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From genomics to metabolomics

Evolution, development, disease diagnosis and
treatment, drug development, et al.




Molecular interactions

Fluxes in healthy cells :; é = Fluxes in mfected cells
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Nature Biotechnology 26, 1090 - 1092 (2008)
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1. Metabolic genomics and Cancer
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Figure 1 - Metabolic differences between normal and cancer cells. Normal cells primarily metabolize glucose to pyruvate for growth
and survival, followed by complete oxidation of pyruvate to CO; through the TCA cycle and the OXPHOS process in the mitochondria,
generating 36 ATPs per glucose. O; is essential once it is required as the final acceptor of electrons. When O; is limited, pyruvate is
metabolized to lactate. Cancer cells convert most glucose to lactate regardless of the availability of O, (the Warburg effect), diverting
glucose metabolites from energy production to anabolic process to accelerate cell proliferation, at the expense of generating only two
ATPs per glucose,



ENERGY HUNGRY

Researchers are trying to find targets within cancer’s
metabolic cycles, such as one that breaks down glucose.
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The M2 splice isoform of pyruvate kinase is important
for cancer metabolism and tumour growth
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PKM1 and PKM2 mRNA splicing
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PKM1 and PKM2 mRNA splicing
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LET TERS

Vol 463|21 January 2010|doi:10.1038/nature08697

HnRNP proteins controlled by c-Myc deregulate
pyruvate kinase mRNA splicing in cancer

Charles J. David'*, Mo Chen'*, Marcela Assanah?, Peter Canoll* & James L. Manley’

When oxygen is abundant, quiescent cells efficiently extract energy
from glucose primarily by oxidative phosphorylation, whercas
under the same conditions tumour cells consume glucose more
avidly, converting it to lactate. This long-observed phenomenon
is known as aerobic glycolysis', and is important for cell growth*,
Because acrobic glycolysis is only useful to growing cells, it is tightly
regulated in a proliferation-linked manner”. In mammals, this is
partly achieved through control of pyruvate kinase isoform expres-
sion. The embryonic pyruvate kinase isoform, PKM2, is almost
universally re-expressed in cancer?, and promotes acrobic gly-
colysis, whereas the adultisoform, PKM 1, promotes oxidative phos-
phorylation®. These two isoforms result from mutually exclusive
alternative splicing of the PKM pre-mRNA, reflecting inclusion of
cither exon 9 (PKM1) or exon 10 (PKM2). Here we show that three
heterogencous nuclear ribonucleoprotein (hnRNP) proteins, poly-
pyrimidine tract binding protein (PTB, also known as hnRNPI),
hnRNPAL and hnRNPA2, bind repressively to sequences flanking
exon 9, resulting in exon 10 inclusion. We also demonstrate that the
oncogenic transcription factor c-Myc upregulates transcription of
PTB, hnRNPAL and hnRNPA2, ensuring a high PKM2/PKMI1 ratio.
Establishing a relevance to cancer, we show that human gliomas
overexpress ¢-Myc, PTEB, hnRNPA1 and hnRNPA2 ina manner that
correlates with PKM2 expression. Our results thus define a pathway
that regulates an alternative splicing event required for tumour cell
proliferation.

(Fig. 1b). Strong binding was mapped to a 19-nucleotide region
we named EI9(50-68) that spans the E9 5’ splice site (Supplementary
Fig. 1). To identify the bound proteins, we performed RNA affinity
chromatography using a 5’ biotin-labelled RNA corresponding to
EI9(50-68). After SDS-PAGE and Coomassie staining, the pattern of
specifically bound proteins closely matched that observed after ultra-
violet crosslinking (Fig. lc). The four indicated proteins between
35-40 kDa were excised and identified by mass spectrometry as iso-
forms of hnRNPA1 and hnRNPA2, RNA binding proteins with well
established roles as sequence-specific repressors of splicing  (for
example, see refs 7, 8). This result was confirmed by immunoblotting
with antibodies against nRNPA1 (Supplementary Fig. 2).

The sequence immediately downstream of the E9 5 splice site
contains a UAGGGC sequence that is highly related to the consensus
hnRNPA1 high affinity binding site identified by SELEX, UAGGG(A/
U)” (Fig. 1d). Consistent with previous mutational studies of an
identical Al binding site", mutation of the (i3 nucleotide of this motif
to C led to a large decrease in hnRNPAIL and hnRNPA2 binding
(Fig. 1d and Supplementary Fig. 3). The G3C mutation resulted in
increased splicing in vitro when introduced into a splicing substrate
containing E9 (Supplementary Fig. 4), and led to increased E9 inclu-
sion in a minigene construct in vivo (Supplementary Fig. 5). These
data confirm the presence of an inhibitory hnRNPAI/hnRNPA2
binding site immediately downstream of the E9 5 splice site.

To explore the possibility that other splicing regulators bind

Nature, 2012
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IDH1 R132 and IDH2 R172 mutations
in 70% of grade Il and Ill Glioma
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IDH1 and IDH2 mutations reduced the
enzymatic activity
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Glioma patients with IDH mutations had a better
outcome than those with wild-type IDH genes
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IDH mutations were found in 33% of the Acute
Myeloid Leukemia (AML)

1.0 -}
_ NPM1T mutated, FLT3-ITD negative, IDHTADHZ2 wt (n = 34)
<
.= 0.8+
=
—
52
a 0.6 i | -+ A
s
[ 1
1 ]
a 0.4
g NPM1T mutated, FLT2-ITD negative, IDH7 mutated (n = 12)
=T}
o
s 92+
P = .046
L] ] ] T T
0 1 2 3 4 5
Time (years)
1 'o —I =
l_._ NPM1T mutated, FLT3-1TD negative, IDHTADHZ2 wt (n = 38)
_ 0.8 -
<
-2 -+ -,
= . ' 4+ o+
= 0.6
w
T 0.4 NPM1 mutated, FLT2ITD negative, /DH1 mutated (n = 14)
®
=
o
0.2
P=_14

o ; 3 5 3 . J Clin Oncol. 2010

Time (years)



(o o)

HO OH

C o NADP NADPH

Isocitrate B354

IDH1/2

J Exp Med., 2010



Isocitrate, a-KG and 2-HG transformation

OH OH
A ! !

Onpo” o ©

isocitrate

IDH1/IDH2
NADP- NADP-
Wild-type Mutants
NADPH NADPH
CO,

O O
a-ketoglutarate



2-HG produced by mutant IDH1/2 affects metabolism and epigenetics
by modulating activities of a-KG—dependent oxygenases
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Epigenetic regulation by 2-HG
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2-HG promotes maintenance of stem-cell-like state
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3 MAY 2013 VOL 340 SCIENCE

An Inhibitor of Mutant IDH1 Delays
Growth and Promotes Differentiation

of Glioma Cells

Dan Rohle,*?* Janeta Popovici-Muller,>* Nicolaos Palaskas,™ Sevin Turcan,**

Christian Grommes,? Carl Campos,* Jennifer Tsoi,® Owen Clark,* Barbara Oldrini,*

Evangelia Komisopoulou,® Kaiko Kunii,® Alicia Pedraza,”’ Stefanie Schalm,® Lee Silverman,’
Alexandra Miller,” Fang Wang,® Hua Yang,” Yue Chen,”> Andrew Kernytsky,” Marc K. Rosenblum,®
Wei Liu,® Scott A. Biller,”? Shinsan M. Su,” Cameron W. Brennan,™” Timothy A. Chan,*®

Thomas G. Graeber,?t Katharine E. Yen,®’t1 Ingo K. Mellinghoff**?%+1

(L

N
H

O

[
I

AGI-5198

IDH1
R132H R132C wildtype
ICso (uM) | ICs9 (uM) | IC50 (uM)
0.07 0.16 > 100
IDH2
R140Q R172K | wildtype
ICso (M) | ICso (M) | ICso (uM)
> 100 > 100 > 100

Science, 2013



AGI-5198 impairs growth of IDH1-mutant glioma
xenografts in mice

A

350 -

300

Tumor Volume
o = tn = Ln
== ===
|

=

R132H-IDH]1 (TS603)

—+—Vehicle (n=9)
—— AGI-5198 (n=10)

1000

800

600

400

Tumor Volume

200 -

Wildtype-IDHI (TS516)
——Vehicle (n=17)
—+—AGI-5198 (n=17)

Start 5 9 13
Days

Science, 2013



3 MAY 2013 VOL 340 SCIENCE

Targeted Inhibition of Mutant
IDHZ in Leukemia Cells Induces
Cellular Differentiation

Fang Wang,l* Jeremy Travins,** Byron DelLaBarre,** Virginie Penard-Lacronique,
Stefanie Schalm,* Erica Hansen,' Kimberly Straley,” Andrew Kernytsky,* Wei Liu,*
Camelia Gliser,” Hua Yang,” Stefan Gross,* Erin Artin,” Veronique Saada,’

Elena Mylonas,??? Cyril Quivoron,??? Janeta Popovici-Muller, Jeffrey O. Saunders,*t
Francesco G. Salituro,’t Shunqi Yan,® Stuart Murray,’ Wentao Wei,® Yi Gao,” Lenny Dang,”
Marion Dorsch,” Sam Agresta,” David P. Schenkein,” Scott A. Biller,* Shinsan M. Su,?
Stephane de Botton,”’?% Katharine E. Yen’§
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SDH coupled with TCA cycle and Respiratory Chain
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SDH contains four subunits (SDHA, SDHB, SDHC, SDHD)
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Paraganglioma—Pheochromocytoma syndrome was

caused by germline mutations in SDHD, SDHB and SDHC
Al 2T/ ISt 4 ARfE (PGL/PCC)
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SDH germ-line mutations in malighant
pheochromocytoma (PCC)/paragangliomas (PGL)
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Summary of Molecular Genetic Testing
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SDH mutations promotes HIF-1a stability and tumorigenesis
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SDH mutations promotes HIF-1a stability and tumorigenesis
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LETTER

doi:10.1038/nature19353

Fumarate is an epigenetic modifier that elicits
epithelial-to-mesenchymal transition

Marco Sciacovelli!, Emanuel Goncalves?, Timothy Isaac Johnson!, Vincent Roberto Zecchini', Ana Sofia Henriques da Costal,
Edoardo Gaude', Alizee Vercauteren Drubbel!, Sebastian Julian Theobald', Sandra Riekje Abbo', Maxine Gia Binh Tran’s,
Vinothini Rajeeve®, Simone Cardaci®, Sarah Foster®, Haivang Yun’, Pedro Cutillas*, Anne Warren®, Vincent Gnanapragasam®,
Eval Gottlieb®, Kristian Franze®, Brian Huntly’, Eamonn Richard Maher'®!, Patrick Henry Maxwell™2, Julio Saez-Rodriguez?® &
Christian Frezza!

Nature 537,544-547 (22 September 2016)
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2. Metabolic genomics and Diabetes
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Type | Diabetes and Genetics

OBZXEHRFEIDDMBAARE, BIDDMBIER M A5%
O RFEIDDM, HFZUFEIDDMBERMEATY
O BEEBIDDM, EFZEBZBHINEA2%

O RSAMEF—ANBIDDM, B—NEiFEEEMEAHL/3



Type | Diabetes and autoimmune disease
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Progress in the identification of T1D susceptibility alleles

HLA association identified
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Timelines for Type 1 Diabetes
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MHC genes on chromosome 6 confer almost 50% of
genetic susceptibility to T1D

Chromosome ©

[ | | )

LB O THNFb-TNFa-C2-Bf-C4-21 DR-DQ-DF

Class I Class IIT Class IT

—| ora [DrRES|DREZ -_-DQA:z poe2l/pma [ oo L lopa1 [oeel [oRaz|oee2 |

DR subregion DQ subregion DP subregion

Figure 1: The HLA region onchromosome 6 {from Mehers and Gillespie 2008). The T1D associated
haplotypes are DRB1*03-DQB1*02 and DRB1*04-DQB1*0302



Typeyfdiabetes

Blood glucose level
above normal

Y —

Insufficient amount of
Insulin production




High fat &

cholesterol

levels / Type 2
Diabetes

N

: Sedentary

\ Overweight /' lifestyle "



Common SNPs Contributing to T2D
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PPARG (Peroxisome proliferator-activated receptor gamma )
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KCNJ11 (potassium channel, subfamily J, member 11)
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Exome array analysis identifies new loci and low-frequency
variants influencing insulin processing and secretion
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Pharmacogenetic variation and metformin response
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3. Metabolic genomics and Microbiome

THE HUMAN N
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Variable human microbiome
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Metagenomics

Metagenomics is the study
of genetic material
recovered directly from
environmental samples. The
broad field may also be
referred to as environmental
genomics, ecogenomics or

community genomics.
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Coverage of human gut microbiome

100~
3
[%2)
o)
@
o
(@)]
=
[3)
G

3. 60~
o
@
)]
IS
0)
(@)
©
0]
>
)
o

O =

Assembled Known human GenBank
contig set gut bacteria bacteria

Nature, 2010



Cell

Extensive Strain-Level Copy-Number Variation
across Human Gut Microbiome Species
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Taxonomic characterization of the human microbiota is often limited
to the species level or to previously sequenced strains, and
accordingly, the prevalence of intra-species variation, its functional
role, and its relation to host health remain unclear.
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Copy-Number Variation of Host State-Associated KCs
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