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Abstract: Interleukin (IL)-15 is a cytokine that promotes the development and homeostasis 

of a group of lymphocytes; however, IL-15 is also significantly upregulated in response to 

pathogen infections and in autoimmune diseases. With its ability to promote T-cell proliferation 

and survival and influence migration and effector functions, elevated IL-15 can impact T-cell 

responses in numerous ways. Nonetheless, the importance of IL-15 during early infection and 

autoimmunity is unclear. Furthermore, the mechanisms regulating IL-15 responses in both 

inflammatory situations and during the steady state are still being elucidated. The mechanisms 

by which IL-15 mediate responses are unique among cytokines. IL-15 associates with IL-15Rα 

within cells where it can either be transpresented to neighboring cells or cleaved into a soluble 

cytokine/receptor complex. Increased production of soluble (s)IL-15Rα/IL-15 complexes is 

seen upon different types of immune stimulation, suggesting that these are circumstance when 

sIL-15 complexes are most likely to act. How common this response is remains unclear, as 

the production of sIL-15 complexes has only been recently appreciated. This review sets out 

to emphasize how IL-15 is frequently increased in response to pathogen infections and dur-

ing autoimmunity and inflammatory conditions. Since pathogen infections and inflammatory 

diseases share signaling pathways that induce sIL-15 complexes, including pattern recognition 

receptors and type I interferon, sIL-15 complexes may be generated in more situations than 

realized. While there are multiple cellular targets of IL-15, this review primarily focuses on 

how T-cells are likely affected by IL-15 during immune activation and describes evidence for 

the aforementioned activities. Some of these responses include effects on T-cell proliferation, 

survival, metabolism, trafficking, and effector functions. Lastly, potential and current therapies 

that regulate IL-15-mediated responses during infections, autoimmunity, and cancer are dis-

cussed. Overall, IL-15 is a not just a factor promoting the differentiation and homeostasis of 

memory CD8 T-cells, but it is an important immune modulator acting in many circumstances 

involving immune stimulation and activation.

Keywords: autoimmunity, infection, inflammation, cytokines, pattern recognition receptors, 

interferons

Introduction
The importance of interleukin (IL)-15 in promoting the development and homeostasis 

of a group of lymphocytes is well established, but its roles during T-cell activation and 

inflammatory responses are less appreciated. This is in spite of the fact that IL-15 

expression is often upregulated during immune stimulation, pathogen infections, and 

numerous other inflammatory situations. Since high quantities of IL-15 can promote 

T-cell proliferation and enhance T-cell effector responses,1 activation-induced IL-15 

is likely contributing to enhanced T-cell responses that are concomitantly observed. 
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When the association between increased IL-15 expression 

and immune activation was originally discovered, there was 

active research in determining the contribution of IL-15 in 

the inflammatory process; however, challenges in elucidat-

ing the mechanisms regulating IL-15 production and the 

corresponding mode of action led to waning interest in this 

area. Renewed interests have resurged as novel mechanisms 

of IL-15 have become elucidated. As such, this review first 

describes the unique attributes of IL-15 and the potential 

mechanisms that IL-15 may be utilizing. This is followed 

by a description of the compelling amount of data showing 

increased IL-15 during inflammation, including pathogen 

infections and autoimmunity. The discovery that generation 

of soluble (s)IL-15 complexes is increasingly being linked 

to immune activation and inflammation implicates that either 

sIL-15 complexes are uniquely mediating responses during 

immune activation, or they are a biomarker for enhanced 

IL-15 signaling. Hence, this review discusses the various 

ways IL-15 could impact T-cells during immune activation 

and inflammation. Unfortunately, due to space constraints, 

natural killer (NK) cell responses that are likely stimulated 

in parallel are only minimally discussed herein but are well 

described in a recent review.2 A description of studies utiliz-

ing recombinant forms of IL-15 to promote T-cell responses 

is briefly discussed. Future investigations clarifying the role 

of IL-15 during immune stimulation and the corresponding 

mechanism will surely lead to a better understanding of how 

to either enhance or suppress IL-15 responses for therapeutic 

purposes.

Mechanisms of action: 
transpresentation and  
paracrine signaling
IL-15 is structurally similar to IL-2 and both cytokines signal 

through two shared receptor subunits, the IL-2/15β chain 

(CD122) and the common γ chain (γC). IL-15 and IL-2 both 

have a private α chain, the IL-15Rα and IL-2Rα (CD25), 

respectively, that act mostly to confer cytokine specificity, 

possessing little to no inherent signaling ability. IL-2Rα 

expression is mostly restricted to T-cells, which is upregulated 

upon T-cell receptor (TCR) stimulation and then converges 

with the IL-2Rβ and γC to form a competent IL-2 receptor 

complex that is stimulated by autocrine-produced IL-2. This 

receptor complex formation is necessary for IL-2 signaling, 

as IL-2Rα alone has a low affinity for IL-2 (kD ∼10-8 M). 

In contrast, IL-15Rα is expressed by virtually all cells, but 

its expression by T-cells or NK cells is not necessary for 

responding to IL-15. IL-15Rα alone has a very high  affinity 

for IL-15 (kD ∼10-11 M), which is not further enhanced by the 

presence of the signaling receptor subunits IL-2Rβ and γC.3,4 

Therefore, it was evident early on that IL-15 and IL-2 acted 

in different manners, but the role of the IL-15Rα in mediat-

ing IL-15 responses was unclear. This confusion resolved 

once it was shown that IL-15 and IL-15Rα are expressed 

in the same cell, bound intracellularly and then shuttled to 

the surface as a complex.5 In elegant in vitro experiments, 

the cell-associated IL-15Rα/IL-15 complexes were shown 

to stimulate adjacent cells through the IL-2Rβ/γC complex 

during a cell–cell interaction that was called transpresenta-

tion.5 As such, these studies changed our idea of IL-15 as a 

soluble factor and opened the doors to further investigate this 

unique mechanism of cytokine stimulation in trans.

The mechanism of IL-15 transpresentation is ideally 

suited to limit the availability of a cytokine which, when pro-

duced in high levels, induces robust lymphocyte  stimulation.1 

Furthermore, since IL-15 is needed continuously for 

lymphocyte development and homeostasis, cell delivery 

of IL-15 allows constitutive availability that is restricted 

between specific cells types. Nonetheless, other potential 

mechanisms of IL-15 have been proposed. The Cis model 

of IL-15 delivery proposes that the flexible nature of the 

IL-15/IL-15Rα complex allows stimulation of the adjacent 

IL-2Rβ/γC on the same cell. Alternatively, IL-15Rα express-

ing cells could bind free IL-15, which becomes subsequently 

Cis-presented; however, whether IL-15 is produced in the 

absence of IL-15Rα is questionable. Overall, the mechanism 

of Cis-presentation is feasible, but evidence that it is utilized 

in vivo is limited.

A third mechanism mediating IL-15 responses involves 

the paracrine stimulation of IL-2Rβ/γC+ cells by soluble 

IL-15Rα/IL-15 complexes (herein referred to as sIL-15 

complexes). sIL-15 complexes can be generated endog-

enously by cleaving IL-15Rα/IL-15 complexes from the 

cell surface or generated recombinantly, where they have 

been shown to be 50–100-fold more potent than recombinant 

(r)IL-15.6,7 Evidence that endogenous sIL-15 complexes 

mediate responses in vivo is supported by observations that 

IL-15 responses coincide with the transient appearance of 

sIL-15 complexes in the serum of mice treated with Poly 

I:C, lipopolysaccharide, and certain pathogens.8  Additionally, 

lymphodepletion increases serum sIL-15 complexes in 

mice and humans.9 A major question remains as to whether 

the endogenous sIL-15 complexes are present in sufficient 

concentrations to mediate responses above and beyond what 

transpresentation is accomplishing. If not directly mediat-

ing IL-15 responses, the appearance of sIL-15 complexes 
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is a potential biomarker for enhanced IL-15 signaling. 

With the growing number of reports showing that sIL-15 

complexes are induced during different types of immune 

stimulation,8,9,10,11 a deeper investigation of the importance of 

these induced sIL-15 complexes is needed. Regardless of the 

physiological role of endogenous sIL-15 complexes, rsIL-15 

complexes are a promising therapeutic approach for induc-

ing robust IL-15 responses. Overall, paracrine stimulation 

by sIL-15 complexes is a mechanism capable of mediating 

responses in vivo.

The study by Bergamaschi et al9 investigating sIL-15 

complexes generated upon lymphodepletion went on to 

further show that all of the soluble IL-15 present is associ-

ated with the IL-15Rα protein. This finding raises questions 

of whether free IL-15 is ever present in the physiological 

state and how to interpret conclusions from previous reports 

detecting IL-15 protein in biological solutions.12–14 In contrast 

to those reports, other studies have been unable to detect 

free IL-15, which has been attributed to the sequestering of 

IL-15 to the cell surface.5 These discrepancies could be due 

to the use of different IL-15 antibodies that, depending on 

the epitope recognized, are not able to distinguish free IL-15 

from sIL-15 complexes. In addition, different methods can 

yield very different protein values. For example, studies typi-

cally report very low levels of IL-15 protein (0–15 pg/mL) 

in control patients, as determined by enzyme-linked immu-

nosorbent assay (ELISA), while other studies report levels 

in the 200–300 pg/mL range using Luminex.15 What each of 

these assays (free IL-15 or sIL-15 complexes) is specifically 

measuring is unclear. Throughout this review, numerous stud-

ies reporting increased IL-15 protein are mentioned, but in 

most circumstances, the form of IL-15 detected has not been 

identified. Overall, a re-examination of IL-15 protein with 

more specific and validated assays is warranted to identify 

the true nature of the IL-15 found.

IL-15 cellular targets and sources
In general, the responsiveness of lymphocytes to IL-15 is 

associated with their expression level of CD122. Among 

lymphocytes, memory CD8 T-cells, NK cells, invariant 

NK T-cells, CD8αα intestinal intraepithelial lymphocytes 

(IELs), and TCRγδ T-cells express the highest levels of CD122 

and are the cell types most responsive to IL-15. Naïve CD8 

T-cells express a low level of CD122 expression that confers 

a lower level of sensitively toward sIL-15, which is greater 

than that of naïve CD4 T-cells but less than that of memory 

CD8 T-cells or NK cells. Indeed, IL-15 contributes to the 

maintenance of normal numbers of naïve CD8 T-cells by 

promoting survival. Upon T-cell activation, CD122 expression 

is upregulated by both CD4 and CD8 T-cells and maintained 

throughout the contraction and memory phase; however, the 

higher expression of CD122 on CD8 T-cells vs CD4 T-cells 

is still preserved. While murine memory CD8 T-cells are 

much more sensitive to IL-15 than to naïve CD8 T-cells, 

human naïve and memory CD8 T-cells have a more similar 

responsiveness to IL-15.16 Although upregulation of CD122 

occurs immediately upon T-cell activation, a clear role for 

IL-15 during these early stages of T-cell activation has not been 

established; however, there is evidence that IL-15 impacts 

early T-cell responses, which will be described later. Overall, 

at each stage of differentiation, CD8 T-cells are responsive to 

IL-15, albeit at varying levels, and thus are targets of IL-15 

produced during immune activation.

IL-15 is crucial for the generation and maintenance of 

memory CD8 T-cells, which is exemplified by the decreased 

proportion of memory phenotype CD8 T-cells (CD44hi) 

present in IL-15 and IL-15Rα-/- mice.17,18 In response to 

an acute infection, IL-15 promotes the survival of antigen-

specific effector CD8 T-cells during the contraction phase.19,20 

Once differentiation of antigen-specific memory CD8 T-cells 

is established, IL-15 drives a continual, but slow level of 

homeostatic proliferation that contributes to the longevity 

of memory CD8 T-cells.19,20 Despite CD122 being upregu-

lated immediately after T-cell activation, in many cases, the 

importance of IL-15 does not become apparent until the later 

stages of CD8 T-cell differentiation. This generation and 

homeostasis of memory CD8 T-cells was found to be heav-

ily dependent upon macrophages and dendritic cells (DCs) 

expressing IL-15Rα, suggesting that these are the major 

cell types transpresenting IL-15 to memory CD8 T-cells.21,22 

The reason IL-15 actions are limited to this window of time 

could be due to changing migration patterns that permit T-cell 

access to IL-15 transpresenting cells or epigenetic regulation 

that impacts IL-15 responsiveness. Alternatively, IL-15 may 

mediate responses other than increased survival and prolif-

eration at earlier stages of the T-cell immune response that 

have not yet been realized.

Similar to memory CD8 T-cells, IL-15 is critical for the 

normal development and homeostasis of NK cells, invariant 

NKT cells, intestinal IELs, and TCRγδ T-cells.17,18,23 In the 

absence of IL-15, the numbers of these innate lymphocytes is 

severely decreased.17,18,23 Interestingly, for each of these cell 

types, IL-15 acts locally at the site of lymphocyte develop-

ment. For instance, IL-15 produced within the bone marrow 

(BM) promotes NK cell development, while that produced 

by thymic epithelial cells drives the development of invariant 
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NKT cells.24,25 Once these cells leave those tissue sites, IL-15 

provided by other cellular sources continues to promote 

their survival.24,25 Distinct sources of IL-15 are also found in 

mucosal tissues where the production of IL-15 by intestinal 

enterocytes promotes the development of CD8αα IELs and 

subsequently supports their survival.26 More recent studies 

have elaborated on our understanding of IL-15 expression 

in vivo by examining IL-15 reporter mice.27–30 These model 

systems confirm that myeloid cells, particularly CD8+ DCs, 

are a predominate source of IL-15 and identify expression by 

cell types that had been suspected to express IL-15 (ie, thymic 

epithelial cells, bone marrow stromal cells), as well as other 

unsuspected cell types (ie, endothelial cells, neutrophils).27–30 

Altogether, IL-15 has a broad tissue distribution that includes 

a variety of nonhematopoietic and hematopoietic cell types. 

Whereas these innate lymphocytes are targets for IL-15 dur-

ing infections and autoimmunity, the remaining portion of 

this review will focus on how IL-15 impacts T-cells during 

immune activation.

Regulation of IL-15 during  
pathogen infections
As mentioned, IL-15 responses are critical during the 

contraction and memory phase of antigen-specific CD8 

T-cell responses and are believed to be mediated by consti-

tutively expressed IL-15 that is delivered via transpresenta-

tion.19,20,31,32 Nonetheless, IL-15 expression is increased in 

response to numerous pathogen infections. Since effector 

T-cells are highly IL-15 responsive, it is very reasonable that 

IL-15 influences T-cells early in the response. Within this 

section, we show a compilation of pathogens that increase 

IL-15 expression (Table 1) and discuss the likely signals 

leading to this upregulation, with the goal of highlight-

ing the numerous and global stimuli upregulating IL-15 

expression.

As one can see in Table 1, a large number of pathogens 

have been reported to increase IL-15 expression, either at the 

level of transcript or protein. In some studies, only increases 

in IL-15 transcripts were reported, which could be due to 

a lack of available or reliable reagents, failure to examine 

IL-15 on the cell surface, or an absence in coordinate IL-15 

protein expression (Table 1). lL-15 regulation is primarily 

posttranscriptional, as multiple mechanisms limit IL-15 pro-

tein expression, including negative regulatory elements in the 

5′UTR and multiple translational start sites.33–35 As such, the 

significance of increased IL-15 transcripts in the absence of 

reported increases in IL-15 protein is uncertain. Since trans-

presentation is a fairly recent concept,  examination of cell 

surface-associated IL-15 has not been typically performed 

and when attempted, has been challenging.21 While there are 

some reports of increased IL-15 protein in serum or tissue 

extracts, some of these reported increases, while statistically 

significant, are marginal.36,37,38 In addition, the form of IL-15 

protein detected was not always confirmed, as certain ELISAs 

and multiplex assays have not been validated as to whether 

these assays specifically detect IL-15 vs sIL-15 complexes. 

Nonetheless, a few studies, including our own recent obser-

vations, have specifically detected increased production of 

sIL-15 complexes in response to influenza, rhinovirus, and 

vesicular stomatitis virus (VSV) infection.10,11,39 Therefore, 

pathogen-induced increases in IL-15 could manifest as 

increased transpresented IL-15 and/or sIL-15 complexes. 

With the realization of the significance of cell surface IL-15, 

along with the discovery of sIL-15 complexes, IL-15 expres-

sion after pathogen infection is in need of re-evaluation.

The reason many pathogens similarly increase IL-15 is 

a testament to the numerous and shared pathways able to 

regulate IL-15, including the activation of pattern recognition 

receptors (PRRs) and their subsequent induction of additional 

inflammatory pathways. The PRRs consist of many differ-

ent types of membrane-bound and cytosolic receptors, each 

capable of responding to conserved pathogen motifs, termed 

pathogen-associated molecular patterns or endogenous 

intracellular molecules that are exposed upon cell damage, 

called damage associated molecular patterns (DAMPs).40 

These sensors are highly expressed by antigen-presenting 

cells and their activation is critical for initiating a robust 

adaptive immune response. Toll-like receptors (TLRs) are a 

group of PRRs (TLR1–13) with a common structural motif, 

homologous to drosophila Toll proteins that stimulate nuclear 

factor-kappa B (NF-κB) and mitogen-activated protein kinase 

pathways upon ligation by their respective ligands. Early stud-

ies demonstrated the strong induction of IL-15 by Poly I:C, 

lipopolysaccharides, and CpG that stimulate TLRs 3, 4, and 

9, respectively.41,42 Therefore, the biochemical composition of 

viruses (nucleic acids) and bacteria (lipoglycans, flagellum) 

are themselves sufficient to induce IL-15 expression through 

TLR recognition; however, there are multiple mechanisms 

by which TLR signaling regulates IL-15 expression. The 

NF-κB signaling pathway stimulates IL-15 transcription 

both directly43 and indirectly, by inducing type I interferons 

(IFNs), an additional stimulus of IL-15 reviewed later. TLR 

ligation also leads to an increase in the generation of sIL-15 

complexes,8 suggesting that TLR signaling pathways also 

regulate the cleavage machinery; however, the pathways 

regulating the generation of sIL-15 complexes have not been 
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Table 1 Reports of increased iL-15 by various pathogens

Pathogen Form of IL-15 expressed (organism) References

Adeno-associated virus increased mRNA in virus-treated BMDC (mouse); increased cell surface  
and soluble protein in GM-CSF-induced DCs (human)

103,104

Bacillus Calmette–Guérin increased mRNA in spleen, lung, and liver (mouse) 36
Candida albicans increased mRNA, protein in cultured PBMC (human) 105
Cytomegalovirus increased mRNA in spleen and bone marrow cells (mouse) 106
Dengue virus increased protein in plasma acute infection only (human) 107
Escherichia coli increased mRNA, protein in cultured PBMC (human) 105
Zaire ebolavirus increased protein in serum by Luminex during end-stage disease in nonsurviving  

patients (human)
49

ebstein–Barr virus increased mRNA and iL-15 biological activity by PBMC (human) 108
Echinococcus granulosus increased mRNA-isolated peritoneal cells (mouse) 109
Hepatitis B virus increased protein in resolving acute infection (human) 110
Human herpes virus-6 increased mRNA, protein in monocytes in vitro (human) 111
Hiv increased mRNA in DCs of Hiv-1 infected patients off antiretroviral therapy,  

increased protein in serum of nonhuman primates*
37,48

Herpes simplex virus-1 increased mRNA and protein in PBMC (human) 112
Human T-lymphotrophic virus-1,2 increased mRNA by T-cells (human) 113
Influenza increased mRNA, protein, and siL-15 complexes in lung lysate and serum (mouse) 10,114
Leishmania donovani increased protein in plasma (human) 115
Listeria monocytogenes increased mRNA, increased iL-15 biological activity (mouse) 116
Mycobacterium tuberculosis increased mRNA in infected macrophages in vitro; increased mRNA in lung  

with progressive disease using H37Rv strain (mouse)
36,117

Necator americanus (hookworm) increased mRNA in duodenal mucosa (human) 118
Plasmodium falciparum increased mRNA in PBMC obtained ex vivo during early disease 119
Reovirus increased mRNA and iL-15 biological activity by PBMC (human) 108
Respiratory syncytial virus increased mRNA day 1 in whole-lung (mouse) mRNA, protein in primary  

bronchial epithelial cells (human)
120,121

Rhinovirus increased protein (human) mRNA, protein, siL-15 complexes (mouse) 11
Salmonella increased mRNA in infected J774 cells,* increased protein in the serum  

of patients with gastroenteritis (human)
38,122

Sendai virus increased mRNA, iL-15 biological activity – PBMC (human) 108
Staphylococcus aureus increased mRNA and protein in PBMC (human) 105
Toxoplasma gondii increased mRNA in macrophages* 36
Modified vaccinia virus (Ankara strain) increased mRNA in infected HeLA cells 123
vesicular stomatitis virus increased mRNA, protein, siL-15 complexes in serum and lung lysate (mouse) 27,39

Note: *Marginal increase.
Abbreviations: iL, interleukin; mRNA, messenger RNA; BMDC, bone marrow-derived dendritic cell; GM-CSF, granulocyte macrophage colony-stimulating factor; 
DCs, dendritic cells; PBMC, peripheral blood mononuclear cell; siL, soluble interleukin.

elucidated. Additionally, many of the pathogens known to 

induce IL-15 (Table 1) are capable of activating a diverse 

assortment of PRRs; however, whether PRRs other than 

TLRs similarly regulate IL-15 is not clear and should be 

investigated in the future.

Pathogen infections, particularly viruses, often lead 

to the induction of type I IFNs, which are well-described 

stimuli of IL-15 expression and responses.41,42 Induction 

of the prototypic type I IFNs, IFN-α and IFN-β, is a com-

mon outcome of signaling through PRRs including TLRs, 

as well as nucleotide-binding oligomerization domain 

receptors, RIG-I like receptors, and C-type lectin recep-

tors.40 As such,  induction of IFNs by these other PRRs may 

contribute to pathogen-mediated upregulation of IL-15. 

Like NF-κB, IFN-α directly regulates IL-15 transcription 

via an IFN- stimulated regulatory element present in the 

IL-15  promoter.44 At least in VSV, rhinovirus, and influenza 

infections, type I IFNs have been shown to be crucial in 

regulating IL-15 transcription, as enhanced transcription was 

abrogated in IFN-α/β receptor (IFNAR)-deficient mice.11,27,45 

In addition, type I IFN signaling directly leads to enhanced 

cell surface IL-15 expression, as well as to the generation of 

sIL-15 complexes.39,46 Interestingly, we have found that the 

production of sIL-15 complexes was not abrogated in VSV-

infected IFNAR-/- mice,39 indicating that transcription is 

regulated independently from cleavage of the complexes. 

Additional viruses, such as lymphocytic choriomeningitis 

virus and vaccinia virus are known to potently induce type I 
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IFNs,47 but analyses examining IL-15 expression, surprisingly 

have not been performed.  Nonetheless, these viruses, like 

many others that induce type I IFNs, are assumed to have 

coordinate increases in IL-15. Overall, type I IFNs are an 

important signaling pathway regulating IL-15 expression at 

multiple levels.

During active acute infections, such as with VSV and 

rhinovirus, IL-15 expression is only transiently increased. 

Active rhinovirus infection of mice induces sIL-15 complexes 

in lung homogenates 24 hours postinfection, which return 

to baseline 2 days postinfection.11 We have observed simi-

lar kinetics in VSV-infected mice, where both cell surface 

IL-15 and serum sIL-15 complexes are increased 24 hours 

after infection.39 Hence, acute pathogen-mediated increases 

in IL-15 could be impacting T-cells at this very early stage 

of the T-cell response.  Conversely, increased IL-15 can be 

observed later in chronic infections, which are associated 

with aberrant immune  activation. For example, IL-15 is 

increased in DCs isolated from the blood of HIV patients 

after cessation of antiretroviral therapy, when viral loads 

are increasing.48 Additionally, increased IL-15 is observed 

in end-stage Ebola infection among moribund patients, but 

not in surviving patients.49 Overall, these  numerous studies 

demonstrate that increased lL-15 is a common event associ-

ated with a wide variety of pathogen infections in mice and 

humans; however, the role of pathogen-induced increases in 

IL-15 is not clear.

IL-15 during autoimmunity and 
inflammation
In addition to pathogen infections, IL-15 is increased in 

various autoimmune diseases and conditions with aberrant 

immune responses, which are listed in Table 2 and described 

later. Across these diseases, elevated expression of inflam-

matory cytokines, such as type I IFNs, tumor necrosis factor 

(TNF)-α, and IL-1, which are capable of increasing IL-15, 

is a common event that may provide an explanation for the 

shared effect on IL-15 expression.50 In contrast to pathogen 

infections where increased IL-15 likely has a beneficial 

role, elevated IL-15 seen in autoimmunity is associated 

with disease pathogenesis. In addition, since immune acti-

vation and inflammation can become chronic in many of 

these conditions, elevated IL-15 is more likely to persist. 

As many autoimmune conditions are localized to specific 

tissues, elevated IL-15 is often observed in those respective 

tissues; however, increased systemic levels have also been 

reported (Table 2).

Celiac disease is an inflammatory disorder of the small 

intestine with characteristics of an autoimmune disease due 

to an inappropriate immune response to the wheat protein 

Table 2 Reports of increased iL-15 in autoimmunity

Disease/disease model Form of IL-15 expressed References

BD Increased protein in aqueous humor and serum samples, higher in serum and cerebral spinal fluid  
of remission BD than in active BD (human)

124

Celiac disease increased protein on intestinal epithelial cells and in lamina propria cells by iHC and eLiSA (human) 53,54
Crohn’s disease Increased mRNA macrophages and epithelial cells by in situ hybridization, protein in lamina propria  

macrophages by iHC, and mucosal biopsy culture supernatants by eLiSA (human)
66,69

Eczema/dermatitis increased protein in epidermal keratinocytes and DCs in lesion punch biopsy by iHC (human) 60,78
Graft-vs-host disease increased protein in serum by eLiSA (human) 125
Kawasaki disease increased protein in serum during the acute phase, but not during the subacute phase by eLiSA (human) 126
Multiple sclerosis Increased mRNA of CNS infiltrating mononuclear cells; increased protein in microglia, macrophages,  

and astrocytes from multiple sclerosis lesions by iHC; increased protein in plasma (human)
79,127,128

Psoriasis increased mRNA and protein expression in primary keratinocytes, dermal and epidermal skin  
biopsies (human); increased serum protein (mouse and human)

61,102

Rheumatoid arthritis Increased protein in synovial macrophages by IHC and synovial fluid by ELISA 55,56
Sarcoidosis increased mRNA and protein in alveolar macrophages (human) 129
Systemic lupus erythematosus
 Human
 Mouse model

elevated protein in serum in both inactive and active patients; increased cell surface protein  
on lesion resident fibroblasts and circulating monocytes (human) 
increased mRNA in splenocytes and lymph node cells; increased serum protein by eLiSA

13,15,58, 
59,60 
130,131

Thyroiditis increased protein in serum by eLiSA (human) 132
Type i diabetes increased mRNA in pancreas (human), slight increase in serum protein (human)* 133–135
Ulcerative colitis Increased mRNA in macrophages and epithelial cells by in situ hybridization, increased protein  

in mucosal biopsy culture supernatants in both active and inactive disease, increased serum  
protein by eLiSA (human)

66,67,69

Note: *Marginal increases.
Abbreviations: IL, interleukin; BD, Behçet’s disease; IHC, immunohistochemistry; ELISA, enzyme-linked immunosorbent assay; mRNA, messenger RNA; DC, dendritic cell; 
CNS, central nervous system.
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gluten. In genetically susceptible individuals, gluten-specific 

CD4 T-cells and concomitant antibody responses are gener-

ated, leading to expansion and activation of IELs, destruc-

tion of enterocytes, and villous atrophy. Numerous studies 

have confirmed a central role for IL-15 in the pathogenesis 

of disease.51–54 IL-15 protein expression is elevated locally 

in both the lamina propria and intestinal epithelium where 

it elicits different effects on disease progression.51–54 In the 

lamina propria, elevated IL-15 promotes inflammatory prop-

erties in DCs that discourage differentiation of suppressive 

regulatory T-cells (Tregs) and boost T-helper 1 differentia-

tion, leading to the loss of oral tolerance. The inflammatory 

microenvironment induces the upregulation of nonclassical 

major histocompatibility complex class I molecules, MIC-A 

and MIC-B, by enterocytes that allow for the recognition and 

eventual destruction of the enterocytes by activated cytolytic 

IELs.52 In general, celiac disease appears to be a “perfect 

storm” of how the many different functions of IL-15 in 

excess can converge to cause disease. How this IL-15 storm 

initially develops is still not entirely understood, exemplifying 

the importance of understanding the mechanisms regulating 

IL-15 and its role on various target cells.

The association with increased IL-15 and localized 

inflammation is also seen in rheumatoid arthritis (RA), 

a disease characterized by chronic inflammation of the 

joints. High levels of IL-15 protein are evident in the syn-

ovial fluid of approximately 50% of RA patients.55 Synovial 

macrophages and fibroblasts produce IL-15, which is thought 

to play a significant role in the recruitment, enhanced sur-

vival, and effector molecule production of CD8 T-cells in 

RA.56 Accordingly, IL-15 expression in the synovial fluid is 

associated with an increased number of infiltrating T-cells 

with increased expression of Bcl-2.56 Interestingly, the IL-15 

protein is elevated more significantly in the serum of long-

term disease RA patients (88–152 pg/mL) in comparison to 

healthy donors (0–16 pg/mL), suggesting systemic IL-15 is 

indicative of more aggressive RA disease activity.55

Unlike celiac disease and RA, which involve local inflam-

mation, systemic lupus erythematosus (SLE) is a systemic 

inflammatory disease involving inappropriate innate and 

adaptive immune responses resulting in immune complexes 

of antibodies against self-DNA or nucleoproteins.57 The IL-15 

protein is elevated in the serum of approximately 40%–60% 

of SLE patients and these levels strongly correlate with 

lymphocyte expression of the prosurvival factor, Bcl-2.13,58 

An additional strong correlation exists between SLE dis-

ease activity and the percentage of circulating cytotoxic 

CD8 T-cells expressing the effector molecules granzyme B 

and perforin.59 SLE patients also have increased cell surface 

expression of IL-15 by monocytes and skin fibroblasts, as 

determined by flow cytometry and immunohistochemistry, 

respectively, indicating that both paracrine and transpresen-

tation of IL-15 may be utilized.58,60 Surprisingly, IL-15 is 

elevated in the serum of SLE patients in both inactive and 

active patients, irrespective of disease activity.15,58 This is in 

contrast to late-stage RA and psoriasis where the presence 

of IL-15 is a potential biomarker of disease activity.55,58,61 

Therefore, while there is a clear link between IL-15 and 

inflammation, the levels of IL-15 do not always correlate 

with disease severity.

In addition to autoimmune diseases, other types of aber-

rant immune activation are associated with increased IL-15, 

including graft-vs-host disease, allograft rejection, T-cell 

large granular lymphocyte leukemia, and inflammatory bowel 

disease (IBD).62–64 IBD encompasses two main types of intes-

tinal inflammation, Crohn’s disease and ulcerative colitis, 

both of which are believed to develop as an inappropriate 

response to commensal bacteria.65 IL-15 and IL-15Rα are 

increased in the intestines of patients with IBD, with most 

reports finding increased levels in ulcerative colitis.66–69 In 

addition, increased IL-15 extends beyond the intestines, 

as increased levels of serum IL-15 and numbers of IL-15-

expressing peripheral blood mononuclear cells of ulcerative 

colitis patients have also been reported.67  Furthermore, the 

increases in systemic IL-15 correlate with disease activity and 

decrease upon successful treatment. Using a mouse model 

for intestinal inflammation, IL-15 was shown to be impor-

tant for disease progressions as IL-15-deficient mice were 

more resistant to dextran sodium sulfate-induced intestinal 

inflammation.70 Furthermore, dextran sodium sulfate-treated 

IL-15-deficient mice had decreased numbers of lamina 

propria CD44hi CD8 T-cells with a corresponding reduc-

tion in inflammatory cytokines.70 While increases in IL-15 

expression could very well be contributing to the inflamma-

tory process in IBD, how central it is to disease initiation or 

pathogenesis is unclear.

Inflammation is a common feature among autoimmune 

diseases and aberrant inflammatory conditions associated 

with elevated IL-15 expression. The same PRR signaling 

pathways activated during infections also significantly con-

tribute to the inflammation and presumably to the upregu-

lated IL-15 observed during autoimmunity.40–43 In SLE, it is 

hypothesized that TLR activation in response to self-nucleic 

acids (ie, endogenous DAMPs) induces type I IFN produc-

tion and plays a significant role in disease pathogenesis.57 

Since type I IFN signaling is central to the pathogenesis of 
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SLE, enhanced type I IFN signaling is at least one potential 

mechanism mediating increases in IL-15 expression in SLE.71 

In IBD, exaggerated immune responses to commensal gut-

resident bacteria correlates with increased intestinal IL-15 

expression and infiltration of activated CD8 T-cells.65 Further-

more, the intestinal lining can become compromised in IBD 

and during HIV infection, which allows commensal bacteria 

to enter the circulation, exposing the patient to endotoxins 

that have the ability to further enhance IL-15 expression. 

Overall, from these studies, it is clear that PRR-induced IL-15 

is a prominent pathway dysregulated in autoimmunity and 

inflammatory diseases that could be contributing to disease 

pathogenesis.

Potential roles of IL-15 during 
immune activation
In the prior two sections, we have described the inordinate 

amount of data linking the upregulation of IL-15 with 

inflammation exhibited during autoimmunity and pathogen 

infections. Many of these circumstances are associated 

with increased T-cell numbers, which could be attributed to 

the ability of IL-15 to promote T-cell proliferation; however, 

IL-15 can influence T-cells in other ways. In this section, we 

describe many of the ways that IL-15 directly alters T-cell 

functions, which likely potentiate the T-cell activities during 

these conditions.

Studies investigating the role of IL-15 in immune 

responses typically focus on the ability of IL-15 to promote 

T-cell proliferation. In vitro stimulation of memory pheno-

type CD8 T-cells with IL-15 induces proliferation nearly 

equivalent to αCD3-mediated TCR stimulation.72 Since TCR-

mediated T-cell expansion is a hallmark of early pathogen 

infections, it is unclear how much proliferation is influenced 

by IL-15. In essence, IL-15 may not be required for T-cell 

expansion in many cases simply because the proliferative 

response is already at its maximum; however, less robust 

T-cell responses may be subject to influences by IL-15. For 

instance, the expansion of VSV-specific CD8 T-cells and lym-

phocytic choriomeningitis virus-specific CD8 T-cells against 

minor epitopes are decreased in the absence of IL-15.19,20 

Altogether, these data suggest that TCR affinity may dictate 

the importance of IL-15 in facilitating T-cell expansion.

The ability of IL-15 to enhance low-affinity T-cell 

responses is also pertinent to autoimmunity and antitumor 

responses, as IL-15 lowers the threshold of T-cell activa-

tion.73 As such, aberrant levels of IL-15 can permit activa-

tion of T-cells that otherwise would have remained tolerant. 

Indeed, the ability of IL-15 to break tolerance to tumor 

antigens is evident in numerous models.74–76 Moreover, in 

colorectal cancer patients, increased intestinal IL-15 expres-

sion is associated with a local T-cell response that strongly 

correlates with disease-free survival.77 Among many auto-

immune diseases, the local or systemic overexpression 

of IL-15 is associated with increases in CD8 T-cells. For 

example, elevated CD8 T-cells are observed in the synovial 

fluid of RA patients, in the skin lesions of eczema patients, 

in multiple sclerosis lesions, in the pancreatic islets of type 

I diabetes patients, in the serum of SLE patients, and as 

previously mentioned, in the intestines of celiac disease 

and IBD patients.56,66,78–81 Clearly, elevated IL-15 is strongly 

associated with enhanced T-cell numbers in a multitude of 

autoimmune diseases, providing compelling evidence that 

IL-15 is not merely a factor increased as a consequence to 

the inflammatory process, but one that also contributes to 

the inflammatory response.

IL-15 can impact overall T-cell numbers and the dif-

ferentiation of memory T-cells by promoting survival and 

regulating the metabolic activity of CD8 T-cells. IL-15 sig-

naling is well described to promote upregulation of the anti-

apoptotic proteins, Bcl-2 and Bcl-xL, while simultaneously 

suppressing the proapoptotic protein, Bax.82–84 Evidence 

that IL-15 promotes T-cell survival via these mechanisms is 

apparent in some diseases. For instance, Bcl-2 is increased 

in CD8 T-cells in SLE patients and eczema lesions.13,78 IL-15 

also has the potential to affect T-cell numbers by regulat-

ing metabolic activity. IL-15 signaling acts to maintain the 

integrity of the mitochondrial membrane, at least partially 

by tipping the balance of antiapoptotic over proapoptotic 

protein expression. Stimulating T-cells in the presence of 

IL-15 preferentially drives increased mitochondrial biogen-

esis leading to enhanced oxidative phosphorylation over 

glycolysis, while also enhancing the capacity to uptake 

extracellular glucose.85 Promoting this metabolic pathway 

(ie, oxidative phosphorylation) maximizes adenosine 

triphosphate production and allows for enhanced survival 

in times of stress. Correspondingly, T-cells activated in 

the presence of IL-15 are more likely to survive in vivo 

after adoptive transfer and differentiate into memory CD8 

T-cells.86 Interestingly, IL-2 has the opposite effect of pro-

moting the continued reliance on glycolysis, even though 

IL-2 and IL-15 utilize the same receptors subunits.86 This 

differential response by IL-15 and IL-2 may indicate that 

signal duration is an important determinant regulating cell 

metabolism. Overall, IL-15 utilizes multiple mechanisms 

to enhance the survival of T-cells, which thus promotes 

increased T-cell numbers.
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In addition to effects on proliferation and survival, 

IL-15 can also affect T-cell numbers by influencing T-cell 

trafficking. In vitro, IL-15 has been shown to upregulate the 

production of chemokines (MIP1β, MIP1α, RANTES) and 

chemokine receptors, CCR2, CCR4, CCR5, CCR7, CCR8, 

CCR5, CCR6, CXCR4, and CXCR6.87,88 The observed dif-

ferences in chemokine and chemokine receptors regulated 

by IL-15 likely depend on the target cell, its stage of differ-

entiation, and the local microenvironment. The migration of 

CD8 T-cells by IL-15 is also evident in vivo. IL-15 increases 

O-glycan expression, a T-cell selectin ligand that recognizes 

P- and E-selectins expressed on activated endothelial tissue. 

Recently, memory CD8 T-cells, but not naïve CD8 T-cells, 

were found to migrate into a plethora of tissues, including 

the lung, liver, and skin, in response to numerous pathogens. 

This migration was dependent upon local inflammation 

and the T-cell expression of core 2-O-glycans, but interest-

ingly it occurred independently of cognate antigen.89 This 

antigen-independent recruitment required IL-15 signal-

ing, as the number of adoptively transferred CD8 memory 

T-cells migrating into the lung in response to inflammation 

was significantly reduced in IL-15 knockout mice.89 IL-15 

is also important in trafficking to mucosal tissues, as mice 

lacking IL-15 expression also had a significant reduction in 

the percentage of antigen-specific CD8 T-cells in the bron-

choalveolar lavage fluid in response to influenza infection.10 

In addition to the requirement for IL-15 in optimal CD8 T-cell 

migration, IL-15 alone is also sufficient to induce the migra-

tion of CD8 T-cells.10 During a mouse model of influenza, 

the local delivery of recombinant sIL-15 complexes into the 

airways induced the migration of flu-specific CD8 T-cells 

into the bronchoalveolar lavage fluid only 12 hours postin-

jection.10 Based on these results, the induction of IL-15 has 

the potential to play a significant role in the early trafficking 

of effector and memory CD8 T-cells.

IL-15 also induces effector responses directly in CD8 

T-cells and NK cells.8,90 rIL-15 stimulation alone upregulates 

TNF-α expression91 and increases the expression of gran-

zyme B in a dose-dependent manner in memory phenotype 

(CD44hi) CD8 T-cells in vivo.92 In addition, IL-15 stimulation 

alone enhances the protein expression of granzyme B, perfo-

rin, IFNγ, and TNF-β in memory phenotype CD8 T-cells.72 

IL-15 also exerts multiple indirect mechanisms to enhance 

the effector activity of CD8 T-cells by influencing the 

maturation of DCs and modulating the activity of Tregs.93,94 

During an in vitro coculture assay, IL-15 could prevent the 

inhibitory activity of Tregs on activated human CD4 and CD8 

T-cells.95 Correspondingly, IL-15 specifically maintained the 

proliferation and killing activity of antigen-specific effector 

memory phenotype CD8 T-cells in vitro in the presence of 

Tregs.96 Thus, IL-15 exerts numerous effects on CD8 T-cell 

effector function, metabolic activity, survival, and trafficking, 

which could contribute to inflammatory processes.

Prospects for therapy and  
future perspectives
Throughout this review, we have provided examples of how 

IL-15 is often increased in response to immune activation 

accompanying infections and autoimmunity where it promotes 

T-cell proliferation and survival and influences migration and 

effector functions. These diverse functions make IL-15 an 

attractive therapeutic target for enhancing vaccines and antitu-

mor regimens, and alternatively for inhibiting T-cell responses 

during autoimmunity and aberrant immune responses. While 

some vaccine adjuvants induce IL-15, providing additional 

IL-15 with vaccination or incorporating IL-15 into viral 

vectors has been shown in numerous settings to enhance the 

effectiveness of T-cell-targeted vaccines. The ultimate goal 

of all cancer vaccines and therapeutics is treatment resulting 

in curative and long-lasting antitumor protection. It is well 

established that adaptive immune responses are capable of 

eliminating cancers in vivo.97 The recent successes utilizing 

immunotherapy highlight that even existing unproductive 

immune responses can be significantly augmented, leading 

to curative treatment in many animal models and human 

patients.97 Since antitumor responses are often suboptimal, 

treatment with IL-15 is ideal for stimulating CD8 T-cells and 

NK cells, the specific immune cells best suited for eliminating 

tumors. Unfortunately, difficulties in production coupled with 

the low in vivo half-life of rIL-15 have slowed progress in the 

field. Since IL-15 stimulation can also be achieved with the 

more potent and stable sIL-15 complexes, we predict more 

effective therapeutic responses will be achieved with sIL-15 

complexes than with rIL-15. Indeed, rIL-15 and rsIL-15 com-

plexes are presently undergoing clinical trials for various types 

of cancers. Some adjuvant therapies for cancer being consid-

ered, such as type I IFNs, TLR agonists, and lymphodepletion, 

increase endogenous IL-15, which is likely contributing to the 

corresponding enhanced antitumor responses.

On the opposite side of the coin, blocking IL-15 can 

reduce undesired T-cell activation occurring in autoim-

munity and other diseases. This can be achieved with anti-

bodies against IL-15 or CD122, or sIL-15Rα molecules. 

The caveat of antibodies targeting CD122 is the blocking of 

IL-2, which may be undesirable as IL-2 supports Tregs, an 

important cell type maintaining immune tolerance. Despite 
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this caveat, CD122 antibodies have been or are currently 

undergoing clinical trials for celiac disease and T-cell large 

granular lymphocyte leukemia with the intention of block-

ing IL-15 activity. Unfortunately, IL-15-specific antibodies 

are currently not being investigated in human diseases, even 

though antibodies neutralizing human IL-15 have been gener-

ated. sIL-15Rα molecules can also block IL-15 activity in 

vivo, as demonstrated in mouse models of cardiac rejection, 

collagen-induced arthritis, psoriasis, and T-cell responses 

against allogeneic antigens and Toxoplasma gondii.98–102 

Recombinant sIL-15Rα molecules were originally devel-

oped to bind up free IL-15 and prevent it from stimulating 

the IL-2Rβ/γC receptor complex.98 Yet, with the knowledge 

that coupling of IL-15 to sIL-15Rα enhances the potency 

of IL-15, the mechanism by which sIL-15Rα molecules 

inhibit IL-15 responses is not clear. The fact that sIL-15Rα 

molecules are effective in certain cases may be evidence that 

free IL-15 is in fact present in physiological settings, or it 

may indicate that sIL-15Rα can block signaling induced by 

cell-surface or soluble IL-15/IL-15Rα complexes. Although 

not well appreciated, empty sIL-15Rα proteins are produced 

in vivo. In one study, serum sIL-15Rα levels were shown to 

negatively correlate with disease severity, suggesting that 

sIL-15Rα competes with and blocks the activity of IL-15.102 

Hence, enhancing endogenous sIL-15Rα may be an alterna-

tive approach to blocking IL-15 responses.

Conclusion
In summary, IL-15 is a dynamic factor contributing to 

enhanced T-cell responses during early infections, autoimmu-

nity, and immune activation. Unlike most cytokines, increased 

IL-15 responses are not necessarily restricted to a specific type 

of immune response or class of pathogen. Rather, upregula-

tion of IL-15 is a global response to immune activation that 

is induced by multiple pathways, which are still undefined. 

Throughout this review, we strived to bring about a new 

appreciation for the ability of IL-15 to impact T-cells during 

immune activation. This is in addition to its roles later in the 

immune response, where IL-15 is well known to promote the 

differentiation and homeostasis of memory CD8 T-cells.
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