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Injury

Background: High-mobility group box-1 protein (HMGBI1) serves as the prototypic
damage-associated molecular pattern molecule, and TLR4 is considered a receptor for
HMGBI. Regulatory T cells (Tregs) play a crucial role in infectious diseases. The role of
HMGBI in the modulation of Tregs is of great interest.

Methods: Serum HMGBI and Treg proportions were detected in 58 patients with acute lung
injury (ALI) and 36 healthy volunteers. The correlations of these parameters with disease
severity were analyzed. The WT and TLR4" mice were administered HMGBI by intratracheal
injection. After 48 h, the mice were sacrificed. The morphological changes and wet/dry ratio of
the lung were measured. Spleen CD4 ' CD25" Tregs were sorted from spleen cells, the expression
of FOXP3 and CTLA-4, and releasing of cytokines was detected. CD4'CD25" Tregs were
cocultured with effector T cells, the inhibitory effect, and release of cytokines was detected.
Results: Significantly increased plasma levels of HMGBI1 and reduced CD4"CD25 CD127'°%
Tregs were detected in ALI patients. In the mouse model, lung injury was significantly increased
after HMGBI instillation in the WT and TLR4™ groups compared with control group. The lung
wet/dry ratio and the TNF-a and IL-1p contents in BALF were significantly increased, and the
severity of WT mice was higher than that of TLR4”~ mice. The expression of FOXP3 and CTLA-
4 in TLR4™ mice was significantly increased compared with that in WT mice and was associated
with a similar trend of IL-10 and TGF- levels (p<0.05). In coculture with effector T cells, Tregs
isolated from TLR4™ mice exhibited decreased IL-2 and IFN-y and increased IL-4 levels
compared with Tregs from WT mice. Increased polarization of TLR4” CD4"CD25" Treg
cells to Th2 cells was observed.

Conclusion: In HMGB1-induced lung injury, HMGBI affects the expression of FOXP3 and
CTLA-4 through TLR4, thus reducing the immunosuppressive function of Treg cells.
Keywords: HMGBI1, TLR4, Treg, acute lung injury

Background
Acute respiratory distress syndrome (ARDS) is severe lung dysfunction occurring in
critically ill patients and is caused by alveolar injury secondary to an inflammatory
process.! One important characteristic of ARDS is lung injury during the innate
immune response to pathogens, which is mediated by inflammatory cytokines.
High-mobility group box 1 (HMGBI1) is a nuclear protein that also functions
as an inflammatory cytokine. HMGBI1 is released in the late phase of the
inflammatory response, and the release of HMGBI1 from macrophages is induced
by LPS, TNFa, and IL-1p stimulation.? HMGBI contributes to acute lung injury
by activating the NF—«B signaling pathway and inducing the production of
inflammatory cytokines.> > Based on the evidence, HMGBI-induced cytokine
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release occurs through a TLR4-dependent pathway.®’
TLR4 is a key receptor involved in innate immunity.
TLR4 activation induces an inflammatory response
through the NF-«B signaling pathway.® Notably, the acti-
vation of TLR4 by LPS leads to the induction of proin-
flammatory Th17 cells and a reduction in the number of
anti-inflammatory T regulatory lymphocytes (Tregs).”
Stimulation with HMGB1 decreases the expression of
CTLA-4, FOXP3, IL-4, and IL-10 and increases IL-2
and IFN-y levels in splenic Treg cells.'” Elevated levels
of HMGBI1 depress Tregs and promote Th17 cell activity
by modulating the TLR4-IL-6 axis in patients with liver
failure and chronic HBV infection.'""'? Tregs have been
shown to exert a protective effect on transfusion-
associated acute lung injury (TRALI), and a depletion
of Tregs increases susceptibility to antibody-mediated
TRALI in a mouse model."*'* In seeking to address the
gaps in our understanding of the mechanism of HMGBI1 -
associated acute lung injury, a better understanding of the
effect of HMGB1-TLR4 activation on the immune prop-
erties of T cell polarization may help to enhance cell
therapy for acute lung injury.

We hypothesize that the development of acute lung
injury requires a TLR4-mediated reduction in Tregs, and
thus strategies designed to increase Tregs may reduce the
extent of HMGBI-induced lung injury. In the present
study, the relationship between serum HMGBI levels and
the Treg population was analyzed in patients with sepsis
and septic shock, and the role of TLR4 was investigated in
HMGBI-induced acute lung injury models using TLR4

knockout mice.

Methods
Study Approval

The human study was approved by the Ethical Review
Board of Anhui Medical University in China (No:
2013005). The healthy controls provided informed con-
sent, and this study was conducted in accordance with
the Declaration of Helsinki. The animal study was per-
formed in strict accordance with the the Guide for the
Care and Use of Laboratory Animals published by the
National Institutes of Health. The study protocol was
approved by the Institutional Animal Care and Use

Human Subjects

Fifty-eight adult patients (33 men and 25 women, 22 to
68 years old) were prospectively identified as suffering
from ALI associated with severe sepsis or septic shock
and recruited into this study. Thirty-six healthy indivi-
duals (21 men and 15 women, 26 to 70 years old) with
normal lung function and free of any respiratory disease
served as controls. The study was conducted at the
of Anhui Medical
June 2012 and January 2014. Informed consent was

hospitals University between

obtained from the next of kin of all participants. The
diagnosis of severe sepsis and septic shock was defined

by the criteria of ACCP/SCCM  Consensus
Conference.'> ALI/ARDS was diagnosed based on the
definitions of the American FEuropean Consensus

Conference on ARDS (E1), including patients who met
consensus conference oxygenation and radiographic
criteria.'® All patients with sepsis were required to
have developed ALI onset within the preceding 24
hours (h) to be eligible for the study. Mechanical venti-
lation followed the low-tidal-volume strategy described
in the ARDS Net study.'” Patients were excluded if they
had immunodeficiency or were receiving any form of
immune-modulating treatment, had an autoimmune or
hypersensitivity disease, were undergoing dialysis or
had a severe underlying disease. Patients treated with
hydrocortisone for refractory hypotension were with-
drawn from the study. The lung injury score and the
criteria of the ACCP/SCCM Consensus Conference
Committee for sepsis syndrome were used. The charac-
teristics of the patients are summarized in Table 1.

Human CD4"CD25"CD127'°*Tregs and
Flow Cytometry Analysis

Peripheral blood mononuclear cells were isolated using
a Ficoll-Paque Plus gradient (Amersham Biosciences,
Uppsala, Sweden).'® The ratio of CD4"CD25'CD127"°"
cells was measured using flow cytometry with anti-human
CD4-FITC, CD25-PE-Cyanine5, and CD127-PE antibo-
dies (eBioscience, San Diego, CA).

Measurements of Human HMGBI Levels
ELISA kits were used to measure the levels of HMGBI1
(Shino-TEST Co, Tokyo, Japan) in serum samples accord-
ing to the manufacturer’s instructions.

Committee of Anhui Medical University (No:
LLSC2013007).
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Table | Characteristics of Healthy and ARDS Subjects

IL-6 (pg/mL)®

319 (45-5000)

ARDS Healthy
Male/female® 33/25 21/15
Median age, yr® 51 (22-68) 47 (26-70)
Weight (kg)® 52 (46-78) 56 (51-72)
BMI (kg.cm 2)® 28.2 (25-36) 28.6 (26-43)
Survivors/nonsurvivors, n* 36/22
Servere sepsis/septic shock, n* | 34/24
MODS score® 7 (6-12)
APACHE II° 29.3 (19-42)
Median lung score® 2.8 (2.24.1)
SOFA® 11 (8-15)
SAPS® 59 (46-68)
Median PaO,/FIO," 129 (102-186)
Endotoxin (Eu/mL)® 2.9 (0.13-14.45) 0.05 (0.001-0.08)
CRP (mg/L)° 211.2 (28.9-645.3) 1.2 (1.2-2.2)
PCT (ng/mL)° 2.11 (0.06-22.54) 0.008 (0.004-0.02)

5.6 (0-7)

Underlying disorder

|5 post-op

|3 pancreatitis

10 trauma

9 obstruction

7 cancer

2 diabetes

| each cirrhosis, sickle cell

crisis

Clinical Infection

32 intra-abdominal
|3 catheter/bloodstream
9 urinary tract (15)

4 skin and soft tissue

Notes: *Data are expressed as number. ®Data are expressed as medians and their

interquartile ranges.

Animal Models

C57BL/10J wild-type (WT) and C57BL/10Sc TLR4 glo-
bal knockout (TLR4"") mice (8—10 weeks) were purchased
from Nanjing University Model Animal Research Center.
All animals were housed in a facility with standard animal
care conditions and had free access to water and food.
The mouse acute lung injury model was approved by
the Institute Research Ethics Committee of Anhui Medical
University. Mice were distributed to three groups. In con-
trol group (control), WT mice were used, and treated with
saline; in wild type group (WT), WT mice were used, and
treated with HMGBI; in TLR4™" group (TLR4”"), TLR4™"
mice were used, and treated with HGMB1. Ten mice per
group were anesthetized with an i.p. injection of ketamine
(150 mg/kg). Mice were placed in a supine position head
up on a board tilted at a 50-degree angle. A midline inci-
sion was made in the neck, and the trachea was exposed.
A catheter was inserted into the trachea, and mice received

an intratracheal injection of HMGBI1 (Sigma-Aldrich,
St. Louis, MO, USA) at a dose of 20 pg in 50 pL of
PBS. Control mice received an intratracheal injection of
50 uL of saline. After the intratracheal injection, the mice
were placed in a vertical position and rotated for 1 min to
distribute the instillation evenly within the lungs. Forty-
eight hours after the intratracheal injection, the animals
were sacrificed. Blood and tissue samples were harvested.

Preparation of Bronchoalveolar Lavage
Fluid (BALF)

BALF isolation was performed as described previously.'®
Briefly, 48 hours after HMGBI1 challenge in the mouse
model, bronchoalveolar lavage (BAL) was performed
three times by instilling 0.5 mL of PBS through the tra-
cheal cannula after ligation of the left bronchus. The fluid
was centrifuged for 10 min at 1200 rpm, and the super-
natant was collected and stored at —80 °C until further

detection.

Wet to-Dry (W/D) Lung Weight Ratio

We used the W/D lung weight ratio to assess lung edema
and lung inflammation. The left lung was ligated, and the
weight was measured. The lung tissue was incubated at
60°C for 3 days, and the dry weight was recorded. The
W/D weight ratio was calculated by dividing the wet
weight by the dry weight.

Histopathology

The lung tissue was fixed with 4.5% buffered formalin.
Paraffin embedding was performed using standard techni-
ques. Sections (5 um) were stained with hematoxylin and
eosin. The tissue damage was evaluated. The lung injury
was quantified according to the criteria for assessment of
acute lung injury reported by Matute-Bello et al.'’

Isolation and Purification of Splenic
CD4"CD25" Tregs

Spleens were harvested, and cell suspensions were pre-
pared by mincing tissues. Cells were treated with ammo-
nium chloride solution and washed twice before
suspension. CD4°CD25" and CD4'CD25 T cells were
purified using regulatory T cell magnetic cell sorting kits
(Miltenyi Biotec, Germany). The purity of CD4 'CD25"
and CD4'CD25 T cells obtained using this approach was
consistently >90%. Cell purity was assessed by staining
cells with Cy5-labeled anti-CD4 Ab and PE-labeled anti-
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CD25 Ab followed by an analysis using a FACSCalibur
Instrument (BD Biosciences).

Treg Culture and Cytokine

Measurements

All cells were cultured at 37 °C with 5% CO, in RPMI
1640 supplemented with 10% FCS. CD4'CD25" Tregs
isolated from the mouse spleens with magnetic beads
were seeded on 96-well (5% 10° cells/well) cell culture
plates coated with anti-CD3 (5mg/L) and soluble anti-
CD28 (1 mg/L) antibodies. After 24 h, Tregs were col-
lected and incubated with the APC-labeled CTLA-4 Ab
and FITC-labeled FOXP3 Ab followed by an analysis
using a FACSCalibur Instrument (BD Biosciences).

In vitro Assessment of Cytokine

Production
Purified CD4°CD25" Treg cells were cultured in 96-well
plates at a density of 1x10° cells/well. After 24 h of culture,
the supernatants were harvested and stored at —80°C. Purified
CD4'CD25" Treg cells were cultured in 96-well plates at
a density of 1x10° cells/well, and 100 ng/mL HMGBI was
added to each well to assess the effect of HMGBI on Tregs.
After 48 h of stimulation, culture supernatants were harvested
and stored at —80°C. The cytokines IL-10 and TGF-f were
measured using cytokine-specific ELISAs (ExCell Bio, China)
according to the manufacturer’s instructions. The ELISA
results were analyzed using an ELISA plate reader (DUTM-
800, Beckman Coulter, USA) and the associated softMas pro
software. Cytokine levels in culture supernatants were calcu-
lated based on cytokine standards included in each assay plate.
The concentrations of secreted IL-10 and TGF-B1 in the
supernatants of CD4'CD25" Tregs were determined using
commercially available double-antibody sandwich ELISA
kits (ExCell Bio, China). The color reaction was terminated
by adding 100 pL of ortho-phosphoric acid. Plates were read
in a microplate reader (Spectra MR, Dynex, Richfield, MN).
All samples were run in quadruplicate.

The CD4"CD25" and CD4"CD25

T Cell Cocultures

Purified CD4'CD25" and CD4°CD25™ T cells (1:1) were
seeded on 96-well (2 x 10° cells/well) cell culture plates coated
with anti-CD3 (1 pg/mL) and soluble anti-CD28 (1 pg/mL)
antibodies. Seventy-two hours after coculture, 100 pL of super-
natant were collected and stored at —80°C until the ELISA
measurement. Ten microliters of CCK-8 reagent were added,

and after 4 h of culture, the absorption value was measured at
450 nm (DUTM-800, Beckman Coulter, USA).

Statistical Analysis

Data are presented as the mean+SD. The clinical data were
analyzed using the permutation #-test and Pearson’s correla-
tion analysis. For each comparison, two-sided p values less
than 0.05 were considered statistically significant. These
analyses were performed using SAS/STAT software, version
9.4. Tukey’s test was performed for multiple comparisons in
the animal experiment and in vitro experiment. Data from
two groups were compared using f-tests. A p-value less than
0.05 was considered statistically significant. These analyses
were performed using SPSS software.

Results
Elevated HMGBI Levels and Reduced
Tregs in Patients with ALI

We first measured HMGBI levels in patients with sepsis or
septic shock to determine whether HMGBI1 levels in patients
correlated with the severity of sepsis. Indeed, HMGBI levels
were increased in patients with sepsis (n=34) compared with
healthy controls (n=36, Figures 1A, 105.3+45.6 ng/mL vs 8.3
+3.62 ng/mL, p<0.01). The HMGBI levels were further
increased in patients with septic shock (n=24) compared to
patients with sepsis (Figures 1A, 167.5£78.5 ng/mL, p<0.05).
Next, we measured the HMGBI levels in patients from the
surviving ARDS (n=36) and nonsurviving ARDS (n=22)
groups. HMGBI levels were significantly increased in the
nonsurviving ARDS group compared with the surviving
ARDS group (Figures 1B, 108.3£67.9 ng/mL vs 67.4+42.6
ng/mL, p<0.05). We analyzed the frequency of
CD4'CD25'CD127"°% Tregs in patients with ARDS
(including surviving and nonsurviving patients with ARDS)
to determine whether HMGBI affects Treg production during
sepsis-induced ALI. Indeed, decreased percentages of
CD4'CD25'CD127°Y Tregs were observed in patients with
sepsis-induced ARDS (4.2+2.56, n=58) compared to healthy
controls (7.9+1.31, n=36, p<0.01) (Figure 1C and D). The
correlation was further analyzed between the percentage of
CD4"CD25"CD127"°" Tregs and HMGBI levels in patients
with ARDS and shown to be significant (Figure 1E, R?=0.535,
n=58, p<0.001). Based on these data, HMGBI levels may be
correlated with Treg accumulation in patients with sepsis-
induced lung injury.
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Figure | Elevated HMGBI levels and reduced Treg proportions in patients with sepsis-induced ALI. (A) Circulating HMGBI levels in plasma were measured in patients with
sepsis (n=34), septic shock (n=24), and healthy controls (n=36) using an ELISA. **p<0.01. (B) Plasma HMGBI levels in surviving (n=36) and nonsurviving (n=22) patients with
ARDS. *p<0.05 and *p<0.01. (C) Representative two-dimensional scatter diagrams of CD4*CD25"CD 127" Tregs in the peripheral blood of patients with ARDS and
healthy controls were analyzed using flow cytometry. (D) The percentage of CD4*CD25"CD 127" Tregs in the peripheral blood of patients with ARDS (n=58) and healthy
controls (n=36); means£SD, *p<0.01. (E) Correlation between the percentage of CD4*CD25"CD127"°" Tregs and HMGBI levels in patients with ARDS; R?=0.535,
p<0.001. The analyses in this figure were performed using permutation t-tests (A, B, and D) and Pearson’s correlation analyses (E).

TLR4 Deletion Accelerates Lung Injury
and the Local Inflammatory Response
Induced by the HMGBI Instillation

HMGBI has been shown to induce an inflammatory response
and cause tissue damage. The intratracheal instillation of
HMGBI caused morphological changes in the lung tissue,
including interstitial edema, alveolar thickening, and severe
leukocyte infiltration (Figure 2A), the quantified lung injury
score was listed in Figure 2B. Deletion of TLR4 ameliorated
the injury caused by HMGBI, as indicated by reduced mor-
phological changes in the lung tissue. Treatment with HMGB1
caused an increase in the W/D weight ratio of lung tissue,
which was decreased by TLR4™~ deletion (5.53+0.32 vs 4.82
+0.22, p<0.05, Figure 2C). The HMGBI instillation induced
local expression of TNF-a and IL-1f, which was associated
with increased serum cytokine levels (p<0.05, Figure 2D-G).
The increases in local and systemic TNF-o and IL-1f levels
were blocked by the deletion of TLR4-.

TLR4 Reversed CTLA-4 and FOXP3
Downregulation Caused by the HMGBI
Instillation

The induction of the inflammatory response is associated with
a decreased Treg proportion. Next, CD4 CD25" Tregs were
detected in the experimental groups. CD4 ' CD25" Treg cells
were isolated from the spleen. Flow cytometry showed that the
purity of CD4"CD25" Treg cells sorted by immunomagnetic
beads was greater than 90%. The expression of FOXP3 and
CTLA-4 in the HMGBI instillation group was significantly
decreased compared with that in the control group (CTLA-4:
38.60£3.54 vs 19.65£1.46, p<0.05; FOXP3: 52.61£7.69 vs
34.91+4.92, p<0.05, Figure 3A, Table 2). However, TLR4
deletion reversed these changes and caused the upregulation
of CTLA-4 and FOXP3 expression compared with the control
group and HMGBI instillation group (CTLA-A: 38.60+3.54
vs 63.0945.72, p<0.05; FOXP3: 52.61£7.69 vs 65.16+4.93,
p<0.05).
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Figure 2 TLR4 deletion accelerates lung injury and the local inflammatory response induced by the HMGBI instillation. (A) Pathological changes in lung tissues from TLR4
mice with different genotypes 48 h after an intratracheal instillation of HMGBI. (B) The morphological changes was quantified by using lung injury scoring system (C)
Changes in the W/D weight ratio of the lung tissue 48 h after an intratracheal instillation of HMGBI in mice with different TLR4 genotypes. (D) TNF-a levels were measured
in BAL fluid from the control, WT, and TLR4”" groups using an ELISA. (E) Serum TNF-a was measured by ELISA in the control, WT, and TLR4™ groups. (F) IL- 1B levels were
measured in BAL fluid from the control, WT, and TLR4™ groups using an ELISA. (G) Serum IL-1 levels were measured in the control, WT, and TLR4™" groups using an
ELISA, *p<0.05 between 3 groups by using Tukey's test, p<0.05 between WT and TLR4" group by using t-test.

TLR4 Deletion Reversed the HMGBI|
Treatment-Induced Downregulation of
Cytokine Release

Next, the release of TGF-f and IL-10 was detected in the
different groups (Figure 3B and C). Compared with the control
group, the HMGBI instillation decreased the release of TGF-3
(456.37+61.16 pg/mL vs 381.86+25.77 pg/mL, p<0.05) and
IL-10 (121.55+19.02 pg/mL vs 66.78+24.37 pg/mL, p<0.05)
into the culture supernatant. Notably, TLR4 deletion increased
the release of TGF-p (456.37+61.16 pg/mL vs 638.41+58.18

pg/mL, p<0.05), and IL-10 (121.55+£19.02 vs 136.85+14.24
pg/mL, p<0.05) compared with both the control group and the
HMGBI instillation group (p<0.05). In an in vitro system,
CD4"CD25" Tregs were isolated from WT and TLR4™" mice
and treated with HMGBI. The release of TGF-f and IL-10
into the culture supernatant was significantly decreased in the
WT group (Figure 3D and E, TGF-f: 442.544+61.16 pg/mL vs
176.56+77.26 pg/mL, p<0.05; IL-10: 159.11£17.57 pg/mL vs
104.64+15.23 pg/mL, p<0.05), while TLR4 deletion increased
the cytokine levels in the supernatant (TGF-fB: 442.54
+61.16 pg/mL vs 522.404+49.74 pg/mL, p<0.05; IL-10:
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Figure 3 TLR4 reversed the CTLA-4 and FOXP3 downregulation caused by the HMGBI instillation. (A) Changes in CTLA-4 and FOXP3 expression in CD4"CD25" Tregs
from different groups of mice with acute lung injury. (B) TGF-B levels in CD4"CD25" Tregs from different groups. (C) IL-10 levels in CD4"CD25" Tregs from different
groups. (D) TGF-B content in CD4"CD25" Tregs from mice with different genotypes stimulated with HMGBI. (E) IL-10 content in CD4"CD25" Tregs from mice with
different genotypes stimulated with HMGBI, *p<0.05 between 3 groups by using Tukey’s test, and *p<0.05 between WT and TLR4-/- group by using t-test.

159.11£17.57 pg/mL.s. 183.27+20.50 pg/mL, p<0.05). In the
next step, the proliferative effect of CD4°CD25™ T cells was
detected by coculture with CD4'CD25" Tregs. CD4'CD25~
T cells were activated by treatment with anti-CD3 and anti-
CD28 antibodies and cocultured with CD4"CD25" Tregs.

TLR4 Deletion Reverses HMGB I -Induced

Polarization Towards Thl Cells
After coculture with CD4'CD25" Tregs from WT mice
treated with the HMGBI instillation, the proliferation of

CD4°CD25 T cells was significantly increased, as
assessed using the CCK-8 method (OD450: 0.77+0.05 vs
0.91+0.042, p<0.05, Figure 4A). The increased prolifera-
tion was inhibited by coculture with Tregs from TLR4™"
mice subjected to the same treatment (0.77+0.05 vs 0.54
+0.05, p<0.05). In the supernatant of cocultures of
CD4'CD25" Treg cells and effector T cells from the con-
trol group, as well as the supernatant of cocultures of
CD4'CD25" Treg cells from wild-type mice with acute

lung injury and effector T cells, the contents of IL-2
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Table 2 Changes of CTLA-4 and FOXP3 Expression of CD4
+CD25+Treg in Different Groups of Mice with ALl (Xts)

Group CTLA-4 FOXP3

Control 38.602+3.54 52.61+7.69
WT 19.65+1.46% 34.91+£4.92%
TLR4 63.09+5.72* 65.16+4.93*

Note: *p<0.05.

(175.42£7.11 pg/mL vs 214.76+13.35 pg/mL, p<0.05,
Figure 4B) and IFN-y (132.85+6.26 pg/mL vs 150.05
+11.76 pg/mL, p<0.05, Figure 4D) were higher than
those in the control group, while the contents of IL-4
(154.96+£13.97 pg/mL vs 96.91£9.95 pg/mL, p<0.05,
Figure 4C) were lower than those in the control group,
and the ability of CD4°CD25" Treg cells to polarize
towards Th2 cells was reduced, but they polarized towards
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Thl cells. In the supernatant of cocultures CD4 'CD25"
Treg cells from TLR4”" mice with acute lung injury and
effector T cells, the contents of IL-2 and IFN-y were lower
than those in the control group (IL-2: 175.4247.11 pg/mL
vs 144.69+£10.75 pg/mL, p<0.05; IFN-y: 132.84+6.25 pg/
mL vs 117.68+11.40 pg/mL, p<0.05), while the IL-4 con-
tent was higher than that in the control group (154.96
+13.97 pg/mL vs 174.74+31.83 pg/mL, p<0.05), and the
immunosuppressive effect mediated by CD4'CD25" Treg
cells caused a Th1/Th2 shift towards Th2 cell polarization.

Discussion

ARDS/ALI is a syndrome of acute respiratory failure
characterized by clinical features of hypoxemia and altered
respiratory system mechanics.”” ARDS/ALI remains
a common and highly morbid condition.
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Figure 4 TLR4 deletion reverses HMGBI-induced polarization towards the Thl phenotype. (A) The CCK-8 method was used to detect the effects of CD4"CD25" Tregs
on the proliferation of CD4"CD25™ T cells from different groups. (B) Changes in IL-2 contents in cocultures of CD4"CD25" Tregs and CD4"CD25™ T cells. (C) IL-4
contents in cocultures of CD4"CD25" Tregs and CD4"CD25™ T cells. (D) IFN-y contents in cocultures of CD4*CD25" Tregs and CD4"CD25™ T cells, *p<0.05 between 3
groups by using Tukey's test, and #p<0.05 between WT and TLR4™" group by using t-test.
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Although CD4"CD25"FOXP3" Tregs are essential for
mediating the resolution of lung injury,®' little is known
about how HMGBI affects Treg generation in patients
with ALI Indeed, elevated levels of HMGBI1 have been
observed in both plasma and lung epithelial lining fluids of
patients with ALL**** CD4'CD25" Tregs expressing
FOXP3 (CD4'CD25'CD127"°% in human Tregs) may
accumulate in the injured lung?' We showed that
increased HMGBI levels in patients with ALI induced
by severe sepsis are accompanied by decreased numbers
of CD4'CD25"CD127'°% Tregs. These data imply that
circulating HMGBI levels and the Treg frequency may
be directly involved in determining disease severity in
patients with ALIL

Due to the important clinical implications in patients
with ALI and an inflammatory response caused by infec-
tion develop similar clinical syndromes (Table 1), the
increased serum HMGBI levels may be released from
lymphocytes or infected tissues. Therefore, serum
HMGBI levels might serve as a marker to reflect the
severity of tissue injury or the state of the inflammatory
response.

HMGBI is a prototypical damage-associated molecular
pattern (DAMP) molecule.** During sepsis, HMGBI is
released from tissues and promotes the systemic inflam-
matory response and systemic injury.”> Measurements of
serum HMGBI levels revealed that HMGBI is associated
with the severity of sepsis and is present at significantly
higher levels in nonsurvivors than in survivors. The
administration of HMGBI1
a mouse model; in contrast, treatment with an HMGB1
antibody to block HMGBI protected against lethal effects
on a mouse model of LPS-induced SIRS.?> The HMGBI
antibody was used to block the effect of HMGBI.
Blocking HMGBI increased the animal survival rate,
injury,
proportion.'® In the present study, an intratracheal instilla-

increased mortality in

decreased lung and increased the Treg
tion of HMGBI1 generated a stable and reliable mouse
acute lung injury model, which provides a compact basis
for further in vivo investigation.

Extracellular disulfidle HMGB1 activates monocytes
and macrophages to induce cytokine release and chemo-
kine production via the TLR4 signaling pathway.?®
TLR4 is one receptor for HMGBI1. The activation of
TLR4 by HMGBI mediates acute lung injury in a liver
ischemia reperfusion model.”” The activation of TLR4
by HMGBI occurs via the binding between HMGBI1 and

MD2.?® Notably, HMGB1 and LPS do not share the

same binding site on MD2. Therefore, interrupting the
binding between HMGB1 and TLR4 will not influence
the activation of the LPS-dependent signaling pathway.>’
HMGBI-induced LTA tolerance is mediated by the
TLR2 signaling pathway but not RAGE.*® Wild et al
reported that HMGBI1 directly enhances Treg activity
via RAGE-mediated mechanisms®' and impairs the
host’s ability to clear pathogens.>? In our results, dele-
tion of TLR4 further increased the HMGBI-induced
Treg elevation, which may be explained partially by the
increased activation of RAGE. Although the interaction
between HMGBI1 and RAGE leads to the activation of
NF-kB and the release of cytokines, it fails to induce
cytokine release from macrophages expressing RAGE
proteins without TLR4.?° Based on this finding, the
HMGBI1-RAGE pathway may not directly induce cyto-
kine production. In the present study, TLR4 was deleted
to confirm the effect of HMGBI1 on acute lung injury.
A lethal effect was observed on TLR4-deficient mice
with endotoxemia in the presence of increased levels of
HMGBI1, which was reversed in caspase 11-deficient
mice.>® The deletion of TLR4 decreased the HMGBI-
induced local inflammatory response, lung edema, and
tissue injury.

Sepsis is responsible for the induction of the inflam-
matory response but also contributes to subsequent
HMGBI1
immune tolerance.’®*> Our results revealed that during

immunosuppression.** is reported to induce
acute lung injury, HMGB1 may affect the expression of
FOXP3 and CTLA-4 in Treg cells through TLR4 at least
in part, thus reducing its immunosuppressive function.
Evidence suggests that TLR4 activation in the environ-
ment increases the induction of Treg generation. Iran
Rashedi reported that the activation of TLR4 on mesench-
ymal stromal cells increased the induction of Treg cell
production via notch signaling.>® Wei et al observed that
a quercetin treatment decreased inflammatory injury
through the induction of Treg production, which was
reversed by treatment with a TLR4 antagonist.’” In
chronic infection, TLR4 knockout caused a decrease in
the Treg population, which was associated with increased

F. nucleatum colonization in a mouse model.>®

Tregs pre-
vent tissue damage caused by immune activation through
their suppressive function.’® The anti-inflammatory nature
of Tregs prompted us to examine whether they might play
a role in helping reverse the tissue injury caused by the
inflammatory response in an infectious disease. Further

evidence suggested that HGMBI1-TLR4 may reduce the
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ability of CD4"CD25" Treg cells to polarize towards Th2
cells at least in part, causing the cells to polarize towards
Thl cells. T-cells play a critical role in sepsis. Distinct
patterns of cytokines are produced by Thl and Th2 cells.
Thl cells produce IFN-y and IL-2, and Th2 cells secrete
1L-4, IL-5, IL-10, and IL-13. Polarization from Th1l to Th2
cells leads to immunosuppression. The suppressive effect
of Tregs on the inflammatory response occurs through
cytokines, eg, IL-10- and TGF-B-mediated mechanisms.*’
Kapur et al reported low levels of IL-10 in patients with
transfusion-related acute lung injury (TRALI) compared
with patients with sepsis-induced ALL*' TRALI is
induced by sterile inflammation, and the intensity of the
inflammatory response is significantly lower than that of
the pathogen-induced inflammatory response. This result
may explain why no significance was observed between
patients in the no TRALI and TRALI groups. In animal
experiments, the administration of IL-10 was protective
and rescued mice from TRALI development,' indicating
that IL-10 contributes to reversing the proinflammatory
response and initiating the process of tissue repair.

In conclusion, our results revealed that HMGBI1 affects
the expression of FOXP3 and CTLA-4 in Treg cells
through TLR4, thus reducing its immunosuppressive func-
tion. During acute lung injury, HGMBI1 may reduce the
ability of CD4'CD25" Treg cells to polarize towards Th2
cells, causing the cells to polarize towards Thl cells.
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