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研究成果の概要（和文）：Gene response networks for five Toll-like receptors, activated by a distinct patho
genic component, were computationally predicted. Proteins showing a large change in their interactions whe
n activated by distinct pathogens were identified. Upstream regulators of selected cytokines were identifi
ed.

研究成果の概要（英文）：Gene response networks for five Toll-like receptors, activated by a distinct 
pathogenic component, were computationally predicted. Proteins showing a large change in their 
interactions when activated by distinct pathogens were identified. Upstream regulators of selected 
cytokines were identified.
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１．研究開始当初の背景 
The innate immune system is the 
primary host response to invading 
pathogens. Immune cells produce 
distinct effects when exposed to 
components from different pathogens 
like viruses, bacteria, fungi and 
parasites. These diverse effects are 
mediated by pattern recognition 
receptors (PRRs) which recognize 
specific pathogen-associated molecular 
patterns (PAMPs) and trigger 
downstream signaling cascades leading 
to the expression of response genes. 
The Toll-like receptors (TLRs) are a 
family of highly conserved PRRs. 
Though the pathways triggered when 
TLRs bind to microbial components are 
well-studied, the response is not yet 
completely understood. Novel 
regulators have been identified in 
these pathways using perturbation 
studies. However, such studies fail to 
show the associations between 
perturbed genes and those with 
changed expression levels.  
 
In order to address these issues, a 
novel computational method 
(TimeXNet) was developed that uses 
time-course gene expression profiles 
with a large molecular interaction 
network to identify the regulatory 
networks of response genes. TimeXNet 
was successfully used to study the 
response of mouse bone-marrow 
derived dendritic cells (BMDCs) to 
lipopolysaccharide (LPS). 
 
２．研究の目的 
The goal of this project was to use 
TimeXNet for the identification of the 
response of the innate immune system 
to various pathogens (other bacteria, 
viruses, fungi and parasites) and 
further, analyze their differences. 
Individual pathogen responses have 
been previously studied and a large 
amount of transcriptional data is 
available. However, a comprehensive 
analysis and comparison of the 
regulatory networks responsible for the 
distinct immune outcomes produced for 
different pathogens had not been done 
so far. The purpose of this project was 
to identify response gene networks 
from mouse BMDCs activated by 
diverse microbial components in order 
to characterize the differences between 
pathogen-specific responses of the 

innate immune system. 
 
３．研究の方法 
1) Dataset: After surveying Gene 
Expression Omnibus, Sequence Read 
Archive and Immgen, time-course gene 
expression patterns of dendritic cells 
activated with 5 pathogenic 
components (LPS, CpG, Poly I:C, 
PAM3CSK4, Gardiquimod), each 
activating a different Toll-like receptor 
(TLR), were selected (GEO accession: 
GSE17721). This dataset was selected 
because experimental conditions were 
uniform for all pathogenic components 
and the responses of the cellular and 
endosomal TLRs were available 
(Figure 1). 

Protein-protein interactions were 
obtained from the database, HitPredict. 
HitPredict is a consolidated database 
of protein-protein interactions with 
reliability scores assigned to each 
interaction. HitPredict was updated for 
use in this project and now contains 
approximately 500,000 interactions 
from more than 100 species. 
Protein-DNA interactions where 
obtained from KEGG and TRANSFAC. 
Post-translational modifications were 
obtained from KEGG. Together, these 
three data formed the molecular 
interaction network used to predict the 
response network for each pathogenic 
component. 
 
2) Analysis: a) Genes with more than 
1.7 fold up-regulation at a p-value less 
than 0.05 were identified using the R 
software limma. b) TimeXNet was used 
to predict response gene networks for 
the 5 pathogenic components using the 

Figure 1.Cellular location of Toll-like Receptors 
studied 



up-regulated genes. TimeXNet uses 
minimum cost flow optimization to 
identify the most probable paths 
connecting highly expressed genes 
across different time points within a 
large molecular interaction network 
containing protein-protein, 
protein-DNA interactions and 
post-translational modifications. c) 
Differential interaction hubs, or genes 
with the largest change in the number 
of interactions between the 5 TLR 
response networks, were identified 
using the 5 response gene networks 
with differential interaction scoring. 
These genes potentially result in 
differential immune response triggered 
by various pathogens. d) Cytokines 
showing differential expression across 
pathogenic responses were selected for 
the purpose of identifying their 
upstream regulators that result in 
their differential expression patterns. 
Upstream regulators were identified as 
genes directly upstream, or separated 
by one or two edges from the cytokine 
within the response network predicted 
by TimeXNet. The predicted upstream 
regulators were tested for statistical 
significance by calculating 1000 
random response networks using the 
selected gene expression profiles. 
 
４．研究成果 
Response gene networks of 
approximately 1000-1500 genes, most 
of which were up-regulated in response 
to each pathogen, were obtained for 
each of the 5 TLRs. Figure 2 shows the 
partial response networks of LPS 
(TLR4) and CpG (TLR9) along with the 
critical role played by the protein 
AKT3 in connecting the TLR and 
VEGF pathways.  

Interaction hubs, many of which are 
kinases, and their networks show 
various differences between the 5 
responses (Figure 3).  For instance, 
the protein SRC associates with 
different proteins in cell surface 
receptor activation versus endosomal 
receptor activation.  Its activity also 
differs between the cell surface 
receptors, TLR2 and TLR4 responses, 
where it associates with transcription 
factors or hydrolases, and cell adhesion 
molecules respectively.  

Upstream regulators were identified 
for several cytokines like Il6, Il10, 
Il12a, Il12b, Ifna2, Il15 among others, 
all of which were differentially 
expressed across the 5 responses. 
Well-known regulators like Rela, 
Mapk10, Nlrp3, Bcl2l1, Prdm1 (Figure 
4) were identified. Novel regulators 
were also identified and are being 
evaluated for potential experimental 
verification by collaborators.  

Figure 3. Differential interaction hubs identified for 
pathogenic response networks. Red: Large change in 
number of interactions compared to average. Blue: 
Small change in number of interactions compared to 
average. 

Figure 4. IL12b regulation by Prdm1 and Irf4 
in TLR2 response in BMDCs. 

Figure 2. AKT3 network in TLR4 and TLR9 
responses. Nodes are genes, edges are interactions. 
Node color denotes time of upregulation. Node 
colors indicate time of expression. Red: 0-1 hour, 
yellow: 2-4 hours, green: 6-8 hours, blue: unknown. 



Future prospects include performing a 
similar analyses in macrophages and 
comparing the differences in their 
response with those of BMDCs.  
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