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A Introduction: some facts and figures

A Glucose and glucose homeostasis: an appreciation
AWhat goes awry? Insulin resistance

AThe Kidney: its role in glucose homeostasis

A SGLT2 inhibitors: a brief history, and how they work
A Meet Dapagliflozin

A Unanswered questions/Conclusions



A 1. The kidney plays a crucial role in glucose homeostasis
A2. SGLT2 inhibitors represent a paradigm shift

A 3. Stay tuned: Long-term efficacy and safety data; other
new SGLT2 inhibitors
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M=million; AFR=Africa; MENA= Middle East and North Africa; EUR=Europe; NA=North America;, SACA=South and Central
America; SEA=South-East Asia; WP=Western Pacific.

International Diabetes Federation. Diabetes Atlas. 5th ed. Available at: hitp://www.idf.ora/diabetesatlas



http://www.idf.org/diabetesatlas

rediabetes

A Every 30 seconds, someone in the US is diagnosed with
DM

A More deaths/year than breast cancer and AIDS combined
A Currently: 25.8 million Americans
AMay reach 1 in 3 by 2050

A 2/3 of pts are not meeting glycemic goals
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A62% of US adults with type 2 diabetes report eating fewer
than 5 servings of fruits and vegetables per day

A42% report getting 30%i 40% of their daily calories from
fat

A31% of patients report no physical activity at all

A38% report an inadequate amount of physical activity

NHANES Ill. National Health and Nutrition
Examination Survey.
http://www.cdc.gov/nchs/nhanes.htm



http://www.cdc.gov/nchs/nhanes.htm

trol 1s Difficult to

A Hyperglycemia: a self-perpetuating cause of diabetes -
glucotoxicity

A Multiple pathophysiological defects
A Current meds target insulin sensitivity and/or secretion

A Hypoglycemia and weight gain are obstacles to optimizing
glycemic control

A Metformin: Gl side effects
A Exenatide: n/v
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A Glucose: normally tightly regulated, despite variable meal
times, carbs, other factors

AThe brain: uses glucose exclusively for energy

AUses 20% of bodyods groretansey ( -
organ, but 1 s only 2% of t he

A Cannot store glucose
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Both insulin resistance and

®-cell dysfunction are present

at the time of diagnosis of type 2 diabetes
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®-cell function

Compensatory
hyperinsulinemia

Normoglycemia
(Metabolic syndrome)

Insulin
resistance

Abnormal
®-cell function

Relative insulin deficiency

Hyperglycemia

Type 2 diabetes
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CVD=cardiovascular disease.

Adapted from © 2005 International Diabetes Center, Minneapolis, MN. All rights reserved.




ISIZTS Of Humor by Theresa Garnero

Do you think this will
help with my A1C level?
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A2nd century AD: Aretaeus of Cappadocia: polyuria is a
compensatory mechanism in patients with diabetes

Adiabainoi n | oni an Gr eek: nNngo t

A His conclusion: that this disease was due to a fault in the
kidneys



In glucose

A 1. Gluconeogenesis

A 2. Reabsorbs glucose
A 3. Excretes glucose

A 4. Clears insulin, glucagon and other hormones involved in
glucose balance



AT2DM is one of the leading causes of renal failure
A Has thus been historically viewed as a victim of diabetes

A Glucose in the urine (glucosuria) - also seen as a negative
consequence

A New research - renal sodium-glucose cotransporters
(SGLT)



A Normally, virtually all of the ~180 g of glucose that is
filtered by the kidneys each day Is reabsorbed

A Adaptive mechanism to supply enough energy during
fasting

A Sodium-glucose co-transporter 2 (SGLT2) in the proximal
tubules of the kidney reabsorbs most of the glucose

A But finite capacity to reabsorb glucose



A Hyperglycemia augments SGLT2

AUp to 20% increase in glucose reabsorption in those with
poor control

A Contributes to and maintains hyperglycemia

A Chronically elevated plasma glucose worsens beta-cell
function and insulin resistance
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Volume of plasma kidneys filter/day = 180 L

Normal glucose concentration = 1000 mg/L (100 mg/dl)

Glucose filtered/day = (180 L/day) (1000 mg/L) = 180 ¢

Under normal

circumstances, virtually all
the glucose filtered is

reabsorbed and glucose
does not appear in the

SGLT?2

S .
S1 segment of G urine.
proximal tubule
L Collecting
Reabsorption T duct
1

~10%

NO GLUCOSE

Distal S2 / S3 segment
of proximal tubule

Wright EM. Am J Physiol Renal Physiol2001;280:F16F18. Thorens BAm J Physiol 1996,270:G541G553



A Glucose is a polar compound to which cell membranes
are impermeable

A Movement across lipid-rich cell membranes thus requires
assistance: carrier proteins on the cell membranes

A 2 classes of glucose transporters:
I Sodium-linked active glucose transporters (SGLT)
I Facilitative passive glucose transporters (GLUT)
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Blood

Lumen
K+
SGLT2
Glucose S1 Proximal
N Tubule
Glucose

Major transporter of glucose in the kidney
A Low affinity, high capacity for glucose
A Nearly exclusively expressed in the kidney

A Responsible for ~90% of renal glucose reabsorption
In the proximal tubule

Hediger MA, Rhoads DB. Physiol. Rev. 1994;74:993-1026.
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Elfect of SGH 2 Anhwition:
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milial Renall Glucoesufia -

) ey EiTin A Glucosuria: 1-170 g/day

A Asymptomatic
Blood A Normal glucose concentration

A No hypoglycemia or hypovolemia
Kidney / bladder A No tubular dysfunction

A Normal histology and function

A No increased incidence of
I Chronic kidney disease

I Diabetes

I Urinary tract infection

Complications

Santer R, et al. J Am Soc Nephrol. 2003;14:2873-2882;
Wright EM, et al. J Intern Med. 2007;261:32-43.



