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EDIC - AIMS

Examine the longer-term effects of the
original DCCT Interventions, such as
cardiovascular and more advanced stages
of retinal and renal disease as well as

cognitive function.



Distribution of HbAlc in the Former DCCT
Intensive and Conventional Groups During EDIC
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DCCT/EDIC - Long-term Microvascular Risk
Reduction in Type 1 Diabetes
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EDIC Results: Nephropathy—
Microalbuminuria
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At DCCT closeout, cumulative incidences of microalbuminuria were
22% in the intensive cohort and 34% in the conventional cohort

Writing Team for the DCCT/ EDIC Research Group. JAMA. 2003;290:2159-2167.



Intensive Diabetes Treatment and
Cardiovascular Disease In Patients with
Type 1 Diabetes

DCC/EDIC Research Group

N Engl J Med, 2005



Cardiovascular Events

Non-Fatal MI, Stroke or CVD Death
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10-Year Follow-up of Intensive Glucose
Control in Type 2 Diabetes

Rury R. Holman, F.R.C.P., Sanjoy K. Paul, Ph.D., M. Angelyn Bethel, M.D.,
David R. Matthews, F.R.C.P., and H. Andrew W. Neil, F.R.C.P
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Figure 2. Mean Glycated Hemoglobin Levels and Body Weight.
Glycated hemoglobin levels for patients who were eriginally assigned to receive either sulforylurea—insulin or con-

ventional therapy (Panel A) or metformin or corventicnal therapy (Panel B) are shown. Panels C and D show the
corresponding mean body weights in the two groups. Clinical data were not available in years & through 10, when

questionnaires were used. The vertical bars represent 95% confidence intervals.




In type 2 diabetes

Conventional therapy Sulphonylurea-insulin

Any diabetes-related endpoint

10-Year follow-up of intensive glucose control
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“The Metabolic Memory”
Evidence for a long-term persistence of
hyperglycaemia-induced damage

DCC/EDIC Research Group

N Engl J Med, 2005



Overexpression of fibronectin
iInduced by diabetes or high
glucose:
Phenomenon with a memory

S. ROY, R. SALA, E. CAGLIERO, M. LORENZ|

Proc. Natl. Acad. Sci. U.S.A.. 87: 404-408, 1990



l. Continuous normal or high glucose

271 days
_—mm
—

normal glucose or high glucose

Il. Persistence of high glucose stress

14 days 7 days
#——n

high glucose normal glucose




Densitometric quantitation of mRNA levels in human
endothelial cells obtained from umbilical veins.
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Proc. Natl. Acad. Sci. U.SA.. 87: 404-408, 1990

Densitometric quantitation of fibronectin in individual rats
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Hyperglycemia
yPEIg'y Ceriello A, Diabetes Care 2003
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The “Metabolic Memory: the role of oxidative stress

d
l. Continuous normal or high glucose

271 days
_—mm
—

normal glucose or high glucose

Il. Persistence of high glucose stress

14 days 7 days
#——n

high glucose normal glucose

Ihnat M et al, Diabetologia 2007



Effects of high glucose for three weeks or for two weeks plus one week

of normal glucose in HUVECs

Fibronectin
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Effects of various antioxidant treatments on the

hyperglycemia-induced “Memory”

Fibronectin phospho-PKC-x/BlI
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Free nuclear and mitochondrial ROS in HUVECs
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Transient high glucose causes persistent
epigenetic changes and altered
gene expression during subsequent
normoglycemia

Assam El-Osta, Daniella Brasacchio, Dachun Yao, Alessandro Pocai ,
Peter L. Jones, Robert G. Roeder, Mark E. Cooper ,and Michael Brownlee

JEM VOL. 205, September 29, 2008



Abstract

The current goal of diabetes therapy is to
reduce time-averaged mean levels of
8!ycem|a, measured as HbAlc, to prevent

labetic complications. However, HbAlc only
explains < 25% of the variation in risk of
developing complications.

Because HbAlc does not correlate with
glycemlc variability when adjusted for mean

lood glucose, we hypothesized that
transient spikes of hyp_ergltycemla may be an
HbAlc — independent risk factor for diabetic
complications.

We show that transient hyperglycemia
Induces Ion%-lastmg activating epigenetic
changes in the promoter of the nuclear factor
B 1N - B) subunit p65 in aortic endothelial
cells both in vitro and in nondiabetic mice,
which cause increased p65 gene expression.



Abstract

Both the epigenetic changes and the gene
expression changes persist for at least 6 d of
subsequent normal glycemia, as do NF- B —
Induced increases in monocyte
chemoattractant protein 1 and vascular cell
adhesion molecule 1 expression.

Hyperglycemia- induced epigenetic changes
and increased p65 expression are prevented
0y reducing mitochondrial superoxide
oroduction or superoxide-induced -
oxoaldehydes.

These results highlight the dramatic and
long-lasting effects that short-term
hyperglycemic spikes can have on vascular
cells and suggest that transient spikes of
hyperglycemia may be an HbAlc —
Independent risk factor for diabetic
complications.




Previous studies have shown that in type
1 diabetic patients even
when glycemia is normalized
endothelial dysfunction still persists.

1. , et al. Endothelium-dependent
vasodllatatlon plasma markers of endothellal function, and adrenergic
vasoconstrictor responses in type 1 diabetes under near-
normoglycemic conditions. Diabetes. 1999; 48: 1300-1307.

2. .Endothelium-dependent and
mdependent vasodllatlon studles at normoglycaemia in type | diabetes

mellitus with and without microalbuminuria. Diabetologia. 2001 ;44:
593-601.
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Ceriello A. et al., Diabetes Care 2007 * p< 0.001 vs controls
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Insulin and/ or 5% glucose
Vitamin C 3mg/min
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PATIENTS: No Complications

e Subgroup 1: Patients enrolled within 1 month from
the diagnosis.

e Subgroup 2: Patients had 4.8-5.2 years of diagnosis
and included in these subgroup because the mean
HbAlc over the last 5 years was < 7%.

e Subgroup 3: Patients had 4.6-5.4 years of diagnhosis
and included in these subgroup because the mean
HbAlc over the last 5 years was > 7%.



Baseline characteristics of controls and subgroups of type 1 diabetic patients

Controls

Subgroup 1

Subgroup2

Subgroup3

Sex

12M 8F

11M SF

12M SM

12M 12F

Age years

23.4+2.2

19.8+3.2

22.7+¥4.1

23.6+4.5

BMI Kg/m?2

23.5+2.4

23.7+2.5

23.5%3.2

22.7+3.3

Fasting glucose mmol/I|

4.2+0.7

8.4+2.3*

7.1+£1.7*

8.5+2.2*

HbA1lc % at the time of the
study

8.310.8

6.7+0. 2**

8.910. 7

Mean HbA1c %of the last 5
years

6.4+0. 3***

8.7+0. 6

(range of the last 5 years)

(5.5-6.9)

(8.4-10.5)

Resting systolic blood pressure
mm Hg

114.3+2.0

112.4+2.2

110.3+2.1

112.2+2.0

Resting diastolic blood
pressure mm Hg

78.1+1.1

71.5%4.1

72.6%2.1

72.7%2.7

Total cholesterol mmol/I

4.3+0.5

4.4+0.6

4.6+0.5

4.8+0.3

Triglycerides mmol/I

1.2+0.5

1.2+0.2

1.4+0.4

1.2+0.5

HDL-C mmol/I|

1.4+0.6

1.4+0.7

1.4+0.2

1.4+0.4

LDL-C mmol/I

2.3+0.3

2.4+0.4

2.5+0.6

2.5+0.9

FMD %

10.8£1.6

6.7+0.9*

6.211.14*

4.1+0.8*B

Nitrotyrosine pmol/I

0.35+0.03

0.74+0.07*

0.75+0.04*

0.94+0.07*B

8-iso-PGF2a (pg/ml)

32.6%4.6

64.4+4.2%*

63.4+3.8*

83.4%5.3*B

sICAM-1a (ng/ml)

124.2+17.5

170.5+12.5*

165.5+12.8*

190.9+18.4*B

sVICAM-1 (ng/ml)

280.51+15.5

370.15+12.3*

387.22+22.4*

460.41+28.4*B

IL-6 (pg/ml)

124.51+16.3

220.35+11.1*

227.12+12.5*

280.31+18.3*B

IL-18 (pg/ml)

73.7+16.5

125.8+17.5*

125.5+17.8*

164.4+16.2*B

Data are expressed as meanzSD  * p< 0.001 vs controls ** p< 0.001 vs subl and 3 *** p< 0.001 vs sub3 B p<0.05 vs subl and 2




Treatment A

Treatment B

Treatment C

Treatment D

Time (h)

Study design

hyperglycemia

hyperglycemia

hyperglycemia

hyperglycemia

Hyperglicemic-hyperinsuline
mic clamp

'
N

Hyperglicemic-
hyperinsulinemic

i clamp + Vit C

12
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The shape of the metabolic
memory of HbAlc: re-analysing
the DCCT with respect to time-

dependent effects

M. Lind, A. Odén, M. Fahlén and B. Eliasson

Diabetologia (2010) 53:1093-1098



The relative contribution of HbA1lc values at different
points in time in the past to risk of current
retinopathy progression.
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The relative contribution is largest from values 2.4 years ago, which is 2.8 times greater than
the contribution from present values. The contribution is greater than that from present
values for times up to 4.9 years ago. For values from 6.5 and 8.4 years ago, the contribution is
50% and 25% of present values, respectively.



Glycation and Carboxymethyllysine
Levels in Skin Collagen Predict the Risk
of Future 10-Year Progression of Diabetic
Retinopathy and Nephropathy in the
Diabetes Control and Complications Trial
and Epidemiology of Diabetes
Interventions and Complications
Participants With Type 1 Diabetes

S. Genuth, W. Sun, P. Cleary, D. R. Sell, W. Dahms, J. Malone, W. Sivitz, and
V.M. Monnier, for the DCCT Skin Collagen Ancillary Study Group*

DIABETES, VOL. 54, NOVEMBER 2005



Furosine CML Fluorescence
Pmol/mg pmol/mg Units

200]

10

65 116 67 117
<.0001 .0008

Pentosidine

Furosine CML
Pmol/mg pmol/mg

Fluorescence
Units

pmol/mg [ Progressors

[0 Non-progressors

Pepsin soluble Acid soluble
%

Distribution of skin collagens by
retinopathy progression status.

33 150
.0001
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pmol/mg

Pepsin soluble
%

34 151
.0033
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[ Non-progressors

Acid soluble

Distribution of skin collagens by
nephropathy progression status.




Hyperglycemia
yPEIg'y Ceriello A, Diabetes Care 2003
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Vascular stress Vascular stress Vascular stress
+ tissue injury + tissue injury

+ risk factors (diabetes) WO rking

l s e ypothesis for the

\ j accelerated

RAGE atherosclerosis

} } | -
Repair/ Atherosclerosis Accelerated In dlabEtES.

regenerative atherosclerosis
response

EffECtS Of ROS in |PKmos ——AGE |

| |
vascular cells e

VCAM, ICAM, MCP-1, RAGE,
IL-13, IL-6, TNF-2 and others

E Schleicher and U Friess:Kidney International (2007) 72, S17—




Schematic representation of the interplay between AGE and
RAGE and high glucose in promoting mitochondrial
superoxide production in the diabetic kidney.
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AGEs binding to RAGE induce cytosolic H202 production. Cytosolic H202 facilitates induction of
mPT, promoting a deficiency in complex | of the mitochondrial respiratory chain. Hyperglycemia
provides increased mitochondrial NADH availability for OXPHOS, which, when coupled with a
deficient complex | activity, amplifies mitochondrial superoxide generation. Both the AGE-RAGE

interaction and hyperglycemia synergistically coordinate overproduction of mitochondrial
superoxide and promote diabetic kidney disease.

M. T. Coughlan et al., J Am Soc Nephrol 20: 742-752, 2009



Glycation of mitochondrial
proteins from diabetic rat kidney
IS assoclated with excess
superoxide formation

M. Rosca, T. Mustata, M. Kinter, A. Ozdemir, T. Kern, L.
Szweda, M.Brownlee,V. Monnier,M. Weiss
Am J Physiol Renal Physiol 289: F420-F430, 2005.



Effect of 12 m diabetes on electron
respiratory chain activity

Complex Control Diabetes P Value

Complex 1 5+33.4 168.4+36.9
Complex Il 100 -1 *2. 9 82.7+12.3
Complex IV 209.3+43.5 2155516

Values are means = SD; units are nmol-min~—'-mg mitochondrial protein—



Cortical renal mitochondria isolated from 12 mo
diabetic animals (squares) form higher levels of
superoxide than their age-matched controls (circles).
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“The "Metabolic Memory":
Is More than Just Tight Glucose
Control Necessary to Prevent
Diabetic Complications?.”

A. Ceriello, J. Thorpe, M. Ihnat

J Clin Endocrinol Metabol, 2009;94:410-5



The vicious circle of the “Metabolic Memory”

AGE Inhibitors RAGE Inhibitors
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A. Ceriello et al. J Clin Endocrinol Metab, 2009:94:410-5



“The Metabolic Memory”
Evidence for a long-term persistence of
hyperglycaemia-induced damage

- Experiments in the cells, in the animals and in hmans confirm
the exsistence of the “Metabolic Memory”.

-The unyfing hypothesis, suggesting hyperglycemia-
Induced free radicals overgeneration as the key event in
the development of diabetic complications, seems to
explain the perisistence of the “Metabolic Memory”.
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“The take-home message is that

good glucose control should be started as
early as possible to delay or prevent
serious diabetes-related complications,”

said Alan D. Cherrington, PhD, president,
American Diabetes Association.
ADA S. Diego 2005



