
Toll-like receptor 4 and MAIR-II/CLM-4/LMIR2 immunoreceptor 
regulate VLA-4-mediated inflammatory monocyte migration	


Our laboratory has reported that activation of MAIR-II/FcRγ chain by TLR4/MyD88-mediated 
signalling is essential for the VLA-4-mediated transmigration of inflammatory monocytes 
(iMo) from the blood to sites of infection.	



cavity was comparable with WT iMo (Fig. 6d). In agreement
with these results, the adoptive transfer of iMo from WT and
Tyrobp! /! , but not AF251705! /! and Fcer1g! /! , mice
improved survival of AF251705! /! mice after CLP (Fig. 6e).
Together, these results indicate that FcRg chain, but not DAP12,
plays an important role in the TLR4/MAIR-II-mediated adhesion
of iMo to VCAM-1, in accordance with the results that MAIR-II
associated with FcRg chain, but not DAP12 after LPS stimulation.

To examine whether FcRg chain-mediated Syk activation is
required for iMo adhesion to VCAM-1, WT or AF251705! /!

iMo were incubated on culture dishes precoated with VCAM-1-
Fc in the presence or absence of piceatannol, a Syk inhibitor.
Piceatannol suppressed iMo adhesion to VCAM-1-Fc in a dose-
dependent manner (Fig. 6f and Supplementary Fig. 10a,b),
suggesting that Syk activation is required for LPS-induced iMo
adhesion to VCAM-1.

E-selectin-mediated integrin activation was regulated via the
activation of Syk, subsequent Bruton’s tyrosine kinase (Btk),
phosphoinositide 3-kinase and phospholipase C (PLC) g2
(ref. 33). We examined whether these molecules in the
downstream of Syk were also involved in the adhesion of iMo to
VCAM-1-Fc by using an inhibitor of the activity for each molecule.
Incubation of WT iMo in the presence of PCI-32765 (a Btk
inhibitor), Wortmannin and LY294002 (both phosphoinositide 3-
kinase inhibitors), or U-73122 (a PLC inhibitor) showed
significantly impaired adhesion to VCAM-1-Fc, which was
comparable with AF251705! /! iMo (Supplementary Fig. 10c).
These results suggest that MAIR-II expressed on iMo regulates
TLR4-mediated cell adhesion to VCAM-1 via the activation of Syk.

MyD88 regulates FcRc and DAP12 expression and iMo adhe-
sion. We have shown that the migration of iMo from Tlr4! /!

and Myd88! /! mice into the peritoneal cavity was impaired
compared with WT iMo, and that these mice showed significantly
shorter survival than WT mice after CLP (Fig. 4). Furthermore,
LPS stimulation upregulated FcRg chain expression and down-
regulated DAP12 expression and adhesion of iMo to VCAM-1.
To directly show that LPS-mediated signalling via MyD88 is
involved in the regulation of the expression of both FcRg chain
and DAP12, and the adhesion of iMo to VCAM-1, iMo derived
from WT or Myd88! /! mice were stimulated with LPS. In
accordance with the results shown in Fig. 5c, LPS
stimulation increased Fcer1g expression but decreased Tyrobp
expression in WT iMo (Fig. 6g). However, the expression of
Fcer1g and Tyrobp was not altered in iMo from Myd88! /! mice
(Fig. 6g). Moreover, although LPS stimulation enhanced binding
of WT iMo to VCAM-1-Fc, it did not enhance the binding of
Myd88! /! iMo (Fig. 6h and Supplementary Fig. 10d). These
results indicate that MyD88 is required for the regulation of FcRg
chain and DAP12 expression, and the adhesion of iMo to
VCAM-1.

Discussion
In the present study, we first showed that TLR4/MyD88 signalling
is essential for iMo recruitment from the blood to sites infected
with Gram-negative bacteria via VLA-4. We further showed that
TLR4/MyD88-mediated signalling upregulated FcRg chain
expression, and induced physical and functional association of
TLR4/MyD88 with MAIR-II, FcRg chain and Syk, leading to
activation of VLA-4 in iMo (Fig. 7).

Previous studies have demonstrated that TLR4 is coimmuno-
precipitated with CD16 (Fcg receptor III), an FcRg chain-coupled
immunoreceptor, in neutrophils and macrophages after stimula-
tion with LPS or IgG immune complex34. Interestingly,
neutrophils and macrophages from Tlr4! /! mice were

unresponsive to either LPS or IgG immune complex for
cytokine production and the tyrosine phosphorylation of FcRg
chain on stimulation of CD16 with IgG immune complex34,
suggesting that TLR4 is indispensable for CD16 signalling via
FcRg chain activation. Although it remains undetermined how
TLR4 associates with CD16 and MAIR-II, FcRg chain may play a
key role in the link between TLR4 and MAIR-II or CD16. As LPS
stimulation induces activation of the Src family of kinases, a
family of non-receptor tyrosine kinases35, it is possible that
activated Src kinases phosphorylate the tyrosine of ITAM in FcRg
chain. Interestingly, we showed that another FcRg chain-
interacting mouse CD300 molecule CLM-5/MAIR-IV/LMIR4
also associated with TLR4 after stimulation with LPS. In contrast,
we did not observe the association of TLR4 with CD300f that also
interacts with FcRg chain (Supplementary Fig. 7). It is unclear at
present whether FcRg chain is involved in this association.
Further studies are required to clarify the molecular basis of the
association of TLR4 with FcRg chain-coupled immunoreceptors.

Immunoreceptors containing positively charged amino acids in
the transmembrane regions, present on lymphocytes and myeloid
cells, are able to non-covalently associate with any of the ITAM-
bearing signalling adaptors DAP12, FcRg chain, DAP10 or CD3z;
exceptionally, the NK receptor NKG2D can bind to both DAP12
and DAP10 in T cells36. MAIR-II is a unique immunoreceptor
that binds either DAP12 or FcRg chain (expressed on peritoneal
macrophages, but not macrophages or B cells in the spleen) via a
lysine residue located in the transmembrane region of MAIR-II17.
We have shown that LPS stimulation upregulates FcRg chain
expression17, leading to the preferential association of MAIR-II
with FcRg chain. A previous report demonstrated that LPS
stimulation of macrophages activates interferon regulatory factor-
8 (ref. 37), which downmodulates Tyrobp transcription and
DAP12 expression38. This is one possible explanation for why
DAP12 expression is downregulated in iMo by stimulation with
LPS. In contrast, the expression of FcRg chain is regulated by
multiple transcription factors, including Sp1, GABP and Elf-1
(ref. 39). However, it is unclear at present whether TLR4
signalling is involved in the transcription mechanism of Fcer1g.

We have shown that MAIR-II regulates TLR4-mediated cell
adhesion to VCAM-1 in highly purified iMo (in the present
study) or cytokine production in B cells (in a previous report18)
in response to TLR ligands alone, suggesting that a ligand for
MAIR-II may be expressed on iMo and B cells, or induced after
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Figure 7 | A proposed model of TLR4-mediated regulation of iMo
migration. TLR4/MyD88-mediated signalling upregulated FcRg chain
expression but downregulated DAP12 expression, and induced physical and
functional association of TLR4/MyD88 with MAIR-II, FcRg chain, and Syk,
leading to activation of VLA-4 in iMo. See also text.
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