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Abstract

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus is the most important emerging pathogen since it
was discovered in late 2019, infecting millions of people worldwide. The human body's defence against this new viral
respiratory infection depends on the immune response of each person with a crucial impact on the appearance of clinical
signs. Therefore, it is important to identify endogenous molecules with a fundamental role in severe pulmonary inflammation
associated with SARS-CoV-2 infection. The impact of high mobility group proteins (HMGBS) in the pathogenesis of
coronavirus disease 2019 (COVID-19) was recently proposed. There is also recent evidence that HMGBs, particularly
HMGB1-2, play important roles in the replication of viral genomes. Moreover, HMGB1-4 proteins appear to be associated
with inflammatory processes in the pathogenesis of many other viral diseases and disorders, including lung disease, ischemia-
reperfusion-injury, sepsis, coagulopathy, trauma, neurological disorders, and cancer. This article presents the possible roles of
HMGBL1 in SARS-CoV-2 replication and its involvement in the pathogenesis of clinical severe pulmonary manifestations;
these data can be useful in further virologic studies and the finding of new potential therapeutic targets in COVID-19.

Rezumat

Virusul SARS-CoV-2 este cel mai important agent patogen emergent din momentul aparitiei sale la sfargitul anului 2019,
infectand milioane de oameni din intreaga lume. Apararea organismului uman impotriva acestei noi infectii respiratorii virale
depinde de rdspunsul imun al fiecarei persoane, cu un impact major asupra dezvoltarii semnelor clinice. Prin urmare, este
importanta identificarea moleculelor endogene cu rol fundamental in inflamatia pulmonara severd asociata infectiei cu
SARS-CoV-2. Impactul proteinelor de grup cu mobilitate ridicatd (HMGB) in patogeneza bolii COVID-19 a fost descris
recent. Existd, de asemenea, dovezi ca proteinele HMGB, Tn special HMGB1-2, joaca un rol important in replicarea
genomului viral. Tn plus, proteinele HMGB1-4 par a fi asociate cu procesele inflamatorii din alte boli virale, inclusiv
afectiuni pulmonare, leziuni ischemice, sepsis, coagulopatie, traume, tulburari neurologice si cancer. Acest articol prezinta
rolurile posibile ale HMGBL1 in replicarea SARS-CoV-2 si implicarea sa in patogeneza manifestarilor pulmonare severe;
aceste date pot fi utile Tn alte studii de virusologie pentru identificarea unor noi tinte terapeutice in infectia cu SARS-CoV-2.

Keywords: HMGB1, Influenza, SARS-CoV-2, replication, severe pulmonary inflammation, pathogenesis, potential
therapeutic target, COVID-19

Introduction factors associated with their DNA binding domains
due to the ability of HMGBs to bend DNA strand and

High mobility group proteins (HMGBs) are a group of coordinate the assembly of enhanceosomes. These

architectural proteins that can facilitate transcription
621



FARMACIA, 2021, Vol. 69, 4

proteins can bind to the RNA polymerase Il pre-
treatment complex. HMGBs are classified as follows:
HMGB1, HMGB 2/3, HMGB4 and HMGBS [43]. The
cells infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) may show diverse
membrane organizations, with a particular grid of
similar endoplasmic reticulum (ER)-derived membranes
[21, 42]. The 5' two-thirds of the genome size (26 -
32 kb) encodes polyprotein precursors to be processed
into necessary subunits [110] that can be localized
into the viral membrane structures of the SARS corona-
viruses [41]. Their membranes are nestled and have
resistance against RNase that attack together with
proteases (sensitive to detergents); therefore, it functions
as a protective layer for genomic materials. RNA
synthesis can occur in adjacent intricate membrane
structures and interconnected with double-membrane
vesicles, which connect other spaces or compartments
to the cytosol [9, 11]. These double-membrane vesicles
appear in the maturation stage when the membrane
rearrangements occur through membrane fusion [41].

The SARS-CoV genome comprises 6-11 open reading
frames (ORFs) with 5 " and 3 ’ spin untranslated

HMGBI-SARS CoV-2 RNA

regions [10, 12]. There are insignificant differences
in ORF and non-structural proteins (NSPs) in the
sequence variation between SARS-CoV-2 and its
previous variant, SARS-CoV. SARS-CoV NSPs include
papain-like proteases (PLP™ or NSP3), 3 chymotrypsin-
like proteases (also called primary proteases or 3
chymotrypsin-like proteases (3CLP©)/NSP5), RNA-
dependent RNA polymerase (RdRp or NSP12), helicase
(NSP13), and other required for virus replication and
transcription. The structure of the S-glycoprotein of
the SARS-CoV-2 is similar to that of the SARS-CoV,
with a slight deviation (3.8 A) [44]. SARS-CoV-2
uses the human lower respiratory tract angiotensin-
converting enzyme 2 (ACE2) conversion enzyme
receptor to enter host cells [10-12]. High mobility
group box 1 (HMGBL, formerly known as HMG, an
amphotericin encoded by the HMGBL1 gene in humans),
a predominantly nuclear pleiotropic protein that is
important for the innate immune response. Recently,
it has been shown that, in addition to ACE2, HMGB1
can bind to SARS-CoV-2 RNA, bring it into the
cytoplasm with the receptor for advanced glycation
end products (RAGE) - lysosomal pathway. (Figure 1).
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Figure 1.

High mobility group box 1 (HMGB?1) triggering receptor for advanced glycation end products (RAGE)-lysosomal
pathway, leading to release inflammatory cytokines which are responsible for cytokines storm syndrome that
associated with SARS-CoV-2 infections
DAMP: damage-associated molecular pattern; PAMPs: pathogen-associated molecular patterns; SARS-CoV-2: severe acute
respiratory syndrome coronavirus 2; TLR-4: Toll like receptor-4

Thus, it might be an additional pathway, apart from
the ACE2 receptors, enabling intracellular virus
dissemination [73]. SARS-CoV-2 has been identified
not only in the lungs but also in other organs such as
the intestines, eyes, brain, blood system and liver
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[86]. Genomic replication and transcription of many
RNA viruses occur in the cytosol. To do this, they
organize their genome into organ-like niches to protect
them from harmful host factors [15]. Recent studies
have demonstrated the ability of HMGB1 to bind to
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RNA transcripts, especially in exons and in the 5 °/ 3’
UTR region which act as a binding regulator [79].
The HMGBs, especially HMGB1 might be able to
attach to the viral mobile genetic material (RNA)
and carry it to cytosol, then circulated through the
bloodstream, resulting in the dissemination to many
other cells and tissues of the Coronavirus disease 2019
(COVID-19) patients, thereby, making a possibility
of replication of this deadly virus outside the lung
epithelial cells [8]. In this up-to-date review, we
conducted literature research on the PubMed database
using the following keywords: “SARS-CoV-2” or
“COVID-19” or “HMGBI1” or “pathogenesis” or “severe
pulmonary inflammation” or “endogenous pro-
inflammatory mediators” in order to identify relevant
papers regarding the possible therapies for treating
acute lung inflammations in COVID-19 or in other
viral lung injuries. Therefore, this review sketches a
scenario on the possible role of HMGBL1 in SARS-
CoV-2 replication and the pathogenesis of other
human diseases.

The HMGBs proteins as endogenous pro-
inflammatory mediators: a brief overview

The HMGB protein family includes HMGB1-HMGB6
chromosomal proteins [7, 13]. The basic difference
among the different HMGBs has been shown in
Figure 2. HMGB1 and HMGB2 have > 80% amino
acid sequence identity with a common organization,
characterized by two tandem HMG boxes A and B
followed by an acidic C-terminal peptide. HMGB2
plays important roles in the regulation of fertility,
osteoarthritis, neuronal degeneration and ageing [57].
HMGBs are known for their DNA-binding capacity [81]
and play a crucial role in many types of carcinogenesis.

Genetic material
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Figure 2.

Basic differences among the HMGBs

Among the HMGBs, HMGBL senses and coordinates
cellular stress responses and plays an important role
both inside (e.g., DNA chaperone, chromosome stability,
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autophagy, inhibition of apoptotic cell death) and
outside the cell (e.g., prototypic damage-associated
molecular pattern (DAMP)). The DAMP with other
factors (e.g., cytokines, chemokines and growth factors)
exerts inflammatory and immune responses [35].
Thus, HMGBL1 induces critical molecular signals in
many human diseases, including infectious diseases,
ischemia, immune disorders, neurodegenerative diseases
(e.g., traumatic brain injury, epileptic seizures, multiple
sclerosis, Alzheimer's and Parkinson diseases), metabolic
disorders, and cancers [69, 105].

To date, diverse strategies have been employed to
inhibit HMGBL1 intervention, release, and activity.
Strategies include antibodies, peptide inhibitors, RNA
inhibitors, anti-coagulants, endogenous hormones,
chemical compounds, HMGB1-receptor and signalling
pathway inhibitors, artificial DNAs, and physical
strategies (e.g., vagus nerve stimulation, surgical
approaches) (Table 1) [35]. HMGBL passively leaks
out from cells during necrosis and triggers
inflammation [74], or is secreted from the nucleus
of certain cells such as monocytes and macrophages
to serve as a pro-inflammatory cytokine [62].
Recently, HMGB1 has been shown to be one of the
most important inflammatory mediators in pneumonia
and sepsis. As a mediator, HMGBL1 is released in two
ways: passively through necrotic cells and actively
through monocytes and macrophages-mediated by
pro-inflammatory cytokines interleukin-1beta (IL-
1B) and necrotized tumour factor-alpha (TNF-a) [77].
Very recent studies have shown an increased amount
of HMGB1 in the bronchopulmonary lavage of patients
with severe pneumonia and sepsis, its behaviour being
similar to a mediator with late action. HMGBL is
known to induce pro-inflammatory response beside
its function as a transcription regulator. This protein
is secreted extracellularly from stressed, necrotic and
damaged cells during bacterial and viral infections.
It stimulates downstream signalling pathways through
binding with toll-like receptors (TLR) 2, 4 and 9 and
by binding with the receptor for advanced glycation
end products (RAGE) that lead to the inflammatory
response [16]. HMGBL1 is a multifunctional redox-
sensitive box protein with diverse function in different
types of cells (Figure 3).

HGMB1 and HGMB2 can associate with viral nucleo-
proteins (NPs) in infected cell nuclei, enhancing viral
polymerase activity and thus viral growth, encouraging
the use of the HGMB1 antagonists as a therapeutic
target that treats influenza virus infections and other
inflammatory diseases. The ability of HGMBL1 to
bind to the RNA of other cytosol-replicating viruses
is still unclear. However, HGMBL1 is released from
RNA-infected cells, such as hepatitis C and Dengue
viruses [60]. It is an abundant and ubiquitous protein,
while HMGB2 (formerly known as HMG2) is mainly
expressed in the lymphoid organs and testis. In the
nucleus, HMGB1 acts as a DNA chaperone and is
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involved in DNA replication, transcription, chromatin
remodelling, V(D)J recombination, and contributes
to DNA repair and genomic stability processes. It has
been considered a universal nucleic acid biosensor
due to its obvious role in stimulating host inflammatory
responses to unnecessary infectious beacons, thus
playing an important role in coordinating and
integrating both innate and adaptive immune
responses. Also, it acts as a cytosolic sensor and/or
chaperone towards any immunogenic nucleic acids
through activation of TLR-9-mediated immune
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responses, and mediates autophagy. HMGB1
interacts with Bcl-1 and regulates autophagy in the
cytosol [84], while synuclein-alpha (SNCA)
inhibits HMGB1-induced autophagy in the nucleus
and cytosol [80]. However, it is also known for its
activity like a damage-associated molecular pattern
(DAMP) component, which exaggerates immune
stimulations at the time of tissue injury [5]. DAMPs
are engaged in the pathway of both autophagy and
neutrophil extracellular traps (NETosis) [54].
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HMGBL activity is maintained by nuclear and cytosolic
environments and HMGB binds to RAGE. The complex
HMBG1-RAGE interaction can trigger neutrophil-
mediated lesions or inflammation leading to subsequent
necrosis. Recently, the study reported that HMGB1
endocytosis is mediated by RAGE in the endosomal
compartment [29]. HMGB1-RAGE is not only an
important pathway controlled by autophagy, but also
increases the activation of macrophages in the paracrine
loop in mice with genetic deficiencies of atg7 auto-
phagy (related to autophagy7) [37]. HMGB proteins
can associate with NP molecules of RNA viruses.
HMGB1 and HMGB2 were found to bind exactly to
purify NP in the absence of viral RNA. HMGBL1 has
been found to play a key role in viral growth and
replicase activity. Glycyrrhizin reduces the ability of
HMGBL to bind to nucleic acids, thereby inhibiting
viral polymerase activity [36], including SARS-CoV-2
[43]. HMGB1 can be used as a biomarker, so a
therapeutic target during respiratory viral infections
(e.g., influenza A and B viruses, respiratory syncytial
virus and human rhinoviruses) [65, 68]. The extra-
cellular alarming signals of HMGB1 protein have
been illustrated in Figure 4.

HMGB3 (previously HMG2a; HMG 2a [HMG-4]), an
X-linked box protein with diverse activities in many
cell types, is confined to the nucleus, chromosomes,
and the cytoplasm. Mostly it is found in embryonic
cells rather than in adult tissues [89]. Downregulation
of this protein may result in an imbalance between
self-renewal and differentiation of hematopoietic
stem cells eventually reducing DNA flexibility that
may activate gene promoters [88]. It is also evident
to cause leukaemogenesis [51]. HMGB3-NPU98 fusion
protein has been newly identified as an oncogene in
leukaemia [70]. Overexpression of this protein is
associated with progression and poor prognosis of
many solid tumours, including breast, gastric and non-
small cell lung cancers [109].

HMGBA4 (21 kDa), lacking an acidic tail, is abundantly
found in germ cells and poorly in the brain. It is
encoded by an intron less gene, acts as a repressor
of transcription process [13] with a potential role in
tumorigenesis. Overexpression of this box protein
results in breast cancer cell proliferation [92]. To
date, the biological functions of HMGB4, HMGB5
and HMGBG6 remain largely unknown.

SARS-CoV-2 viral replication, HMGBL1, various
inflammatory diseases and potential inhibitors
of HMGBL1: connecting the dots

SARS-CoV-2 replication

The binding efficiency of SARS-CoV-2 spike (S)
protein to the ACE2 receptor is 10 - 20 folds higher
than the SARS-CoV [66, 94]. S glycoprotein has two
subunits S1 and S2, the first one determines the virus-
host range and cellular tropism through the receptor-

625

binding domain (RBD), while the latter subunit
promotes virus-cell membrane fusion by heptad repeats
1 (HR)-1 and -2 tandem domains [4, 50]. However,
the S protein can be also triggered by the cellular
transmembrane serine protease (TMPRSS) 2 and 4
[27]. SARS-CoV-2 genome (also called replicase-
transcriptase proteins) contains ~ 30,000 nucleotides
which encode both structural proteins and NSPs that
play important functions in viral RNA synthesis [30].
At least one niche-specific protein (e.g., NSP2) and
one structural protein (e.g., nucleocapsid protein
(N) are associated with its RNA synthesis [85]. The
replicase-transcriptase proteins encoded in ORFla
and ORF1b are synthesized originally as large poly-
proteins, ppla and pplab [33, 87].

The synthesis of pplab comprises programmed
ribosomal frame shifting during translation of ORF1la.
The polyproteins ppla and pplb are cleaved by the
virus-encoded proteinases with PLP® and main protease
3CLP™ leading to form 16 NSPs proteins. NSP1 -
NSP11 and NSP12 - NSP16 are encoded in ORFla
and ORF1b, respectively [6]. Almost all types of
proteins, including replicase-transcriptase and cellular
proteins are then assembled into the replication-
transcription complexes (RTC) and accumulate at
the perinuclear regions associated with the double-
membrane vesicles (DMV). The enzyme replicase
helps replicate the viral RNA protein. S, envelope
(E) and membrane (M) proteins are translated into
ER-bound rough ribosomes, both S and M proteins
undergo post-translation glycosylation in the ER-
Golgi compartments. Structural proteins are assembled
on the ER surface, while nucleocapsides (N) have
been assembled from genomic RNA into the cytosol.
The virion precursors are then transferred to the Golgi
apparatus using small vesicles, the NSPs. NSP3, NSP4
and NSP6 containing hydrophobic transmembrane
domains provide an attachment of ppla/pplab birth
(polyproteins) to membranes in the first stage of the
RTC arrangement. Eventually, through exocytosis,
the vesicles fuse with the cell plasma membrane and
release mature viruses. The descending viruses then
attack new cells and re-execute the global viral cell
cycle [22, 36] (Figure 5).

Potential roles of HMGBL1 in SARS-CoV-2 replication
HMGB1 is a DNA-binding protein encoded by the
HMGBL1 gene in humans. Under stress, HMGBL1 is
translocated into the cytosol and then excreted from
the cells to function as an alarm. HMGBL is reported
to induce apoptosis of SARS-CoV-2-infected cells
and promote SARS-CoV-2 replication by unknown
mechanisms after entry [51]. However, it has been
found to promote hepatitis C virus (HCV) replication
rather than translation. Box A in the HMGB1 domain
interacts with stem loop 4 (SL4) of the HCV 5 ' un-
translated region and deleting the A-box region
repeals HMGBL's improved replication [29]. Other
studies have confirmed the ability to bind HMGB1
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to the NP influenza virus and promote RNA viral
polymerase activity [60].

HMGBL is a type of impaired derivative model (DAMP)
that is released during active viral infections and
induces an innate immune response via the RAGE-
TLR4 pathway. Elevated serum HMGB1 levels have
been observed in patients infected with influenza A
and B viruses, respiratory syncytial virus and rhino-
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viruses, and also under Eritoran treatments (TLR4
antagonist), leading to a significant decrease in serum
HMGBL levels [44]. The strong bipolar load of HMGB1
helps to bind it to a wide variety of substances,
including genetic materials, histones, nucleosomes,
lipopolysaccharides (LPS), stromal cell-derived factor
1 (SDF-1), IL-10 and IL-1p, and viral RNA.
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Figure 5.
SARS-CoV-2 entry and replication cycle in human’s cells
ppla: polyprotein 1a; pplb: polyprotein 1b; ORF: open reading frame; SARS-CoV-2: severe acute respiratory syndrome
coronavirus 2; ER: endoplasmic reticulum; RTC: replication-transcription complexes; ACE: angiotensin-converting enzyme;
RBD: receptor-binding domain

The HMGB1-plasmid DNA complex has been reported
to be taken up by a variety of mammalian cell
cultures without arising toxicity [3]. Also, HMGB1
interacts with Recombination Activating (RAG)-1
and -2 which promotes V(D)J recombination thus
explaining HMGBL1 role in regulating the acquired
immune responses [52]. HMGB1-Ets, HMGB1-GR,
HMGB1-Estrogen receptor, HMGB1-Dof2, HMGB1-
p53, HMGB1-p73, HMGB1-upstream stimulatory
factor 1, and HMGB1-SP100 nuclear bodies’ complexes
regulate transcription activities in the nucleus [1, 19,
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43,58, 71, 75, 76, 82]. Furthermore, HMGBL interacts
with viral ribo-NP and promotes viral replication in
the nucleus [59].

HMGB1 and the molecular pathways involved in
COVID-19 and other diseases

HMGBL1 has been noticed to stimulate the release of
IL-1, IL2, IL6, IL8 and 1L12, C-X-C motif chemokine
(CXCL) 10 and 12 [20, 46]. Interestingly, most of
these cytokines/chemokines have been reported in
COVID-19 patients.
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HMGBL is released by virally infected necrotic cells
or actively secreted by macrophages and natural killer
(NK) cells, which leads to an upward regulation of
interleukin 1 beta (IL-1p) in the cellular inflammasome.
This triggers innate immune sensors such as TLR4
and the pathways of nuclear factor kappa B (NF-xB)
during the development of macrophage activation
syndrome [65]. HMGB1 interacts with PU1 and
regulates IL-1p expression [66]. It also interacts with
isogenic AT1 and Htt to regulate genotoxic stress in
the nucleus [67]. IL-6 and interferon-gamma (IFN-
v) have been detected in high levels in patients with
COVID-19 and are the hallmarks of cytokine
release syndrome (CRS) [68].

Severe infection with SARS-CoV-2 may increase
the level of IFN-y produced by NK, a cause of
haemophagocytic lymphohistiocytosis (HLH) disease
[69, 70]. IL-6 can lead to severe CRS by promoting
vascular dysfunction through vascular leakage [68].
On the other hand, IL-1B released through tissue
and tumour necrosis factor (TNF) by cells infected
with SARS-CoV-2 can increase hyaluronan (HA)
synthase 2 levels, thus increasing HA production [71].
It can accumulate in the lungs of Covid-19 patients
with acute respiratory distress syndrome (ARDS)
[26]. Chest radiographic reports of patients with
severe COVID-19 have shown that the opacity of
ground glass can be considered pathognomonic for
SARS-CoV-2 infections [14, 86].
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Interactions of HMGBs with the immunogenic genetic materials and subsequent responses
TLRs: Toll-like receptors; AIM2: Interferon-inducible protein 2; DAI: Z-nucleic acid binding protein; RIG-1: Retinoic acid-
inducible gene I; MDAS: Melanoma differentiation-associated protein 5; STING: Stimulator of interferon genes;
IF116: Interferon gamma inducible protein 16; DDX41: DEAD-box helicase 41; IRFs: Interferon regulatory factors;
NF-kB: Nuclear factor kappa B; IFNs: Interferons

The underlying mechanisms of HMGB1 remain un-
clear for SARS-CoV-2. In patients with COVID-
19, pro-inflammatory cytokines (IL-1, IL-6, TNF-a
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and IFN-y) may promote the secretion of HMGBI
from innate immune cells [72]. In addition,
macrophages and alveolar endothelial cells have
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passively released HMGB1 when infected with the
virus. Upon release, HMGB1 can initiate a process of
lung inflammation, including degradation of the
epithelial barrier, infiltration of neutrophils, lung
damage along with oedema, and eventually causing
respiratory failure and even death [15].

HMGB1 can inhibit phagocytosis of apoptotic cells,
for the benefit of virus survival. Elevated serum levels
of this protein have been shown to be associated
with many inflammatory events, including sepsis,
rheumatoid arthritis, atherosclerosis, chronic kidney
disease, systemic lupus erythematosus, and diseases
associated with cell death and damage (e.g., diabetes,
Alzheimer's disease) [74]. Moreover, during chemo-
therapy, it may influence the remaining cancer cells
to grow and metastasize in an advanced glycosylation
end-product specific receptor (AGER)/RAGE-dependent
manner. Interactions of HMGBs with immunogenic
genetic materials and subsequent responses have
been shown in Figure 6.
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HMGBL has also been found to be released by some
virus-infected cells (e.g., Dengue virus, hepatitis C
virus, human immunodeficiency virus) [75-77].
Bacterial and viral infections increase in our body [78],
leading to excessive secretion of pro-inflammatory
cytokines (e.g., IL-1, IL-1B, IFN-y, TNF-a) [79, 80].

HMGB1 and/or HMGB2 and HMGB3 may contribute
to the stimulation of innate RNA-dependent immune
responses [81]. Its accumulation has significantly
increased hyperoxia in patients with severe inflammatory
lung damage and has been shown to cause leukocyte
infiltration [82]. The upward regulation of this cut
protein was also observed in pulmonary oedema,
inflammatory responses [82, 83], pulmonary baro-
trauma [84], sepsis and coagulopathy [85], trauma,
shock and ischemia-reperfusion-injury [78]. The role
of HMGBL in pathogenesis of different diseases
has been shown in Figure 7.
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Figure 7.
Role of HMGBL in pathogenesis
Macl: Macrophage-1; NF-xB: Nuclear factor kappa B; NADPH: Reduced nicotinamide adenine dinucleotide phosphate;
TNFa: Tumour necrosis factor alpha; NO: Nitric oxide; Bcl-1: B-cell lymphoma 1; RAGE: Receptor for advanced glycation
end-products; JNK: c-Jun N-terminal kinases

The role of HMGBL1 in mediating toxicity has also
been observed for gastrointestinal inflammation. A
model of chemically induced colitis for inflammatory
bowel disease (IBD) was used and the result showed
that the use of anti-HMGB1 significantly reduces the
incidence of tumour [87]. Moreover, hepatitis B X
protein can stimulate HMGBL1 expression, which can
enhance certain types of tumour metastases (e.g.,
hepatocellular carcinoma) [80], while HMGB2 over-
expression is also incriminated in causing by causing
hepatocellular carcinoma [88].

628

A recent study showed that HMGB2 is highly
expressed in tumour nuclei in the breast cancer cell
lines and is correlated with tumour size. The study
also reported that HMGB2 controls the progression
of breast cancer by regulating tumour cell proliferation
and the Warburg effect by transcriptionally regulating
the activity of fructose bisphosphatase 1 (FBP1) and
lactate dehydrogenase B (LDHB) [89]. HMGB?2 has
lower extracellular proinflammatory activity than
HMGB1 and leads to acute lung damage [90] and
inflammatory bowel disease [91].
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Table |
The most important potential inhibitors of HMGBL in various diseases
Inhibitors Disease Mode of Action References
Antibody Anti-HMGB1 (mouse) Sepsis Protect tissue injury [100]
Monoclonal anti-HMGB1 Collagen-induced arthritis | Tissue damage [101]
(mouse) Cerebral ischemia
Anti-HMGB1 mAb (Rat) Traumatic | Pro-inflammatory responses [67]
brain injury 1 Motor function
Anti-HMGB1 Neuroinflammation | Inflammatory function of extracellular [40]
HMGB1
Anti-HMGB1 mAb Epilepsy | HMGBI secretion and translocation, [108]
and reduce inflammation
TNF-a antibody Acute liver disease | HMGBI1 [99]
| Cytokines production
IFN-y antibody Sepsis | Serum HMGBI levels, tissue repair [103]
Peptide and Fetuin-A Sepsis and Cerebral | HMGBI secretion and reduce activity [49]
Protein ischemia injury
The fibrin derived peptide Liver ischemia and | HMGBI secretion [53]
Bbetal5-42 reperfusion injury
LPS-binding peptide Sepsis | HMGBI function and impaired [104]
regions within HMGB1 secretion of TNF-a
Recombinant-Kallistatin Sepsis Abnormal expression and function of [48]
HMGB1
HMGB1 mutant protein  Inflammatory disorder | HMGBI activity [106]
| Pro-inflammatory effect
A box Post-ischemic brain | Pro-inflammatory cytokine induction [31]
disorder
HMGBL binding Ischemic brain injury | Pro-inflammatory activity [39]
heptamer peptide
siRNA-HMGB1 Brain disorder | HMGBI expression [38]
shRNA-HMGB1 Cancer and Type-1 | HMGBI expression [55, 93]
RNAI diabetics | Pro-inflammatory cytokine expression
Glycyrrhizin Traumatic brain injury,  Down regulates HMGB1 and HMGB1 [61, 90, 95]
Sepsis, haemorrhage- receptor expression
induced injury | Pro-inflammatory cytokine expression
and activity.
Chemical Chymase Danger-induced Degradation of HMGBL1 and other [72]
inhibitors inflammation alarmins (I1L-33 and biglycan)
20-5,14-HEDGE Lung ischemia- | HMGBI expression [2]
reperfusion injury
Glutamine (GLN) Sepsis Down regulates the HMGB1 and RAGE [28]
expression
Ethyl pyruvate Hepatitis, Sepsis, liver and | HMGBI1 and RAGE expression, and ~ [17, 56]
myocardial ischemia- induces apoptosis
reperfusion injury
Chloroquine Sepsis | HMGBI secretion from different [102]
immune cells and inhibit the NF-xB
activation
Lycopene Vascular inflammation | LPS mediated HMGBI secretion [47]
| Pro-inflammatory cytokine expression
Sodium hydrosulfide Haemorrhagic shock | Pro-inflammatory cytokines [96]
| HMGBI1
Melatonin Hepatitis and liver injury | HMGBI1 expression and [34, 45]
immunomodulation
Quercetin Sepsis | Releasing HMGB1 [83]
lcytokines activity
Pyrrolidinedi- Liver injury and | NF-«B, | HMGBL level in lungs cells  [91, 99]
thiocarbamate pulmonary disease
18 beta-glycyrrhetic acid  Inflammatory disorder Prevent HMGBL1 dependent COX2 [14]
expression
Betaine Liver injury | HMGBI levels and [107]

immunomodulation
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Inhibitors Disease Mode of Action References
Oleanolic acid Severe inflammation | HMGBI1 and down regulates pro- [98]
inflammatory responses
Galectin-9 Sepsis |Pro-inflammatory cytokine and [32]
HMGBL1 expression
1 IL-15, 1 IL-17
Anti- Thrombomodulin Liver injury, Sepsis | HMGB1land immunomodulation [64]
coagulants Antithrombin 111 Acute pancreatitis | HMGB1 [25]
agents | Pro-inflammatory cytokines
expression
2-0, 3-O-desulfated Airborn inflammation | HMGBL1 secretion [23]
heparin lInflammatory responses
Endogenous Insulin Lung injury | HMGBI serum level [24]
hormones | NF-xB activation
Neuropeptides Sepsis | HMGBI1 secretion and [18]
immunomodulation
Artificial Bent and Kinked Severe inflammatory | HMGB |l activity [63, 97]
DNAs oligonucleotide duplexes disease | Immune response

1 (increase), | (decrease), High mobility group box-1 (HMGB1), tumour necrosis factor- o (TNFa), interferon- gamma (IFN Y'),
20-hydroxyeicosatetraenoic acid (20-HETE), small interfering RNA (siRNA), short hairpin RNA (shRNA), RNA interference (RNAI)

Conclusions

Among the HMGBs, HMGB1 and 2 play important
functions in the replication of many viral genomes.
The abundant and ubiquitous HMGBL protein during
SARS-CoV-2 infections can bind to SARS-CoV-2
virus replication. The ability of HMGBL1 to attach
to the genome of the virus can transport genomic
materials to the cytosol and by remodelling and
folding chromatin. These proteins also play crucial
pathogenic roles in humans. HMGB1 shows the
pathogenic response in different tissue cells of our
body in different ways; most processes take place
through the synthesis and excretion of cytokines
and chemokines at high levels. Other HMGBS, such
as HMGB2-4, have also been shown to be associated
with inflammatory processes and several types of
cancer. Patients with COVID-19 have been reported
to develop cytokine storms due to SARS-CoV-2
infections; among HMGB, HMGBL1 could play vital
roles in this process. Therefore, HMGBL1 inhibitors
can be used to meet HMGB1-induced viral replication
and relevant pathogenic processes. Adequate research
is needed to understand the exact roles of HMGB in

SARS-CoV-2 infection and pathogenesis.
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