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Diabetes mellitus is a chronic metabolic disorder characterized by elevated
blood glucose levels and has become the third leading threat to human health
after cancer and cardiovascular disease. Recent studies have shown that
autophagy is closely associated with diabetes. Under normal physiological
conditions, autophagy promotes cellular homeostasis, reduces damage to
healthy tissues and has bidirectional effects on regulating diabetes. However,
under pathological conditions, unregulated autophagy activation leads to cell
death and may contribute to the progression of diabetes. Therefore, restoring
normal autophagy may be a key strategy to treat diabetes. High-mobility group
box 1 protein (HMGB1) is a chromatin protein that is mainly present in the nucleus
and can be actively secreted or passively released from necrotic, apoptotic, and
inflammatory cells. HMGB1 can induce autophagy by activating various
pathways. Studies have shown that HMGB1 plays an important role in insulin
resistance and diabetes. In this review, we will introduce the biological and
structural characteristics of HMGB1 and summarize the existing knowledge on
the relationship between HMGB1, autophagy, diabetes, and diabetic
complications. We will also summarize potential therapeutic strategies that
may be useful for the prevention and treatment of diabetes and its complications.
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1 Introduction

Diabetes mellitus (DM) is a metabolic disease characterized by
chronic hyperglycemia resulting from the complex interplay of
genetic, environmental, and other factors that impair pancreatic 8
cell function and peripheral insulin resistance, leading to glucose
metabolism disorders and chronic low-grade inflammation (1).
Diabetes is the third leading cause of death worldwide after
cardiovascular disease and cancer. The International Diabetes
Federation (IDF) reports that there are 537 million cases of
diabetes globally and an annual mortality rate of 6.7 million due
to diabetes or its complications. In China, the number of DM
patients exceeds 116.4 million, ranking highest in the world. The
increasing number of patients imposes significant burdens on the
healthcare system and the economy, affecting individuals, families,
and society at large (2). DM is classified into four main categories:
type I diabetes, type II diabetes, gestational diabetes, and other
specific types. Persistent hyperglycemia and longterm metabolic
dysfunction give rise to a range of complications, and studies have
demonstrated a strong association between hyperglycemia and
microangiopathy across all types of diabetes. Diabetes induces
nerve damage to the heart and leads to cardiac hypertrophy,
resulting in diabetic cardiomyopathy (DCM) (3, 4); impairs the
formation of retinal blood vessels, causing visual impairment or
blindness, which leads to diabetic retinopathy (DR) (5, 6); results in
scarring and fibrosis in kidney tissue, causing diabetic nephropathy
(DN) (7, 8); affects the nervous system, causing diabetic neuropathy
(9); and often leads to numbness, tingling, and pain, resulting in
diabetic foot disease. These chronic complications are the leading
causes of morbidity and mortality in patients with diabetes (10).

In recent years, researchers have studied the underlying
mechanisms of diabetes development and progression, as well as its
complications, to develop effective therapeutic strategies to address
these pathologies. Among several molecular mechanisms, autophagy is
closely associated with diabetes and plays an important role in its
development. Therefore, elucidating the molecular mechanisms
associated with autophagy in diabetes can aid in the development of
new therapeutic options. High-mobility group protein B1 (HMGB1) is
a conserved nonhistone nuclear protein that is widely distributed in
tissues and organs throughout the body. HMGBI is involved in
replication, recombination, transcription, and DNA repair processes
and has been shown to play an important role in autophagy regulation.
Activation of HMGB1 and autophagy are associated with the
development of various diseases, such as diabetes, tumors, and
cardiovascular and cerebrovascular diseases (11). In this paper, we
review recent advances in the role of HMGBI1 and autophagy in
diabetes and its complications, providing new ideas for the treatment
and research of this disease.

2 Autophagy, diabetes and diabetic
complications

Autophagy is a conserved and tightly regulated lysosomal
pathway for the degradation of aberrant cellular protein
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aggregates and damaged organelles. It is a self-protective process
that digests damaged organelles or misfolded proteins via the
intracellular lysosomal pathway to maintain intracellular
homeostasis. The morphological process of autophagy consists of
several successive stages: initiation, nucleation, elongation, closure,
maturation, and finally, the degradation and export of materials to
the cytoplasm (Figure 1). Autophagy is a complex and diverse
process, and it can be classified into three main types based on
different mechanisms and pathways for the removal of cytoplasmic
components: macroautophagy, microautophagy, and molecular
chaperone-mediated autophagy (12). Additionally, there are other
specific types of autophagy, such as secretory autophagy, starvation-
induced degradation of nascent granules, Golgi membrane-
associated degradation, and vesicular autophagy, all of which are
associated with hormone-secreting cells (13). Macroautophagy is
the most widespread and involves the formation of double-
membrane vesicles called autophagosomes, which randomly
isolate cytoplasmic components before fusing with lysosomes.
Autophagy can also target specific organelles or molecules
(selective autophagy), and each type of selective autophagy has a
name, such as mitochondrial autophagy, endoplasmic reticulum
autophagy, peroxisomal autophagy, granular autophagy, ribosomal
autophagy, and lipophagy. Selective autophagy has not only the
same mechanisms as macroautophagy but also specific mechanisms
and functions depending on the target organelle or molecule (14).

2.1 Autophagy and diabetes

The pathogenesis of type 1 and type 2 diabetes is rooted in the
imbalance of glucose homeostasis. Although the two forms of
diabetes differ in their pathogenesis, islet 3-cell failure and death
are key factors in diseases. This leads to a decrease in insulin
production capacity, resulting in hyperglycemia. Previous studies
have shown that islet B-cell apoptosis plays a major role in the
development of diabetes in different diabetes models. Increasing
levels of islet B-cell autophagy can help maintain and protect the
number, structure, and function of islet B cells (as illustrated in
Figure 2). Therefore, inhibiting excessive apoptosis in pancreatic 3
cells is crucial for the treatment of DM. Studies have confirmed that
impaired autophagy regulation is associated with pancreatic B-cell
failure in type 2 diabetes (T2DM) (15). However, the mechanism of
autophagy in type 1 diabetes remains unclear. Autophagy helps
control the development, function, and survival of B cells by
removing misfolded proteins and damaged organelles. A unique
mechanism to maintain eukaryotic cell stability is involved in the
degradation of pancreatic B-cell secretory granules to maintain
normal physiological levels (16) and plays an important role in
regulating pancreatic B-cell apoptosis. Some scholars have found
experimental evidence of impaired autophagy in islet 3 cells in type
1 diabetes (17), providing a reference for studying the mechanism of
autophagy in type 1 diabetes.

Autophagy has three major roles in pancreatic B cells. First,
autophagy maintains the homeostasis of pancreatic B cells and
promotes insulin synthesis and secretion. Islet 3 cells are sensitive to
ERS, and autophagy can clear damaged proteins/protein aggregates.
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The mechanism of autophagy and its regulation. Molecular circuits and signaling pathways that regulate autophagy. Autophagy is a complex self-degradation
process involving the following key steps: the control of Beclin-1/VPS34-mediated formation of phagosomes on the ER and other membranes in response
to stress signaling pathways; Atg5-Atgl2 conjugation and interaction with Atgl6L and the multimerization of the phagosome; LC3 processing and insertion
into the extended phagosome membrane; the capture of random or selective targets for degradation to complete the autophagosome while ATG4 recycles
some LC3-1I/ATGS; and autophagosome fusion with lysosomes and proteolytic degradation of the engulfed molecules by lysosomal proteases. Autophagy is
regulated by important signaling pathways in cells, including stress signaling kinases such as JNK-1, which promotes autophagy by phosphorylating Bcl-2,
thereby promoting the interaction of Beclin-1 with VPS34. Perhaps the core signaling molecule that determines the level of autophagy in cells is the kinase

mTOR, which can mediate its effect on autophagy by inhibiting the ATG1/Ulk-1/-2 complex in the earliest stage of lipid bilayer phagophore formation.
mTOR is key to integrating metabolic factors, growth factors, and energy signals associated with autophagy. On the one hand, mTOR inhibits autophagy
when nutrients are abundant, and on the other hand, mTOR signaling stimulates growth-promoting activities, including protein translation. Autophagy is
induced by hypoxia and low cytoplasmic ATP levels, which feed through REDD1 and AMP kinase to inhibit mTOR activity by reducing RhebGTPase activity.
Conversely, increased growth factor signaling through the insulin receptor and its adapter IRS1 and other growth factor receptors that activate class | PI3
kinase and Akt inhibits autophagy and promotes mTOR activity by inhibiting TSC1/TSC2 and increasing RhebGTPase activity.

Autophagy can maintain the proinsulin homeostasis in islet {3 cells.
Studies have shown that there are a large number of mutant
proinsulin and aggregates in the islet B cells of Beta-Atg7-
autophagy-deficient mice (18). The high-glucose environment
stimulates islet 3 cells to synthesize more insulin to compensate,
consumes large amounts of ATP, and increases the burden on
mitochondria; in addition, the high-glucose environment can
generate large amounts of ROS to damage the mitochondrial
electron transport chain, resulting in mitochondrial damage (19),
and clears the affected cells through autophagy. Damaged
mitochondria are particularly important for maintaining the
homeostasis of islet B cells. Some scholars fed a high-fat diet
(HFD) to autophagy-deficient mice and observed a large number
of damaged mitochondria in islet 3 cells. Increasing autophagy can
significantly reduce the damage to HFD-fed mice. Mitochondria
and insulin synthesis and secretion were increased significantly.
Pasquier et al. conducted granule degradation experiments on rats
and found that stress-induced degradation of insulin granules
interfered with the protective effect of autophagy on islet B cells,
leading to the premature death of islet 3 cells (20). In a low-glucose
environment, autophagy can degrade insulin granules and reduce
insulin secretion by pancreatic  cells, which is very important for
maintaining normal blood sugar during fasting. Second, autophagy
can inhibit apoptosis in islet B cells and promote their proliferation;
apoptosis is a highly controlled and evolutionarily conserved form
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of programmed cell death. An increase in autophagy can inhibit
stress-induced cell damage, prevent further cell deterioration,
prevent cell apoptosis and promote cell proliferation (21, 22). A
study using asprosin to stimulate MING cells showed that inhibiting
autophagy could induce apoptosis in islet 3 cells (23). Palmitic acid
(PA) reduces the expression of mitogen-activated protein kinase
phosphatase 5 (MKP-5) and inhibits autophagy in mouse islet 3
cells, and overexpressing MKP-5 inhibits PA-induced apoptosis by
promoting autophagic death, dysfunction, inflammation and
oxidative stress (24). In addition, IL-6 can reduce ROS and
improve the viability of islet B cells by promoting autophagy to
resist apoptosis and stimulating mitophagy in these cells (25).
Therefore, autophagy plays an active role in protecting pancreatic
B cells from apoptosis and promoting proliferation. In addition,
autophagy can reduce the aggregation of islet amyloid polypeptide
(IAPP) in islet B cells; IAPP is a peptide substance composed of 37
amino acid residues that is mainly present in islet 3 cells (26). Under
various physiological (such as pregnancy and aging) or pathological
(such as inflammation, DM, and pathological stress) conditions, the
expression of IAPP in islet B3 cells increases, clearance decreases, and
a large amount of IAPP aggregates to form islet amyloids, resulting
in islet B-cell dysfunction and death (27). Autophagy can degrade
IAPP aggregates in islet [} cells, thereby reducing islet 3 cell damage
and providing amino acids as raw materials for the synthesis of
other peptides (28).
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Signaling pathways are regulated by autophagy in diabetes. Diabetes affects autophagy through the following pathways: oxidative stress, endoplasmic
reticulum stress, mTOR-dependent signaling pathway, and the AMPK pathway. Autophagy maintains ROS levels by removing partially depolarized
mitochondria, and ROS can activate autophagy by inhibiting mTOR, increasing Beclin-1 expression, and converting LC3-1 to LC3-Il. ROS can act as
signaling molecules that activate JNK-1, and large amounts of ROS lead to the opening of the mitochondrial permeability transition pore, which disrupts
mitochondrial membrane potential and leads to the onset of PINK1/parkin-mediated autophagy. ROS can also induce autophagy through regulation at
the transcriptional level (in the nucleus) and translational level (in the cytoplasm), and an increase in ROS activates the transcription factors HIF-1a, p53,
FOXO3, and Nrf2 and promotes the transcription of BNIP3, NIX, TIGAR, LC3, and p62. Endoplasmic reticulum stress induces autophagy through the UPR
pathway and endoplasmic reticulum Ca2+ transport. The IREla pathway activates the cJun-N-terminal kinase (JNK) pathway and modification of x-box
binding protein 1 (XBP1) mRNA by a shift mutation. The ATF6 pathway regulates other UPR members including XBP1. The PERK pathway affects
autophagy by inducing the transcription of autophagy-related genes such as ATG5, ATG7, and ATG10 through ATF4. The PERK pathway also facilitates
the conversion of LC3-I to LC3-Il induced by polyglutamine 72 (PolyQ72). In the early stages of endoplasmic reticulum stress, activated IRELo
phosphorylates Bcl-2, which is involved in the induction of autophagy, via the JUK pathway, leading to the separation of Bcl-2 from Beclin-1. In addition,

another participant of the XBP-1-IREla pathway promotes Beclin-1 transcription. ATF6 is indirectly involved in autophagy by inducing XBP-1
transcription. Under ER stress, excessive Ca2+ entry into the cytoplasm induces autophagy through three different mechanisms: Stimulation of the
CamKK/AMPK-dependent pathway leading to mTOR inhibition; Activation of death-associated protein kinase (DAPK) by participating in the
phosphorylation of Beclin-1; and activation of the PKC pathway leading to Bcl2-Beclin-1 complex segregation.

2.2 Autophagy and insulin resistance

Insulin resistance refers to a state in which the body’s insulin
cannot effectively exert its normal physiological effects. This state is
characterized by decreased sensitivity and responsiveness of
insulin-acting target tissues, such as the liver, skeletal muscle, and
fat, to insulin. As a result, glucose and lipid metabolism disorders
may occur in the body. The pathogenesis of insulin resistance is
complex and involves multiple molecular factors, such as insulin,
insulin receptors, and signal transduction pathways. Additionally,
genetics play a crucial role in the development of insulin
resistance (29).

Research has shown that insulin resistance is a critical link in
the development of T2DM, as it reflects the body’s sensitivity to
insulin and is a significant factor that influences the onset and
progression of T2DM (30). Although the pathogenesis of type 1 DM
(T1DM) and T2DM is entirely different, studies have indicated an
increasing prevalence of insulin resistance in T1DM patients (31).
Moreover, researchers (32) have shown that insulin resistance in
T1DM rats is associated with triglyceride accumulation in skeletal
muscle, as shown by insulin tolerance tests. Additionally, there is a
lack of research exploring the relationship between insulin
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resistance and diabetic complications, and further investigation
into the underlying mechanisms linking the two is warranted.

A connection between insulin resistance and autophagy has
been established. Yang proposed that defects in hepatic autophagy
in obesity can lead to insulin resistance (33). The researchers found
that regulatory autophagy-related (ATG) proteins were expressed at
lower levels in insulin-resistant mice, and liver- or adipose-specific
ATG-knockout mice showed abnormal insulin secretion and
systemic insulin resistance. Further supporting the role of
autophagy in islet signaling, studies have shown that beclinl
mutations induce overactive autophagy and increased hepatic
insulin signaling in mice (13). Scott demonstrated that a
deficiency in the autophagy gene ATG16L1 in mouse embryonic
fibroblasts (MEFs) caused the loss and degradation of the sensitive
insulin receptor protein (Scott 34). This effect was mediated by the
novel E3Ub ligase complex KLHL9/KLHL13/CUL3, which induced
IRS1-targeted degradation, leading to insulin resistance. Because
insulin resistance is associated with IRS1 dysfunction, the
mechanism by which autophagy deficiency triggers IRS1
degradation highlights the potential for targeting autophagy and/
or KLHL9/KLHL13/CUL3-mediated targeted degradation of factors
associated with insulin resistance to restore the effects of insulin.
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Insulin is well known to inhibit autophagy by activating
mTORCI, which leads to the phosphorylation and repression of
ULK1 and inactivation of FOXO transcription factors, thus
integrating insulin signaling with gene expression. Insulin
resistance occurs when insulin fails to sufficiently stimulate
glucose uptake in muscle and inhibit hepatic glucose production.
This condition arises due to reduced effects of insulin on skeletal
muscle, the liver, and adipose tissue, and reduced phosphorylation
of AKT on serine and threonine residues regulates insulin activity.
AKT activates mTORCI and inhibits FOXO1/3, thereby inhibiting
autophagy. Defects in insulin signaling lead to reduced activation of
mTORCI and hyperactivation of FOXO proteins. Numerous
studies have shown that defects in autophagy are an underlying
factor in the development of insulin resistance in insulin-target
tissues. Therefore, the attenuation of autophagy may induce
negative feedback inhibition of insulin signaling, which can
overcome the inhibitory effect of insulin on autophagy (35). Even
in insulin resistance, autophagy can protect pancreatic (3 cells.

2.3 Autophagy and diabetic complications

During the process of longterm abnormal blood sugar elevation
in diabetic patients, various tissues and cells in the body develop an
oxidative stress response due to glucose metabolism disorder, which
damages the endothelial tissue and activates inflammatory
responses and abnormal blood coagulation mechanisms. This can
eventually lead to diabetic complications. As the disease progresses,
the degree of damage to multiple organs throughout the body
worsens, affecting the cardiovascular system, retina, nervous
system, kidney, lung, and cognitive function. Compared to the
metabolic abnormalities caused by diabetes itself, diabetes-related
complications pose a greater threat to patient health.

Cardiovascular complications are one of the main causes of
death in diabetic patients. Changes in glucose and lipid metabolism
in cardiomyocytes, endoplasmic reticulum stress, oxidative stress,
imbalances in Ca2+ homeostasis and other cellular homeostasis,
insulin signaling, renin-vascular tension, activation of the hormone
system, and autophagy are all involved in the occurrence and
development of DCM. The regulation of autophagy in response
to cardiac energy stress is mediated by a network system consisting
of adenosine-5-phosphate-activated protein kinase (AMPK) and
insulin signaling pathways. Moreover, studies have shown that
Beclinl is an important gene for regulating cardiac autophagy
(36). Zhang et al. found that liraglutide, a hypoglycemic drug,
could prevent diabetes-induced myocardial damage by activating
the Sirt1/AMPK signaling pathway (37).

DR is a microvascular complication of diabetes. Recent studies
have shown that autophagy plays an important role in the
formation of new blood vessels and vascular leakage in DR.
Autophagy can regulate the secretion of vascular endothelial
growth factor (VEGF) and alleviate corresponding lesions. Mao
et al. suggested that Sirtuin 3 (Sir3) could inhibit expression of the
migration-related factors MMP-2 and MMP-9 and the angiogenic
factors VEGF, HIF-1a, and IGF-1 in HRECs. A study showed that
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Sir3 overexpression could promote the expression of LC3I and
LC3II to promote autophagy, and the expression of VEGF and HIF-
low can be reduced in the late stage of autophagy. Therefore, Sir3
may inhibit angiogenesis in HRECs through autophagy (38).
Another study by 39 showed that Miiller cells stimulated by
HOG-LDL had activated AMPK and increases in the levels of the
autophagy-related proteins ATG-5, Beclin-1, and LC3II/LC3I and
the expression of the apoptosis-related protein caspase-3. This
finding suggests that autophagy activation can lead to apoptosis.
DN is one of the most serious complications of diabetes.
Glomerular endothelial cell damage and podocyte autophagy
levels around glomerular vessels play important roles in the
development of DN. One study showed that salvianolic acid A
weakened ROS production induced by AGEs through the AGE-
receptor for advanced glycosylation end products (RAGE)-Nox4
axis, thereby promoting the expression of Atg5, Atg7, Atgl2, and
LC3II/LC3I and inhibiting the expression of p62 to ameliorate high-
glucose (HG)-induced autophagy disorders in endothelial cells and
inhibiting the progression of DN (40). Other studies have
demonstrated that autophagy activation in glomerular endothelial
cells protects renal function. Several renoprotective drugs have been
shown to promote the expression of autophagy-related proteins
such as LC3II and Beclin-1 through the mTOR/AMPK pathway,
enhancing autophagy and protecting podocytes (41, 42).

3 HMGB], diabetes and diabetic
complication

3.1 HMGB1 and diabetes

HMGBI is implicated in the pathogenesis of diabetes, and
elevated levels of HMGBI1 have been observed in diabetic patients
and animal models (43-45). HMGBI1 is passively released by
injured pancreatic B cells or actively secreted by DCs and
macrophages that infiltrate the islets. In type 1 diabetes,
extracellular HMGB1 enhances autoimmune progression by
destabilizing regulatory T cells (46). Patients with T2DM have a
subclinical systemic inflammatory state, and HMGBI, a late
mediator of inflammation, is an important mediator of the
pathogenesis of T2DM. Early inflammation in adipose tissue and
islets leads to necrosis in adipose-derived stromal cells and islet
cells. Necrotic cells release HMGBI1, which activates TLRs and
RAGE on macrophages and dendritic cells. The activation of
TLRs and RAGE leads to the translocation of NF-xB into the
nucleus and promotes the expression of inflammatory genes,
contributing to the secretion of proinflammatory cytokines,
including HMGBI. In addition, activated macrophages and
dendritic cells actively secrete HMGBI1, which in turn exacerbates
necrosis in adipose tissue and pancreatic islets (47).

HMGBI is involved in the onset of diabetic complications,
including diabetic vascular disease such as diabetic heart disease,
and diabetic heart disease is considered by some scholars to be a
mitochondrial disease (48). While HMGBL is a key regulator of
mitochondrial autophagy, redox-induced HMGBI translocation
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can result in HMGBI binding to late glycosylation end products,
leading to sustained proinflammatory pathway activation, enhanced
myocardial injury, and the regulation of heat shock protein B1
(HSPB1) to maintain mitochondrial morphology and control
mitochondrial autophagy. Diabetic myocardial I/R rats showed
significant improvements in cardiac function after drug
treatment, while HMGBI1 expression was significantly decreased,
suggesting that HMGBI1 could promote myocardial I/R injury in
diabetic mice, and the mechanism is closely associated with its
mediation of mitochondrial autophagy (49). Liu showed that by
downregulating HMGBI levels and inhibiting NF-xBp65
phosphorylation, the drug was able to improve the diabetes-
induced reductions in diastolic and systolic cardiac systolic
function and conduction abnormalities and alleviate cardiac
insufficiency in diabetic heart disease (50). It has also been
demonstrated that HMGBI is associated with DKD cardiac
function, and HMGBI is negatively correlated with LVEF, which
is an indicator of ventricular systolic function, and positively
correlated with LVEDD and LVESD, which are indicators of early
cardiac diastolic function. Using regression analysis, HMGBI was
shown to have the greatest effect on cardiac function in patients
with DKD, and the mechanism may involve HMGBI binding to its
ligand, promoting the release of inflammatory factors, and
participating in the progression of cardiac failure in patients with
DKD (1).

Chronic inflammation is widely involved in DR and its
complications, and HMGBI1 is a key mediator of aseptic
inflammation in the retina (51). HMGBI1 is synthesized and
secreted by immune cells, and in response to hyperglycemia or
other stressors, HMGBI1 binds TLR4 and RAGE. HMGB1 binds to
TLR4 and RAGE, transferring the signal to the cytoplasm and
inducing inflammation (52). In addition, studies have shown a
significant association between disease severity and elevated
HMGBI1 levels (53). Moreover, researchers have constructed
diabetic rat models and found that diabetes increases HMGBI
levels, which are reduced when the HMGBI inhibitor glycyrrhizin
is administered, and apoptosis, inflammatory responses and
retinopathy are reduced (54). In addition, HMGBI1 plays multiple
roles in the inflammatory response in DN; some studies have
reported that HMGBI1 plays an important role in the
development of DN, lupus nephritis, ANCA-associated vasculitis
kidney damage, acute kidney injury and interstitial nephritis (55,
56). Zhang et al. demonstrated that the HMGBI inhibitor
glycopyrrolate ameliorated renal injury in diabetic rats, and the
mechanism may be associated with the regulation of RAGE/TLR4-
related ERK and p38MAPK/NF-xB-mediated inflammatory
responses (57).

3.2 HMGBL1 regulates autophagy

HMGBI plays a pivotal role in autophagy induction and can
activate autophagy in multiple ways depending on its location.
Studies have suggested that HMGBI1 can regulate the onset of
cellular autophagy and influence apoptosis (58). HMGBI can
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induce autophagy and apoptosis, promoting cell death. In fact,
one study showed that HMGBI overexpression increased
autophagy and apoptosis in cardiac myocytes, ultimately resulting
in cardiac injury (59). Additionally, Hu et al. demonstrated that
HMGBI1 overexpression promoted the development and
progression of liver injury by increasing autophagy and apoptosis
(60). Moreover, HMGBI1 has been shown to activate the MAPK
signaling pathway, leading to the phosphorylation of Bcl-2 and its
segregation from Beclinl, thereby regulating the onset of
autophagy. In contrast, Jin et al. found that HMGBI1 enhanced
autophagy by inhibiting the Akt/mTOR signaling pathway, which
ultimately increased apoptosis and worsened diabetes (61).

HMGBI has been shown to inhibit autophagy and apoptosis.
Zhang et al. altered HMGBI expression and observed reduced
expression of Beclinl, LC3-II, Bax, and cleaved caspase-3 and a
significant increase in the expression of LC3-I and Bcl-2. These
results suggest that inhibiting HMGBI1 can inhibit neuronal cell
autophagy and apoptosis in the brain tissue around hematomas in
rats with cerebral hemorrhage, plays dual regulatory roles in tissue
injury and repair (22).

The regulation of autophagy and apoptosis by HMGBI is
important for cell survival. Jeon et al. (62) showed that HMGB1
promoted scar formation by enhancing autophagy and inhibiting
apoptosis, as demonstrated by the increased expression of signaling
molecules such as ERK1/2, AKT, and NF-kB in fibroblasts.
Conversely, decreased autophagy and increased apoptosis were
observed after the inhibition of HMGBI1 expression by
glycyrrhizin. This finding suggests that signaling molecules such
as ERK1/2, Akt, and NF-kB may also be involved in the regulation
of autophagy and apoptosis by HMGBI. The interaction between
autophagy and apoptosis is regulated by many molecules, and the
regulatory effect of HMGB1 on autophagy and apoptosis varies may
depend on its redox status. However, the exact mechanism of action
is still unclear, and further experimental studies are needed in the
future (63).

3.3 Autophagy regulates HMGB1

The interaction between HMGBI1 and autophagy is
bidirectional. HMGB1 may function as an autophagy activator,
and autophagy, in turn, can regulate the generation, secretion, and
degradation of HMGBI. Studies have shown that autophagy
controls the characteristics of dying cells by regulating the
selective release of HMGBI, which is thought to be associated
with cell death. It is also thought that HMGBI release may occur
when apoptotic cells have high levels of autophagy (64).
Additionally, Shang conducted preliminary experiments and
found that an increase in autophagy may promote HMGBI
secretion and facilitate pyroptosis (65). Furthermore, when cells
are stimulated by external factors, autophagy can promote the
translocation of HMGBI1 from the nucleus to the cytoplasm
through a ROS-dependent pathway, thereby replacing Bcl-2 and
binding with Beclinl to activate the autophagic response and
further maintain autophagy. In response to the autophagy
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inducer rapamycin, the secretion of HMGBI into the extracellular
space is increased, and conversely, the secretion of HMGBI into the
extracellular space is inhibited by the autophagy inhibitor 3-MA
(47). Wang’s study first demonstrated that the secretion of HMGB1
is regulated by an autophagy-based secretion mechanism mediated
by heat shock protein 90 alpha family class A member 1
(HSP90AA1) and Golgi reassembly stacking protein 2
(GORASP2). HMGBI is mainly located in the nucleus, and
HSP90AAI1-dependent transport is involved in the nuclear-
cytoplasmic translocation of HMGB1. When HMGBI translocates
to the cytoplasm, its secretion requires both autophagy and
vesicular transport, and HSP90AA1 enhances autophagy and
vesicular transport secretion mechanisms, confirming that
HMGBI is contained within autophagosomes (11). In addition,
there is a close relationship between HMGBI and NF-kB, and
HMGBI can affect the activation of NF-kB, thereby influencing the
development of inflammation (66). Autophagy is also closely
associated with NF-xB; these factors share common upstream
signaling regulation and autophagy can inhibit the activation of
NF-xB and limit the occurrence of inflammation (67). At the
molecular level, autophagy and NF-kB mutually influence each
other through positive and negative feedback to maintain cellular
homeostasis (68). Therefore, autophagy may affect the HMGBI1
pathway through the NF-xB pathway. These results suggest that
there is an interaction between HMGBI and autophagy (Figure 3).

4 Relationship between HMGB]1,
autophagy and diabetes

4.1 Diabetes and insulin resistance

HMGBI and autophagy are closely associated with diabetes and
its complications. HMGBI is an important molecule in autophagy
activation, and autophagy can regulate the production, secretion,
and degradation of HMGBI1 (63). Dysfunctional mitochondrial
autophagy involving HMGBI is associated with metabolic
diseases. The effects of autophagy can be protective or harmful,
depending on the cell type and the environment. HMGBI interacts
with Beclinl and Atg5, key components in autophagy initiation and
nucleation (69). Studies have shown that the release of HMGB1 may
cause necrosis in islet 3 cells induced by IL-1p and may lead to
diabetes onset (43). Hyperglycemia-mediated oxidative stress
promotes the expression of HMGB1 and RAGE, which activate
autophagy (70). Autophagy is associated with diabetes-induced
organ damage, and the increased expression of HMGBI leads to
excessive autophagy, resulting in a systemic inflammatory response
and organ disorders (71). Elevated serum levels of HMGBI increase
the interaction of HMGB1 with TLR4 and RAGE, which enhance the
activity of apoptotic and autophagic signaling pathways (72). Chung
etal. found that inhibiting HMGBI in pancreatic islet  cells promoted
apoptosis, inhibited autophagy, and led to cell dysfunction (73). These
results suggest that there is a strong correlation between HMGBI and
autophagy in the progression of diabetes (Figure 4).
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FIGURE 3

Mutual regulation mechanism of autophagy and HMGB1.
Intracellular HMGBL regulates cellular autophagy by binding with
Beclinl. In the cytoplasm, HMGB1 mainly binds to Beclinl to
promote the dissociation of Beclinl and anti-apoptotic factor Bcl-2,
leading to the activation of autophagy through the interaction
between Beclinl and PI3K Classlll/Vsp34. The specific mechanism of
this process is that the semi-cysteine residues at positions 23 and 45
of the A-box of HMGB1 can form disulfide bridges with Beclinl,
which results in the dissociation of Beclinl from Bcl-2. HMGB1
regulates cellular autophagy by binding with cell membrane
receptor RAGE, which can be actively secreted or passively released
into the extracellular space during cell death. In the extracellular
space, HMGBL1 regulates cellular autophagy mainly by binding with
RAGE. In the nucleus, HMGBL1 participates in regulating the
expression of heat shock protein B1 (HSPB1). The activation of
phosphorylated HSPB1 at positions 15 and 86 by HMGBL1 has an
important effect on the polymerization and reorganization of the
cytoskeleton, which is crucial for intracellular substance transport.
HMGBL1 is mainly located in the cell nucleus, and the HSP90AAL-
dependent transport is involved in the nuclear-cytoplasmic
translocation of HMGB1. When HMGBL translocates to the
cytoplasm, its secretion requires autophagy and vesicular transport,
which can be enhanced by HSP9OAAL. Upon external stimulation,
autophagy can promote the translocation of HMGB1 from the
nucleus to the cytoplasm through a ROS-dependent pathway,
thereby replacing Bcl-2 and binding with Beclinl, which activates
autophagy and further maintains it.

Research has demonstrated that HMGB1-mediated autophagy
exerts distinct effects across diverse pathologies. Specifically, Chen
observed that inhibiting autophagic flux mitigated HMGBI levels,
culminating in the alleviation of myocardial ischemia-reperfusion
damage in diabetic mouse models (74). Conversely, Chung used
englitazone to suppress HMGBI expression, thereby impairing
autophagy and disrupting cellular function, ultimately inducing
diabetes (73). Additionally, Wu revealed that increased glucose
levels stimulated autophagy, and inhibiting HMGB1 expression
attenuated autophagy levels (75).

HMGBI and autophagy are closely linked to diabetes and its
complications. HMGBI can act as an autophagy activator, and
autophagy can regulate the generation, secretion, and degradation
of HMGBI. Mitochondrial autophagy dysfunction involving
HMGBI is associated with metabolic diseases such as diabetes
and fatty liver. Autophagy can be protective or harmful,
depending on the cell type and the environment. HMGBI
interacts with key components of autophagy initiation and
nucleation, including Beclinl and Atg5 (76).

frontiersin.org


https://doi.org/10.3389/fendo.2023.1141516
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yang et al.

HMGBT  Necrosis m

Islet
Beclin-1
(Bel-2
(Beclin-1) Autophagy
HMGB1)

Beclin-1)
PI3KC3)

Proinflammatory
cytokine(e.g., TNF-a)

FIGURE 4

Regulation of the interplay between autophagy and HMGBL in islet
injury. HMGB1 promotes early inflammation in diabetes and leads to
necrosis in islet cells. Necrotic cells release HMGB1, which activates
TLRs and RAGE on macrophages and dendritic cells. The activation
of TLRs and RAGE leads to the translocation of NF-xB into the
nucleus to promotes the expression of inflammatory genes, which
contributes to the secretion of proinflammatory cytokines, including
HMGBL. In addition, activated macrophages and dendritic cells
actively secrete HMGBL, exacerbating islet cell necrosis. HMGB1 can
competitively interact with Beclin-1 to disrupt the Beclin-1/Bcl-2
interaction, which promotes autophagy

Studies have shown that IL-1B-induced pancreatic § cell death
and HMGBI1 release may lead to the onset of diabetes (43).
Hyperglycemia-mediated oxidative stress promotes the expression
of HMGB1 and RAGE, thereby activating autophagy (70).
Autophagy is associated with organ damage in diabetes, and
increased HMGBI expression leads to excessive autophagy, which
in turn causes systemic inflammation and organ dysfunction (71).
In the serum of diabetic rats, the level of HMGBI is elevated, which
is accompanied by an increase in the interactions of HMGBI1 with
TLR4 and RAGE, enhancing the activity of apoptosis and
autophagy signaling pathways (72). Chung et al. found that
inhibiting the expression of HMGB1 in pancreatic B cells
promoted apoptosis, inhibited autophagy, reduced cell survival
under stress conditions, caused cell dysfunction, and led to
diabetes (73).

Insulin resistance is the main cause of the occurrence and
development of diabetes. The occurrence and development of
insulin resistance are closely associated with two signaling
pathways: JNK and NF-«B. Autophagy is closely associated with
the NF-kB pathway, and they share many common regulatory
signaling factors. Autophagy inhibits the activation of NF-kB and
limits the occurrence of inflammation (67). Autophagy and NF-«xB
affect each other through positive and negative feedback to maintain
intracellular stability (68). Therefore, autophagy may interact with
NE-xB through HMGBI1.

The serum level of HMGBI1 can be used as a biomarker of
glucose toxicity, atherosclerosis, and hypof3-cell function in diabetic
patients. Serum HMGBI1 concentrations are positively correlated
with glucose metabolism indices such as HbAlc and FPG (77).
HMGBI increased the expression of ATG7 and the LC3B II/I ratio,
decreased the expression of p62, and intensified autophagy (78). In
addition, it has been reported that serum HMGBI levels are
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positively correlated with FINS and HOMA-IR and negatively
correlated with HOMA-, suggesting that HMGB1 may impair 8
pancreatic cell function and increase insulin resistance (77).
HMGBI1 accelerates insulin resistance by increasing the
expression of RAGE, activating the TLR4/JNK/NF-xB pathway
and reducing activation of the IRS-1 signaling pathway (79, 80).

4.2 Diabetic complication

4.2.1 Diabetic cardiomyopathy

DCM is one of the common complications of diabetes and is the
leading cause of death in diabetic patients. HMGBI is involved in
the occurrence and development of DCM. Current research
suggests that diabetic myocardial ischemia/reperfusion injury and
increases in oxidative stress and ROS are closely associated with
mitochondrial dysfunction. Some scholars consider diabetic heart
disease to be a mitochondrial disorder (48). HMGBI is a key
regulator of mitochondrial autophagy, and oxidative-reductive
reactions can induce HMGBI translocation, leading to sustained
activation of proinflammatory pathways and enhanced myocardial
injury through binding with RAGE. HMGBI also regulates HSPB1
to maintain mitochondrial morphology and control mitochondrial
autophagy, playing an important role in myocardial remodeling
after diabetic I/R (81). Excessive autophagy during ischemia/
reperfusion in DCM can exacerbate myocardial injury (82).
Studies have shown that reducing HMGBI expression in DCM
rats can reduce infarct volume, improve hemodynamics, and
alleviate inflammation (83). Inhibiting HMGB1 can reduce
myocardial ischemia/reperfusion injury by suppressing autophagy
(72). Wu et al. found that HMGB1 promoted myocardial I/R injury
in diabetic mice, and the mechanism as closely associated with the
mediation of mitochondrial autophagy. Neutralizing antibodies
against HMGBI1 can effectively inhibit the release of HMGBI
from the heart, reduce the LC3-II/I ratio, suppress mitochondrial
autophagy, and alleviate myocardial injury in diabetic mice (84).
HMGBI1 also regulates HSPB1 to maintain mitochondrial
morphology and control mitochondrial autophagy, which plays
an important role in myocardial remodeling after diabetes (81).
Therefore, anti-HMGBI therapy is a promising new approach that
can reduce HMGBI-induced inflammatory damage, inhibit
autophagy, and improve patient prognosis.

4.2.2 Diabetic retinopathy

With the increasing incidence of diabetes, the rate of blindness
caused by DR is also increasing yearly. Recent studies have shown
that autophagy is associated with the mechanism of pathological
neovascularization and neurodegeneration mediated by HMGBI,
which is involved in the occurrence and development of DR (85,
86). The role of autophagy in DR is fairly complex. In the early stage
of DR, autophagy can promote cell survival, while excessive
autophagy will lead to necrosis and exacerbate DR. Intermittent
hyperglycemic oxidative stress can regulate autophagy in retinal
pigment epithelial cells and promote cell survival by increasing
HMGBI1 (87). HMGBI can enter the lysosome through the
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autophagy-lysosome pathway, and lysosomal enzyme B, an
important member of the autophagy pathway, is released from
the lysosome into the cytoplasm, inducing inflammation and
apoptosis (88). Feng et al. used retinal pigment epithelial (RPE)
cells to investigate the relationship between HG and the autophagy-
lysosome pathway and found that HMGBI participated in
lysosomal membrane penetration (LMP) and autophagy
inhibition. The decrease in HMGBI1 expression restored
autophagic degradation, reduced inflammatory cytokine and
VEGF expression, and protected RPE cells in the early stage of
DR (89).

4.2.3 Diabetic nephropathy

Podocyte injury characterized by hypertrophy, apoptosis, and
epithelial-mesenchymal transformation (EMT) is the main cause of
DN. Previous studies have reported that autophagy dysfunction is
one of the main risk factors for podocyte injury, and HMGBI is
involved in the development of DN through autophagy (90).
Inhibiting HMGBI1 reduced apoptosis and injury in podocytes
and delayed the deterioration of glomerular function caused by
diabetes by activating the Akt/mTOR signaling pathway and
inhibiting autophagy (61).

4.2.4 Diabetic neuropathy

The longterm hyperglycemic environment of diabetes causes
metabolic disorders and microcirculation disorders, resulting in
neuronal ischemia and hypoxia and a series of nervous system
diseases. As a proinflammatory mediator, HMGBI is involved in
diabetic neuropathy by binding with RAGE and TLR4 and
regulating autophagy. Elevated levels of HMGBI1 stimulate
glutamate release and mediate neurotoxicity (91). Neuronal cells
release HMGBI1 during seizures, and TLR4 expression also
increases (92). Guo et al. subjected KKAy mice to intermittent
hypoxia to establish a diabetic neuropathy model and found that the
protein expression levels of HMGBI1 and TLR4 were increased and
neuronal apoptosis was exacerbated. Furthermore, HMGB1 siRNA
can significantly reduce the protein expression of HMGBI1 and
TLR4 to regulate autophagy and reduce neuronal apoptosis (93).

4.2.5 Diabetic foot disease

Diabetic foot disease is mainly caused by changes in blood
vessels and nerves and is a relatively common complication of
diabetes. HMGBI1 can amplify the inflammatory response and lead
to the accumulation of macrophages, thus promoting atheromatous
formation. A clinical study showed that diabetic foot patients have
higher HMGBI1 expression, and their arteries become narrow.
HMGBI also increased inflammation and oxidative stress and
increased the expression of autophagy proteins (94).

5 Regulating HMGBL to treat diabetes

In recent years, studies on the treatment of diabetes and its
complications by modulating HMGBI1 with traditional Chinese
medicine (TCM) are increasing and becoming a research hotspot.
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The mechanism mainly involves the inflammatory response,
oxidative stress, and autophagy, providing a theoretical and
experimental basis for the prevention and treatment of diabetes
and its complications (Table 1).

5.1 The active ingredients or extracts
of TCM

Glycyrrhizin (GR) is a natural compound extracted from
Glycyrrhiza glavra that has been reported to exert anti-
inflammatory, immunomodulatory, antidiabetic, antitumor, anti-
infective, antioxidant, and hematopoietic effects (113). GR can
alleviate DCM by inhibiting HMGBI1 expression in myocardial
tissue, which inhibits activation of the NF-kB inflammatory
signaling pathway and the release of inflammatory factors and
attenuates cardiomyocyte apoptosis (95). GR has also been shown
to ameliorate DR. Mallika et al. demonstrated that GR increased cell
viability and decreased the inflammatory and oxidative stress
molecules HMGBI1, IL-1 3, TLR2, TLR4, NLRP3, COX2, SOD2,
HO-1, gpx2, and GRI in an HG environment (96). Liu et al. showed
that GR improves vascular permeability by inhibiting inflammation,
protecting neurons, and reducing vascular damage (97). GR protects
the retina by increasing SIRT1-mediated inhibition of HMGBI and
decreasing TNF-ot and IL-1 levels in a mouse model of DR (98). In
addition, GR could alleviate glomerular injury in DN rats by reducing
HMGBI expression and inhibiting the NF-kB and TLR4 pathways
(99). Keiichi et al. found that licorice sweetener inhibited periodontal
and systemic inflammation in diabetic mice and reduced blood
glucose levels via the HMGB1-RAGE axis (100).

Astilbin, a flavonoid compound isolated from the rhizome of
Smilax china L, has been reported to have an anti-inflammatory
effect (114). Diao et al. established a rat model of ischemia-
reperfusion injury in DCM and administered astilbin. The results
showed that 50 mg/kg astilbin reduced infarct volume, improved
hemodynamics, reduced myocardial injury, and decreased serum
proinflammatory factor levels. The mechanism mainly involved
inhibiting HMGBI expression and the NF-«B signaling pathway to
block the myocardial inflammatory cascade response (83).

Albiflorin is a natural compound extracted from the roots of
Radix Paeoniae Alba, has significant antidepressant effects and is a
potential treatment for diabetes (115). Ma et al. found that albiflorin
treatment improved behavioral and hippocampal pathological
changes in cognitively impaired diabetic rats. The main
mechanism involved improving oxidative stress and inflammation
by modulating the Nrf-2/HO-1/HMGBI1/NF-xB signaling
pathway (101).

Dihydromyricetin is the most abundant natural flavonoid
isolated from Ampelopsis grossedentata. It has strong anti-
inflammatory and protective effects on diabetic heart dysfunction
(116). Dihydromyricetin has been shown to ameliorate reductions
in diastolic and systolic function and conduction abnormalities
induced by diabetes by downregulating HMGB1 and inhibiting the
phosphorylation of NF-kB p65 (50). The same result was found in
vitro: dihydromyricetin reduced hyperglycemic-induced apoptosis
in vascular endothelial cells by inhibiting HMGB1/NF-«B (102).

frontiersin.org


https://doi.org/10.3389/fendo.2023.1141516
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yang et al.

TABLE 1 TCMs that diabetes through the regulation of HMGBL1.

10.3389/fendo.2023.1141516

Disease Pathological
mechanisms
Glycyrrhizin Wistar rats+STZ (30 mg/kg) 200 mg/kg/d (by gavage) DCM HMGB1/NF-xB 95
Mouse corneal epithelium 1 mM/24 h, 150 mg/kg/ Diabetic cornea HMGBI, inflammation, 96
(MCEC)+HG (25 mM), C57BL6/] +STZ (60 d (by gavage) oxidative stress
mgrkg)
C57BL6/] +STZ (60 mg/kg) 150 mg/kg/d (by gavage) DR HMGBI, inflammation 97
C57BL6/J +STZ (60 mg/kg) 150 mg/kg/d (by gavage) Diabetes-induced HMGB1/SIRT1 98
neuronal and
vascular
damage
Zucker diabetic fatty (ZDF) rats 50 mg/kg/d (i.p.) DN HMGB1/TLR4/NF-kB 99
KK/TaJcl mice+HFD 10 mg/kg/d (i.p.) Diabetic HMGBI1/RAGE 100
periodontitis
Astilbin SD rats+STZ (50 mg/kg)+ myocardial I/R 1.5, 5, 15, 50 uM/24 h, DCM HMGBI1/NF-xB 83
injury, H9C2 cells (hypoxia model) 50 mg/kg/d (i.v.)
Albiflorin SD rats+STZ+HFD 100, 200 mg/kg/d (by Diabetic cognitive Nrf-2/HO-1/HMGB1/ 101
gavage) impairment NF-«B
Dihydromyricetin SD rats+STZ (30 mg/kg)+ HFD 250 mg/kg/d (by gavage) DCM HMGB1/NF-xB 50
HUVECs+HG (30 mmol/L) 0.1, 1, 10 pmol/L/24 h Endothelial HMGB1/NF-kB, 102
dysfunction in DM inflammation
Paeonol SD rats+STZ (60 mg/kg), corpus cavernosum 100 mg/kg/d (by Diabetic erectile HMGB1/RAGE/NF-xB 103
smooth muscle cells (CCSMCs)+HG (30 mM) gavage), 100 uM dysfunction
Formononetin C57BL/6]J+STZ (180 mg/kg), SH-SY5Y+HG 25, 50 mg/kg/d (by Diabetic cognitive HMGB1/TLR4/NF-«B, 104
gavage), 2.5, 5, 10 uM/ impairment NLRP3 inflammasome
22h
Bupleurum polysaccharides C57BL/6J+STZ (100 mg/kg) 30, 60 mg/kg/d (by DN HMGB1/TLR4 105
gavage)
Matrine Mouse podocytes+HG (30 mM) 0.5, 1.0 mg/mL/48 h (by DN HMGB1/TLR4/NF-kB 106
gavage)
Salidroside db/db mice 40, 80 mg/kg (by Insulin resistance HMGB1/RAGE/NF-kB, 107
gavage) and liver injury HMGB1/TLR4/NLRP3
Rhodiola crenulata HUVECs+HG (33 mM) 1.5, 3, 15, 30 pg/mL (by Endothelial HMGBI1/TLR4 108
gavage) dysfunction in DM
Polygonum cuspidatum SD rats+STZ (60 mg/kg) 100, 350 mg/kg/d (by DR HMGB1/RAGE/NF-xB 109
gavage)
Yiqi Tongluo Formula SD rats+STZ (55 mg/kg) 1.84,7.36 Diabetic peripheral HMGBI1 110
g/kg/d (by gavage) neuropathy
Jinkui Shenqi Decoction SD rats+ HFD+STZ (40 mg/kg) 0.9, 3.6, 1.8 DN HMGBI, Beclin 1 90
g/kg/d (by gavage)
Puerariae Lobatae Radix SD rats+ HFD+STZ (35 mg/kg) 4.62,9.24 Diabetic cognitive HMGB1/RAGE/NF-xB 111
and Anemarrhenae g/kg/d (by gavage) impairment
Rhizoma
Tongluo Xiaoke Formula Wistar rats+STZ (55 mg/kg) 1.84,7.36 DCM HMGB1/TLR4 112

g/kg/d (by gavage)
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Paeonol is a natural compound extracted from Moutan Cortex.
Paeonol can alleviate DM-induced erectile dysfunction in rats,
improve fibrosis and pathological changes, and reduce apoptosis
and inflammation in corpus cavernosum smooth muscle cells
(CCSMCs) under HG conditions by downregulating the HMGB1/
RAGE/NF-xB pathway (103).

Formononetin improved cognitive impairment in STZ-induced
diabetic rats, enhanced learning and memory abilities, and
downregulated the levels of HMGB1, TLR4, MyD88, p-IkB, p-
NF-xB, NLRP3, SOD, MDA, TNF-o, IL-1B, and IL-6. The
mechanism may involve inhibiting HMGB1/TLR4/NF-xB
signaling and the NLRP3 inflammasome (104).

Bupleurum polysaccharides alleviated urinary albumin and
creatinine levels and alleviated renal histopathological damage in
diabetic mice. The mechanism involved inhibiting the production
of type IV collagen, fibronectin, and o-smooth muscle actin, as well
as reducing the levels of inflammatory factors, and inflammation
and fibrosis in the kidney by blocking the HMGB1/TLR4
pathway (105).

Matrine is a component of Sophora flavescens Root that has
favorable medicinal effects. Matrine can alleviate HG-induced
podocyte apoptosis by inhibiting the inflammatory cytokines IL-
1B, IL-6 and TNF-a by inhibiting the HMGB1-associated TLR4/
NE-kB pathway (106).

Salidroside is the primary active ingredient of Rhodiola and can
alleviate insulin resistance, hyperglycemia, and liver inflammation
in db/db mice by inhibiting the HMGB1/RAGE/NF-xB and
HMGBI1/TLR4/NLRP3 signaling pathways (107). Rhodiola
crenulata protects against HG-induced oxidative stress injury in
cultured human umbilical vein endothelial cells (HUVECs:).
Rhodiola crenulata reduced the levels of ROS and HMGBI,
inhibited the TLR4/MyD88 signaling pathway, reduced the
expression of intracellular adhesion molecule-1 (ICAM-1) and
vascular adhesion molecule-1 (VCAM-1), and alleviated apoptosis
in endothelial cells (108).

Polygonum cuspidatum could reduce the expression of HMGB1
and RAGE in the retinal tissues of diabetic retinal rats, inhibit the NE-
KB pathway, improve retinal vascular permeability and tight junction
protein expression, and inhibit the development of DR (109).

5.2 TCM formulas

Taohong Siwu Decoction is composed of Persicae Semen,
Angelicae Sinensis Radix, Carthami Flos, Chuanxiong Rhizoma,
Rehmanniae Radix Praeparata and Paeoniae Radix Alba, which can
reduce the level of HMGBI, alleviate insulin resistance and reduce
inflammation in T2DM patients (87). Yigi Tongluo Formula is an
effective herbal prescription composed of Astragalus
membranaceus (Fisch.) Bunge, Radix Puerariae, Cinnamomum
cassia Presl, Angelicae Sinensis Radix, Rehmannia glutinosa
(Gaertn.), and Pheretima, which can treat diabetic neuropathy by
reducing inflammation and downregulating the level of HMGBI1
(110). Jinkui Shenqi Decoction is composed of Rehmannia
glutinosa (Gaetn.), Dioscorea opposita Thunb., Cornus officinalis
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Sieb., Cinnamomum cassia Presl, Aconitum carmichaeli Debx.,
Alisma orientale and Cortex Moutan. It exerts a therapeutic effect
on DN rats by inhibiting the protein expression of HMGB1, TLR4,
and p62 and promoting Beclin 1-mediated autophagy (90). The
water extracts of Pueraria has a significant therapeutic effect on a rat
model of diabetic cognitive dysfunction by lowering the level of
blood sugar and glycosylated hemoglobin and ameliorating
cognitive dysfunction and memory impairment. The mechanism
involves downregulating the HMGB1/RAGE/NF-kB pathway
(111). Tongluo Xiaoke Formula is composed of Astragalus
membranaceus (Fisch.), Puerariae Lobatae Radix, Rehmannia
glutinosa (Gaertn.), Cinnamomum cassia Presl, Angelicae
Sinensis Radix, Schisandra chinensis, and Lumbricus. Low and
high doses of Tongluo Xiaoke Formula can reduce cytokines and
inflammatory mediators by downregulating the expression of
HMGBI and TLR4 (112).

5.3 The impact of chemical medicines
on the treatment of diabetes by
regulating HMGB1

T2DM is a prevalent metabolic disease that is often
accompanied by abnormal lipid metabolism and contributes to
cerebrovascular diseases such as cerebral infarction (117). Recent
research has shown that the combination of sodium ozagrel and
atorvastatin can effectively reduce the inflammatory response,
regulate HMGBI1 levels, and regulate blood glucose and lipid
levels in patients with T2DM and lacunar infarction (118).
Another complication that commonly arises in diabetic patients is
DN. Englazine, a sodium-glucose cotransporter-2 (SGLT-2)
inhibitor, has anti-inflammatory and antioxidant effects and can
lower the level of HMGBI1 and alleviate kidney inflammation in
diabetic rats (119). Additionally, dagliazine has been shown to exert
therapeutic effects on renal inflammation, lipid deposition,
oxidative stress, and fibrosis by inhibiting HMGB1 expression
and stimulating autophagy in diabetic mice, thereby providing a
new therapeutic target for DN (120). Furthermore, the combination
of sitagliptin tablets and Huangkui capsules has been shown to
effectively reduce blood sugar, improve renal function, and lower
the level of inflammatory factors, such as HMGBI, in early DN
patients (121). Collectively, these findings offer promising strategies
for managing the complications associated with T2DM.

6 The treatment of diabetes through
the regulation of autophagy

Based on the mechanism of autophagy, TCM has shown
significant therapeutic efficacy in treating diabetes and its
complications, particularly DCM and nephropathy. Individual
active compounds and TCM formulas can promote or inhibit
autophagy in different diseases. The main targets are Beclinl,
LC3-1I, mTOR, TGF-B1, 0-SMA, and PI3K/Akt/mTOR.
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6.1 Promoting autophagy with Chinese
herbal monomers and formulas

Kaempferol is a flavonoid found in TCMs such as lotus leaf,
ginkgo biloba, Puhuang, and Danhong. In PA-induced RIN-5F
pancreatic B cells, kaempferol increased the number of
autophagosomes and upregulated the gene expression for Beclin-
1, ULKIL, ATG5, ATG7, and LC3b. The expression level of LC3-II
protein was increased, and the ratio of LC3-II/LC3-I was increased,
while the expression level of p62 protein decreased, indicating that
kaempferol could induce autophagy in PA-induced pancreatic 8
cells (122). Additionally, berberine, an alkaloid extract from Coptis
chinensis, can activate AMPK and promote autophagy in pancreatic
B cells (123).

Autophagy is an important pathological mechanism in DCM
and can be regulated by various TCM compounds, single herbs, and
active components. The progression of DCM is closely associated
with abnormal autophagy in cardiomyocytes, and treatment focuses
on restoring normal autophagy in these cells. TCM can promote
autophagy in DCM through the AMPK/mTOR signaling pathway.
Compounds such as crocin (124), Astragalus polysaccharide (125),
curcumin (126), and tea polyphenols (127) can increase AMPK
expression by promoting AMPK phosphorylation in
cardiomyocytes. This leads to the inhibition of mTOR and its
downstream effectors p70S6K1 and 4EBP1, which in turn
increases autophagy in myocardial cells. Additionally, asiaticoside
(128) can enhance autophagy in cardiomyocytes by inhibiting the
NOTCHI1/HESI signaling pathway, thereby improving myocardial
injury induced by DCM. Zhi Gancao decoction, which is composed
of 12 g of Glycyrrhiza uralensis Fisch, 9 g of Zingiber officinale Rosc.
and Cinnamomum cassia Presl, 6 g of Ginseng Radix et Rhizoma,
50 g of Rehmannia glutinosa Li-bosch., 6 g of Colla Corii Asini, 10 g
of Ophiopogon japonicus, 10 g of Cannabis sativa L., and 10 g of
Ziziphus zizyphus, can downregulate the protein expression of P62
in high-fat diet- and STZ-induced DCM model rats. Moreover, Zhi
Gancao decoction can upregulate the expression of LC3-II/LC3-I
and Beclin-1, enhancing autophagy in cardiomyocytes (129).

Autophagy plays a crucial role in the pathogenesis of DN, and
numerous TCMs have been shown to regulate autophagy via the
AMPK/mTOR signaling pathway to treat DN. Saponins, which are
steroidal compounds, are the active constituents of many TCMs. Zhang
(130) investigated the effects and mechanism of nosaponin on DN in
SD rats and found that it significantly improved kidney pathology by
reducing glomerular volume, the mesangial matrix area, fibronectin
levels, and p-mTOR/mTOR expression levels. In addition, nosaponin
significantly increased Beclin-1, LC3-II/LC3-1, and p-ULK1/ULK1
levels, indicating that nosaponin could promote autophagy and
protect the kidneys by activating the AMPK/mTOR signaling
pathway. The alkaloid berberine is another TCM that regulates
autophagy in DN. Yan et al. (131) showed that berberine
upregulated autophagy, reduced damage to the McP-5 murine
immortalized podocyte line in a HG environment, and enhanced the
protective effect on DN podocytes. Animal studies have also
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demonstrated that berberine upregulates autophagy-related protein
expression levels and regulates autophagy levels, thereby protecting
against kidney injury (132). Modified Jisheng Shenqi Decoction, which
consists of cinnamon Cinnamomum cassia Presl (6 g), Aconiti Lateralis
Radix Praeparata (8 g), Rehmannia glutinosa (15 g), Dioscorea
opposite (25 g), Cornus officinalis (15 g), Poria cocos (20 g), Alisma
orientale (8 g), Cortex Moutan (8 g), Achyranthes bidentata (15 g),
Semen Plantaginis (10 g), Astragali Radix (25 g), Rheum officinale baill
(8 g), Amygdalus persica L (10 g), and Manis pentadactyla (25 g), could
enhance autophagy in DN rats. Jiang found that modified Jisheng
Shengi Decoction significantly increased the LC3II/I ratio, decreased
P62 levels, and enhanced autophagy, thereby improving the body’s
ability to resist stress and slowing DN development (133).

6.2 Inhibiting autophagy with TCM
monomers and formulations

Some TCMs have been shown to negatively regulate autophagy
in pancreatic B cells. For instance, ginseng extract has been shown
to reduce the formation of autophagosomes in tacrolimus (Tac)-
induced mouse islet  cells and INS-1 cells, decrease the LC3B-11/
LC3B-I ratio, inhibit the degradation of autophagic lysosomes, and
further improve the function of islet B cells by regulating autophagy
to inhibit TAC-induced oxidative stress (134). Excessive autophagy
in DCM can accelerate the degradation of damaged cells and
metabolites, and it can damage normal cardiomyocytes, leading to
the apoptosis in many cardiomyocytes, which exacerbates
myocardial hypertrophy and fibrosis. Therefore, inhibiting
autophagy in cardiomyocytes may reduce the damage caused by
autophagy. One way to do this is to promote the PI3K/AKT
signaling pathway. For example, astragaloside (135) and irisin
(136) inhibit autophagy in cardiomyocytes by activating mTOR,
which is a negative regulator of autophagy in the PI3K/AKT
pathway. Additionally, icarin (137) can inhibit activation of the
AMPK/mTOR signaling pathway on autophagy by inhibiting the
AMPK/mTOR signaling pathway, which reduces the levels of p-
AMPK and increases the levels of p-mTOR in the myocardium,
thereby improving autophagy in the overactivated diabetic
myocardium. Cordyceps sinensis is a valuable medicinal fungus
of the Cordyceps genus, which is mainly composed of amino acids,
fatty acids, polysaccharides, organic acids, and a variety of trace
elements. Tu (138) administered Cordyceps sinensis to Wistar rats
with DN and found that it could effectively regulate the expression
of the AMPK/mTOR signaling pathway, reduce the protein levels of
LC-3II, and effectively reduce the occurrence of renal
tubular autophagy.

Yunv Decoction consists of Gypsum Fibrosum, Radix
Rehmanniae Preparata, Liriope spicata, Rhizoma Anemarrhenae
and Achyranthes bidentata. He et al. administered Yunv Decoction
to rats with T2DM for 4 weeks and found that it decreased the
protein expression of LC3 in islets, indicating that Yunv Decoction
could downregulate the level of islet autophagy (139).
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6.3 The impact of new hypoglycemic
medications on autophagy

Novel classes of drugs to treat diabetes include glucagon-like
peptide-1 receptor agonists (GLP-1RAs), dipeptidyl peptidase-4
inhibitors (DPP-4is), and sodium-glucose cotransporter-2 inhibitors
(SGLT2is). Shao et al. (140) evaluated the hepatoprotective effects of
GLP-1RA on diabetic mice and found that it inhibited activation of the
NLRP3 inflammasome via the mitochondrial autophagy pathway. The
results showed that GLP-1RA effectively reduced fasting blood glucose
(FBG), total cholesterol (TC), triglyceride (TG), and malondialdehyde
(MDA) levels in mice. Shui et al. (141) treated T2DM rats with the
SGLT2i empagliflozin and found that it restored the number and size
of mitochondria by promoting autophagy, inhibited mitochondrial
shrinkage, and improved the prognosis of myocardial infarction. GU
et al. used the DPP-4i sitagliptin to activate autophagy in
streptozotocin-induced diabetic mice to improve cardiac function
after myocardial infarction. The results showed that sitagliptin
effectively increased the survival rate, improved cardiac function, and
reduced infarct size, myocardial fibrosis, and the inflammatory
response (142).

7 Summary

In this article, we have summarized the relationship between
autophagy and HMGBI1 in diabetes and its complications and
discussed potential therapeutic strategies to alleviate diabetes by
regulating autophagy and HMGBI. Autophagy and HMGBI play
important roles in diabetes and its complications. Autophagy is
related to organ damage caused by diabetes. Increased HMGBI can
increase TLR4 and RAGE, enhance the activity of the autophagy
signaling pathway, and lead to dysregulated autophagy, thus causing
insulin resistance, systemic inflammatory response, and organ
dysfunction. HMGBI1 can also regulate HSPB1 to maintain
mitochondrial morphology and control mitochondrial autophagy. It
is thought that HMGBI stimulation can induce autophagy, and
autophagy can also affect the expression of HMGBI. Autophagy
and HMGBI are related in several ways. HMGB1 can regulate
autophagy by modulating Akt/mTOR, MAPK, ERK1/2, AKT, and
NEF-xB signaling molecules and pathways. Autophagy regulates the
production, secretion, and degradation of HMGBI1 through the ROS-
dependent pathway, positive and negative feedback of HSP90AA1
and NF-xB. Meanwhile, we found that ingredients and compounds in
traditional Chinese medicine (TCM) can treat diabetes by regulating
HMGBI1 and autophagy. These include Glycyrrhizin, Astilbin,

References

1. Zhou Z, Sun B, Yu D, Zhu C. Gut microbiota: An important player in type 2
diabetes mellitus. Front Cell Infect Microbiol (2022) 12:834485. doi: 10.3389/
fcimb.2022.834485

2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al.
Global and regional diabetes prevalence estimates for 2019 and projections for
2030 and 2045: Results from the international diabetes federation diabetes atlas,

Frontiers in Endocrinology

13

10.3389/fendo.2023.1141516

Albiflorin, Dihydromyricetin, Paeconol, Formononetin, Salidroside,
Kaempferol, Berberine, Astragalus, polysaccharide, Irisin, Taohong
Siwu Decoction, Yiqi Tongluo Formula, Jinkui Shenqi Decoction,
Yunv Decoction, and Zhi Gancao Decoction compound, mainly
related to inflammation, oxidative stress, etc. These treatments
include AMPK/mTOR inhibitors, Nrf-2, HO-1, RAGE, NF-kappa
B, TLR4, SIRT1 mechanisms, and signaling molecules. Additionally,
some chemical medicines such as sodium ozagrel, atorvastatin, DN.
Englazine, GLP-1Ras, and DPP-4is have been shown to regulate
HMGBI and autophagy and play a role in the treatment of diabetes.
Although some studies have been conducted on the role of autophagy
and HMGBI in diabetes and its complications, the pathological
mechanisms of autophagy dysfunction, abnormal HMGBI
expression, and induced injury remain largely unexplored.
Intervening in HMGBI or other autophagy targets and exploring
their mechanisms are of great theoretical importance and have clinical
applications for the prevention and treatment of diabetes and its
complications. This review can provide new directions for follow-up

research and open up new research avenues for current treatments.

Author contributions

KY and FC carried out the manuscript writing. WW added a
substantial amount of content and improved the contextual
connections. LY and ZT provided ideas and technical guidance
for the whole work. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The reviewer GF declared a shared parent affiliation with author
FC to the handling editor at the time of review.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

9th edition. Diabetes Res Clin Pract (2019) 157:107843. doi: 10.1016/j.diabres.
2019.107843

3. Hayat SA, Patel B, Khattar RS, Malik RA. Diabetic cardiomyopathy: mechanisms,
diagnosis and treatment. Clin Sci (Lond) (2004) 107(6):539. doi: 10.1042/CS20040057

4. Boudina S, Abel ED. Diabetic cardiomyopathy, causes and effects. Rev Endocr
Metab Disord (2010) 11(1):31-9. doi: 10.1007/s11154-010-9131-7

frontiersin.org


https://doi.org/10.3389/fcimb.2022.834485
https://doi.org/10.3389/fcimb.2022.834485
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1042/CS20040057
https://doi.org/10.1007/s11154-010-9131-7
https://doi.org/10.3389/fendo.2023.1141516
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yang et al.

5. Altmann C, Schmidt MHH. The role of microglia in diabetic retinopathy:
Inflammation, microvasculature defects and neurodegeneration. Int ] Mol Sci (2018)
19(1):110. doi: 10.3390/ijms19010110

6. Dow C, Mancini F, Rajaobelina K, Boutron-Ruault MC, Balkau B, Bonnet F, et al.
Diet and risk of diabetic retinopathy: a systematic review. Eur ] Epidemiol. (2018) 33
(2):141. doi: 10.1007/s10654-017-0338-8

7. Tziomalos K, Athyros VG. Diabetic nephropathy: New risk factors and
improvements in diagnosis. Rev Diabetes Stud (2015) 12(1-2):110-8. doi: 10.1900/
RDS.2015.12.110

8. Xu X, Chen P, Zheng Q, Wang Y, Chen W. Effect of pioglitazone on diabetic
nephropathy and expression of HIF-1a: and VEGF in the renal tissues of type 2 diabetic
rats. Diabetes Res Clin Pract (2011) 93(1):63-9. doi: 10.1016/j.diabres.2011.03.019

9. Watson CP, Moulin D, Watt-Watson ], Gordon A, Eisenhoffer J. Controlled-
release oxycodone relieves neuropathic pain: a randomized controlled trial in painful
diabetic neuropathy. Pain (2003) 105(1-2):71-8. doi: 10.1016/s0304-3959(03)00160-x

10. Del Olmo-Garcia MI, Merino-Torres JF. GLP-1 receptor agonists and
cardiovascular disease in patients with type 2 diabetes. ] Diabetes Res (2018)
2018:4020492. doi: 10.1155/2018/4020492

11. Kim YH, Kwak MS, Lee B, Shin JM, Aum S, Park IH, et al. Secretory autophagy
machinery and vesicular trafficking are involved in HMGBI1 secretion. Autophagy
(2021) 17(9):2345. doi: 10.1080/15548627.2020.1826690

12. Parzych KR, Klionsky DJ. An overview of autophagy: morphology, mechanism,
and regulation. Antioxid Redox Signal (2014) 20(3):460-73. doi: 10.1089/ars.2013.5371

13. Yamamoto S, Kuramoto K, Wang N, Situ X, Priyadarshini M, Zhang W, et al.).
autophagy differentially regulates insulin production and insulin sensitivity. Cell Rep
(2018) 12,23(11):3286-99. doi: 10.1016/j.celrep.2018.05.032

14. Lee YH, Kim J, Park K, Lee MS. B-cell autophagy: Mechanism and role in b-cell
dysfunction. Mol Metab (2019) 275:592. doi: 10.1016/j.molmet.2019.06.014

15. Brown MR, Laouteouet D, Delobel M, Villard O, Broca C, Bertrand G, et al. The
nuclear receptor REV-ERBo is implicated in the alteration of B-cell autophagy and survival
under diabetogenic conditions. Cell Death Dis (2022) 13(4):353. doi: 10.1038/s41419-022-
04767-z

16. Wani WY, Boyer-Guittaut M, Dodson M, Chatham J, Darley-Usmar V, Zhang J.
Regulation of autophagy by protein post-translational modification. Lab Invest. (2015)
95(1):14-25. doi: 10.1038/labinvest.2014.131

17. Muralidharan C, Conteh AM, Marasco MR, Crowder JJ, Kuipers J, de Boer P,
et al. Pancreatic beta cell autophagy is impaired in type 1 diabetes. Diabetologia (2021)
64(4):865. doi: 10.1007/s00125-021-05387-6

18. Riahi Y, Wikstrom JD, Bachar-Wikstrom E, Polin N, Zucker H, Lee MS, et al.
Autophagy is a major regulator of beta cell insulin homeostasis. Diabetologia (2016) 59
(7):1480-91. doi: 10.1007/s00125-016-3868-9

19. Bugliani M, Mossuto S, Grano F, Suleiman M, Marselli L, Boggi U, et al.
Modulation of autophagy influences the function and survival of human pancreatic
beta cells under endoplasmic reticulum stress conditions and in type 2 diabetes. Front
Endocrinol (Lausanne) (2019) 26,10:52. doi: 10.3389/fendo.2019.00052

20. Pasquier A, Vivot K, Erbs E, Spiegelhalter C, Zhang Z, Aubert V, et al.
Lysosomal degradation of newly formed insulin granules contributes to f cell failure
in diabetes. Nat Commun (2019) 25;10(1):3312. doi: 10.1038/s41467-019-11170-4

21. Wu Y, Hu Y, Haiyan Z, YunLin W, Xincong K, Dongbo L. Xiaokeping-induced
autophagy protects pancreatic B-cells against apoptosis under high glucose stress.
BioMed Pharmacother. (2018) 105:407-12. doi: 10.1016/j.biopha.2018.05.147

22. Zhang 'Y, Zhou XA, Liu C, Shen Q, Wu Y. Vitamin B6 ihibits high glucose-induced
islet B cell apoptosis by upregulating autophagy. Metabolites (2022) 12(11):1048.

23. Lee T, Yun S, Jeong JH, Jung TW. Asprosin impairs insulin secretion in response
to glucose and viability through TLR4/JNK-mediated inflammation. Mol Cell
Endocrinol (2019) 486:96. doi: 10.1016/j.mce.2019.03.001

24. Song Z,Ma ], LuY, Zhou C, Zhao T, Ai X, et al. The protective role of the MKP-
5-JNK/P38 pathway in glucolipotoxicity-induced islet B-cell dysfunction and apoptosis.
Exp Cell Res (2019) 382(1):111467. doi: 10.1016/j.yexcr.2019.06.012

25. Marasco MR, Conteh AM, Reissaus CA, Cupit J, Appleman EM, Mirmira RG,
et al. Interleukin-6 reduces B-cell oxidative stress by linking autophagy with the
antioxidant response. Diabetes (2018) 67(8):1576-88. doi: 10.2337/db17-1280

26. Press M, Jung T, Konig ], Grune T, H6hn A. Protein aggregates and proteostasis in
aging: Amylin and B-cell function. Mech Ageing Dev (2019) 177:46-54. doi: 10.1016/
jmad.2018.03.010

27. Bhowmick DC, Kudaibergenova Z, Burnett L, Jeremic AM. Molecular
mechanisms of amylin turnover, misfolding and toxicity in the pancreas. Molecules
(2022) 27(3):1021. doi: 10.3390/molecules27031021

28. Toledo M, Singh R. Complement C3 and autophagy keep the [ cell alive. Cell
Metab (2019) 29(1):4-6. doi: 10.1016/j.cmet.2018.12.010

29. Lee SH, Park SY, Choi CS. Insulin resistance: From mechanisms to therapeutic
strategies. Diabetes Metab ] (2022) 46(1):15. doi: 10.4093/dm;.2021.0280

30. Tino S, Mayanja BN, Mubiru MC, Eling E, Ddumba E, Kaleebu P, et al.
Prevalence and factors associated with overweight and obesity among patients with
type 2 diabetes mellitus in Uganda-a descriptive retrospective study. BMJ Open (2020)
10:11. doi: 10.1136/bmjopen-2020-039258

Frontiers in Endocrinology

14

10.3389/fendo.2023.1141516

31. Vladu M, Clenciu D, Efrem IC, Fortofoiu MC, Amzolini A, Micu ST, et al.
Insulin resistance and chronic kidney disease in patients with type 1 diabetes mellitus. J
Nutr Metab (2017) 2017:6425359. doi: 10.1155/2017/6425359

32. Ivanov VV, Buyko EE, Ufandeev AA, Nevskaya KI, Udut VV, Zima AP, et al.
Insulin resistance in experimental type 1 diabetes mellitus. Bull Exp Biol Med (2022)
172:6. doi: 10.1007/s10517-022-05458-7

33. Yang L, Li P, Fu S, Calay ES, Hotamisligil GS. Defective hepatic autophagy in
obesity promotes ER stress and causes insulin resistance. Cell Metab (2010) 11(6):467—
78. doi: 10.1016/j.cmet.2010.04.005

34. Frendo-Cumbo S, Jaldin-Fincati JR, Coyaud E, Laurent EMN, Townsend LK,
Tan JMJ, et al. Deficiency of the autophagy gene ATG16L1 induces insulin resistance
through KLHL9/KLHL13/CUL3-mediated IRS1 degradation. J Biol Chem (2019) 294
(44):16172. doi: 10.1074/jbc. RA119.009110

35. Frendo-Cumbo S, Tokarz VL, Bilan PJ, Brumell JH, Klip A. Communication
between autophagy and insulin action: At the crux of insulin action-insulin resistance?
Front Cell Dev Biol (2021) 9:708431. doi: 10.3389/fcell.2021.708431

36. Maejima Y, Isobe M, Sadoshima J. Regulation of autophagy by beclin 1 in the
heart. ] Mol Cell Cardiol (2016) 95:19-25. doi: 10.1016/j.yjmcc.2015.10.032

37. Zhang Z, Wang X, Yang L, Yang L, Ma H. Liraglutide ameliorates myocardial
damage in experimental diabetic rats by inhibiting pyroptosis via Sirtl/AMPK
signaling. Iran ] Basic Med Sci (2021) 24(10):1358-65. doi: 10.22038/
IJBMS.2021.56771.12677

38. Mao XB, You ZP, Wu C, Huang J. Potential suppression of the high glucose and
insulin-induced retinal neovascularization by sirtuin 3 in the human retinal endothelial
cells. Biochem Biophys Res Commun (2017) 482(2):341-5. doi: 10.1016/
j.bbrc.2016.11.065

39. Adornetto A, Gesualdo C, Lagana ML, Trotta MC, Rossi S, Russo R. Autophagy:
A novel pharmacological target in diabetic retinopathy. Front Pharmacol (2021)
12:695267. doi: 10.3389/fphar.2021.695267

40. Hou B, Qiang G, Zhao Y, Yang X, Chen X, Yan Y, et al. Salvianolic acid a
protects against diabetic nephropathy through ameliorating glomerular endothelial
dysfunction via inhibiting AGE-RAGE signaling. Cell Physiol Biochem (2017) 44
(6):2378-94. doi: 10.1159/000486154

41. Zhang Z, Tang S, Gui W, Lin X, Zheng F, Wu F, et al. Liver X receptor activation
induces podocyte injury via inhibiting autophagic activity. J Physiol Biochem (2020) 76
(2):317-28. doi: 10.1007/s13105-020-00737-1

42. Dusabimana T, Park EJ, Je J, Jeong K, Yun SP, Kim H]J, et al. Geniposide
improves diabetic nephropathy by enhancing ULK1-mediated autophagy and reducing
oxidative stress through AMPK activation. Int | Mol Sci (2021) 22(4):1651.
doi: 10.3390/ijms22041651

43. Han J, Zhong J, Wei W, Wang Y, Huang Y, Yang P, et al. Extracellular high-
mobility group box 1 acts as an innate immune mediator to enhance autoimmune
progression and diabetes onset in NOD mice. Diabetes (2008) 57(8):2118-27.
doi: 10.2337/db07-1499

44. Zhang$, ZhongJ, Yang P, Gong F, Wang CY. HMGBI, an innate alarmin, in the
pathogenesis of type 1 diabetes. Int J Clin Exp Pathol (2009) 3(1):24-38.

45. Zhao D, Wang Y, Tang K, Xu Y. Increased serum HMGBI related with HbAlc
in coronary artery disease with type 2 diabetes mellitus. Int J Cardiol (2013) 168
(2):1559-60. doi: 10.1016/j.ijcard.2012.12.073

46. Zhang], Chen L, Wang F, Zou Y, Li ], Luo J, et al. Extracellular HMGB1 exacerbates
autoimmune progression and recurrence of type 1 diabetes by impairing regulatory T cell
stability. Diabetologia (2020) 63(5):987-1001. doi: 10.1007/s00125-020-05105-8

47. Wang Y, Zhong ], Zhang X, Liu Z, Yang Y, Gong Q, et al. The role of HMGBI in
the pathogenesis of type 2 diabetes. ] Diabetes Res (2016) 2016:2543268. doi: 10.1155/
2016/2543268

48. Sack MN. Type 2 diabetes, mitochondrial biology and the heart. J Mol Cell
Cardiol (2009) 46:6:842-9. doi: 10.1016/j.yjmcc.2009.02.001

49. Wu YJ, Huang F, Lu CH, Wu XD, Zeng ZY. Hmgb1-mediated mitochondrial
autophagy is involved in myocardial ischemia/reperfusion injury in diabetic mice. J
Guangxi Med University. (2021) 38(04):655. doi: 10.16190/j.cnki.45-1211/r.2021.04.005

50. Liu SY, Liu Q, Peng QL, Zhang YQ, Wang JJ. Dihydromyricetin improves
cardiac insufficiency by inhibiting HMGBI in diabetic rats. ] South Med Univ (2022) 42
(05):641. doi: 10.12122/j.issn.1673-4254.2022.05.03

51. Mendonca HR, Carpi-Santos R, da.Costa.Calaza K, Blanco Martinez AM.
Neuroinflammation and oxidative stress act in concert to promote neurodegeneration in
the diabetic retina and optic nerve: galectin-3 participation. Neural Regener Res (2020) 15
(4):625-35. doi: 10.4103/1673-5374.266910

52. Gao F, Wang X, Yang R, Tian YX, Miao XY, Feng XJ, et al. HMGBI1/TLR4
mediates glomerular cell proliferation and extracellular matrix deposition in lupus
nephritis. Chin Pharmacol Bulletin (2021) 37(01):125-31. doi: 10.3969/j.issn.1001-
1978.2021.01.020

53. Ling JJ, Luan L, Yang F, Lu. Lu, Hong B. Effects of total flavonoids of pueraria
lobata on vascular endothelial growth factor and high mobility group protein Bl
signaling pathway in vitreous of streptozotocin induced diabetes retinopathy mice. Eval
Anal Drug Use Chin Hospitals (2020) 20(07):812. doi: 10.14009/j.issn.1672-
2124.2020.07.012

frontiersin.org


https://doi.org/10.3390/ijms19010110
https://doi.org/10.1007/s10654-017-0338-8
https://doi.org/10.1900/RDS.2015.12.110
https://doi.org/10.1900/RDS.2015.12.110
https://doi.org/10.1016/j.diabres.2011.03.019
https://doi.org/10.1016/s0304-3959(03)00160-x
https://doi.org/10.1155/2018/4020492
https://doi.org/10.1080/15548627.2020.1826690
https://doi.org/10.1089/ars.2013.5371
https://doi.org/10.1016/j.celrep.2018.05.032
https://doi.org/10.1016/j.molmet.2019.06.014
https://doi.org/10.1038/s41419-022-04767-z
https://doi.org/10.1038/s41419-022-04767-z
https://doi.org/10.1038/labinvest.2014.131
https://doi.org/10.1007/s00125-021-05387-6
https://doi.org/10.1007/s00125-016-3868-9
https://doi.org/10.3389/fendo.2019.00052
https://doi.org/10.1038/s41467-019-11170-4
https://doi.org/10.1016/j.biopha.2018.05.147
https://doi.org/10.1016/j.mce.2019.03.001
https://doi.org/10.1016/j.yexcr.2019.06.012
https://doi.org/10.2337/db17-1280
https://doi.org/10.1016/j.mad.2018.03.010
https://doi.org/10.1016/j.mad.2018.03.010
https://doi.org/10.3390/molecules27031021
https://doi.org/10.1016/j.cmet.2018.12.010
https://doi.org/10.4093/dmj.2021.0280
https://doi.org/10.1136/bmjopen-2020-039258
https://doi.org/10.1155/2017/6425359
https://doi.org/10.1007/s10517-022-05458-7
https://doi.org/10.1016/j.cmet.2010.04.005
https://doi.org/10.1074/jbc.RA119.009110
https://doi.org/10.3389/fcell.2021.708431
https://doi.org/10.1016/j.yjmcc.2015.10.032
https://doi.org/10.22038/IJBMS.2021.56771.12677
https://doi.org/10.22038/IJBMS.2021.56771.12677
https://doi.org/10.1016/j.bbrc.2016.11.065
https://doi.org/10.1016/j.bbrc.2016.11.065
https://doi.org/10.3389/fphar.2021.695267
https://doi.org/10.1159/000486154
https://doi.org/10.1007/s13105-020-00737-1
https://doi.org/10.3390/ijms22041651
https://doi.org/10.2337/db07-1499
https://doi.org/10.1016/j.ijcard.2012.12.073
https://doi.org/10.1007/s00125-020-05105-8
https://doi.org/10.1155/2016/2543268
https://doi.org/10.1155/2016/2543268
https://doi.org/10.1016/j.yjmcc.2009.02.001
https://doi.org/10.16190/j.cnki.45-1211/r.2021.04.005
https://doi.org/10.12122/j.issn.1673-4254.2022.05.03
https://doi.org/10.4103/1673-5374.266910
https://doi.org/10.3969/j.issn.1001-1978.2021.01.020
https://doi.org/10.3969/j.issn.1001-1978.2021.01.020
https://doi.org/10.14009/j.issn.1672-2124.2020.07.012
https://doi.org/10.14009/j.issn.1672-2124.2020.07.012
https://doi.org/10.3389/fendo.2023.1141516
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yang et al.

54. Jiang S, Chen XL. Expression of HMGBI1 and toll like receptor 9 in retinal tissue
of diabetes rats. New Prog Ophthalmol (2016) 02:101. doi: 10.13389/j.cnki.rao.
2016.0028

55. Wang Y, Zhang H, Chen Q, Jiao F, Shi C, Pei M, et al. TNF-0/HMGBI1
inflammation signalling pathway regulates pyroptosis during liver failure and acute
kidney injury. Cell Prolif (2020) 53(6):e12829. doi: 10.1111/cpr.12829

56. XueJ, Suarez JS, Minaai M, Li S, Gaudino G, Pass HI, et al. HMGBI as a therapeutic
target in disease. J Cell Physiol (2021) 236(5):3406-19. doi: 10.1002/jcp.30125

57. Zhang H, Zhang R, Chen J, Shi M, Li W, Zhang X. High mobility group Box1
inhibitor glycyrrhizic acid attenuates kidney injury in streptozotocin-induced diabetic
rats. Kidney Blood Press Res (2017) 42(5):894. doi: 10.1159/000485045

58. Zhao Z, Hu Z, Zeng R, Yao Y. HMGBI in kidney diseases. Life Sci (2020)
259:118203. doi: 10.1016/j.1£5.2020.118203

59. Du Y, Liu G, Zhao L, Yao R. Protective effect of miR-204 on doxorubicin-
induced cardiomyocyte injury via HMGB1. Oxid Med Cell Longev (2020)
2020:8819771. doi: 10.1155/2020/8819771

60. Hu C, Zhao L, Zhang F, Li L. Regulation of autophagy protects against liver
injury in liver surgery-induced ischaemia/reperfusion. J Cell Mol Med (2021) 25
(21):9905. doi: 10.1111/jcmm.16943

61. Jin ], GongJ, Zhao L, Zhang H, He Q, Jiang X. Inhibition of high mobility group
box 1 (HMGBI) attenuates podocyte apoptosis and epithelial-mesenchymal transition
by regulating autophagy flux. ] Diabetes (2019) 11(10):826. doi: 10.1111/1753-
0407.12914

62. Jeon YR, Roh H, Jung JH, Ahn HM, Lee JH, Yun CO, et al. Antifibrotic effects of
high-mobility group box 1 protein inhibitor (Glycyrrhizin) on keloid fibroblasts and
keloid spheroids through reduction of autophagy and induction of apoptosis. Int ] Mol
Sci (2019) 20(17):4134. doi: 10.3390/ijms20174134

63. Tang D, Kang R, Cheh CW, Livesey KM, Liang X, Schapiro NE, et al. HMGB1
release and redox regulates autophagy and apoptosis in cancer cells. Oncogene (2010)
29(38):5299-310. doi: 10.1038/0nc.2010.261

64. Thorburn J, Horita H, Redzic ], Hansen K, Frankel AE, Thorburn A. Autophagy
regulates selective HMGBI release in tumor cells that are destined to die. Cell Death
Differ (2009) 16(1):175-83. doi: 10.1038/cdd.2008.143

65. Shang ], Zhao F, Cao Y, Ping F, Wang W, Li Y. HMGBI1 mediates
lipopolysaccharide-induced macrophage autophagy and pyroptosis. BMC Mol Cell
Biol (2023) 24(1):2. doi: 10.1186/512860-023-00464-7

66. Zhu JR, Lu HD, Guo C, Fang WR, Zhao HD, Zhou JS, et al. Berberine attenuates
ischemia-reperfusion injury through inhibiting HMGBI release and NF-kB nuclear
translocation. Acta Pharmacol Sin (2018) 39(11):1706-15. doi: 10.1038/s41401-018-
0160-1

67. Nikoletopoulou V, Markaki M, Palikaras K, Tavernarakis N. Crosstalk between
apoptosis, necrosis and autophagy. Biochim Biophys Acta (2013) 1833(12):3448-59.
doi: 10.1016/j.bbamcr.2013.06.001

68. Verma N, Manna SK. Advanced glycation end products (AGE) potently induce
autophagy through activation of RAF protein kinase and nuclear factor kB (NF-xB).
Biol Chem (2016) 291(3):1481. doi: 10.1074/jbc.M115.667576

69. Kang R, Livesey KM, Zeh HJ, Loze MT, Tang D. HMGBI: A novel beclin 1-
binding protein active in autophagy. Autophagy (2010) 6:1209. doi: 10.4161/
auto.6.8.13651

70. Yao D, Brownlee M. Hyperglycemia-induced reactive oxygen species increase
expression of the receptor for advanced glycation end products (RAGE) and RAGE
ligands. Diabetes (2010) 59(1):249. doi: 10.2337/db09-0801

71. Hagiwara S, Iwasaka H, Koga H, Hasegawa A, Kudo K, Kusaka J, et al.
Stimulation of autophagy in the liver by lipopolysaccharide-induced systemic
inflammation in a rat model of diabetes mellitus. Biomed Res (2010) 31(5):263.
doi: 10.2220/biomedres.31.263

72. Andreas R, Jae-Hwi J, Perparim L, Udo U, Kuno L, Christian E, et al. Fasting
protects liver from ischemic injury through Sirtl-mediated downregulation of
circulating HMGB1 in mice. ] Hepatol (2014) 61(2):301-8. doi: 10.1016/
jjhep.2014.04.010

73. Chung H, Nam H, Nguyen-Phuong T, Jiyun J, Sung-Ji H, So-Won C, et al. The
blockade of cytoplasmic HMGB1 modulates the autophagy/apoptosis checkpoint in
stressed islet beta cells. Biochem Biophys Res Commun (2021) 534:1053. doi: 10.1016/
j.bbrc.2020.10.038

74. Chen C, Lu C, He D, Na N, Wu Y, Luo Z, et al. Inhibition of HMGBI alleviates
myocardial ischemia/reperfusion injury in diabetic mice via suppressing autophagy.
Microvasc Res (2021) 138:104204. doi: 10.1016/j.mvr.2021.104204

75. Wu HL, Dai W, Zhao M, Xin XF. Research progress of high mobility group
protein Bl in acute lung injury. J Clin Lung (2019) 24(12):2276-80. doi: 10.3969/
j.issn.1009-6663.2019.12.033

76. Zhu X, Messer JS, Wang Y, Lin F, Cham CM, Chang J, et al. Cytosolic HMGB1
controls the cellular autophagy/apoptosis checkpoint during inflammation. J Clin
Invest. (2015) 125:3. doi: 10.1172/JC176344

77. Al-Hakeim HK, Al-Kaabi QJ, Maes M. High mobility group box 1 and dickkopf-
related protein 1 as biomarkers of glucose toxicity, atherogenicity, and lower B cell
function in patients with type 2 diabetes mellitus. Growth factors (Chur Switzerland)
(2022) 40(5-6):240-53. doi: 10.1080/08977194.2022.2126317

Frontiers in Endocrinology

10.3389/fendo.2023.1141516

78. Zhang C, Hu J, Wang W, Sun Y, Sun K. HMGBI-induced aberrant autophagy
contributes to insulin resistance in granulosa cells in PCOS. FASEB ] (2020) 34
(7):9563-74. doi: 10.1096/1j.202000605RR

79. Montes VN, Subramanian S, Goodspeed L, Wang SA, Omer M, Bobik A, et al.
Anti-HMGBI antibody reduces weight gain in mice fed a high-fat diet. Nutr Diabetes
(2015) 5(6):e161. doi: 10.1038/nutd.2015.11

80. Wu H, Chen Z, Xie J, Kang LN, Wang L, Xu B. High mobility group box-1: A
missing link between diabetes and its complications. Mediators Inflamm (2016)
2016:3896147. doi: 10.1155/2016/3896147

81. Volz HC, Seidel C, Laohachewin D, Kaya Z, Muller O], Pleger ST, et al. HMGB1:
the missing link between diabetes mellitus and heart failure. Basic Res Cardiol (2010)
105:6. doi: 10.1007/s00395-010-0114-3

82. Matsui Y, Takagi H, Qu X, Maha A, Hideyuki S, Tomoichiro A, et al. Distinct
roles of autophagy in the heart during ischemia and reperfusion: roles of AMP-
activated protein kinase and beclin 1 in mediating autophagy. Circ Res Vol (2007) 100
(6):914. doi: 10.1161/01.RES.0000261924.76669.36

83. Diao H, Kang Z, Han F, Jiang W. Astilbin protects diabetic rat heart against
ischemia-reperfusion injury via blockade of HMGBI-dependent NF-kxB signaling
pathway. Food Chem Toxicol (2014) 63:104. doi: 10.1016/j.fct.2013.10.045

84. Yunjiao WFH, Lu C, Wu X, Zeng Z. HMGB1 mediates mitochondrial
autophagy and participates in myocardial ischemia/reperfusion injury in diabetic
mice. ] OF GUANGXI Med UNIVERSITY. (2021) 38:4.

85. Kaarniranta K, Heping X, Anu K. Mechanistical retinal drug targets and
challenges. Advanced Drug Deliv Rev (2018) 126(2018):177. doi: 10.1016/j.addr.2018.
04.016

86. Amato A, Catalani E, Dal MM, Cammalleri M, Di RI, Perrotta C, et al.
Autophagy-mediated neuroprotection induced by octreotide in an ex vivo model of
early diabetic retinopathy. Pharmacol Res (2018) 128:167. doi: 10.1016/j.phrs.2017.
09.022

87. Zhang W, Song ], Zhang Y, Ma Y, Yang ], He G, et al. Intermittent high glucose-
induced oxidative stress modulates retinal pigmented epithelial cell autophagy and
promotes cell survival via increased HMGB1. BMC Ophthalmol (2018) 18(1):192.
doi: 10.1186/s12886-018-0864-5

88. Morinaga Y, Yanagihara K, Nakamura S, Hasegawa H, Seki M, Izumikawan K,
et al. Legionella pneumophila induces cathepsin b-dependent necrotic cell death with
releasing high mobility group boxl in macrophages. Respir Res (2010) 11(1):158.
doi: 10.1186/1465-9921-11-158

89. Feng L, Liang L, Zhang S, Yang J, Yue Y, Zhang X. HMGB1 downregulation in
retinal pigment epithelial cells protects against diabetic retinopathy through the
autophagy-lysosome pathway. Autophagy (2022) 18(2):320. doi: 10.1080/
15548627.2021.1926655

90. Tao M, Zheng D, Liang X, Wu D, Hu K, Jin J, et al. Tripterygium glycoside
suppresses epithelial to mesenchymal transition of diabetic kidney disease podocytes by
targeting autophagy through the mTOR/Twistl pathway. Mol Med Rep (2021) 24
(2):592. doi: 10.3892/mmr.2021.12231

91. Andersson U, Tracey KJ. HMGBI is a therapeutic target for sterile inflammation
and infection. Annu Rev Immunol (2011) 29:139. doi: 10.1146/annurev-immunol-
030409-101323

92. Maroso M, Balosso S, Ravizza T, Liu J, Aronica E, Iyer AM, et al. Toll-like
receptor 4 and high-mobility group box-1 are involved in ictogenesis and can be
targeted to reduce seizures. Nat Med (2010) 16(4):413. doi: 10.1038/nm.2127

93. Guo X, Shi Y, Du P, Wang J, Han Y, Sun B, et al. HMGB1/TLR4 promotes
apoptosis and reduces autophagy of hippocampal neurons in diabetes combined with
OSA. Life Sci (2019) 239:117020. doi: 10.1016/j.1fs.2019.117020

94. Tsao CF, Huang WT, Liu TT, Wang PW, Liou CW, Lin TK, et al. Expression of
high-mobility group box protein 1 in diabetic foot atherogenesis. Genet Mol Res: GMR
(2015) 14(2):452. doi: 10.4238/2015.May.4.10

95. Zhang XQ, Dong WF, Zhang HC, Lu LP, Yan F. Effects of glycyrrhizin on
myocardial cell apoptosis and inflammatory response in diabetic rats. Adv Modern
biomed (2016) 16(33):6424. doi: 10.13241/j.cnki.pmb.2016.33.006

96. Somayajulu M, McClellan SA, Pitchaikannu A, Bessert D, Liu L, Steinle J, et al.
Effects of glycyrrhizin treatment on diabetic cornea. ] Ocul Pharmacol Ther (2020) 37
(1):12. doi: 10.1089/j0p.2020.0105

97. Liu L, Jiang Y, Steinle JJ. Glycyrrhizin protects the diabetic retina against
permeability, neuronal, and vascular damage through anti-inflammatory
mechanisms. J Clin Med (2019) 8(7):957. doi: 10.3390/jcm8070957

98. Liu L, Jiang Y, Steinle JJ. Epacl and glycyrrhizin both inhibit HMGB1 levels to
reduce diabetes-induced neuronal and vascular damage in the mouse retina. J Clin Med
(2019) 8(6):772. doi: 10.3390/jcm8060772

99. Thakur V, Nargis S, Gonzalez M, Pradhan S, Terreros D, Chattopadhyay M.
Role of glycyrrhizin in the reduction of inflammation in diabetic kidney disease.
Nephron (2017) 137(2):137. doi: 10.1159/000477820

100. Akutagawa K, Fujita T, Ouhara K, Takemura T, Tari M, Kajiya M, et al.
Glycyrrhizic acid suppresses inflflammation and reduces the increased glucose levels
induced by the combination of porphyromonas gulae and ligature placement in
diabetic model mice. Int Immunopharmacol (2019) 68:30. doi: 10.1016/
j.intimp.2018.12.045

frontiersin.org


https://doi.org/10.13389/j.cnki.rao.2016.0028
https://doi.org/10.13389/j.cnki.rao.2016.0028
https://doi.org/10.1111/cpr.12829
https://doi.org/10.1002/jcp.30125
https://doi.org/10.1159/000485045
https://doi.org/10.1016/j.lfs.2020.118203
https://doi.org/10.1155/2020/8819771
https://doi.org/10.1111/jcmm.16943
https://doi.org/10.1111/1753-0407.12914
https://doi.org/10.1111/1753-0407.12914
https://doi.org/10.3390/ijms20174134
https://doi.org/10.1038/onc.2010.261
https://doi.org/10.1038/cdd.2008.143
https://doi.org/10.1186/s12860-023-00464-7
https://doi.org/10.1038/s41401-018-0160-1
https://doi.org/10.1038/s41401-018-0160-1
https://doi.org/10.1016/j.bbamcr.2013.06.001
https://doi.org/10.1074/jbc.M115.667576
https://doi.org/10.4161/auto.6.8.13651
https://doi.org/10.4161/auto.6.8.13651
https://doi.org/10.2337/db09-0801
https://doi.org/10.2220/biomedres.31.263
https://doi.org/10.1016/j.jhep.2014.04.010
https://doi.org/10.1016/j.jhep.2014.04.010
https://doi.org/10.1016/j.bbrc.2020.10.038
https://doi.org/10.1016/j.bbrc.2020.10.038
https://doi.org/10.1016/j.mvr.2021.104204
https://doi.org/10.3969/j.issn.1009-6663.2019.12.033
https://doi.org/10.3969/j.issn.1009-6663.2019.12.033
https://doi.org/10.1172/JCI76344
https://doi.org/10.1080/08977194.2022.2126317
https://doi.org/10.1096/fj.202000605RR
https://doi.org/10.1038/nutd.2015.11
https://doi.org/10.1155/2016/3896147
https://doi.org/10.1007/s00395-010-0114-3
https://doi.org/10.1161/01.RES.0000261924.76669.36
https://doi.org/10.1016/j.fct.2013.10.045
https://doi.org/10.1016/j.addr.2018.04.016
https://doi.org/10.1016/j.addr.2018.04.016
https://doi.org/10.1016/j.phrs.2017.09.022
https://doi.org/10.1016/j.phrs.2017.09.022
https://doi.org/10.1186/s12886-018-0864-5
https://doi.org/10.1186/1465-9921-11-158
https://doi.org/10.1080/15548627.2021.1926655
https://doi.org/10.1080/15548627.2021.1926655
https://doi.org/10.3892/mmr.2021.12231
https://doi.org/10.1146/annurev-immunol-030409-101323
https://doi.org/10.1146/annurev-immunol-030409-101323
https://doi.org/10.1038/nm.2127
https://doi.org/10.1016/j.lfs.2019.117020
https://doi.org/10.4238/2015.May.4.10
https://doi.org/10.13241/j.cnki.pmb.2016.33.006
https://doi.org/10.1089/jop.2020.0105
https://doi.org/10.3390/jcm8070957
https://doi.org/10.3390/jcm8060772
https://doi.org/10.1159/000477820
https://doi.org/10.1016/ j.intimp.2018.12.045
https://doi.org/10.1016/ j.intimp.2018.12.045
https://doi.org/10.3389/fendo.2023.1141516
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yang et al.

101. MaX, Song M, Yan Y, Ren G, Hou J, Qin G, et al. Albiflorin alleviates cognitive
dysfunction in STZ-induced rats. Aging (2021) 13:18287. doi: 10.18632/aging.203274

102. Liu SY, Zhang YQ, Li Y, Ouyang J, Liu Y, Wang QB, et al. Dihydromyricetin
ameliorates the damaging effect ofhigh glucose on endothelial cells throughHMGB1/
NF-KB signal pathway. J Xiangnan Univ (2021) 23(4):13. doi: 10.16500/j.cnki.1673-
498x.2021.04.003

103. Sun T, Xu W, Wang J, Song J, Wang T, Wang S, et al. Paconol ameliorates
diabetic erectile dysfunction by inhibiting HMGB1/RAGE/NF-kB pathway. Andrology
(2022) 2(11):344-57. doi: 10.1111/andr.13203

104. Wang J, Wang L, Zhou J, Qin A, Chen Z. The protective effect of formononetin
on cognitive impairment in streptozotocin (STZ)-induced diabetic mice. BioMed
Pharmacother (2018) 106:1250-7. doi: 10.1016/j.biopha.2018.07.063

105. Liu ZZ, Weng HB, Zhang LJ, Pan LY, Sun W, Chen HX, et al. Bupleurum
polysaccharides ameliorated renal injury in diabetic mice associated with suppression
of HMGBI1-TLR4 signaling. Chin ] Nat Med (2019) 17(9):641. doi: 10.1016/S1875-5364
(19)30078-0

106. Zhang YY, Liu W, Li DK. Matrine attenuates high glucose-induced podocyte
damage by inhibiting HMGBI1-associated TLR4-NF-«B signaling. Int J Clin Exp Med
(2019) 12(7):8512-21.

107. Yang LM, Zhou L, Wang W, Wang XH, Wang J. Salidroside attenuates liver injury
in diabetes mice. Social Sci Electronic Publishing (2020). doi: 10.2139/ssrn.3546025

108. Huang LY, Yen IC, Tsai WC, Lee SY. Rhodiola crenulata suppresses high
glucose-induced matrix metalloproteinase expression and inflammatory responses by
inhibiting ROS-related HMGB1-TLR4 signaling in endothelial cells. Am J Chin Med
(2020) 48(1):91. doi: 10.1142/50192415X20500056

109. Sohn E, Kim J, Kim CS, Lee YM, Kim JS. Extract of polygonum cuspidatum
attenuates diabetic retinopathy by inhibiting the high-mobility group box-1 (HMGBI)
signaling pathway in streptozotocin-induced diabetic rats. Nutrients (2016) 8(3):140.
doi: 10.3390/nu8030140

110. Jiang L], Zhou XJ, Li X, Li YG, Cui W, Zhang WEF. Effect of yigitongluo formula
on HMGBI expression in diabetic peripheral neuropathy rats. Chin J Gerontol (2021)
41(08):1705. doi: 10.3969/].issn.1005-9202.2021.08.041

111. Han LH, Yuan X, Yang ZE, Shi YH, Wang C, Liu JP. Pueraria rhizoma drug can
regulate HMGB1/RAGE/NF-KB pathway to improve cognitive impairment in diabetic rats.
Pharmacol Clinic Chin Med (2020) 36(01):124. doi: 10.13412/j.cnki.zyyl.2020.01.017

112. Yu P, Li X, Zhou XJ, Zhang WEF, Jiang LJ, Liu H, et al. Evaluation on cardioprotective
effects of tongluo xiaoke formula on diabetic rats based on HMGB1/TLR4 pathway. J Shanghai
Univ Chin Med (2018) 32(03):76. doi: 10.16306/j.1008-861x.2018.03.016

113. Gong G, Xiang L, Yuan L, Hu L, Wu W, Cai L, et al. Protective effect of
glycyrrhizin, a direct HMGBI inhibitor, on focal cerebral ischemia/reperfusion-
induced inflammation, oxidative stress, and apoptosis in rats. PloS One (2014) 9(3):
€89450. doi: 10.1371/journal.pone.0089450

114. Zheng D, Ruan YT, Yin ZP, Zhang QF. A comparison of solubility, stability,
and bioavailability between astilbin and neoastilbin isolated from smilax glabra
rhizoma. Molecules (2020) 25:4728. doi: 10.3390/molecules25204728

115. Lin YC, Cheng HY, Huang TH, Huang HW, Lee YH, Peng WH. Analgesic and
anti-inflammatory activities of torenia concolor lindley var. formosana Yamazaki
betulin mice. Am J Chin Med (2009) 37:97. doi: 10.1142/5S0192415X09006606

116. Wu B, Lin J, Luo J, Han D, Fan M, Guo T, et al. Dihydromyricetin protects
against diabetic cardiomyopathy in streptozotocin-induced diabetic mice. BioMed Res
Int (2017) 2017:3764370. doi: 10.1155/2017/3764370

117. Henning R]. Type-2 diabetes mellitus and cardiovascular disease. Future
Cardiol (2018) 14:6. doi: 10.2217/fca-2018-0045

118. You Yu LW, Zhu Xu, Liu Y-F, Ma H-Y. Sodium ozagrel and atorvastatin for
type 2 diabetes patients with lacunar cerebral infarction. World ] Diabetes (2021) 12:12.
doi: 10.4239/wjd.v12.i12.2096

119. Ashrafi Jigheh Z, Ghorbani Haghjo A, Argani H, Roshangar L, Rashtchizadeh
N, Sanajou D, et al. Empagliflozin alleviates renal inflammation and oxidative stress in
streptozotocin-induced diabetic rats partly by repressing HMGB1-TLR4 receptor axis.
Iran ] Basic Med Sci (2019) 22:4. doi: 10.22038/ijbms.2019.31788.7651

120. Feng B, Yang F, Liu J, Sun Q, Meng R, Zhu D. Amelioration of diabetic kidney
injury with dapagliflozin is associated with suppressing renal HMGB1 expression and
restoring autophagy in obese mice. ] Diabetes Complicat (2023) 37:3. doi: 10.1016/
j.jdiacomp.2023.108409

121. Yagin T, Xinmiao X, Lihong Z, Liangyan L, Pingmei Y. Effect of sitagliptin
tablets combined with huangkui capsule on early diabetic nephropathy and its effect on
CysC, hcy and mALB. Chin Ar CHIVES OF Tr ADITIONAL Chin Med (2021) 39:11.
doi: 10.13193/j.issn.1673-7717.2021.11.060

122. Varshney R, Gupta S, Roy P. Cytoprotective effect of kaempferol against
palmitic acid-induced pancreatic beta-cell death through modulation of autophagy via

Frontiers in Endocrinology

16

10.3389/fendo.2023.1141516

AMPK/mTOR signaling pathway. Mol Cell Endocrinol (2017) 448:1-20. doi: 10.1016/
j-mce.2017.02.033

123. Li M, She J, Ma L, Ma L, Ma X, Zhai J. Berberine protects against palmitate
induced beta cell injury via promoting mitophagy. Genes Genomics (2022) 44:7.
doi: 10.1007/513258-022-01250-z

124. Feidantsis K, Mellidis K, Galatou E, Sinakos Z, Lazou A. Treatment with crocin
improves cardiac dysfunction by normalizing autophagy and inhibiting apoptosis in
STZ-induced diabetic cardiomyopathy. Nutr Metab Cardiovasc Dis (2018) 28:9.
doi: 10.1016/j.numecd.2018.06.005

125. Jing Y. T. M. G. W. M. C. Regulation mechanism of astragalus polysaccharides
on diabetic cardiomyopathy rats by AMPK-mTOR pathway. J Traditional Chin Med
Sci (2022) 17:7. doi: 10.3969/j.issn.1673-7202.2022.07.014

126. Yao Q, Ke ZQ, Guo S, Yang XS, Zhang FX, Liu XF, et al. Curcumin protects
against diabetic cardiomyopathy by promoting autophagy and alleviating apoptosis. |
Mol Cell Cardiol (2018) 124:26-34. doi: 10.1016/j.yjmcc.2018.10.004

127. Zhou H, Chen Y, Huang SW, Hu PF, Tang LJ. Regulation of autophagy by tea
polyphenols in diabetic cardiomyopathy. J Zhejiang Univ Sci B (2018) 19:5.
doi: 10.1631/jzus.B1700415

128. Dongming W, Chennian X, Yang L, Jian Y, Yong Y. Asiaticoside attenuates
myocardial injury in diabetic cardiomyopathy by enhancing autophagy through
Notch1/Hesl signaling. | Shanxi Med Univ (2022) 53:3. doi: 10.13753/j.issn.1007-
6611.2022.03.008

129. HU Pengfei LM, Ming YANG, Shuwei. HUANG. Zhigancao decoction
improves cardiac function in diabetic cardiomyopathy rats by regulating autophagy
and apoptosis balance. Zhejiang ITCWM (2020) 30:6.

130. Zhang S, Ni X, Li X. Anemarrhena saponin inhibits the synthesis of glomerular
mesangial matrix through AMPK-mTOR-ULKI1 pathway and activates autophagy in
the treatment of diabetes nephropathy. Modern J Integrated Traditional Chin Western
Med (2021) 11:1180-6.

131. YAN X, Lang SHI, Jing CHEN, XUE Cu YY, Tang XIAO. Berberine regulates
autophagy by regulating AMPK and PGCl-o. to alleviate podocyte injury under high
glucose environment. Chin J Diabetes (2021) 29:7.

132. Qi J, Xue Q, Kuang L, Xie L, Luo R, Nie X. Berberine alleviates cisplatin-
induced acute kidney injury by regulating mitophagy via PINK 1/Parkin pathway.
Transl Androl Urol (2020) 9:4. doi: 10.21037/tau-20-1129

133. Jiang Bo SQ, Xianmei Z, Ping X, Meng L, Kun L. Effects of jiawei jisheng shenqi
decoction on podocyte and the autophagy in STZ induced diabetic nephropathy rats.
Modernizat Traditional Chin Med Mat Medica-World Sci Technology (2021) 23:7.
doi: 10.11842/wst.20200831003

134. Lim SW, Jin L, Luo K, Jin J, Yang CW. Ginseng extract reduces tacrolimus-
induced oxidative stress by modulating autophagy in pancreatic beta cells. Lab Invest
(2017) 97:11. doi: 10.1038/labinvest.2017.75

135. Zhu Y, Qian X, Li J, Lin X, Luo J, Huang J, et al. Astragaloside-IV protects
H9C2(2-1) cardiomyocytes from high glucose-induced injury via miR-34a-mediated
autophagy pathway. Artif Cells Nanomed Biotechnol (2019) 47:1. doi: 10.1080/
21691401.2019.1687492

136. Song R, Zhao X, Cao R, Liang Y, Zhang DQ, Wang R. Irisin improves insulin
resistance by inhibiting autophagy through the PI3K/Akt pathway in H9c2 cells. Gene
(2021) 769:145209. doi: 10.1016/j.gene.2020.145209

137. Feng W. B. Z. L. G. Icariin ameliorate diabetic myocardial hypertrophy by
inhibiting autophagy via the AMPK/mTOR pathway. ] Hainan Med Univ (2021) 27:20.
doi: 10.13210/j.cnki.jhmu.20210430.003

138. Zhe Xu KZ, Li Z-j. Cordyceps sinensis inhibits autophagy through AMPK/
mTOR signaling pathway in rat renal tubular cell model. China ] Modern Med (2018)
28:3. doi: 10.3969/j.issn.1005-8982.2018.03.001

139. Caigu H, Changhui Q, Yumei H, Yi-yan JIANG, Xue-hua ZHENG, Bi-zhen
GAO. Protective effect of yunv decoction on pancreas islets of GK rats based on mTOR
signaling pathway. CJTCMP (2020) 35:11.

140. Shao N, Yu XY, Ma XF, Lin WJ, Hao M, Kuang HY. Exenatide delays the
progression of nonalcoholic fatty liver disease in C57BL/6 mice, which may involve
inhibition of the NLRP3 inflammasome through the mitophagy pathway. Gastroenterol
Res Pract (2018) 2018:1864307. doi: 10.1155/2018/1864307

141. Mizuno M, Kuno A, Yano T, Miki T, Oshima H, Sato T, et al. Empagliflozin
normalizes the size and number of mitochondria and prevents reduction in
mitochondrial size after myocardial infarction in diabetic hearts. Physiol Rep (2018)
6:12. doi: 10.14814/phy2.13741

142. GuY, Ma C-T, Gu H-L, Shi L, Tian X-T, Xu W-Q. Sitagliptin improves cardiac
function after myocardial infarction through activation of autophagy in streptozotocin-
induced diabetic mice. Eur Rev Med Pharmacol Sci (2018) 22:24. doi: 10.26355/
eurrev_201812_16668

frontiersin.org


https://doi.org/10.18632/aging.203274
https://doi.org/10.16500/j.cnki.1673-498x.2021.04.003
https://doi.org/10.16500/j.cnki.1673-498x.2021.04.003
https://doi.org/10.1111/andr.13203
https://doi.org/10.1016/j.biopha.2018.07.063
https://doi.org/10.1016/S1875-5364(19)30078-0
https://doi.org/10.1016/S1875-5364(19)30078-0
https://doi.org/10.2139/ssrn.3546025
https://doi.org/10.1142/S0192415X20500056
https://doi.org/10.3390/nu8030140
https://doi.org/10.3969/j.issn.1005-9202.2021.08.041
https://doi.org/10.13412/j.cnki.zyyl.2020.01.017
https://doi.org/10.16306/j.1008-861x.2018.03.016
https://doi.org/10.1371/journal.pone.0089450
https://doi.org/10.3390/molecules25204728
https://doi.org/10.1142/S0192415X09006606
https://doi.org/10.1155/2017/3764370
https://doi.org/10.2217/fca-2018-0045
https://doi.org/10.4239/wjd.v12.i12.2096
https://doi.org/10.22038/ijbms.2019.31788.7651
https://doi.org/10.1016/j.jdiacomp.2023.108409
https://doi.org/10.1016/j.jdiacomp.2023.108409
https://doi.org/10.13193/j.issn.1673-7717.2021.11.060
https://doi.org/10.1016/j.mce.2017.02.033
https://doi.org/10.1016/j.mce.2017.02.033
https://doi.org/10.1007/s13258-022-01250-z
https://doi.org/10.1016/j.numecd.2018.06.005
https://doi.org/10.3969/j.issn.1673-7202.2022.07.014
https://doi.org/10.1016/j.yjmcc.2018.10.004
https://doi.org/10.1631/jzus.B1700415
https://doi.org/10.13753/j.issn.1007-6611.2022.03.008
https://doi.org/10.13753/j.issn.1007-6611.2022.03.008
https://doi.org/10.21037/tau-20-1129
https://doi.org/10.11842/wst.20200831003
https://doi.org/10.1038/labinvest.2017.75
https://doi.org/10.1080/21691401.2019.1687492
https://doi.org/10.1080/21691401.2019.1687492
https://doi.org/10.1016/j.gene.2020.145209
https://doi.org/10.13210/j.cnki.jhmu.20210430.003
https://doi.org/10.3969/j.issn.1005-8982.2018.03.001
https://doi.org/10.1155/2018/1864307
https://doi.org/10.14814/phy2.13741
https://doi.org/10.26355/eurrev_201812_16668
https://doi.org/10.26355/eurrev_201812_16668
https://doi.org/10.3389/fendo.2023.1141516
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The relationship between HMGB1 and autophagy in the pathogenesis of diabetes and its complications
	1 Introduction
	2 Autophagy, diabetes and diabetic complications
	2.1 Autophagy and diabetes
	2.2 Autophagy and insulin resistance
	2.3 Autophagy and diabetic complications

	3 HMGB1, diabetes and diabetic complication
	3.1 HMGB1 and diabetes
	3.2 HMGB1 regulates autophagy
	3.3 Autophagy regulates HMGB1

	4 Relationship between HMGB1, autophagy and diabetes
	4.1 Diabetes and insulin resistance
	4.2 Diabetic complication
	4.2.1 Diabetic cardiomyopathy
	4.2.2 Diabetic retinopathy
	4.2.3 Diabetic nephropathy
	4.2.4 Diabetic neuropathy
	4.2.5 Diabetic foot disease


	5 Regulating HMGB1 to treat diabetes
	5.1 The active ingredients or extracts of TCM
	5.2 TCM formulas
	5.3 The impact of chemical medicines on the treatment of diabetes by regulating HMGB1

	6 The treatment of diabetes through the regulation of autophagy
	6.1 Promoting autophagy with Chinese herbal monomers and formulas
	6.2 Inhibiting autophagy with TCM monomers and formulations
	6.3 The impact of new hypoglycemic medications on autophagy

	7 Summary
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


