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Summary
Background Increased serum levels of soluble interleukin-2 (IL-2) receptor alpha (sIL-2Rα) are an indicator of poor prognosis in
patients with B-cell non-Hodgkin lymphoma (NHL). By binding to IL-2, sIL-2Rα upregulates Foxp3 expression and induces the
development of regulatory T (Treg) cells. Methods To inhibit the binding of IL-2 to sIL-2Rα with the goal of suppressing the
induction of Foxp3 and decreasing Treg cell numbers, we developed peptides by structure-based computational design to disrupt
the interaction between IL-2 and sIL-2Rα. Each peptide was screened using an enzyme-linked immunosorbent assay (ELISA),
and 10 of 22 peptides showed variable capacity to inhibit IL-2/sIL-2Rα binding. ResultsWe identified a lead candidate peptide,
CMD178, which consistently reduced the expression of Foxp3 and STAT5 induced by IL-2/sIL-2Rα signaling. Furthermore,
production of cytokines (IL-2/interferon gamma [IFN-γ]) and granules (perforin/granzyme B) was preserved in CD8+ Tcells co-
cultured with IL-2–stimulated CD4+ T cells that had been pretreated with CMD178 compared to CD8+ cells co-cultured with
untreated IL-2–stimulated CD4+ Tcells where it was inhibited.ConclusionsWe conclude that structure-based peptide design can
be used to identify novel peptide inhibitors that block IL-2/sIL-2Rα signaling and inhibit Treg cell development. We anticipate
that these peptides will have therapeutic potential in B-cell NHL and other malignancies.
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Introduction

Interleukin (IL-2) is a T-cell growth factor that plays a key role
in T-cell homeostasis. The IL-2 receptor (IL-2R) consists of 3
different subunits: alpha, beta, and gamma; however, IL-2Rα
can be cleaved by proteolysis to produce a truncated and

soluble form of IL-2Rα (sIL-2Rα). It has been shown that
serum sIL-2Rα levels are elevated and correlate with poor
survival in a variety of cancer types [1–4].

Regulatory T (Treg) cells are the gateway to immune func-
tion and typically regulate immune cell activation. While a
variety of mechanisms are involved in inducing Treg cells,
IL-2 is essential in the development of Treg cells. Treg cells
cannot survive or expand in the absence of IL-2 either in the
thymus or in the periphery. IL-2 generally induces T-cell dif-
ferentiation and promotes a regulatory phenotype. Once acti-
vated via the IL-2R, a cascade of events in T cells initiate the
signal transducer and activator of transcription 5 (STAT5) and
forkhead box p3 (Foxp3) activation, which appear to function
as important regulators of this immunologic pathway and pro-
mote the development and function of Treg cells [5–7].

In non-Hodgkin lymphoma (NHL), we have found that
increased numbers of intratumoral Treg cells are present and
suppress immune function in the tumor microenvironment [8].
We have also shown that serum levels of soluble sIL-2Rα are
increased in lymphoma patients and correlate with an inferior
clinical outcome [9, 10]. Shed by activated Tcells that express
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membrane-bound IL-2Rα, sIL-2Rα contributes to the upreg-
ulation of Foxp3 expression in CD4+ T cells. Soluble IL-2Rα
promotes the development of Treg cells by binding to IL-2 and
the IL-2/IL-2Rα–complex signals via STAT5 [11, 12]. We
hypothesized that blocking the binding of IL-2 to sIL-2Rα
would prevent the induction of a regulatory T-cell phenotype.
This would be associated with downregulation of STAT5 and
Foxp3 expression, and subsequent promotion of T-cell effec-
tor function, including the upregulation of cytokines such as
tumor necrosis factor alpha (TNF-α) and interferon gamma
(INF-γ), and secretion of cytotoxic granules, including gran-
zyme B and perforin [13].

Importantly, there is interest in developing peptide drugs,
particularly to block protein-protein interactions like those
between IL-2 and sIL-2Rα. Moreover, a compelling case
can be made for using physics-based and data-based compu-
tational methods to enable the structure-based design of novel
peptide drug candidates. In this study, we therefore used a
structure-based design and computational tools to design
blocking peptides to inhibit the binding of IL-2 to sIL-2Rα
and tested the capacity of the peptides to regulate the devel-
opment of Treg cells and modulate T-cell function.

Methods

Development of the IL-2/sIL-2Rα-competitive binding
assay

In order to demonstrate inhibition of binding of IL-2 to sIL-
2Rα, we developed an enzyme-linked immunosorbent assay
(ELISA)–based assay to determine the binding capacity be-
tween these 2 molecules. Briefly, a 96-well plate was coated
with sIL-2Rα protein (PeproTech) at a concentration of
500 ng/mL in standard coating bicarbonate/carbonate buffer
(100 mM). Following overnight incubation, the plate mixture
was washed to remove the excess protein. Next, IL-2 protein
(1 nM) was added to the plate and incubated for 1 h. After
washing, biotinylated IL-2 antibody (PeproTech) was added
to detect the bound IL-2 and incubated for 30 min, then
washed. Next, avidin-HRP conjugate (PeproTech) was added
to the wells, incubated for 30 min, then washed. Finally, 1-
Step Turbo TMB-ELISA Substrate Solution (Thermo Fisher
Scientific) was added to each well for 15 min, then stopped
with 0.18 M H2SO4. The plate was analyzed for IL-2 expres-
sion using SpectraMax190 (Molecular Devices) and read at
absorbance 450 nm. Each peptide was run in triplicate at con-
centrations of 0.0, 0.1, 1.0, and 10 μM. An IL-2 expression
curve was calculated using the absorbance reading. The
ELISA was used to create a competitive assay between IL-2
and each of the peptides to assess whether they inhibited bind-
ing between IL-2 and sIL-2Rα. An IL-2 antibody (MAB202;
R&D Systems) was added as a positive control at a final

concentration of 75 ng/μl. Each peptide (100 mM) was mixed
with IL-2 (1 nM), incubated for 30 min at room temperature
(RT), and then added to an IL-2Rα-coated plate. The mix was
incubated for 1 h at RT and the solution was gently removed.
The plates were washed 3 times with cell-washing buffer and
developed and read using the same conditions as in the previ-
ous experiment.

Flow cytometry for STAT5

Cells were fixed and permeabilized with reagents from a
Foxp3 staining kit (BioLegend). Cells were then stained
with fluorochrome-conjugated antibody against Foxp3 plus
fluorochrome-conjugated anti-CD4 antibody for 30 min
and analyzed by flow cytometry. Acquired data were ana-
lyzed by using FlowJo (Tree Star, Ashland, OR).
Phosphorylation of STAT5 was determined by using flow-
based intracellular staining following the instructions de-
scribed by the manufacturer (BD Biosciences, San Jose,
CA). Briefly, freshly-enriched CD4+ T cells were incubated
with IL-2, sIL-2Rα, or both, in combination for 30 min in a
37 °C water bath. Cells were subjected to fixation and per-
meabilization, stained with fluorochrome-conjugated
STAT5 antibody, and analyzed by flow cytometry. The cells
were stained using anti-pSTAT5-Alexa647 (BD, cat.
#612599) and anti-CD4 PE (BD, cat. #347327) for flow
cytometry.

Screening peptides by pSTAT5 activation

To assess whether interference by the peptides inhibited IL-2–
induced STAT5 phosphorylation, normal peripheral blood T
cells were selected using negative-sort T-cell enrichment
beads from StemCell Technologies, Cambridge, MA
(#19155). Controls for this study included enriched T cells
with no stimulation or blocking peptides, as well as cells treat-
ed with IL-2 only, cells treated with sIL-2α only, cells treated
with a combination of IL-2 and sIL-2α, and cells treated with
a control blocking antibody for IL-2. The testing to measure
inhibition included addition of the peptide, IL-2, and sIL-2Rα
in RPMI full media. The cells were incubated with a mixture
of the peptide, IL-2, and sIL-2Rα for 60 min at 37 °C. To stop
the reaction, pre-warmed Cytofix Buffer (BD, cat. #554655)
was added and incubated for 10 min at 37 °C. Finally, the cells
were permeabilized with Perm Buffer III (BD, cat. #558050)
and incubated on ice for 15 to 30 min to enable intracellular
pSTAT5 antibody staining.

Flow cytometry for Foxp3

Cells were mixed with the same controls as in the pSTAT5
protocol. However, Foxp3 staining required cells to be stimu-
lated for 3 days prior to analysis. Plates were pre-coated with
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OKT3 and anti-CD28 and incubated for 3 days to allow the
Foxp3 to be synthesized. Next, cells were prepared for anal-
ysis using a True-Nuclear™ Transcription Factor Buffer
Set (BioLegend, cat. #422601) according to manufacturer
protocol. Briefly, cells were fixed and permeabilized with
reagents from the Foxp3 staining kit. Cells were then
stained with Alexa488-conjugated antibody Foxp3
(BioLegend, cat. #320112), according to manufacturer pro-
tocol, plus PE-conjugated anti-CD4 antibody (BD, cat.
#347327) for 30 min and analyzed by flow cytometry.
Acquired data were analyzed by gating on the CD4 and
Foxp3 cells using FlowJo (Tree Star, Ashland, OR). CD4
cells were gated and assayed for the percentage of Foxp3
within the cells.

Computational peptide drug design

CMDInventus is a physics-based, data-driven computa-
tional platform for peptide drug design. It consists of core
modules for addressing biophysical and ADMET problems
associated with peptide drug design. The modules can be
strung together into project-specific design workflows.
Key modules include CMDpeptide (peptide conformation-
al analysis), CMDdock (protein-peptide docking),
CMDdesign (combinatorial amino acid sampling along a
peptide backbone), CMDboltzmann (ensemble-based,
protein-peptide binding affinity prediction), CMDescore
and CMDmscore (single-structure–based protein-peptide
binding affinity predictions), and CMDscaffold (peptide
scaffold database). CMDInventus and many of its modules
have been previously described [14].

In the present study, 3 structure-based design approaches
were implemented using CMDInventus. First, peptides were
designed based on a wild-type (WT) motif derived from IL-2
helix 59–72 (LEEELKPLEEVLNL). Second, peptides were
designed based on a small IL-2 peptide WT interface motif
comprising residues 42–45 (FKFY). In both approaches,
CMDdesign was used to generate motif analogues through
systematic side-chain scanning [15]. Analogues were then
scored and ranked using CMDescore, CMDmscore, and
CMDboltzmann. In the case of the helix-motif approach, a
total of 8 peptides were synthesized and tested (CMD161-
CMD168) (including the WT sequence motif). In the case of
the FKFY-motif approach, a total of 7 novel peptide analogues
were synthesized and tested (CMD176-CMD182). Third,
peptides were designed de novo using a disulfide-cyclized
all D-amino acid scaffold (XCXXC) Binteraction^ approach.
In this approach, key IL2-Rα anchor residue interaction sites
were identified [11, 16], and CMDdock and CMDboltzmann
were used to generate cyclized analogues that best satisfied all
interaction constraints (Table 1). Ultimately, 7 de novo–de-
signed cyclic analogs (CMD169-CMD175) were synthesized
and tested. All peptides were purchased from the University of

Missouri, Molecular Interactions Core Facility (Dr Fabio
Gallazzi, http://micore.missouri.edu). All peptides were
synthesized using Fmoc/OtBu protocols, purified to >95%
purity (RP-HPLC), and analyzed for expected molecular
weight using ESI-MS. See Table 1 for peptide sequence infor-
mation and characterization details.

Results

Design of sIL-2Rα-blocking CMD peptides

To investigate whether blocking sIL-2Rα binding to IL-2 in-
hibits the development of Treg cells, we designed 22 peptide
compounds to inhibit the binding of IL-2 and IL-2Rα using a
structure-based computational design (Fig. 1 and Table 1).
Three basic design approaches were taken: 1) design around
a 14 residue IL-2 helical motif comprised of residues 59–72
(LEEELKPLEEVLNL) (Fig. 1a), 2) design around a small IL-
2 interface motif made of residues 42–45 (FKFY) (Fig. 1b),
and 3) use a de novo design of disulfide-cyclized peptides
(XCXXC) to optimize interactions with key IL-2Rα resi-
dues (Fig. 1c). The helical motif-based design resulted in
the identification of 8 candidate peptides (CMD161-
CMD168), while the FKFY motif-based design resulted in
the identification of 7 predicted peptides (CMD176-
CMD182) and the de novo design identified 7 prospective
interference peptides (CMD169-CMD175).

Identification by ELISA of CMD peptides that interfere
with IL-2Rα/IL-2 binding

All 22 peptides were evaluated for sIL-2Rα/IL-2 binding in-
terference using an ELISA assay. This assay was repeated a
minimum of 3 times in triplicate to evaluate possible candidate
proteins that either blocked IL-2 binding with sIL-2Rα or
blocked sIL-2Rα binding sites, therefore inhibiting binding
of IL-2. Due to assay variability, some peptides were tested
up to 5 times. All peptides showing any decrease in IL-2
expression were selected for cell-based evaluation. As shown
in Fig. 2, while some displayed no inhibition, many peptides,
from all 3 design classes, exhibited variable IL-2-binding in-
hibition, including CMDs 161, 162, 164, 166, and 168 of the
helix motif group (range, 7.7%–23.1%), CMD-169 and 171 of
the de novo interference group (range, 8.4%–11.8%), and
CMDs 178, 179, and 181 from the interface motif group
(range, 22.4%–41.3%).

Effect of CMD peptides on STAT5 phosphorylation
and Foxp3 expression in T cells

To further confirm blockade of IL-2/sIL-2Rα binding, we
assessed whether peptide blockade of IL-2/sIL-2Rα affected
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STAT5 phosphorylation and Foxp3 expression. To do this, we
pre-incubated sIL-2Rα and IL-2 in the presence or absence of
peptides. We then cultured freshly isolated T cells in the pres-
ence or absence of the IL-2/sIL-2Rαmixture alone or with the
addition of potential blocking peptides identified by ELISA. T
cells treated with IL-2 or sIL-2Rα alone were used as controls.
The STAT5 phosphorylation and Foxp3 expression were mea-
sured using flow-based assays. As shown in Fig. 3, while IL-2

substantially induced STAT5 phosphorylation in T cells as
expected, the pre-incubated peptide-IL-2/sIL-2Rα mix vari-
ably suppressed IL-2–induced phosphorylation. Several pep-
tides, including CMDs 162, 176, and 178, exhibited greater
suppression than other peptides (Fig. 3). Similarly, Foxp3 ex-
pression was inhibited in T cells treated with the peptide-IL-2/
sIL-2α mix. As shown in Fig. 3, while some peptides
displayed modest inhibition, others, including CMDs 178,

Table 1 Peptide description and characterization

CMD # N-Term inal Sequence string C-Term inal Modification notes MW confirmed by ESI MS

CMD161 H LEEELKPLEEVLNL NH2 1666

CMD162 Ac LEEELKPLEEVLNL NH2 N-acetyl-IL-2(59–72) 1708

CMD163 Ac SEEELKPLEEVLNL NH2 Ser-59,IL-2(59–72) 1682

CMD164 Ac LEEELKALEEVLNL NH2 Ala-65,IL-2(59–72) 1682

CMD165 Ac LEEELKPAEEVLNL NH2 Ala-66,IL-2(59–72) 1666

CMD166 Ac LEEELKPLEEALNL NH2 Ala-69,IL-2(59–72) 1680

CMD167 Ac LEEELKPLEEVLNW NH2 Trp-72,IL-2(59–72) 1781

CMD168 Ac SEEELKAAEEALNW NH2 1659

CMD169 Ac Wcrfc OH D-AAs, Disulfide 753

CMD170 Ac Fcrfc OH D-AAs, Disulfide 714

CMD171 Ac ycrfc OH D-AAs, Disulfide 730

CMD172 Ac wcrfc OH D-AAs, Disulfide 753

CMD173 Ac Wcr[D-Cha]c OH D-AAs, Disulfide 753

CMD174 Ac Wcr[D-Leu]c OH D-AAs, Disulfide 719

CMD175 Ac WcrfcA OH D-AAs, Disulfide 824

CMD176 H TFKFY OH 704

CMD177 H TWKFY OH 743

CMD178 H RFKF[Y(OBn)] OH Try(O-Benzyl) 849

CMD179 H TFKFYG OH 761

CMD180 H TFKFYE OH 833

CMD181 H TFKFY[B-Ala] OH Beta Alanine 775

CMD182 H TFKFY[D-Glu] OH 833

All Peptides were synthesized by automated solid phase synthesis using Fmoc/OtBu protection schemes, purified and characterized byRP-HPLC (>95%
purity) and electrospray mass spectrometry (ESI-MS) to detect the expected molecular ion envelope. N-terminal Ac denotes N-acetyl, C-terminal NH2
and OH denotes amide and acid, respectively. D-amino acids are designated as lowercase letters. Disulfides containing amino acids are cyclic peptides
that are oxidized through Cyc sidechain -SH groups. D-Cha denotes D-cylcohexylalanine
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Fig. 1 Design of sIL-2Rα-blocking CMD peptides. Images showing
peptide structure. Each panel represents the computer simulation image of
1 of the 3 peptide backbones designed to block/interfere the IL-2/IL-2Rα

binding. The 3 backbones derived form the following peptide templates:
a, LEELKPLEEVLNL helix; b, Interferance-based peptideWCRFC; and
c, FKFY peptide



179, and 182, exhibited substantial inhibition of Foxp3 ex-
pression in T cells.

Effect of CMD peptides on T-cell function

Given the capacity of CMD peptides to reduce Treg cell devel-
opment, we next wanted to know whether CMD peptide-
treated CD4+ T cells that lost suppressive properties would
affect the effector function of CD8+ Tcells or whether effector
function would no longer be suppressed. To do this, we cul-
tured CD4+ T cells in OKT-3–coated plates plus anti-CD28
Ab in the presence or absence of the peptide IL-2/sIL-2Rα
mix for 3 days. Cells treated with blocking IL-2 Ab were used
as a control. Cells were then harvested and co-cultured with
autologous CD8+ T cells for another 3 days, and cytokine
production of CD8+ T cells was measured using intracellular
cytokine staining. We chose to test CMD178, as this peptide
showed consistent and substantial inhibition of IL-2/IL-2R
signaling in all previous assays. As shown in Fig. 4, we first
compared CD4+ cells treated with IL-2/sIL-2Rα and vehicle
alone (negative control) to those treated with a control anti-IL-
2 blocking antibody (positive control). These cells were then
co-cultured with active CD8+ T cells, and the cytokine and
granule production by the CD8+ cell were measured. As ex-
pected, cytokine expression including TNF-α and IFN-γ, as
well as granule production (granzyme B and perforin) in
CD8+ T cells co-cultured with the IL-2 blocking Ab-treated
CD4+ Tcells was upregulated. We then tested our lead peptide
in the same fashion. When CD4+ T cells were treated with the
CMD178 peptide plus IL-2/sIL-2Rα, the production of cyto-
kines and granules in CD8+ T cells was further enhanced
compared with IL-2 Ab plus IL-2/sIL-2Rα–treated CD4+ T
cells. These results suggested that the CMD178 peptide sub-
stantially inhibits the development of Treg cells induced by IL-
2/sIL-2Rα signaling (Fig. 4).

Discussion

IL-2 is a cytokine produced primarily by activated CD4+ T
cells that plays a crucial role in inducing the development of
Treg cells [17]. IL-2 mediates its effects by binding to IL-2
receptors, which can be expressed by CD4+ or CD8+ T cells.
Once bound to its receptor, IL-2 starts a cascade of effects,
including phosphorylation of STAT5. This activation is nec-
essary for production of Foxp3 and it has been established that
Foxp3 is required for development of Treg cells in humans.
Activated Treg cells produce more IL-2 thereby further pro-
moting their regulatory function. By blocking the binding of
IL-2 to IL-2R, Foxp3 regulatory functions are limited, and
regulatory pathways promoting the development and function
of Treg cells are suppressed.

In B-cell NHL, IL-2 promotes Treg cells and inhibits TH17
cell development, leading to an inhibitory tumor microenvi-
ronment in lymphoma [18]. We previously reported that ele-
vated serum sIL-2Rα levels are associated with a poor prog-
nosis in NHL and that sIL-2Rα facilitates IL-2 signaling and
induces Foxp3 expression in T cells, resulting in cells with a
regulatory phenotype [12]. We showed that sIL-2Rα binds to
and synergizes with IL-2 to suppress anti-tumor immunity by
suppressing the proliferation and granule production by
intratumoral effector T cells. These results indicate that sIL-
2Rα plays an active biologic role in NHL by binding IL-2 and
promoting IL-2 signaling rather than depleting IL-2 and
blocking its function. Therefore, we contend that the use of
novel therapies that deplete sIL-2Rα, eliminate sIL-2Rα pro-
duction by depleting T cells expressing IL-2Rα, or block the
binding of sIL-2Rα to IL-2 will result in considerable clinical
benefit for NHL patients.

In the present study, we developed 22 peptides using a
structure-based computational design and screened them for
their efficacy to block sIL-2Rα/IL-2 binding. Two

Invest New Drugs (2019) 37:9–16 13

Fig. 2 Identification by ELISA of CMD peptides that interfere with
IL-2Rα/IL-2 binding. Graph showing binding IL-2 level in sIL-2Rα
coated plate in the presence of at different concentrations of CMD

peptides assayed by ELISA. Ten peptides, each with 4 concentrations,
incubated with IL-2, prior to adding to the coated sIL-2Rα plate. The
binding IL-2 level was measured by ELISA



conservative IL-2 motif design approaches and an ambitious
de novo design approach were explored. The motif-based de-
sign approaches sought to exploit IL-2 helix 59–72
(LEEELKPLEEVLNL) and IL-2 interface peptide frag-
ment 42–45 (FKFY), respectively. The de novo design

approach sought to identify disulfide-linked cyclic peptides
(XCXXC) predicted to interfere with IL-2Rα binding by
interacting favorably with key IL-2Rα anchor residues.
Ultimately, the helix motif approach, the de novo interference
approach, and the interface FKFY motif approach resulted in

14 Invest New Drugs (2019) 37:9–16

Fig. 3 Effect of CMDpeptides on STAT5 phosphorylation and Foxp3
expression in Tcells.Graphs showing expression of pSTAT5 (top panel)
and Foxp3 (bottom panel) in Tcells treated with or without IL-2, sIL-2Ra
alone or in combination in the presence or absence of CMD peptides.

Note: CDMD178 has reduced expression of both STAT5 and Foxp3.
Four subsequent experiments showed similar blocking of pSTAT5 (mean
22% reduction ±10%) and Foxp3 (mean 33.8% reduction ±23%)



8 peptides (CMD161–168), 7 peptides (CMD169-CMD175),
and 7 peptides (CMD176-CMD182) being tested, respective-
ly. Importantly, all 3 design approaches yielded hits in the
ELISA assay and showed the capacity to block sIL-2Rα/IL-
2 binding. More importantly, by blocking IL-2/sIL-2Rα bind-
ing, several CMD peptides were shown to impact T-cell func-
tion by down-regulating the development of Treg cells. Our
findings are promising, as these peptides may provide candi-
dates for developing drugs with therapeutic potential that
work by reversing the suppressive tumor microenvironment.

In particular, CMD178 displayed consistently encour-
aging activity by blocking IL-2/sIL-2Rα binding in the
ELISA assay, suppressing STAT5 phosphorylation and
inhibiting Foxp3 expression in cell-based assays, and
thereby increasing cytokine production by CD8+ T cells
in co-culture assays. The small size of CMD178 also
makes it an attractive candidate for continued develop-
ment and therefore it is worth reviewing the basic design
logic underlying CMD178. The design of CMD178 is
based on the IL-2 FKFY interface motif. Four lines of
evidence converged on the FKFY motif as a promising
template for structure-based peptide-drug design. First,
previous experimental work showed that F42 and Y45
mutations dramatically reduced IL-2 affinity for IL-2Rα.
Similarly, K43 and F44 mutations were shown to reduce
IL-2 binding to IL-2Rα [19–21]. Hence, the FKFY motif
represents a validated IL-2/IL-2Rα binding motif.
Second, analysis of the 1Z92 IL-2/IL-2Rα crystal struc-
ture shows the FKFY backbone to lack well-defined sec-
ondary structure [22]. This suggests the potential for a
small peptide to adopt a similar binding conformation
without having to pay a large free-energy penalty. Third,
a phage display study by Liu and colleagues [23] identi-
fied a 12-residue IL-2/IL-2R blocking peptide that
contained the internal sequence motif AKFH. Finally,
analysis of the IL-2/IL-2Rα crystal structure revealed

promising opportunities for introducing side-chain addi-
tions and substitutions into the FKFY sequence aimed at
enhancing binding to IL-2Rα. Ultimately, computational se-
quence optimization of the FKFY motif resulted in the synthesis
and testing of 7 candidate peptides (CMD176-CMD182), with 3
emerging as validated ELISA hits (CMD179, CMD181, and
CMD182), and CMD178 displaying consistently promising ac-
tivity across all assays.

It has been shown that Treg cells exhibit a profound impact
on the immune response of lymphoma patients. Highly prev-
alent in NHL biopsies, Treg cells have been shown to efficient-
ly suppress intratumoral CD4+ and CD8+ T cells, resulting in
suppressed antitumor immunity. While Treg cells show a sig-
nificant biological relevance in lymphoma, studies have un-
expectedly found that high numbers of Treg cells predicted
improved survival in NHL [24]. Further investigation has sug-
gested that instead of numbers, the location of Treg cells in the
tumor microenvironment impacts patient outcome [25]. It ap-
pears that increased numbers of Treg cells in NHL may be a
surrogate for an active, but inhibited, anti-tumor immune re-
sponse. Inhibiting the immunological effect of Treg cells may
therefore allow effector cells to target the malignant clone.

In summary, our results suggest that structure-based pep-
tide design can be used to identify novel peptide inhibitors that
block IL-2/IL-2Rα signaling and inhibit STAT5 and Foxp3
upregulation. These peptides could be used as new therapeutic
agents to limit immune suppression by Treg cells and promote
a more effective antitumor immune response in NHL.
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