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Multiple myeloma (MM) is a malignancy characterized by the proliferation of plasma
cells in the bone marrow. The pathogenesis of MM is complex and involves various cytokines,
among which Interleukin 2 (IL-2) plays a critical role. This article aims to review the significance of
IL-2 in the development and progression of MM. The focus will be on the molecular mechanisms
by which IL-2 influences MM cell growth, survival, and interaction with the bone marrow
microenvironment. Understanding the role of IL-2 in MM could provide insights into potential
therapeutic strategies targeting this cytokine.
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Multiple myeloma (MM) is a malignancy of plasma cells that predominantly resides within the
bone marrow, representing approximately 10% of all hematologic cancers. Despite significant
advancements in treatment, including proteasome inhibitors, immunomodulatory drugs, and
monoclonal antibodies, MM remains largely incurable with frequent relapses and progression to
refractory disease. The pathogenesis of MM involves a multifactorial process, characterized by
genetic abnormalities, microenvironmental interactions, and dysregulated cytokine networks.
Interleukin 2 (IL-2) is a cytokine traditionally known for its role in the regulation of the immune
system. Initially identified as a T cell growth factor, IL-2 is now understood to have broader
functions, including the regulation of natural killer (NK) cells and B cells. IL-2 exerts its effects
through binding to the IL-2 receptor (IL-2R), a heterotrimeric protein complex composed of a
(CD25), B (CD122), and y (CD132) subunits. While IL-2 is critical for immune homeostasis and
response, its role in hematologic malignancies such as MM is complex and multifaceted.

In the context of MM, IL-2 has been implicated in several key processes that contribute to disease
progression. These include the proliferation and survival of myeloma cells, modulation of the
immune microenvironment, and interaction with the bone marrow stroma. The expression of IL-
2R on myeloma cells and the surrounding immune cells suggests a direct and indirect involvement
of IL-2 in MM pathophysiology.

This article aims to explore the significance of IL-2 in the development and progression of MM. By
reviewing the molecular mechanisms by which IL-2 influences myeloma cell behavior and the bone
marrow microenvironment, we seek to provide a comprehensive understanding of its role in MM.
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Additionally, we will discuss the potential therapeutic implications of targeting IL-2 and its
signaling pathways in MM treatment. Through this exploration, we hope to highlight the dual
nature of IL-2 as both a promoter of tumor growth and a regulator of immune responses, its role
in hematologic malignancies such as MM is complex and multifaceted.

In the context of MM, IL-2 has been implicated in several key processes that contribute to disease
progression. These include the proliferation and survival of myeloma cells, modulation of the
immune microenvironment, and interaction with the bone marrow stroma. The expression of IL-
2R on myeloma cells and the surrounding immune cells suggests a direct and indirect involvement
of IL-2 in MM pathophysiology.

This article aims to explore the significance of IL-2 in the development and progression of MM. By
reviewing the molecular mechanisms by which IL-2 influences myeloma cell behavior and the bone
marrow microenvironment, we seek to provide a comprehensive understanding of its role in MM.
Additionally, we will discuss the potential therapeutic implications of targeting IL-2 and its
signaling pathways in MM treatment. Through this exploration, we hope to highlight the dual
nature of IL-2 as both a promoter of tumor growth and a regulator of immune responses,
underscoring the complexity of targeting this cytokine in a therapeutic context.

IL-2 and Multiple Myeloma Cell Proliferation

IL-2 exerts its effects through binding to the IL-2 receptor (IL-2R), which is composed of three
subunits: a (CD25), B (CD122), and y (CD132). The high-affinity IL-2R is primarily expressed on
activated T cells and some subsets of NK cells. In MM, IL-2R expression has been detected on
myeloma cells, suggesting that IL-2 may directly influence their behavior.

Studies have shown that IL-2 can promote the proliferation of myeloma cells in vitro. The presence
of IL-2R on myeloma cells facilitates IL-2-mediated signaling pathways, such as the Janus kinase
(JAK)/signal transducer and activator of transcription (STAT) pathway, which are crucial for cell
growth and survival. Additionally, IL-2 can enhance the production of other growth factors, such
as interleukin 6 (IL-6), further promoting myeloma cell proliferation.

IL-2 and the Immune Response in MM

IL-2 is a key regulator of the immune response and has a complex role in MM. On one hand, IL-2
can enhance the activity of NK cells and cytotoxic T lymphocytes (CTLs), which are capable of
targeting and killing myeloma cells. This anti-tumor activity is partly mediated through the
upregulation of perforin and granzyme B in NK cells and CTLs.

On the other hand, IL-2 can also contribute to the immunosuppressive environment in MM. IL-2 is
involved in the expansion and function of regulatory T cells (Tregs), which suppress the anti-
tumor immune response. Increased levels of Tregs have been observed in MM patients, and their
presence is associated with disease progression and poor prognosis. Therefore, IL-2's dual role in
promoting both immune activation and suppression complicates its potential as a therapeutic
target.

IL-2 and the Bone Marrow Microenvironment

The bone marrow microenvironment is crucial for the survival and growth of myeloma cells. IL-2
can influence this microenvironment by modulating the activity of various cell types, including
stromal cells, osteoclasts, and endothelial cells. For instance, IL-2 can promote the production of
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vascular endothelial growth factor (VEGF) by myeloma cells and stromal cells, leading to increased
angiogenesis and tumor growth.

Moreover, IL-2 can affect osteoclast differentiation and activity, contributing to the bone
destruction commonly seen in MM. Osteoclasts are responsible for bone resorption, and their
increased activity in MM is driven by factors such as receptor activator of nuclear factor kappa-B
ligand (RANKL) and macrophage inflammatory protein-1 alpha (MIP-1a). IL-2 can indirectly
promote osteoclastogenesis by enhancing the production of these factors.

Therapeutic Implications

Given the complex role of IL-2 in MM, therapeutic strategies targeting IL-2 signaling need to be
carefully considered. Approaches that enhance the anti-tumor immune response while
minimizing immunosuppression are of particular interest. For example, low-dose IL-2 therapy has
been explored to preferentially expand NK cells and effector T cells without significantly
increasing Tregs. Alternatively, combining IL-2 with other immunotherapeutic agents, such as
checkpoint inhibitors, may enhance its efficacy.

Furthermore, targeting IL-2R on myeloma cells could provide a direct anti-tumor effect.
Monoclonal antibodies against IL-2R or small molecules that inhibit IL-2 signaling pathways are
potential therapeutic avenues. These approaches aim to disrupt the proliferative and survival
signals provided by IL-2, thereby reducing tumor burden.

Interleukin 2 plays a multifaceted role in the development and progression of multiple myeloma.
Its ability to promote myeloma cell proliferation, modulate the immune response, and influence
the bone marrow microenvironment underscores its significance in MM pathogenesis. While
targeting IL-2 presents therapeutic challenges due to its dual role in immune regulation,
understanding the precise mechanisms by which IL-2 influences MM can guide the development
of effective treatment strategies. Future research should focus on refining IL-2-based therapies
to enhance their anti-tumor efficacy while minimizing adverse effects.
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