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Alleviating allergic airway diseases by means of short-term
administration of IL-2 and dexamethasone

Jiexian Ma, MD,?* Apeng Yang, MD,** Wenming Qin, PhD,® Yi Shi, PhD,? Botao Zhao, PhD,? Youxin Jin, PhD,**

and Yanhui Xie, MD, PhD*®  Shanghai, China

Background: IL-2 combined with dexamethasone can
upregulate regulatory T (Treg) cells, but the mechanism is still
under exploration.

Objective: Although previous studies focused on upregulating
Treg cells in normal mice, here we investigated whether the IL-2
and dexamethasone combination treatment can upregulate Treg
cells in pathological conditions, specifically in alleviating allergic
airway disease. We also examined the potential pathway
involved in Treg cell upregulation by IL-2 and dexamethasone.
Methods: We evaluated the dose of IL-2 and dexamethasone
required to upregulate Treg cells in vivo and in vitro. We also
tested IL-2 and dexamethasone in the intervention of allergic
airway disease in a murine model.

Results: We found that administration of 400,000 IU of IL-2 and
0.1 mg of dexamethasone per mouse was effective in
upregulating Treg cells, as well as in alleviating allergic airway
disease in an established animal model, but this phenomenon
disappeared after anti-CD25 antibody administration. We
discovered that an in vitro low dose of IL-2 can protect Treg cells
did not protect CD4*CD25™ cells from dexamethasone-induced
apoptosis by affecting forkhead box O3a phosphorylation
through the Akt and serum and glucocorticoid-induced protein
kinase pathways.

Conclusions: IL-2/dexamethasone treatment can alleviate
existing allergic airway diseases by upregulating Treg cells in
vivo. A low dose of IL-2 (10~° to 10! mol/L) can protect Treg
cells but not CD4"CD25™ cells from dexamethasone-induced
apoptosis in vitro, thereby explaining a possible mechanism of
increased proportion of Treg cells. (J Allergy Clin Immunol
201]1;umN:ENE-NEN,)
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Abbreviations used
BALF: Bronchoalveolar lavage fluid
Bim: bcl-2 Interacting mediator of cell death
CTLA-4: Cytotoxic T lymphocyte—associated antigen 4
FoxO3a: Forkhead box O3a
FoxP3: Forkhead box protein 3
H&E: Hematoxylin and eosin
OVA: Ovalbumin
PAS: Periodic acid-Schiff
SGK: Serum and glucocorticoid-induced protein kinase
Treg: Regulatory T

Allergic airway diseases, such as asthma and allergic rhinitis,
are worldwide problems, and their prevalence continues to
increase in both developing and developed countries."* Recent
studies and more current data now support a role for regulatory
T (Treg) cells in alleviating allergic airway diseases.>® Although
many investigators tried to alleviate asthma by infusion of Treg
cells,>>° a few have attempted to upregulate Treg cells with
such treatments as IL-2/IL-2 antibody4 and 1, 25-(OH),
VitD3.”® Although these studies showed successful upregulation
of Treg cells, they were usually used to prevent disease.* Steroids
can also upregulate Treg cells, but the effect is very short lived,
and long-term administration results in many side effects.”

Short-term simultaneous administration of dexamethasone and
IL-2 have been shown to markedly expand the numbers of
functional suppressive Foxp3"CD4"CD25" T cells in murine
peripheral lymphoid tissues.” Up to now, however, no one has
fully determined the effective therapeutic regimen and mecha-
nism of using IL-2 plus dexamethasone to treat disease.

In this study we determined an optimal dose of IL-2 and
dexamethasone per mouse that could maximally and effectively
upregulate Treg cells and investigated the effect of this regimen in
alleviating ovalbumin (OVA)-induced allergic airway disease in
mice. We found that Treg cells could be upregulated and lung
inflammation could be alleviated with IL-2/dexamethasone treat-
ment both in diseased and healthy mice. We further clarified that
the effects of IL-2/dexamethasone treatment disappeared after
anti-CD25 antibody administration. We also explored the mech-
anism by which IL-2 plus dexamethasone might upregulate Treg
cells. We investigated the role of forkhead box O3a (FoxO3a)
phosphorylation and the selective activation of IL-2/IL-2 receptor
pathways in Treg cell survival. Therefore our study provides
evidence that the combination of IL-2 and dexamethasone might
prove to be an effective method for in vivo expansion of Treg cells,
which could potentially be used for the treatment of allergies and
other types of inflammatory diseases.
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METHODS

Animals and antibodies

Female BALB/c mice (6-8 weeks) were obtained from the animal
department of the Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences, Shanghai, and were maintained in pathogen-free
conditions. All animal experiments were performed according to institutional
and state guidelines. The animal protocol was approved by the Institutional
Animal Use Committee of the Shanghai Institutes for Biological Sciences
(Chinese Academy of Sciences).

Immunization and intervention

Mice were immunized intraperitoneally with OVA (20 p.g; Sigma-Aldrich,
St Louis, Mo) plus aluminum hydroxide (Alum; Pierce, Rockford, Ill). This
was followed by 40 pg of OVA in 40 pL of PBS administered intranasally at
the indicated time.'® Recombinant human IL-2 (Huaxin Corp, Shanghai,
China) and dexamethasone (Xianju Corp, Zhejiang, China) were injected in-
traperitoneally at various doses at the indicated time. All mice were killed 2
days after the last OVA challenge.

For in vivo CD25 depletion, mice were sensitized, and one group received
150 g of functional grade purified anti-mouse CD25 (PC61.5; eBioscience,
San Diego, Calif) intravenously at the indicated time.

IL-2/dexamethasone treatment and flow cytometry

IL-2 and dexamethasone were injected intraperitoneally for 3 days in 2
stages: (1) before the beginning of the OVA-priming stage and (2) after the
OVA-priming stage and before the OVA challenge. Finally, after the mice were
challenged with OVA, intranasal OVA challenge was made, if needed.
Splenocytes were analyzed by means of flow cytometry 1 day after the drug
intervention, and lympho nodes and lung tissues were analyzed by means of
flow cytometry 1 day after OVA boosting. Cells were collected and stained with
fluorescein isothiocyanate—conjugated CD4, phycoerythrin (Pe)-cyS—conju-
gated forkhead box protein 3 (FoxP3), and phycoerythrin-conjugated cytotoxic
T lymphocyte—associated antigen 4 (CTLA-4) antibody or isotype control.

Mice were divided into 4 groups and injected with dexamethasone (0.1 mg)
alone, IL-2 (400,000 IU) combined with PBS, dexamethasone (0.1 mg per
mouse), or IL-2 (1,000,000 IU) combined with dexamethasone (0.1 mg) to
evaluate apoptosis of Treg cells after IL-2 and dexamethasone treatment in
vivo. Eight hours after the treatment, lymphocytes were collected, washed,
and resuspended in binding buffer and then incubated with fluorescein isothi-
ocyanate—labeled Annexin V (Sigma) and allophycocyanin (APC)—conju-
gated CD4 (eBioscience) for 15 minutes in the dark at room temperature.
Subsequently, the surface-labeled cells were washed, fixed, permeabilized,
and then stained with the phycoerythrin anti-mouse Foxp3 staining set
(eBioscience) and analyzed by means of flow cytometry.

Suppression assays

Initially, a monoclonal anti-mouse CD3 antibody (R&D Corp) was
reconstituted at 1 pg/mL. A 96-well plate was coated with 50 pL per well
of the CD3 antibody overnight at 4°C. Splenocytes (including Treg cells) from
pretreated mice were incubated in the CD3-coated plate or in a CD3-uncoated
plate for 6 days, after which cell proliferation was determined by measuring
cell numbers with flow cytometry.

Collection of bronchoalveolar lavage fluid

Animals were killed and treated as previously described.'! The cytokine
levels in bronchoalveolar lavage fluid (BALF) were measured by using
IL-4, IL-5, and IFN-y ELISA kits (R&D Corp, Minneapolis, Minn).

Lung histology

Lungs were fixed in 10% formalin and stained with hematoxylin and eosin
(H&E; Merck & Co, Inc, Whitehouse Station, NJ) or with Alcian blue/
periodic acid-Schiff (PAS; Sigma-Aldrich). All slides were examined in a
random blind fashion by 2 independent investigators.
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Purification of cells

Untreated murine spleens were aseptically removed. CD4"CD25" and
CD4"CD25 T cells were isolated from the splenocytes by using the
CD4"CD25" murine regulatory T Cell Isolation Kit (Miltenyi Biotech, Ber-
gisch Gladbach, Germany). The purity of CD4"CD25" T cells was greater
than 90%, and that of CD4"CD25~ T cells was greater than 95%. Purified
cells were suspended and cultured in RPMI 1640 with 10% FBS (Hyclone,
Logan, Utah) containing 100 IU/mL penicillin and 100 pwg/mL streptomycin.

Western blotting

After harvesting, the expression of various proteins in the cells were
detected by using antibodies from Cell Signaling (Danvers, Mass), as
previously described.'?

Induction of apoptosis

Dexamethasone (Sigma-Aldrich) was dissolved according to the method
described in our previous study.'? Lymphocytes from various groups were pre-
treated as indicated with recombinant murine IL-2 (Sigma-Aldrich) and then
with dexamethasone or control reagents. After a 12-hour incubation period,
the lymphocytes were harvested for analysis by means of Western blotting
and for determining apoptosis levels, as previously described.'

Susceptibility of CD4*CD25" T cells and
CD4"CD25™ T cells to apoptosis after Akt inhibitor
treatment

Sorted CD4"CD25™ and CD4"CD25™ T cells were cultured with or with-
out an Akt inhibitor (3 wmol/L; Calbiochem, San Diego, Calif) for 2 hours,
and then phospho-FoxO3a expression was detected. Akt inhibitor—pretreated
cells were incubated with IL-2 and dexamethasone for 6 hours, and then
apoptosis and bcl-2 interacting mediator of cell death (Bim) expression
were measured.

Statistics
The 2-tailed Student ¢ test was used to evaluate differences between groups.
P values of less than .05 were considered statistically significant.

RESULTS
Different doses of IL-2 combined with
dexamethasone can differentially upregulate Treg
cells

Chen et al’ previously reported that IL-2 at a dose of 300,000
IU plus dexamethasone at 0.1 mg per mouse could upregulate
Treg cells, but it remained uncertain whether these doses of IL-
2 and dexamethasone would have an optimal effect on Treg cell
upregulation. In our study, using a fixed 0.1-mg dose of dexameth-
asone per mouse, we were able to find that a corresponding dose
of 400,000 IU of IL-2 per mouse was optimal for Treg cell upre-
gulation (P <.05; see Fig E1, A, in this article’s Online Repository
at www.jacionline.org). However, when we used a fixed dose of
400,000 IU of IL-2 per mouse, we did not observe significant dif-
ferences in Treg cell upregulation when administered with dexa-
methasone at doses of 0.1, 0.2, or 0.3 mg (P >.05, see Fig E1, B).
Therefore to minimize any glucocorticoid-induced side effects,
we selected 400,000 IU of IL-2 and 0.1 mg of dexamethasone
per mouse as the optimal dose. We identified Treg cells based
on expression of CD4 and FoxP3."? In our previous study we
had demonstrated that these Treg cells were inhibitory. 14 Because
the levels of CTLA-4 can reflect the inhibitory abilities of Treg
cells,"”” we also detected CTLA-4"FoxP3" cells in all CD4-
gated cells.
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FIG 1. Detection of Treg cells 6 weeks after IL-2 and dexamethasone (Dex) treatment. A, Timeline of drug
intervention and flow cytometric analysis. B and C, Detection of Treg cell composition, CTLA-4 expression
(Fig 1, B), and the proliferation of splenocytes (Fig 1, C) 6 weeks after administration of IL-2 plus dexameth-
asone. Data are presented as means *= SDs (n = 3 per group). *P < .05.

IL-2 combined with dexamethasone can upregulate
Treg cells at least for 6 weeks

BALB/c mice were administered 400,000 IU of IL-2 and 0.1 mg
of dexamethasone per mouse or PBS for 3 days. After 6 weeks, all
mice were killed, and Treg cells were detected by means of flow
cytometry (Fig 1). We found that the IL-2 plus dexamethasone
group had a higher proportion of CD4*FoxP3™ cells (P < .05).

Additionally, upregulation of Treg cells by IL-2 plus dexametha-
sone could occur at different stages of OVA immunization, even
after the OVA-priming (see Fig 2, A, in this article’s Online Repos-
itory at www.jacionline.org) and OVA-challenge stages (see Fig
E2, B). We also found after IL-2 and dexamethasone administra-
tion (no antigen sensitization) that the proportion of Treg cells
has increased in lymph nodes, although not in lung tissues (data
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FIG 2. Manifestations of allergic airway disease after IL-2 and dexamethasone (Dex) administered before
OVA priming. A, IL-2 and dexamethasone were administered for 3 days before OVA priming. B, Measure-
ments of lymphocyte cell counts, cytokines in BALF, and lung inflammation after OVA challenge. C, Images
of lung sections (X100 magnification). Left, H&E staining; right, PAS staining. Data are presented as means
+ SDs (n = 6 per group). *P <.05. i.n., Intranasal; i.p., intraperitoneal.

not shown). However, if the mice received IL-2 and dexametha-
sone administration and OVA challenge, Treg cells were upregu-
lated both in lymph nodes and in lung cells (see Fig E2, C and D).

IL-2 combined with dexamethasone can prevent
airway inflammation in OVA-immunized BALB/c
mice

We administered 400,000 IU of IL-2 plus 0.1 mg of dexameth-
asone per mouse for 3 days 1 week before the beginning of OVA

priming. Two days after the last OVA challenge, we evaluated the
murine BALF and found that total cell count, eosinophil cell
count, and Ty2 cytokine production were significantly decreased
in the IL-2 plus dexamethasone group. Additionally, lung inflam-
mation (hematoxylin and eosin [H&E] stain, X100 magnifica-
tion) and mucus production (PAS stain, X100 magnification)
were also decreased in the IL-2 plus dexamethasone group. Im-
portantly, mice receiving either IL-2 or dexamethasone alone
did not have a similar response (Fig 2), suggesting that the com-
bination of these agents was responsible for the observed effects.
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FIG 3. Manifestations of allergic airway disease after IL-2 and dexamethasone (Dex) were administered after
OVA challenge. A, IL-2 and dexamethasone were administered for 3 days after OVA challenge. B, Analysis of
lymphocyte cell counts, cytokines in BALF, and lung inflammation after OVA rechallenge. C, Images of lung
sections (x40 magnification). Left, H&E staining; right, PAS staining. Data are presented as means + SDs
(n = 6 per group). *P < .05. i.n., Intranasal; i.p., intraperitoneal.

In the group administered 400,000 IU of IL-2 plus 0.1 mg of
dexamethasone per mouse for 3 days after OVA priming but
before OVA boosting, we analyzed BALF 2 days after the last
OVA challenge and found that total cell count, eosinophil cell
count, and T2 cytokine production were significantly decreased
in the IL-2 plus dexamethasone group. Lung inflammation (H&E
stain, X40 magnification) and mucus production (PAS stain, X40
magnification) were also diminished in the IL-2 plus

dexamethasone group. There were no statistical differences be-
tween the cellular responses of the other intervention groups
(see Fig E3 in this article’s Online Repository at www.
jacionline.org).

In the reverse protocol mice were injected with OVA intraper-
itoneally on day 1 and challenged with OVA on days 8, 9, and 10.
Ondays 11, 12, and 13, the mice were again injected with 400,000
IU of IL-2, 0.1 mg of dexamethasone, or PBS intraperitoneally.


http://www.jacionline.org
http://www.jacionline.org

6 MAET AL J ALLERGY CLIN IMMUNOL

umm 2011

A ; . CD25 depletion
va\ Lp. OVAip analysis
v v [ t
Day 0 14 21 232425 282930 343536
IL-2+Dex OVAin. OVAin.
® E
é 500 * 140
~— 1 *
5 400 ] =1ln
& __E_wuo
€ 300 (=]
2 g
8 m Lo
i il
g " 20
& o b
CD25 depletion 4 i _ _ _ (D25 depletion . + - -
OVA o 5 i 3 = QVA + + + + -
IL-2& Dex ¥ - _ + _ IL-2& Dex + = + a
120 + 160 *
140
100 Py
) - 120
E @ ‘g 100
o
E’ 60 8w
Y w 9w
= :' 40
20
20
0 0
CD25 depletion + + _ - - CD25 depletion + + _ - =
117 . CR oA . 4 " P
IL-2& Dex + s _ + = TL-2& Dex + - + -

IL Z&Dex +0VA | h négatlve control

FIG 4. Manifestations of allergic airway disease after Treg cell depletion and medical intervention. A, IL-2
and dexamethasone (Dex) were administered after anti-CD25 antibody administration. B, Analysis of eosin-
ophil counts and cytokines in BALF after OVA challenge. C, Images of lung sections (x40 magnification).
Left, H&E staining; right, PAS staining. Data are presented as means * SDs (n = 4 per group). *P < .05.
i.n., Intranasal; i.p., intraperitoneal.

One week later, the mice were rechallenged with OVA,and 2 days =~ BALF were lower, especially the significantly decreased eosin-
after the last OVA challenge, BALF was evaluated. We found  ophil cell count, in the IL-2 plus dexamethasone group than in the
that treatment with IL-2 plus dexamethasone alleviated lung  allergic airway disease group. Lung inflammation (H&E stain,
inflammation, even after OVA challenge. Total cell counts in ~ X40 magnification) and mucus production (PAS stain, X40
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FIG5. Apoptosis and Western blot analysis of CD4*CD25"* and CD4"CD25 cells treated in vitro. A, Apopto-
sis and expression of FoxO3a, phospho-Fox03a, and Bim in the presence of 10 ng/mL IL-2 or as indicated. B,
Apoptosis and expression of FoxO3a, phospho-Fox03a, and Bim in the presence of 500 ng/mL IL-2 or as in-
dicated. The apoptosis analysis was repeated 3 times, and all Western blots were repeated 2 to 3 times. Data
are presented as means * SDs. *P < .05. Dex, Dexamethasone; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.
magnification) were slightly diminished by this combination When untreated murine splenocytes were sorted for

treatment (Fig 3).

Mice also received anti-CD25 treatment after OVA sensitiza-
tion and then IL-2 plus dexamethasone administration and OVA
intranasal challenge (Fig 4, A). We found that after Treg cell de-
pletion, treatment with IL-2 plus dexamethasone could not upre-
gulate Treg cells (see Fig E4 in this article’s Online Repository at
www.jacionline.org) and alleviate allergic airway diseases again.
Compared with the IL-2/dexamethasone group, eosinophil counts
in BALF and T2 cytokine production increased. Lung inflamma-
tion (H&E stain, X40 magnification) and mucus production (PAS
stain, X40 magnification) were exacerbated after anti-CD25
antibody administration (Fig 4, B and C).

CD4*CD25* cells and CD4*CD25 cells have
different susceptibilities to dexamethasone-
induced apoptosis in the presence of IL-2 in vivo
and in vitro

Treg cells were protected from dexamethasone-induced apo-
ptosis at the dose of 400,000 IU of IL-2 per mouse in vivo. When
the dose of IL-2 was increased to 1,000,000 IU per mouse,
CD4"FoxP3~ cells were also protected from dexamethasone-
induced apoptosis, whereas apoptosis of Treg cells increased,
causing the ratio of Treg cells to be even lower than with a rela-
tively low dose of IL-2 (see Fig ES).

CD4*CD25" (mainly Treg cells) and CD4"CD25 ™ cells and in-
cubated for 12 hours in vitro with the indicated dose of IL-2 plus
dexamethasone, IL-2 alone, or dexamethasone alone, we found
that CD4"CD25 cells were more susceptible to dexamethasone
(100 nmol/L)-induced apoptosis than CD4"CD25% cells in the
presence of 10 ng/mL IL-2; that is, a relatively low dose of IL-2
could protect CD4"CD25" cells but not CD4"CD25~ cells
from dexamethasone-induced apoptosis. However, when the IL-
2 concentration was increased to 500 ng/mL, dexamethasone-
induced apoptosis of the CD4"CD25™ cells was significantly
reduced (Fig 5, A), suggesting that the ratio of CD4*CD257/
CD47CD25 cells can be upregulated in the presence of a rela-
tively low dose of IL-2 plus dexamethasone.

Expression of phospho-FoxO3a is negatively
correlated with dexamethasone-induced
CD4*CD25* and CD4*CD25~ cell apoptosis
Expression of phospho-FoxO3a was negatively correlated with
the level of dexamethasone-induced apoptosis of CD4*CD25"
and CD4"CD25~ cells, which is consistent with the results
of our previous study.'? Therefore we next explored whether
IL-2 could overcome dexamethasone-induced CD4*CD25%
cell apoptosis through affecting FoxO3a. CD4"CD25% and
CD4*CD25 cells were sorted and incubated with the indicated
dose of IL-2 plus dexamethasone. In the presence of 10 ng/mL
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FIG 6. Apoptosis and Western blot analyses of CD4"CD25" and CD4*CD25 cells after Akt inhibitor treat-
ment. A, Expression of phospho-FoxO3a (Thr32) after pretreatment with an Akt inhibitor. B, Levels of the
apoptotic corresponding cells in the presence of the indicated dose of treatment. C, Expressions of Bim
in the corresponding cells in the presence of the indicated dose of treatment. Similar results were obtained
in 3 independent experiments. Data are presented as means = SDs. *P < .05. Akt, With Akt inhibitor; Dex,
dexamethasone; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

IL-2 and 100 nmol/L dexamethasone, we found that
CD4"CD25" cells had a higher expression of phospho-FoxO3a
(Ser315,Thr32), a lower level of apoptosis, and lower expression
of Bim than did CD4*CD25 cells. Meanwhile, in the presence
of 500 ng/mL IL-2, dexamethasone-induced apoptosis and Bim
expression of CD47CD25™ cells decreased and expression of
phospho-FoxO3a increased (Fig 5, B).

There are 2 phosphorylation kinases (serum and
glucocorticoid-induced protein kinase [SGK] and Akt) in the
phosphoinositide 3-kinase pathway that can phosphorylate
FoxO3a. The Akt phosphorylation sites are Ser253 and Thr32,
and the SGK phosphorylation sites are Ser315 and Thr32."® In our
study we found phospho-FoxO3a (Ser315 and Thr32) bands
but no clear Ser253 bands after treatment with IL-2 plus
dexamethasone.

Inhibition of Akt decreased phospho-FoxO3a
expression in CD4"CD25" cells and CD4*CD25~
cells

Because we did not have sufficient evidence from the
experiment above to suggest involvement of Akt in the phos-
phorylation of FoxO3a, we next used an Akt inhibitor (Akt-IV
inhibitor, 3 wmol/L) to pretreat for 2 hours and splenocytes from
BALB/c mice that had been sorted into CD4*CD25% and
CD4"CD25~ cell populations, as above. Our results showed
that FoxO3a phosphorylation was significantly decreased both
in CD4"CD25™ cells and in CD4"CD25™ cells with Akt inhib-
itor (Fig 6, A). These pretreated cells were also incubated with
IL-2 at 10 or 500 ng/mL along with the Akt-IV inhibitors and
dexamethasone (100 nmol/L) and then analyzed for expression
of apoptosis and Bim. However, the different concentration of
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IL-2 did not cause any significant difference in the level of ap-
optosis or expression of Bim between the CD4*CD25" and
CD4"CD257 cell subsets (Fig 6, B and C). Together, these
data suggested that Akt is involved in the phosphorylation of
FoxO3a.

DISCUSSION

Allergic airway diseases have become a worldwide problem.
Steroids, B,-agonists, and allergen-specific immunotherapy all
have many side effects. A number of animal and clinical studies
support the manipulation of Treg cells to control airway inflam-
mation and airway hyperresponsiveness through the inhibition
of antigen-presenting cells, Ty2 cells, mast cells, eosinophils,
and basophils,>*'” but these previous studies required in vitro iso-
lation of Treg cells,? which restricted their use. Some studies at-
tempted to upregulate Treg cells by means of drug treatment,
but all these interventions were tested in the prevention of dis-
ease,” whereas there were no reports of whether the upregulation
effect could be induced in pathological conditions.

In our study we found that IL-2 at the dose of 400,000 IU
combined with dexamethasone at 0.1 mg per mouse was most
effective for Treg cell upregulation, an effect that was maintained
for at least 6 weeks. Our protocol could upregulate Treg cells in
both normal and pathological conditions. We also conducted a
series of tests after OVA boosting and found that, irrespective of
whether treatment was administered before or after the OVA-
priming stage or after the OVA-challenge stage, indices such as
lymphocyte count, cytokine counts in BALF, and lung inflam-
mation were decreased. We also found that the alleviation of
allergic airway diseases and upregulation of Treg cells by IL-2
plus dexamethasone had disappeared after Treg cell depletion,
which again proved that treatment with IL-2 plus dexamethasone
could alleviate allergic airway diseases mediated by upregulating
Treg cells.

A potential explanation for the upregulation of Treg cells is the
differential response of CD4"CD25% and CD4*CD25™ cells to
dexamethasone in the presence of IL-2. With IL-2 at a concentra-
tion of 10 ng/mL (equal to 6 X 107 '° mol/L) in vitro,
CD47CD25" cells had a higher expression level of phospho-
FoxO3a and were more resistant to dexamethasone-induced
apoptosis than CD4"CD25 ™~ cells. However, with IL-2 at a higher
concentration of 500 ng/mL (equal to 3 X 10~® mol/L),
CD47CD25~ cells had a higher phospho-FoxO3a expression
and were less susceptible to dexamethasone-induced apoptosis.
We also found the same change in vivo in that IL-2 could protect
Treg cells from dexamethasone-induced apoptosis at the dose of
400,000 IU per mouse, and IL-2 could also protect CD4 " FoxP3~
cells at the dose of 1,000,000 IU per mouse (high dose), whereas
the apoptosis rate of Treg cells increased, suggesting that there
might be activation-induced cell death in the Treg cells. We
also found that Akt and SGK are both involved in FoxO3a phos-
phorylation; that is, at a low dose of IL-2, Akt and SGK pathways
could be activated in CD4"CD25™ cells but not in CD4 "CD25 "~
cells, resulting in phosphorylation of FoxO3a and diminished
dexamethasone-induced apoptosis. As the concentration of
IL-2 increased, the selective activation effects disappeared,
and CD47CD25~ cells could also be protected from
dexamethasone-induced apoptosis. These results were consistent
with the in vivo results, where 400,000 IU of IL-2 and 0.1 mg of
dexamethasone per mouse upregulated a higher proportion of
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Treg cells than 500,000 IU of IL-2 and 0.1 mg of dexamethasone
per mouse.

The different responses of CD4"CD25" and CD4*CD25"
cells to IL-2 might be related to the expression of CD25 (IL-2
receptor a chain). CD25 binds IL-2 at a concentration of 107"
mol/L."® Because CD25~ cells express the IL-2 receptor 3 and
v chains, which are activated at a higher concentration of IL-2
at 1077 mol/L,"” we hypothesize that if the concentration of
IL-2 can be maintained at between 10~ ° and 10~ "' mol/L, the
IL-2/IL-2 receptor pathway of CD4"CD25% cells, but not
CD4"CD25 cells, can be activated, followed by activation of
Akt and SGK, which can phosphorylate FoxO3a. Dephosphory-
lated FoxO3a is necessary for dexamethasone-induced apoptosis;
therefore IL-2/IL-2 receptor activation can protect cells from
dexamethasone-induced apoptosis (see Fig E6 in this article’s
Online Repository at www.jacionline.org), which might partially
explain the upregulation of Treg cells by IL-2 plus dexametha-
sone. However, our hypothesis can only explain the upregulation
of natural Treg cells in healthy mice, whereas upregulation of
Treg cells in antigen-sensitized or T cell-activated mice still
needs further exploration. These antigen-specific Treg cells might
be more inhibitory and make more sense.

In our study we can only explain the upregulation of Treg cells
from different apoptosis rates of lymphocytes, but there might be
other reasons, such as a different expansion rate of Treg cells and
other effector T cells, which needs further study. Matthew et al®®
showed that signal transducer and activator of transcription 5 can
specifically promote FoxP3 promoter activity in CD4*CD25"
Treg cells. We hypothesize that the appropriate dose of IL-2
can induce IL-2 receptor activation and Janus kinase/signal
transducer and activator of transcription pathway activation,
ultimately upregulating FoxP3 gene expression.”'

We found that Treg cells upregulated by IL-2 and dexameth-
asone administration were different from those upregulated by
dexamethasone only in mice and that the drug combination could
upregulate Treg cells for at least 6 weeks. Therefore our protocol
of administering drugs over a short time period can apparently
induce a prolonged upregulation effect on Treg cells. If such an
effect could be observed in the clinical setting with a similar
protocol, it could greatly benefit patients with allergic airway
diseases.

We thank Chang Liu for assistance with intravenous injection of mice and
helpful discussions and feedback on the manuscript.

Key message

o Treg cells can be upregulated by an appropriate dose of
IL-2 and dexamethasone, thereby resulting in the allevia-
tion of allergic airway diseases.
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FIG E1. Upregulation of Treg cells by various doses of IL-2 combined with dexamethasone. Treg cell
composition and CTLA-4 expression by means of flow cytometry 1 day after administration of different
doses of IL-2 and 0.1 mg of dexamethasone (Dex) for 3 days (A) and different doses of dexamethasone plus
400,000 IU of IL-2 for 3 days (B). Data are presented as means = SDs (n = 3 per group). *P < .05.
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FIG E2. Treg cell analysis after different intervention with different medicines. A and B, Detection of Treg
cells and the proliferation of splenocytes after administration of IL-2 plus dexamethasone (Dex) after
OVA challenge (Fig E2, A) and IL-2 plus dexamethasone after OVA sensitization (Fig E2, B). C and D, Detec-
tion of Treg cells in lympho nodes and lung tissues (Fig E2, C) and after corresponding intervention (Fig E2,
D). Data are presented as means = SDs (n = 3 per group). *P < .05. i.n., Intranasal; i.p., intraperitoneal.
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sponding drug intervention. Data are presented as means = SDs (n = 4
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