M) pISSN: 2288-0402
Gl elSSN:2288-0410

Allergy Asthma Respir Dis 9(1):27-35, January 2021 https://doi.org/10.4168/aard.2021.9.1.27 ORIGINAL ARTICLE

AN ASE 248 E35T atorvastatin®] A
7}
DR HEE S ZIBEL 2B Ofpta? FAIB I ZslE,

‘o,

'AfSohEte outehst FHelst) PSS QsltiT UHAATA SMShSwEH Y27 |t

=

Antiasthmatic effect of atorvastatin via modulation of macrophage
activation
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Purpose: Asthma is a chronic airway inflammatory disorder and is associated with macrophages. Statin, a well-known lipid-lowering
agent, has recently been noted for its anti-inflammatory effect on macrophage. This study was designed to evaluate the antiasth-
matic effect of atorvastatin via modulation of macrophage activation by using an animal model of allergic asthma.

Methods: Atorvastatin 40 mg/kg was given by gavage once a day for 3 days before challenge of ovalbumin (OVA); airway hyperre-
sponsiveness (AHR), airway inflammatory cells, and cytokines were evaluated in the murine asthma model. The direct effect of ator-
vastatin on the activation of macrophages in vitro was determined using the alveolar macrophage cell line CRL-2456.

Results: Administration of atorvastatin reduced the numbers of total inflammatory cells, macrophages, and eosinophils as well as
lung histology enhanced in the murine asthma model. AHR measured by enhanced pause was significantly reduced after atorvas-
tatin administration in the murine asthma model (P < 0.05). Atorvastatin administration resulted in the reduction in serum OVA-spe-
cific IgE levels and the increase in serum OVA-specific IgG2a levels (P< 0.05). The mRNA levels of Ccr3, I-17, and Muc5ac enhanced
by OVA challenge were decreased by treatment with atorvastatin (P < 0.05). Along with these improvement in allergic inflammatory
changes, the population of CD11c¢CD206" macrophages as well as the expression of Ym-1 and Relm-a. in the lungs were reduced
with atorvastatin (P < 0.05). In vitro test with CRL-2456 showed that atorvastatin reduced the expression of Cd206, Arg-1, and Fgf-2 in-
duced by IL-4 stimulation (P < 0.05).

Conclusion: This study highlighted the antiasthmatic effect of atorvastatin on the suppression of M2 macrophage activation in al-
lergic asthma. (Allergy Asthma Respir Dis 2021;9:27-35)
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Fig. 1. Effects of atorvastatin (AT) on lung inflammation and
airway hyperresponsiveness by allergen challenges in oval-
bumin (OVA)-sensitized mice (*P<0.05, **P<0.01). (A) Ex-

Sensitization; Alum/OVA Intranasal OVA Challenge perimental protocol of the study. (B) The number of inflamma-
(intraperitoneal) tory cells including eosinophils in BALF. (C) Hematoxylin and
l 1 l 1 l Mch Sacrifice eosin (H&E) stain (a-d) (x 100) and periodic acid-Schiff (PAS)
— stain (e-h) (x200) of lung histology after allergen challenge
Day 0 14 21 22 23 24 25 @ (a e: phosphate-buffered saline [PBS; b, f: PBS+AT, c, g:
OVA; d, h: OVA+AT). (D) Methacholine hyperresponsiveness
was measured 24 hours after the last intranasal challenge,
» Atorvastatin treatment n=6 for each group, the *P<0.05, **P<0.01. Mch; metha-
(40 mg/kg per day) choline bronchial challenge.
300,000 6
m PBS
uAT - PBS
mOVA = AT
B OVA+AT ~/— OVA
200,000 4 L A OVA+AT
< s .
3 )
100,000
0 [ 0 ! ! !
Total Macro Neutro Eosino  Lympho e Base 6.25 125 25 0

Methacholine (mg/mL)

verse 5-ACCCAGTAGCAGTCATCCCA-3’

Irf-5: forward 5-GGTCAACGGGGAAAAGAAACT-3, reverse
5-CATCCACCCCTTCAGTGTACT-3

Cd206: forward 5-CAAGGAAGGTTGGCATTT-3’, reverse 5-
CCTTTCAGTCCTTTGCAA-3

Arg-1: forward 5-CTCCAAGCCAAAGTCCTTAGAG-3', reverse
5-AGGAGCTGTCATTAGGGACATC-3’

Fgf-2: forward 5- GGCTTCTTCCTGCGCATCCA-3, reverse 5-
GCTCTTAGCAGACATTGGAAGA-3

Gapdh: forward 5-ACGGCAAATTCAACGGCACA-3’, reverse
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Fig. 2. Effect of atorvastatin (AT) treatment on cytokine level and serum allergen-specific antibodies in BALF ovalbumin (OVA)-sensitized mice (*P<0.05, **P<0.01).
The upper low shows the levels of interferon-gamma (IFN-y) (A) and the ratio of IFN-y/interleukin (IL}-4 (B) 48 hours after the last challenge. The lower low shows the
levels of serum OVA-specific IgE and the ratio of OVA-specific IgG1/IgG2a 48 hours after the last challenge. Serum OVA-specific IgE (C) and the ratio of OVA-specific
lgG1/IgG2a (D) after OVA challenge. PBS, phosphate-buffered saline. n=6 for each group, *P<0.05, **P<0.01.
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Fig. 3. Effect of atorvastatin (AT) on the change of mMRNA expressions in the lung tissues from ovalbumin (OVA)-sensitized mice (*P<0.05, **P<0.01). Real-time re-
verse transcription-polymerase chain reaction was performed to determine the changes in mRNA levels of interleukin (//)-17 (A), Ccr3 (B), Mucbac (C), Ym-1 (D),
Relm- (E), and Ir-5(F) from lung tissues. PBS, phosphate-buffered saline. The levels of mRNA are represented as the ratio to Gapadh. *P<0.05, **P<0.01.
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Fig. 4. Effect of atorvastatin (AT) on CD11¢'CD206* M2 macrophage in the lung tissues of ovalbumin (OVA)-sensitized mice (*P<0.05, **P<0.01). Representative dot
plot shows the expression of F4/80 (A) in CD45* cells from lung and CD206 (B) in F4/80* macrophage cells. The frequencies of total F4/80* macrophage cells (C) in
CD45" cells and CD206 (D) producing F4/80* macrophage cells are shown. **P<0.01.
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Fig. 5. Effect of atorvastatin (AT) on M2 macrophage markers and Fgf-2 mRNA expressions in interleukin (IL)}-4 stimulated alveolar macrophage cell line (*P<0.05,
**P<0.01). The mRNA levels of Cd206(A), Ym-1(B), Arg-1(C), and Fgf-2(D) were detected in recombinant IL-4 stimulated mouse alveolar macrophages cell line. The

levels of mRNA are represented as the ratio to B-actin. *P<0.05, **P<0.01.
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