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Significant Accomplishments in FY08
Recruitment of Drs. Janssen and Hoebe  

A major event for the Division of Molecular Immunology in 2008 was the recruitment of two superb immunologists from
San Diego—Drs. Edith Janssen and Kasper Hoebe.

The research program of Dr. Janssen focuses on mechanistic analysis and translational exploitation of novel pathway of
activation of antigen-specific adaptive immune responses discovered by Dr. Janssen involving a novel class of dendritic
cells (DC) and directed towards detection of antigens expressed by apoptotic cells. Sensing and clearance of apoptotic
cells has generally been considered to be a non-inflammatory or even tolerizing process. While cellular antigens are a
major source for antigen cross-presentation, a process in which DC capture antigens from another source and process
these captured exogenous antigens into the MHC class I pathway, the prevailing view has been that the apoptotic cells
generated by normal tissue turnover are captured by DC that migrate to local lymph nodes and induce T cell tolerance,
anergy or deletion. Although this is an extremely useful mechanism for preventing the development of autoimmune
responses, it also inhibits the induction of protective anti-tumor responses. Seminal studies by Dr. Janssen suggest that
the phagocytosis of apoptotic cells by DC can also have pro-inflammatory effects that can lead to the induction of CD4+
and CD8+ T cells specific for cell-associated antigens. This balance between immune-suppressive and pro-inflammatory
responses is greatly affected by the type of DC that is involved in the uptake of apoptotic cells, and the milieu that these
DC subsequently create. The Janssen laboratory aims to define the molecular and cellular mechanisms in DCs that
balance the pro- and anti-inflammatory immune response to self after cell death in order to facilitate translational
exploitation of these mechanistic insights in the development of effective therapeutic and preventive cancer vaccines.

The research program of Dr. Hoebe is focused on developing a thorough mechanistic understanding of the connections
between innate and adaptive immunity, something essential for the generation of efficient adjuvants for vaccine
development. Our understanding of how adjuvants work is limited. Fundamental questions as to what pathways drive
robust T and B cell responses remain largely unanswered. In addition, there is still an urgent need to find robust, safe
adjuvant pathways that will lead to strong antigen-specific immune responses. The Hoebe laboratory has recently
identified an “endogenous adjuvant” pathway mediated by NK cells. NK cells detect and kill pathogen-infected host cells,
as well as neoplastic cells and tissue allografts. However, studies from the Hoebe laboratory have shown that they
discharge another duty as well: one that establishes a strong tie between NK cells and the adaptive immune system. Of
key importance in this pathway is the recognition and killing of antigen-expressing target cells by NK cells. Subsequently,
NK cell-induced cell death is recognized by dendritic cells (DC), leading to antigen cross-presentation and to strong
cellular and humoral immune responses. Dr. Hoebe’s laboratory is focused on obtaining a detailed understanding of the
molecular requirements of this pathway by a forward genetic approach. After N-ethyl-N-nitrosourea (ENU)-mediated
random germline mutagenesis, his research team is screening for mice carrying recessive phenotypic changes in NK cell
function or NK cell-driven adaptive immune responses. In his hands, ENU mutagenesis has proven to be a powerful
means of identifying genes with non-redundant function in innate and/or adaptive immunity—providing new insight into
genes causing severe primary immunodeficiency disorders. The approach is particularly powerful in that it is unbiased:
one only needs to find phenotypes, and then establish causality by positional cloning. Dr. Hoebe is convinced that the
availability of the complete mouse genomic sequence, combined with the “state of the art” technology at CCHMC—
including the latest high throughput sequencing technology—will tremendously accelerate the identification of single
base-pair changes responsible for observed phenotypes, making the approach now more exciting than ever. Ultimately,
Dr. Hoebe’s laboratory aims to exploit the knowledge obtained on NK cell-driven adaptive immune responses for the
generation of new, safer vaccine approaches. To this end Dr. Hoebe has recently started collaborating with the
International Aids Vaccine Initiative to construct DNA vectors to drive activation of a variety of innate immune effectors—
including NK cells.



including NK cells.

 

Unraveling the mechanism of action of aspirin
Dr. Julio Aliberti’s team recently published a notable paper(J Exp Med 205:1077) demonstrating the intracellular
mechanisms by which a class of anti-inflammatory mediators, the lipoxins, inhibit pro-inflammatory responses. Lipoxins
are endogenous lipid mediators with a wide spectrum of activities involved in the inhibition and resolution of
inflammation. As such there is considerable interest in translational development of lipoxins for diverse inflammatory
diseases, including cystic fibrosis. Of particular interest, the manuscript also describes a novel, critical mechanism of
action for a drug that has widely used for the last 120 years— aspirin. It is known that many of the anti-inflammatory
actions of aspirin are due to the endogenous generation of 15-epi-lipoxin. Native and aspirin-triggered lipoxins have
identical mechanisms of action. As described by Dr. Aliberti in this manuscript, lipoxins inhibit innate immune signaling by
inducing SOCS2-dependent ubiquitinylation of TRAF2 and TRAF6, adaptor molecules that couple the TNF and
interleukin-1 receptor/Toll-like receptor family members to intracellular signaling events. Ubiquitinylation of TRAF2 and
TRAF6 leads to the proteasomal degradation of these molecules, therefore depleting the cell of these adaptors and
inhibiting pro-inflammatory cytokine production by dendritic cells. This work suggest a new molecular target for drug
development for the plethora of diseases marked by dysregulated inflammatory responses.

Defining the underlying mechanisms of immunosuppression in HIV and aging
Dr. Claire Chougnet’s laboratory, focused on understanding the mechanisms of T cell dysfunction associated with HIV
and aging, has recently discovered that regulatory T cells (Treg cells) undergo dramatic accumulation in lymphoid organs
in both settings. Because Treg cells are known to be suppressive of T cell responses, it is likely that these cells play an
important role in inefficient anti-HIV immune responses seen with HIV infection, as well as in the systemic and local
immune suppression seen in aging hosts. Dr. Chougnet’s lab is employing experimental animal models as well as human
clinical studies to define the mechanisms regulating the accumulation of Treg cells in HIV infection and aging. Recent
data suggest that changes in Treg cell homeostasis— particularly increased peripheral survival—may well be essential in
this process.

Significant Publications in FY08
  Machado FS, Esper L, et al. (2008). "Native and aspirin-triggered lipoxins control innate immunity by
inducing proteasomal degradation of TRAF6." J Exp Med 205(5): 1077-86.

 

This seminal paper reports novel molecular insights into the mechanism of action of lipoxins, endogenous lipid
mediators important in down-modulating and resolving inflammation. In addition to suggesting a new molecular
target for drug development for diseases marked by dysregulated inflammatory responses, this work eludated a
hitherto unappreciated mechanism of action of aspirin.

Boasso A, Vaccari M, et al. (2007). "Regulatory T-cell markers, indoleamine 2,3-dioxygenase, and virus levels
in spleen and gut during progressive simian immunodeficiency virus infection." J Virol 81(21): 11593-603.

This important paper provides in vivo evidence of the likely importance of increased regulatory T cell numbers and
increased expression of the immunosuppressive enzyme, indoleamine 2,3-dioxygenase, whose expression in
antigen presenting cells in induced by regulatory T cells, in the immunosuppression observed in non-human primate
models of HIV infection.

Saxena V, Ondr JK, et al. (2007). "The countervailing actions of myeloid and plasmacytoid dendritic cells
control autoimmune diabetes in the non-obese diabetic mouse." J Immunol 179(8): 5041-53.

This important paper provides new insight into the role of antigen presenting cell subsets in the pathogenesis of type
I diabetes. Notably, in this mouse model, conventional myeloid dendritic cells are pathogenic—providing critical
antigenic stimulation to naive CD4(+) T cells, and plasmacytoid dendritic cells are protective— providing regulatory
control of CD4(+) T cell function in the pancreas.

Hoebe K, Beutler B. (2008). “Forward genetic analysis of TLR-signaling pathways: an evaluation.” Adv Drug
Deliv Rev 60(7):824-9. 

Publication of this review provides an opportunity to announce the recruitment of the first author of this publication to
CCHMC, and the research program that he brings with him. A pioneer in the use of forward genetic approaches to
understanding fundamental issues in innate immunity, Dr. Hoebe’s review provides an overview of the past success
of forward genetics (employing mutagenesis in mice) to decipher innate immune signaling pathways, and discusses



of forward genetics (employing mutagenesis in mice) to decipher innate immune signaling pathways, and discusses
its bright future prospects.
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