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«THE GENE» HYPOTHESIS

(611-546 B.C.)
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MICROARRAYS
GENE PROJECTS

A. RNA Isolation E. Imaging Genome-wide SNP Chips
(500,000 SNPs)
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GENE EXPRESSION
IN DIABETES MELLITUS

e Studied 6.451 genes where
| hyperglycemia modified the
expression of 85

In eukaryotes, most protein-cading genes are transcribed by RNA polymerase IT, which generates pre-mRNAs that are
then processed to form mature mRNAs, These mRNAS are then transported from the nucleus to the cytoplasm, where
they are translated.

Insulin treatment normalized 74

...while modified the expression of
29, previously normal .!!!

.. T . But 11 remained unchanged
.;rrrrrr_ i ‘
| ‘Part 1: Gene expression ‘ /// ‘
[ ey 18 Sreekumar R, Halvatsiotis P, Nair S.
Diabetes 51:1913-20, 2002




GENOME & DIABETES MELLITUS

Fold

Structural/contractile genes
2.9*

2.1*

21

2.0*

2.0

19

Stress response/energy
metabolism

3.2
2.0

Growth factor/tissue development
2.9

2.2*

2.1*

Gene name

Calmodulin Type |
Troponin | fast-twitch
Troponin C fast-twitch
Skeletal muscle C-protein
Troponin | slow-twitch

Tropomyosin

Heat shock protein, 70 kDa

NADH dehydrogenase-
ubiquinone

IGFBP-5
MCL1
Cadherin FIB3

Gene Expression Profile in Skeletal
Muscle of Type 2 Diabetes and the
Effect of Insulin Treatment

Raghavakaimal Sreekumar, Panagiotis
Halvatsiotis, et al Diabetes 51:1913-
1920, 2002




«DIABETOGENIC» GENES

Type 2 Diabetes (T2D):
“The geneticist’s mghtmare”

+ Family history as a substantial risk factor
- But relative risk to a sibling is only ~3.5
+ Environment as a major contributor
+ Family linkage studies relatively disappointing
+ Validated genes prior to 2007:
- PPARG (candidate gene)

KCNJII (candidate gene)
TCF7L2 (linkage study)

beases+controls 1 tree Groups Working Together

FUSION
Sl: 1161 + 1174
52: 1215 + 1258

‘[’h‘l

DG @1 !
S1: 1464 + 1467 @
§2: 5065 + 5785 1

{ wr
3
f "

.(m 4

S1: 1924 + 2938 I

§2: 3757 + 5346 o £l
Totals
S1=4549 + 5579

82 = 10053 + 12389 ("'32 554)



SINGLE NUCLEOTIDE POLYMORPHISM

But 1n practice,
only two are observed




HAPLOTYPES

Virtually All Diseases (Except Maybe Trauma)
Have a Genetic Component
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FIEAVY Meta-analysis ~iog 10 pr-wa hse

«DIABETOGENIC» GENES

Results of GWA with 317,303 SNPs

Stage 1: FUSION only (1101 cases + !174 controls)

10 ] 19 f 12 [13]14{15[16]17]16

PR X

Stage 1 - FUSION + DGI + WICCC
(4549 cases + 5579 controls)

Top 10 Results From Combined Analysis
n=23255

FUSION DGI WTCCC/UKT2D | All Samples
Gene  OR pvalue [OR pvalue [ OR pvalue [OR  pvalue

F—
TCF7L2 134 13x10% [ 138 23x10% | 137 67x10M 137 10x10%®

IGF2P2 118 21x10* [117 175107 (111 16x10¢ JLl4 89x10%
CDEN2AB 120 0022|120 54x10% | 119 49x107 J120 78x10¥
FTo 111 0016 |103 025 |[123 73x10M J117 13x10%
CDEALI 112 00095 |108 00024 |116 13x10* JLI2 4lx10"
KCjir 111 0013 | LIS 10xI07 | 115 00013 LM 67xl0M
HHEX 110 006 |11 17x104 | 113 46x10° J113 57x100
SLC3048 108 70x10f | 107 o7 [112 70x10F JL12 53x10%
Chell 148 &7x10% | 116 012 |113 0068 J123 43x107

PPARG 120 00014 109 0019 |123 00013 Mﬂ h?“g"




TCF712

* Type 2 susceptibility
gene (linkage study
in Iceland)

* Widely replicated in
type 2 diabetes

e Caucasians and
Africans, lower in
Asian
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KCNJ11

Defected insulin
secretion

Coding of Kir6.2
subunit, in

ATP- sensitive K*
channels

(ages <6 mo)

Glucose Glucose

Glucose
increase

LOW GLUCOSE
CONCENTRATION

Channel K* (ATP) closed

Normal subject




FTO GENE

: . FTO consistently associated with BMI
The FTO gene is the second most important gene 130,081 adlults from 13 studies
for Type 2 diabetes risk in the UK scan : :
-A e
i , » & g
us : TCFTL2 gene Fype 2 dabetes cates ‘
! . T Hhe g
.log -4 I FTO mmm:fm _.-5 3:{:3::;: 3;14
ene " !
pvalue::j ) ::::‘c:: —— (BT EXE T
§ U120 Oenetes Consortum Controts — 0 oe 01y 108
Ll 3 Pe10 Suttckal (hoopared = 16 3%, p = 0275) <> 050(006,044) 1650
:: i Ppustin based :
Em : : ALSPAC Mothers —— 041(008,015) 2008
] NDCIRE — 0REM0I)  un
1Y ' ' Orlend Dctark  E—— 010(900,039) 20
L ' Caiptly_Sptednid —— 0,015 68
l ' Y ok Conrl ot e WROBYS 15
- P . " P=1 M — 0BO®AN) 10
' SN s s g POHANT : 0%tan,0M 1M
Sutectel (1-squared « 00%, p = 0673) o 010(008,012) €575
Pteopanaty betwaan grope: p o 0243 P=311 035
Oveal (Legquwed w 00%, v 0745) 6 010(009,012) 10000
1 f T
0 01 logBMIZ score
2 i AA (18%) v TT(37%)~1.0 kgm? =~ 2-3kg heavier
1 b 6/ & 11713 44 164017
Chromosome Frayling et al Science 2007




CDKN2A/B
& CARDIOVASCULAR DISEASE

W“”*'-W . | Type 2 diabetes and CAD map to adjacent
A Common Allele on Chromosome 9 Associated with Coronary Heart Discase haplotypes Cl 0se to CDKN2 AIQB

Ruth McPherson,'f Alexander Pertsen!icis,“* Nihan Kavaslar,” Atexandre Stewan,' Robert Roberts, David R, Cox,' David A
Hinds, Len A, Pennacchio,' Anne TvbjoergHansen,” Aaron R. Folsom,” Eric Boerwinkle,” Helen H. Hobbs,™ Jonathan (

Cohen™'t T OR P

| IS 2 CAD TD wicce 122 7.6x104
Divasion of Cardwology, University of Ottawa Hedrl Institute, Ottawa K1YAW7, Canada. “Donald W. Reynolds Cardiovitsculir 814 " a3 1.48-1.37)
Clinical Research Center and the Eugene MeDermott Center foc Human Growth and Development, University of Texas o
y g ‘B % iida 4 ° 1910511081 UKre 116 1.7x104
Southwestem Medical Center, Dallas, TX 75390, USA. "Perlegen Sciences, Mountain View, CA %4043; USA, ‘Ginomics ;’6_ RO .c.c.c. || I A | B — ¥ (1,084 28)
Division, Lawrence Berkeley \:‘.Ll‘lll.l||4h.\'(llv|\ Berkeley (l\.lul':‘f ISA&LS l:\'r.ulw:z:.vlI:mg‘-.luumiumwm: rkGor & ol 120 S An108
Instifute, Walwi Creck, CA 94598, USA, Dipartment of Clinical Biochemstry, Rigshospitalet, Copenhagen University A 1.424.28)
Hospital, Copenhagen DK-2100, Denmark. “Drvision of Epidemiology and Community Health, University of Minnesota 3 e b
Minnasnalic LN CCACL 1IRA  Human Canatine Cantaw wnd Tnovinis fe Malasiler Madising 1inivaming af Tavee Haalik \ . .’ FUSION 1.20 22104

} .0 ” .‘ 2 + l.. ﬁ '5’3707233‘ ik o “ 071 36)
P~ 48,

Yol % i : ey Al 120 | 7810
%(IU”(‘ X 28y 219 22 reA ok 73 (116125
AL e MTAPS € COKN2A € COKN2E e

a2 ST —
§g ;tl,c L X {1 :l 4 -l Iy | OR P
‘ o ‘ ‘ N B L T 0 16 | 204
A Common Variant on Chromosome 9p21 Affects the Risk of Myocardial Infarction | 3 (17427
: ” - I UK ra 112 66104
Anna Helgadotir"* Gudmar Thorleifsson,"* Andrei Manolescu,"* Solveig Gretarsdottir, Thorarinn i (1.084.99)
Blordal” Aslaug Jonasdotti Adalbjorg Jonasdottir, Asgeir Sigurdsson,' Adam Baker Amar Palsson e 1.08 04
it 2 Iy
Cisli Masson, Daniel Gudbjartsson, Kristinn P. Magnusson,” Karl Andersen.” Allan . Levey, Valgerdur gy - - %, sl
M. Backman,' Sigurborg Matthiasdottr,” Thorbjorg Jonsdottir,”Stefan Palsson, Helga Einarsdottir 2ol = H—— FUBION u;i11327) 04
y , \ . r p hw O ] 4 -
Stetnunn Gunnarsdottir, Amaldur Gylfason,” Viola Vaccarino,” W, Craig Hooper,” Muredach P, Reilly, J T yw
Christopher B, Granger, Harland Austin,” Daniel ) Rader *Svati H. Shah," Arshed A Quyyumi,” Jeffrey R, Chr9 signal maps near COKN2A/N2E genes {1674 47)
Gulcher," Gudmundur Thorgeirsson, Unnur Thorsteinsdottr, Augustine Kong 't Karl Stefansson't Zegginiet al Science 2007 & WIGCC Nature 2007




HERITAGE FAMILY STUDY

The HERITAGE Family Study Exercise VO;max Response in Whites of HFS

Training Program
12001 Mean response VO, max: 384 ml O,/min

SNt ik (000 Maximal heritability = 47% |
' |
»Frequency: 3 times per week 300 ‘ I | | ‘ I‘h
nill[L | |
G . 600 i
#Intensity and duration: AT j||| | |||||| II|‘ “hh‘”ﬂll“: “I'!Hl:h'“!
" Wks 1-2: HR at 53% VO, for 30 min 100 | ||||u||..||-||| :m ..;..if,:'-lu o |“;”"| |i| =
* Wks 3-14: gradually to HR at 75% max, 50 min 200: || T|' I"Hw ||I !|'!\ w ” ” | | ‘| ‘l
" Wks 15-20: HR at 75% VO,,, . for 50 min . ||| "II l} ” ‘ ‘ |
0.
» Computer-controlled cycle ergometers 200'

# Training supervised in the laboratory

‘ Bouchard etal JAP, 199 Families ranked by family mean

010 2 30 40 % 6 0 8 9%

P



AMNOAO2H 2THN A2KH2H

VO,max Training Response in HFS

0
8 =l
47
g0 1
- -
g 0
= -
L
L
e O T : -
2
olom 0 mm mm W | .
PP, I W .
FFw & F&o& @bﬁg@ &S
& Fb T
"‘PQ& && “:)30

483 Whites, 259 Blacks, 17-65 years of age;
Mean gain = 384 ml O,, SD >202 ml

Bouchard et al, JAP, 1999




A2KH2H - TONIAIAKO YNOZTPOMA &
IN2OYAINIKH EYAIZOHZIA

FHL1 is Encoded on Chr X p27  Pre-and Post-training Effects for White
Males of HFS with FHL1 rs2180062C>T

i::é ; —:‘ . C genotype n=176 T genotype n=40
x’ﬁei E 900, O Pre-training 9001
il 3 = E 00, 8001 -
e 5 + DI =4 16% j7
¥ql3 E 700 \ -
X921 (- +
xqzz | - Di= 22%
% - < 600, 600 1
7 —— 04
3127 00 40 45 S0 S5 0.0 40 45 50 33
Xq2% §, (104 min! [/U/mul)] S, (104 min' [/Uml)}!
Teran-Garcia ¢t al, Diabetologia, in press g




METABOAIKEZ MAPAMETPOI
& AMNAOTYNOI

Perilipin Gene Variant (rs2304795) Is Associated with ACE I/D Predicts Baseline SBP and

Greater TG Excursions During a High Fat Meal

un

]

=
N

p<0.00
(CC vs. CT+TT)

T
B
£
) 150 4 /
¢ I - .
D 1 / X Clinical extrapolation:
9 | g' PLIN genotype (with other
7: e genotypes) may predict who
E o0 should be on an Atkins vs,
" Ornish-type diet
(nutrigenomics)
50 Al L) Ll T 1
0 2 3 i 5 5

Damcott, et &l in preparation

Time (hours)

BASELINE

-
-
=3

p=0.003

-
-
==

- - - —-
- = =3 =3
= o - o

Moan Swystolc B ood Prassuns (onemi o)

Damcott, et &l., in preparation

Salt Sensitivity

Salt Sensdtieitys SO

SALT SENSITIVITY

p=0.018, acjusted for
L I

Clinical extrapolation:
ACE genotype (with
other genotypes) may
predict who can

| tolerate a high salt

diet and who cannot,




COMMON GENETIC BACKGROUND

Autormmune disease associations
NS o @EED T™os R st D

Genome-wide association study of 14,000
cases of seven common diseases and
3,000 shared controls

The Wellcome Trust Case Control Consortium'

Thre I icreasing evdonco that ganome-wide assoclation (GWA) sludhes represant a pomeriul approach 1o ke
ontificalion of peey imoived i comamon

500K Mapping Array Set) undertakenin th pyy '

diseases and a shared set of 1,000 conts l I 1 d b t

o w4 P61 OLADETES

diobetes and 3intype 2 fisbetes. Onthe by

signals reflect genuine susceplibifty effect ' '

compelling evidence thal some locl confer¢ B l "

s dmsespi DIPORAT INESS
Aéitional susceptibiity lack The impartan

observed 2t most loch entfied, Thi stud) 1 ' M
manatieons—— (1ORN'S disease
multiphe desease phenotypes has generatec

Brtish population; and shown that, provide

stratification inthe Briish population b gen

o thes Important disadrs, We antcgat And m()re. i

investigators, wil provide 3 poweetul resex
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g . 2007
Chris Cotsapas & Mark Daly



COMMON VARIANTS - MULTIPLE DISEASE
& DIABETES

Central nervous system
(brain and spinal cord)

In multiple sclerosis
the myelin sheath,
which is a single cell
whose membrane wraps
T around the axon,

— nd the

- is destroyed with
inflammation
and scarring

FADAM.

Normal bronchiole Asthmatic bronchiole




The birth weight focus

Low birth wt High birth wt




Glucose (a)
insulin (b)
profiles

normal
(closed boxes)

IUGR
(open circles)

children,

>

16 1

=
>

Plasma Glucose (mmol/L)

0

0 1'0 2IO 30 40 50 60 70 80 90
Time (mins)

o)

120 1

100 1 li

40 {iy &

Plasma Insulin (mU/L)

20

~.

B g g---g
0 10 20 30 40 50 60 70 80 90
Time (mins)

0

Hofman P L et al. JCEM 1997;82:402-406

THE JOURMAL OF

CLINICAL

ENDOCRINOLOGY
& METABOLISM



Mean carotid IMT,
according to thirds of the distribution of current weight
and maternal energy intake in late pregnancy.

<2150 -2530 >2530

Maternal energy intake
late pregnancy (kcal)

Gale C R et al. Arterioscler Thromb Vasc Biol .
2006:26:1877-1882 American Heart

Association

Learn and Live



Undernutrition: Dutch Hunger B
* In winter 1944-45, western region of Netherlands = e
— limited food rations 400-800 cal/day for a specific time period

— ‘natural’ experiment of restriction during pregnancy, furthermore
allowing to investigate the impact of the timing of restriction and
identify the ‘critical periods’

Early gestation mid-gestation L ate-gestation

/

* No effect on birth weight * Impact on renal + Lower birth weight,

« Higher risk of obesity function +  Not higher risk of

» Glucose intolerance » Glucose intolerance obesity

« Coronary heart diseases * Lower insulin s CHceointcierhie

« Adverse lipid profile and secretion indices (independent of effect
coagulation factors of lower birth weight)

Roseboom T et al. Early Human Development 2006
Lumey LH et al. Int J Epidemiol 2007



Table 1.

Effects of Birth Weight on Hazard Ratios for Coronary Heart Disease and the
Cumulative Incidence of Hypertension in Adult Men and Women

Adult men Adult women
) . Cumulative . Cumulative

E"'th ‘ 'E‘,zs;f ;ﬁgns incidence of f-;ﬂafzgﬁigus incidence of
e onary — hypertension onaly - hypertension
(9) heart disease b heart disease d

(%) (%)
< 2500 363 — 1.34 —
2501- 1.86 19.0 1.38 21.1
3000
3001- 1.99 17.0 1.24 16.3
3500
3501- 2.08 14.1 1.17 13.0
4000

>4000 1.00 12.5 1.00 12.1




Cumulative incidence of T2D in Pimas offspring
according to maternal 2h-glucose at third trimester

0.6 - Third trimester glucose leveis (mmoli)
3366 6777 78110 Disb.*
Birth 1027 259 150 199 iabetes

~ 05 4 |5yus 1027 259 150 198 D
R 10yrs 926 245 135 172
e 15yrs 572 150 91 95
b/ 20yrs 246 78 45 48
= 04 | |25ys 109 26 18 23
R
e
£ 7.8-11.0mmol/I
Q 0.3 -
> /
dpad
g
=
:E, 02 - 6.7-7.7mmoll
Q

0 3.3-6.6mmol/l

W
0 < e % e el 1.} — ]
0 9 10 15 20 25

Age (years)

Franks PW et al. Diabetes 2008



Insulin sensitivity and acute insulin
response among first-born and later-born

children.

14 s _-600

12- - 500
e A 400 LR
Insulin g_ . Acute insulin
sensitivity .- -300 response

(10%min™.(mun)) : (mU/)
4. - 200
2- 100

1st Later 1st Later
n = 85 (32 15* born, 53 later born)

Ayyavoo A etal. JCEM 2013;98:1248-1253



The impact of parity

Parity p=0.004

a5 . Mother’s BMI in early pregnancy p<0.001
% body
ipiits Primiparous
&8 Multiparous
years

30.0 -

-21.5 -24.2 >24.15
Mother’s body mass index in

Adjusted for age, sex &

2 ;
Godfrey et al— JCEM 2010 early pregnancy (kg/m*) current smoking



ENVIRONMENTAL EFFECTS

* DISRUPTIVE (teratogenesis) mutations

 ADJUST (developmental plasticity) epigenetics

No methylation Transcription factors can bind

—@—> Active gene {| Gene expression

c‘o c\‘n . .
Emf “—] Inactive gene [| Gene expression

2

Methylated DNA Reduced binding of

transcription factors




METHYLATION
PROMOTER ACTIVITY (—
1 micro RNA ZDNA
awammeneorees HISTONE ACETYLATION repair

.
Promoter region

Mitotic chromosome

Genes inactivated by DNA methylation

/l

Histone modification
Nucleosome

@ Methylated

O Unmethylated
Mitotically
retained
TF Foci




Lower maternal carbohydrate in early pregnancy is associated with higher umbilical cord
RXRA chr9:136355885+ methylation in the PAH cohort.

70 A

Umbilical

cord
RXRA chr9: 60 -
136355885+
methylation

50

40 -

-261.5 -297.5 -351.0 >351.0

Maternal carbohydrate intake
in early pregnancy (g/day)

Godfrey K M et al. Diabetes 2011;60:1528-1534
American
Diabetes
-Association.



Child’s %fat mass & fat mass at age 9 years
Increase with higher umbilical cord
RXRA chr9:136355885+ methylation

8.0 1
25.0
7.0 -
Child’s Child’s
fat mass* percentage 20.0 A
(kg) 6.0 - fat mass* )
5.0 1
15.0 -
4.0
3.0 - 10.0 - T T r
40% 60% -80% >80% 40% -60% -80% >80%
Umbilical cord RXRA Umbilical cord RXRA
chr9:136355885+ methylation chr9:136355885+ methylation

Godfrey K M et al. Diabetes 2011;60:1528-1534
American
Diabetes
Association.



ENVIROMENT & EVOLUTION

* Parental inheritage

* Polymorphisms (SNIPS) |
A
Genotype v, |
| <

¢ C e I I ty p e S Inmﬁ::j-?,: ;Th —{ Development

N
Phenlotype T & WW \\

Frethylation

Epigenetic

ations
Interaction with j'_

E P I G E N O M I CS / environment competition — Selection

Evolution




PARENTAL EPIGENOMICS

CH,

s» ATCGAT ..

= e Parent DNA strands
v, ° TAGCTA?®

o ch.  \, ATCGAT

TAGCTA Unmethylated daughter TAG¢TA

DNA strands

1 CH,
l cH,

H,
ATEGAT ATCGAT

TAGCT e e o TAGCTA

CH, CH,




CHRONIC DIABETES COMPLICATIONS

* Diabetic complications progress in spite of
glucose control

DCCT UKPDS

DCCT: Effects of Intensive vs UKPDS 35: Tight Glycemic Control
Prevents Complications

Conventional Glycemic Control

Every 1% drop in HbAlc resulted in:




OBJECTIVES

« Changes in covalent hustone modlflcatlons in
chromatin ( enetic mechanisms) requlating
the transcnptlon of Inflammatory Genes (TNFa
~ IL-6, MCP-1) and Fibrotic Genes (Collagen,
1 CTGF PAI-1) under Diabetic conditions

- Functional Relevance of chromatin changes
to mcreased mflammatlon and

olic Vel ' in Diabetes
= £ 8 ‘::r.'.’ RWH <<-.-J’

* Genome-Wide Profiling of Modified Hlstones
with ChiIP-on-chips and ChiP-Seq (Epig

i - = % -
yhilo charocsin opone eyvnrecer

EReRRI T3 ARk OK

= - - T
a pho eI i A conilanc
I CHARNGE 11 D NA Sequence.



Profiling histone lysine methylation in blood cells
from type 1 diabetic (T1D) patients vs healthy control subjects.

A B
T1D patients Healthy controls TID Healthy Control
lymphocytes or  lymphocytes or
monocytes monocytes
ChlIPed DNA ChlPed DNA

no antibody control  no antibody control

}

Labelling with Cy5 or Cy3
Hybridization with DNA arrays
& data acquisition

|

Applying SAM Package
Analysis of Variations in Histone methylation

Ingenuity Pathway Analysis

Ratio0 1 2
C
Demographics Normal (N=7) Diabetes (N=9) p-value
Median Age Years
(Range) 43 35-60) 60 (25 - 85) 0.25
Gender l\"l)zle/I* emale 20% / 71% 3% 1 67% s

Median Hemoglobin Alc

gt 0, 0, g 0,
%% (Range) 7.5% (5.4% - 10.5%)

Miao F et al. Diabetes 2008;57:3189-3198
American
Diabetes
-Association.



Validation of histone methylation alterations and quantification of histone
methylase/demethylase mRNA levels in type 1 diabetic patients and healthy control subjects.

A B

s
3 600 - & mm T1D =
< — Controls B 1.75 JControlsEET1D
< 500 E g
= 400 Z o
E 300 é 1.00-
% 200 % .0.75'
'E 100 S 0.507
% = 0.257
2 0 E 0.00
g L
&8 zZ = =2 2 2 2 9 7 & G9a  LSD1 JMJDIA
— B 1y BN O /|
< E e S — a O w
S & W 5 -t <
c = F
Histone H3K9me2 > 2>
T1D il wll £ 1
Control | v - O .
R | PR ol | T . :
Histone H3K4me3 Z 4 :
T1D 2 II __I.L - | I“ II lIIlIlI -« 4 —
: Uoon adbh il 2 : .
Control = E =y .
Histone H3kdme2 |, Il 1L ||||| [T | |”“||| i E -:' .
T1D | = 0
Coiitsol at till v v bt el ol = T .
g Controls T1D
Tiling Region = «
CD28 CTLA-4 ICOS

Miao F et al. Diabetes 2008;57:3189-3198
American

Diabetes
-Association.



Oxidative Stress and
Diabetic Complications

Mitechondria

‘L GAFDH MNucleus
|

TMethylglyoxal TPKC THexosamine

0 P:l:iyrcrl
PW flux

‘ Avanaatedaarrean } Histone 3 N-terminal tail

changes in

cellular

Diabetic tissue
damage

“umuiative 1C
term changes
in stable

Histone methyl
transferase

Histone
demethylase

accelerating factors
(e.g., hypertension,

Circulation Research October 29, 2010 vol. 107 no. 9 1058-1070
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GESTATIONAL DIABETES

GHbA1c Fasting Blood Glucose
‘ IT 80 T

NGT GDM NGT GDM



OXIDATIVE LOAD
IN GESTATIONAL DIABETES

plasma hydrogen superoxide skeletal muscle SOD activity
400 1800 -~
* p<0,001 * p<0,002
350 1600 -
S 1400 -
1200
250
= a0 1000
200 e
2 ® 800
150 -
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Halvatsiotis et al: American Diabetes Association Meeting 2010



Placental
MITOCHONDRIAL ENZYME GENE EXPRESSION
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INFLAMMATORY MARKERS

| AN
BV

E-SELECTIN INFy

(
.
"
in
()
fny
{
fn
(>
P
1
rd



oz/ml

-

SYASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTORS [ py/iml)

NGT
SVEGEFR-1

GDM

P values
1746.24 + 36.8 2239.03 £ 170.5 0.004*
SVEGFR-2 1230.92 + 234.2 67/59.52 + 1071.5| 0.0004*

sVEGFR1

sVEGFR2
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o.T ZAK o.T ZAK
7,17 52,16 50 44,08
2,08 5,17 35,64 3,14
50 22,9 22,08 0,4
49,01 26,49 26,66 3,4
50 33,58 27,53 0,88
71,55 50 12,89 0,21
75,8 50
71,3 50
GESTASIONAL

50 1442 DIABETES
11,38 0,04 EPIGENETICS

25,22 4,79
20,24 0,57
19,28 0,72

40,25 18,61



NON-GENETIC MEMORY OF DIABETIC PHENOTYPE IN
PRIMARY HUMAN MUSCLE CELL CULTURES
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c 160 . %
L E 140
ag 1204 s
.
old] -
SE ol
| O£ 4
DIFFERENCIATED Q -
IN MYOTUBES 20 -
0

Healthy Diabetic

Bouzakri and Zierath, J. Biol. Chem, 2007
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Cultured muscle cells maintain the “insulin resistant phenotype”
of the donor, even after several passages




smeC/Total Cytosines (%)

TNF-a and Free Fatty Acids Exposure Induce
Acute Methylation of the PGC-1a Promoter
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BASAL INSULIN GLUCOSE TNF-a PALMITAIE OLEATE

@ 5meCplG
® SmeCpA
® 5meCpl
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Barres et al. Cell Metabolism 2009



PGC-1a PROMOTER METHYLATION IS ASSOCIATED WITH
TRIGLYCERIDE LEVELS

Triglycerides
r=0.5589; p=0.0068

iglycerides (mmol/l)

e A By 5 B
%5mC PGC1a



OBESITY & EPIGENETICS

Genetic variation

el

Epigenetic mechanisms

DNA methylation

Histone modification
ENVIRONMENTAL FACTORS .
(nutrients, hormones, toxins) 1 ‘

FACTORS

+ O TRANSCRIPTION

Increased hepatic
lipogenesis
(ChREBP/SREBP-1)
Processing of
dietary
polysaccharides
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of the gut
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Cardiovascular epigenetics

Cardiovascular
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Cadmium
exposure

CANCER & EPIGENETICS

Global DNA Methylation and Cancer Risk
i . ¥
Toxicology and epigenetics

+

Colorectal 5-mC  (14) 4

Colorectal Methyl (15) <

Bladder LINE-1 (16)

Bladder LINE-1 (17) }
3
> Bladder 5mC (18) o S
g I in DNA methyltransfer:
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< i Increase in DNA
Gastric Alu (19) T — : ( '°"°""°"°"‘
0900001 100000088
Breast 5-mC (20) o - i i R
\ Methylated  DNA repair gene
promoter is not franscribed.
HNSCC  LINE-1 (21) 8 l—‘ﬂ . .
0 1 2 5 10
OR and 95% CI for Lowest Quantile to Highest Quantile
Transformation/carcinogenesis

DNA methylation in white blood cells:
association with risk factors in epidemiologic studies.

Epigenetics. 2011 Jul;6(7):828-37. Epub 2011 Jul 1.



REUMATOID ARTHRITIS & CVD

Epigenetic alterations in RA

Iy . . .
/ ‘,’;"\\ Genetics Metabolism Environment
&5 ens ’5.\,-
\ U ] i 3 ‘w"; g /
et
Dysregulated DNA- ‘
miRNA methylation
expression alterations l L ¢
miR-146 Hypomethylated Epigenetic Mechanisms
miR-155 DNA in:
[So,ﬂs 1] [35] '
Chromatin Structure
TNFa, L6 Gene Expression
IL17 S

Altered key immunomodulatory proteins
in inflammation and CVD

Clin Dev Immunol. 2012;2012:974648. doi: 10.1155/2012/974648. Epub 2011 Sep 14.



PERINATAL SMOKING EXPOSURE

Post-Birth Environment

in utero Stimuli Maternal Rich
Forecast Environment
Smoking Trauma .
Rich
ot Maternal
=,
& Poor
. : ‘ Environment

Forecast

Mother - 1st generation

Fetus - 2nd generation

Reproductive cells - 3rd generation

Poor Rich

’b,}o')du Maternal ’ Environment
ress i Forecast
‘ Poor
. . Environment
reduced birth weight

poor developmental and psychological outcomes

increased risk for diseases

behavioral disorders later in life




DOES WEIGHT LOSS REMODELS DNA
METHYLATION PROFILE?




BARIATRIC WEIGHT LOSS

Roux-en-Y Type of Gastric Bypass Procedure

New Stomach Pouch

Esophagus -3

Diaphragm : : 4 " Staples

Bypassed Part of Stomach

Flow of Food

Unused Portion

of the Smalt Intestine Small Intestine

Loss of 30 kg

4 mo



OBESITY-ASSOCIATED ALTERED PGC-1a PROMOTER

METHYLATION IS REVERSED BY WEIGHT LOSS
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OBESITY-ASSOCIATED ALTERED DNA METHYLATION PROFILE
| IS REVERSED BY WEIGHT LOSS

Transcriptomics

OBESE NORMAL

e Beunicit Gene specific analysis
. METHYLATION
3 & i < i S WSl s
SN NN NN
e
%5 = GENE EXPRESSION
8%1— § . 3 [
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DOES EXERCISE REMODELS DNA
METHYLATION PROFILE
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PGCla & AZKHZH

Figure 2.
High-intensity training High-volume training
High energy - Repeated
contractions ’ 3 contractions

ATP = AMP T™[Ca**]

I Master switch l

AMPK | mmmen) BJCSTE e | CaMK

I MTypel § 1 ™ Mitochondrial 1 | 1 Fat oxidative 1 ™ GLUTS 1
fibres | biogenesis ! L_ _capacity L M Glycogen |
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VO3 max (Ml/kg/min)

o

Adiponectin (ug/ml)

Effect of 4 w of exercise on skeletal muscle & adipose tissue
PPARy & PGC-1a
in normal glucose-tolerant (NGT)
and in IGT or type 2 diabetes (T2D).
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TIME-COURSE AND EXERCISE INTENSITY ANALYSIS OF
DNA METHYLATION AND GENE EXPRESSION

E :;%71 GENE EXPRESSION METHYLATION
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MUSCLE CONTRACTION INDUCES
PROMOTER HYPOMETHYLATION
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TAl CHI

Evid Based Complement
Alternat Med. 2012; 2012: 841810.
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Epigenetic aspects
of post-traumatic stress disorder
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Disease Markers 30 (2011) 77-87 77



DIURNAL METHYLATION

CIRCARDIAN RHYTHM & CHRONOTHERAPEUTICS

Clock machinery « Acetylation
BMAL1
Others?
[ 4
oo M
Co-activators? Cell cycle
Cyclins?
F-Box proteins?
p53?
............ Light
Output regulators
Metabolic Transcription « Feeding/fasting
Factors (Nuclear receptors: Clrcadian 2
: \
Rev-erba, RORs, Pf’ARa, \_/ expression of = .- Sleeping/waking
PPARy, GR..; ~ & g/w
: s target genes v
Co-activators, -repressers.. . (10-20%)
PGC1o{) » Housekeeping, ......... » Thermogenesis
Metabolic .- Cell-specific
stimuli «-e=""

“ Sleep

Regulatory peptides?

Epigenetic control
Chromatin remodelers

J Cell Sci. 2010 Nov 15;123(Pt 22):3837-48



Balancing histone methylation
activities in psychiatric disorders

@ Lysine(K) Methyl Transferases (KMTs) Histone lysine Lysine(K)-Demethylases (KDMs)

KMT28B/ KMT2C/ KDM2A/ KDMAA/

e Red marked
KMT207 KMT2E/ KMT2F/
MLL4 0
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— KMT/KDM
KM PROMS

SET7/9 MEISETZ

o - K are implicated in
CDED ‘ D €D @3 neurodevelopment
iy - - - : or psychiatric disease
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o £2H1 = s UTX MID3
KMT3B/ KDM3A/ KDM4A/ KDMAC/
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Trends Mol Med. 2011 17(7): 372-379.
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More Pounds, More Cancers
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BACTERIA & HEALTH

Friendly Bacteria Unfriendly Bacteria

L. acidophilus, L. salivarius, Pathogenic bacteria & funagi,
L. casel, L. thermophilus, such as Candida albicans, etc.
B. bifidurn, B. longurn, etc.

THE FOUR IMAGES TO THE LEFT ARE SASELINE ENDOSCOPIC VIEWS FROM A PATIENT WITH ULCERATIVE COLITIS
WHO DID NOT RESPOND TO CONVENTIONAL DRUG THERAPY, THE IMAGES TO THE RIGHT ARE FROM THE SAME
PATIENT AFTER SIX WEEXS OF TREATMENT WITH THE VSL#3 FRODIOTIC COMUINATION. IMAGES REFRINTLO WITH
PERMISSION OF RICHAKD FEDORAN, MD, UNIVERSITY OF ALBESRTA,



MICROBIAL ENVIRONMENT
& METABOLIC SYNDROM

ChewvaeOrs A Recent changes in lifestyles

AND FRIENDS
CH|LDREN S CHEWABLE ﬁﬁ.ﬁ have altered the human gut
ACIDOPHILUS

*100 trillion bacteria

*10% of our cell
population

17 certain
polymorphisms
responsible for high
LDL & low
glutathione
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microbiome and linked
disease patterns forever!

Special Biological Bandits:

Weird dietary fads
Antibiotic abuse
General drug popping
Western Post WW2 Diet
Dietary supplements

Exotic travel at

an early age...exposures?
Immunological
‘overprotection’ of children?

Some major ‘non-infectious’ human
diseases and conditions with associated gut
microbiotal disorders: All “modern” diseases.

Gastric ulcers (Helicobacter pyfori) - Barry J Marshall &
J Robin Warren (2005 Nobel Prize for Medicine)

Colonic cancer
Inflammatory bowel conditions
Ulcerative Colitis & Crohn’s disease
Allergies & related immune disorders
asthma, eczema, psoriasis....
Insulin resistance related diseases- type 2
diabetes and obesity...
Many neuropsychiatric disorders....

... Is this really a good idea?7J




HOW HUMANS WE ARE?

Vol 344 28 Decevber 2006 &b 0. 1038/ natur DS4M

An obesity-associated gut microbiome
with increased capacity for energy harvest

Peter . Tumbaugh', Ruth E. Ley' Michael A Mahowald', Vincent Magrini', Elaine R. M & Jellrey | Gordon

BRIEF COMMUNICATIONS

NATURE|Vol 844121 December 2006
MICROBIAL ECOLOGY

Human gut microbes associated with obesity

4 s w0
Ruth E. Ley, Peter ). Turnbaugh, Samuel Klein, f £
Jeffrey 1, Gordon F
Washington University School of Medicine

StLous, Missoun 63108, USA

Obese/Type 2 Diabetics have
> Firmicutes: Bacteroidetes ratio than normal

PNAS

RITICAL DIFFERENCES IN CHOLINE METABOLISM
BETWEEN BALB/C AND C129S6 MICE

LD HFD DMA *~

TMA———* TMAO

. : FINO3

Microbial processing in the gut
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EPIGENETICS
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