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Type-II diabetes (T2DM) is reaching epidemic proportions
in industrialized populations due to the combination of excess
calorie consumption and reduced physical activity. Alarmingly, the
cardiovascular pathologies associated with diabetes are leading causes
of mortality in these patients [1]. The intensive glycemic control
induced by classic anti-diabetics has provided only limited success in
decreasing cardiovascular complications, and in some cases the use of
anti-diabetics has even increased the risk of mortality; indeed, anti-
diabetics do not improve B-cell function, and can lead to hypoglycemia
and/or weight gain, followed by increased insulin resistance and
hyperlipidemia [2]. Thus, there is an urgent need for new therapies that
address other associated non-glycemic risk factors while avoiding these
drawbacks.

Incretins, glucose-dependent insulinotropic polypeptide (GIP)
and glucagon-like peptide-1 (GLP-1), are enteroendocrine hormones
released into the bloodstream in response to ingested nutrients. Mostly
GLP-1 increases insulin secretion through its specific transmembrane
Gs-protein coupled receptors (GLP-1R) in pancreatic B-cells, by a
glucose-dependent manner, and therefore, minimizing the risk of
hypoglycemia. However, GLP-1 is rapidly degraded by dipeptidyl
peptidase-IV (DPP-1V), which cleaves the N-terminal dipeptides to
render a major insulinotropic inactive metabolite known as GLP-1(9-
36) [3]. Based on this event, two options for incretin enhancement are
DPP-1V inhibitors (DPP-1Vi) and GLP-1 mimetics resistant to DPP-IV
activity (GLP-1m). DPP-IVi is taken orally and induces beneficial effects
in T2DM by moderate increases of B-cell mass and glucose-dependent
insulin secretion. DPP-IVi reduce also hepatic glucose production,
and both fasting and postprandial hyperglycemia [4-6]. Limited
evidence suggests that DPP-IVi could diminish systolic blood pressure
(SBP) [5,7], probably because DPP-IV can also cleave vasoconstrictor
peptides (i.e., neuropeptide-Y). In addition, DPP-IVi only decrease
postprandial, but not fasting lipid levels (i.e., triglycerides, VLDL/LDL
lipoproteins, and fatty acids) [7-9]. However, GLP-1m are administered
by subcutaneous injection but exhibit higher increases of -cell mass
and insulin secretion, and higher reduction of glucose production
and both fasting and postprandial hyperglycemia [10-12]. Also, GLP-
Im can slow gastric emptying and gut motility, increase satiety, and
reduce food intake, consequently decreasing body weight and insulin
resistance [10,13,14]. Additionally, they decrease SBP (even before
weight loss) [12,15], and VLDL/LDL lipoproteins, triglycerides and
fatty acids [7,16,17]. GLP-1m also improve endothelial function, and
produce vasodilatation [18,19]. As a result, both DPP-IVi and GLP-1m
have shown cardioprotection in ischemia/reperfusion animal models
[18,20-22], and ameliorated cardiovascular events in clinical trials
without substantial side effects [23]. Also, infusion of native GLP-1 in
humans improved cardiac function and recovery following ischemic
conditions [18,24].

The extra-glycemic actions of DPP-IVi and GLP-1m could be
justified by the presence of GLP-1R in other tissues such as heart,
vessel, kidney, liver, and brain [22]. However, GLP-1m exhibit more
cardioprotection than DPP-IVi, which can be explained by the fact that
incretin release is also impaired in T2DM [25]. Thus, even after blocking

the DPP-IV activity, the secreted GLP-1 may not be satisfactory. More
significantly, during GLP-1m administration, the production of GLP-
1 (9-36) from endogenous GLP-1 is guaranteed. Importantly, this
metabolite may conserve beneficial effects for T2DM patients. GLP-
1(9-36) elicits cardioprotection in ischemia/reperfusion models by
GLP-1R dependent or independent mechanisms [26]. Also, GLP-1(9-
36) induces vasodilatation through nitric oxide formation [26], and
protects against oxidation in cardiac and vascular cells [22,27,28]. We
also demonstrated anti-apoptotic/necrotic, hypertrophic, and fibrotic
actions for GLP-1(9-36) (similarly to GLP-1) in cardiomyocytes
exposed to high concentrations of glucose and palmitate [29]. Although
we must wait to confirm the long-term cardiovascular safety of DPP-IVi
and GLP-1m treatments, we do believe it is crucial to continue studying
GLP-1R (or other GLP-1-specific receptors) stimulation in cardiac and
vascular cells. Also, the physiological generation of GLP-1 (9-36) may
suggest new anti-diabetic therapies based on the enhancement of this
metabolite.

References

1. Hossain P, Kawar B, El Nahas M (2007) Obesity and diabetes in the developing
world--a growing challenge. N Engl J Med 356: 213-215.

2. Castagno D, Baird-Gunning J, Jhund PS, Biondi-Zoccai G, MacDonald MR, et
al. (2011) Intensive glycemic control has no impact on the risk of heart failure
in type 2 diabetic patients: evidence from a 37,229 patient meta-analysis. Am
Heart J 162: 938-948.

3. HansenlL, Deacon CF, Orskov C, Holst JJ (1999) Glucagon-like peptide-1-(7-36)
amide is transformed to glucagon-like peptide-1-(9-36)amide by dipeptidyl
peptidase 1V in the capillaries supplying the L cells of the porcine intestine.
Endocrinology 140: 5356-5363.

4. Armnolds S, Dellweg S, Clair J, Dain MP, Nauck MA, et al. (2010) Further
improvement in postprandial glucose control with addition of exenatide or
sitagliptin to combination therapy with insulin glargine and metformin: a proof-
of-concept study. Diabetes Care 33: 1509-1515.

5. Jadzinsky M, Pfltzner A, Paz-Pacheco E, Xu Z, Allen E, et al. (2009) Saxagliptin
given in combination with metformin as initial therapy improves glycaemic
control in patients with type 2 diabetes compared with either monotherapy: a
randomized controlled trial. Diabetes ObesMetab 11: 611-622.

6. Taskinen MR, Rosenstock J, Tamminen |, Kubiak R, Patel S, et al. (2011)
Safety and efficacy of linagliptin as add-on therapy to metformin in patients
with type 2 diabetes: a randomized, double-blind, placebo-controlled study.
Diabetes ObesMetab 13: 65-74.

7. Pratley RE, Nauck M, Bailey T, Montanya E, Cuddihy R, et al. (2010) Liraglutide
versus sitagliptin for patients with type 2 diabetes who did not have adequate
glycaemic control with metformin: a 26-week, randomised, parallel-group,
open-label trial. Lancet375: 1447-1456.

*Corresponding author: Oscar Lorenzo, Cardiovascular Pathology Laboratory,
1IS-Fundacion Jiménez Diaz, Autdbnoma University, Madrid 28040, Spain, Tel: 0034-
915504800; Fax: 0034-915442636; E-mail: olorenzo@fjd.es

Received December 16, 2013; Accepted December 18, 2013; Published
December 20, 2013

Citation: Lorenzo O (2013) GLP-1 Isoforms for Diabetes-associated Cardiovascular
Pathologies. J Hypertens 2: €110. doi:10.4172/2167-1095.1000e110

Copyright: © 2013 Lorenzo O. This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

J Hypertens
ISSN: 2167-1095 JHOA, an open access journal

Volume 2 + Issue 4 + 1000e110


http://www.ncbi.nlm.nih.gov/pubmed/17229948
http://www.ncbi.nlm.nih.gov/pubmed/17229948
http://www.ncbi.nlm.nih.gov/pubmed/22093212
http://www.ncbi.nlm.nih.gov/pubmed/22093212
http://www.ncbi.nlm.nih.gov/pubmed/22093212
http://www.ncbi.nlm.nih.gov/pubmed/22093212
http://www.ncbi.nlm.nih.gov/pubmed/10537167
http://www.ncbi.nlm.nih.gov/pubmed/10537167
http://www.ncbi.nlm.nih.gov/pubmed/10537167
http://www.ncbi.nlm.nih.gov/pubmed/10537167
http://www.ncbi.nlm.nih.gov/pubmed/20357372
http://www.ncbi.nlm.nih.gov/pubmed/20357372
http://www.ncbi.nlm.nih.gov/pubmed/20357372
http://www.ncbi.nlm.nih.gov/pubmed/20357372
http://www.ncbi.nlm.nih.gov/pubmed/19515181
http://www.ncbi.nlm.nih.gov/pubmed/19515181
http://www.ncbi.nlm.nih.gov/pubmed/19515181
http://www.ncbi.nlm.nih.gov/pubmed/19515181
http://www.ncbi.nlm.nih.gov/pubmed/21114605
http://www.ncbi.nlm.nih.gov/pubmed/21114605
http://www.ncbi.nlm.nih.gov/pubmed/21114605
http://www.ncbi.nlm.nih.gov/pubmed/21114605
http://www.ncbi.nlm.nih.gov/pubmed/20417856
http://www.ncbi.nlm.nih.gov/pubmed/20417856
http://www.ncbi.nlm.nih.gov/pubmed/20417856
http://www.ncbi.nlm.nih.gov/pubmed/20417856

Citation: Lorenzo O (2013) GLP-1 Isoforms for Diabetes-associated Cardiovascular Pathologies. J Hypertens 2: e110. doi:10.4172/2167-
1095.1000e110

Page 2 of 2

8. Goke B, Gallwitz B, Eriksson J, Hellqvist A, Gause-Nilsson |, et al. (2010) 19. Nystrom T, Gutniak MK, Zhang Q, Zhang F, Holst JJ, et al. (2004) Effects of
Saxagliptin is non-inferior to glipizide in patients with type 2 diabetes mellitus glucagon-like peptide-1 on endothelial function in type 2 diabetes patients with
inadequately controlled on metformin alone: a 52-week randomised controlled stable coronary artery disease. Am J PhysiolEndocrinolMetab 287: E1209-1215.
trial. Int J ClinPract 64: 1619-1631.

20. Sauvé M, Ban K, Momen MA, Zhou YQ, Henkelman RM, et al. (2010) Genetic

9. Gomis R, Espadero RM, Jones R, Woerle HJ, Dugi KA (2011) Efficacy and deletion or pharmacological inhibition of dipeptidyl peptidase-4 improves
safety of initial combination therapy with linagliptin and pioglitazone in patients cardiovascular outcomes after myocardial infarction in mice. Diabetes 59:
with inadequately controlled type 2 diabetes: a randomized, double-blind, 1063-1073.

placebo-controlled study. Diabetes ObesMetab 13: 653-661.
2

=

. Hausenloy DJ, Whittington HJ, Wynne AM, Begum SS, Theodorou L, et al.
(2013) Dipeptidyl peptidase-4 inhibitors and GLP-1 reduce myocardial infarct
size in a glucose-dependent manner. CardiovascDiabetol 12: 154.

10. DeFronzo RA, Triplitt C, Qu Y, Lewis MS, Maggs D, et al. (2010) Effects of
exenatide plus rosiglitazone on beta-cell function and insulin sensitivity in
subjects with type 2 diabetes on metformin. Diabetes Care 33: 951-957.

11. Russell-Jones D, Vaag A, Schmitz O, Sethi BK, LalicN, et al. (2009) Liraglutidevs 22+ Anagnostis P, Athyros VG, Adamidou F, Panagiotou A, Kita M, et al. (2011)
insulin glargine and placebo in combination with metformin and sulfonylurea Glucagon-like peptide-1-based therapies and cardiovascular disease: looking

therapy in type 2 diabetes mellitus (LEAD-5 met+SU): a randomised controlled beyond glycaemic control. Diabetes ObesMetab 13: 302-312.

trigl. Diabetologia 52: 2046-2055. 23. Petrie JR (2013) The cardiovascular safety of incretin-based therapies: a

12. Drucker DJ, Buse JB, Taylor K, Kendall DM, Trautmann M, et al. (2008) review of the evidence. CardiovascDiabetol 12: 130.
Exenatide once weekly versus twice daily for the treatment of type 2 diabetes:
a randomised, open-label, non-inferiority study. Lancet 372: 1240-1250.

w

24. Sokos GG, Bolukoglu H, German J, Hentosz T, Magovern GJ Jr, et al.
(2007) Effect of glucagon-like peptide-1 (GLP-1) on glycemic control and left

13. Kolterman OG, Buse JB, Fineman MS, Gaines E, Heintz S, et al. (2003) ventricular function in patients undergoing coronary artery bypass grafting. Am
Synthetic exendin-4 (exenatide) significantly reduces postprandial and fasting J Cardiol 100: 824-829.
plasma glucose in subjects with type 2 diabetes. J Clin Endocrinol Metab 88:
3082-3089. 25. Bagger JI, Knop FK, Lund A, Vestergaard H, Holst JJ, et al. (2011) Impaired

regulation of the incretin effect in patients with type 2 diabetes. J Clin Endocrinol
14. DeFronzo RA, Ratner RE, Han J, Kim DD, Fineman MS, et al. (2005) Effects Metab 96: 737-745.

of exenatide (exendin-4) on glycemic control and weight over 30 weeks in

metformin-treated patients with type 2 diabetes. Diabetes Care 28: 1092-1100. 26.Ban K, Noyan-Ashraf MH, Hoefer J, Bolz SS, Drucker DJ, et al. (2008)
Cardioprotective and vasodilatory actions of glucagon-like peptide 1 receptor
are mediated through both glucagon-like peptide 1 receptor-dependent and
-independent pathways. Circulation 117: 2340-2350.

15. Vilsbell T, Zdravkovic M, Le-Thi T, Krarup T, Schmitz O, et al. (2007) Liraglutide,
a long-acting human glucagon-like peptide-1 analog, given as monotherapy
significantly improves glycemic control and lowers body weight without risk of
hypoglycemia in patients with type 2 diabetes. Diabetes Care30:1608-1610. 27.Mima A, Hiraoka-Yamomoto J, Li Q, Kitada M, Li C, et al. (2012) Protective

16. Buse JB, Rosenstock J, Sesti G, Schmidt WE, Montanya E, et al. (2009) effeptsl Of. GLIP-1 on glomerular.endothellum and its inhibition by PKCI?
Liraglutide once a day versus exenatide twice a day for type 2 diabetes: a activation in diabetes. Diabetes 61: 2967-2979.
26-week randomised, parallel-group, multinational, open-label trial (LEAD-6). 28.Read PA, Khan FZ, Heck PM, Hoole SP, Dutka DP (2010) DPP-4 inhibition
Lancet 374: 39-47. by sitagliptin improves the myocardial response to dobutamine stress and

17. Blevins T, Pullman J, Malloy J, Yan P, Taylor K, et al. (2011) DURATION-5: mitigates stunning in a pilot study of patients with coronary artery disease.
exenatide once weekly resulted in greater improvements in glycemic control CircCardiovasc Imaging 3: 195-201.
compared with exenatide twice daily in patients with type 2 diabetes. J Clin ) 3 . .
Endocrinol Metab 96: 1301-1310. 29. Picatoste B, Ramirez E, Caro-Vadillo A, Iborra C, Egido J, et al. (2013)
Sitagliptin Reduces Cardiac Apoptosis, Hypertrophy and Fibrosis Primarily
18. Nikolaidis LA, Mankad S, Sokos GG, Miske G, Shah A, et al. (2004) Effects by Insulin-Dependent Mechanisms in Experimental type-Il Diabetes. Potential
of glucagon-like peptide-1 in patients with acute myocardial infarction and left Roles of GLP-1 Isoforms. PloS One 8: e78330.

ventricular dysfunction after successful reperfusion. Circulation 109: 962-965.

J Hypertens
ISSN: 2167-1095 JHOA, an open access journal

Volume 2 + Issue 4 + 1000e110


http://www.ncbi.nlm.nih.gov/pubmed/20846286
http://www.ncbi.nlm.nih.gov/pubmed/20846286
http://www.ncbi.nlm.nih.gov/pubmed/20846286
http://www.ncbi.nlm.nih.gov/pubmed/20846286
http://www.ncbi.nlm.nih.gov/pubmed/21410628
http://www.ncbi.nlm.nih.gov/pubmed/21410628
http://www.ncbi.nlm.nih.gov/pubmed/21410628
http://www.ncbi.nlm.nih.gov/pubmed/21410628
http://www.ncbi.nlm.nih.gov/pubmed/20107105
http://www.ncbi.nlm.nih.gov/pubmed/20107105
http://www.ncbi.nlm.nih.gov/pubmed/20107105
http://www.ncbi.nlm.nih.gov/pubmed/19688338
http://www.ncbi.nlm.nih.gov/pubmed/19688338
http://www.ncbi.nlm.nih.gov/pubmed/19688338
http://www.ncbi.nlm.nih.gov/pubmed/19688338
http://www.ncbi.nlm.nih.gov/pubmed/18782641
http://www.ncbi.nlm.nih.gov/pubmed/18782641
http://www.ncbi.nlm.nih.gov/pubmed/18782641
http://www.ncbi.nlm.nih.gov/pubmed/12843147
http://www.ncbi.nlm.nih.gov/pubmed/12843147
http://www.ncbi.nlm.nih.gov/pubmed/12843147
http://www.ncbi.nlm.nih.gov/pubmed/12843147
http://www.ncbi.nlm.nih.gov/pubmed/15855572
http://www.ncbi.nlm.nih.gov/pubmed/15855572
http://www.ncbi.nlm.nih.gov/pubmed/15855572
http://www.ncbi.nlm.nih.gov/pubmed/17372153
http://www.ncbi.nlm.nih.gov/pubmed/17372153
http://www.ncbi.nlm.nih.gov/pubmed/17372153
http://www.ncbi.nlm.nih.gov/pubmed/17372153
http://www.ncbi.nlm.nih.gov/pubmed/19515413
http://www.ncbi.nlm.nih.gov/pubmed/19515413
http://www.ncbi.nlm.nih.gov/pubmed/19515413
http://www.ncbi.nlm.nih.gov/pubmed/19515413
http://www.ncbi.nlm.nih.gov/pubmed/21307137
http://www.ncbi.nlm.nih.gov/pubmed/21307137
http://www.ncbi.nlm.nih.gov/pubmed/21307137
http://www.ncbi.nlm.nih.gov/pubmed/21307137
http://www.ncbi.nlm.nih.gov/pubmed/14981009
http://www.ncbi.nlm.nih.gov/pubmed/14981009
http://www.ncbi.nlm.nih.gov/pubmed/14981009
http://www.ncbi.nlm.nih.gov/pubmed/15353407
http://www.ncbi.nlm.nih.gov/pubmed/15353407
http://www.ncbi.nlm.nih.gov/pubmed/15353407
http://www.ncbi.nlm.nih.gov/pubmed/20097729
http://www.ncbi.nlm.nih.gov/pubmed/20097729
http://www.ncbi.nlm.nih.gov/pubmed/20097729
http://www.ncbi.nlm.nih.gov/pubmed/20097729
http://www.ncbi.nlm.nih.gov/pubmed/24148218
http://www.ncbi.nlm.nih.gov/pubmed/24148218
http://www.ncbi.nlm.nih.gov/pubmed/24148218
http://www.ncbi.nlm.nih.gov/pubmed/21205117
http://www.ncbi.nlm.nih.gov/pubmed/21205117
http://www.ncbi.nlm.nih.gov/pubmed/21205117
http://www.ncbi.nlm.nih.gov/pubmed/24011363
http://www.ncbi.nlm.nih.gov/pubmed/24011363
http://www.ncbi.nlm.nih.gov/pubmed/17719327
http://www.ncbi.nlm.nih.gov/pubmed/17719327
http://www.ncbi.nlm.nih.gov/pubmed/17719327
http://www.ncbi.nlm.nih.gov/pubmed/17719327
http://www.ncbi.nlm.nih.gov/pubmed/21252240
http://www.ncbi.nlm.nih.gov/pubmed/21252240
http://www.ncbi.nlm.nih.gov/pubmed/21252240
http://www.ncbi.nlm.nih.gov/pubmed/18427132
http://www.ncbi.nlm.nih.gov/pubmed/18427132
http://www.ncbi.nlm.nih.gov/pubmed/18427132
http://www.ncbi.nlm.nih.gov/pubmed/18427132
http://www.ncbi.nlm.nih.gov/pubmed/22826029
http://www.ncbi.nlm.nih.gov/pubmed/22826029
http://www.ncbi.nlm.nih.gov/pubmed/22826029
http://www.ncbi.nlm.nih.gov/pubmed/20075143
http://www.ncbi.nlm.nih.gov/pubmed/20075143
http://www.ncbi.nlm.nih.gov/pubmed/20075143
http://www.ncbi.nlm.nih.gov/pubmed/20075143
http://www.ncbi.nlm.nih.gov/pubmed/24302978
http://www.ncbi.nlm.nih.gov/pubmed/24302978
http://www.ncbi.nlm.nih.gov/pubmed/24302978
http://www.ncbi.nlm.nih.gov/pubmed/24302978

	Title
	Corresponding author
	Keywords
	References

