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IL-2: The Activator and Controller

Interleukin-2 (IL-2) plays a crucial role in regulating immune responses and maintaining peripheral self-tolerance by having
both immuno-stimulatory and immuno-regulatory functions. It acts primarily as a T cell growth factor, essential for the
proliferation and survival of T cells as well as the generation of effector and memory T cells. IL-2 is a four α-helical bundle
cytokine that belongs to a family of structurally related cytokines that includes IL-4, IL-7, IL-9, IL-15, and IL-211. IL-2 is mainly
produced by activated CD4+ T cells in response to antigen stimulation but can also be produced to a much lower extent by
CD8+ T cells and innate immune cells such as activated dendritic cells (DCs) and natural killer (NK) cells1, 2, 3.
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The ‘innate’ arm of IL-2 production
Early in the immune response, the production of IL-2 by DCs requires
the binding of specific microbial ligands such as lipopolysaccharide (LPS),
peptidoglycan, zymosan, and CpG DNA to pattern recognition receptors
(PRRs)2. Specifically, these agonists stimulate the translocation of NFAT
(nuclear factor of activated T-cells) to the nucleus of DCs via the activation
of the key calcium-dependent phosphatase, calcineurin3. This ultimately
leads to the NFAT-dependent expression of a number of genes including
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IL-2 dependent signaling cascade
IL-2 is first captured by IL2Rα, bringing about a conformational change to
IL-2, increasing its affinity for IL-2Rβ and IL-2Rγ7. Association of IL-2 with the
IL-2R induces the dimerization of the signaling motifs in the cytoplasmic tails
of IL-2Rβ and IL-2Rγ leading to the phosphorylation of the Janus kinases,
JAK1 and JAK3, which in turn exert kinase activity on key tyrosine residues in
the tail of the IL-2Rβ subunit8. Downstream signaling occurs via three major
pathways, the JAK-STAT pathway, the phosphoinositide 3-kinase (PI3K)AKT pathway, and the mitogen-activated protein kinase (MAPK) pathway.
These pathways ultimately result in the transcription of target genes that
contribute to IL-2-dependent biological actions, through the recruitment
of the adaptor protein Shc and the transcription factor STAT5 (Fig. 1).
Target genes of IL-2 signaling include cyclin D2, bcl-2, fasL, cd25 (encoding
IL-2Rα), socs1-2, and the IL-2 silencing gene prdm1 which encodes for the
transcription factor, BLIMP19. Specifically, the production of the negative
regulator BLIMP1 is essential for maintaining the balance between effector
T cells and Treg cells, which is crucial for immune homeostasis.
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Three is better than one: the IL-2 receptor
IL-2 binds to various forms of the IL-2 receptor (IL-2R), notably the
monomeric, dimeric, and trimeric forms (Fig. 1)1, 4. The monomeric IL-2
receptor consists of the membrane-associated IL-2Rα (CD25) chain, which
also exists in a soluble form; however, it is not capable of inducing signaling
events5. The dimeric IL-2 receptor is comprised of the IL-2Rβ (CD122) chain
and IL-2Rγ, the common γ-chain (γc; CD132). The trimeric IL-2 receptor
consists of IL-2Rα, IL2-Rβ, and IL-2Rγ. In contrast to the monomeric IL-2R,
both the dimeric and trimeric IL-2Rs lead to a downstream signaling cascade
upon IL-2 binding. IL-2 binds with high affinity to the trimeric IL-2R but with
low-moderate affinity to the dimeric IL-2R, varying the sensitivity of the cell
to IL-25. Additionally, IL-2 can bind to IL2Rα expressed on the surface of
activated DCs for trans presentation to neighboring cells including antigenspecific naïve T cells and NK cells that express both IL2Rβ and IL2Rγ chains4.
This trans presentation of IL-2 has been shown to facilitate initial high affinity
IL-2 signaling, required early in the immune response to prime naïve T-cells
to produce IL-26.
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Fig. 1: IL-2 receptor complexes and signaling pathway

IL-29. It has been shown that calcineurin-mediated production of IL-2 by
myeloid cells plays a fundamental role in the gut microbiota, maintaining
intestinal homeostasis by influencing the balance between inflammatory and
regulatory responses of CD4+ T cells10.
The ‘adaptive’ arm of IL-2 dependent activation
IL-2 plays a dual role in T cell activation by stimulating the proliferation and
differentiation of ‘conventional’ T cells as well as maintaining and expanding
the population of ‘suppressive’ Treg cells (Fig. 2)11. The ‘conventional’
naïve CD4+ and CD8+ T cells express the dimeric IL-2R, and therefore
require a high concentration of IL-2 to induce their initial proliferation4.
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Where to from here?
The production of IL-2 from both arms of the immune system highlights the
importance of this cytokine in the early stages of infection, as well as the
secondary adaptive response. Furthermore, the dual functions of IL-2 in
both protective immunity and immune tolerance allows IL-2 to be a potential
therapeutic in seemingly contrasting therapies, as both an immune stimulant
and an immune suppressor, for cancer and autoimmune disease, respectively
(Fig. 3)17. However, more research is required to realize the full potential
of IL-2 with a number of factors needing optimization, including its toxicity.
InvivoGen provides the HEK-Blue™ IL-2 reporter cell line, designed to
monitor IL-2 levels in a STAT5-dependent manner, for possible use in testing
and studying novel less-toxic IL-2 derived molecules.
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Fig. 2 The fate of T-cells upon IL-2 stimulation

Then once activated, these cells express the high-affinity trimeric IL-2R,
driving the differentiation of the cells into either effector or memory cells12.
This differentiation is dependent upon the strength and duration of the IL-2
signal.
During the primary expansion of CD8+ T cells due to low-moderate levels of
IL-2, a subset of CD8+ T cells will differentiate into memory T cells13. They
do this by downregulating CD25 and upregulating CD127 (IL-7R) and CD62
(L-selectin), which are crucial receptors for secondary responses upon reinfection12. During an acute infection, sustained high levels of IL-2 leads to
a rapid up-regulation of CD25, and the differentiation of CD8+ cells into
cytotoxic effector cells14, 15. This primes an IL-2 driven expression of the death
receptor fas and fasL, causing activation-induced cell death (AICD) upon
pathogen clearance15. For CD4+ T cells, the activation of STAT5 signaling by
IL-2 influences their differentiation into multiple helper T cell populations,
including Th1, Th2, and Th17 by regulating the expression of the appropriate
receptors for each response4.
Homeostatic or background levels of IL-2 is essential for the survival and
function of Treg cells by maintaining the expression of FOXP3 and CD251.
Treg cells naturally occur in the thymus and upon contact with self-peptides
become activated. Additionally, Treg cells can be generated by stimulation
of ‘conventional’ CD4+ T cells upon interaction with antigens in peripheral
lymphoid organs. As they cannot produce IL-2, they are dependent on IL-2
producing cells such as ‘conventional’ T cells12. Additionally, due to their
high expression of CD25 they are able to consume and limit the systemic
concentration of IL-2, ensuring the regulation of the immune balance16. In the
absence of IL-2, the number of Treg cells decreases and the number of effector
T cells increases, leading to an enhanced susceptibility to autoimmune and
inflammatory disorders. Therefore, the unique activation of Treg cells at low
levels of IL-2, which does not activate CD4+ or CD8+ T cells, has allowed for
the development of IL-2 as a very promising therapeutic in autoimmune and
inflammatory diseases such as colitis16.
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Fig. 3: Therapeutic actions at different IL-2 concentrations and subsequent signaling
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HEK-Blue™ IL-2 Cells

Human & Mouse IL-2 Reporter Cells

3-7 x 106 cells

hkb-il2

HEK-Blue™ CLR Selection

Antibiotics for maintenance of HEK-Blue™ Dectin & Mincle cells

10 x 1 ml

hb-csm

IL2 genes

pUNO1 bearing the human or mouse IL2 gene

20 µg

puno1-hil2 / puno1-mil2

Puromycin

Selective antibiotic for the Pac gene

100 mg (10 x 1 ml)

ant-pr-1

Normocin™

Preventing Mycoplasma, Bacteria and Fungi

500 mg (10 x 1 ml)

ant-nr-1

QUANTI-Blue™ Solution

Alkaline phosphatase detection medium - Liquid form

5 ml

rep-qbs
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