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ABSTRACT: Interleukin-15 (IL-15) is a pleiotropic cytokine which regulates the 

proliferation, survival and the secretory activities of many distinct cell types in the 

body. This cytokine is produced by macrophages and many other cell types in 

response to infectious agents; it controls growth and differentiation of T and B 

lymphocytes, activation of Natural Killer (NK) and phagocytic cells, and contributes to 

the homeostasis of the immune system. The present review focuses on the biological 

and modulatory effects of IL-15 in microbial infections and shows that this cytokine 

may play a role in the host defense against infections by inducing activation of 

effector cells from both innate and adaptive immune system. 
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INTRODUCTION 
Interleukin-15 (IL-15) was originally discovered as a T cell stimulatory agent present 

in the culture supernatant of a simian kidney epithelial cell line. Biologically active IL-

15 was characterized as being able to support proliferation of an Interleukin-2 (IL-2)-

dependent murine cell line (22). A special feature of IL-15 is that it shares important 

functional attributes with IL-2, including enhanced proliferation, survival and 

differentiation of many distinct cell types as NK, T and B cells (2, 9, 12). 

Whereas the extensively studied IL-2 is mainly produced by activated T cells, IL-15 

mRNA is constitutively expressed by a large variety of cell types and tissues, 

including monocytes/macrophages, dendritic cells, and many other non-lymphoid 

tissues including placenta, skeletal muscle and epithelial and fibroblast cell lines (22, 

39, 43).  

Three distinct high-affinity IL-15 R (α, α+β and α+β+γ) and one intermediate-affinity 

IL-15 receptor (β+ γ) have been described (9). From those three chains, only α is 

private for IL-15 binding, being, however, structurally related to IL-2Rα;β and γ chains 

are shared with IL-2 (21). In addition, the unique α-chain (IL-15Rα) exists in eight 

isoforms (55). The γ- chain receptor is also shared by several other cytokines, such as 

IL-4, IL-7, IL-9 and IL-21, all of which use additional private receptor subunits 

responsible for the specificity of binding and/or downstream signaling (33). These 

shared receptor subunits explain the existing functional similarities between IL-2 and 

IL-15. Budagian et al. (8) and Mortier et al. (42) recently demonstrated that murine 

and human IL-15Rα not only exist in membrane bound, but also in a soluble form. In 

both species, natural sIL15Rα is constitutively generated from the transmembrane 

receptor through a proteolytic cleavage and this process is further enhanced by 

certain chemical agents such as phorbol myristate acetate (PMA). Cell-membrane 

expression of IL-15 might be crucial in mediating extracellular function rather than 

cytokine secretion and, in part, explains the difficulty to detect soluble IL-15 in 

biological systems (55). 

IL-15-mediated signaling is better characterized in T lymphocytes and in these cells it 

results in the activation of Janus kinases (JAK). The β chain recruits JAK1 whereas γ 

chain activates JAK3, which in turn results in the phosphorylation and activation of 

transcription factors known as signal transducers and activators of transcription 

(STAT) 3 and STAT5, respectively (27). Phosphorylated-STAT transcription factors 
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translocate to the nucleus where they bind to DNA-regulatory elements and activate 

gene expression (32). Additional signaling pathways activated by IL-2 and IL-15 

involve the phosphorylation of the Src family tyrosine kinase. More recently, it was 

demonstrated that the IL-15Rα is also capable of signaling through activation of Syk 

kinase (48). 

Even though they present many overlapping functional properties, IL-2 and IL-15 

have distinct roles in the immune system. Whereas IL-2 is mainly produced by 

activated T cells and operates as a key modulator of T-cell-dependent adaptive 

immune responses, IL-15 mRNA is constitutively expressed by a large variety of cell 

types and seems to serve to a much broader spectrum of bio-regulatory purposes. It 

is a cytokine of innate immunity (46) that exerts modulation of selected adaptive 

immune responses (34, 53). 

Physiological functions of IL-15 reach a wide variety of cell populations. Effects on 

different non-immune cell types are well known and were recently reviewed by 

Budagian et al. (9). In the present review, we will describe only its main biological 

activities on cells from innate and specific immunity. IL-15 has a clear impact on 

neutrophil function; it enhances human neutrophil phagocytosis, stimulates IL-8 and 

IL-1R antagonist secretion and also inhibits neutrophil apoptosis (7, 14, 37, 48). In 

human eosinophils, IL-15 induces production of granulocyte-macrophage colony-

stimulating factor (GM-CSF) and reduces apoptosis by up-regulating the autocrine 

production of GM-CSF and NF-kB activation (24). Similarly to the stem cell factor and 

IL-3, IL-15 can also serve as a growth factor for mast cells (49). Monocyte and 

macrophage cell lineages answer to stimulation with IL-15 by increasing 

phagocytosis and microbial clearance (17, 38, 54) and by increasing IL-8, IL-12, 

MCP-1 and superoxide production. IL-8 and MCP-1 further attract monocytes and 

neutrophils, leading to inflammatory cell accumulation. Thus, IL-15 locally produced 

at sites of inflammation may play a pivotal role by regulating leukocyte infiltration (4). 

In addition, stimulation of these cells through membrane-bound IL-15 with specific 

agonists (sILRα or anti-IL-15 antibodies) induced expression of pro-inflammatory 

cytokines as TNF-α, IL-6 and IL-8, by reverse signaling (44). 

IL-15 also affects development, maintenance and activation of the cells responsible 

for the primitive immunity such as NK and γδT cells (11, 45). Endogenous production 

of IL-15 by human monocytes is required for the optimal production of IFN-γ by NK 
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cells. These cells appear to be critical in the defense against many pathogens by 

supplying IFN-γ, which remains the prototypic monocyte-activation factor for virtually 

all anti-microbial and anti-parasitic activities (26), after activation by monocyte-

derived cytokines such as TNF-α and IL-12 (12). These effects over the innate 

immunity seem to mediate, at least partially, the increased anti-infectious activity of 

this cytokine that we will be referring latter in this review. 

Several lines of evidence also indicated an essential role of IL-15 in modulating B cell 

activities. This cytokine stimulates proliferation of anti-IgM and PMA-activated B cells 

and the production and secretion of IgA, IgG1 and IgM (2). In addition, IL-15 has the 

ability to inhibit apoptosis induced by different stimuli in human and mouse B 

lymphocytes (10). These effects over survival and proliferation on B cells seem to be 

associated with the direct production of this cytokine by follicular dendritic cells in 

germinal centers (47). 

The importance of IL-15 for T lymphocyte development and homeostasis, and for 

memory CD8+ T cell and NK cell development, maintenance and activities has been 

well reviewed in literature (6, 34, 35, 53). 

An immunological event considered fundamental to control many infectious diseases 

is the initial IFN-γ production. Even though IL-12 appears to be a pivotal cytokine for 

IFN-γ production by NK cell, co-stimulation with IL-15 seems to be required for its 

optimal production (12). Hence, IL-15 in synergy with IL-12 could induce Th1 

response by αβT cells against microbial infections, especially intracellular parasites 

(57). Therefore, IL-15 and IL-12 produced by activated human monocytes may be 

important determinant for IFN-γ production by NK cells, essential to the development 

of an effective innate immune response against infections, before activation of 

antigen-specific T cells (13). Thus, innate immune response serves not only to 

provide immediate protection against a variety of agents but also to activate adaptive 

immune response through cellular interactions and cytokine production. 

 

MODULATORY EFFECT OF IL-15 ON HOST RESPONSE TO MICROORGANISMS 
A few reports are available on the role of IL-15 in the host response to infection. 

However, several lines of evidence suggest that IL-15 is involved in the 

immunological control of infections with a variety of agents such as Candida albicans 

(54), Cryptococcus neoformans (41), Aspergillus fumigatus (56), Escherichia coli 
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(50), Listeria monocytogenes (23), Mycobacterium leprae (28), Salmonella 

choleraesuis (45), hepatitis C virus (29) and herpes virus (3). IL-15 also augments T-

cell-mediated immunity against Toxoplasma gondii (30) and human 

immunodeficiency virus (HIV) (20). Exposure of human peripheral blood 

mononuclear cells to fungi and bacteria such as C. albicans, E. coli and 

Staphylococcus aureus resulted in rapid up-regulation of NK cell activity via IL-15 

induction (52). Thus, IL-15 seems to play a role in the defense against infections by 

inducing development and activation of effector cells of innate and adaptive immune 

response involving NK cells, γδT cells, T and B cells (57). 

 

Fungal infections 

Studies on the contribution of IL-15 to control fungus infections have been scarce 

and they preferentially concentrate on its effects on fungicidal activity of monocytes 

and polymorphonuclear leukocytes (PMN). Vasquez et al. (54) reported the ability of 

IL-15 to enhance superoxide production and antifungal activity of human monocytes 

against C. albicans. Similar results were obtained when monocytes were treated with 

IL-2, but to a lesser extent. Association of IL-15 and IL-2 showed no additive or 

synergistic effects. Additionally, human monocytes showed enhanced killing activity 

against C. albicans after 18h of incubation with IL-15 or IL-2, but this treatment did 

not enhance the ability of these cells to phagocyte the organism. IL-15 has also been 

pointed as capable of up-regulating antifungal activities in PMN. IL-15 increased 

phagocytosis of heat-killed C. albicans by PMN in a dose-dependent manner and 

also increased C. albicans-growth-inhibitory activity of PMN (43). Gene expression of 

innate host defense molecules in normal human monocytes infected with C. albicans 

using the microarray technology was recently evaluated by Kim et al. (31). Freshly 

isolated peripheral blood monocytes from healthy donors were incubated with C. 

albicans for 18h in parallel with time-matched uninfected control cells. Expression of 

genes encoding pro-inflammatory cytokines, including TNF-α, IL-1, IL-6 and leukemia 

inhibitory factor (LIF), was markedly enhanced during the first 6h and coincided with 

increased phagocytosis. 

According to Mody et al. (41), C. neoformans is a potent stimulus for biologically 

active IL-15 release from monocytes. IL-15 and IL-2 significantly contributed to 

lymphocyte proliferation and lymphocyte-mediated anticryptococcal activity to both, 

encapsulate and acapsular C. neoformans. Interestingly, IL-15 restored lymphocyte 
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proliferation and anticryptococcal activity that had been abrogated by blocking IL-2. 

The mechanism of this anticryptococcal activity was more recently reported by Ma et 

al. (36). These authors observed that the antifungal activity triggered by IL-15 over T 

CD8 cells correlated with the up-regulation of granulysin, located in the acidic 

granules. 

Previous treatment of human PMN cells with IL-15 for 2h, in the presence of A. 

fumigatus, increased the production of superoxide anion. After 22h of incubation with 

IL-15, these cells secreted more IL-8 and showed a significant enhancement in their 

ability to mediate damage to the fungus hyphae, suggesting the contribution of this 

cytokine during aspergillosis immune control (56). 

Addition of IL-15 to human monocyte cultures enhanced fungicidal activity of these 

cells against Paracoccidioides brasiliensis that is the etiological agent of a severe 

mycosis called paracoccidioidomycosis. The highest effect was observed after 

monocyte treatment with 50ng/ml of IL-15. Addition of anti-IL-15 monoclonal antibody 

to the fungal-monocyte co-cultures abrogated this effect, suggesting the contribution 

of this cytokine to the fungicidal activity of human monocytes against P. brasiliensis 

(5). Human neutrophils cultured with IL-15 also showed increased fungicidal activity 

against P. brasiliensis associated with higher release of hydrogen peroxide from 

these cells (51). Such studies strongly suggest an important modulatory effect of IL-

15 on the activation of human monocytes and neutrophils for effective killing of P. 

brasiliensis. 

 

Bacterial infections 
IL-15 seems to play an important role in host defense against infections caused by 

intracellular bacteria. The main mechanism responsible for this protection seems to 

involve synergy between IL-12 and IL-15 that activates NK cells, γδT cells or NKT 

cells to produce IFN-γ, which subsequently induces Th1 response mediated by αβT 

cells. Intracellular in vitro infection with M. leprae induced IL-15 secretion from 

peripheral blood monocytes of lepromatous patients. Interestingly, IL-15 mRNA and 

protein were more strongly expressed in resistant tuberculoid patients than in those 

with susceptible lepromatous form (28). IL-15 is also involved in the early activation 

of intestinal intraepithelial lymphocytes (i-IEL) after oral infection with L. 

monocytogenes (57). The production of this cytokine by enterocytes may be involved 

in the protection against intestinal infection through stimulation of a significant 
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fraction of i-IEL to produce and release IFN-γ (23) that would then activate 

macrophages at an early phase of oral infection with L. monocytogenes. 

IL-15 derived from macrophages infected with S. choleraesuis may contribute to the 

early activation of γδT cells during infection, since γδT cells (which express β and γ 

chains of IL-2R) proliferated in the presence of rIL-15 and produced appreciable 

levels of IFN-γ and IL-4 (45). According to Mizuno (40), macrophages and dendritic 

cells, which increase in number soon after Salmonella infection, produce a variety of 

cytokines, including IL-12, IL-15 and IL-18 that play important roles in the protection 

against Salmonella infection, proliferation of NK cell, T cell and γδT cell and IFN-γ 

production. 

Macrophages from C3H/HeN mice (lipopolysaccharide-responsive) infected with E. 

coli expressed higher levels of interleukin-15 mRNA than those from the infected 

C3H/HeJ mice (LPS-hyporesponsive). Administration of anti-IL-15 monoclonal 

antibody inhibited the appearance of γδT cells in C3H/HeN mice after E. coli infection, 

which diminished the host defense against the infection. These results suggest that 

LPS-stimulated γδT cells play an important role in the host defense against E. coli 

infection and that IL-15 may be partly involved in the protection via an increase in the 

γδT cells (50). In addition, more recently, it has been suggested that IL-15 contributes 

to E. coli control by Th2 activation and subsequent antibody production (57). 

 
Other infections 
Possible contributions of IL-15 to enhance immune functions that are destroyed 

during HIV infection have been partially elucidated. Treatment of peripheral blood 

mononuclear cells (PBMC) from HIV-infected patients with IL-15 restored the 

deficient production of IL-12 by these cells and resulted in increased NK cell 

cytotoxicity to levels similar to those found in healthy donors (16). Also, in vitro 

treatment of PBMC from HIV-infected adults with IL-15 prevented apoptosis of 

lymphocytes by suppressing the down-modulation of Bcl-2 I (15). In a recent study, 

IL-15 increased the immune response of HIV-infected patients by augmenting and/or 

modulating IFN-γ production and beta-chemokine release. Such information about 

the restorative properties of IL-15 is relevant because they could provide new 

directions in the immune-based therapies in HIV infection (20). IL-15 participation in 
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the host defense in other viral infections, such as herpes virus in humans is, until 

now, been attributed only to NK cell cytotoxicity enhancement (1, 3). 

D’Ettorre et al. (18) evaluated clinical and immunological parameters and outcome of 

patients with visceral leishmaniasis, including HIV positive patients. They observed 

that visceral leishmaniasis in HIV-infected patients occurred in subjects with severe 

immunodeficiency which presented high rates of leishmaniasis relapses. Low levels 

of IL-15 in patients and restored production in cured persons suggest that this 

cytokine could play an important role in immune response during Leishmania/HIV co-

infection. The potential contribution of IL-15 to Leishmania killing was examined in 

PMA-activated macrophages infected with Leishmania infantum. The killing of L. 

infantum in macrophages primed with IL-15 was followed by an increase in the IL-12 

synthesis. These observations indicate that IL-15 could have a role as an activator of 

leishmanicidal activity, directly or indirectly by inducing IL-12 production (17). 

Addition of IL-15 to γδT cells from malaria-naïve patients, cultured with Plasmodium 

falciparum in vitro, resulted in inhibition of parasite replication (19). 

It is well described that Th1 cytokines are fundamental to control infections caused 

by T. gondii in mice. Administration of recombinant IL-15 with soluble Toxoplasma 

lysate provides complete protection against a lethal parasite challenge (30). 

Additionally, in vitro experiments demonstrated that IL-15 could stimulate resting NK 

cells to enhance production of IFN-γ by mouse splenocytes stimulated with T. gondii. 

These results suggest that IL-15 may be involved in resistance to infections 

throughout IFN-γ production by NK cells (25). 

 

CONCLUSIONS AND PERSPECTIVES 
IL-15 is a pleiotropic and multifunctional cytokine that has a diverse array of distinct 

biological effects in the body. IL-15 is especially produced by 

monocytes/macrophages against infectious agents, being an important pro-

inflammatory cytokine that induce phagocytic cell activation against pathogens. As 

stressed in literature, IL-15 plays a pivotal role in the innate and acquired immune 

responses during infections by a variety of microorganisms. Therefore, IL-15 

contribution to the homeostasis of the immune system and its immunostimulatory 

activities on cells involved in microbial clearance suggest its potential use for 
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treatment of immunodeficiency and as co-adjuvant therapy in human infectious 

diseases. 
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