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Systems biology 

Inter-­‐disciplinary	
  field	
  that	
  studies	
  complex	
  interac)ons	
  	
  
in	
  biological	
  systems	
  

Representa)on	
  and	
  analysis	
  of	
  	
  biological	
  processes	
  	
  
as	
  signalling	
  networks	
  

Systems	
  biology	
  and	
  computa)onal	
  modeling.	
  (2011)	
  Cell,	
  Volume	
  144,	
  Issue	
  6	
  



Existing resources of cell signaling pathways  

• Commercial	
  pathway	
  databases	
  	
  

	
  	
  	
  Disadvantages:	
  	
  
    ✗ Standard	
  
    ✗ Visualiza.on	
  
    ✗ Naviga.on	
  
    ✗ Maintenance	
  

• Publically	
  available	
  pathway	
  databases	
  	
  

• Cancer-­‐specific	
  pathway	
  databases	
  



Signalling	
  network	
  Signalling	
  pathway	
  



Systems	
  biology	
  approach	
  for	
  representa)on	
  of	
  signalling	
  pathways	
  as	
  
comprehensive	
  networks	
  amenable	
  for	
  analysis	
  	
  

Construc)on	
  map	
  of	
  signaling	
  networks	
  

Networks	
  types:	
  
• Gene-­‐gene	
  interac)on	
  
• Protein-­‐protein	
  interac)on	
  
• Transcrip)on	
  regula)on	
  
• Metabolic	
  
• Drug-­‐target	
  interac)on	
  
• Signal	
  transduc)on	
  	
  



Visual	
  syntax	
  
Systems	
  Biology	
  Graphical	
  Nota)on	
  (SBGN)	
  

Biological	
  molecules	
  and	
  	
  interac)ons	
  representa)on	
  

Standards	
  and	
  tools	
  	
  
for	
  signaling	
  networks	
  construc)on	
  

Tool:	
  CellDesigner	
  
Diagram	
  editor	
  for	
  signalling	
  networks	
  representa)on	
  

The	
  Systems	
  Biology	
  Graphical	
  Nota)on.	
  
Le	
  Novère	
  N,	
  et.	
  al	
  
Nat	
  Biotechnol.	
  2009	
  Aug;27(8):735-­‐41.	
  	
  

Biochemical	
  modeling	
  with	
  Systems	
  Biology	
  Graphical	
  Nota)on.	
  
Jansson	
  A,	
  Jirstrand	
  M.	
  
Drug	
  Discov	
  Today.	
  2010	
  May;15(9-­‐10):365-­‐70.	
  	
  



Systems	
  Biology	
  Markup	
  Language	
  (SBML)	
  
Computa)onal	
  representa)on	
  of	
  biochemical	
  processes	
  

Evolving	
  a	
  lingua	
  franca	
  and	
  associated	
  socware	
  infrastructure	
  for	
  computa)onal	
  systems	
  biology:	
  the	
  Systems	
  Biology	
  Markup	
  Language	
  (SBML)	
  project.	
  
Hucka	
  M,	
  Finney	
  A,	
  Bornstein	
  BJ,	
  Kea)ng	
  SM,	
  Shapiro	
  BE,	
  Mafhews	
  J,	
  Kovitz	
  BL,	
  Schilstra	
  MJ,	
  Funahashi	
  A,	
  Doyle	
  JC,	
  Kitano	
  H.	
  
Syst	
  Biol	
  (Stevenage).	
  2004	
  Jun;1(1):41-­‐53.	
  

Standards	
  and	
  tools	
  	
  
for	
  signaling	
  networks	
  construc)on	
  

K1*X0	
  



Atlas of Cancer Signalling Networks 
(rationale) 

hfp://acsn.curie.fr	
  
acsn@curie.fr	
  



Atlas of Cancer Signalling Networks 
(structure) 

hfp://acsn.curie.fr	
  
acsn@curie.fr	
  



Atlas of Cancer Signalling Networks 
(features) 

Features:	
  
Cancer-­‐related	
  
Manually	
  curated	
  
Comprehensive	
  
Interconnected	
  
Browsable	
  and	
  zoomable	
  
Applicable	
  for	
  data	
  integra)on	
  

hfp://acsn.curie.fr	
  
acsn@curie.fr	
  



Atlas of Cancer Signalling Networks 
(content) 

Comparison	
  of	
  connec)vity	
  
(ACSN	
  vs.	
  REACTOME)	
  	
  	
  

PubMed	
  IDs	
  distribu)on	
  
(ACSN	
  vs.	
  REACTOME)	
  	
  	
  

Map/Module Chemical 
species 

Proteins Reactions References Creation 
date 

Last 
update 

Apoptosis map 
    AKT_MTOR 
    CASPASES 
    HIF1 
    MITOCH_METABOLISM 
    MOMP_REGULATION 
    TNF_RESPONSE 
    APOPTOSIS_GENES 

1640 
142 
197 
59 
704 
255 
212 
213 

687 
67 
110 
28 
411 
120 
113 
113 

1166 
98 
118 
30 
397 
184 
142 
142 

595 
61 
109 
20 
212 
143 
62 
208 

2010 2013 

Cell cycle map 
    APOPTOSIS_ENTRY 
    APC 
    CDC25 
    CYCLINA 
    CYCLINB 
    CYCLINC 
    CYCLIND 
    CYCLINE 
    CYCLINH 
    E2F1 
    E2F4 
    E2F6 
    INK4 
    P21CIP 
    P27KIP 
    RB 
    WEE 

165 
49 
40 
21 
18 
31 
5 
32 
31 
15 
34 
32 
28 
10 
31 
30 
23 
10 

78 
16 
16 
9 
15 
16 
7 
12 
24 
12 
15 
16 
18 
5 
24 
23 
18 
6 

165 
24 
24 
14 
8 
31 
2 
20 
14 
7 
20 
17 
14 
5 
15 
15 
10 
4 

235 
46 
11 
29 
23 
37 
2 
18 
19 
12 
27 
21 
5 
11 
23 
21 
19 
11 

2008 2011 

Cell survival map 
    WNT_NON_CANONICAL 
    WNT_CANONICAL 
    HEDGEHOG 
    PI3K_AKT_MTOR 
    MAPK 

1926 
442 
201 
351 
393 
248 

554 
179 
336 
97 
128 
100 

1304 
285 
492 
245 
262 
176 

846 
179 
221 
251 
203 
64 

2011 2013 

DNA repair map 
   CHECKPOINTS 
         G1_S_CHECKPOINT 
         S_PHASE_CHECKPOINT 
         G2_M_CHECKPOINT 
         SPINDLE_CHECKPOINT 
    CELL_CYCLE     
         G1_CC_PHASE 
         S_CC_PHASE 
         G2_CC_PHASE 
         M_CC_PHASE 
    DNA_REPAIR_PATHWAYS 
         BER 
         NER 
         MMR 
         HR 
         NHEJ 
         MMEJ 
         FANCONI 
         TLS 
         SSA 
         DR 

709 
N.a. 
66 
83 
98 
39 
N.a. 
77 
114 
16 
65 
N.a. 
111 
90 
57 
121 
58 
36 
115 
35 
29 
14 

377 
N.a. 
38 
43 
47 
36 
N.a. 
40 
80 
15 
40 
N.a. 
57 
48 
35 
69 
37 
23 
82 
24 
19 
3 

505 
N.a. 
34 
45 
61 
19 
N.a. 
46 
47 
26 
35 
N.a. 
57 
36 
30 
49 
25 
13 
54 
17 
13 
8 

593 
N.a 
141 
122 
176 
77 
N.a 
122 
140 
46 
75 
N.a 
205 
125 
130 
230 
158 
115 
182 
88 
75 
44 

2010 2013 

EMT and cell motility map 
    EMT_REGULATORS 
    ECM 
    CELL_MATRIX_ADHESIONS 
    CYTOSKELETON_POLARITY 
    CELL_CELL_ADHESIONS 
         TIGHT_JUNCTIONS 
         ADHERENS_JUNCTIONS 
         DESMOSOMES 
         GAP_JUNCTIONS 

1233 
296 
250 
218 
279 
341 
N.a. 
N.a. 
N.a. 
N.a. 

571 
82 
98 
88 
206 
162 
N.a. 
N.a. 
N.a. 
N.a. 

1078 
199 
130 
169 
269 
324 
N.a. 
N.a. 
N.a. 
N.a. 

522 
172 
146 
59 
198 
230 
N.a. 
N.a. 
N.a. 
N.a. 

2012 2013 

ACSN global map 5905 1821 4600 2774 2013  

!

 Chemical 
species 

Proteins Reactions References Creation date 

ACSN  
global map 

5905 1821 4600 2774 2013 

!

Atlas	
  of	
  Cancer	
  Signalling	
  Networks	
  (ACSN):	
  a	
  highly	
  curated	
  pathway	
  database	
  and	
  a	
  discussion	
  forum	
  for	
  cancer	
  systems	
  biology	
  
Kuperstein	
  I,	
  CohenDPA,	
  Nguyen	
  HA,	
  Bonnet	
  E,	
  Viara	
  E,	
  Grieco	
  L,	
  Fourquet	
  S,	
  Calzone	
  L,	
  Barillot	
  E	
  and	
  Zinovyev	
  A	
  (submited)	
  	
  	
  



Google	
  map	
  	
  

A	
  web	
  tool	
  for	
  naviga)on,	
  cura)on	
  	
  
and	
  maintenance	
  of	
  signaling	
  networks	
  

NaviCell	
  	
  =	
  Google	
  map	
  +	
  Seman)c	
  zoom	
  +	
  Blog	
  

Google	
  map	
  	
  

Seman)c	
  zoom	
  	
  

Blog	
  

navicell@curie.fr	
  	
  	
  
hfp://navicell.curie.fr	
  NaviCell:	
  a	
  web	
  tool	
  for	
  naviga)on,	
  cura)on	
  and	
  maintenance	
  of	
  molecular	
  interac)on	
  maps.	
  	
  

Kuperstein	
  I,	
  Pook	
  S,	
  Cohen	
  DPA,	
  Calzone	
  L,	
  Barillot	
  E	
  and	
  Zinovyev	
  A	
  



A	
  comprehensive	
  modular	
  map	
  of	
  molecular	
  interac)ons	
  in	
  RB/E2F	
  pathway.	
  	
  
Calzone	
  L,	
  Gelay	
  A,	
  Zinovyev	
  A,	
  Radvanyi	
  F,	
  Barillot	
  E	
  (2008)	
  Mol	
  Syst	
  Biol	
  4:	
  173.	
  

Data visualisation and analysis in the context of 
signalling networks  

‘Protein staining’ with transcription data of breast cancer   



Data visualisation analysis in the context of 
signalling networks  

‘Pathway staining’ with transcription data of breast cancer   

	
  Cancer	
  status:	
  	
  G3,	
  	
  T4,	
  	
  invasive	
   Cancer	
  status:	
  G2,	
  T2,	
  invasive	
  

Normal	
   Normal	
  

Data	
  overlay:	
  	
  
Copy	
  number	
  
Gene	
  expression	
  

Cell	
  cycle	
  signalling	
  network	
  



Data analysis and visualization in the context 
of signalling networks 

Data	
  overlay:	
  
Muta)on	
  status	
  (glyph)	
  
Expression	
  data	
  (bar	
  plot)	
  



DNA repair pathways 

Lord C, Ashworth A. The DNA damage response and cancer therapy. 2012. Nature 481, 287–294 



Network of DNA repair pathways: 
comprehensive reconstruction 

Base excision repair Non-homologous end joining 



Network of DNA repair pathways: 
comprehensive reconstruction 
Part	
  of	
  	
  ATLAS	
  OF	
  CANCER	
  CELL	
  SIGNALLING	
  (h:p://acsn.curie.fr)	
  



Synthetic genetic interactions 

Unexpectedly	
  larger	
  or	
  smaller	
  effect	
  of	
  muta.ons	
  	
  combinta.on	
  on	
  a	
  compared	
  to	
  their	
  
individual	
  effects.	
  	
  

Types	
  of	
  synthe)c	
  interac)ons	
  

Nega)ve	
  or	
  aggrava)ng	
  when	
  the	
  combined	
  effect	
  of	
  two	
  or	
  more	
  gene	
  defects	
  is	
  more	
  
severe	
  than	
  it	
  is	
  expected	
  from	
  a	
  simple	
  mul.plica.ve	
  model	
  (	
  cause	
  decrease	
  of	
  fitness).	
  	
  

Posi)ve	
  or	
  allevia)ng	
  interac.on	
  when	
  the	
  effect	
  is	
  less	
  severe	
  than	
  expected	
  (increase	
  
of	
  fitness).	
  This	
  is	
  observed	
  in	
  the	
  situa.on	
  when	
  muta.on	
  of	
  one	
  gene	
  compensates	
  of	
  
buffers	
  the	
  effect	
  of	
  the	
  muta.on	
  in	
  the	
  other	
  gene.	
  	
  



Synthe)c	
  lethality	
  
An	
  extreme	
  case	
  of	
  nega)ve	
  gene)c	
  interac)ons	
  

Gene	
  A	
   Gene	
  B	
   Cell	
  fate	
  

Dobzhansky	
  	
  Gene.cs	
  (1946)	
  

Synthe)c	
  lethality	
  
An	
  extreme	
  case	
  of	
  aggrava.ng	
  gene.c	
  interac.on	
  leading	
  to	
  
the	
  cell	
  death	
  when	
  two	
  non-­‐essen.al	
  genes	
  are	
  perturbed.	
  	
  



Approach	
  
Exploit	
  gene.c	
  abla.on	
  in	
  cancer	
  cell	
  and	
  chemical	
  
inhibi.on	
  to	
  achieve	
  synthe.c	
  lethality	
  in	
  tumors.	
  

Applica)on	
  example	
  
Tumor	
  cells	
  deficient	
  for	
  the	
  BRCA	
  are	
  synthe.c-­‐lethal	
  
to	
  inhibi.on	
  of	
  PARP	
  ac.vity.	
  	
  

Synthe)c	
  lethality	
  paradigm	
  	
  in	
  cancer	
  treatment	
  
BRCA/PARP	
  synthe)c	
  lethal	
  pair	
  

Hartwell	
  et	
  al.	
  Science	
  (1997)	
  



Discovering synthetic lethal pairs 
screenings and modeling 

•  Examples of large-scale screenings  
–   in yeast (Constanzo et al, Science ,2010) 

–  in C. elegans (Lehner et al, Nat Gen, 2006) 

–  in human  
 MYC: Toyoshima et al, PNAS, 2012 
 TP53: Krastev et al, Nat Cell Biol, 2011; Xie et al, PLoS Gen, 2012 

 KDACs: Lin et al, Nature, 2012 

•  There might be synthetic lethal cocktails (triples)! 



Signalling	
  networks	
  for	
  interven)on	
  strategy	
  design	
  
Structural	
  analysis	
  

Intact	
  DNA	
  locus	
  

Repaired	
  DNA	
  

Double	
  strand	
  
break	
  

Drug	
  1	
  

Drug	
  2	
  

Drug	
  n	
  

PARP	
  inhibitor	
  ac)on	
  



OCSANA:	
  an	
  Integra)ve	
  pathway	
  analysis	
  to	
  
reveal	
  synthe)c	
  lethal	
  cocktails	
  

Priori.zing	
  the	
  list	
  of	
  master	
  regulators	
  
Iden.fying	
  points	
  of	
  fragility	
  in	
  the	
  network	
  
Iden.fying	
  synthe.c	
  lethal	
  combina.ons	
  

Target
 Elementary 
Pathways


Elementary 
Nodes


Computation 
Time


Total Number 
of MinHitSets


MinHitSets 
Size 1


MinHitSets 
Size 2


MinHitSets 
Size 3


MinHitSets 
Size 4


MinHitSets 
Size 5


Comments


KPNA2
 2300
 198
 5.51
 252
 0
 0
 108
 42
 102


MAD2L1
 2214
 131
 7.43
 74
 9
 5
 12
 7
 42


CFL1 
(Cofilin)


15
 71
 7.40
 38336
 6
 0
 160
 4848
 33322


CDC20
 198
 126
 2.04
 74
 8
 5
 12
 7
 42


XPO1
 529
 171
 2.40
 112
 0
 6
 30
 32
 44
 Antiapoptotic


CyclinB1
 1476
 121
 1.21
 74
 1
 5
 12
 7
 42
 Downregulate
d by BRCA1 
and p53. 
Upregulated 
by USF-1 
(which is 
upregulated 
by BRCA2)


MAD2L1&
BUB1B


246
 119
 0.24
 86
 21
 0
 12
 7
 42
 Study of 
Combinations


Co
nf
.	
  i
nf
or
m
a.

on
	
  



Predic)on	
  of	
  synthe)c	
  lethal	
  cocktails	
  from	
  
structural	
  analysis	
  of	
  DNA	
  repair	
  network	
  

DNA	
  state	
  transi.on	
  graph	
  
20	
  paths	
  from	
  
different	
  types	
  of	
  DNA	
  	
  
damage	
  to	
  the	
  state	
  
of	
  repaired	
  DNA	
  

alive	
   s.ll	
  alive	
   dead	
  alive	
  



Systema)c	
  predic)on	
  of	
  synthe)c	
  lethality	
  (SL):	
  minimal	
  hit	
  sets	
  

	
   	
   	
   	
  Synthe)c	
  lethality	
  by	
  hipng	
  triplets:	
  1452	
  sets	
  of	
  size	
  3	
  

	
   	
  	
  

Number	
  of	
  paths	
  hits	
  

N
um

be
r	
  
of
	
  S
L	
  
tr
ip
le
s	
  

PARP*	
  

WRN	
  

POLL	
  
PNK*	
   PCNA	
  

POLD*	
  

NBS,MRE11,	
  
RAD50,POLN	
  LIG1	
  

Mg2+	
  

BRCA*	
  

Known	
  synthe.c	
  lethality	
  
(e.g.,	
  BRCA1+PARP,	
  	
  
MRE11A+PRKDC)	
  	
  
have	
  high	
  sta.s.cal	
  score	
  
compared	
  to	
  a	
  random	
  	
  
pairs	
  of	
  genes	
  from	
  DNA	
  repair	
  



Studying	
  mechanisms	
  of	
  synthe)c	
  lethality:	
  
reversibility	
  of	
  signalling	
  pathways	
  
Linear pathway Pathway with reversible steps 

I P S I P S 

Reversible	
  steps	
  in	
  homologous	
  recombina)on	
  pathway	
  	
  

Fabre	
  et	
  al.	
  PNAS	
  (2002)	
  
Schwartz	
  and	
  Heyer	
  Chromosoma	
  (2011)	
  	
  

Role in: 
Maintaining genome integrity 
Double strand breaks repair 
Interstrand crosslinks  repair 
Single-stranded DNA gaps filling 



Homologous	
  recombina)on	
  as	
  a	
  model	
  pathway	
  
for	
  synthe)c	
  lethality	
  modelling	
  	
  

Observa)on	
  1	
  
Homologous	
  recombina)on	
  pathway	
  is	
  enriched	
  with	
  nega)ve	
  
gene)c	
  interac)ons	
  within	
  single	
  pathways	
  	
  

Observa)on	
  2	
  
Homologous	
  recombina)on	
  pathway	
  contains	
  reversible	
  steps	
  

Observa)on	
  3	
  
RAD51	
  –	
  ssDNA	
  intermediate	
  filament	
  is	
  toxic	
  to	
  cells	
  

Toxic intermediate 



Srs2-­‐Rad54	
  double	
  mutant	
  in	
  yeast	
  leading	
  to	
  accumula)on	
  of	
  	
  
un-­‐resolved	
  RAD51	
  –	
  ssDNA	
  toxic	
  intermediates	
  

Time	
  

Su
bs
ta
nc
e	
  
le
ve
l	
  (
au

)	
  

Synthe)c	
  lethality	
  within	
  single	
  reversible	
  pathway	
  
Kine)c	
  trap:	
  cell	
  death	
  due	
  to	
  toxic	
  intermediates	
  accumula)on	
  

Synthe)c	
  Lethality	
  between	
  Gene	
  Defects	
  Affec)ng	
  a	
  Single	
  Non-­‐essen)al	
  Molecular	
  Pathway	
  with	
  Reversible	
  Steps.	
  
Zinovyev	
  A,	
  Kuperstein	
  I,	
  Barillot	
  E	
  and	
  Heyer	
  WD	
  (2013)	
  	
  PLoS	
  Comput	
  Biol.	
  	
  

I viable P S 

I viable P S 

I  dead P S 



New	
  mechanism	
  of	
  synthe)c	
  lethality:	
  
kine)c	
  trap	
  is	
  a	
  generic	
  feature	
  of	
  cell	
  pathways	
  

Synthe)c	
  Lethality	
  between	
  Gene	
  Defects	
  Affec)ng	
  a	
  Single	
  Non-­‐essen)al	
  Molecular	
  Pathway	
  with	
  Reversible	
  Steps.	
  
Zinovyev	
  A,	
  Kuperstein	
  I,	
  Barillot	
  E	
  and	
  Heyer	
  WD	
  (2013)	
  	
  PLoS	
  Comput	
  Biol.	
  	
  



Trapping	
  of	
  PARP1	
  and	
  PARP2	
  by	
  Clinical	
  PARP	
  Inhibitors.	
  
Murai	
  J,	
  Huang	
  SY,	
  Das	
  BB,	
  Renaud	
  A,	
  Zhang	
  Y,	
  Doroshow	
  JH,	
  Ji	
  J,	
  Takeda	
  S,	
  Pommier	
  Y.	
  
Cancer	
  Res.	
  2012	
  Nov	
  1;72(21):5588-­‐99	
  
Small-­‐molecule	
  inhibitors	
  of	
  PARP	
  are	
  thought	
  to	
  mediate	
  their	
  an.tumor	
  effects	
  as	
  cataly.c	
  inhibitors	
  that	
  block	
  repair	
  of	
  DNA	
  single-­‐strand	
  breaks	
  
(SSB).	
  However,	
  the	
  mechanism	
  of	
  ac.on	
  of	
  PARP	
  inhibitors	
  with	
  regard	
  to	
  their	
  effects	
  in	
  cancer	
  cells	
  is	
  not	
  fully	
  understood.	
  In	
  this	
  PARP	
  inhibitors	
  
trap	
  the	
  PARP1	
  and	
  PARP2	
  enzymes	
  at	
  damaged	
  DNA.	
  Trapped	
  PARP-­‐DNA	
  complexes	
  were	
  more	
  cytotoxic	
  than	
  unrepaired	
  SSBs	
  caused	
  by	
  PARP	
  
inac)va)on,	
  arguing	
  that	
  PARP	
  inhibitors	
  act	
  in	
  part	
  as	
  poisons	
  that	
  trap	
  PARP	
  enzyme	
  on	
  DNA.	
  study,	
  we	
  show	
  that	
  Moreover,	
  the	
  potency	
  in	
  
trapping	
  PARP	
  differed	
  markedly	
  among	
  inhibitors	
  with	
  niraparib	
  (MK-­‐4827)	
  >	
  olaparib	
  (AZD-­‐2281)	
  >>	
  veliparib	
  (ABT-­‐888),	
  a	
  pa:ern	
  not	
  correlated	
  
with	
  the	
  cataly.c	
  inhibitory	
  proper.es	
  for	
  each	
  drug.	
  We	
  also	
  analyzed	
  repair	
  pathways	
  for	
  PARP-­‐DNA	
  complexes	
  using	
  30	
  gene.cally	
  altered	
  avian	
  
DT40	
  cell	
  lines	
  with	
  preestablished	
  dele.ons	
  in	
  specific	
  DNA	
  repair	
  genes.	
  This	
  analysis	
  revealed	
  that,	
  in	
  addi.on	
  to	
  homologous	
  recombina.on,	
  
postreplica.on	
  repair,	
  the	
  Fanconi	
  anemia	
  pathway,	
  polymerase	
  β,	
  and	
  FEN1	
  are	
  cri.cal	
  for	
  repairing	
  trapped	
  PARP-­‐DNA	
  complexes.	
  In	
  summary,	
  our	
  
study	
  provides	
  a	
  new	
  mechanis.c	
  founda.on	
  for	
  the	
  ra.onal	
  applica.on	
  of	
  PARP	
  inhibitors	
  in	
  cancer	
  therapy.	
  

PARP	
  inhibitors	
  trap	
  the	
  PARP1	
  and	
  PARP2	
  enzymes	
  at	
  damaged	
  DNA.	
  
Trapped	
  PARP-­‐DNA	
  complexes	
  were	
  more	
  cytotoxic	
  than	
  unrepaired	
  
SSBs	
  caused	
  by	
  PARP	
  inac)va)on,	
  arguing	
  that	
  PARP	
  inhibitors	
  act	
  in	
  
part	
  as	
  poisons	
  that	
  trap	
  PARP	
  enzyme	
  on	
  DNA.	
  	
  

PARP	
  inhibitors	
  mechanism	
  of	
  ac)on	
  
Between	
  pathways	
  SL	
  or	
  within	
  reversible	
  pathway	
  SL?	
  	
  

Within	
  pathway	
  synthe)c	
  lethality	
  
Kine)c	
  trap	
  into	
  toxic	
  intermediate	
  accumula)on	
  	
  

Classical	
  mechanism	
   New	
  mechanism	
  

Between	
  pathways	
  synthe)c	
  lethality	
  
Lack	
  of	
  DNA	
  repair	
  and	
  accumula)on	
  of	
  damaged	
  DNA	
  	
  	
  



Conclusions 

Synthe)c	
  lethality:	
  ra)onalized	
  paradigm	
  in	
  
finding	
  an)-­‐cancer	
  drugs	
  and	
  predic)ng	
  

response	
  

•  Detailed	
  representa.on	
  of	
  DNA	
  repair	
  mechanisms	
  
allows	
  integrated	
  data	
  analysis	
  (data	
  overlay	
  and	
  

visualiza0on,	
  network	
  structure	
  analysis)	
  

•  Stuctural	
  analysis	
  of	
  signalling	
  networks	
  can	
  help	
  in	
  
predic.ng	
  combina.ons	
  of	
  gene.c	
  interac.ons	
  

(Synthe0c	
  Lethal	
  triplets)	
  
•  Mathema.cal	
  modeling	
  can	
  help	
  in	
  discovery	
  of	
  new	
  

mechanisms	
  of	
  synthe.c	
  lethality	
  (kine0c	
  trap)	
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