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Crawling of effector T cells on extracellular matrix: role of
integrins in interstitial migration in inflamed tissues
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T cells are one of the most migratory
cells in the body. The development
and function of T cells depend on their
interaction with other cells, which is, in
turn, dependent on optimal cell migra-
tion. T cells migrate largely in three dif-
ferent ways: rapid distribution via blood
vessels through hemodynamic move-
ment, transendothelial migration and
interstitial movement. Transendothelial
migration involves sequential activation
of selectins, chemokine receptors and
integrin molecules expressed by migrat-
ing T cells, leading to extravasation from
blood vessel into local tissue environ-
ments. Interstitial migration involves
T-cell migration within a local tissue
environment. While the critical roles of
integrins for transendothelial migration
are well established, integrins appear to
be largely dispensable for interstitial
migration in three-dimensional extracel-
lular matrix (ECM).'~ A leading theory
is an actin-myosin-based and non-adhe-
sive ‘crawling and squeezing amoeboid
motility’. Pertussis toxin-sensitive signal-
ing from G protein-coupled receptors,
activated mainly by chemoattractants reg-
ulates interstitial migration. It is thought
that interstitial migration involves both
hapto- and chemo-taxis (or —kinesis),
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but the exact migration mechanisms spe-
cific for cell types, tissues and conditions
remain unclear. Because of the roles of
integrins in cell adhesion to extracellular
matrix proteins such as collagens, fibro-
nectin and vitronectin, searches for integ-
rins that can guide cell migration in
specialized tissues and conditions contin-
ued. Recently, Overstreet et al* reported
that o'V-containing integrins play impor-
tant roles in interstitial T-cell migration in
inflamed tissues.*

The integrin chain (Itg) oV can pair
with Itg B1, B3, B5, P6 and B8 to make
functional heterodimers on cell mem-
branes. Activated T cells highly express
Itg B1 and B3, whereas the expression
of the other oV-pairing integrins has
not been established. This suggests that
aVP1 and aVP3 would play important
roles in migration of effector T cells. Itg
oV is absent on naive CD4™" T cells, but is
upregulated in lymph node-emigrating
effector T cells. Overstreet et al. reported
that T-cell motility is increased in
inflamed tissues. They examined T-cell
migration in dermis inflamed with com-
plete Freund’s adjuvant. Collagen fibers
became condensed into thicker bundles
with more dense presence of fibronectin
in the inflamed dermis, and T cells
migrated around the network formed
by these ECM fibers. This indicates that
ECM fibers would guide T-cell migration
in inflamed tissues (Figure 1). This loca-
lized migration on ECM may increase
the likelihood of T-cell interaction with
other cell types such as antigen-present-
ing dendritic cells or phagocytes. ECM
proteins typically contain the amino acid

sequence arginine—glycine—aspartic acid
(RGD), which is a major binding motif
for interaction with integrins. Blocking of
integrins with a RGD peptide suppressed
T-cell motility, indicating positive roles
of integrins. Thl cells highly expressed
oV, Bl and B3 along with o2, o4, oL
and P2 integrins in inflamed skin or
influenza virus-infected lung. The RGD
blocking experiment, however, could
not specifically identify the integrins that
mediate the process. Thus, Overstreet
et al. also employed blocking antibodies
to Itg Pl and B3 and found that these
antibodies were effective in suppressing
T cell motility. Because Itg Bl can pair
with Itg al-07 and av, and Itg B3 can
pair with ollb and oV, they also
employed antibodies to Itg o chains.
Blocking Itg ol, o2 and o4 did not
change the T-cell motility in inflamed
skin, but blocking Itg oV was effective.
This indicates positive roles of aVf1
and oVP3, but does not rule out the
potential function of other Bl integrins
and olIbp3.

Opverstreet et al. utilized multiphoton
microscopy to examine T-cell migration
in the inflamed skin. Multiphoton
microscopy is an ideal tool to determine
3D T-cell migration in tissues. The
advantages include deep tissue imaging
up to ~500 um in live unfixed tissues. In
soft tissues like, brain tissues, even dee-
per imaging up to ~1 mm is possible.
Multiphoton microscopy involves rela-
tively faster resonance scanners which
can readily acquire images of T cells
migrating at speeds up to 30 pum/min.
However, it is not the best instrument
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to image faster moving cells on blood
vessels, which can be better imaged by
other methods such as charge-coupled
device camera-based spinning disk
microscopy. Multiphoton microscopy
is particularly useful in multichannel
intravital imaging of cell—cell interaction
in tissues of live animals. T cells are
chemically labeled with membrane dyes
or genetically labeled with fluorescent
proteins, which are excited by one to
two infrared lasers. Sophisticated soft-
ware such as Imaris and Volocity are
used for 3D image analysis.

Migration is important for T cells to
undergo activation, differentiation and
survival because it allows T cells to colo-

calize with antigen presenting cells.
Moreover, migration is required to inter-
act with other target cells that T cells
would activate or kill. Interactions
mediated by LFA-1-ICAM-1, a4Pl-
VCAM and oEB7-E-cadherin pairs are
well established.” In the work of
Opverstreet et al., blocking Itg oV during
an antigen-specific immune response
decreased the formation of IFN-y-pro-
ducing T cells and clearance of pathogens
(Leishmania major), indicating the
importance of Itg oV for generating or
maintaining effector T cells.

What makes the environment for
migrating T cells different between nor-
mal and inflamed tissues? In lymph

nodes, integrins are not required for
interstitial migration of leukocytes,'
whereas integrins appear to be important
for their migration in inflamed tissues as
shown by Overstreet et al.* Tissues with
active immune responses due to infec-
tion by pathogens, injury, or chronic tis-
sue inflammation are different from
normal tissues
Active immune responses increase cyto-
kines that activate tissue cells to produce
or modify ECM components such as col-
lagen and fibronectin. Altered ECM
structures would facilitate leukocyte
migration by providing new paths to
migrating cells (Figure 1). In addition
to ECM, stromal cells can guide T-cell

in tissue structure.
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Figure 1 Integrins regulate interstitial migration of effector T cells. Circulating memory and effector T cells in the blood circulation enter into tissues
through the endothelial cell layer. Adhesion molecules and chemokines cooperatively induce the endothelial cell migration process. Constitutively
expressed tissue-specific or inflammation-induced chemokines and adhesion molecules regulate the migration. Integrins play critical roles in
transendothelial cell migration by mediating the rolling and firm adhesion process. After transendothelial migration, T cells still need to migrate to
specialized microenvironments for their effector functions. This migration is called interstitial migration and involves crawling and squeezing
movement on ECM fibers (e.g., collagen and fibronectin), which undergo dramatic alteration to support T-cell migration in inflamed tissues. In
inflamed skin, integrins, particularly aV-containing integrins (e.g., aVB1 and oVB3), are required for normal interstitial migration of effector T cells.
Chemoattractants are likely to be involved in regulating the migration of effector T cells on ECM fibers. Considerable diversity is expected in terms of
chemokines and integrins that regulate T-cell migration in different tissues and conditions. ECM, extracellular matrix.
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migration in tissues. In lymph nodes,
fibroblastic reticular cells can guide T-
cell migration and these cells may differ
in different tissues and conditions.’

As exemplified for transendothelial
cell migration, activation of integrins
leads to firm adhesion of cells, which
means cells get stuck to ECM or other
cells, when integrins are activated. In this
regard, a remaining question is how oV-
containing integrins support continuous
migration (or crawling) of effector T
cells. The regulation of integrin activa-
tion in migrating cells in local tissues is
largely unknown. Perhaps, there are
intrinsic differences between cell—cell
and cell-ECM interactions in affinity
and activation frequency. The strength
of cell-ECM interaction may be limited
so that cells can crawl rather than
become immobilized on ECM fibers for
prolonged time periods. The identity of
the factors that induce this type of integ-
rin activation is unclear. Perhaps, che-
moattractants present in local tissue
environments would regulate this activa-
tion by inducing chemotaxis/kinesis and
regulating integrin activation for effi-
cient migration of effector T cells on
ECM (Figure 1). If so, what are the che-
moattractants that regulate the intersti-
tial migration in inflamed tissues? The
answers probably depend on the type of
tissues and inflammation. Within a
reactive lymph node, the CXCL9-
CXCRS3 axis plays a role in migration of
CD8" memory T cells and their inter-
action with infected macrophages.'
Similar roles are expected for CXCR3
ligands or other chemokines expressed
in inflammatory tissues. ECM fragments,
produced by matrix metalloproteinases
and other proteases that degrade ECM,
can also act as chemoattractants to guide
cell migration in inflamed tissues.""

Unexpected results were observed by
Opverstreet et al. from their experiment to
determine the motility of T cells that
were genetically deleted for Itg-oV.
Genetic deletion with CD4-Cre was not
effective in suppressing T-cell motility,
whereas the methods employing
shRNA-mediated knockdown and anti-
oV blocking antibody were effective in
decreasing the motility and effector
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function of T cells. Blocking antibodies
or shRNA may inadvertently block or
suppress additional molecules. Itg oV
expression is well established for myeloid
cells and other cell types, and an Itg oV
blocking antibody is likely to block oV
integrins on these unintended cell types.
It could be that blocking of oV integrins
on phagocytes may have bigger impacts
than that on T cells. It is also possible that
genetic deletion may have not been really
effective in decreasing Itg oV expression.
Although highly speculative, compen-
satory expression of ECM-binding mole-
cules in Itg oV '~ T cells could occur.
Another possibility is that the Itg aVon T
cells alone may not play a major role.
Thus, more studies are required to fully
establish the proposed non-redundant
role of Itg oV in regulation of T-cell mo-
tility and effector function. Despite these
shortfalls, Overstreet et al. convincingly
demonstrated the importance of integ-
rins in interstitial migration of effector
T cells in inflamed tissues. While the
authors demonstrated increased pre-
sence of fibronectin and restructured
collagen fibers, it remains to be deter-
mined which ECM component(s) is most
important for interaction with Itg aV.
Vitronectin also binds Itg oV and is
potentially important as well.

oV integrins have additional functions
such as producing active TGF-f proteins.
TGEF-P proteins have latency-associated
peptide which has an RGD motif.
aV-integrins bind latency-associated
peptide-TGF-B polypeptide chains and
liberates the active TGF-3 domain from
the latent complex. This role of Itg aV
has been documented for Itg oV-
expressing dendritic cells and tissue
cells such as endothelial cells, epithelial
cells, and fibrobastic cells.!*!* aVP3,
oVB5, aVP6 and aVB8 bind latent
TGF-B complex and produce active
TGF-B."* Thus, expression of these integ-
rins is required for normal production of
active TGF-B1 in tissues. As demon-
strated by Overstreet et al., effector T cells
highly express oV integrins. It remains to
be determined if effector T cells can
activate TGF-f in inflamed tissues. This
pathway is potentially important for
limiting excessive inflammatory activity

and repairing damaged tissues by T cell-
activated TGF-p.
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