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cells are complex dynamical
systems of interacting molecules




organisms are complex dynamical
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genetic networks

cell cycle
apoptosis
cell differentiation

communication between Analogy: circuit diagram

cells in tissues

Navigator 555A Schematic Diagram




Map of the TLR signaling pathway in the macrophage
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Macrophages are key immune cells

bacterium
being engulfed

& & wwwitbcnrit

e Phagocytosis
. . A few perspeclives on
e Antigen presentation CELL MOTILITY

Division of Experimental Medicine

o SeCretion Of prOi nflammato ry Brigham & {:Iumcn's Hospital
cytokines

e \Wound healing
(thanks to Alan Aderem)




TLRs and their associated PAMPs
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TLR signaling pathway
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Transcriptional Networks: Strategy
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The ingredients

Bone Marrow
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clustering of
gene expression
profiles

Minimum BIC at K= 32
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up-regulated

Stimulus-
specific cluster
responses

down-regulated

NEMO/IKKy TRIF-dependent pathway

b — MyD88-dependent pathwa
nr-c B ne-c B @ RF3 y P P y

— regulated by either pathway

war"‘vFi’K'gi-_: (.ag‘gﬁiw e MyD88-activated, TRIF-repressed poly IC Pam3 R848 LPS
[1ens] TRIF-activated, MyD88-repressed

S. Ramsey, PLoS Comp Bio, 4,3, 2008.




In conjunction with transcription factor binding site
prediction, we can use the timing of expression to
identify induced transcription factors that are

associated with downstream groups of genes that

they reqgulate.

Expression dynamics Genomic sequence data Transcriptional network

S. Ramsey




Components of the gene-gene
transcriptional time delay

mRNA half-life
of TF gene
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Scanning for TF binding motif matches

Scanning: Motif enrichment matrix:
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Probabilistic Framework for Transcription Factor Binding Site Prediction
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ac-H4 peaks are associated with transcription start sites
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Map network
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TF genes
and

cytokines
within the
clusters

Suggests
early-induced
TF genes
may be
regulating
later genes
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Temporal representation of the TF-
cluster association network
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ChiIP-on-chip validation

Table 2. Validation of transcription factor-to-cluster associations using ChIP-on-chip

TF

NFxB/p50
NFxB/p50
NFxB/p50
IRF1
IRF1

Matrix

NFKB_Q6
NFKB_Q6
NFKAPPAB_O01
IRF_Q6_01
IRF_Q6_01

Time Points

Th,2h
1Th 2h
1Th 2h
1Th,2h,4h
1Th,2h4h

S. Ramsey, PLoS Comp Bio, 4,3, 2008.




Predicted Regulation of Cytokines and Transcription Factors

Cytokines Before 2 hours
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Characterization of an NFkB, CEBPO,
and ATF3 transcriptional sub-network

NEKB initiated
ATES3 attenuated

NEKB initiated
CEBP6 amplified
ATE3 attenuated

NEkB initiated
CEBP6 amplified

Nat Immun 10:437, 2009 V. Litvak, S. Ramsey, M. Nykter



A model of the regulation of IL6 transcription by

NFkB, ATF3 and CEBPd

c d
> 1 ' T lemmna | 1 —
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Nat Immun 10:437, 2009 V. Litvak, S. Ramsey, M. Nykter



NFkB and CEBPO represent a Feed Forward Loop
for the regulation of IL6 transcription

It is possible that CEBPS acts as a check
4 T point to ensure that the system responds
only to persistent inflammatory signals

TLR4 <>NFkB
2 Coherent FFL

Coherent
type 1

A coherent FFL filters NFKB ol NFkB and CEBP?S
fluctuations in the KB only “ 3
environment; only Low level Amplified

persistent signals are  production production
able to activate the
pathway

Nat Immun 10:437, 2009 V. Litvak, S. Ramsey, M. Nykter




Computational simulation of NFKB pulses

LAUBL k[NFkB[" + k,[NFkB [CEBPS |
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