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Obiettivo: prevenire, arrestare, ridurre il danno d'organo che & lo
step intermedio tra esposizione ai fattori di rischio ed eventi




Quale ¢ il “link" tra

sindrome cardio-metabolica e danno renale ?

1Ipertensione arteriosa ?

1Diabete mellito di tipo 2 ?

1 Stato proinfiammatorio (citochine ?)

1Dislipidemia ?

1 Attivazione del sistema RAS e pit in
generale fattori emodinamici ?

1La disfunzione endoteliale ?

IL'insulinoresistenza ?

Quale terapia per prevenire
CKD ?

1 E' possibile prevenire CKD ?

1 E' possibile stratificare il rischio di CKD in un
paziente con sindrome metabolica ?

1 Quale ¢ la terapia adeguata ?

1 Quale tempistica per iniziare una terapia
adeguata ?

1 Quale ¢ il marker, se esiste, per monitorare
I'efficacia del nostro intervento terapeutico ?

1 Vi sono dei farmaci che ci possono indicare delle
nuove opportunita terapeutiche ?
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The circulating, tissue and intracellular RASs




Intrarenal renin-angiotensin system in regulation
w===mmm 0f glomerular function

L. Gabriel Navar

Purpose of review

The purpose of this review is o provide an update on the current knowledge regarding the role of the
intrarenal rennin—angiotensin system [RAS) in the regulation of glomerular funetion including glomerular
dynamics and filirafion rate, glomerular permeability and structural alterations during chronic increases in
intrarenal angictensin Ang) I1.

Recent findings

Recent studies have continued to delineate the complex interactions among the various RAS

components that parficipate in regulating glomenular function. Although Ang Il acting on AT1

receptors remains as the predominant influence on glomerular dynamics, some of these effects are
indirectly mediated by Ang Il modulating the sensifivity of the macula densa tubuloglomerlor feedback
mechanism as well as the more recently described feedback mechanism from the connecting ubule.
Interestingly, the actions of Ang Il on these systems cause opposite effects on glomerular function
demonstrating the complexities iated with the infl of Ang Il on glomerular lunction. When
chronically elevated, Ang Il also stimulates and/or interacts with other factors, including reactive oxygen
species, cytokines and growth factors and other hormones or paracrine agents, to elicit siructural

alferafions,

Summary

Recent studies have provided further evidence for the presence of many components of !he RAS in
glomerular structures, which supports the importance of locally produced ang to I

glomerular haemodynamics, filiration rate and macromelecular permeublfn'y ond confnbuie fo fibrosis and
glomerular injury when inappropriately augmented.

Curr Opin Nephrol Hypertens 2014, 23:38-45

Renin-Angiotensin-Aldosterone System
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Cascade of intratubular RAAS in Ang Il
dependent hypertension
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Renoprotection and the Bardoxolone Methyl
Story - Is This the Right Way Forward?

A Novel View of Renoprotection in CKD
Trials: A New Classification Scheme for
Renoprotective Agents
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Minireview

Renoprotection and the Bardoxolone Methyl
Story - Is This the Right Way Forward?

A Novel View of Renoprotection in CKD
Trials: A New Classification Scheme for
Renoprotective Agents

Limitations of Current Renoprotection Paradigms Using Angiotensin Inhibition

Additionally, we feel obligated to ask another more loaded question: Given the fact that,
despite decades of widespread and extensive utilization of ACE inhibitors and ARBs in the
USA and around the world, we have continued to experience progression of CKD to ESRD,
with some authorities declaring the existence of a continuing global ESRD pandemic in recent
years [2-7], is it not time to re-strategize on the current concepts of renoprotection? In a
2010 issue of the International Journal of Clinical Practice, we had asked a similarly loaded
rhetorical question: Is renoprotection with RAAS blockade a failed paradigm? [3]. The next
section is a critical reappraisal of the limitations of the current concept of renoprotection that
is solely predicated on angiotensin blockade. This conceptis scrutinized against the backdrop
of the plausible existence of potentially multiple, disparately different and independent
putative pathways and for mechanisms that are mechanistically responsible for both the initi-
ation and/or propagation of CKD to ESRD [2-4, 39].
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Putative Pathogenetic Mechanisms for CKD Progression in Diabetic and

Non-Diabetic Nephropathy - Can a Single Agent Truly and Consistently Deliver

Renoprotection?

Putative Pathogenetic Mechanisms for CKD Progression in Diabetic and
Non-Diabetic Nephropathy - Can a Single Agent Truly and Consistently Deliver

Renoprotection?
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Second, a critical and dispassionate review of the available literature in this regard will

lead to the conclusion that the culprit pathogenetic molecule(s) or mechanistic factor(s)
responsible for the initiation and propagation of diabetic and/or non-diabetic nephropathy,
and subsequent CKD to ESRD progression, remain unverified, unconfirmed, uncertain, and
possibly unknown [39, 48-70]. Undeniably, several independent and often conflicting lines
ofevidence in the literature, from both human and experimental studies, suggest thata variety
of presumed pathogenetic culprit mechanisms and factors, such as oxidative stress, inflam-
mation, underlying genetic predispositions and different chemical molecules capable of
directly causing AKI, could be responsible for CKD to ESRD progression [39, 48-70]. The
following is a listing of some of these reported mechanisms or factors:

several predisposing genetic abnormalities induding variations of the non-muscle
myosin heavy chaln 9 gene [MYHY) on chromosome 22 and varlants at chromosome
6g24-27 among African-Americans [48-51];

axldative stress combined with a paradexical byposle renal environment conditloned by
an underlying genetic predisposition (see above) [50, 52];

the production of advanced glycoaylation end products and the interaction of these end
products on the multiligand receptor of the immunoglobulin superfamily receptor for
advanced glyeation end products [53, 54];

ntrarenal angiotensin [l and/ar renin production [55];

inflammation [56];

lipid towxicity [57-59];

peddacyte injury and apaptasis [60, 61];

cytokine fchemokine/ growth Fsctor release causing renal injury [62, 63];

asymmesric dimethylarginine [64);

uric acid in CKD progression contimues to attract increasing global attention [65-70].
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The Search for Novel Renoprotective Agents — A Case for More Effective
Renoprotective Agents Capable of Simultaneously Attenuating Multiple
Pathogenetic Pathways Involved in CKD to ESRD Progression: A Proposed New
Classification Scheme for Renoprotective Agents

Conclusions

CKD, which used to be called chronic kidney failure, and its progression to ESRD requiring
renal replacement therapy remain a major health problem worldwide, accounting for huge
and increasing health care costs all around the world, both in developed countries and in
the poorer developing countries [88-95]. Although current renoprotection paradigms are
focused mainly on the blockade and antagonism of the renin-angiotensin system, we hypoth-
esize that it is mandatory that new therapeutic modalities capable of simultaneously attenu-
ating multiple and independent pathophysiological mechanisms and pathways, the so-called
MPBs, must be developed and introduced into clinical medicine, and in quick order [39]. This
critical mission is urgent, especially if we are to make any significant progress in our current
efforts to slow down CKD to ESRD progression and to begin to retard the pace of the growing
and costly global ESRD pandemic [39, 88].

3% Omuigho MA, Onuigbe N: Chronic Kidney Disease and RAAS Blockade: A New View of Renoprotection. Landan,
Lasnbert Acsdemic Publishing GmbH & Co. KB, 2011,

58 Shah 5Y: Progress teward novel treatments for chronic kideey disease, | Ren Nutr 2000;20(5 suppl):5122-
5126,
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The Kidney as
an Endocrine Organ

The Kidney as
an Endocrine Organ

but.... also as ENDOCRINE TARGET




The insulin receptor and the kidney

Lorna J. Hale and Richard JM. Coward

Purpose of review

In recent years, it has become clear that the insulin receptor is important in o variety of renal cell types. It is
through this fransmembrane receptor that insulin, and to o lesser extent insulin-fike growth factor, hormones
bind and cen control important celluler functions. This review will summarize the advances in our
understanding of the role of the insulin receptor and insulin signalling in the glomenuli ond tubules of the
kidney.

Recent findings
The insulin receptor is imporiant for podocyte function and when lost resulls in a number of features
resembling diabefic nephropathy. Exciting recent data also highlight the importance of mammalian farget
of rapamyein in nulrient sensing and protein biosynthesis in the podocyle, which may also be regulated by
the insulin receptor. The insulin receptor has also been shown to perform an important role in the distel
regions of the renal tubules, regulating sodium excretion and blood pressure control here.

Summary
Nephrolagy and The insulin receplor is crucial for renal function in glomenuli and tubules. When signalling is diminished
Hypertension here, as may occur in insulinesistant siales, it may be responsible for o number of important renal
complications including albuminuric gl lor disease and hyperension.

Curr Opin Mephrol Hypertens 2013, 22:100-106

Cell Mataholism Cell Metabolism 12, 329-340, October 6, 2010
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Insulin Signaling to the Glomerular Podocyte
Is Critical for Normal Kidney Function

Gavin |. Welsh,! Lorna J. Hale,' Vera Eremina,® Marie J .3 Yoshiro M. a,5 Rachel Lennon,!
Deborah A. Pons," Rachel J. Owen,? Simon C. Satchell,’ Mervyn J. Miles,® Christopher J. Caunt,* Craig A. McArdle,*
Hermann Pavenstédt,® Jeremy M. Tavaré,? Andrew M. Herzenberg,” C. Ronald Kahn,? Peter W. Mathieson,’
Susan E. Quaggin,® Moin A. Saleem,’ and Richard J.M. Coward'**
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“Department of Molecular Pharmacology
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BJoslin Diabetes Center and Harvard Medical School, Boston, MA 02215, USA

*Corres pondence: richard.coward@bristol.ac.uk
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Figure 1. The Insulin-Sensing Podocyte.

A recent study by Welsh and colleagues® indicates that, in podocytes of wild-type mice, insulin activation of the insulin receptor results
in the phosphorylation of Akt (the v-akt murine thymoma viral oncogene homologue 1 protein) and Mapk42 or Mapk44 (mitogen-acti-
vated protein kinase 42 or 44), resulting in physiologic remodeling of the actin cytoskeleton and preservation of cell function and survival.
In podocytes of mice lacking the insulin receptor, insulin signaling through Akt and Mapk42 or Mapkd4 is abrogated and results in the
effacement of foot processes, thickening of the glomerular basement membrane, and cell malfunction or death, leading to proteinuria,

Podocytes as a Target of Insulin

Richard I M. Coward and Momn A Salesm®

Avademic and Children s Renal Unr, Sawrhnend Hospare!, Bristol BSI0 SNB, UK

Abstract: Disbetic nephropathy (D) presents with a gradual breakcdows of the glomemiar fliration barmier bo proteis,
culminating in widespread glomerslar damage and renal failore. The podocyte is the central cell of the glomerular
filtration bairses, and possesess uaigque echibtcfen] and sigalng proparties guaded by e expressen of key padocyte
specific grotems. How these celdalar feansres e damaped by dthe &abete snlwe 13 esclear, but what 8 becomsg
incremaingly clenr & dm damage to the pedoryie is o centml event in DN. Here we gresent accummlting evidence that
sl petion itself 45 svporsat = podocyte budogy, and say be derenped in the pabomeckanden of exdy DN, Ths
introduces a ratiomale for therspeutic intervention o improve podocyte insulin sensetivity sarly in the presesation of TN

Kevworids: Podocytes, Thabetic nephropathy, Insubin, Glomemlar filraton barmer

Current Diabetes Reviews, 2011, 7, 2227




Podocytes as a

DECREASE PODOCYTE INSULIN SENSITIVITY

Target of Insulin

INCREASE PODOCYTE INSULIN SENSITIVITY

Cytokines e.g. IL-6,
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Crrrent Digbetes Reviews, 2011, 7, 22-27

TZD = Thiazolidenediones
GLUT = glucose transporter
IR = Insulin Receptor

l

Activation of signalling
pathwaysincl, PI3Kand
MAPK

l

Increases membrang
expressionof both TRPCE
and Ca2*activated K* (BK)

channels allowing increased
cation entry

e

PODOCYTE

BASEMENT MEMBRANE

Rearganisation of podocyle
actin cytoskeleton causing
contraciion, facilitated by ionic

influxvia TRPCE

Post-prandlal actlons of Insulln In the podocyte

GLUT-1/4 translocalion to
Ihe plasma membrane of
the poedacyte to facilitate

glucose entry

Insulin Is released into the circulation by the pancreas and then reaches the podocyte by passing through the GFB. It Is
small (6 kDa), so freely passes through here. It then causes the podocyte changes depicted in a short time frame of less

than 15 min.
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Diabetic Nephropathy

The Kidney’s Many Contributions
to Glucose Homeostasis

Insulinclearance

Gluconeogenesis

Clearance of proinsulin and C-peptide,

insulin-like growth factors, glucagon,

growth hormone, and the adipokines,
leptin and adiponectin

Glucose reabsorption

Glucose excretion




The Liver and the Kidney Both Contribute to
Glucose Production

Gluconeogenesis 20-25%*

Glucose
production
~70 g/day

~
/

*post-absorptive state

Gluconeogenesis 25-30%*

Glycogenolysis 45-50%*

Gerich JE. Diabet Med 2010;27:136-42.

Location of Sodium Glucose Transporters in the
Kidney

S1 & S2 segment SGLT2

(> 90% glucose reabsorbed) 53 segmentSGLT1

(remaining 10% glucose

reabsorbed)

GLUTL |

Epithelium
lining proximal
tubule

S1 & S2 segment
proximal renal tubule vy

Epithelium
lining proximal
tubule

53 segment

proximal renal tubule




SGLT1 and GLUT1 Mechanism of Transport

2y space

Basolateral membran
Tubular S : A_“J GLWUTT  |nterstitial
O

Tight -
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/:

p

Lateral intercellular space

Adapted from Wright EM, etal. Physiology 2004;19:370-6.

The Kidney Filters and Reabsorbs a Large

Proportion of the Glucose Present in the Body
Net ~0g/day

[

Glucose input ~250 g/day:

s Dietaryintake ~180 g/day

* Glucose production ~70 g/day
= Gluconeogenesis

= Glycogenolysis

Glucose poolin body ~450 g

Glucose filtered ~180 g/day
Glucose reabsorbed ~180 g/day

Wright EM, etal. J Int Med 2007;261:32—-43.




Hyperglycemia in Type 2 Diabetes

Neurotransmitter dysfunction
* GLP-1 receptor N

——

Increased lipolysis and reduced

agonists glucose uptake
+ Amylin 0\ « Thiazolidinediones
» Bromocriptine =
Impaired insulin secretion - :
« Sulfonylurea -
* Meglitinide
* GLP-1 receptor
agonists

» DPP-4 inhibitors

Increased glucagon
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* GLP-1 receptor
agonists

» DPP-4 inhibitors

* Amylin

Increased glucose
reabsorption

N

Increased hepatic
glucose production
* Metformin
« Insulin

« Thiazolidinediones Decreased glucose

uptake
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incretin effect « Metformin
* Metformin i
o S * Insulin
* a-Glucosidase + Thiazolidinediones
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+ Colesevelam

Glucose Transporters
and the Rationale for

SGLT2 Inhibition in Diabetes Mellitus




Dapagliflozin

* A highly potent and selective SGLT2 inhibitor?
- Stability :
C-aryl glycoside less susceptible C-aryl linkage?
to O-glucosidase degradation?

Prolonged half-life (~17 hours)3

Main metabolite is inactive,
eliminated in urine*

Dapagliflozin EC;, mean Dapagliflozin K;
Human transporters (nM t SEM)*5 (nM + SEM)®
1.12 + 0.065 0.2 £ 0.06
1391+ 7 610 + 180
1200 3000

ECg,, concentration required for half-maximal response; Ki, dissociation constant; SBM, standard error of the mean.

1. Meng W, et al J Med Chem 2008;51:1145-9; 2. Washburn W. J Med Chem 2009;52:1785-94;
3. Komoroski B, et al Clin Pharmaol Ther 2009;85:520-6;
5. Han S, et al. Diabetes 2008;57:1723-9; 6. Bellamine A, etal. Diab 2011;60:A271.

Diabetes, Obesiy and Metabolism 15: 853-862, 2013

O r | g | n a | a rt | C | e © 2013 The Authors. Diabetes, Obaesity and Matabolism published by John Wiley & Sons Ltd.

Dapagliflozin a glucose-regulating drug with diuretic
properties in subjects with type 2 diabetes

H. . Lambers Heerspink, D. de Zeeuw', L. Wie?, B. Leslie? & ). List?

! Department of Chinical Pharmacology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands
2 Global Clinical Research, Bristot-Meyer-Squibh, Princeton, N, USA
3 Global Biometric Sciences, Bristol-Meyer-Squibh, Hopewel] NJ, USA
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Aims: Sodium-glucose co-transporter 2 (SGLT2) reabsorbs glucose and sadium in the renal proximal tubule. Dapaglifiozin, an SGLTZ inhibitor,
targets hyperglycaemia in type 2 diabetes by increasing renal glucose excretion. To investigate whether the parallel occuring sedium loss
would have diuretic-like physiologic effects, we compared dapaglificzin and hydrochlorothiazide {HCTZ) effects on 24-h blood pressure (BP),
body weight, plasma volume and glomerular filtration rate (GFR).

Methods: In this randomized, placebo-controlled, double-blind trial 75 subjects with type 2 diabetes were assigned placebo, dapagliflozin
10 mg,/day, or HCTZ 25 mg,/day. Changes from baseline BP, body weight, plasma valume and GFR were assessed after 12 weeks of treatment
Results: Subjects’ mean agewas Séyears, type 2 diabetes mellitus {T2DM) duration 6.3 years, and haemoglobin A1c (HbA1c) 7.5%. Treatment
with placebo, dapagliflozin or HCTZ resulted in changes from baseline in 24-h ambulatory mean systolic blood pressure (SBF) of —0.% (25%6C]
—4.2, +2.4), =3.3 (95%0C —6.8, +0.2), and —6.6 (95%C| —9.9, —3.2) mmHg, respectively at week 12, adjusted for baseline SBP. Body weight
decreased with dapagliflozin and HCTZ. In a sub-study plasma volume appeared to decrease with dapadliflozin but did not change with placebo
or HCTZ treatment. Dapadliflozin induced a greater reduction in GFR (—10.8%; 95801 —14.6, —6.7) relative to placebo (—2.9%; 95% C1 —6.9,
+1.2) or HCTZ (—3.48%; 95%01 -7 3, +0.6)

Conclusions: Dapagliflozir-induced SGLT2 inhibition for 12 weeks is assodated with reductions in 24-h BF, body weight, GFR and possibly
plasma volume. Cumulatively, these effects suggest that dapaglifiozin may have a diuretic-like capacity to lower BP in addition to beneficial
effects on glycaemic contral

Keywords: blood pressure, dapagliflozin, HbA1c, renal function, type 2 diabetes




In Type 2 Diabetes Mellitus, Counterproductive
Increases in SGLT2 Upregulation and Glucose Reabsorption Occur

Glucose uptake into tubular

Transporter protein expression s
epithelial cells

7 2500
%
64 EH Healthy
3 Type 2 diabetes 2000 %
2 54 mellitus s
: 2
% 4- - 1500
N e
Zs s
1 S5
5 @ 1000
=z =
2 <
500
1_
0 0 T
SGLT 2 GLUT 2 Healthy Type 2 diabetes

*p<0.05; ' from human exfoliated prox mal tubul ar epithelial cells (HEPTECs) mellitus

Rahmoune H, et al. Diabetes 2005;54:3427-34.




Dapagliflozin: Glucosuric and Metabolic Effects :

= 300 /400 Kcal for 80 —100 gr. of glucose loss

ria 1 52-85 g/day

! 16-30 mg/dL

d 23-29 mg/dL

eight 1 2.23.2kg (4 2.5%-3.4%)

lume 1 107-470 mL/day

Beyond glucose control by SGLT2 inhibitor
Assumed biological responses elicited by SGLT2 inhibitor
Urinary glucose excretion 1

| ' I |
Blood glucose lowering Energy metabolism shift Osmotic Calorie loss
Both post-prandial and fasting glucose — lipid diuresis

/ Lipolysb,‘ﬁ- ox? \
1

Demand for insulin |
BG control Improvement of
Insulin resistance
Body weight
reduction

Renal protection [ B-cell protection ]

Urinary A,. Counter regulation Adaptation to an
SGLT2 inhibition » Glucose »\ Improved energy
excretion | | balance
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Effects of SGLT2 Inhibition in Human Kidney Proximal
Tubular Cells—Renoprotection in Diabetic Nephropathy

Usha Panchapakesan'#, Kate Pegg’, Simon Gross', Muralikrishna Gangadharan Komala',
Harshini Mudaliar’, Josephine Forbes?, Carol Pollock’, Amanda Mather?

1Department of Medicine, The University of Sydney, Renal Research Group, Kalling Institute of Medical Research, Royal North Share Hospital St Leonards, New South
Wales, Australia, 2 Glyeation and Diabetes Research Group, Mater Medical Research Institute, South Brisbane Qid, Australia

Abstract

Sodium/glucose cotransporter 2 (SGLT2) inhibitors are oral hypoglycemic agents used to treat patients with diabetes
mellitus. SGLT2 inhibitors block reabsorption of filtered glucose by inhibiting SGLTZ, the primary glucose transporter in the
proximal tubular cell (FTC), leading to glycosuria and lowering of serum glucase, We examined the renoprotective effects of
the SGLT2 inhibitor empaglifiozin to determine whether blocking glucose entry into the kidney PTCs reduced the
inflammatory and fibrotic responses of the cell to high glucose. We used an in vitro model of human PTCs. HK2 cells (human
kidney PTC line) were exposed to control 5 mM, high glucose (HG) 30 mM or the profibrotic cytokine transforming growth
factor beta (TGFfi1; 0.5 ng/ml) in the presence and absence of empagliflozin for up to 72 h. SGLT1 and 2 expression and
various inflammatory/fibrotic markers were assessed. A chromatin immunoprecipitation assay was used to determine the
binding of phosphorylated smad3 to the promoter region of the SGLT2 gene. Our data showed that TGFfi1 but not HG
increased SGLT2 expression and this occurred via phosphorylated smad3. HG induced expression of Tol-ike receptor-4,
increased nuclear deoxyribonucleic acid binding for nuclear factor kappa B (NF-xB) and activator protein 1, induced
collagen IV expression as well as interleukin-6 secretion all of which were attenuated with empaglifiozin. Empagliflozin did
not reduce high mobility group box protein 1 induced NF-xB suggesting that its effect is specifically related to a reduction
in glycotoxicity. SGLT1 and GLUT2 expression was not significantly altered with HG or empaglifiozin. In conclusion,
empagliflozin reduces HG induced inflammatory and fibrotic markers by blocking glucose transport and did not induce a
compensatory increase in SGLT1/GLUT2 expression. Although HG itself does not regulate SGLT2 expression in our madel,
TGFf increases SGLT2 expression through phosphorylated smad3.

PLOS ONE | www.plosone.org February 2013 | Volume 8 | Issue 2 | e54442

Potential role of SGLT2 inhibition in renoprotection
SGLT2inhibition
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Diagram showing the relationship between Na*/glucose reabsorption and single-nephron glomerular filtration rate
(SNGFR) in diabetes with and without sodium—glucose linked cotransporter-2 (SGLT2) inhibition. (a) Diabetes. (1)
Increased glucose in the glomerular ultrafiltrate le ads to augmented glucose delivery to the proximal tubule. (2) As SGLT1
and 2 co-transport Na* with glucose, Na* delivery to the maculadensa ([ Na,Cl,K]MD) will be diminished. (3) This reduces
the tubuloglo merular feedback (TGF) signal thereby increasin g SNGFR. (b) Diabetes+SGLT2 inhibition. (1) By reducing
glucose reabsorption, SGLT2 inhibition also reduces Na* reabsorption in the proximal tubule. (2) Na* delivery to the
macula densa will therefore be incre ased, augmentin g the TGF signal, and (3) reducing SNG FR.

Response of renal proximal tubular cell line to glucose in vitro. (a) Following 72 h of growth arrest, 25 mmol/I glucose was
added to the apical comp artment of proximal tubular cells, while 5 mmol/| glucose was added to the basolateral
compartment. Intracellular glucose (bar graph columns) was measured after lysing cells in ice cold sterile water, showing
rapid (1 h) elevation in intracellular glucose. Apical supern atant glucose concentration (red) fell with time, while the
basolateral glucose concentration (blue) rose, consistent with glucose transport from the apical aspect, through the cell
and into the basolateral (interstitial) compartment. (b) In response to high glucose (25 mmol/I) exposure on their apical
aspect, proximal tubular epithelial cells secrete fibronectin basolaterally where it can accu mulate to cause peritubular
basement memb rane thickening and ultimately in terstitial fibrosis . By contrast, 25 mmol/I L-glucose, the non-
metabolizable stereoiso mer of biolo gic al D-glucose, w as without effect, as was the non metabolizable, alpha-

methylglucose.




Dapagliflozin: Reduction in blood pressure

In a prespecified pooled analysis of 12 placebo-controlled studies, dapagliflozin 10 mg
reduced systolic and diastolic blood pressure versus placebo at Week 241

Systolic blood pressure Diastolic blood pressure
Control groups Control groups
—-0.9 mmHg
(n=1096)
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—4.4 mmHg
(n=949)

Baseline blood pressure? 126 mmHg

Review Article

Diabetes is predominantly an intestinal disease

Debmalya Sanyal
KPC Medical College, Kolkata, West Bengal, India

Diabetes mellitus (DM) is a chronic, progressive, medically incurable disease and is poorly controlled in a vast majority, in spite of
tremendous advancements in phamacotherapy. Altered gut microbiome can predict diabetes. There is strong and consistent evidence
regarding role of the gut and many gut hormones like incretins in energy and glucose homeostasis. Incretin group of agents including
glucagon-like peptide (GLP-1) receptor agonists and dipeptidyl peptidase |V (DPP-1V) inhibitors are efficacious therapeutic agents in
diabetes treatment. A growing body of evidence, however, appears to indicate that type 2 DM (T2DM) may be an operable intestinal
illness—a novel revolutionary concept about an old disease. This may facilitate research that can better clarify our understanding
of the etiology of the disease and provide a new opportunity to develop new and more effective therapies. Future ressarch should
focus on an approach to bypass the bypass, that is, to replace the gastric bypass by equally effective but less invasive treatments

for majority of diabetics.

Key words: Bariatric surgery, gut microbiota, type 2 diabetes, gastric inhibitory polypeptide, GLP-1
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Effetti del GLP-1 sul sodio e
sull’'omeostasi idrica

e GLP-1R é espresso sulle cellule tubulari
prossimali

o Gli effetti del GLP-1 sono mediati dal
GLP-1Rec. nel rene:
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Mechanisms mediating the diuretic and natriuretic actions of the incretin

hormone glucagon-like peptide-|

Fenato 0, Crajeinas." Felipe T, Oricchin,' Thaissa [, Pessoa,” Bras P, M, Pachoon,

Laucilia 5. A, [.:-si.lm.2 Gerhard Malnic.? and Adrioma C. C. Giroedi!

"Weart bafifate (InCor) Mesdicen! School and heparimest of Pipsislogy aud Biephysics, Institate of Bomedical Scimees
Uaivernire af Sap Pauls, Soe Faatn, ezl

In sumnmry, the resulls of ihe present sudy suggest thal
hinding of GLP-1 1o ils receptor GLP-1R activales the cAMPY
FEA signaling pathway. leading, in tum, to phosphorylation of
the PEA conscnsus sites at the MHE3 COOH-terminal region.
Subsequently. inhibition of NHE3-mediated Ma ' /H ™ exchange in
proximal tubule decreases sodium, bicarbonate, and water reab-
sorpltion. The samc signaling cascade might be triggered to affect
the vascular renal resistance keading to an increase in renal blood
flow and GFR.
we demonstrate that the beneficial effects of the incretin agents
on renal function are mediaed by an increase of GFR and RPF
amad by @ decrease of proximal wbalar NHE? function, Cur
findings further support the view thal the GLP-1-based thera-
peutics may also have a potential clinical usefulness in hyper-
tenaion amnd other disorders of sodium retention.
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Effects of Glucagon-Like Peptide-1 in Patients With Acute
Myocardial Infarction and Left Ventricular Dysfunction
After Successful Reperfusion

Lazaros A. Nikolaidis, MD: Sunil Mankad. MD; George G. Sokos, DO: Glen Miske. DO:
Ankur Shah, MD; Dariush Elahi, PhD; Richard P. Shanmon, MD

Background—Glucose-insulin-potassium infusions are beneficial m uncomplicated patients with acute myocardial
infarction (AMI) but are of unproven efficacy in AMI with left ventricular (LV) dysfunction because of volume
requirements associated with glucose infusion. Glucagon-like peptide-1 (GLP-1) is a naturally occurring incretin with
both insulinotropic and insulinomimetic properties that stimulate glucose uptake without the requirements for
concomitant glucose mfusion.

Methods and Results—We nvestigated the safety and efficacy of a 72-hour infusion of GLP-1 (1.5 pmol/kg per minute)
added to background therapy m 10 patients with AMI and LV ejection fraction (EF) <40% after successful primary
angioplasty compared with 11 control patients. Echocardiograms were obtained after reperfusion and after the
completion of the GLP-1 infusion Baseline demographics and background therapy were similar, and both groups had
severe LV dysfunction at baseline (LVEF=29+2%). GLP-1 sigmficantly improved LVEF (from 29+2% to 39+2%,
P<0.01). global wall motion score indexes (1.94+0.11—1.63+0.09. P<<0.01). and regional wall motion score indexes
(2.53+008—202+0.11, P=<<0.01) compared with control subjects. The benefits of GLP-1 were independent of AMI
location or history of diabetes. GLP-1 was well tolerated. with only transient gastromtestinal effects.

Concinsions—When added to standard therapy, GLP-1 infusion improved regional and global L'V function in patients with
AMI and severe systolic dysfunction after successful primary angioplasty. (Circnlation. 2004;109:962-965.)




IL GLP-1 nativo migliora la funzione
ventricolare sinistra nei pazienti ad alto rischio
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Exenatide reduces reperfusion injury in patients
with ST-segment elevation myocardial infarction
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The GLP-1 Receptor is Present in the Kidney and
decreases albuminuria in diabetic mice.

m

Immunostaining Effect of a GLP-1R agonist on albuminuria
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The protective roles of GLP-1R signaling in diabetic
nephropathy: possible mechanism and therapeutic
potential
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Figure 10| Proposed glucagon-like peptide-1

rec dependent signal duction pathway in the kidney.
Glucagon-like peptide-1 receptors are expressed in the glomerulus
H.0 and blood vessels in the kidney, After glucagon-ike peptide (GLP-1)
binds to its receptor on glomerular capillary and vascular walls,
glucagon-like peptide-1R signals upregulate the production of a
major second messenger cAMP and consequently activate protein
kinase A (PKA). The upregulated cAMP and PKA are expected to
contribute to the amelioration of oxidative renal injury via inhibition
of a major source of superoxide anion (0;* ~), NAD({P}H oxidase,
activated under chronic diabetic condition. GSH, glutathione; H,0,,
hydrogen peroxide; SOD, superoxide dismutase.
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Dipeptidyl peptidase-4 inhibitors: Multitarget drugs, not
only antidiabetes drugs
Yunjuan ZHAD, Lin YANG, and Zhiguang ZHOU

Dizbates Center, Institute of Maetebolism and Endocrincéogy, The Second Xiangya Hospital end Key Laboratery of Dizhates Immunciogy,
Ministry of Education, Central South University, Changsha, Chinz

Correspondence Abstract
Friguang Znou, Midds Fen-Min Aoad
Mo.138, Changsha, Hunan 410011, Chira, Dipeptidyl peptidase (DPP4 inhibitors are a new class of antidiabetic

Tal: +88 731 85292154 agents that reduce blood glucose by preventing the depradation of the
Fax +88 731 85267220 endogenous  incretin hormones  glucagon-like peptide-] and  glucose-
Emall: zhozg@batmail com dependent insulinotropic polypeptide. Protection by DPP-4 inhibitors of
Aeceived 4 Dacambar 2012; revicad 25 f-cell function _has been dl:mn_nslrutc\d in pa!i:m.s with type l_dif.b-_ems.
Aprl 20013 accepted 10 May 2013 Because DPP4 is an enzyme widely expressed in humans, DPP-4 mhibitors

arc speculated to be multitarget agents. However, other potential therapeu-
dot 10011 1 TS3-0407. 12063 tic benefits of DPP-4 inhibitors remain unknown. Recently, some therapen-

tic effects of DPP-4 inhibitors. sech as immune regulation. cardiovascular
protection, and anti-inflammatory effects, have been observed. This article
provides a systematic and comprehensive review of current research into the
newly found effects and mechanism of action of DPP-4 inhibitors in & thera-
peutic context.

Keywords:  anti-inflammatory,  cardiovascular  protection,  dipeptidyl
peptiduse—4 inhibitors, immunomodulstory.




The DPP4 Protease Family

Specificity Function

DPP-8 ™ LEIRPAT

DFF-8 unknigwn

—_— =~ NH,-Xaa-Pro-Yaa— _
DPP4 Gl grometh
Gene OPP4 GLP-AIGIP
Family ~ Glucose homeostasis

DPP-G catalytically mactve urknown

FPEP --Xaa-Pro~-Yaa- b

DPP- MH..- =-Pro=Yaa-- % Bl e et 5l

Related Proline- QPFVDPP-Il NHy-Xaa-Fro~Yaa Frotain Degradation
Specific Peptidases APP NH,-Xaa~Pro-Yas—  uonoun

Prolidase NH..""":HE_P“:"CGD‘H Collagen melabobsm

I

rcticn

Native DPPIV is a ubiquitous type Il transmembrane
glycoprotein and a senine protease of the S9 prolyl-
oligopeptidase family. In vivo, it is synthesized with a
signal peptide which functions as the membrane
anchoring domain. = There is an 88% sequence
homology between the human and porcine kidney
enzymes.*

Both the human and porcine kidney enzymes exist as
homodimers with a subunit molecular mass of ~30 kDa.
The high mannose 100 kDa DPPIV precursor is
processed in the Golgi to yield a 124 kDa heavily

N- and O-linked mature g|I',r|:{:-protein_4 It is then sorted
to the apical membrane through the concerted action of
both N- and Odinked glycans and association with lipid
microdomains.® The porcine enzyme contains 18.3%
carbohydrates, of which the glycan composition is 0.9%
fucose, 3 4% mannose, 5.1% galactose, 8.2%
glucosamine, and 0.7% sialic acid.'?
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CD26/DPPIV is a multifunctional molecule

CD26/DPPIV is a 110-kDa cell surface glycoprotein
that belongs to the serine protease family. It is expressed
on a variety of tissues including T lymphocytes,
endothelial and epithelial cells. It is composed of a short
cytoplasmic domain, a transmembrane region, and an
extracellular domain with dipeptidyl peptidase activity
which selectively removes the N-terminal dipeptide from
peptides with proline or alanine in the second position
(Tanaka et al., 1992). Possible substrates of DPPIV
include several critical cytokines and chemokines.
Activity of RANTES (regulated on activation, normal T
cell expressed and secreted) is altered by the enzymatic
cleavage of DPPIV, as CD26/DPPIV enzymatic cleavage
of RANTES affects important activities such as those
implicated in monocyte chemotaxis and HIV-1 infection
(Proost et al.. 1998). Other important chemokines that
appear Lo be substrates of the enzymatic activity of
DPPIV include eotaxin, macrophage- derived chemokine
(MDC), interferon inducible chemokines, and other
chemokines involved with the inhibition of HIV
infection (Proost et al., 1999).
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Schematic representation of the structure of DPP-4




DPP-4 active site with active-site residues




Brain
W:a ipose Tissue

Progenitor
cell Blocd Vu%an
\" ] ; DPP-4
.,

BNP (3-32)  GLP-1(9-36) NPY (3-36)

Flgure 5, DPP-4 substrates that directly or indirectly regulate cardiovascular function. Multiple DPP-4 substrates have been identified that acton
multiple peripheral tissues that Influence the cardiovascular system. For a summary af these direct effects on target tssues, refer 1o Table 1. 5P,
Substance B,

PYY (3-36)

Endocrine Reviews 33: 187-215, 2012
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DPP-4 Inhibition Reduces Infarct Size and Improves Cardiac
Function After Ischaemia/Reperfusion Injury in Rodents
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Sitagliptin improved functional recovery after
ischemia/reperfusion injury ex vivo in
normoglycemic mice.
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What is there beyond glycemic control?

Renoprotection

Extrapancreatic effects

DPP-4 Inhibition Has Renoprotective Effects in Rats with
Streptozotocin-Induced Diabetes

Vildagliptin increased active GLP-1 levels, which probably prevented oxidative DNA
damage and renal cell apoptosis.

Urinary albumin Creatinine clearance Glomerulosclerosis
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* L X 3
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Index
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Liu W, Xie SH, Liu ¥N, Kim W, Jin HY, Park 5K, Shao YM, Park TSI Pharmacol Exp Ther 2012 Feb;340(2):248-55 Vilda; vildagliptin (8 mg/ke/d)
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Sitagliptin reduces albuminuria in patients with type 2 diabetes

Sachiko Hattor1

Endocrinology and Metabolism, Tsunemi-cho Clinic, Ashikaga 326-0022, Japan

Abstract. We mvestigated the inlubitory effect of sitagliptin on albuminuria in patients with type 2 diabetes. Thirty-six
patients (19 men and 17 women) whose HbAlc was higher than 6.5% (NGSP) despite receiving education on diet and
exercise and medical treatment for at least 6 months at our clinic were enrolled mto this study and were successfully
followed over 6 months of sitaghptin treatment. Sitagliptin (50 mg/day) treatment significantly lowered both systolic and
diastolic blood pressures, fasting blood glucose and postprandial blood glucose, HbAlc, and glyeated albumin at 3 months
and 6 months. Significant reductions 1 ghly sensitive C-reactive protem and soluble vascular cell adhesion molecule 1
were also observed at 6 months. Urmnary albunun excretion (measurad as urinary albumin-to-creatinine ratio (ACR: mg/g
Cr)) did not change 1n the 6 months before sitaghptin treatment (AACR:- 2.3 = 19 9) and decreased m the 6 months after
sitagliptm treatment (AACR: -20.6 = 24.6); these differences were statistically significant. At 6 months, the ACR decreased
from 11.6 = 8.4 to 4.5 = 5.0 in 13 patients with normoalbuminuria (ACR<30). from 98.4 = 79 to 24.9 = 20 in 15 patients
with nueroalbuminuria (30<ACR<300), and from 1263 =492 to 561 = 89 1n 8 panents with macroalbuminuria (ACR>300).
Thus, the present findings strongly suggest that sstaghptin reduces albuminuna without lowenng the estimated glomerular
filtration rate. most hikely dependmg on known factors such as blood sugar reduchion. blood pressure reduction, and
mflammation reduction. as well as yet undetermmed factors caused by an merease m active glucagon-hike peptide-1.

e 1130

Chen et al Jaurnal of Translational Madicing 2013, 11270 I”\
h g T JOURNAL OF
TRANSLATIONAL MEDICINE
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Exendin-4 and sitagliptin protect kidney from
ischemia-reperfusion injury through suppressing
oxidative stress and inflammatory reaction

Yen-Ta Chen ', Tzur-Hsien Tsaf, Chih-Chau Yang’, Cheuk-Kwan Sun® LiTeh Chang”, Hung-Hwa Chen®,

(hia-o Chargé‘ Pei-Hsun Sung”, Yen-fi Zhen, Steve Lew’, Hsueh-Wen Changa, Yung-lung Chen?
ard Hon-Kan \"ip)r

Abstract

Background: This study ©sted the hypothesis that exendin and stagliptin can effectively protect kidney from
acute schemia-reperfusion (IR} injury.

Methods: Adult SD-ats (n = <8) equally divided into group 1 (sham contral), group 2 (IR injury), group 3 [IR + sitagliptin
& mo/kg at post-IR 1, 24, 48 b and group 4 [IR + exendin-4 10 pmkg at 1 hr after procedune] were sacrificed after
243nd 72 hus [v =6 at each time from each group} following damiping’ of bilateral renal padides for 80 minutes
[aroups 24}

Resulte Serum creatinine level and urine protedn to aaatinine atio were highest in group 2 and Jowest In group 1
fall p <0001} without notable differences between groups 3 and £ Kidney injury score, expressions of inflammatony
biomarkers at mRNA (MMP-9, TNF-g, (L-18, PART), protein (TNF-g, NF-«8 and VCAM-1), and cellular (CD68+) kevels in
Injured kidneys at 24 and 72 hr showed an identical patem compared 1o that of creatinine level in all groups

[all p < 00001). Expressions of oxidized protein, eactive oxygen species (NOX-1, NOX-2), apoptosis (Bax, caspase-3
and PARP), and DNA damage marker (yH2AX+) of IR kidney at 24 and 72 hrs exhibited a pattem similar to that of
inflammatory mediators among all groups {all p< 01). Renal expression of glecagon-lile peptide-1 recepror, and
anti-owddant blomarkers at cellular (GPx, GR} and protein (NQO-1, HO-1, GPy level at 24 and 72 bt were lowest In
group 1, significantly lower in group 2 than in groups 3 and 4 (all p< 001k

Conclusion: Exzndin-4% and sitagliptin provided significant protection for the kidneys against acute I injury.

Keywaords: Exendin-4, Sitagliptin, Acute ischemia-reperfusion injury, inflammation, Oxdative stress
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against
Kidney ischemia-reperfusion injury
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polymerase; BUN = blood urine nitrogen.
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ORIGINAL

DPP-4 inhibition with alogliptin on top of angiotensin II
type 1 receptor blockade ameliorates albuminuria via
up-regulation of SDF-1a in type 2 diabetic patients with
incipient nephropathy

Hiroki Fujital, Hisanori Taniai”, Hiroko Murayama®, Haruyo Ohshire™, Hikaru Hayashi?, Seiko Sato™,
Nyuko Kikuchi®, Taiga Komatsu®), Koga Komatsu™, Kann Komatsu®, Takuma Narita®) and
Yuichiro Yamada®?

4 Divisian af Endocrinology, Metabolism and Geriatric Medicine, Akita University Graduate School of Medicine, Akita 010-8543,
Japan

? Division of Internal Medicine, Honje Daiichi Hospital, Yurthonjo 013-8567, Japan

! Division of Gastroenterology, Honjo Datichi Hospital, Yurthonjo 015-8567, Japan

Abstract. Dipeptidyl peptidase-4 (DPP-4) inhibitor is a new class of anti-diabetic drug which exerts its glucose-lowering
action by suppressing the degradation of a gut incretin hormone glucagon-like peptide-1 (GLP-1). To elucidate whether
treatment with stronger DPP-4 inhibitor on top of angi in II type 1 receptor blocker (ARB) provides greater renal
protective effects, we performed a crossover study with two DPP-4 inhibitors, sitagliptin and alogliptin, in twelve type
2 diabetic patients with incipient nephropathy taking ARBs. This study ¢ ted of three t periods: sitagliptin 50
mg/day for 4 weeks (first period), alogliptin 25 mg/day for 4 weeks (second period). and sitagliptin 50 mg/day for 4 weeks
(third period). Significant changes in body mass index, blood pressure, serum lipids, serum creatinine, estimated glomerular
filtration rate. and HbA le were not observed among the three treatment periods. Reduced urinary levels of albumin and an
oxidative stress marker 8-hydroxy-2'-deoxyguanosine (8-OHdG), increased urinary cAMP levels, and elevated plasma
levels of stromal cell-derived factor-1ce (SDF-10) which is a physiological substrate of DPP-4 were observed after the
switch from sitagliptin to a stronger DPP-4 inhibiter alogliptin. Given a large body of evidence indicating anti-oxidative
action of cAMP and up-regulation of cellular cAMP production by SDF-1a, the present results suggest that more powerful
DPP-4 inhibition on top of angi in II type 1 receptor blockade would offer additional protection against early-stage
diabetic nephropathy beyond that attributed to glycemic control, via reduction of renal oxidative stress by SDF-la-cAMP
pathway activation.

DPP-4 inhibitor and diabetic nephropathy

6 Fujita et al.
Renal glomerulus and
blood vessels DPP-4 inhibition 4
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Fig. 3 Proposed DPP-4 inhibition signal transduction pathway in kidney




Effects of DPP-4 Inhibitors on the Heart in a Rat Model of
Uremic Cardiomyopathy

Lyubov Chaykovska'?, Karoline von Websky'?, Jan Rahnenfiihrer'?, Markus Alter' >, Susi Heiden'?,
Holger Fuchs®, Frank Runge®, Thomas Klein®, Berthold Hocher'?*

1Charité - Universititsmedizin Berlin, Center for Cardiovascular Research, Institute for Pharmacology and Toxicology, Berlin, Germany, 2 Institute of Nutritional Science,
University of Potsdam, Potsdam-Nuthetal, Germany, 3 Charité - Universititsmedizin Berlin, Medizinische Klinik fir Endokrinologie und Nephrologie, Berlin, Germany,
4Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany

Abstract

Background: Uremic cardiomyopathy contributes substantially to mortality in chronic kidney disease (CKD) patients.
Glucagon-like peptide-1 (GLP-1) may improve cardiac function, but is mainly degraded by dipeptidyl peptidase-4 (DPP-4).

Methodology/Principal Findings: In a rat model of chronic renal failure, 5/6-nephrectomized [5/6N] rats were treated orally
with DPP-4 inhibitors (linagliptin, sitagliptin, alogliptin) or placebo once daily for 4 days from 8 weeks after surgery, to
identify the most appropriate treatment for cardiac dysfunction associated with CKD. Linagliptin showed no significant
change in blood level AUC(0-=) in 5/6N rats, but sitagliptin and alogliptin had significantly higher AUC(0-=<) values; 41% and
28% (p=0.0001 and p =0.0324), respectively. No correlation of markers of renal tubular and glomerular function with AUC
was observed for linagliptin, which required no dose adjustment in uremic rats. Linagliptin 7 pmol/kg caused a 2-fold
increase in GLP-1 (AUC 201.0 ng/I*h) in 5/6N rats compared with sham-treated rats (AUC 1086 ng/I*h) (p =0.01). The mRNA
levels of heart tissue fibrosis markers were all significantly increased in 5/6N vs control rats and reduced/normalized by
linagliptin.

Conclusions/Significance: DPP-4 inhibition increases plasma GLP-1 levels, particularly in uremia, and reduces expression of
cardiac mRNA levels of matrix proteins and B-type natriuretic peptides (BNP). Linagliptin may offer a unique approach for
treating uremic cardiomyopathy in CKD patients, with no need for dose-adjustment.

@ PLoS ONE | www.plosone.org November 2011 | Volume 6 | Issue 11 | e27861
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Figure 4. Influence of DPP-4 inhibition on cardiac impairment
in the setting of uremia.
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DPP-4 enzymatic activity is very high
in the kidney.

DPP4 activity (nmol min~' g tissue ™)

Kidney 1460-8+54-9
Liver 119-74+96
Pancreas 11-240-8
Epididymal fat 19-7+2-8

In F344 rats Kiring ¥ et 2l lournal of Endocrinology (2009) 200, 53-61




Diabetes and Vascular Disease Research

http://dvr.sagepub.com/
Original Article

Diabetes & Vascular Disease Research
9(4) 301-308

Dipeptidyl peptidase-lV is a potential @ The Auhr(9 012

Reprints and permissions:

molecular biomarker in diabetic sgepus <o ukfourralPermisions av
. . DO 1017714791641 11434318
kidney disease s sgepubcom

®SAGE

Ai-li Sun!, Jing-ti Deng?, Guang-ju Guan', Shi-hong Chen!, Yuan-
tao Liu!, Jing Cheng', Zhen-wei Li®, Xiang-hua Zhuang',
Fu-dun Sun' and Hao-ping Deng*

Abstract

The present study was designed to identify the changes in microvesicle-dipeptidyl peptidase-IV (DPP V) levels in
human urine and serum, and to determine whether there were correlations with the severity of diabetic kidney disease
(DKD). A total of 127 patients with type 2 diabetes mellitus (T2DM) were divided into three groups according to
the urinary albumin/ creatinine ratio (UACR): microalbuminuria group (n = 50); macrealbuminuria group (n = 34)
and normoalbuminuria group (n = 43), and 34 age- and sex-matched non-diabetic healthy subjects were selected as
controls. Microvesicle-bound DPP IV and free urinary DPP IV were separated by a filtra-centrifugation method. The total
microvesicles were captured by a specific monoclonal antibody, AD-1. DPP IV activity was determined by measuring
the cleavage of chromogenic free 4-nitroaniline from Gly-Pro-p-nitroanilide at 405 nm with an ELISA plate reader. DPP
IV protein levels were determined by ELISA and Western blat. Our results showed that the microvesicle-bound type
was the major form of DPP IV in urine; the urinary microvesicle-DPP [V excretion of each T2DM group was significantdy
higher compared with contrals. The urinary microvesicle-DPP IV level was positively correlated with UACR in patients
with T2DM. These findings suggest that the urinary level of microvesicle-bound DPP IV is associated with the severity
of DKD.
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Figure 2. The urinary excretion of microvesicle-
dipeptidyl peptidase-IV (m-DPP V) in T2DM patients

with normoalbuminuria (DM), microalbuminuria (DN1),
macroalbuminuria (DN2) and healthy controls. *p < 0.01 vs.
control group *# p < 0.01 vs. DM or DNI group.

Figure 5. Electron micrograph of urinary microvesicles.
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Lysosomal enzymes are decreased in the kidney of diabetic rats
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ARTICLE INFO ABSTRACT

Article history: The objective of the present study was to investigate the expression and activities of lysosomal enzymes that
Received 4 May 2012 act upon proteins and sulfated polysaccharides in diabetic rat kidney, C ins, glycosi and

Received In revised form 3 Sepiember 2012 were studied on the 10th {DM-10] and on the 30th (DM-30) day of streptozotocin-induced diabetes mellitus
Accepted 27 September 2012

(DM). The activity of cathepsin B, the main kidney cysteine protease, was decreased both in DM-10 and
DM-30. Cel filt ration chromatography of urinary proteins has shown the prevalence of low molecular weight
peptides in normal and DM-10 urine, in contrast to the prevalence of high molecular weight peptides and in-

Availible online 29 September 2012

m‘:’meﬂm tact proteins in DM-30. These results show that the decrease in lysosomal proteases could explain, at least in
Lysosome part, the increased albuminuria detected by radial immunodiffusion (RID), due to the excretion of less de-
Cathepsin graded or intact albumin. Concerning sulfated polysaccharides, the activities of p-glucuronidase, N-acetyl-
Clycosidase 30~ ini and N-acetyl-f i were also decreased in DM-30, while aryl sulfa-
Kidney tases did not vary. Increased toluidine blue metachromatic staining of the tissue suggests that the lower
Tubular cells activities of glycosidases could lead to intracellular deposition of partially digested molecules, and this

could explain the decreased urinary excretion and increased tissue buildup of these molecules, The main
morphological changes observed in kidney were proximal convoluted tubules with thinner walls and thinner
brush border. Immunohistochemistry revealed that most of cathepsin B was located in the brush border of
praximal tubular cells, highlighting the i of proximal c. tubules in diabetic nephropathy.

© 2012 Elsevier B.V, All rights reserved.
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Dipeptidyl peptidase IV activity in commercial solutions of human
serum albumin *
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ARTICLE INFO ABSTRACT
Aricle history: Due to the heterogeneous nature of commercial human serum albumin (cHSA), other components, such
Received 16 April 2013 as the protease dipeptidyl peptidase IV (DPP-IV), passibly contribute to the thetapeutic effect of cHSA,

Received in revised form 14 May 2013
Accepted 6 June 2013
Available online o0

Here, we provide evidence for the first time that DPP-IV activity contributes to the formation of aspar-
tate-alanine diketopiperazine (DA-DKP), a known immunomodulatory molecule from the N terminus
of human albumin, cHSA was assayed for DPP-IV activity using a specific DPP-IV substrate and inhibitor,
DPP-IV activity was assayed at 37 and 60 °C because cHSA solutions are pasteurized at 60°C. DPP-IV
activity in cHSA was compared with other sources of albumin such as a recombinant albumin (rHSA).
In addition, the production of DA-DKP was measured by negative electrospray jonization/liquid chroma

Keywords:
Human serum albumin
Dipeptidyl peptidase IV

Diketopiperazine tography mass spectrometry (ESI™/LCMS). Significant levels of DPP-IV activity were present in cHSA This
Cohn fractionation activity was abolished using a specific DPP-IV inhibitor, Fully 70 to 80% DPP-IV activity remained at 60°C
Inflammation compared with the 37 °C incubate. No DPP-IV activity was present in rHSA, suggesting that DPP-IV activ-

ity is present only in HSA produced using the Cohn fractionation process. The formation of DA-DKP at
60°C was observed with the DPP-IV inhibitor significantly decreasing this formation. DPP-IV activity
in cHSA results in the production of DA-DKP, which could account for some of the dinical effects of cHSA,

2013 The Authors. Published by Elsevier Inc. Al rights reserved.

Physiology and pathophysiology of incretins in
the kidney

Karoline von Websky™®, Christoph Reichetzeder™®, and Berthold Hocher®

Purpose of review

Incretinbased therapy wnh gEuccgonhke peptide-1 receptor (GLP-1R) agonists and dipeplidyl peptidase4
[DPP-4) inhibitors is i ising therapeutic oplion for type 2 didbeles mellius, Cumulative
evidence, mainly from pmdlm:al animal sl’udles, reveals that increfin-bosed therapies also may elicit
beneficial effects on kidney funclion. This review gives an overview of the physiclogy, pathophysiclogy,
and pharmacology of the renal incretin system.

Recent findings

Activation of GLP-1R in the kidney leads to diuretic and natriuretic effects, possibly through direct acfions
on renal tubular cells and sodium transporters. Moreover, there is evidence that incretinbased therapy
reduces albuminuria, glomerulosclerasis, oxlda!we stress, and fibrosis in the kidney, fbarlld}y through GLP-

1R-ind lent pathways. Mdlecul isms by which incretins exert their renal effects are
understood lncomplels!y thus further slwlu: are needed.

Summary

The GLP-1R and DPP-4 are expressed in the kidney in various species. The kidney plays an important role
in the tion of increfin bolites and most GLP-1R agonists and DPP-4 inhibitors, thus special
attenfion is required when ' applying lncrelmbosed !hempy in renal impairment. Preclinical observations
suggest direct renog effects of i pies in the seiting of hypenansnm and other
disorders of sodium refention, as well c:s in diabetic and di y. Clinical studies are
needed in order to confirm translati | from preclinical Fmdmgs for oplions of renal
diseases.

Keywords
DDP4 inhibition, diabetes, diabetic nephropathy, GLP-1 receplor, hypertension, incretins, kidney,
renal impairment

Curr Opin Nephrol Hypertens 2014, 23:000-000
DOI:10.1087/01.mnh.0000437542.77175.a0
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Dipeptidyl Peptidase IV, a Kidney Brush-Border Serine Peptidase

By A. JOHN KENNY, ANDREW G. BOOTH, STEPHEN G. GEORGE,*
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Dipeptidyl peptidase IV, an enzyme that releases dipeptides from substrates with N-termi-
nal sequences of the forms X-Pro-Y or X-Ala-Y, was purified 300-fold from pig kidney
cortex. The kidney is the main source of the enzyme, where it is one of the major micro-
villus-membrane proteins. Several other tissues contained demonstrable activity against
the usual assay substrate glycylproline 2-naphthylamide. In the small intestine this
activity was greatly enriched in the microvillus fraction. In all tissues examined, the activity
was extremely sensitive to inhibition by di-isopropyl phosphorofiuoridate (Dip-F), but
relatively resistant to inhibition by phenylmethylsulphonyl fluoride. It is a serine proteinase
which may be covalently labelled with [*?P]Dip-F, and is the only enzyme of this class in
the microvillus membrane. The apparent subunit mol.wt. estimated by sodium dodecyl-
sulphate/polyacrylamide-gel electrophoresis and by titration with [*2P]Dip-F was 130000,
Gelfiltration and sedimentation-equilibrium methods gave values in the region of
280000, which is consistent with a dimeric structure, a conclusion supported by electron
micrographs of the purified enzyme. Among other well-characterized serine proteinases,
this enzyme is unique in its membrane location and its large subunit size. Investigation of
the mode of attack of the peptidase on oligopeptides revealed that it could hydrolyse certain
N-blocked peptides, e.g. Z-Gly-Pro-Leu-Gly-Pro. In this respect it is acting as an
endopeptidase and as such may merit reclassification and renaming as microvillus-
membrane serine peptidase.
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Dipeptidyl Peptidase 1V, a Kidney Brush-Border Serine Peptidase

Two other roles are conceivable: the microvillus
membrane might be consumed during pinocytosis of
proteins and peptides, and contribute to pinocytic
vesicles an internal surface rich in hydrolytic activity,
which could later reinforce the lysosomal proteinases
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Association of Na™-H* Exchanger Isoform NHE3 and Dipeptidyl
Peptidase IV in the Renal Proximal Tubule®
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Fic. 6. Distribution of the NHE3-DPPIV complex in the mi-
crodomains of rabbit renal brush border. A, equal quantitios (20
g of protein) of microvillus membrane vesiclos (MMV) propared by
divalent cation nggregntion and dense vesicles (DV) prepared by density
T ation of postmil drial mi . wore analyzod by im-
munoblotting, Blots were probed with antibodies to megalin (mAb
10A3), DPPIV (mAb 1D11), NHES (goat polyclonal Ab) and villin (mAb).

, equivalent itios (100 ug) of il ill
vesiclos (MMV) and dense vesicles (DV) were immunoprecipitated with
anti-DPPIV mAb 1D11 (1D11 [Py The immune complexes, as well as
samplos of tho starting matorial, were propared for immunoblotting,
and the blot was probed with s polyelonn] goat antibody to NHES.




Structure of mammalian Na/H exchangers

Transmembrane domain

c Cytoplasmic domain
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Deciphering the mechanisms of the Na*/H" exchanger-3 regulation

in orzan dysfunction

Review

Role of NHE3 in the Pathophysiology of the Diabetic Kidney

The increase in NHE? activity in diabetic Kidneys was
further conflirmed in several studies using cell cullure models,
Ambuhl and colleagues demonstrated in opossum kidney (OK)
cells, a well-characterized proximal tubule cell line, that treat-
ment with high glucose (to mimic hyperglycemia) resulis in
stimulation of NHE3 activity accompanied by increxses in both
NHE3 protein and transcript expression (5). Similar resulis
were found in human proximal tubular cells (hWPTC) exposed (o
high glucose (181). High glucose treatment also leads 1o an
increase in expression of the serum glucocoricoid-regulaed
kinase-1 (SGKI1) in hPTC (181); activation of Sgk! genc
cxpression was also confirmed in STZ-diabetic rats (181). In
summary, activation of SGK1 is a good candidate signaling
pathway 1o regulate NHE3 activation in diabetic nephropathy,
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Fig. 2. Model of how NHE3 could participate in the reabsorption of filtered proteins and how its transport function could be increased in diabetic nephropathy.
Az under physiological conditions, NHE3 interacts with megalin, which is responsible for receplor-mediated endocytosis of low-molecular-weight proteins such
as albumin. NHE3 may be recruited in endocytic vesicles in complex with megalin and promote albumin uptake. The complex may be degraded in the lysosomes,
B the proteinuria associated with disbetic nephropathy may be due in part to a reduction of albumin uptake at Lhc tubule level. This decrease in albumin
fnﬂocylnm and the tise of intratubular albumin concentration are proposed to be due to a reduction in megalin 3 Furthe: e. NHE3 ion level
is increased in models of diabetic nephropathy. Possible molecular mechanisms of activation in NHE3 transport function are presented. Lower level of megalin
expression would result ina decrease in the amount of megalin in complex with NHE3 and the megalin-dependent NHE3 endocytosis. The increase in intratubular
albumin NHE3 ion. Furthermore, serum glucocorticoid-regulated Kinase-1 (SGK1) expression is increased in animal models of
diabetic nephropathy and cells treated with high glucose to mimic hyperglycemia. SGK is proposed as one of the signaling pathways activated to stimulate NHE3
transport function in diabetic nephropathy. This model requires further experimental validation. Dashed lines are used to indicate NHES transport activity or
signaling pathways that remain 1o be fully defined.
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Regulation of Na” /H" exchanger NHE3 by glucagon-like peptide | receptor
agonist exendin-4 in renal proximal wbule cells
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In summary, we have found that the GLP-1R agonist ex-
endin-4 reduces NHE3 activity in renal proximal tubule cells.
This effect is mediated via PKA and EPAC signaling pathways
and is associated with increased levels of NHE3 phosphoryla-
tion. The inhibition of DPPIV may enhance the renal effects of
GLP-1, and might explain why DPPIV inhibitors decrease
NHE3-mediated NaHCO; reabsorption in the rat renal proxi-
mal tubule.

Diipeptidyl peptidase IV inhibition downregulates Ma™-H™ exchanger WHE3
in rat renal proximal tabale
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FUNCTIONAL CHARACTERIZATION OF THE NHE3-DPPIV ASSOCIATION F419
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Fig. 3. Effect of DPPIV inhibition on NHE3

and DPPIV protein expression levels in rat

renal cortex. A: 50 pg of renal cortical mem-
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the structurally related noninhibitory com-
pound Lys[Z(NO5)]-OH (control) wére sub-
CTRL 140 jected to SDS-PAGE, transferred to a PYDF
membrane, and analyzed by immunoblotting,

Blots were probed successively with antibod-

B c ies to NHE3, DPPIV, and actin. Densitome-
@ try values for NHE3 (&) and DPPIV (C) were
3 125 g normalized with actin and plotted as a bar
5 m graph. Results are expressed as % of control.
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Review
Tethering, recycling and activation of the epithelial sodium=proton exchanger, NHE3

Fig. 1. The structure of NHES3 is divided into 12
transmembrane domains (residues 1-454) and a
large cytosolic C-terminal domain (residues
455-831}. The transmembrane domains
implicated in ion transport are depicted in yollow
and the domain responsible for inhibition by
amiloride is depicted in pink (transmembrane
domain IX). The diagram also indicates the
putative binding sites for CHP (calcinewurin
homalogous protein), ezrn and the NHERFs
(sodium—hydrogen exchanger regulatory factor),
the proton modifier sites (H* sensor) and the sites
that are phospharylated by either protein kinase A
(PKA) and serum and glucocorticoid kinase
(SGK). DPP, dipeptidyl peptidasa.
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Linagliptin Lowers Albuminvuria on Top of
Recommended Standard Treatment in
Patients With Type 2 Diabetes and
Renal Dysfunction
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Linagliptin Lowers Albuminuria on Top of Recommended Standard Treatment for Diabetic Nephropathy

Linagliptin lowered albuminuria in patients with diabetic nephropathy

Adjusted mean change in albuminuria from baseline

12 weeks treatment 24 weeks treatment
Placebo (n=49) Linagliptin (n=157) Placebo (n=55) Linagliptin (n=163)
5 - ———r—— 5 - T
-10 -10
-15 -15 -
-27% -29%
-20 p =0.0702 -20 p =0.0305
25 -25
30 -30
——" ----------
35 -35

95% of the overall albuminurea lowering effect occurred as early as 12 weeks

*Based on adjusted (log [baseline UACR] and trial effect) geometric mean ratio (Week 12 or 24/baseline). TRelative change was
35  Calculated as the ratio of the percentage change in the linagliptin group divided by the percentage change in the placebo group
Source: Groop PH, et al. ADA 2012 Poster: 953-P

Linagliptin Lowers Albuminuria on Top of Recommended Standard Treatment for Diabetic Nephropathy

Linagliptin lowers UACR independent of its glucose lowering effect.

There was no correlation between changes in HbAlc and UACR from baseline

to Week 24 (Pearson’s r=0.073, n=218)

Q1 Q2 Q3 Q4

<0.1-0.63% >0.63 - 1.1%
<0.1% (n=41) (n=44) (n=41) >1.1% (n=37)
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Adjusted mean change in UACR (%) from baseline at week 24 by quartiles
of HbA1c change

Significant change in UACR (%) v. baseline after 24 weeks, Analysis includes all patients from the treated set with a baseline and 21
on-treatment value for both HbAlc and UACR

Groop PH, et al. ADA 2012 Poster: 353-P
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Linagliptin with high tissue penetration property is present not
only in glomerulus also in tubules

Microautoradiograms from rat kidney sampled at 3 h after
ection of 7.4 pg/kg [PH] Linagliptin
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Greischel A, et al. Drug Metab Dispos.. 2010;38(9):1443-1448,

Comparison of the Effects of Telmisartan and
Linagliptin in Rats With 5/6N

Blood pressure 111 il
Interstital fibrosis no effect 1
Albumin excretion/ACR JEdL J
Glomerular size no effect L
g:s(t;:afontin, VEGF-A, l Fe affent
Leptin, RANTES TF no effect
Phospho-SMAD2 1
Urinary DPP-4 excretion no effect }

Active GLP-1 no effect Tt
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Figure 2. The urinary excretion of microvesicle-
dipeptidyl peptidase-IV (m-DPP V) in T2DM patients

with normoalbuminuria (DM), microalbuminuria (DN1),
macroalbuminuria (DN2) and healthy controls. *p < 0.01 vs.
control group *# p < 0.01 vs. DM or DNI group.

Linagliptin Nephro-protection
by exploring renal DPP-1V enzyme inhibition
Pharmacodinamics Implications

LINED Study
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