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Abstract

Dipeptidyl peptidase 4 (DPP4), also known as cluster of differentiation 26 (CD26), is
a serine exopeptidase expressed ubiquitously in several tissues, including but not lim-
ited to lung, kidney, liver, gut, and immune cells. The question has been raised on
whether DPP4 modulation or inhibition may prevent infection and/or progression of
the COVID-19. A docked complex model of the SARS-CoV-2 spike glycoprotein and
DPP4 has been proposed, showing a large interface between the proteins and pro-
posing close similarity with other coronaviruses using DPP4 as functional receptor. In
absence of experimental validation, these data should be interpreted with caution.
Nevertheless, this observation may rise the question on whether DPP4 is directly
involved in SARS-CoV-2 cell adhesion/virulence, and whether DPP4 inhibition might
be a therapeutic strategy for preventing infection. Although a direct involvement of
DPP4 in SARS-CoV-2 infection needs to be clarified, there is also evidence
suggesting that DPP4 inhibitors modulate inflammation and exert anti-fibrotic activ-
ity. These properties may be of potential use for halting progression to the hyper-
inflammatory state associated with severe COVID-19. Taken together these findings
may suggest a potential role for DPP4 inhibition or modulation in one or more steps

of COVID-19 immunopathogenesis.
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The coronavirus disease 2019 (COVID-19) caused by the novel
coronavirus SARS-CoV-2 represents a global health threat. It has
spread worldwide producing 123 010 deaths by 15 April 2020,
corresponding to a 6.4% fatality rate.! Older age and male gender are
two features that have been consistently associated with worse out-
come.?® While diabetes may not be associated per se with increased
risk of infection,* it may confer an increased risk for worse prognosis
or progression.*> As a matter of fact, around two-thirds of critically ill
patients have at least one comorbidity, more commonly car-
diometabolic diseases, with diabetes covering 17% of cases.®

The increasing spreading of the disease and the high fatality rate
impose an urgent need for rapid identification of effective treatments.
While a main focus is to develop novel therapeutics (eg, antivirals and
vaccines), a fast approach for rapid treatment delivery is to repurpose

“old” drugs or reconsider already well-characterized targets with an

emerging role in COVID-19. Dipeptidyl peptidase 4 (DPP4), also
known as cluster of differentiation 26 (CD26), has been recently pro-
posed as potential drug target for COVID-19.° DPP4 is a serine exo-
peptidase expressed ubiquitously in many tissues, including but not
limited to lung, kidney, liver, gut, and immune cells. DPP4 can cleave a
broad range of substrates including growth factors, chemokines, neu-
ropeptides, and vasoactive peptides. Therefore, it is involved in multi-
ple physiological processes. For example, DPP4 controls immune
responses by acting as costimulatory molecule on T-cells, and modu-
lates glucose homeostasis by degrading incretin hormones.” Recent
evidence has raised the question on whether DPP4 modulation or
inhibition may prevent infection and/or progression of COVID-19.
According to a recent paper by Vankadari et al, human DPP4/
CD26 may interact with the S1 domain of the viral spike glycopro-
tein.® This would suggest additional virus-host interaction on cell
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surface besides the Angiotensin Converting Enzyme 2 (ACE2), which
is the main access door used by SARS-CoV-2.” The authors elabo-
rated a docked complex model of the SARS-CoV-2 spike glycoprotein
and DPP4, showing a large interface between the proteins, and pro-
posing close similarity with other coronaviruses that use DPP4 as
functional receptor. At least seven of the predicted DPP4 residues
involved in SARS-CoV-2 interaction are also targeted by the Bat-CoV
HKU4,1° which is phylogenetically correlated to the MERS-CoV. Addi-
tional sites (Q286, 1287, N338, V341, R336) have been predicted to
bind to the S1 domain of the spike protein via van der Waals or by
hydrogen binding.® In absence of experimental validation, these data
should be interpreted with caution. Indeed, according to Tai et al the
receptor-binding domain of SARS-CoV-2 can bind to 293 T-cells
expressing human ACE2 but not to 293 T-cells expressing human
DPP4.1! Nevertheless, the observation by Vankadari et al may raise
the question on whether DPP4 is directly involved in SARS-CoV-2 cell
adhesion/virulence, and if so, whether DPP4 inhibition would be a
therapeutic strategy for preventing infection.

DPP inhibitors (DPP4i), such as sitagliptin, alogliptin, vildagliptin,
saxagliptin, linagliptin, are a class of drugs widely used for the man-
agement of hyperglycemia in type 2 diabetes. Such DPP4i all bind
essentially in the same catalytic site.*? Vildagliptin and saxagliptin act
as pseudo-substrates, while sitagliptin, alogliptin, and linagliptin are
substrate competitive inhibitors.'>' By contrast, the binding of
SARS-CoV-2 and MERS-CoV involves residues that are outside the
binding pocket occupied by the DPP4i.21” Among DPP4i, sitagliptin,
which interacts with the F357 residue,*? is the inhibitor displaying the
shorter distance (17 amino acids) from one of the predicted binding
sites (V341) of SARS-CoV-2.8 Whether conformational changes
induced by DPP4i modify the virus-DPP4 interaction has to be eluci-
dated. According to data on MERS-CoV, the virus-receptor interaction
is independent of the peptidase activity of DPP4.1® DPP4i sitagliptin,
vildagliptin, saxagliptin, were unable to block MERS-CoV infection,
therefore suggesting that the bound receptor-binding domain is
unlikely to interfere with the substrate accessing the catalytic
site.x?2% |n contrast, manipulation of DPP4 levels or development of
inhibitors that target the site between the binding domain on the virus
surface and the receptor might provide direct antiviral action. For
example, a humanized anti-CD26 monoclonal antibody (YS$110), which
is currently in phase-1 trial as anti-tumour agent for mesothelioma,
has shown to significantly suppress MERS-CoV infection, without
altering immune function or protease activity.?*

Although a direct involvement of DPP4 in SARS-CoV-2 infection
needs to be clarified, there is evidence suggesting that DPP4i modulate
inflammation and exert anti-fibrotic activity. These properties may be
of potential use for halting progression to the hyperinflammatory state
associated with severe COVID-19.22 DPP4i suppress T-cell prolifera-
tion and production of proinflammatory cytokines. For example, phar-
macological inhibition of DPP4 decreased incidence, onset of
symptoms and overall disease severity in the experimental autoim-
mune encephalomyelitis (EAE) model of multiple sclerosis.?® This is
consistent with human data, where inhibitors of DPP4/CD26 suppress
activation of Myelin basic protein (MBP)-specific CD4+ T-cell clones,2*

and with observations from population-based cohort studies where
DPP4i usage was associated with a 30% lower risk of incident autoim-
mune diseases.?>?® Interestingly, in an experimental model of acute
respiratory distress syndrome (ARDS), which represent the main death
cause of SARS-CoV-2 infected patients, DPP4 inhibition by sitagliptin
alleviated histological injury by

proinflammatory cytokines IL-1f, TNFa, and IL-6.2” Moreover, loss of

findings of lung inhibiting
DPP4 activity through gene knockout or treatment with sitagliptin may
exert anti-fibrotic properties in mice with bleomycin-induced dermal or
pulmonary fibrosis.2®

Taken together these findings may raise the question on a potential
role for DPP4 inhibition or modulation in one or more steps of COVID-
19 immunopathogenesis, namely (1) infection by altering the proposed
interaction between SARS-CoV-2 and DPP4, and (2) disease progres-
sion towards an hyperinflammatory state. While a direct and significant
involvement of DPP4 in initial steps of viral infection cannot be consid-
ered relevant without further validation, experimental evidence and
observational studies may already support the anti-inflammatory poten-
tial of DPP4i. As a caveat, DPP4 inhibition should be carefully examined
according to disease and patient context given the theoretical risk of
suppression of immunity mediated by effector T-cells and the reported
association with some immune mediated diseases, such as bullous

d?? and inflammatory bowel disease.*° Given the high num-

pemphigoi
ber of type 2 diabetic patients involved in the COVID-19 pandemic and
the wide use of DPP4i in diabetes, the association between DPP4i and

COVID-19 warrants further investigation.
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