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Although relatively new in the therapeutic landscape for managing type 2 diabetes (T2D), dipeptidyl-peptidase 4 (DPP4)
inhibitors have gained widespread popularity, due to their glycemic efficacy, low risk of hypoglycemic episodes and oral
route of administration. DPP4, a cell-bound serine protease abundantly expressed on lymphocytes, epithelial and
endothelial cells, plays critical roles in the modulation of glucose homeostasis and inflammatory immune responses. Also,
given its potential to serve as an adjunctive functional receptor for the emerging Severe Acute Respiratory Syndrome
coronavirus 2 (SARS-CoV-2) to gain entry into the host, inhibition of DPP4 has been proposed as an alternative and
multifaceted strategy to prevent severe clinical manifestations of the SARS-CoV-2 related illness (COVID-19), which are
commonly observed in T2D patients. However, the inherent risk of mast cells hyper-activation and the lack of a clear
demonstration of SARS-CoV-2 binding to DPP4, may raise some concerns and controversy.
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| 1. Introduction

Dipeptidyl-peptidase 4 (DPP4) inhibitors, also known as gliptins, represent a relatively new class of oral antidiabetic
agents that block the inactivation of the distal gut-derived insulinotropic hormone glucagon-like peptide 1 (GLP1). By
positively affecting glucose control with minimal risk of hypoglycemia, these drugs have gained popularity as a second-line
option for managing T2D due to their favorable side effect profile and competitive costs [. To date, there are five DPP4
inhibitors available on the European market, including sitagliptin, saxagliptin, linagliptin, alogliptin and vildagliptin, all of
which have specific pharmacodynamic and pharmacokinetic properties, with potentially relevant implications for patients
affected by liver or kidney disease, notwithstanding comparable glycemic efficacy and inhibition of DPP4 activity (2.

2. Potential Benefits and Harms of DPP4 Inhibitors on COVID19
Outcomes

According to mechanistic studies, DPP4, formerly known as T-cell antigen CD26, is a multifunctional soluble and cell-
bound serine protease, abundantly expressed in lymphocytes and adipocytes as well as in many other cell types,
including endothelial and epithelial cells, which plays critical roles in the modulation of glucose homeostasis and
inflammatory responses [1]. Interestingly, DPP4 was identified as a functional receptor for human coronavirus-Erasmus
Medical Center (hCoV-EMC) B, the virus responsible for the Middle East Respiratory Syndrome (MERS) outbreak and
genetically close to Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which is causing the novel
Coronavirus Disease 2019 (COVID-19) pandemic. In addition, antibodies directed against DPP4 could impair hCoV-EMC
infection in primary human bronchial epithelial cells. The observation that the S1 domain of SARS-CoV-2 spike
glycoprotein interacts with the host receptor protein DPP4 43 raised the hypothesis that SARS-CoV-2 may use DPP4 as
an adjunctive functional receptor to gain entry into the host, in addition to the well-documented angiotensin-converting
enzyme 2 (ACE2) 8. Although a direct involvement of DPP4 in the modulation of SARS-CoV-2 entry has been denied in a
stably transfected human embryonic 293T cell line [, this computational evidence has raised speculation and questions
about whether targeting one of the potential host determinants of virulence with DPP4 inhibitors would be useful in
attenuating COVID-19 clinical course after viral exposure Bl especially in patients with T2D, typically depicted by a
pathogenic dysregulation of DPP4 expression 29 coupled with a hyperglycemia-dependent proinflammatory
background 1, and enhanced susceptibility to severe COVID-19 manifestations, including lethality 12, Apart from the
anti-hyperglycemic effect related to protease-dependent modulation of the entero-insular axis, DPP4 inhibitors possess
uniqgue immunomodulatory therapeutic potential for autoimmune and rheumatological disorders, cancer and, most
remarkably, MERS. Targeting DPP4 to inflect natural viral dynamics has been thus suggested as a pharmacologically
reasonable strategy in the case of COVID-19, as well as other severe respiratory diseases related to coronaviruses.
Interestingly, rheumatological disorders and severe COVID-19 share the overproduction of NF-kB-dependent
proinflammatory cytokines and mediators, such as IL-1, IL-6 and TNF-a, as a common key pathogenetic mechanism [



(141 The blockade of IL-6 receptors with tocilizumab, a humanized IgG1 monoclonal antibody commonly used in patients
with rheumatoid arthritis, is currently under investigation in patients with severe COVID-19 pneumonia, whereas inhibition
of IL-1 release by hydroxychloroquine, a first-line disease-modifying antirheumatic drug (DMARD) therapy, has been put
under investigation in patients with mild to moderate COVID-19 to prevent disease progression (www.aifa.gov.it). In
addition to its immunomodulant and anti-inflammatory effects, hydroxychloroquine has proved to interfere with the
glycosylation of SARS-CoV-2 spike proteins and ACE2 receptors, blocking, in in vitro experimental models, viral entry 151,
However, very recently, safety concerns have been raised over its proarrhythmic potential and increased in-hospital death
in patients tested positive for SARS-CoV-2 28 ending in a temporary suspension of clinical trials. It is noteworthy that,
during infection progression, SARS-CoV-2 decreases the activity and expression of ACE2, the primary component of an
alternate renin-angiotensin system (RAS) that counteracts angiotensin Il (ANGII). The unbalanced ANGII activity has been
indicated as a critical driver for severe COVID-19 manifestations in lungs and other organs . In this regard, DPP4
inhibitors could interfere with the RASsystem and reduce ANGII levels, thereby ameliorating hypertension and comorbid
cardiac remodeling in experimental animal models 8. However, despite a plausible pharmacological rationale,
repurposing drugs with originally different therapeutic indications for preventing or treating COVID-19 can be challenging
even in the case of DPP4 inhibitors, as current computational or preclinical evidence does not suffice. To date (May 2020),
neither data are available regarding clinical and demographic characteristics of people with diabetes developing severe
COVID-19 complications, nor do we know whether background glycemic levels or antidiabetic therapies might have a role.
Unfortunately, observational and experimental clinical research programs are comprehensibly more difficult during a
pandemic because of many possible barriers, including risk of infection for healthcare workers and research staff
deployment to provide clinical care 22, A metanalysis evidenced that treatment with DPP4 inhibitors does not increase the
overall risk of respiratory infections with respect to placebo or conventional oral antidiabetic comparators (metformin,
sulfonylureas, thiazolidinediones; OR 0.98, 95% CI 0.91 to 1.05), although no subgroup analysis has been performed
concerning relationships with specific viral pathogens 2. More recently, a large prospective cohort study in France
evidenced an inverse association between diabetes and non-influenza respiratory virus illnesses over the course of three
flu seasons (2. The study ended before the COVID-19 pandemic; however, hospitalized patients with flu-like symptoms
who tested positive for non-influenza respiratory viruses, including coronavirus 229E, were less likely to have diabetes
than patients infected with seasonal influenza viruses (18% vs. 25%). Unfortunately, background information on
medication use was not assessed in this study, except for immunosuppressive drugs; therefore, whether specific
antidiabetic medications would have prevented non-influenza respiratory virus-related hospitalization in patients with
diabetes remains uncertain. Interestingly, and regardless of the viral strain, coronavirus infections are counteracted by
submucosal mast cells of the respiratory tract as the forefront part of the innate immunity response [22. Endothelial
transmigration of mast cells is under the control of the stromal derived factor 1 (SDF-1), which is cleaved and inactivated
by DPP4 [23124] Because of its dose-dependent ability to selectively induce the production of IL-8, but not other pro-
inflammatory mediators from mast cells, SDF-1 orchestrates leukocyte recruitment and vascular remodeling in the context
of arteriogenesis, both of which could be boosted by DPP4 blockage in experimental animal models 2. In addition,
increased plasmatic levels of SDF-1 have been associated with maturation and migration of leukocytes to mucosal
compartments and immune response-dependent abortion of human immunodeficiency virus 1 (HIV1) infection 28, An
intriguing question that could be raised is whether DPP4 inhibitor-related augmentation of SDF-1 levels and mast cells in
mucosal entry sites would confer resistance against SARS-CoV-2 and other coronaviruses. In this regard, some evidence
suggests that, while neutralizing these pathogens, mast cells release antiviral and cytotoxic mediators which, in some
circumstances, can aggravate the clinical course of the disease. The dual effects of mast cells in viral infections could
introduce further arguments and controversies in the debate about the use of DPP4 inhibitors as a potential protective
strategy against severe COVID-19 manifestations 24, While downregulation and inhibition of DPP4 activity by hCoV-EMC
and HIV1 have been demonstrated [27], to date, there is no indication that binding of SARS-CoV-2 would lead to similar
effects. In addition, concerning COVID-19 related vascular damage, it should be noted that, in contrast to preclinical
evidence, human studies have shown either a neutral 28 or a detrimental 2 effect of DPP4 blockage on endothelial
function in the setting of diabetes.

Figure 1 summarizes the potential benefits and harms of DPP4 inhibitors on COVID-19 outcomes.
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Figure 1. Potential benefits and harms of DPP4 inhibitors on COVID-19 outcomes. COVID-19, Coronavirus Disease
2019; DPP4, dipeptidyl-peptidase 4; SDF1, stromal derived factor 1; GLP1, glucagon-like peptide 1; ACE2, angiotensin
converting enzyme 2; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.
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