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Commentary

In the context of neuroinflammation, circulating T lymphocytes
have been shown to extravasate across the blood-brain barrier (BBB)
via a well explored multistep process [1-4]. Starting with P-selectin
glycoprotein-1 (PSGL-1)-mediated T cell rolling on endothelial P-
selectin, T cells will slow down on the inflamed BBB and then interact
with chemokines or lipid mediators on the surface of the endothelium
engaging G-protein coupled receptors (GPCRs) [1,2,5]. GPCR-
mediated inside-out-signaling induces affinity maturation of
constitutively expressed integrins on the T cell surface which is
prerequisite for integrin-mediated arrest on their endothelial ligands
from the Ig-superfamily [1,2]. Important interaction partners for T-cell
arrest identified between encephalitogenic CD4" T cells and the
inflamed BBB are endothelial VCAM-1 and a4P1-integrin (VLA4) as
well as endothelial ICAM-1 and LFA-1 [2,6,7]. Subsequent crawling of
CD4* T cells over long distances against the direction of flow has been
demonstrated in vivo in the context of experimental autoimmune
encephalomyelitis (EAE), an animal model of multiple sclerosis [8]. In
vitro studies have shown that interaction of T cell LFA-1 with
endothelial ICAM-1 and ICAM-2 is essential for CD4" T cell crawling
[9]. CD8* T cells have been suggested to be of major importance in the
pathogenesis of multiple sclerosis [10]. However, the currently used
EAE model is a CD4* T cell mediated disease model and not suitable
to study CD8* T-cell extravasation across the inflamed BBB in vivo.

In this context, our recent study [11] has aimed to improve our
understanding of the cellular and molecular mechanisms mediating
CD8* vs CD4" T-cell migration across the BBB in neuroinflammation.
Employing in vitro live cell imaging in a microfluidic device the multi-
step extravasation of activated CD4* and CD8" T cells across primary
mouse brain endothelial cells (p)MBMECs) as an in vitro model for the
BBB was compared side by side. Compared to CD4* T cells, CD8* T
cells showed a significantly increased shear resistant arrest on
PMBMECs stimulated or not with the proinflammatory cytokines
INFy and TNFa.

Interestingly, the arrest of both T cell subsets was not dependent on
Gai-mediated GPCR-mediated integrin affinity maturation. This is in
line with previous studies which have shown that Tegector/memory cells
express sufficient amounts of high-affinity LFA-1 on their surface
which allows for binding to its endothelial ligands in the absence of
additional stimuli [2,4,12-14]. Endothelial ICAM-1 and ICAM-2 were
of major importance for sufficient T cells arrest of CD8* T cells, as
their absence led to a complete abrogation of enhanced CD8* T cell
arrest compared with CD4* T cell arrest. This suggests a major
involvement of LFA-1 in the process of shear-resistant arrest of CD8*
over CD4" T cells on pMBMECs. Although CD4 and CD8 T cells were

found to express similar cell surface levels of LFA-1 we found CD8 T
cells engage higher levels of soluble ICAM-1 suggesting that they
display a higher fraction of high affinity LFA-1 on their surface than
CD4 T cells (Figure 1).
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Figure 1: Schematic representation of the pathway of diapedesis of
activated CD4* and CD8" T lymphocytes across pMBMEC in vitro
under flow: Side-by-side comparing of the multi-step extravasation
of activated CD4* and CD8* T cells across the blood-brain barrier
(BBB) under flow by in wvitro live cell imaging identified subset
specific mechanisms of interaction. CD8" T cells arrested in
significantly higher numbers, stalled and crossed the BBB
preferentially via the transcellular route.

CD8* T cell arrest was followed by a unique behavior, where CD8*
T cells would remain localized within their diameter, but visibly and
actively probed the endothelium for sites of diapedesis. We classified
this behavior as “stalling” in contrast to the behavior of CD4* T cells
which after initial arrest crawled over the endothelial surface prior to
their diapedesis as described before [8,9,15]. In correlation to their
stalling behavior, transmigration of CD8" T cells occurred mostly via
the transcellular route. In the absence of ICAM-1 and ICAM-2 CD8* T
cells were found to still quite efficiently cross the BBB underscoring
that they do not rely as CD4 T cells on ICAM-1 and ICAM-2 mediated
crawling for finding a site for diapedesis. Rather the mainly LFA-1/
ICAM-1 and ICAM-2 mediated arrest and stalling of CD8" T cells on
the BBB seemed to lead to optimized interactions with endothelial
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signaling cascades involved in the formation of ICAM-1 and/or
ICAM-2 enriched docking structures that are important for T cell
diapedesis [9,15-18].

Taken together our study demonstrated that the cellular and
molecular mechanisms involved in the multistep cascade of CD8* ws
CD4* T-cell migration across the BBB shows significant differences.
Further investigations are thus desirable in order to discover
mechanisms unique to different T cell subsets. This will allow the
development of more specific treatments targeting the CNS invasion of
destructive T cells without affecting CNS immunosurveillance.

Acknowledgements

This work was funded by the Swiss National Science Foundation
grant N° 31003A_149420, the Swiss MS Society and ARSEP to BE. HR
was funded by fellowship from the DGPI (German Society of Pediatric
Infectious Diseases) and the University of Heidelberg (Olympia
Morata). The Microscopy Imaging Center of the University of Bern is
acknowledged for continuous support.

References

1. Engelhardt B, Carare RO, Bechmann I, Fliigel A, Laman JD, et al. (2016)
Vascular, glial, and lymphatic immune gateways of the central nervous
system. Acta Neuropathol 132: 317-338.

2. Engelhardt B, Ransohoft RM (2012) Capture, crawl, cross: the T cell code
to breach the blood-brain barriers. Trends in Immunology 1-11.

3. Ransohoft RM, Engelhardt B (2012) The anatomical and cellular basis of
immune surveillance in the central nervous system. Nat Rev Immunol 12:
623-635.

4. Lyck R, Engelhardt B (2012) Going against the tide--how
encephalitogenic T cells breach the blood-brain barrier. ] Vasc Res 49:
497-509.

5.  Sathyanesan M, Girgenti MJ, Banasr M, Stone K, Bruce C, et al. (2012) A
molecular characterization of the choroid plexus and stress-induced gene
regulation. Transl Psychiatry 2: e139-9.

6. Steffen BJ, Butcher EC, Engelhardt B (1994) Evidence for involvement of
ICAM-1 and VCAM-1 in lymphocyte interaction with endothelium in
experimental autoimmune encephalomyelitis in the central nervous in
SJL/] Mouse. Am ] Pathol 145: 189-201.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Yednock TA, Cannon C, Fritz LC, Sanchez-Madrid F, Steinman L, et al.
(1992) Prevention of experimental autoimmune encephalomyelitis by
antibodies against alpha 4 beta 1 integrin. Nature 356: 63-66.
Bartholomaus I, Kawakami N, Odoardi F, Schlager C, Miljkovic D, et al.
(2009) Effector T cell interactions with meningeal vascular structures in
nascent autoimmune CNS lesions. Nature 462: 94-98.

Abadier M, Haghayegh Jahromi N, Cardoso Alves L, Boscacci R,
Vestweber D, et al. (2015) Cell surface levels of endothelial ICAM-1
influence the transcellular or paracellular T-cell diapedesis across the
blood-brain barrier. Eur ] Immunol 45: 1043-1058.

Friese MA, Fugger L (2005) Autoreactive CD8" T cells in multiple
sclerosis: a new target for therapy? Brain 128: 1747-1763.

Rudolph H, Klopstein A, Blatti C, Lyck R, Engelhardt B (2016) Post arrest
stalling rather than crawling favors CD8" over CD4" T cell migration
across the blood-brain barrier under flow in vitro. Eur ] Immunol 46:
2187-203.

Sallusto F, Impellizzieri D, Basso C, Laroni A, Uccelli A, et al. (2012) T-
cell trafficking in the central nervous system. Immunol Rev 248: 216-227.
Shulman Z, Cohen §J, Roediger B, Kalchenko V, Jain R, et al. (2011)
Transendothelial migration of lymphocytes mediated by intraendothelial
vesicle stores rather than by extracellular chemokine depots. Nat
Immunol 13: 67-76.

Lek SH, Morrison VL, Conneely M, Campbell PA, McGloin D, et al.
(2013) The Spontaneously Adhesive Leukocyte Function-associated
Antigen-1 (LFA-1) Integrin in Effector T Cells Mediates Rapid Actin- and
Calmodulin-dependent Adhesion Strengthening to Ligand under Shear
Flow. ] Biol Chem 288: 14698-14708.

Steiner O, Coisne C, Cecchelli R, Boscacci R, Deutsch U, et al. (2010)
Differential Roles for Endothelial ICAM-1, ICAM-2, and VCAM-1 in
Shear-Resistant T Cell Arrest, Polarization, and Directed Crawling on
Blood-Brain Barrier Endothelium. ] Immunol 185: 4846-4855.

Coisne C, Lyck R, Engelhardt B (2013) Live cell imaging techniques to
study T cell trafficking across the blood-brain barrier in vitro and in vivo.
Fluids and Barriers CNS 10: 7.

Gorina R, Lyck R, Vestweber D, Engelhardt B (2013) 32 Integrin-
Mediated Crawling on Endothelial ICAM-1 and ICAM-2 Is a Prerequisite
for Transcellular Neutrophil Diapedesis across the Inflamed Blood-Brain
Barrier. ] Immunol. 192: 324-337.

Schnoor M (2015) Endothelial actin-binding proteins and actin dynamics
in leukocyte transendothelial migration. ] Immunol 194: 3535-3541.

J Cell Signal, an open access journal

Volume 2 « Issue 2 « 150


https://doi.org/10.1007/s00401-016-1606-5
https://doi.org/10.1007/s00401-016-1606-5
https://doi.org/10.1007/s00401-016-1606-5
https://doi.org/10.1016/j.it.2012.07.004
https://doi.org/10.1016/j.it.2012.07.004
http://dx.doi.org/10.1038/nri3265
http://dx.doi.org/10.1038/nri3265
http://dx.doi.org/10.1038/nri3265
http://dx.doi.org/10.1159/000341232
http://dx.doi.org/10.1159/000341232
http://dx.doi.org/10.1159/000341232
https://doi.org/10.1038/tp.2012.64
https://doi.org/10.1038/tp.2012.64
https://doi.org/10.1038/tp.2012.64
https://doi.org/10.1038/356063a0
https://doi.org/10.1038/356063a0
https://doi.org/10.1038/356063a0
http://dx.doi.org/10.1038/nature08478
http://dx.doi.org/10.1038/nature08478
http://dx.doi.org/10.1038/nature08478
http://dx.doi.org/10.1002/eji.201445125
http://dx.doi.org/10.1002/eji.201445125
http://dx.doi.org/10.1002/eji.201445125
http://dx.doi.org/10.1002/eji.201445125
http://dx.doi.org/10.1093/brain/awh578
http://dx.doi.org/10.1093/brain/awh578
https://doi.org/10.1002/eji.201546251
https://doi.org/10.1002/eji.201546251
https://doi.org/10.1002/eji.201546251
https://doi.org/10.1002/eji.201546251
http://dx.doi.org/10.1111/j.1600-065X.2012.01140.x
http://dx.doi.org/10.1111/j.1600-065X.2012.01140.x
https://doi.org/10.1038/ni.2173
https://doi.org/10.1038/ni.2173
https://doi.org/10.1038/ni.2173
https://doi.org/10.1038/ni.2173
https://doi.org/10.1074/jbc.M112.430918
https://doi.org/10.1074/jbc.M112.430918
https://doi.org/10.1074/jbc.M112.430918
https://doi.org/10.1074/jbc.M112.430918
https://doi.org/10.1074/jbc.M112.430918
https://doi.org/10.4049/jimmunol.0903732
https://doi.org/10.4049/jimmunol.0903732
https://doi.org/10.4049/jimmunol.0903732
https://doi.org/10.4049/jimmunol.0903732
https://doi.org/10.1186/2045-8118-10-7
https://doi.org/10.1186/2045-8118-10-7
https://doi.org/10.1186/2045-8118-10-7
https://doi.org/10.4049/jimmunol.1300858
https://doi.org/10.4049/jimmunol.1300858
https://doi.org/10.4049/jimmunol.1300858
https://doi.org/10.4049/jimmunol.1300858
http://dx.doi.org/10.4049/jimmunol.1403250
http://dx.doi.org/10.4049/jimmunol.1403250

	Contents
	Stalling Instead of Crawling Allows CD8+ T cells to Cross the Blood-Brain Barrier
	Commentary
	Acknowledgements
	References


