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Sallusto, F, Lanzavecchia, A, Araki, K, Ahmed,
R. From vaccines to memory and back. Immunity

2010;33(4):451-63.
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Berzofsky, J.A., Terabe, M., Oh, S., Belyakov, .M., Ahlers, J.D., Janik, J.E., Morris,

J.C. Progress on new vaccine strategies for the immunotherapy and prevention of cancer.

Journal of Clinical Investigation. 2004. 113:1515-1525.

Terabe, M., Amborsino, E., Takaku, S., O’ Konek, J.J., Venzon, D., Lonning, S., McPherson,
J.M., Berzofsky, J.A. Synergistic enhancement of CD8+T cell-mediated tumor vaccine efficacy

by an anti-TGF-beta monoclonal antibody. Clinical Cancer Research. 2009.

15:6560-6569
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The first steps to
Synthetic Immunology

The second workshop on synthetic immunology was
held at Shirankaikan, Kyoto University, Japan on
December 17-18, 2010. At this workshop over 120
scientists met to discuss projects which could shape and
influence the emerging field of synthetic immunology.
Synthetic biology is the combination of biology with
engineering and physical sciences and in this respect
synthetic immunology is the engineering of the immune
system for its better understanding and for the
development of new therapeutic applications. This
approach could also be summarized by the words
“rebuild, understand, alter”.

Since its establishment as an experimental science in
1890 immunology has basically changed its major
research strategies every 30 years. From 1890 to 1920 it
was most successful as medical immunology, from 1920
to 1950 as immunochemistry, from 1950 to 1980 as
cellular immunology and from 1980-2010 as molecular
immunology. What then will shape immunology in the
next 30 years? Will it be the combination between
immunology and mathematics in the form of systems
immunology or rather the combination of immunology
and engineering in the form of synthetic immunology? I
should point out that creative engineering is something
more appealing to the human brain than monitoring the
expression levels of thousands of genes, a task better

Center for biological signaling studies BIOSS,
University of Freiburg

and Max Planck Institute of Immunology
Freiburg, Germany

Michael Reth

done by computers. This together with its translational
power suggests that synthetic immunology will become
a more prominent approach in the future. Well in 10
years from now we will know. For any long journey
into an unknown land the first steps are the most
important once and these were clearly made at the
Kyoto meeting. The meeting concluded with a hot
debate on the deeper meaning of the 5 ducks on the
meeting poster but maybe there are five ways to reach
wisdom through synthetic immunology.

s
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—Build immunity to understand it—
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(1) The workshop on Synthetic Immunology brought together a unique mixture of scientists with a shared
interest in understanding basic immunology and biology with the ultimate goal of in-vivo or in-silico
recreating various aspects of immunology. The meeting got underway with an overview given by Prof.

Michael Reth (Univ Freiburg), in which he drew out the framework in which the field of synthetic immunology is evolving and in
which he highlighted work from his laboratory on the recreation of B cell signaling pathways in drosophila cells.

Next, the session on “Reconstruction of immune system: the second lymphoid organs” explored the essential building blocks for
the development and function of secondary lymphoid organs (SLO). Tom Cupedo (Erasmus Univ) gave us a comprehensive
overview on the organization of SLO with a unique cellular architecture that is dictated by specialized stromal cell subsets. He
presented their recent works on the identification of stromal cell subsets in human lymph nodes and on their interaction with human
lymphoid tissue inducer cells during development and homeostasis. Masayuki Miyasaka (Osaka Univ) provided evidence for an
important role of the lipid-generating enzyme autotoxin in regulating the ability of the cubical endothelial cells of the high
endothelial venules (HEV) to adapt their shape in response to lymphocyte transmigration. Autotaxin appear on the luminal side of
HEYV after birth, at a time when lymphocytes need to start seeding the organ. Blocking the function of autotoxin inhibited the
transmigration of lymphocytes without affecting their binding to the endothelium. Importantly, this basic mechanism of
transmigration seems to be reinitiated during inflammation, as autotoxin is also found on endothelial cells in the pancreas of diabetic
NOD mice. Tomoya Katakai (Kansai Med Univ) shared data on the molecular signals important for migration of T cells in 2D and
in 3D. By using sophisticated ex-vivo experiments he was able to visualize the migration of T cells in explanted lymph nodes,
providing a model in which T cells can be manipulated and the effects on cellular migration within their native environment studied.
Since the migration of lymphocytes into SLO critically depends on the presence of functional HEV, it is of great importance to
understand the signals that guide development of these specialized vessels. Haruko Hayasaka (Osaka Univ) showed that her team
has been able to do comparative gene expression analysis on purified HEV versus normal vessels isolated from postnatal murine
lymph nodes. This has yielded the identification of 5 genes differentially expressed by HEV at the time of their specification. The
function of one of these genes is currently being studied in gene-targeted mice. Upon entering SLO lymphocytes will encounter a
microenvironment that is made up of specialized stromal cell subsets. Andrea Brendolan (San Raffaele Sci Inst, Milano) presented
data on the lineage tracing of stromal cell precursors in the embryonic spleen. By using Nkx2.5 as a marker he was able to show that
these Nkx2.5 expressing mesenchymal cells have the capacity to contribute to all the major stromal cell lineages in the adult spleen.
In addition to stromal cells, lymphocytes also engage in reciprocal signaling with other lymphocytes and, as Jun Kunisawa (Tokyo
Univ) showed, also with dendritic cells. He presented compelling evidence using macro confocal microscopy that the distribution of
T cells in the Peyer’s patches is disturbed in the absence of DC. He was able to proof that this redistribution of T cells is not due to
impaired homing, but truly a defect in T cell positioning and maintenance in the organ.

For B cells, the environment of the lymphoid organs is essential, as germinal centers will only occur in B cell follicles. This fact
has severely hampered the generation of high affinity post-germinal center B cells in vitro. Daisuke Kitamura (Tokyo Sci. Univ)
presented a novel system using engineered stromal cells expressing CD40L and BAFF. In this system, through a coordinated
addition of exogenous cytokines his team was able to generate isotype switched B cells that were up to 90% antigen specific. Even
though the rate of somatic hypermutations needs to be increased, this is an important step towards generating ex-vivo germinal
centers and high affinity antibodies. (Tom Cupedo)

(2) The session on “Reconstruction of immune system: the thymus” was started by Prof. Graham Anderson (Univ Birmingham).
He presented the recent work in his group on deciphering the cellular origin of thymic epithelial cells and convincingly showed that
both cortical and medullary cells develop from a single precursor. Moreover, for the terminal differentiation of medullary cells
RANK signaling is essential. Graham Anderson showed that several cell types have the capacity to deliver this signal during early
development, among which lymphoid tissue inducer cells and Vy3 invariant yoT cells.

Medullary epithelial cells are essential for the proper selection and development of non-autoreactive T cells. [zumi Ohigashi
(Univ Tokushima) presented data on the influence of changes in RANKL levels in adult and neonatal mice on the phenotype and
function of mTEC. Using either transgenic mice or recombinant RANKL she showed that the number of Aire+mTEC is directly
related to RANKL levels and she launched the possibility of using RANKL and TECs to create an artificial medulla that could serve
as an ectopic filter for autoreactive cells in autoimmune patients. Manami Itoi (Meiji Univ Integrative Med) presented new insights
into the role of the transcription factor Foxnl in the maintenance of functional thymic epithelium. In contrast to current dogmas, she
showed that many epithelial cells in the thymus lose Foxnl expression over time. Ryo Goizuka (Tokyo Sci Univ) concluded this
session by presenting work on another transcription factor, Meisl. Meis] was previously associated with stem cells and now Dr.
Goizuka showed compelling evidence on the importance of this factor for maintenance of the thymus as in Meis1-deficient mice, the
thymus completely disappears over time. (Tom Cupedo).

(8) “Reconstitution of human immunity” -t 2> T3, iPS (Ken-ichiro Seino Jt k. Mohammad Nizam
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Dana-Farber Cancer Institute) % i\ 7z @525 b M EONF Kt hs H 2 72 X5 12 £ U7, £7-. humanized
mice % 7z b MuEHIIEOIn vivoBiED gt & 2. = — 2749 T L7z (Shingo Iwami HoK).iPS% 7 flliaiG
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MW e UTHFR 2550 15720 THLLEIRRAIZFEANDRICE VIOV F OO = — ZI2H I 25 e N TE L LA
LEl7z, (R E)
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M OBIRNEZ T LIc, CDEIIC, == 2R HFREDH ALYy >aiEotz, (A %)

(5) “Simulation of immune system” &$#4] 7z417zSession VT3 Bk % 2 502 52 O ZE T % HIL & T OLIC D - Cfif
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