutes of Health (13). The present study was approved
by the Research Ethics Committee of The Affiliated Wuxi
People's Hospital of Nanjing Medical University (approval
no. KS202089). All applicable international, national and/or
institutional guidelines for the care and use of animals were
followed. A total of 32 mice were randomly divided into four
groups (n=8 per group): i) Control; ii) LPS; iii) LPS + human‑
ized anti‑TLR4 antibody (1 µg/g); and iv) LPS + humanized
anti‑TLR4 antibody (10 µg/g). The concentration of human‑
ized anti‑TLR4 antibody was selected according to the results
of pre experiments. To induce AKI, mice in the LPS group
were intraperitoneally administered 10 µg/g body weight of
LPS dissolved in normal saline. Mice in the LPS + humanized
anti‑TLR4 antibody groups received a humanized anti‑TLR4
antibody injection through the tail vein at 4 h before the LPS
challenge. Mice in the control group were intraperitoneally
administered 10 µg/g body weight of normal saline. All mice
were sacrificed at 24 h after LPS stimulation or saline injec‑
tion, and the blood and kidneys were collected. Isoflurane
inhalation anesthesia was used (induction concentration, 3%;
maintenance concentration, 2%) and venous blood was
collected from the orbital sinus, followed by the removal of the
bilateral kidney. Then, mice were sacrificed by CO2 asphyxia
(50% CO2 replacement rate).

Renal histopathological examination. Mice renal tissues
were fixed with 10% formaldehyde, embedded in paraffin,
sectioned at 4 µm thick and stained with hematoxylin and
eosin (hematoxylin aqueous solution for 5 min, alcohol eosin
for 1‑2 min at room temperature). Pathological examination
was performed under a light microscope (magnification, x200)
by two pathologists, who were blinded to the treatment. The
severities of renal tubuli that presented necrosis, brush border
loss, interstitial edema and tubular dilation were classified into
five categories: 0, none; 1, 0‑20%; 2, 20‑50%; 3, 50‑70%; and
4, >70% (4).
For the immunohistochemical (IHC) staining, the
paraffin‑embedded kidney sections were deparaffinized and
rehydrated in a graded ethanol series. Using a microwave, the
antigen was recovered using sodium citrate solution (pH 6.0).
Following antigen extraction and internal peroxidase quenching
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by 3% H2O2, the sections were incubated overnight with Bax
mAb (1:400), Bcl‑2 mAb (1:500) and KIM‑1 polyclonal anti‑
body (1:100) at 4˚C. Then the sections were incubated with
HRP‑bonded second antibody (1:200) for 30 min and stained
with hematoxylin for 3 min at room temperature, followed by
the collection of four digital images of each non‑overlapping
microscopic field of the renal cortex and medulla using an
Eclipse Ni light microscope (Nikon Corporation; magnifica‑
tion, x200). The positive stained areas of KIM‑1, Bax and
Bcl‑2, based on the unit area (magnification, x200), were
calculated as the percentage of all examined areas using a
digital image analysis program [ImageJ V1.8.0.112 (National
Institutes of Health); DS‑Ri2 Special color imaging system for
microscope; Nikon Corporation)].
Western blotting. RIPA buffer (CoWin Biosciences) was used
to extract total protein from renal tissues. The BCA method was
used to determine the protein concentration. The total protein
samples (30 µg) were separated via 12% SDS‑PAGE and trans‑
ferred onto PVDF membranes, which were then blocked with
5% albumin from bovine serum in TBS for 60 min at room
temperature. The membranes were incubated overnight at 4˚C
with primary antibodies targeted against: MyD88 (1:1,000),
p‑p65 (1:1,000), p65 (1:1,000), p‑IKKα/β (1:1,000), IKKα/β
(1:1,000), p‑Iκ B (1:1,000), Iκ B (1:1,000), Bax (1:1,000), KIM‑1
(1:500), Bcl‑2 (1:5,000) and GAPDH (1:2,000). After incuba‑
tion with HRP‑labeled Goat Anti‑Rabbit IgG (Beyotime
Institute of Biotechnology; cat. no. A0208; 1:1,000) for 60 min
at 37˚C, the bands were visualized using an enhanced chemi‑
luminescence reagent (Thermo Fisher Scientific, Inc.). Aperio
Image Analysis (Leica Microsystems GmbH; MAN‑0013,
revision G) was used to semi‑quantify protein expression.
GAPDH was used as the loading control. A total of eight
samples were used for each analysis and the analysis was
repeated three times each. There were three independent tests
per experiment.
Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR
was performed to determine the mRNA expression levels of
MyD88, IKKα/β, Iκ B, p65 and KIM‑1 using speciﬁc primers.
Total RNA was extracted from renal tissues using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.). Then, the RNA
was reverse transcribed into cDNA using RevertAid First
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.;
cat. no. K1622 ) according to the manufacturer's protocol,
followed by qPCR using SYBR-Green qPCR Master Mix
(Thermo Fisher Scientific, Inc.) and the ABI PRISM 7300
sequence detection system (Appl ied Biosystems;
Thermo Fisher Scientific, Inc.) in a 384‑well PCR plate. The
thermocycling conditions used for qPCR were as follows: 95˚C
for 10 min; 40 cycles of 95˚C for 15 sec and 60˚C for 45 sec;
followed by dissociation at 95˚C for 15 sec, 60˚C for 60 sec,
95˚C for 15 sec and 60˚C for 15 sec to detect the melting
temperature. The primer sequences for each gene were:
MyD88 forward, 5'‑CCCCACTCGCAGTTTGTTG‑3' and
reverse, 5'‑GATGCCTCCCAGTTCCTTTG‑3'; IKK α / β
forward, 5'‑GAGACACGGAAGGCAACC‑3' and reverse,
5'‑GAGACACGGAAGGCAACC‑3'; Iκ B forward, 5'‑GACTG
ACATTGTGGACCTGC‑3' and reverse, 5'‑GACTGACATTGT
GGACCTGC‑3'; p65 forward, 5'‑ATCTGTTTCCCCTC
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ATCTTTCC‑3' and reverse, 5'‑CAGCCTCATAGTAGC‑
CATCCC‑3'; KIM‑1 forward, 5'‑AATGGCACTGTGACATC
CTC‑3' and reverse, 5'‑GAGACACGGAAGGCAACC‑3';
GAPDH forward, 5' CTGCCCAGAACATCATCC 3' and
reverse, 5' CTCAGATGCCTGCTTCAC 3'. mRNA expression
levels were normalized to the internal reference gene GAPDH.
The RT‑PCR data were calculated by using the 2 ‑ΔΔCq
method (14).
Statistical analysis. SPSS (version 18; SPSS, Inc.) was used
for the statistical analysis. Continuous data are presented as
the mean ± SEM. The differences among multiple treatment
groups were analyzed using one‑way ANOVA followed by
Tukey's post hoc test (parametric) or the Kruskal‑Wallis
test followed by Dunn's post hoc test (non‑parametric).
There were six samples in each group, and three multiplex
RT‑PCR analyses were performed on one sample. A total of
eight samples for each western blot analysis run and western
blotting and all other experiments were repeated three times.
P<0.05 was considered to indicate a statistically significant
difference.
Results
Effects of the humanized anti‑TLR4 mAb on LPS‑induced
renal histopathology. The effect of the humanized anti‑TLR4
mAb on LPS‑related AKI was first examined based on the
renal pathology. Compared with the control group, the kidneys
in the LPS group displayed prominent pathologies and
pretreatment with the humanized anti‑TLR4 mAb (1 µg/g and
10 µg/g) significantly improved such renal injuries (Fig. 1).
Effects of the humanized anti‑TLR4 mAb on the renal function
of LPS‑treated mice. The serum BUN and creatinine levels
were further examined to evaluate the effect of the humanized
anti‑TLR4 mAb on renal function. Compared with the control
group, mice treated with LPS displayed significantly elevated
serum BUN and creatinine levels, whereas LPS‑induced
alterations in BUN were significantly attenuated by the admin‑
istration of the humanized anti‑TLR4 mAb (10 µg/g; Fig. 2).
Serum creatinine (log‑transformed) was also attenuated by
the administration of the humanized anti‑TLR4 mAb, but the
difference was not significant.
Effects of the humanized anti‑TLR4 mAb on LPS‑induced
alterations in IL‑6, TNFα and IL‑1 β levels based on ELISAs.
Compared with the control group, LPS significantly increased
the serum TNFα, IL‑6 and IL‑1β levels, which was attenu‑
ated by pretreatment with the humanized anti‑TLR4 mAb in a
dose‑dependent manner (Fig. 3).
Effects of the humanized anti‑TLR4 mAb on the expression
of MyD88, IKKα /β, I κ B, p65 and KIM‑1 in renal tissues
based on RT‑qPCR. The mRNA expression levels of MyD88,
IKKα/β, Iκ B, p65 and KIM‑1 in the kidneys were significantly
higher in the LPS group compared with the control group
(Fig. 4). LPS‑induced increases in the expression levels of
MyD88, IKKα /β and Iκ B were significantly attenuated by
pretreatment with the humanized anti‑TLR4 mAb (10 µg/g).
Pretreatment with the humanized anti‑TLR4 mAb decreased
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Figure 1. Effect of the humanized anti‑TLR4 mAb on LPS‑induced renal pathologies. The histopathological changes of renal tissues from different groups:
(A) Control, (B) LPS, (C) LPS + humanized anti‑TLR4 mAb (1 µg/g) and (D) LPS + humanized anti‑TLR4 mAb (10 µg/g). Hematoxylin and eosin staining
was performed to assess histopathological changes (magnification, x200). (E) Quantification of renal pathologies. #P<0.01 vs. control; *P<0.05 vs. LPS. TLR4,
Toll‑like receptor 4; mAb, monoclonal antibody; LPS, lipopolysaccharide.

Figure 2. Creatinine and BUN levels in mice pretreated with the humanized anti‑TLR4 mAb. The sera were collected at 24 h after LPS treatment and were
tested for (A) creatinine and (B) BUN levels. #P<0.05 vs. control; *P<0.05 vs. LPS. BUN, blood urea nitrogen; TLR4, Toll‑like receptor 4; mAb, monoclonal
antibody; LPS, lipopolysaccharide.
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Figure 3. Effect of the humanized anti‑TLR4 mAb on serum TNFα, IL‑6 and IL‑1β levels. The sera were collected at 24 h after LPS treatment, followed by
assessment of the levels of (A) TNFα, (B) IL‑1β and (C) IL‑6. #P<0.01 vs. control; *P<0.05 and **P<0.01 vs. LPS. TLR4, Toll‑like receptor 4; mAb, monoclonal
antibody; LPS, lipopolysaccharide.

p65 and KIM‑1 expression levels in LPS‑treated mice, but the
difference was not significant.
Effects of the humanized anti‑TLR4 mAb on the expression
of Bax, Bcl‑2 and KIM‑1 in renal tissues based on IHC
staining. The percentage of positively stained areas of KIM‑1
and Bax in the LPS group were significantly increased
compared with the control group (Fig. 5). However, pretreat‑
ment with the humanized anti‑TLR4 mAb significantly
decreased KIM‑1 and Bax expression compared with the
LPS group. In the LPS group, the positively stained areas
of Bcl‑2 were significantly decreased compared with the
control group, whereas pretreatment with the humanized
anti‑TLR4 mAb increased Bcl‑2 positive staining, but the
difference was not significant.
Effects of the humanized anti‑TLR4 mAb on the expression
of MyD88, p‑IKKα/β, p‑IκB and p‑p65 in renal tissues based
on western blotting. Compared with the control group, LPS
treatment significantly increased the expression levels of
MyD88, p‑IKKα/β, p‑Iκ B and p‑p65 in renal tissues (Fig. 6).
LPS‑induced increases in the expression of MyD88, p‑IKKα/β,
p‑p65 and p‑Iκ B were significantly attenuated by pretreatment
with the humanized anti‑TLR4 mAb.
Effects of the humanized anti‑TLR4 mAb on the expression of
Bax, Bcl‑2 and KIM‑1 in renal tissues based on western blotting.

The expression levels of KIM‑1 and Bax were significantly
higher in the LPS group compared with the control group. The
expression of these proteins significantly declined after pretreat‑
ment with the humanized anti‑TLR4 mAb (Fig. 7). Furthermore,
Bcl‑2 expression in the LPS group was significantly decreased
compared with the control group, but pretreatment with the
humanized anti‑TLR4 mAb (10 µg/g) significantly increased
Bcl‑2 expression levels in LPS‑treated mice.
Discussion
The occurrence of AKI is associated with a higher risk of
developing complications that involve various organs and
systems (15). Among in‑patients, >5% are at risk of mani‑
festing AKI, which increases the risk of mortality and the
subsequent development of chronic kidney disease (16).
Among those that require intensive care, >50% have AKI,
the severity of which is closely associated with an increase
in hospitalization mortality (17). At present, the management
plan for patients with SI‑AKI consists primarily of infection
control, transfusion and optimal resuscitation, the use of
vasoactive drugs and the prompt initiation of renal replace‑
ment therapy (2). However, patients with SI‑AKI continue
to suffer from high mortality. Therefore, novel therapeutics
for effective management are urgently required. Previous
studies reported that the humanized anti‑TLR4 mAb can
effectively ameliorate LPS‑triggered inflammatory responses
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Figure 4. Effects of the humanized anti‑TLR4 mAb on the expression of MyD88, Iκ B, IKKα/β, p65 and KIM‑1 in renal tissues. The kidneys were collected
at 24 h after LPS treatment. Subsequently, reverse transcription‑quantitative PCR was performed to assess the expression levels of (A) MyD88, (B) Iκ B,
(C) IKKα/β, (D) p65 and (E) KIM‑1. #P<0.05 vs. control; *P<0.05 vs. LPS. TLR4, Toll‑like receptor 4; mAb, monoclonal antibody; MyD88, myeloid differentia‑
tion primary response 88; KIM‑1, kidney injury molecule‑1; LPS, lipopolysaccharide.

in macrophages by blocking the TLR4 signal (11,12). In the
present study, the effect of the humanized anti‑TLR4 mAb on
LPS‑induced AKI mice was investigated and it was shown
that LPS induced significant AKI in treated mice, as indicated
by elevated serum creatinine, BUN and KIM‑1, which is an
early biomarker of AKI (18), expression levels. It was further
revealed that, compared with the LPS group, the administra‑
tion of the humanized anti‑TLR4 mAb downregulated KIM‑1
expression at the mRNA, protein and tissue level, although this
was not significant at the mRNA level. Administration of the
humanized anti‑TLR4 mAb was accompanied by improved

renal histopathological changes and downregulated serum
BUN and creatinine levels in LPS‑treated mice. Collectively,
the results of the present study indicated that the humanized
anti‑TLR4 mAb may alleviate the severity of LPS‑induced
AKI in animal models.
Since male mice have been found to be more aggressive
prior to the experiments, the differences in animal behavior
might alter experimental results. Hence, female mice were
selected in the present study. The periods of adolescence,
middle‑age and old age of mice are 60‑90 days, 120‑180 days
and >180 days after birth, respectively. It was found that
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Figure 5. Effects of the humanized anti‑TLR4 mAb on the expression of KIM‑1, Bax and Bcl‑2 in renal tissues. The renal tissues were collected at 24 h after LPS
treatment. (A) Immunohistochemical staining (magnification, x200). Quantification of the immunohistochemical staining of (B) KIM‑1, (C) Bax and (D) Bcl‑2.
#
P<0.01 vs. control; *P<0.05 and **P<0.01 vs. LPS. TLR4, Toll‑like receptor 4; mAb, monoclonal antibody; KIM‑1, kidney injury molecule‑1; LPS, lipopolysaccharide.

Figure 6. Effects of the humanized anti‑TLR4 mAb on the expression of MyD88, p‑IKKα/β, p‑Iκ B, p‑p65, IKKα/β, Iκ B and p65 in renal tissues by western
blotting. The renal tissues were collected after LPS treatment for 24 h. (A) The expression of MyD88, p‑IKKα/β, p‑Iκ B and p‑p65 and (B) IKKα/β, Iκ B and p65
Quantification of (C) MyD88, (D) p‑IKKα/β/IKKα/β ratio (E) p‑Iκ B/Iκ B ratio and (F) p‑p65/p65 ratio expression levels. #P<0.01 vs. control; *P<0.01 vs. LPS.
TLR4, Toll‑like receptor 4; mAb, monoclonal antibody; MyD88, myeloid differentiation primary response 88; p, phosphorylated; LPS, lipopolysaccharide.
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Figure 7. (A) Effects of the humanized anti‑TLR4 mAb on Bax, Bcl‑2 and KIM‑1 expression in renal tissues by western blotting. The renal tissues were col‑
lected after LPS treatment for 24 h. Quantification of (B) Bax, (C) Bcl‑2 and (D) KIM‑1 expression levels. #P<0.01 vs. control; *P<0.05 and **P<0.01 vs. LPS.
TLR4, Toll‑like receptor 4; mAb, monoclonal antibody; KIM‑1, kidney injury molecule‑1; LPS, lipopolysaccharide.

Figure 8. Humanized anti‑TLR4 mAb inhibits the activation of NF‑κ B during LPS‑related AKI. TLR4, Toll‑like receptor 4; mAb, monoclonal antibody; LPS,
lipopolysaccharide; AKI, acute kidney injury; MyD88, myeloid differentiation primary response 88.

6‑month‑old mice became old with weaker immunity,
displayed a declined physical status, thinner hair and slower
reactions (19), and had poorer liver and kidney function.
Renal aging is associated with alterations in renal morphology
and functional decline (20). The glomerular filtration rate of
C57BL/6 mice also decreases with age (21). The literature
suggests that most reports of LPS‑induced AKI involve mice
aged 8‑12 weeks (15,22). Therefore, the present study used
9‑week‑old mice after a 7‑day acclimation period.

The induction of inflammatory cytokines triggered by LPS
serves an important role in the pathogenesis of AKI (23). It
has been previously shown that the serum levels of TNFα,
IL‑1β and IL‑6 significantly increase during episodes of
LPS‑induced AKI and that the inhibition of these cytokines
may alleviate such injury (24). A previous study revealed that
the humanized anti‑TLR4 mAb can lower serum TNFα, IL‑1
and IL‑6 levels and inhibit the expression of these cytokines in
macrophages stimulated by LPS (11). The present study further
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showed that the humanized anti‑TLR4 mAb decreased the
serum TNFα, IL‑1β and IL‑6 levels in mice with LPS‑induced
AKI in a dose‑dependent manner, suggesting that inhibition of
these inflammatory cytokines might be partially responsible
for the therapeutic effect of the humanized anti‑TLR4 mAb
against LPS‑induced AKI.
TLR4 signaling is the primary pathway that mediates renal
inflammation (25). LPS induces the release of inflammatory
cytokines by activating TLR4, which accounts for the subse‑
quent development of renal injuries (26). NF‑κ B is the main
effector that regulates the expression of several inflammatory
cytokines (27). By activating the TLR4/NF‑κ B signaling
pathway, LPS can enhance the production of TNFα, IL‑1β and
IL‑6 (15). It has been previously shown that the humanized
anti‑TLR4 mAb can inhibit LPS‑induced NF‑κ B activation in
macrophages (11,12). Previous study have shown that TLR4
may serve as a potential therapeutic target during AKI (5).
The anti‑inflammatory mechanism underlying the humanized
anti‑TLR4 mAb was examined and the results demonstrated
that the humanized anti‑TLR4 mAb (10 µg/g) downregulated
LPS‑induced elevations in the mRNA expression levels of
MyD88, IKKα/β and Iκ B. Furthermore, the protein expression
levels of MyD88, p‑IKKα /β, p‑Iκ B and p‑p65 were signifi‑
cantly lowered by pretreatment with the humanized anti‑TLR4
mAb in LPS‑treated mice. The present findings suggested that
the humanized anti‑TLR4 mAb reduced the release of circu‑
lating cytokines during LPS‑induced AKI via suppressing
TLR4/NF‑κ B signaling.
Apoptosis also serves an important role in the pathogenesis
of SI‑AKI (28). Inflammatory exudates in injured kidneys
induce apoptosis and promote renal epithelial loss, which is
a characteristic of AKI (29,30). The primary mechanisms of
renal tubular cell apoptosis are the activation of Bax and the
inhibition of Bcl‑2. The present study revealed that, compared
with the control group, LPS exposure significantly increased
Bax expression, but significantly decreased Bcl‑2 expression,
of which both effects were significantly reversed by pretreat‑
ment with the humanized anti‑TLR4 mAb (10 µg/g). Therefore,
it was hypothesized that the humanized anti‑TLR4 mAb may
be able to protect against AKI by reducing the expression of
apoptosis‑related proteins.
Overall, the present study revealed that the humanized
anti‑TLR4 mAb exhibited a strong anti‑inflammatory effect
during episodes of LPS‑related AKI in mice. In addition, it
demonstrated that the humanized anti‑TLR4 mAb further
inhibited the activation of NF‑κ B during LPS‑related AKI
(Fig. 8). Therefore, the humanized anti‑TLR4 mAb may serve
as a potential therapeutic for the management of SI‑AKI in the
future.
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