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Abstract
Interleukin (IL)-15 is a cytokine that acts on a wide range of cell types but is most crucial for the
development, homeostasis, and function of a specific group of immune cells that includes CD8 T
cells, NK cells, NKT cells, and CD8αα intraepithelial lymphocytes. IL-15 signals are transmitted
through the IL-2/15Rβ and common γ (γC) chains; however, it is the delivery of IL-15 to these
signaling components that is quite unique. As opposed to other cytokines that are secreted, IL-15
primarily exists bound to the high affinity IL-15Rα. When IL-15/IL-15Rα complexes are shuttled to
the cell surface, they can stimulate opposing cells through the β/γC receptor complex. This novel
mechanism of IL-15 delivery has been called trans-presentation. This review discusses how the
theory of trans-presentation came to be, evidence that it is the major mechanism of action, the current
understanding of the cell types thought to mediate trans-presentation, and possible alternatives for
IL-15 delivery.
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Introduction
Trans-presentation is a mechanism of cytokine delivery that has been described for IL-15, a
key factor in the homeostasis and development of certain subsets of lymphocytes. The current
theory of trans-presentation proposes that intracellular IL-15 binds to a high affinity IL-15
binding protein (i.e. IL-15Rα) that is shuttled to the cell surface where it stimulates IL-15
signaling components on neighboring cells through a cell-cell interaction (Figure1A). This
pathway is of great significance because current evidence points toward trans-presentation as
the major mechanism mediating IL-15 responses. Trans-presentation, as a unique mechanism
for IL-15 alone, is also interesting since IL-15 shares cytokine receptor subunits with IL-2.
Indeed, the preference of IL-15 for trans-presentation rather than conventional soluble cytokine
delivery helps explain how such similar cytokines mediate different functions. Trans-
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presentation of IL-15 is advantageous compared to conventional cytokine secretion as it allows
a more directed and controlled delivery to responsive cells. Since elevated IL-15 has
detrimental effects on lymphocytes [1,2], the tighter regulation afforded by trans-presentation
may be a major reason this mechanism evolved. In this review, we will describe how the theory
of trans-presentation came to be, evidence that it is the major mechanism of action, the current
understanding of the cell types thought to mediate trans-presentation, and possible alternatives
of IL-15 delivery.

Early Investigations of IL-15 functions
IL-15 is a member of the four α-helix family of cytokines that acts on many cell types but is
most important for the development, homeostasis, and function of CD8 T cells, NK, NKT cells,
and CD8αα intestinal intraepithelial lymphocytes (iIEL). IL-15 signals through a receptor
complex containing the common γ (γC) receptor subunit that is shared by IL-2, IL-4, IL-7,
IL-9, and IL-21, other four α-helix cytokines. Whereas IL-4, IL-7, IL-9, and IL-21 signal
through a heterodimeric receptor complex composed of a private Rα and the γC subunit, IL-2
signals through a heterotrimeric receptor complex composed of IL-2Rα, a shared IL-2/15Rβ
(i.e. CD122), and the γC. As IL-2Rα has no signaling capacity, the IL-2/15Rβ and γC subunits
(referred to from here on as the β/γC) mediates all IL-2 signals leading to JAK1 and 3
stimulation and subsequent STAT5 activation [3,4]. Although not involved in IL-2 signaling,
IL-2Rα is important for the formation of high affinity heterotrimeric IL-2R complexes.
Separately, the β and γC do not bind IL-2 but, when associated (β/γC), have an intermediate
affinity for IL-2 (kD∼10-9 M) and thus can mediate IL-2 signals, albeit inefficiently. When
IL-2Rα is also present, the IL-2Rα converts the β/γC to a high affinity complex (kD∼10-11 M).
The lower affinity of IL-2Rα for IL-2 alone (kD∼10-8 M) compared to the β/γC suggests that
IL-2 first binds the β/γC complex and then recruits the IL-2Rα to form the high affinity
heterotrimeric complex. While some studies have detected preformed β/γC in the absence of
IL-2 [5], other studies have provided evidence that the IL-2Rα can also be found associated
with IL-2Rβ without the γC and suggest that IL-2 binds this complex first and then recruits the
γC [6,7].

IL-15 also signals through the β/γC complex as wells as utilizes a private receptor α subunit,
IL-15Rα that shares structural similarities with IL-2Rα. Both IL-2Rα and IL-15Rα each contain
a short cytoplasmic tail, transmembrane domain, a stalk, a hinge region, and cytokine-binding
domain called a sushi domain, which is required for cytokine binding [3,8,9]. Whereas
IL-2Rα has two sushi domains, IL-15Rα has only one. Regarding cytokine binding, IL-15Rα
is quite different from IL-2Rα becuase it already has a very high affinity for IL-15
(kD∼10-11 M), independent of the β/γC [3,8]. Upon binding IL-15, IL-15Rα has been
demonstrated to undergo some conformational changes, though the extent to which this occurs
and the consequences thereof remain unknown [10-12]. In the absence of IL-15Rα, the β/γC
complex binds IL-15 with an intermediate affinity and is capable of mediating responses [4].
Interestingly, the affinity of β/γC for IL-15 is not further increased by the presence of
IL-15Rα [3,8] Unlike IL-2Rα, some unique signaling properties have been attributed to
IL-15Rα, which are distinct from the JAK/STAT signaling induced by the β/γC[13-16]. These
findings have yet to be extended to IL-15-dependent lymphocytes and, consequently, their
prevalence and significance is poorly characterized.

Not surprisingly, when IL-15 was first discovered it was found to induce many of the same
responses as IL-2 in vitro, such as T cell proliferation (reviewed in [9]). Since all three of its
receptor subunits were often detected on responding cells, it was assumed that IL-15 worked
in a similar manner as IL-2 but with specificity dictated by the IL-15Rα chain; there were clues
that these two cytokines worked in different ways. To start with, the in vivo expression pattern
of IL-15Rα is much broader than that of IL-2Rα and overlaps with IL-15 expression, at least
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at the transcript level. Whereas IL-2Rα expression is mostly restricted to T cells (i.e. the main
IL-2 targets), IL-15Rα is expressed in almost every cell and tissue type [3] - this being unusual
as the major targets of IL-15 are lymphocytes as determined in IL-15 knockout studies [17].
Furthermore, responses to IL-15 in vitro do not absolutely require IL-15Rα. This could have
been an indication that IL-15Rα merely enhanced signaling; however, considering that the
presence of IL-15Rα did not further increase the affinity of IL-15 for the β/γC cytokine
complex, how this occurred was not clear.

The characterization of IL-15Rα deficient mice reaffirmed the importance of IL-15Rα in IL-15
responses [18]. Similar to IL-15-/- mice [17], IL-15Rα-/- mice are generally healthy but have
very specific deficiencies in CD8 T cells (particularly memory phenotype CD8 T cells), NK
cells, NKT cells, and CD8αα iIEL[18]. Further characterization of these mice found that
deficiencies in these specific lymphocyte subsets were due primarily to defects in development
and homeostasis, providing evidence that the most important functions of IL-15 and
IL-15Rα are those acting during steady state conditions [19-23]. The fact that the degree of
lymphocyte deficiencies between the two mice is similar indicates that in vivo IL-15 responses
are heavily dependent on IL-15Rα.

Development of the theory of trans-presentation
One of the first clues that IL-15 works in an unconventional manner was a study by Averil
Ma's group showing that IL-15-mediated T cell proliferation induced by poly I:C in mice did
not require responding T cells to express IL-15Rα[24]. More surprisingly, IL-15 responses
were dependent on IL-15Rα expression by the cells in the surrounding environment. At first
glance, this looked like a classic example of a cytokine that has indirect effects, but it was
already established that IL-15 directly induced T cells to proliferate [4]. Thus, the results from
Ma et al. seemed highly coincidental given that the direct effects of IL-15 (through the β/γC)
were so similar to the putative indirect effects. Not long after, Dubois et al. [25] proposed the
theory of trans-presentation based on careful manipulations of each of the IL-15R chains on
both responding T cells and monocytic cell lines. Their study showed that IL-15 induced a
prolonged effect on T cells compared to IL-2 by virtue of IL-15 being bound to IL-15Rα, which
allowed for the continued presence of IL-15 on the cell surface of monocytes. In addition, IL-15
and IL-15Rα were found to associate intracellularly and could be followed from the
endoplasmic reticulum to the cell surface [25] (Figure 1A). Earlier studies also detected IL-15
on the cell surface of human monocytes [26,27] but suggested that the IL-15 was not bound to
its receptor subunits [26]. As distinct protocols have been used to separate IL-15 from cell
surface IL-15Rα [25,26], and may therefore be subject to different caveats, this conclusion
warrants further investigation. More importantly, both studies were able to show that
membrane-associated IL-15 was biologically active and induced proliferation of cocultured T
cells in [25,26]. Similar to the in vivo requirements, these T cells required the expression of
IL-2/15Rβ and γC but not IL-15Rα [25]. The model of trans-presentation provided a number
of answers to prior inconsistencies. For example, the finding that IL-15Rα shuttles IL-15 to
the cell surface along with the very high affinity of IL-15Rα for IL-15 suggested that IL-15
need not be secreted; this provided an explanation for why IL-15 is so rarely detected in
biological solutions. Overall, trans-presentation was a mechanism that explained how
IL-15Rα expression by neighboring cells was crucial while still allowing IL-15 to induce direct
effects through the β/γC.

While these elegant studies provided in vitro evidence for trans-presentation, the significance
of trans-presentation in vivo was unclear. In addition to the earlier report analyzing poly I:C
responses in mice[24], subsequent in vivo studies provided additional evidence for trans-
presentation and began to identify the events in which trans-presentation occurs. In general,
these studies examining requirements for IL-15Rα in memory CD8 T cell homeostasis and
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lymphocyte development gave credence for trans-presentation in vivo. For memory CD8 T
cells, two separate studies using adoptive transfer models found that IL-15Rα was dispensable
in CD8 T cells for the generation of antigen-specific memory CD8 T cells, their subsequent
homeostatic proliferation as well as their response to a bolus of soluble IL-15 (sIL-15) [28,
29]. Again, consistent with the trans-presentation model, these IL-15-mediated responses by
CD8 T cells required IL-15Rα expression by the host cells [28,29]. Analogous conclusions for
the requirements of IL-15Rα in development and homeostasis of NK cells were also made in
studies using various combinations of cell transfers and BM chimeras. In essence, NK cells
require IL-15Rα expression by the cells in their environment but did not need self-expression
[30-33]. In a more striking example of the requirements for IL-15Rα, the development of
CD8αα iIELs, which includes both TCRγδ and TCRαβ subsets, is completely defective when
IL-15Rα expression is restricted to radiation-sensitive (hematopoietic) cells but fully restored
when restricted to radiation-resistant (i.e. parenchymal) cells. Furthermore, iIEL development
required hematopoietic cells to express IL-15Rβ providing evidence that IL-15 acts directly
on the iIELs. This example provided some of the strongest evidence for trans-presentation as
an important in vivo mechanism because the IL-15 responding cells were of a completely
different origin than the trans-presenting cells.

To investigate whether cells synthesizing IL-15 are the same cells that trans-present IL-15, BM
chimeric mice were generated in which the hematopoietic cells expressed either IL-15Rα or
IL-15, but not both simultaneously [34,35]. In this circumstance, NK cell development and
memory CD8 T cell homeostasis were deficient. IL-15 responses were restored only when a
portion of hematopoietic cells expressed both IL-15 and IL-15Rα. For IELs, coordinate
expression of IL-15 and IL-15Rα by the same cells was also implied as IL-15 expression by
radiation-resistant cells was as crucial for IEL development as IL-15Rα [32]. More recent
evidence has also shown that, even under stimulatory conditions such as with poly I:C, IL-15
is not transferred between cell types in vivo [36]. Altogether, these findings demonstrate that
coordinate expression of IL-15 and IL-15Rα by the same cell type is needed for IL-15 responses
by memory CD8 T cells, NK cells, and IELs as well as give further credence to the model of
trans-presentation.

Identifying IL-15 trans-presenting cells
Ever since the description of trans-presentation, the identity of the cells that trans-present IL-15
has been in question. A logical approach would be to identify cells expressing both IL-15 and
IL-15Rα. Multiple studies have detected IL-15 and IL-15Rα transcripts in many cell types in
both stimulatory and non-stimulatory conditions. Unfortunately, due to the limited number of
appropriate reagents as well as the nature of the tight regulation of IL-15, there has been slow
progress in characterizing the expression of IL-15 and IL-15Rα protein.

In general, IL-15Rα protein is as ubiquitously expressed as its reported transcript expression
[3,8,37]. While many studies have described expression of IL-15Rα protein, a number of
IL-15Rα isoforms have been identified whose expression has not been well characterized.
These isoforms are generated from alternative splicing of the various exons encoding for the
mature protein. Isoforms lacking the sushi domain of IL-15Rα are expectedly unable to
stimulate IL-15-responsive cells [38] as this is the cytokine-binding domain [3,8,38]. Most
isoforms, however, do contain the sushi domain and possess biological activity [39]. Soluble
isoforms exist as well, some consisting only of the leader peptide and the sushi domain. These
soluble variants could have agonistic or antagonistic activity [39] and their proposed functions
will be discussed below. Future studies will need to determine how the expression of these
various IL-15Rα isoforms relates to IL-15 responses.
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Unlike IL-15Rα, IL-15 protein expression is much more restricted. This may be in part because
mechanisms exist that limit the translation of IL-15 protein, including the presence of multiple
translational start sites and negative regulatory elements in the 5′ UTR[1,40,41]. Additionally,
two isoforms of IL-15 that differ in the length of the signal peptide have been identified: the
long signal peptide (LSP) and short signal peptide (SSP). These isoforms have distinct
trafficking properties that promote either transport through the ER (LSP isoform) or to the
nucleus and cytoplasm (SSP isoform) [42-44]. Because the SSP isoform would not therefore
encounter IL-15R signaling receptors, it has been speculated that this isoform may be
regulatory in nature. Although the expression is not well characterized, the LSP isoform is the
predominant isoform expressed, with the SSP isoform being expressed in the heart and testis
[43]. Additional IL-15 isoforms with alternative exon usage have been described that can
inhibit the activity of full length IL-15 [45]. Whereas there are multiple mechanisms to limit
IL-15 protein expression, similar regulatory mechanisms have not been observed for
IL-15Rα and may explain why IL-15Rα protein expression is more prevalent than IL-15.

Given that trans-presentation requires cell surface expression of IL-15, the mere presence of
IL-15 mRNA or cytoplasmic protein may not be sufficient to identify actively trans-presenting
cells. As such, detecting cell surface IL-15 associated with IL-15Rα is most meaningful.
Unfortunately, detecting cell surface IL-15 has been quite challenging, particularly in mice.
This could be in part because the amount of IL-15 present on the cell surface straddles the level
of detection. This is not surprising for a cytokine that functions mainly in lymphocyte
homeostasis or ontogeny: IL-7 is similarly difficult to detect. In addition to human monocytes
[26], other studies have shown surface IL-15 on BM-derived DCs and neutrophils in mice
[46,47] but these instances were after TLR stimulation and are less physiologically relevant to
situations of normal homeostasis. As a means to limit IL-15 activity, the transport of IL-15 to
the cell surface may be tightly regulated and exist only in a subset of cells expressing IL-15
transcripts.

The lack of co-expression of IL-15 and IL-15Rα on the cell surface suggests that much of the
cell surface IL-15Rα may be empty. This may be because the ability to trans-present is
transiently regulated at the level of IL-15 expression or IL-15Rα is present to carry out other
trans-presentation-independent functions of IL-15Rα. Since IL-15Rα expression by
lymphocytes is not crucial for IL-15 functions and these cells may not express IL-15, we
speculate that IL-15Rα on lymphocytes is more likely to mediate trans-presentation-
independent roles of IL-15, which will be discussed later. In contrast, we postulate the
IL-15Rα on myeloid cells primarily mediates trans-presentation of IL-15 to lymphocytes as
myeloid cells are some of the few cells found to express both cell surface IL-15 and IL-15Rα
[25-27,36]. Because many cell types express IL-15Rα but not IL-15, the identification of
IL-15Rα+ cells is a poor prognosticator of trans-presentation.

In light of the little knowledge regarding which cells express cell surface IL-15, in vivo models
have provided a better understanding of the cells trans-presenting IL-15 by measuring the
biological activities of IL-15. For example, early studies using BM chimeras revealed cell types
mediating trans-presentation, in addition to providing the first evidence for this mechanism in
vivo. From these studies, memory CD8 T cells were found to rely heavily on IL-15 trans-
presented by hematopoietically-derived cells for basal proliferation. NK and naïve CD8 T cells
receive IL-15 signals from hematopoietic as well as parenchymal cells [29,32]. In stark contrast
to memory CD8 T cells, the development of CD8αα iIELs and invariant NKT cells require
trans-presentation of IL-15 exclusively by parenchymal cells [32] and (manuscript in
preparation). Altogether, these observations point out that different cell types receive their
IL-15 signals from varied sources, which may be somewhat determined by their biological
niches. The more pertinent implication for these cell-specific preferences is that despite the
ubiquitous expression of IL-15Rα, cells that require IL-15 exhibit particular tropisms for the
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source of the cytokine. Studies using bone marrow chimeras distinguished the roles of
hematopoietic and parenchymal cells in IL-15 trans-presentation, but as these are obviously
highly heterogeneous compartments, it remains imperative to further identify the cell type(s)
within these compartments mediating trans-presentation.

To assess the contribution of specific cell types, our group has generated two lines of transgenic
mice that use cell-specific promoters to drive IL-15Rα expression in an environment where all
other cells are deficient in IL-15Rα. As DCs have been theorized to be the most likely cell type
to trans-present IL-15 to CD8 T cells and NK cells, the first model generated expressed
IL-15Rα under the CD11c promoter [37]. Using this model, the role of DCs in CD8 T cell
biology and NK cell development has been investigated [37,48]. At the steady state, naïve CD8
T cell numbers are only minimally restored, total NK cell numbers were recovered by ∼50%,
while the proportions of memory phenotype CD8 T cells almost reach normal frequencies
[37]. Detailed analysis revealed the contraction of the virus-specific CD8 T cells only partially
involved IL-15Rα+ DCs, with the surviving cells predominately KLRG-1-, CD27+ T cells
(consistent with a memory precursor phenotype), perhaps indicating a preference of this CD8
memory subset for DC trans-presentation. Moreover, homeostatic proliferation of established
memory CD8 T cells is very efficiently driven by DCs trans-presenting IL-15. Upon dissecting
specific stages of NK cell development, trans-presentation by DCs efficiently mediated the
differentiation of immature NK cells involving the acquisition of Ly49 molecules. DCs were
less effective in the later maturation events [48]. In contrast, deficiencies in IL-15 dependent-
iIELs were present at a level similar to that of IL-15Rα-deficient mice [37], which is not
surprising given their absolute predilection for IL-15Rα expression by parenchymal cells.
Collectively, these findings are intriguing as they indicate a temporal preference for IL-15 from
DCs, which could be dictated by stage-specific localization or molecular programming of the
cell.

A truly compelling example of cell specificity in trans-presentation was made in the analysis
of our second transgenic mouse, where IL-15Rα expression is driven by an intestinal epithelial
cell promoter, Villin [49-51]. IL-15Rα expression restricted to the intestinal epithelium was
completely sufficient to restore the deficiencies in CD8αα TCRγδ and TCRαβ iIELs that exists
in IL-15Rα-/- mice [49]. Outside the intestines, the phenotype of the lymphocytes showed no
evidence of encountering IL-15. In addition to these unique CD8αα T cell populations, memory
CD8 T cells also reside in the intestinal epithelium; however, these memory CD8 T cells are
mostly IL-15 independent as these cells have down-regulated expression of the IL-2/15Rβ
[52]. This study not only demonstrated a temporal preference for trans-presentation but also
demonstrated how effectively transpresentation restricts IL-15 responses.

By identifying IL-15 trans-presenting cells, we can begin to ask what cell characteristics make
them proficient to trans-present IL-15. Are these cells unique in the ability to trans-present
IL-15 simply because of their co-expression of cell surface IL-15Rα/IL-15 and residence in
the appropriate location for cell-cell interactions or is trans-presentation of IL-15 more
specifically controlled?

Regulation of Trans-presentation
Currently, little is known about the regulation of IL-15 trans-presentation. While highly
unconventional, trans-presentation as a method of cytokine delivery affords various means of
controlling IL-15 availability. As this is the major mechanism mediating IL-15 responses, it
stipulates that certain conditions be met. At the simplest level, transcription of IL-15 and
IL-15Rα, within the same cell, is a prerequisite for trans-presentation; however, it is not
currently known if up-regulating transcription of IL-15 and IL-15Rα alone is sufficient to
increase the amount of IL-15 trans-presented on the cell surface. For example, IL-15 and/or
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IL-15Rα are up-regulated by TLR ligands and TNF family members [27,53-57], but whether
these forms of stimuli enhance IL-15 trans-presentation or promote an alternative delivery of
IL-15 is not clear. Since IL-15 trans-presentation is still a relatively new concept, many studies
have not directly addressed whether transpresentation was involved. The significance of
transcriptional regulation of IL-15 and IL-15Rα is particularly relevant for trans-presentation
as multiple layers of post-transcriptional regulation exist that likely dictate whether IL-15 is
available for trans-presentation. If IL-15 protein is present in more limited quantities than
IL-15Rα, then regulating IL-15 may be the most likely strategy for controlling functional trans-
presentation.

After protein expression, the next layer of regulation is the transport of IL-15 to the surface.
Recent reports demonstrated that IL-15Rα is required for the transport of IL-15 from the
endoplasmic reticulum to the surface of a cell [58]. Through a mechanism, that has yet to be
investigated, IL-15Rα with bound IL-15 can be internalized via endosomes and later resurface
[25]. This process likely reduces the demand on cytokine production and/or limits cytokine
availability but is also another potential level of control. Studies investigating the role of the
short cytoplasmic tail of the IL-15Rα found that truncating this portion of the protein prevents
the normal expression of the IL-15/IL-15Rα complex on the cell surface and subsequent
recycling [25,59]. While this didn't inhibit the cell from trans-presenting IL-15 to neighboring
cells, less IL-15/IL-15Rα was available. Regardless of the role of IL-15Rα in shuttling IL-15,
it is not clear if this shuttling is constitutive or is subjected to regulation by external stimuli.

Another obvious criterion for receiving trans-presented IL-15 is a cell's proximity to the cellular
source of IL-15. As the major IL-15 responding cells are motile lymphocytes, do lymphocytes
randomly encounter IL-15 trans-presenting cells? Rather than being stochastic, it would be
more logical if lymphocytes were directed to the IL-15 source. Memory CD8 T cells are found
in distinct tissues sites, such as the B cell areas of the spleen [60]. The preference for this site
within the spleen may be evidence that memory CD8 T cells are directed to areas more ideally
suited for receiving homeostatic signals. For NK and NKT cells, little is about whether specific
niches exist.

It stands to reason that trans-presentation on its own is a weak basis for intercellular contact
so it is feasible that other molecules may be involved in facilitating this interaction. Studies
examining the stimulatory properties of IL-15/IL-15Rα complexes found that complexes with
an IL-15Rα containing an Fc domain in place of the transmembrane domain were more
effective than complexes without an Fc region [61]. The effect disappeared in mice deficient
for Fc receptors suggesting that, by virtue of binding to Fc receptors, chimeric IL-15/
IL-15Rα complexes are more effective when bound to a cell surface. Whether this is because
the active domain is more accessible or whether other cell components enhance this interaction
is not known but is indicative that IL-15 delivered via a cell contact is advantageous. Overall,
it is possible that other molecules enhance the process of trans-presentation.

Prospective alternatives to trans-presentation
The aforementioned studies support the importance of trans-presentation; yet most of these
events occur during the steady state for which trans-presentation is ideally suited. That said,
do all IL-15 responses utilize trans-presentation, particularly those not confined by low,
controlled levels of IL-15? Whereas there is compelling evidence that trans-presentation is the
main mechanism of IL-15 delivery, questions remain regarding its inviolability. Essentially,
are there times when IL-15 acts independent of trans-presentation? Other groups have proposed
that there are alternative mechanisms for IL-15 responses and delivery. While these alternatives
are demonstrably plausible, the physiological significance or prevalence of these mechanisms
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is presently not clear. Hence, these alternative scenarios are considered here, along with their
caveats.

In addition to the functions in development and homeostasis, it is speculated that IL-15 is
involved in pathogen responses, in part because IL-15 and IL-15Rα are up-regulated by a
number of pathogens and TLR ligands. Presumably, this up-regulation could facilitate the
expansion of antigen-responsive T cells and NK cells. If an abundant amount of IL-15 was
needed, overriding the mechanism of trans-presentation could facilitate the faster and more
plentiful availability of IL-15. In early characterizations of the roles of IL-15 and IL-15Rα in
CD8 T cell responses, it was found that CD8 T cell expansion after a VSV infection was
partially defective in the absence of IL-15 but was not defective in the absence of IL-15Rα
[19]. A similar finding was also observed in an LCMV response but only among the T cell
responses against the two more minor epitopes, not with the dominant epitopes [20]. This
suggested that IL-15 potentiates weaker T cell responses in an IL-15Rα-independent manner,
possibly because an abundance of sIL-15 is available to act through the β/γC. In normal,
IL-15Rα-sufficient mice, IL-15 would likely bypass binding to IL-15Rα only if the amount of
IL-15 secreted was abundant enough to occupy all IL-15Rα molecules; this could be one
instance when sIL-15 is detected in biological fluids and trans-presentation is not involved in
an IL-15 response.

Whereas the last scenario described an IL-15Rα-independent response, other mechanisms
utilizing IL-15Rα, which are distinct from trans-presentation, have also been proposed. Despite
the number of studies that have definitively shown IL-15Rα expression is not required by
IL-15-dependent cells (i.e. CD8 T cells, NK cells, and iIELs)[28-32], it is unclear why these
lymphocytes express some of the highest levels of IL-15Rα. The expression of IL-15Rα on
these lymphocytes could be left over from an earlier evolutionary mechanism of IL-15 delivery
that predates trans-presentation; however, there must have been pressure to maintain it. In
analysis of the crystal structure of IL-15Rα, the threonine/proline rich region, which is between
the transmembrane domain and the IL-15-binding domain, was found to possess potential
flexibility. This implied that IL-15Rα, in addition to trans-presenting IL-15, could also present
IL-15 to an adjacent β/γC on the same surface [11]; this would constitute cis-presentation
(Figure 1B) as opposed to trans-presentation.

Cis-presentation of IL-15 by IL-15Rα is clearly feasible, but the source of IL-15 or the
situations when this might occur have not been identified. If sIL-15 is not present, cis-
presentation would require IL-15 to be cell intrinsic. As T cells and NK cells are not thought
to be a source of IL-15 [26,62], cis-presentation of IL-15 for these cells would not be likely.
In spite of the common belief that these lymphocytes do not express IL-15, this issue has
recently been challenged as Miranda-Carús et al reported that human T cells express cell
surface IL-15 ex vivo [63]. In this study, IL-15 expression increased with culturing and
enhanced T cell proliferation [63]. While this finding provides evidence that IL-15 can signal
in an autocrine manner, it is difficult to differentiate trans-presentation between T cells and
cis-presentation using in vitro cultures; however, the degree of proliferation was enhanced by
increased cell density, suggesting trans-presentation was likely involved at some level [63]. In
general, more evidence is needed to determine whether human T cells respond to IL-15 by
cis-presentation and if T cells indeed express IL-15 protein.

Despite the source of IL-15 being in question, naïve murine CD8 T cells transfected with
IL-15Rα were shown to display an enhanced survival and proliferation in response to
recombinant IL-15 versus their non-transfected counterparts [64]. A similar finding was also
observed when a mutated form of IL-15Rα containing an alternative cytoplasmic region was
used to replace the endogenous IL-15Rα locus and knock-in T cells transferred into normal
hosts. The wildtype and knock-in T cells had slightly increased levels of homeostatic

Stonier and Schluns Page 8

Immunol Lett. Author manuscript; available in PMC 2011 January 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



proliferation compared to IL-15Rα-/- T cells [59]. Altogether, these findings demonstrate a
small advantage of expressing IL-15Rα and thus provide support for the concept of cis-
presentation but, again, the source of IL-15 has yet to be identified. Overall, we speculate that
cis-presentation is more likely to occur when abundant sIL-15 is present or when IL-15 is
acquired in an autocrine manner. Regarding T cells, this may be more feasible for humans than
mice. While these issues are beginning to be addressed for T cells, these questions have not
been addressed in the other major IL-15 target cells (i.e. NK, NKT cells, and iIELs).

Unlike lymphocytes, DCs are a more definitive source of IL-15, express all the IL-15R
subunits, and are IL-15 responsive. Specifically, IL-15 exerts effects in DC differentiation
[31,65] as well as function [66-69]. The method of IL-15 delivery in these situations is not well
investigated and thus whether DCs obtain IL-15 in a trans-presentation-dependent or -
independent fashion is not clear. Because DCs are a source of IL-15, we think DCs are a very
logical cell type to utilize cis-presentation.

Naturally-occurring soluble cytokine receptors are found with other cytokines and can act as
agonists, antagonists, or chaperones. Soluble IL-15Rα proteins can be generated by proteolytic
cleavage or through the expression of an alternatively spliced variant of IL-15Rα lacking the
transmembrane domain [70,71]. If IL-15Rα is shed while binding IL-15, this complex would
likely be stimulatory and could represent another possibility for IL-15 delivery that is still
mediated by IL-15Rα but is nonetheless distinct from genuine trans-presentation (Figure 1C,
agonistic IL-15Rα). In this way, IL-15 could be delivered to responding cells without the
requirements and ramifications for cell-cell contact and so represents a less restricted source
of IL-15. Indeed, there is much evidence that artificially-generated sIL-15Rα/IL-15 complexes
act as potent agonists [61,72-74]. Similarly, IL-6 is known to bind a naturally-occurring soluble
form of IL-6Rα that can stimulate the signal-transducing protein gp130 expressed on cell
surfaces to mediate IL-6 signals; this is a well-recognized mechanism for IL-6 termed trans-
signaling [75]. In this situation, the responding cell only requires expression of gp130, thus
lifting a restriction on cells' responsiveness to IL-6. In light of the differences that exist between
contact-dependent and soluble trans-presentation, we contend that distinctions be made
regarding these two methods of IL-15 stimulation and suggest that the term trans-presentation
be reserved for circumstances that involve cell-cell contact. To date, two studies have detected
sIL-15Rα/IL-15 complexes in mouse serum [36,39]; however, these endogenously-derived
sIL-15Rα/IL-15 complexes where not as effective in stimulating T cells and NK cells as their
membrane-bound counterparts [36,39].

Despite the uncertain activity of endogenous sIL-15Rα/IL-15 complexes, it is clear that IL-15
bound to IL-15Rα is more potent than sIL-15 [61,72-74]. These findings demonstrating the
enhanced potency of IL-15/IL-15Rα complexes not only provide an explanation for the
effectiveness of transpresentation as a mechanism but also have important implications for the
use of IL-15Rα/IL-15 complexes as therapeutic agents. As the use of IL-15 clinically has been
hampered by production difficulties, the use of sIL-15Rα/IL-15 complexes could reduce
production demands and increase cytokine stability. Furthermore, strategies can be developed
to direct the activity of the sIL-15Rα/IL-15 complexes to specific cells. IL-15 is highly
interesting clinically as it is theorized to mediate many of the same responses as IL-2 with
increased efficacy and possibly lower toxicity. High dose IL-2 therapy is currently approved
for renal carcinoma and metastatic melanoma treatment to enhance anti-tumor responses and
is effective in a small subset of patients [76]. In addition to promoting CD8 T cell and NK cell
responses, IL-2 also stimulates CD4+ regulatory T cells in an IL-2Rα-dependent manner,
which would inhibit anti-tumor responses. As IL-15 trans-presentation is not specific for
IL-2Rα-bearing cells, IL-15 responses would be more directed towards CD8 T cells and NK
cells than IL-2.
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Contrary to the studies showing sIL-15Rα/IL-15 is an agonist, other studies indicate that
sIL-15Rα acts as a sink for sIL-15, inhibiting sIL-15 function [36,71] (Figure 1D, antagonistic
IL-15Rα). Indeed, sIL-15Rα molecules have been detected in culture supernatants and mouse
serum and have antagonistic activities [70,71]. It is difficult to envision how virtually the same
protein complex (i.e. IL-15/IL-15Rα) can have little effect in one system and be stimulatory
in another. An explanation may be derived from a similar phenomenon that has been observed
in the IL-4Rα system. In addition to being expressed on the cell surface, IL-4Rα is also
expressed in a soluble form that stabilizes binding of IL-4 to membrane IL-4R complexes
(IL-4Rα/γC) when IL-4 is in excess; however, when sIL-4Rα is in excess, sIL-4Rα sequesters
IL-4 thus preventing activity [77]. Alternatively, the different activities of sIL-15Rα, agonist
versus antagonist, may lie in the source of the protein. The studies reporting sIL-15Rα to be
agonistic used recombinant IL-15Rα [11,72,74], whereas antagonistic or ineffective
sIL-15Rα were cell-derived [37,71].

The alternative mechanisms of IL-15 delivery presented herein are intriguing possibilities but
likely represent minor functions and in general, less evidence presently supports their existence.
Considering that the most crucial functions of IL-15 regulate development and homeostasis
and a large amount of data supports trans-presentation in these activities, trans-presentation is
still likely the dominant mechanism used in IL-15 responses. Since there is still much
unresolved, further investigations are needed to better distinguish between these different
mechanisms but will surely lead to a better understanding of IL-15 responses.

Concluding Remarks
A significant amount of evidence exists that supports trans-presentation as a major mechanism
mediating IL-15 responses; this may be in part because it is a logical form of cytokine delivery
that provides a low level delivery of IL-15 in a very controlled manner. In contrast, other
mechanisms mediating IL-15 responses have been suggested but will require further
investigation to determine their prevalence in biologically relevant IL-15 responses.
Elucidating the mechanism by which IL-15 acts will require more stringent analysis than
typically used for other cytokines. For example, evidence of cell surface IL-15 rather than
cytoplasmic protein or mRNA will be more pertinent for identifying cells that trans-present
IL-15. Surely, it will be more challenging to distinguish the mechanisms in human systems
versus murine models. Overall, determining the mechanisms utilized by IL-15 in future studies
will increase our understanding of how IL-15 functions in vivo. Regardless, the success of
IL-15 in a clinical setting may or may not depend on whether therapeutic applications replicate
the normal cytokine's actions. From what we have learned so far, IL-15 complexed to
IL-15Rα is more effective than sIL-15 and may become more potent if bound to an artificial
cell. Furthermore, future studies will need to investigate the other side of coin, which is to
determine whether IL-15-responding cell possess characteristics that make them more or less
receptive to receiving IL-15 signals delivered via trans-presentation.
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Figure 1. IL-15 Trans-presentation and other speculative mechanisms of IL-15 delivery
Cartoon depicts the interface between two cell surfaces with possible scenarios mediating (A-
C) or inhibiting (D) IL-15 responses. A) For trans-presentation, IL-15Rα and IL-15 encounter
each other in the endoplasmic reticulum (ER) and are transported to the cell surface where the
cell surface complex can stimulate neighboring cells through the IL-15Rβ/γC. B) Cis-
presentation has been suggested where IL-15 is presented by IL-15Rα on the same cell; this
mechanisms may utilize IL-15 derived from autocrine or paracrine sources. C) IL-15/
IL-15Rα complexes can be generated artificially and act as agonist to stimulate neighboring
cells. D) Cleaved, empty IL-15Rα may act as a sink to bind sIL-15 and antagonize IL-15
activity. The depiction of the interaction between IL-15Rα and IL-15 is stylized and not
reflective of protein structural studies.
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