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Elucidation of the mechanisms of obesity-induced asthma
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Obesity is one of the major risk factors for asthma. Previous studies have
demonstrated that free fatty acid levels are elevated in the plasma of obese individuals. Recently,
medium- and long-chain free fatty acids have been reported to act as endogenous ligands for the free
fatty acid receptors (FFARL and FFAR4). We investigated whether FFARL and FFAR4 are expressed on airway
smooth muscle, modulate airway smooth muscle tone, and induce airway remodeling. We detected the
expression of FFARL and FFAR4 in airway smooth muscle. The long-chain free fatty acids potentiated airway
contraction and remodeling.

These results suggest that functional FFAR1 and FFAR4 are expressed in airway smooth muscle. These free
fatty acid sensors expressed on airway smooth muscle could be an important regulator of airway smooth
muscle tone and airway remodeling.



(FFAR1-4)

Gq/11
Gi/o

Gq/ll

Gi/o

€Y

@
©)
@
RT-PCR Western blot
@
Gq/11 Gi/o
Ca2+
FFAR1
GW9508 FFAR4
TUG-891
Ca?* IP,
ca*
GW9508
TUG-891
©))
ERK Akt
FFAR1
Brdu
FFAR1
GW9508 Akt, ERK, p70S6K,
S6 Western blot
SiRNA

FFARL FFAR4



G; ; 100
ng/ml, 240 min  Src PP1; 10 pM,
60min Gy,

gallein; 10 pM, 60 min  PI3K
LY294002; 3 pM, 60 min  MEK
U0126; 5 uM, 120 min  mTOR
rapamycin; 1 pM, 60 min
Western blot

@
RT-PCR
FFAR1, 2, 3, 4 mRNA
FFAR4
Western blot
FFAR1 FFAR4(GPR120)
FFAR1 FFAR4

ASM
0140
'.Asm i__ = & ~ ASM
(ASM)
(A, ©) FFARL
(A), FFAR4 ©
(B, D) Isotype negative control
Scale bar: 100 pm
&)
FFAR1
FFAR1

(GW9508) FFAR4

(TUG-891)
Ca2+
A (i) Oleic acid (ii) Linoleic acid (iii) GW9508
§§ 0.3 §§ 0.3. gg “/\N
§< o2 §< o2 8% o2
Pol e i
: 0’ 0 120 240 360 480 600 ) : 0 120 240 360 480 600 : ~0. 0 120 240 360 480 600
Time (s0c) Time (sec) Time (s6c)
B (i) Oleic acid (ii) Linoleic acid (iii) GW9508
i pe P
8 oe % o g oe
i i i
e He i
| LI £
T s T o tinescan T v
(M) (i)
(iii)GWos08
Ca* QY ®)
Ca? SIRNA
FFAR1 FFAR4
C (U73122; 5uM) 1P,

Xestospongin C; 20 uM

ryanodine; 100 pM  G;
100 ng/ml

GW9508
1P,

Gq (bradykinin,

acetylcholine, histamine)
1P,

GW9508
TUG-891

GW9508

TUG-891



Acetylcholine
(ECy)

Acetylcholine
+

vehicle

Acetylcholine
+

Linoleic acid

Ca2+

®

LY294002

>

1754
150
125
100+

75

504

BrdU incorporation
(% of basal)

25+

| vehicle
! (0.1% DMSO)
1 -20
i
! —-15
if
-1.0
|
| Linoleic acid
! (20 uM)
1
1
! [ 2.0
i
1
1]

’[_’—-. s
-1.0

FFARL
1P,

FFAR4 Ca®

GW9508

u0126

% [ Oleic acid
I GWo508

o
basal  LY294002 FFAR1 LY294002
+

[v9)

1757
1504
1254
1004

754

504

BrdU incorporation
(% of basal)

25+

agonist
FFAR1
agonist

* [ Oleic acid
I GW9o508

#

o
basal uo126  FFAR1 uo126
+

(LY294002)

agonist
FFAR1
agonist

GW9508
PI3K
MEK (U0126)

Muscle force (g)

Muscle force (g)

GW9508
ERK Akt p70S6K
ERK Akt
FFAR1
FFAR4

Akt
PP1 LY294002
ERK
gallein UO0126
p70S6K
S6 LY294002 UO0126 rapamycin
FFAR1
p70S6K
G;-Src-P13K/Akt G;-Gg y ~MEK/ERK

FFARL

Mizuta K, Zhang Y, Xu D, Mizuta F, D
Ovidio F, Masaki E, Emala CW. The
dopamine D1 receptor is expressed and
facilitates relaxation in airway
smooth muscle. Respir. Res. 14: 89,
2013.

DOI: 10.1186/1465-9921-14-89

FFARL



FFARL

P S 351 % B AR 0D 2~
— BRI e T L~

GABA

Mizuta K, Zhang Y, Xu D, Mizuta F,
Masaki E, Emala CW.

Free fatty acid receptor 1 is expressed
and potentiates contraction in airway
smooth muscle.

American Society of Anesthesiologists
Annual Meeting 2013

FFARL

FFAR1

FFAR1

Chang H-Y, Funayama H, Mizuta K, Emala
Cw, Gallos G.

Anti-proliferative effects of the
neurokinin 1 receptor in human airway
smooth muscle cells

American  Thoratic  Society 2013
International Conference

Goto A, Mizuta K, Danielsson J, Mizuta
F, Masaki E, Emala CW.
The Dopamine D, receptor is expressed
and stimulates cyclic AMP production in
airway epithelium.
American Society of Anesthesiologists
Annual Meeting 2012

DC

FFARL

D1
MUC5AC

Mizuta K, Zhang Y, Xu D, Mizuta F,
Masaki E, Emala CW.

Dopamine D1 receptor-mediated airway
smooth muscle relaxation is mediated
via a cyclic AMP pathway
Euroanaesthesia 2012

2012 6 10

Charles W. Emala,

D1
CFTR



€Y
MIZUTA, Kentaro

40455796



