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Abstract

Primary immune thrombocytopenia (ITP) is the most common acquired autoimmune bleeding disorder. Abnormally
increased levels of High Mobility Group Box 1 (HMGB1) protein associate with thrombocytopenia and therapeutic outcome
in ITP. Previous studies proposed that a natural inhibitor of HMGB1, 18f3-glycyrrhetinic acid (188-GA), could be used for its
anti-inflammatory and immune-modulatory effects, although its ability to correct immune balance in ITP is unclear. In
this study, we showed that plasma HMGB1 correlated negatively with platelet counts in ITP patients, and confirmed that
18B-GA stimulated the production of regulatory T cells (Treg), restored the balance of CD4* T-cell subsets and enhanced
the suppressive function of Treg through blocking the effect on HMGB1 in patients with ITP. HMGB1 short hairpin RNA
interference masked the effect of 183-GA in Treg of ITP patients. Furthermore, we found that 18p3-GA alleviated
thrombocytopenia in mice with ITP. Briefly, anti-CD61 immune-sensitized splenocytes were transferred into severe
combined immunodeficient mice to induce a murine model of severe ITP. The proportion of circulating Treg increased
significantly, while the level of plasma HMGB1 and serum antiplatelet antibodies decreased significantly in ITP mice along
18B-GA treatment. In addition, 183-GA reduced phagocytic activity of macrophages towards platelets both in ITP patients
and ITP mice. These results indicate that 183-GA has the potential to restore immune balance in ITP via inhibition of
HMGB1 signaling. In short, this study reveals the role of HMGB1 in ITP, which may serve as a potential target for
thrombocytopenia therapy.

tolerance in many autoimmune diseases. Many studies
have shown that Treg are defective in patients with chronic

Introduction

Primary immune thrombocytopenia (ITP) is an acquired
autoimmune disease characterized by immune-mediated
platelet destruction or impaired platelet production or both.
Related studies have shown that disturbed helper T-cell
subsets are involved in ITP. Platelet autoreactive CD4" ef-
fector T cells are excessively activated, exhibiting decreased
apoptosis, whereas CD4* CD25" Foxp3* regulatory T cells
(Treg) are numerically and functionally impaired.! In addition,
autoantibody-sensitized platelets are targeted and de-
stroyed by the mononuclear macrophage system in ITP.2

Treg, as immunosuppressive T cells, play a key role in self-

ITP. Both clinical and basic mechanistic studies have shown
that a variety of treatments, including glucocorticoids, ri-
tuximab, thrombopoietin-receptor agonists, intravenous
immunogloblin, and histone deacetylase inhibitors, exert
therapeutic effects and modulate the expansion and regu-
latory functions of Tregs,*” among which dexamethasone,
thrombopoietin-receptor agonists, intravenous immuno-
globulin, and chidamide were also shown to attenuate
phagocytosis of the monocyte-macrophage system.?°

High Mobility Group Box 1 (HMGB1) protein, a non-histone
nuclear protein, plays a critical role not only inside the cell
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as a DNA chaperone, but also outside of the cell as a dam-
age-associated molecular pattern (DAMP) molecule. Of
note, HMGB1 was found to mediate the development and
progression of autoimmune diseases, acting on cell surface
receptors, and triggering intracellular signaling. The ex-
pression of HMGB1 is upregulated in hepatitis B virus infec-
tion, accompanied by an increase in the level of
pro-inflammatory factors, such as interleukin (IL)-6 and IL-
17, affecting the balance of Th17/Treg.® Stimulation of HMGB1
results in markedly reduced expression of Foxp3 and secre-
tion of IL-10 from Treg in mice and humans.™? Recently, it
has been reported that glycyrrhizin prevents release of
HMGB1 induced by severe acute respiratory syndrome co-
ronavirus-2 and inhibits viral replication.”® Studies have also
shown higher levels of HMGB1 in the spleen, serum and
plasma of patients with ITP, compared with those in healthy
controls.*® HMGB1 is associated with an imbalance of
Treg/Th17 cells and is involved in the pathogenesis of ITP®
As 18p-glycyrrhetinic acid (183-GA) is known to bind to
HMGB1 directly,” it has been used as a novel pharmacologi-
cal inhibitor of HMGB1 cytokine activities in several clinical
and experimental studies.®™ 18p3-GA, the main active me-
tabolite of glycyrrhiza, can be obtained by glucuronidase
hydrolysis of glycyrrhiza after oral administration. There is
evidence showing that 183-GA is associated with regulating
the homeostasis of Th1/Th2/Th17/Treg,?® for example, by
triggering a curative Th1 response in experimental visceral
leishmaniasis, attenuating airway inflammation in allergic
asthma by reducing Th2 cytokines through upregulation of
Foxp3 and downregulation of STAT6/GATA-3/RORyt ex-
pression, suppressing the differentiation of Th17 cells in ex-
perimental autoimmune encephalomyelitis, and inhibiting
the development of hepatocellular carcinoma by modulat-
ing Treg expression.?* 183-GA has already been marketed
in a variety of dosages for the treatment of liver dysfunc-
tion® and specific cutaneous inflammation.?® Luo et al. re-
ported the effect of licorice, another precursor of 183-GA,
in raising platelet counts, which also proved to be well-tol-
erated in ITP patients.?® However, to our knowledge, no pre-
vious studies have focused on the roles and the mechanism
of action of 18f3-GA in patients with ITP.

Therefore, the current study was performed to evaluate
whether the inhibitor of HMGB1 restored immune balance
in patients and mice with ITP. Moreover, we investigated the
effects of 183-GA on the modulation of Treg and the mono-
cyte-macrophage system in vivo and in vitro, as well as the
underlying molecular mechanisms. Our aim was to provide
new insights into the treatment of ITP.

Methods

Patients and controls
A total of 42 patients (25 females and 17 males; 18-66
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years old; median age, 47.5 years) with newly diagnosed
primary ITP and without prior treatment were enrolled in
this study between April 2018 and November 2021 at the
Department of Hematology, Qilu Hospital, Shandong Uni-
versity, China. The patients’ platelet counts ranged be-
tween 1x10%/L and 38x10%/L (median count, 13x10°%/L) and
they were diagnosed based on previously recommended
criteria.?” Twenty-five age-matched healthy volunteers
were included (13 females and 12 males; 18-65 years old;
median age, 35 years) with platelet counts ranging be-
tween 155x10°%/L and 311x10°/L (median count, 256x10°/L).
The subjects’ demographics and key clinical information
are summarized in Online Supplementary Table S1. All
study subjects donated 20 mL of EDTA-anticoagulated ve-
nous peripheral blood. The study protocol was approved
by the Medical Ethics Committee of Qilu Hospital, Shan-
dong University. All patients provided written informed
consent before enrollment into the study, in accordance
with the Declaration of Helsinki.

Animal model

A murine model of active ITP was established as pre-
viously reported with modifications.?® The strains and
backgrounds of the mice are detailed in the Online Sup-
plementary Methods. Briefly, we immunized CD61-knock-
out mice with CD61* platelets. Splenocytes from these
immunized mice were engrafted into CD61* severe com-
bined immunodeficient (SCID) mice to construct the ac-
tive ITP murine model. ITP mice were then randomly
separated into groups that received the same volume of
either 183-GA (30 mg/kg,>® intraperitoneal injection,
CAS471-53-4, Sigma-Aldrich, USA), the HMGB1 inhibitor ly-
copene (5 mg/kg,*° intragastric administration, S3943, Sel-
leck, USA), or 3% dimethylsulfoxide (DMSO, intraperitoneal
injection, Sigma-Aldrich, USA) every 2 days from day 1
after radiation and splenocyte infusion. Platelets were
counted weekly, and ITP mice were euthanized after 5
weeks. Peripheral blood, spleen, thymus, inguinal lymph
nodes, and liver were removed to prepare single-cell sus-
pensions for analyses. All animal experiments were per-
formed with the approval of the Animal Care and Use
Committee of Shandong University and undertaken in ac-
cordance with the Institutional Guidelines for the Care
and Use of Laboratory Animals.

The methods for Treg depletion, the detection of serum
anti-platelet CD61-specific antibodies, multiple cytokine
analysis, and the analysis of platelet retention using living
liver and spleen imaging of ITP mice; cell isolation from
ITP patients and healthy controls, immunophenotyping of
Treg and monocyte-derived macrophages, suppressive
capacity of Treg on the proliferation of CD4* CD25 effec-
tor T cells and CD8* cytotoxic T lymphocyte-induced pla-
telet apoptosis, lentiviral interference of HMGB1 in Treg
and macrophages, determination of acetylation level of
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plasma HMGB1 and the redox state test of HMGB7, and
western blotting in ITP patients; phagocytic activity of
macrophages, quantitative real-time polymerase chain re-
action (RT-PCR), enzyme-linked immunosorbent assay
(ELISA) in ITP patients and mice; and statistical analysis
are explained in the Online Supplementary Data.

H. Wang et al.

blood mononuclear cells (PBMC) from patients with ITP at
the higher doses of 50 uM and 100 pM (Figure 1A, B).

Subsequently, we tested whether 183-GA affects Treg, using
PBMC isolated from ITP patients and healthy controls. We
noted that 25 uM and 50 uM 18f3-GA increased the number
of Treg (Figure 1C-E). Moreover, we detected that Foxp3

MRNA expression in the group treated with 25 uM 183-GA
was higher than that in the DMSO-treated PBMC from ITP
patients (Figure 1F). However, the percentages of CD4* T
cells among the PBMC remained unchanged after the re-
spective treatments (Online Supplementary Figure S1). We
therefore selected 25 uM 18p-GA as the optimal dose for
cell experiments, as it induced an increase in Treg number
without apparently causing apoptosis.

Results

18p-GA increased the number of Treg without apparent
induction of apoptosis in peripheral blood mononuclear
cells from patients with immune thrombocytopenia

We found that 183-GA only induced apoptosis of peripheral
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Figure 1. 18f-GA increased the number of Treg without apparent induction of apoptosis in peripheral blood mononuclear cells
from patients with immune thrombocytopenia. (A) Representative density plots of apoptosis in cultures of peripheral blood
mononuclear cells (PBMC) from patients with immune thrombocytopenia (ITP). The percentage of annexin V-positive and propi-
dium iodide (Pl)-negative cells among PBMC represents the rate of cell apoptosis. (B) 183-GA induced apoptosis of PBMC from
ITP patients after 3 days at the doses of 50 uM and 100 uM (n=10; Friedman test, ***P<0.0001). Multiple comparisons: **P=0.0069.
(C) The gating strategy and representative density plots for identification of CD4* CD25* Foxp3* Treg. (D) In the culture of PBMC
from ITP patients, the percentages of Treg were significantly increased 3 days after 183-GA treatment at the doses of 12.5 uM, 25
UM and 50 uM (n=10; one-way analysis of variance [ANOVA]; “P=0.0167). Multiple comparisons: dimethylsulfoxide (DMSO) vs. 18-
GA 12.5 uM, "P=0.0051; DMSO vs. 183-GA 25 OM, "P=0.0031; DMSO vs. 183-GA 50 uM, "P=0.0076. (E) In the culture of PBMC from
healthy controls, the percentages of Treg were significantly increased at 25 uM and 50 uM (n=8, one-way ANOVA, "P=0.0173).
Multiple comparisons: DMSO vs. 183-GA 25 uM, "P=0.0403; DMSO vs. 183-GA 50 uM, *P=0.0386. (F) Foxp3 mRNA expression of the
18B-GA group was higher than that of controls (n=13, Wilcoxon matched-pairs signed rank test, *P=0.0046). DMSO vs. 18p3-GA:
0.0008 (0.0001, 0.0026) vs. 0.0012 (0.0001, 0.0041).
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Figure 2. 183-GA increased the generation and enhanced the suppressive function of Treg from CD4* T and naive CD4* T cells among
patients with immune thrombocytopenia. (A) The percentage of Treg in the culture of CD4* T cells from patients with immune throm-
bocytopenia (ITP) was increased after 3 days by stimulation with 183-GA at 25 uM. Paired t test, 4.6200%1.6010 vs. 5.8367+1.9671,
n=9; “P=0.0024. (B) 18p3-GA increased the generation of Treg from naive CD4* T cells from ITP patients after 3 days. Paired t test,
4.0067+2.3976 vs. 5.0967+2.4695, n=9, "P=0.0018. 183-GA also increased Treg generation from isolated naive CD4* T cells from healthy
controls. Paired t test, 7.7333£1.9871 vs. 10.0156£2.8094, n=9, "P=0.0012. (C) Representative histogram plots of CFSE of CD4* CD25"-
effector T cells. a: DMSO-T., b: 183-GA-T., C: Ts+DMSO-Treg, d: T+183-GA-Treg. (D) Division index of effector T-cell proliferation
after co-culture with Treg. a: DMSO-T, b: 183-GA-T, C: TrtDMSO-Treg, d: T++18p-GA-Treg. Wilcoxon matched-pairs signed rank test,
n=8. Treg significantly suppressed proliferation of effector T cells (*"P,.=0.0078). Compared with DMSO, 18f-GA significantly enhanced
the inhibitory function of Treg (*'P.,=0.0078). (E) The gated dot-plots illustrate the apoptosis of platelets. a: Platelets, b: CD8* CTL+pla-
telets, c: DMSO-Treg+CD8* CTL+platelets, d: 183-GA-Treg+CD8* CTL+platelets. (F) A significant reduction was observed in CD8* CTL-
induced platelet apoptosis from ITP patients cultured with 183-GA-Treg in vitro. a: Platelets, b: CD8* CTL+platelets, c: DMSO-Treg+CD8*
CTL+platelets, d: 183-GA-Treg+CD8* CTL+platelets. Paired t test, n=8. Treg markedly decreased the platelet apoptosis mediated by
CD8* CTL (*P,.=0.0354). After treatment with 18p-GA, Treg significantly reduced CD8* CTL induced platelet destruction, compared
with Treg after treatment with DMSO (*P.4=0.0497). CFSE: 5(6)-carboxyfluorescein diacetate N-succinimidyl ester (CFSE); Tes: T ef-
fector cells; DMSO: dimethylsulfoxide; CTL: cytotoxic T lymphocyte.
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18p-GA increased Treg generation from isolated CD4*
T/naive CD4* T cells from patients with immune
thrombocytopenia and enhanced the suppressive
function of the Treg

We noted that the percentage of Treg increased after
stimulating CD4* T cells from patients with ITP with 25 uM
18p-GA (Figure 2A). Furthermore, peripheral Treg induced

H. Wang et al.

from naive CD4* T cells in patients with ITP and healthy
controls were also significantly expanded after treatment
with 183-GA (Figure 2B).

We then explored whether 183-GA enhances the sup-
pressive function of Treg from patients with ITP. After drug
elution, we co-cultured 5(6)-carboxyfluorescein diacetate
N-succinimidyl ester (CFSE)-labeled CD4* CD25™ effector
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Figure 3. 18p-GA inhibited the expression of HMGB1in CD4' T cells from patients with immune thrombocytopenia by suppressing
NF-kB signaling. (A) The levels of HMGB1 in plasma of patients with immune thrombocytopenia (ITP) were higher than those in
healthy controls (unpaired Student t test, "P=0.0335, 69.8793+20.7887 vs. 114.8579+60.2011, healthy controls n=10, ITP patients
n=15). Immunoprecipitation of plasma HMGB1 with anti-HMGB1 antibodies in ITP patients. Western blotting with the anti-human
HMGB1 antibody and acetylated-lysine antibody. Plasma HMGB1 in ITP patients was obviously acetylated. (B) The percentage of
Treg stimulated with different redox states of HMGB1. 183-GA inhibited the effect of HMGB1 with different redox states on Treg.
a: DMSO; b: HC-HMGB1 (HMGB1 from healthy controls); c: ITP-HMGB1 (HMGB1 from ITP patients); d: ITP-frHMGB1 (ITP-fully reduced
HMGB1); e: ITP-oxiHMGB1 (ITP-oxidized HMGB1); f: ITP-HMGB1+183-GA; g: ITP-frHMGB1+183-GA; h: ITP-oxiHMGB1+183-GA. n=6.
Paired t test, "P,,=0.0013; *"P,.=0.0001; " Pp,=0.0006; "P,,=0.0023; "*"P+<0.0001; "P4=0.0109; "P,,=0.0303. (C) The level of HMGB1
in plasma correlated negatively with the platelet count in routine blood tests in ITP patients, n=15, Pearson correlation, r=-
0.5796, R2=0.3359, *P=0.0236. (D) HMGB1 mRNA expression in CD4* T cells from ITP patients at the time of enrollment were
higher than that in healthy controls (unpaired Student t test, “P=0.0014, 0.0314+£0.0203 vs. 0.0852+0.0449, healthy controls n=10,
ITP patients n=18). (E) Relative integrated density of HMGB1 of isolated CD4* T cells from ITP patients and healthy controls after
3 days cultured by western blotting (unpaired t test, "P=0.0367, healthy controls n=3, ITP patients n=4). (F) 188-GA reduced HMGB1
expression ("P=0.0182) and phosphorylated NF-kB expression (*P=0.0476) of CD4* T cells from ITP patients after 3 days (paired t
test, n=3). IP: immunoprecipitation; HC: healthy controls; DMSO: dimethylsulfoxide; ns: not significant.
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T cells with Treg. The division index of effector T cells was
calculated using Flow Jo software. We confirmed that
18p-GA enhanced the suppressive function of Treg to-
wards CD4* CD25" effector T cells (Figure 2C, D). We ob-
served that 183-GA alone had no apparent effect on the
proliferation of effector T cells; however, Treg markedly
suppressed the proliferation of effector T cells after treat-
ment with DMSO or 183-GA. Furthermore, we found that,
compared with DMSO, 18p-GA significantly enhanced Treg
function in suppression of effector T-cell proliferation. In
addition, we noted that Treg from ITP patients treated
with either DMSO or 18p3-GA reduced CD8* cytotoxic T
lymphocyte (CTL)-mediated platelet destruction, although
the Treg treated with 18p3-GA significantly reduced CD8*
CTL-induced platelet apoptosis, compared with that of
Treg treated with DMSO (Figure 2E, F). These findings sug-
gest that 183-GA enhanced the immunosuppressive ability
of Treg.

18p-GA inhibited the expression of HMGB1in CD4* T
cells from patients with immune thrombocytopenia by
suppressing NF-xB signaling

Using ELISA, we found that the expression of HMGB1 in
the plasma of active ITP patients was higher than that in
healthy controls. We also found that the plasma HMGB1
in patients with ITP was acetylated, showing that it was
released from the nuclei of cells® (Figure 3A). Next, we
compared the proliferation of HMGB1-treated Treg. HMGB1
was enriched from the plasma of healthy controls and ITP
patients (HC-HMGB1 and ITP-HMGB1, respectively). The
proportions of Treg were significantly decreased with HC-
HMGB1 and ITP-HMGB1, and augmented with oxidized
HMGB1 (ITP-oxiHMGB1), compared with the DMSO group.
Moreover, Treg expansion was stimulated in the ITP-
HMGB1 and fully reduced HMGB1 (ITP-frHMGB1) groups,
while it was suppressed in the ITP-oxiHMGB1 group, after
18p-GA treatment (Figure 3B).

The level of HMGB1 in plasma correlated inversely with
platelet counts of patients with ITP (Figure 3C). Moreover,
the mRNA expression of HMGB1 in CD4* T cells from ITP
patients was higher than that of healthy controls (Figure
3D). We further investigated whether CD4* T cells could
secrete HMGB1 directly after cell culture. Our western
blotting results showed an increase in HMGB1 expression
in CD4* T cells from patients with active ITP, compared
with the expression in healthy controls (Figure 3E). The
nuclear factor kB (NF-xB) signaling pathway is the major
downstream pathway of HMGB1 intracellularly and extra-
cellularly.®> We demonstrated that expression of phos-
phorylated NF-kB (P65) and the levels of HMGBI1
decreased significantly in CD4* T cells of patients with ITP
after 18p3-GA stimulation (Figure 3F). Moreover, the level
of phosphorylation of heat shock factor 1 (HSF1) in CD4* T
cells from ITP patients was significantly increased after

H. Wang et al.

18p-GA modulation. The mRNA expression of HMGB1 was
significantly increased after addition of HSF1 inhibitor, and
this effect could not be reversed by 183-GA (Online Sup-
plementary Figure S2).

18p-GA inhibited the expression of HMGB1, in turn
increasing the number and restoring the
immunosuppressive capacity of Treg from patients with
immue thrombocytopenia

We used recombinant human HMGB1 protein (rhHMGB1)
in cell experiments to simulate the high level of HMGB1 in
the plasma of patients with ITP. We demonstrated that,
compared with DMSO, 183-GA increased Treg generation
from isolated CD4* T cells from ITP patients (183-GA vs.
DMSO; P=0.0069) (Figure 4A). However, we noticed that
this change was apparently attenuated with additional
treatment of rhHMGB1 at 100 ng/mL (183-GA vs.
rhHMGB1+183-GA; P=0.0725). We also found that HMGB1
itself reduced the number of Treg directly (DMSO vs.
rhHMGB1; P=0.0007), whereas this phenomenon was re-
versed when cells were also treated with 183-GA
(rhHMGB1 vs. rhHMGB1+183-GA; P=0.0036) for 3 days.
Next, to determine whether the mechanism of action of
18p-GA was mediated by HMGBT, we performed a lentiviral
interference test (Figure 4B-E). We observed that the
transfection with short hairpin (sh)RNA successfully si-
lenced the HMGBT in Treg with a knockdown efficiency of
>78.7% as indicated by RT-PCR (Figure 4B). The cells were
then divided into six groups (Figure 4C, D). We found that,
compared to Treg transfected with the control lentivirus,
Treg transfected with HMGB1 shRNA had a stronger im-
munosuppressive ability on effector T cells, similar to that
produced by 183-GA modulation, Moreover, HMGB1 shRNA
interference masked the effect of 183-GA in Treg of pa-
tients with ITP. We did not observe any significant statis-
tical difference in the immunosuppressive ability of Treg
transfected with HMGB1 shRNA after treatment with
DMSO or 183-GA.

18p-GA ameliorated thrombocytopenia in an active
murine model of immune thrombocytopenia via
inhibition of HMGB1 signaling

We constructed a murine model of active ITP.2 We admin-
istered 183-GA (30 mg/kg) or 3% DMSO via intraperitoneal
injections every 2 days from day 1 after radiation and sple-
nocyte transfusion (Figure 5A). Following the radiation and
transfer of anti-CD61 immune-sensitized splenocytes into
SCID mice, platelet counts dropped to a nadir on day 14.
On day 21, significantly higher platelet counts were ob-
served in the 183-GA-treated group than in the control
group (Figure 5B). The level of plasma HMGB1 in ITP mice
was significantly higher than that in SCID mice without
splenocyte transfusion (Figure 5C). Nevertheless, the
MRNA expression of HMGB1 in mice spleen in the 183-GA
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Figure 4. 188-GA inhibited the expression of HMGB1 by increasing the number and restoring the immunosuppressive capacity of
Treg from patients with immune thrombocytopenia. (A) Compared to dimethylsulfoxide (DMSO), 183-GA increased the generation
of Treg in CD4* T cells from patients with immune thrombocytopenia (ITP), and this change was attenuated in the rhHMGB1 (100
ng/mL) group, n=11, paired t test, ""Ppuso vs. rimcei=0.0007, “Prumcer vs. rhnmcer+1gp-ca=0.0036, "Pouso vs. 185-64=0.0069. (B) HMGB1 shRNA
transfection successfully silenced the HMGBT gene in Treg of ITP patients after 72 hours; the knockdown efficiency of HMGB1
gene was 278.7% as determined by real-time quantitative polymerase chain reaction (paired t test, n=4, "P=0.0191). (C) Repre-
sentative histogram of proliferation of CD4* CFSE* effector T cells. (D) After treatment with DMSO or 183-GA, HMGB1 or control
shRNA-transfected Treg were co-cultured with CD4* CD25" effector T cells. The graph shows the division index of the proliferation
of effector T cells. Effector T cells co-cultured with HMGB1 shRNA-Treg had a lower level of proliferation, compared with those
co-cultured with control shRNA-Treg (*P.4=0.0209, "P_..=0.0146). There was no statistically significant difference in the immuno-
suppression of Treg transfected with HMGB1 shRNA after treatment with DMSO or 18f3-GA (P.=ns). Paired t test, n=4. (E) Flow
chart of the lentiviral interference. T« T effector cells; CFSE: 5(6)-carboxyfluorescein diacetate N-succinimidyl ester; MFl: mean
fluorescence intensity.

Haematologica | 108 March 2023
849



ARTICLE - Restoring Treg function via HMGB1 in ITP

group was lower than that in the control group at day 35
(Figure 5D). It was also seen that 183-GA increased Treg
in peripheral blood, spleen, inguinal lymph nodes and thy-
mus 35 days after splenic transfer (Figure 5E, F).

We observed that lycopene (56 mg/kg), another inhibitor of
HMGB1,*® also alleviated thrombocytopenia in ITP mice,
and induced similar effects on the elevation of platelet
counts and upregulation of Treg in various organs as those
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induced by 183-GA. Platelet counts dropped to their mini-
mum levels on day 14 in each group, and platelet counts
in mice treated with lycopene were significantly higher
than those in the control group on day 28 (Figure 6A). The
Treg population increased significantly in the spleen, thy-
mus and peripheral blood by day 35 following treatment
with lycopene (Figure 6B). We also found that the level of
serum antiplatelet CD61-specific antibodies decreased
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Figure 5. 18-GA ameliorated thrombocytopenia in a murine model of active immune thrombocytopenia with increased Treg. (A)
Immune thrombocytopenia (ITP) was established in radiated severe combined immunodeficient (SCID) mice with infusion of
5x10* splenocytes from CD61-knockout mice immunized against wildtype C57BL/6 mice platelets. Platelet counts were monitored
weekly for 5 weeks. We defined the day of splenocyte infusion as day 0. The drug intervention was administered on day 1, and
repeated every 2 days thereafter. (B-F) Treatment with 183-GA (30 mg/kg) or control (3% dimethylsulfoxide [DMSQ] in phos-
phate-buffered saline) was administered on day 1 and repeated every 2 days; n=5 for the control group and n=5 for the 183-GA
group. (B) On day 21, a significantly higher platelet count was observed in the 183-GA-treated group than in the control group.
The lines denote medians of platelet counts in each group as the data were not normally distributed. Significance among groups
was determined by two-way analysis of variance, ™ Pr;,.<0.0001, " Ppatelers=0.0002 (multiple comparisons: *P,=0.0158). (C) The
level of plasma HMGB1 in mice with ITP was significantly higher than that in SCID mice. Unpaired t test, "P=0.0142. (D) Relative
MRNA expression of HMGB1 in the spleen at day 35 was higher after 183-GA treatment than after DMSO treatment. Unpaired t
test, *P=0.0482. Peripheral blood, spleens, thymuses, inguinal lymph nodes and livers were harvested from ITP mice at day 35
after splenocyte transfer. (E) The gating strategy and representative density plots for identification of CD4* CD25* Foxp3* Treg (F)
183-GA-treated ITP mice had a higher percentage of Treg in spleen ("P=0.0340), thymus (**P=0.0075), inguinal lymph nodes
("*P=0.0017), and peripheral blood (P=0.1796), compared with the control ITP mice. Differences between two groups were deter-
mined by an unpaired t test. KO: knockout.
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significantly in the 183-GA and lycopene groups, compared
with that in the control group since day 14 (Figure 6C, D).
Plasma HMGB1 expression was downregulated in the ly-
copene-modulated group, compared with that in the con-
trol group on day 35 (Figure GE).

In addition, we performed a Treg cell-depletion study and
found that thrombocytopenia was exacerbated in ITP mice
receiving Treg-depleted splenocytes, in which 183-GA
failed to raise platelet counts (Figure 6F). However, 18-
GA was still capable of raising platelet counts in ITP mice
after CD19* B-cell and CD8* T-cell depletion (Online Sup-
plementary Figure S3).

Moreover, we observed that, on day 35 after treatment
with 183-GA, the levels of proinflammatory cytokines such
as interleukin (IL)-6, IL-12, tumor necrosis factor-alpha
(TNF-a) and interferon-gamma (IFN-y) were decreased,
whereas the anti-inflammatory cytokine transforming
growth factor-beta (TGF-f) increased in the serum of ITP
mice (Online Supplementary Table S2).

18p-GA alleviated phagocytosis towards platelets by
macrophages from mice and patients with immune
thrombocytopenia

We quantified the mean fluorescence intensity of
CD80/CD86 on F4/80* macrophages on day 35 in ITP mice.
It was observed that CD80 and CD86 expression on mac-
rophages from spleen and liver decreased after 183-GA
treatment compared with the control group (Figure 7A, B).
In addition, platelets residing within the spleen and liver
of ITP mice on day 35 were assessed by total radiant effi-
ciency in the region of interest with an in vivo live imaging
system. The total radiant efficiency of the region of inter-
est in the 183-GA-treated group was lower than that in
the DMSO-treated group, indicating weaker platelet
phagocytosis in the spleen and liver after 183-GA treat-
ment (Figure 7C, D). Interestingly, we observed that lyco-
pene also downregulated the expression of CD80/CD86
on F4/80* macrophages (Figure 7E), and attenuated the
phagocytic indices of macrophages towards platelets sen-
sitized by anti-mouse CD41 antibody and labeled with 5-
chloromethylfluorescein diacetate in spleen and liver of
ITP mice on day 35 (Figure 7F).

Furthermore, 183-GA significantly reduced the phagocytic
index of CD14* monocyte-derived macrophages towards
platelets in patients with ITP, consistent with results in
ITP mice (Figure 8A, B). We blocked HMGB1 expression in
monocyte-derived macrophages from patients with ITP
(Figure 8C), and found that phagocytic indices were de-
creased (Figure 8D). Moreover, 183-GA did not have a sig-
nificant effect on phagocytic indices of macrophages after
blockade of HMGB1. Microscopy images showed that the
number of platelets phagocytosed by monocyte-derived
macrophages from ITP patients in the 18p3-GA-treated
group was less than that in the DMSO group (Figure 8E).
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In summary, the results of our in vitro and in vivo studies
in ITP demonstrated that 183-GA augmented the sup-
pressive function of Treg via inhibition of HMGB1 signaling,
with the ultimate effect of restoring the immune balance
of the cell subset and improving thrombocytopenia. On
the other hand, 183-GA attenuated the phagocytotic ac-
tivity of macrophages in ITP mice and patients by blocking
HMGB1 (Figure 8F).

Discussion

The pathogenesis of ITP is complex and not fully eluci-
dated, but includes antibody-mediated peripheral platelet
destruction and CTL cytotoxicity towards platelets. Man-
agement of the condition remains a challenge.

18B-GA can play a protective role in psoriasis in mice
through inhibition of inflammatory cytokines, and activa-
tion of Treg in both lymph nodes and the spleen.** Car-
benoxolone, as a derivative of GA, significantly reversed
the severity and pathology in experimental autoimmune
encephalomyelitis.®® IL-17-secreting and IFN-y-secreting
CD4* T lymphocytes were remarkably lower in the spleen
after carbenoxolone treatment in mice with experimental
autoimmune encephalomyelitis. These data show that
18B-GA can regulate the homeostasis of CD4* T helper
cells, which is consistent with our research. Treg are im-
portant for maintaining self-tolerance and immune ho-
meostasis in ITP. Insufficient production and impaired
immunosuppressive activity of Treg contribute to loss of
immune balance in patients with ITP. In our study, it was
demonstrated that 18p3-GA could upregulate the propor-
tion and enhance the suppressive activity of Treg in cells
of ITP patients. In the murine model of active ITP, 183-GA
significantly increased platelet counts, and enhanced the
number and function of naturally occurring Treg in various
organs in the ITP mice. Interestingly, a study by Aslam et
al. showed that mice with active ITP had low numbers of
peripheral splenic Treg, and that intravenous immunoglob-
ulin therapy normalized this peripheral deficiency. Addi-
tionally, it was indicated that the peripheral Treg
deficiency associated with thymic sequestration of func-
tional Treg, and intravenous immunoglobulin therapy re-
duced the numbers of thymic Treg by allowing the cells’
release into the periphery, although the underlying mech-
anism of how intravenous immunoglobulin modulated
Treg movements is undefined.® Our in-vivo study, on the
other hand, demonstrated that 183-GA not only stimu-
lated thymic expansion of Treg but also rescued the pe-
ripheral deficiency by increasing splenic, lymph node
infiltrating and circulating Treg numbers. Whether this
dual effect was a superimposed result of enhanced Treg
induction and Treg release needs to be further investi-
gated.
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It is worth noting that ITP-specific therapies such as cor-
ticosteroids, intravenous immunoglobulin, rituximab, and
thrombopoietin-receptor agonists restore Treg balance as
an effect accompanying the rise in platelet counts in gen-
eral, although via different mechanisms of action in ITP.
In addition to well-established roles in hemostasis and
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thrombosis, platelets are increasingly considered as dy-
namic effector cells across immune and inflammatory
continuums.*® Guo et al. found that T-cell-mediated
thrombocytopenia was alleviated by allogeneic platelet
transfusions in ITP.*" Thus, as versatile cells that orches-
trate immune host responses, it is likely that a rising pla-
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Figure 6. 183-GA exerted a therapeutic effect by inhibiting HMGB1 in mice with immune thrombocytopenia. (A-E) Treatment with
18B-GA (30 mg/kg), lycopene (5 mg/kg), or control (3% dimethylsulfoxide in phosphate-buffered saline) was administered on day 1,
and repeated every 2 days after murine models of active immune thrombocytopenia had been established, n=4 for each group. a:
control, b: 18B3-GA, c: lycopene, d: 183-GA+lycopene. (A) On day 21, a significantly higher platelet count was observed in the 18f-
GA-treated group than in the control group ("Peontrolus. 185-64=0.0128). On day 28, platelet counts increased significantly with treatment
with 18B-GA ("Pcontrot vs. 183-6a=0.0101) or lycopene ("Peontrol vs. lycopene=0.0160). The lines denote the mean (+ standard deviation [SD]) of
platelet counts in each group as the data are normally distributed. Statistical significance among groups was determined by two-
way analysis of variance (ANOVA), " Pr;;,.<0.0001, "Pyiarelers=0.0010. (B) The percentage of Treg in the spleen, thymus, inguinal lymph
nodes, and peripheral blood on day 35. Statistical significance among groups was determined by one-way ANOVA, n=4 for each
group. For spleens, "P,,=0.0028, *P,.=0.0098, *P,4=0.0012. For thymuses, "P,,=0.0168, *P,.=0.0243, *P,4=0.0109. For inguinal lymph
nodes, “P,,=0.0346, "P,4=0.0144. For peripheral blood, *P,,=0.0155, *P,.=0.0167, *P,4=0.0016. (C) The gating strategy and representative
plots for anti-CD61 antibody (%). (D) The level of serum antiplatelet CD61-specific antibodies decreased after day 14. The lines de-
note the mean (£SD) of % anti-CD61 antibody in each group as the data are normally distributed. * Significant differences among
groups emerging on day 14. Two-way ANOVA. **P,,=0.0003, **P,.=0.0037, **P,,=0.0001 at day 14. At day 35, P,,=0.0063, “P,.=0.0329,
”P,4=0.0038. (E) Plasma HMGB1 levels in ITP mice at day 35. Statistical significance among groups was determined by one-way
ANOVA. "P,,=0.0049, "P,.=0.0016, "P,4=0.0012. (F) Thrombocytopenia was exacerbated in ITP mice receiving Treg-depleted sple-
nocytes, where 183-GA failed to raise platelet counts. The lines denote median (with range) of platelets in each group as the data
are not normally distributed, n=4 for each group. Statistical significance among groups was determined by two-way ANOVA, and
emerged on day 21 *PControlvs. 18[5—GA=O-0367- PTreg—deLeted Control vs. Treg-deleted 18[5—GA=nOt Signiﬁcant (ns).
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Figure 7. 188-GA alleviated the phagocytosis of macrophages in mice with immune thrombocytopenia. (A) Representative histo-
gram plots for mean fluorescence intensity (MFI) of CD80/CD86 on F4/80* macrophages in spleen and liver of mice with immune
thrombocytopenia (ITP). (B) 183-GA-treated ITP mice had a lower MFI of CD80 and CD86 on F4/80* macrophages in the spleen
and liver, compared with the control ITP mice, n=5 for each group. Differences between two groups were determined by an un-
paired t test. ("Pspleen-cpgo=0.0095; “Pypieen-cpes=0.0079; "Pier-cpso=0.0485; "Plier.coss=0.0489). (C, D) 183-GA reduced the platelet re-
tention in spleens and livers in the ITP mice model. Statistical results were calculated as the total radiant efficiency (TRE) in the
region of interest (ROI) in the 183-GA group or the group treated with dimethylsulfoxide (DMSO) divided by the TRE in the ROl in
the negative control group. a: DMSO group; b: 183-GA group; c: negative control group. The TRE of ROl in the 183-GA group was
lower than that in the DMSO group, n=3 for each group. Differences between two groups were determined by an unpaired t test.
(E) Decreased CD80 and CD86 expression on day 35 on F4/80* macrophages in the spleen and liver of ITP mice treated with 18-
GA or lycopene, n=4 for each group. a: control; b: 183-GA; c: lycopene; d: 183-GA+lycopene. Statistical significance among groups
was determined by one-way analysis of variance (ANOVA). *P<0.05, *P<0.01. (F) 183-GA and lycopene both attenuated the phago-
cytic indices on day 35 in spleen and liver of ITP mice, n=4 for each group. a: control; b: 183-GA; c: lycopene; d: 183-GA+lycopene.
Statistical significance among groups was determined by one-way ANOVA. "P<0.05, *P<0.01.

Haematologica | 108 March 2023
853



ARTICLE - Restoring Treg function via HMGB1 in ITP H. Wang et al.

A B S — ¢ _5
- 18B-GA = 24 7]
Gate: M d : @
(p = D SO q6 ﬂ gg *kk
§ £ 20 Xc 004
£ 816 <h 0.03
ol o = )
CD61-:32.84% =0 (14 0.02
>E 1.2 g2
@ ] o : I 0.01
Ky %E g Y=
10 It 163 1;14 \1)5 1J0" E 0.8 I I .‘.g o o
CMFDA — o OMSQ  185-GA E: Control shRNAM@ HMGB1 shRNAM
D & E
= %
S @ 24 s ns £ P=0.1027
X € g 6
$ .2 20" 5 @
£8 c 5
o 2161 384
=) N o
= 2o
o c 1.2 o E 2]
g O ¢
£ 08 t5
o a b -0 : :
M@Control sShRNA4+ 4+ = - o8 DMSO 18B-GA
M@HMGB1 shRNA - -+ E
DMSO + - + -
18B8-GA - + - +
B I e e e e e e e e e

=)
<>» HMG1a OOO 18B-GA
> o0

...................

effector T cells

Platelets

(@)
Reduced
phosphorylatio

|
|
|
CD4* |
|
|
|

®'Inhibitor towards HMGB1:183-GA
*2Reduced HMGB1 expression in the plasma
*3Reduced HMGB1 expression in the cell
*4Reduced phagocytosis of Mg via HMGB1

Figure 8. 18p3-GA alleviated the phagocytosis of macrophages in patients with immune thrombocytopenia. (A) Representative
plots of intracellular fluorescence of monocyte-derived macrophages in patients with immune thrombocytopenia (ITP) after
treatment with DMSO or 183-GA. Intracellular 5-chloromethylfluorescein diacetate (CMFDA) fluorescence-positive scatters indi-
cate platelets phagocytosed by monocyte-derived macrophages. CD61* scatters indicate adhered but not-phagocytosed platelets.
(B) 18p-GA (25 uM) inhibited phagocytosis of monocyte-derived macrophages from ITP patients towards anti-human CD41 anti-
body-coated platelets in vitro. Wilcoxon matched-pairs signed rank test, n=8, "P=0.0234. (C) HMGB1 shRNA transfection in mono-
cyte-derived macrophages. HMGB1 shRNA transfection successfully silenced the HMGBT gene in monocyte-derived macrophages
from ITP patients after 72 hours; the knockdown efficiency of the HMGB7 gene was 281%, as determined by real-time quantitative
polymerase chain reaction (paired t test, n=6, “*P=0.0003). (D) 18p-GA reduced phagocytic indices of monocyte-derived macro-
phages by blocking HMGB1 in ITP. Statistical significance among groups was determined by one-way analysis of variance, n=6,
**P=0.0037. Multiple comparisons: *P,,=0.0457; *P,.=0.0107. (E) Microscopy images comparing phagocytosis towards CMFDA-la-
beled CD41-opsonized platelets by monocyte-derived macrophages of ITP patients in the presence of DMSO or 183-GA. Bound
but external platelets (CMFDA+APC-CD®61: green and red) were distinguished from internalized platelets (CMFDA: green) using
APC-anti human-CD61 antibody. Cell nuclei were labeled with DAPI (blue). Ratio of endocytosed platelets to macrophages: the
numbers of endocytic platelets and macrophages were calculated by Imagepro Plus 6.0 software, under 200x magnification.
Differences between two groups were determined by a paired t test, n=4. (F) Diagram to show the effect of 183-GA acting on
Treg and macrophages via HMGB1 signaling. Mg: macrophages; ns: not significant.
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telet mass will somehow affect Treg or vice versa. However,
18p3-GA increased the number of Treg and enhanced their
immunosuppressive function via HMGB1 blockade in the
absence of platelets in our in vitro studies, indicating that
the immunomodulatory effect of 183-GA was platelet-in-
dependent. Moreover, the results of Treg-depletion in the
ITP murine model also showed that the platelet-raising ef-
fect of 183-GA required the involvement of Treg.

In addition, 183-GA reduced the phagocytosis of macro-
phages towards autologous platelets in ITP. 183-GA down-
regulated CD80/CD86 expression and attenuated
phagocytosis of macrophages in ITP. Zhao et al. demon-
strated that TNF-a blockade corrected the number and
function of monocytes and macrophages, leading to re-
markable attenuation of antibody-mediated platelet de-
struction in ITR.®® Our in vivo studies indicated that the level
of TNF-a also decreased after 183-GA treatment. Liu et al.
showed that a shift in the balance of FcyR toward inhibitory
FcyRIlb on monocytes was accompanied by a considerable
decrease in monocyte/macrophage phagocytic capacity in
ITP.2® Zhao et al. found that low-dose chidamide, a type of
histone deacetylase inhibitor, restores immune balance in
ITP by attenuating macrophage phagocytosis of antibody-
coated platelets.” Miao et al. reported that nuclear HMGB1
promotes the phagocytic ability of macrophages.®*#° OQur
study also indicated that 183-GA reduced phagocytosis of
macrophages by blocking HMGBT in ITP.

The active ITP murine model is currently the optimal
model for mimicking human, chronic ITP as it en-
compasses both antibody-mediated and cell-mediated
platelet and megakaryocyte destruction.?® We performed
cell-depletion studies and found that 183-GA was still ca-
pable of raising platelet counts after CD19* B-cell and
CD8" T-cell depletion in ITP mice, indicating that 183-GA
has therapeutic potential in patients with either cell-me-
diated or antibody-mediated thrombocytopenia. However,
the use of licorice and its derivatives in ITP might have
potential adverse risks, such as headache, and edema.®
The immune modulating potency of 183-GA in ITP is re-
lated to downregulation of HMGB1 expression, as shown
by lentivirus interference tests and pharmacological use
of rhHMGB1 in vitro, as well as lycopene treatment in ITP
mice. GA is directly combined with HMGB1, quenching the
physiological activity of HMGB1 for therapeutic purposes.”
HMGB1, a recently discovered cytokine of interest that
mediates the response to infection, injury, inflammation
and immunoregulation, has become a prospective thera-
peutic target in several pathological conditions. HMGB1
could exacerbate the imbalance of peripheral immune cell
subsets. Li et al. showed that enriched HMGB1 in patients
with chronic hepatitis B shifted the Treg/Th17 balance to
Th17 dominance via the TLR4-IL-6 pathway.® Administra-
tion of recombinant mouse HMGB1 aggravated airway in-
flammation and induced Th2, Th17 polarization in
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asthmatic mice, and HMGB1 could directly induce differ-
entiation of Th2, Th17 cells in vitro through activating the
Toll-like receptor (TLR)2, TLR4, receptor for advanced gly-
cation end products (RAGE)-NF-kB signal pathway in CD4
naive T cells as Li et al. reported.*> Importantly, HMGB1
stimulation can result in marked downregulated ex-
pression of CTLA-4 as well as Foxp3 expression and se-
cretion of IL-10 from splenic Treg in mice." It has been
suggested that effectively inhibiting HMGB1 expression
could be a feasible way to treat liver failure, by enhancing
Treg activity in patients with chronic hepatitis B.** We
found that, compared with controls, there was increased
expression of HMGB1 in plasma and CD4* T cells of ITP pa-
tients, as well as in plasma of ITP mice. The immune regu-
latory function of 183-GA could be apparently attenuated
by the addition of rhHMGB1 in vitro. The lentivirus inter-
ference test showed that HMGB1 is key to the effect of
18B-GA in Treg of ITP. Inhibition of lycopene in a murine
model of active ITP had similar effects as those of 18-
GA. A negative correlation between plasma level of HMGB1
and baseline platelet count was documented in ITP pa-
tients, and upregulated Treg and downregulated HMGB1
levels were observed together with elevation of platelet
count in treated ITP mice. Therefore, HMGB1 has potential
values in the diagnosis and management of ITP. Its levels
may be indicative of disease severity and prognosis of ITP
to a certain extent.

Treg expansion was weakened with ITP-HMGB1 in com-
parison to HC-HMGB1, suggesting that the redox state of
HMGB1 is responsible for immune balance in ITP. Fur-
thermore, wildtype and fully reduced HMGB1 inhibited
the proliferation of Treg, whereas both signals were
turned off when HMGB1 was oxidized. Extracellular
HMGB1 can act both as a chemokine and as a pro-in-
flammatory mediator, the latter effect depending on the
redox state of three cysteines: C23 and C45 must form a
disulfide bond within the first HMG-box domain of
HMGB1 Box A, whereas the unpaired C106 within Box B
must be in the thiol state.** The cytokine-stimulating and
chemotactic activities of HMGB1 are mutually exclusive.
In contrast, HMGB1 terminally oxidized to sulfonates po-
tentially induces immune tolerance and upregulates
FoxP3 and CD206.*®* However, whether ITP-frHMGB1 is
partially oxidized and converted into disulfide HMGB1,
which plays a pro-inflammatory role, needs further
study. It has been reported that glycyrrhizin attenuated
disulfide-HMGB1-induced depressive behaviour.*® Con-
sistently, our results showed that the combination of
ITP-HMGB1 and 183-GA expanded the proportion of Treg,
compared with HMGB1 alone. Previous literature de-
scribed that the binding site of glycyrrhizin to HMGB1
covers specific region on the Cys-23 and Cys-45 side
chains, blocking oxidant accessibility to the thiol groups,
which protects them from oxidants.*
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In addition, as a late inflammatory mediator, HMGB1 re-
sponds to the early inflammatory mediator TNF-a, pro-
longing inflammatory responses during acute liver failure
and acute kidney injury; however, glycyrrhizin inhibited
pyroptosis in TNF-induced M1 macrophages by inhibition
of HMGB1. *® Glycyrrhizin significantly reduced the degree
of ferroptosis during acute liver failure by suppressing
oxidative stress via HMGB1 inhibition.*® As 183-GA has
comprehensive effects involving inflammation, oxidation,
etc. in other disease settings, as mentioned above,***° it
is worth exploring whether these mechanisms are in-
volved in immune modulation targeting the upstream pa-
thogenesis of ITP in future studies.

Our results have shown that the phosphorylation of NF-
kB decreased in CD4* T cells after 183-GA treatment. In
previous studies, HMGB1 was found to bind to cell surface
receptors once released from cells. Classic HMGB1 recep-
tors include the RAGE, TLR2 and TLR4, and NF-kB is a very
important downstream factor of these signaling path-
ways.?2% Signaling through RAGE leads to activation of NF-
kB, as well as to signal transduction through ERK and p38,
which promotes the production of cytokines (TNF, IL-6 and
IFN-y). HMGB1-dependent activation of TLR2 and TLR4
leads to NF-kB activation through a MyD88-dependent
mechanism. Treg selectively expressed several members
of the TLR family. TLR ligands can directly modulate the
suppressive capacity of Treg.’" Our results provide evidence
that 18p3-GA inhibits the expression of HMGB1 and phos-
phorylation of NF-kB, and both restores the immunosup-
pressive function of Treg and induces their proliferation in
ITP. Whether this is related to TLR ligands in ITP remains
to be studied further. Treatment of HelLa cells with glycyr-
rhizin derivatives resulted in enhanced phosphorylation
and acquisition of DNA-binding ability of HSF1.52 It has
been reported that HSF1 binds directly with the HMGB1
promoter and negatively regulates HMGBI1, involving the
TLR4/MyD88/NF-kB signal pathway in asthma.®® HSF1 in-
hibits H,0,-induced cardiomyocyte death through sup-
pression of HMGB1.5* Our study also proved that 183-GA
inhibited the mRNA expression of HMGB1 via phosphoryla-
tion of HSF1.

Abnormal cytokine profiles are closely associated with
immune imbalance in ITP, and therapeutic options for ITP
are associated with correction of cytokine abnormalities.
Consistent with the imbalance of Th1/Th2 and Th17/Treg
subsets, the levels of IFN-y and IL-17a were increased,
whereas IL-4 and IL-10 levels were decreased in ITP.
Other cytokines, including IL-6, TGF-8, and TNF-a, have
also been described to be involved in ITP. In our study,
TGF-p was significantly elevated by 183-GA. However, the
levels of TNF-a, IFN-y, IL-6 and IL-12 reduced after 18-
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GA administration. These data are consistent with the
restoration of immune homeostasis in ITP.

Loss of immune homeostasis is a major characteristic of
ITP, and restoring the immune balance is the top priority.
18p-GA promoted immune balance in ITP by stimulating
Treg proliferation and alleviating phagocytosis of mono-
cytes and macrophages. Although the precise mechan-
ism of the interaction between HMGB1 and Treg remains
to be elucidated, HMGB1 is emerging as a novel and po-
tential immunoregulatory checkpoint offering new strat-
egies for immune-therapeutics of ITP. This provides a
promising therapeutic option in newly diagnosed ITP pa-
tients. Large-scale prospective randomized clinical trials,
including long-term follow-up and analysis of sustained
response, are needed to validate our findings in the fu-
ture.
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