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Diabetic patients are at particular risk of severe COVID-19. Human dipeptidyl peptidase-4 (DPP-4) is a
membrane-bound aminopeptidase that regulates insulin release by inactivating incretin. DPP-4 inhibitors
(DPP-4is) are therefore used as oral anti-diabetic drugs to restore normal insulin levels. These molecules
also have anti-inflammatory and anti-hypertension effects. Recent studies on the interactions of SARS-
CoV-2 spike glycoprotein and DPP-4 predict a possible entry route for SARS-CoV-2. Therefore, DPP-4is
could be effective at reducing the virus-induced ‘cytokine storm’, thereby ceasing inflammatory injury to
vital organs. Moreover, DPP-4is may interfere with viral entry into host cells. Herein, we have reviewed
the efficacy of DPP-4is as potential repurposed drugs to reduce the severity of SARS-CoV-2 infection in
patients with diabetes.

Tweetable abstract: DPP-4 inhibitors could be promising repurposed drugs to minimize inflammatory
pathogenesis and disease severity in COVID-19/diabetes comorbidity.
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A pandemic caused by a beta class of coronavirus called SARS-CoV-2 has engulfed the world since its origin in
December, 2019 [1]. According to the WHO, the virus has already infected more than 662 million people and has
caused over 6 million deaths worldwide as of 16 January 2023 [2]. Preliminary reports suggest an increased risk of
severe disease in patients with diabetes. Around 15% of critically ill COVID-19 patients have diabetes, and the
rate of mortality is two to three-times higher compared with non-diabetic patients [3]. Such a high mortality among
COVID-infected diabetes patients requires urgent therapeutic intervention. Early findings suggest a potential
role of anti-diabetic drugs, including dipeptidyl peptidase-4 (DPP-4) inhibitors. DPP-4 inhibitor drugs, called
gliptins, neutralize the proteolytic action of DPP-4 on incretin hormones glucagon-like peptide-1 (GLP-1) and
gastric inhibitory polypeptide (GIP) preventing the reduction in insulin secretion [4]. By inhibiting DPP-4, gliptins
also reduce the production of pro-inflammatory cytokines and the CRP level, which may protect the lung from
inflammatory injury during novel coronavirus infection [5,6]. DPP-4 inhibitor Sitagliptin inhibits Toll-like receptor
4 (TLR4) activation in alveolar cells in the lung. Given that the SARS-CoV-2 surface antigen spike glycoprotein
interacts with TLR4 and induces inflammatory cascades, leading to ‘cytokine storm’, it has been suggested that
DPP-4 inhibitors may prevent virus-TLR4 interaction and the consequences of multi-organ failure [7,8]. It is well
established that the entry of SARS-CoV-2 into host cells is through binding its cognate receptor, ACE2 [9]. However,
during MERS-CoV (Middle East respiratory syndrome coronavirus) infection, DPP-4 has emerged to be the major
entry receptor utilised by the virus to infect host cells. Thus, it is possible that the SARS-CoV-2 spike glycoprotein
may also interact with DPP-4 [10,11]. Available literature suggests that membrane-bound DPP-4 may promote the
entry of SARS-CoV-2 into the respiratory system [12,13]. A recent clinical study showed that COVID-19 patients
had reduced levels of soluble DPP-4 (sDPP-4), possibly due to reduced shedding of the catalytic domain from
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its transmembrane domain compared with the uninfected healthy subjects. Therefore, the high amount of intact
membrane-bound DPP-4 in infected patients may contribute to severity of the disease [12]. This suggests that
repurposing DPP-4 inhibitors could be effective for treating COVID-19 patients with diabetes.

DPP-4 & its implications in COVID-19
DPP-4 is a ubiquitous proteolytic enzyme that cleaves and inactivates several biologically active substrates such as
GLP-1 of the incretin pathway, leading to reduced insulin secretion from pancreatic beta cells and thus resulting in
the diabetic condition [4]. DPP-4, or cluster of differentiation 26 (CD26), is a membrane-bound serine ectopeptidase
that shows catalytic activities by cleaving the N-terminus of dipeptides with a proline amino acid in its penultimate
position [14]. DPP-4, through its intracellular tail, transmits signals by cleaving proline, alanine and glycine [15].
N-terminal sialylation of membrane-bound DPP-4 increases its apical secretion, and thus may promote virus
interaction [16], as is demonstrated in the case of MERS-CoV, where DPP-4 interacts with the N-glycan-containing
receptor-binding domain (RBD) of the virus [17,18]. The membrane-bound form of DPP-4 is ubiquitous, present
in T lymphocytes, monocytes, hepatocytes, kidney, lung, small intestine, pancreas, spleen and the heart [14,19,20].
The lung is rich in DPP-4 and is the site most affected by novel coronavirus. The role of DPP-4 expression in
the severity of coronavirus infections is already demonstrated in the case of MERS-CoV, where increased level of
DPP-4 in the lung leads to inflammation by acting as a pro-inflammatory signaling molecule [21].

In addition to the membrane-bound form, DPP-4 is present as a soluble form in plasma and other body
fluids [22,23]. The enzymatically-active sDPP-4 is cleaved from the membrane-bound form and released. Some
clinical studies have observed increased levels of sDPP-4 in the plasma of patients suffering from viral infections [24].
However, in patients with MERS-CoV, a reduced level of sDPP-4 correlated with disease severity [13]. A similar
relationship has also been found in the case of COVID-19 infection [12,25]. An earlier study also found that levels
of sDPP-4 were significantly higher in younger compared with older individuals [26]. This suggests a probable role
of sDPP-4, in addition to membrane-bound DPP-4, in COVID-19 severity.

Virus-DPP-4 interaction
Although ACE2 seems to be the principal receptor for SARS-CoV-2 entry, studies suggest that DPP-4 also interacts
with the novel coronavirus [10,27,28]. Recent reviews and in silico analyses propose that several receptors such as
DPP-4, DPP-6, DPP-10, TLR4, C-lectin type receptors (CLRs), neuropilin-1 (NRP1) may interact with the
SARS-CoV-2 receptor-binding domain [11,29,30].

Earlier studies with MERS-CoV suggested that membrane-bound DPP-4 acts as a functional receptor and
mediates internalization of the virus into host cells. A recent publication using a homology modelling approach
showed that the human membrane-bound DPP-4 interacts with receptor binding domain of the SARS-CoV spike
glycoprotein, the S1 subunit. Many unique residues present on the S1 subunit showed interaction sites similar to
the ACE2 receptor, indicating that membrane-bound DPP-4 could act as an entry receptor of SARS-CoV-2 in
humans [10]. During entry of the host cell, the SARS-CoV spike glycoprotein is cleaved at the site of the S1-S2
junction by a membrane-bound protease, furin, releasing the S1 subunit. This then binds DPP-4 (Figure 1).
Binding and cleavage exposes the S2 subunit, the membrane-fusion subunit, which is then cleaved at an S2’ site
located upstream of the fusion peptide (FP) by another protease, transmembrane serine protease 2 (TMPRSS2).
As a result, the S2’ site of the viral spike protein is activated and forms a 6-helix bundle fusion core (6-HB) of
heptad repeat 1 (HR1) and 2 (HR2) from S2 subunit. This promotes fusion of the host cell and viral membrane,
and subsequent endocytosis of the virus (Figure 1) [31–34].

Competitive inhibition studies revealed that sDPP-4 acts as decoy receptor and blocks the internalization of
the virus [35]. Soluble DPP-4 at a dose of 250 and 1000 ng/ml inhibited the entry of the virus by 14 and 24%
respectively. To reach 50% inhibition of entry, a concentration of at least 8000 ng/ml soluble DPP-4 is needed [13].
One hypothesis is that the viral spike protein may interact with the non-catalytic glycosylated region of DPP-4,
which facilitates SARS-CoV-2 entry and thus virulence in host cells. Clear correlations between ACE2 and DPP-4
suggests the relevance of both of these membrane-bound proteins in the pathogenesis of SARS-CoV-2. Preliminary
reports suggest that, as in MERS-CoV infection, there is a correlation between the localization of membrane-bound
DPP-4 and the site of lung inflammation in SARS-CoV-2, supporting the interactions between DPP-4 and the
virus [21]. Although some studies suggest that ACE2 is the major binding partner of SARS-CoV-2, rather than
DPP-4 as is the case for MERS-CoV, this does not rule out DPP-4 playing a role in the internalization of SARS-
CoV-2. For example, patients with Type 2 diabetes have shown increased risk for the COVID-19 [12,36]; Schlicht
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Figure 1. Entry of SARS-CoV-2 in host cell using DPP-4. Furin and TMPRSS2 are host cell proteases that cleave specific
target regions in virus spike glycoprotein and promote endocytosis into host cells. Domain structure of SARS-CoV-2
spike glycoprotein with furin and TMPRSS2 cleavage sites are also shown.

et al. performed a clinical study where they measured the circulating level of sDPP-4 in 7 patients suffering with
COVID-19 disease and found the level of sDPP-4 to be significantly reduced in these patients in comparison
to healthy control [12]. This may suggest that reduced shedding of membrane-bound DPP-4 leads to increased
likelihood of SARS-CoV-2 internalization as it acts as a receptor for the viral spike protein. The mechanistic insights
of host-virus interaction, mediated by soluble and membrane-bound DPP-4, have been summarized in Figure 2.

Like other RNA viruses such as SARS-CoV and MERS-CoV, it is evident that SARS-CoV-2 shows a high rate
of mutation, adapting to environmental changes and pathogenic selection pressures. Interaction of this rapidly
mutating virus with DPP-4 in conjunction with ACE2 presents the possibility of using DPP-4 as the principal
entry receptor in the future [37].

DPP-4 inhibitors & COVID-19
DPP-4 inhibitors, known as Gliptins, are a class of oral anti-diabetes drugs. Commercially available DPP-4 inhibitors
include Galvus (Vildagliptin), Januvia (Sitagliptin), Onglyza (Saxagliptin) and Tradjenta (Linagliptin) [38]. DPP-4
inhibitors target the proteolytic enzyme DPP-4 and prevent inactivation of the incretin pathway leading to increased
insulin secretion [39].

As preliminary clinical data suggests that membrane-bound DPP-4 plays an important role in SARS-CoV-2
virus entry into the human respiratory system [12], this suggests a possible role for anti-diabetic DPP-4 inhibitors
in reducing the severity of SARS-CoV-2 infection [40,41]. Currently, very few studies have been performed with
patients taking DPP-4 inhibitors for COVID-19 [37]. One study observed that the mortality of patients with a
well-controlled blood glucose level was significantly lower than that of patients with poorly-controlled blood glucose
levels; it was found that the majority of patients with well-controlled blood glucose levels were receiving DPP-4
inhibitors as anti-diabetic drugs [42]. Although this report does not prove that DPP-4 inhibitors directly reduce the
severity of COVID-19, it presents a possible treatment strategy worth investigating further. A few studies performed
in diabetic patients have shown that no significant changes were observed in DPP-4 inhibitor users [43–45]. This at
least suggests that anti-diabetic DPP-4 inhibitor drugs are not harmful in COVID-19 patients. At least one study,
however, has shown that patients taking DPP-4 inhibitors required less intubation (43%) than non-users (81%),
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Figure 2. Hypothetical illustration of how SARS-CoV-2 interacts with membrane-bound DPP-4/CD26 to facilitate the
entry of the virus into the host cells, for example the epithelial cells of alveoli. Viral spike glycoprotein can bind to
both soluble and membrane-bound receptor. Binding of spike protein to membrane-bound DPP-4 facilitates the viral
entry to the target cell. The exact domain of DPP-4 wherein the spike protein occupies, is an open question. Potential
interactive residues between DPP-4 and SARS-CoV-2 spike RBD have been shown [11].

suggesting a beneficial role of DPP-4 inhibitors in COVID-19 [46]. Another population-based study showed that
out of 832 diabetic patients with novel coronavirus disease, the 263 patients who were taking DPP-4 inhibitors
showed 64% less severe symptoms of COVID-19 than non-users [47]. DPP-4 inhibitors, when administered in the
inpatient setting, also seem to reduce the risk of COVID-19-associated deaths by about 50% [48]. Currently, several
studies using DPP-4 inhibitors such as sitagliptin and linagliptin are in progress to investigate the beneficial effects
on COVID-19 disease [21]. Preliminary reports on the beneficial effects of DPP-4 inhibitors on COVID-19 are, so
far, promising.

Repurposing DPP-4 inhibitors in COVID-19 treatment
Studies suggest that SARS-CoV-2 infects the lower airways and can cause acute respiratory distress syndrome
(ARDS) [49,50]. Cytokine storms are also produced as result of SARS-CoV-2 infection [8]. Cell entry of SARS-
CoV-2 is at least partly regulated by the membrane-bound DPP-4 [12]. These studies, taken together, indicate
the potential role of DPP-4 inhibitors in antagonizing the effects of the virus [21,51,52]. Continued use of DPP4
inhibitors in hospitalized patients have been found to reduce mortality of COVID-19 patients [53,54]. DPP-4
inhibitors prevent airway inflammation [55] and thus their use may reduce the virulence of SARS-CoV-2 and the
resulting multi-organ damage. Possible mechanisms of action include: interaction of the virus with CD26 [12];
reduced cytokine production [56]; reduced macrophage activity [57]; increased GLP-1 activity [58]; and stimulation
of anti-inflammatory effects of the lungs and other tissues [7,59,60]. Thus, DPP-4 inhibitors may be most effective
when administered in the early phases of SARS-CoV-2 infection, and so could then be used in combination with
other treatments to reduce the severity of resulting COVID-19 disease.

DPP-4 inhibitors supress the proliferation of T cells. This results in the reduced production of pro-inflammatory
cytokines and thus reduces the ‘cytokine storm’. This is evident in studies where patients taking DPP-4 inhibitors
have shown 30% lower occurrence of auto-immune diseases [61]. However, caution must be taken as suppression
of T cell immunity by DPP-4 inhibitors may increase the risk or severity of acute SARS-CoV-2 infection [62].
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DPP-4 inhibitor drugs seem to improve lung health in multiple ways. In the case of ARDS, the DPP-4 inhibitor
sitagliptin inhibits production of pro-inflammatory cytokines such as IL-1β, IL-6 and TNF-alpha, which lessens
lung injury [7]. It also seems to inhibit TGF-beta mediated lung fibrosis [63]. Using a mouse model, it was found
that the DPP-4 inhibitor drug vildagliptin also induces natural killer (NK) cell activity, which leads to reduced
lung cancer growth [64]. Although, few studies suggest that vildagliptin induces pneumonitis, which may increase
the chances of fibrotic lesions in the lungs during SARS-CoV-2 infection and increase the severity of COVID-19
disease [65]. DPP-4 inhibition is also associated with some degree of immune suppression, and long-term suppression
of the immune system could lead to undesirable side effects [66]. Thus, it has been suggested that inhibition of
DPP-4 may not be the most desirable approach to reduce the severity of COVID-19 [67].

Several reports suggest regulatory effects of DPP-4 inhibitors on both systolic and diastolic blood pressure (SBP
and DBP). Treatment with DPP-4 inhibitors such as sitagliptin, vildagliptin and saxagliptin appear to reduce SBP
and DBP and protect patients against effects of hypertension [68]. This phenomenon seems to not be limited to only
diabetic patients, as sitagliptin has been shown to also reduce blood pressure in non-diabetic patients [69]. Results
from a retrospective cohort study performed in China suggests increased SBP and unstable SBP/DBP are associated
with increased risk of intensive care unit (ICU) admission, heart failure and mortality, while hypertension appears
to be a common comorbidity in COVID-19 patients [70]. The role of DPP-4 inhibitors in reducing blood pressure
and hypertension further suggest its potential as a repurposed drug for treating COVID-19.

As DPP-4 is found both in membrane-bound and soluble form, recent reports suggest that the use of DPP4
inhibitors in diabetic patients significantly upregulates the circulatory levels of sDPP-4 [71]. sDPP-4 acts as a decoy
receptor to the virus [13] and therefore the use of DPP-4 inhibitors may prevent interaction of SARS-CoV-2 with
the membrane-bound DPP-4 by increasing the titre of the circulatory sDPP-4 level [35].

Studies using pharmacophore modelling and molecular docking have shown that peptidomimetic DPP-4 in-
hibitors exhibit highly specific binding to the SARS-CoV-2 viral protease. Out of the 12 DPP-4 inhibitors studied,
3 inhibitors (gemigliptin, linagliptin, evogliptin) showed the best ability to bind the viral protease. However,
non-peptidomimetic DPP-4 inhibitors showed the least binding ability [72]. However, it remains to be understood
whether the conformational changes induced by DPP-4 inhibitors can modify the interaction of DPP-4 with
SARS-CoV-2 [37]. In an earlier in vitro study, it was found that infection of human coronavirus-Erasmus Medical
Center (hCoV-EMC) on Huh-7 cells and primary human bronchial epithelial cells was significantly inhibited
upon treatment with antibodies against DPP-4 [73]. However, treatment with DPP-4 inhibitors such as vildagliptin,
sitagliptin and saxagliptin did not inhibit hCoV-EMC infection, which suggests that even after binding of these
inhibitors, DPP-4 is unable to alter the substrate. However, an anti-DPP-4 monoclonal antibody (YS110) has been
able to significantly supress MERS-CoV infection by targeting the site between the binding domain of the virus
and the receptor [74].

A recent study proposed that DPP-4 amplifies SARS-CoV-2 infection in diabetic patients, and thus DPP-4
inhibitors are thought to be able to reduce the virulence of SARS-CoV-2 [27]. A serine protease inhibitor called
camostat mesylate has been able to supress the infection of SARS-CoV-2 efficiently by inhibiting the TMPRSS2
protein, which if not inhibited, cleaves the spike proteins of the virus and allows its fusion and entry in to cells [36].
DPP-4 inhibitors inhibit DPP-4, itself a serine protease, and so there is a possibility that DPP-4 inhibitors could be
repurposed for COVID-19 [37]. Since DPP-4 inhibitors also have anti-inflammatory properties. DPP-4 inhibitors
such as saxagliptin reduce NLR family pyrin domain containing 3 (NLRP3) inflammasome activation and also
serum levels of TNF-alpha, IL-1β, IL-6 and CRP in diabetic mice models [5]. In a human study, DPP-4 inhibitor
sitagliptin also reduces the serum levels of CRP, IL-6 and cd26 mRNA in mononuclear cells [75]. The role of DPP-4
inhibitors in reducing cytokine storms may alleviate the severity of COVID-19. Interestingly CRP levels in 86%
of COVID-19 patients are found to be highly elevated [6].

Because DPP-4 inhibitors can suppress immunity by altering the T cells activity [62], this has led to some
suggestions that DPP-4 inhibitors might increase the risk of infections such as nasopharyngitis and interstitial
pneumonitis in patients [65]. However meta-analyses and also large-scale patient studies performed by Clinical
Practice Research Datalink of United Kingdom (CPRD) found no such increased risk of infections in DPP-4
inhibitor users in comparison to other anti-diabetic drugs [76]. As preliminary data suggests an increased severity of
COVID-19 in elderly patients with high levels of DPP-4 due to diabetic or obesity conditions, DPP-4 inhibitors
may be repurposed as drugs for regulating SARS-CoV-2 infection.
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Dual potential of DPP-4 inhibitors against SARS-CoV-2 immunopathogenesis
The pathophysiology of COVID-19 is the cumulative result of virus-induced physiological changes (alteration in
respiratory gas exchange and dysregulation of blood pressure) and the ‘cytokine storm’. Out of all the pathophysio-
logical attributes, the cytokine storm is widely accepted as the prime cause behind COVID-19-related mortality. Like
other host-pathogen interactions, SARS-CoV-2 infection is sensed via the cell surface and intracellular TLRs [8,77].
Both cell surface and intracellular TLRs have been implicated in COVID-19 immunopathogenesis. Intriguingly,
the cell surface viral antigen – the spike glycoprotein – has been found to bind with TLR4, inducing the inflam-
matory cascade that is the most likely cause of the cytokine storm [8]. Therefore, targeted inhibition of TLR4
has already emerged as an effective treatment option, especially in patients displaying severe immunopathological
manifestations [78]. A number of pharmacological agents (HCQ; phase III, Imiquimod; phase I), small molecules
(PUL-042; phase III) and peptides (EC-18) are currently undergoing clinical trials [78].

In this context, currently available FDA-approved DPP-4 inhibitors appear to be the best candidates. These
repurposed drugs could be considered as effective TLR4 antagonists for COVID patients experiencing a cytokine
storm, especially given that DPP-4 is expressed in almost all the major immune cells (macrophages, dendritic cells,
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Figure 3. DPP-4 inhibitors targeting TLR4 mediated immunopathogenesis of COVID-19. DPP-4 inhibitors mediated
therapeutic strategies to target human TLR4, NF-κB, ERK, NLR-P3/ASC and T-cell activation against SARS-CoV-2 and
to protect multiorgan damage. The anti-DPP-4 drug sitagliptin can directly binds to TLR4 to inhibit the downstream
inflammatory cascade while alogliptin inhibits ERK which is one of crucial the downstream signaling mediator
originated of TLR4 signaling pathway. In direct inhibitory effects of the gliptins on the T cell-induced secretion of the
pro-inflammatory cytokines has also been presented. These inhibitory actions could be useful in mitigating the
cytokine storm in the COVID-19 patients. Inhibition of ERK plays useful role in limiting the effects of the MMPs on the
blood vessels and also blocks the activation of AP-1 mediated synthesis of the inflammatory molecules. Linagliptin has
inhibitory effects on the NLRP3-mediated activation of IL-1β which in turn prevents cardiac inflammation in COVID-19
patients.
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Table 1. Clinical trials supporting the role of DPP-4 and its inhibitors in combatting COVID-19 patients with
diabetes.
Trial category Goal(s) Major findings Ref.

Case–control study Assessing the concentration of sDPP-4 in the
serum of COVID-19 patients

sDPP-4 level was significantly reduced in COVID-19
patients compared with healthy controls

[12]

Retrospective studies Association between blood glucose level and
the clinical outcomes of COVID-19 in Type 2
diabetic patients

Majority of DPP-4 inhibitor users displayed lower blood
glucose levels which significantly reduced COVID-19
related mortalities

[42]

Clinical outcomes of patients suffering with
both diabetes and COVID-19 and effects of
glucose lowering drugs (Metformin, DPP-4
inhibitors)

Clinical outcomes of DPP-4 inhibitor users were similar to
non-users and the drugs found to have no association
with in-hospital deaths

[43]

Calculated the number of DPP-4 inhibitor users
among COVID-19 patients having type 2
diabetes

Percentage of COVID-19 patients without taking DPP-4
inhibitors (82.9%) appeared similar to patients taking
DPP-4 inhibitors (88.9%), suggesting no positive effects
of the drug

[44]

Case series study Rate of intubation between DPP-4 inhibitor
takers and non-takers were studied among
COVID-19 patients with diabetes and/or
hyperglycemia

Diabetic patients with COVID-19 not using DPP-4
inhibitors showed much more intubation (81%) as
compared with DPP-4 inhibitor users (43%)

[46]

Population-based study Patients suffering with both COVID-19 and
diabetes were studied to see the effects of
DPP-4 inhibitors on disease severity leading to
Intensive Care Unit (ICU) admission and death

Patients using DPP-4 inhibitors showed much less severity
for COVID-19 with ICU admissions and deaths (3.42%) as
compared with the non-users (4.39%)

[47]

Interventional, Clinical
Trials

Approximately 64 COVID-19 patients with
diabetes were given Linagliptin orally at
5mg/day to study the efficacy and safety of
the drug

32 Patients receiving Linagliptin showed clinical
improvement in 7 days with 5 deaths compared with
clinical improvement in 8 days with 8 deaths in 32
non-treated patients

[89,90]
(NCT04371978)

Approximately 70 COVID-19 patients were
given a combination of Linagliptin at 5mg per
day with Insulin to study the changes in blood
glucose levels, CRP levels and need for
mechanical ventilation

Patients receiving Linagliptin in addition to insulin
required ∼75% less assisted mechanical ventilation and
∼66% less death compared with only insulin receiving
patients

[87,88]
(NCT04542213)

Approximately 89 non-diabetic COVID-19
patients were selected. One group received
standard therapy while the other group
received sitagliptin in addition to standard
therapy and CBC, CRP, D-dimer, LDH and serum
ferritin were measured

Sitagliptin with standard therapy improved clinical
outcomes, radiological scores and inflammatory
biomarkers in patients than standard therapy alone

[91]

Approximately 112 diabetic COVID-19 patients
were selected. One group received
metformin + standard therapy while the other
group received sitagliptin in addition to
metformin + standard therapy and CRP, ferrin,
procalcitonin, D-dimer, LDH were measured

Sitagliptin and metformin combination appeared to be
more effective as compared with monotherapy of
metformin

[92]

T cells, B cells, NK cells) contributing to COVID-19 immunopathology, especially the cytokine storm [79]. Among
the various DPP-4 inhibitors studied so far, alogliptin has been documented for its efficacy in inhibiting TLR4-
mediated extracellular-signal-regulated kinase (ERK) activation and ERK-dependent matrix metalloproteinase
(MMP-1) expression by monocytes [80]. Sitagliptin, on the other hand, is known to prevent lung injury through
inhibiting TLR4 activation [7] and could be useful in dampening the SARS-CoV-2-TLR4 interaction and the
inflammatory consequences associated with this. Sitagliptin can selectively reduce the level of proinflammatory
cytokines in COVID-19 patients through blocking NF-κB signaling [81]. The anti-inflammatory nature of DPP-4
inhibitors could also be useful in mitigating post-COVID cardiac inflammation, its pathological manifestations
(arrythmias, acute coronary syndrome) and heart failure [82]. In fact, a major percentage of death in COVID
patients and recovered patients has been found to be due to cardiac hyperinflammation, wherein TLR4 and
NLRP3 activation were found as major immunopathological hallmarks [82,83]. Interestingly, linagliptin is known to
ameliorate cardiac inflammation and dysfunction through blocking the NLRP3/ASC inflammasome [84]. Moreover,
linagliptin has been demonstrated as inhibiting TLR4 activation [85]. Linagliptin, therefore, also has potential to
ameliorate cardiac inflammation in COVID patients. Sitagliptin, alogliptin, vildagliptin, saxagliptin and linagliptin
have shown promise in ameliorating the immunopathogenesis, cytokine storm and organ damage that result from
SARS-CoV-2 infection [82,86]. An overview of the molecular targets of different DPP-4 inhibitors to mitigate the
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immunopathological consequences of SARS-CoV-2 routed through TLR4 and the associated signaling cascades has
been presented in Figure 3. A particular benefit of repurposing DPP-4 inhibitors is that they are well characterized
and approved in most countries. Clinical trials have started to validate the findings reported from the different parts
of the globe claiming anti-DPP-4 drugs as therapeutics against COVID-19.

Randomized trials
To evaluate the effects of DPP-4 inhibitors on COVID-19 patients in the context of diabetes, few randomized
control trials are in progress [37]. Various clinical trials and case studies investigating the role DPP-4 inhibitors as
possible therapeutics against COVID-19 are summarized in Table 1. In one such trial (NCT04542213), scientists
selected about 70 COVID-19 patients with hyperglycemia and divided into two groups. Group 1 received insulin
with 5 mg per day linagliptin drug while group 2 received only insulin [87]. It was found that among the group
receiving linagliptin, only 3 required assisted mechanical ventilation and there were 2 deaths, compared with 12
patients needing mechanical ventilation and 6 deaths in the group that only received insulin. This suggests a positive
effect of the DPP-4 inhibitor on SARS-CoV-2 severity. Linagliptin treatment also improved pre- and post-prandial
glucose levels in SARS-CoV-2 infected patients [88]. In another trial (NCT04371978), scientists used the DPP-4
inhibitor linagliptin at a dose of 5 mg per day on 32 patients suffering with diabetes and COVID-19. Their
objective was to see whether linagliptin can cause any clinical improvements within 28 days [89]. They observed
clinical improvement in 7 days, with 5 deaths in linagliptin-treated patients, compared with clinical improvement
in 8 days with 8 deaths in non-treated patients [90]. This trial suggested that although DPP-4 inhibitor did not
significantly improve the clinical conditions of COVID-19 patients with diabetes, the inhibitor also did not have
any negative effect on their condition. In a further trial, 89 COVID-19 patients were recruited and divided into
two groups. Group A received standard therapy (n = 40) while Group B received sitagliptin in addition to standard
therapy (n = 49) for 28 days. Complete blood count (CBC), CRP, D-dimer, lactate dehydrogenase (LDH) and
serum ferritin levels were measured for COVID-19 severity and complications [91]. The findings of this study
suggested that sitagliptin in addition to standard therapy improved clinical outcomes in non-diabetic COVID-19
patients, when compared with only standard therapy. A separate trial by the same group also found positive effects
of sitagliptin in combination with metformin and standard therapy in T2DM patients with COVID-19 [92]. More
randomized and real-world trials are necessary to reach any conclusion regarding the role of DPP-4 inhibitors in
regulating COVID-19.

Conclusion
Limited reports suggest that membrane-bound DPP-4 may interact with the SARS-CoV-2 spike glycoprotein, and
thus may propagate viral infection. DPP-4, in addition to its disrupting role on incretin hormones, potentiates
inflammatory conditions in multiple organs such as the lungs, heart and other target organs for SARS-CoV-2,
causing fatal consequences. DPP-4 inhibitors may reduce inflammatory conditions, lessen severity of the disease
and prevent organ damage. Recent clinical reports suggest DPP-4 inhibitors could be repurposed for treating
SARS-CoV-2 infection for several reasons. By preventing inflammation through DPP-4 inhibition or through
inhibition of TLR4 activation, DPP-4 inhibitors could reduce the production of cytokine storms and the level
of CRP caused by SARS-CoV-2 infection. DPP-4 inhibitors may also reduce blood glucose levels and improve
diabetogenic conditions, which appears to be a comorbidity in COVID-19. In both diabetic and non-diabetic
subjects, DPP-4 inhibitors have been demonstrated to reduce blood pressure and hypertension, another common
occurrence in COVID-19 patients. Thus, DPP4 inhibitors show potential to reduce the severity of COVID-19
disease and could be a potential choice for COVID-19 treatment in diabetic subjects.

Future perspective
As DPP-4 inhibitors have multiple routes of reducing the severity of COVID-19, the use of different gliptins alone
or in combination with other treatment strategies may become useful. A clearer understanding of how DPP-4
interacts with SARS-CoV-2 and facilitate the viruses entry into host cells, how sDPP-4 acts as decoy receptor to
prevent viral entry and how use of different inhibitors of DPP-4 reduce the severity of the disease is required. Several
randomized human trials are in progress for the use of DPP-4 inhibitors on COVID-19 patients. The results of
these trials may provide a hope for the future use of DPP-4 inhibitors in combating this virus.
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Executive summary

• Diabetic patients are more susceptible to COVID-19, with mortality rates up to three-times higher compared with
non-diabetics.

• DPP-4 (CD26), which is a membrane-bound proteolytic enzyme, has been reported as a major entry receptor of
MERS-CoV suggesting possible interaction with SARS-CoV-2 as well.

DPP-4 & its implications in COVID-19
• DPP-4 is present both as a membrane-bound form in most cell types and as a soluble form in the circulation.
• The lung is the most affected target organ for novel coronavirus and is rich in DPP-4 to promote inflammatory

signals.
• COVID-19-infected patients with diabetes are reported to have reduced levels of soluble DPP-4.
Virus-DPP-4 interaction
• In silico studies suggest the interaction of the S1 subunit of SARS-CoV-2 spike glycoprotein with DPP-4.
• Soluble DPP-4 acts as a decoy receptor that, by binding the virus in circulation, prevents interaction with

membrane DPP-4 and reduces entry into the host cells.
DPP-4 inhibitors & COVID-19
• DPP-4 inhibitors (also known as gliptins) are oral anti-diabetic drugs that seem to have a beneficial role in

reducing the severity of COVID-19.
• COVID-19 patients with a maintained regime of gliptins required less intubation during hospitalization and

reduced severity and mortality due to infection.
Repurposing DPP-4 inhibitors in COVID-19 treatment
• DPP-4 inhibitors antagonize the effects of SARS-CoV-2 by interfering with virus-host cell interaction, and

therefore reduce inflammation and macrophage activity in the lungs.
• DPP-4 inhibitors also reduce COVID-19 associated comorbidities caused by increased blood pressures (SBP and

DBP) leading to hypertension in both diabetic and non-diabetic subjects.
• In diabetic subjects, DPP-4 inhibitors upregulate soluble DPP-4 level in circulation, and deplete virus-host cell

interaction.
Dual potential of DPP-4 inhibitors against SARS-CoV-2 immunopathogenesis
• RBD of SARS-CoV-2 spike glycoprotein interacts with TLR4 and induces inflammatory cascade in lungs.
• DPP-4 inhibitors impair TLR4 activation and protect the lungs from inflammatory injury.
Randomized trials
• Randomized trials provided evidence for the beneficial role of DPP-4 inhibitors in both diabetic and non-diabetic

COVID-19 subjects.
Conclusion
• DPP-4 inhibitors interfere with SARS-CoV-2-host cell interaction, prevent inflammatory injury of the target organs,

reduce blood pressure and hypertension that minimize the mortality rate of the COVID-19 infected subjects.
Future perspective
• As DPP-4 inhibitors reduce COVID-19 severity, its candidacy as a repurposed drug for controlling and treating the

disease should gain considerable significance in the near future.
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52. Salmen T, Pietroşel VA, Mihai BM et al. Non-Insulin Novel Antidiabetic Drugs Mechanisms in the Pathogenesis of COVID-19.
Biomedicines 10(10), 2624 (2022).

53. Nyland JE, Raja-Khan NT, Bettermann K et al. Diabetes, drug treatment, and mortality in COVID-19: a multinational retrospective
cohort study. Diabetes 70(12), 2903 (2021).

• This Retrospective Cohort Study depicted reduced mortality of COVID-19 patients maintained under regimen of DPP-4
inhibitors, GLP-1R agonists and pioglitazone.

54. Zein AFMZ, Raffaello WM. Dipeptidyl peptidase-4 (DPP-IV) inhibitor was associated with mortality reduction in COVID-19 – A
systematic review and meta-analysis. Prim. Care Diabetes 16(1), 162–167 (2022).

55. Kruschinski C, Skripuletz T, Bedoui S et al. CD26 (dipeptidyl-peptidase IV)-dependent recruitment of T cells in a rat asthma model.
Clin. Exp. Immunol. 139(1), 17–24 (2005).

future science group 10.2217/fvl-2022-0112



Review Nag, Mandal, Mukherjee, Mukherjee & Kundu

56. Ikeda T, Kumagai E, Iwata S, Yamakawa A. Soluble CD26/Dipeptidyl peptidase IV enhances the transcription of IL-6 and TNF-α in
THP-1 cells and monocytes. PLOS ONE 8(6), e66520 (2013).

57. Al-Qahtani AA, Lyroni K, Aznaourova M et al. Middle east respiratory syndrome corona virus spike glycoprotein suppresses macrophage
responses via DPP4-mediated induction of IRAK-M and PPARγ. Oncotarget 8(6), 9053–9066 (2017).

58. Lee YS, Park MS, Choung JS et al. Glucagon-like peptide-1 inhibits adipose tissue macrophage infiltration and inflammation in an obese
mouse model of diabetes. Diabetologia 55(9), 2456–2468 (2012).

59. Brandes J, Zobel I, Rohmann N et al. Dipeptidylpeptidase (DPP)-4 inhibitor therapy increases circulating levels of anti-inflammatory
soluble frizzle receptor protein (sFRP)-5 which is decreased in severe COVID-19 disease. Sci. Reports 12(1), 1–9 (2022).

60. Han T, Ma S, Sun C et al. Association between anti-diabetic agents and clinical outcomes of COVID-19 in patients with diabetes: a
Systematic Review and Meta-Analysis. Arch. Med. Res. 53(2), 186–195 (2022).

61. Seong JM, Yee J, Gwak HS. Dipeptidyl peptidase-4 inhibitors lower the risk of autoimmune disease in patients with type 2 diabetes
mellitus: a nationwide population-based cohort study. Br. J. Clin. Pharmacol. 85(8), 1719–1727 (2019).

62. Dalan R. Is DPP4 inhibition a comrade or adversary in COVID-19 infection. Diabetes Res. Clin. Pract. 164, 108216 (2020).

63. Liu X, Zhang T, Zhang C. Sitagliptin inhibits extracellular matrix accumulation and proliferation in lung fibroblasts. Med. Sci. Monit.
26, e922644 (2020).

64. Jang JH, Janker F, De Meester I et al. The CD26/DPP4-inhibitor vildagliptin suppresses lung cancer growth via macrophage-mediated
NK cell activity. Carcinogenesis 40(2), 324–334 (2019).

65. Tanaka Y, Soda H, Fukuda Y et al. Vildagliptin-induced ground-glass nodules mimicking lung metastases in a cancer patient receiving
Lactobacillus probiotic supplementation. Thorac. Cancer 11(2), 470–474 (2020).

66. Stulc T, Sedo A. Inhibition of multifunctional dipeptidyl peptidase-IV: is there a risk of oncological and immunological adverse effects?
Diabetes Res. Clin. Pract. 88(2), 125–131 (2010).

67. Pitocco D, Tartaglione L, Viti L, Di Leo M, Pontecorvi A, Caputo S. SARS-CoV-2 and DPP4 inhibition: is it time to pray for Janus
Bifrons? Diabetes Res. Clin. Pract. 163, 108162 (2020).

68. Zhang J, Chen Q, Zhong J, Liu C, Zheng B, Gong Q. DPP-4 inhibitors as potential candidates for antihypertensive therapy: improving
vascular inflammation and assisting the action of traditional antihypertensive drugs. Front. Immunol. 10(MAY), 1050 (2019).

69. Hussain M, Atif MA, Ghafoor MB. Beneficial effects of sitagliptin and metformin in non-diabetic hypertensive and dyslipidemic
patients. Pak. J. Pharm. Sci. 29(Suppl. 6), 2385–2389 (2016).

70. Ran J, Song Y, Zhuang Z et al. Blood pressure control and adverse outcomes of COVID-19 infection in patients with concomitant
hypertension in Wuhan, China. Hypertens. Res. 43(11), 1267–1276 (2020).

71. Varin EM, Mulvihill EE, Beaudry JL et al. Circulating levels of soluble dipeptidyl peptidase-4 are dissociated from inflammation and
induced by enzymatic DPP4 inhibition. Cell Metab. 29(2), 320–334; e5 (2019).

72. Rao P, Pham AT, Shakeri A et al. Drug repurposing: dipeptidyl peptidase IV (DPP4) inhibitors as potential agents to treat SARS-CoV-2
(2019-nCov) infection. Pharmaceuticals (Basel) 14(1), 44 (2021).

•• This suggested DPP-4 inhibitors as potential agents to treat SARS-CoV-2 infection.

73. Raj VS, Mou H, Smits SL et al. Dipeptidyl peptidase 4 is a functional receptor for the emerging human coronavirus-EMC. Nature
495(7440), 251–254 (2013).

74. Ohnuma K, Haagmans BL, Hatano R et al. Inhibition of Middle East Respiratory Syndrome Coronavirus Infection by anti-CD26
monoclonal antibody. J. Virol. 87(24), 13892–13899 (2013).

75. Makdissi A, Ghanim H, Vora M et al. Sitagliptin exerts an antinflammatory action. J. Clin. Endocrinol. Metab. 97(9), 3333–3341 (2012).

76. Gamble JM, Donnan JR, Chibrikov E, Twells LK, Midodzi WK, Majumdar SR. Comparative safety of dipeptidyl peptidase-4 inhibitors
versus sulfonylureas and other glucose-lowering therapies for three acute outcomes. Sci. Reports 8(1), 15142 (2018).

77. Choudhury A, Das NC, Patra R, Mukherjee S. In silico analyses on the comparative sensing of SARS-CoV-2 mRNA by the intracellular
TLRs of humans. J. Med. Virol. 93(4), 2476–2486 (2021).

78. Patra R, Chandra Das N, Mukherjee S. Targeting human TLRs to combat COVID-19: a solution? J. Med. Virol. 93(2), 615–617 (2021).

79. Reinhold D, Kähne T, Steinbrecher A et al. The role of dipeptidyl peptidase IV (DP IV) enzymatic activity in T cell activation and
autoimmunity. Biol. Chem. 383(7-8), 1133–1138 (2002).

80. Ta NN, Li Y, Schuyler CA, Lopes-Virella MF, Huang Y. DPP-4 (CD26) inhibitor alogliptin inhibits TLR4-mediated ERK activation
and ERK-dependent MMP-1 expression by U937 histiocytes. Atherosclerosis 213(2), 429–435 (2010).

81. Mozafari N, Azadi S, Mehdi-Alamdarlou S, Ashrafi H, Azadi A. Inflammation: a bridge between diabetes and COVID-19, and possible
management with sitagliptin. Med. Hypotheses 143, 110111 (2020).

82. Du RH, Liang LR, Yang CQ et al. Predictors of mortality for patients with COVID-19 pneumonia caused by SARS-CoV-2: a
prospective cohort study. Eur. Respir. J. 55(5), 2000524 (2020).

10.2217/fvl-2022-0112 Future Virol. (Epub ahead of print) future science group



DPP-4 Inhibitors as a savior for COVID-19 patients with diabetes Review

83. Choudhury SM, Ma X, Abdullah SW, Zheng H. Activation and inhibition of the nlrp3 inflammasome by rna viruses. J. Inflamm. Res.
14, 1145–1163 (2021).

84. Birnbaum Y, Tran D, Bajaj M, Ye Y. DPP-4 inhibition by linagliptin prevents cardiac dysfunction and inflammation by targeting the
Nlrp3/ASC inflammasome. Basic Res. Cardiol. 114(5), 35 (2019).

85. Sato N, Nakamura Y, Yamadera S et al. Linagliptin inhibits lipopolysaccharide-induced inflammation concentration-dependently
and-independently. J. Inflamm. Res. 12, 285–291 (2019).

86. Yazbeck R, Jaenisch SE, Abbott CA. Dipeptidyl peptidase 4 inhibitors: applications in innate immunity? Biochem. Pharmacol. 188,
114517 (2021).

87. Guardado-Mendoza R. Dipeptidyl peptidase-4 inhibitor (DPP4i) for the control of hyperglycemia in patients with COVID-19.
ClinicalTrials.gov (2021). Available from: https://clinicaltrials.gov/ct2/show/NCT04542213

88. Guardado-Mendoza R, Garcia-Magaña MA, Jovanna Mart́ınez-Navarro L et al. Effect of linagliptin plus insulin in comparison to insulin
alone on metabolic control and prognosis in hospitalized patients with SARS-CoV-2 infection. Sci. Reports 12(1), 536 (2022).

89. Abuhasira R. Efficacy and Safety of dipeptidyl peptidase-4 inhibitors in diabetic patients with established COVID-19. ClinicalTrials.gov
(2021). Available from: https://clinicaltrials.gov/ct2/show/NCT04371978

90. Abuhasira R, Ayalon-Dangur I, Zaslavsky N et al. A randomized clinical trial of linagliptin vs. standard of care in patients hospitalized
with diabetes and COVID-19. Front. Endocrinol. (Lausanne) 12, 794382 (2021).

91. Al-kuraishy HM, Al-Gareeb AI, Qusty N, Alexiou A, Batiha GE-S. Impact of sitagliptin on non-diabetic COVID-19 patients. Curr.
Mol. Pharmacol. 15(4), 683–692 (2021).

92. Al-Kuraishy HM, Al-Gareeb AI, Albogami SM et al. Potential therapeutic benefits of metformin alone and in combination with
sitagliptin in the management of Type 2 diabetes patients with COVID-19. Pharmaceuticals (Basel) 15(11), 1361 (2022).

future science group 10.2217/fvl-2022-0112

https://clinicaltrials.gov/ct2/show/NCT04542213
https://clinicaltrials.gov/ct2/show/NCT04371978


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


