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A B S T R A C T   

Coronavirus pandemic has emerged as an extraordinary healthcare crisis in modern times. The SARS-CoV-2 
novel coronavirus has high transmission rate, is more aggressive and virulent in comparison to previously 
known coronaviruses. It primarily attacks the respiratory system by inducing cytokine storm that causes systemic 
inflammation and pulmonary fibrosis. Decorin is a pluripotent molecule belonging to a leucine rich proteoglycan 
group that exerts critical role in extracellular matrix (ECM) assembly and regulates cell growth, adhesion, 
proliferation, inflammation, and fibrogenesis. Interestingly, decorin has potent anti-inflammatory, cytokine 
inhibitory, and anti-fibrillogenesis effects which make it a potential drug candidate against the COVID-19 related 
complications especially in the context of lung fibrosis. Herein, we postulate that owing to its distinctive 
pharmacological actions and immunomodulatory effect, decorin can be a promising preclinical therapeutic agent 
for the therapy of COVID-19.   

Introduction 

The SARS-CoV-2 (severe acute respiratory syndrome corona virus 2) 
infection has swiftly advanced from its origin in China to the remaining 
world [1]. Coronaviruses have an enveloped architecture and a genome 
of size ranging from 26 to 31.7 kb. The shape of coronaviruses is char-
acterized by crown like projections of spike protein on its outer surface. 
They can attain either a spherical or pleomorphic overall shape with a 
diameter of 80 to 120 nm. The clinical manifestations of SARS CoV-2 are 
very distinct, varying from asymptomatic stage to severe respiratory 
syndrome and dysfunctioning of multiple organs. The most common 

clinical symptoms include cough, fatigue, headache, breathlessness, sore 
throat, myalgia, and fever [2–4]. In some of the patients, after the end of 
one week, infection can progress into dyspnea, respiratory failure, 
pneumonia, and death. These modifications in severe stages are linked 
with cytokine storm which is characterized by excessive increase in in-
flammatory cytokines such as interleukin (IL)-7, IL-10, IL-2, tumor ne-
crosis factor alpha (TNF-α), granulocyte-colony stimulating factor (G- 
CSF), monocyte chemoattractant protein 1 (MCP1), and macrophage 
inflammatory protein 1 alpha (MIP1A). The present outbreak of SARS- 
CoV-2 has challenged the healthcare, public, and economic infrastruc-
ture of the whole world [5,6]. Currently, there is no effective therapeutic 
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regimen for this disease. Therefore, it is the need of the hour to identify 
new candidate therapeutics for combating the COVID-19. 

Decorin is an extracellular matrix (ECM) protein which is a part of 
the small leucine-rich proteoglycan family which was cloned in 1986 
and found to be an important structural protein of the ECM. It is 
extensively present in the body and plays diverse roles in epithelial cells 
and the stroma. It has been reported that the growth hormone can 
significantly enhance the concentration of circulating decorin in a 
gender dimorphic manner i.e., the increased effect is more in men as 
compared to women [7]. Additionally, a marked increase in the con-
centration of decorin has been observed upon exposure to high glucose 
at both transcriptional and translational levels in human mesangial cells 
[8]. Pearson et al., also observed the enhanced concentration of decorin 
by retinoic acid at protein and mRNA level in bovine articular chon-
drocytes. Retinoic acid dose dependently increases the concentration of 
decorin mRNA. However, the possible mechanism behind this accu-
mulating mRNA is under investigation [9]. Principally, decorin was 
identified as a useful collagen-binding partner and to regulate key 

biomechanical factors of tissue architecture in muscle, skin, cornea, 
lungs, and tendon [10]. The involvement of decorin is not restricted to 
matrix structural proteins and it also affects a diverse variety of bio-
logical functions like cell growth, adhesion, migration, proliferation, 
and differentiation. Additionally, it modulates the process of inflam-
mation and fibrillogenesis [11]. In numerous pre-clinical studies, 
decorin has been reported to play a protective role against inflamma-
tion, cancer, and fibrosis [12]. It has been reported that decorin is an 
effective moiety for reducing transforming growth factor beta (TGF-β) 
bioavailability as it neutralizes and represses TGF-β activity by forma-
tion of complexes with TGF-β leading to reduction in fibrotic scar. 
Decorin effectively impedes the TGF-β RI/II activation followed by 
signaling via Smad2, Smad3, and the extracellular-signal regulated ki-
nase (Erk) proteins and also diminishes the inflammatory cytokine 
signaling by modulating the mitogen-activated protein kinases (MAPK) 
and nuclear factor kappa light chain enhancer of activated B cells (NFκB) 
activity. Moreover, decorin binds to the endogenous ligands of toll like 
receptor 2/4 (TLR2/4) in the tumor stroma in order to repress the 

Fig. 1. TGF-β triggers the downstream activation of important signaling events of rat sarcoma (RAS) which are involved in the cooperation with the TGF-β/Smad 
family including the RAS-activated factor (RAF)/mitogen activated protein kinase (MAPK), extracellular regulated kinase (ERK) kinase (MEK)/ERK pathway (RAS- 
RAF-MEK-ERK signaling). Moreover, TGF-β phosphorylation activates the Smad2, Smad3, and Smad4 signaling cascade involved in the fibrotic process. SARS-CoV-2 
stimulates the excess activation of TGF-β which in turn triggers the process of fibrosis. Decorin can effectively inhibit TGF-β, thereby sequestering the whole signaling 
pathway resulting in the reduction of fibrotic scar. The figure was created with BioRender.com. 
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inflammation and tumor growth [12–16]. In conclusion, we propose 
that decorin could be a potent therapeutic agent against COVID-19 
mediated pulmonary fibrosis and systemic inflammation. 

Hypothesis 

Decorin plays role in the regulation of inflammation and fibrosis. It is 
known that decorin showed potent anti-inflammatory and anti-fibrotic 
properties by modulating MAPKinase activity and inhibiting the 
excess synthesis of inflammatory cytokines. Moreover, it strengthens the 
immune system and improves the oxidative stress mediated conditions. 
Based on these preclinical evidence, we hypothesized that administering 
appropriate formulation of decorin in the form of aerosol or nano-
particles may potentially abrogate the COVID-19 related complications. 

Justification of hypothesis 

Decorin can abrogate lung fibrosis mediated by COVID-19 

Imbalance in the process of generation and degradation of ECM 
proteins results in the development of fibrosis in any organ [17]. Decorin 
is a dermatan sulfate proteoglycan which is secreted by human perito-
neal mesothelial cells (HPMC), and acts as an important biological tool 
for cell growth and ECM assembly along with various pathological 
conditions such as cancer and fibrotic disorders [18]. Several salient 
chemotactic factors such as TNF-α and TGF-β1 have been found to be 
culpable for stimulating and modulating these fibrotic responses and 
may also play a climacteric role in controlling the expression of decorin 
[18]. Additionally, it is implicated in reversing cardiac remodeling by 
promptly impeding the collagen synthesis and fibrotic effects incited by 
TGF-β. Decorin wields its defensive upshot against fibrosis by regulating 
the collagen fibrillogenesis along with hampering the biological activity 
of TGF-β1 and the maturation process of collagen fibrils [19]. 

It is known to antagonize multiple types of receptor tyrosine kinases, 
such as the insulin-like growth factor receptor I (IGF-IR) and epidermal 
growth factor receptor (EGFR) [20]. Decorin protein sequesters all iso-
forms of TGF-β1 and confines it in the ECM before its interaction with 
the cell surface. In addition, it also binds and neutralizes another TGF-β 
molecule that can instigate fibrosis inside the body tissues [21]. It 
transacts with a vast array of signaling molecules involved in cancer 
progression. Moreover, decorin prompts the obstruction of platelet 
derived growth factor (PDGF) over the target cell surface that leads to 
the attenuation of cancer cell migration. One of the proteins from ECM, 
periostin is expressed by a large number of cancerous cells, gets coupled 
with decorin and neutralizes it [22]. Jiang et al., showed the effect of 
decorin and the mechanism of pro-fibrotic cellular response in HPMC. 
They showed that the deposition of fibronectin is repressed by decorin 
when HPMC were unveiled to peritoneal dialysis fluid. This effect was 
carried out by the downregulation of TGF-β1 and enhanced phosphor-
ylation of glycogen synthase kinase 3 beta (GSK-3β) [23]. 

Decorin is also known as “the guardian from the matrix” due to its 
copious ECM protein binding partners along with regulation of cell 
growth and differentiation. Neill et al., stated that the binding of decorin 
molecule with TLR-2 and TLR-4 leads to escalated generation of the pro- 
inflammatory protein programmed cell death 4 (PDCD4) and hence, 
simultaneously fostering decrement in the synthesis of anti- 
inflammatory cytokines (IL-10) [24]. This induces the synthesis of 
various other pro-inflammatory modulators leading to the suppression 
of tumors and fibrotic growth [25]. Based on these evidence, targeting 
decorin could significantly reverse the lung fibrosis associated with 
COVID-19 (Fig. 1). 

Decorin against inflammation and reactive oxygen species 

In COVID-19 patients, disparity between the generation of reactive 
oxygen species (ROS) and their obliteration from the tissues causes 

oxidative stress inside the body resulting into chronic inflammation 
[26,27]. ROS are cardinal in maintaining the cellular homeostasis, re-
ceptor activation, and signal transduction when produced in a bound 
quantity [28]. In COVID-19 patients, an increase in oxidative stress can 
stimulate various transcription factors that can lead to differential 
expression of some genes which participate in different inflammatory 
pathways [29]. Additionally, the expression of vascular endothelium 
growth factor (VEGF) is enhanced which is considered as the funda-
mental growth factor that helps in the transportation of various in-
flammatory cells and macromolecules from the systemic circulation into 
the tissues [30]. Further, an upsurge in the generation of ROS by poly-
morphonuclear neutrophils (PMN) can catalyze tissue damage and 
endothelial dysfunction at the site of inflammation [31,32]. This gives 
rise to the opening of inter-endothelial junctions and aids in the 
migration of various inflammatory cells which assists in the clearance of 
foreign particles and pathogens from the tissue but also leads to tissue 
injury. Here, the small leucine rich proteoglycan (SLRP), decorin plays a 
vital role in the regulation of these cellular pathways involved in the 
process of inflammation [33]. 

Decorin helps in the perpetuation of the structural cohesion of ECM 
and regulates cellular processes by modifying downstream signaling 
pathways. It interacts with toll like receptors (TLR2/4) present on 
macrophage surface with exorbitant analogy that simultaneously results 
into the activation of MAPK along with stimulation of NFκB signaling 
pathway. As a result, there is an increase in the secretion of various 
inflammatory mediators like TNF-α, IL-10, and IL-12p70 [34,35]. 

Moreover, it intercepts translational subjugation of PDCD4 which 
ultimately makes the cytokine profile more proinflammatory. Neill 
et al., stated that decorin null mice with delayed type hypersensitivity 
showed the role of decorin in activating an enhanced pro-inflammatory 
environment. Furthermore, lower quantities of decorin associates with 
low TNF-α levels whereas more leukocyte adhesion molecules show 
increment in adherence of leukocytes to the endothelium [36,37]. This 
engenders inflammatory environs in the tissue microdomain which in-
dicates the efficacy of decorin in inflammation. Therefore, therapeutic 
intervention by targeting decorin in COVID-19 patients might be a 
plausible approach. 

Decorin as an immunomodulator 

Patients having immuno-compromised conditions or other diseases 
are more vulnerable to COVID-19 complications, specifically the elder 
people [38]. So, boosting the immune system by pharmacological agents 
might be of significance in this case. ECM is a heterogeneous and con-
voluted network of structural and functional molecules surrounding the 
cells [39]. Decorin is present in the ECM that has the competence to bind 
with various cells [12]. It is highly expressed in adult heart valves and 
possesses immunomodulatory potential. Decorin is used in immuno-
therapeutics that attunes inflammation by restraining VEGF, TGF-β, and 
EGFR [40]. Hill et al., demonstrated the immunomodulatory effects of 
decorin for the treatment of glioblastoma multiforme. In this experi-
ment, intracerebral injections of decorin were employed to investigate 
the microglial response and local immune responses. Rat models were 
administered with these injections for a week after which cerebrospinal 
fluid (CSF) samples were collected to ascertain the presence of any 
change in inflammatory markers or the presence of decorin in samples. It 
was observed that there were no symptoms of any inflammatory reac-
tion or any cavity generation in the brain. It had also subdued the ac-
tivity of microglial response when direct injections were given into the 
brain. As a result, a safe toxicological and pharmacokinetic profile of 
decorin was demonstrated because of the deprivation of any dose 
limiting toxicity while its immunomodulatory effects were maintained 
in the model [41]. 

Decorin has a structure encompassing central domain of leucine rich 
repeats (LRR) along with cysteine rich domains at both ends. It acts as 
damage associated molecular pattern (DAMP) after releasing from the 
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ECM followed by secretion from activated macrophages and other im-
mune cells [42]. Their association with different pathogen recognition 
receptors harmonizes various signaling cascades that trigger an immune 
response and initialize pathogen mediated inflammation [43]. Hinderer 
et al., demonstrated human immune responses actuated with the help of 
generated human recombinant decorin. Numerous immune cells were 
analyzed by in vitro test settings for the study of cytokine secretion, and 
other immune cell features. Relative number of migrated cells were 
evaluated with the help of spontaneous migration value in the absence 
of decorin molecules. It was observed that a significant dose dependent 
migration of immune cells such as monocytes and PMN cells had tran-
spired which upregulated CD206 receptor in the presence of decorin. 
Conclusively, it has been observed that ECM decorin not only inhibits 
proliferation but also protects macrophages from the induction of 
apoptosis inside a tissue [44,45]. In conclusion, employing decorin in 
COVID-19 cases may be a plausible approach. 

Decorin has a high affinity for IGF-IR and even nanomolar concen-
trations of decorin can downregulate the IGF-IR (Fig. 2) [46]. Addition 

of decorin leads to IGF-IR phosphorylation and activation, which is 
accompanied by receptor down-regulation [47]. Schaefer et al., also 
showed that in renal fibroblasts decorin binds to and induces phos-
phorylation of IGF-IR. Silencing of the IGF-I receptor tyrosine kinase and 
its downstream signaling molecule phosphoinositide-3 kinase inhibits 
fibrillin-1 synthesis which is mediated by decorin [48]. Zhang et al., 
demonstrated that decorin directly prevents the translation of fibrillin-1 
by binding to IGF-IR and results in negative regulation of the pathway. 
The study concluded that decorin can be a potential anti-fibrotic mole-
cule that displays pivotal effects in sequestering fibrogenesis through a 
number of distinctive pathways. Interestingly, Zhu et al., reported that 
decorin antagonizes the EGFR activity at the surface of tumor cells 
through the downregulation of tyrosine kinases. Decorin binds directly 
to EGFR receptor, promotes dimerization which leads to caveolin- 
mediated internalization and finally degradation in the lysosomes 
[49]. Furthermore, decorin also decreases the activity of the ErbB2 and 
ErbB4 receptors via degradation [25,50]. In addition, decorin negatively 
regulates the hepatocyte growth factor receptor Met, vascular 

Fig. 2. Role of soluble form of decorin in comparison with matrix-bound decorin in healing and fibrosis. Soluble decorin works as a signaling molecule of the insulin 
like growth factor I receptor (IGF-IR), hence, shielding epithelial cells against apoptosis or inducing the production of fibrillin-1 in fibroblasts. Furthermore, decorin is 
capable of neutralizing the activity of TGF-β directly or indirectly through the modulation of fibrillin-1. In the event of fibrosis, most of the decorin is bound to 
cellular matrix components, mainly to collagen type I, as a part of fibrotic scar and consequently is incapable to act as a signaling molecule. However, matrix-bound 
decorin is still capable to sequester TGF-β in the matrix, thus, withdrawing the cytokine from its cell membrane receptors. The figure was created with Bio-
Render.com. 
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endothelial growth factor receptor 2 (VEGFR2) and platelet-derived 
growth factor receptor (PDGFR) [51–53]. Hence, decorin might be an 
efficacious therapeutic agent against COVID-19 associated pulmonary 
fibrosis (Fig. 2). 

Possible formulations and targeting of decorin for COVID-19 treatment 
therapy 

Dosage form is an important feature of any drug for effective phar-
macotherapy. So, it is critical to develop a rational formulation to ach-
ieve superior therapeutic benefit. In this context, nanotechnology has 
opened novel avenues for the researchers and pharmaceutical sector 
[54]. Principally, COVID-19 attacks the lungs and renders them 
incompetent to function, so local and site specific targeted drug delivery 
to the lungs ought to be integrated as a restorative approach for desired 
pharmacological activity [55–57]. However, peptide delivery is associ-
ated with several challenges or limitations. As peptides/proteins are 
amphiphilic in nature and undergo aggregation and unfolding leading to 
protein instability [58]. Further, they are prone to enzymatic degrada-
tion and can be degraded before reaching the lungs [59]. To overcome 
these challenges, use of excipients in the formulation such as poly-
ethylene glycol (PEG) could help in enhancing protein resistance and 
prevent proteolysis by proteases present in the lung mucosa. Addition-
ally, the use of pH stabilizers, surfactants, encapsulation, aerosol or a 
nanoformulation can help in target specific delivery [60,61]. 

To present this rationale, we propose that aerosol based mouth spray 
dosage form may be a viable approach as it is patient compliant and 
provides quick relief. Aerosol based delivery of decorin specifically to 
the lungs could provide better effect against SARS-CoV-2. Decorin based 
formulation may also be administered by i.v. route which can achieve 
100% bioavailability. Moreover, decorin can be used as an adjuvant 
treatment in combination with other drugs, which can serve as a syn-
ergistic approach in COVID-19 therapy. 

Implications of the hypothesis 

We present pre-clinical evidence for COVID-19 therapy by employ-
ing decorin. This hypothesis is based on the rationale that decorin may 
halt the progression of cytokine storm, and modulate the epithelial-to- 
mesenchymal transition (EMT) signaling. Pre-clinical studies revealed 
that decorin may improve the pulmonary functions during COVID-19 
related complications including lung fibrosis. Thus, we envision that 
our hypothesis may stimulate future research in the area of COVID-19 
and the potential benefit of using decorin. 
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