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Abstract: DPP4 (Dipeptidyl-peptidase 4) a versatile protease, emerges as a prominent player in soluble and membrane-bound forms. Its
heightened expression has been intimately linked to the initiation and severity of diverse autoimmune diseases, spanning rheumatoid arthritis,
systemic lupus erythematosus, systemic sclerosis (SSc), inflammatory bowel disease, autoimmune diabetes, and even SARS-CoV-2 infection.
Operating as a co-stimulator of T cell activity, DPP4 propels T cell proliferation by binding adenosine deaminase (ADA), thereby augmenting
the breakdown of adenosine—an influential inhibitor of T cell proliferation. However, the discovery of a wide range of DPP4 inhibitors has
shown promise in alleviating these diseases’ signs, symptoms, and severity. The available DPP4 inhibitors have demonstrated significant
effectiveness in blocking DPP4 activity. Based on the characterization of their binding mechanisms, three distinct groups of DPP4 inhibitors
have been identified: saxagliptin, alogliptin, and sitagliptin, each representing a different class. Elevated levels of angiotensin-converting
enzyme 2 (ACE2) expression are associated with producing various coronavirus peptidases. With its anti-inflammatory properties, Sitagliptin
may assist COVID-19 patients in preventing and managing cytokine storms. This comprehensive review delves into the burgeoning realm of
DPP4 inhibitors as therapeutic interventions for diverse autoimmune diseases. With a discerning focus on their efficacy, the investigation sheds
light on their remarkable capacity to alleviate the burdensome signs and symptoms intricately linked to these conditions.
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Introduction

Dipeptidyl-peptidase 4 (DPP4), also known as CD26, is a significant enzyme belonging to the SC serine peptidase clan,
specifically within its subfamily 9b. The structure and function of DPP4 are characterized by a distinct enzymatic triad. This triad
is composed of three amino acids: Serine (Ser), Aspartic acid (Asp), and Histidine (His). These are crucial for the enzyme’s
activity and are situated within a specific structural motif known as the a/b-hydrolase loop." This combination of Ser, Asp, and
His in DPP4’s active site is what sets it apart from other similar enzymes. For comparison, the catalytic triad in enzymes like
chymotrypsin, another well-known serine protease, comprises Histidine (His), Aspartic acid (Asp), and Serine (Ser). Although
the components are the same, the order and specific arrangement within the protein structure differ significantly, leading to
differences in their enzymatic functions. DPP4 was first identified in 1966. Since its discovery, DPP4 has been extensively
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studied due to its role in various physiological processes and its implications in medical conditions like diabetes and cancer. As
CD26, it is also known for its role as a cell surface protein involved in immune regulation and signal transduction.

DPP4 predominantly exists as dimers on the cell surface and is widely distributed throughout the body, being present
in epithelial cells, certain endothelial cells, leukocyte subsets, and fibroblasts.>* Human DPP4 comprises 766 amino
acids, with a 738-amino-acid extracellular portion, a 6-amino-acid cytoplasmic tail, and a 22-amino-acid transmembrane
hydrophobic segment.>> Cleavage of DPP4 from the cell membrane releases a soluble form of the enzyme, which
maintains its catalytic activity as the active domain resides outside the cell.

Further studies revealed that DPP4 acts as a binding protein for adenosine deaminase (ADA) and serves as a T cell activation
marker, transmitting co-stimulatory signals upon ADA stimulation.” In 2013, DPP4 was identified as the entrance receptor for
Middle East Respiratory Syndrome Coronavirus (MERS-CoV), facilitating viral entry into respiratory epithelial cells through
binding to the spike protein on the virus’s surface.* ' Additionally, DPP4 has been recognized as a co-receptor for human
immunodeficiency virus (HIV) alongside CCRS5, with the expression of DPP4+ T cell subsets possibly explaining the connection
between HIV infection and DPP4.'*'* Recent studies have also unveiled new roles for DPP4 in wound healing and tissue
scarring, with DPP4-expressing fibroblasts playing a significant role in connective tissue deposition in dermal scars."?

In acute viral infections such as SARS and MERS, individuals with severe illness exhibited higher viral loads and prolonged
viral shedding in respiratory secretions compared to those with mild disease.'® This highlights the importance of the immuno-
logical response and viral efforts to evade it in determining disease outcomes, particularly in individuals with comorbidities.
DPP4 inhibitors have shown significant effectiveness in blocking DPP4 activity, with clinical studies achieving over 80-90%
inhibition.!” Moreover, by interacting with ligands such as ADA, DPP4 exerts noncatalytic functions, including co-stimulating
T-cell activation and promoting lymphocyte proliferation, which can be beneficial in modulating immune responses.'®

Considering the tissue distribution of DPP4, the expression levels of angiotensin-converting enzyme 2 (ACE2) become
crucial, as they are associated with the production of coronavirus peptidases. Notably, a close relationship has been observed
between the S1 protein of SARS-CoV-2 and DPP4, emphasizing the significance of DPP4’s tissue distribution in under-
standing viral interactions. "'’

DPP4 inhibitors have gained recognition as oral anti-diabetic medications for the treatment of type 2 diabetes.
Sitagliptin was the pioneering agent, followed by linagliptin, vildagliptin, saxagliptin, alogliptin, anagliptin, gemigliptin,
and teneligliptin.”® Three distinct groups of DPP4 inhibitors have been proposed based on the characterization of the
binding mechanisms of the clinically most often used DPP4 inhibitors: Saxagliptin and vildagliptin, which belong to
Class 1, engage with the S1- and S2 subsites of the active center and bind chemically to Ser630 of the DPP4 molecule. In
addition to binding to S1 and S2, alogliptin and linagliptin also interact with S1 and S2’ and are members of class 2.
Class 3 DPP4 inhibitors include sitagliptin, anagliptin, gemigliptin, and teneligliptin.*'**

Dipeptidyl peptidase-4 (DPP4), also known as CD26, plays a crucial role in both protective immunity and immune
tolerance. In protective immunity, DPP4 is involved in T cell activation and proliferation, crucial for defending against
pathogens, and influences cytokine production, affecting the immune response’s nature and strength. Additionally, it
modifies chemokines, impacting immune cell migration and inflammation. Regarding immune tolerance, DPP4 regulates
the intensity and duration of T cell responses to prevent excessive or inappropriate immune reactions, potentially aiding
in the function of regulatory T cells (Tregs) which are pivotal in maintaining immune tolerance and preventing
autoimmunity. This dual role in enhancing immune responses and promoting tolerance highlights DPP4’s significance
in the immune system and its potential as a target for treating various immune-related conditions.

Dipeptidyl peptidase-4 (DPP4) plays a significant role in the development and exacerbation of autoimmune and autoin-
flammatory dermatoses, notably psoriasis and bullous pemphigoid. In psoriasis, DPP4 contributes to the inflammatory process by
influencing the function and migration of key immune cells like T cells and dendritic cells, as well as modulating cytokines and
chemokines, thereby exacerbating skin inflammation. In the case of bullous pemphigoid, an autoinflammatory blistering skin
disease, DPP4’s role may involve impacting immune cell function and the formation of autoantibodies against skin components.
These insights into DPP4’s involvement in skin-related immune responses underline its potential as a target for therapeutic

interventions in these dermatological conditions.
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DPP4 Inhibition
A well-established family of oral hypoglycemic medications for the treatment of T2DM is gliptins, a kind of DPP4

inhibitor (Figure 1). Gliptins are a diverse group of chemicals that interact differently with the active region of enzyme
molecules.” Gliptins are divided into three groups based on their binding mode.”* There are now subsets of DPP4
inhibitors licensed for T2DM, some of which are only available in Korea and Japan. Teneligliptin, for example, was
introduced in Japan and had a unique shape with an anchor-lock domain and a J-shape that not only inhibits DPP4 but is
also safe for individuals with end-stage renal illness.*’

DPP4 inhibitors are classified according to chemical nature into two classes: the peptidomimetics and the non-
peptidomimetics. Inhibitors of the peptidomimetic class such as saxagliptin and vildagliptin mimic the dipeptide terminal of
DPP4 at the cleavage site of the incretin hormone substrates. By virtue of their peptide character, the peptidomimetic inhibitors
have poor pharmacokinetics due to susceptibility to metabolic cleavage by peptidases. On the other hand, the non-
peptidomimetic DPP4 inhibitors such as sitagliptin, linagliptin, and alogliptin were developed by high throughput screening
and are not structural mimics of the dipeptide end of the enzyme. Non-peptidomimetic inhibitors are therefore generally more
metabolically stable than their peptidomimetic counterparts.

DPP4 is a serine protease that cleaves a dipeptide from the N-terminal side of the incretin hormones adjacent to proline or
alanine. Cleavage is accomplished by the nucleophilic amino acid ser630. The active site of the enzyme involves two binding
pockets (S1 and S2). The S1 pocket harbors the catalytic triad namely, ser630, Asn710, and His740. The S2 pocket is larger
and binds inhibitors and not substrates. The key polar interactions within the S2 pocket involve the amino acid residues
Glu205, Glu206, and Argl25.22°

Saxagliptin and vildagliptin are called covalent inhibitors because of their ability to bind covalently to the oxygen of ser630
through their electrophilic nitrile carbon. Such inhibitors bind reversibly but dissociate from the enzyme slowly thereby exhibiting
extended duration despite their short t1/2 values. Other key interactions include a hydrogen bond between the carbonyl oxygen
and Argl25 and a salt bridge between the amino group and residues Glu205 and Glu206 as illustrated in (Figure 2).

DPP4 Inhibitor Blocks Incretin degradation DPP4 quickly degrades incretin
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Figure | This diagram explains how the use of DPP4 inhibitors. Excess glucagon can be avoided as an increased GLP-1 and 2 stimulates more insulin to reduce glucagon.
Hence diabetes can be prevented.26
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Figure 2 Depicts the possible role of DPP4 in COVID-19 infection and how the application of DPP4 inhibitors can minimize the disease severity.

Non-peptidomimetic inhibitors are structurally diverse but common key interactions with DPP4 can be observed. A primary or
secondary amino group forms a salt bridge with Glu205 and Glu206. An aromatic moiety establishes hydrophobic interactions
within the S1 pocket involving the amino acid residues of Tyr631, Val656, Trp659, Tyr662, Tyr666, and Val711. Other
substituents engage in interactions with the amino acid residues of Phe357, Ser209, and Arg358 within the S2 pocket as shown

in (Figure 2).22°

A Role of DPP4 in Autoimmune Disease
DPP4 in Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune disease characterized by joint stiffness, discomfort, loss of function, and
swelling. While the exact cause and underlying mechanisms are not fully understood, T-cell activity is believed to play
a significant role in the initiation and perpetuation of inflammation in RA.?” Various molecules involved in T cell
activation, including CTLA4, CD40, CD28, IL-21, and ILRA/IL2, have been found to be elevated in RA. Among these
molecules, DPP4 has gained considerable attention as a biomarker for T-cell stimulation in RA.

Interestingly, individuals with RA exhibit significantly lower serum levels of DPP4 compared to the control group,?® and this
decrease is inversely correlated with the severity of the disease.’® Notably, there were no significant differences in DPP4
expression on the membrane of circulating monocytes and lymphocytes between healthy controls and patients with pre-clinical
RA.***! However, DPP4 expression on CD4+ T cells in the peripheral blood was higher in active RA compared to inactive RA
and controls. Interestingly, DPP4 expression was found to be higher in synovial fluid T cells in osteoarthritis patients than in RA
patients.>? Moreover, DPP4 activity was found to be reduced in fluid mononuclear cells, synovial membrane, and synovial fluid
in RA compared to osteoarthritis.** > Autoimmunity against DPP4 has also been observed in RA patients, suggesting a potential
role for DPP4 in the autoimmune response associated with the disease.*

SDF-1, a substrate of DPP4, is believed to play a crucial role in the recruitment of inflammatory cells by interacting
with its receptor, CXCR4. Depletion of DPP4 in mouse models of antigen-induced arthritis led to increased infiltration of

1900  "oe= Journal of Inflammation Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Rahim et al

CXCR4-positive inflammatory mediators into arthritic joints.’” Blood levels of DPP4 were lower in RA patients
compared to osteoarthritis patients and showed an inverse correlation with the inflammatory marker C-reactive
protein.>’ The number of DPP4+ T lymphocytes in synovial fluid from RA patients was inversely associated with
SDF-1 levels.>® The decrease in synovial DPP4 levels in RA may contribute to synovial inflammation through the SDF-
1/CXCR4 axis, as the level of synovial SDF-1 was significantly correlated with inflammatory markers (serum C-reactive
protein and IL-6) and disease activity score.’’*® These findings highlight the importance of the CXCR4/DPP4/SDF1 axis
in synovial inflammation in RA.

In a recent study, exogenous DPP4 or upregulation of DPP4 in synovial fibroblasts was found to reduce the release of
proinflammatory cytokines such as IL-6, IL-3, and IL-1B.'* Additionally, DPP4 was found to be significantly expressed in
osteoclasts, and its activity was inhibited by the anti-resorptive drug denosumab, suggesting that DPP4 produced by
osteoclasts could play a crucial role in bone remodeling and energy metabolism.'? In a mouse model of RA, inhibiting
DPP4 was found to enhance the entry of synovial fibroblasts into cartilage cells.’” Moreover, DPP4 inhibitors have been
shown to reduce bone loss and improve mechanical bone strength in a rat model of streptozotocin-induced diabetes, possibly
by reducing CTX-I-dependent bone resorption.*’

Clinical surveillance of patients taking DPP4 inhibitors could provide important insight into the impact of DPP4
proteolytic activity in RA. Several studies have linked DPP4 antagonists to recently diagnosed RA patients.*' > However,
compared to other antihyperglycemic medications, larger-scale population studies'****® could not find a link between RA
and DPP4i (Dipeptidyl peptidase-4 inhibitors) use. The specific effects on the development of RA by DPP4 enzymatic
inhibition will need to be studied in future randomized controlled studies. A summary of DPP4 function and expression in
different immune cells is illustrated in (Table 1).

DPP4 and SLE (Systemic Lupus Erythematosus)

Many individuals diagnosed with systemic lupus erythematosus (SLE), a chronic autoimmune disease affecting multiple
organ systems, develop a characteristic butterfly rash. Initially considered an adaptive immune system disorder, SLE is
characterized by high disease activity and the presence of autoreactive antibodies.””

In lupus erythematosus-like syndrome mice, it was observed that serum DPP4 activity was significantly lower compared to
the positive control group, suggesting a potential pathogenic role of DPP4 in SLE.” Clinical studies have demonstrated that
patients with Systemic Lupus Erythematosus (SLE), an autoimmune condition, exhibit lower levels of Dipeptidyl peptidase-4
(DPP4) in their serum and peripheral blood mononuclear cells compared to healthy individuals. This finding suggests that
decreased DPP4 levels may be associated with the altered immune regulation in SLE, potentially contributing to its pathogenesis.

Table | DPP4 is Found in a Variety of Immune Cells.

DPP4 Function Expression References

CD4'T Cells

Thi7 Co-stimulation, correlated with Thl7 cytokine production High expression [47,48]
Th2 The production of Th2 cytokines was associated with elevated DPP4 expression. | Relative low expression | [49,50]
Treg Low expression [51]
Thli Co-stimulation High expression [49]
Macrophages | Regulate MI/M2 macrophage polarization Positive expression [52]
DC cells Modulate adenosine concentration by DPP4/ADA interaction, recruit Thl Positive expression [53,54]
Fibroblasts Activation marker Specific subpopulation [15]
NK cells Co-stimulation, maintain cytotoxicity Low expression [55,56]
B cells Promote DNA synthesis, Co-stimulation, Ig isotype switching and Ig production. | Low expression [57,58]

Notes: Adapted from Huang J, Liu X, Wei Y, et al. Emerging role of dipeptidyl peptidase-4 in autoimmune disease. Front Immunol. 2022;2022:13. Creative Commons.'2

Journal of Inflammation Research 2024:17 hetps: 1901
Dove


https://www.dovepress.com
https://www.dovepress.com

Rahim et al Dove

The reduction in DPP4 could serve as a biomarker for disease activity, offering insights into the immune dysfunctions
characteristic of SLE. This discovery is significant not only for understanding the disease’s mechanisms but also for exploring
new therapeutic approaches that target DPP4 activity to restore immune balance and improve treatment outcomes for SLE
patients.™**®! The study by Wong et al highlights significant immunological alterations in Systemic Lupus Erythematosus (SLE)
patients, characterized by reduced surface expression of Dipeptidyl peptidase-4 (DPP4) on invariant natural killer T (iNKT) cells
and CD4+ T cells. This reduction in DPP4 expression may contribute to the dysfunctional immune regulation observed in SLE.
Additionally, the study notes an increased activation of T helper 1 (Thl) cells, which are associated with pro-inflammatory
responses, and a decrease in the number of circulating iNKT cells, which are crucial for immune regulation and maintaining
tolerance. These changes in the immune cell dynamics and function offer insights into the pathophysiology of SLE, suggesting
a complex interplay between different immune cells and signaling pathways in the disease’s progression and may inform future
therapeutic strategies.> Additionally, gPCR analysis revealed higher DPP4 mRNA levels in the SLE group compared to healthy
control mice, although no significant association with disease activity was found.®'

Recent demographic studies conducted in Taiwan and Korea have suggested a potential link between DPP4 inhibitors
and a reduced risk of developing SLE.®**** However, limited therapeutic findings are currently available regarding the
specific role of DPP4 suppression in treating SLE.

Systemic Sclerosis and DPP4

Scleroderma, also known as systemic sclerosis (SSc), is a severe autoimmune disease characterized by significant fibrosis
affecting the skin and internal organs.®® Early investigations revealed that SSc patients exhibited higher levels of CD4+
DPP4+ T cells in their peripheral blood, and DPP4 activity in T cells was associated with disease severity.®® In
comparison to healthy individuals, circulating soluble DPP4 levels were found to be significantly reduced in SSc
patients.”’ Moreover, in cases of widespread cutaneous SSc, soluble DPP4 levels were lower than in localized cutaneous
SSc, suggesting a correlation between DPP4 activity and fibrosis progression in SSc.

768 and play a role in tissue stiffness and the

Myofibroblasts are the primary producers of collagen in tissue fibrosis
development of skin and joint contractures in SSc patients.®”’® As mentioned earlier, DPP4 is implicated in fibroblast
activation. DPP4-positive fibroblasts exhibit elevated expression of collagen-1, collagen-3, and fibronectin.”' Additionally,
stimulation with recombinant human DPP4 enhances fibronectin synthesis in lung fibroblasts, indicating the involvement of
DPP4 in fibroblast activation and tissue remodeling.”* Recent research has shown that DPP4-expressing fibroblasts contribute
to collagen accumulation in cutaneous scars, and inhibiting DPP4 reduces scar formation in a rat model of wound healing."
The SFRP2/DPP4 fibroblast subpopulation serves as the progenitor for fibrogenic fibroblasts in SSc skin, and DPP4-induced
NF-kB and SMAD signaling via PAR2 activation leads to dermal fibroblast activation.”"*

The anti-fibrotic effects of DPP4 inhibitors such as vildagliptin and sitagliptin have been demonstrated in a mouse model
of bleomycin-induced skin fibrosis, characterized by improved dermal texture, reduced hydroxyproline content, and decreased
myofibroblast deposition through the inhibition of TGF--induced ERK signaling.”* Vildagliptin has also shown efficacy in
reducing fibrosis and inflammation in a mouse model of bleomycin-induced lung fibrosis.”> Although animal studies suggest
the potential use of DPP4 inhibitors for SSc treatment, further clinical trials are needed to explore their effects on SSc patients.

DPP4 in Inflammatory Bowel Disease

Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC), is a common autoimmune-
mediated digestive tract disease. Both CD and UC are characterized by chronic relapsing progressive conditions with the
involvement of multiple organs. In patients with IBD, blood levels and enzymatic activity of DPP4, a key enzyme, were found
to be significantly lower compared to healthy individuals or those with inactive diseases, and the degree of reduction correlated
with disease activity.”®’® Additionally, in a mouse model of colitis, mice with elevated DPP4 levels exhibited higher levels of
vasoactive intestinal peptide (VIP), IL-6, and neuropeptide Y (NPY), all of which are substrates of DPP4. During severe
inflammatory phases of colitis, these mice showed increased levels of IL-6 and VIP in the brain and colon regions.
Interestingly, wild-type mice had lower levels of IL-10 in the brain, whereas DPP4 mice had higher levels, suggesting
a potential role of DPP4 in modulating neuroimmune responses during colitis onset.*” In another colitis model, DPP4 mice
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exhibited increased CD8+ T cells and NKT cells in the spleen, enhanced macrophage infiltration, and greater expression of the
NF-kB p65 subunit in the colon mucosa.®'

Furthermore, DPP4 cleavage hinders the beneficial effects of GLP-1 and GLP-2, which support T cell growth and
behavior and aid in the healing of damaged intestinal epithelia.**** Animal studies have demonstrated the protective
effects of DPP4 inhibitors in IBD. For instance, the DPP4 inhibitor ER319711 alleviated DSS-induced colitis in mice, as
evidenced by reduced weight loss.*** Anagliptin therapy facilitated the healing of intestinal mucosal injury in a mouse
model of DSS-induced colitis.** However, clinical evidence regarding the impact of DPP4 inhibitors on IBD is limited
and inconsistent. A cross-sectional study revealed a potential association between DPP4 inhibitor use and an elevated risk
of Hashimoto’s thyroiditis, psoriasis, and Crohn’s disease.®> Similarly, Abrahami et al found a link between DPP4
inhibitor use and an increased risk of IBD.’® Nonetheless, a real-world investigation involving 895,747 individuals using
DPP4 inhibitors or other anti-diabetic drugs did not find any association between DPP4 inhibitor use and a higher
prevalence of IBD.*® A meta-analysis of 16 separate studies, employing a random-effects model, reported a non-
significant increase in the prevalence of IBD following DPP4 inhibitor exposure. However, further research is required
to investigate this potential impact, as the inclusion of a significant study influenced the overall result.®’

DPP4 in Autoimmune Diabetes

Type 1 diabetes mellitus (T1DM), known as autoimmune diabetes, primarily affects children and young adults and is
characterized by the immune-mediated destruction of pancreatic cells and insulin secretion.®® Serum DPP4 activity has
been found to be elevated in individuals with T1DM, and this increase is associated with the duration of diabetes.? !
While DPP4 inhibitors have been extensively used in the treatment of type 2 diabetes mellitus (T2DM) for over a decade,
their efficacy in TIDM remains uncertain. Clinical trials investigating the impact of DPP4 inhibition on reducing HbAlc
levels in TIDM patients have yielded inconsistent results.”***

Despite the variability in clinical studies, preclinical research has focused on understanding the role of DPP4 in
inflammation and the development of TIDM. T1DM is characterized by imbalances in Th17/Treg, Thl, and Th2 immune
responses. Inhibition of DPP4 has been shown to increase Th2 cytokines, restore the balance between Tregs and Th17
cells, and reduce Thl response.”” Additionally, in the pancreas and adipose tissue, GLP-1, a substrate of DPP4, has
demonstrated anti-inflammatory properties by reducing the production of inflammatory cytokines and immune cell
infiltration.”® Therefore, DPP4 inhibition may contribute to the anti-inflammatory processes in the pancreas. In NOD
mice, treatment with the DPP4 inhibitor MK0431 prolonged the survival of islet grafts and reduced CD4+ T cell
migration into the pancreas through the cAMP/PKA/Rac] activation pathway.”” Another TIDM mouse model induced
by low-dose streptozotocin showed decreased pancreatic inflammation with sitagliptin treatment, accompanied by an
increase in CD4+ CD25hiFoxp3+ T cells and a reduction in inflammatory cells.”® Hence, preclinical research suggests
that DPP4 inhibition may ameliorate T1IDM through pathways involving both incretin-based mechanisms and anti-

inflammatory effects.

A Role of DPP4 Inhibitors in Diabetic Kidney Disease

Cardiovascular Effects of DPP4 Inhibition

The CARMELINA trial, identified by its ClinicalTrials.gov Identifier NCT01897532, is currently underway with the
enrollment of over 8000 patients using linagliptin. This clinical trial focuses on evaluating renal and cardiovascular
endpoints in Type 2 Diabetes patients. The primary outcome being assessed is the time until the occurrence of the first
cardiovascular mortality, non-fatal myocardial infarction, non-fatal stroke, or hospitalization for unstable angina pectoris.
The development of renal failure is defined by the presence of end-stage renal disease, renal mortality, or a sustained
decline in estimated glomerular filtration rate (eGFR) of 50% or more.

A recent randomized placebo-controlled trial published by Scirica et al, known as SAVOR-TIMI 53, found no
significant difference in ischemic events but did observe higher hospitalizations for heart failure with saxagliptin.”
Despite preclinical studies and post hoc analyses of clinical trials suggesting a favorable cardiovascular risk profile for
DPP4 inhibitors, this particular trial did not show such benefits. The study included 16,492 individuals with Type 2
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diabetes who had either experienced a cardiovascular incident or were at risk for one, and they were followed for
a median duration of 2.1 years.

Another study, the EXAMINE trial, investigated alogliptin medication in individuals with Type 2 diabetes who had
experienced acute coronary syndrome and revealed no increase in major adverse cardiovascular events.'® This
randomized placebo-controlled trial included 5380 patients and had a median follow-up of 18 months. The US Food
and Drug Administration’s (FDA) independent advisory panel has recommended modifying the labeling of these two
drugs to improve their cardiovascular safety profile.”

The TECOS trial, a major multicenter clinical study, compared saxagliptin to placebo in 14,671 individuals with Type 2
diabetes and established cardiovascular disease. Saxagliptin was administered in addition to the patients’ standard
treatment.'”" Additionally, the ongoing CAROLINA study (Cardiovascular Outcome Study of Linagliptin Against
Glimepiride in Type 2 Diabetes Patients) is investigating the cardiovascular outcomes of linagliptin.'®'

It is essential to examine the cardiovascular profile of GLP-1 analogs as well since DPP4 inhibitors increase GLP-1
levels. A large retrospective study by Best et al compared patients treated with exenatide, a GLP-1 analog, to those
treated with other glucose-lowering drugs, and found a 20% decrease in cardiovascular events.'®® However, it should be
noted that publications demonstrating the cardiovascular benefits of GLP-1 or its analogs have utilized supraphysiolo-
gical dosages. DPP4 inhibitors, which work within the physiological range to enhance GLP-1 activity, may have
additional pleiotropic effects beyond their GLP-1 activities (Figure 3). Examples of DPP4 inhibitors currently in clinical
use include saxagliptin, vildagliptin, alogliptin, linagliptin, and sitagliptin. These inhibitors differ structurally in terms of
pharmacokinetics, thus ongoing trials are crucial as no class effect can be assumed.

Lastly, an important ongoing clinical trial is examining hard renal endpoints. DPP4 inhibitors have shown potential as
antifibrotic and anti-inflammatory agents in kidney disease. The impact of this class on the risk of cardiac failure is still
under investigation.

DPP4 and the Kidney

The enzymatic activities of DPP4 in the kidney were investigated by analyzing renal tissue from DPP4 and DPP4/mice
using liquid chromatography-mass spectrometry-based peptidomics. Over the past few decades, researchers have
identified 10 peptides that are regulated by DPP4 in in vivo studies.”®'®® Further research utilizing brush boundary
membranes has shown that the aminopeptidase function of DPP4 is crucial for the generation of DPP4 precursors. This
indicates that DPP4 plays a vital role in the extracellular protein metabolism of the kidney, particularly in the breakdown
and hydrolysis of proline-containing peptides.'® Since DPP4 is located on the brush boundary (apical side) of renal

"
2 1. Binding site for ADA
2. Binding site for SARS-CoV-2

2

3. Binding site for Gliptins
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Figure 3 Explains the assumed structure of DPP4 according to different binding domains with ADA, SARS-CoV-2, and Gliptins (DPP4 inhibitor).
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tubular cells, inhibiting its activity is expected to affect the regulation and breakdown of peptides in the fluid, thereby
influencing the morphology and activity of tubular cells in diabetes. Identifying the functionally important renal
substrates of DPP4 is necessary to understand and predict the long-term effects of DPP4 inhibition on the kidney in
patients with diabetes. However, the methods required to confirm specific receptors are limited, as antibodies need to be
able to distinguish between cleaved and non-cleaved peptides, which differ by only two amino acids at the
N-terminal end.

Transforming growth factor beta 1 (TGF1) plays a significant role in fibrosis associated with diabetic kidney disease. In
human kidney proximal tubular cells,° the DPP4 inhibitor linagliptin reduces the transcription and expression of phosphory-
lated smad2 and fibronectin by inhibiting the activation of TGF1 induced by high glucose. Linagliptin’s mechanism appears to
involve preventing latent TGF1 from becoming activated, as it did not affect the total secreted TGF1 induced by high glucose.
TGF1 is initially released in an inactive state and requires a complex interaction of soluble signaling molecules to activate and
release it from the latency-related peptide (LAP).'” Once released from LAP, TGF1 can bind to its receptor and activate cell
signaling through the Smad pathway. It has been observed that high glucose triggers an interaction between CIM6PR and
DPP4, and linagliptin modulates this interaction in this context. The binding sites of CIM6PR become saturated when there is
a significant amount of M6P, resulting in a reduced connection between CIM6PR and DPP4. This suggests that the interaction
is mediated through an M6P residue on the DPP4 molecule. Notably, linagliptin’s ability to block this interaction in an in vitro
system lacking GLP-1 suggests an M6P-mediated approach independent of GLP-1 (unpublished data). These findings
contribute to the growing body of research indicating that DPP4 inhibition possesses antifibrotic properties beyond its
proteolytic effects. It is important to consider the potential confounding effects of concurrent glucose reduction with DPP4
inhibitors when analyzing preclinical investigations. Two studies using vildagliptin and sitagliptin have examined the impact
of DPP4 inhibition on the kidneys of hyperglycemic animal models, demonstrating renoprotective effects. Furthermore,
diabetic rats treated with DPP4 inhibitors showed lower HbA I¢ levels compared to diabetic control animals.'*'?” Hence, it is
challenging to attribute the renal effects of DPP4 inhibitors solely to glucose reduction in in vivo trials.

In amodel of Type 1 diabetic nephropathy, Kawasaki et al explored the antifibrotic properties of linagliptin and discovered
that, after 4 weeks, it decreased diabetic kidney fibrosis, which was associated with the repair of microRNA29s and the
suppression of EndMT.?® DPP4inh does not significantly lower blood sugar levels since there is no significant insulin response
mediated by GLP-1, it can be evaluated independently of glycemic control in an insulin-deficient model of diabetes. As
a result, the current findings reveal that linagliptin has renal benefits irrespective of glucose control.

DPP4 inhibitors’ anti-fibrotic activities have also been demonstrated in various renal fibrosis models, such as the
unilateral ureteral obstruction (UUO) model.'® LC15-0444 (a DPP4inh) decreased inflammatory and fibrotic indicators
like TGF1, toll-like receptor 4, HMGB1, NADPH oxidase 4, nuclear factor kappa B, and modified Smad2/3 in this TGF-
driven model. However, there needed to be specific mechanistic data to interpret the reports in this investigation.

DPP4 in Diabetic Nephropathy

Research suggests that DPP4 may play a role in the receptor axis for advanced glycation end products (RAGE), which is
crucial for the development of diabetic nephropathy. In animal models of Type 1 diabetic nephropathy, both DPP4 deficiency
and linagliptin treatment have been shown to reduce kidney damage.'®®''° The proposed mechanism involves a decrease in
endothelial cell oxidative stress. Endothelial dysfunction is a characteristic feature of diabetic kidney disease. Studies have
shown that DPP4 interacts with integrin 1 in endothelial cells. Shi et al demonstrated that the deletion of integrin 1 prevented
the endothelial-to-mesenchymal transition associated with DPP4. Furthermore, DPP4 or integrin deficiency inhibited the
TGF2-stimulated formation of heterodimers of TGF receptors. The interaction between DPP4 and integrin 1 also promoted the
expression of vascular endothelial growth factor receptor (VEGF-R) 1 while suppressing VEGF-R2 levels.?° Linagliptin was
found to reduce the direct interaction between integrin and DPP4 induced by TGF2. These findings suggest that the non-
proteolytic interaction between DPP4 and integrin 1 is important in diabetic kidney fibrosis.

DPP4 Inhibitors and Mesenteric Arteries
Mechanistic studies have been conducted to investigate whether the effects of DPP4 inhibitors on glucose-induced
endothelial impairment are associated or independent of GLP-1/GLP-1R. These studies found that DPP4 inhibitors,
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including linagliptin, have direct effects on mesenteric arteries regardless of their impact on glucose levels. The
mechanism behind this effect has been investigated using direct reactive quenching and has been linked to the antioxidant
activity of DPP4 inhibitors.”®'"" Additionally, DPP4 inhibitors have been shown to possess anti-inflammatory properties.
Alogliptin, for example, reduced macrophage infiltration in a non-diabetic animal model of glomerular damage, while
PKF275-055 decreased nuclear factor kappa B activity and macrophage infiltration in a type 1 renal disease model.''*!'?

Although DPP4 inhibitors have similar abilities to improve glucose control, their pharmacokinetic and pharmacodynamic
profiles differ significantly due to their binding to different sites on DPP4.''* While all DPP4 inhibitors can inhibit DPP4’s
enzymatic function (cleaving), their capacity to alter DPP4’s co-stimulatory/receptor qualities varies.”®'!® It is also important
to consider the mechanism of clearance of DPP4 inhibitors.''® The strong expression of DPP4 on the proximal tubular brush
border suggests that drugs primarily eliminated by the kidneys may have better access to tubular DPP4.

Role of DPP4 in COVID-19 Disease Severity

The clinical signs of COVID-19 are indicative of SARS-propensity Cov-2’s to infect several organs and their cells, which
mimics the activation of viral fusion proteins.''” Although ACE2 is exhibited in enterocytes and pneumocytes of the
alimentary canal,''® according to studies, the alveolar type 2 cells’ appearance is subdued when compared to other cells
that express ACE2, indicating that SARS-CoV-2 utilizes co-receptors Various safe remedies are being considered to treat
COVID-19 including phage-vaccine development, use of DPP4, application of herbs etc.''”'?! Various safe remedies are
being considered to treat COVID-19 including phage-vaccine development, use of DPP4, and application of Chloroquine
phosphate, but not finding ample proof suggesting the effective consequences, Chloroquine use was stopped.'** ACE2
prevalence is prominent in the intestine and kidney and is connected to how many additional proteolytic enzymes
coronaviruses employ as entry targets.'> DPP4 was discovered to be the first genotype to be grouped with ACE2, and
because modeling reveals a close connection between DPP4 and SARS-CoV-2 S1,'** DPP4 region localization is
essential. DPP4 is most highly expressed in the liver, salivary gland, kidney, and seminal fluid in human bodies
(Figure 4). Enterocytes, particularly blood vessel capillaries, lung epithelium, immune cells, and intestinal enterocytes
all have high DPP4 levels (activated myeloid cells, T, B, and natural killer cells).'?

In vitro, DPP4 activity is selectively produced on the surface of senescent, but non-regenerating, human diploid
fibroblasts and is greater in older individuals than in younger individuals.'*® DPP4 is largely present in alveolar type 2
cells in the epithelial tissue of the lower respiratory tract,'*® but it is also found in alveolar macrophages in individuals
with COPD and cystic fibrosis.'?”'*® Upregulation of DPP4 in type I pneumocytes may be a critical factor in MERS-
CoV and SARS-CoV-2 infection severity (Figure 4).'*

DPP4’s non-enzymatic activity as a signaling and coupling protein and its broad prevalence on myeloid cells, blood
capillaries, myocardium, and imply a function in inflammation across a wide variety of animals, angiogenesis, and
cardiovascular control.'*!3!

In patients with diabetes and obesity, DPP4 may also indirectly enhance COVID-19 development. It could explain
why COVID-19 in these people has a more severe course, with higher vulnerability to cytokine storms and fulminant
multi-organ failure. It has been demonstrated utilizing genetically engineered mouse models that a high-fat meal induces
hyperglycemia and hyperinsulinemia, like human T2D. Still, mice missing the DPP4 gene were safeguarded against
obesity and insulin resistance. Notably, compared to non-obese animals lacking human DPP4, diabetic mice challenged
with MERS-CoV experienced a more severe course of the illness and a more extended period of recovery.'**'** The age
of infected individuals is the next medically significant risk factor after T2D and overweight that is connected to
a potential relationship between DPP4 and vulnerability to SARS-CoV-2 illness. Surprisingly, in vitro research found that
growing diploid human fibroblasts did not express DPP4, whereas senescent human fibroblasts did.'** The DPP4
molecule was more active in older than younger people.'>> The pulmonary epithelium of smokers and individuals
with chronic obstructive pulmonary disease showed a considerable rise in DPP4 mRNA and protein expression,
indicating that these people are more vulnerable to illness, particularly with MERS-CoV and probably also with SSARS-
CoV-2 the second, though, has to be confirmed.'*®
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Figure 4 Gliptins (DPP4 inhibitors) available in the drug market.

DPP4 Inhibitors and COVID-19

Based on the factors mentioned, it has been proposed that DPP4 inhibitors could be beneficial for COVID-19 patients,
potentially by preventing the entry of the virus.'*”:'*® Structural models of DPP4 and its inhibitors, as well as the viral spike
proteins of MERS-CoV and SARS-CoV-2, indicate that the binding sites for DPP4 inhibitors do not overlap with those for
viral spike proteins.'*%'*° It is hypothesized that DPP4 inhibitors may modulate the endocytic cascade of SARS-CoV-2 by
interacting with caveolin-1, a scaffold protein required for endosome formation.'*! Recent evidence from a large-scale
prospective cohort study involving 8.3 million individuals suggests that ACE inhibitors, which are often used in combination
with DPP4 inhibitors, are safe and may even reduce the incidence of severe COVID-19 and its complications.'**

However, it is crucial to assess the overall reliability and risk-benefit profile of using DPP4 inhibitors, particularly in the
context of COVID-19 patients. There is a need to consider the possibility that DPP4 inhibitors may impact the immune
response and potentially increase the risk of infections in general. The widespread distribution of DPP4 in various types of
cells, especially immune cells, may contribute to this risk. The effects of DPP4 inhibitors on the immune system are not well
understood.'* In studies involving healthy individuals, a 28-day treatment with sitagliptin did not affect lymphocyte and
T cell subsets, plasma chemokine/cytokine concentrations, or cytokine release upon stimulation of peripheral blood mono-
nuclear cells.'"** A meta-analysis indicated that the use of DPP4 inhibitors was associated with a similar risk of infections,
including respiratory diseases, compared to control groups.'*>'*” The anti-inflammatory properties of sitagliptin may help
COVID-19 patients in avoiding and managing cytokine storms when administered alone or in combination with other
medications such as dexamethasone, tocilizumab, or anti-IL-6 receptor antibodies.'*>!*® Clinical studies have shown that
sitagliptin, when added to standard-of-care medication, was associated with significant clinical improvement and reduced
mortality compared to standard-of-care alone.'*

It is important to note that while there is evidence suggesting the potential benefits of using DPP4 inhibitors for
COVID-19, further research and clinical trials are needed to establish their effectiveness and safety in this specific
context. Medical decisions regarding the use of these medications should be made on an individual basis, considering the
patient’s condition, medical history, and potential risks and benefits.
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DPP4, Immunomodulation, and Infection

DPP4 interacts with ligands, notably ADA, to provide noncatalytic activities.'® DPP4 is a costimulator for T cell
activation that binds to ADA and boosts T cell proliferation without ADA binding.'** Because adenosine is an effective
inhibitor of T cell multiplication, increasing DPP4 activity can enhance T cell proliferation. DPP4 expression in dendritic/
macrophage cell populations from visceral adipose tissue is higher in obese people, stimulating inflammatory response in
obesity via dealing with ADA.>* As a result, elevated DPP4 in circumstances like obesity-induced MS (metabolic
syndrome) leads to a failure to resolve inflammatory response and prolonged subclinical immunological stimulation.
Some coronavirus diseases may find a “perfect habitat” amid this metabolic/immune imbalance. DPP4 consists mainly of
three domains based on their binding sites (Figure 5).

Galidesivir (BCX4430), an adenosine nucleoside derivative with wide-ranging action towards RNA viruses, is now being
tested in COVID-19 (ClinicalTrials.gov Identifier: NCT03891420) that was effective towards flaviviruses like Zika.">' It works
by blocking viral RNA-dependent RNA polymerase, which is essential for viral replication. It’s unclear how such a treatment
would react with adenosine’s immunostimulatory, primarily anti-inflammatory, effects in distinct immune cell types,'>? or how
elevated DPP4 activity and prolonged subclinical inflammation in obesity-induced MS would impact the therapeutic outcome.
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Figure 5 Chemistry of Gliptins. (a) Binding of covalent inhibitors to DPP4, (b) Common binding of non-peptidomimetic inhibitors to DPP4.

1908 "o Journal of Inflammation Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Rahim et al

Also, other pathogens have been linked to DPP4. DPP4 truncates the amino-terminal of the chemokine CXCL10 (also
known as IP-10) in chronic hepatitis C virus (HCV) patients, resulting in an antagonist version of the chemokine, which
can regulate immune responses through chemokine receptor antagonism.'>® Truncated CXCL10 antagonism may also be

a significant regulatory mechanism in malignancies'>* and tuberculosis pathological locations.'>

Covid-19 Comorbidities, Disease Manifestations, and Severity

The severity of COVID-19 is influenced by various factors, including comorbidities and age. In one study, diabetes
mellitus (DM), hypertension, and cardio-cerebrovascular diseases were found to be 2-3 times higher in intensive care
unit (ICU)/severe cases compared to non-ICU/severe cases.'> Individuals with diabetes and hyperglycemia had
significantly higher levels of inflammatory mediators, such as IL-6, C-reactive protein, serum ferritin, and D-dimer,
suggesting increased vulnerability to inflammation storms and higher mortality.'**'>” Considering that approximately
425 million people worldwide have diabetes, diabetes therapy options are crucial.

Obesity also plays a significant role in COVID-19 severity, with severe obesity (BMI >35 kg/m2) and obesity (BMI
>30 kg/m?2) observed in a significant proportion of COVID-19 patients.'>® Age, on the other hand, was not associated
with diabetes, hypertension, or the need for invasive mechanical ventilation but was correlated with obesity (P<0.05) and
male sex (P<0.05). There is a link between higher DPP4 activity and expression and metabolic syndrome (MS) and
obesity.'>* '®* This suggests a direct metabolic and endocrine relationship to the viral pathogenesis, emphasizing the
need for proper treatment in COVID-19 patients with these comorbidities.'®*

DPP4 is believed to be a co-receptor for the entrance of the SARS-CoV-2 virus and as DPP4 dysregulation is associated
with disease severity in COVID-19, it is important to learn more about how DPP4 inhibition affects the course of the illness.'**

Notwithstanding the fact that the DPP4 inhibitors do not attach to the SARS-anticipated CoV-2’s receptor binding site,
studies on the DPP4 inhibitors over the last 20 years have given a depth of knowledge about the biology and chemistry of
DPP4 and its binding relationships;>* this information could be used to build new anti-coronavirus medications. A medication
may be developed to protect the human viral entrance protein(s) from the virus by binding to the human protein with an
antibody or peptide. As a unique possible therapy for T2DM (Type-2 Diabetes Mellitus), a therapeutic vaccination targeting
human DPP4 has already been produced.'® Pang et al selected three suitable DPP4 regions as vaccine candidate targets,
conjugated these peptides to the adjuvant keyhole limpet hemocyanin, which presents a variety of T-cell epitopes to induce
helper T-cell responses, and demonstrated its potency in enhancing the insulin-dependent phenotype in mouse models.

COVID-19 may benefit from modified DPP4 activity in comorbid diseases in ways that are unknown at the moment.
Gliptins may affect the severity of COVID-19, although various DPP4 inhibitors may potentially have varied effects (s).
A comparison of diabetes (and other) treatments for those with serious and non-serious diseases would be fascinating. In
Japan, for example, most T2DM patients (1410/2666 patients) received a DPP4 inhibitor as the beginning treatment,
a conclusion affected by adulthood.'®®

Multiple gliptins have been found in vitro models to have several actions that may be useful in COVID-19 disease. In
an immediate model of an inflammatory process, saxagliptin and vildagliptin have anti-inflammatory efficacy similar to
aspirin.167 Saxagliptin’s DPP4 inhibition can reduce the levels of CRP, tumor necrosis factor, IL-1, IL-18, and IL-6 in the
blood and attenuate DM-induced activation of the NLRP3 inflammasome.'®® Evidence of interplay between DPP4 and
the renin-angiotensin system in the pathophysiology of cardiorenal syndromes suggests that gliptins are cardioprotective
and may delay the onset of circulatory impairment in chronic kidney disease.'®® The treatment of NAFLD, the hepatic
symptom of the obesity-induced metabolic syndrome, may also involve gliptins.'”*!'”!

Gliptins have been demonstrated to have a broad and powerful anti-inflammatory therapy in humans; for example,
sitagliptin therapy lowers plasma levels of IL-6 and C-reactive protein and decreases CD26/DPP4 mRNA expression in

72 Mathematical simulations suggest that reducing

mononuclear cells by 16% after 2 hours after only one dosage (CRP).
DPP4 expression might decrease the propagation of the MERS-CoV infection.!”® Hence, commercially available DPP4

inhibitors might be modified to treat COVID-19 patients, especially those with significant hyperglycemia and virally

produced hyperinflammation symptoms, if DPP4 expression enhances SARS-CoV-2 infection,'”*!”> or cardio-renal
issues.''?
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DPP4 inhibitors have been thoroughly reviewed by the FDA Adverse Event Reporting System (FAERS) to highlight
the associated adverse effects. The ratio of DPP4 inhibitors’ adverse effects is common in the gastrointestinal tract and
musculoskeletal system. These side effects are prevalent in non-insulin antidiabetics. The above study reported an
understanding of the safety profiles and few side effects of DPP4 inhibitors however, it still recommended the further
validation and interpretation of these findings.'’® It is suggested that thorough studies on the side effects of DPP4
inhibitors need to be evaluated to provide a better understanding of DPP4 inhibitors’ mediated side effects.

Prospects of DPP4 Inhibitors in the Era of COVID-19 Therapeutics

In the context of COVID-19, it is crucial to conduct further research to fully understand the effectiveness, safety, and
specific effects of DPP4 inhibitors. While there is evidence suggesting the potential benefits of DPP4 inhibitors in
managing the disease, especially in individuals with comorbidities such as diabetes and obesity, comprehensive studies
are needed to validate these findings.

Anti-inflammatory effects: Gliptins have demonstrated anti-inflammatory properties, which can be beneficial in managing
the cytokine storms associated with severe COVID-19. By reducing the levels of inflammatory mediators, such as IL-6 and
C-reactive protein, gliptins may help modulate the immune response and mitigate the excessive inflammation seen in severe
cases.

Immunomodulatory effects: Gliptins have been found to affect immune cell function and cytokine production. These
immunomodulatory effects could potentially help regulate the immune response to SARS-CoV-2 infection, preventing
immune system dysregulation and excessive tissue damage.

Co-receptor inhibition: DPP4 has been identified as a co-receptor for SARS-CoV-2 entry into host cells. By inhibiting
DPP4 activity, gliptins may interfere with the virus’s ability to infect cells, potentially reducing viral load and disease severity.

Combination therapies: Gliptins have been studied in combination with other COVID-19 therapeutics, such as
dexamethasone and tocilizumab. Combining gliptins with these drugs may have synergistic effects in managing
inflammation and improving clinical outcomes in severe cases.

Safety and tolerability: Gliptins are generally well-tolerated and have a favorable safety profile, as they have been extensively
used for the treatment of diabetes. This existing safety data could facilitate their repurposing of COVID-19 treatment.

Personalized medicine: As gliptins act on the DPP4 pathway, which is involved in various physiological processes,
including glucose metabolism and immune regulation, their use in COVID-19 could be tailored to individual patient profiles.
Identifying specific patient subgroups that may benefit the most from gliptin therapy could enhance treatment efficacy.

Drug repurposing and new drug development: Gliptins are already approved for the treatment of diabetes, which
facilitates their repurposing for COVID-19. Additionally, the knowledge gained from studying gliptins’ interactions with
DPP4 could aid in the development of new drugs that target specific aspects of the SARS-CoV-2 infection process.

Additionally, it is important to consider the potential side effects of DPP4 inhibitors. FAERS has identified gastro-
intestinal and musculoskeletal system-related adverse effects as common with DPP4 inhibitors.'”® To provide a better
understanding of the safety profiles and potential side effects of these medications, thorough studies are required.

Furthermore, the interaction between DPP4 inhibitors and the SARS-CoV-2 virus needs to be explored in more detail.
While gliptins do not bind to the receptor-binding site of the virus, their impact on DPP4 dysregulation and the disease
severity of COVID-19 requires further investigation. The knowledge gained from studying DPP4 biology and chemistry
over the years can potentially contribute to the development of new anti-coronavirus medications.

In summary, DPP4 inhibitors have shown promise in the management of COVID-19, particularly in individuals with
specific comorbidities. However, comprehensive research is necessary to determine their effectiveness, safety, and
potential side effects in the context of the disease. Understanding the interaction between DPP4 inhibitors and the SARS-
CoV-2 virus can aid in the development of targeted therapies.

Conclusion

The impact of DPP4 expression in autoimmune diseases and COVID-19 infection is an area of ongoing research. While DPP4
is not a specific biomarker for any autoimmune disease, its widespread expression makes it less useful as a precise marker. The
exact mechanisms by which DPP4 plays a role in disease onset and severity are still being investigated. However, there is
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evidence suggesting a connection between increased DPP4 concentration and disease severity. This observation has led to the
exploration of DPP4 inhibitors as potential treatments for various diseases. DPP4 inhibitors are a diverse group of compounds
that have shown promising results in reducing the severity of several autoimmune diseases. DPP4 itself consists of multiple
domains that are involved in disease complications and provide binding sites for inhibitors. These inhibitors exert their effects
through various mechanisms, including immunomodulatory and anti-inflammatory activities. Dipeptidyl-peptidase 4 (DPP4)
inhibitors present a dual aspect in their impact on autoimmune and inflammatory diseases. While they have shown potential
benefits by modulating the immune system, which can help in reducing inflammation and autoimmune reactions, there is also
evidence that these drugs might induce or exacerbate such conditions. This paradoxical effect is due to the complex role of
DPP4 in immune regulation its inhibition can both suppress overactive immune responses beneficial in autoimmune diseases,
and potentially disrupt immune balance, leading to new or worsened autoimmune and inflammatory disorders. This highlights
the need for personalized approaches and careful monitoring in the use of DPP4 inhibitors, particularly in individuals with
predispositions to these conditions.

The specific functions of DPP4 inhibitors are still being elucidated, but they have shown encouraging results in
several studies. Further research is needed to fully understand the role of DPP4 and its inhibitors in autoimmune diseases
and COVID-19. Continued investigation into the mechanisms and potential therapeutic applications of DPP4 inhibitors
may provide valuable insights for the management of these conditions.
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