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Abstract: Interleukin-2 was discovered back in 1983 as an autocrine growth factor for cultured T cells and was the first 
biological product created through the use of recombinant DNA. IL-2 tumor immunotherapy performed the first historical clinical 
demonstration of the possibility to cause an effective anticancer immune reaction, mediated by cytotoxic lymphocytes activated 
from IL-2 stimulation. The Interleukin 2 receptor is a heterotrimeric protein that is composed of three peptide chains: the alpha 
chain, the beta chain and the gamma chain of the common cytokine receptor. There are 3 majors’ ways of interfering with 
the IL-2/IL-2R to use it as treatments: Antibodies, Aptamers, and punctual mutagenesis. Recent studies have shown, that Il-2 
therapies for cancer, specifically targets restoring the individual’s natural antitumor immune response. HIV directed treatments 
have demonstrated the necessity of introducing the IL-2 complemented with the patient’s antiretroviral therapy.
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NEWS AND VIEWS 

Introduction
Interleukin-2 (IL-2) was discovered as an autocrine growth 

factor for cultured T cells and was also the first cloned cytokine 
in 19831. The primary function assigned to IL-2 was a strong 
ability to increase the proliferation and in vitro differentiation 
of T cells2, and it is for this reason that it was called the T 
cell growth factor. According to its function in vitro, it was 
also admitted that IL-2 plays a critical role during the clonal 
expansion of antigen-directed T cells. These findings led 
to clinical trials to evaluate the ability of high doses of IL-2 
to activate antitumor immune responses in patients with 
melanoma, renal cancer and other tumors3. IL-2 was the first 
biological product produced through the use of recombinant 
DNA technology that was applied to humans with cancer or 
AIDS to increase the number and function of T cells. In this 
way it was possible to establish the bases of what has become 
one of the great revolutions both in the field of biomedical and 
clinical medicine.

Another of the functions of IL-2 is its ability to inhibit 
the proliferation of pro-inflammatory T helper 17 cells and 
follicular helper T cells, which are central to the production 
of autoantibodies4, may synergize with its effects on Treg cells 
in the treatment of autoimmune and inflammatory diseases. 
On the other hand, the challenge of using IL-2 to eliminate 
pathological immune responses is that the cytokine can activate 
the effector arm of the immune system, which carries the risk 
of irritating the disease. Interleukin (IL)-2 cancer therapy could 
be considered as the first historical immunotherapy against 
tumors on physio-pathological, which is developed to regulate 
and guide the cytokine network in an antitumor manner5 by 
exogenous administration of antitumor cytokines, whose 
endogenous production progressively decreases the cancer 
development6. IL-2 tumor immunotherapy performed the first 
historical clinical demonstration of the possibility to cause an 
effective anticancer immune reaction, mediated by cytotoxic 
lymphocytes activated from IL-2 stimulation5.

Quaternary Structure Receptor
The Interleukin 2 receptor (IL-2R) is a heterotrimeric 

protein that is composed of three peptide chains: the alpha 
chain (IL-2Rα), the beta chain (IL-2Rβ), and the gamma chain 
of the common cytokine receptor (γc) (Figure 1)1.
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When the three chains that make up the IL-2R have been 
isolated, it was determined that IL-2Rα has a low affinity to the 
IL-2 receptor (binding affinity kd ~ 10 nM). IL-2Rβ alone has a 
very low affinity (Kd ~ 100 nM), and γc alone has no detectable 
binding affinity for IL-22. A complex of IL-2Rb and γc bind 
with intermediate affinity (Kd ~ 1 nM). A complex with three 
subunits IL-2Rα, IL-2Rβ, and γc bind with high affinity (Kd~ 
10 pM), which shows that the intermediate and high-affinity 
receptor forms are functional and cause changes in the cell 
when IL-2 binds to them3.

Table 1. The binding affinity of each chain that   makes up the 
IL-2 receptor.

Signaling through the il-2 receptor
The signaling of IL-2R contributes mainly to two of the 

immune responses of the CD8 + T cells, which are the terminal 
differentiation of the effector cells in the primary responses 
and the memory response aspects2.

The signaling process begins when IL-2 is first captured by 
IL-2Rα through hydrophobic bonds spanning a relatively weak 
interaction. The IL-2Rα-IL-2 complex results in a minimal 
conformational change in IL-2 that drive the association 
with IL-2Rβ and the binary complex IL-2Rβ-IL-2 is formed 
through polar interactions. It is important to emphasize that 
the extracellular dominium IL-2Rα does not interact with IL-
2Rβ1. Once the IL-2Rα-IL-2Rβ-IL-2 complex has been formed 
it is recruited to γc through a very weak interaction to IL-2 
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and a much stronger interaction to 2Rβ to produce an IL- 2R 
Quaternary that is stable and of high affinity.

The creation of the high affinity IL-2-IL-2R quaternary 
complex leads to signal transduction, which is mediated by 
tyrosine kinases named Jak1 and Jak3, which in turn are 
associated with IL-2Rβ and γc respectively4. There are three 
tyrosine residues within the cytoplasmic tail of IL-2Rβ that are 
phosphorylated to promote the Shc adapter, then the activation 
of the pathways of other kinases called MAPK and PI-3K will 
be carried out and also the activation of a transcription factor 
called Stat5 that is responsible for the regulation of genes 
dependent on Stat55. Finally, the quaternary complex of IL-2-
IL-2R is internalized briefly in the cell where IL-2, IL-2Rβ, and 
γc are degraded while IL-2Rα is recycled to the cell surface.

IL2 R α regulation
Cellular expression of the alpha subunit is tightly 

regulated by three main enhancers located either upstream or 
downstream from the transcription unit6. Generally, resting T 
and B lymphocytes do not express the α subunit until they are 
stimulated by adjuvant cytokines. There is only a specific set on 
pathological conditions, like autoimmune diseases or certain 
hematological malignancies, that will keep the α subunit to 
remain expressed on the cell surface of the Lymphocytes7. 
In some cases of T-cell mediated diseases the pathology is 
limited to only a specific area, and nowadays there are several 
ways to selectively target and inhibit the high-affinity IL-2 
receptor in the focalized region so other IL-2R α expressing 
cells remain unharmed by the treatment7. We will discuss this 
article three of the primary ways of doing so.

Antibodies. Currently, a variety of monoclonal antibodies 
are commonly utilized to downregulate CD25 Lymphocytes 
clonal expansion8. Basiliximab and daclizumab are two anti-
IL-2Rα mAbs that have already completed phase 3 trials for 
preventing acute rejection in renal transplants. Daclizumab 
is a humanized immunoglobulin mAb, while basiliximab is 
a chimeric antibody. They both block IL-2Ra by competitive 
antagonism, thereby inhibiting the high-affinity receptor-
mediated signaling while leaving unchanged IL-2 signaling by 
the intermediate-affinity B and Y receptors9,10.

Aptamers. These novel molecules are similar to antibodies 
when comparing their recognition capabilities in both affinity 
and specificity, yet these single-stranded DNA or RNA 

molecules elicit a much lower immunogenic response, are less 
toxic, and are cheaper to produce. So far, aptamer has been 
produced against a wide range of target molecules, including 
proteins or even cells, where they can act as either stimulating 
or inhibiting ligands11. Shahdordizadeh et al. reported, for 
the first time, the development of a synthetic anti-human 
Interleukin-2 receptor alpha (CD25) DNA aptamer (Apt51) and 
its functionality as a CD25 inhibitor. This study, along with the 
fact that aptamers have a more efficient tissue penetration, 
showcases and forecast the possibility of using aptamers as 
more efficient alternative to antibodies on IL-2 based clinical 
therapies10.

Mutagenesis. By introducing a particular set of mutations 
along the binding interface of IL-2 with the alpha subunit it 
is possible to disrupt their interaction. This new IL-2 mutein 
can, therefore, cause a decrease in CD25+ cells while still 
expanding CD8+ and Natural Killer cells12. A highly efficient 
strategy for creating this new muteins is through the recently 
awarded Novel Prize technique, Phage Display. Using this 
technique, it is possible to create enormous and diverse IL-2 
mutein libraries that can, later on, be used as a selection 
method based on the desire ligand-receptor affinity13. There 
other several techniques used for the creation of new ligand 
mutants like protein-protein docking bioinformatics; or for 
creating different sets of libraries like MutS bacterial strains 
or error-prone PCR14,15.

Cancer
The immune system can recognize and destroy cancer 

cells or inhibit tumor growth by eliciting responses from both 
the innate and adaptive immunity. Innate immune responses 
are not based antigen specificity and tend to develop relatively 
quickly. On the other hand, responses elicited by the adaptive 
immune system are antigen-specific and develop more 
slowly. The adaptive response is mediated by both T (cellular 
response) and B cells (humoral response), providing the 
organism not only with a “fighting” mechanism but with an 
immune memory as well. Therefore, the rationale thinking in 
immune therapies against cancer is to enhance or utilize the 
adaptive response since it will be the one to provide a stronger 
and durable response16.

Cancer cells massive ability for proliferating is, in one 

Figure 1. Surface structure of the Interleukin 2 receptor complex and its subunits. Imaged obtained using PyMOL.
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way, due to the absence of an antitumor immune response. 
The tumor itself can produce a subset of chemical agents that 
will actively affect several biological pathways, inducing, at 
last, a lower immune response. This is why immunotherapies 
currently represent one of the most efficient and promising 
strategies against cancer when compared to chemotherapy17.

Currently, one of the main anticancer cytokines in 
humans is IL-2, which represented the first historical 
clinical demonstration of the possibility to generate an 
effective anticancer immune reaction, mediated by cytotoxic 
lymphocytes activated from IL-2 stimulation. Using IL-2 it 
was able to generate LAK cells capable of destroying tumoral 
tissue18.

Historically interleukin-2 has gone through numerous 
clinical trials, varying from high-dose treatment to low-dose 
treatments. High-dose treatment case studies usually had 
to be held on special facilities on intensive care units due to 
their massive side effects including capillary leak syndrome. 
Another side effect was cardiovascular toxicity, but the issue 
was fixed by using the low-dose treatment. The optimal 
prognosis using IL-2 obtained during trials initially, was low 
subcutaneous doses for 2 weeks cycles, since there wasn’t 
any Lymphocyte count increase after this time frame, limiting 
the treatment application to specific metastatic tumoral 
growths19.

Interleukin 2 based immunotherapeutic, has faced several 
bumps along the way. Not only the well-known side effects 
of the initial trials hold it back, but the differential stimulation 
pathways caused by the interaction with its receptor made 
the scientific community to tag it as Treg Lymphocyte growth 
factor that may mediate the suppression of the anticancer 
immunity, despite its stimulatory effects on most other 
important immune cells20. This issue can be addressed in 
many ways by preventing Treg cells activation based on the 
previously talked mechanisms or by IL-12 and IL-2117,21.

The new understandings regarding the antitumoral 
immune cytokine network are what have brought a new light 
into the matter. IL-2 remains as the only cytokine capable of 
activating a set of TH1 lymphocyte functions that are essential 
for anticancer immunity in humans, which highlights the 
importance of using it to restore human’s inborn ability to 
prevent tumoral cells formation and/or growth. Since IL-2 
immunotherapies aren’t based on the molecule’s specific 
ability to produce lymphocyte proliferation, but on restoring 
the natural antitumor immune response that was previously 
affected by an IL-2 deficiency or imbalance, the response to 
the treatment will be absolutely intrinsic to the individual 
understudy and prior/later monitoring is necessary for 
ensuring the treatment efficiency22,23.

Human immunodeficiency virus (VIH)
The Human Immunodeficiency Virus (HIV) is a retrovirus 

that attacks and destroys CD4 lymphocytes, which are a 
type of cells that are part of the immune system and are 
responsible for the production of antibodies to fight infections 
caused by these external agents24. There are antiretroviral 
drugs that have helped improve the quality of life of HIV 
positive individuals. One possible strategy is the use of 
interleukin-2 (IL-2) in combination with antiretroviral therapy 
(ART) because, without ART, IL-2 can increase the viral load 
up to six times its level before treatment25. These increases in 
viral load disappear within a month. Then, IL-2 should not be 
used unless it is combined with ART.

According to the Central Register of Cochrane Controlled 

Trials (CENTRAL), they identified 25 eligible trials to determine 
the effect of IL-2 in patients with HIV. Interventions included the 
use of IL-2 in combination with ART compared to ART alone. 
Seventeen of the 21 trials reported an increase in the CD4 
cell count with the use of IL-2 compared to the control with 
different measures. However, IL-2 has no significant effect on 
other clinically important positive outcomes, such as mortality 
rates, reduction in viral load, and opportunistic infections26.

On the other hand, in laboratory investigations, IL-2 is used 
to encourage the reproduction of cells infected with HIV. Then, 
IL-2 induces the infected cells to produce new HIV particles in 
large quantities. That is why some researchers were hesitant 
to administer this medicine to humans because the least 
desired is to increase the production of HIV. However, they 
decided to carry out the investigation. The results showed that 
the groups taking IL-2 combined with anti-HIV therapy (ART) 
and those receiving only the latter revealed similar changes in 
HIV levels. After a round of IL-2 treatment an explosion of HIV 
activity was detected, but it is not maintained, and there is no 
evidence that this transient rise in HIV levels is harmful27.

Although the last study was the first to reveal a favorable 
effect of IL-2, the differences observed between the two 
groups were not very large, and it is possible that the beneficial 
effects of IL-2 are partially eclipsed by the effect of the TAR. 
Moreover, both results do not support the use of IL-2 as a 
complement of TAR-positive because there is no improvement 
in the health of people infected with HIV.

Conclusions
Interleukin 2 therapeutics have proven to be efficient only 

under a particular set of conditions. Since the molecule’s affini-
ty for its receptor, regulates the cytokine biological effect over 
the lymphocytes, most of its therapeutically approach rely on 
interfering with the IL-2/IL-2R complex formation. When it co-
mes to cancer, clinical studies have shown the importance of 
not only using a low dose subcutaneous methodology for di-
minishing the downsides of the treatment but also improving 
the previous controls for determining precise dosing. On HIV 
therapeutics, IL-2 therapies must be integrated with antiretro-
virals therapeutics; otherwise the treatment would backfire 
and cause a more drastic HIV proliferation.
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