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An uncontrolled immune system threatens human health
as much as a defective one. Autoimmune diseases, such as
type 1 diabetes (T1D), result from destruction of healthy
tissues by a rogue immune system. Much of the selfpolicing of the immune system can be attributed to one
subset of T cells called regulatory T cells (Tregs) (1). Patients
with congenital defects in Tregs develop fatal multiorgan
autoimmune diseases early in life (2). Tregs can be identiﬁed by the cell surface phenotype of CD4+CD25+CD127lo.
CD25 is not merely a marker for Tregs but important for
the maintenance and function of these cells as well. It associates with CD122 and CD132 to form the high-afﬁnity
receptor for interleukin (IL)-2, a growth factor for T cells.
CD25 is constitutively expressed on Tregs, whereas its expression on other T cells is induced only after activation.
Therefore, Tregs can better respond to IL-2 than other
T cells in the steady state, prompting the consideration of
using IL-2 therapeutically to expand Tregs for restoration of
immune homeostasis.
One challenge to this approach is that other T cells and
natural killer (NK) cells constitutively express CD122 and
CD132 that can respond to high-dose IL-2, leading to
their activation and tissue destruction. In fact, the current
U.S. Food and Drug Administration–approved use of IL-2
is for enhancing immunity in patients with metastatic
renal cell carcinoma and melanoma. Proleukin, a prescription form of IL-2, has an explicit warning for exacerbation
of a variety of autoimmune and inﬂammatory diseases. In
mouse models, high-dose IL-2 precipitated diabetes in
a few days in prediabetic mice (3). As Tregs constitutively
express high-afﬁnity receptors for IL-2, low-dose IL-2, in
theory, should preferentially boost Tregs without causing
global immune activation. While this is shown to be true
in mouse models (3,4), many issues remain in applying
IL-2 therapy to humans. How low is low enough? Can
a therapeutic window be deﬁned for heterogeneous human populations? Will patients with autoimmune diabetes have a similar window? Are there biomarkers for
IL-2 responsiveness so that personalized guidance for

dose selection and therapeutic monitoring can be
developed?
In this issue of Diabetes, Malek and colleagues (5) report their investigation of the cellular basis of Treg responsiveness to IL-2 and their ﬁndings help to address
many of these crucial issues in applying IL-2 therapy for
treatment of T1D. The investigators found that Tregs
from normal individuals were invariably better responders
to IL-2, followed by CD56hi NK cells and memory T cells
(Fig. 1A). By calculating the half-maximal concentrations
(EC50) for each cell type, the group was able to quantitatively measure the differences in IL-2 responsiveness and
found that Tregs were 7 to 10 times more sensitive to IL-2
than NK cells and memory T cells. A new surprise was that
the higher sensitivity of Tregs to IL-2 was not solely due
to their higher expression of CD25. In vitro, activated
CD4+ T cells expressed a higher level of CD25 but were
still less responsive to IL-2 than Tregs. This suggests that
factors in addition to CD25 expression contributed to
higher sensitivity of Tregs. IL-2 signal transduction was
mediated by JAK3 kinase and STAT5 (6). This pathway is
counterregulated by multiple mechanisms; one of which
is through serine/threonine phosphorylation of CD122,
JAK3, and STAT5. Protein phosphatase 2A (PP2A), a
serine/threonine phosphatase, releases the brake by dephosphorylating these proteins, thus enhancing IL-2 signaling (7).
Malek and colleagues found that PP2A inhibition led to
a greater decline of IL-2 responsiveness in Tregs than in other
T-cell types, suggesting that Tregs had higher PP2A activity.
This may be explained by the lower expression of the PP2A
inhibitor protein, SET, in Tregs. Thus, Tregs are poised to
respond to low-dose IL-2 because of their distinct intracellular
wiring and constitutive expression of CD25 (Fig. 1B).
The Malek team also investigated IL-2 responsiveness
of Tregs from patients with T1D. A potential defect of IL-2
signaling in patients with T1D has been implicated by
genome-wide association studies, and a previous study has
shown impairment of IL-2–induced STAT5 phosphorylation in Tregs of patients with T1D (8,9). In contrast, the
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to IL-2 among different individuals. Future study is
needed to determine heterogeneity of responsiveness to
low-dose IL-2 in Tregs as well as other IL-2–responsive
cells, especially NK cells. In addition, group 2 innate lymphocytes constitutively express CD25 and mediate eosinophilia, one of the toxicities associated with IL-2 therapy
(15). Understanding how group 2 innate lymphocytes respond to IL-2 will be important for deﬁning the therapeutic window of IL-2.
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Figure 1—High responsiveness of Tregs to IL-2 and its biochemical
basis. A: Schematic diagram illustrating the hierarchy of IL-2 responsiveness of human peripheral blood lymphocytes. B: High sensitivity of Tregs to IL-2 can be explained by higher expression of
CD25 and PP2A-dependent enhancement of intracellular IL-2 signal transduction.

Malek team found that Tregs from subjects with T1D and
normal subjects had similar EC50 of IL-2 induction of
STAT5 phosphorylation. Moreover, the wide response
gap between Tregs and CD4+ memory T cells was preserved in patients with T1D, which bolstered the team’s
conﬁdence that an IL-2 therapeutic window could be
found for most patients with T1D.
It is worthwhile to note that the EC50 of IL-2 in Tregs
was in the range of 2–5 pmol/L, which is approximately
1 IU/mL, 10 to 100 times lower than what is typically
used in T-cell cultures. These new quantitative data suggest that the optimal dose for selective stimulation of
Tregs using IL-2 may be much lower than current convention suggests. This is consistent with data emerging from
early-stage clinical trials of IL-2 therapy in healthy volunteers and patients with graft-versus-host diseases, T1D,
and hepatitis C virus–induced vasculitis. “Low-dose” IL-2
in the range of 1–3 3 106 IU/m2/day reliably expands
Tregs but also leads to increases of CD56+ NK cells, the
cell type that has the highest sensitivity to IL-2 after
Tregs (10,11). Treg expansion is still observed after reducing IL-2 10 to 50 times to the “ultra–low-dose” range
with less impact on NK cells (12–14).
Overall, this new report by Malek and colleagues (5) lends
strong support for low-dose IL-2 therapy for boosting Tregs
in patients with T1D. Although the investigators did not ﬁnd
a defect in IL-2 signaling among the small number of subjects
with T1D that they analyzed, their gene expression array
data clearly showed heterogeneity of Treg responsiveness
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