Conserved cross-species network
modules elucidate Thl/ T-cell
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Thl/7 cells:
Clinical relevance

Mucosal immunology :Th17 respond to bacterial and fungal
antigens

Thl7 cells imbalance associated with several autoimmune
diseases (Rheumatoid Arthritis, MS, psoriasis, lupus, CD)

IL- | 7-deficient mice are more susceptible to the development
of lung melanoma

HIV infection specifically depletes Th|/7 population



Main questions

® How to modulate Thl7 response to self?
® What are the regulators of Th17 balance?

® What are the proteins and pathways responsible for proper
differentiation of Th17 cells?

How well findings in mouse are transferrable to human immunology?
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Our strategy

Human Mouse

) o ) L J L A
oliotel Jo A8TIEE". 375 celey 07878000
* o - 3

b4 v
1 coo 44 ‘i'
Qo .. ® >
L LT
"o on o 000
- o [ 3 9
.o ece shbee « | OO iete

o® £l
............

® |et’'s combine: e el

® Human and Mouse Th7/ differentiation transcriptomics data L R

® Human and Mouse PPl networks

® Orthology information between Human and Mouse

® Using an optimization framework

® TJo identify conserved cross-species active modules
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CCSAM:(I1) Modularity
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M&M recipe:

® For each species individually:
® Process RNA-Seq => Count matrix

® Fita GLM => estimated coefs

® For each tim
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Transcriptional profiling of
Human & Mouse Thl/ cells

Control ThO vs Th17 L4, antiIFNy
9 time points, RNA-Seq umbilical /

blood

Human: |4 338 mRNAs TGFB, IL6, IL1B, anti-IL4, anti-IFNy @
quantified in the first 72h 0.6 12 24 48 72

05:1:2: 4

Mouse: | I,751 mRNAs quantified
in the first 72h

Timepoint (h)

Matched time points

DE Ca”ed With an edgeR GLM |4 Tuomela et al., 2014



Transcription dynamics

an DE genes, FDR<=0.1, |logFC|>=1 Mouse DE genes, FDR<=0.1, |logFC|>=1

1000 -
500_ - .II
Z 0_-----... —-..-.

.TRUE

* Biphasic in both * Seems “‘stronger” in e earliest changes (1/2h!)
species the mouse samples visible 2




Contrasting: Genes DE
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Scores: BUM Model

® Activity (positive and negative)
scores derived from

signal ~ B(a, 1)

noise ~ uniform(0,1) = B(1,1)

® p-values distribution

® described with a beta-uniform signal + noise
mixture model;

® controlling the FDR

® using an adj. LL ratio:

Qs
s(x, FDR) =log 47 (FDR)a-1
Estimating the occurrence of false positives and false negatives

AT Y SN oy in microarray studies by approximating and partitioning the
(a 1 ) (1Og (CE) log (T (FDR) ) ) empirical distribution of p-values. Pounds 2003 17
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PPl Networks

2 SHIRINGIOH

STRING - Known and Predicted Protein-Protein Interactions

Obtained from the STRING db

What it does ...

On |)’ ke Pt PhySlCGI Interactions STRING is a database of known and predicted protein interactions.
The interactions include direct (physical) and indirect (functional)
associations; they are derived from four sources:

Mouse netwo I’k: I 2, I 2 I nOdeS a.nd Genomic  High-throughput  (Conserved) Previous

Context Experiments Coexpression Knowledge
I 76,462 edgeS ® saco £ O W Publ@Qed
[ p———— {, /. mips ...
y STRING quantitatively integrates interaction data from these
H uman network : I 4’280 nOdeS sources for a large number of organisms, and transfers

information between these organisms where applicable. The
and I 979649 edges database currently covers 5'214'234 proteins from 1133

organisms.




Orthology relations

Obtained from ENSEMBL orthology Browse a Genome

The Ensembl project produces genome databases for vertebrates and
other eukaryotic species, and makes this information freely available
online.

Represented as a bi-partite graph M

Popular genomes

85,640 human proteins -

o VAT
W

49,717 mouse proteins

v Log in to customize this list

All genomes

linked by 125,685 edges

View full list of all Ensembl species

Other species are available in Ensembl Pre!/ and EnsemblGenomes

grouped in 16,736 bicliques
(avg size of 8.08, median of 6, SD of 5.97)

Retriev sequence Compare genes across
GCC GETGE. Species
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M&M recipe (recap)

® For each species individually:
® Process RNA-Seq => Count matrix

® Fita GLM => estimated coefs

® For each time point,
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Conserved active modules

® Formalized using a
constraint modeling
approach over boolean
variables

® Constraints are linearized
=> MI|LP

® [he MILP is then solved

using CPLEX with a branch-
and-cut algorithm

23



MILP:?

® A formulation, with:

s : max S1 - x1 + So - 29
® an objective function T1,T2

Subject to: x1 + 19 < L
R Ay O A

N Sl ’ E B0 o et i vy 2 B y . y s s 5 - 3
Y - N L . ay s, off &
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' v
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® subject to linear constraints




MILP:Variables

Boolean variables for nodes in solution

25



MILP:Variables

max E W b

26



MILP:Variables

Boolean variables for conserved nodes

o — ggﬁ{xu%}

27



MILP: degree of conservation

28



MILP: connectivity

® And satisfying the connectivity constraint:
® Possibly an exponential number of constraints

® Constraints added as needed during optimization
29



MILP: Formulation

S.t. 1My, = ggﬁ{xuxv}

My = ﬁgﬁ{mumv}

Z My = Z T

veViUVs veViUVs
(1|x| and G2 |x] are connected

Ty, My € {0,1}
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2h conserved module




/2h conserved module
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Overall dynamics and solutions

Distribution of node classes by alpha
Class . Positive, conserved Positive Negative,conserved . Negative
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Conclusions

® Mouse and Human Thl7 differentiation processes are well conserved
during the first 72h

e Differentiation happens in two phases, very early (Oh--4h) and late
(12h--72h)
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http://software.cwi.nl/xheinz

Future work

® Theoretical results on the computational complexity for specific
network topologies

~ ® Novel formulation for bi-conservation: Conservation between species




Thanks!

and see you (@ poster 7!

CW1

* Wessels group / NKI

e CWI for the expertise

e CBIB/CGFB for the environment (and computing power!)

* VU Centre for Integrative Bioinformatics

* ERASysBio for the funding

e Riitta Laheesma’s group for the data

* And you for your attention... and for trying the tool:
http://software.cwi.nl/xheinz
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Influence of conservation on content
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MILP: Conservation tradeoff

40O ----0O4
a=0.5
activity: 10 activity: 9 activity: 8

Controls tradeoff between overall activity and conservation
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Genes affected at any time point

Genes affected at any time
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T cells response
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RNA-Seq
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Human exp. design:
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Strongest effects:
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Dimension 2
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Between all samples

MDS HSA all samples
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Bacteria, fungi
\j’

Dendritic
cell *

4

6 L

1 Q 04"’6——
8[TGF-B

Naive T cell

--Sources?

IL-
IL-

Thl7 cells development &
differentiation

TH17 cells

Effector functions:
@ IL-17 |=>+ Inflammation

@ |IL-22 | =p= Barrier function
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Mice vs Men

TA7/T. cell

™
I \
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CCR6 j = [ FOXP3 \
CTLA4 & | \STATS J

CD25 Q)

TH17 cell TmG cell

® Cells origin?

Rheumatoid arthritis

Mouse arthritis

® Role of TGFB?

T“17 cell

® Secreted cytokines? 2

lIL»23

IL-17A
IL-17F
IL-21
IL-227

Kobezda et al. (2014). Of mice and men: how animal models advance our understanding of T-cell function in RA. Nat. Reviews. Rheumatology
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edgeR GLM

® Ve fit a model of the like :

® Here: mean ~ donor + time + treat:time
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2h dynamics of conserved module




/2h dynamics of conserved module
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MILP: connectivity constraints

® For each connected component of the
current solution S

® Determine its neighborhood not in S

® Formulate the two alternatives:

® |t's expanded towards other CCs

S
=
VA

Tp+YE + YF
Tp+YE + YF

with vy, <z, and Z el

® Or it'll be the final module (new Yy
variables)

&
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