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Sirtuin 1 activator SRT1720 suppresses inflammation in
an ovalbumin-induced mouse model of asthma

Tomomi ICHIKAWA," RyuJi HAYASHI," KENSUKE SUZUKI," SHINGO IMANISHI," KENTA KAMBARA,'
SEISUKE OKAZAWA," MINEHIKO INOMATA," TorRu YAMADA," Yu YAMAZAKI," Yukiko KOSHIMIZU,"
TosHIRO MIWA," SHokOo MATSUI," Isao USUI," MAsAHARU URAKAZE," YuJl MATSUYA,?
MasaklYo SASAHARA® AND Kazuyuki TOBE'

'First Department of Internal Medicine, Faculty of Medicine, ?Graduate School of Medicine and Pharmaceutical Sciences
and ®Department of Pathology, Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama,
Toyama, Japan

ABSTRACT

Background and objective: In asthma, reduced
histone deacetylase activity and enhanced histone
acetyltransferase activity in the lungs have been
reported. However, the precise function of Sirtuin 1
(Sirtl), a class III histone deacetylase, and the effect of
the Sirtl activator SRT1720 on allergic inflammation
have not been fully elucidated.

Methods: The effect of SRT1720, a synthetic activator
of Sirtl, in an ovalbumin (OVA)-induced asthma mouse
model was investigated. The effect of SRT1720 and res-
veratrol on OVA stimulation in splenocytes from OVA-
sensitized and challenged mice was also examined.
Results: In OVA-sensitized and challenged mice (OVA
mice) compared with saline-sensitized and challenged
mice (control mice), Sirtl messenger RNA expression
in the lungs was decreased (P =0.02), while cellular
infiltration, airway eosinophilia and bronchoalveolar
lavage (BAL) fluid levels of interleukin (IL)-4, IL-5 and
IL-13 were increased (P < 0.01). In OVA mice, SRT1720
treatment decreased total and eosinophil cell counts
and IL-5 and IL-13 levels in the BAL fluid compared
with the vehicle treatment (P < 0.05). In OVA mice,
SRT1720 treatment also decreased inflammatory
cell lung infiltrates histologically (P = 0.002). Both
SRT1720 and resveratrol suppressed OVA-induced cell
proliferation and IL-6 (P < 0.05) and tumour necrosis
factor-o (TNF-o) (P < 0.05) production in splenocytes
(P<0.01).

Conclusions: The Sirtl activator SRT1720 suppressed
inflammatory cell infiltration and cytokine production
in an OVA-induced mouse model of asthma. SRT1720
and resveratrol suppressed OVA-induced splenocyte
proliferation and TNF-o. and IL-6 production. Sirtl
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SUMMARY AT A GLANCE

We investigated the effect of Sirt1 activator SRT1720
on an inflammatory model of asthma. SRT1720
suppressed inflammatory cell infiltration and
cytokine production in an OVA-challenged mouse
model. SRT1720 and resveratrol also directly sup-
pressed OVA-induced splenocyte proliferation and
TNF-o and IL-6 production. SRT1720 has potential
as a therapeutic drug for asthma.

activators might have beneficial effects in asthmatics
by suppressing inflammation.

Key words: cytokine, eosinophil, inflammation, Sirt1.

Abbreviations: BAL, bronchoalveolar lavage; IL, interleukin;
OVA, ovalbumin; Sirt1, Sirtuin (silent mating type information
regulation 2 homolog) 1; TNF-o, tumour necrosis factor-o.

INTRODUCTION

Asthma is a complex chronic inflammatory disorder
of the airway that involves many cell types and cytok-
ines.! Asthma affects 300 million people worldwide.
The high asthma prevalence were found in Scotland
(18.4%), New Zealand (15.1%) and Australia (14.7%).}
The current prevalence of asthma among Japanese
adults is reported to be 4.2%.> While most asthmatics
respond well to currently available treatments, 5-10%
of patients exhibit severe disease.’* The effects of
current therapies on airway remodeling remain to
be elucidated.* Although inhaled therapy is the
cornerstone of asthma treatment, orally administered
medications yield better rates of adherence,*® and
therefore, could contribute to better asthma control.

Protein acetylation is a post-translational modifica-
tion and an important transcriptional regulatory
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mechanism.” It is controlled by the histone acetyl-
transferases and histone deacetylases. Reduced
histone deacetylase and enhanced histone acetyl-
transferase activity has been reported in asthmatic
patients.*® Two asthma drugs, glucocorticoids and
theophylline, have been shown to downregulate the
inflammatory response by modulating histone acetyl-
transferase and histone deacetylase activity.’

Sirtuin 1 (Sirtl) is a member of the Sirtuins which
are class III histone deacetylases.” The therapeutic
potential of Sirtl activators has been explored in
several diseases such as type 2 diabetes,"™™ chronic
obstructive pulmonary disease,"*'® cardiovascular
disease'” and neurodegeneration.'®'® Resveratrol, a
polyphenolic Sirtl activator, suppresses asthmatic
reaction in mouse model.? SRT1720 is a small mol-
ecule activator of Sirtl that is more potent than
resveratrol."! The effect of SRT1720 on allergic inflam-
mation has not been fully elucidated.

The objective of this study was to investigate the
effect of the oral administration of SRT1720 on airway
inflammation in a mouse asthma model. We also
studied the direct effects of SRT1720 and resveratrol
ex vivo.

METHODS

Ovalbumin mouse model and

SRT1720 treatment

To investigate the effects of SRT1720, we administered
it before and during the challenge by oral gavage. Six-
to eight-week-old female BALB/c mice (Sankyo Labo
Service, Tokyo, Japan) were immunized with an intra-
peritoneal injection of 0.1 mg of OVA (albumin from
chicken egg white, Grade V; Sigma-Aldrich, St. Louis,
MO, USA) and 1 mg of aluminum hydroxide (alum;
Wako Pure Chemical Industries, Osaka, Japan) on
days 1 and 8. The control mice received saline instead
of the OVA/alum solution. The mice were anaesthe-
tized with sevoflurane (Maruishi Pharmaceutical,
Osaka, Japan) and intranasally challenged with OVA
(50 ug in 40 uL) or saline on days 24, 26 and 28.
SRT1720 was synthesized according to a previously
described protocol.'"?' The mice were treated with
100 mg/kg SRT1720 or water (vehicle) by oral gavage
once daily from days 23 to 28. The mice were sacri-
ficed on day 29, at which point samples were
obtained. The experimental protocols were approved
by the Ethical Committee for Animal Use and Care of
the University of Toyama.

Reverse transcription and real-time
quantitative polymerase chain

reaction analysis

The mice were challenged with OVA or saline, as
described earlier. The lungs were removed after bron-
choalveolar lavage (BAL) and perfusion with phos-
phate buffer saline (-). Total RNA was isolated from
whole lung samples using RNeasy Mini Kits (Qiagen,
Tokyo, Japan). Total RNA was reverse-transcribed to
complementary DNA using the PrimeScript RT
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Reagent Kit (Takara Bio, Inc, Shiga, Japan). The real-
time quantitative polymerase chain reaction analysis
was performed using SYBR Premix Ex Taq II (Takara
Bio, Inc) and Mx3000P (Stratagene, La Jolla, CA, USA).
The oligonucleotide primers for glyceraldehyde 3-
phosphate dehydrogenase were as follows: forward,
5-TGAAGCAGGCATCTGAGGG-3" and reverse, 5’-CG
AAGGTGGAAGAGTGGGAG-3".** The oligonucleotide
primers for Sirtl were as follows: forward, 5-TTCC
AGCCGTCTCTGTGTCA-3’ and reverse, 5'-ATTCCTGC
AACCTGCTCCAA-3'". The primers were constructed
from the corresponding GenBank sequences using
Primer3 and BLAST.

Bronchoalveolar lavage

The mice were euthanized and the trachea was can-
nulated. The lungs were lavaged with 1 mL of saline
twice. The BAL samples were then centrifuged at
500 x g for 10 min. The number of cells was counted
using a Burker-Turk haemocytometer. The remaining
cells were centrifuged onto glass slides using a
Cytospin 4 (Thermo Scientific, Kanagawa, Japan) and
stained using Wright-Giemsa stain. At least 300 cells
were counted in each sample.

Measurement of cytokine concentrations

We measured the concentrations of interleukin (IL)-4,
IL-5 and IL-13 in the BAL as T-helper-type 2 cytokine
levels and the interferon-y levels as a T-helper-type 1
cytokine. We measured IL-6 and tumour necrosis
factor-a. (TNF-o) because Sirtl has been reported to
inhibit the production of IL-6 and TNF-¢.?"#%

The concentrations of IL-4, IL-5, IL-6, TNF-o and
interferon-y were determined using Flowcytomix
(Bender Medsystem, Vienna, Austria) and a FACS-
Canto II (Nippon Becton, Dickinson and Company,
Tokyo, Japan). The IL-13 enzyme-linked immunosor-
bent assay kits were obtained from Invitrogen (Carls-
bad, CA, USA).

Lung histology

After BAL and perfusion with 10 mL of phosphate
buffer saline (-) and 10 mL of 4% paraformaldehyde
via the left ventricle, the lungs were removed and fixed
in phosphate-buffered 4% paraformaldehyde. The
paraffin-embedded lung tissues were then stained
with haematoxylin and eosin or periodic acid-Schiff
(PAS).

We assessed the level of inflammatory cell infiltra-
tion and goblet cell hyperplasia. A semi-quantitative
scoring system was used to grade the extent of lung
infiltration in the haematoxylin and eosin-stained
sections, with +5 signifying widespread infiltrates
around the majority of the vessels and bronchioles
and +1 signifying a small number of inflammatory
foci.® The mean of the results obtained by two inves-
tigators (T.I. and S.I.) was considered the final score.
The goblet cell hyperplasia of the bronchus in the
periodic acid-Schiff-stained sections was graded (0,
less than 5% goblet cells in the airway epithelium; 1,
5-25% goblet cells; 2, 25-50% goblet cells; 3, 50-75%
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goblet cells; 4, equal to or greater than 75% goblet
cells) as previously described.?

In vitro stimulation and treatment with

Sirt1 activators

The spleen was collected from OVA-sensitized and
challenged mice. The spleens were homogenized and
the red blood cells lysed using Versalyse (Beckman
Coulter/Immunotech, Marseille, France). The spleno-
cytes were then cultured in a 96-well plate in 10%
FCS-RPMI1620 at 37°C and 5% CO,. The SRT1720 and
resveratrol were dissolved in dimethyl sulfoxide. The
final concentration of dimethyl sulfoxide was less
than 0.1%.The splenocytes were stimulated with
100 pg/mL OVA and treated with SRT1720, resveratrol
or the vehicle. Because the maximum plasma concen-
tration of SRT1720 was reported to be approximately
1 umol/L,"* SRT1720 was used at a concentration
equal to or less than 1 umol/L. Resveratrol exerts bio-
logical effects at a wide range of concentrations (0.3 to
30 umol/L) in vivo.*”

We investigated the effects of SRT1720 and resvera-
trol on cell proliferation and cytokine production in
an ex vivo system. We used the bromodeoxyuridine
proliferation test (2 x 10° cells per well). We added the
bromodeoxyuridine (Roche, Basel, Swiss Confedera-
tion) during the last 24 h of a 72-h incubation period.
Chemiluminescence was detected using GENios
(Tecan Japan, Kanagawa, Japan). For the cytokine
assays (2 x 10° cells per well), we collected superna-
tants after 72 h. The cytokine concentrations were
evaluated as described in the in vivo study.

Statistical analysis

The results are expressed as the mean =+ standard
deviation. The between-group differences were deter-
mined using a two-way analysis of variance or
repeated measures analysis of variance. We per-
formed an unpaired ¢-test or a paired #-test to
compare each group. A P-value < 0.05 was considered
statistically significant.

RESULTS

Lower Sirt1 levels are found in the lung
homogenates of OVA-sensitized and
challenged mice

The expression of Sirt1 messenger RNA was examined
in the lungs of saline- or OVA-sensitized and chal-
lenged mice using real-time quantitative polymerase
chain reaction analysis. The expression of Sirtl mes-
senger RNA was lower in the lung homogenates of the
OVA-sensitized and challenged mice (OVA group)
than the saline-sensitized and challenged mice
(saline group; Fig. 1, P=0.02).

SRT1720 treatment decreases the OVA-induced
total and eosinophil cell infiltration and the
IL-5 and IL-13 levels in the BAL fluid

The cell counts in the BAL fluid of the saline mice
were not significantly different from the cell counts
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Figure 1 Sirtuin 1 (Sirt1) messenger RNA (mRNA) expression in
the lung following ovalbumin (OVA) sensitization and challenge.
The expression of Sirt1 mRNA in the total lung homogenates of
saline-sensitized and challenged mice (saline) and OVA-
sensitized and challenged mice (OVA) is shown. The Sirt1 and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA
levels were measured using the real-time quantitative poly-
merase chain reaction. The Sirt1 expression levels were normal-
ized to the GAPDH expression levels. Values are expressed as the
mean * standard deviation. *P < 0.05.

from the animals that were treated with SRT1720
(Saline + SRT1720) or vehicle alone (Saline + Vehicle;
Fig. 2 and Table S1 in the online supporting informa-
tion). OVA sensitization and challenge significantly
affected the cell counts in the BAL, with the exception
of neutrophils (lymphocytes, P < 0.05; all other cells,
P <0.01). SRT1720 treatment significantly affected the
total number of cells and eosinophils (P < 0.01). The
OVA mice treated with SRT1720 exhibited signifi-
cantly fewer cells and eosinophils in the BAL than the
OVA mice that were treated with vehicle alone (Fig. 2;
OVA +SRT1720 vs OVA +Saline; P=0.034 and
P =0.020, respectively).

We measured the concentrations of IL-4, IL-5 and
IL-13 in the BAL (Fig. 3). OVA and SRT1720 signifi-
cantly affected the concentrations of these cytokines
(P <0.01). The levels of IL-4, IL-5 and IL-13 in the BAL
of OVA mice (OVA + Vehicle and OVA + SRT1720)
were significantly higher than those in the saline
mice treated with vehicle alone (Saline + Vehicle,
P <0.01, Fig. 3). The OVA mice that were treated with
SRT1720 exhibited significantly lower levels of IL-5
and IL-13 in the BAL compared with the OVA mice
that were treated with vehicle alone (OVA + Vehicle vs
OVA + SRT1720; P=0.026, P=0.001, respectively;
Fig. 3b,c). We did not observe a significant difference
in the IL-4 levels in the BAL of SRT1720-treated
mice (OVA+SRT1720) and vehicle-treated mice
(OVA + Saline). The interferon-y levels were not sig-
nificantly different between the groups (data not
shown). We were unable to detect TNF-o and IL-6 in
the BAL.

© 2012 The Authors
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Figure 2 The total number of cells and eosinophils in the bronchoalveolar lavage (BAL) fluid. Mice were sensitized and challenged with
ovalbumin (OVA) or saline and treated with SRT1720 or vehicle. The total number of (a) cells and (b) eosinophils in the BAL was
determined. The number of neutrophils, macrophages and lymphocytes is shown in Table S1 in the online supporting information.
Values are expressed as the mean = standard deviation. Saline + Vehicle, saline-sensitized and challenged group receiving vehicle
(n=6); Saline + SRT1720, saline-sensitized and challenged group receiving SRT1720 (n=6); OVA + Vehicle, OVA-sensitized and chal-
lenged group receiving vehicle (n = 12); OVA + SRT1720, OVA-sensitized and challenged group receiving SRT1720 (n = 12). The two-way
analysis of variance indicates that OVA challenge (P < 0.05) and SRT1720 treatment (P < 0.01) significantly affected the total number of
cells and eosinophils. The interaction was significant for the total number of cells (P<0.01). Using Student’s t-test, *P<0.05 and
P<0.01.
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Figure 3 The interleukin (IL)-4, IL-5 and IL-13 levels in the bronchoalveolar lavage (BAL). The mice were sensitized and challenged with
ovalbumin (OVA) or saline and treated with SRT1720 or vehicle. The (a) IL-4, (b) IL-5 and (c) IL-13 concentrations in the BAL samples
were measured using a multiplexed fluorescent bead-based immunoassay and enzyme-linked immunosorbent assay. Values are
expressed as the mean = standard deviation. Saline + Vehicle, saline-sensitized and challenged group receiving vehicle (n=6);
Saline + SRT1720, saline-sensitized and challenged group receiving SRT1720 (n=6); OVA + Vehicle, OVA-sensitized and challenged
group receiving vehicle (n=12); OVA + SRT1720, OVA-sensitized and challenged group receiving SRT1720 (n = 12). A two-way analysis
of variance indicated that OVA challenge, SRT1720 treatment and their interaction did not significantly affect the IL-4 levels. OVA
challenge (P < 0.05) and SRT1720 treatment (P < 0.05) had significant effects on the IL-5 and IL-13 levels. The interaction between OVA
challenge and SRT1720 treatment did not significantly affect the IL-5 and IL-13 levels. Using Student’s t-test, *P < 0.05 and "P< 0.01.
NS, no significant difference.

SRT1720 treatment suppresses inflammatory
cell infiltration into the lungs

OVA sensitization and challenge significantly
increased the inflammatory infiltration and goblet
cell hyperplasia in histological examination (Fig. 4g,h;
two-way analysis of variance, P < 0.01). Treating the
saline mice with SRT1720 did not cause inflammatory
cell infiltration and goblet cell hyperplasia. SRT1720
treatment significantly reduced the inflammatory
infiltration (two-way analysis of variance, P < 0.01).
The OVA mice that were treated with SRT1720 exhib-
ited suppressed inflammatory cell infiltration com-
pared with the OVA mice treated with vehicle alone
(OVA + Saline vs OVA + SRT1720; P =0.002; Fig. 4j).

© 2012 The Authors
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SRT1720 treatment did not significantly affect the
extent of goblet cell hyperplasia (OVA + Saline vs
OVA + SRT1720; Fig. 4h).

The effect of SRT1720 and resveratrol on
OVA-stimulated splenocytes from
OVA-sensitized and challenged mice
We investigated the effects of SRT1720 and resveratrol
on cell proliferation and cytokine production in an
ex vivo system. SRT1720 and resveratrol suppressed
the OVA-induced proliferation of splenocytes (Fig. 5).
SRT1720 did not suppress the ex vivo production of
IL-4 or IL-5 (Fig. 6a,b), and the interferon-y levels did

Respirology (2013) 18, 332-339
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Figure 4 Histological analysis of lung sections. The mice were sensitized and challenged with either ovalbumin (OVA) or saline and
treated with SRT1720 or vehicle alone. Representative findings from the (a—c) saline-sensitized and challenged mice receiving vehicle
(Saline + Vehicle) and the (d—f) OVA-sensitized and challenged mice receiving vehicle (OVA + Vehicle) or (g—i) SRT1720 (OVA + SRT1720)
are shown. Haematoxylin and eosin (HE)-stained sections are shown in (a), (b), (d), (e), (g) and (h). Periodic acid-Schiff (PAS)-stained
sections are shown in (c), (f) and (i). A lower magnification (20x) is depicted in (a), (d) and (g) and a higher magnification (100x) is
depicted in (b), (c), (e), (f), (h) and (i). The scale bars are 200 um in (a), (d) and (g); 50 um in (b), (e) and (h); and 100 um in (c), (f) and
(i), respectively. To evaluate the infiltration and mucus production, HE- fiand PAS-stained sections were semi-quantitatively scored as
described in the Methods section (j,k). The most severe changes were +5 in the inflammation evaluation and +4 in the goblet cell
hyperplasia evaluation. Saline + Vehicle, saline-sensitized and challenged group receiving vehicle (n=6); Saline + SRT1720, saline-
sensitized and challenged group receiving SRT1720 (n=6); OVA + Vehicle, OVA-sensitized and challenged group receiving vehicle
(n=10); OVA +SRT1720, OVA-sensitized and challenged group receiving SRT1720 (n=10). Values are expressed as the
mean =+ standard deviation. The two-way analysis of variance indicates that OVA challenge and SRT1720 treatment and their interaction
had a significant effect on cellular infiltration (P<0.01). OVA challenge, SRT1720 treatment and their interaction did not have a
significant effect on goblet cell hyperplasia. Using Student’s t-test, TP < 0.01. NS, no significant difference.

not differ significantly between the treatments (data
not shown). However, SRT1720 and resveratrol did
suppress the production of IL-6 and TNF-a by sple-
nocytes (Fig. 6¢,d).

DISCUSSION

We demonstrated that the Sirtl activator SRT1720
suppressed the production of IL-5 and IL-13, but not
IL-4, in an OVA-induced mouse model of asthma.

Respirology (2013) 18, 332-339

SRT1720 also decreased the eosinophilic inflamma-
tory cell infiltration, but did not decrease the extent of
goblet cell hyperplasia. Consistent with our results,
Lee etal. reported that resveratrol reversed the
increased levels of T-helper-type 2 cytokines, such as
IL-4 and IL-5, found in the plasma and BAL fluid of a
mouse model of asthma.”

The decreased IL-5 and IL-13 levels found in our
study may explain the inhibition of eosinophilic
inflammatory cell infiltration. A recent study found
that anti-IL-5 or anti-IL-13 therapy benefits some

© 2012 The Authors
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asthmatic patients.®®* Those patients receiving the
IL-5 antibody reslizumab showed reductions in
sputum eosinophils and improvements in airway
function. Treatment with lebrikizumab, a monoclonal
antibody to IL-13, was associated with improved lung
function. Airway remodeling was not addressed in
either study. A surprising result was that while
SRT1720 suppress IL-5 and IL-13 levels, it does not
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Figure 5 The effect of Sirtuin 1 (Sirt1) activators on ovalbumin
(OVA)-induced splenocyte proliferation. Splenocytes from OVA-
sensitized and challenged mice were stimulated with OVA in vitro
and incubated for 72 h (n=6). The cell proliferation was mea-
sured by bromodeoxyuridine uptake. Values are expressed as the
mean * standard deviation. Using repeated measures analysis
of variance, P< 0.01; using Student’s t-test, '/P< 0.01 compared
with treatment with vehicle. Res, resveratrol. rlu, relative light
unit; SRT, SRT1720.
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decrease goblet cell hyperplasia. A possible explana-
tion is that the suppression of cytokines was not suf-
ficient to decrease the extent of goblet cell
hyperplasia. Although goblet cell hyperplasia was not
significantly different in the different treatment
groups, the epithelial cell height might be smaller in
the SRT1720-treated mice than the saline-treated
mice (Fig. 4f,i). The absence of IL-4 suppression
might be another reason for goblet cell hyperplasia.
IL-4, IL-5 and IL-9 reportedly contribute to goblet cell
hyperplasia and eosinophilic inflammation, while
IL-13 is primarily responsible for airway hypersensi-
tivity, airway smooth muscle hyperplasia.** The
mechanism underlying the T-helper-type 2 cytokine-
mediated induction of mucus production or goblet
cell hyperplasia is poorly understood.*!

We investigated the effects of Sirtl activators on
cell proliferation and cytokine production ex vivo.
SRT1720 and resveratrol directly suppressed the
OVA-induced TNF-o and IL-6 production and
proliferation observed in splenocytes. SRT1720 is
reportedly more potent than resveratrol in the con-
centration of compound required to increase
enzyme activity."! In our study, the suppressive effect
of SRT1720 in the OVA-induced TNF-o, and IL-6 pro-
duction and proliferation observed in splenocytes
was at best equal to resveratrol.

Sirtl activation is known to suppress IL-6 and
TNF-o production through nuclear factor kappa-
light-chain enhancer of activated B cells inhibition.
Nuclear factor kappa-light-chain enhancer of acti-
vated B cells is regulated by acetylation both in vivo
and in vitro.”">** Sirt1 deacetylates the p65 subunit
of nuclear factor kappa-light-chain enhancer of acti-
vated B cells at lysine 310," attenuating nuclear factor
kappa-light-chain enhancer of activated B cells tran-
scriptional activation. Resveratrol has been shown
to suppress the cigarette smoke extract-mediated
release of TNF-o in a human macrophage cell line.”®
In lipopolysaccharide (LPS)-activated macrophages,
resveratrol inhibited both TNF-o and IL-6 secretion.*
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Figure 6 The effect of Sirtuin 1 activators on ovalbumin (OVA)-induced splenocyte cytokine production. Splenocytes from OVA-

sensitized and challenged mice were stimulated with OVA in vitro and incubated for 72 h (n = 6). The cytokine levels in the supernatants
were quantified using a multiplexed fluorescent bead-based immunoassay. The (a) interleukin (IL)-4, (b) IL-5, (c) IL-6 and (d) tumour
necrosis factor o. (TNF-o)) concentrations are shown separately. Values are expressed as the mean *+ standard deviation. Res, resvera-
trol; SRT, SRT1720. Using repeated measures analysis of variance, P<0.05 in IL-6 and TNF-o. Using Student’s t-test, *P< 0.05 and

"P<0.01 compared with treatment with vehicle. ND, not detected.
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TNF-o is a pro-inflammatory cytokine that has

been implicated in many aspects of asthma airway
pathology.*** TNF-o. recruits eosinophils into the
lungs®* and regulates the growth and function of T
cells.*® Inhaled TNF-a increases airway responsive-
ness and the infiltration of eosinophils into the spu-
tum.” Some clinical trials have demonstrated a
reduction in exacerbation frequency in asthmatic
patients treated with anti-TNF-o therapy® IL-6 is
another key regulator of allergic airway inflamma-
tion.*** We were unable to evaluate the IL-6 and
TNF-a levels in the airway in this study. Whether
the inhibition of IL-6 and TNF-o production plays
an important role in the airway remains to be
elucidated.

We showed that SRT1720 inhibits OVA-induced

splenocyte proliferation. Sirt1 plays an important role
in lymphocyte activation and T-cell tolerance.***
Sirtl-deficient mice exhibit abnormal T-cell activa-
tion and a breakdown of CD4' T-cell tolerance.*
Human immunodeficiency virus type 1 promoted
T-cell hyperactivation by blocking Sirtl.** Therefore,
Sirtl activators might regulate T-cell activation and
inhibit the proliferation of T cells in our study.

In this study, the expression of Sirt1 messenger RNA

in the lungs of OVA-sensitized and challenged mice
was lower than that of saline-sensitized and chal-
lenged mice. We could not find a report on Sirtl
expression specifically in asthmatic patients. Precise
descriptions of the mechanisms controlling Sirtl
expression and activity are provided elsewhere."

In conclusion, the specific Sirtl activator SRT1720

exerted anti-inflammatory effects in a mouse model
of asthma. Sirtl activators might mediate beneficial
effects in asthmatics by suppressing inflammation.
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Table S1. Cédll countsin bronchoal veolar lavage fluid

Sdline +Vehicle Sdine OVA OVA
(n=6) +SRT1720 +Vehicle +SRT1720
(n=6) (n=14) (n=14)

Tota Number  153%7.9 208+102%  275+130"  180+90.7"
of Cells
(x10° [/mL])
Macrophages 146+ 7.8 196+9.8%  77.0+338" 68.7+325
(x10% [/mL])
Lymphocytes 03+0.2 04+04"  356+236 224+209'
(x10° [/mL])
Eosinophils 01+01 0.2+ 02" 130+ 769" 687+51.8"
(x10% [/mL])
Neutrophils 04+0.2 05+05"  322+2903" 201+17.3'
(x10% [/mL])

Values are expressed as the mean + SD. * P< 0.05 significant difference compared with

the OVA-sensitized and challenged mouse group treated with vehicle (OVA +Vehicle). T

P< 0.01, significant difference compared with the saline-sensitized and challenged

group treated with vehicle (Saline +Vehicle). NS, no significant difference compared

with the Saline +Vehicle group.
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