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Laboratory of Systems Immunology, Immunology Frontier Research Center, Osaka University, Osaka, Japan.

Summary:

We report our accomplishments in several areas. First, we studied the dynamics of gene

expression in various immune cell types in response to adjuvant administration. Second,

we work on the characterization of long non-coding RNA role in T regulatory (Treg) cell

development and maintenance. Next, as a step toward biomarker discovery, we looked at

the target genes of circulating miRNAs and found that they preferentially target immune-

related genes. Finally we report two new state-of-the-art servers, the first for antibody 3D

modeling and the second for prediction of RNA binding sites on proteins.

A. HFEERY

Our group is collaborating with immunologists,
toxicologists and other bioinformaticians to
develop a comprehensive Adjuvant Database.
The goal of this database is to describe the mode
of action of adjuvant administration at various
levels. To this end we are carrying various
and also

collaborative research projects

developing novel computational methods.
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Collaborative projects include:
quantification of gene expression profiles
after adjuvant administration in 10
different immune cell types; determining
the specificity of long noncoding RNA in
cell including

various T lineages,

regulatory T cells (Tregs); interaction
of miRNA target prediction with gene
expression data. We also describe two

recent modeling methodologies: - Kotai




Antibody Builder for 3D modeling of
antibodies from sequence and aaRNA for
predicting RNA binding sites on proteins.
Both tools are currently the state-of-the-
art in their field.

B. #FZGH

For adjuvant gene expression analysis we
analyzed samples from lymph nodes (LN),
liver (LV) and spleen (SP), induced with
(id.)

injection and systemic (i.p.) injection in

twenty adjuvants after local
mouse. For each sample we considered
genes with fold change > 2 in their
expression values. For analysis of large
intergenic noncoding RNA (lincRNA) in
Tregs, we used RNA-Seq data taken from
mouse cells obtained from the
development and differentiation of T-cell
(GEO:  GSE48138).

integration of circulating miRNA and

lineages For
gene expression data, Immune response in
silico (IRIS)
[GEO:GSE22886] was used (Abbas, et
Immun (2005)).

microarray data was obtained from a set

microarray

al., Genes Mouse
of orthologous genes (Shay, et al;, 2013),
covering 6 main immune cell types (T cell,
B cell, NK cell, Monocyte, Dendritic cell
and Neutrophil). The Kotai Antibody
Builder technology(Shirai, et al., 2014;
Yamashita, et al., 2014) and aaRNA(Li, et

al., 2014) have been described previously.
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C. PR
C.1

responses to adjuvants.

Analyzing gene expression

Our primary interest was to examine the impact
of adjuvant administration on the dynamics of

ten.immune cell types.
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Figure 1. Dynamics of cell type expressions
upon adjuvant administration.

Making use of the ImmGen profile
(https://www.immgen.org/), we estimated the
response of the cell types. Our finding (Figure
1) showed that in all tissues (LN, LV, SP),
neutrophils are most responsive to the adjuvant
administrations, followed by stromal cell and

macrophages.

C.2 Characterizing the role of lincRNA

in Treg development and maintenance.

The role of lincRNA as key regulators

affecting  both  development and



regulation of immune cells is gaining
attention. Nevertheless little is known

about the role of lincRNAs in Tregs.

We analyzed lincRNA expression and
coding gene profiles in samples obtained
from the development and differentiation
of T-cell lineages. Our result (Figure 2)
showed that lincRNAs are expressed in

Treg cells more than coding genes.
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Figure 2. Lineage specificity of lincRNAs
in various Treg

Color

and coding genes

developmental stages. density
expressed the expression level in raw read

count. (Data source GEO: GSE48138).

We further calculated tissue a specificity
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score for each transcript using Jensen-
Shannon (JS) divergence. This specificity
metric (ranging from 0 to 1) quantifies the
similarity between transcript patterns
across Treg lineages. Hence, a perfect
Treg-specific pattern will have a JS score
1. As shown in Figure 3, lincRNAs are
skewed toward Treg specificity more than

coding genes.
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Figure 3. Tissue-specific expression. Shown
here are distributions of maximal tissue
specificity scores calculated for each
transcripf in lincRNA (blue) and coding

genes (red).

Subsequently, we investigated the lineage
distance among T cells. We considered
samples from DP2 (double positive Tcell)
and CD4 and CD8 cells in SP (single
positive) thymic cells followed by tTreg
(thymus derived) and induced Treg

(iTreg) cells. As shown in Figure 4, we



found that lincRNA in SP_CD4 cells are
closely related to DP2 cells, iTregs at
72hrs are close to SP_CD4 cells and
SP_CDS8 cells. Furthermore, SP_tTregs
are somewhat related, albeit weakly, to
SP_CDS cells (Figure 4).
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Figure 4. Lineage distances among various
T-cell based on lincRNA profiles. Computed
based on Spearman correlation rho-

statistics. (Data source GEO: GSE48138).

C.3 Integration of circulating miRNA
and gene expression data for target

mRNA prediction

of
Specifically, we

Here, we investigated targets
circulating miRNAs.
examined the intersection between
circulating miRNA targets and target gene
expression in immune cells. By setting a
threshold in gene expression levels, a set
of 1600

defined. We found this set of genes was

immune-related genes was
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more likely to be targeted by circulating
miRNAs than non-circulating miRNAs.
This result was highly significant (p-value
<107, and independent of the algorithm
used to predict the target genes.
Furthermore, we observed that a) immune
genes have more miRNA binding sites
than non-immune genes and b) circulating

miRNAs have more target genes than |
non-circulating miRNAs. A biological

explanation of this finding is still under

investigation.
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Figure 5. Circulating miRNAs
preferentially target immune-related genes.
C4 Kotai Antibody Auilder and
aaRNA |
In related work, we have released two
online servers. Kotai Antibody Builder is
a 3D modeling server (Yamashita, et al.,
2014) for antibodies that was found to be
the most accurate in a blind test (Shirai, et
al., 2014). aaRNA is a tool for predicting
RNA binding sites on proteins that was

also shown to be more accurate than any



tested method (Li, et al., 2014).

E. f&

In summary, we are working on various
challenging studies in order to enhance
the practical utility of the Adjuvant
Database for immunological studies.
Specifically, these collaborations and
novel methods will enhance quantitative
and biologically relevant  analysis of
responses to adjuvants in humans. We
have considered various data types:
microarray, RNA-Seq, miRNA and 3D
structure. This, in turn, will facilitate our

discovery of effective and safe adjuvants.
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