Anna et al Journal of Drug Delivery & Therapeutics. 2021; 11(6):244-247

Available online on 15.11.2021 at http://jddtonline.info

Journal of Drug Delivery and Therapeutics

Open Access to Pharmaceutical and Medical Research

Copyright © 2021 The Author(s): This is an open-access article distributed under the terms of the CC BY-NC 4.0
which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided

the original author and source are credited
Opena Access Full Text Article

Review Article

How does Heparan Sulfate and COVID-19 Work?: An Overview
Alby Annal, ““’Sambath Kumar R 2*,

1Post Graduate Student, Department of Pharmacy Practice, ].K.K. Nattraja College of Pharmacy, Namakkal (Dt), Kumarapalayam- 638 183, Tamil
Nadu, India.

Venkateswaramurthy N3

2Professor and Head, Department of Pharmaceutics, ].K.K. Nattraja College of Pharmacy, Namakkal (Dt), Kumarapalayam- 638 183, Tamil Nadu,
India.

3 Professor and Head, Department of Pharmacy Practice, ].K.K. Nattraja College of Pharmacy, Namakkal (Dt), Kumarapalayam- 638 183, Tamil
Nadu, India.

Article Info: Abstract
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Article History: Globally, the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) had infected

over 3 million individuals and claimed many lives producing a global epidemic that
necessitates the rapid development of therapeutic solutions. The ideal technique for quickly
deploying well-characterized medicines against novel infections is known as drug
repurposing. Several repurposable medicines are currently being tested to see if they may be
used to treat COVID-19. Heparin, which is commonly utilized to reduce thrombotic events
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associated with COVID-19-induced disease, is one such promising drug. Heparansulphate is
prevalently expressed in mammalian tissues. CoV-2 requires the helping cofactor
heparansulphate (HS) on the cell surface: knocking down genes related in HS formation or
treating cells with an HS mimic both prevent spike-mediated viral entrance. Heparin/HS
binds directly to spike and promotes viral entrance by facilitating the attachment of spike-
bearing viral particles to the cell surface. As documented with cell surface-bound
heparansulphate, heparin binding to the open conformation of the spike structurally
supports the state and may enhance ACE2 binding. Thus, heparansulphate could potentially
be utilised to prevent SARS-CoV-2 transmission, based on available datas also consumption
of heparansulphate during SARS-CoV-2 cellular entrance may play a role in the thrombotic
events associated with COVID-19 infection. Furthermore, this study provides the findings on
the mechanism(s) by which heparansulphate could slow the progression of SARS-CoV-2
infection.

Tamil Nadu, India.
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INTRODUCTION:

COVID-19 (SARS CoV2), a lethal virus that causes severe
acute respiratory syndrome (ARDS) and hospital
pneumonitis, is currently sweeping the globe. The virus was
first discovered in a series of cases in Wuhan, China, and the
World Health Organization (WHO) termed it the coronavirus
disease 2019 (COVID-19) pandemic due to its rapid spread
12, The SARS-CoV-2 pandemic necessitates the development
of therapeutic strategies shortly. COVID-19 patients have
clotting problems, which have a negative impact on the
disease's prognosis and lead to greater fatality rates 3-5.
Abnormal coagulation indicators, especially notably raised d-
dimer, fibrin degradation product (FDP), extended
prothrombin time, and thrombocytopenia, have been found
in severe COVID-19 patients and non-survivors in numerous
studies ©7. Overt disseminated intravascular coagulation
(DIC) is more common in patients infected with this
coronavirus 7% The Heparansulphate proteoglycan (HSPG)
and Heparanase system is one of the probable systems that
may play a key role in the excessive coagulation that
characterises COVID-19 1.
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The binding of a viral protein to the cell surface
heparansulphate (HS) is usually the first of several
interactions that lead to viral entry and infection. Selectins
and cytokines (e.g, IL-6 and TNF-) interact with HS
expressed on endothelial cells to limit immune cell
recruitment during inflammation, on the other hand 7.
Endothelial barrier function is required for the regulation of
fluid and protein extravasation, particularly in the lungs and
kidneys10. Endothelial cell dysfunction appears to have a key
part in the pathogenesis of COVID-19 issues, according to
several studies!1.12,

The glycocalyx is a thick layer of negatively charged
glycosaminoglycans (GAGs) that covers endothelial cells.
Heparansulphate (HS) is the most frequent sulfated GAG in
the glycocalyx. HS contributes to the endothelium's charge-
dependent barrier function due to its negative chargel!3.
Heparanase (HPSE), the only known mammalian HS
degrading enzyme, degrades the endothelium glycocalyx,
causing endothelial barrier function to be lost, as shown in
ARDS and proteinuric renal diseases 415 In addition to
altering barrier function, HPSE forms a pro-inflammatory
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glycocalyx that promotes the binding of chemokines,
cytokines, and leukocytes to the endothelial cell surfacele.
HPSE inhibition and/or deficiency are useful in experimental
lung and renal illnesses!*!5. Heparins, particularly low
molecular weight heparins (LMWH), are potent inhibitors of
HPSE activity and have been proposed as a treatment for
COVID-19 patients. 17

WHAT IS HEPARAN SULFATE?

On the cell surface and in the extracellular matrix, HSPGs are
abundant (ECM). Proteins, hormones, cytokines, and growth
factors bind to binding sites on the cell surface, where they
perform crucial activities in cell-ECM interactions.18
Heparansulphate (HS) sequences are partially sulfated
carbohydrate portions of proteoglycans found on nearly
every human cell surface. The saccharide chains in HS chains
are slightly different from those in heparin. They're made up
of D-glucosamine and glucuronic acids in that order (L-
iduronic and Dglucuronic acids). In the intracellular milieu
and extracellular matrix, HS interacts with a variety of
soluble and insoluble ligands, including cytokines and
growth hormones.!® The HS and surface proteins are also
used by many bacteria, viruses, and poisons to bind to
human cells. The major mechanism for this binding is charge,
or electrostatic contact, with the negatively charged HS
attracting the basic amino acids of surface proteins.[18IThe
functions of heparin and HS are mediated via interactions
with a range of proteins, including proteases, protease
inhibitors, chemokines, cytokines, growth factors, and their
receptors, all of which have variable degrees of specificity.20

HEPARAN SULFATE IN VIRUSES:

HSPGs serve as a binding receptor for several human viruses,
including coronaviruses 2122, making them a target of many
investigations aimed at limiting this early interaction and
thereby preventing viral entry 2324 Many viruses use HS as a
key attachment co-receptor, including herpes simplex virus
(HSV), respiratory syncytial virus (RSV), dengue virus
(DENV), varicella zoster virus, human immunodeficiency
virus (HIV), Epstein-Barr virus, vaccinia virus, hepatitis C
virus, and others. During the present COVID-19 outbreak,
direct interaction of HS proteoglycans with co-receptor
Angiotensin-converting enzyme 2 (ACE2) is critical for the
attachment of spike-bearing viral particles of SARS-CoV and
SARS-CoV-2 to the cell surface to promote viral entry. 25
Heparin and other HS mimetics have been studied
extensively and have been proven to inhibit infectivity and
cell-to-cell transmission in a variety of viruses, including
SARS-CoV-2. 26

Several viruses exploit HSPG-mediated endocytosis to enter
host cells 27. Electrostatic interactions between negatively
charged sulfated HS chains and basic residues of surface or
capsid proteins are used by some viruses to increase their
concentration at the host cell surface, hence increasing their
binding to specific entrance receptors.z! Clathrin-mediated
uptake, or caveolae/cholesterol-dependent endocytosis, and
macropinocytosis are two of the HSPG-regulated endocytic
mechanisms used by the virus to enter host cells.28 Some
viruses that do not require HSPG binding to adhere and
infect host cells may gain HSPG dependency after intra-host
or cell culture adaption. Several viruses, including
rhinoviruses, Coxsackie virus B3, Sindbis virus, Ross River
alphavirus, flavivirus tick-borne encephalitis virus, and
others, have been shown to adapt in cell culture, resulting in
increased ability to bind HS, a phenomenon that could
provide the viruses with a selective advantage.2! Several
SARS-CoV-2 mutations impacting the S protein sequence
have been discovered, but more research is needed to
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determine whether and how these mutations affect the S
protein's ability to bind HSPGs, and therefore on SARS-CoV-2
infection, tropism, immunity, and pathogenesis.30

COVS AND IT’S INVASION:

CoVs are enclosed, positive-sense singlestranded (up to
30,000 bp) RNA viruses that belong to the Nidovirales order
of the Othocoronavirinae subfamily. Infection with the
viruses can cause severe diseases in people and other
animals, affecting the upper respiratory, gastrointestinal, and
central neurological systems. 31 According to the
International Committee on Virus Taxonomy's 10th Report
on Virus Taxonomy, CoVs can be divided into four genera
based on a systematic investigation of viral nucleic acid
sequence: alpha, beta, gamma, and delta (ICTV). 32 There are

currently seven representative strains of human
coronaviruses (HCoVs), including four low-pathogenic
coronaviruses [HCoV-229E, HCoV-NL63 (alpha-
coronaviruses), HCoV-0C43, and HCoV-HKU1

(betacoronaviruses)], which cause mild respiratory diseases
in humans, and three high-pathogenic strains, including
HCoVs severe acute (beta-coronaviruses). CoVs share similar
genome identities.33 Two huge overlapping open reading
frames (ORFs) near the 5'-terminus of the genome, ORF 1la
and ORF 1b, encode polyproteins 1a (ppla) and pplb/lab,
respectively. Spike (S), which defines all coronaviruses,
Envelope (E), Membrane (M), and Nucleocapsid (N) are the
four common structural proteins encoded by one-third of the
genome at the 3’ terminus (N). 3¢ The S protein is a trimeric
class I fusion protein that protrudes from the surface of the
virion and serves as a receptor, membrane fusion protein,
virus entrance protein, and antibody neutralizer. 35 Because
of its critical functions during viral infection, the S protein is
a prominent target for the development of antiviral
medications, antibodies, entrance inhibitors, and vaccines. 15

CoV infection is divided into two stages: initial attachment to
a cell surface receptor and fusion of the S protein with the
host cell membrane, which allows the nucleocapsid to be
transferred to the target cell. CoVs have long been known to
interact with cell surface molecules to boost their affinity for
specific receptors. HS proteoglycans (HSPGs) are found in
nearly all mammalian cells and function as virus co-
receptors. 36 They may be able to bind to the surface proteins
of CoVs, boost subsequent recognition of a secondary
Receptor (ACE2/DPP4), and increase local HSPG levels to
facilitate virus attachment and entry. According to studies,
different HS compositions may influence virus tropism and
HS co-receptors on the host cell surface, causing
conformational changes in CoVs' S proteins and possibly the
formation of a ternary complex. 153738 These findings
suggested that the HS-S protein interactions could be a focus
for preventing viral infection.

MECHANISM OF HEPARAN SULFATE IN SARS-
COV-2:

Most mammalian cell types have heparansulphate (HS),
which is a linear polysaccharide present on cell surfaces and
in the extracellular matrix. HS is used by a variety of viruses
to bind to the host cell's surface. Viruses use the HS
interaction to raise their concentration on the cell surface
and their chances of finding a more specific entrance
receptor. 37 SARS-CoV-2 connects to heparin via its surface
protein Spike 1 receptor-binding domain. 38 Because many
bacteria attach to HS or heparin, using these adhesion routes
to “trap” bacteria and viruses and remove them from
circulation via extracorporeal treatment co uld be a
promising strategy. Heparin also has a direct antibacterial
and antiviral impact. Heparin, which is released from mast
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cells and basophils as a result of tissue damage, reduces
hepcidin expression and interrupts the iron availability of
Mycobacterium tuberculosum. Heparin has also been shown
to reduce the cytopathogenicity of human immunodeficiency
viruses by 50% at a concentration of 4.7 g/mL.3% In several
viruses and all pathogenic amyloid proteins, heparin binding
is a common characteristic. These pathogens employ this
property to bind to and internaliseheparansulphate
proteoglycans (HSPGs) on host cells. As a result, heparin and
Oheparan sulphate therapy reduces infectivity by preventing
pathogens from binding to HSPGs. 38 The receptor-binding
area of the novel SARS-CoV-2 virus's S1 subunit of spike
glycoprotein interacts with heparin, according to new
research.40 HSPGs (heparansulphate proteoglycans) are cell
surface receptors involved in the cellular uptake of harmful
amyloid proteins and viruses, notably the new coronavirus,
SARS  coronavirus 2. (SARS-CoV-2). Heparin and
heparansulphate block these pathogens' binding to HSPGs
and hence prevent cellular internalisation, but their
anticoagulant properties have limited their usage in the
treatment of viral infections. 41

Heparin is a highly effective anticoagulant that has long been
used in hospitals. In addition to their anti-coagulant activity,
heparin and its derivatives have been studied for their anti-
inflammatory, antiviral, anti-angiogenesis, antineoplastic,
and anti-metastatic properties. Heparin-binding peptides
(HBPs) are non-anticoagulant medications that prevent
heparin-binding pathogens from binding to heparin-binding
peptides (HSPGs).The virus's transmembrane spike (S)
glycoprotein binds to the host's angiotensin-converting
enzyme 2 (ACE2). This allows SARS-CoV-2 to enter cells. 2
SARSCoV is similar to SARS-CoV-2 in that it uses the same
receptor. 3 SARS-spike CoV-2's protein is made up of two
subunits: S1 is responsible for binding to the host receptor,
while S2 is responsible for membrane fusion. 184041.

APPLICATIONS OF HEPARAN SULFATE IN
COVID-19:

Exogenous and competitive heparin/HS mimetics could
interfere with virus infection and/or reduce inflammatory
responses by altering HS-protein interactions. In reality,
COVID-19 patients frequently have hypercoagulopathy,
which is treated with heparin/LMWH. Patients with severe
COVID-19 who were hospitalised and treated with LMWH or
fondaparinux (an ultra-low-molecular-weight heparin) had a
better prognosis in terms of death, according to recent
research. It's worth noting that heparin-induced
thrombocytopenia (HIT) has been recorded in COVID-19
individuals who were given heparin. 4243 In the
heparin/LMWH therapy of COVID-2019, proper dosing and
real-time monitoring of anti-Xa activity are critical. 44 A
retrospective cohort research indicated that in the
hospitalised COVID-19 treated with LMWH, IL-6 levels were
dramatically lowered while the percentage of lymphocytes
was remarkably enhanced in comparison to the non-LMWH-
treated group,3> showing the drug's anti-inflammatory
effectiveness. In addition to systemic administration,
intranasal or inhalation administration of heparin/LMWH
has been described for the treatment of lung illnesses and
inhalation damage. 7

CONCLUSION:

Despite its well-established anti-coagulant and anti-
inflammatory properties, heparin/potential HS's anti-
SARSCoV-2 activity was just recently hypothesised. Because
HS/heparin mimetics are often easier to produce than real
HS oligosaccharides, blocking these HS protein interactions
with them is a viable technique for generating new therapies.
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Efforts to develop new assays and molecular modelling tools
to examine the interactions of HS mimetics with their target
proteins have aided these research.HS mimetics have
antiviral action against a variety of viruses that employ HS as
an entrance receptor, including SARS-CoV-2, and many
amphiphilic HS mimetics have virucidal activity due to their
large lipophilic side chains disrupting viral lipid envelopes.
At therapeutically relevant concentrations, PG545, in
particular, has shown promise in vitro and in vivo action
against SARS-CoV-2. Although in vitro experiments and some
clinical data have provided promising evidence of
heparin/HS (including their mimetics) and heparin/HS-
interacting molecules as anti-SARS CoV-2 drugs, there is still
debate about the structure specificities of the heparin/HS
chains for their interaction with the S protein.
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