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Dipeptidyl peptidase-4 (DPP4) inhibitor 

DPP-4 inactivates peptides with an alanine, proline, 
or serine residue in the penultimate position from 
the N-terminus



DPP-4 also circulates as 
a soluble form in the plasma, 
which lacks the cytoplasmic 
and transmembrane domain 
with preserved catalytic activity

Membrane-bound DPP4 and soluable DPP4 
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DPP-4i will have multiple effects 
beyond glycemic control…



Possible enzymatic substrates of DPP-4
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Experimental paradigms for identification of DPP4 substrates
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Pharmacological DPP4 Substrates <<< Physiological DPP4 Substrate…
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DPP-4 Substrates that directly or indirectly regulate cardiovascular function



Stromal cell derived factor-1α (SDF-1α)

• a chemokine that attracts stem cell such as hematopoietic stem cells 
(HSCs) and endothelial progenitor cells (EPCs)

• SDF-1α is increased in damaged tissue and promotes tissue repair and 
angiogenesis

• the inhibition of DPP4 stabilizes biologically active SDF-1α



Lee, C. S., et al. (2016). "Dipeptidyl Peptidase-4 Inhibitor Increases Vascular Leakage in Retina through VE-cadherin Phosphorylation." Sci Rep 6: 29393.

The SDF-1α/CXCR4/Src/VE-cadherin signaling pathway…
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AMD3100: CXCR4-blocker

PP2: Src-inhibitor

The SDF-1α/CXCR4/Src/VE-cadherin signaling pathway…



Lee, C. S., et al. (2016). "Dipeptidyl Peptidase-4 Inhibitor Increases Vascular Leakage in Retina through VE-cadherin Phosphorylation." Sci Rep 6: 29393.

vascularity Vascular leakage

AMD3100: CXCR4-blocker

PP2: Src-inhibitor

DPP4-inhibitors might aggravate diabetic 
retinopathy???

by increasing vascular permeability through the 
SDF-1α /CXCR4 axis, followed by Src activation 
and phosphorylation of VE-cadherin



CXCR4, chemokine (C–X–C motif) receptor 4; DPP4i, DPP4 inhibitor; 
MI, myocardial infarction; SDF-1, stromal-derived factor-1.

Zhong, J. and S. Rajagopalan (2015). "Dipeptidyl Peptidase-4 Regulation of SDF-1/CXCR4 Axis: Implications for Cardiovascular Disease." Front Immunol 6: 477.

DPP4 inhibitors preserves SDF-1, which results in an enhanced homing of CXCR4+ progenitor cells from 
bone marrow to infarcted tissues

Possible benefit roles of SDF-1α
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Endocrine pathways altered during DPP4 inhibition
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Possible benefit roles of SDF-1α



Possible benefit roles of SDF-1α

Fujita, H., et al. (2014). "DPP-4i with alogliptin on top of ARB ameliorates albuminuria via up-regulation 
of SDF-1α in T2D with incipient nephropathy." Endocr J 61(2): 159-166.



Neuropeptide Y (NPY)

• a ubiquitous hormone that has both central and peripheral effects that 
work to maintain homeostasis

• actions are mediated by its receptors, Y1–Y6

• Pro-atherogenic actions of NPY and stress

• NPY and angiogenesis

Kuo, L. E., et al. (2007). "Stress, NPY and vascular remodeling: Implications for stress-related diseases." Peptides 28(2): 435-440.



DPP4-I might sustain 
NPY(1-36) capacity  to 
increase the hypertensive 
response to AT-II…

Kuo, L. E., et al. (2007). "Stress, NPY and vascular remodeling: Implications for stress-related diseases." Peptides 28(2): 435-440.

The multiple roles of NPY 



Jackson, E. K. (2010). "DPP4 inhibition alters the hemodynamic response to ACE inhibition in humans with the metabolic syndrome." Hypertension 56(4): 581-583.



B-type natriuretic peptide (BMP)

• plays a critical role in regulating body fluid homeostasis, has vasodilator 
effects, and is a marker of HF

• i.v. BNP(3-32) infusion resulted in less natriuresis, diuresis, and 
vasodilation compared to i.v. infusion of BNP (1-32) in animal models

• may be another DPP-4 substrate that can play an important role in 
blood pressure regulation 

Vanderheyden, M., et al. (2009). "Dipeptidyl-peptidase IV and B-type natriuretic peptide. From bench to bedside." Clin Chem Lab Med 47(3): 248-252.



Substance P

• acts as a vasodilator 

• can increase sympathetic outflow

• is able to increase sympathetic activity during combined inhibition of 
angiotensin-converting enzyme (ACE) and DPP4
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Substance P increased HR and vascular release of norepinephrine during combined ACE and DPP4 inhibition



DPP-4 forms a complex with 
Na+/H+ exchanger 3 
at the level of the brush 
membrane

DPP4 inhibition may 
interfere 
with Na+resorption 
mechanism, 
significantly increasing
natriuresis, thereby reducing
blood pressure levels

von Websky, K., et al. (2014). "Physiology and pathophysiology of incretins in the kidney." Curr Opin Nephrol Hypertens 23(1): 54-60.

The effects of DPP4-I on Blood Pressure ?

Avogaro, A. and G. P. Fadini (2014). "The effects of dipeptidyl peptidase-4 inhibition on microvascular diabetes complications." Diabetes Care 37(10): 2884-2894.
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GLP-1 actions in peripheral tissues



The vascular biology of GLP-1 action
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Nonglycemic actions ofDPP-4 inhibitor in relation with pathophysiology of CV disease

Kim, N. H., et al. (2014). "The nonglycemic actions of dipeptidyl peptidase-4 inhibitors." Biomed Res Int 2014: 368703.



Summary of the effects of DPP4-I on Diabetic Nephropathy

Experimental

Model Effects

Sitagliptin in Zucker diabetic fatty rats ↓ Tubulointerstitial and glomerular lesions

↓ Apoptosis

Linagliptin in STZ diabetic rats ↓ AGE and RAGE, ↓ Oxidative stress

↓ Albuminuria, ↓ Glomerulosclerosis

Vildagliptin in STZ diabetic rats ↑ GFR, ↓ Albuminuria, 

↓ Glomerulosclerosis,↓ Interstitial fibrosis

Avogaro, A. and G. P. Fadini (2014). "The effects of dipeptidyl peptidase-4 inhibition on microvascular diabetes complications." Diabetes Care 37(10): 2884-2894.

Clinical

Drug and patients End point

Sitagliptin in 36 T2D ↓ hs-CRP, ICAM-1, ↓ Albuminuria

Vildagliptin in 47 T2D ↓ Albuminuria

Linagliptin vs. placebo in 217 T2D ↓ Albuminuria

Saxagliptin vs. placebo in >16,000 T2D ↓ Microalbuminuria



Summary of the effects of DPP4-I on Diabetic Retinopathy

Experimental

Model Effects

Sitagliptin in Zucker diabetic fatty rats ↓ Nitrosative stress, inflammation, apoptosis

↓ Blood-retinal barrier changes,↑ EPCs

Sitagliptin in STZ diabetic rats ↓ Permeability,↓ Blood-retinal barrier changes

↓ Inflammation, apoptosis

Vildagliptin in OLETF T2D rats ↓ VEGF, ICAM-1, PAI-1, and PEGF

Avogaro, A. and G. P. Fadini (2014). "The effects of dipeptidyl peptidase-4 inhibition on microvascular diabetes complications." Diabetes Care 37(10): 2884-2894.

Clinical

Drug and patients End point

Saxagliptin vs. placebo in 50 T2D without 
retinopathy

↓ Blood flow, ↑ Vasodilation



Summary of the effects of DPP4-I on Diabetic Neuropathy

Experimental

Model Effects

Vildagliptin in STZ diabetic rats ↓ Nerve fiber loss

PKF275-055 in STZ diabetic rats ↑ Na+/K+-ATPase activity, 

↑ Nerve conduction velocity

↑ Mechanical and thermal sensitivity

Sitagliptin in nicotinamide/STZ T2D rats ↑ Strength and paw function, ↓ Nerve cell loss

Avogaro, A. and G. P. Fadini (2014). "The effects of dipeptidyl peptidase-4 inhibition on microvascular diabetes complications." Diabetes Care 37(10): 2884-2894.

Clinical

No data available so far



• 46 T2D with mild-moderate DPN 

• randomized to a twice daily exenatide group (n = 22) or daily insulin 
glargine (n = 24)

• After 18 months of follow-up, no significant differences were observed
in the prevalence of confirmed clinical neuropathy, intra-epidermal nerve 
fiber density, and nerve conductions studies. 

• There were no significant changes in the measures of CAN

Jaiswal, M., et al. (2015). "Effects of exenatide on measures of diabetic neuropathy in subjects with T2D: results from an 18-month proof-of-concept open-label 
randomized study." J Diabetes Complications 29(8): 1287-1294.



Summary of the effects of DPP4-I on Foot ulcers

Experimental

Model Effects

Linagliptin in ob/ob T2D mice ↑ Epithelialization, ↑ Myofibroblasts

↓ Inflammation

Avogaro, A. and G. P. Fadini (2014). "The effects of dipeptidyl peptidase-4 inhibition on microvascular diabetes complications." Diabetes Care 37(10): 2884-2894.

Clinical

Drug and patients End point

Vildagliptin vs. placebo in 106 diabetic 
patients with ulcers

↑ Granulation tissue, ↑ Capillary density

↑ HIF-1a and VEGF, ↓ Nitrotyrosines

↓ Proteasome activity
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Clinical trials that investigated the effects of incretin-based therapies on the cardiovascular outcome in patients with T2D
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??

transient worsening of diabetic retinopathy with glucose control ?
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Pleiotropic effects of DPP-4i
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the roles of DPP4i 
on diabetic microangiopathy
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