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Abstract

Mesenchymal stem cells (MSC) represent a promising cellular therapy for the treatment of immune-related
conditions due to their immunomodulatory properties, which include the capacity to inhibit the proliferation and
function of T-cells. Despite the fact that MSC have been the subject of intense investigation as therapeutic agents
for diseases in which cellular immune response is exacerbated, the underlying mechanisms of how MSC exert their
Tcell suppressive properties remain to be fully understood. Eph surface tyrosine kinase receptors and their ephrin
ligands are involved in T-cell development, maturation, activation and proliferation. Recent findings have
demonstrated Eph/ephrin interactions as potential mechanisms mediating human MSC inhibition of activated T-cells.
Here we highlight the influence of Eph and ephrin molecules in the communication between MSC and T-cells that
result in T-cell suppression by MSC.

Definition and Characteristics of Mesenchymal Stem
Cells

Mesenchymal stem cells (MSC) are self-renewing stem cells
identified in rodent and human bone marrow aspirates based on their
ability to form adherent clonogenic clusters (CFU-F; colony forming
units-fibroblastic) in vitro, and by their capacity to differentiate into
multiple specialized mesodermal cell lineages [1-4]. Similar MSC-like
populations have been described in various tissues with different
growth and differentiation potentials [5-7]. These MSC-like
populations share a common immunophenotype based on the cell
surface expression of various markers, but not limited, to STRO-1,
CD73, CD105, CD106, CD90, CD146 and CD166, while lacking
expression of CD34, CD3, CD14, CD19, CD31, CD34, CD45,
Glycophorin-A and HLA-DR [2,3,8-10]. In the last few decades, MSC
have generated considerable interest due to their production of
cytokines and growth factors, which act as potent mediators of
angiogenesis, regeneration of damaged tissues, hematopoiesis and
immune cell responses [11-17]. In particular, the paracrine properties
of MSC, makes them highly desirable as potential cellular therapies to
treat a variety of immune/inflammatory based diseases and conditions.

MSC mediated regulation of T-cell proliferation and
activation
The role of MSC in modulating immune responses has been

demonstrated both in vitro and in vivo [13,18]. Multiple studies have
shown that MSC profoundly modulate immune response through their
interactions with the cellular components of the innate (natural killer
cells, dendritic cells) and adaptive (B-cells, T-cells) immune system
(Figure 1). MSC are known to be weakly immunogenic due to the lack
of expression of MHC class II antigen and co-stimulatory molecules
such    as   CD40,  CD80,  CD86  or  CD40L [13].   Whilst  MSC  have  a

Figure 1: Immunomodulatory properties of MSC. MSC modulate
the response of a broad range of immune cells including B-cells, NK
cells, DC and T-cells. NK: Natural Killer cells, DC: Dendritic cells,
T-reg: T-regulatory cells, Th: T-helper cells, HLA: Human leukocyte
antigen; IL: Interleukin; IFNγ: Interferon-gamma; TNF-α: Tumour
Necrosis Factor-alpha; IDO: Indoleamine 2,3-dioxygenase; HGF:
Hepatocyte Growth Factor; TGF-β1: Transforming Growth Factor-
β; IL-10: Interleukin 10; PGE2: Prostaglandin E2; NO: Nitric Oxide.
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reduced   capacity  to  trigger  T-cell  activation,   they  exhibit   a  potent
capacity to inhibit T-cell proliferation and function either directly
through cell–cell contact or indirectly via the secretion of various
factors. Due to these properties, MSC are protected from natural killer
cellmediated killing and have the ability to escape immunosurveillance
and regulate immune cell/inflammatory responses.

Studies investigating the hypoimmunogenic properties of MSC have
reported that ex vivo expanded third party human MSC suppress T-
cell proliferation stimulated by allogeneic peripheral blood
mononuclear cells (PBMNC) and allogeneic splenocytes, activated
with mitogens such as, concanavalin A, anti-CD3, anti-CD28
antibodies or with IL-2, IL-7 or IL-15 in vitro [19,20]. It has been
demonstrated that both CD4 and CD8 T-cells are equally inhibited by
MSC in a dose-dependent manner. Most significantly, MSC do not
induce T-cell apoptosis but rather facilitate a shutdown in
proliferation/activation [21]. Indeed, the anti-proliferative effects of
MSC on T-cell populations only occurs when T-cells are activated [22].
However, direct contact between MSC and activated T-cells leads to T-
cell arrest in the G0 phase of the cell cycle. MSC induce T-cells to enter
an anergic state, characterized by an absence of proliferation and
cytokine production in response to antigenic stimulation, generally as
a result of insufficient co-stimulation [23,24]. Furthermore, other
studies have reported that MSC cause a reduction in the expression of
the early activation markers CD25 and CD69, while others found no
change in expression of these markers [20,25]. The discrepancies of
these findings could potentially relate to the variations in
subpopulations of MSC that were being investigated and the
differences in the population of T-cell studied.

In the last decade, it has become evident that multipotent human
MSC, exhibiting immunomodulatory properties, are being utilized in
various clinical trials to treat various immunological conditions
including steroid-resistant acute graft-versus-host disease (GvHD)
following hematopoietic stem cell transplantation, inflammatory bowel
diseases, encephalomyelitis and allograft rejection after solid organ
transplantation [18,26,27]. To date, numerous cell based-therapies
employing MSC to treat diseases in which cellular immune responses
are exacerbated, have been registered at clinical-trials.gov (https://
clinicaltrials.gov/ct2/results?term=%22mesenchymal+stem+cell%22+
AND+%22immune+disease%22&Search=Search).   Most  significantly,
the  use  of   MSC  to   treat   paediatric  patients with steroid refractory
acute    GvHD    has    been    approved    in    Japan    (TEMCELL,®   JCR
Pharmaceuticals) [28], Canada and New Zealand (Prochymal®; Osiris
Therapeutics) [29].

Despite extensive documentation of the interactions between MSC
toward different Tcell subpopulations, the exact mechanisms
underlying these processes remain unclear. Recent studies indicate that
multiple immunosuppressive factors can be released or expressed by
MSC and the nature of these factors is dependent on the type of stimuli
received by MSC, such as allogeneic determinants, membrane-bound
proteins, mitogens and cytokines [27,30]. Several independent studies
have indicated that hepatocyte growth factor (HGF), transforming
growth factor-β1 (TGF-β1), indoleamine 2,3-dioxygenase (IDO),
prostaglandin E2 (PGE2), HLA-G5 and IL-10 are all key players in
MSC-mediated immunosuppression in vitro [30,31]. Other studies
have suggested that contact-dependent mechanisms are involved,
including the B7-H1/PD-1 pathway [13,18]. While some of these
factors partially contribute to the immunomodulatory properties of
MSC, the underlying mechanisms that regulate MSC mediated
immune cell action are far more complex than initially thought.

More recently, the tyrosine kinase receptors, Eph (Erythropoietin-
producing hepatocyte kinases) and their ligands, ephrin (Eph receptor
interaction proteins) have been reported to be involved in MSC
attachment, migration, differentiation, bone remodeling, fracture
repair and hematopoietic support [11,32-35]. Studies have also
demonstrated that Eph/ephrin tyrosine kinase molecules play an
important role in the development and function of immune cells
[36-39], including, T-cell populations [40-42].

Eph and ephrin molecules
Eph receptors and their ephrin ligands represent the largest group of

receptor tyrosine kinases [43] and are known to be involved in the
regulation of numerous biological systems in which cell–to–cell
interactions are particularly relevant [44,45]. The Eph receptors are
membrane bound proteins and are divided into EphA (10 members)
and EphB (6 members) subclasses based on their binding affinity to
either ephrinA (6 members) or ephrinB (3 members) ligands (Figure
2). The EphA and EphB receptors share similar structural homology

Figure 2: The structure of the Eph receptors and their ephrin
binding ligands. GPI: Glycosyl Phosphatidylino-sitol; PDZ: Post-
synaptic density, disc large, zona occludens-1; LBD: Ligand Binding
Domain; CRD: Cysteine Rich Domain; FNIII: Fibronectin III; JR:
Juxtamembrane Region; SH2: SRC Homology 2; SAM: Sterile Alpha
Motif; PBM: PDZ Binding Motif.

[46],  composed  of   extracellular  and  cytoplasmic  components.   The
extracellular portion of the Eph receptor consists of an amino terminal
ligand binding domain, a cysteine rich region and two fibronectin type
III repeats [43]. The cytoplasmic region of the Eph receptor contains
SRC homology 2 binding sites, a juxtamembrane region, a tyrosine

Citation: Nguyen TM, Arthur A, Gronthos S (2016) Eph/Ephrin-mediated Mesenchymal Stem Cell Regulation of T-cell Activation and Function. J
Clin Cell Immunol 7: 418. doi:10.4172/2155-9899.1000418

Page 2 of 7

J Clin Cell Immunol T-cell Immunology ISSN:2155-9899 Open Access



kinase domain, a sterile alpha motif (SAM) proteinprotein interaction
domain, and a post-synaptic density, disc large, zona occludens-1
(PDZ) binding motif [47]. Each region is important for signalling in
different situations, the juxtamembrane domain contains two
conserved tyrosine residues (tyrosine and serine) which become
phosphorylated upon the binding of ephrin ligand, allowing the
intracellular tyrosine kinase domain to convert into its active form and
activate or repress downstream signalling cascades, whereas the role of
the SAM domain is in protein–protein interactions. The PDZ domain
consists of a binding sequence which has a hydrophobic residue
(generally valine or isoleucine) at the carboxyl terminus, that also
functions in protein–protein interactions [48]. Both subclasses of the
ephrin ligands consist of an extracellular Eph-receptor binding
domain, however, the structure of the ligands differs between
subclasses [49]. The ephrinA ligands are GPI linked to the membrane,
where the GPI anchor is composed of one molecule of
phosphatidylinositol, which has a carbohydrate chain link through the
C-6 hydroxyl of the inositol. The GPI anchor functions to attach the
ephrinA ligand to the exoplasmic leaflet of the membrane and to other
specific domains inside the cell [48]. Conversely, ephrinB ligands are
transmembrane proteins with a short cytoplasmic tail, which contains
functional tyrosine kinase phosphorylation sites and an intracellular
PDZ binding motif [49].

Eph/ephrin signalling is highly complex due to the high number of
members and promiscuity of individual Eph receptors binding to
multiple ligands and vice versa, albeit with distinct affinities [43].
While the Eph molecules are regarded as the receptor and the ephrin
molecules as the ligand, Eph/ephrin-mediated interactions can result
in both forward signalling through the Eph receptor expressing cell
and reverse signalling through the ephrin-expressing cell, and/or
bidirectional signalling in both Eph and ephrin expressing cells. As a
result, Eph/ephrin interactions often provide different cell responses
depending on the multiple combinations and directions of signalling.
In the context of T-cell biology, Eph/ephrin interactions activate
numerous signalling pathways that regulate T-cell progenitor
recruitment to the thymus [50], thymocyte development and
maturation within the thymic microenvironment [51], T-cell co-
stimulation, activation and proliferation (Table 1). More recently,
members of the EphB subclass are involved in MSC-mediated
suppression of activated T-cells [52].

Cell
population

Eph/ephrin
involvement

Biological Function Refs

Mouse

T-cells

ephrinB1,
ephrinB2

suppressed murine Tcell proliferation [44]

ephrinB1,

ephrinB2

regulated T cell chemotaxis and
migration in encephalomyelitis and
multiple sclerosis

[45]

ephrinB1,
ephrinB2

double knockout ephrinB1 and
ephrinB2 mice specifically in the T-cell
compartment resulted in reduced
thymus and spleen size and cellularity,
and compromised T-cells homeostatic
expansion

[36]

EphB2 EphB2deficient mice exhibited thymic
hypo-cellularity, altered survival and
proliferation of the differentiating
lymphocytes, decreased double
positive and single positive thymocyte
subpopulations and mature CD4+ and
CD8+ Tcell populations

[54]

EphB6 EphB6 knockout mice displayed
compromised T-cell response to TCR
stimulation in vitro and in vivo

[55]

ephrinB1 is important in T-cell–to–T-cell co-
operation in response to antigen
stimulation

[56]

ephrinB2,
ephrinB3

is crucial in T-cell co-stimulation to
enhance T-cell signalling

Human

T-cells

EphB4,
ephrinB1

EphB4 and ephrinB1, expressed by
human T-cells, interact with ephrinB2
and EphB2 respectively, expressed by
human MSC, result in suppression of
activated T-cells.

[52]

ephrinB1 enhanced lymphocyte migration and
cytokine production in patients with
rheumatoid arthritis

[59]

Human MSC EphB2,
ephrinB2

EphB2/ephrinB1 and ephrinB2/EphB4
communication between human MSC
and T-cells inhibit T-cell proliferation

[52]

MSC: Mesenchymal Stem Cells

Table 1: Regulation of T-cell development and function by Eph/ephrin
interactions.

Eph/ephrin-mediated MSC suppression of activated T-cells
Cell–to–cell contact represents one of the main mechanisms

involved in T-cell suppression by MSC [16]. Various studies exploring
the dynamics of MSC and T-cell interactions reported that cell–to–cell
contact produced a stronger MSC-mediated suppressive effect on T-
cell proliferation/activation [17,53]. Indeed, a number of MSC
expressing membrane molecules such as integrins (α1, α2, α3, α5, α6,
αv, β1, β3 and β4), intercellular adhesion molecules (ICAM-1,
ICAM-2), vascular cell adhesion protein (VCAM-1), CD72 and CD58
(LFA-3) that bind to T-cells with high affinity. In addition, a number of
membrane molecules participate in MSC-mediated immunoregulation
include the B7-H1/PD-1 pathway, HLA-G1 and Jagged-1 [16,17].

Eph and ephrin, contact-dependent molecules involved in T-cell
biology and MSC regulation, have only recently been demonstrated to
play an important role in MSCmediated suppression of T-cell
proliferation. Human primary T-cells express high levels of ephrinB1
and EphB4 [52], which bind with highest affinity to EphB2 and
ephrinB2, respectively, which are highly expressed by human MSC
[32], emphasizing a role of EphB2/ephrinB1 and EphB4/ephrinB2
interactions in MSC–T-cell communication. This is in accord with
previous studies demonstrating that ephrinB1 and ephrinB2
suppressed murine Tcell proliferation [42], and that EphB2 and
ephrinB2 interactions significantly suppressed human T-cell
proliferation, in allogeneic mixed lymphocyte cultures [52]. Of note,
the EphB2 and ephrinB2-mediated T-cell suppression of MSC was
reversed in experiments using EphB2 and EphB4 blocking peptides, to
disrupt the EphB2/ephrinB1 and ephrinB2/EphB4 interactions,
respectively, between MSC and T-cell populations. The functional role
of EphB2 and ephrinB2 in T-cell suppression of MSC was further
confirmed in shRNA knockdown studies of either EphB2 or ephrinB2
in human MSC, which resulted in a decreased capacity to suppress T-
cell proliferation, compared with non-silencing shRNA scrambled
control MSC [52]. These findings are supported by investigations
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utilizing double knockout ephrinB1 and ephrinB2 mice specifically in
the T-cell compartment (through loxPmediated gene deletion), which
resulted in reduced thymus and spleen size and cellularity, and
compromised T-cells expansion [36]. Furthermore, EphB2-deficient
mice revealed that thymic hypo-cellularity was associated with altered
survival and proliferation of the differentiating lymphocytes, evident
by a decrease in the double positive and single positive thymocyte
subpopulations and mature CD4+ and CD8+ Tcell populations [54].

Interestingly, contradictory studies reported that members of the
EphB-subclass act as co-stimulatory molecules for murine T-cell
proliferation [42,55-57]. The ephrinB2 ligand was shown to stimulate
T-cell function by enhancing T-cell response to antigens by in vitro
TCR stimulation [56]. In EphB6 knockout studies, T-cells were
reported to be defective in their response to TCR stimulation in vitro
and in vivo [57]. Furthermore, ephrinB1 was found to be crucial in T-
cell–to–T-cell co-operation in response to antigen stimulation, while
ephrinB2 and ephrinB3 were found to play a role in T-cell co-
stimulation to enhance T-cell signaling [58]. In rheumatoid arthritis,
EphB1/ephrinB1 interactions were demonstrated to enhance T-cell
migration [59]. Therefore, the contribution of Eph/ephrin molecules
during T-cell proliferation remains controversial. Nevertheless, it must
be highlighted that whilst Eph/ephrin molecules constitute a large
family with many members that bind promiscuously to each other,
both Eph receptors and ephrin ligands have their own signalling
mechanisms that interact with many other signalling pathways (such
as MAPK, PI3K, Src, Pyk2) adding to the variability of biological
responses. Therefore, Eph/ephrin signalling is associated with a
complicated network of agonistic or antagonistic cross-talk, even
between the same Eph/ephrin pairings, and is highly dependent on the
cell types and their state of differentiation.

In the context of T-cell proliferation, Kawano and colleagues have
demonstrated a switch from T-cell stimulation to suppression of
proliferative responses in the presence of ephrinB1-Fc and ephrinB2-
Fc fusion molecules by varying the concentrations [42], indicating
EphB/ephrinB signalling in T-cell activation involves a concentration-
dependent switch from co-stimulation to inhibition. Furthermore, the
findings that MSC expressing EphB2 or ephrinB2 inhibits T-cell
proliferation are in agreement with other studies, which found that
EphA/ephrinA interactions inhibit activated CD4+ T-cell proliferation
and T-helper-2-cell activation [60], while ephrinB1 and ephrinB2
compromise STAT3 activation leading to a decreased T-cell
proliferation [36]. Notably, the immunosuppressive effects of MSC
mediated by EphB2 and ephrinB2 was independent of T-cell apoptosis,
consistent to other findings that MSC do not appear to induce T-cell
cell death [17,53]. Therefore, EphB2/ephrinB1 and ephrinB2/EphB4
interactions can be considered as additional mechanisms of cross-talk
between MSC and T-cells, revealing the importance of cell adherence
in the context of immunomodulation by MSC.

The role of ephrinB1 and ephrinB2 in homeostatic expansion of T-
cells have also been reported [36]. Mice with double conditional
knockout of both ephrinB1 and ephrinB2 (through loxP-mediated
gene deletion) presented failed homeostatic expansion in sub-lethally
irradiated recipients. This effect was thought to be mediated by
reduced IL-6 signalling in the T-cell compartment. These findings were
consistent to another study showing that IL-6 is required for the
survival of naïve T-cells during homeostatic expansion [61].

Mechanisms of Eph/ephrin-mediated MSC suppression of
activated T-cells

In addition to cell–to–cell contact, MSC exert their
immunomodulatory effects by releasing soluble factors [13,15]. The
production of suppressive soluble factors is dependent on cross-talk
between MSC and activated T-cells since the use of conditioned
supernatant from MSC cultures is not sufficient to elicit T-cell
suppression, in contrast to condition media from MSC co-cultured
with activated T-cells. Similar levels of activated T-cell suppression can
also be seen using conditioned media from MSC cultures, following
pre-stimulated with T-cell derived factors such as IFNγ [18].
Treatment of MSC with IFNγ have been reported to stimulate MSC
production of IDO [18,21,27], where MSC lacking the IFN-γ receptor
lose their capacity to suppress T-cell proliferation [21]. Recent findings
have shown that EphB2 and ephrinB2 mediate MSC suppression of T-
cells by their capacity to secrete elevated levels of IDO expression
following activation of EphB4 or ephrinB1 expressing T-cells in the
presence of IFN-γ [52]. In addition, the expression of other
immunomodulatory factors, TGF-β1 and iNOS, were also reported to
be up-regulated following stimulation with EphB4 expressing human
T-cells [52]. Induction of iNOS expression correlated with elevated
levels of NO, as iNOS is induced by cytokines for the synthesis of NO
[62]. Other soluble factors produced by T-cells, such as TNF-α, IL-2,
IL-17 and IL-4 are vital for T-cell activation and proliferation [63].
While MSC have been demonstrated to suppress Tcell proliferation by
reducing IL-17 production [64], TNF-α, IL-2 and IL-17, but not IL-4,
expression levels were down-regulated in human T-cells following
stimulation with EphB2 and ephrinB2, expressed by human MSC [52].
Moreover, stimulation of murine T-cells with ephrinB2 suppressed
their proliferation associated with a reduction of TNF-α, IL-2 and
IL-17 [42]. However, the expression levels of HGF and IL-10, also
known to be involved in MSC mediated immunosuppression of T-cells,
were not affected by EphB4 or ephrinB1 stimulation, indicating a level
of specificity in EphB/ephrinB signalling during MSC and T-cell
interactions.

While Eph/ephrin interactions trigger numerous signalling
pathways to mediate T-cell migration, maturation, proliferation and
differentiation, it appears that the underlying mechanisms of Eph/
ephrin-mediated T-cell suppression by human MSC were through
EphB2induced ephrinB1 reverse signalling and ephrinB2-induced
EphB4 forward signalling in activated T-cells[52]. Experiments
employing signalling inhibitors showed that inhibition of T-cell
proliferation is mediated through activation of Src family kinase, PI3
Kinase, JNK and Abl kinases signalling pathways. Conversely,
inhibitors to the MEK, p38 MAPK pathways failed to elicit any
significant changes in EphB4 forward signalling or ephrinB1 reverse
signalling mediated suppression of T-cell proliferation. Whilst ephrinB
reverse signalling has previously been described to be mediated via the
Src molecule, Grb4, the PDZ domain or through the JNK pathway
independent of tyrosine kinase phosphorylation [65,66], recent
findings have demonstrated that reverse ephrinB signalling inhibited
MSC attachment and spreading by activating Src, PI3 Kinase and JNK-
dependent signalling pathways [32]. In addition, the Eph family are
mediated predominantly through their tyrosine kinase activity and
receptor phosphorylation [67], where ephrinB2-mediated suppression
of T-cell proliferation was promoted by phosphorylation of EphB4 in
T-cells activated by allogeneic MLR. Similarly, EphB2-mediated
suppression of T-cell proliferation was also dependent on tyrosine
phosphorylation during ephrinB1 reverse signalling. This is consistent
with the finding of Kawano et al. describing that ephrinB2 inhibits
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primary murine T-cell proliferation by inducing EphB4
phosphorylation [42].

The role of EphB2 and ephrinB2 interactions in MSC mediated
suppression of activated T-cells appears to be quite specific. In addition
to EphB2 and ephrinB2, MSC also express EphB4, ephrinB1, EphA2
and ephrinA5 that can promiscuously bind to various Eph and ephrin
molecules expressed by T-cells. Studies examining the functional role
of these Eph/ephrin molecules in Tcell proliferation demonstrated that
T-cell proliferation was unaffected in the presence of these molecules
[52]. This work confirmed the high affinity binding of MSC expressing
EphB2 and ephrinB2 to ephrinB1 and EphB4 respectively, which are
highly expressed by human T-cells. Furthermore, T-cells were found to
express high gene expression levels of EphA4, which is known to
promiscuously bind to ephrinA5 expressed by MSC [48,49]. However,
functional studies showed no difference in T-cell proliferation in the
presence of inhibitor to EphA4 receptor, supporting the notion that
EphA and ephrinA molecules, are not directly involved in MSC-
mediated suppression of activated T-cells. Human T-cells also express
ephrinB3, which is known to bind to EphB2 [46]. However, it appears
that ephrinB3 is unlikely to be involved in EphB2 mediated inhibition
of Tcell proliferation. This is consistent with a previous report
suggesting that ephrinB3 plays a stimulatory role in murine T-cell
proliferation induced by anti-CD3, while ephrinB1 and ephrinB2
strongly inhibit murine activated T-cell proliferation [42]. Collectively,
these findings suggest a role for EphB/ephrinB molecules in mediating
MSC suppression of activated T-cells (Figure 3).

In addition to cell–to–cell contact and release of soluble factors,
generation of regulatory T-cells has also been one of the main
mechanisms involved in T-cell suppression by MSC [13]. Regulatory
T-cells (Tregs), also known as suppressor T-cells, express the
immunophenotype, CD4+CD25+FoxP3+, and play an important role in
the maintenance of immunological tolerance to suppress auto-
immunity and graft rejection [24]. Co-culture of MSC with naïve T-
cells in mixed allogeneic lymphocyte reactions results in an increase in
the number of Treg cells [68,69]. Similarly, in an in vivo setting, it was
reported that circulating Tregs increased in number when MSC were
used in the treatment of systemic lupus erythematosus or in a kidney
allograft in mice [69,70]. In these studies, MSC contributed to the
expansion of the existing Treg populations. It appears that MSC act as
a “homeostatic niche” for Tregs, to recruit, regulate and maintain Treg
phenotype and function. While the interactions of EphB2/ephrinB1
and ephrinB2/EphB4 between MSC and T-cells play an important role
in MSC-mediated Tcell suppression, their role in MSC stimulation of
Tregs have yet to be identified. Studies have demonstrated that T-cell-
specific ephrinB1 or ephrinB2 gene knockout (KO) mice have naive
CD4+ cells exhibiting similar ability to differentiate into Th1, Th2,
Th17 and Treg cells to wildtype (WT) control CD4+ cells [40,41].
However, these studies found that ephrinB1 or ephrinB2 KO mice
displayed normal thymus and spleen weight, size and cellularity and
normal T-cell subpopulations in these organs. In addition, the T-cell
progenitors from KO mice repopulated host spleen T-cell pool similar
to WT control mice. T-cell activation, proliferation and differentiation
potential were also similar to that of WT control mice. These
observations suggest that the function of ephrinB1 or ephrinB2 in the
T-cell compartment, could be compensated by other members of the
Eph family. These studies also indicate that ephrinB1 and ephrinB2 are
unlikely to affect peripheral tolerance due to the absence of an
autoimmune phenotype. Collectively, the role of ephrinB1 or ephrinB2
in the regulation of Treg population is not conclusive and further

investigations are required to fully establish the contribution of Eph/
ephrin interactions in Treg activation and function.

Figure 3: EphB/ephrin-B interactions mediate MSC suppression of
activated T-cells. EphB2/ephrinB1 and ephrinB2/EphB4
interactions play an important role for MSCmediated T-cell
suppression. The expression levels of immunosuppressive factors,
IDO, TGF-β1 and iNOS expressed by MSC were upregulated.
Conversely, key factors involved in T-cell activation and
proliferation, including TNF-α, IL-2 and IL17, were down-regulated
by T-cells.

Concluding Remarks
In the last few decades, there has been increasing interest in MSC

and their potential use in modulating immune/ inflammatory
responses. However, limited information has been available
concerning the molecular mechanisms responsible for the action of
MSC in these processes. The finding that EphB/ephrinB interactions
contribute to MSCmediated Tcell suppression, has extended our
current understanding of how MSC exert their immunosuppressive
effects on activated T-cells. While MSC have been shown to modulate
the responses of T-cell subsets such as CD4+ T-helper cells, CD8+

cytotoxic T-cells and promote the generation of CD4+CD25+Foxp3
regulatory T-cells [17], further investigations into the role of EphB/
ephrinB interactions in the communication of MSC and these T-cell
populations would provide better therapeutic strategies utilizing Eph
and ephrin molecules to facilitate the therapeutic use of MSC in the
clinic.

Acknowledgements
This work was supported by NHMRC Project Grant #1083704 and

Fellowship #1042677 and Royal Adelaide Hospital Mary Overton
Fellowship.

Conflict of Interest
The authors declare that they have no conflict of interest.

Citation: Nguyen TM, Arthur A, Gronthos S (2016) Eph/Ephrin-mediated Mesenchymal Stem Cell Regulation of T-cell Activation and Function. J
Clin Cell Immunol 7: 418. doi:10.4172/2155-9899.1000418

Page 5 of 7

J Clin Cell Immunol T-cell Immunology ISSN:2155-9899 Open Access



References
1. Friedenstein AJ, Piatetzky-Shapiro II, Petrakova KV (1966) Osteogenesis

in transplants of bone marrow cells. J Embryol Exp Morphol 16: 381-390.
2. Gronthos S, Zannettino AC, Hay SJ, Shi S, Graves SE, et al. (2003)

Molecular and cellular characterisation of highly purified stromal stem
cells derived from human bone marrow. J Cell Sci 116: 1827-1835.

3. Pittenger MF, Mackay AM, Beck SC, Jaiswa RK, Douglas R, et al. (1999)
Multilineage potential of adult human mesenchymal stem cells. Science
284: 143-147.

4. Sacchetti B, Funari A, Michienzi S, Di Cesare S, Piersanti S, et al. (2007)
Self-renewing osteoprogenitors in bone marrow sinusoids can organize a
hematopoietic microenvironment. Cell 131: 324-336.

5. Gronthos S, Mankani M, Brahim J, Robey PG, Shi S (2000) Postnatal
human dental pulp stem cells (DPSCs) in vitro and in vivo. Proc Natl
Acad Sci USA 97: 13625-13630.

6. Miura M, Gronthos S, Zhao M, Lu B, Fisher LW, et al. (2003) SHED: stem
cells from human exfoliated deciduous teeth. Proc Natl Acad Sci USA
100: 5807-5812.

7. Zannettino ACW, Paton S, Arthur A, Khor F, Itescu S, et al. (2008)
Multipotential human adipose-derived stromal stem cells exhibit a
perivascular phenotype in vitro and in vivo. J Cell Physiol 214: 413-421.

8. Shi S, Gronthos S (2003) Perivascular niche of postnatal mesenchymal
stem cells in human bone marrow and dental pulp. J Bone Miner Res 18:
696-704.

9. Zannettino ACW, Paton S, Kortesidis A, Khor F, Itescu S, et al. (2007)
Human mulipotential mesenchymal/stromal stem cells are derived from a
discrete subpopulation of STRO-1bright/CD34-/CD45-/glycophorin-A-
bone marrow cells. Haematologica 92: 1707-1708.

10. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini FC, et al.
(2006) Minimal criteria for defining multipotent mesenchymal stromal
cells. The International Society for Cellular Therapy position statement.
Cytotherapy 8: 315-317.

11. Nguyen TM, Arthur A, Gronthos S (2015) The role of Eph/ephrin
molecules in stromal-hematopoietic interactions. Int J Hematol 103:
145-154.

12. Gronthos S, Akintoye SO, Wang CY, Shi S (2006) Bone marrow stromal
stem cells for tissue engineering. Periodontol 2000 41: 188-195.

13. Wada N, Gronthos S, Bartold PM (2013) Immunomodulatory effects of
stem cells. Periodontol 2000 63: 198-216.

14. Psaltis PJ, Paton S, See F, Arthur A, Martin S, et al. (2010) Enrichment for
STRO-1 expression enhances the cardiovascular paracrine activity of
human bone marrow-derived mesenchymal cell populations. J Cell
Physiol. 223: 530-540.

15. Gao F, Chiu SM, Motan DA, Zhang Z, Chen L, et al. (2016) Mesenchymal
stem cells and immunomodulation: current status and future prospects.
Cell Death Dis 7: e2062.

16. Faiella W, Atoui R (2016) Immunotolerant Properties of Mesenchymal
Stem Cells: Updated Review. Stem Cells Int 2016: 1859567.

17. Castro-Manrreza ME, Montesinos JJ (2015) Immunoregulation by
mesenchymal stem cells: biological aspects and clinical applications. J
Immunol Res 2015: 394917.

18. Sivanathan KN, Gronthos S, Rojas-Canales D, Thierry B, Coates PT
(2014) Interferon-gamma modification of mesenchymal stem cells:
implications of autologous and allogeneic mesenchymal stem cell therapy
in allotransplantation. Stem Cell Rev 10: 351-375.

19. Lu X, Liu T, Gu L, Huang C, Zhu H, et al. (2009) Immunomodulatory
effects of mesenchymal stem cells involved in favoring type 2 T cell
subsets. Transpl Immunol 22: 55-61.

20. Ramasamy R, Tong CK, Seow HF, Vidyadaran S, Dazzi F (2008) The
immunosuppressive effects of human bone marrow-derived
mesenchymal stem cells target T cell proliferation but not its effector
function. Cell Immunol 251: 131-136.

21. Krampera M, Cosmi L, Angeli R, Pasini A, Liotta F, et al. (2006) Role for
interferon-gamma in the immunomodulatory activity of human bone
marrow mesenchymal stem cells. Stem Cells 24: 386-398.

22. Benvenuto F, Ferrari S, Gerdoni E, Gualandi F, Frassoni F, et al. (2007)
Human mesenchymal stem cells promote survival of T cells in a quiescent
state. Stem Cells 25: 1753-1760.

23. Sallusto F, Geginat J, Lanzavecchia A (2004) Central memory and effector
memory T cell subsets: function, generation, and maintenance. Annu Rev
Immunol 22: 745-763.

24. Weninger W, Crowley MA, Manjunath N, von Andrian UH (2001)
Migratory properties of naive, effector, and memory CD8(+) T-cells. J
Exp Med 194: 953-966.

25. Glennie S, Soeiro I, Dyson PJ, Lam EWF, Dazzi F (2005) Bone marrow
mesenchymal stem cells induce division arrest anergy of activated T cells.
Blood 105: 2821-2827.

26. François M, Galipeau J (2012) New insights on translational development
of mesenchymal stromal cells for suppressor therapy. J Cell Physiol 227:
3535-3538.

27. Abumaree M, Al Jumah M, Pace RA, Kalionis B (2012)
Immunosuppressive properties of mesenchymal stem cells. Stem Cell Rev
8: 375-392.

28. Miyamura K (2016) Insurance approval of mesenchymal stem cell for
acute GVHD in Japan: need of follow up for some remaining concerns.
Int J Hematol 103: 155-164.

29. Vaes B, Van’t Hof W, Deans R, Pinxteren J (2012) Application of
MultiStem(®) Allogeneic Cells for Immunomodulatory Therapy: Clinical
Progress and Pre-Clinical Challenges in Prophylaxis for Graft Versus
Host Disease. Front Immunol 3: 345.

30. Bernardo ME, Fibbe WE (2012) Safety and efficacy of mesenchymal
stromal cell therapy in autoimmune disorders. Ann N Y Acad Sci 1266:
107-117.

31. Hegyi B, Kudlik G, Monostori É, Uher F (2012) Activated T-cells and
pro-inflammatory cytokines differentially regulate prostaglandin E2
secretion by mesenchymal stem cells. Biochem Biophys Res Commun
419: 215-220.

32. Arthur A, Zannettino A, Panagopoulos R, Koblar SA, Sims NA, et al.
(2011) EphB/ephrin-B interactions mediate human MSC attachment,
migration and osteochondral differentiation. Bone 48: 533-542.

33. Zhao C, Irie N, Takada Y, Shimoda K, Miyamoto T, et al. (2006)
Bidirectional ephrinB2-EphB4 signaling controls bone homeostasis. Cell
Metab 4: 111-121.

34. Arthur A, Panagopoulos RA, Cooper L, Menicanin D, Parkinson IH, et al.
(2013) EphB4 enhances the process of endochondral ossification and
inhibits remodeling during bone fracture repair. J Bone Miner Res 28:
926-935.

35. Nguyen TM, Arthur A, Panagopoulos R, Paton S, Hayball J, et al. (2015)
EphB4 Expressing Stromal Cells Exhibit an Enhanced Capacity for
Hematopoietic Stem Cell Maintenance. Stem Cells 33: 2838-2849.

36. Luo H, Charpentier T, Wang X, Qi S, Han B, et al. (2011) Efnb1 and
Efnb2 Proteins Regulate Thymocyte Development, Peripheral T Cell
Differentiation, and Antiviral Immune Responses and Are Essential for
Interleukin-6 (IL-6) Signaling. J Biol Chem 286: 41135-41152.

37. Munthe E, Finne EF, Aasheim HC (2004) Expression and functional
effects of Eph receptor tyrosine kinase A family members on Langerhans
like dendritic cells. BMC Immunol 5: 9.

38. Aasheim HC, Terstappen L, Logtenberg T (1997) Regulated Expression of
the Eph-Related Receptor Tyrosine Kinase Hek11 in Early Human B
Lymphopoiesis. Blood 90: 3613-3622.

39. Prevost N, Woulfe DS, Tognolini M, Tanaka T, Jian W, et al. (2004)
Signaling by ephrinB1 and Eph kinases in platelets promotes Rap1
activation, platelet adhesion, and aggregation via effector pathways that
do not require phosphorylation of ephrinB1. Blood 103: 1348-1355.

40. Jin W, Qi S, Luo H (2011) The effect of conditional EFNB1 deletion in the
T cell compartment on T cell development and function. BMC Immunol
12: 68.

Citation: Nguyen TM, Arthur A, Gronthos S (2016) Eph/Ephrin-mediated Mesenchymal Stem Cell Regulation of T-cell Activation and Function. J
Clin Cell Immunol 7: 418. doi:10.4172/2155-9899.1000418

Page 6 of 7

J Clin Cell Immunol T-cell Immunology ISSN:2155-9899 Open Access

http://www.ncbi.nlm.nih.gov/pubmed/5336210
http://www.ncbi.nlm.nih.gov/pubmed/5336210
http://www.ncbi.nlm.nih.gov/pubmed/12665563
http://www.ncbi.nlm.nih.gov/pubmed/12665563
http://www.ncbi.nlm.nih.gov/pubmed/12665563
http://www.ncbi.nlm.nih.gov/pubmed/10102814
http://www.ncbi.nlm.nih.gov/pubmed/10102814
http://www.ncbi.nlm.nih.gov/pubmed/10102814
http://www.ncbi.nlm.nih.gov/pubmed/17956733
http://www.ncbi.nlm.nih.gov/pubmed/17956733
http://www.ncbi.nlm.nih.gov/pubmed/17956733
http://www.ncbi.nlm.nih.gov/pubmed/11087820
http://www.ncbi.nlm.nih.gov/pubmed/11087820
http://www.ncbi.nlm.nih.gov/pubmed/11087820
http://www.ncbi.nlm.nih.gov/pubmed/12716973
http://www.ncbi.nlm.nih.gov/pubmed/12716973
http://www.ncbi.nlm.nih.gov/pubmed/12716973
http://www.ncbi.nlm.nih.gov/pubmed/17654479
http://www.ncbi.nlm.nih.gov/pubmed/17654479
http://www.ncbi.nlm.nih.gov/pubmed/17654479
http://www.ncbi.nlm.nih.gov/pubmed/12674330
http://www.ncbi.nlm.nih.gov/pubmed/12674330
http://www.ncbi.nlm.nih.gov/pubmed/12674330
http://www.ncbi.nlm.nih.gov/pubmed/18055998
http://www.ncbi.nlm.nih.gov/pubmed/18055998
http://www.ncbi.nlm.nih.gov/pubmed/18055998
http://www.ncbi.nlm.nih.gov/pubmed/18055998
http://www.ncbi.nlm.nih.gov/pubmed/16923606
http://www.ncbi.nlm.nih.gov/pubmed/16923606
http://www.ncbi.nlm.nih.gov/pubmed/16923606
http://www.ncbi.nlm.nih.gov/pubmed/16923606
http://www.ncbi.nlm.nih.gov/pubmed/26475284
http://www.ncbi.nlm.nih.gov/pubmed/26475284
http://www.ncbi.nlm.nih.gov/pubmed/26475284
http://www.ncbi.nlm.nih.gov/pubmed/16686934
http://www.ncbi.nlm.nih.gov/pubmed/16686934
http://www.ncbi.nlm.nih.gov/pubmed/23931061
http://www.ncbi.nlm.nih.gov/pubmed/23931061
http://www.ncbi.nlm.nih.gov/pubmed/20162565
http://www.ncbi.nlm.nih.gov/pubmed/20162565
http://www.ncbi.nlm.nih.gov/pubmed/20162565
http://www.ncbi.nlm.nih.gov/pubmed/20162565
http://www.ncbi.nlm.nih.gov/pubmed/26794657
http://www.ncbi.nlm.nih.gov/pubmed/26794657
http://www.ncbi.nlm.nih.gov/pubmed/26794657
http://www.ncbi.nlm.nih.gov/pubmed/26839557
http://www.ncbi.nlm.nih.gov/pubmed/26839557
http://www.ncbi.nlm.nih.gov/pubmed/25961059
http://www.ncbi.nlm.nih.gov/pubmed/25961059
http://www.ncbi.nlm.nih.gov/pubmed/25961059
http://www.ncbi.nlm.nih.gov/pubmed/24510581
http://www.ncbi.nlm.nih.gov/pubmed/24510581
http://www.ncbi.nlm.nih.gov/pubmed/24510581
http://www.ncbi.nlm.nih.gov/pubmed/24510581
http://www.ncbi.nlm.nih.gov/pubmed/19695330
http://www.ncbi.nlm.nih.gov/pubmed/19695330
http://www.ncbi.nlm.nih.gov/pubmed/19695330
http://www.ncbi.nlm.nih.gov/pubmed/18502411
http://www.ncbi.nlm.nih.gov/pubmed/18502411
http://www.ncbi.nlm.nih.gov/pubmed/18502411
http://www.ncbi.nlm.nih.gov/pubmed/18502411
http://www.ncbi.nlm.nih.gov/pubmed/16123384
http://www.ncbi.nlm.nih.gov/pubmed/16123384
http://www.ncbi.nlm.nih.gov/pubmed/16123384
http://www.ncbi.nlm.nih.gov/pubmed/17395776
http://www.ncbi.nlm.nih.gov/pubmed/17395776
http://www.ncbi.nlm.nih.gov/pubmed/17395776
http://www.ncbi.nlm.nih.gov/pubmed/15032595
http://www.ncbi.nlm.nih.gov/pubmed/15032595
http://www.ncbi.nlm.nih.gov/pubmed/15032595
http://www.ncbi.nlm.nih.gov/pubmed/11581317
http://www.ncbi.nlm.nih.gov/pubmed/11581317
http://www.ncbi.nlm.nih.gov/pubmed/11581317
http://www.ncbi.nlm.nih.gov/pubmed/15591115
http://www.ncbi.nlm.nih.gov/pubmed/15591115
http://www.ncbi.nlm.nih.gov/pubmed/15591115
http://www.ncbi.nlm.nih.gov/pubmed/22378308
http://www.ncbi.nlm.nih.gov/pubmed/22378308
http://www.ncbi.nlm.nih.gov/pubmed/22378308
http://www.ncbi.nlm.nih.gov/pubmed/21892603
http://www.ncbi.nlm.nih.gov/pubmed/21892603
http://www.ncbi.nlm.nih.gov/pubmed/21892603
http://www.ncbi.nlm.nih.gov/pubmed/26759322
http://www.ncbi.nlm.nih.gov/pubmed/26759322
http://www.ncbi.nlm.nih.gov/pubmed/26759322
http://www.ncbi.nlm.nih.gov/pubmed/23205020
http://www.ncbi.nlm.nih.gov/pubmed/23205020
http://www.ncbi.nlm.nih.gov/pubmed/23205020
http://www.ncbi.nlm.nih.gov/pubmed/23205020
http://www.ncbi.nlm.nih.gov/pubmed/22901262
http://www.ncbi.nlm.nih.gov/pubmed/22901262
http://www.ncbi.nlm.nih.gov/pubmed/22901262
http://www.ncbi.nlm.nih.gov/pubmed/22333568
http://www.ncbi.nlm.nih.gov/pubmed/22333568
http://www.ncbi.nlm.nih.gov/pubmed/22333568
http://www.ncbi.nlm.nih.gov/pubmed/22333568
http://www.ncbi.nlm.nih.gov/pubmed/21056708
http://www.ncbi.nlm.nih.gov/pubmed/21056708
http://www.ncbi.nlm.nih.gov/pubmed/21056708
http://www.ncbi.nlm.nih.gov/pubmed/16890539
http://www.ncbi.nlm.nih.gov/pubmed/16890539
http://www.ncbi.nlm.nih.gov/pubmed/16890539
http://www.ncbi.nlm.nih.gov/pubmed/23165754
http://www.ncbi.nlm.nih.gov/pubmed/23165754
http://www.ncbi.nlm.nih.gov/pubmed/23165754
http://www.ncbi.nlm.nih.gov/pubmed/23165754
http://www.ncbi.nlm.nih.gov/pubmed/26033476
http://www.ncbi.nlm.nih.gov/pubmed/26033476
http://www.ncbi.nlm.nih.gov/pubmed/26033476
http://www.ncbi.nlm.nih.gov/pubmed/21976681
http://www.ncbi.nlm.nih.gov/pubmed/21976681
http://www.ncbi.nlm.nih.gov/pubmed/21976681
http://www.ncbi.nlm.nih.gov/pubmed/21976681
http://www.ncbi.nlm.nih.gov/pubmed/15176971
http://www.ncbi.nlm.nih.gov/pubmed/15176971
http://www.ncbi.nlm.nih.gov/pubmed/15176971
http://www.ncbi.nlm.nih.gov/pubmed/9345045
http://www.ncbi.nlm.nih.gov/pubmed/9345045
http://www.ncbi.nlm.nih.gov/pubmed/9345045
http://www.ncbi.nlm.nih.gov/pubmed/14576067
http://www.ncbi.nlm.nih.gov/pubmed/14576067
http://www.ncbi.nlm.nih.gov/pubmed/14576067
http://www.ncbi.nlm.nih.gov/pubmed/14576067
http://www.ncbi.nlm.nih.gov/pubmed/22182253
http://www.ncbi.nlm.nih.gov/pubmed/22182253
http://www.ncbi.nlm.nih.gov/pubmed/22182253


41. Jin W, Qi S, Luo H (2012) T cell-specific deletion of EFNB2 minimally
affects T cell development and function. Mol Immunol 52: 141-147.

42. Kawano H, Katayama Y, Minagawa K, Shimoyama M, Henkemeyer M, et
al. (2012) A novel feedback mechanism by Ephrin-B1/B2 in T-cell
activation involves a concentration-dependent switch from costimulation
to inhibition. Eur J Immunol 42: 1562-1572.

43. Boyd AW, Bartlett PF, Lackmann M (2014) Therapeutic targeting of EPH
receptors and their ligands. Nat Rev Drug Discov 13: 39-62.

44. Kania A, Klein R (2016) Mechanisms of ephrin-Eph signalling in
development, physiology and disease. Nat Rev Mol Cell Biol 17: 240-256.

45. Luo H, Broux B, Wang X, Hu Y, Ghannam S, et al. (2016) EphrinB1 and
EphrinB2 regulate T cell chemotaxis and migration in experimental
autoimmune encephalomyelitis and multiple sclerosis. Neurobiol Dis 91:
292-306.

46. Pasquale EB (1997) The Eph family of receptors. Curr Opin Cell Biol 9:
608-615.

47. Himanen JP, Saha N, Nikolov DB (2007) Cell-cell signaling via Eph
receptors and ephrins. Curr Opin Cell Biol 19: 534-542.

48. Pasquale EB (2005) Eph receptor signalling casts a wide net on cell
behaviour. Nat Rev Mol Cell Biol 6: 462-475.

49. Murai KK, Pasquale EB (2003) 'Eph'ective signaling: forward, reverse and
crosstalk. J Cell Sci 116: 2823-2832.

50. Bryson JL, Bhandoola A2 (2015) Editorial: Ephs, ephrins, and early T cell
development. J Leukoc Biol 98: 877-879.

51. Montero-Herradón S, García-Ceca J, Sánchez Del Collado B, Alfaro D,
Zapata AG (2016) Eph/ephrin-B-mediated cell-to-cell interactions
govern MTS20+ thymic epithelial cell development. Histochem Cell Biol.

52. Nguyen TM, Arthur A, Hayball JD, Gronthos S (2013) EphB and Ephrin-
B Interactions Mediate Human Mesenchymal Stem Cell Suppression of
Activated T-Cells. Stem Cells Dev 22: 2751-2764.

53. Uccelli A, de Rosbo NK (2015) The immunomodulatory function of
mesenchymal stem cells: ode of action and pathways. Ann N Y Acad Sci
1351: 114-126.

54. Alfaro D, Muñoz JJ, García-Ceca J, Cejalvo T, Jiménez E, et al. (2008)
Alterations in the thymocyte phenotype of EphB-deficient mice largely
affect the double negative cell compartment. Immunology 125: 131-143.

55. Yu G, Luo H, Wu Y, Wu J (2004) EphrinB1 is essential in T-cell-T-cell co-
operation during T-cell activation. J Biol Chem 279: 55531-55539.

56. Yu G, Luo H, Wu Y, Wu J (2003) Ephrin B2 induces T cell costimulation. J
Immunol 171: 106-114.

57. Luo H, Yu G, Tremblay J, Wu J (2004) EphB6-null mutation results in
compromised T cell function. J Clin Invest 114: 1762-1773.

58. Wu J, Luo H (2005) Recent advances on T-cell regulation by receptor
tyrosine kinases. Curr Opin Hematol 12: 292-297.

59. Kitamura T, Kabuyama Y, Kamataki A, Homma MK, Kobayashi H, et al.
(2008) Alterations in the thymocyte phenotype of EphB-deficient mice
largely affect the double negative cell compartment. Immunology 294:
C189-196.

60. Wohlfahrt JG, Karagiannidis C, Kunzmann S, Epstein MM, Kempf W, et
al. (2004) Ephrin-A suppresses Th2 cell activation and provides a
regulatory link to lung epithelial cells. J Immunol 172: 843-850.

61. Zaragoza B, Evaristo C, Kissenpfennig A, Libri V, Malissen B, et al. (2011)
Cell-to-cell interactions and signals involved in the reconstitution of
peripheral CD8 T(CM) and T(EM) cell pools. PLoS One 6: e17423.

62. Kumamoto T, Togo S, Ishibe A, Morioka D, Watanabe K, et al. (2008)
Role of nitric oxide synthesized by nitric oxide synthase 2 in liver
regeneration. Liver Int 28: 865-877.

63. Mujib S, Jones RB, Lo C, Aidarus N, Clayton K, et al. (2012) Antigen-
Independent Induction of Tim-3 Expression on Human T Cells by the
Common γ-Chain Cytokines IL-2, IL-7, IL-15, and IL-21 Is Associated
with Proliferation and Is Dependent on the Phosphoinositide 3-Kinase
Pathway. J Immunol 188: 3745-3756.

64. Krampera M, Pizzolo G, Aprili G, Franchini M (2006) Mesenchymal stem
cells for bone, cartilage, tendon and skeletal muscle repair. Bone 39:
678-683.

65. Xu Z, Lai KO, Zhou HM, Lin SC, Ip NY (2003) Ephrin-B1 Reverse
Signaling Activates JNK through a Novel Mechanism That Is Independent
of Tyrosine Phosphorylation. J Biol Chem 278: 24767-24775.

66. Huynh-Do U, Vindis C, Liu H, Cerretti DP, McGrew JT, et al. (2002)
Ephrin-B1 transduces signals to activate integrin-mediated migration,
attachment and angiogenesis. J Cell Sci 115: 3073-3081.

67. Holmberg J, Clarke DL, Frisén J (2000) Regulation of repulsion versus
adhesion by different splice forms of an Eph receptor. Nature 408:
203-206.

68. McCoy ME, Finkelman FD, Straus DB (2010) Th2-specific immunity and
function of peripheral T cells is regulated by the p56Lck Src homology 3
domain. J Immunol 185: 3285-3294.

69. Prevosto C, Zancolli M, Canevali P, Zocchi MR, Poggi A (2007)
Generation of CD4+ or CD8+ regulatory T cells upon mesenchymal stem
cell-lymphocyte interaction. Haematologica 92: 881-888.

70. Ji S, Guo Q, Han Y, Tan G, Luo Y, et al. (2012) Mesenchymal Stem Cell
Transplantation Inhibits Abnormal Activation of Akt/GSK3Î² Signaling
Pathway in T Cells from Systemic Lupus Erythematosus Mice. Cell
Physiol Biochem 29: 705-712.

 

This article was originally published in a special issue, entitled: "T-cell
Immunology", Edited by Dr. Kota V Ramana, University of Texas, USA

Citation: Nguyen TM, Arthur A, Gronthos S (2016) Eph/Ephrin-mediated Mesenchymal Stem Cell Regulation of T-cell Activation and Function. J
Clin Cell Immunol 7: 418. doi:10.4172/2155-9899.1000418

Page 7 of 7

J Clin Cell Immunol T-cell Immunology ISSN:2155-9899 Open Access

http://www.ncbi.nlm.nih.gov/pubmed/22673212
http://www.ncbi.nlm.nih.gov/pubmed/22673212
http://www.ncbi.nlm.nih.gov/pubmed/226227833
http://www.ncbi.nlm.nih.gov/pubmed/226227833
http://www.ncbi.nlm.nih.gov/pubmed/226227833
http://www.ncbi.nlm.nih.gov/pubmed/226227833
http://www.ncbi.nlm.nih.gov/pubmed/24378802
http://www.ncbi.nlm.nih.gov/pubmed/24378802
http://www.ncbi.nlm.nih.gov/pubmed/26790531
http://www.ncbi.nlm.nih.gov/pubmed/26790531
http://www.ncbi.nlm.nih.gov/pubmed/27039370
http://www.ncbi.nlm.nih.gov/pubmed/27039370
http://www.ncbi.nlm.nih.gov/pubmed/27039370
http://www.ncbi.nlm.nih.gov/pubmed/27039370
http://www.ncbi.nlm.nih.gov/pubmed/9330863
http://www.ncbi.nlm.nih.gov/pubmed/9330863
http://www.ncbi.nlm.nih.gov/pubmed/17928214
http://www.ncbi.nlm.nih.gov/pubmed/17928214
http://www.ncbi.nlm.nih.gov/pubmed/15928710
http://www.ncbi.nlm.nih.gov/pubmed/15928710
http://www.ncbi.nlm.nih.gov/pubmed/12808016
http://www.ncbi.nlm.nih.gov/pubmed/12808016
http://www.ncbi.nlm.nih.gov/pubmed/26628637
http://www.ncbi.nlm.nih.gov/pubmed/26628637
http://www.ncbi.nlm.nih.gov/pubmed/27060907
http://www.ncbi.nlm.nih.gov/pubmed/27060907
http://www.ncbi.nlm.nih.gov/pubmed/27060907
http://www.ncbi.nlm.nih.gov/pubmed/23711177
http://www.ncbi.nlm.nih.gov/pubmed/23711177
http://www.ncbi.nlm.nih.gov/pubmed/23711177
http://www.ncbi.nlm.nih.gov/pubmed/26152292
http://www.ncbi.nlm.nih.gov/pubmed/26152292
http://www.ncbi.nlm.nih.gov/pubmed/26152292
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526267/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526267/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526267/
http://www.ncbi.nlm.nih.gov/pubmed/15502157
http://www.ncbi.nlm.nih.gov/pubmed/15502157
http://www.ncbi.nlm.nih.gov/pubmed/12816988
http://www.ncbi.nlm.nih.gov/pubmed/12816988
http://www.ncbi.nlm.nih.gov/pubmed/15599401
http://www.ncbi.nlm.nih.gov/pubmed/15599401
http://www.ncbi.nlm.nih.gov/pubmed/15928486
http://www.ncbi.nlm.nih.gov/pubmed/15928486
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526267/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526267/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526267/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526267/
http://www.ncbi.nlm.nih.gov/pubmed/14707054
http://www.ncbi.nlm.nih.gov/pubmed/14707054
http://www.ncbi.nlm.nih.gov/pubmed/14707054
http://www.ncbi.nlm.nih.gov/pubmed/21423804
http://www.ncbi.nlm.nih.gov/pubmed/21423804
http://www.ncbi.nlm.nih.gov/pubmed/21423804
http://www.ncbi.nlm.nih.gov/pubmed/18384522
http://www.ncbi.nlm.nih.gov/pubmed/18384522
http://www.ncbi.nlm.nih.gov/pubmed/18384522
http://www.ncbi.nlm.nih.gov/pubmed/22422881
http://www.ncbi.nlm.nih.gov/pubmed/22422881
http://www.ncbi.nlm.nih.gov/pubmed/22422881
http://www.ncbi.nlm.nih.gov/pubmed/22422881
http://www.ncbi.nlm.nih.gov/pubmed/22422881
http://www.ncbi.nlm.nih.gov/pubmed/16765663
http://www.ncbi.nlm.nih.gov/pubmed/16765663
http://www.ncbi.nlm.nih.gov/pubmed/16765663
http://www.ncbi.nlm.nih.gov/pubmed/12709432
http://www.ncbi.nlm.nih.gov/pubmed/12709432
http://www.ncbi.nlm.nih.gov/pubmed/12709432
http://www.ncbi.nlm.nih.gov/pubmed/12118063
http://www.ncbi.nlm.nih.gov/pubmed/12118063
http://www.ncbi.nlm.nih.gov/pubmed/12118063
http://www.ncbi.nlm.nih.gov/pubmed/11089974
http://www.ncbi.nlm.nih.gov/pubmed/11089974
http://www.ncbi.nlm.nih.gov/pubmed/11089974
http://www.ncbi.nlm.nih.gov/pubmed/20729329
http://www.ncbi.nlm.nih.gov/pubmed/20729329
http://www.ncbi.nlm.nih.gov/pubmed/20729329
http://www.ncbi.nlm.nih.gov/pubmed/17606437
http://www.ncbi.nlm.nih.gov/pubmed/17606437
http://www.ncbi.nlm.nih.gov/pubmed/17606437
http://europepmc.org/abstract/MED/22613971
http://europepmc.org/abstract/MED/22613971
http://europepmc.org/abstract/MED/22613971
http://europepmc.org/abstract/MED/22613971

	Contents
	Eph/Ephrin-mediated Mesenchymal Stem Cell Regulation of T-cell Activation and Function
	Abstract
	Definition and Characteristics of Mesenchymal Stem Cells
	MSC mediated regulation of T-cell proliferation and activation
	Eph and ephrin molecules
	Eph/ephrin-mediated MSC suppression of activated T-cells
	Mechanisms of Eph/ephrin-mediated MSC suppression of activated T-cells

	Concluding Remarks
	Acknowledgements
	Conflict of Interest
	References




