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Abstract

Background and objective Acetyl CoA carboxylase (ACC) regulates the differentiation of Th1, Th2, Th17 cells and Treg
cells, which play a critical role in airway inflammation of asthma. Here we investigated the role of ACC in the pathogenesis
of asthma.

Methods Chicken Ovalbumin-sensitized and -challenged mice were divided into three groups, PBS group, DMSO (sol-
vent of TOFA) group and ACC inhibitor 5-tetradecyloxy-2-furoic acid (TOFA)+DMSO group. Airway inflammation was
assessed with histology, percentages of CD4*T cell subsets in lung and spleen was assessed with flow cytometry, and airway
responsiveness was assessed with FinePointe RC system. The expression of characteristic transcription factors of CD4*T
cell subsets was evaluated with real-time PCR. Cytokine levels in bronchoalveolar lavage fluid (BALF) and serum was
determined with ELISA.

Results In asthma mice, the expression of ACC increased, while the expression of phosphorylated ACC (pACC) decreased.
TOFA had no significant effect on pACC expression. TOFA reduced serum IgE, airway inflammatory cells infiltration and
goblet cell hyperplasia, but dramatically increased airway responsiveness. TOFA significantly reduced the percentages of Thl,
Th2, Th17 cells in lung and spleen, the expression of GATA3 and RORyt in lung, and IFN-y, IL-4, IL-17A levels in BALF
and serum. TOFA had no significant effect on the percentage of Treg cells, IL-10 level and the expression of T-bet and Foxp3.
Conclusion Acetyl-CoA carboxylase inhibitor TOFA might have a distinct effect on asthmatic airway inflammation and
airway hyperresponsiveness.
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Introduction fatty acid synthesis) or by uptaking exogenous fatty acids

[1].

Fatty acids are not only essential constituents of cell mem-
branes, but also important signaling molecules and bioener-
getic substrates. Fatty acids needed for cells can be obtained
by ligating multiple acetyl units from acetyl-CoA (de novo
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Acetyl-CoA carboxylase (ACC) is a rate-limiting enzyme
in fatty acid metabolism that catalyzes the carboxylation of
Acetyl-CoA to malonyl-CoA in an ATP-dependent manner
[2]. Two isoforms of ACC were identified, ACC1 and ACC2
[3]. Malonyl-CoA synthesized by ACCI1 serves as a carbon
donor for de novo fatty acid synthesis, whereas malonyl-
CoA produced by ACC2 works as an inhibitor of fatty acid
oxidation [4]. ACC is rapidly inactivated upon phosphoryla-
tion by AMP-activated protein kinase (AMPK) or cAMP-
dependent protein kinase A (PKA), whereas dephospho-
rylation activates the enzyme [5]. Besides, ACC can also be
regulated promptly by allosteric agents, such as Soraphen
A, which more likely targets ACC1, and 5-(tetradecyloxy)-
2-furancarboxylic acid (TOFA), which more likely targets
both ACC1 and ACC2 [6, 7].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s43440-019-00027-8&domain=pdf

1012

F.Zhu et al.

Fatty acids are essential constituents of cell mem-
branes, important signaling molecules and bioenergetic
substrates, which can be obtained by ligating multiple
acetyl units from acetyl-CoA (de novo fatty acid synthe-
sis) or by uptaking exogennous fatty acids [1]. Recent
studies found that inhibition of ACC activity downregu-
lates the differentiation of Th1, Th2 and Th17 cells, while
upregulates the differentiation of Regulatory CD4" T
cells (Treg) [8]. It is found that Th17 cells depend on
ACCl-mediated de novo fatty acid synthesis and the
underlying glycolytic-lipogenic metabolic pathway for
their development, while Treg cells take up exogenous
fatty acids for this purpose [8]. In addition, T cell-specific
deletion of ACC1 demonstrated that ACC1-mediated de
novo lipogenesis is essential for CD8" T cell expansion
[9].

Asthma is a chronic airway inflammatory disease. The
prevalence of asthma and its economic and social burden
are still increasing [10]. Some patients are not well con-
trolled despite therapy with inhaled glucocorticoids and
long-acting B2 agonists [11].

The underlying mechanisms of airway inflammation
and remodeling are still not well understood [12], but
Th1/Th2 immunity imbalance with Th2 cell bias has
been established as the major cause of eosinophilic air-
way inflammation [13]. In addition, recent studies also
demonstrated a role of Th17 immunity in the pathogen-
esis of asthma, especially neutrophil-dominant airway
inflammation, which is associated with severe asthma
[14]. Treg cells are responsible for sustaining immune
tolerance to allergen, decreased or defected suppressing
effects of Treg cells also contribute to the development of
allergic asthma [15]. Therefore, imbalance of Th17/Treg
is an additional mechanism of asthma and a new target for
asthma therapy. Our previous study has shown that abnor-
mal Th17 immunity is also involved in the pathogenesis
of allergic asthma [16].

In the present study, we used ACC inhibitor TOFA to
investigate the role of ACC in the development of allergic
airway inflammation in a mouse model of asthma, and the
effects of TOFA on CD4* T cells percentages in asthma
mice model.

Materials and methods
Animals

Female C57BL/6 mice (6—8 weeks age) were obtained from
Hubei Provincial Center for Disease Control and Prevention
and were bred at the Experimental Animal Center of Wuhan
University. All procedures were conducted in accordance
with the Institution Animal Ethics Committee of Wuhan
University.

Animal experimental protocols

Mice were sensitized via intraperitoneal injection on
days 0 and 14 with 20 pg chicken ovalbumin (OVA,
Sigma-Aldrich, USA) in 148 pl PBS. On day 21, 22,
23, mice were challenged by intranasal administra-
tion of 100 pg OVA in PBS in a total volume of 50 pl
under narcotization with 1% sodium pentobarbital.
Control mice were sensitized and challenged with
PBS.

Mice exposed to OVA were divided into three groups
and received intraperitoneal administration of 0.5 mM ACC
inhibitor TOFA (Sigma-Aldrich, USA), 0.5 mM DMSO,
and PBS twice a week, respectively, before OVA chal-
lenge. Control mice were intraperitoneally injected with
PBS (Fig. 1). The sequence of administration and sensitiza-
tion to chicken ovalbumin and TOFA was an experimental
attempt, for lack of research on the relationship between
TOFA and asthma.

Determination of airway resistance

After 24 h of last challenge, mice were anesthetized and intu-
bated with a tracheostomy tube, connected to a mechanical
ventilator (FinePointe RC system, Wilmington, NC, USA).
Aerosolized PBS was used to determine the baseline airway
resistance, and aerosolized methacholine (Sigma-Aldrich,
USA) was then delivered at increasing concentrations (range
from 3.125 to 25 mg/ml), after which the peak airway resist-
ance (R;) was recorded.

Fig. 1 Protocol of allergic
asthma mice model. ip Intra- i.p. (OVA) i.p. (OVA) i.n. (OVA)
peritoneal, in intranasal, OVA l
ovalbumin l l l l _
Day 0 3 6 9 12 14 17 20 21 22 23 24
i.p. (TOFA, DMSO or PBS) End
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Bronchoalveolar lavage

Bronchoalveolar lavage fluid (BALF) was performed 3 times
with 0.5 ml PBS via a tracheal cannula. BALF was centri-
fuged at 1500 r/min for 7 min at 4 °C. Slides for the cellu-
lar component were prepared by cytocentrifugation (TXD3
cytocentrifuge, China) and stained with WrightGiemsa Stain
kit (Jiancheng Bioengineering Institute, China). Approxi-
mately 400 cells were counted in each slide. The number of
eosinophils, macrophages, neutrophils, and lymphocytes was
expressed as the absolute number from the total cells count.
BALF supernatant was stored at — 80 °C until use. After
this, the mice were killed with exsanguination and used for
further experiments.

Lung histological examination

The left lungs of mice were harvested, dehydrated and
embedded in paraffin after complete fixation in 4% para-
formaldehyde. Thereafter, paraffin-fixed tissue was cut into
sections, deparaffinized, and stained with hematoxylin and
eosin (HE) and periodic acid-Schiff (PAS), respectively, for
the detection of inflammatory cells infiltration and goblet
cell hyperplasia. The severity of inflammatory cells infiltra-
tion was classified into 5 classes (0—4). The degree of goblet
cell hyperplasia was represented as PAS* area (A},q) per
basement membrane perimeter (Pbm).

Analysis of CD4T cells by flow cytometry

Right lungs and spleens were removed and placed in
RPMI1640 media (HyClone™, USA) and penicillin—strep-
tomycin solution (Jinuo, China). The lungs were digested by
collagenase I (Biosharp, USA) and the spleens were grinded
to obtain mononuclear cells (MNCs). To determine the frac-
tion of Thl, Th2 and Th17 cells by flow cytometry, MNCs
were stimulated with 20 ng/ml PMA (Tocris Bioscience,
England) and 1 pg/pl Ionomycin (Tocris Bioscience, Eng-
land) diluted in 10% fetal bovine serum (HyClone™, USA)
and 1% penicillin—streptomycin-containing RPMI11640
media for 2 h. Then 5 mg/ml Brefeldin A (eBioscience,
USA) was added into the media and cells were cultured
further for 4 h. Cells were then surface-stained with PE-
Cyanine7-labeled Anti-Mouse CD4 (eBioscience, USA)
antibody, fixed and permeabilized with Intracellular Fixa-
tion &Permeabilization Buffer Set (eBioscience, USA),
and then, respectively, stained with PE-labeled Anti-Mouse
IFN-y, PE-labeled Anti-Mouse IL-4 and PE-labeled Anti-
Mouse IL-17A (eBioscience, USA) antibodies. For Treg
cells analysis, MNCs were stained directly with PE-Cya-
nine7-labeled Anti-Mouse CD4 and PE-labeled Anti-Mouse
CD25 (eBioscience, USA) without stimulation. Following
the fixation and permeabilization by Foxp3/Transcription

Factor Fixation/Permeabilization Concentrate and Diluent
(eBioscience, USA), cells were stained with FITC-labeled
Anti-Mouse Foxp3 (eBioscience, USA). Finally, all stained
cells were analyzed on an FACS Arialll (BD Biosciences,
USA).

Detection of cytokines and serum IgE by ELISA

Serum and BALF were obtained from each group, and the
concentrations of IFN-y, IL-4, [L.-17 and IL-10 in BALF and
serum, as well as the total level of serum IgE were detected
by ELISA kits according to the manufacturer’s protocols
(Mouse IFN-y Instant ELISA, Mouse IL-4 ELISA Ready-
SET-Go, Mouse IL-17A ELISA Ready-SET-Go, Mouse
IL-10 ELISA Ready-SET-Go, Mouse IgE ELISA Ready-
SET-Go, eBioscience, USA).

Real-time quantitative PCR

Total RNA of lungs was extracted with TRIzol reagent
(Invitrogen, USA), and the concentration and purity of total
RNA was evaluated by spectrophotometer (Thermo Scien-
tific, USA). RNA was reverse-transcribed into cDNA using
the ReverTra Ace® gPCR RT Kit (Toyobo, Osaka, Japan)
and thereafter cDNA was amplified using an SYBR Pre-
mix Ex TaqTM kit (Takara, Tokyo, Japan) according to the
manufacturer’s instructions. All Cycle threshold values were
normalized to reference gene GAPDH and 2744 method
was used to quantify the expression of transcription factors.
PCR primers sequences were designed as follows: T-bet,
forward 5'-CCATTCCTGTCCTTCACCG-3' and reverse
5'-CTGCCTTCTGCCTTTCCAC-3"; GATA3, forward
5'-CTGGAGGAGGAACGCTAATG-3' and reverse 5-AGA
TGTGGCTCAGGGATGAC-3'; ROR-vt, forward 5'-TGC
GACTGGAGGACCTTCTAC-3' and reverse 5-CTCCCA
CATTGACTTCCTCTGG-3'; Foxp3, forward 5'-ACTCGC
ATGTTCGCCTACTT-3' and reverse 5'-AGGGATTGGAGC
ACTTGTTG-3'; GAPDH, forward 5'-ATGGGTGTGAAC
CACGAGA-3' and reverse 5'-CAGGGATGATGTTCTGGG
CA-3'".

Measurement of ACC and pACC proteins by western
blot

Right lungs were minced in RIPA Lysis Buffer (Beyotime,
China) containing protease inhibitors Phenylmethane-
sulfonyl fluoride (Beyotime, China), and centrifugated at
12,000 rpm for 5 min, supernatants were collected. Protein
concentration was determined using the Enhanced BCA Pro-
tein Assay Kit (Beyotime, China). The protein was subjected
to electrophoresis on SDS—polyacrylamide gels and then
transferred onto a polyvinylidene fluoride membrane (Mil-
lipore, USA). After blocking in 3% bovine serum albumin
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(BSA), protein was incubated with Acetyl-CoA Carboxy-
lase Antibody or Phospho-Acetyl-CoA Carboxylase (Ser79)
(D7D11) Rabbit mAb (Cell signaling, USA), washed with
TBST and then probed with horseradish peroxidase (HRP)-
linked secondary antibodies (Boster biological technology,
China). Then membranes were imaged with ECL (Thermo
Fisher Scientific, USA). The signals were analyzed with
Bandscan 5.0.

Statistical analysis

Statistical analyses were performed using SPSS 21.0 soft-
ware. Data were expressed as mean + SEM, significance
between groups was assessed using one-way ANOVA and
Least significant difference (LSD) was used for post hoc
test, except those were non-normal distributions or hetero-
scedasticity, in which Mann—Whitney U tests were used.
p <0.05 was considered statistically significant. Histograms
were made using Graphpad Prism 5 software.

Results

TOFA inhibited ACC protein expression in lung
of asthmatic mice

We firstly investigated the protein expression of ACC and
phosphorylated ACC (pACC) protein, the inactivated form
of ACC, in lungs of asthma model group and control mice
by western blot. As shown in Fig. 2, the protein expression
of ACC was higher in lung of asthma model of mice when
compared to that of control mice. By contrast, the protein
expression of pACC in lung of asthma model of mice was
lower than that in control mice. This protein expression pat-
tern of ACC and pACC suggests a possible role of ACC

in asthma. TOFA is a cell-permeable small molecule and
also an allosteric inhibitor of ACC. We found that TOFA
treatment slightly decreased ACC protein expression in the
lung of asthma model of mice. The solvent DMSO had no
effects on ACC protein expression (Fig. 2a). However, nei-
ther TOFA nor DMSO displayed significant effects on pACC
protein expression in lung of asthma model of mice, albeit
there was a slight trend of increase in pACC expression in
TOFA-treated asthma model of mice (Fig. 2b). Our results
suggest that TOFA may reduce the activity of ACC primar-
ily by allosteric effect, but not by phosphorylation of ACC,
at least in lung of asthma model of mice.

TOFA reduced airway inflammation and serum IgE
level in asthma mice

We then determined the effects of ACC inhibitor TOFA on
airway inflammation in mice of asthma model. As shown
in Fig. 3a—c, OVA-exposed mice manifested typical asthma
features such as increased lung inflammatory cells infiltra-
tion and goblet cell hyperplasia. DMSO treatment had no
significant effects on airway inflammation and goblet cell
proliferation (Fig. 3b, c), while treatment with TOFA sig-
nificantly alleviated lung inflammatory cells infiltration
(Fig. 3b) and goblet cell hyperplasia (Fig. 3c). We tried to
observe cellular component in BALF, unfortunately most of
cells membrane were ruptured and unable to be recognized
in TOFA-treated mice. This may be due to the influence of
TOFA on cell membrane in view of the role of TOFA on
fatty acid metabolism.

In accordance with lung inflammation, serum IgE level
was significantly higher in OVA-exposed mice than that
in control mice. Treatment of OVA-exposed mice with
TOFA, but not DMSO, significantly reduced serum IgE
level (Fig. 3d). Taken together, these results demonstrated
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expression in TOFA-treated o 0.8- %%
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Fig.3 Decreased airway
inflammation and serum IgE
level in TOFA-treated asthma
mice. a Lung sections stained
with HE and PAS (x200). b
Inflammatory score and ¢ PAS-
stained areas per unit length
were determined. d Serum IgE
level was analyzed by ELISA.
All data are represented as
mean + SEM (n=5-6 mice per
group). *p <0.05; ***p <0.001;
NS, p>0.05
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that ACC inhibition with TOFA reduced OVA-induced air-
way inflammation and serum IgE level in a mice model of
asthma.

Effects of TOFA on airway resistance in asthma mice

Next, we assessed the effect of ACC inhibitor TOFA on air-
way resistance in asthma model of mice. As shown in Fig. 4,
both the baseline airway resistance and airway resistance
induced by increasing concentration of methacholine were
higher in asthma model of mice than that in control mice.
Treatment with DMSO had no significant effect on airway
resistance in asthma model of mice. Unexpectedly, TOFA
treatment slightly increased baseline airway resistance and
also airway resistance induced by methacholine in asthma
model of mice. The resistance to methacholine peaked at

Asthma

12.5 mg/ml, and then decreased even though with increased
concentration of methacholine. These data suggested that
inhibition of ACC activity might result in increased airway
resistance.

TOFA regulated CD4* T cells differentiation
in asthma mice

To further explore the mechanism underlying the effect of
ACC in asthma model of mice, we investigated the differen-
tiation of CD4" T cells, which highly related to the patho-
genesis of asthma. Flow cytometric analysis demonstrated
that TOFA significantly reduced the percentage of Thl,
Th2 and Th17 cells in mononuclear cells (MNC) of lung
in asthma model of mice (Fig. 5a, b). Similar results were
found in spleen MNC (Fig. 5c, d). In consistent with these
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Fig.4 Increased airway resistance in TOFA-treated asthma mice.
*Control vs PBS/Asthma, #TOFA/Asthma vs PBS/Asthma. All data
are represented as mean+SEM (n=5 mice per group). *p<0.05,
##p <0.01, #+¥p <0.001, #p <0.05, #p <0.001

results, a decrease in the level of IFN-y, IL-4 and IL-17A
in BALF and serum (Fig. 6a) was found in TOFA-treated
asthma model of mice. However, no significance difference
was detected in the percentage of Treg cells and the level of
IL-10 among different treatment groups (Figs. 5, 6a).

We also checked the expression of characteristic tran-
scription factors of each CD4*T cell subset in lung tissue.
Figure 6b showed that in asthma model of mice, administra-
tion of TOFA effectively downregulated the expression of
GATA3 and RORyt, the characteristic transcription factor
of Th2 and Th17, respectively, but had no significant effects
on the expression of T-bet and Foxp3, the characteristic
transcriptional factor of Thl and Treg, respectively. These
results indicated that ACC inhibition with TOFA will inhibit
the differentiation of Th2 and Th17 cells, but not Th1 and
Treg cells in lung of asthma model of mice.

Discussion

In the present study, we demonstrated a possible role of
ACC in the pathogenesis of asthma airway inflammation
using ACC inhibitor TOFA. Our results showed that TOFA
intraperitonially administration in asthma mice could sig-
nificantly reduce the protein expression of ACC and airway
inflammation, and the effect of TOFA may be due to its
regulation on the differentiation of Th2 and Th17 cells, but
not Th1 and Treg cells.

ACC is a rate-limiting enzyme that catalyzes the car-
boxylation of acetyl-CoA to form malonyl-CoA and plays
a key role in the regulation of fatty acid metabolism. The
two isoforms of ACC, ACC1 and ACC2, have distinct tis-
sue and cellular distribution. ACC is inactivated while

@ Springer

Fig.5 Reduced percentages of Th1, Th2, Th17 cells in TOFA-treated»
asthma mice. IFN-y*, IL-4*, IL-17* Th cells from CD4% cells,
Foxp3* Th cells from CD4*CD25" Th cells in lung tissue (a) and in
spleen (c¢) were examined by flow cytometric analysis. The percent-
age of CD4" cells expressing IFN-y*, IL-4*, IL-17* and the percent-
age of CD47CD25" cells expressing Foxp3* in lung tissue (b) and in
spleen (d). All data are represented as mean+SEM (n=5-6 mice per
group). *p <0.05; **p <0.01; ***p <0.001; NS, p>0.05

phosphorylated to pACC. Our results demonstrated the
protein expression of ACC in lung of mice, and this expres-
sion may be slightly inhibited by ACC allosteric inhibitor
TOFA. Indeed, a recent study using another ACC inhibi-
tor Soraphen A showed that it will increase pACC protein
levels. Therefore, we also checked the expression of pACC
after treatment with TOFA [8]. We showed that TOFA had
no significant effect on the protein expression of pACC, the
inactivate form of ACC, although a slight trend of increase
of pACC. Therefore, phosphorylation of ACC plays no sig-
nificant role in the inhibiting effect of TOFA on ACC.

AMPK-ACC signaling has been demonstrated in dif-
ferent biochemical and physiological processes, including
platelet function and thrombus formation [17], fasting- and
cold- induced appetite [18], in human skeletal muscle con-
traction [19] and in metformin-induced anti-fibrotic effect
in renal fibrosis [20]. AMPK activation leads to phospho-
rylation and inactivation of ACC. Role of AMPK in airway
inflammation of asthma have been demonstrated in toluene
diisocyanate-induced occupational asthma model [21] and
in OVA-induced allergic asthma model [22]. In addition,
AMPK signaling is also involved in airway smooth mus-
cle cell proliferation [23, 24], suggesting a possible role of
AMPK in airway remodeling of asthma. However, as the
downstream signaling molecule of AMPK, the role of ACC
in airway inflammation and remodeling is still unknown.
Our results showed that ACC is involved in airway inflam-
mation of OVA-induced asthma mice model for the first
time, so far as we know.

Resveratrol is a polyphenolic phytoalexin with anti-
inflammatory, antioxidant, and anticancer effects. Recent
studies have proved it can ameliorate airway inflammation
induced by OVA [25] or HDM [26]. In addition, resvera-
trol could inhibit mucus overproduction [27] and airway
remodeling [25, 26, 28] in asthma mice models. Resveratrol
could inhibit ACC1 expression and increase ACC1 phos-
phorylation via AMPK signaling [29], suggesting a role of
ACC in asthma. As expected, inhibition ACC directly with
TOFA also attenuated OVA-induced airway inflammation,
as shown in our present study.

Interestingly, TOFA increased, but not reduced airway
resistance of asthma mice, as shown in Fig. 4. Not only the
baseline airway resistance, but also the resistance induced
by increasing concentration of methacholine was increased
after treatment of TOFA. There is no report on the effects
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of acetyl-CoA carboxylase and its inhibitor TOFA on
functional regulation of airway smooth muscle such as
proliferation, apoptosis, contraction, migration and airway
remodeling. The role of upstream regulating molecule of
ACC, AMPK, has been described above [29]. Instead, the
downstream molecule of ACC, PI3K were shown to be
important for the IL-13-induced airway hyperreactivity
[30]. According to these studies, TOFA induces PI3K inhi-
bition will result in decreased airway hyperreactivity, this
is contrast to our results.

Although the dissociation between airway inflammation
and airway resistance has been revealed in asthma [31-33],
and also airway inflammation-dependent and -independ-
ent airway remodeling [34], this cannot clearly explain
our results and also the inconsistency with previous stud-
ies. Therefore, further studies with more selective ACC
inhibitors or with ACC knock-out mice are necessary. In
addition, the ex vivo effect of TOFA on contraction of
airway smooth muscle strips, which minimize the impact
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of airway inflammation and other cytokines, will give deep
insights into the underlying mechanisms of increased AHR
induced by TOFA.

In the present study, we used chicken OVA as allergen
to induce an acute allergic bronchial inflammation, which
is characterized by Th2 type inflammation and eosinophil
infiltration with elevated serum IgE level. The clinically
relevant allergen house dust mite (HDM) induces airway
inflammation by proteinase activation receptor (PAR)-
dependent mechanisms [35], and innate lymphoid cells
type 2 (ILC2) are critical player in Type 2 inflammation
of this kind of asthma model [36]. As shown in our results,
TOFA decreased Th2 inflammation in OVA-exposed mice.
The effects of TOFA on airway inflammation in an HDM-
induced mice model of asthma will deepen our understand-
ing of the role of ACC in airway inflammation of asthma.

Besides, ACC has also been shown to regulate the
balance of Th17 and Treg. Our data also confirmed that
ACC inhibitor TOFA inhibited Th17 differentiation
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in OVA-exposed asthma model of mice. Since Th17
induces neutrophil-dominant airway inflammation, a
mice model of asthma characterized by neutrophil-dom-
inant inflammation, e.g., mice exposed to ovalbumin and
polyinosinic:polycytidylic acid (Poly I:C), will give more
information about the effect of TOFA. In fact, recent study
showed that HDM induced both Th2 and Th17 cytokine
profile and mixture of eosinophilic and neutrophilic airway
inflammation [37]; therefore, effects of TOFA should be
conducted with HDM-induced airway inflammation.

There are other limitations of our study. First, TOFA
is a non-selective ACC inhibitor. Therefore, we could
not distinguish the respective effects of ACC1 and ACC2
in the development of allergic asthma. It is necessary to
verify our results in an OVA- or HDM-induced asthma
model with ACC1 and/or ACC2 knock-out mice. Since
deficiency of ACC1 in mice is embryonic lethal [38], mice
with heterozygous genotype of ACC1 may be used to elu-
cidate this question. In addition, it is better to confirm the
role of ACC in asthma and in CD4*T cells differentiation
with CD4*T cell-specific ACC1-deficient (TACC1) and/
or ACC2-deficient (TACC2) mice.

In conclusion, our results demonstrated that ACC inhibi-
tor TOFA have distinct effects on asthmatic airway inflam-
mation and airway hyperresponsiveness.
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