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Abstract

SARS-COV-2, a novel 3-coronavirus, is the cause of a severe inflammatory infectious disease of the respiratory tract (COVID-19).
The spread has already taken on pandemic proportions, affecting over 2,5 million people and causing more than 170,000 deaths.
The mechanisms and strategies underlying the virus power of penetrating human cells and causing the well-known spectrum of
diseases induced by SARS-COV-2 have been explored worldwide. Two host receptors able to specifically inducing virus-host linkage,
entry and, consequently, productive infection, have been suggested to interact with the outer membrane spike viral glycoprotein:
the angiotensin converting enzyme 2 (ACE2) and the dipeptidyl-peptidase 4 (DPP4), also known as CD26. Both these receptors
are highly expressed on several human tissues (i.e. kidney, pancreas, gut, lung, endothelium, pleura, myocardium, connective
tissue) accounting for the variable clinical manifestations of COVID-19. CD26 is also over-expressed in stimulated T, B, and NK cells,
thus representing an activation marker of the immune system. However, CD26 is not only the functional host receptor for SARS-
CoV-2. Indeed, published data available from the previous SARS-CoV and MERS-CoV outbreaks showed that CD26 is also utilized
for sustaining inflammation and counteracting the host immune response. Specifically, through CD26, coronavirus may increase
inflammatory cytokine production, down- modulate the autophagy, and increase levels of adenosine, hence further deactivating the
host immune response. Thus, compounds able to inhibit the DPP4/CD26 pathway might be useful against COVID-19. In this respect,
promising therapeutic approaches could include: 1) DPP4 inhibitors, such as sitagliptin, already used for treating diabetic patients;
2) Begelomab, the anti-CD26 monoclonal antibody already successfully employed in the treatment of graft-versus-host disease, and
3) adenosine deaminase agonists, already used in the immunodeficiencies sustained by the adenosine deaminase gene mutations.
The article will review some pathogenic landscapes and will hypothesize some promising drugs to face the COVID-19 emergency.
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Introduction

SARS-CoV-2 is a novel B-coronavirus identified as responsible many researchers tempted to adapt the SARS and MERS models to

of the pandemic that from 30 December 2019 to the first 4 months
of 2020 caused worldwide more than 170,000 deaths (45,000 in
USA, 107,000 in Europe and 4,600 in China). This B-coronavirus
shares 80% of sequence identity with SARS-CoV, responsible for
the Asian outbreak in 2002, and with MERS-CoV, that sustained
the Middle East outbreak in 2012 [1]. Starting from this similarity,

the new severe inflammatory infectious disease of the respiratory
tract sustained by SARS-CoV-2 (COVID-19). Nowadays, two host
human receptors have been detected as the cause of the virus-host
link and the consequent entry into human cells: i) the angiotensin
converting enzyme 2 (ACE2) [2], and ii) the dipeptidyl-peptidase
4 (DPP4), also known as CD26 [3]. Both receptors are strongly
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expressed in kidney, heart, pancreas, small intestine, endothelium
and lung [4]. In addition, CD26 is recognized as a marker of
activated T-B-and NK-cells; moreover, it has been demonstrated to
play a further important role in sustaining the hyper-inflammatory
status that characterizes COVID-19 [5]. Although the mechanisms
allowing the virus entry and replication are not still fully clarified,
the endolysosomal network, comprising both clathrin-mediated
and clathrin-independent endocytic pathways, might be a key
machinery to be considered as a good antiviral therapeutic target
[6]. Chlorpromazine, a distinctive clathrin-dependent endocytosis
inhibitor with a suppressive effect on cellular entry of both SARS-
CoV and MERS-CoV, could be a promising therapeutic option also
for COVID-19, further demonstrating that endocytosis is a relevant
process for the Coronavirus replication after the proteolytic

cleavage of the surface spike (S) protein [7].

Chloroquine, well-known anti-malarial drug, modifying the
endosomal-lysosomal pH, seems to prevent SARS-CoV2 replication
[8]. Furthermore, teicoplanin, an antibiotic with proved efficacy
against MERS-CoV and SARS- CoV via cathepsin pathway inhibition,
has been reported as a promising therapeutic strategy for the
present outbreak [9]. Typical antiviral drugs have been also used
as reasonable therapeutic strategies for COVID-19 patients to
block, after endocytic phase, virus replication. In a first report,
76% of 99 Chinese COVID-19 patients received at least 3 days
of antiviral treatment, including oseltamivir (75mg every 12h,
orally), ganciclovir (0.25g every 12h, intravenously), and lopinavir-
ritonavir (500mg twice daily, orally). Although the study seems
underpowered, the mortality rate of 11% leaves still open the
debate about the role of these class of drugs in the pandemic [10].
A further therapeutic approach involves biological drugs able
to switch off the cytokine storm responsible for the most severe
COVID-19 symptoms and clinical signs (capillary leak, respiratory
distress, super-infections, myocardial damage), either alone or in
combination with low-weight heparins, taken into consideration
to limit the pro-thrombotic status characterizing the disease.
However, while disseminated intravascular coagulation is quite
common in COVID-19 patients, the anti-thrombotic treatment
strategy still present weakness to be convincingly introduced
in a COVID-19 therapeutic algorithm [11]. COVID-19 patients
frequently show lymphopenia, atrophy of spleen and, more
importantly, elevated levels of proinflammatory cytokines. The
huge number of macrophages infiltrating the lung of COVID-19
patients is responsible of the so-called primary cytokine storm,
whilst activated T lymphocytes seem to trigger a subsequent
phase [12]. Higher concentrations of naive T helper and Th17 cells,
accompanied by a more pronounced reduction of CD8+, NK and
Tregs lymphocyte subpopulations have been documented in more
severe cases [13]. Moreover, chemokines and adhesion molecules
seem to have a fundamental role during SARS-COV-2 infection. In
particular, the increased expression of neutrophil and monocyte

adhesion molecules, such as LFA-1, Mac-1, VLA-4 and ICAM-1, may
contribute to their greater adhesiveness to endothelium, inducing
vasoconstriction and thrombotic events, which ultimately may be
responsible of the mechanisms underlying cardiotoxicity observed

during Coronavirus infection [14].

Chloroquine, largely employed for treating autoimmune
diseases [15], was first proposed by rheumatologists for the
treatment of COVID-19 patients with the aim to block SARS- CoV-2
endocytic host cell entry via human ACE2 receptor [8]. Tocilizumab,
an anti-IL6 antibody, already used in rheumatoid arthritis (AR) [16],
Anakinra, an anti-IL1 antibody already effective in the macrophage
activation syndrome [17], and anti-TNF alpha antibodies, such as
Adalimumab, useful for the treatment of psoriasis [18] are some
examples of drugs utilized as compassionate use and published,
in some cases as uncontrolled non peer-reviewed studies, with
consequent significant limitations and biases. In April 2020, the
Italian Drug Agency (AIFA) authorized the compassionate use of
Ruxolitinib, a JAK1/2 inhibitor already successfully employed by
hematologists for treating myelofibrosis, polycythemia vera and
acute graft versus host disease (aGVHD) [19].

The T-lymphocyte dysregulation occurring in aGVHD is similar
to that induced by SARS-CoV-2 infection. In particular, T helper
and T cytotoxic lymphocytes abnormalities (i.e. higher percentage
of “naive” and “switched off” cells, higher Th1/Th2 ratio, and
reduced level of NK and Tregs cells) [20], are shared by the two
diseases. Ruxolitinib, by inhibiting Th1 lymphocytes and reducing
secretion of pro-inflammatory cytokines, offered 55% of responses
to steroid-refractory GVHD patients [21]. Based on the assumption
that immuno-based COVID-19 injury resembles aGVHD, both from
the pathogenetic and the clinical point of view, Ruxolitinib could be
tailored in this hard-to-treat setting. In this complex scenario, an
actor able to play different leading roles and to make a “strict pact
with devil” (the Coronavirus) is the dipeptidyl peptidase 4 (DPP4
or CD26) a 110 KDa protein, whose codifying gene is located on
the long arm of chromosome 2 (2q24.3) [22]. his protein, known
both in the transmembranal and in the shedding form, might be
considered the SARS-COV-2 henchman for several reasons. Indeed,
CD26 is not only one of the virus receptor on human epithelial cells,
butitalso represents an important interface between inflammation,
metabolism and host immune response that favors the virus-
induced unwanted actions [5], similar to those already documented
in autoimmune diseases, cancer, diabetes, atherosclerosis, obesity
and cystic fibrosis. Thus, DPP4/CD26 might be a reasonable
therapeutic target in the 2020 pandemic, and DPP4 inhibitors,
previously utilized in autoimmune settings [23,24], could also be
implemented in the COVID-19 therapeutic armamentarium. The
aim of this paper was to reviewing the biological bases supporting
the hypothesis of an unfavorable strict link between SARS-CoV-2
and DPP4/CD26, and discussing the resulting therapeutic options
of avoiding the DPP4/CD26/SARS-CoV-2 cross-talk.
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DPP4/CD26 as Receptor for SARS-Cov-2

DPP4/CD26 is a glycoprotein belonging to the prolyl
oligopeptidase family, able to remove the N-terminal dipeptide
from proteins containing proline, glycine or alanine [25]. Due to
its enzymatic activity, DPP4/CD26 interacts with many proteins,
such as adenosine deaminase, fibronectin, collagen, the chemokine
receptor CXCR4, and the tyrosine phosphatase CD45 [26]. CD26 is
constitutively expressed on a variety of cell types and tissues, such
as prostate, kidney, liver, epithelial cells, and exocrine glands [27].
Thus, some symptoms and signs associated with COVID-19, i.e.
nausea, vomit, diarrhea, pneumonia and insulin-resistance, could
be explained by the widespread distribution of CD26 as well as
ACE2 receptors. CD26 is
capillaries and on pneumocytes, especially in subjects with a history

also expressed on myocardial venules/

of smoking or a previous chronic lung disease or cystic fibrosis
[28]. DPP4/CD26 has been previously reported to be one of the
receptors of MERS-CoV, the virus responsible for the outbreak that
occurred in the Middle East in 2012. The observation that CD26 is
rarely detected in the nasal cavity while more frequently found in
distal airways and that the most frequent clinical manifestations
during outbreak of 2012 interested the lower respiratory tract,
seems to support the relevant role of DPP4 in infections sustained
by Coronaviruses [29].

Moreover, CD26 is found mainly on type I and type II lung
cells and alveolar macrophages, as well as in the endothelium
and pleural mesothelium. Notably, the high CD26 expression
seems to be associated with the damage suffered by respiratory
tract/lung. In keeping with this observation is the epidemiology
of COVID-19. In Italy, 13.7% of deaths for COVID-19 presented
the Chronic Obstructive Pulmonary Disease (COPD) as principal
comorbidity. Moreover, 73.8% and 33.9% of hospitalized patients
suffered by hypertension and diabetes, respectively. Notably, both
conditions are characterized by a hyper-inflammatory status
potentially inducing DPP4 over-expression. Indeed, during lung
chronic diseases, such as COPD and cystic fibrosis, an increased
detection of DPP4/CD26 protein in alveolar epithelial cells has
been documented [30], suggesting that a higher density of the virus
receptor, especially in lung, might be responsible for a more rapid
virus entry into the human cells and a consequent more rapid and
uncontrollable virus dissemination. This hypothesis is in line with
that observed after HIV-1 infection, when the excessive truncation
of CCL5 chemokine, exerted by the CD26-positive T lymphocytes,
was able to transform CCLS5 into a potent inhibitor of the monocyte
chemotaxis, thus allowing HIV-1 to replicate easier [31]. Moreover,
the strict correlation between CD26 cellular surface density and the
viral load has been clearly shown in the MERS-CoV model, where
the higher infection susceptibility well correlated with higher CD26
density on the host cells [32]. Moreover, the infection efficiency
of the Huh-7 cell line with MERS-CoV was significantly reduced
by the cells pre- incubation with the anti-DPP4/CD26 antiserum,

but not by the control or the anti-ACE2 serum [33]. Recently,
the tridimensional structure of the SARS-CoV-2 S1 glycoprotein
allowed to appreciate that SARS-COV-2 specific ligand binds
CD26 at the same residues 159 used by SARS-CoV and MERS-CoV
(K267, T288, A289, A291, L.294, 1295, R317, Y322 and D542), but
with additional few residues (Q286, 1287, N338, V341, R336), so
indisputably confirming that CD26 is a fundamental receptor also
for the SARS-CoV-2 162 [34]. Two epidemiological observations
catalyzed the scientific community interest for the DPP4/CD26.
The first deals with the 2002 SARS outbreak. Some South Korean
cases were infected by SARS-CoV strain carrying a mutated S
protein, thus impairing the virus binding to human CD26 receptor.
Interestingly, the disease appeared less aggressive than in the
remaining Korean population infected by the “wild-type” virus [35].
The second consideration, applicable also to the actual pandemic,
is that not all individuals living in the same community are equally
infected. A possible explanation of this phenomenon could rely on
genetically-driven differences, mainly receptors’ polymorphisms
[36]. However, a recent Chinese publication has disavowed such
a consideration, showing neither a clear association between the
ACE2 polymorphisms with the different prevalence of COVID-19
infection between male and females, nor that between SARS-CoV-2
cases with mild and severe disease [37]. No data have been produced
on DPP4 SNPs yet. Nevertheless, in diabetic patients, a strict
correlation between the rs4664443 G>A SNP and plasma levels of
CD26 has been reported [38]. Thus, receptor polymorphisms could
be worth of consideration also in COVID-19.

DPP4/CD26 as First-Line Player in Inflammation

Due to its ubiquitous localization [39], DPP4/CD26 might play
an important role in the cross-talk between innate and adaptive
immunity, as well as between the immune system and specific
tissue functions. Indeed, while DPP4 activates lymphocytes, the
protein fraction expressed on macrophages binds to adenosine
deaminase (ADA), increasing the level of its substrate adenosine,
ultimately impairing the host immune response [40]. In the kidney,
DPP4/CD26, expressed on T- and B-lymphocytes, macrophages
and dendritic cells, has been identified as a costimulatory molecule
amplifying the activation of T-cells by cross-linking to its ligand
caveolin-1. In DPP4-mutated models, where CD26 enzymatic
activity is reduced, no increase of IL2 production (that occurs
after T-cell activation) has been detected [41]. The hypothesis of
a pathogenetic important cross-talking between inflammation and
DPP4/CD26 is also supported by its high expression in several
inflammatory diseases, such as cystic fibrosis and COPD, where it
sustains the inflammatory milieu [42].

In an animal model of cystic fibrosis, Pseudomonas aeruginosa
infection increased the acinar airspace, reduced the septal
thickness and caused a significant interstitial edema. Notably,

this phenomenon was significantly less appreciated in CD26-
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knockdown compared with CD26-expressing rats [43]. Moreover,
DPP4 has been reported to play an important pathogenetic role
in autoimmune diseases, such as rheumatoid arthritis (RA) and
systemic erythematosus lupus (SLE) [44]. It has been hypothesized
that DPP4/CD26 might be the target of some important proteins,
such as collagen and fibronectin, that behave like autoantigens. In
line with this hypothesis, high levels of anti-CD26 antibodies have
been found in patients with RA compared with healthy donors [45].
Interestingly, T-lymphocytes located in the synovial cavities express
high levels of CD26 and sustain the production of inflammatory
chemokines and cytokines [46]. In patients with allergic asthma,
CD26 levels have been found to be elevated, suggesting a role of
this peptidase also in the pathogenesis of this allergic disease
[47]. Finally, in multiple sclerosis, CD26-positive effector T-cells
are significantly increased in all disease subtypes compared with
healthy controls, well correlating with the disease aggressiveness
[48]. In addition to autoimmune diseases, DPP4/CD26 has been
widely studied in diabetes mellitus, where this glycoprotein seems
to be implicated in the glucose homeostasis by participating to
the catalytic degradation of glucagon-like peptide-1 [49]. DPP4
inhibitors increased the long list of the therapeutic armamentarium
againstdiabetes from 2006. DPP4 inhibitorslowerblood sugarlevels
by inhibiting the degradation of the glucagon-like peptide-1 and -2
and of glucose-dependent insulinotropic peptide, and by increasing
the insulin secretion [50]. Interestingly, it has been reported a
high prevalence rate of COVID- 19 in hospitalized diabetic patients
(31.8%) compared with less severe SARS-COV-2 non- hospitalized
cases (5.4%), thus highlighting a strict correlation between severity
of COVID- 19 and this pathological condition [51]. Cancer represents
another disease where the inflammation plays an unquestionable
role and where CD26 might be a relevant mechanistic function. The
relationship between neoplasms and germ-induced inflammation
is well recognized. The association between gastric cancer with
Helicobacter Pylori infection, cervical cancer with Papillomavirus,
nasopharyngeal carcinoma and lymphomas with Epstein-Barr
virus are well-known examples. Moreover, pro-inflammatory
factors, such as asbestos, nanomaterials, hydrocarbons have been
recognized as carcinogenic [52].

DPP4/CD26 has been reported to be overexpressed in prostate
cancer [53] and itis used as biomarker for differentiating malignant
from benign thyroid disorders [54]. In hematology, high levels of
DPP4 have been reported in T-cell acute leukemias [55] and in
T-cell lymphomas, where CD26 positivity is considered an indicator
of a more aggressive disease phenotype [56]. In chronic myeloid
leukemia (CML), CD26 has been recognized as the specific marker
of the CD34+/CD38-/CD90+ leukemic stem cell [57]. Our group
demonstrated that CD26 is co- expressed with the aberrant BCR-
ABL1 fusion tyrosine kinase and with BMI1, a gene belonging to
the Polycomb family, involved in the cancer epigenetic control [58].
Noteworthy, CD26-positive CML leukemic stem cells circulate even

when patients are in deep molecular response and treatment-free,

and they are considered operationally cured [59]. In bone marrow,
DPP4, degrading CXCL12, is able to mobilize immature cells
from the niche to the peripheral blood [60]. Vildagliptin, a DPP4
inhibitor, reduced the leukemic stem cell mobilization and tumor
proliferation in vitro, especially when combined with Nilotinib, a
tyrosine kinase inhibitor used as first or subsequent lines of CML
treatment [61]. Finally, CD26 expression on neoplastic B-cells in
chronic lymphocytic leukemia (CLL) has been considered a marker
of disease aggressiveness, correlating with disease clinical stage,
b2-microglobulin, LDH and absolute lymphocyte count [62]. Our
group confirmed the above-mentioned association with other
prognostic biomarkers (i.e. CD38 and ZAP-70 expression, and
with IgVH unmutated status), Moreover, a higher CD26 expression
(>10%) on CLL B-cells predicted a shorter therapy need, while
this peptidase was absent or barely detectable in various other
peripheral B-cell lymphoid tumours [63].

SARS-Covs, DPP4/CD26 and Autophagy

As virus replication depends on energy and metabolism of host
cells, many researchers focused their efforts to clarify, and possibly
identify, metabolic processes used by the SARS-CoV-2 to replicate.
The metabolomic profile analysis of monkey epithelial cells after
infection by old Coronaviruses showed a significant alteration of 25
metabolites, including glutathione, pyrimidines, and metabolites of
aminoacyl-tRNA biosynthesis. The authors of this complex study
also observed alow AMP/ATP ratio that reduced the AMP-activated
protein kinase levels, with subsequent reduced autophagy as
output of the viral infection [64]. Autophagy is a process that,
controlling the disposal of damaged organelles, plays important
roles in the cellular homeostasis, development, aging and defense
from infections. Indeed, bacteria and viruses are sequestered into
autophagosomes and then delivered to the lysosomes where they
are destroyed. Indeed, once activated by the pro- inflammatory
cytokines, autophagy contributes to eliminate infective agents
by sustaining the MHC-restricted antigen presentation and by
negatively regulating the IL1-dependent inflammatory pathway
[65]. Alterations in the autophagy have been reported in chronic
inflammatory diseases, such as SLE and Crohn’s disease, but
also in conditions characterized by increased lung fibrosis, such
as the pulmonary hypertension, COPD, and cystic fibrosis [66].
Unfortunately, SARS-CoV-2 as well as other bacteria and viruses can
subvert this process to their own benefit [67].

Indeed, the Coronaviruses encode eight accessory proteins
(ORFs) that are responsible for different phases of infection.
Specifically, ORF-3a and ORF-8a trigger apoptosis, ORF-7a activates
NF-kB, ORF3b upregulates the expression of cytokines and
chemokines involved in the inflammation, ORF-6 reduces interferon
production, ORF-8b induces cellular DNA synthesis, and ORF- 9b is
involved in the ATG-5-dependent autophagy [68]. The overall final
result is the freezing of the host immune response and increased
viral replication. It has been reported that old Coronaviruses
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were able to reduce autophagy by using their E3-ligase S-phase
kinase-associated 2 (SKP2) protein for blocking the activity of the
autophagy-initiating protein Beclin-1 [69], so bypassing the first
host defense modality represented by the autophagic process.
Recently, autophagy has been reported to be relevant also during
the SARS-CoV-2 infection. Similarly to the old Coronavirus, the
new one decreases glycolysis and downregulates autophagy by
degrading Beclin-1 protein. Notably, spermidine, an autophagy
inducer, significantly reduced the SARS-CoV-2 replication in a vitro
model [70]; this finding represents a proof of concept on the role
exerted by autophagy during virus infection.

The autophagy might be considered another meeting point
between Coronavirus and DPP4/CD26. Indeed, vildagliptin, a DPP-
4 inhibitor, blocking the Beclin-1/Bcl-2 interaction and increasing
the levels of the pro-autophagy LC3 protein, significantly prolonged
survival of mice by restoring the autophagic response in the
infarcted myocardium [71]. Analogously, in a murine model of limb
ischemia, sitagliptin, another DPP4 inhibitor, restored autophagy
in endothelial cells, improving angiogenesis and the consequent
limb blood perfusion [72]. Overall considered, these data support
the concept that CD26 receptor is used as a ‘slave’ by SARS-CoV-2,
exploiting this pathway to induce hyper-inflammation and to
reduce autophagy, thus cutting out two physiological routes of
host defending against the virus, with the negative consequence of
immune response impairment and the ultimate tissue damage.

OUTLOOK: the Employ of DPP4/CD26 Inhibitors
Against COVID-19

Based on pro-viral actions playing by DPP4/CD26 during SARS-
CoV-2 infection, the perspective of blocking this glycoprotein might
be clinically relevant. Theoretically, three different approaches
could be utilized:

i)  DPP4 inhibitors.

ii) Anti-CD26 monoclonal antibodies, such as Begelomab,
and

iii) Adenosine deaminase agonists.

DPP4 Inhibitors

In the last months, many groups theorized the use of DPP4
for COVID-19 pandemic,

inflammatory power previously demonstrated in diabetes mellitus

inhibitors considering their anti-
[73]. DPP4 inhibitors reduce oxidative stress and inflammation, as
demonstrated by reduction in diabetic patients of IL-6, IL-18, CRP,
ICAM-1 and TNF alpha and IL10 increased levels [74,75]. Moreover,
DPP4 inhibitors modulate production of collagen induced by TGF
beta, and switch macrophages from M1 (pro-inflammatory) to
M2 (anti- inflammatory) phenotype. In a murine model, all above
activities lead to improvement of bleomycin-induced dermal and
pulmonary fibrosis [76]. DPP4 inhibitors are classified in 3 different

classes according to their tridimensional structures. In this respect,
vildagliptin and saxagliptin belongs to class 1, alogliptin and
linagliptin to class 2, while class 3 is represented by sitagliptin,
gemigliptin, anagliptin, and teneligliptin. Teneligliptin has been
reported to play an anti-atherosclerotic effect by increasing
adiponectin and reducing selectins, VCAM-1 and PAI-1 [77], while
vildagliptin can control transplanted lung rejection by lowering
production of TNF alpha [78]. All these positive effects were not
significantly affected by the onset of severe adverse events [79],
except for a significant association with the bullous pemphigoid,
reported for vildagliptin, in a lower measure for linagliptin, while
it was not documented during sitagliptin treatment, thus resulting
the best candidate for COVID-19 patients [80].

The role of anti-diabetic compounds in the 2020 pandemic
has been recently extensively reviewed [81]. The authors promote
metformin. However, some caution should be used in unstable cases
and in patients with concomitant sepsis, due to its possible negative
effect on the host immunocompetence, as showed by a reduced
response to influenza vaccination observed in diabetic subjects
receiving this drug [82]. Moreover, they suggested a possible rapid
translation into the clinical practice of the Glucagon-like peptide
1 receptor (GLP-1R) agonists, such as liraglutide and exenatide,
due to their powerful anti-inflammatory effect [83]. Indeed, in an
Alzheimer animal model, liraglutide protected brain againstamyloid
accumulation [84]. The same drug reduced the intimal hyperplasia
and levels of TNF alpha, IL6, IL1, and IL18 in a myocardial ischemia
model [85]. Insulin is also suggested for the most severe COVID-19
cases, based on previous experiences demonstrating its positive
impact in significantly reducing morbidity and mortality rate in
critically ill patients [86].

Anti-CD26 monoclonal antibodies

Another conceivable way to counterbalance the negative effects
of the activation of Coronavirus/DPP4/CD26 axis is represented
by the receptor blockage through the anti- CD26 monoclonal
antibodies. In T-cell lymphoma, the murine antibody IF7 was able
to inhibit tumor cell growth and to prolong survival of tumor-
bearing mice [87]. In the pleural mesothelioma model, the anti-
CD26 antibody reduced neoplastic cell growth by enhancing
cyclin-dependent kinase inhibitor p21 and downregulating the
ubiquitin-specific protease 22 [88]. In multiple myeloma, the
anti-CD26 antibody inhibited osteoclast differentiation, especially
when used in combination with Dexamethasone, Bortezomib or
Lenalidomide [89]. But the success of the anti-CD26 antibodies as
anti-inflammatory compounds is particularly evident in the aGVHD,
condition that mimics the cytokine storm detected in COVID-19
patients. In a murine model, the GVHD symptoms were associated
with the increased CD26 expression on T lymphocytes and on GVHD
target tissues. Administration of the anti-CD26 antibody decreased
aGVHD severity and prolonged mice survival preserving the graft-
versus-leukemia effect [90]. Recently, a commercially available
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anti- CD26 monoclonal antibody, Begelomab, has been employed
for treating steroid-refractory aGVHD patients. Among them, 28
cases were treated in two prospective trials and 41 were enrolled
in a compassionate use study. aGVHD was of grade-II in 8, grade-III
in 33, and grade-1V in 28 patients.

In the compassionate use, Begelomab was administered at
3mg/m?/day for 5 days, followed by six additional doses of 3mg/
m?atday +10, +14,+17,350+21, and +24. The overall response rate
at one month was respectively 75% in the prospective studies and
61% in the compassionate use, with a similar complete response
rates (11 and 12%, respectively). Response in grade-1II GVHD was
higher than 70%, and response in grade-IV GVHD cases about 60%,
with higher response rates described for skin, liver, and gut. The
drug was well tolerated, with the most common adverse events
being diarrhea, cytomegalovirus reactivation, infections, more
likely associated to aGVHD [91]. Nevertheless, CD26 shedding
could be an issue, since high levels of circulating CD26 was detected
during Begelomab administration. Indeed, the shedding CD26 form
could rapidly bind the monoclonal antibody, potentially reducing
its therapeutic effect. Studies on anti-CD26 dose-adjusted based
on soluble CD26 levels might be hypothesized for achieving higher
rate of success.

Adenosine Deaminase Agonists

Adenosine deaminase (ADA), the enzyme that catalyzes
the hydrolytic deamination of adenosine to inosine, represents
an additional viable path to targeting DPP4/CD26 [92]. ADA

is a substrate of the proteolytic activity of DPP4; when it is
hyperactivated (as occurs during viral infection), ADA levels
decrease, with the consequent increase of adenosine levels.
Because high adenosine concentrations inhibit T-cells proliferation
[93], we postulate that SARS-CoV-2 might use CD26 path for further
inhibiting the host immune esponse. Thus, ADA agonists could hold
additional therapeutic room for COVID-19. ADA,

a natural antagonist for DPP4, has been previously reported
to reduce the respiratory syndrome sustained by the SARS-CoV
[94]. In this respect, some suggestions might be derived from the
treatment options of human severe combined immunodeficiency
associated with mutations occurring in the ADA gene (ADA-
SCID), and characterized by profound lymphopenia and immune
[95]. ADA-SCID
includes enzyme replacement, allogeneic hematopoietic stem cell

dysregulation therapeutic armamentarium
transplantation, and, more recently, gene therapy [96]. Although all
the above-mentioned approaches are not applicable, the pegylated
formulation of ADA (30 U/kg twice weekly), employed in the past
with remarkable results and no adverse events [97] could represent
a further reasonable approach to the COVID-19. All the above
reported data support the hypothesis that SARS-CoV-2 makes a
strict ‘pact with the devil, namely with the glycoprotein DPP4/
CD26, which in turn represents the first door for its entry into the
human ‘friend/foe’. Once entered into the host cell, DPP4/CD26
helps the virus to downgrading autophagy, sustaining inflammation
and fighting the host immune response (Figure 1A).

Figure 1: In the figure DPP4/CD26 is depicted as the bridge that connects Coronavirus 727 (on the left side) to the immune

response/inflammation actors (B lymphocytes in violet, T 728

in red). In the upper part of the

lymphocytes in pink, macrophages in yellow, cytokines

729 figure (A), when the bridge is intact, virus sustains inflammation and the excessive

immune 730 response, with a great damage for the host (COVID-19). When the DPP4/CD26 bridge is 731 destroyed (by DPP4
inhibitors, anti-CD26, ADA agonists), the soldiers from both parts are 732 defeated, and an equilibrated immune response
restored. The final balance is a powerful 733 benefic effect against COVID-19.
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Conclusion

In conclusion, different strategies are ideally available to
potentially breaking down the SARS-COV-2/CD26 engagement
(Figure 1B). Both bridge sides are theoretically weak enough to
build up a key tactic to attack the virus-DPP4 axis. To date, we could
imagine stopping the virus before crossing the bridge by social
distancing interventions. Moreover, when the virus is approaching
the bridge, vaccine-derived neutralizing antibodies, hopefully
soon available, will provide the ultimate solution. However,
by the host bridge side, we might imagine to counteract SARS-
COV-2 attack also by anti-CD26 compounds, that might represent
useful bullets to be fired from the first barricade, represented by
autophagy and adequate immune response (Figure 1A). Although
drug repurposing has emerged as a more convenient cost-effective
as well as a faster drug discovery approach, clinical trials are
warranted for demonstrating if theories can be translated into
therapeutic options in daily practice or to remain interesting
nevertheless merely scientific speculations.
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