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COMMENTARY & VIEW
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A_ better knowledge of the molecular

echanisms that govern leukocyte
trafficking is of major relevance for the
clinics. Both normal and pathologic
extravasation of lymphocytes are a
fine-tuned spatio-temporal event of
migratory path-finding, likely regulated
by molecular guidance cues underlying
cell movements in other systems. We
have recently reported that members
of the Eph family of receptor tyrosine
kinases, namely EphA2 and one of its
ligands, ephrin-A4 (EFNA4) can mediate
in the traffic of chronic lymphocytic
leukemia (CLL) cells and presumably of
normal B cells between the blood and
the tissues. The importance of EphA2-
EFNAA4 interactions at the endothelium-
lymphocyte during TEM
could rely on their attractive/repulsive

interface

properties. In the present work, we
expand on those results by including
additional insights and new suggestions
that discuss the
relevance of these molecules in overall

for future studies

cell adhesion dynamic events.
Introduction

Lymphocyte trafficking between blood
and the tissues is an essential pro-
cess to assure lymphoid homeostasis.'*
Lymphocytes migrate into (ingress) and
out of (egress) lymphoid tissues at the
level of specialized vascular structures
named high endothelial venules (HEV).
They harbor the molecular machinery
for accommodating, upon cross-talk with

putative transmigrating lymphocytes,
transendothelial ~migration  processes.?
In  many pathological conditions,
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selective leukocyte recruitment takes place
at the level of newly specialized endothe-
lial venules as a consequence of context
dependent signals including pro-inflam-
matory cytokines.>> A better knowledge of
the molecular mechanisms orchestrating
these processes is beneficial for the clinics
including the development of new thera-
pies for many human diseases.

Within
tion, lymphocytes and endothelial cells

the context of extravasa-
exchange bidirectional signals leading to
mutually dependent alterations in their
respective behaviors.®® A multi-step cell
adhesion cascade is currently recognized
to be involved in the extravasation pro-
cess that includes successive conditional
lymphocyte-endothelial cell contacts: (1)
tethering and “rolling,” (2) firm adhesion,
(3) crawling and (4) transmigration fol-
lowed by tissue invasion.>**® The first
steps, rolling and tethering, are the most
relevant to decision-making, while the fol-
lowing steps are more concerned with the
transmigration itself. The whole process is
determined by the balance of extracellular
signals derived from the involved tissue,
mostly in the form of soluble molecules
like chemoattractants and/or repellents
(chemokines and others) and other fac-
tors like shear flow.*!! As such, the intra/
extravasation of lymphocytes is a complex
event where migratory path-finding is
regulated by numerous trafficking signals
that selectively control the movement of
distinct subsets of immune cells into and
out of specific tissues.

Substantial progress has been made
in dissecting the molecular mechanisms
that orchestrate the directed movement of
leukocytes between the vasculature and
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! and within the later ones,"?

emphasizing the importance of existing

the tissues”

attractive/repulsive signals underlying leu-
kocyte migration.'” Molecular mechanisms
that act in a context-dependent manner,
such as bidirectional guiding cues during
development or in adult plastic systems,
can be relevant to leukocyte migration as
well, like netrins, semaphorins, slit ligands

and Eph/ephrins.
Eph/Ephrins

The Eph family of receptor tyrosine
kinases and their ligands, ephrins (EFN),
delivers attractive/repulsive signals that
guide cell movements in a wide spectrum
of processes during development includ-
ing the axon growth cone during path-
finding, the boundary formation or the
cell positioning during morphogenesis
through restricting cell intermingling.!>16
An increasing body of knowledge is show-
ing that Eph signaling also controls the
architecture and homeostasis of different
adult tissues under normal and patho-
719 suggesting  that
common mechanisms of cell behavior

logical conditions,

can be modulated by them. They there-
fore represent putative new tools in can-
cer diagnosis and as potentially relevant
molecular therapeutic targets.

The Eph family is classified into
two sub-families, EphA (nine members
in humans) and EphB (six members),
depending on the similarity within
each group of the extracellular domain
sequences and on their affinity for the
membrane bound ligands, ephrin (EFN),
either of type A (five members), which
are glycosylphosphatidylinositol (GPI)
anchored proteins to the cell membrane,
or of type B (three members), which
have a single transmembrane domain.
Receptor/ligand interactions are promis-
cuous within each subclass and certain
inter-class interactions also exist which
can contribute to the fine-tuning of cell
processes. Most Eph receptors contain an
active tyrosine kinase domain while eph-
rins lack intrinsic catalytic activity but
associate with tyrosine kinases and bind
to several intracellular targets.?® As such,
an essential property of Eph-EFN inter-
action is that it can result in bidirectional

signaling into both the Eph- (forward
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signaling) and the EFN-expressing cells
(reverse signaling)**® and the occurrence
of cell and non-cell autonomous roles.?’

An Impaired Transendothelial
Migration Potential of Chronic
Lymphocytic Leukemia (CLL)
Cells Can be Linked
to Ephrin-A4 Expression

We have recently described a novel molec-
ular interaction that could mediate in the
trafficking of CLL cells and, presumably,
normal B cells.® Through comparing
lymph node tissue biopsies and periph-
eral blood B-cell preparations from CLL
patients and control subjects not suffering
any kind of leukemia, as well as through
several in vitro approaches, we showed
that certain members of the Eph recep-
tor family of tyrosine kinases, namely the
EphA2 receptor and one of its ligands, the
ephrin-A4 (EFNA4), could be involved
in the B-cell trafficking through HEV.
Overexpression of EFNA4 in CLL cells
compared to normal B cells can partially
explain the observed reduced extravasa-
tion capacity of the former ones through
repulsive signals. Besides, CLL cells from
patients presenting clinical lymphadenop-
athy expressed lower levels of EFNA4 in
correlation with a better in vitro adhesion
and TEM than those from patients who
lack this clinical characteristic. Further
experiments suggested that critical steps
of the extravasation process, such as adhe-
sion and/or transendothelial migration
(TEM), can be modulated upon the inter-
action of EFNA4 expressed on lympho-
cyte cell surface with the EphA2 receptor
found in the luminal side of CD31* HEV
from lymph nodes.

EphA2 Expression in the HEV
of Human Lymph Nodes Could
be Related to Specific Leukocyte
Recruitment and/or Pathologic
Conditions

Our study demonstrated strong expres-
sion of EphA2 in the HEV from human
lymph nodes, supporting the hypothesis
that EphA2-EFNA4 interaction could
mediate in the leukocyte trafficking
between the blood and the tissues, at least
in CLL.>* EphA2 has been implicated in
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endothelial processes like angiogenesis
226 through
orchestrating cell-cell contacts as well as

and tumor neovascularization

in the paracellular permeability of some
vascular vessels,”” suggesting that it could
be implicated in the dynamics of endo-
thelial junctions during leukocyte pas-
sage through HEV. Besides, EphA2 has
been related with the adhesion of leuko-
cytes to endothelia in a thrombin-medi-
ated inflammation in vitro system? and
in other inflammatory conditions.”” In
mice, class A Eph/ephrins has also been
related with T-cells trafficking.’® We have
recently realized that the high expression
of EphA2 found in most of the HEV from
CLL lymph nodes is limited to a “subset”
of HEV within the control lymph nodes
(Fig. 1), which we are currently charac-
terizing. Thus, upregulated expression of
EphA2 at certain HEV could be function-
ally related to specific leukocyte recruit-
ment and/or pathologic conditions like in
the CLL studied.

Disclosing EphA2-EFNA4
Bidirectional Signaling
Within the Molecular Context
of Extravasation

As alluded to above, understanding how
Eph/ephrin mediates their action is often
complicated by the fact that both ligands
and receptors are expressed in both cells
involved in the interaction, which can
lead to bi-directional signaling cascades.
In order to evaluate in vitro the impor-
tance of each of the members in the per-
formed assays,* HUVECs or B cells were
pre-incubated  separately with soluble
recombinant homodimers of the extra-
cellular portion of human EFNA4 or
EphA2, respectively, carrying a poly-His
tag that allowed us further flow cytom-
etry analysis of cell binding. In this way,
we assured that EphA2-EFNA4 interac-
tions were blocked in the co-cultures and
that eventual signaling would only take
place in the pre-incubated population.
Both HUVEC and B cells can express
other Eph/ephrin members that bind to
the corresponding recombinant homodi-
mer such as EphA4, in the case of TNF-a
activated HUVECs,?* and several EFNA
ligands, in the case of CLL or normal
B cells.®® Binding assays demonstrated
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that HUVECs bound EFNA4-Fc mainly
through EphA2, as determined by confo-
cal microscopy, and that CLL cells bound
EphA2-Fc mainly through EFNA4, as
determined by flow cytometry.*

receptors and
ligands within the same cell and/or

Co-expression  of

cell subpopulation should be taken into
Thus, the differential

expression of some members within a

consideration.

given cell population, mainly B-cell
subpopulations,® could have side effects
in the overall population response.
Co-expression of different Eph/EFN
members is commonly observed and
some of them have been referred as a
mechanism of regulation of Eph/EFNs
signaling. These include receptor-ligand

3234 and the formation

interactions in cis
of Eph receptor heterocomplexes, includ-
ing the participation of kinase-defective
Eph receptors like EphB6 and/or splice
variants,'® which modulates the magni-
tude and type of signaling and the cell
outcome. Thus, it would be interesting
to carry out adhesion and TEM assays
by co-culturing mixtures of EphA2-Fc
treated and non-treated B cells as well
as different combinations of B-cell sub-
populations according to other differen-
tially co-expressed members.

The role played by EphA2-EFNA4
interactions in the TEM of CLL cells can
also be related with chemokine-mediated
chemotaxis.”* CCR7-mediated
taxis of CLL cells can be directly modu-

chemo-

lated, in a cell autonomous way, by EFNA4
signaling while CXCR4 or CXCR5 che-
motaxis were only affected in the TEM
assays. It suggests that cell-cell contact
dependent bidirectional EphA2-EFNA4
signals between B cells and HUVEC:s dif-
ferentially modulated chemokine-driven
migration. Transmigrating lymphocytes
might recognize endothelial-presented
chemokines in a cell contact-dependent
manner which is instrumental for integ-
rin-mediated lymphocyte adhesion and
transendothelial migration.¥ In the
case of CXCR4- or CXCR5-mediated
TEM, the CLL cell outcome is the same,
i.e., no or less migration whether or not
HUVEC or CLL cells are pre-incubated
with the
molecule, suggesting that bidirectional
Eph-EFN signals mediate the TEM

corresponding recombinant
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Figure 1. EphA2 is differentially expressed in the CD31* vascular vessels of human lymph nodes.
8 wm thick cryosections from human lymph node biopsies of either control subjects (reactive
lymph node) (left) or CLL patients (right) were immunostained with a primary polyclonal
antibody for human EphA2 followed by AlexaFluor-546 conjugated specie-specific secondary
antibody (shown in red) and an AlexaFluor-488 conjugated anti human CD31 (shown in green).
Representative experiments are shown. Fluorescence images were acquired with a confocal
microscope (Leica TCS-SP2 AOBS; Objective: 20x multi-immersion, 1.20 NA).

induced by the chemokines. Another non-
excluding possibility could be that the
EphA2-EFNA4-mediated cell outcomes
are also subjected to modulation by the
endothelial-presented chemokines. Under
shear flow conditions, leukocyte crawl-
ing onto endothelium is largely dictated
by the endothelial-presented chemokines
which coordinate spatio-temporal changes
of the integrin mediated bonds,*® a process
where EphA2-EFNA4 interactions are
likely to contribute. In this respect, evalu-
ation of the EphA2-EFNA4 signaling in
lymphocyte TEM under shear flow condi-
tions is mandatory.

The wide spectrum of biological
cell processes and developmental stages
orchestrated by Eph/EFN signaling relies
on cross-communication with multiple
signaling pathways.'®*-4! Thus, they can
regulate and be regulated by several other
molecules including cell adhesion mol-
ecules, chemokine receptors or extracellu-
lar matrix components. On this regard, it
remains to be further investigated the pos-
sible cross-talk between EphA2-EFNA4
signaling and that generated by other
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molecules involved in lymphocyte TEM
including ectoenzymes," cell adhesion
molecules and the endothelial-presented
chemokines but also from other Eph/EFN
members.

Contextualizing EphA2-EFNA4
Interactions as Possible Guiding
Cues During TEM

EphA2 accumulates at inter-endothelial
cell junctions and is evenly distributed on
the luminal surface of TNFa activated
HUVEC monolayers.”* EphA2 aggre-
gated on the surface of HUVECs upon
incubation with EFNA4-Fc complexes
and the EphA2-EFNA4Fc complexes
were transcytosed toward a peri-nuclear
basal location within 60 min.?* This was
accompanied by ICAM-1 and VCAM-1
sequestration into endothelial vesicles**
reminiscent of the
organelles (VVO) or caveolae that have
been related with the formation of a trans-

vesiculo-vacuolar

cellular pore during leukocyte diapedesis
through endothelium (trans-cellular route
of migration).*>®
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An increasing body of knowledge sup-
ports the notion that EphA2 expressed
at endothelial and epithelial boundaries
could contribute to the regulation of para-
cellular permeability at these tissue barri-
ers through cross-talk with the junctional
molecular machinery.?4-% In the context
of paracellular TEM of leukocytes, repul-
sive signals delivered through EphA2-
EFNA4 interactions could contribute to
the weakening of endothelial cell adherens
junctions in cooperation with the endo-
thelial lateral border recycling compart-
ment (LBRC)’ that surrounds migrating
leukocytes. In support of this, our experi-
ments showed that transmigrating lym-
phocytes, especially normal B cells, were
surrounded by endothelial EphA2.

Thus, it is tentative to speculate that
EphA2-EFNA4 interaction could partici-
pate in orchestrating the migratory path-
finding during TEM through regulating
the dynamic podosome-like protrusions
extended by crawling lymphocytes and/or
in the regulated formation of endothelial
trans-cellular pores used for transcellular
migration and/or the paracellular route.

The CLL Context

We have proposed a model of EFNA4 reg-
ulated extravasation of lymphocytes which
is based on the realization that the defec-
tive adhesion and TEM of CLL cells can
be linked to overexpression of this mol-
ecule.?* Chronic lymphocytic leukemia
(CLL) is a lymphoproliferative disorder
characterized by peripheral lymphocytosis
of CD5" malignant B cells with varying
degrees of lymphoid tissue dissemina-
tion.”*? In accordance with our study,*
several lines of evidence support the notion
that CLL cells have an impaired migration
into tissues that can be linked to an adhe-
sion deficiency to HEV.?-®

CLL cells form proliferation centers
or “pseudofollicles” within the infilcrated
lymphoid tissues that can contribute to
their survival and/or expansion®® and
also to the enlargement of lymph nodes
or clinical lymphadenopathy observed
in some patients.”” A defective egress of
the CLL cell population leading to their
retention within tissues has also been
proposed but not firmly demonstrated.’®
In such case, it is tentative to speculate
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that EFNA4 overexpression could be also
implicated in a hypothetical defective
egress of the CLL cell population that
remains to be investigated.

Remarkably, signaling through EFNA4
further impairs CLL TEM in vitro,* sug-
gesting that management of this molecule
could have a therapeutic potential through
preventing their dissemination in the
more severe cases. However, the challenge
for the future is to assay its applicability
through in vivo human-animal models
and to clearly ascertain the specificity
and/or side effects derived from EFNA4
signaling in CLL therapy.

Concluding Remarks

CLL could represent a “natural model”
which has allowed the identification of
EphA2-EFNA4 interaction as a putative
new molecular mechanism which may
govern lymphocyte trafficking in certain
conditions. As indicated above, the dif-
ferential expression of EphA2 in the HEV
of non-CLL lymph nodes may be indica-
tive of specific leukocyte recruitment and/
or pathologic states which need further
attention.

In conclusion, through orchestrating
the cell adhesion dynamic events that take
place during TEM, the EphA2-EFNA4
interaction could contribute to the migra-
tory path-finding of lymphocytes through
endothelial vessels.
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