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A B S T R A C T

Obesity patients are more susceptible to develop COVID-19 severe outcome due to the role of angiotensin-
converting enzyme 2 (ACE2) in the viral infection. ACE2 is regulated in the human cells by different genes
associated with increased (TLR3, HAT1, HDAC2, KDM5B, SIRT1, RAB1A, FURIN and ADAM10) or decreased
(TRIB3) virus replication. RNA-seq data revealed 14857 genes expressed in human subcutaneous adipocytes,
including genes mentioned above. Irisin treatment increased by 3-fold the levels of TRIB3 transcript and de-
creased the levels of other genes. The decrease in FURIN and ADAM10 expression enriched diverse biological
processes, including extracellular structure organization. Our results, in human subcutaneous adipocytes cell
culture, indicate a positive effect of irisin on the expression of multiple genes related to viral infection by SARS-
CoV-2; furthermore, translatable for other tissues and organs targeted by the novel coronavirus and present,
thus, promising approaches for the treatment of COVID-19 infection as therapeutic strategy to decrease ACE2
regulatory genes.

1. Introduction

Obesity is the most common metabolic disorder in the world, and is
a public health problem that affects both developed and developing
countries (GBD, 2015 Obesity CollaboratorsAfshin et al., 2017; D 2015
Eastern Mediterr, 2018; Mokdad et al., 2016). The amount and dis-
tribution of adipose tissue is associated with many adverse con-
sequences, such as hypertension, type II diabetes, cardiovascular dis-
eases (PHAbraham et al., 2019), and may lead to decreased expiratory
reserve volume (Venkata et al., 2010).

The emergence and spread of 2019 severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and the possible development of
coronavirus disease (COVID-19) it brings, has led us to a public health
crisis, threatening the world and its population, since and all groups
and ages are susceptible (Singhal, 2020). Infected patients may never
develop any symptoms; and the ones affected by COVID-19 may present
variable clinical conditions, from loss of smell and taste, to mild re-
spiratory issues, and with the possibility of severe symptoms such as
respiratory insufficiency, that can result in death (Singhal, 2020). The
SARS-CoV-2 virus particles are transmitted by symptomatic or asymp-
tomatic carrier people, and in the case of people developing COVID-19,

the propagation begins days before the onset of symptoms, in form of
large droplets during coughing and sneezing (Rothe et al., 2020), and
possibly even during normal conversations, what results in a dis-
seminated mass contagion (Stadnytskyi et al., 2020). An individual is
infected by inhaling viral droplets or by touching a contaminated sur-
face and then the face mucous membranes in the nose, mouth or eyes
(World Health Organization, 2020).

In face of this scenario, of a highly infective disease with potential to
cause death, it has been previously shown that people with a pre-ex-
isting chronic medical condition such as obesity are more susceptible to
develop severe COVID-19 outcomes (Chen et al., 2020). Obesity has an
impact on pulmonary function as it leads to decreased functional ca-
pacity and respiratory system compliance; a fact that may explain the
impact of COVID-19 on these patients. Furthermore, increased in-
flammatory cytokines may contribute to the increased morbidity asso-
ciated with obesity in COVID-19 infections (Dietz and Santos-Burgoa,
2020).

The more frequent development of severe form of COVID-19 in
patients with chronic medical conditions is possibly related to the role
of angiotensin-converting enzyme 2 (ACE2) in the viral infection (Wang
et al., 2020). ACE2 is widely expressed in the lungs, cardiovascular
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system, gut, kidneys, central nervous system, and adipose tissue
(Gheblawi et al., 2020), and is the target of the virus since SARS-CoV-2
infects the alveolar epithelial cells of the lung using ACE2 as an input
receptor (Zhou et al., 2020). Adipocytes and adipocyte-like cells, such
as pulmonary lipofibroblasts, may play an important role in the pa-
thogenic response to COVID-19, especially in obese and diabetic in-
dividuals; in these individuals, the ACE2 is increased which turns adi-
pose tissue into a potential target and viral reservoir (Kruglikov and
Scherer, 2020).

Recently, a molecular study conducted with 700 lung transcriptome
samples from patients with comorbidities, cardiovascular diseases, fa-
milial primary pulmonary hypertension, hypertension and pulmonary
hypertension, associated with severe COVID-19 showed that ACE2 is
more expressed in these patients than in control individuals (Pinto
et al., 2020). In addition, there are other reports that contain other
several genes with potential importance for SARS-CoV-2 cell cycle and
invasion/attachment, that have been shown to be up-regulated in pa-
tients with severe COVID-19 comorbidities, such as: ADAM metallo-
peptidase domain 10 (ADAM10), toll like receptor 3 (TLR3), histone
acetyltransferase 1 (HAT1), histone deacetylase 2 (HDAC2), lysine de-
methylase 5B (KDM5B), sirtuin 1 (SIRT1), member RAS oncogene fa-
mily (RAB1A), transmembrane serine protease 2 (TMPRSS2), and furin
paired basic amino acid cleaving enzyme (FURIN) (Pinto et al., 2020).
In the case of FURIN, it is a cellular endoprotease that proteolytically
activates large numbers of proprotein substrates in secretory pathway
compartments, as well as activates pathogenic agents; also, FURIN plays
an essential role in embryogenesis, and catalyses the maturation of a
strikingly diverse collection of proprotein substrates (Thomas, 2002).

In a study with transcriptional analyzes of proteins that interact
with SARS-CoV-2, altered transcripts in aging lung were observed, such
as increased hyaluronan and proteoglycan link protein 2 (HAPLN2),
and decreased while tribbles homolog 3 (TRIB3) (Moraes et al., 2020).
TRIB3, mainly expressed in type I (AT1) and type II (AT2) alveolar cells
(Madissoon et al., 2019), is probably the common target as a protective
factor for other viruses, as it has been previously shown for flavivirus
dengue and Zika (Zanini et al., 2018), and the increased replication of
hepatitis C virus (HCV) was associated with its inhibition (Tran et al.,
2016). TRIB3 interacts with nucleocapsid protein and RNA-dependent
RNA polymerase of human coronavirus (HCoVs) may decrease virus
infection and replication (Moraes et al., 2020).

Irisin is a cleaved peptide formed from the fibronectin type III do-
main-containing protein 5 (FNDC5) (Boström et al., 2012), which di-
rects white adipose tissue to brown adipose tissue with increased
thermogenesis, which was suggested as a therapeutic agent for human
metabolic disease such as obesity (Perakakis et al., 2017). It has been
postulated that irisin modulates macrophage activity by reducing re-
active oxygen species (ROS) overproduction, which could suggest its
potential anti-inflammatory properties, with possible important action
also in the course of lung injury (Shao et al., 2017a).

Obesity is a chronic disease, a fact that makes the patients more
susceptible to severe infection by SARS-Cov-2, and irisin could have a
positive effect on inflammation; in addition, plasma and subcutaneous
adipose tissue expression of irisin are decreased in patients with obesity
(Moreno-Navarrete et al., 2013; Frühbeck et al., 2020). Based on this,
the present study aimed to evaluate the effects of irisin on human
subcutaneous adipocytes through global transcriptome analysis, fo-
cusing on the genes studied in previous researches (Pinto et al., 2020;
Moraes et al., 2020). Through RNA-Seq-based transcriptomic analysis,
we provide evidence that the human subcutaneous adipocytes in cul-
ture do not express ACE2 mRNA, but express ADAM10, TLR3, HAT1,
HDAC2, KDM5B, SIRT1, RAB1A, FURIN and TRIB3. Irisin treatment
increased by 3-fold the levels of TRIB3 transcript and decreased the
levels of other genes. The RNA-Seq analysis was selected in order to
perform a “free” investigation of the genes expressed in the cells, be-
cause RNA-Seq does not require predesigned probes, the data sets are
unbiased, allowing for hypothesis-free experimental design.

2. Materials and methods

2.1. Culture and cell differentiation

Human subcutaneous preadipocytes (HPAd - 802S-05A; Cell
Applications, Inc. San Diego, CA, USA) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Preadipocytes were cultured, differ-
entiated in adipocytes and treated with 1 μg/ml (20 nM) irisin (Sigma-
Aldrich St. Louis, MO, USA), as previously described (de Oliveira et al.,
2020).

2.2. RNA extraction, preparation, sequencing and bioinformatics analysis

Total RNA was extracted from adipocytes using the Trizol reagent
(Invitrogen, Carlsbad, CA, USA) followed by preparation to build of the
cDNA libraries, sequencing and bioinformatics analysis as previously
described (de Oliveira et al., 2020). Differentially expressed (DE) genes
were classified as up and down, considering Fold Change (FC) va-
lues > 1.3 for the irisin group. Gene Ontology (GO) enrichment ana-
lyses for biological processes (BP) were performed with the cluster
Profiler package using the p.adjust false discovery rate and p < 0.05
were used to demonstrate gene expression from RNA-seq data and in-
teractive graphic was generated by REVIGO (http://revigo.irb.hr/)
(Supek et al., 2011). The values are expressed in fragments per kilobase
of exon model per million reads mapped (FPKM), and each sample will
have one for each gene, were used to demonstrate the expression of
genes in adipocytes and modulation of genes by irisin who are out FC.
Differentially expressed genes found in the RNA-seq were not validated
by real-time PCR in this article data, we believe our data analyzed with
RNA-seq needs no further investigation by real-time PCR, since our aim,
in this moment, to identify differences in gene expression.

2.3. Statistical analyses

FPKM values of three samples per groups for each gene were ana-
lyzed using Student's t-test to compare results between irisin and con-
trol groups, after performing the Kolmogorov Smirnov normality test.
Data are expressed as mean ± standard deviation. The significance
level was set at 5%.

3. Results

3.1. Reduction of FURIN and ADAM10 by irisin leads to the enrichment of
several terms in Gene Ontology (GO)

Both FURIN and ADAM10 genes were downregulated after irisin
treatment within the FC established in our study. They are known to
participate along with other genes downregulated by irisin in the en-
richment of 14 and 12 terms in Gene Ontology (GO), respectively, that
represent biological processes (Board 1 and 2). Figs. 1 and 2 represent
the enriched GO terms, which involve the FURIN and ADAM10 genes,
respectively, and show genes grouped by similarity (Similarity = 0.7);
the interactive graphics were generated by REVIGO (http://revigo.irb.
hr/) (Supek et al., 2011).

3.2. Irisin treatment effect on TLR3, HAT1, HDAC2, KDM5B, SIRT1,
RAB1A, FURIN, ADAM10 and TRIB3 mRNA expression

In our study, DE genes were classified as up or downregulated
considering FC values > 1.3 for irisin and control groups. Although all
TRIB3, TLR3, HAT1, HDAC2, KDM5B, SIRT1, RAB1A, FURIN and
ADAM10 genes are expressed in adipocytes, only FURIN and ADAM10
were downregulated by irisin within the FC established in our study.
However, it is possible to demonstrate the action of irisin in other genes
using the values expressed in FPKM. The TRIB3 transcript level was
increased by 3-fold compared to the control group. TLR3 and SIRT1
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genes were decreased in the presence of irisin; HDAC2 was elevated,
and HAT1 and RAB1A expression were not altered by irisin action
(Fig. 3).

4. Discussion

Obesity or overweight leads to reduced lung function, contributing
to the reduction in lung volumes, especially the functional residual
capacity in obese individuals compared with healthy individuals (Melo
et al., 2014; Salome et al., 2010; Thyagarajan et al., 2008). ACE2 is
widely expressed in adipocytes and enriched in adipocytes of in-
dividuals with obesity and type II diabetes; there are ACE2 regulator
genes in the human lung, and the protein is used by SARS-CoV-2 to
infect alveolar epithelial cells, resulting in the development of COVID-
19 (Kruglikov and Scherer, 2020). These observations should be taken
into consideration when an obese patient presents SARS-CoV-2 infec-
tion (Dietz and Santos-Burgoa, 2020). In our transcriptome data from
human subcutaneous adipocytes, there was no detection of ACE2 ex-
pression, what is probably due to the fact that the subcutaneous adi-
pocytes used are from normal individuals, and the expression of ACE2 is
low to the point that it might be undetected by the parameters de-
termined in our study for the RNA-seq technique; however the cell line
showed the expression of multiple genes related to severe COVID- 19,
such as FURIN, ADAM10, TLR3, KDM5B, SIRT1 and TRIB3.

Our data showed that irisin treatment decreased the levels of
FURIN, ADAM10, TLR3, KDM5B and SIRT1 mRNA expression, and in-
creased the levels of TRIB3 transcript by 3-fold. These results come
together with the beneficial results that irisin has shown in a recent
study published by our group (de Oliveira et al., 2020), in which irisin
improved uncoupling protein 1 (UCP1) production, reduced lipid pro-
file and oxidative stress, while not altering leptin, adiponectin, per-
oxisome proliferator-activated receptor gamma (PPARy) and FNDC5
levels. According to anti-obesity effects of irisin on human a recent

Fig. 1. Enriched GO terms, which involve down regulation of FURIN gene in the irisin group. Larger circles represent general terms and smaller circles
represent specific terms; terms joined by lines indicate a relationship between them; 14 terms are represented in the REVIGO analysis.

Fig. 2. Enriched GO terms, which involve down regulation of ADAM10
gene in the irisin group. Larger circles represent general terms and smaller
circles represent specific terms; terms joined by lines indicate a relationship
between them; 12 terms are represented in the REVIGO analysis.
TRIB3 was elevated by Irisin.
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study has shown that irisin also inhibits lipogenesis and enhances fat
browning in human adipocytes obtained from visceral adipose tissue, a
fat depot with worst metabolic profile (Frühbeck et al., 2020). Although
a considerable number of studies have so far demonstrated a beneficial
effect of irisin on obesity (Boström et al., 2012; Frühbeck et al., 2020;
de Oliveira et al., 2020; Panati et al., 2016), it must be considered that
the major reason behind this outcome is its the ability of irisin to induce
adipocyte browning, in a process known as irisin's canonical function,
which largely depends on the experimental conditions or the distinct
adipocyte subsets used (Gassenhuber et al., 2013; Lee et al., 2014; Silva
et al., 2014; Kristóf et al., 2015; Klusóczki et al., 2019). In a research
from 2015, Kristóf and colleagues (Kristóf et al., 2015) suggest that
irisin is able to induce a “beige” program in differentiating human
primary subcutaneous white adipocytes, and not effectively browning;
the protocol used consisted of irisin administration during the whole
differentiation procedure, or in the last four days of the differentiation,
and the cell lineage employed was of preadipocytes. In addition, Lee
and coworkers (Lee et al., 2014) showed that FNDC5 improved ther-
mogenesis in subcutaneous but not omental adipocytes, and the mag-
nitude of thermogenic activation was less evident compared to those
observed in neck adipocytes. Therefore, despite the divergent results in
regard to irisin's effect and FNDC5's participation in different fat de-
posits, previous results by Oliveira and colleagues (de Oliveira et al.,
2020) using human subcutaneous adipocytes incubated for 24 h with
20 nM irisin indicated that irisin may be used to prevent obesity or
maintain weight due to its impact on the lipid profile without altering
adipokine levels; in this present article, it was demonstrated what irisin
might, in addition, lead to reduction of FURIN, ADAM10, TLR3, KDM5B
and SIRT1 along with increase in TRIB3 mRNA expression.

FURIN cleaves SARS-CoV-2 spike (S) glycoprotein, the key protein
used to infect mammal cells (Walls et al., 2020); ADAM10 is correlated
with ACE2 cleavage regulation in human airway epithelia (Jia et al.,
2009); TLR3 plays an important role in the innate response to SARS-
CoV or MERS-CoV infection and regulates ACE2 cleavage (Totura et al.,
2015); KDM5B regulates positively ACE2 (Wu et al., 2018); in more
than 57% addressed studies, researchers found that SIRT1 was upre-
gulated in the lung of patients with severe COVID-19 comorbidities; all
these genes favor the viral infection and can be potential targets for
preventing SARS-CoV-2 spread (Pinto et al., 2020). On the other hand,
TRIB3 gene has been linked to fatty acid synthesis control and insulin
resistance, in addition to regulating plasma levels of triglycerides and
HDL cholesterol in humans (Angyal and Kiss-Toth, 2012) and was
previously reported to decrease virus infection and replication; so
TRIB3 can be considered a therapeutic target for COVID-19 (Moraes
et al., 2020).

Irisin is found in human blood at concentrations of 3–5 ng/ml;
circulates at ~3.6 ng/ml in sedentary individuals; this level is increased
to ~4.3 ng/ml in individuals undergoing aerobic interval training
(Jedrychowski et al., 2015). The involvement of irisin in viral infection
is poorly understood; however, a cross-sectional study of patients with
HIV demonstrated that irisin levels correlated negatively with body fat
and positively with fat-free mass and strength parameters (Trombeta
et al., 2017). In another scenario, researchers verified that FNDC5
overexpression or irisin supplementation could preserve mitochondrial
function and attenuate oxidative damage as well as cell apoptosis (Ling
et al., 2018; Zhang et al., 2014).

Irisin is known for stimulating markers of the white adipose tissue
browning process contributing to energy metabolism, tissue

Fig. 3. Irisin effect on FURIN, ADAM10, TLR3, HAT1, HDAC2, SIRT1, RAB1A, KDM5B and TRIB3, in subcutaneous adipocytes: Human subcutaneous
adipocytes were treated with 20 nm irisin for 24h, after this period the RNA extraction, preparation and sequencing was performed. Bioinformatics analysis was
performed using Kallisto software. a) FURIN, b) ADAM10, c) TLR3, f) SIRT1 and h) KDM5B were decreased by irisin e) HDAC2 and i) TRIB3 were elevated by irisin.
The values expressed in fragments per kilobase of exon model per million reads mapped (FPKM), from RNA-seq, were used to compare irisin group (Ir) with control
(C); using Student's t-test to compare results, after performing the Kolmogorov Smirnov normality test. Data are expressed as mean ± standard deviation. The
significance level was set at 5%. **P < 0.001, ***P < 0.0001 n = 3, ns = non significant.
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regeneration, cell proliferation and also in decreasing insulin resistance,
helping to transport glucose into the muscles and consequently, low-
ering blood glucose (Ling et al., 2018). However, its effects on the
hormonal regulation and metabolic process are not completely under-
stood. We demonstrated that irisin reduced FURIN, which participates
along with other genes, also downregulated by irisin, in the enrichment
of 14 terms in GO. The terms include protein maturation, cellular re-
sponse to transforming growth factor-beta stimulus, extracellular ma-
trix organization, multicellular organism metabolism, regulation of li-
pase activity, and receptor metabolism; the interaction between these
terms can be seen in Fig. 1. FURIN is one of the proteases responsible for
the proteolytic cleavage of avian influenza virus activating the hae-
magglutinin (Stieneke-Gröber et al., 1992), and for the cleavage of
human immunodeficiency virus (HIV) envelope polyprotein precursor
gp160 to gp120 and gp41 prior to viral assembly (Hallenberger et al.,
1992). Therefore, our results proving that irisin downregulates FURIN,
which presents a proved impact on SARS-CoV-2 cleavage to human
cells, may indicate that the treatment with irisin, through FURIN re-
duction, could consequently result in impaired SARS-CoV-2 infection.
In addition, we observed that the reduction of ADAM10, along with
other genes, after irisin enrichment resulted in 12 terms in GO, re-
presented by protein maturation, negative regulation of cell adhesion
and cell growth, as described in table. 2 and in interactive graphic in
Fig. 2. Since ADAM10 can be a candidate enzyme responsible for the
FNDC5 cleavage (Yu et al., 2019), the reduction of ADAM10 mRNA in
our study can be explained by the administration of exogenous irisin.
The reduction of ADAM10 by irisin resulted in the enrichment of the
biological process Notch signaling pathway; because this pathway is
thought to play a major role during the differentiation and the activity
of innate and adaptive immune cells (Vieceli Dalla Sega et al., 2019), it
is possible that irisin treatment indirectly results in a more efficient
immune system.

Moreover, our data showed that the diminished ADAM10 and
FURIN lead to the enrichment of common processes such as extra-
cellular structure organization, protein maturation, protein processing
membrane and protein ectodomain proteolysis. Anders et al. (2001)
and Hwang et al. (2006) described that the activity of ADAM10 is also
controlled by furin protein, which could be in line with our findings
since treatment with irisin decreased FURIN and ADAM10 mRNA. The
reduction of both genes could be beneficial for cell and extracellular
processes.

Acute respiratory distress syndrome (ARDS) is the definition of the
most severe form of acute lung injury (ALI). ARDS and ALI are severe
clinical conditions that are associated with excessive inflammatory re-
sponse, sepsis, impaired gas exchange, alveolar-capillary barrier dis-
ruption, and pulmonary edema (Rubenfeld et al., 2005; Wheeler and
Bernard, 2007; Matthay et al., 2012; Imai et al., 2008; Yu et al., 2016).
Therefore, patients with ALI/ARDS, among other symptoms, present
decreased oxygenation capacity, bilateral lung ground-glass edge on
chest radiographs, and an increase in breathing rate (Imai et al., 2008;
Yu et al., 2016). A recent histopathological study demonstrated that
irisin ameliorated the lung injury that was induced by lipopoly-
saccharides (LPS) in C57BL/6J mice and A549 cell (adenocarcinomic
human alveolar basal epithelial cells), and suppressed the production of
IL-1β, IL-6, MCP-1, TNF-α, and apoptosis in alveolar epithelial cells
(Shao et al., 2017b). Although alveolar cells do not express irisin,
previous studies using exogenous irisin indicated that these cells benefit
from irisin in case the pulmonary tissue is damaged; the administration
of irisin in mice subjected to ischemia demonstrated that inflammation
in the lungs was reduced, there was evident tissue repair, and hypox-
emia and proinflammatory cytokines were decreased. (Chen et al.,
2017). The clinical characteristics of SARS-CoV-2 infection are varied
and are similar to those described above by ARDS e ALI (Chen et al.,
2020; Rubenfeld et al., 2005; Wheeler and Bernard, 2007; Matthay
et al., 2012; Imai et al., 2008; Yu et al., 2016), a fact that reinforces
testing irisin in cases of COVID-19. These data also support a promising

potential for irisin in the battle against SARS-CoV-2 infection, and since
literature in this domain is scarce, further researches are required.

The data presented by Pinto et al. (2020) and Moraes et al., 2020
(Moraes et al., 2020) offer gene targets for preventing severe COVID-19.
Drugs that act on these gene targets, inhibiting ADAM10, TLR3, HAT1,
HDAC2, KDM5B, SIRT1, RAB1A and FURIN, or stimulating TRIB3,
should be explored. Our results from adipose tissue treatment with ir-
isin showed a decrease in the expression of practically all targets
mentioned by Pinto et al. (2020) and increased TRIB3 mentioned by
Moraes et al., 2020) (Moraes et al., 2020). Researches conducted in the
lung tissue are required in order to validate if the same occurs in pul-
monary spectrum.

In conclusion, irisin presented a very positive effect in the regula-
tion of diverse genes related to the COVID-19 outcome in the adipose
tissue, causing reduction of genes implicated in elevated viral infection,
and increase in genes that block virus-cell cleavage; these results in-
dicate that irisin treatment could end in a reduction of SARS-CoV-2
infection rate in human cells. The obesity is associated with an in-
creased recruitment of macrophages in the adipose tissue (Weisberg
et al., 2003), and irisin modulates macrophage activity by reducing
reactive oxygen species (ROS) overproduction and increasing the ex-
pression of anti-oxidative stress factors (Mazur-Bialy, 2017; Mazur-
Bialy et al., 2018); thus, the beneficial effects of irisin not only depend
on the positive effect on the regulation of diverse genes related to the
COVID-19 outcome in the adipose tissue, but also to its anti-in-
flammatory properties related to the targeting of macrophages. These
results might be translatable for other tissues and systems, considering
the genes targeted are expressed in several body cell types. Since the
respiratory system is the most considerably affected in COVID-19, the
effect of irisin in the lung tissue and the resulting gene expression must
be tested. Therefore, we expect with our data, while preliminary and
speculative, to stimulate further investigations relating to irisin and
gene expression in other tissues than the adipose. This might evoke a
COVID-19 therapeutic strategy to stimulate TRIB3 expression and de-
crease ACE2 regulatory genes, possibly aiding patients with both mild
outcomes as well as the ones suffering from severe COVID-19.
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