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Vision Quote

“During the next decade, the practice of
medicine will change dramatically, through
genetically based diagnostic tests and
personalized, targeted pharmacologic
treatments that will enable a move beyond
prevention to pre-emptive strategies.”

Senate Majority Leader, Bill Frist, MD
"Health Care in the 215t Century”
New England Journal of Medicine, Jan. 2005
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All the Paradigms
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All the Paradigms

In Vitro
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All the Paradigms
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The AIDS pandemic:

Adults and children living with HIV/AIDS, end 2003
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° 2.9 M deaths due to HIV/AIDS in 2003
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HIV progression
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Qualitative forecast of HIV-1 population grows.
1 — mean value (7), 2 — 90% confidence interval.
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The complex interplay In HiV
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A few words on the Molecular
Basis of HIV-1
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Human immunodeficiency virus
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Spike of envelope
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10° new viruses
produced every
day

RT makes an
error during
each
Transcription

Due to the high
error rate,
multiple
mutations




Virus Replication
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HIV Inhibitors
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HIV-1 inhibitors

Protease inhibitors (PIs)
Saquinavir, ritonavir, indinavir, nelfinavir, amprenavir and lopinavir/r

Inhibited protease
prevents release of
individual core proteins
and subsequent
maturation of virus
particles as infectious

O

Protease
inhibitor

Immature
viral particle

Multi-protein

molecule Protease
enzyme
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HIV-1 inhibitors

Nucleoside reverse transcriptase inhibitors
(NRTIS)

Zidovudine, didanosine, zalcitabine, stavudine, lamivudine and
abacavir

RMase-H

Viral RNA
Viral RMNA

Inhibitor binds to
: reverse transcriptase Reverse 72  DNA chain and
transcriptase transcriptase L terminates it

inhibitor




HIV-1 inhibitors

Non-nucleoside reverse transcriptase inhibitors
(NNRTIs)

Nevirapine, delavirdine and efavirenz

Inhibitor binds to Viral RNA,
raverse transcriptase
and denatures il

EI'IE'_Ill'H & cannot

Reverse produce viral DNA

Mon-nucleoside transcriptase

reverse transcriptase
inhibitor
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Resistance |

250000 HIV individuals in the USA and Europe
with drug resistant viruses.

10% of new infections in USA/Europe occurs
with viruses that have at least one drug
resistant mutation.

Small proportion of patients die because we
have no drugs to inhibit their viruses




Virology of HIV-1

Reverse transcriptase (RT)
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NRTI resistance mutations
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NNRTI resistance mutations
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Accumulation of high
level resistance

Number of Mutations Accumulated ‘

2 muUtations S mutations
4-10ld resistance 10-10ld resistance (V)
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Our Approach

- No free ride: just incredibly difficult with
combinatorial explosion

- Need a//scales a// disciplines a// data
- From molecule to man to mankind

- Combine disciplines, scales and information
into one environment for decision support
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From Molecule to Man...

Genomics Proteomics Immunology Medical
DNA Proteins Cellular Pharma-
ceical Treatment
Mutations Protease CD-4 Expression I Vivo-
Reverse # RNA particles Vitro- Experimentation
Transcriptase Silico-
= > Time
10-14 sec Years
> Space
10-10 m 10_1 m
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In silico humans-spatial & temporal scales

=
e Im person ——
e 1 mm electrical length scale of cardiac tissue
e 1um cardiac sarcomere spacing
e 1nm pore diameter in a membrane protein
Range = 10°
e 10°s (70 yrs) human lifetime
e 10°s (10 days) protein turnover
e 103s (1 hour) digest food
e 15 heart beat
e 1ms lon channel HH gating
e 1us Brownian motion
Range = 10% e

Requires a hierarchy of inter-related models

genereg. __ pathway _ stochastic

—» ODEs = PDEs (continuum models)
networks models models
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Our Approach...

- Mine literature (vivo & vitro)

- Derive rules (semantics and logic)

- Find patterns (Biostatistics)

- Simulate drug-protein complexes (MD: Physics)

- Simulate Immune response (CA: Immunology)

- Analyze temporal behavior (data mining)

- Analyze population trends (CA & graph theory & CN)
- Derive rules for Decision Support (CS, Logic)

- Provide integrated environment (Virtual Lab)
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What we need

- High Performance Computing € Mesoscopic Simulation
- High Throughput Computing € Parameter Space Exploration

- Data Disclosure € Dbase Federation and Integration
- Data Fusion € Parameter Transfer

- Access € Visualization/VR && Roaming and Remote &&PDA
- Secure Sharing € Virtual Organizations
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Intervention Parameters
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From molecule to man:
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= Integrated Decision Support

1.

Text mining = Automatic Rule Generation

. Molecular Simulation = Binding Affinities

. Dynamics = Simulation of Immune System

Biostatistics = Patterns

Epidemiology = Complex Networks




Text Mining
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Building the rules

- Deconstruct & reconstruct Retrogram
RetroGram rule system

- Leverage Stanford HIVdb ﬂ Tranlator
AST rule format =

- Prolog suitable target rormat
language: rule-based AS|

Compiler

- Portable solution
- Process existing rulesets in

ASI format (STanor'd _ Prolog

HIVdb, Rega, ANRS, etc.) comPler
- Machine Learning through oo

provenance tracking Executable
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Molecular Dynamics of Drug
Binding

P2 Subsite

Catalytic Aspartic
Acids - 25, 125

Leucine - 90,190  C-terminal N-terminal



CD4+ Counts

Infection Dynamics
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Dynamics: Modelling Intra Host

» Two ways to model:

parallelism, locality

Infection using CA

mathematical (PDE/ODE) and

cellular automata models

*| The main advantage of cellular automata with massive

of cellular interactions and

simplicity of cells is to emphasize the emergence and
the importance of spatial structure

Up to now, no reports to model the therapy of HIV
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Computational Model Part |1
i HI1 Model with Lymphocytes Mobility

» Margolus neighbors (2 X 2 block rule).

*  2D-Brownian Movement
(1) rotate the block’s contents one-quarter
turns clockwise or rotate it counterclockwise.
(2) decision will depend on the outcome of a
coin toss

_ Modified TM-GAS rule

TM-GAS IF CENTER COLLISION
ELSE PHASE {CCW CW}
THEN > PLNO

Modified TM-GAS
IF DEAD CELL COLLISION
ELSE PHASE {CCW CW}
THEN > PLNO
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Computational Model Drug effects
¥ Drug Therapy of HIV Infection Model
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Rule 1:

(@) If there is one Al neighbor after the starting of drug
therapy, N (0<N< 7) neighbor healthy cells become infected-Al
in the next time steps with probability p...,. Otherwise, all of
eight neighbors become infected-Al.

N represents effectiveness of drugs.
N = O: no replication; N=7: less effective for the drug.

Presp(1-15) represents certain response function of drug effects

over the time steps (7). The 7. is the starting of treatment.

The other rules stay the same for Basic DTHI
Advanced DTHI (add other rules)




Simulation Results: validation of Dynamics

P.M.A. Sloot et al.,
LNCS 2002

o
2468002

Healthy Infected Dead
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Simulation Result: Drug Response

s | Different Drug Effectiveness
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Population Level Biostatistics ...

Distribution for number of mutations in genotypes
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HIV Population: Networks -1

— Example of the bipartite network of
sexual contacts with additional links
of homosexual contacts. Blue nodes
are men, pink nodes are women,
and yellow nodes homosexual men.

— HIV modeling with separation of
—&— Heterosexual Spreadlng type'
spreading

—&— Homosexual spreadin
" pg (data source: UNAIDS/04.16E (June
2004))
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HIV Population: Networks -

HIV dynamics
simulation:

Initial network
configuration to
Final
configuration

(5 years of
simulation)

Yellow nodes
healthy
individuals,

Red infected
Black dead
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Resulting DSS version 1.0

_?. Retrolaram 1.4

Patient 1D:
RetroGram 1.4

P atient Details Laboratory Information HIY Therapy
Decision Support

Interpret Substitutions

Protease Substitutions

Reverse Transcriptase Substitutions

71T, 63H, 82T, 30N 41L, 87N, 69D, 751, 103N, 184V, 215Y

211K, 20R, 901, 102K, 121H, 122E,
142V, 162Y, 177E, 203D

Unreported None Unreported 31L, 35M, 162D, 277K, 286A




Remote access

Emulation Onlv

I] aill
Tl

Laboratory Information

BLACKBERRY BLACKBERRY
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Ranking quality

Tahle 3. Association of haseline genotypic susceptibility score {GSS) with change from
baseline human immunodeficiency virus (HIV) RNA levels (multiple linear regression).

HIV RNA level change per unit increase in GSS, logy, copies/mL

At 3 months At 6 months
System” Mean (95% Cl) P Mean (95% Cl)

Stanford hivdb —-0.14 (-0.33 to +0.05) .14 —-0.19 (-0.38 to —0.01)
ANRS AC11 —0.16 (—0.34 to +0.01) 07 —-0.12 (-0.32 to +0.03)
Rega 4.0 —0.12 (—0.32 to +0.08) 25 =010 (—=0.31 to +0.09)
GuideLines 3.0 —-0.21 (-0.40 to —0.02) 03 —-0.23(-0.42 to —0.05)

Retrogram 1.4 —0.18 (=0.41 to +0.04) 10 -0.22 (—0.49 to —0.05)

RCG —0.10 (-0.28 to +0.08) .29 —0.16 (—0.24 to +0.02)
HlVresistance\Web —-0.18 (—=0.39 to +0.02) .07 —0.23 (—0.43 to —0.03)
Menéndez-Arias —0.15 (—0.34 to +0.03) .10 —=0.11 (—=0.29 to +0.07)
CHL 3.2 —-0.21 (-0.40 to —0.02) .03 —-0.12 (—0.20 to +0.06)
Detroit Medical Center —0.01 (=019 to +0.17) .91 —=0.01 (=0.19 to +0.17)
Séo Paulo University —0.11 (=0.27 to +0.05) 19 =017 {(—0.33 to —0.01)

De Luca, Journal of infectious diseases 2003

LAB, =]
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Results: Interpretation tools CD4

CD4* cell count change

per unit increase in (

At 3 months At & months

System’” Mean (95% Cll P Mean (95% Cl)

Stanford hivdb 21=15t0 +13) B2 +23 (+3 to +43)
ANRS ACT +13 (=1 to +28)

+15 (-1 to +31)

+40 (+18 to +82] <.001
El—-14to +24) 53 +19(-3 1o +42)
(+2 to +40] 03 +251(+2 to +48)
2(-6to+30] .20 +161-7 to +37)
+21 (+2 to +42)
Detroit Medical Center 510 to +33) 05 +181-1 to +38)

Sdo Paulo University +14 (=2 to +30] . +25 (46 to +44)

De Luca, Journal of infectious diseases 2003
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Conclusions

- System science: Not for the faint of heart
- Diminishing boundaries of classical sciences
- Whole is much more than the sum of the parts

- DSS: open research issue
- 6rid technology is enabling system science
- Security 1s open issue

- Virolab: promising ranking results awaiting further
evaluation

- Simulations become more and more complex and
realistic
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Outlook: The Future of Simulations:

‘How long before the simulators sit up,

swing their legs over the bedside and walk
up to you complaining of pain?’

In: From Dummies to Dollars, aka— “Holy Moly, How do | Make Money
off these Simulators?”, Feb 2005

Robin Pakbaz, RRT, BSAH

Clinical Coordinator

Medical Simulation Training System Lab
Advanced Medical Test Support Center
Fort Gordon, Georgia

US Army MEDCOM

tﬂ Peter Sloot: Computational Science, University of Amsterdam.

48



Acknowledgements

C.A. Boucher MD, D. van de Vijver,
A-M. Vandamme et al.,
Krakow: T. Gubala, M. Bubak,
Peter Coveney et al.,
Stefan Wesner et al.,
Andrea de Luca
Lidia Ruiz et al.,
A.V. Bouchanovski et al.,
Tai Joc Cing et al.,
Pawel Plaszczak et al.,
Carlo Torti
Viktor Muller
Alice Posthumus-Plantinga
Breanndan O Nualléin, Alfredo Tirado-Ramos, Fan Chen T,

‘Retrogram’ Trademark 713908, University of Amsterdam

!H Peter Sloot: Computational Science, University of Amsterdam. 49




References

P.M.A. Sloot; A.V. Boukhanovsky; W. Keulen; A. Tirado-Ramos and C.A. Boucher:
“A Grid-based HIV Expert System”, Journal of Clinical Monitoring and
Computing, vol. 19, nr 4-5 October 2005. ISSN: 11387-1307.

P.M.A. Sloot; I. Altintas; M. Bubak; A. Tirado-Ramos and C.A. Boucher: “From
molecule to man: the system science of decision support in

individualized eHealth”, IEEE Computer, (Cover feature to be published)
November 2006.

P.M.A. Sloot; F. Chen and C.A. Boucher: Cellular Automata Model of Drug
Therapy for HIV Infection, in S. Bandini; B. Chopard and M. Tomassini,
editors, 5th International Conference on Cellular Automata for Research and
Industry, ACRI 2002, Geneva, Switzerland, October 9-11, 2002. Proceedings,

in series Lecture Notes in Computer Science, vol. 2493, pp. 282-293. October
2002.

tﬂ Peter Sloot: Computational Science, University of Amsterdam. 50




nformation Socie vl-e

Technologies

www.Virolab.org

KE Peter Sloot: Computational Science, University of Amsterdam. 51



Where to find more
Information ?
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