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GROWTH FACTOR-INDUCED HUMAN BRONCHIAL SMOOTH MUSCLE
CELL PROLIFERATION IN ASTHMA

By

YAP HUI MIN

March 2018

Chair : Prof. Daud Ahmad Israf Ali, PhD
Faculty : Medicine and Health Sciences

Asthma is a chronic inflammatory disease of the airways, which can be characterized by
airway remodeling and hyperresponsiveness. Increased airway smooth muscle (ASM)
mass appears to be a prominent hallmark of airway remodeling attributed to the release
of mitogenic factors during the inflammatory process. Corticosteroids and beta-agonists
remain the mainstay of current asthma treatment, but do not specifically target airway
remodeling. Previous studies have shown that 2,4,6-trihydroxy-3-geranyl acetophenone
(tHGA), a non-steroidal synthetic compound, demonstrated anti-inflammatory activity
as well as anti-remodeling properties in a chronic murine model of asthma. In this study,
the effects of tHGA upon human bronchial smooth muscle cell (hBSMCs) proliferation,
apoptosis and migration in response to growth factors was evaluated. hBSMCs were
serum-starved overnight prior to induction with growth factor-enriched medium and co-
treated with tHGA or forskolin for 48 hours. Cell cycle analysis was carried out to
examine the mechanism of action of tHGA upon hBSMCs proliferation. Expression of
cell cycle proteins cyclin D1 and p27%P! was assessed through immunoblotting. The
identification of the molecular target of tHGA involved expression studies upon major
proliferation-associated signaling pathways involved in ASM proliferation, which
include MAPK, PI3K and JAK2/STAT3. Signaling pathways were examined through
immunoblotting, immunoprecipitation and kinase assays while the potential molecular
target was reconfirmed through transfection. tHGA, at concentration of 20 uM and below,
did not cause significant release of LDH, thus was used in the following experiments.
tHGA, at concentration of 20 uM and 10 uM, was shown to significantly inhibit
hBSMCs proliferation and migration without inducing apoptosis. tHGA, at 20 uM,
reduced hBSMCs proliferation to 46.9 + 5.2% as compared to growth factor-induced
cells (100%). This finding was further reconfirmed through Ki-67 expression study.
tHGA, at 20 pM, inhibited Ki-67 expression in growth factor-induced cells from a fold
change of 1.03 + 0.03 to 0.43 + 0.11. The anti-proliferative effect was due to cell cycle
arrest at the G; phase accompanied by a reduction of cyclin D1 and diminished



degradation of p27%P!' expression. tHGA, at concentration of 20 uM and 10 uM,
significantly increased the percentage of hBSMCs at G| phase from 39.7 £2.1% to 71.6
+2.0% and 50.6 + 1.3% respectively. Besides that, scratch assay revealed that 20 uM of
tHGA attenuated cell number of hBSMCs that migrated to the scratch area from 108.6 +
7.5 cells/mm? to 36.2 + 11.0 cells/mm? Analysis of proliferation-related signaling
pathways demonstrated tHGA to act as an inhibitor of AKT, JNK and STAT3
phosphorylation. tHGA did not affect the activation of the upstream activators of STAT3
and AKT, thus the potential molecular target was narrowed down to AKT. The major
effect upon phosphorylation of AKT was further confirmed following treatment of
hBSMCs transfected with constitutively-active AKT (myr-AKT). tHGA was suggested
to inhibit the phosphorylation of AKT that leads to cyclin D1 downregulation and growth
inhibition. This study highlights the anti-remodeling potential of this drug lead in chronic
airway disease.
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DIINDUKSI DENGAN FAKTOR PERTUMBHUAN DALAM ASMA
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Mac 2018
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Fakulti : Perubatan dan Sains Kesihatan

Asma adalah penyakit keradangan kronik saluran pernafasan yang bercirikan pemodelan
semula dan kehipergerakbalasan. Penambahan jisim sel otot lembut saluran pernafasan
merupakan antara ciri utama dalam pemodelan semula saluran pernafasan yang
disebabkan oleh pembebasan faktor mitogenik semasa proses keradangan. Walaupun
kortikosteroid dan agonis adrenoseptor beta merupakan rawatan asma yang utama,
namun drug ini tidak menyasarkan pemodelan semula secara spesifik. Kajian sebelum
ini telah menunjukkan bahawa 2.4,6-trihidroksi-3-geranil asetofenon (tHGA), satu
sebatian sintetik bukan-steroid, mempunyai aktiviti anti-keradangan dan anti-pemodelan
semula dalam model asma mencit kronik. Kajian ini menentukan kesan rawatan tHGA
ke atas proliferasi, migrasi dan apoptosis sel otot lembut saluran pernafasan (hBSMCs)
yang dirangsangkan oleh faktor pertumbuhan. Sel hBSMCs dibiarkan semalaman tanpa
serum sebelum induksi dengan faktor pertumbuhan dan dirawat serentak dengan tHGA
ataupun forskolin selama 48 jam. Analisis kitaran sel dijalankan untuk mengkaji
mekanisma tindakan tHGA ke atas proliferasi sel hBSMCs. Ekspresi protin yang berkait
rapat dengan kitaran sel iaitu cyclin D1 dan p27%P' dikaji dengan menggunakan kaedah
immunoblotting. Pengenalpastian molekul sasaran tindakan tHGA melibatkan kajian
ekspresi ke atas tapakjalan pengisyaratan utama proliferasi sel hBSMCs iaitu MAPK,
PI3K dan JAK2/STAT3. Tapakjalan pengisyaratan dikaji dengan kaedah immunoblotting,
immunoprecipitation dan ujikaji kinase sementara molekul sasaran yang berpotensi
dikenalpasti dengan kaedah transfeksi. tHGA, pada konsentrasi 20 pM dan 10 puM,
didapati merencatkan proliferasi dan migrasi sel hBSMCs secara bermakna tanpa
menginduksikan apoptosis. tHGA, pada konsentrasi 20 pM, menurunkan proliferasi
hBSMCs kepada 46.9 + 5.2% jika dibandingkan dengan sel yang diinduksikan dengan
faktor pertumbuhan (100%). Hasil kajian ini dikenalpastikan dengan kajian ekpresi Ki-
67. tHGA, pada konsentrasi 20 uM, merencatkan ekspresi Ki-67 dalam sel yang
diinduksikan dengan faktor pertumbuhan daripada 1.03 = 0.03 kadar perubahan kepada
0.43 + 0.11. Kesan anti-proliferasi ini dikaitkan dengan penyekatan kitaran sel pada fasa
G: yang diiringi dengan penurunan ekspresi cyclin D1 dan pengurangan degradasi
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p27%P! tHGA, pada konsentrasi 20 uM dan 10 uM, meningkatkan peratus hBSMCs
yang berada pada fasa G daripada 39.7 =+ 2.1% kepada 71.6 £ 2.0% dan 50.6 + 1.3%
masing-masing. Selain daripada itu, scratch assay menunjukkan bahawa tHGA pada
kepekatan 20 pM mengurangkan bilangan sel hBSMCs yang bermigrasi ke kawasan
goresan daripada 108.6 + 7.5 cells/mm? kepada 36.2 = 11.0 cells/mm? Analisis
tapakjalan pengisyaratan berkait-proliferasi menunjukkan tHGA bertindak sebagai
perencat fosforilasi AKT, JNK dan STAT3. tHGA tidak mempengaruhi pengaktifan
upstream activators kepada STAT3 dan AKT, oleh itu molekul sasaran yang berpotensi
dikhususkan kepada AKT. Kesan utama keatas fosforilasi AKT disahkan melalui rawatan
sel hBSMCs yang ditransfeksi dengan AKT yang aktif-juzuk (myr-AKT). tHGA
dicadangkan merencatkan fosforilasi AKT lalu menyebabkan penurunan ekspresi cyclin
D1 dan rencatan pertumbuhan. Kajian ini menonjolkan potensi anti-pemodelan semula
oleh tHGA dalam penyakit saluran pernafasan kronik.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Asthma is a chronic inflammatory disease of the airways which can be characterized by
airway hyperresponsiveness (AHR), inflammation and remodeling (Carr and Bleecker,
2016; Kim et al., 2010; Busse and Lemanske, 2001; Postma and Kerstjens, 1998). It
affects more than 300 million people worldwide with the prevalence higher in early
childhood, declining during late adolescence and peaking in the elderly (Boulet, 2016;
Global Asthma Report, 2014; Yanez et al., 2014; Hanania et al., 2011). New onset of
asthma is usually detected in children and is found to be atopy-related (Braman, 2010).
Asthma was previously labelled as a childhood disease, however elderly asthmatic
patients were found to demonstrate higher asthma-related mortality and morbidity,
which could be due to the declining lung function as they aged (Boulet, 2016; Yanez et
al., 2014).

Symptoms of asthma attacks include coughing, chest tightness, wheezing and shortness
of breath (Kim and Mazza, 2011). During an asthma attack, the airways undergo
bronchoconstriction and inflammation which involves the activation of inflammatory
cells and the release of pro-inflammatory cytokines and growth factors. Prolonged
inflammation will lead to airway structural changes, collectively termed airway
remodeling, that contributes to airway narrowing, AHR and airway obstruction
(Murdoch and Lloyd, 2010). Increased airway smooth muscle (ASM) mass, the
principal factor in airway remodeling, has been recognized as one of the most
prominent hallmarks related to AHR and corresponds to the severity of asthma
(Munakata, 2006). A thickened layer of ASM reduces the diameter of the airways as
they contract and causes significant airflow limitation and AHR (Berair et al., 2013;
Camoretti-Mercado, 2009). Numerous studies have linked patients with fatal asthma
with increased ASM mass (Saetta et al., 1991; James et al., 1989; Sobonya,1984). Thus,
therapy targeting ASM remodeling constitutes another option in the management of
asthma.

ASM mass increases primarily through ASM hyperplasia, which can be defined as the
increase in number of ASM cells (Woodruff et al., 2004). ASM hyperplasia can arise
from increased ASM proliferation, reduced ASM apoptosis and/or increased migration
of ASM towards the lumen of the asthmatic airway in response to the inflammatory
mediators released (Camoretti-Mercado, 2009). These inflammatory mediators, include
growth factors such as basic fibroblast growth factor (bFGF), epidermal growth factor
(EGF) and insulin-like growth factor (IGF), will bind to tyrosine kinase receptors
(RTKs) and G protein-coupled receptors (GPCRs), resulting in the activation of signal
transduction pathways. These signal transduction pathways, which include
mitogen-activated protein kinases (MAPKS), Janus kinase 2/signal transducers and



activators of transcription 3 (JAK2/STAT3) and phosphoinositide-3-kinase (PI3K)
signaling pathways, are known to regulate cell proliferation, cell motility as well as cell
survival (Stamatiou et al., 2012; Gosens et al., 2008; Simon et al., 2002; Ravenhall et
al., 2000; Page et al., 2000; Ediger and Toews, 2000).

Asthma treatments have been developed primarily targeting the management of airway
contraction and inflammation. Combination therapy with anti-inflammatory drugs,
such as inhaled corticosteroids (ICS), and bronchodilators, such as long acting beta
agonists (LABA) remains the mainstay of asthma treatment (Barnes, 2011; Barnes,
1995). However, the response of patients towards current treatment is highly variable,
with up to 40% of asthmatic patients having minimal or no response at all to therapy
(Tantisira et al., 2011; Szefler et al., 2002; Drazen et al., 2000). Furthermore, these
treatments are effective in treating allergic inflammation, but do not specifically target
airway remodeling (Royce and Tang, 2016). Animal models have demonstrated that
steroid treatment inhibits structural airway changes as well as AHR induced by
aerosolized ovalbumin (OVA) exposure however these treatments fail to reverse
established airway remodeling (Vanacker et al., 2001). These findings suggest that
airway remodeling may not be reversible but may be prevented by steroid treatment. In
addition, several studies have been carried out to elucidate the direct effects of
glucocorticoids on ASM proliferation. However, the effects of corticosteroids on ASM
growth remains controversial (Panettieri, 2004).

A geranyl acetophenone namely 2,4,6-trihydroxy-3-geranyl acetophenone (tHGA), was
found to be effective in attenuating AHR in response to methacholine challenge as well
as reducing the inflammatory cell infiltration and goblet cell metaplasia in both acute
and chronic murine models of asthma (Lee et al., 2017; Ismail et al., 2012). Further
investigation has demonstrated that tHGA inhibited the structural alteration of the
airway in a chronic murine model of asthma (Lee et al., 2017). tHGA is a compound
containing a phloroglucinol core structure with a hydrophilic acyl group and a
hydrophobic geranyl group (Ng et al., 2014). Acylphloroglucinols, including tHGA, are
gaining attention due to their broad range of pharmacological properties, such as
anti-bacterial, anti-oxidative, anti-proliferative and anti-depressant effects (Sun et al.,
2014). Cysteinyl leukotrienes (CysLTs) are leukotrienes which are known to play
pivotal roles in the pathophysiology of asthma, such as increased airway mucus
production, bronchoconstriction as well as AHR in chronic asthma (Montuschi, 2010).
tHGA was reported to act as cysteinyl leukotriene synthesis blocker via a dual
lipoxygenase/cyclo-oxygenase (LOX/COX) inhibitory mechanism (Shaari et al., 2011).
This finding further reinforced the anti-asthmatic properties of tHGA. Furthermore,
tHGA also reduces the expression of alpha-smooth muscle actin (a-SMA) surrounding
the airway lumen hence suggesting potential anti-remodeling properties of tHGA in
reducing ASM mass although the direct effect of tHGA upon airway remodeling
remains unknown (Lee et al., 2017). In this study, the potential anti-remodeling effects
of tHGA upon human ASM proliferation, was assessed and the exact molecular target(s)
was determined.



1.2 Problem statement

Current asthma treatment is only effective in relieving symptoms. Furthermore, up to
40% of asthmatic patients have minimal or no response to current treatments. Poor
compliance of asthmatic patients to ICS also affects the drug delivery and efficacy
(Rifaat et al., 2013; Khassawneh et al., 2008). Long term usage of high doses of ICS
has been reported to cause side effects such as cataract, decreased bone mineral density
and impaired growth in children (Dahl, 2006). Airway remodeling caused by the
persistent airway inflammation has been linked to the development of AHR and the
severity of asthma (Oliver et al., 2007). Current treatments do not specifically target the
remodeling process. Hence, treatments that target single or multiple components of
airway remodeling as well as airway inflammation may be useful in the management of
asthma. tHGA, an in-house synthetic non-steroidal compound, inhibits the release of
inflammatory cytokines, expression of a-SMA, fibronectin, vimentin and tenascin-C as
well as AHR in animal models of asthma, is indicative of an anti-remodeling agent. The
effects upon human airways and the mechanism and molecular target of tHGA remain
unknown.

1.3 Research objectives

1.3.1General objective

The general objective of this study is to determine the effects of
2,4,6-trihydroxy-3-geranyl acetophenone (tHGA) upon growth factor-induced human
bronchial smooth muscle proliferation, the in vitro model of airway remodeling in
asthma.

1.3.2Specific objectives

e To determine the effect of tHGA upon growth factor-induced hBSMCs
proliferation and migration.

e To determine the mode of cell death of growth factor-induced hBSMCs upon
tHGA treatment.

e To determine the effect of tHGA upon the cell cycle regulation in growth
factor-induced hBSMCs.

e To determine the involvement of MAPKSs, JAK2/STAT3 and PI3K signaling
pathways in growth factor-induced human bronchial smooth muscle cell treated
with tHGA

e  To identify the molecular target of tHGA in growth-factor induced hBSMCs.



1.4 Hypotheses

tHGA attenuates growth factor-induced hBSMCs proliferation and migration.
tHGA induces apoptosis in growth factor-induced hBSMCs.

tHGA inhibits hBSMCs proliferation through cell cycle arrest.

tHGA exerts its anti-remodeling effects through inhibition of a/several signaling
molecules within the MAPKSs, PI3K and/or JAK2/STAT3 signal transduction
pathways.



REFERENCES

Abeyrathna, P., Kovacs, L., Han, W., & Su, Y. (2016). Calpain-2 activates Akt via
TGF-B1-mTORC2 pathway in pulmonary artery smooth muscle cells. American
Journal of Physiology: Cell Physiology, 311(1): 24-34.

Ahmed, N. N., Grimes, H. L., Bellacosa, A., Chan, T. O., & Tsichlis, P. N. (1997).
Transduction of interleukin-2 antiapoptotic and proliferative signals via Akt
protein kinase. Proceedings of the National Academy of Sciences of the United
States of America, 94(8): 3627-3632.

Alessi, D. R., Andjelkovic, M., Caudwell, B., Cron, P., Morrice, N., Cohen, P., &
Hemmings, B. A. (1996). Mechanism of activation of protein kinase B by insulin
and IGF-1. The EMBO Journal, 15: 6541-6551.

Alessi, D. R., James, S. R., Downes, C. P., Holmes, A. B., Gaffney, P. R., Reese, C. B.,
& Cohen, P. (1997). Characterization of a 3-phosphoinositide-dependent protein
kinase which phosphorylates and activates protein kinase Balpha. Current Biology,
7:261-269.

Ammit, A. J., & Panettieri, R. A. (2001). The circle of life: cell cycle regulation in
airway smooth muscle. Journal of Applied Physiology, 91: 1431-1437.

Ammit, A. J. & Panettieri, R. A. (2003). Airway smooth muscle cell hyperplasia: a
therapeutic target in airway remodeling in asthma? Progress in Cell Cycle
Research, 5: 49-57.

Amrani, Y., Tliba, O., & Panettieri, R. A. (2003). Biology of Airway Smooth Muscle
Cells. In N. F. Adkinson (Ed.), Middleton's Allergy: Principles and Practise. (pp.
399-411). Philadelphia: Elservier Saunders.

Anderson, K. E., Coadwell, J., Stephens, L. R., & Hawkins, P. T. (1998). Translocation
of PDK-1 to the plasma membrane is important in allowing PDK-1 to activate
protein kinase B. Current Biology, 8: 684-691.

Andjelkovic, M., Alessi, D. R., Meier, R., Fernandez, A., Lamb, N. J., Frech, M., Cron,
P., Cohen, P., Lucocq, J. M., & Hemmings, B. A. (1997). Role of translocation in
the activation and function of protein kinase B. The Journal of Biological
Chemistry, 272: 31515-31524.

Aso, H., Ito, S., Mori, A., Suganuma, N., Morioka, M., Takahara, N., Kondo, M., &
Hasegawa, Y. (2013). Differential regulation of airway smooth muscle cell
migration by E-prostanoid receptor subtypes. American Journal of Respiratory
Cell and Molecular Biology, 48(3): 321-329.

Bara, I., Ozier, A., Tunon de Lara, J. M., Marthan, R., & Berger, P. (2010).
Pathophysiology of bronchial smooth muscle remodelling in asthma. European
Respiratory Journal, 36: 1774-1184.

72



Barnes, P. J. (1995). Inhaled glucocorticoids for asthma. The New England Journal of
Medicine, 332: 868-875.

Barnes, P. J. (2011). Biochemistry basis of asthma therapy. The Journal of Biological
Chemistry, 286(38): 32899-32905.

Barnes, P. J., Chung, K. F., & Page, C. P. (1998). Inflammatory mediators of asthma: an
update. Pharmacological Reviews, 50(4): 515-596.

Basu, S., Totty, N. F, Irwin, M. S., Sudol, M., & Downward, J. (2003). Akt
phosphorylates the Yes-associated protein, YAP, to induce interaction with 14-3-3
and attenuation of p73-mediated apoptosis. Molecular Cell, 11: 11-23.

Berair, R., Saunders, R., & Brightling, C. E. (2013). Origins of increased airway
smooth muscle mass in asthma. BMC Medicine, 11(145): 1-6.

Bergeron, C., Tulic, M. K., & Hamid, Q. (2010). Airway remodeling in asthma: from
benchside to clinical practice. Canadian Respiratory Journal, 17(4): 85-95.

Berndt, N., Yang, H., Trinczek, B., Betzi, S., Zhang, Z., Wu, B., Lawrence, N. J.,
Pellecchia, M., Schonbrunn, E., Cheng, J. Q., & Sebti, S. M. (2010). The Akt
activation inhibitor TCN-P inhibits Akt phosphorylation by binding to the PH
domain of Akt and blocking its recruitment to the plasma membrane. Cell Death
& Differentiation, 17(11): 1795-1804.

Besson, A., Gurian-West, M., Schmidt, A., Hall, A., & Roberts, J. M. (2004). p27Xirt
modulates cell migration through the regulation of RhoA activation. Genes &
Development, 18(8): 862-876.

Bishop, J. L., Thaper, D., & Zoubeidi, A. (2014). The multifaceted roles of STAT3
signaling in the progression of prostate cancer. Cancers, 6: 829-859.

Boehm, M., & Nabel, E. G. (2001). Cell cycle and cell migration. New pieces to the
puzzle. Circulation, 103: 2879-2881.

Bogoyevitch, M. A., & Kobe, B. (2006). Uses for JNK: the many and varied substrates
of the c-Jun N-terminal kinases. Microbiology and Molecular Biology Reviews, 70
(4): 1061-1095.

Bologna-Molina, R., Mosqueda-Taylor, A., Molina-Frechero, Mori-Estevez, A., &
Sanchez-Acuna, G. (2013). Comparison of the value of PCNA and Ki-67 as
markers of cell proliferation in ameloblastic tumors. Medicina Oral Patologia
Oral y Cirugia Bucal, 18(2): 174-179.

Bonacci, J. V., Harris, T., Wilson, J. W., & Stewart, A. G. (2003). Collagen-induced
resistance to glucocorticoid anti-mitogenic actions: a potential explanation of
smooth muscle hyperplasia in the asthmatic remodelled airway. British Journal of
Pharmacology, 138(7): 1203-1206.

73



Boulet, L. (2016). Asthma in the elderly patient. Asthma Research and Practice, 2(3):
1-5.

Bousquet, J., Jeffery, P. K., Busse, W. W., Johnson, M., & Vignola, A. M. (2000).
Asthma: from bronchoconstriction to airways inflammation and remodeling.
American Journal of Respiratory and Critical Care Medicine, 161: 1720-1745.

Boxall, C., Holgate, S. T., & Davies, D. E. (2006). The contribution of transforming
growth factor-p and epidermal growth factor signaling to airway remodeling in
chronic asthma. The European Respiratory Journal, 27(1): 208-229.

Braman, S. S. (2010). Growing old with asthma: what are the changes and challenges.
Expert Review of Respiratory Medicine, 4(2): 239-248.

Broussas, M., Broyer, L., & Goetsch, L. (2013). Evaluation of antibody-dependent cell
cytotoxicity using lactate dehydrogenase (LDH) measurement. In A. Beck (Ed.),
Glycosylation Engineering of Biopharmaceuticals: Methods and Protocols,
Methods in Molecular Biology (pp. 305-317). New York: Humana Press.

Brown, J. R., Nigh, E. Lee, R. J., Ye, H., Thompson, M. A., Saudou, F., Pestell, R. G.,
& Greenberg, M. E. (1998). Fos family members induce cell cycle entry by
activating cyclin D1. Molecular and Cellular Biology, 18(9): 5609-5619.

Bullwinkel, J., Baron-Luhr, B., Ludemann, A., Wohlenberg, C., Gerdes, J., & Scholzen,
T. (2006). Ki-67 protein is associated with ribosomal RNA transcription in
quiescent and proliferating cells. Journal of Cellullar Physiology, 206: 624-635.

Burgering, B. M., & Medema, R. H. (2003). Decisions on life and death: FOXO
Forkhead transcription factors are in command when Akt/PKB is off duty. Journal
of Leukocyte Biology, 73: 689-701.

Burgess, J. K., Oliver, B. G. G., Poniris, M. H., Ge, Q., Boustany, S., Cox, N., Moir, L.
M., Johnson, P. R., & Black, J. L. (2006). A phosphodiesterase 4 inhibitors inhibits
matrix protein deposition in airways in vitro. Journal of Allergy and Clinical
Immunology, 118(3): 649-657.

Busse, W. W., & Lemanske, R. F. (2001). Asthma. The New England Journal of
Medicine, 344(5): 350-362.

Camoretti-Mercado, B. (2009). Targeting the airway smooth muscle for asthma
treatment. Translational Research, 154: 165-174.

Cantley, L. C. (2002). The phosphoinositide 3-kinase pathway. Science, 296(5573):
1655-1657.

Cardone, M. H., Roy, N., Stennicle, H. R., Salvesen, G. S., Franke, T. F., Stanbridge, E.,
Frisch, S., & Reed, J. C. (1998). Regulation of cell death protease caspase-9 by
phosphorylation. Science, 282, 1318-1321.

74



Carr, T. F., & Bleecker, E. (2016). Asthma heterogeneity and severity. World Allergy
Organization Journal, 9(41): 1-8.

Castro, M., Rubin, A. S., Laviolette, M., Fiterman, J., De Andrade, Lima, M., Shah, P.
L., Fiss, E., Olivenstein, R., Thomson, N. C., Niven, R. M., Pavord, I. D., Simoff,
M., Duhamel, D. R., McEvoy, C., Barbers, R., Ten Hacken, N. H., Wechsler, M. E.,
Holmes, M., Phillips, M. J., Erzurum, S., Lunn, W., Israel, E., Jarjour, N., Kraff,
M., Shargill, N. S., Quiring, J., Berry, S. M., Cox. G., & AIR2 Trial Study Group.
(2010). Effectiveness and safety of bronchial thermoplasty treatment of severe
asthma: a multicenter, randomized, double-blind, sham-controlled clinical trial.
American Journal of Respiratory and Critical Care Medicine, 181(2): 116-124.

Chen, G., & Khalil, N. (2006). TGF-B increases proliferation of airway smooth muscle
cells by phosphorylation of map kinases. Respiratory Research, 7(2): 1-10.

Chen, M., Huang, J., Yang, X., Liu,, B., Zhang, W., Huang, L., Deng, F., Ma, J., Bai, Y.,
Lu, R., Huang, B., Gao, Q., Zhuo, Y., & Ge. J. (2012). Serum starvation induced
cell cycle synchronization facilitates human somatic cells reprogramming. PLoS
ONE, 7(4): 1-9.

Cheng, H., Qi, R. Z., Paudel, H., & Zhu, H. (2011). Regulation and function of protein
kinases and phosphatases. Enzyme Research, 2011: 1-3.

Chetta, A., Marangio, E., & Olivieri, D. (2003). Inhaled steroids and airway
remodelling in asthma. Acta Bio-medica: Atenei Parmensis, 74(3): 121-125.

Chiba, S., Okayasu, K., Tsuchiya, K., Tamaoka, M., Miyazaki, Y., Inase, N., & Sumi, Y.
(2017). The C-jun N-terminal kinase signaling pathway regulates cyclin D1 and
cell cycle progression in airway smooth muscle cell proliferation. International
Journal of Clinical and Experimental Medicine, 10(2): 2252-2262.

Chong, VY. J., Musa, N. F,, Hui, N. C., Shaari, K., Israf, D. A., & Tham, C. L. (2016).
Barrier protective effects of 2,4,6-trihydroxy-3-geranyl acetophenone on
lipopolysaccharides-stimulated inflammatory responses in human umbilical vein
endothelial cells. Journal of Etnopharmacology, 192: 248-255.

Chung, C. Y., Potikyan, G., & Firtel, R. A. (2001). Control of cell polarity and
chemotaxis by Akt/PKB and PI3 kinase through the regulation of PAKa.
Molecular Cell, 7: 937-947.

Chung, K. F. (2000). Airway smooth muscle cells: contributing to and regulating
airway mucosal inflammation. The European Respiratory Journal, 15: 600-616.

Condliffe, A. M., Cadwallader, K. A., Walker, T. R., Rintoul, R. C., Cowburn, A. S., &
Chilvers, E. R. (2000). Phosphoinositide 3-kinase: a critical signalling event in
pulmonary cells. Respiratory Research, 1(8): 24-29.

Cross, D. A., Alessi, D. R., Cohen, P., Andjelkovich, M., & Hemmings, B. A. (1995).
Inhibition of glycogen synthase kinase-3 by insulin mediated by protein kinase B.
Nature, 378: 785-789.

75



Cuadrado, A., & Nebreda, A. R. (2010). Mechanisms and functions of p38 MAPK
signalling. The Biochemical Journal, 429(3): 403-417.

Cuevas, B. D., Abell, A. N., & Johnson, G. L. (2007). Role of mitogen-activated
protein kinase kinase kinases in signal integration. Oncogene, 26: 3159-3171.

Dahl, R. (2006). Systemic side effects of inhaled corticosteroids in patients with asthma.
Respiratory Medicine, 100(8): 1307-1317.

Damera, G., Fogle, H. W., Goncharova, E. A., Zhao, H., Banerjee, A., Tliba, O.,
Krymskaya, V. P., & Panettieri, R. A. (2009). Vitamin D inhibits growth of human
airway smooth muscle cells through growth factor-induced phosphorylation of
retinoblastoma protein and checkpoint kinase 1. British Journal of Pharmacology,
158(6): 1429-1441.

Darnell, J. E. (1997). STATs and gene regulation. Science, 277(5332): 1630-1635.

Davis, R. J. (2000). Signal transduction by the JNK group of MAP kinases. Cell, 103
(2): 239-252.

Davoine, F., & Lacy, P. (2014). Eosinophil cytokines, chemokines, and growth factors:
emerging roles in immunity. Frontiers in Immunology, 5: 1-17.

Decker, T., & Kovarik, P. (2000). Serine phosphorylation of STATs. Oncogene, 19(21):
2628-2637.

Dekkers, B. G., Bos, I. S. T., Zaagsma, J., & Meurs, H. (2012). Functional
consequences of human airway smooth muscle phenotype plasticity. British
Journal of Pharmacology, 166: 359-367.

Deng, X., Kornblau, S. M., Ruvolo, P. P., & May, W. S. (2000). Regulation of bcl2
phosphorylation and potential significane for leukemic cell chemoresistance,
KNCI Monographs, 2000(28): 30-37.

Deshpande, D. A., Theriot, B. S., Penn, R. B., & Walker, J. K. L. (2008). B-arrestins
specifically constrain [2-adrenergic receptor signaling and function in airway
smooth muscle. The FASEB Journal, 22(7): 2134-2141.

Dhanasekaran, D. N., & Reddy, E. P. (2008). JNK signaling in apoptosis. Oncogene,
27(48): 6245-6251.

Diehl, J.A., Cheng, M., Roussel, M. F., & Sherr, C. J. (1998). Glycogen synthase
kinase-3p regulates cyclin D1 proteolysis and subcellular localization. Genes
Development, 12(22): 3499-3511.

Diest, P. J., Brugal, G., & Baak, J. P. (1998). Proliferation markers in tumours:
interpretation and clinical value. Journal of Clinical Pathology, 51(10): 716-724.

76



Ding, J., Ning, B., Huang, Y., Zhang, D., Li, J., Chen, C., & Huang, C. (2009).
PI3K/Akt/JNK/c-Jun signaling pathway is a mediator for arsenite-induced cyclin
D1 expression and cell growth in human bronchial epithelial cells. Current Cancer
Drug Targets, 9(4): 5005-509.

Dixon, E. R., Weinberg, J. A., & Lew, D. B. (1999). Effect of dexamethasone on bovine
airway smooth muscle cell proliferation. Journal of Asthma, 36(6): 519-525.

Doeing, D. C., & Solway, J. (2013). Airway smooth muscle in the pathophysiology and
treatment of asthma. Journal of Applied Physiology, 114(7): 834-843.

Drazen, J. M., Silverman, E. K., & Lee, T. H. (2000). Heterogeneity of therapeutic
responses in asthma. British Medical Bulletin, 56: 1054-1070.

Du, K., & Montminy, M. (1998). CREB is a regulatory target for the protein kinase
Akt/PKB. The Journal of Biological Chemistry, 273: 32377-32379.

Ducharme, F., & Salvio, F. D. (2004). Antileukotriene agents compared to inhaled
corticosteroids in the management of recurrent and/or chronic asthma in adults
and children. Cochrane Database Systematic Review, 1:1-25.

Dummler, B., Tschopp, O., Hynx, D., Yang, Z., Dirnhofer, S., & Hemmings, B. A.
(2006). Life with a single isoforma of Akt: Mice lacking Akt2 and Akt3 are viable
but display impaired glucose homeostasis and growth deficiencies. Molecular and
Cellular Biology, 26(21): 8042-8051.

Duronio, R. J., & Xiong, Y. (2013). Signaling pathways that control cell proliferation.
Cold Spring Harbor Perspectives in Biology, 5: 1-12.

Dyson, N. (1998). The regulation of E2F by pRB-family proteins. Genes &
Development, 12: 2245-2262.

Easton, R. M., Cho, H., Roovers, K., Shineman, D. W., Mizrahi, M., Forman, M. S.,
Lee, V. M. Y., Szabolcs, M., Jong, R. D., Oltersdorf, T., Ludwig, T., Efstratiadis,
A., & Birnbaum, M. J. (2005). Role for Akt3/protein kinase By. Molecular and
Cellular Biology, 25(5): 1869-1878.

Ediger ,T. L., & Toews, M. L. (2000). Synergistic stimulation of airway smooth muscle
cell mitogenesis. The Journal of Pharmacology and Experimental Therapeutics,
294(3): 1076-1082.

Erle, D. J., & Sheppard, D. (2014). The cell biology of asthma. The Journal of Cell
Biology, 205(5): 621-631.

Fahy, J. V. (2015). Type 2 inflammation in asthma- present in most, absent in many.
Nature Reviews Immunology, 15: 57-65.

77



Fan, C., Fu, Z., Su Q., Angelini, D. J., Eyk, J. V., & Johns, R. A. (2011). S100A11
mediates hypoxia-induced mitogenic factor (HIMF)-induced smooth muscle cell
migration, vesicular exocytosis, and nuclear activation. Molecular & Cellular
Proteomics, 10: 1-7.

Fehrenbach, H., Wagner, C., & Wegmann, M. (2017). Airway remodeling in asthma:
what really matters. Cell Tissue Research, 367(3): 551-569.

Fernandes, D. J., Guida, E., Koutsoubos, V., Harris, T., Vadiveloo, P., Wilson, J. W., &
Stewart, A. G. (1999). Glucocorticoids inhibit proliferation cyclin D1 expression,
and retinoblastoma protein phosphorylation, but not activity of the
extracellular-regulated kinases in human culture airway smooth muscle. American
Journal of Respiratory Cell and Molecular Biology, 21(1): 3219-3226.

Fernandes, D. J., Ravenhall, C. E., Harris, T., Tran, T., Vlahos, R., & Stewart, A. G.
(2004). Contribution of the p38MAPK signalling pathway to proliferation in
human cultured airway smooth muscle cells is mitogen-specific. British Journal of
Pharmacology, 142(7): 1182-1190.

Fogli, S., Stefanelli, F., Picchianti, L., Del Re, M., Mey, V., Bardelli, C., Danesi, R., &
Breschi, M. C. (2013). Synergistic interaction between PPAR ligands and
salbutamol on human bronchial smooth muscle cell proliferation. British Journal
of Pharmacology, 168; 266-275.

Foster, D. A., Yellen, P, Xu, L., & Saqcena, M. (2010). Regulation of G1 cell cycle
progression. Genes & Cancer, 1(11): 1124-1131.

Freyer, A. M., Johnson, S. R., & Hall, I. P. (2001). Effects of growth factors and
extracellular matrix on survival of human airway smooth muscle cells. American
Journal of Respiratory Cell and Molecular Biology, 25(5): 569-576.

Gao, Y., Moten, A. & Lin, H. (2014). Akt: a new activation mechanism. Cell Research,
24: 785-786.

Garofalo, R. S., Orena, S. J., Rafidi, K., Torchia, A. J., Stock, J. L., Hildebrandt, A. L.,
Coskran, T., Black, S. C., Brees, D. J., Wicks, J. R., McNeish, J. D., & Coleman,
K. G. (2003). Severe diabetes, age-dependent loss of adipose tissue, and mild
growth deficiency in mice lacking Akt2/PKB beta. The Journal of Clinical
Investigation, 112(2): 197-208.

Gavino, A. C., Nahmod, K., Bharadwaj, U., Makedonas, G., & Tweardy, D. J. (2016).
STAT3 inhibition prevents lung inflammation, remodeling, and accumulation of
Th2 and Th17 cells in a murine asthma model. Allergy, 71(12): 1684-1692.

Gerthoffer, W. T. (2008). Migration of airway smooth muscle cells. Proceedings of the
American Thoracic Society, 5: 97-105.

Gerthoffer, W. T., Schaafsma, D., Sharma, P., Ghavami, S., & Halayko, A. J. (2012).
Motility, survival and proliferation. Comprehensive Physiology, 2(1): 255-281.

78



Goncharova, E. A., Billington, C. K., Irani, C., Vorotnikov, A. V., Tkachuk, V. A., Penn,
R. B., Krymska, V. P., & Panettieri, R. A. (2003). Cyclic AMP-mobilizing agents
and glucocorticoids modulate human smooth muscle cell migration. American
Journal of Respiratory Cell and Molecular Biology, 29: 19-27.

Gonzalez-Sanchez, R., Trujillo, X., Trujillo-Hernandez, B., Vasquez, C., Huerta, M., &
Elizalde, A. (2006). Forskolin versus sodium cromoglycate for prevention of
asthma attacks: a single-blinded clinical trial. The Journal of International
Medical Research, 34: 200-207.

Gosens, R., Roscioni, S. S., Dekkers, B. G. J., Pera, T., Schmidt, M., Schaafsma, D.,
Zaagsma, J., & Meurs, H. (2008). Pharmacology of airway smooth muscle
proliferation. European Journal of Pharmacology, 585(2008): 385-397.

Guller, M., Toualbi-Abed, K., Legrand, A., Michel, L., Mauviel, A., Bernuau, D., &
Daniel, F. (2008). c-Fos overexpression increases the proliferation of human
hepatocytes by stabilizing nuclear cyclin D1. World Journal of Gastroenterology,
14(41): 6339-6346.

Guo, Z. Y., Hao, X. H., Tan, F. F.,, Pei, X., Shang, L. M., Jiang, X. L., & Yang, F. (2011).
The elements of human cyclin D1 promoter and regulation involved. Clinical
Epigenetics, 2(2): 63-76.

Halayko, A. J., Salari, H., Ma, X., & Stephens, N. L. (1996). Markers of airway smooth
muscle cell phenotype. The American Journal of Physiology, 270(6.1):
1040-1051.

Halwani, R., Al-Abri, J., Beland, M., Al-Jahdali, H., Halayko, A. J., Lee, T. H,,
Al-Muhsen, S., & Hamid, Q. (2011). CC and CXC chemokines induce airway
smooth muscle proliferation and survival. Journal of Immunology, 186(7):
4156-4163.

Halwani, R., Al-Muhen, S., & Hamid, Q. (2010). Airway remodeling in asthma,
Current Opinion in Pharmacology, 10: 236-245.

Hanania, N. A., King, M. J., Braman, S. S., Saltoun, C., Wise, R. A., Enright, P. Falsey,
A. R., Mathur, S. K., Ramsdell, R. L., Stempel, D., Lima, J. J., Fish, J. E., Wilson,
S. R, Boyd, C., Patel, K. V., Irvin, C. G., Yawn, B. P., Halm, E. A., Wasserman, S.
I., Sands, M. F., Ershler, W. B., & Ledford, D. K. (2011). Asthma in the elderly:
current understanding and future research needs- a report of a National Institute on
Aging (NIA) workshop. American Academy of Allergy, Asthma & Immunology,
128(3): 4-24.

Haque, R., Hakim, A., Moodley, T., Torrego, A., Essifie-Quaye, S., Jazrawi, E.,
Johnson, M., Barnes, P. J., Adcock, I. M., & Usmani, O. S. (2013). Inhaled
long-acting B2 agonists enhance glucocorticoid receptor nuclear translocation and
efficacy in sputum macrophages in COPD. Journal Of Allergy Clinical
Immunology, 132(5): 1166-1173.

79



Hart, J. R, Liao, L., Yates, J. R.,, & Vogt, P. K. (2011). Essential role of Stat3 in
P13K-induced oncogenic transformation. Proceedings of the National Academy of
Sciences of the United States of America, 108(32): 13247-13252.

He, F, Li, B., Zhao, Z., Zhou, Y., Hu, G., Zou, W., Hong, W., Zou, Y., Jiang, C., Zhao,
D., & Ran, P. (2014). The pro-proliferative effects of nicotine and its underlying
mechanism on rat airway smooth muscle cells. PLOS ONE, 9(4): 1-14.

Henderson JR, W. R., Tang, L. O., Chu, S. J.,, Tsao, S. M., Chiang, G. K. S., Jones, F.,
Jonas, M., Pag, C., Wang, H., & Chi, E. Y. (2001). A role for cysteinyl leukotrienes
in airway remodeling in a mouse asthma model. American Journal of Respiratory
and Critical Care Medicine, 165(1): 108-116.

Henriksson, M., & Luscher B. (1996). Proteins of the Myc network: essential
regulators of cell growth and differentiation. Advances in Cancer Research, 68:
109-182.

Heron-Milhavet, L., Franckhauser, C., Rana, V., Berthenet, C., Fisher, D., Hemmings,
B. A., Fernandez, A., & Lamb, N. J. C. (2006). Only Aktl is required for
proliferation, while Akt2 promotes cell cycle exit through p21 binding. Molecular
and Cellular Biology, 26(22): 8267-8280.

Hershenson, M. B., & Abe, M. K. (1999). Mitogen-activated signaling in airway
smooth muscle a central role for Ras. American Journal of Respiratory Cell and
Molecular Biology, 21(6): 651-654.

Heuck, C., Wolthers, O. D., Hansen, M., & Kollerup, G. (1997). Short-term growth and
collagen turnoever in asthmatic adolescents treated with the inhaled glucocorticoid
budesonide. Steroids, 62(10): 659-664.

Hirano, T., Ishihara, K., & Hibi, M. (2000). Roles of STAT3 in mediating the cell
growth, differentiation and survival signals relayed through the IL-6 family of
cytokine receptors. Oncogene, 19(21): 2548-2556.

Hirst, S. J., Martin, J. G., Bonacci, J. V., Chan, V., Fixman, E. D., Hamid, Q. A,
Herszberg, B., Lavoie, J. P., McVicker, C. G., Moir, L. M., Nguyen, T. T., Peng, Q.,
Ramos-Barbon, D., & Stewart, A. G. (2004). Proliferative aspects of airway
smooth muscle. The Journal of Allergy and Clinical Immunology, 114: 2-17.

Hirst, S. J., Twort, C. H., & Lee, T. H. (2000). Differential effects of extracellular
matrix proteins on human airway smooth muscle cell proliferation and phenotype.
American Journal of Respiratory Cell and Molecular Biology, 23(3): 335-344.

Hnit, S. S. T., Xie, C., Yao, M., Holst, J., Bensoussan, A., Souza, P. D., Li, Z., & Dong
Q. (2015). P27KP1 signaling: Transcriptional and post-translational regulation. The
International Journal of Biochemistry & Cell Biology, 68: 9-14.

Hochegger, H., Takeda, S., & Hunt, T. (2008). Cyclin-dependent kinases and cell cycle
transitions: does on fit all? Nature Reviews Molecular Cell Biology, 9: 910-916.

80



Holgate, S. T. (2000). The role of mast cells and basophils in inflammation. Clinical
and Experimental Allergy, 30(1): 28-32.

Hong-Brown, L. Q., Brown, C. R., Navaratnarajah, M., Huber, D. S., & Lang, C. H.
(2011). Alcohol-induced modulation of rictor and mMTORC2 activity in C2C12
myoblasts. Alcoholism Clinical & Experimental Research, 35(8): 1445-1453.

Horwitz, R. J., McGill, K. A., & Busse, W. W. (1998). The role of leukotriene modifiers
in the treatment of asthma. American Journal of Respiratory and Critical Care
Medicine, 157: 1363-1371.

Huang, C., Rajfur, Z., Borchers, C., Schaller, M. D., & Jacobson, K. (2003). JNK
phosphorylates paxillin and regulates cell migration. Nature, 424: 219-223.

Huang, J. (2012). An in vitro assay for the kinase activity of mTOR complex 2. In T.
Weichhart (Ed.), mTOR: Methods and Protocols, Methods in Molecular Biology
(pp. 75-86). New York: Humana Press.

Hutcherson, J. 2015. Characterization of the innate response to the RagB protein of
Porphyromonas gingivalis, PhD Thesis, University of Louisville.

Huerta, M., Urzua, Z., Trujillo, X., Gonzalez-Sanchez, R., & Trujillo-Hernandez, B.
(2010). Forskolin compared with beclomethasone for prevention of asthma attacks:
a single-blind clinical trial. The Journal of International Medical Research, 38(2):
661-668.

Hui, K. P., Taylor, I. K., Taylor, G. W., Rubin, P., Kesterson, N. C., & Barnes, P. J.
(1991). Effect of a 5-lipoxygenase inhibitor on leukotriene generation and airway
responses after allergen challenge in asthmatic patients. Thorax, 46: 184-189.

Insel, P. A., & Ostrom, R. S. (2003). Forskolin as a tool for examining adenyly cyclase
expression, regulation, and G protein signaling. Cellular and Molecular
Neurobiology, 23(3): 305-314.

Ismail, N., Jambari, N. N., Zareen, S., Akhtar, M. N., Shaari, K., Zamri-Saad, M.,
Tham, C. L., Sulaiman, M. R., Lajis, N. H., & lIsraf, D. A. (2012). A geranyl
acetophenone targeting cysteinyl leukotriene synthesis prevents allergic airway
inflammation in  ovalbumin-sensitized mice. Toxicology and Applied
Pharmacology, 259: 257-262.

Jacinto, E., Loewith, R., Schmidt, A., Lin, S., Ruegg, M. A,, Hall, A., & Hall, M. N.
(2004). Mammalian TOR complex 2 controls the actin cytoskeleton and is
rapamycin insensitive. Nature Cell Biology, 6(11): 1122-1128.

James, A. L., Pare, P. D., & Hogg, J. C. (1989). The mechanics of airway narrowing in
asthma. The American Review of Respiratory Disease, 139: 22-246.

81



James, A. L., Elliot, J. G., Jones, R. L., Carroll, M. L., Mauad, T., Bai, T. R., Abramson,
M. J., McKay, K. O., & Green, F. H. (2012). Airway smooth muscle hypertrophy
and hyperplasia in asthma. American Journal of Respiratory and Critical Care
Medicine, 185(10): 1058-1063.

Jeffery, P. K., Godfrey, R. W., Adelroth, E., Nelson, F., Rogers, A., & Johansson, S. A.
(1992). Effects of treatment on airway inflammation and thickening of basement
membrane reticular collagen in asthma: A quantitative light and electron
microscopy study. American Review of Respiratory Disease, 145(4.1): 890-899.

Johnson, S. R., & Knox, A. J. (1997). Synthetic functions of airway smooth muscle in
asthma. Trends in Pharmacological Sciences, 18(8): 288-292.

Johnston, P. A., & Grandis, J. R. (2011). STAT3 signaling: Anticancer strategies and
challenges. Molecular Intervantions, 11: 18-26.

Jurikova, M., Danihel, L., Polak, S., & Varga, I. (2016). Ki67, PCNA, and MCM
proteins: Markers of proliferation in the diagnosis of breast cancer. Acta
Histochemica, 118(5): 544-552.

Kaja, S., Payne, A. J., Singh, T., Ghuman, J. K., Sieck, E. G., & Koulen, P. (2015). An
optimized lactate dehydrogenase release assay for screening of drug candidates in
neuroscience. Journal of Pharmacological and Toxicological Methods, 73: 1-6.

Kamada, A. K., & Szefler, S. J. (1995). Glucocorticoids and growth in asthmatic
children. Pediatric Allergy and Immunology, 6(3): 145-154.

Kane, L. P,, Shapiro, V. S., Stokoe, D., & Weiss, A. (1999). Induction of NF-kappaB by
the Akt/PKB kinase. Current Biology, 9(11): 601-604.

Kanne, H., Burte, N. P,, Prasanna, V., & Gujjula, R. (2015). Extraction and elemental
analysis of Coleus forskohlii extract. Pharmacognosy Research, 7(3): 237-241.

Kato, J. Y., Matsuoka, M., Polyak, K., Massague, J., & Sherr, C. J. (1994). Cyclic
AMP-induced G1 phase arrest mediated by an inhibitor (p27KiPY) of
cyclin-dependent kinase 4 activation. Cell, 79(3): 487-496.

Katz, M., Amit, ., & Yarden, Y. (2007). Regulation of MAPKSs by growth factors and
receptor tyrosine kinases. Biochimica et Biophysica Acta, 1773(8): 1161-1176.

Kawada, M., Yamagoe, S., Murakami, Y., Suzuki, K., Mizuno, S., & Uehara, Y. (1997).
Induction of p27Kipl degradation and anchorage independence by Ras through
the MAP kinase signaling pathway. Oncogene, 15: 629-637.

Khassawneh, B. Y., Al-Ali, M. K., Alzoubi, K. H., Batarseh, M. Z., Al-Saffi, S. A,,
Sharara, A. M., & Alnasr H. M. (2008). Handling of inhaler devices in actual
pumonary practice: metered-dose inhaler versus dry powder inhalers. Respiratory
Care, 53(3): 324-328.

82



Kim, A. H., Khursigara, G., Sun, X., Franke, T. F, & Chao, M. V. (2001). Akt
phosphorylates and negatively regulates apoptosis signal-regulating kinase.
Molecular and Cellular Biology, 21: 893-901.

Kim, D. Sun, M., He, L., Zhou, Q. H., Chen, J., Sun, X. M., Bepler, G., Sebti, S. M., &
Cheng, J. Q. (2010). A small molecule inhibits Akt through direct binding to Akt
and preventing Akt membrane translocation. The Journal of Biological Chemistry,
285(11): 8383-8394.

Kim, H., & Mazza, J. (2011). Asthma. Allergy, Asthma & Clinical Immunology, 7(S1):
1-9.

Kim, H. Y., DeKruyff, R. H., & Umetsu, D. T. (2010). The many paths to asthma:
phenotype shaped by innate and adaptive immunity. Nature Immunology, 11(7):
577-584.

Kim, K. H., & Sederstrom, J. M. (2015). Assaying cell cycle status using flow
cytometry. Current Protocols in Molecular Biology, 111: 1-11.

Kiwamoto, T., Ishii, Y., Morishima, Y., Yoh, K., Kikuchi, N., Haraguchi, N., Masuko,
H., Sakamoto, T., Takahashi, S., & Hizawa, N. (2011). Blockade of cysteinyl
leukotriene-1 receptors suppresses airway remodelling in mice overexpressing
GATA-3. Clinical and Experimental Allergy: Journal of The British Society for
Allergy and Clinical Immunology, 41(1): 116-128.

Klein, E. A., & Assoian, R. K. (2008). Transcripitonal regulation of the cylin D1 gene
at a glance. Journal of Cell Science, 121: 3853-3857.

Klemke, R. I., Cai,, S., Giannini, A. L., Gallagher, P. J., de Lanerolle, P., & Cheresh, D.
A. (1997). Regulation of cell motility by mitogen-activated protein kinase. The
Journal of Cell Biology, 137: 481-492.

Knobloch, J., Kunz, W., & Grevelding, C. G. (2002). Quantification of DNA synthesis
in multicellular organisms by a combined DAPI and BrdU technique.
Development, Growth & Differentiation, 44: 559-563.

Kohn, A. D., Takeuchi, F., & Roth, R. A. (1996). Akt, a pleckstrin homology domain
containing kinase, is activated primarily by phosphorylation. The Journal of
Biological Chemistry, 271(36): 21920-21926.

Kolch, W. (2000). Meaningful relationships: the regulation of the Ras/Raf/MEK/ERK
pathway by protein interactions. Biochemical Journal, 351: 289-305.

Koenig, S., Schernthaner, M., Maechler, H., Kappe, C. O., Glasnov, T. N., Hoefler, G.,
Braune, M., Wittchow, E., & Groschner, K. (2013). A TRPC3 blocker,
ethyl-1-(4-(2,3,3-trichloroacrylamide)phenyl)-5-(trifluoromethyl)-1H-pyrazole-4-
carboxylate (Pyr3), prevents stent-induced arterial remodeling. Journal of
Pharmacology and Experimental Therapeutics, 344(1): 33-40.

83



Krymskaya, V. P. (2007). Targeting the phosphatidylinositol 3-kinase pathway in
airway smooth muscle. Biodrugs, 21(2): 85-95.

Krymskaya, V. P. Ammit, A. J., Hoffman, R. K., Eszterhas, A. J., & Panettieri, R. A. Jr.
(2001). Activation of class IA PI3K stimulates DNA synthesis in human airway
smooth muscle cells. American Journal of Physiology - Lung Cellular and
Molecular Physiology, 280(5): 1009-1018.

Krymskaya, V. P., Orsini, M. J., Eszterhas, A. J., Brodbeck, K. C., Benovic, J. L.,
Panettieri, R. A., & Penn, R. B. (2000). Mechanisms of proliferation synergy by
receptor tyrosine kinase and G protein-coupled receptor activation in human
airway smooth muscle. American Journal of Cell Molecular Biology, 23(4);
546-554.

Kudo, M., Ishigatsubo, Y., & Aoki, I. (2013). Pathology of asthma. Frontiers in
Microbiology, 4: 1-16.

Kyriakis, J. M., & Avruch, J. (2001). Mammalian mitogen-activated protein kinase
signal transduction pathways activated by stress and inflammation. Physiological
Reviews, 81: 807-869.

Larrea, M. D., Liang, J., Silva, T. D., Hong, F., Shao, S. H., Han, K., Dumont, D., &
Slingerland, J. M. (2008). Phosphorylation of p27Kipl regulates assembly and
activation of cyclin D1-CDK4. Molecular and Cellular Biology, 28(20):
6462-6472.

Lavoie, J. N., L’Allemain, G., Brunet, A., Muller, R., & Pouyssegur, J. (1996). Cyclin
D1 expression is regulated positively by the p42/p44MAPK and negatively by the
p38/HOGMAPK pathway. The Journal of Biological Chemistry, 271:
20608-20616.

Lee, Y. Z., Shaari, K., Cheema, M. S., Tham, C. L., Sulaiman, M. R., & lIsraf, D. A.
(2017). An orally active geranyl acetophenone attenuates airway remodeling in a
murine model of chronic asthma. European Journal of Pharmacology, 797: 53-64.

Lee, Y. Z., Yap, H. M., Shaari, K., Tham, C. L., Sulaiman, M. R., & Israf, D. A. (2017).
Blockade of eosinophil-induced bronchial epithelial-mesenchymal transition with
a geranyl acetophenone in a coculture model. Frontiers in Pharmacology, 8: 1-13.

Liang, J., & Slingerland, J. M. (2003). Multiple roles of the PI3K/PKB (Akt) pathway
in cell cycle progression. Cell Cycle, 2(4): 339-345.

Liang, J., Zubovitz, J., Petrocelli, T., Kotchetkov, R., Connor, M. K., Han, K., Lee, J.
H., Ciarallo, S., Catzavelos, C., Beniston, R., Franssen, E., & Slingerland, J. M.
(2002). PKB/Akt phosphorylates p27, impairs nuclear import of p27 and opposes
p27-mediaed G1 arrest. Nature Medicine, 8(10): 1153-1160.

84



Lin, H. K., Wang, G., Chen, Z., Teruya-Feldstein, J., Liu, Y., Chan, C. H., Yang, W. L.,
Erdjument-Bromage, H., Nakahama, K. I., Nimer, S., Tempst, P., & Pandolfi, P. P.
(2009). Phosphorylation-dependent regulation of cytosolic localization and
oncogenic function of Skp2 by Akt/PKB. Nature Cell Biology, 11(4): 420-432.

Lindgvist, A., Zon, W. V., Rosenthal, C. K., & Wolthuis, R. M. F. (2007). Cyclin
B1-Cdkl activation continues after centrosome separation to control mitotic
progression. Plos Biology, 5(5): 1127-1137.

Liu, P., Gan, W., Chin, R., Ogura, K., Gua, J., Zhang, J., Wang, B., Blenis, J., Cantley,
L. C., Toker, A., Su, B., & Wei, W. (2015). PtdIns(3,4,5)P3-dependent activation
of mMTORC2 kinase complex. Cancer Discovery, 5(11): 1194-1209.

Loewith, R., Jacinto, E., Wullschleger, S., Lorberg, A., Crespo, J. L., Bonenfant, D.,
Oppliger, W., Jenoe, P., & Hall, M. N. (2002). Two TOR complexes, only one of
which is rapamycin sensitive, have distinct roles in cell growth control. Molecular
Cell, 10: 457-468.

Lowes, V. L., Ip, N. Y., & Wong, Y. H. (2002). Integratioon of signals from receptor
tyrosin kinases and G protein-couple receptors. Neurosignals, 11: 15-19.

Lundberg A. S., & Weinberg, R. A. (1998). Functional inactivation of the
retinoblastoma protein requires sequential modification by at least two distinct
cyclin-cdk complexes. Molecular and Cellular Biology, 18(2): 753-761.

Lundgren R., Soderberg, M., Horstedt, P., & Stenling, R. (1988). Morphological studies
of bronchial mucosal biopsies from asthmatics before and after ten years of
treatment with inhaled steroids. The European Respiratory Journal, 1(10):
883-889.

LV, Q., Zhu, X., Xia, Y., Dai, Y., & Wei, Z. (2015). Tetrandrine inhibits migration and
invasion of rheumatoid arthritis fibroblast-like synoviocytes through
down-regulating the expressions of Racl, Cdc42, and RhoA GTPases and
activation of the PI3BK/AKT and JNK signaling pathways. Chinese Journal of
Natural Medicine, 13(11): 831-841.

MacCallum, D. E., & Hall, P. A. (2000). The biochemical characterization of the DNA
binding activity of pKi67. Journal of Pathology, 191: 286-298.

Mak, J. C. W., Nishikawa, M., Shirasaki, H., Miyayasu, K., & Barnes, P. J. (1995).
Protective effects of a glucocorticoid on down-regulation of pulmonary
b2-adrenergic receptors in vivo. Journal Of Clinical Investigation, 96: 99-106.

Malavia, N. K., Raub, C. B., Mahon, S. B., Brenner, M., Panettieri, R. A., & George, S.

C. (2009). Airway epitheium stimulates smooth muscle proliferation. American
Journal of Respiratory Cell Molecular Biology, 41: 297-304.

85



Malliri, A., Symons, M., Hennigan, R. F.,, Hurlstone, A. F. L., Lamb, R. F., Wheeler, T.,
& Ozanne, B. W. (1998). The transcription factor AP-1 is required for
EGF-induced activation of Rho-like GTPases, cytoskeletal rearrangements,
motility, and in vitro invasion of A431 cells. Journal of Cell Biology, 143(4):
1087-1099.

Manning, B. D., & Cantley, L. C. (2007). AKT/PKB signaling: navigating downstream.
Cell, 129(7): 1261-1274.

Mateyak, M. K., Obaya, A. J., & Sedivy, J. M. (1999). c-Myc regulates cyclin D-cdk4
and -cdk6 activity but affects cell cycle progression at multiple independent points.
Molecular and Cellular Biology, 19(7): 4672-4683.

Mayo, L. D., & Donner, D. B. (2001). A phosphatidylinositol 3-kinase/Akt pathway
promotes translocation of Mdm2 from the cytoplasm to the nucleus. Proceedings
of the National Academy of Sciences, 98: 11598-11603.

Mcllroy, J., Chen, D., Wjasow, C., Michaelli, T., & Backer, J. M. (1997). Specific
activation of p85-p110 phosphatidylinositol 3’-kinase stimulates DNA synthesis
by Ras- and p70 S6 kinase-dependent pathways. Molecular Cell Biology, 17:
248-255.

Medema, R. H., Kops, G. J., Bos, J. L., & Burgering, B. M. (2000). AFX-like Forkhead
transcription factors mediate cell-cycle regulation by Ras and PKB through
p27¥iPL Nature, 404: 782-787.

Meili, R., Ellsworth, C., Lee, S., Reddy, T. B., Ma, H., & Firtel, R. A. (1999).
Chemoattractant-mediated transient activation and membrane localization of
Akt/PKB is required for efficient chemotaxis to cAMP in Dictyostelium. The
EMBO Journal, 18(8): 2092-2105.

Meltzer, S. S., Hasday, J. D., Cohn, J., & Bleecker, E. R. (1996). Inhibition of
exercise-induced bronchospasm by zileuton: a 5-lipoxygenase inhibitor. American
Journal of Respiratory and Critical Care Medicine, 153: 931-935.

Miller, J. D., Cox, G., Vincic, L., Lombard, C. M., Loomas, B. E., & Danek, C. J.
(2005). A prospective feasibility study of bronchial thermoplasty in the human
airway. Chest, 127(6): 1999-2006.

Milligan, K. L., Matsui, E., & Sharma, H. (2016). Asthma in Urban children:
epidemiology, environmental risk factors, and the public health doman. Current
Allergy Asthma Report, 16(33): 1-10.

Montuschi, P. (2010). Role of leukotrienes and leukotriene modifiers in asthma.
Pharmaceuticals (Basel), 3(6): 1792-1811.

Moulik, S., Pal, S., Biswas, J., & Chatterjee, A. (2014). Role of ERK in modulating
MMP 2 and MMP 9 with respect to tumour invasiveness in human cancer cell line
MCF-7 and MDA-MB-231. Journal of Tumor, 2(2): 87-98.

86



Moynihan, B., Tolloczko, B., Michoud, M., Tamaoka, M., Ferraro, P., & Martin, J. G.
(2008). MAP kinases mediate interleukin-13 effects on calcium signaling in
human airway smooth muscle cells. American Journal of Physiology Lung
Cellular and Molecular Physiology, 295(1): 171-177.

Muelas, M. W., Ortega, F., Breitling, R., Bendtsen, C., & Westerhoff, H. V. (2018).
Rational cell culture optimization enhances experimental reproducibility in cancer
cells. Scientific Reports, 8(3029): 1-16.

Muise-Helmericks, R. C., Grimes, H. L., Bellacosa, A., Malstrom, S. E., Tsichlis, P. N.,
& Rosen, N. (1998). Cyclin D expression is controlled post-transcriptionally via a
phosphatidylinositol 3-kinase/Akt-dependent pathway. The Journal of Biological
Chemistry, 273(45): 29864-29872.

Mukherjee, A. B., & Zhang, Z. (2011). Allergic asthma: influence of genetic and
environmental factors. The Journal of Biological Chemistry, 286(38):
32883-32889.

Munakata, M. (2006). Airway remodeling and airway smooth muscle in asthma.
Allergology International, 55(3): 235-243.

Murdoch, J. R., & Lloyd, C. M. (2010). Chronic inflammation and asthma. Mutation
Research, 690(1-2): 24-39.

Musa, N. L., Ramakrishnan, M., Li, J., Kartha, S., Liu, P, Pestell, R. G., & Hershenson,
M. B. (1999). Forskolin inhibits cyclin D1 expression in cultured airway smooth
muscle cell. American Journal of Respiratory Cell and Molecular Biology, 20 (2):
352-358.

Musgrove, E. A. (2006). Cyclins: roles in mitogenic signaling and oncogenic
transformation. Growth Factors, 24: 13-19.

Nakagami, H., Morishita, R., Yamamoto, K., Taniyama, Y., Aoki, M., Matsumoto, K.,
Nakamura, T., Kaneda, Y., Horiuchi, M., & Ogihara, T. (2001). Mitogenic and
antiapoptotic actions of hepatocyte growth factor through ERK, STAT3, and Akt
in endothelial cells. Hypertension, 37: 581-586.

Narasimha, A. M., Kaulich, M., Shapiro, G. S., Choi, Y. J., Sicinski, P., & Dowdy, S. F.
(2014). Cyclin D activates the Rb tumor suppressor by mono-phosphorylation,
eLife, 3: 1-21.

Ng, C. H., Rullah, K., Mohd Aluwi, M. F. F.,, Abas, F., Lam, K. W,, Ismail, I. S.,
Narayanaswamy, R., Jamaludin, F., & Shaari, K. (2014). Synthesis and docking
studies of 2,4,6-trihydroxy-3-geranylacetophenone analogs as potential
lipoxygenase inhibitor. Molecules, 19: 11645-11659.

Niimi, A. (2013). Cough, asthma, and cysteinyl-leukotrienes. Pulmonary
Pharmacology & Therapeutics. 26(5): 514-519.

87



Nishikawa, M., Mak, J. C., Shirasaki, H., Harding, S. E., & Barnes, P. J. (1994).
Long-term exposure to norepinephrine results in down-regulation and reduced
MRNA expression of pulmonary adrenergic receptors in guinea pigs. American
Journal of Respiratory Cell and Molecular Biology, 10(1): 91-99.

Okunishi, K., & Peters-Golden, M. (2011). Leukotrienes and airway inflammation.
Biochimica et Biophysica Acta, 1810(11): 1096-1102.

Oliver, M. N., Fabry, B., Marinkovic, A., Mijailovich, S. M., Butler, J. P., & Fredberg, J.
J. (2007). Airway hyperresponsiveness, remodeling, and smooth muscle mass:
Right answer, wrong reason? American Journal of Respiratory Cell and
Molecular Biology, 37(3): 264-272.

Olivieri, D., Chetta, A., Donno, M. D., Bertorelli, G. Casalini, A., Pesci, A., Testi, R., &
Foresi, A. (1997). Effect of short-term treatment with low-dose inhalation
fluticason propionate on airway inflammation and remodeling in mild asthma: a
placebo-controlled study. American Journal Of Respiratory and Critical Care
Medicine, 155: 1864-1871.

Ono, K., & Han, J. (2000). The p38 signal transduction pathway: activation and
function. Cell Signal, 12: 1-13.

Ozier, A. O., Allard, B., Bara, |. Girodet, P., Trian, T., Marthan, R., & Berger, P. (2011).
The pivotal role of airway smooth muscle in asthma pathophysiology. Journal of
Allergy, 2011: 1-20.

Pagano, M., Tam, S. W., Theodoras, A. M., Beer-Romero, P. Delsal, S., Chau, V., Yew,
P. R., Draetta, G. F., & Rolfe, M. (1995). Role of the ubiquitin-proteasome
pathway in regulating abundance of the cyclin-dependent kinase inhibitor p27.
Science, 269: 682-685.

Page, K., & Hershenson, M. B. (2000). Mitogen-activated signaling and cell cycle
regulation in airway smooth muscle. Frontiers in Bioscience, 5: 258-267.

Page, K., Li, J., & Hershenson, M. B. (1999). Platelet-derived growth factor
stimulation of mitogen-activated protein kinases and cyclin D1 promoter activity
in cultured airway smooth muscle cells. American Journal of Respiratory Cell and
Molecular Biology, 20(6): 1294-1302.

Page, K., Li., J., Wang, Y., Kartha, S., Pestell, R. G., & Hershenson, M. B. (2000)
Regulation of cyclin D(1) expression and DNA synthesis by phosphatidylinositol
3-kinase in airway smooth muscle cells. American Journal of Respiratory Cell
Molecular Biology, 23: 436-443.

Pan, S., Zhan, S., Pan, Y., Liu, W,, Bian, L., Sun, B., & Sun Q. (2015). Tetraspanin

8-rictor-integrin a3 complex is required for glioma cell migration. International
Journal of Molecular Sciences, 16: 5363-5374.

88



Panettieri, R. A. (2004). Effects of corticosteroids on structural cells in asthma and
chronic obstructive pulmonary disease. Proceedings of the American Thoracic
Society, 1: 231-234.

Pang, M., Ma, L., Gong, R., Tolbert, E., Mao, H., Ponnusamy, M., Chin, Y. E., Yan, H.,
Dworkin, L. D., & Zhuang, S. (2010). A novel STAT3 inhibitor, S3I-201,
attenuates renal interstitial fibroblast activation and interstitial fibrosis in
obstructive nephropathy. International Society of Nephrology, 78: 257-268.

Parameswaran, K., Cox, G., Radford, K., Janssen, L. J., Sehmi, R., & O’Byrne, P. M.
(2002). Leukotrienes promote human airway smooth muscle migration. American
Journal of Respiratory and Critical Care Medicine, 166(5): 738-742.

Pavord, I. D., Cox, G., Thomson, N. C., Rubin, A. S., Corris, P. A., Niven, R. M.,
Chung, K. F., Laviolette, M., & RISA Trial Study Group. (2007). Safety and
efficacy of bronchial thermoplasty in symptomatic, severe asthma. American
Journal of Respiratory and Critical Care Medicine, 176(12): 1185-1191.

Pelaia, G., Renda, T., Gallelli, L., Vatrella, A., Busceti, M. T., Agati, S., Caputi, M.,
Cazzola, M., Maselli, R., & Marsico, S. A. (2008). Molecular mechanism
underlying airway smooth muscle contraction and proliferation: Implications for
asthma. Respiratory Medicine, 102(8): 1173-1181.

Phillip, M., Aviram, M., Leiberman, E., Zadik, Z., Giat, Y., Levy, J., & Tal, A. (1992).
Integrating plasma cortisol concentration in children with asthma receiving
long-term inhaled corticosteroids. Pediatric Pulmonary, 12: 84-89.

Piercce, K. E., Sanchez, J. A., Rice, J. E., & Wangh, L. J. (2005). Lineara-after-the
exponential (LATE)-PCR: primer design criteria for high yields of specific
single-stranded DNA and improved real-time detection. Proceedings of the
National Academy of Sciences of the United States of America, 102(24):
8609-8614.

Pirkmajer, S., & Chibalin, A. V. (2011). Serum starvation: caveat emptor. American
Journal of Physiology-Cell Physiology, 301: 272-279.

Plant, P. J., North, M. L., Ward, A., Ward, M., Khanna, N., Correa, J., Scott, J. A., and
Batt, J. (2012). Hypertrophic airway smooth muscle mass correlates with
increased airway responsiveness in a murine model of asthma. The American
Journal of Respiratory Cell and Molecular Biology, 46(4): 532-540.

Postma, D. S., & Kerstjens, H. A. M. (1998). Characteristics of airway
hyperresponsivenss in asthma and chronic obstructive pulmonary disease.
American Journal of Respiratory and Critical Care Medicine, 158: 187-192.

Pozarowski, P., & Darzynkiewicz, Z. (2004). Analysis of cell cycle by flow cytometry.
Methods in Molecular Biology, 281: 301-311.

Pucci, B., Kasten, M., & Giordano, A. (2000). Cell cycle and apoptosis. Neoplasia,
2(4): 291-299.
89



Pugazhenthi, S., Miller, E., Sable, C., Young, P., Heidenreich, K. A., Boxer, L. M., &
Reush, J. E. (1999). Insulin-like growth factor-1 induces bcl-2 promoter through
the transcription factor cAMP-response element-binding protein. The Journal of
Biological Chemistry, 274(39): 27529-27535.

Pugazhenthi, S. Nesterova, A., Sable, C., Heidenreich, K. A., Boxer, L. M., Heasley, L.
E., & Reusch, J. E. (2000). Akt/protein kinase B up-regulates Bcl-2 expression
through cAMP-response element-binding protein. Journal of Biological Chemistry,
275(15): 10761-10766.

Qi, L., zZhi, J., Zhang, T., Cao, X., Sun, L., Xu, Y., & Li, X. (2015). Inhibition of
microRNA-25 by tumor necrosis factor o is critical in the modulation of vascular
smooth muscle cell proliferation. Molecular Medicine Reports, 11(6): 4353-4358.

Qi, M., & Elion, E. A. (2005). MAP kinase pathways. Journal of Cell Science, 118:
3569-3572.

Ram, F. S. F,, Cates, C. J.,, & Ducharme, F. M. (2005). Long acting beta2-agonists
versus anti-leukotrienes as add-on therapy to inhaled corticosteroids for chronic
asthma. Cochrane Database Systematic Reviews, 25(1):1-18.

Ram, P. T., & lyengar, R. (2001). G protein coupled receptor signaling through the Src
and STAT3 pathway: Role in proliferation and transformation. Oncogene, 20:
1601-1606.

Ravenhall, C., Guida, E., Harris, T., Koutsoubos, V., & Stewart, A. (2000). The
importance of ERK activity in the regulation of cyclin D1 levels and DNA
synthesis in human culture airway smooth muscle. British Journal of
Pharmacology, 131(1): 17-28.

Redhu, N. S., Shan, L., Al-Subait, D., Ashdown, H. L., Movassagh, H., Lamkhioued,
B., & Gounni, A. (2013). IgE induces proliferation in human airway smooth
muscle cells: role of MAPK and STAT3 pathways. Allergy, Asthma & Clinical
Immunology, 9(41): 1-10.

Reinoso, R., Calonge, M., Castellanos, E., Martino, M., Fernandez, I., Stern, M. E., &
Corell, A. (2011). Differential cell proliferation, apoptosis, and immune response
in healthy and evaporative-type dry eye conjunctival epithelia. Immunology and
Microbiology, 522(7): 4819-4828.

Rifaat, N., Abdel-Hady, E., & Hasan, A. A. (2013). The golden factor in adherence to
inhaled corticosteroid in asthma patients. Egyption Journal of Chest Diseases and
Tuberculosis, 62(3): 371-376.

Riojas, R. A., Kikani, C. K., Wang, C., Mao, X., Zhou, L., Langlais, P. R., Hu, D.,
Roberts, J. L., Dong, L. Q., & Liu, F. (2006). Fine-tuning PDK1 activity by
phosphorylation at Serl63. The Journal of Biological Chemistry, 281:
21588-21593.

90



Rorke, S., Jennison, S., Jeffs, J. A., Sampson, A. P, Arshad, H., & Holgate, S. T. (2002).
Role of cysteinyl leukotrienes in adenosine 5’-monophosphate induced
bronchoconstriction in asthma. Thorax, 57(4): 323-327.

Roskoski, R. (2012). ERK1/2 MAP Kkinases: structure, function, and regulation.
Pharmacological Research, 66: 105-143.

Roth, M., Johnson, R. R., Rudiger, J. J., King, G. G., Ge, Q., Burgess, J. K., Anderson,
G., Tamm, M., & Black, J. L. (2002). Interaction between glucocorticoids and
beta2 agonists on bronchial airway smooth muscle cells through synchronised
cellular signalling. Lancet, 360(9342): 1293-1299.

Royce, S. G., & Tang, M. L. K. (2016). The effects of current therapies on airway
remodeling in asthma and new possibilities for treatment and prevention. Current
Molecular Pharmacology, 2: 169-181.

Saetta, M., Di Stefano, A., Rosina, C., Thiene, G., & Fabbri, L. M. (1991). Quantitative
structural analysis of peripheral airways and arteries in sudden fatal asthma. The
American Review of Respiratory Disease, 143: 138-143.

Sarbassov, D. D., Ali, S. M., Kim, D. H., Guertin, D. A. Latek, R. R,
Erdjument-Bromage, H., Tempst, P., & Sabatini, D. M. (2004). RICTOR, a novel
binding partner of mTOR, defines a rapamycin-insensitive and raptor-independent
pathway that regulates the cytoskeleton. Current Biology, 14(14): 1296-1302.

Sarbassov, D. D., Guertin, D. A,, Ali, S. M., & Sabatini, D. M. (2005). Phosphorylation
and regulationof Akt/PKB by the RICTOR-mTOR complex. Science, 307:
1098-1101.

Sekioka, T., Kadode, M., Fujii, M., Kawabata, K., Abe, T., Horiba, M., Kohno, S., &
Nabe, T. (2015). Expression of CysLT2 receptors in asthma lung, and their
possible role in bronchoconstriction. Allergology International, 64(4): 351-358.

Shaari, K., Safri, S., Abas, F, Lajis, N. H., & Israf, D. A. (2004). A
geranylacetophenone from leaves of Melicope ptelefolia. Natural Product
Research, 20(5): 415-419.

Shaari, K., Suppaiah, V., Wai, L. K., Stanslas, J., Tejo, B. A., Israf, D. A., Abas, F.,
Ismail, I. S., Shuaib, N. H., Zareen, S., & Lajis, N. H. (2011). Bioassay-guided
identification of an anti-inflammatory prenylated acylphloroglucinol from
Melicope ptelefolia and molecular insights into its interaction with 5-lipoxygenase.
Bioorganic & Medicinal Chemistry, 19: 6340-6347.

Shapiro, P. S., Evans, J. N., Davis, R. J., & Posada, J. A. (1996). The
seven-transmembrane-spanning receptors for endothelin and thrombin cause
proliferation of airway smooth muscle cells and activation of the extracellular
regulated kinase and c-Jun NH2-terminal kinase groups of mitogen-activated
protein kinases. The Journal of Biological Chemistry, 271: 5750-5754.

91



Sharma, P., Panebra, A., Pera, T., & Tiegs, B. C. (2016). Antimitogenic effect of bitter
taste receptor agonists on airway smooth muscle cells. American Journal of
Physiology Lung Cellular and Molecular Physiology, 310(4): 365-376.

Sheaff, R. J., Groudine, M., Gordon, M., Roberts, J. M., & Clurman, B. E. (1997).
Cyclin E-CDK?2 is a regulator of p27Kipl. Genes & Development, 11: 1464-1478.

Shimura, T., Noma, N., Oikawa, T., Ochiai, Y., Kakuda, S., Kuwahara, Y., Takali, Y.,
Takahashi, A., & Fukumoto, M. (2012). Activation of the AKT/cyclin D1/Cdk4
survival signaling pathway in radioresistant cancer cells. Oncogenesis, 1(6): 1-9.

Shin, 1., Yakes, F. M., Rojo, F., Shin, N. Y., Bakin, A. V., Baselga, J., & Arteaga, C. L.
(2002). PKB/Akt mediates cell-cycle progression by phosphorylation of p27Xipt at
threonine 157 and modulation of its cellular localization. Nature Medicine, 8:
1145-1152.

Shum, B. O. V,, Rolph, M. S., & Sewell, W. A. (2008). Mechanisms in allergic airway
inflammation - lessons from studies in the mouse. Expert Review in Molecular
Medicine, 10(e15): 1-18.

Silva, C. M. (2004). Role of STATs as downstream signal transducers in Src family
kinase-mediated tumorigenesis. Oncogene; 23: 8017-8023.

Simeone-Penney, M. C., Severgnini, M., Rozo, L., Takahashi, S., Cochran, B. H., &
Simon, A. R. (2008). PDGF-induced human airway smooth muscle cell
proliferation requires STAT3 and the small GTPase Racl. The American Journal
of Physiology-Lung Cellular and Molecular Physiology, 294: 698-704.

Simeone-Penney, M. C., Severgnini, M., Tu, P., Homer, R. J., Mariani, T. J., Cohn, L.,
& Simon, A. R. (2007). Airway epithelial STAT3 is required for allergic
inflammation in a murine model of asthma. The Journal of Immunology, 178(10):
6191-6199.

Simon, A. R., Takahashi, S., Severgnini, M., Fanburg, B. L., & Cochran, B. H. (2002).
Role of the JAK-STAT pathway in PDGF-stimulated proliferation of human
airway smooth muscle cells. American Journal of Physiology. Lung Cellular And
Molecular Physiology, 282(6): 1296-1304.

Sobecki, M., Mrouj, K., Camasses, A., Parisis, N. Nicolas, E., Lleres, D. Gerbe, F.,
Prieto, S., Krasinska, L., David, A., Eguren, M., Birling, M., Urbach, S., Hem, S.,
Dejardin, J., Malumbres, M., Jay, P, Dulic, V., Lafontaine, J., Feil, R., & Fisher, D.
(2016). The cell proliferation antigen Ki-67 organises heterochromatin. Cell
Biology, 5: 1-33.

Sobonya, R. E. (1984). Quantitative structural alterations in long-standing allergic
asthma. The American Review of Respiratory Disease, 130: 289-292.

Song, G., Ouyang, G., & Bao, S. (2005). The activation of Akt/PKB signaling pathway
and cell survival. Journal of Cellular and Molecular Medicine, 9(1), 59-71.

92



Sont, J. K., Willems, L. N., Krieken, J. H., Vandenbroucke, J. P., & Sterk, P. J. (1999).
Clinical control and histopathologic outcome of asthma when using airway
hyperresonsivess as an additional guide to long-term treatment. The AMPUL
study group. American Journal of Respiratory and Critical Care Medicine,
159(4.1): 1043-1051.

Spruck, C., Strohmaier, H., Watson, M., Smith, A. P. L., Ryan, A., Krek, W., & Reed, S.
I. (2001). A CDK-independent function of mammalian Cksl: Targeting of
SCFSkp2 to the CDK inhibitor p27Xi, Molecular Cell, 7: 639-650.

Stamatiou, R., Paraskeva, E., Gourgoulianis, K., Molyvdas, P. A., & Hatziefthimiou, A.
(2012). Cytokines and growth factors promote airway smooth muscle cell
proliferation. ISRN Inflammation, 2012: 1-12.

Stewart, A. G., Fernandes, D., & Tomlinson, P. R. (1995). The effect of glucocorticoids
on proliferation of human cultured airway smooth muscle. British Journal of
Pharmacology, 116: 3219-3226.

Stewart, A. G., Tomlinson, P. R.,, & Wilson, J. W. (1997). B2-adrenoceptor
agonist-mediated inhibition of human airway smooth muscle proliferation:
importance of the duration of B2-adrenoceptor stimulation. British Journal of
Pharmacololgy, 121: 361-368.

Stoyanov, B., Wolinia, S., Hanck, T., Rubio, I., Loubtchenkov, M., Malek, D.,
Stoyanova, S., Vanhaesebroeck, B., Dhand, R., Nurnberg, B., Gierschik, P.,
Seedorf, K., Hsuan, J. J., Waterfield, M. D., & Wetzker, R. (1995). Cloning and
characterization of a G protein-activated human phosphoinositide-3 kinase.
Science, 269(5224): 690-693.

Subbarao, P., Becker, A., Brook, J. R., Daley, D., Mandhane, P. J., Miller, G. E., Turvey,
S. E., & Sears, M. R (2009). Epidemiology of asthma: risk factors for
development. Expert Review of Clinical Immunology, 5(1) :77-95.

Sun, Q., Schmidt, S., Tremmel, M., Heilmann, J., & Konig, B. (2014). Synthesis of
natural-like acylphloroglucinols with anti-proliferative, anti-oxidativate and
tube-formation inhibitory activity. European Journal of Medicinal Chemistry, 85:
621-628.

Szefler, S. J., Martin, R. J., King, T. S., Boushey, H. A., Cherniack, R. M., Chinchilli, V.
M., Craig, T. J., Dolovich, M., Drazen, J. M., Fagan, J. K., Fahy, J. V., Fish, J. E.,
Ford, J. G., Israel, E., Kiley, J., Kraft, M., Lazarus, S. C., Lemanske, R. F. J.,
Maugere, E., Peters, S. P., & Sorkness, C. A. (2002). Significant variability in
response to inhaled corticosteroids for persistent asthma. The Journal Of Allergy
and Clinical Immunology, 109: 410-418.

Takeda, N., Kondo, M., Ito, S., Ito, VY., Shimokata, K., & Kume, H. (2006). Role of
RhoA inactivation in reduced cell proliferation of human airway smooth muscle
by simvastatin. American Journal of Respiratory Cell and Molecular Biology, 35:
722-729.

93



Tan, J. W., Israf, D. A., Harith, H. H., Hashim, N. F. M., Ng, H. C., Shaari, K., & Tham,
C. L. (2017). Anti-allergic activity of 2,4,6-trihydroxy-3-geranylacetophenone
(tHGA) via attenuation of IgE-mediated mast cell activation and inhibition of
passive systemic anaphylaxis. Toxicology and Applied Pharmacology, 319: 47-58.

Tantisira, K. G., Lasky-Su, J., Harada, M., Murphy, A., Litonjua, A. A., Himes, B. E.,
Lazarus, R., Sylvia, J., Klanderman, B., Duan, Q. L., Qiu, W., Hirota, T., Martinez,
F. D., Mauger, D., Sorkness, C., Szefler, S., Lazarus, S. C., Lemanske, R. F,,
Peters, S. P, Lima, J. J., Nakamura, Y., Tamari, M., & Weiss, S. T. (2011).
Genomewide association between GLCCI1 and response to glcocorticoid therapy
in asthma. The New England Journal of Medicine, 365: 1173-1183.

Thakkar, S. V., Allegre, K. M., Joshi, S. B., Volkin, D. B., & Middaugh, R. (2012). An
application of ultraviolet spectroscopy to study interactions in proteins solutions at
high concentrations. Journal of Pharmaceutical Sciences, 101(9): 3051-3061.

The Global Asthma Report 2014 (2014). Global Asthma Network: Auckland, New
Zealand.

Thomas, C. F., & Limper, A. H. (2000). Phosphatidylinositol kinase regulation of
airway smooth muscle cell proliferation. American Journal of Respiratory Cell
and Molecular Biology, 23: 429-430.

Thomson, N. C., Rubin, A. S., Niven, R. M., Corris, P. A., Siersted, H. C., Olivenstein,
R., Pavord, I. D., McCormack, D., Laviolette, M., Shargill, N. S., Cox, G., &
AIR2 Trial Study Group (2011). Long-term (5 year) safety of bronchial
thermoplasty: Asthma Intervention Research (AIR) trial. BMC Pulmonary
Medicine, 11(8): 1-9.

Tliba, O., & Amrani, Y. (2008). Airway smooth muscle cell as an inflammatory cell.
Lessons learned from interferon signaling pathways. Proceedings of the American
Thoracic Society, 5: 106-112.

Tomlinson, P. R., Wilson, J. W., & Stewart, A. G. (1994). Inhibitory by salbutamol
inhibits the proliferation of human airway smooth muscle cells grown in culture.
Biochemistry Pharmacology, 111: 641-647.

Tomlinson, P. R., Wilson, J. W., & Stewart, A. G. (1995). Salbutamol inhibits the
proliferation of human airway smooth muscle cells grown in culture: relationship
to elevated cAMP levels. Biochemistry Pharmacology, 49: 1809-1819.

Trian, T., Burgess, J. K., Niimi, K., Moir, L. M., Ge, Q., Berger, P., Liggett, S. B.,
Black, J. L., & Oliver, B. G. (2011). B.-agonist induced cAMP is decreased in
asthmatic airway smooth muscle due to increased PDE4D. PLOS ONE, 6(5): 1-7.

Trigg, C. J., Manolitsas, N. D., Wang, J., Calderon, M. A., McAulay, A., Jordan S. E.,
Herdman, M. J., Jhalli, N., Duddle, J. M., & Hamilton, S. A. (1994).
Placebo-controlled immunopathologic study of four month of inhaled
corticosteroids in asthma. American Journal of Respiratory and Critical Care
Medicine, 150(1): 17-22.

94



Tsukawaki, M., Suzuki, K., Suzuki, R. Takagi, K., & Satake, T. (1987). Relaxant effects
of forskolin on guinea pig tracheal smooth muscle. Lung, 165: 225-237.

Turner, K. M., Sun, Y., Ji, P., Granberg, K. J., Bernard, B., Hu, L., Cogdell, D. E., Zhou,
X., Yli-Harja, O., Nykter, M., Shmulevich, I., Yunng, W. K. A,, Fuller, G. N., &
Zhang, W. (2015). Genomically amplified Akt3 activates DNA repair pathway and
promotes glioma progression. Proceedings of the National Academy of Sciences of
the United States of America, 112(11): 3421-3426.

Usmani, O. S,, Ito, K., Maneechotesuwan, K., Ito, M., Johnson, M., Barnes, P. J., &
Adcock, I. M. (2005). Glucocorticoid receptor nuclear translocation in airway
cells after inhaled combination therapy. American Journal Of Respiratory And
Critical Care Medicine, 172(6): 704-712.

Vale, K. (2016). Targeting the JAK-STAT pathway in the treatment of ‘Th2-high’
severe asthma. Future Medicinal Chemistry, 8(4): 405-419.

Vanacker, N. J., Palmans, E., Kips, J. C., & Pauwels, R. A. (2001). Fluticasone inhibits
but does not reverse allergen-induced structural airway changes. American
Journal of Respiratory and Critical Care Medicine, 163: 674-679.

Vargas, A., Peltier, A., Dube, J., Lefebvre-Lavoie, J., Moulin, V., Goulet, F., & Lavoie,
J. (2017). Evaluation of contractile phenotype in airway smooth muscle cells
isolated from endobronchial biopsy and tissue specimens from horses. American
Journal of Veterinary Research, 78(3): 359-370.

Vivanco, I., Palaskas, N., Tran, C., Finn, S. P., Getz, G., Kennedy, N. J. Jiao, J., Rose, J.,
Xie, W.,, Loda, M., Golub, T., Mellinghoff, 1. K., Davis, R. J.,, Wu, H., &
Sawyers, C. L. (2007). Identification of the JNK signaling pathway as a functional
target of the tumor suppressor PTEN. Cancer Cell,, 11: 555-569.

Walker, J. L., & Assoian, R. K. (2005). Integrin-dependent signal transduction
regulating cyclin D1 expression and G1 phase cell cycle progression. Cancer and
Metastasis Reviews, 24: 383-393.

Wang, K., Liu, C. T., Wu, Y. H,, Feng, Y. L., Bai, H. I, Ma, E. S., & Wen, F. Q. (2011).
Effects of formoterol-budesonide on airway remodeling in patients with moderate
asthma. Acta Pharmacologica Sinica, 32(1): 126-132.

Wei, W.,, Ayad, N. G., Wan, Y., Zhang, G. J., Kirschner, M. W., & Kaelin, J. (2003).
Degradation of the SCF component Skp2 in cell-cycle phase G1 by the
anaphase-promoting complex. Nature, 428: 194-198.

Widmann, C., Gibson, S., Jarpe, M. B., & Johnson, G. L. (1999). Mitogen-activated

protein kinase: conservation of a three-kinase module from yeast to human.
Physiological Reviews, 79: 143-180.

95



Will, M., Qin, A. C. R.,, Toy, W., Yao, Z., Rodrik-Outmezguine, V., Schneider, C.,
Huang, X., Monian, P, Jiang, X., Stanchina, E. E., Baselga, J., Liu, N,
Chandarlapaty, S., & Rosen, N. (2014). Rapid induction of apoptosis by PI3K
inhibitors is dependent upon their transient inhibition of RAS-ERK signaling.
American Association for Cancer Research, 4: 334-347.

Wittinghofer, A., & Pai, E. F. (1991). The structure of Ras protein: a model for a
universal molecular switch. Trends in Biochemical Sciences, 16: 382-387.

Witzel, 1., Koh, L. F, & Perkins, N. D. (2009). Regulation of cyclin D1 gene
expression. (2010). Biochemistry Society Transaction, 38: 217-222.

Woodruff, P. G., Dolganov, G. M., Ferrando, R. E., Donnelly, S., Hays, S. R., Solberg,
0. D., Carter, R., Wong, H. H., Cadbury, P. S., & Fahy, J. V (2004). Hyperplasia of
smooth muscle in mild to moderate asthma without changes in cell size or gene
expression. American Journal of Resiratory and Critical Care Medicine, 169:
1001-1006.

Xia, H., Dai, X., Yu, H., Zhou, S., Fan, Z., Wei, G., Tang, Q., Gong, Q., & Bi, F. (2018).
EGFR-PI3K-PDK1 pathway regulates YAP signaling in hepatocellular carcinoma:
the mechanism and its implications in targeted therapy. Cell Death & Disease,
9(269): 1-12.

Xie, S., Sukkar, M. B., Issa, R., Khorasani, N. M., & Chung, K. F. (2007). Mechanisms
of induction of airway smooth muscle hyperplasia by transforming growth
factor-p. American Journal of Physiology Lung Cellular and Molecular
Physiology, 293 (1): 245-253.

Yanez, A., Cho, S., Soriano, J. B., Rosenwasser, L. J., Rodrigo, G. J., Rabe, K. F,,
Peters, S., Niimi, Al., Ledford, D. K., Katial, R., Fabbri, L. M., Celedon, J. C.,
Canonica, G. W.,, Busse, P., Boulet, L., Baena-Cagnani, C. E., Hamid, Q., Bachert,
C., Pawankar, R., & Holgate, S. T. (2014). Asthma in the elderly: what we know
and what we have yet to know. World Allergy Organization Journal, 7(8): 1-16.

Yang, E., Lerner, L., Besser, D., & Darnell, J. E. (2003). Independent and cooperative
activation of chromosomal c-fos promoter by STAT3. The Journal of Biological
Chemistry, 278; 15798-15799.

Yang, P., Zhao,J., Hou, L., Yang, L., Wu, K., & Zhang, L. (2016). Vitamin E succinate
induces apoptosis via the PI3K/AKT signaling pathways in EC109 esophageal
cancer cells. Molecular Medicine Reports, 14(2): 1531-1537.

Yang, Z., Tschopp, O., Hemmings-Mieszczak, M., Feng, J., Brodbeck, D., Perentes, E.,
& Hemmings, B. A. (2003). Protein kinase Bo/Aktl regulates placental
development and fetal growth. The Journal of Biological Chemistry, 278:
32124-32131.

Yoon, S., & Seger, R. (2006). The extracellular signal-regulated kinase: Multiple
substrates regulate diverse cellular function. Growth Factors, 24(1): 21-44.

96



Yousif, M. H., & Thulesius, O. (1999). Forskolin reverses tachyphylaxis to the
bronchodilator effects of salbutamol: an in-vitro study on isolated guinea-pig
trachea. Journal of Pharmacy and Pharmacology. Lung, 165: 225-237.

Yue, H., Tanaka, K., Furukawa, T., Karnik, S. S., & Li, W. (2012). Thymidine
phosphorylate inhibits vascular smooth muscle cell proliferation via upregulation
of STAT3. Biochimica et Biophysica Acta (BBA) - Molecular Cell Research,
1823(8): 1316-1323.

Zhang, S., Smartt, H., Holgate, S. T., & Roche, W. R. (1999). Growth factors secreted
by bronchial epithelial cells control myofibroblast proliferation: an in vitriol
co-culture model of airway remodeling in asthma. Laboratory Investigation, 79(4):
395-405.

Zhang, W., & Liu, H. T. (2002). MAPK signal pathways in the regulation of cell
proliferation in mammalian cells. Cell Researchs, 12(1): 9-18.

Zhao, H. F., Wang, J., & Tonyto, S. S. (2015). Phosphatidylinositol 3-kinase/Akt and
c-Jun N-terminal kinase signaling in cancer: Alliance or contradiction? (Review).
International Journal of Oncology, 47: 429-436.

Zhu, J., Blenis, J., & Yuan, J. (2008). Activation of PI3K/Akt and MAPK pathways
regulates Myc-mediated transcription by phosphorylating and promoting the
degradation of Madl. Proceedings of the National Academy of Sciences of the
United States of America, 105(18): 6584-6589.

Zinzalla, V., Stracka, D., Oppliger, W., & Hall, M. N. (2011). Activation of mTORC2
by association with the ribosome. Cell, 144: 757-768.

97



BIODATA OF STUDENT

The student, Yap Hui Min, was born in Malacca in year 1986. She received her primary
education in Sekolah Jenis Kebangsaan Kiow Min and later went to Sekolah Menengah
Notre Dame Convent and Sekolah Menengah Kebangsaan Gajah Berang for her
secondary education. She obtained 7As in UPSR examination, 6As 2Bs in PMR
examination, 9As 2Bs in SPM examination and CGPA 3.0 in STPM examination.

She graduated with a second upper class in Bachelor of Science (Hons) Biotechnology
from Universiti Tunku Abdul Rahman in year 2009. She completed her Master of
Science degree, major in molecular medicine, in Universiti Putra Malaysia with CGPA
3.67 in year 2013. Currently, she is completing her Doctor of Philosophy (PhD), major
in molecular medicine, in Universiti Putra Malaysia.

121



PUBLICATIONS

Yap Hui Min, Daud Ahmad Israf, Hanis Hazeera Harith, Chau Ling Tham, Mohd
Roslan Sulaiman (2019). Crosstalk between signalling pathways involved in the
regulation of airway smooth muscle cell hyperplasia. Frontiers in Pharmacology,
10: 1-16.

Yap Hui Min, Yu Zhao Lee, Hanis Hazeera Harith, Chau Ling Tham, Manraj Singh
Cheema, Khozirah Shaari, Daud Ahmad Israf (2018). The geranyl acetophenone
tHGA attenuates human bronchial smooth muscle proliferation via inhibition of
AKT phosphorylation. Scientific Reports, 8: 1-14.

Yap Hui Min, Tham Chau Ling, Manraj Singh Cheema, Khozirah Shaari, Daud
Ahmad Israf. 2,4,6-Trihydroxy-3-geranylacetophenone (tHGA) attenuates
bronchial smooth muscle proliferation via inhibition of AKT and STAT3
phosphorylation. 41% Annual Conference of The Malaysian Society for
Biochemistry and Molecular Biology (MSBMB), Pullman Kuala Lumpur Bangsar
Hotel, Malaysia, 17™ - 18" August 2016.

Yap Hui Min, Daud Ahmad Israf, Khozirah Shaari, Tham Chau Ling, Manraj Singh
Cheema. Effect of 2,4,6-Trihydroxy-3-geranylacetophenone (tHGA) on human
bronchial smooth muscle proliferation in vitro. 29" Scientific Meeting of
Malaysian Society of Pharmacology and Physiology (MSPP), Setia Alam
Convention Centre, Shah Alam Malaysia, 24™"- 25" August 2015.

122





