How to prevent vascular
complication in DM?
Diabetic microangiopathy:

Pathophysiological, clinical and

therapeutic aspects
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Glycemic Control and Complications

* Intensive glucose control in UKPDS 33 results in:

0
=
2 .
&« Diabetes- Risk of
(o) .
) related Myocardial Risk of .
g Infarction Risk of Risk of
- E : * . ISK O
£ ndpoints Retinopathy Cataract .
U at 12 Years* _ Microvascular
S Extraction ]
Endpoints*
-50

*Decreases were statistically significant.
UKPDS 33. Lancet. 1998



HbAlc and Microvascular Complications

UKPDS Kumamoto ADVANCE
HbAlc 79 57% 9->7% 7.3 > 6.5%
Retinopathy 17-21% 69% 5%
Nephropathy 24-33% 70% 21%

Neuropathy - —~ —

SISl MAD} 1% A DMERAEHE
ATH 9|8 S IF OF 20%-30% 2 A

Ohkubo Y. Diabetes Res Clin Pract 1995
UKPDS 33. Lancet 1998
The ADVANCE Collaborative Group. NEJM. 2008




Why vascular complications?
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Mechanisms of hyperglycemia
-induced damage (1)
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Mechanisms of hyperglycemia
-induced damage (2)
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Mechanisms of hyperglycemia
-induced damage (2)
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Mechanisms of hyperglycemia

-induced damage (2)
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EMBDEN-MEYERHOF PATHWAY

Mechanisms of hyperglycemia
-induced damage (3)
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Mechanisms of hyperglycemia

-induced damage (3)
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Mechanisms of hyperglycemia
-induced damage (4)
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Animal study
— Aldose Reductase inhibitors (ARI)
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Clinical Trials

— Aldose Reductase inhibitors (ARI)
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AGE inhibitors

= AGE formation inhibitors
Aminoguanidine, ALT-946,
Pyridoxamine, OBP-9195
LR-90, Benfothiamine

= AGE crosslink breakers
PTB, ALT-711, C-36, TRC-4186

= AGE receptor antagonists
SsRAGE, RAGE antibody

» Interventions targeting signal
molecules
PKC inhibitors, TGF-b inhibitors
Growth factor inhibitors

Prolonged hyperglycemia
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Aminoguanidine
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Clinical Trials
— AGE inhibitors (aminoguanidine)
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Animal study
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Ongoing Clinical Trials
— AGE inhibitors

Table 2. Ongoing Clinical Trials of Potential New Therapeutic Agents for Diabatic Kidnay Disease

Drug(registration ~ Study  Estimated
no.) Design  Enroliment Treatment Plan Primary End Point

Pyridonin ROBPC 300 150 0r300 my/d of pyricdoxamine for - ASCr from basaline to end of study
(NCT00734253) 1y

Benfothiamine ~ R,0B,PC 86 900 mg/d of benfothiamine for 12 wk - Change in urinary excretion of kidney
(NCTO0565318) Injury molecula 1 and albumin

FG-3019 ROBPC 36  FG-3019,50r10mg kg, for 34wk  Safety and tolerability
(NCTOO754143)

Abbreviations: DB, double-blind; PC, placabo-controlled; R, randomized; SCr, sarum creatinine,




Animal study
— RAGE antagonists
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Animal study
— PKC inhibitors
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HSPG: heparin sulfate proteoglycan
VEGF: vascular endothelial growth factor .
CTGF: connective tissue growth factor Nephrol Dial Transplant 2009;24:2021



Animal study
— PKC B inhibitors

LY333531 = Ruboxistaurin
selective PKC B inhibitor
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Human studies
— Ruboxistaurin

Emerging Treatments and Technologies

The Effect of Ruboxistaurin on
Nephropathy in Type 2 Diabetes

Table 3—Change from bascline in urinary ACR and ¢GFR, blood pressure, and AIC at
follow-up visits

Treatment n 1 month 3 months 6 months 12 months

Urinary ACR change (%)*

Placebo 62 —-16 71 -9 +8 -9 +10 -9 *+11

RBX 59 —-24 71 —28 * 67 -2+ 8F —24* 07
Urinary ACR change (mg/g)#

Placebo 62 17 (424) —37 (413)7 21(661) 26 (896)17

RBX 59 —60(363)T§ —139 (417)'§ —136(598) —121 (481)
¢GFR change (ml/min per

1.73 m%)

Placebo 52 — — —-27*18 —48 =187

+19 =-25%19

RBX 57 — — —0.2

Diabetes Care 2005;28:2686-80



Unifying pathogenic mechanism:
Mitochondiral superoxide production
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Unifying pathogenic mechanism:
Mitochondiral superoxide production
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Animal study:
Activation of transketolase with thiamine
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Prevention of nephropathy by thiamine

Pathophysiology/Complications
BRIEF REPORT

A Double-Blind, Randomized, Placebo-
Controlled Clinical Trial on Benfotiamine
Treaiment in Patients With Diabetic
Nephropathy

Benfothiamine (n=39, 900 mg/day)
Study duration: 12 weeks

Negative result.

Diabetes Care 2010;33:1598



Recent perspectives:
Loss of Endogenous Protective Factors

Diabetes

Causal | Protective
factors factors

\

Vascular complications

George L King. Nat Med 2010;16:40-41



Endogenous Protective Factors: PDGF

mRNA axpression
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EMBO J 2002:21:4307
Nat Med 2009;15:1298



Protective or Causal Factor ? : VEGF
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Protective or Causal Factor ? : VEGF

N Eng J Med 2008;358:1129



Unifying pathogenic mechanism:
Mitochondiral superoxide production
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Mitochondrial ROS @

(9]

Peroxisome Proliferator-Activated Receptor-y Coactivator
I-a Overexpression Prevents Endothelial Apoptosis by
Increasing ATP/ADP Translocase Activity

Arterioscler Thromb Vasc Biol. 2010:30:290-297.
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ROS generation

Effects of Recombinant Adenovirus-Mediated Uncoupling
Protein 2 Overexpression on Endothelial Function
and Apoptosis

Circ Res. 2005;96:1200-1207.

(% Control

B
0,
a . “4+—p50 supershift
*
* T - .
- [ ....w «— NF xB complex
100
- I I l A ) i
°
™
T
Control LPC Linoleic acid Control LPC Linolelc ach 3 .
p-gal + - - - p-gal + - §
UCP2 - + -+ -+ (P & = ws % ay
‘
0
I
o100
o
0

Control LPC Llnolelc acid

B-gal + -
- p-gal IR
UcP2 -+ + + UCP2 . o E @

Linoleic acid N



Summary (1)

Chronic hyperglycemia causes diabetic microvascular complications
through four main mechanisms, increased polyol pathway flux,

Increased AGE formation, activation of PKC and increased hexoamine
pathway flux.

Overproduction of superoxide by mitochondria has been known to be

the unifying mechanism linking hyperglycemia and the four mechanisms
mentioned above.

The clinical efficacy of many potential therapeutic agents has been
iInvestigated so far, but the results are disappointing until now.



Summary (2)

* Many clinical trials are ongoing to investigate the efficacy and toxicity
of the potential therapeutic agents.

* New therapeutic approaches for diabetic vascular complications need
to focus on decreasing the toxic factors of diabetes, but also need to
focus on increasing the action of protective factors.



Thank you for your attention !



