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Calling program of DNA alterations —
cisCall (Kato et al, 2018, Genome Medicine)
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Combination Medical Device
of

1) Software, and

2) Reagents

cisCall and cisinter,

which we developed

| _ Ay Technology transfer

alterations tailored to formalin-fixed

paraffin-embedded samples in cancer

clinical sequencing

However, not all patients show

drug response

> Only 3/9 responsive on our first genome

medicine project (Tanabe et al, 2016. Mol. Cancer)
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tugHall: a simulator of cancer-cell evolution based on the
(Nagornov and Kato, hallmarks of cancer and tumor-related genes
2020, Bioinformatics) lurii S. Nagornov and Mamoru Kato*

Trial probability Cancer hallmark Gene mutations

Cell’'s next states interference with the determine degree
are determined by  trial probabilities of hallmark
the probabilities interference
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=~ Trials and hallmarks

Apoptosis hallmark

Trials Condition  Probability
Environmental Every time ,
k' =k,
death step
o 1-k' Nothing
-~y
Apoptosis Every time ~=~=Degath
pop Y a'=a-H,=0(s,x(x~0.5))~H,, LU °
step Sseao
where X =impaired gene density b
o 1-a' \~\‘ Nothing
Invasion/ im %0 i =H. <1 \Nnﬂliﬁg
metastasis " Sso
transformation . Transfor \‘x
o im'=H_ =1 ~o
exponen Sso
~
growth
o 1-im' Death
Hayflick limit C > Cmax o i'—i-H Stop divi o
(immortalization) 0 i process
o 1-7 Start divi
trial
Cell division Every time . " Division T T == ====
y . |d—E'<N,when logistic growth
step o |d'= .
d, when exponential growth
where d =d,+H, and
E'=E /(1+FxH,)
(N
o 1-d' < Nothing
Gene mutation  Cell , Mut@tion
o ® m =m,x CDS_length N
division AN
happens o 1-m' Nothing \\\
N
Gene Gene ° . |ugy, for oncogene Gene N
u = \
dysfunction mutation u,,, for suppressor dysfuncti ‘\\
happens o 1—u' Nothing AN

a'=a-H,=o(s,x(x=0.5))-H,,

where x =impaired gene density

Oncogene/suppressor and
angiogenesis hallmarks

d — E'x N, when logistic growth
d, when exponential growth

where d =d,+ H, and

E'=E,/(1+F,xH,)




Hallmark variable and mutations

* Linear combination simply for
interpretability

A)  The oncogene/suppressor hallmark variable, Hy, for example:
Hy=wy g +wy g5 +wy g5 +w g
et (w,ws,wi,wi)=(0.1,02,0.3,0.4)
When (g1, 83,85.84)=(1,1,0,0)
H,=011+02-1+03-0+0.4-0=0.3 ‘

# of parameters”

e Only 7
 + hallmark weights

cf. 20-30 parameters in
Standard Model of
particle physics

Hg4interferes with a probability value of the cell division trial:

Information on
gene mutations

d'=d,+H,=0+03=0.3



The first trial toward simulation-based personalized medicine (1)

1.

Pick out colorectal cancer and focus on 4
classical genes (APC, KRAS. TP53 PIK3CA)

2. This time, set other parameters than the weight

parameters based on literature-based values

Genes My APC, KRAS, PIK3CA, TP53, SMADA, )
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colon cancer

Limit search space of the weight

parameters by COSMIC knowledge-

based hallmark genes

v" Can be estimated in the future

Supplementary Table 1. The variables.

Variable Notation Description Per Interfered by  Time Notation as  Possible initial values for
type hallmarks change parameter  parameter
Cell c Cell division counter - No Dynamic = =
Conax Maximum cell division number by Hayflic limit No Static (Cmaxo0) 50
k Probability of cell death by environments T No Static ko {0.1,0.2,.., 09}
d Cell division rate T Yes Dynamic  (db) 0.1 for 7, arbitrarily time unit
im Probability of invasion/metastasis transformation Yes Dynamic -
a Probability of cell death by apoptosis T Yes Dynamic s {10, 15, 20, 30, 40, 90}
i Probability of cell division stop by Hayflic limit T Yes Dynamic (i) 1
m Mutation rate per bp division  No Static my {10*, 107, 10%, 10 10"'%}
Us Probability of dysfunction of a oncogene mutation No Static Uoo {171, 110, 11100}
us Probability of dysfunction of a suppressor mutation No Static Uso {171, 110, 1/100}
External N/M Number of cells with logistic/exponential growth No Dynamic -
Environmental resource limitation - No Static Eo {10, 102,10, 10+, 105}
F Reduction effect to E by angiogenesis - Yes Static Fo {10, 107, 107, 10%}
Time counter - -

% Catalogue OF Somatic Mutations In Cancer

Projects V| Data "‘ Tools V| News ¥ | Help

Hallmarks of Cancer':@“-lll’f;*

Search COSMIC...

Tp53 S_Iiv_le_E Promotes \
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@ Function summary s T
quardian of the genome [Pubmed] #; Molecule of the \‘Q"/

Year 1993 [Pubmed] ; transcription factor that

coordinates cellular response to stress caused by a

variety of signals including DNA damage, aberrant \
growth signalling, hypoxia, and a wide range of

chemotherapeutic drugs, ultraviolet light, and

protein-kinase inhibitors [Pubmed] ¥; traffic cop at

the crossreads of DNA repair and recombination

[Pubmed] ¥; maintains the integrity of mitochondrial

DNA [Pubmed] #

Suppresses

genome instability and

mutations

directly binds and forms stable complexes with

L_DNA

ing insertion/deletion

Genes

« APC
KRAS

« TP53

» PIK3CA

Hallmarks

» Apoptosis
Growth/anti-growth
Immortalization

« Angiogenesis

+ Invasion/metastasis




The first trial toward simulation-based personalized medicine (2)

4. Select a colorectal cancer patient from 5. Weight parameter estimation by ABC
TCGA arbitrarily v' ABC: Approximate Bayesian Computation
v With APC VAF of ~50% to circumvent the v' Latest method to estimate parameters used in complex simulation

tumor purity issue models

v' Often used in population genetics

v' We used it before in a B-coalescent model (Kato et al, 2017, Royal
e ke Gy s Society Open Science)

The Cancer Genome Atlas (TCGA)

m) National Human Genome
Research Institute

TCGA@

Priors for weights » Simulation model »

Th ncer Gen . |
Atlgsca cor Genapg Uniform distribution

Posteriors for weights

A comprehensive and coordinated effort to accelerate our understanding of the
molecular basis of cancer through the application of genome analysis

technologles, including large-scale genome sequencing. . . . . ... . . .

A

» Summary statistics

Patient: TCGA-COAD APC (i
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Male TP53, <

PIK3CA H H :

APC KRAS TP53 PIK3CA




Posterior and MAP estimation for the weight parameters of this patient
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Artificially blocking each gene in our simulator
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(Nagornov and Kato, 2020, Bioinformatics)



Possible mechanism on this blocking

Preliminary analysis of mechanisms revealed in our simulator
« Efficient and dead-end orders of gene dysfunctions for cell proliferation?
« Blocking TP53 seems to inhibit efficient paths for cell proliferation in this patient

Patient: G Image

TCGA-COAD

73-year-old
Male

APC,
KRAS,
TP53,

PIK3CA L~ - (e et




Simulation-based
personalized medicine
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Summary and acknowledgments

 tugHall: cancer-cell evolution simulator involving gene information

* Applied tugHall to a colorectal-cancer patient in TCGA
* Estimated parameters by the ABC method

* Blocking TP53, not other genes, is predicted to inhibit metastasis for
this patient

* A possibility of simulation-based personalized medicine
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