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Metabolism &Metabolism & ReproductionReproduction 

Andrea Dunaif, MD 
Charles F. Kettering Professor of Medicine and Chief, 

Division of Endocrinology, Metabolism and Molecular Medicine 
Feinberg School of Medicine, Northwestern University 

Chicago, IL 

De Sedibus et Causis Morborum per Anatomen Indagata 
(The seats and causes of diseases investigated by anatomy) 

74-year-old female patient who died from an ictal event with severe obesity 
and android aspect (valde obesa et virili aspectu). The abdomen is 

described as prominent and filled by a large amount of fat. 

Morgani, JB.Morgani, JB. Vol. l, 2nd edn., Remondini: Padova,1765Vol. l, 2nd edn., Remondini: Padova,1765 

Mendelian Disorders 
HAIR-AN 

z Type A Adolescent girls, insulin 
receptor mutations and unknown 

z Leprechaunism Infants  insulinz Leprechaunism Infants, insulin 
receptor mutations 

z Lipodystrophy Syndromes 

Lamin A/C mutations 

PPARγ mutations 

unknown 

 

7/15/2011 2:01:14 PM
 

T:\WOMEN\SLIDES\Miscellaneous 
Presentations\MA Medical Society Paris 040700 
final 1 



 

  
  

-

-     

Polycystic Ovary SyndromePolycystic Ovary Syndrome 

GnRHGnRH 

●● ~7% Prevalence Anovulatory PCOS~7% Prevalence Anovulatory PCOS 

●● Leading Cause HormonallyLeading Cause Hormonally-Related InfertilityRelated Infertility 

●● ~7~7-Fold Increased Risk Type 2 Diabetes MellitusFold Increased Risk Type 2 Diabetes Mellitus 

InsulinInsulin 

FSHFSH 

TT 

LHLH 

Ovary 

EE22 

MasculinizationMasculinization 

InsulinInsulin 
ResistanceResistance 
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Metabolism & Reproduction 

z Insights from PCOS 

z Reproductive Actions of Insulin 

z Metabolic Actions of Reproductive 
Hormones 

z Genetic Analyses 
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InsulinInsulin--Mediated Glucose UptakeMediated Glucose Uptake 
Decreased by ~40% in PCOS 

ObeseObese 

m
g
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LeanLean 

NLNL 
00 

44 

22 

PCOSPCOS Type 2 DMType 2 DM NLNL PCOSPCOS Type 2 DMType 2 DM 

Dunaif A.Dunaif A. Endocr RevEndocr Rev 18:774,18:774, 19971997 

~90% 
~85% 

~60% 
80% 

100% 
*P<0.001 

68% 
80% 

100% 

PCOS 
Leading Risk Factor Diabetes & MetS 

Ages 14 – 40 Years 

Glucose ToleranceGlucose Tolerance Metabolic SyndromeMetabolic Syndrome 

NHANES Control PCOS 

~8% 

1% 

~10% 

0% 

20% 

40% 

60% 

NGT IGT DM 

~16% 

0% 

BMI (kg/m2) 
25< 25-30 ≥30 

1% 0% 

12% 

45% 

0% 

20% 

40% 

60% 

17% 

Adapted from Legro et al. J Clin Endocrinol Metab 84:165-169, 1999 
Palmert et al. J Clin Endocrinol Metab 87:1017-1023, 2002 

~30% 
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Hyperinsulinemia Amplifies 
Reproductive Disturbances  in PCOS 

Insulin 

LH 

A. Dunaif with permission. 

Androgens 

Insulin Sensitizing Agents Increase 
Ovulation in PCOS 

60% 

80% 

n 
R

at
e 62% 

P 0.0001 

P 0.02 

0 

20% 

40% 

Ad
ju

st
ed

 M
ea

 

PBO 

32% 

T 600T 300 

47% 

AzzizAzziz et al.et al. J Clin Endocrinol MetabJ Clin Endocrinol Metab 86:162686:1626--1632, 20011632, 2001 
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Androgen Receptor Blockade 
Reduces Visceral Fat & Improves Insulin Sensitivity 

0 10 

de
x 

Gambineri et al.Gambineri et al. J Clin Endocrinol MetabJ Clin Endocrinol Metab 91:3970, 200691:3970, 2006 
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z Insights from PCOS 

z Rep od tive Acti of In li 

Metabolism & Reproduction 

z Reproductive Actions of Insulin 

z Metabolic Actions of Reproductive 
Hormones 

z Genetic Analyses 

Insulin Action & Reproduction 

NatureNature 407:377, 2000407:377, 2000 
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Insulin Action & Reproduction 

ScienceScience 289:2122, 2000289:2122, 2000 

Pituitary Insulin Sensitivity & 
Reproduction 

Brothers et al.Brothers et al. Cell MetabCell Metab 12:295, 201012:295, 2010 

Pituitary Insulin Resistance Protects Against 
DIO-Mediated Reproductive Dysfunction 

Brothers et al.Brothers et al. Cell MetabCell Metab 12:295, 201012:295, 2010 
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z Insights from PCOS 

z Reproductive Actions of Insulin 

z Metabolic Actions of Reproductive 

Metabolism & Reproduction 

z Metabolic Actions of Reproductive 

Hormones
 

z Genetic Analyses 

Liu S and MauvaisLiu S and Mauvais--Jarvis M.Jarvis M. EndocrinologyEndocrinology 151:859, 2010151:859, 2010 

Prenatally Androgenized RhesusPrenatally Androgenized Rhesus 

Phenocopy of PCOSPhenocopy of PCOS 
David Abbott & Dan DumesicDavid Abbott & Dan Dumesic 
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Developmental Exposure to 
Androgens Programs MetS 

Complex Genetic Disease 
Non-Mendelian Familial Aggregation 

PCOS λss= 5= 5--7.57.5 

Correlation TwinsCorrelation Twins 
MonozygoticMonozygotic RR22=0.71=0.71 

Disease Health 
PCOS λss= 5= 5--7.57.5 

Complex Genetic Diseases 

Gene 

Gene Gene 
Gene 

Gene 
Gene 

Gene 

Gene 
Gene 

Gen 
Gene 

Gene 
Gene 

Gene 
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Most of the heritability is not missing but has not previously been
detected because the individual effects are too small to pass 
stringent significance tests. 

Nat Genet 42:565, 2010 

Elevated Testosterone Levels 

g/
dL

 

180 

160 

120 

140 

100 

~40% Sisters 

ce
nt

 

16 

14 

10 

12 
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Sisters n=224 

Legro et al. Proc Natl Acad Sci 95:14956, 1998 
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Male Reproductive PhenotypeMale Reproductive Phenotype 

P<0.01P<0.01 
DHEAS 

3 000 

4,000 

Brothers are Hyperandrogenemic 

PCOS BrothersPCOS Brothers 
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ControlControl 

Legro et alLegro et al J Clin Endocrinol Metab 87:2134J Clin Endocrinol Metab 87:2134--3838, 2002, 2002 
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©©Andro ensAndro ens

Insulin Resistance AggregatesInsulin Resistance Aggregates 
PCOS FamiliesPCOS Families 
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PCOS n=650 HA n=40 

Brother n=180 

** 
Mother n=215 

** 
**P<0.05P<0.05 

Sam et al.Sam et al. Diabetes CareDiabetes Care 31:1237,31:1237, 20082008 

80% 

100% 

* 
62% 

76%80% 

100% 

* 

Metabolic Syndrome Aggregates 
PCOS Families 

Sisters 
Unaffected vs Affected 

Mothers 
NHANES III vs Mothers 

Ages 20 – 39 yrs Ages 40 – 69 yrs 

0% 0% 0% 

29% 
33% 

60% 

0% 

20% 

40% 

60% 

<25 25-30 >30 

BMI (kg/m2) 

7% 13% 

36% 
33% 

62% 

0% 

20% 

40% 

60% 

<25 25-30 >30 

*P<0.05 

Sam et al, Proc Natl Acad Sci 103:7030-7035, 2006Sam et al, J Clin Endocrinol Metab 90: 4797, 2005 

©©AndrogensAndrogens 

Hyperandrogenemia Phenotype 
Genetic Analyses PCOS 

gg
♀♀ && ♂♂ 

Metabolic DefectsMetabolic Defects 
♀♀ && ♂♂ 
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Methods for Genetic Analyses 

Transmission Disequilibrium Test 
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GeneGene 

UrbanekUrbanek et al Proc Natl Acad Sciet al Proc Natl Acad Sci 98:857398:8573--8578, 19998578, 1999 
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Chromosome 19 13.2pChromosome 19 13.2p 
TDT~500 FamiliesTDT~500 Families 

χχ22 =15.8, P =7x10=15.8, P =7x10-55 

FBN3 ―FBN3 ― Fibrillin 3Fibrillin 3 

ELAVL1ELAVL1 CCL25CCL25 FBN3FBN3 
25 kb25 kb 
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UrbanekUrbanek et al. J Clin Endocrinol Metabet al. J Clin Endocrinol Metab 92:4191, 200792:4191, 2007 

FBN1FBN1=Marfan Syndrome,=Marfan Syndrome, FBN2FBN2=congenital=congenital 
contractural arachnodactylycontractural arachnodactyly 
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Fibrillin & LTBP Superfamily 

Charbonneau et al. Birth Defects Research 72:37-50, 2004 

Follistatin Linked with PCOS 

Follistatin 

z Activin-binding protein 

z Neutralizes effects of activin 

z Activin decreases: 

¾ Production of androgen by thecal 
cells 

z Activin increases: 

¾ Development of ovarian follicles 

¾ Secretion of pituitary FSH 

¾ Insulin secretion 
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Structural Homology Follistatin, 
Fibrillin & LTBP TB Domains 

Thompson et al. Dev Cell 9:535, 2005 

Follistatin 
Case – Control Studies 

z ~630 PCOS Cases 

z ~540 Controls Most unselected 
for androgensfor androgens 

z Included SNPs 20 kb upstream & 
downstream of the gene & all 
intronic sequences 
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Follistatin χ2=14.4, P=0.0001 
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TGFβ Signaling Pathway 

z Ligands 

¾ Inhibins, Activins, 
Myostatin, BMPs, GDFs, 
AMH, TGFβ1-3, NODAL 

z E ellular A i 

z Type II Receptors 

¾ ACVRL1, ACVR2A, 
ACVR2B, BMPR2, 
AMHR2, TGFBR2 

z Extracellular Antagonists 

¾ Follistatin, Fibrillins, 
Noggin, Chordin, 
DAN/Cereberus 

z Type I Receptors 

¾ ACVR1, ACVR1B, 
ACVR1C, BMPR1A, 
BMPR1B, TGFBR1 

z Type III Receptors 
¾ TGFBR3, ENG, IGSF 

z Intracellular Modulators 
of Signaling 

¾ SMAD1-8, Smurf1-2, 
SARA, TGFBTRAP1, 
BAMBI, GSC 

Marfan Syndrome 

Ramirez & Dietz Current Opinion in Genetics & Development 17:252, 2007 

Follistatin & Metabolism 

J Clin Endocrinol Metab 94:3003, 2009 
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Fibrillin-3 Not Expressed Adult Ovary 

Fibrillin-3 Decreased Polycystic Ovaries 

Figure 3">Fibrillin-3 Decreased Polycystic Ovaries 

Jordan CD et al. J Histochem Cytochem 58:903, 2010 
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Figure 4">Fibrillin-3 Decreased Polycystic Ovaries 

Jordan CD et al. J Histochem Cytochem 58:903, 2010 

What about genes implicated in 
Type 2 Diabetes and Obesity?Type 2 Diabetes and Obesity? 

TCF7L2, FTO, etc? 

TCF7L2 
Case – Control Studies 

z ~630 PCOS Cases 

z ~540 Controls Most unselected 
for androgensfor androgens 

z ~260 kb TCF7L2 genomic region 
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TCF7L2 – Novel PCOS  Locus  
rs11196236 (P=6.0x10-4) & rs11196229 (P =0.0013) 

6 

8 

10 

12 

ar
e 

va
lu

e 

Block 11 GAA 

25 kb 

0 

2 

4 

6

C
hi

 S
qu

a 

rs
11

19
61

52
rs

10
88

53
92

rs
17

74
69

16
rs

38
14

57
0

rs
20

94
40

5
rs

65
85

19
4

rs
65

85
19

5
rs

10
88

53
99

rs
79

17
98

3
rs

11
19

61
75

rs
70

81
06

2
rs

40
74

71
8

rs
11

19
61

81
rs

17
74

73
24

rs
45

06
56

5
rs

78
96

81
1

rs
11

19
61

92
rs

11
19

61
99

rs
17

68
55

38
rs

78
95

34
0

rs
12

25
53

72
rs

12
24

56
80

rs
49

18
78

9
rs

10
88

54
10

rs
79

19
40

9
rs

71
00

38
8

rs
79

08
48

6
rs

12
18

43
89

rs
11

19
62

18
rs

37
50

80
5

rs
38

14
57

2
rs

11
19

62
24

rs
65

85
20

6
rs

70
85

53
2

rs
10

88
54

14
rs

11
19

62
28

rs
10

74
91

28
rs

11
19

62
29

rs
49

18
79

6
rs

12
77

24
24

rs
29

04
96

rs
11

19
62

36
rs

13
62

94
3

rs
38

14
57

3
rs

10
78

74
76

rs
29

04
89

rs
29

04
88

rs
17

68
64

48
rs

17
66

32
rs

15
55

48
5

rs
10

28
62

9
rs

11
59

51
28

rs
12

25
40

4
rs

29
04

83
rs

29
04

81
rs

12
24

35
58

rs
79

15
60

9
rs

11
19

62
60

 

TCF7L2 T2D Locus 
Significant Association Proinsulin:Insulin Molar Ratio 

UrbanekUrbanek et alet al J Clin Endocrinol MetabJ Clin Endocrinol Metab 94:2617, 200994:2617, 2009 

FTO Associated with BMI not PCOS 
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Proving Causation of a Variant 

z Variation rather than mutation 

z Implicated genomic regions are large 

Especially difficult for 
complex diseases! 

z plica ed gen region rge 

z Variation at any given gene is neither 
necessary nor sufficient 

z Variants may have subtle effects on 
expression levels or function 

Insulin Resistance FBN3+ PCOS 
Independent of BMI 

~650 Caucasians PCOS European Ancestry 

* 
40 
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n
 

*P=0.01 
n=222 
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n=427 
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UrbanekUrbanek et al. J Clin Endocrinol Metab 92:4191, 2007et al. J Clin Endocrinol Metab 92:4191, 2007 

Baseline Features PCOS & Controls 
Age, BMI & VAT Similar by Genotype 

FBN3- FBN3+ TCF7L2 
PCOS

TCF7L2 
PCOS+ 

TCF7L2 
DM 

TCF7L2 
DM+ 

Control 

n 19 12 12 18 13 14 18 

Age 28±5 30±4 30±5 28±4 29±4 28±5 30±4 

BMI 35±7 31±9 32±10 35±7 36±10 32±7 34±9 

VAT 99±56 87±50 86±52 106±55 101±53 92±54 81±43 

LBM 59±15 69±17 53±12 55±9 57±12 51±8 55±7 

T 72±29 68±21 59±22 74±26 59±22 75±25 28±12 

uT 26±12 21±9 19±6 27±11 23±9 24±12 9±4 

SHBG 52±34 57±53 61±66 51±22 47±52 60±37 47±29 

DS 239±114 207±112 178±80 251±128 206±84 231±136 145±53 

Glu 91±6 94±9 92±8 94±7 95±7 91±7 94±6 

Glu-2 h 131±31 125±25 97±28 127±32 121±29 134±31 108±21 

IRI 21±12 15±7 20±13 20±9 23±11 16±10 15±9 
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Fibrillin-3 Variant
 
Basal Glucose Homeostasis
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TCF7L2 PCOS Variant 
Decreased Insulin Action 
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* P< 0.0001 (TCF7-PCOS+ vs. TCF7-PCOS-); ** P<0.05 (TCF7-PCOS+ vs. Controls) 

TCF7L2 DM Variant
 
Decreased Insulin Secretion
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0 
TCF7-DM+ TCF7-DM- Controls 

(14) 
* P< 0.01 (TCF7-DM+ vs. TCF7-DM-); ** P<0.05 (PCOS vs. Controls) 

(16) (14)(11) (11) (16) 
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Stepwise Regression Analysis- All 
Genotypes With Clinical Risk 

Factors 

z TCF7L2-PCOS Predicts Insulin 
Sensitivity (Partial R2=0.34, P<0.01) 

z TCF7L2 DM Predicts Insulin Secretion 
(Partial R2=0.60, P=0.001) 

z Trend FBN3 Predicting Glucose 
Clearance & Basal Insulin Secretion 

Increased Risk DM with Increasing Number 
Risk Alleles 

TCF7L2, PPARG, FTO,KCNJ11, NOTCH2, WFS1, CDKAL1, IGF2BP2, SLC30A8, JAZF1, and HHEX 

Lyssenko et al. N Engl J Med 359:2220, 2008 

25 

Pancreatic β-Cell Dysfunction Associated 
with Increasing Number Risk Alleles PCOS 

r2= 0.36, P< 0.05 
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Genetic Variation & Glucose Homeostasis 
PCOS 

Non-Insulin 
Mediated 

Glucose Uptake 

Insulin-Mediated 
Glucose Uptake 

TCF7-PCOS 

Hepatic Glucose 
Production 

Insulin Secretion 
TCF7-DM 

FBN3? 

Susceptibility GenesSusceptibility Genes FBN3, FST, TCF7L2, etcFBN3, FST, TCF7L2, etc 

Metabolic Reproductive 

HyperandrogenemiaHyperandrogenemia 

Insulin SignalingInsulin Signaling 

Visceral Fat 

Glucose 
Uptake Testosterone 

LH 

Glucose 
Production 
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