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T2DM: a Complex and Systemic Pathogene&s
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Key Pathogenetic Defects of '[2{3M
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Quesito: Chi e piu importante f\r@‘?@fm’*‘sulino-
resistenza e deficit beta-celifare per lo
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Evidenze: studisgaritici, studi epidemiologici,
studi di fisigpdtelogia clinica, studi su modelli
animali eieani

' Y ‘Q,
0‘9(0 N

. be

Q\



d e n@‘O\O%
I | @\&,&\fa«a 6\0\’6 =
c\e’ . |
\,b ' ' 6\,’0\\?}.\
e N \’b@s\ :

‘2)0 © ’66\&@\

6@{(/&0 \*e

q oé,(i,\Q’OQ(Q/Qf&’b“b . Q’o\(\fé S\Q(

0\’<>Q Qeﬁé\O‘\e -

@e\@ I

% Cl



Q¢
’b

Genes Environment Genes E@ﬁf(onment

2°
0 \6\
\\’b
é@ \6‘

Beta-cell »* Insulin
Dysfunction .-«  Resistance

"
LN
<IN
( 0@
@’@ &N
>
e Y

6\@’0 & Diabetes Milieu:
Hypergly€emia, Dyslipidemia, Inflammation, Oxidant stress



Diabete tipo 2: malattia poligenica
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Sensibilita insulinica (M-clamp) nei soggetti diabetigi del
VNDS in funzione della presenza o meno dell’al§éle di
rischio di PPARG2 e dell’allele di rischio %i@&@&MTSQ
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Table 1. Genetic variants associated with T2D.

Association of TZzIM
with Commﬁn

Study
ORT2D  type*

1.00-11 MA

Varlants

rsd607103,
156795735

151552224

Nearest gene References

ADAMTS9

Full gene name

ADAM metallopeptidase with thrombospondin
type 1 motif, 9

ArfGAP with RhoGAP domain, ankyrin repeat
and PH domain 1

Voight et al. (41),
Zeqguini et al. 53)

ARAPT (CENTD2) 1.13-1.14 Voight et al. (47)

15243021 BCLTTA B-cell CLLAymphoma 1A (zinc finger protein)  1.08-1.09 Voight et al. (41)

152975760,
153792267
1512779790

157754840,
1510440633

1513202136

1510811661
1510965250

155045326

151111875,
155015430

151531343
157957197

151920792,
157501939,
15757210,
15443079

152334499

154402960,
151470579

152043541,
157578326

15864745,
15849134

155219

152237892,
15163184,
15231362

15972283

15109230931

151801282,
1513081389

CAPNTO

CDCI23/CAMKID

WALT

CHCHDQTLES

CDKN2A28

DUSP9
HHEX

HCCA2
IGR28P2

RST

JAZFI

KCNJTT

KCNQT

KLF14

NOTCH2IAPAL/,

PPARG

Calpain 10

Cell division cycle 123 homolog—cakium/
calmodulin-dependant protein kinass 1D

CDKS requlatory subunit associated protein
1-like 1

Coiled-coil-helic-coi-coiled-helix domain
containing Ytransducin-like enhancer of
split 4

Cyclin-dependent kinase inhibitor 2A
(melanoma, p16, inhibits COK4}—cyclin-

dependent kinase inhibitor 2B (p15, inhibits

CDK4)
Dual specificity phosphatass 9
Hematopoietically expressad homecbo

High mobility group AT-hook 2
HNF1 homeobox A
HNF1 homeobox B

YY1 associated protein 1

Insulin-like growth factor 2 mRNA binding
pratein 2

imsulin recaptor substrate 1

JAZF zine finger 1

Potassium inwardly-rectifying chare),
subfamily J, member 11

Potassium wola,= gated channe!, KL ke
subfamiy, momber 1

KoYy pel-like factor 14
Natch 2-ADAM metallopeptidase domain 30

Peraxisome proliferator-activated recaptor
gamma

117

1.9

1.12-1.25

1.11-1.20

120

127
1.13-1.18

1.10-1.20
1.07-1.14
1.1-1.17

1.0%1.12

1.12-1.13

-114

1.08-1.23

1.14

114124

GWAS

GWAS

GWAS
.S

Weedon et al. (20)

Voight et al. (41),
Zeqggini et al. 53)

Saena et al. (32),
Scott et al. (33),
Voight et al. (41)
Steinthorsdottir
etal (44)

Voight et al. (41 )

Saena et al. (32),
Scott et al. (33),
Voight et al. (41)

Voight et al. (41)
Saena et al. (32),
Voight et al. (41)
Sladek et al. (43)
Voight et al. (41)
Voight et al. (41)
Windkler et al. /1)S),
Voight <> a. (1),
Gudmu, s on et al.
(“2)
Corg etal. (52}
Saena et ai, (2),
Scertet o, (33),
Nk et al, (41)
Ymind et al. 25),
Voight et al. (41)
Voight et al. (41 ),
Zeqggini et al. 53)
Hani et al. 28),
Saxena et al. (32)
Voight et al. (41)
Voight et al. (41 ),
Unoki et al. {48),
Yasuda et al. {49)
Voight et al. (47)
Voight et al. (41),
Zeqggini et al. 53)
Desb etal. 21),
Saxena et al. (32)
Voight et al. (41)
Continued on page 244
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Table 1. Genetic variants associated with T2D. (Continued from page 243)

Varlants
rs8042680
1517584499
157593730

1513266634
11558471
153802177

5391300

Nearest gene
PRCT
PTPRD

Full gene name
Protein regulator of cytokinesis 1
Protein tyrosine phosphatase, receptor type, D

RNA binding motif, single stranded interacting
protein 1

Solute camier family 30 (zinc transporter)
member 8

Serine [emase

157903146,
1512255372
154506565,
1511196218

ORT2D

1.07-1.1
1.57
1.1

1.12-1.15

Study
type®
MA
GWAS
MA

GWAS

Reference
Voight et al. (47)
Tsai et al. 51)
Qi etal. 54)

Samena et al. (32)
Voight et al. (47)
Sladek et al. (43)
Dupuis et al. (55)

Tsaietal 51}

Trarscription factor 7-like 2 (Tcell specific
HMG-box)

Grant et al. (12)
Savena et al. (32)
Voight et al. (47 )

rs7578597,
1511899853

rs806854

rs7961581,
154760790

rs10010131
56446482,
51801214

rsd457053
rs11634397

THADA

TPS3INPT
TSPANS-LGRS

ViFst

ZBED3
ZFANDS

Thyroid adenoma associated

Tumor protein p53 inducible nuclear protein 1

Tetraspanin 8ewcine-rich repeat-containing
G protein-coupled receptor 5

Wolfram syndrome 1 fwolframin)

Zinc finger, BED-type containing 3
Zinc finger, AN1-type domain 6

*Ma, metzanalysis; LA linkage andysls; CS, canddate study.

1.15-1.17

1.06-1.1
m

111113

1.08-1.16
1.06-1.11

Voight et al. (47 ),
Zeggini et al. (53)

Voight et al. (47)

Voight et al. (47),
Zaggini et al. (53)

Minton et al. (35)
Sandhu et al. (36)
Voight et al. (41)

Voight et al. (47)
Voight et al. (41)




TCF7L2 is expressed in human islets and risk
genotypes are associated to deterlorat{@?l of

B-cell function over time 0@ @ o
Lyssenko et al — J Clin Invest 2007: 117: 21,56@’5\
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Association of rs7901695 and rs7903146 Rqék
Alleles of TCF7L2 with Glucose Stlmu&aQted
Insulin Secretion in Newly- Dlagnoése@g\T?DM

VNDS - Bonetti et al — JCE&M 2011\\% 5689
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Haplotype analysis of TCF7L2 polymorphisms and % cose
stimulated insulin secretion In newly-dlagnoseq}’b 2DM
VNDS - Bonetti et al - JCE&M 2011; 96: E388® .

rs7901695 rs7903146 rs11196205 rs122‘537? | Haplotype
fregency

haplo.4 0,0383
haplo.36 | 0,3479
haplo.9 C 0,0864

haplo.45 > 0,4559
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Association of rs6717980 and rs2384628 ﬂSkQ&“E'S
of GCKR with glucose stimulated insulin @e"fcretlon

in newly diagnhosed T2D|\élo<b =
VNDS - Bonetti et al — Diabetes Care 2041 @‘9\6

\\
\ 6\
rs6717980 6 ’66\ rs2384628

\\?>

INSULIN SECRETION RATE (ISR)
[pmol'min-''m-2 BSA]

Q.\’b Plasma glucose (mmol/l) Plasma glucose (mmol/l)



Association of GCKR risk allele score with glucgse

stimulated insulin secretion in newly dmgnosq@?’TZDM
VNDS - Bonetti et al — Diabetes Care 2011 ,306.?}"(&
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Association of CACNA1E risk allele score with glyeose

stimulated insulin secretion in newly dlagnosqﬁ?’TZDM
VNDS — Trombetta et al — PLoSOne7e32755 ?’.@'.\

CACNA1E = major subunit of the voltage-dependent Ca\zﬂs’ha \PCaVZ 3
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Genetic load assessment: 8 SNPs -0 to 16 r@k%"eles

SNP Nearest gene NOta“Zlkel ;'SKe}\ \Z}\%N?AF
rs679931 CACNA1E ‘M;@@@ 0.37
rs1801282 PPARG Soé\iyc 0.07
rs1044498 ENPP1 @?}\:&*"'A/g 0.16
rs10946398 CDKAKLH %&\ A/C 0.30
rs1111875 R GIA 0.38
rs10010131 o0 WS A/G 0.35
rs4430796 6@@0@0‘\ CF2 A/G 0.43
rs440296% * & 1GF2BP2 GIT 0.35

We gave dlfferent Y i‘j@es %ﬁﬂe alleles for each SNP: 0 to the not-risk allele and 1 to the risk allele. In this
way we were ab ate a sort of “genetic score”, summing up all the risk alleles values for each
patients. S| e c&l3|dered 8 SNPs, the genetic Ioad score potentially ranges between 0 (patients with
no risk aII@e and 16 (patients homozygous for risk alleles in all SNPs). We then divided the studied
population into three groups on the basis of the number of risk alleles: Low (LGL: <6, n=76), Intermediate
(IGL: 7-9, n=226) and High (HGL: 210, n=69) “Genetic Load” score.



Effect of “genetic load” on proportional contgol of

insulin secretion in newly-dlagnosed XQf)M

VNDS - Bonetti et al — Diabetes Care 201%0\'2> \\’z>
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LGL: <6, n=76
IGL: 7-9, n=226
HGL: 210, n=69
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Risk of T2DM Associated to Insulin Resistance

and Impaired Insulin Secretion in Pima Lﬁ&lans
Lillioja et al - NEJM 1993; 329: 1988
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N=200; follow-up 6 years; data are adjusted for sex, % body fat and WTR



Risk of Type 2 Diabetes According to Insylin
Sensitivity and Insulin Secretion in Cauqﬂ%lans
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HOMA-IR, CIR Index and 10-yr Incidence of T2DM
in the General Population Aged 40- 7%@%?

8 - Bruneck Study; Bonora et al, Diabetes 2004 ‘o?’
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Incidence of type 2 diabetes according to insulin
resistance and insulin secretion at basoglfhe
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Haffner et al, Circulation 101:975, 2000 _x° %
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Loss of First-Phase Insulin Secretion af‘t,g@
i.v. Glucose in T2DM \o®
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Insulin (pmol/l)

Impaired Insulin Response during
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Impaired Insulin Respose to Mixed Meal i\ggSIg%DM

) , . B eY X
Vilsbgll T et al - Diabetes 2001; 50: 609-613 .\,30 \\’a-\
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Dose-Response Curves for Glucose-Stimulated Ingqulin

Secretion during OGTT in Different Conditjons

Ferrannini et al - JCEM 2005; 90: 493 \Oe‘o &
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Beta-cell glucose sensitivity in TZDI@,

according to glucose tolerangoeé\‘?i&
Ferrannini E et al. Med Clin North Am 2011;9’5()&?}.@@\%
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Increased Ratio of Fasting R
Proinsulin to Insulin Ratio in TZDMQE‘

e
Saad et al, J Clin Endocrinol Metab 70: 124712534948
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Pulsatility of Insulin and Glucagon Secretion is Distgtipted
in the Fasting State and After Meal in T%W
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Minimal Model of 3-Cell Function During OGTT

Cretti et al - Eur J Clin Invest 2001; 31:405 O\o%
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OGTT-ISR and g-Index Values durlng e
Oral Glucose Loads of 50, 100 and 15

Cretti et al - Eur J Clin Invest 2001; 31: 4@‘5"6 \\’3‘
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B-index (log pmol/min)

Impalred Beta-cell Efficiency
in Newly-Diagnosed T2DMQ\,O\?"0

Bonora and Bonadonna - unpublished dat% \\?’
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Frequency Distribution of B-Index in Sub;)eéts
with Newly-Diagnhosed T2DM O\o"o

Bonora and Bonadonna - unpublished data 0\’30 -\fo'\

Threshold of B-cell defect = upper limit of bottom quintile of B-index in 125 n %&eg@\wealthy subjects
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Frequency Distribution of M-clamp in SuI%jebts
with Newly-diagnosed T2DM O\o"o

Bonora and Bonadonna - unpublished datag\’cio \\z

Threshold of insulin resistance = upper limit of bottom quintile of M-clamp m&'ﬂ% e;@obese healthy subjects
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Proportion of Pathogenic Phenotypesqef
in Newly-Diagnosed T2DM (n= 572\)"0‘

100 7 Bonora and Bonadonna - unpublished data \fgoe\\,b
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Relationship between M-clamp aane‘
B-Index in Newly-Diagnosed T&D‘M
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Beta-Cell Function Declines While Insukt
Sensitivity Remains Stable in Type 2 Dola%etes

Levy et al - Diabet Med 1988; 15: 290 0\’0 \\fa
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Islets Mass Declines with Progression ff!;gDM

Deng et al - Diabetes 2004; 53: 624 &0\0%
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United Kingdom Prospective Diabetes Study (UKRDS)
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Insults to the Beta-Cell ¢
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The Normal Beta-Cell %

Micrograph: Lelio Orci, Geneva
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Relationship of Fasting Plasma Glucose to Beta<Cell

Volume in Pancreas from Untreated Obese I;Jdmans
Ritzel et al - Diabetes Care 2006; 29: 717

Monoesponential fit
R=0.50, p<0.001
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Beta-Cell Volume in Pancreas from Obese and
Lean Subjects with IFG and T2D|\(;o<%>'e>

B-Cell area/exocrine area (%)
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Apoptosis and Neogenesis of Beta-Cell in Panckeas
from Nondiabetic and Diabetic subjectg®”
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Beta-Cells are Reduced and Alpha-Cells age
Increased in Human Pancreatic Islets frq&myl"ZDM

Deng et al; Diabetes 53: 624, 2004 ’6\&%‘&
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Islets of | ,
Baboons with Type 2 RS i i .
Diabetes Have ol L
Increased Proliferation |-
of Alpha-Cells and
Increased Apoptosis of
Beta-Cells

Guardado-Mendoza R et al
PNAS 2009; 106: 13992-13997
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Insulin Secretory Granules Are Diminishetl

. ] . o\
in Human Diabetic Beta-Cells ;%
Marchetti et al; NMCD 2006 G
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The Progression of Beta-Cell Dysfunction in ¥2DM

UKPDS 16 - Diabetes 1995; 44: 1249 O
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Insulin Response to Intravenous Glucose Accgrding

to Glucose Tolerance in 434 Pima IanMns
Weyer et al - Diabetes 1999; 48: 2197 ,30?’
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First- and Second-Phase Beta-Cell Secretion duging
Hyperglycemic Clamp and Beta-Cell Performang® after

OGTT in Normoglycemic Offspring of@?\ M
Bonadonna et al - Diabetes 2003: 52: 47@&". N
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FPG (mmol/l) &6\;%;36\ 45 46 NS
¢ XY
R : : 5
2h-PG (mmol/l) %000(\@5& 45 . 48 | NS
. 20
1st Phase Secrg,yéﬁe@%l/mz BSA): 4459 : 3174 . 0.01
2° OO
2nd Phase §&creftion (pmoimBSA) 68334 = 50286 0.02
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OGE&“B:@%’GX (log pmol/min.m2BSA) | °.6 i 9.1 . 0.01
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N=38, Age 46, BMI 26.5



Relationship of First-Phase Insulin Secretion aften?‘ V.

Glucose and Insulin Sensitivity in Healthy ng@]’@cts

Kahn et al - Diabetes 1993: 42: 1663 0@9"’
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Changes in Insulin Secretion and Sensitivitycare
Associated to the Development of TgEﬂVI

Weyer C et al - J Clin Invest 1999; 104: 7870\’6 \\’f>
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Indipendent Predictors of HbA1c in Nevgl?ﬁ
Diagnosed Type 2 Diabetic Subjeg&

Bonora and Bonadonna - unpublished dg{@\ \\?’
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A Proof-of-Concept from Mother Nafﬁre:
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The main underlying dISOrd%fé
in T2DM @&e’;@i\

Insulin Resistance e@\’“z\é@
- not sufficient even when egd?@ﬁﬁely severe
- perhaps not necess e%ﬁfé}:)eta cell dysfunction is
very severe %0?0(\6‘
&’b&b 006
Beta-Cell Qv%j@?\ctlon
- abw‘futé?y necessary

- probably sufficient, if severe enough



IRS-1 genetic variant reduces mature msd,ﬂ?n

granules in human islets \3@&0\,{&
Marchetti P et al - Diabetes 2002; 51: 141960\’0 N
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Transgenic mice and glucose regulatigif
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Mauvais-Jarvis et al - Diabetes 2000; 49: 2126 50

Q\’So \\’5‘\

’bé\ '\6(@
300- &
2007
1007
QQ()"!{0 ra

o Control MIRKO BIRKO



Conclusions Qe

With a dynamic, rather than static, assessment of parga‘i’ngters beta-
cell dysfunction clearly appears to contribute to Tg@]\g\@evelopment
more strongly than insulin resistance. ° @°

\\"b \\/b
T2DM cannot develop without beta-cell gl@&\tlon

N Q?}
Virtually all subjects with T2DM h%\;&@ t})e‘fa cell dysfunction.
‘?o
In T2DM beta-cell dysfunqtqbn cia?)ntrlbutes to hyperglycemia more
than insulin resistance. .o &
<</(\1’ O(\qso

Beta-cell dySfuanle)%\c,\é\nd reduced beta-cell mass can be found

many years lg@ﬁ) e\“diabetes is diagnosed and they progressively

worsen ovgbﬂ%@?ears dictating the loss of metabolic control.
0‘9\ >

Howe»?’er iInsulin resistance and beta-cell dysfunction are intimally
associated and insulin resistance is an importat promoting effect.
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