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Abstract

The intracellular adaptor Lnk/Sh2b3 regulates cytokine signals that control lympho-
hematopoiesis, and Lnk-/-mice show overproduction of B cells, megakaryocytes and hematopoietic
stem cells. Recent genome-wide association studies have demonstrated the presence of a
nonsynonymous SNP in LNK/SH2BS3 as a risk factor for several autoimmune diseases, including
celiac disease, arthritis, multiple sclerosis and type 1 diabetes. A similar SNP mutation was also
found to be associated with cardiovascular disorders, myocardial infarction and hypertension.
Celiac disease is a common intestinal inflammatory disorder resulting from intolerance to gluten,
and increased production of IL-15 by intestinal epithelial cells has been reported in celiac disease
patients. Activation by IL-15 and the killing of intestinal epithelial cells expressing stress- and
inflammation-induced nonclassical MHC class I molecules has been suggested as an etiologic
event. However, no data linking Lnk/Sh2b3 function with a risk for autoimmune-mediated
inflammation or cardiovascular dysfunction have been reported so far. In this study, we sought to
determine the effect of Lnk-deficiency on autoimmune diseases as well as on hypertension by
employing the respective animal models and tried to identity possible therapeutic targets to treat

or prevent those disorders.

Lnk/Sh2b3 adaptor protein prevents the accumulation of inflammatory CD8+ T Cells and
intestinal villous atrophy :

We revealed a previously unrecognized function of Lnk/Sh2b3 in preventing the accumulation
of inflammatory CD8+ T cells and intestinal villous atrophy. We generated an Lnk-Venus (that is
modified GFP) knock-in mouse to investigate the regulated expression of Lnk/Sh2b3 in cell
development or immune responses. In the B cell development, Link expression greatly diminished
at pre-B cells and recovered in mature B cells. We found low but apparent expression of
Lnk/Sh2b31in mature T cells in periphery while Lnk/Sh2b3 gene was almost shut off in thymocytes.
We re-evaluated T cells in the Lnk~- mice, and found IFN-y producing CD8+ T cells were expanded

in spleen, lymph nodes and intestine.



CD44h[FN-y+CD8+ effector/memory T cells were increased in Lnk~- mice, and many mice
exhibited villous atrophy in the small intestine. We found Lnk-/- CD8+ T cells survived longer in
response to IL-15 and proliferated even in non-lymphopenic host animals. In 7775/~ host animals,
Lnk-/-CD8+ T cells did not divide at all during 3 weeks of observation after transfer. These results
demonstrate that Lnk-- CD8+ T cells have an advantage in survival or proliferation even in
non-lymphopenic animals, which is supported by physiological levels of IL-15 produced in
non-inflammatory conditions. CD8+ T cells were purified from the spleens of Lnk-/-or wild-type
mice and transferred together with purified wild-type CD4+ T cells into lymphocyte-deficient
Rag2-/- mice. Mice adoptively transferred with wild-type CD8+ and wild-type or Lnk-/- CD4+ T
cells presented almost normal villous morphology in distal small intestine. In contrast, the
majority of mice transferred with Lnk-- CD8+ T cells in combination with wild-type CD4+ T cells
exhibited shortening of villi in the small intestine four weeks after transfer. Essentially the same
results were obtained when CD44hiCD8+ T cells were transferred together with wild-type CD4+ T
cells into Rag2~/- mice.

We crossed Lnk~/- mice with 7/15-/- mice and confirmed that the accumulation of Lnk~-
IFN-y+CD8+ T cells in the spleen and shortening of villi in the small intestine depends on IL-15
signaling. Expansion of CD44hIFN-y+CD8+ effector/memory T cells as well as intestinal villi
abnormalities were not observed in Lnk~/-I115/- double-deficient mice. Taken together, our results
indicate that Lnk/Sh2b3 plays a role in limiting pathogenic expansion and activation of CD8+ T
cells in the physiological levels of IL-15 produced in non-inflammatory conditions that could lead
to intestinal tissue damage. These observations provide for the first time a missing link between

Lnk/Sh2b3 and autoimmune-like tissue destruction or inflammatory immune responses.

Lnk/Sh2b3 controls cytokine responses of dendritic cells, and regulates the induction of
IFN-y-producing T cells :

We found that Lnk/Sh2b3 was also expressed in dendritic cells (DCs), and that DCs were
increased in spleen and lymph nodes of Lnk~-mice due to enhanced growth of their progenitors in
response to GM-CSF and FIt3-L. We also found that CD8+CD103+ DCs in spleen and lymph nodes
were increased in the absence of Lnk/Sh2b3 due to increased sensitivity to GM-CSF. In addition,
we found that Lnk~- DCs supported more efficient production of IFN-y+CD4+ T cells in the
presence of IL-15 than wild-type DCs. IL.-15 is known to be up-regulated in the gut tissues of celiac
disease patients. IL-15-induced expression of IL-12RB1 was up-regulated in Lnk-/-DCs and they
produced more IFN-y in response to IL-12 by autocrine or paracrine mechanism. Even in the
presence of TGF-B, Lnk-/-DCs, but not normal DCs, supported appearance of IFN-y+CD4+ T cells
by the addition of I1.-15 and GM-CSF. These results indicate that Lnk/Sh2b3 plays a role in



regulating production and functions of DC subsets, and contributes to control of immune responses
against inflammation or infection. Thus, the ability of DCs to support Th1 or Treg cells was altered
by Lnk-deficiency in response to inflammatory cytokines GM-CSF and IL-15. These results
indicate that Lnk/Sh2b3 plays a role in regulating production of DCs, and contributes to control of
immune responses against inflammation or infection. The polymorphism of human LNK/SHZ2BS3 is
reportedly a risk factor for several autoimmune diseases. This intracellular adaptor protein
controls the production of DC lineage cells by constraining GM-CSF signals. It also regulates

GM-CSF and IL-15 signals in mature DCs and affects their ability to prime naive CD4+ T cells.

Deficiency of Lnk/Sh2b3 promotes hypertension :

We sought to determine the effect of Lnk on hypertension, and found that Lnk-deficiency
exacerbates angiotensin II (Ang II)-induced hypertension and its associated renal and vascular
dysfunction. At baseline, kidneys from Lnk~- mice exhibit greater levels of inflammation,
superoxide production, albuminuria, and nephrinuria compared to WT mice, and these
parameters are further exacerbated by Ang II infusion. Aortas from Lnk-/- mice exhibit enhanced
inflammation, reduced nitric oxide production, and impaired endothelial-dependent relaxation.
IFN-y producing CD8+ T cells are increased in the spleen and kidneys of Lnk~-mice in response to
Ang II infusion compared to WT mice. Thus, Lnk may serve as a novel therapeutic target for

hypertension and its associated renal and vascular disorders.

Lnk/Sh2b3 controls inflammation in adipose tissue and reduces the risk for onset of diabetes :

We have shown that Lnk/Sh2b3 plays a role in preventing pathogenic expansion and activation
of CD8+ T cells leading to intestinal tissue damage in the physiological levels of IL-15. We also
revealed that Lnk/Sh2b3 regulates DC production, and that the ability of DCs to support Th1 or
Treg cells was altered by Lnk-deficiency in response to GM-CSF and IL-15. We further
investigated Lnk/Sh2b3 functions in tissues related to pathogenesis of diabetes. We found that
adult Lnk~- mice showed slightly but significantly elevated blood sugar levels in steady state
compared to WT mice. While serum insulin levels were not reduced, glucose tolerance and insulin
sensitivity were impaired. When Lnk~- mice were crossed with Kag2~/- mice, glucose tolerance and
insulin sensitivity were still impaired, indicating non-T non-B cells were responsible for the
phenotype. When Lnk~/- mice were crossed with [/15-/- mice, glucose tolerance and insulin
sensitivity were ameliorated. Thus IL-15-responsive non-T non-B cells play roles in controlling

inflammation in adipose tissue and maintaining glucose tolerance.
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IFN-y-producing T cells.
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homeostasis. K, Takaki S
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integrin avf3 Kitamura T, Okano T
Saleh MA, McMaster WG, Wu J, Norlander
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inflammation. Y, Takaki S, Titze J, Levy D, Harrison DG,
Madhur MS.
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Son A, Oshio T, Kawamura Y1, Hagiwara T,
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W . . H, Fujita J, Mano S, Morita H, Dohi T, Oota H, esearc
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Hattori M.
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Ay N AN

and optimal IgE production in vivo.




MERR R PEFFIIGFHREIZONT

Suppression of cytokine production from group 2 . . FA3mE A A |
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cortical thymic epithelial cells. Suzuki PN ES
Differential function of two CABIT domains in  |Toshiyuki Okada, Takeshi Nitta, Hiroyo Oda, [Z842[8] H A0y Tt 90134E12
Themis. Michael S Patrick, Harumi Suzuki PN EE S -
A non-synonymous SNP variant of RhoH reduces . . . N e
TCR mediated signal transducion via proteasomal Norlm.asa Tamehiro, Hiroyo Oda, and Harumi if%,ﬁl Z'K/%& T 2013412 H
degradation Suzuki FRTPIER
:?1mlzserrcl)izarsnolifetl;):s:;ﬁmfnl dl F}rréz;lrs Takeshi Nitta, Ryunosuke Muro, Sachiko Nitta, [The 35th Naito L 9013.7.9-12
ymop N Y Shigeo Murata, Harumi Suzuki Conference & o
development”,
The 6th
Novel mutant mice lacking cortical thymic Takeshi Nitta, Ryunosuke Muro, Sachiko Nitta, [International ey 9013.6.3-T
epithelial cells” Shigeo Murata, Harumi Suzuki Workshop of - e

Kyoto T Cell




MERR R PEFFIIGFHREIZONT

The 6th
Differential function of Themis CABIT domains |Toshiyuki Okada, Takeshi Nitta, Kentaro Kaji, [International £ 9013.6.3-T
during T cell development Hiroyo Oda, Michael Patrick, Harumi Suzuki |Workshop of 2 e
Kvoto T Cell
The 15th
. . . . Toshiyuki Okada, Takeshi Nitta, Kentaro Kaji, .
Themls CABIT d.o.mams exF:rt distinct functions Hiroyo Oda, Michael S Patrick and Harumi International Milan 201348 ]
in thymocyte positive selection . Congress of
Suzuki
Immunology
Themis regulates cytokine production in mature |Okada T, Nitta T, Oda H, Tamehiro N, Patrick |7th ThymOZ Helon Island,
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