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We showcase various contributions illustrating the impact of algorithms on personalized healthcare as well as on our ability to include all relevant

actors, from researchers to clinicians to innovators, in tomorrow’s grand health programs.

Personalized medicine

From population to individuals

ll. Navigating the hospital network

How patients explore the healthcare system

a PHENOTYPE LEVEL a
Heart mass °
(0] °
o @
Cc [
S
£ o
Spectrum of responses 0 = ““
o
Heart mass o o IIIIIIIIIIIIIIIIIIII “Il“lllll .
N .y o o ‘
S © " Gl % > Mortallty rate
>m 232 _‘ \: j m>® 3 vv——:—rx—:—mo—:—xr;rv— 222 200y m >n.<f>< , oO/o
2 T > pr} o — - v- i )
%% %5% %@ E %% % 5 5% %52 5% 5%5 %%éiz éii : éZé E ﬂm? . e 3.0%
Q ; :
2.0%
£\ >
GENE LEVEL ® e 1.0%
Fre o8 o
—_ . ° X ‘ ) 0%
) ) TP Serpina3n
Population-wide (SAM) s . . &‘ 2
Marker of hypertrophy o jgo Weighted Degree
c ’ )
8« A : o / ® 1x10"°
T |||I | I || ||II||| I ||| ll II III IIII I|| || | I Ill | 2 i ® 210"
— | l ™ T -
& 7 ' J | | V j @®:x10°
T gl
Hest ™ o @::10°
—~ 2 ) Hes1 downregulation
e o Mild hypertrophy <
Personalized (FC) g2 II I Ly
Q o o | . l - II 1 I
Degree of hypertrophy S 24 -pu I'l =" .I II..I . I' R I I II. I.I I . | II
I
< a
(@]
S ©
u_? T Hes1 upregulation b
Strong hypertrophy . o o — C USNews Hospital Scores During Patient Journeys (N=265,525
L=3 L=10 L=17 L=24
—_L=4 L=11 L=18 = L=25
—— L=5 =—— L=12 —— L=19 — L=26 p <2.2e-16
8 —— L=6 —— L=13 —— L=20 — L=27 | I
) e =7 = L=14 =— L=21 = L=28 p < 2.2e-16
Tk © L=8 —— L=15 — L=22 — L=29 - - p = 0.9964
b C — -~ L=9 = L=16 == L=23 = L=30 f )
*EE 0.06 -
TnoniZ o o B 257 - 9 o
Nppb S (@)
Pcd? PR Cos3 Sicta2 =] - S & -
o o) § 21 0 ° :
O Ankrd1 o o % 9
Eifdat o : S2ialbe 4 0028H2 = 3 »
Akap9 Mkrng  Snaid O Y45 o) =
K'bzs O awsios77 ™ wiaps hgd g Clecsf8 % ' Z 5 g 003
Dtr ° n o 8
Ppp1rdg 503 O ranx BC020188 g i )
O EC 9430041017F<Opopo1 O EConesasitt O O C[ec4n o ?o 1 -] o T
npip b
o SAM o PtriNipsnap3b OCab39\ O ArpcS Msda7 _(c% 05 A
Hes1 Fhl1  Timp1 o o =
Dedd O Fgt16 (@) P
@ O CEs Bg1 b Tspani7 Gp38 O Timp1Rpp25L99|53 % ‘9 0.00 -
30504E08 O Kenip2 Adamts2BC020188 Alsosass  Retnla 0 .
5 5 s 5 s 3 o
Nfatct 9{12 % Ay O 5 CysO{Serp na3n £ % _g g g ‘aé £ g .g 1
Lrret Adamts2 c Il o} c -t ] c o fa}
Ttc13
Hpeves o) y corn o Polyodom § % 5% 5 5|8 % % T T T T T T T
ZBTOOZZBOSRV;Ikd” o PR o g‘ E é‘ _é % E ' ' '
Rffl Pacrg © 2 © 2 ©u 2 0 5 1 0 1 5 20 25 30 Before CAD CAD After CAD
o o o Grou
Acot1 Scara5 . . . V' 't k i
Transfection Hes1 siRNA 1 Hes1 siRNA 2 ISIt ran
Control

We investigate individual changes of gene expression when inducing hypertrophy and heart
failure in 100+ strains of genetically distinct mice from the Hybrid Mouse Diversity Panel
(HMDP). (a) Genes whose expression fold-change (FC) correlates significantly with the severity
of the disease are either up- or down-regulated across strains, and therefore missed by a
traditional population-wide analysis of differential gene expression (SAM). (b) The “FC” and SAM
genes form two distinct and dense modules in the co-expression network. (¢) We validate our
approach by showing that the knockdown of FC gene Hes1 induces a dramatic reduction of
hypertrophy by 80-90% in neonatal rat ventricular myocytes. These results demonstrate that
individualized approaches are crucial to identify genes underlying complex diseases as well as
to develop personalized therapies, for example to predict the response to drug treatment.

Collaborative research

From individuals to teams

/ Biobricks Network \

Using data from the Healthcare Cost and Utilization Project (HCUP) in California, we explore
how patients navigate the hospital network. (a) Patient-sharing network reconstructed from
patients trajectories (nodes are hospitals and edges are weighted by the number of patients that
have been to both hospitals). Central hospitals show higher mortality rates (image courtesy of A.
Dhand). (b) We collected US News scores to quantify hospital “desirability”. We observe that
patients optimize the hospital rank during their healthcare trajectory. (¢) Looking at the subset
of patients going through Coronary Artery Disease, we observe a “wake-up call” where patients
go to higher-ranked hospitals for treatment. These preliminary results exhibit the potential of
learning from personalized healthcare data to improve patient hospital navigation.

IV. Open science at scale

The role of Al in large-scale research programs
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Over 10 years, 2,000+ teams have participated to the international Genetically Engineered
Machines (IGEM) competition, documenting their progress and results on open wiki
websites. Team internal networks are reconstructed from wiki notebooks co-edition. Teams
collaborate with one another, forming a collaboration network. They produce BioBricks b c

by combining previously made BioBricks or engineering new ones. Finally, team success is
determined by the prizes and medals they receive, as well as their BioBricks re-use by
other teams.
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