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2. Background

e Studies about the cancer

e Altered tumor metabolism

* Otto Warburg's early studies:Warburg effect

* The role of tumorigenic metabolic rewiring
in supporting cancer proliferation

e Cellular migration has received far less
attention
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2. Background

* Treatment
 Contemporary cytotoxic cancer treatment

* Drug targets
* The growing availability of
high - throughput measurements

 Integrate pertaining data with a
genome - scale mechanistic model of human
metabolism
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2 Synopsis

* Research objectives:

* The first genome - scale computational study
of the metabolic underpinnings of cancer
migration.

* The extent of the Warburg effect i1s highly
associated with cancer cell migration across
different cell lines and identifies
anti - migratory targets.
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2 Synopsis
 The Outline:

* 1.Genome - scale metabolic models of each
the NCI - 60 cell lines correctly capture the
Warburg etfect.

* 2.The extent of the Warburg etfect, as
quantified by the ratio between glycolytic and
oxidative ATP flux rate (AFR), positively
assoclates with cancer cell migration across
the different cell lines.
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2 Synopsis

* 3.Experiments test:sSiRNA knockdown of 13
genes predicted to reduce the AFR attenuates
cell migration while having almost no effect
on cell proliferation.

* 4. Theoretical analysis:In agreement with the
predictions, a significant reduction in the ratio
of glycolytic/oxidative capacity 1s observed
following these gene perturbations.
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2. Results

* 1.Validating the basic function of our
NCI - 60 models

* An important hallmark of cancerous cells 1s
the production of lactate through the
Warburg effect (Warburg, 1956).

 GSMM and cell-specific metabolic models
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2. Results

* Several key inputs:

* (a) the generic human model (Duarte et al,
2007), (b) gene expression data for each cancer
cell line from (Lee et al, 2007), and (¢) growth

rate measurements.
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2. Results

« 2.Comparing predicted versus
experimentally measured bioenergetics
capacity

* obtaining a moderate but significant
correlation

* To further test the models' performance under
different environmental conditions

* To further examine how well our cell line
models capture measured Warburg - related
activity
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2. Results

* 3.Quantifying the Warburg effect and 1ts

relation to proliferation and migration across
the NCI - 60 cell lines

« OXPHOS

* GI50
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;?&s}sociation between AFR levels and cell proliferation and :
~—The 20 cell lines that are predicted to exhibit the Warburg effect\:

the greatest/least extent according to the AFR measure

Normalized ATP flux in OXPHOS

0.

Basal

e

e

e

Lowest Warburg level
1l LEKse2
CO:COLO-206
o ME:UACC-62
BR:MCF7= ~ LE:HL.60 _ * LE:CCRF-CEM
ME:SK-MELS ©  LE:RPMI-$226
Bl coHeT-118
s L
; 5 CNS:SF539 T
=LERR Re:oal1] T TBR:MDA-MB-231 OV:SK-OV-3)
4+ o T
R NQCNS;SNBJG RE:RXF383
:[ RE:TK10
z L
IBR:HS-ETBJT
i Hfgh(gst Warburg level
0.3 0.85 0.9 0.95 1

Normalized ATP flux in Glycolysis

o
-

Spearman Rank Correlation

0.8

0.6

04r

0.2

-0.2f

041

0.6

-0.8

3 _;(2-' » \\ Yizhak K et al. Mol Syst Biol 2014;10:744
F¥EELE

HUAZHONG AGRICULTURAL UNIVERSITY

Mean migration speed (um/h)

od L1 10 ) I} I} |
a & 2 2 5 B
5 u 8 3 8 R
- 2 3 F g @
= o o = :5:9'

5 <

g [=]

2 =

=

Growth rate Migration

malenu]ar

systems
> hio

logy




2. Results

* 4 Predicting drug targets that revert the
AFR and hence may inhibit cancer
migration

 The first identified a set of 113 reactions
 The knockout of 12 of 113

* The final list of predicted gene targets
iIncludes 17 metabolic enzymes
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Z association with prognostic markers of breast cancer patients A=

Gene targets that are predicted to reduce the AFR and their f: )

schematic representation of the 12 predicted gene targets, marked in
red.

A Glucose To Pentose C 12— T T T T
MG o Bahats Pty o - P=7.08e-13
G6P RSP P =4.050-4 ] I
# Methionine 10 ~ ""' ? P=4.6le-7|
F6P Glycine Metabolism P-98ed | (| L #5
Glycolysis § | it o]
MAT1/2 = .| x 3
L > L-Met — adenosy | © 8 P =278e-8 L v 1
— ¢ s et | @ i i
DHAP %-»G3p Serine ™M i @ | |
GAPDH’.-ﬂ Serine Lh E‘ 6 | ) L
1, 3BPG ,. Biosynthesis IV5 w P =5.34e-! T \_I p=1283e-4
PGK* dNiaky AHC\’/Ath:\'L g g P=123
+* PHGDH adn + Heys| v
366~ >3PHP = P-Serine — serine @ 4 L_|
PGAM.‘ NAD NADH PSPH P = 8.52e-5
2PG
ENO$ 2+ |
PEP — GradE 3
PKM  E— Grade 1
o . .
PHGDH PSPH  PSATI PGAMI PGKI GAPDH TPl ENO1 AHCY

v«vmﬂm —

L=

B 15 D s
8+
o p—— P=4.61e8
= 1.6e-
S |P=5.34e-4 71
= P=22e6 =
@ [ P=26%5 [T |
Los P=1.08e-7 [ &
= _—
i || 3 .
a | ; | | S b P=1.86e-5
s 0 o A I o i A Bl >
A AARARER AR AR AR AARNRIE T
S MELLT e DR TIY] e B
2 P=2.4e-3 P=1lde2| =
:,-‘--0-5 P = 3.8e-5 q 3+
]
12 P=d47e-5 p=d3ed 2
A
= letastatic samples 10
— Non metastatsc samples

-1.5

PHGDI-!PGAM1 PGK1 HKZ PKM GAPDH TPI1 ENOI ENDZ PGAMZ

PSPH PGK1

HK2 MAT1A MAT2A AHCY ENO2 ENO3 PGAM2

malenu;ar

. Yizhak K et al. Mol Syst Biol 2014;10:744 R

bi n|ngy

frii

HUAZHONG AGRICULTURAL UNIVERSITY




2. Results

* S.Experiments test

* SmartPool gene silencing

* Two different controls are used:

e (1) non - targeting siRNA (= negative control);
and

* (2) a positive control DNM2 which 1s known
to block both migration and proliferation
(Ezratty et al, 2005).
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2. Results

* 6. Theoretical analysis

« ECAR and OCR levels of top predicted gene
targets

 To further study the association between
reduced AFR levels and impaired cell
migration

* Seahorse XF96 extracellular flux analyzer
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ECAR and OCR levels of top predicted gene targets Mean and SEN

“~tnormalized to nuclear count) ECAR and OCR levels after silencifigz?

of seven different genes (HK2, PGAMI1, PGK2, GAPDH, PSPH,
AHCY, and PHGDH) compared to the control.
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Z Conclusions and Discussions

° <1 ) —‘/jl‘é‘/u > —H

. ﬁﬁ:?@*/\ﬂé— JeE W 1 A R Il ) R R
Hyw ETHEMT 5T, W5t gs SRR BHWarburg
N, '?FQHJB@%% FEAHOR, FFHEMNT
PUEEFZ P AH R EE bR o

« (2) BX

. %‘?Eﬁ%@%fmm e (RS S,
%'_Q'LLH* A il 1R i (i&ﬁ-@%@-
F-BE-FAHT) » RRHIFE (5T
fﬁ%@ﬁﬁﬁ@%ﬁ 4ﬁﬁit AH) .

FYELLY

HUAZHONG AGRICULTURAL UNIVERSITY

\




Z Conclusions and Discussions
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