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Contribution of Vascular Endothelial Growth Factor to
Airway Hyperresponsiveness and Inflammation in a Murine
Model of Toluene Diisocyanate-Induced Asthma'

Yong C. Lee,** Yong-Geun Kwak,' and Chang H. Song*

Isocyanate chemicals, including toluene diisocyanate (TDI1), are currently the most common causes of occupational asthma.
Although considerable controversy remains regarding its pathogenesis, TDI-induced asthma is characterized by hyperrespon-
siveness and inflammation of the airways. One of the histological hallmarks of inflammation is angiogenesis, but the possible role
of vascular endothelial growth lactor (VEGF), a potent angiogenic cytokine, in TDI-induced asthma is unknown. We developed
a murine model to investigate TDI-induced asthma by performing two courses of sensitization with 3% TDI and one challenge with
following typical pathophysiological features: airway hyperresponsiveness, airway inflammation, and increased VEGF levels in the
airway. Administration of VEGFR inhibitors reduced all these pathophysiological symploms. These results suggest that VEGF is
one of the major determinants of TDI-induced asthma and that the inhibition of VEGF may be a good therapeutic strategy. The
Journal of Immunology, 2002, 168: 3595-360.

Lee YC et al. J Immunol 2002
Lee YC et al. JACI 2004
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Class | Phosphoinositide 3-kinase (PI3K) family

Class |A PI3K Class IB PI3K

'/\J) Receptor
\ Receptor GPCR

tyrosine
— kinase Plasma membrane

Class IB PI3K

Growth

Metabolism| | Survival

Class IA PI3Ks Proliferation| | Differentiation| | Development

Apoptosis | | Adhesion | | Motility | | Migration | | Phagocytosis

* Class IA isoforms, PI3Ka/[3/6, interact with tyrosine kinases such as growth
factor receptor tyrosine kinases

« Class IB member PI3Ky interacts with G-protein-coupled receptors

Rommel et al. Nat. Rev. Immunology 2007;7:191-201
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Isoforms of phosphoinositide 3-kinase

type I

A (catalytic)
p110a (p110p, p1108)
(regulatory)
p85u
P95y
(catalytic)
p110y

(regulatory)
p101y

m—"PI"3K"acc

=-=‘ 461 aa

PI 3-kinase

1068 aa

(two splice variants p55a., p50«,
lacking the first 270/ 300 aa)

1102 aa

type IT

(catalytic)
C2a (C2P, C2y)

DT o

1686 aa

type III

(catalytic)
Vsp34-like

(regulatory)
plego &

PI 3K acc

PI 3-kinase

887 aa

1357 aa

T — -

-

conserved region-2

HEAT domain

p110y-binding site

RBB Ras binding

PI 3-kinase C-domain

m kinase domainn

- Src homology-2 domain
28 4=y accessory (helix) domain Src homology-3 domain

domain

PX

WD/transducin
repeats

Phox domain

p85 regulatory domain binding
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Inhibition of phosphoinositide 3-kinase 6 attenuates
allergic airway inflammation and hyperresponsiveness

In murine asthma model

Kyung S. Lee,* Ho K Lee,* Joel S. Hayflick," Yong C. Lee,*' and Kamal D. Puri™'

#*Department of Internal Medicine, Research Center for Allergic Immune Diseases, Chonbuk
National University Medical School, Jeonju, South Korea; and lcos Corporation, Bothell,

Washingron, USA

ABSTRACT P110& phosphoinositide 3-kinase (PI3K)
plays a pivotal role in the recruitment and activation of
certain inflammatory cells. Recent findings revealed
that the activity of pl103 also contributes to allergen-
IgE-induced mast cell activation and vascular perme-
ability. We investigated the role of pll08 in allergic
airway inflammation and hyperresponsiveness using
IC87114, a selective p110d inhibitor, in a mouse asthma
model. BALB /¢ mice were sensitized with OVA and,
upon OVA aerosol challenge, developed airway eosin-
ophilia, mucus hypersecretion, elevation in cytoKkine
and chemokine levels, up-regulation of ICAM-1 and
VCAM-1 expression, and airway hyperresponsiveness.
Intratracheal administration of IC87114 significantly
(P<0.05) attennated OVA-induced influx into lungs of
total leukocytes, eosinophils, neutrophils, and lympho-
cytes, as well as levels of IL-4, IL-5, IL-13, and RANTES
in a dose-dependent manner. IC87114 also significantly
(P<0.05) reduced the serum levels of total IgE and
OVAsspecific IgE and LTC, release into the airspace.
Histological studies show that IC87114 inhibited OVA-
induced lung tissue eosinophilia, airway mucus produc-
tion, and inflammation score. In addition, TC87114
significantly (P<0.05) suppressed OVA-induced airway
hyperresponsiveness to inhaled methacholine. Western
blot analyses of whole lung tissue lysates shows that
IC87114 markedly attenuated the OVA-induced in-
crease in expression of IL4, IL-5, IL-13, ICAM-I,
VCAM-1, RANTES, and eotaxin. Furthermore, IC87114
treatment markedly attenuated OVAdinduced serine
phosphorylation of Akt, a downstream effector of PI3K
signaling. Taken together, our findings implicate that
inhibition of p110& signaling pathway may have thera-
peutic potential for the treatment of allergic airway
inflammation.—Lee, K. S., Lee, H. K., Hayflick, J. S.,
Lee, Y. C., Puri, K. D. Inhibition of phosphoinositide
3-kinase & attenuates allergic airway inflammation and
hyperresponsiveness in murine asthma model. FASEB .
20, 455-465 (2006)

FASEB J 2006;20:455-465

CHRONIC INFLAMMATION, mucus hypersecretion, ele-
vated serum IgE levels, and airway hyperresponsiveness
(AHR) are fundamental characteristics of allergic
asthma. T helper type 2 (Th2) cells, together with other
inflammatory cells such as mast cells, B cells, and
eosinophils, are proposed to play critical roles in the
initiation, development, and chronicity of this disease
(1-6). Upon activation, these inflammatory cells con-
tribute to the production of Th2 cytokines (IL-4, TL-5,
and TL-13) and chemokines (eotaxin and RANTES),
which are found at elevated levels in asthmatic lungs.
Th2 cytokines are pivotal for B cell maturation, IgE
sy nthesis, air y eosinophilia, mucus secretion, dnd
ultimately AHR. The importance of Th2 cytokines in
the pathogenesis of allergic asthma has been demon-
strated by specific gene knocknm and antibody neutral-
ization studies in mouse asthma models (7-9). In
addition, RANTES and eotaxin are central to the
recruitment of eosinophils to the airways, which is
regulated by the interaction of adhesion molecules
such as VLA-4 and its ligand VCAM-1 (10, 11). AHR is
thought to result from the combination of submucosal
edema, infiltration of airway epithelium by leukocytes,
damage to epithelial cells, followed by the direct effect
of mediators derived from inflammatory cells (1, 6, 12).

Class I phosphoinositide 3-kinases (P13Ks) play a key
role in induction of the ThZ responses (13-16). Struc-
turally, these kinases exist as heterodimeric complexes
in which a catalytic p110 subunit (designated as o, B, v,
or §) is in association with a pardcular regulatory
subunit (designated p85, . p50, or pl01) (17, 18).
Functionally, all class I PI3Ks catalyze the phosphoryla-
tion of phosphatidylinositol (4, 5)-bisphosphate (PIPy)
to form phosphatidylinositol (3, 4, 5)-wisphosphate
(PIPy) in response ro activation of either receptor
tyrosine kinase (RTK) or G-proteincoupled receptors
(GPCRs), which ultimately regulate cell growth, differ-

rrespondence: KD.P., ICOS Corporation, 22021 20th
E, Bothell, WA 98021, USA. E-mail: kpuri@ic:
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Expanding role of PI3Ko isoform in bronchial asthma
- Corticosteroid resistance

Inhibition of phosphoinositide 3-kinase o attenuates
allergic airway inflammation and hyperresponsiveness

in murine asthma model

Kyung S. Lee,* Ho K. Lee,* Joel S. Ha_v'ﬂil:k;r Yong C. Lee,®! and Kamal D. Purit*!

#Department of Internal Medicine, Research Center for Allergic Immune Diseases, Chonbuk
National University Medical School, Jeonju, South Korea; and 1cos Corporation, Bothell,

Washington, USA

ABSTRACT P1106 phosphoinositide 3-kinase (PI3K)
plays a pivotal role in the recruitment and activation of
certain inflammatory cells. Recent findings revealed
that the activity of pl10& also contributes to allergen-
IgE-induced mast cell activation and vascular perme-
ability. We investigated the role of pl103 in allergic
airway inflammation and hyperresponsiveness using
IC87114, a selective pllﬂf) inhibitor, in a mouse asthma
model. BALB /¢ mice were sensitized with OVA and,
upon OVA aerosol challenge, developed airway eosin-
ophilia, mucus hypersecretion, elevation in cytokine
and chemokine levels. up-regulation of ICAM-1 and
VCAM-1 expression, and airway hyperresponsiveness.
Intratracheal administration of IC87114 significantly
(P<0.05) attenuated OVA-induced influx into lungs of
total leukocytes, eosinophils, neutrophils, and lympho-
cytes, as well as levels of IL-4, IL-5, IL-13, and RANTES
in a dose-dependent manner. IC87114 also significantly
(P<0.05) reduced the serum levels of total IgE and
OVAsspecific IgE and LTC, release into the airspace.
Histological studies show that IC87114 inhibited OVA-
induced lung tissue eosinophilia, airway mucus produc-
tion, and inflammation score. In addition, TC87114
significantly (<0.05) suppressed OVA-induced airway
hyperresponsiveness to inhaled methacholine. Western
blot analyses of whole lung tissue lysates shows that
IC87114 markedly attenuated the OVA-induced in-
crease in expression of IL4, IL-5, IL-13, ICAM-1,
VCAM-1, RANTES, and eotaxin. Furthermore, IC87114
treatment markedly attenuated OVA-induced serine
phosphorylation of Akt, a downstream effector of PISK
signaling. Taken together, our findings implicate that
inhibition of p110& signaling pathway may have thera-
peutic potential for the treatment of allergic airway
inflammation.—Lee, K. S., Lee, H. K., Hayflick, J. S.,
Lee, Y. C., Puri, K. D. Inhibition of phosphoinositide
3-kinase & attenuates allergic airway inflammation and
hyperresponsiveness in murine asthma model. FASER J.
20, 455-465 (2006)

CHRONIC INFLAMMATION, mucus hypersecretion, ele-
vated serum IgE levels, and airway hyperresponsiveness
(AHR) are fundamental characteristics of allergic
asthma. T helper type 2 (Th2) cells, together with other
inflammatory cells such as mast cells, B cells, and
eosinophils, are proposed to play critical roles in the
initiation, development, and chronicity of this disease
(1-6). Upon activation, these inflammatory cells con-
tribute to the production of Th2 cytokines (IL-4, TL-5,
and IL-13) and chemokines (eotaxin and RANTES),
which are found at elevated levels in asthmatic lungs.
Th2 cytokines are pivotal for B cell maturation, IgE
synthesis, airway eosinophilia, mucus secretion, and
ultimately AHR. The importance of Th2 cytokines in
the pathogenesis of allergic asthma has been demon-
strated by specific gene knockout and antibody neutral-
izadon swdies in mouse asthma models (7-9). In
addition, RANTES and eotaxin are central to the
recruitment of eosinophils to the airways, which is
regulated by the interaction of adhesion molecules
such as VLA-4 and its ligand VCAM-1 (10, 11). AHR is
thought to result from the combination of submucosal
edema, infiltration of airway epithelium by leukocytes,
damage to epithelial cells, followed by the direct effect
of mediators derived from inflammatory cells (1, 6, 12).

Class I phosphoinositide 3-kinases (PI2Ks) play a key
role in induction of the ThZ responses (13-16G). Struc-
turally, these kinases exist as heterodimeric complexes
in which a catalytic p110 subunit (designated as o, B, v,
or 8) is in association with a pardcular regulatory
subunit (designated p85, p55, pb0, or pl01) (17, 18).
Functionally, all class I PI3Ks catalyze the phosphoryla-
tion of phosphatidylinositol (4, 5)-bisphosphate (PIPy)
to form phosphatidylinositol (3, 4, 5)-trisphosphate
(PIPg) in response to activation of either receptor
tyrosine kinase (RTK) or G-proteincoupled receptors
(GPCRs), which ultimately regulate cell growth, differ-

! Correspondence: KD.P., ICOS Corporation, 22021 20th
Ave. SE, Bothell, WA 98021, USA. E-mail: kpuri@icos.com or
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Mechanisms of allergy and clinical immunology

Endoplasmic reticulum stress influences bronchial asthma
pathogenesis by modulating nuclear factor kB activation

So Ri Kim, MD, PhD,* Dong Im Kim, MS,* Mi Ran Kang, BS, Kyung Sun Lee, PhD, Seung Yong Park, MD, PhD,
Jae Seok Jeong, MD, and Yong Chul Lee, MD, PhD  Jeonju, Korea
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ORIGINAL ARTICLE

Phosphoinositide 3-kinase-8 regulates
fungus-induced allergic lung inflammation
through endoplasmic reticulum stress

Kyung Sun Lee, ' Jae Seok Jeong,” So Ri Kim,"* Seong Ho Cho,* Narasaiah Kolliputi,*
Yun Hee Ko,"* Kyung Bae Lee,"® Suk Chul Park,"* Hae Jin Park,™* Yong Chul Lee'?
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ABSTRACT

Background Sensitisation with Aspergillus fumigatus
(Af) is known to be associated with severe allergic lung
inflammation, but the mechanism remains to be
clarified. Phosohoinositide 3-kinase (PI3K)-3 and
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ORIGINAL ARTICLE

Airway epithelial phosphoinositide 3-kinase-6
contributes to the modulation of fungi-induced innate
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115117 FTIH study for GSK2269557 Concluded

115119 GSK226955T/PBO, Ph2A, COPD pts, 14 day RD (DP1), Safety&Tolerability, PK, PD, PGx Concluded

115120 Proof of Concept for GSK2269557 Cancelled Before Active
115568 GSK2269557 PK bridging study in patients Cancelled Before Active
116190 Pi3kd treatment in COPD using GSK2269557 - PoM Cancelled Before Active
116191 GSK2269557 for Pidkd in viral challenge - PoM Cancelled Before Active
116617 GSK2269557 Dry Powder PK/Safety Study Concluded

116678 GSK2269557, PBO, Ph2a, COPD pts, 12 weeks RD, Efficacy, Safety, PD, PK, PGx HA|OF ZT AT = E
201543 GSK226955T, Placebo, Ph2a, Asthmatic pts, 2-period crossover, 28 day RD (DP1) B0 Sx ELLE
201544 G5K2269557, Ph1, HV, 5D, RD, Ellipta. PK NE 5=,

201928 GSK2269557, Ph2a, COPD patients with exacerbation, RD inhaled, sputum induction e ==,

202092 asthma enabling study Concluded

204655 Efficacy of PI3Kdelta in asthma patient samples Created in error
A PHZa Study to investigate Safety, PK and PD of GSK2269557 in A
204745 48 S5 HgbisiE
PDS/PASLI Pts
205192 PFilot study for study 201928 (no IMP) Cancelled Before Active
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PI3K delta could be a biomarker for eosinophilic nasal polyps
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23, Yeong Hun Choe?,

Masal polyps (MP) cause diverse clinical symptoms of chronic rhinosinusitis (CRS). Chronic inflammation
of sinonasal mucosa is known to be crucial in MP formation. We aimed to define the implications of
phosphoinositide 3-kinase (PI3K)-6 in nasal inflammation associated with NP by analyzing NP tissue
obtained from CRS patients. Results showed that expression of p110d, a regulatory subunit of PI3K-§, in
MP tissue was increased compared to control tissve. Increased p11058 expression was closely correlated
with more severe CRS features. Interestingly, p1105 expression was increased in eosinophilic NP, which
are closely related to more complicated clinical courses of the disease. Furthermore, CRS patients
possessing MP with higher p110& expression displayed more eosinophils in NP tissue and blood, higher
levels of IL-5 in NP tissue, and more severe features of the disease. Therefore, PI3K-& may contribute to
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SARS-CoV2 infection facilitates the accumulation of neutrophils in Af-
induced eosinophilic asthma
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SARS-CoV?2 infection facilitates the accumulation of neutrophils in Af-
induced eosinophilic asthma
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nation’s science to a whole new___
level and | hope that these -
scientific developments return toSes
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