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Interleukin (IL)-2 is expressed during T cell activation and induces the proliferation

and differentiation of T cells. CD4+Foxp3+ regulatory T cells (Tregs) constitutively

express the high affinity IL-2 receptor (CD25/IL-2Rα) and rapidly respond to IL-2 to

elaborate numerous suppressive mechanisms that limit immune-mediated pathologies.

Accumulating evidence supports the concept that an aberrant balance between Tregs

and Teff contribute to the pathology of intestinal inflammation and that the IL-2/Treg axis

is a potential pathway to exploit for the treatment of inflammatory bowel disease (IBD).

Here, we show that treatment of mice with IL-2/IL-2 antibody (JES6-1) immunocomplex

during DSS-induced colitis induced Foxp3+ Treg expansion, but also potently stimulated

GATA3+ type 2 innate lymphoid cell (ILC2) proliferation and high-level expression of IL-5.

Furthermore, IL-2/JES6-1 treatment resulted in massive eosinophil accumulation and

activation in the inflamed colon, and afforded only modest protection from colitis. In light

of these findings, we observed that combined IL-2/JES6-1 and anti-IL-5 mAb treatment

was most effective at ameliorating DSS-induced colitis compared to either treatment

alone and that this regimen allowed for Foxp3+ Treg expansion without concomitant

eosinophilia. Collectively, our findings provide insight into how blockade of IL-5 may aid

in optimizing IL-2 immunotherapy for the treatment of intestinal inflammation.
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INTRODUCTION

Interleukin (IL)-2 is a T cell growth factor that is essential for the proliferation and differentiation
of T cells into effector and memory populations (1). These critical functions have led to the use
of IL-2 in stimulating immune responses in vivo, particularly for anti-tumor immunotherapy and
for boosting T cell numbers in AIDS patients (2, 3). However, the relatively high-doses of IL-2
required to induce beneficial responses in vivo are often accompanied by untoward side effects
including vascular leak syndrome and hepatic and renal dysfunction, which have limited clinical
use of high-dose IL-2 (4, 5). In addition to delivering IL-2 to augment immune activation, blockade
of the high-affinity α chain of the IL-2 receptor (CD25) using themonoclonal antibody basilixumab,
has also been employed to suppress organ transplantation rejection associated with IL-2 signaling
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(6). These clinical uses of IL-2 delivery or IL-2 receptor blockade
to amplify or inhibit immune responses, respectively, fit with the
well-defined immune stimulatory roles of IL-2.

Interestingly, IL-2 also plays a major role in the development,
survival, expansion, and suppressive functions of a unique
population of regulatory CD4+ T cells (Treg) that constitutively
express high levels of CD25 and Foxp3 (7–18). Tregs play a vital
role in negative regulation of immune-mediated inflammation in
autoimmune and autoinflammatory disorders, cancer, infections,
allergy, and intestinal inflammation. These cells also play key
roles in suppressing metabolic inflammation and promoting
tissue repair processes. Based on these suppressive functions the
in vivo expansion of Foxp3+ Tregs has been explored as an
avenue for treatment of inflammatory conditions. Onemethod to
expand Foxp3+ Tregs in vivo that has been pursued is the delivery
of low-dose IL-2 either alone or complexed with antibodies.
Low-dose IL-2 has been shown to preferentially expand Foxp3+

Tregs in part due to their constitutive CD25 expression as
well as other cell-intrinsic factors (19). Treatment with low-
dose IL-2 has shown promise in numerous inflammatory
disorders including chronic graft vs.-host-disease (GVHD),
allograft survival, systemic lupus erythematosus, and type I
diabetes, among others (20, 21). Further, IL-2 can be complexed
to antibodies that permit targeting to either Foxp3+ Tregs
or effector T cells and some innate immune cell populations
depending on the specific region of IL-2 the antibodies bind.
For example, the anti-IL-2 antibody JES6-1 binding to IL-2
induces allosteric changes that permit preferential activation of
CD25-expressing cells, such as Tregs, while a different anti-IL-2
antibody, S4B6, induces distinct conformational changes in IL-
2 allowing for selective interaction with IL-2 receptor beta (IL-
2Rβ/CD122) and expansion of CD8+ T cells and NK cells (22,
23). Consistent with the ability of IL-2/JES6-1 immunocomplexes
to expand Foxp3+ Tregs in vivo, they have shown beneficial
results in the treatment of several autoimmune and inflammatory
diseases in mice (21). IL-2/JES6-1 immunocomplexes and low-
dose IL-2 therapy are also stimulatory for group 2 innate
lymphoid cells (ILC2s) that express CD25, which can contribute
to IL-5 production and eosinophilia (24). Thus, the favorable
effects of IL-2-mediated Foxp3+ Treg expansion and immune
suppression may be tempered by simultaneous activation of
immune stimulatory effector cells such as eosinophils.

Given the vast number of microbes in the intestine,
tightly regulated immune responses are instrumental in the
maintenance of gut homeostasis, and IL-2 and Foxp3+ Tregs
play a vital function in this process (25–27). Upon bacterial
colonization of the intestine in early life or upon colonization
of germ-free mice with microbiota, IL-2 is rapidly induced and
consequently drives the expansion of Foxp3+ Tregs that aids
in establishing tolerance toward the microbiota (28, 29). The
importance of IL-2 signaling and Foxp3+ Tregs in maintaining
intestinal homeostasis is most evident in mice lacking IL-2 or
Foxp3, which develop spontaneous intestinal inflammation (30,
31). Further, naive CD4+ T cells induce chronic colitis when
transferred into immunodeficient mice in the absence of Foxp3+
Tregs (32). In this T cell transfer model, delivery of Foxp3+

Tregs can both prevent and treat disease (25). Based on these

observations, in vivo expansion of Foxp3+ Tregs using IL-2 and
other methods has been explored as a potential therapeutic for
human inflammatory bowel disease (IBD) (33, 34).

In this report, we show that treatment of mice with IL-
2/JES6-1 immunocomplex during DSS-induced colitis promoted
Foxp3+ Treg expansion, but also potently stimulated GATA3+

group 2 innate lymphoid cell (ILC2) proliferation and high-
level expression of IL-5 in the colon. Furthermore, IL-2/JES6-
1 treatment resulted in massive eosinophil accumulation and
activation in the inflamed colon, and afforded only modest
protection from colitis. In light of these findings, we further
demonstrated that combined IL-2/JES6-1 immunocomplex and
anti-IL-5 mAb treatment was most effective at ameliorating
DSS-induced colitis compared to either treatment alone and
that this regimen allowed for Foxp3+ Treg expansion without
concomitant eosinophilia. Collectively, our findings provide
insight into how blockade of IL-5 may aid in optimizing IL-2
immunotherapy for the treatment of intestinal inflammation.

RESULTS

IL-2/JES6-1 Immunocomplexes Induce
Colonic Foxp3+ Treg Accumulation During
DSS-Induced Intestinal Inflammation
IL-2/JES6-1 immunocomplexes have been shown to induce
rapid CD25+Foxp3+ Treg expansion in the spleen of mice
and afford protection from dextran sodium sulfate (DSS)-
induced colitis when delivered for one week prior to the
initiation of DSS (22). In order to explore if IL-2 delivery
can induce the accumulation of Foxp3+ Treg in the colons of
mice during experimental colitis, we treated wild-type C57BL/6J
mice with IL-2/JES6-1 immunocomplexes beginning at the time
of DSS administration (day 0) and continuing every 2 days.
At day 6, DSS was discontinued and colons were harvested
at day 10. IL-2/JES6-1 immunocomplex treatment led to a
significant increase in Foxp3+ Treg frequency and absolute
cell number (Figures 1A,B). Additionally, the expanded Foxp3+

Treg population in IL-2/JES6-1 immunocomplex-treated mice
coincided with increased colonic Foxp3, Il2ra, and Ctla4 mRNA
expression (Figure 1C). Collectively, these data demonstrate that
IL-2/JES6-1 immunocomplexes are capable to inducing robust
Foxp3+ Treg accumulation in the colons of DSS-treated mice
even when initiated at the same time as DSS dosing.

Delivery of IL-2/JES6-1 Immunocomplexes
to DSS-Treated Mice Drives Colonic
Eosinophil Accumulation And Activation
Previous studies have reported IL-5-induced eosinophilia
associated with IL-2/JES6-1 immunocomplex treatment in a
murine model of dermatitis as well as in cancer patients that
received high- or low-dose IL-2 immunotherapy (24). Therefore,
we next explored whether IL-2/JES6-1 immunocomplexes affect
colonic eosinophils during DSS-induced colitis. As shown in
Figures 2A,B, IL-2/JES6-1 immunocomplex treatment led to
a significant increase in Siglec-F+ eosinophil frequency and
absolute cell number in the colons of DSS-treated mice. We
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FIGURE 1 | IL-2/JES6-1 immunocomplexes induce colonic Foxp3+ Treg accumulation during DSS-induced intestinal inflammation. WT mice were treated with 3%

DSS in drinking water. At day 6, DSS water was replaced with normal water. IL-2/JES6-1 immunocomplexes were delivered every 2 days. CD4+Foxp3+Treg cells

were analyzed by flow cytometry. Representative dot plots are shown in (A). Frequency of CD4+Foxp3+ T cells are shown in (A) and total cell numbers of

CD4+Foxp3+T cells are shown in (B). (C) Expression of the Treg-related genes, Foxp3, Cd25, and Ctla4 were analyzed by qPCR using total colonic tissue. Data are

representative of two independent experiments with 4–6 mice/group. All data are presented as mean ± SEM; *P < 0.05, **P < 0.01, ***P < 0.001, one-way ANOVA

with Tukey’s multiple comparison test.

next assessed whether IL-2/JES6-1 immunocomplex treatment
led to eosinophil activation by analyzing Gr-1 expression, since
previous studies have shown that eosinophils in the inflamed
intestine show increased expression of intermediate, but not high,
levels of Gr-1 (35). The Gr-1 antibody reacts with both Ly6C
and Ly6G antigens that are also expressed by monocytes and
neutrophils, respectively. Using both Gr-1 expression and side
scatter (SSC) properties, these populations can be distinguished
into Gr-1lo−negSSChi eosinophils, Gr-1hiSSCint neutrophils, and
Gr-1lo−intSSClo monocytes (36). Upon activation, eosinophils
can become Gr-1intSSChi, and still be clearly distinguished from
neutrophils and monocytes. Indeed, we observed that Siglec-
F+ eosinophils in IL-2/JES6-1 immunocomplex-treated mice
showed significantly higher mean fluorescence intensity (MFI)
of Gr-1 when compared to non-treated controls (Figure 2C). We
also investigated eosinophil cationic protein 2 (encoded by the
Ear2 gene) expression as another eosinophil activation marker
(37). Consistent with enhanced Gr-1 expression, ear2 mRNA
expression was increased by IL-2/JES6-1 immunocomplex
administration to DSS-treated mice (Figure 2D). These data
indicate that IL-2/JES6-1 immunocomplexes can potently induce
eosinophil accumulation and activation in the inflamed intestine
during experimental colitis, which may be an unwanted side
effect of IL-2-based immunotherapy forintestinal inflammation.

IL-2/JES6-1 Immunocomplex
Administration Promotes Intestinal ILC2
Expansion and IL-5 Expression
To determine the mechanism of colonic eosinophil accumulation
induced by IL-2/JES6-1 immunocomplex treatment in DSS-
treated mice, we next investigated group 2 innate lymphoid

cells (ILC2s). ILC2s are defined as lin−CD127+CD90+ and
express the transcription factor GATA3 (38). Several studies
have reported that ILC2s express CD25 and respond to IL-2
stimulation by proliferating and elaborating type 2 cytokine
expression (39, 40). Additionally, a recent report showed
that IL-5-producing ILC2s control eosinophilia induced by
IL-2 therapy in humans and mice (24). Upon analysis of
DSS-treated mice, we observed that administration of IL-
2/JES6-1 immunocomplexes induced a significant increase in
IL-5 mRNA expression in total colonic tissue (Figure 3A).
Furthermore, IL-2/JES6-1 immunocomplexes significantly
increased lin−CD90.2+GATA3+ ILC2 frequency and absolute
cell number (Figures 3B,C). IL-5 expressing ILC2s were
also significantly increased in IL-2/JES6-1 immunocomplex-
treated mice (Figure 3D), as was IL-13 mRNA expression
(Supplementary Figure 1A) and IL-13 expressing ILC2s
(Supplementary Figure 1B). While Ccl11 mRNA expression
was significantly induced following DSS, IL-2/JES6-1
immunocomplex treatment did not significantly augment
expression levels (Supplementary Figure 1C). Together, these
observations suggest that eosinophil accumulation and activation
induced by IL-2/JES6-1 immunocomplex treatment was strongly
associated with IL-5- and IL-13-producing ILC2 induction.

Combined Delivery of IL-2/JES6-1
Immunocomplexes and Anti-IL-5 Mab
Ameliorates DSS-Induced Colitis
In light of our observations that IL-2/JES6-1 immunocomplexes
induce Foxp3+ Tregs, but also IL-5-producing ILC2s and
activated eosinophils during DSS-induced colitis, we next
attempted a combined approach to optimally ameliorate
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FIGURE 2 | Delivery of IL-2/JES6-1 immunocomplexes to DSS-treated mice drives colonic eosinophil accumulation and activation. WT mice were treated with 3%

DSS for 6 days and received normal water thereafter. IL-2/JES6-1 immunocomplexes were delivered every 2 days. On day 10, eosinophils were analyzed by flow

cytometry by pre-gating on live, CD11b+ cells. Representative dot plots are shown in (A), and the frequency and total cell numbers are shown in (B). The mean

fluorescence intensity (MFI) of Gr-1 staining in eosinophils is shown in (C) after pre-gating on live, CD11b+, Siglec-F+ cells. Expression of ECP (Ear2) was measured

using qPCR (D). Data are representative of two independent experiments with 5–7 mice/group. All data are presented as mean ± SEM; *P < 0.05, **P < 0.01,

one-way ANOVA with Tukey’s multiple comparison test.

FIGURE 3 | IL-2/JES6-1 immunocomplex administration promotes intestinal ILC2 expansion and IL-5 expression. WT mice were treated with 3% DSS for 6 days and

received normal water thereafter. IL-2/JES6-1 immunocomplexes were delivered every 2 days. IL-5 mRNA expression in total colon tissue was analyzed by

quantitative real-time PCR (A). LPL from each mouse were restimulated by PMA/ionomycin and ILC2 cells were analyzed by flow cytometry. Represent dot plots are

shown in (B) and the frequency and total cell numbers are shown in (C) after pre-gating on live, lin- cells. IL-5+ILC2 were analyzed by flow cytometry (D). Data are

representative of two independent experiments with 4–6 mice/group. All data are presented as mean ± SEM; *P < 0.05, ***P < 0.001, one-way ANOVA with Tukey’s

multiple comparison test.
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colitis by expanding colonic Foxp3+ Tregs via delivery
of IL-2/JES6-1 immunocomplexes while simultaneously
blocking eosinophil accumulation and activation by using
anti-IL-5 monoclonal antibodies (mAb). We first assessed
whether anti-IL-5 mAb treatment was able to prevent colonic
eosinophilia in our experimental model. Indeed, while IL-
2/JES6-1 immunocomplexes increased colonic eosinophil
frequency and absolute cell number in DSS-treated mice, this
effect could be prevented by co-administration of anti-IL-5
mAb (Figures 4A,B). Of note, administration of anti-IL-
5 mAb alone was also able to significantly reduce colonic
eosinophils when compared to control IgG administration to
DSS-treated mice. Similarly, IL-2/JES6-1 immunocomplexes
increased colonic eosinophil activation as evidenced by increased
frequencies and absolute cell numbers of cells expressing
intermediate, but not high, levels of Gr-1, and this effect
could be prevented by co-administration of anti-IL-5 mAb
(Supplementary Figures 2A,B). We next examined the effects
of these 4 different treatments (control IgG, IL-2/JES6-1
immunocomplexes alone, anti-IL-5 mAb alone, and IL-2/JES6-1
immunocomplexes + anti-IL-5 mAb) on DSS-induced colitis
and recovery. While the IL-2/JES6-1 immunocomplex group
and the anti-IL-5 mAb group each displayed improvement
in disease outcome compared the control IgG treated group,
combined delivery of IL-2/JES6-1 immunocomplexes +

anti-IL-5 mAb afforded the most significant protection
as measured by reduced colonic shortening (Figure 4C),
weight loss (Figure 4D), and disease activity index (DAI;
Figure 4E). Consistent with these observations, combined
delivery of IL-2/JES6-1 immunocomplexes + anti-IL-5
mAb also provided optimal reduction in pathological tissue
inflammation (Figure 4F) and histology score (Figure 4G).
As summarized in Supplementary Figure 3, these data
collectively demonstrate that combined administration of
IL-2/JES6-1 immunocomplexes and anti-IL-5 mAb, which allows
for Foxp3+ Treg expansion in the absence of eosinophilia,
is highly effective at ameliorating DSS-induced colitis
compared to the use of IL-2/JES6-1 immunocomplexes or
anti-IL-5 mAb alone.

DISCUSSION

In this study, we provide evidence demonstrating that combined
delivery of IL-2 immunocomplexes and anti-IL-5 mAb is highly
effective at expanding Foxp3+ Treg cells in the absence of
eosinophilia and ameliorating DSS-induced colitis in mice.
While evidence strongly suggests that Tregs are instrumental
in establishing and maintaining gut homeostasis, an effective
approach to expand these cells in vivo for the treatment of
intestinal inflammation, without undesired side effects, has
proven challenging (21, 33, 34). A previous report elegantly
demonstrated that IL-2/JES6-1 immunocomplexes are effective
at expanding Foxp3+ T cells in the spleens of mice and
when delivered for 1 week prior to the initiation of DSS were
able to lessen colitis (22). Our data confirms and extends
these findings by showing that administration of IL-2/JES6-1

immunocomplexes at the time of initiating DSS treatment is
sufficient to expand colonic Foxp3+ Tregs and ameliorate colitis.

Interestingly, we noted that IL-2/JES6-1 immunocomplex
delivery to DSS-treated mice also potently expanded IL-5
producing ILC2s and eosinophils in the inflamed colon, which
is consistent with observations in other tissues (24, 40). These
data suggested that accumulation and activation of eosinophils
may have been impairing the beneficial effects of Foxp3+

Treg expansion induced by IL-2/JES6-1 immunocomplexes.
Consistent with this concept, activated eosinophils have
been associated with human IBD (41–44) and DSS-induced
histopathology is attenuated in mice deficient in eosinophils
(45–47), although eosinophils appear to play a dual role in the
intestine and can provide beneficial effects (48, 49). Given the
potent role for IL-5 in driving eosinophil accumulation, blockade
of IL-5 has also been shown to reduce intestinal eosinophilia
and modestly ameliorate experimental colitis in some models
(35), yet not in others (50, 51). Indeed, two previous studies
analyzing DSS-induced colitis using IL-5-deficient mice (50, 51)
concluded that IL-5 alone plays a minor role in the DSS model,
whereas we observed a modestly more robust effect in our study.
These modest effects of IL-5 deficiency on DSS colitis may be
due to eosinophils providing both pro- and anti-inflammatory
functions during intestinal inflammation (52), as well as the use
of IL-5-deficient mice in these studies and antibody-mediated
IL-5 neutralization in our study. In response to IL-2/JES6-1
immunocomplex administration and increased levels of IL-5,
the augmented number and activation status of eosinophils may
tip the balance in the pro-inflammatory direction, which may
explain our observed beneficial effect of combined IL-2/JES6-1
immunocomplex and IL-5 blockade in the DSS model of colitis.
It is noteworthy that the acute DSS model of colonic damage and
repair predominantly involves innate immune activation and
whether this combined treatment strategy will also be effective
in chronic, T-cell dependent models of intestinal inflammation
remains to be investigated.

The expansion of ILC2s by IL-2 immunocomplexes has been
well-documented and consistent with the high expression of
CD25 on ILC2s (21, 24, 40). However, whether ILC2 activation
is beneficial or deleterious during intestinal inflammation is still
being actively unraveled. Recent reports have shown that these
cells are involved in mounting type 2 immune responses to
helminthic infections of the gastrointestinal tract and coordinate
with tuft cells to elaborate an IL-25-ILC2-IL-13 immune circuit
that promotes intestinal defense and remodeling (53–56). During
DSS-induced colitis however, the function of ILC2s is less clear.
Gut-associated ILC2s have been reported to secrete the growth
factor amphiregulin which can limit intestinal inflammation
and promote tissue repair processes (57). As with eosinophils,
ILC2 expansion by IL-2 immunocomplexes may alter the normal
function of these cells. Clearly, additional studies are warranted
to fully understand how IL-2 delivery regulates ILC2s as well
as eosinophils.

Overall, further understanding of how to exploit IL-2 signaling
to enhance the development, function, and antigen specificity
of Tregs, without unwelcome side effects, is an active area
of investigation with strong translational potential for many
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FIGURE 4 | Combination of IL-2/JES6-1 immunocomplexes and anti-IL-5 mAb effectively ameliorate DSS-induced colitis. WT mice were treated with 3% DSS for 6

days and received normal water thereafter. IL-2/JES6-1 immunocomplex were delivered every 2 days and anti-IL-5 mAb was delivered every day. Eosinophils

(Siglec-F+) were analyzed by flow cytometry (A) and the frequency and total cell numbers are shown in (B). Representative images of colons from indicated

conditions are shown in (C). Weight loss (D) and disease activity index (DAI) (E) were monitored every day. Representative hematoxylin/eosin stained colon sections

are shown in (F) and histology scoring of individual colon sections are shown in (G). Data are representative of two independent experiments with 4 mice/group. All

data are presented as mean ± SEM; *P < 0.05, **P < 0.01, and ***P < 0.001, one-way ANOVA with Tukey’s multiple comparison test.

inflammatory diseases (34). IL-2/JES6-1 immunocomplexes have
been successfully used to expand Foxp3+ Treg cells in mice
and these findings have led to the development of an anti-
human IL-2 mAbs that selectively expands Tregs in humans
(21, 34, 58). Recently, a novel anti-IL-2 antibody, F5111.2, was
developed that stabilizes IL-2 in a conformation that leads
to the selective expansion of Tregs. Complexing of F5111.2
with human IL-2 led to the remission of type 1 diabetes and
reduced disease severity inmousemodels of graft-vs.-host disease
and experimental autoimmune encephalomyelitis (59). Another
clinically attractive approach for preferentially expanding Tregs
in vivo is to directly modulate IL-2 itself to allow for optimal
conformation for binding to CD25 (34). These so-called IL-
2 “muteins,” like IL-2 immunocomplexes, may also lead to
ILC2 expansion, IL-5 production, and eosinophilia. The data
presented here suggests that these approaches for IL-2 driven
Treg expansion in vivomay be further optimized by blocking IL-5
and limiting eosinophil activation.

In the present study we assessed IL-5 induction as one
unwarranted side-effect of IL-2 immunocomplex treatment,
however, it is important to note that stimulation of ILC2s

with IL-2 or IL-2 immunocomplexes also induces other type
2 cytokines that may contribute to intestinal inflammation,
including IL-9 (60) and IL-13 (40). Interestingly, both
IL-9 and IL-13 can contribute to the pathogenesis of
experimental models of colitis and human inflammatory
bowel disease (IBD) (61, 62) and are known inducers of
the eosinophil chemokine Ccl11 (63, 64). These findings
may thus provide a framework for future investigations into
whether blockade of IL-5, IL-9, IL-13, and/or Ccl11 may
enhance the effectiveness of IL-2 immunocomplex treatment
during intestinal inflammation as well as other inflammatory
disease settings.

MATERIALS AND METHODS

Mice
C57BL/6J mice were obtained from the Jackson Laboratory
and maintained in specific pathogen-free conditions. In all
experiments, sex-matched mice were used at 7–8 weeks of age.
Animal procedures were approved by the Institutional Animal
Care and Use Committee of Georgia State University.
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DSS Model of Colitis
Mice were treated with 3% (wt/vol) DSS (MP Biomedicals;
molecular weight: 36,000–50,000) in their drinking water for
6 days and then DSS was replaced with normal water. Mice
receiving DSS were monitored daily for weight change and
disease index activity (DAI).

Flow Cytometry
Fluorescent dye-labeled antibodies specific for CD4, CD25,
CD11b, Gr-1 (clone RB6-8C5), Foxp3, GATA3, B220, NK1.1,
CD19, CD3, IL-5, and IL-13 were purchased from eBioscience
and Biolegend. Fc block (2.4G2) was purchased from BD.
Dead cells were stained by fixable aqua dead cell staining kit.
Intracellular staining for Foxp3 and GATA3 was performed
by Intracellular Fixation and Permeabilization Buffer Set
(eBioscience). Intracellular staining of IL-5 was performed after
restimulation with PMA, ionomycin and brefeldin A for 5 h.
Restimulated cells were treated with Intracellular Fixation and
Permeabilization Buffer Set (eBioscience) and stained with IL-
5 antibodies. Flow cytometric analysis was performed on a
Beckman Coulter Cytoflex flow cytometer and analyzed by
Flowjo software (Tree Star, Ashland, OR).

Isolation of Colonic Lamina Propria Cells
From Large Intestine
Colon tissues were cut into 0.5 cm pieces and transferred
into 50mL conical tubes. Then tubes were shaken at 250
rpm for 20min at 37◦C in Hanks’ balanced salt solution
supplemented with 5% FBS with 5mM EDTA. This process
was repeated twice. Cell suspensions were passed through a
cell strainer and remaining colon tissues were washed and
minced, transferred to 50mL conical tubes and shaken for
10min at 37◦C in Hanks’ balanced-salt solution supplemented
with 5% FBS and type VIII collagenase (1 mg/mL). Cell
suspensions were passed through a cell strainer and pelleted by
centrifugation at 300 g.

In vivo Administration of IL-2/JES6-1
Immunocomplexes and Anti-IL-5 mAb
IL-2/JES6-1 immunocomplexes were prepared by pre-incubating
recombinant IL-2 (PeproTech) with anti-IL-2 mAb (JES6-1;
Bioxcell) at a 2:1 cytokine:antibody molar ratio for 30min at
room temperature (23, 65). Mice were injected with anti-IL-5
antibodies (200µg) and/or IL-2/JES6-1 immunocomplexes (1mg
every 2 days) by i.p injection.

RNA Isolation and Real-Time PCR
Total RNA was isolated from colon tissue using the Qiagen
RNeasy Mini Kit, according to the manufacturer’s protocols
with on-column DNase digestion using the RNase Free
DNase set. cDNA was generated using Hi-capacity cDNA
Reverse Transcription Kit (Applied Biosystems) according to
manufacturer’s protocols. qPCRwas performedwith SYBRGreen
Master Mix (BioRad) on Step One Plus real time PCR system
(Applied Biosystems), and gene specific primers.

Il5 F: 5′-CGCTCACCGAGCTCTGTTG-3′

Il5 R: 5′-CCAATGCATAGCTGGTGATTTTT-3′

Foxp3 F: 5′-CACCCAGGAAAGACAGCAACC-3′

Foxp3 R: 5′-GCAAGAGCTCTTGTCCATTGA-3′

Gapdh F: 5′-TGGCAAAGTGGAGATTGTTGCC-3′

Gapdh R: 5′-AAGATGGTGATGGGCTTCCCG-3′

Ctla4 F: 5′-TGTTGACACGGGACTGTACCT-3′

Ctla4 R: 5′-CGGGCATGGTTCTGGATCA-3′

Il2ra F: 5′-CCACCACAGACTTCCCACAA-3′

Il2ra R: 5′-CCATCTGTGTTGCCAGGTGA-3′

Ear2 F: 5′-ACCAGTCGGAGGAGAACACC-3′

Ear2 R: 5′-CAAAGGTGCAAAGTGCTGGC-3′

Ccl11 F: 5′-AGAGCTCCACAGCGCTTCTATT-3′

Ccl11 R: 5′-GGTGCATCTGTTGTTGGTGATT-3′

Histology
Colon tissues were fixed in 10% neutral buffer formalin and
embedded in paraffin. Paraffin embedded tissue sections were
stained using hematoxylin/eosin. The score of inflammation and
epithelial damage was graded in a blinded manner using a scale
from 0 to 3 for each parameter.

Statistics
All statistical analyses were performed with GraphPad Prism
software, version 7 (GraphPad Software). One-way ANOVA and
Tukey’s Multiple Comparison Test or Student’s t-test were used
to determine significance. P < 0.05 were considered significant.
∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.
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Supplementary Figure 1 | IL-2/JES6-1 immunocomplex administration induces

expansion of IL-13-producing intestinal ILC2s. WT mice were treated with 3%

DSS for 6 days and received normal water thereafter. IL-2/JES6-1
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immunocomplexes were delivered every 2 days. IL-13 mRNA expression in total

colon tissue was analyzed by quantitative real-time PCR (A). LPL from each

mouse were restimulated by PMA/ionomycin and IL-13+ ILC2s total cell numbers

were analyzed by flow cytometry after pre-gating on live, lin- cells (B). Ccl11

mRNA expression in total colon tissue was analyzed by quantitative real-time PCR

(C). All data are presented as mean ± SEM; ∗P < 0.05, ∗∗P < 0.01.

Supplementary Figure 2 | Anti-IL-5 mAb treatment efficiently prevents

IL-2/JES6-1 immunocomplex-induced eosinophil activation during DSS-induced

colitis. WT mice were treated with 3% DSS for 6 days and received normal water

thereafter. IL-2/JES6-1 immunocomplexes were delivered every 2 days and

anti-IL-5 mAb was delivered every day. Siglec-F+ populations were gated as Gr-1

low, int, and hi. Representative dot plots are shown in (A). Frequency and cell

numbers of each population are shown in (B). All data are presented as mean ±

SEM; ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.

Supplementary Figure 3 | Model for combined effects of IL-2/JES6-1

immunocomplex and anti-IL-5 treatment during DSS colitis. IL-2/JES6-1

immunocomplexes during DSS-induced colitis induce Foxp3+ Treg expansion,

but also potently stimulates GATA3+ ILC2 proliferation and expression of IL-5,

leading to eosinophil accumulation and activation in the inflamed colon. Combined

IL-2/JES6-1 and anti-IL-5 mAb treatment permits Foxp3+ Treg expansion in the

absence of associated eosinophilia and is effective at ameliorating DSS-induced

colitis.

REFERENCES

1. Malek TR. The biology of interleukin-2. Annu Rev Immunol. (2008) 26:453–

79. doi: 10.1146/annurev.immunol.26.021607.090357

2. Bayer AL, Pugliese A, Malek TR. The IL-2/IL-2R system: from basic science to

therapeutic applications to enhance immune regulation. Immunol Res. (2013)

57:197–209. doi: 10.1007/s12026-013-8452-5

3. Rosenberg SA. IL-2: the first effective immunotherapy for human

cancer. J Immunol. (2014) 192:5451–8. doi: 10.4049/jimmunol.

1490019

4. Skrombolas D, Frelinger JG. Challenges and developing solutions for

increasing the benefits of IL-2 treatment in tumor therapy. Expert Rev Clin

Immunol. (2014) 10:207–17. doi: 10.1586/1744666X.2014.875856

5. Lissoni P. Therapy implications of the role of interleukin-2 in cancer. Expert

Rev Clin Immunol. (2017) 13:491–8. doi: 10.1080/1744666X.2017.1245146

6. Smith KA, Favata MF, Oroszlan S. Production and characterization of

monoclonal antibodies to human interleukin 2: strategy and tactics. J

Immunol. (1983) 131:1808–15.

7. Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development

by the transcription factor Foxp3. Science. (2003) 299:1057–61.

doi: 10.1126/science.1079490

8. Fontenot JD, GavinMA, Rudensky AY. Foxp3 programs the development and

function of CD4+CD25+ regulatory T cells. Nat Immunol. (2003) 4:330–6.

doi: 10.1038/ni904

9. Khattri R, Cox T, Yasayko SA, Ramsdell F. An essential role for Scurfin

in CD4+CD25+ T regulatory cells. Nat Immunol. (2003) 4:337–42.

doi: 10.1038/ni909

10. Malek TR, Yu A, Vincek V, Scibelli P, Kong L. CD4 regulatory T cells

prevent lethal autoimmunity in IL-2Rbeta-deficient mice. Implications

for the nonredundant function of IL-2. Immunity. (2002) 17:167–78.

doi: 10.1016/S1074-7613(02)00367-9

11. Malek TR, Bayer AL. Tolerance, not immunity, crucially depends on IL-2.Nat

Rev Immunol. (2004) 4:665–74. doi: 10.1038/nri1435

12. Fontenot JD, Rasmussen JP, Gavin MA, Rudensky AY. A function for

interleukin 2 in Foxp3-expressing regulatory T cells. Nat Immunol. (2005)

6:1142–51. doi: 10.1038/ni1263

13. Furtado GC, Curotto de Lafaille MA, Kutchukhidze N, Lafaille JJ. Interleukin

2 signaling is required for CD4(+) regulatory T cell function. J Exp Med.

(2002) 196:851–7. doi: 10.1084/jem.20020190

14. Thornton AM, Donovan EE, Piccirillo CA, Shevach EM. Cutting edge: IL-2 is

critically required for the in vitro activation of CD4+CD25+ T cell suppressor

function. J Immunol. (2004) 172:6519–23. doi: 10.4049/jimmunol.172.11.6519

15. Bayer AL, Yu A, Adeegbe D, Malek TR. Essential role for interleukin-

2 for CD4(+)CD25(+) T regulatory cell development during the

neonatal period. J Exp Med. (2005) 201:769–77. doi: 10.1084/jem.

20041179

16. de la Rosa M, Rutz S, Dorninger H, Scheffold A. Interleukin-2 is essential for

CD4+CD25+ regulatory T cell function. Eur J Immunol. (2004) 34:2480–8.

doi: 10.1002/eji.200425274

17. Setoguchi R, Hori S, Takahashi T, Sakaguchi S. Homeostatic maintenance of

natural Foxp3(+) CD25(+) CD4(+) regulatory T cells by interleukin (IL)-

2 and induction of autoimmune disease by IL-2 neutralization. J Exp Med.

(2005) 201:723–35. doi: 10.1084/jem.20041982

18. PapiernikM, deMoraesML, Pontoux C, Vasseur F, Penit C. Regulatory CD4T

cells: expression of IL-2R alpha chain, resistance to clonal deletion and IL-2

dependency. Int Immunol. (1998) 10:371–8. doi: 10.1093/intimm/10.4.371

19. RosenzwajgM, ChurlaudG,Mallone R, Six A, DerianN, ChaaraW, et al. Low-

dose interleukin-2 fosters a dose-dependent regulatory T cell tuned milieu in

T1D patients. J Autoimmun. (2015) 58:48–58. doi: 10.1016/j.jaut.2015.01.001

20. Klatzmann D, Abbas AK. The promise of low-dose interleukin-2 therapy for

autoimmune and inflammatory diseases.Nat Rev Immunol. (2015) 15:283–94.

doi: 10.1038/nri3823

21. Abbas AK, Trotta E, D RS, Marson A, Bluestone JA. Revisiting IL-

2: biology and therapeutic prospects. Sci Immunol. (2018) 3:eaat1482.

doi: 10.1126/sciimmunol.aat1482

22. Spangler JB, Tomala J, Luca VC, Jude KM, Dong S, Ring AM, et al.

Antibodies to Interleukin-2 elicit selective T cell subset potentiation

through distinct conformational mechanisms. Immunity. (2015) 42:815–25.

doi: 10.1016/j.immuni.2015.04.015

23. Boyman O, Kovar M, Rubinstein MP, Surh CD, Sprent J. Selective stimulation

of T cell subsets with antibody-cytokine immune complexes. Science. (2006)

311:1924–7. doi: 10.1126/science.1122927

24. Van Gool F, Molofsky AB, Morar MM, Rosenzwajg M, Liang HE, Klatzmann

D, et al. Interleukin-5-producing group 2 innate lymphoid cells control

eosinophilia induced by interleukin-2 therapy. Blood. (2014) 124:3572–6.

doi: 10.1182/blood-2014-07-587493

25. Izcue A, Coombes JL, Powrie F. Regulatory lymphocytes and

intestinal inflammation. Annu Rev Immunol. (2009) 27:313–38.

doi: 10.1146/annurev.immunol.021908.132657

26. Hooper LV, Littman DR, Macpherson AJ. Interactions between the

microbiota and the immune system. Science. (2012) 336:1268–73.

doi: 10.1126/science.1223490

27. Honda K, Littman DR. The microbiota in adaptive immune homeostasis and

disease. Nature. (2016) 535:75–84. doi: 10.1038/nature18848

28. Obata Y, Furusawa Y, Endo TA, Sharif J, Takahashi D, Atarashi K, et al.

The epigenetic regulator Uhrf1 facilitates the proliferation and maturation of

colonic regulatory T cells.Nat Immunol. (2014) 15:571–9. doi: 10.1038/ni.2886

29. Tanoue T, Atarashi K, Honda K. Development and maintenance of

intestinal regulatory T cells. Nat Rev Immunol. (2016) 16:295–309.

doi: 10.1038/nri.2016.36

30. Sadlack B, Merz H, Schorle H, Schimpl A, Feller AC, Horak I. Ulcerative

colitis-like disease in mice with a disrupted interleukin-2 gene. Cell. (1993)

75:253–61. doi: 10.1016/0092-8674(93)80067-O

31. Chinen T, Volchkov PY, Chervonsky AV, Rudensky AY. A critical

role for regulatory T cell-mediated control of inflammation in the

absence of commensal microbiota. J Exp Med. (2010) 207:2323–30.

doi: 10.1084/jem.20101235

32. Coombes JL, Robinson NJ, Maloy KJ, Uhlig HH, Powrie F. Regulatory

T cells and intestinal homeostasis. Immunol Rev. (2005) 204:184–94.

doi: 10.1111/j.0105-2896.2005.00250.x

33. GeemD, Harusato A, Flannigan K, Denning TL. Harnessing regulatory T cells

for the treatment of inflammatory bowel disease. Inflamm Bowel Dis. (2015)

21:1409–18. doi: 10.1097/MIB.0000000000000343

34. Dawson NAJ, Vent-Schmidt J, Levings MK. Engineered tolerance: tailoring

development, function, and antigen-specificity of regulatory T cells. Front

Immunol. (2017) 8:1460. doi: 10.3389/fimmu.2017.01460

Frontiers in Immunology | www.frontiersin.org 8 March 2019 | Volume 10 | Article 459

https://doi.org/10.1146/annurev.immunol.26.021607.090357
https://doi.org/10.1007/s12026-013-8452-5
https://doi.org/10.4049/jimmunol.\penalty -\@M {}1490019
https://doi.org/10.1586/1744666X.2014.875856
https://doi.org/10.1080/1744666X.2017.1245146
https://doi.org/10.1126/science.1079490
https://doi.org/10.1038/ni904
https://doi.org/10.1038/ni909
https://doi.org/10.1016/S1074-7613(02)00367-9
https://doi.org/10.1038/nri1435
https://doi.org/10.1038/ni1263
https://doi.org/10.1084/jem.20020190
https://doi.org/10.4049/jimmunol.172.11.6519
https://doi.org/10.1084/jem.\penalty -\@M {}20041179
https://doi.org/10.1002/eji.200425274
https://doi.org/10.1084/jem.20041982
https://doi.org/10.1093/intimm/10.4.371
https://doi.org/10.1016/j.jaut.2015.01.001
https://doi.org/10.1038/nri3823
https://doi.org/10.1126/sciimmunol.aat1482
https://doi.org/10.1016/j.immuni.2015.04.015
https://doi.org/10.1126/science.1122927
https://doi.org/10.1182/blood-2014-07-587493
https://doi.org/10.1146/annurev.immunol.021908.132657
https://doi.org/10.1126/science.1223490
https://doi.org/10.1038/nature18848
https://doi.org/10.1038/ni.2886
https://doi.org/10.1038/nri.2016.36
https://doi.org/10.1016/0092-8674(93)80067-O
https://doi.org/10.1084/jem.20101235
https://doi.org/10.1111/j.0105-2896.2005.00250.x
https://doi.org/10.1097/MIB.0000000000000343
https://doi.org/10.3389/fimmu.2017.01460
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Abo et al. IL-2 and Anti-IL-5 Ameliorates Colitis

35. Griseri T, Arnold IC, Pearson C, Krausgruber T, Schiering C, Franchini F, et al.

Granulocyte macrophage colony-stimulating factor-activated eosinophils

promote interleukin-23 driven chronic colitis. Immunity. (2015) 43:187–99.

doi: 10.1016/j.immuni.2015.07.008

36. Rose S, Misharin A, Perlman H. A novel Ly6C/Ly6G-based strategy to analyze

the mouse splenic myeloid compartment. Cytometry A. (2012) 81:343–50.

doi: 10.1002/cyto.a.22012

37. Fulkerson PC, RothenbergME. Targeting eosinophils in allergy, inflammation

and beyond. Nat Rev Drug Discov. (2013) 12:117–29. doi: 10.1038/nrd3838

38. Sonnenberg GF, Artis D. Innate lymphoid cells in the initiation,

regulation and resolution of inflammation. Nat Med. (2015) 21:698–708.

doi: 10.1038/nm.3892

39. Klein Wolterink RG, Kleinjan A, van Nimwegen M, Bergen I, de Bruijn M,

Levani Y, et al. Pulmonary innate lymphoid cells are major producers of IL-

5 and IL-13 in murine models of allergic asthma. Eur J Immunol. (2012)

42:1106–16. doi: 10.1002/eji.201142018

40. Roediger B, Kyle R, Yip KH, Sumaria N, Guy TV, Kim BS, et al. Cutaneous

immunosurveillance and regulation of inflammation by group 2 innate

lymphoid cells. Nat Immunol. (2013) 14:564–73. doi: 10.1038/ni.2584

41. Hogan SP. Functional role of eosinophils in gastrointestinal

inflammation. Immunol Allergy Clin North Am. (2009) 29:129–40.

doi: 10.1016/j.iac.2008.10.004

42. Al-Haddad S, Riddell RH. The role of eosinophils in inflammatory bowel

disease. Gut. (2005) 54:1674–5. doi: 10.1136/gut.2005.072595

43. Jung Y, Rothenberg ME. Roles and regulation of gastrointestinal

eosinophils in immunity and disease. J Immunol. (2014) 193:999–1005.

doi: 10.4049/jimmunol.1400413

44. Woodruff SA, Masterson JC, Fillon S, Robinson ZD, Furuta GT. Role

of eosinophils in inflammatory bowel and gastrointestinal diseases. J

Pediatr Gastroenterol Nutr. (2011) 52:650–61. doi: 10.1097/MPG.0b013e

3182128512

45. Ahrens R,Waddell A, Seidu L, Blanchard C, Carey R, Forbes E, et al. Intestinal

macrophage/epithelial cell-derived CCL11/eotaxin-1 mediates eosinophil

recruitment and function in pediatric ulcerative colitis. J Immunol. (2008)

181:7390–9. doi: 10.4049/jimmunol.181.10.7390

46. Maltby S, Wohlfarth C, Gold M, Zbytnuik L, Hughes MR, McNagny KM.

CD34 is required for infiltration of eosinophils into the colon and pathology

associated with DSS-induced ulcerative colitis. Am J Pathol. (2010) 177:1244–

54. doi: 10.2353/ajpath.2010.100191

47. Vieira AT, Fagundes CT, Alessandri AL, Castor MG, Guabiraba R, Borges

VO, et al. Treatment with a novel chemokine-binding protein or eosinophil

lineage-ablation protects mice from experimental colitis. Am J Pathol. (2009)

175:2382–91. doi: 10.2353/ajpath.2009.090093

48. Masterson JC, McNamee EN, Fillon SA, Hosford L, Harris R, Fernando SD,

et al. Eosinophil-mediated signalling attenuates inflammatory responses in

experimental colitis.Gut. (2015) 64:1236–47. doi: 10.1136/gutjnl-2014-306998

49. Chu VT, Beller A, Rausch S, Strandmark J, Zanker M, Arbach O, et al.

Eosinophils promote generation and maintenance of immunoglobulin-A-

expressing plasma cells and contribute to gut immune homeostasis. Immunity.

(2014) 40:582–93. doi: 10.1016/j.immuni.2014.02.014

50. Forbes E, Murase T, Yang M, Matthaei KI, Lee JJ, Lee NA,

et al. Immunopathogenesis of experimental ulcerative colitis is

mediated by eosinophil peroxidase. J Immunol. (2004) 172:5664–75.

doi: 10.4049/jimmunol.172.9.5664

51. Stevceva L, Pavli P, Husband A, Matthaei KI, Young IG, Doe WF.

Eosinophilia is attenuated in experimental colitis induced in IL-5

deficient mice. Genes Immun. (2000) 1:213–8. doi: 10.1038/sj.gene.

6363654

52. Travers J, Rothenberg ME. Eosinophils in mucosal immune responses.

Mucosal Immunol. (2015) 8:464–75. doi: 10.1038/mi.2015.2

53. von Moltke J, Ji M, Liang HE, Locksley RM. Tuft-cell-derived IL-25 regulates

an intestinal ILC2-epithelial response circuit. Nature. (2016) 529:221–5.

doi: 10.1038/nature16161

54. Schneider C, O’Leary CE, von Moltke J, Liang HE, Ang QY, Turnbaugh

PJ, et al. A metabolite-triggered tuft cell-ILC2 circuit drives small intestinal

remodeling. Cell. (2018) 174:271–84 e14. doi: 10.1016/j.cell.2018.05.014

55. Nadjsombati MS, McGinty JW, Lyons-Cohen MR, Jaffe JB, DiPeso

L, Schneider C, et al. Detection of succinate by intestinal tuft cells

triggers a type 2 innate immune circuit. Immunity. (2018) 49:33–41 e7.

doi: 10.1016/j.immuni.2018.06.016

56. Howitt MR, Lavoie S, Michaud M, Blum AM, Tran SV, Weinstock JV, et al.

Tuft cells, taste-chemosensory cells, orchestrate parasite type 2 immunity in

the gut. Science. (2016) 351:1329–33. doi: 10.1126/science.aaf1648

57. Monticelli LA, Osborne LC, Noti M, Tran SV, Zaiss DM, Artis D. IL-

33 promotes an innate immune pathway of intestinal tissue protection

dependent on amphiregulin-EGFR interactions. Proc Natl Acad Sci USA.

(2015) 112:10762–7. doi: 10.1073/pnas.1509070112

58. Arenas-Ramirez N, Woytschak J, Boyman O. Interleukin-2:

biology, design and application. Trends Immunol. (2015) 36:763–77.

doi: 10.1016/j.it.2015.10.003

59. Trotta E, Bessette PH, Silveria SL, Ely LK, Jude KM, Le DT, et al. A human

anti-IL-2 antibody that potentiates regulatory T cells by a structure-based

mechanism. Nat Med. (2018) 24:1005–14. doi: 10.1038/s41591-018-0070-2

60. Wilhelm C, Hirota K, Stieglitz B, Van Snick J, Tolaini M, Lahl K, et al. An IL-9

fate reporter demonstrates the induction of an innate IL-9 response in lung

inflammation. Nat Immunol. (2011) 12:1071–7. doi: 10.1038/ni.2133

61. Neurath MF, Finotto S. IL-9 signaling as key driver of chronic inflammation

in mucosal immunity. Cytokine Growth Factor Rev. (2016) 29:93–9.

doi: 10.1016/j.cytogfr.2016.02.002

62. Jovani M, Fiorino G, Danese S. Anti-IL-13 in inflammatory bowel disease:

from the bench to the bedside. Curr Drug Targets. (2013) 14:1444–52.

doi: 10.2174/13894501113149990170

63. Waddell A, Ahrens R, Tsai YT, Sherrill JD, Denson LA, Steinbrecher

KA, et al. Intestinal CCL11 and eosinophilic inflammation is regulated by

myeloid cell-specific RelA/p65 in mice. J Immunol. (2013) 190:4773–85.

doi: 10.4049/jimmunol.1200057

64. Yamasaki A, Saleh A, Koussih L,Muro S, Halayko AJ, Gounni AS. IL-9 induces

CCL11 expression via STAT3 signalling in human airway smooth muscle cells.

PLoS ONE. (2010) 5:e9178. doi: 10.1371/journal.pone.0009178

65. Webster KE, Walters S, Kohler RE, Mrkvan T, Boyman O, Surh CD,

et al. In vivo expansion of T reg cells with IL-2-mAb complexes:

induction of resistance to EAE and long-term acceptance of islet

allografts without immunosuppression. J Exp Med. (2009) 206:751–60.

doi: 10.1084/jem.20082824

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Abo, Flannigan, Geem, Ngo, Harusato and Denning. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Immunology | www.frontiersin.org 9 March 2019 | Volume 10 | Article 459

https://doi.org/10.1016/j.immuni.2015.07.008
https://doi.org/10.1002/cyto.a.22012
https://doi.org/10.1038/nrd3838
https://doi.org/10.1038/nm.3892
https://doi.org/10.1002/eji.201142018
https://doi.org/10.1038/ni.2584
https://doi.org/10.1016/j.iac.2008.10.004
https://doi.org/10.1136/gut.2005.072595
https://doi.org/10.4049/jimmunol.1400413
https://doi.org/10.1097/MPG.0b013e3182128512
https://doi.org/10.4049/jimmunol.181.10.7390
https://doi.org/10.2353/ajpath.2010.100191
https://doi.org/10.2353/ajpath.2009.090093
https://doi.org/10.1136/gutjnl-2014-306998
https://doi.org/10.1016/j.immuni.2014.02.014
https://doi.org/10.4049/jimmunol.172.9.5664
https://doi.org/10.1038/sj.gene.6363654
https://doi.org/10.1038/mi.2015.2
https://doi.org/10.1038/nature16161
https://doi.org/10.1016/j.cell.2018.05.014
https://doi.org/10.1016/j.immuni.2018.06.016
https://doi.org/10.1126/science.aaf1648
https://doi.org/10.1073/pnas.1509070112
https://doi.org/10.1016/j.it.2015.10.003
https://doi.org/10.1038/s41591-018-0070-2
https://doi.org/10.1038/ni.2133
https://doi.org/10.1016/j.cytogfr.2016.02.002
https://doi.org/10.2174/13894501113149990170
https://doi.org/10.4049/jimmunol.1200057
https://doi.org/10.1371/journal.pone.0009178
https://doi.org/10.1084/jem.20082824~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Combined IL-2 Immunocomplex and Anti-IL-5 mAb Treatment Expands Foxp3+ Treg Cells in the Absence of Eosinophilia and Ameliorates Experimental Colitis
	Introduction
	Results
	IL-2/JES6-1 Immunocomplexes Induce Colonic Foxp3+ Treg Accumulation During DSS-Induced Intestinal Inflammation
	Delivery of IL-2/JES6-1 Immunocomplexes to DSS-Treated Mice Drives Colonic Eosinophil Accumulation And Activation
	IL-2/JES6-1 Immunocomplex Administration Promotes Intestinal ILC2 Expansion and IL-5 Expression
	Combined Delivery of IL-2/JES6-1 Immunocomplexes and Anti-IL-5 Mab Ameliorates DSS-Induced Colitis

	Discussion
	Materials and Methods
	Mice
	DSS Model of Colitis
	Flow Cytometry
	Isolation of Colonic Lamina Propria Cells From Large Intestine
	In vivo Administration of IL-2/JES6-1 Immunocomplexes and Anti-IL-5 mAb
	RNA Isolation and Real-Time PCR
	Histology
	Statistics

	Data Availability
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


