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ABSTRACT 

Introduction: Chronic Obstructive Pulmonary Disease (COPD) is a life-threatening lung 

disease characterized by airflow limitation, which is poorly reversible and progressive. 

Current therapeutic strategies for COPD fail to minimize various features of airway 

remodeling particularly airway smooth muscle (ASM) mass hyperplasia. 

Semaphorin-3E (Sema3E) is a member of the semaphorin family proteins that were initially 

discovered as axon guidance molecule.  Previous studies indicated a prominent role of 

Sema3E in cell migration and proliferation. However, the role of Sema3E in COPD is not 

known. The objective of this study is to investigate whether Sema3E regulates ASM cell 

proliferation, a key feature of airway remodeling in COPD patients. 

Methods. Human ASM cells were isolated from COPD patients with different severity. 

Sema3E and PlexinD1 expression was studied using quantitative real-time PCR, flow 

cytometry and western blotting. Lung tissues from COPD patients were stained for Sema3E 

expression by immunohistochemistry. Cell proliferation was evaluated using flow cytometry-

based EdU incorporation assay and cell count.   

Results: HASM cells express Sema3E at mRNA and protein level and in lung tissue obtained 

from COPD and healthy subjects. PlexinD1, the high affinity receptor for Sema3E is 

constitutively expressed in HASM cells from COPD compared to healthy subjects. 

Exogenous treatment with recombinant Sema3E inhibits HASM cell proliferation mediated 

by platelet-derived growth factor (PDGF) in healthy but not in COPD in vitro. Interestingly, 

HASM cells obtained from COPD patient express p61KDa-Sema3E isoform, which is known 

to have proliferative function. Furthermore, HASM cells from COPD patient display abundant 

expression of the endogenous Sema3E binding to its receptor on cell surface.  
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Conclusion. Collectively, the data suggest that endogenous Sema3E p61kDa, produced by 

HASMCs, occupy plexinD1 receptor in autocrine manner thus contributing to airway smooth 

muscle remodeling.   
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CHAPTER 1: INTRODUCTION 

1.1. Chronic Obstructive Pulmonary Disease (COPD) 

Chronic obstructive pulmonary disease (COPD) is a global health issue that accounts for a huge 

economic burden. According to world health organization (WHO), COPD is the third leading 

cause of death with 3.1 million deaths worldwide in 2012 and predicted to be the third leading 

cause of death worldwide by 2030 according to Global initiative for obstructive lung disease 

(GOLD). The morbidity cost including medical prescriptions, consultations, visits to the 

emergency room and hospitalization are significant. Canadian thoracic society estimated total 

cost of hospitalization at $2 billion a year with more than 714,000 Canadians suffer from COPD 

and more than 256,000 COPD patients require hospitalization a year[1]. 

Smoking is the primary cause of the disease. Other risk factors for COPD include exposure to 

indoor air pollution such as biomass fuel used for cooking and heating, and occupational 

dusts such as vapors, irritants, and fumes [2]. According to WHO, the disease now affect 

men and women almost equally in industrial countries. Furthermore, the prevalence among 

women and nonsmoker subjects is rising due to biomass fuels used by women for cooking 

and the burning of wood especially in parts of the Middle East, Africa and Asia. 

The Global initiative for Chronic Obstructive Lung Disease GOLD defines COPD as a 

disease state characterized by the presence of airflow obstruction due to chronic bronchitis or 

emphysema; the airflow obstruction is generally progressive and partially reversible and may 

be accompanied by airflow hyperactivity. 
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Figure 1. The airways of COPD patient. Airflow limitation is due to chronic bronchitis or 
emphysema in smoker’s airways. (Doctor Tipster. (n.d.). 2015) 

There are four stages of the disease diagnosed by the pulmonary function test or spirometric test 

and the symptoms noticed on the patients[3, 4]. The spirometery tests the reduction in forced 

vital capacity (FVC) due to air trapping, rather than a change in forced expiratory volume on one 

second (FEV1) [4].  

GOLD classified the severity of COPD using a post-bronchodilator forced expiratory volume in 

one second / forced vital capacity (FEV1/FVC) ratio <0.70 to define irreversible airflow 

obstruction into mild COPD with (FEV1 ≥ 80%), Moderate (50% ≤ FEV1 < 80%), severe (30% 

≤ FEV1 < 50%), and very severe (FEV1 < 30%).  

Clinically, many medications for COPD are available but the effectiveness is partial. They aim 

to improve quality of life and slow down the progression of the disease [5]. Clinicians prescribe 

drugs to COPD patients to maintain control of symptoms and prevent COPD exacerbation. The 

treatment and therapy used to control COPD include antibiotics for bacterial infection, inhaled 



	   3	  

bronchodilators, corticosteroids, aerosol therapy, pulmonary  rehabilitation, oxygen therapy for 

hypoxic patients and surgical option for those with very severe COPD[5]. COPD is a complex 

disease that results from the interaction between environment and genetic factors [6, 7]. The 

most significant environmental risk factor of COPD is cigarette smoking[8]. However, smoking 

account for only 15% for the etiophathogenesis of COPD especially in high-income countries, 

whereas, in low-income countries, most of COPD patients are non-smokers particularly women 

and elderly[8, 9]. This suggests that other factors contribute to the development of COPD.   

Among the factors involved in COPD, genetic risk factors are considered a key contributor to 

the development of COPD [10, 11]. Alpha1-antitrypsin deficiency is the proven genetic risk 

factor in COPD [7, 12, 13]. Furthermore, polymorphisms in matrix metalloproteinase genes 

MMP1, MMP9 and MMP12 may account for the development of COPD[14]. Similarly, several 

genes have been reported to be significantly associated with COPD phenotypes. These include 

SERPINE2 and CXCL_8/IL-8 both located on chromosome 2, in addition to mormicrosomal 

epoxide hydrolase, glutathione-S-transferase GST1 and TGF-ß situated on chromosomes 12 and 

19, respectively [8, 15].  

1.2. Mechanisms of COPD 

There are many functional changes occur inside the lungs as a result of the disease process. 

Once an irritant is inhaled, the epithelium attempts repetitively to protect itself and repair the 

injury induced by this noxious agent [16]. This further leads to marked structural changes to 

the epithelium with thickening and squamous metaplasia accompanied by an enhanced 

mesenchymal response at some sites and alveolar destruction at others [17]. Narrowing and 

reduction of the small airways and lung parenchyma are the predominant features of COPD 
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[18]. These, result in the development of small-airway obstruction and emphysema, which is 

associated with progressive airflow limitation [18]. 

Once an irritant is inhaled by individual, it causes neutrophils, T-lymphocytes, and other 

inflammatory cells to accumulate in the airways[19]. These events contribute to airway 

remodeling characterized by modification and structural changes at the cellular and tissue level. 

In COPD, the inner wall area of the large airways is thicker and the peripheral airways 

remodeled[20]. The abnormality in the airway wall in COPD is manifested by an increase in 

airway fibroblast, smooth muscle mass, mucous, and increase in glandular size, in addition to 

other alterations of the bronchial vasculature and nerves [21].  

1.3. Pathophysiological processes in the lung of COPD patients 

The respiratory system is divided into upper and lower respiratory tract and each part has its own 

function in the body. Circulating mucus produced by goblet cells at the upper airways moistens 

and clear trapped particulate. The lower airways consist of the tracheobronchial tree, which 

starts with trachea and branches off to end with alveoli. The tracheobronchial tree branches into 

primary, lobar and segmental bronchus and into smaller terminal and respiratory bronchioles. In 

COPD the peripheral airways are the major site of obstruction specifically in the smaller 

conducting airways that include bronchi and bronchioles[22]. The COPD airways narrow to less 

than 2mm in diameter[23]. This obstruction causes the reduced forced expiratory flow that 

defines COPD. The inhaled tobacco also leads to the destruction of alveolar support of the 

peripheral airways in COPD. This causes a decrease in the elastic force available to push the 

airflow out of the lung[22].  Mucus hypersecretion accounts for the occlusion of the airways 

lumen in the disease[24]. Collectively, these explain the decline in FEV1 observed in COPD.  



	   5	  

Neutrophils, macrophages, CD8 + T-lymphocytes, and B cells infiltrate and accumulate in the 

lung of COPD patients[25]. The activation of these cells in response to tobacco smoke causes 

the release of inflammatory mediators, which aid in the pathogenesis of COPD. The mechanisms 

for ongoing pulmonary inflammation and damage in COPD is due to increase in oxidative stress, 

disturbance in the protease–antiprotease balance with an elevated production of proteases and/or 

decreased levels of antiproteases, increased programmed cell death and profibrotic conditions in 

the small airways[26-28]. 

In COPD, the repair environment in the airways produces a number of changes in cytokine and 

growth factor expression. In response to cytokines the extracellular matrix remodeled and 

contribute to fibroblast, smooth muscle cells and other mesenchymal phenotypic and functional 

changes [29]. Gradually, this process causes structural and physiological lung changes and 

damages that get progressively worse. 

1.4. Cellular component involve in COPD 

In the pathogenesis of COPD, neutrophils, macrophages, and CD8+ T-cells are considered as 

key effector cells[30]. After cigarette smoke exposure, resident alveolar macrophages are 

activated. Neutrophils are rapidly recruited in response to macrophage and epithelial cell-derived 

chemokines and leukotrienes. Macrophages, CD8+ and CD4+ T-lymphocytes accumulate within 

days to weeks and continue to accumulate with time[19]. The abnormal accumulation of 

inflammatory cells persists throughout the disease process, even after smoke cessation[31].  

1.4.1. T and B Lymphocytes   

Heavy cigarette smoke exposure stimulates humoral and cellular components of the adaptive 
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immune response. In COPD, a type 1 immune response is initiated[32].  

Dendritic cells take up the antigens in the small airways and parenchyma, where the lung tissue 

suffers the most injury by cigarette smoke. Dendritic cell in COPD triggers a Th1 and a 

cytotoxic CD8+ T-cell response [33]. Increased number of apoptotic cells in the lungs of 

smokers with COPD correlate with the numbers of CD8+ cytotoxic T-cells in the alveolar wall. 

Furthermore, an increase number of structural lung cells undergoing apoptosis in 

emphysematous lungs support the idea that CD8+ T-cells are inducing apoptosis of endothelial 

and epithelial cells in emphysema[34]. 

The number of CD4+ T-cells expressing activated STAT4 correlated with the degree of airflow 

obstruction, which leads to the commitment of Th 1 lineage. Th1 and Th17 CD4+ T-cells are 

also found in lung of smokers suffering from COPD in a smaller numbers compared to CD8+ T-

cells[35]. Th1 cells secrete interferon-γ that plays a role in activating Th17 cells to enhance anti-

microbial effect. The latter release cytokines to clear infection by inducing the epithelial cells to 

produce antimicrobial peptides, chemokines, and granulocyte growth factors G-CSF and GM-

CSF which in turn promote the accumulation of neutrophil at the site of injury[36, 37]. Many 

studies showed the decrease number of T regulatory cells  (Tregs) in COPD especially at the site 

of small airways [38, 39]. Lower levels of IL-10 predict the presence of fewer numbers of Tregs, 

a subset of CD4+ T cells in the lungs of COPD[40].  

B-cell aggregates are present in COPD lungs. Cigarette smoke extract upregulate B-cell-derived 

CXCL13 that is required for B-cell migration toward COPD lung. CXCL13 induce lung B cells 

to upregulate the membrane-bound lymphotoxin. lymphotoxin (LT) further establish a positive 

feedback loop  and promote CXCL13 production in the lung of COPD[41]. Monoclonal B-cells 
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in the lymphoid follicles proliferate in response to specif lung antigens seen in COPD because 

no bacterial or viral products were seen in the follicles. Recent findings demonstrated that in 

patients with COPD, IgG autoantibodies with avidity for epithelial and endothelial cells are 

dominant [42, 43]. 

 1.4.2. Dendritic cells (DCs) 

Innate and adaptive immune responses are linked by DCs that have been shown to be one of the 

key cells in the pathogenesis of COPD. There is evidence in the literature that cigarette smoking 

is associated with an expansion of dendritic cell numbers n in the lower respiratory tract and a 

marked increase in the number of mature cells in the lung parenchyma[33]. Langerin+ DC 

(CD207) and CD1a  (markers of Langerhans cells) increase significantly in patients with COPD, 

compared to non-smokers and healthy-smokers. This accumulation of Langerhans-type DC in 

COPD increased with disease severity [44-46].  Specifically, in the small airways and alveoli of 

smokers and COPD patients the number of myeloid DC with Langerhans-type cell markers 

(CD207, CD1a, and Birbeck granules) accumulates in huge numbers[46]. Experimentally, 

mouse exposed chronically to high doses of cigarette smoke manifest pulmonary inflammation 

and emphysema associated with increase in number of myeloid DCs in BALF fluid and 

lungs[47]. Cigarette smoke extract exposed interstitial type DC impairs their maturation and 

instruct T-cell to differentiate toward a Th2 phenotype [48].  Besides their role in antigen 

presentation, DCs are also capable of producing substantial amounts of proteinases 

particularly MMP12, which may account for the imbalance of proteinase–antiproteinase in 

COPD leading to emphysema as shown in mouse upon cigarette smoke exposure [49]. 
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Figure 2. Inflammatory and immune cells involved in chronic obstructive pulmonary 
disease (COPD). Inhaled cigarette smoke and other irritants activate epithelial cells and 
macrophages to release several chemotactic factors that attract inflammatory cells  to the lungs, 
including CC-chemokine ligand 2 (CCL2), which acts on CC-chemokine receptor 2 (CCR2) 
to attract monocytes, CXC-chemokine ligand 1 (CXCL1) and CXCL8, which act on CCR2 to 
attract neutrophils and monocytes (which differentiate into macrophages  in the lungs) and 
CXCL9, CXCL10 and CXCL11, which act on CXCR3 to attract T helper 1 (TH1) cells and 
type 1 cytotoxic T (TC1) cells. These inflammatory cells together with macrophages and 
epithelial cells release proteases, such as matrix metalloproteinase 9 (MMP9), which cause 
elastin degradation and emphysema. Neutrophil elastase also causes mucus hypersecretion. 
Epithelial cells and macrophages also release transforming growth factor-  (TGF ), which 
stimulates fibroblast proliferation, resulting in fibrosis in the small airways. (Barnes et al., 
2008) 
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1.4.3. Macrophages and Monocytes 

In COPD, airways of humans and experimental animals show a marked increase and 

predominance in the number of activated macrophages in the lung parenchyma[50, 51].  

Macrophages are also play an important role in initiating the neutrophilic inflammatory response 

by releasing neutrophil chemotactic factors in COPD patients[52, 53]. Furthermore, pulmonary 

macrophages contribute to the proteolytic process by producing and secreting potent proteinases. 

Lung macrophages produce matrix metalloproteinases (MMPs); the cysteine (thiol) proteinases, 

and cathepsins B, H, L, and S[54-56].  They also mediate lung inflammation in COPD by 

markedly reduced their capacity to ingest apoptotic cells [57]. Indeed, lung macrophages showed 

decreased expression of PKC βII, which is required for apoptotic cell uptake[58].   

1.4.4. Neutrophils 

Neutrophils are one of the primary effector inflammatory cells in COPD and its proteinases 

are responsible for the main pathological features, especially neutrophil elastase (NE)[51, 59]. 

Neutrophilic inflammation in COPD related to subsequent decline of lung function. Many 

studies showed an increased numbers of neutrophils in sputum and bronchoalveolar lavage 

fluid (BALF) of COPD patients compared to non-COPD smokers[60]. Neutrophils number 

increases correlate with the severity of the disease and the degree of airflow obstruction [61, 

62]. 

In smoker’s sputum, elevated levels of IL-8 correlate with increase number of neutrophil and 

with percent-predicted FEV1 [64]. In COPD Pulmonary macrophages through releasing of 

neutrophil chemotactic factors recruit neutrophils to the respiratory tract therefore playing an 

important role in proteolytic process by releasing proteases [25]. These proteases including 
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NE, aid in the pathogenesis of COPD particularly in severe emphysema. Thus, correlate with a 

deficiency of alpha 1 antitrypsin (α1-AT) in lungs of COPD patients. Proteases disrupt the lungs 

by enhancing the release of mucus, degrading elastin, fibronectin, and collagen. Moreover, these 

proteases can also decrease the activity of immunoglobulins and activate components of the 

complement cascade in lungs of smokers [65-69]. 

1.4.5. Eosinophil 

Eosinophil infiltration in the airways correlates with airway obstruction. Airway eosinophilia 

observed in patients with COPD during acute exacerbations and with stable disease. However, 

no differences have been observed in eosinophil numbers in sputum taken during a stable 

disease period compared with those taken during an acute exacerbation in the same patients [70-

72]. In bronchial biopsies of patients with COPD a higher numbers of eosinophils have been 

found compared to healthy controls [77]. Interestingly, eosinophilia in COPD is linked to an 

upregulation of RANTES (regulated on activation, normal T cell expressed and secreted) but 

not IL-5[73, 74]. In addition, there is upregulation in eotaxin- 1/CCL11 and CCR3 with 

increased number of eosinophil in COPD [75]. In acute exacerbations of the disease, 

increased level of TNF is noticed which induce production of RANTES [76]. 

Eosinophils are activated and recruited in COPD by IL-6 and IL-8, which are highly found in 

the sputum [72]. Moreover, bronchoalveolar lavage fluid of COPD patient there is increase 

eosinophil and ECP levels in induced sputum associated with exacerbations [77]. In addition to 

ECP, EPO levels are raised in the sputum of patients with COPD [78]. It has been reported that 

during exacerbations of COPD, eosinophil infiltration of the airway walls is associated with 

increased amounts of ECP in bronchoalveolar lavage fluid and induced sputum [25, 76]. 
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Eosinophil have a role in antiviral host defense in COPD with viral infections by releasing 

ECP and EDN acting as ribonucleases [80]. Therefore, to identify patients who will benefit 

from corticosteroid therapy, sputum eosinophilia is used as predictive marker [79]. 

1.5.  Cytokines and chemokines involved in COPD 

The expression of cytokines and chemokines is higher in COPD patients compared to 

asymptomatic smokers. In sputum of patients with COPD, an increased level of IL-6, IL-1β, 

TNF, CXCL8/IL-8, and CCL2/MCP-1 has been observed. Moreover, many proinflammatory 

and antinflammatory cytokines are released by alveolar macrophages in COPD patients. In 

BAL fluid of chronic smokers, levels of TNF-α, IL-1 β, IL-6, CXCL8/IL-8, a CCL2/MCP-1 

were increased compared to non-smokers. Higher expression of CCL2/MCP-1, TGF- β 1 and 

CXCL8/IL-8 mRNA and protein has been observed in bronchiolar epithelial in macrophages 

of smokers with COPD compared with non-COPD smokers [81-83]. 

1.5.1. Interleukin 8 (IL-8 or CXCL8) is mainly produced in the airways of COPD from 

Leukocytes, monocytes, T-cells, neutrophils, natural killer cells and airway epithelial cells and 

the levels correlate with degree of the airflow obstruction and progression of emphysema [19] 

[84]. Furthermore, the level of sputum CXCL8 correlate also with neutrophil activation 

markers MPO and NE [85]. In COPD, CXCL8 production is influence by many factors 

including proinflammatory cytokines such as, IL-1β and TNF, bacteria and bacterial products, 

viruses, and oxidative stress [86-89]. 
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1.5.2. Tumor necrosis factor alpha (TNF) is one of the most important proadhesive cytokines 

in COPD along with interleukin-1β   (IL-1β)[90]. The main source for TNF in COPD is 

macrophages and other cells like activated monocytes, T-cells, mast cells, epithelial cells, and 

probably smooth muscle cells [91]. It has been observed that in serum and bronchoalveolar 

lavage samples from patients with COPD higher levels of TNF have been measured with 

further increases during exacerbations of the disease [83]. Genetic polymorphism in TNF causes 

the overexpression of this cytokine in early COPD development or rapid progression [92]. In 

line with this, overexpression of TNF in mice model is associated with the development of 

emphysema [93]. TNF appears responsible for emphysema of COPD and 70% of the tissue 

destruction following cigarette smoke exposure in mouse models of COPD, probably by 

enhancing neutrophil migration into the lung [94]. 

1.5.3. Interleukin-1 beta (IL-1β) is also produced primarily by macrophages, neutrophils and 

epithelial cells in COPD. In COPD patients increased levels of IL-1β in the sputum is 

observed in patients with increased disease exacerbations [40, 83]. Furthermore, IL-1β 

production by epithelial cells from COPD patients is enhanced in vitro following cigarette 

smoke exposure compared with controls [95]. There is some evidence that overexpression of IL-

1β can be due to genetic polymorphisms [96]. Over expression of IL-1β i n  animal studies 

using inducible IL-1β systems and complex knockout mice have an enhanced mucin 

production. In smokers with emphysema, IL-1β induces MMP-8 and MMP-9 levels 

significantly in bronchoalveolar lavage (BAL) fluid in COPD. In vitro, cultured human airway 

smooth cells stimulated with TNF-α and IL-1β induce MMP-9 expression and cell migration in 

smokers [97]. 

1.6. Proteases and antiproteases 
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In health, proteinase activity is controlled by anti-proteinases. In COPD the production of 

proteolytic enzymes, such as neutrophil elastase, and several matrix     metalloproteinases 

(MMPs), is increased in the lungs and there may be a reduction in the levels of 

antiproteinases, such as alpha 1 antitrypsin [28]. This imbalance between the proteinases and 

antiproteinases play a huge role in disease pathogenesis. 

1.6.1. Alpha1-antitrypsin (AAT) deficiency (protease inhibitor (PI) type Z) 

AAT is an acute phase protein that provides the major defense against neutrophil elastase [98, 

99]. AAT deficiency is mostly caused by Z allele (ZZ-AT) homozygous (PI ZZ) at the 

SERPINA1 locus [100]. This deficiency is accompanied with rapid decline in lung function and 

is associated with the development of early onset COPD [101, 102]. Moreover, smokers 

with AAT Z isoform deficient tend to develop more severe pulmonary impairment at an earlier 

age than non-smokers [101]. Many studies linked the increased prevalence of emphysema 

with an individual who has extremely low levels of AAT Z isoform [103]. 

1.6.2. Matrix metalloproteinases (MMP’s) 

Matrix Metalloproteinases comprise o f  a family of more than 20 related proteolytic 

enzymes believed to be essential for development, tissue remodeling and repair in inflammation 

[8]. Both neutrophils and macrophages produce large amounts of MMPs and their inhibitors 

known as the tissue inhibitors of metalloproteinases (TIMPs)[104, 105]. Abnormal expression of 

MMPs has been linked to pulmonary emphysema by its destructive processes [106]. These 

enzymes degrade collagen, inactivate AAT and activate tumor necrosis factor-α (TNF-

α)[107]. The polymorphism of MMP-9 is a genetic factor that develops smoking-induced 

pulmonary emphysema [108]. In cigarette smoker individuals MMP-9 and MMP-12 account 
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for most of the macrophage-derived elastase activity [109]. 

1.6.3. Oxidative stress /reactive oxygen species ROS 

Cigarette smoke is one of the exogenous oxidants exposed to the lungs; although there are 

endogenous oxidants that are continuously affect the lungs by metabolic reactions for example 

during activation of phagocytes.  Tobacco smoke contents of 104 oxidants per puff induce 

reactive oxygen or nitrogen species[109]. Mutations in genes encoding these enzymes or their 

pathways disturb the balance between oxidant/antioxidant[110]. The oxidants burden has wide 

effects in the lungs that include remodeling of extracellular matrix (ECM) and vasculature, 

inactivation of antiproteases, mucus secretion, apoptosis, and reduced cell proliferation[111]. 

Oxidants in COPD patients damage components of the lung extracellular matrix (Elastin and 

collagen). Furthermore, the activation of transcription factors such as nuclear factor-kappaB 

(NF-κB) and activator protein-1 (AP-1) induce levels of ROS in initiating inflammatory 

responses in the lungs[32].   

1.7.  Airway remodeling 

1.7.1. Epithelial cells 

Airway epithelial cells are the first line of defense against environmental agents such as 

cigarette smoke. Epithelial cells express innate immune system receptors (TLRs, NLRs, 

PARs),which recognize an irritant (cigarette smoke) and initiate downstream signaling that 

modifies cellular behavior and clearance by mucus[113]. Epithelial cells produce a balance of 

anti-inflammatory and pro-inflammatory molecules to regulate the inflammation and prevent 

inflammatory diseases [114]. Epithelial cells release anti-inflammatory and immunosuppressive 
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metabolites and express cell surface molecules. These include: cytokines (IL-10, TGF-β), 

protease inhibitors (SLPI, SERPINA1 (α1-antitrypsin), SERPINB1, TIMP-1), and inhibitory 

arachidonic acid metabolites (PGE2, PGI2, lipoxin A4), B7-H1, B7-DC, IL-13RA2 and 

FASL [114,  115].  Moreover, to maintain  the  balance  they  also  induce   pro-inflammatory 

cytokines and chemokines that selectively attract inflammatory cells like neutrophils, 

monocytes, eosinophils, and basophils to eradicate pathogens; and DCs, T-cells, and B-cells to 

initiate adaptive immunity and transport of secretory immunoglobulin [114, 115][116]. Gene 

polymorphisms in epithelial cells are strongly associated with the development of lung disease 

[117]. 

Another feature of remodeling is depicted by airway epithelial squamous metaplasia and sub- 

epithelial fibrosis. It is well established that submucosal glands at the surface of epithelium in 

the airways are a significant source of fluid and mucin. In COPD mucous hypersecretion- 

increase mucin cell number and mucin gene expression, and decreases in mucus clearance, are 

correlated with the degree of physiologic impairment in epithelial cells [118]. Furthermore, 

cytokines such as, IL-1βand TGF-β induces pathologic epithelial mesenchymal interactions 

leading to the development of airway epithelial squamous metaplasia and sub-epithelial fibrosis 

[119, 120]. 

1.7.2. Fibroblast / Myofibroblasts 

Fibroblasts experience changes in number and phenotype in COPD and play a central role in 

the production and homeostasis of the ECM components [121]. In COPD the increased number 

of myofibroblasts indicates that they are hyperproliferative and resistant to apoptosis [127]. 

TGF-β is considered as pro-fibrotic mediators in vitro and one of the most potent cytokines in 
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airway remodeling in COPD [122]. Activation of fibroblasts by TGF-β produced by 

inflammatory cells, and/or by fibroblasts themselves induces pulmonary fibrosis, which can 

also be induced in vivo by over-expression of TGF-β in the lungs [123] [121]. 

Fibroblasts also contribute to proteases/antiproteases imbalance by producing matrix 

metalloproteinase (MMPs) and their inhibitors, tissue inhibitor of metalloproteinases 

(TIMPs)[125]. Metalloproteinase MMPs potentially promote the fibrotic and inflammatory 

milieu by activating growth factors and chemokines in the lung [126]. 

1.7.3. Airway smooth muscle (ASM) cell 

In COPD as inflammation continues, the airways constrict, becoming excessively narrow and 

swollen, which manifest the symptoms of bronchitis in the patients. This causes the reduction in 

forced expiratory flow that defines COPD due to destruction of alveolar support of the 

peripheral airways [128]. The structural narrowing of the airway lumen is mediated by a 

remodeling process including fibrosis and mesnchymal cells hyperplasia [29]. Airway smooth 

muscle cell hyperplasia and hypertrophy are central to the manifestation of COPD pathogenesis 

[129]. The smooth muscle bundle is composed of elongated, spindle-shaped cells, which are 

bound together in irregular branching fasciculi. Smooth muscle fibers are generally shorter 

than skeletal muscle fibers and contain centrally located single nuclei. It surrounds the 

entire airway below the level of the main bronchus, in a roughly circular orientation. The 

peripheral airway is where the smooth muscle cells remodeled compared with the central 

airways in COPD, reaching a maximum in the membranous bronchioles [130, 131]. 

1.8. Airway smooth muscle (ASM) cells role in COPD 



	  
17	  

A cross section from COPD patient show increased smooth muscle of segmental and 

subsegmental airways by: 1.07 mm2 and 0.5 mm2, compared with 0.5 mm2 and 0.19 mm2 in 

control cases. They also stain for nuclei and mean number of smooth muscle nuclei in sections 

of segmental airways was 1,793 in the bronchitis compared with 717 in the controls. This 

study by HOSSAIN and  HEARD  is consistent  with  hyperplasia  as well  as hypertrophy 

phenomenon in COPD patients. In COPD, ASM cells play a central role in the modulation of 

structural and functional responses of the airway [132]. ASM cells produce pro- and anti- 

inflammatory mediators that affect cell proliferation, migration, and apoptosis these include, IL-

13, IL-1β, IL-5, IL-6, IL-8, IL-17, PDGF, and TGF-β. IL-6 cytokine produced by ASM cells 

following stimulation by IL-1β or TNF can induce ASM hyperplasia and modulate immune 

cell function [133]. 

1.8.1. Bronchoconstriction of the airway as a result of ASM cells hyperplasia and 

hypertrophy 

In COPD the constriction of the airways in the lungs due to the tightening of surrounding 

smooth muscle, manifests symptoms in patients like coughing, wheezing, and shortness of 

breath. The inflammation persists in the airways of COPD patients via the influx of cytokines 

and chemokines by both inflammatory as well as structural cells [40]. These inflammatory 

modulators stimulate ASM proliferation directly or indirectly as a result of T-cell-ASM 

interaction mediated by cell surface expression of various cell adhesion molecules CAM 

proteins such as ICAM-1, CD40, and CD44. Changes in ASM phenotype or number associated 

with bronchoconstriction contribute to the increased ASM contractility [134]. 

1.8.2. Mechanisms of hyperplasia 
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In airways of smokers, the increase in ASM cell mass, which called hyperplasia, is one of the 

most important components of the airway wall remodeling process [135]. This increases in 

ASM cell number could occur through different mechanisms: increased rates of division, 

decreased rates of apoptosis, or through migration of mesenchymal cells to the ASM bundles 

[136]. 

1.8.3. ASM proliferation 

ASM has multifunctional capacity, although classically it has been of interest because of its 

contractile response linked to bronchoconstriction [136]. Differentiated smooth muscle cells are 

phenotypically plastic and capable of proliferating and increasing in size, migrating and 

produceing of extracellular matrix and inflammatory mediators [137-139]. Several factors 

control ASM cell proliferation. However, the mechanisms that regulate ASM cell growth 

remain unclear[140]. Polypeptide growth factors, G-protein coupled receptor (GPCR) 

agonists and pro-inflammatory cytokines drive ASM cells proliferation [141]. Mitogens that 

induce ASM proliferation by activating receptors with intrinsic tyrosine kinase activity 

(RTK) include: basic fibroblast growth factor (bFGF), epidermal growth factor (EGF), platelet-

derived growth factor (PDGF), insulin-like growth factor-1 (IGF-1) and insulin [142-144]. 

TNF, IL-6 and IL1β, which can affect ASM cells by an autocrine loop, exert their effects on 

gene regulation through cell surface glycoprotein complexes through Src family proteins, 

MAPK and JAK/STAT cascades [145-148]. These factors can also stimulate ASM cells 

contraction [140]. In pulmonary diseases, acetylcholine and cysteinyl leukotrienes a contractile 

agonists acting via G-protein coupled receptors (GPCRs) induce ASM thickening [149]. 

Evidence also suggests that exposure of ASM to cytokines or growth factors not only affect 

proliferation but also alter contractility and calcium homeostasis and induce SMC 
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hypertrophy[150]. All together, these factors activate PLC, which increase cytosolic calcium. 

Activated PLC hydrolyzes phosphatidylinositol bisphosphate (PIP2) to inositol trisphosphate 

(IP3) and diacylglycerol (DAG). IP3 and DAG activate other cytosolic tyrosine kinases, serine 

and threonine kinases. These events induce pleiotropic effects including the activation of 

proto-oncogenes, which are a family of cellular genes (c-onc), involved in controlling normal 

cellular growth and differentiation [151, 152]. 

In lung diseases, RTK growth factors (EGF, PDGF, and IGF-1) have been implicated in disease 

pathogenesis by inducing of ASM cells. In addition, combinations of these growth factors 

(e.g. EGF + PDGF, insulin + PDGF) produce a synergistic ASM cells proliferative responses in 

the airways [153]. In vivo, PDGF stimulation of murine, ASM induces PI3K or S6K1, which 

causes the mitogenic activity on the cells [133]. Moreover, in human ASM cells PDGF, EGF, 

and thrombin, induce PI3K activity that in turn transduces their signals by activating distinct 

pathways through RTKs and GPCR. These data showed that PI3K involved in mitogenic 

signaling in the airways [136, 154]. 

In many cell types, upon serum or growth factors stimulation, PI3K has been showed to be a 

key mediator of S6K1 activation, which is a critical step for mitogen-induced cell cycle 

progression through the G1 phase [155]. In human ASM cells EGF and thrombin induced 

activation of S6K1 appears to be PI3K dependent [156]. A recent study demonstrated that 

GPCR activation by inflammatory and contractile agents could synergize with RTK activation 

to augment human ASM growth [157]. Other factors that Enhance human ASM cells growth 

and synthetic functions are the activation of PI3K or the transcription factor NF-κB in ASM 

cells [158-161]. 
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1.9. Semaphorin (Sema) 

Semaphorins are large family of proteins that were first discovered and associated with axon 

guidance molecules crucial for the development of the nervous system [162]. They have an 

ability to provide repulsive or attractive cues for migrating cells and growing neurites, i.e. 

axons and dendrites [163]. They exert functions on regulating axonal pathfinding, fasciculation, 

and branching and target selection [164]. 

Semaphorins are classified into eight classes, based on sequence similarities and their structural 

forms [167]. Semaphorins found in invertebrate species are grouped into classes 1, 2 and 5, 

Classes 3-7 contains vertebrate semaphorins (except for Sema-5c, which is found in 

invertebrates only); and Class V contains semaphorins found in the genomes of certain DNA 

viruses. SEMAs can be secreted (classes 2 and 3), cross the plasma membrane (classes 1, 4, 5, 

and 6), or be linked to a glycosylphosphatidylinositol-bound membrane protein (class 7)[167]. 

All semaphorins classes share a conserved sequence of approximately 500 amino acids in 

their extra cellular domain, allowing them to exert their effects through their receptors [168]. 

Semaphorins contain a large amino-terminal sema domain that is required for downstream 

signaling [169]. A conserved stretch of amino-acid residues near the carboxyl-terminal of the 

sema domain bears homology to the N-terminal of -integrins and is designated as the PSI 

domain [167]. 

Recent studies have show the involvement of Semaphroins in different body organs and 

systems such as immune, respiratory, and cardiovascular systems, and in pathological disorders, 

including cancer [170-173]. Semas are regulators of vascular patterning, tissue morphogenesis, 

and tumor formation and play important roles in the mature immune system [165, 166]. 

Semaphorins can also influence other cellular processes, such as cell division, differentiation 
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and survival [173-175]. In cancer, Sema4D, Sema5A and Sema6A promote angiogenesis [176, 

177]. In Inflammatory and immune diseases Sema4A is expressed by dendritic cells and 

required for antigen-specific T cell priming and helper T cell differentiation [178]. Furthermore, 

in mouse model of contact hypersensitivity, Sema7A knockout mice have reduced immune 

response, which leads to exacerbated EAE pathology and enhanced delayed-type 

hypersensitivity responses [178]. 

1.9.1. Semaphorin receptors 

Most semaphorins bind directly to plexins, but various other membrane-associated proteins 

can also act as receptors or co-receptors like neuropilins[179]. While most class 3 (secreted) 

semaphorins exert their axon guidance effect through a receptor complex that consists of a 

Npn ligand-binding subunit and a Plexin signal-transducing element [180]. 

1.9.1.1. Neuropilin: Two single-pass transmembrane receptors or neuropilins have been 

Identified in vertebrates: neuropilin 1 (Nrp1) and Nrp2 [179]. The binding of class 3 

semaphorins to plexins is facilitated by neuropilins [181]. Moreovere, neuropilin can act as 

a core receptor for semaphorins with binding domain located in the a1/a2 domains for instance; 

Nrp1 serves as a Sema4A receptor in the immune system [182]. The extracellular portion of 

Nrps contains two repeat complement-binding (CUB) domains (a1 and a2 domains), two 

coagulation factor-like domains (b1 and b2 domains) and a juxta-membrane meprin/A5/mu- 

phosphatase (MAM) homology domain (c domain)[183]. 

1.9.1.2. Plexins: are large 200-kDa transmembrane proteins have been identified in vertebrates 

(plexins A1-A4, B1-B3, C1, D1) and two in invertebrates (Plexin A and Plexin B)[184]. 
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Plexins act as substrates for kinases such as (Fes) and Src. Classes 4–7 (membrane-bound) 

Semaphorins bind directly to and activate Plexin receptors, independently of the presence or 

absence of Nrp co-receptors [185]. 

Class 5 and class 6 Semaphorins signal through class A plexins directly whereas, class A 

plexins activated by secreted class 3 Semaphorins requires neuropilins as co-receptors to 

stabilize the semaphorin–plexin interaction  except  sema3E[179].  Class 4 and Class 5 

Semaphorins signal through class B plexins, whereas, plexinC1 activated by Sema7A [179]. 

PlexinD1 serves as class 3 semaphorins receptor in a neuropilin-dependent manner and can 

bind precisely Sema3E and Sema4A freely of neuropilin[178]. 

The plexin extracellular region contains several different motifs and domains, including a 

divergent sema, PSI, and Ig-plexin-transcription (IPT)/glycine-proline (G-P)-rich domains 

[181]. In addition to the intracellular or cytosolic region contains R-Ras/M-Ras GAP domain, 

which is separated into two segments by a Rho GTPase-binding domain (RBD). The GAP 

domains interact with the R-Ras/M-Ras family of small G-proteins, while the RBD interacts 

with another family of small G proteins that includes Rnd1/Rac1/RhoD. Upon Sema binding, 

the cytosolic GTPase-activating protein (GAP) domain of plexins is activated and switches off 

R-Ras and Rap1 small GTPases, which are key stimulators of integrin-dependent cell adhesion 

to the ECM [181]. 

Rap1-GTP, via RIAM, activates talin, which in turn binds the integrin subunit cytotail and 

conformationally activates integrins[186]. R-Ras controls active integrin traffic and Rac GTPase 

activation [187]. Other receptors mainly for membrane bound Semaphorins are the 

oncogenic receptor tyrosine kinases, MET and RON [188].
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These receptors play a role in cancer metastasis and progression [189]. The extracellular domain 

of plexins shares sequence similarities with MET and RON receptor tyrosine kinases [181]. 

MET, ERBB2, VEGFR2, FYN, FES, PYK2 and SRC are cytoplasmic or receptor tyrosine 

kinases (RTKs) that interact with plexins which lead to the functional activation of the kinase 

and ultimately to the initiation of distinctive intracellular signaling cascades [190]. 

 

 

 

 

 

 

 

Figure 3. The structural features of the various classes of semaphorins and the structural 
features of their neuropilin and plexin receptors. (Gera et al., 2008) 

1.9.2. Class 3 semaphorins 

Seven Sema3 (Sema3A–G) are the only secreted vertebrate semaphorins [191].  SEMA3s signal 

through a receptor complex composed of neuropilin (Nrp) 1 or 2 and type A or D plexin, 

which act as the ligand-binding and signal-transducing subunit, respectively [192]. Nrps are 

expressed in both the nerves and the endothelium that serve as Sema3 and VEGF (Vascular 

Endothelial 2/Flk1/Kdr), respectively [192]. Many studies showed that both plexin-A1 and Nrp1 
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but neither protein alone, are required to mediate the collapsing effect of Sema3A, which 

induces collapse of the growth cone via a dramatic rearrangement of filamentous actin (F-

actin) and endocytosis of the growth cone plasma membrane [193]. 

Sema3 is distinguished by the presence of a conserved basic domain at their C-termini 

[194]. Secreted Sema3 contain (from the N- to C-terminus) a seven-blade β-propeller sema 

domain, a plexin–semaphorin–integrin (PSI) domain, an immunoglobulin (Ig) domain and a 

short basic domain [173].  For class 3 semaphorin function a proteolytic cleavage by furin-like 

proteases at a C-terminal pro-peptide at RXXXR consensus sites is required [181]. They 

Initially characterized by their growth cone collapsing properties in the chick dorsal root 

ganglion, modulating sensory connectivity from the dorsal root, and preventing the ingrowth 

of axons ventral [168]. Studies have shown that class 3 Semas recognized as key players in 

immune, cardiovascular, bone metabolism and neurological system [170, 195, 196]. For 

example Sema3A were first identified for its ability to induce the collapse and paralysis of 

axonal growth cones from sensory neurons in vitro, also regulates bone through its 

modulation of sensory innervation during development, and work as immunosuppressive 

molecule by reducing levels of pro-inflammatory cytokines, such as IFNγ and IL-17, and 

increasing levels of the anti-inflammatory cytokine IL-10 [197-199]. Another example is 

SemaE that showed to decrease adipose tissue inflammation and improved insulin resistance in 

obese mice [200]. Class 3 Semaphorins seem to be important players in the tumor 

microenvironment along with Sema3A and Sema3F, which has an anti-metastatic effect on 

cancer cells [173, 178]. Class 3 Semas including Sema3E Sema3A, Sema3B Sema3D and 

Sema3F induce an anti- angiogenic effect on cells as well [201].  In addition, in several mouse 

xenograft models Sema3F showed a reduction in cancer cells angiogenesis, tumour growth and 
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metastasis [178]. Paracrine Sema3 signaling via PlexinD1 guides the anatomical patterning of 

specific subsets of angiogenic vessels [192]. 

1.9.2.1 Semaphorin3E 

Sema3E is synthesized as a full length 85- to 90-kDa protein binds with high affinity to 

plexinD[202]. Sema3E gene is located on chromosome 7 [202]. In vivo, Sema3E binds to the 

intersomitic regions of mouse embryos, where plexin-D1 is expressed [203]. Sema3E cleaved at 

furin-sensitive sites to generate biologically active isoform of Sema3E p61. Sema3E-p61 is the 

main species of endogenous Sema3E [204]. This cleavage by furin is exclusively process 

bioactive form in Sema3E but not in others [202]. Sema3E is well studied in cancer and it is 

upregulated in metastatic cancer cells [204]. In human colon cancer, liver metastasis, and 

melanoma progression Sema3E and PlexinD1 are found to be highly expressed [205]. 

Functionally, Casazza et al. have discovered that Sema3E promoted invasiveness of tumor cells 

and inhibited tumor growth. This metastatic potential was dependent on PlexinD1 expression 

but was independent of Nrp expression [206]. Furthermore, it promotes epithelial–

mesenchymal transition (EMT) in ovarian cancer [207]. Sema3E mediated repulsion or 

attraction of axonal guidance neuronal system [208]. 

1.9.2.2. p61 is the biologically active species of Sema3E 

Sema3E-p61 is cleaved by furin, which belongs to pro-protein convertases (PPC) family 

protien. PPC constitute a family of nine calcium-dependent serine endoproteases. PPCs 

cleavage site is after the consensus motif RXK/RR [209]. All class-3 semaphorins preserve is a 

KRRXRR cleavage site and in case of sema3E the cleavage generates aNH2-terminal 
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Figure 4. Sema3E p87 KDa cleave into smaller fragment f p61 and p25 KDa by furin - 
like proprotein convertases (PPC). Sema3/PlxnD1 signaling is capable of promoting 
attraction and repulsion in both the vascular and nervous systems. The full-length Sema3E 
(p87-Sema3E) is cleaved by a furin-like endoprotease to yield two products. The longer one 
contains the Sema domain (p61-Sema3E) while the shorter one contains the dimerization 
domain (p25-Sema3E)(A). Each isoform perform different function in different context for 
example full length (p87-Sema3E) in the vascular system dimers induces repulsion via plexinD1 
(left)(B). However, the p61-Sema3E monomer containing the Sema domain can function as 
an attractant in some endothelial lines expressing PlxnD1 (right)(C). In the nervous system, 
Sema3E acts as a repellant when signaling through PlxnD1 alone (left) (D). However, in 
neurons expressing also Nrp1 and the VEGF receptor VEGFR2, binding of Sema3E elicits 
an attractive/growth-promoting axonal response (right)(D). (Gay et al., 2011) 
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fragment of ∼60 kDa. PPCs is upregulated in cancer environment with it proteolytic ability can 

activate protumorigenic factors such as insulin like growth factor-1 and its receptor, 

transforming growth factor-β; VEGF-C; and metalloproteases such as MT1- MMP. This 

contributes to by the induction of tumor invasiveness and tumor metastasis [210]. 

Sema3E-p61 a cleaved from of Sema3E is known to have a prometastatic in cancer and 

attraction activity in vascular and nervous systems [203, 206]. In endothelial cells monomer 

p61-Sema3E binding to PlexinD1 function as an attractant molecule [192] .The effect of 

Sema3E-p61 in cancer is by the transactivation of the oncogenic tyrosine kinase ErbB2 that 

associates with the Sema3E receptor PlexinD1 [178]. Whereas, the binding of mutated, 

uncleavable variant of Sema3E (Uncl-Sema3E) to PlexinD1 does not promote metastatics 

preading [206]. Moreover the dimerization of full-length Sema3E, in the vascular system 

induces repulsion via PlexinD1 [178]. Taken together, these data indicate that different isoforms 

of Sema3E play different role in different cells and organs. 
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1.9.2.3. Sema3E binds PlexinD1 but is Nrp independent 

PlexinD1 is a member of plexins family and the only receptor found in vertebrates a key 

player in vascular, neuronal and immune system development implicated the etiology of 

congenital defects and cancer [192, 203, 211, 212]. It is expressed in many embryonic tissues in 

particular in endothelial cells of the developing vasculature [213]. As mentioned earlier in 

plexins, plexinD1 share all similar domains and motifs generally with other Plexins. The stretch 

of ectodomain of plexins sized (~860–1400 aa) consists of sema domain, three cysteine-rich 

motifs MRS repeats, and four IPT domains. The sema domain composed of ~500 aa, and 

constitute the first amino-terminal.  

Topologically, the sema domain is similar to integrins and which displays a seven-bladed Beta-

propeller structure. 

The second is comprised of three cysteine-rich motifs called MET-Related Sequences (MRS 

repeats or PSI-Plexins, Semas and Integrins- domains) consisting of ~50 aa long each. 

PlexinD1’s is distinctive among all plexins in the third MRS it has six, rather than eight, 

cysteines. The function of the MRS repeats is unknown. Finally, the last stretch of the PlexinD1 

ectodomain contains four IPT domains (Immunoglobin-like fold shared by Plexins and 

Transcription factors domains; also found in MET family members) that contain glycine and 

proline rich repeats [179, 192]. 
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igure 5. PlexinD1 structure. PlexinD1 contains a Sema domain (blue), three MRS (MET- 
Related Sequence) repeats (green), four IPT (Immunoglobin-like fold shared by Plexins and 
Transcription factors) domains (orange) and the transmembrane domain (brown). The cytosolic 
tail of PlxnD1 is also known as the Sex and Plexins (SP) domain. It contains a split GAP 
(GTPase Activating Protein) domain with two highly conserved C regions (C1 and C2; red). 
Each C region contains a Ras GAP motif (RasGAP1 and RasGAP2; black), each of which 
includes conserved arginine residues. A Rho GTPase-binding domain (RBD, beige) is located 
between the C1 and C2 regions. Finally, a short C-terminal region follows the GAP domain. 
the terminal (T) segment (pink). The T segment of PlxnD1 ends in a short PDZ- binding 
motif (D1-PBM; aqua) that physically associates with GIPC1. (Gay et al., 2011) 
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1.9.2.4. Sema3E/plexinD1network 

Sema3E/PlexinD1 signaling plays many roles in body organs and systems particularly, the 

development of the cardiovascular, skeletal and nervous systems. Sema3E-plexinD1 

signaling modulates angiogenic pathfinding by restricting this network restrict the migration of 

neuronal growth cones navigation pathways [210]. Moreover, knockout mouse embryos lacking 

either plexinD1 or Sema3E activity show dramatic defects in segmental Arteries development, 

such as premature and ectopic sprouting, aberrant pathfinding accompanied by the formation of 

abnormally long filopodia and improper branching [188]. In vascular and nervous systems 

Sema3E/plexinD1 interacting induce attraction and repulsion [188]. Sema3E/plexinD1 grid 

in mediates a neuronal system repulsive activity. However, it showed the reverse function 

in neurons when Sema3E facilitate its binding to plexinD1 by Nrp1 and the VEGF receptor 

VEGFR2. This attractive response requires only the extracellular domains of PlexinD1 and 

Nrp1 and VEGFR2’s intracellular tail is required as the signal transducing subunit [210]. 
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Figure 6. Sema3E signal through PlexinD1. Activation model of PlexinD1. In the absence of 
its Sema ligands, PlexinD1 is in a conformationally inactive folded state, in which the Sema 
domain contacts the rest of the extracellular portion and the GAP domain is non-functional. 
Upon Sema binding PlexinD1 undergoes conformational changes that activate its GAP domain 
and likely enable additional perotein-protein interactions (B). (Gay et al., 2011) 

  

	  B	  
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As much as this network of sema3E/plexinD1 play a huge role in health it also mediate many 

diseases. CHARGE syndrome caused by impaired Sema3E-PlexinD1 signaling [188]. 

Furthermore, in cancer cells reducing the level of Sema3E or PlexinD1 impair their metastasis 

without affecting tumor growth [211]. Whereas, in colon cancer patients, high levels of Sema3E 

and PlexinD1 are associated with prometastatic and invasiveness of cancer cells [200]. 

1.9.2.5. Sema3E/PlexinD1 signaling 

PlexinD1 intracellular tail contains two highly conserved intracellular domains known as the 

SEX-PLEXIN domain and SEMA/PLEXIN domains signal in to the cells [214]. 

SEMA/PLEXIN domains of plexinD1 include two C regions RasGAP domain plexinD1. Each 

of RasGAP domains includes a short motif of (GTPase)-Activating Proteins (GAPs) and 

monomeric GTPases of the R-Ras subfamily. 

A monomeric Rho GTPase-Binding Domain (RBD) is sandwiched between the C regions. 

PlexinD1 acts as a RasGAP to antagonize both integrin-mediated cell extracellular matrix 

(ECM) adhesion and PI3K a modulator of cell survival, growth and migration signaling. Rho 

family GTPase 2 (Rnd2) is required for the activation of the RasGAP activity of plexinD1. 

P61-Sema3E requires both plexinD1 and Rnd2 to exert its inhibition of tumor vascularization 

[192]. Upon Sema3E-PlexinD1 stimulation in pre-existing PlexinD1-Rnd2/RLG complexes 

undergoes an Rnd2/RLG-dependent intracellular conformation change that translates the 

concentration and distribution of extracellular Sema3E cues into an intracellular gradient of 

distinct PlexinD1 activities [192]. 
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Figure 6. A general model of Sema3/PlexinD1-mediated repulsion. In the absence of ligand-
mediated activation PlexinD1 is in a conformation that enables its association with GTP- bound 
Rnd2 but prevents its interaction with active, GTP-bound Rac and R-Ras. Thus, GTP- bound 
Rac is able to bind to PAK (p21-activated kinase) to stimulate the assembly of actin 
filaments to support cell migration while active GTP-bound Ras promotes integrin-mediated 
adhesion to the extracellular matrix (ECM) and mediates additional downstream signaling 
events(A). Upon binding of its Sema3 ligand, PleixnD1 undergoes a conformational change and 
binds the active forms of both Rac and R-Ras GTPases. By sequestering Rac, PlexinD1 leads to 
the inactivation of PAK and the collapse of the actin-based cytoskeleton leading to retraction 
and/or turning responses (B). PlexinD1 inactivates R-Ras GTPases by either enhancing GTP 
hydrolysis (as shown) or by sequestering them resulting in the loss of integrin-based adhesion to 
the ECM and likely reducing as well other R-Ras mediated signaling events (Ito et al., 
2006; Oinuma et al., 2004a; Oinuma et al., 2006; Rohm et al., 2000; Sakurai et al., 2010; 
Uesugi et al., 2008). (Gay et al., 2011) 
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CHAPTER 2: GENERAL MATERIALS AND METHODS 

2.1.  ETHICS STATEMENT 

All the experimental procedures were approved by the Human Research Ethics Board of the 

University of Manitoba, Winnipeg, Manitoba, Canada. Written informed consent for ASM 

harvesting was obtained from all patients. 

2.1.  Reagents   

2.2.1. Chemicals 

Recombinant human Semaphorin3E, and platelet-derived growth factor-BB (PDGF-BB) were 

purchased from R&D Systems. Furin inhibitor, cathepsins G, neutrophil elastase were purchased 

from Calbiochem®. Fetal bovine serum (FBS), and sodium pyruvate were purchased from 

HyClone (Logan, UT, USA). 100X L-glutamine, Dulbecco’s modified Eagles medium 

(DMEM), Ham’s F-12, trypsin-EDTA, (penicillin streptomycin) were purchased from 

Invitrogen Canada Inc.(Burlington, ON, Canada). Alkaline phosphatase-conjugated streptavidin 

was purchased from Jackson ImmunoResearch Laboratories (West Grove, Pa). Unless stated 

otherwise, all other reagents were obtained from Sigma-Aldrich Canada Ltd. (Oakville, ON, 

Canada) 

2.2.2.  Antibodies 

Monoclonal mouse IgG1anti human Semaphorin3E antibody, allophycocyanin (APC)- 

conjugated mouse anti-human plexinD1 monoclonal antibody, isotype control mouse IgG2b , 

goat anti-human plexinD1 affinity purified polyclonal antibody, polyclonal goat IgG 
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human/mouse  semaphorin 3E  antibody,  phycoerythrin  (PF)-conjugated  mouse monoclonal 

anti human neuropilin-1, and the isotype control mouse IgG2A , were purchased from R&D 

Systems. Sema3E goat unlabeled and APC-conjugated isotype control antibodies were obtained 

from Sigma-Aldrich Canada (Oakville, Ontario, Canada) and eBiosciences (San Diego, Calif) 

respectively. 

2.2.  PREPARATION OF HUMAN AIRWAY SMOOTH MUSCLE CELLS 

Two sources of human airway cells, namely bronchial smooth muscle (BSM) and human 

telomerase reverse transcriptase (hTERT) immortalized bronchial smooth muscle cells were 

prepared as we previously described [215]. In this study, these cells collectively will be referred 

to Human airway smooth muscle cells (HASMC for human ASM). These cells were obtained 

from macroscopically healthy segments of second to fourth generation main bronchus of 

patients suffered from lung adenocarcinoma and undergoing surgery (Dr. H Unruh, Section 

of Thoracic Surgery, University of Manitoba, Canada) [215]. 

To extend the life span of these cells, primary low-passage cultures of BSM were infected 

with a retrovirus vector encoding the (hTERT) gene. A plasmid (pGRN145) containing hTERT 

cDNA expression vector was a gift from Geron (Menlo Park, CA)[215]. The hTERT expression 

cassette was cloned into PLXIN (Clontech), and replication-incompetent moloney murine 

leukemia virus retrovirus was generated in HEK293 retroviral packaging cells. 

Primary and first-passage cultures of human airway smooth muscle cells were infected with 

the hTERT retrovirus and selected with 100 mg/ml G418 for 1wk. Expression of hTERT was 

verified in immortalized cells by RT-PCR using telomerase-specific primers. Immortalized 
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cells were passaged (4:1 dilution) up to 60 times with no evidence of senescence [216, 217]. 

The expression of human telomerase reverse transcriptase (hTERT) is known to extend the 

life span of endothelial cells, fibroblasts, and smooth muscle cells [216-218]. HASMCs grow in 

cell culture to 70% confluence, the cells take the spindle-shaped morphology and a hill- and-

valley pattern and retain smooth muscle-specific actin, SM22, and calponin protein expression 

and mobilize intracellular Ca2+ in response to acetylcholine, a physiologically relevant 

contractile agonist [215]. In all the experiments, primary ASM cells were utilized at passages 

2-5, and hTERT cells at passages 10-20. 

2.3.1. Culture of HASMCs 

Low passage HASMCs were grown on uncoated plastic dishes in complete Dulbecco modified 

Eagle medium (supplemented with 100 µg/mL streptomycin, 100 U/mL penicillin, and 10% 

fetal bovine serum). Unless otherwise mentioned, cells were grown to a subconfluent (∼60%-

70%) condition and serum starved to synchronize growth-arrest at G
0
/G

1
 phase for 2 days in 

Ham’s F12 supplemented with 1× ITS (5 µg/mL insulin, 5 µg/mL transferrin, and 5ng/mL 

selenium), 100 µg/mL streptomycin, and 100 U/mL penicillin and before each experiment. 

2.3.2. Cell Stimulation  

Cells were then stimulated in fresh FBS-free Ham’s F12 medium containing human recombinant 

sema3E 10ng/ml, PDGF-BB 10ng/ml, furin inhibitor 80umol/L working concentration or 

vehicle (medium alone) for time periods specific to each experiment. 

2.4. RNA ISOLATION AND RT-PCR  
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48 hour serum-deprived confluent ASM cell cultures were harvested, and total cellular RNA was 

extracted using TRIzol® method (Invitrogen Canada Inc., Burlington, ON). Briefly, 5-10 X106 

cells were homogenized/lysed in 1ml TRIzol ® reagent on ice; organicaqueous phase separation 

was performed by adding 0.2 ml chloroform per 1ml TRIzol ® and shaking vigorously at room 

temperature (RT) and centrifugation at 12000 g for 15 minutes at 4°C. The aqueous phase was 

separated into a fresh R-Nase-free tube and 0.5 ml isopropyl alcohol per 1ml TRIzol ® was 

added before incubation at RT for 10 minutes and centrifugation at 12000 xg for 10 minutes. 

Supernatant was discarded; the RNA pellet was washed with 1ml of 75% alcohol per 1 ml of 

TRIzol® vortexed once, and centrifuged at 7500 xg for 5 minutes at 4oC. Supernatant was 

discarded; the RNA pellet was air-dried and resuspended in 30-50 µl of RNase-free water. Total 

RNA was with NanoDrop (Thermo Scientific, Wilmington, DE, USA) instrument.  

Reverse transcription was performed by using 2 µg of total RNA in a first-strand cDNA 

synthesis reaction with High Capacity cDNA Reverse transcriptase kit as recommended by the 

supplier (Applied Biosystems, Foster City, CA, USA). Oligonucleotide primers were 

synthesized on the basis of the entirecoding region of human genes SEMA3E, PLXIND1, NRP1 

or GAPDH. The RT-PCR was conducted in a thermal cycler “Mastercycler” (Eppendorf Canada, 

Mississauga, ON). Each cycle included denaturation (94°C, 1min) annealing (primer-specific 

temperature °C, 1min) and extension (72°C, 1min30s). The initial denaturation period was 5 

min, and the final extension was 10 min.  

Oligonucleotide primers were synthesized on the basis of the entire coding region of human 

SEMA3E as follows: Forward primer 5’- AAAGCATCCCCAACAAACTG-3’ and Reverse 

primer 5’- CTGGCTCGAGACCCTTACTG-3’and for human PLXIND1 forward primer 5’-
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TGGATGTCGCAGCTTACTTG-3’ and reverse primer 5’- CCCCAACCCACAGTTCTCTA-3’ 

for human Nrp-1 primers were synthesized forward primer 5’- TATTCCCAGAACTCTGCCC-

3’ and reverse primer 5’- TGTCATCCACAGCAATCCCA-3’ human housekeeping gene, 

glyceraldhyde-3-phosphate dehydrogenase (GAPDH) are forward primer 5’-

AGCAATGCCTCCTGCACCACCAAC-3’ and reverse primer 5’- 

CCGGAGGGGCCATCCACAGTCT-3’ were manufactured from Invitrogen. Real-time levels 

of RNA were assessed by quantitative PCR using ABI 7500 Real-Time PCR System and 

analyzed by 7500 System SDS software version 1.3.1(Applied Biosystems, Foster City, CA, 

USA).  Product specificity was determined by melting curve analysis. Calculation of the relative 

amount of each cDNA species was determined by delta-delta cycle threshold (ddCt) method. 

The amplification of target genes was normalized to respective GAPDH levels.  

2.5. WESTERN BLOTTING  

Protein concentrations were quantified by bicinchoninic acid assay (BCA) for determining the 

total concentration of protein in a solution. For immunoblotting we loaded 8ug of lysates from 

each sample was separated on 7% SDS polyacrylamide gel and electro-transferred onto PVDF 

membrane (Amersham Pharmacia, ON). The membrane was blocked for 2 hours at room 

temprature with 5% skim milk, after that   incubated overnight at 4 °C with polyclonal goat anti 

human semaphorin 3E antibody (R&D systems) as primary antibody, followed by the secondary 

antibody (rabbit anti goat). All antibodies were diluted in 5% skim milk primary antibody 

dilution factor (1:2000) and the secondary (1:5000). All the blots were developed by enhanced 

chemiluminescence as recommended by the supplier (Amersham Pharmacia, ON). A band non-

specific to sema3E in the same gel was used as loading control. 
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2.5.1. Preparation of cell supernatants 

The sups were collected and centrifuged at 1200rpm for 10 min at 4°C to remove cellular debris. 

Then the sample was concentrated using the concentrated using Amicon ultra .5 ml centrifugal 

filter. This devise allowed eliminating all material less than 10kDa (10k device), the sups were 

concentrated 14 folds leading to 35ul of final volume.  

2.5.2. Digestion of recombinant sema3E 

Recombinant sema3e (R3E) was digested using serine proteases and NE: in brief 10ng of R3E in 

F12/ITS medium was supplemented with50ug of neutrophil elastase or cathapsin G and 

incubated in 37°C water bath for 30 min (total volume 15ul), 3ul of loading buffer dye was then 

added to the mix and denatured at 100 °C for 10 min  

2.5.3. Preparation of cell lysate 

HASM cells were cultured and serum starved for 48 hours then lysed on ice for 10 min by 

adding the 100ul of M-PER lysis buffer (Thermo Scinitific) supplemented with a cocktail of 

protease inhibitors contains: AEBSF, Bestatin, E-64, Pepstatin A, Phosphoramidon, Leupeptin, 

Aprotinin with addition of more proteases inhibitor PMSF and Sodium orthovanadate (Sigma-

Aldrich) and centrifuged for 10 min to collect protein lysate and discard the nuclei pellet.  

2.6. EdU cell proliferation assay  

Serum-deprived HASMCs were stimulated with the aforementioned concentrations of Sema3E 

with or without PDGF. Click-iT EdU flow cytometric assay kit (Invitrogen) was used to further 

investigate the Sema3E effect on HASMC proliferation. Briefly, EdU reagent was added at a 10-
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µmol/L concentration 40 hours after stimulation, and cells were harvested 8 hours later. Cells 

were collected, fixed with 4% PAF for 30 min in room temperature, and then incubated with 

saponin-based permeabilization buffer provided with the kit. Click-iT reaction cocktail 

containing copper sulfate and fluorescent dye azide (Alexa Fluor 488) was freshly prepared and 

added to the samples. Cells were washed by saponin buffer (1ml) and recollected by 

centrifugation at room temperature at 1200 rpm for 5 min. EdU incorporation into DNA was 

assessed with flow cytometry. Analysis was done using flow jo single cell analysis software 

(FLOW JO, LLC data analysis software). Data was presented as percentage of EDU positive 

cells 

2.7. Flow cytometric analysis of receptor expression 

Primary cultured confluent HASMCs were detached with Versene (0.02% EDTA; Lonza, 

Walkersville, Md) without trypsinization. The single cell suspensions (1 × 105 cells) were 

separately incubated with APC-conjugated mouse anti-human plexinD1 or isotype control Ab 

(IgG2b subclass) for 30 minutes at 4°C. The cells were washed twice with flow buffer, 

resuspended in PBS containing 0.1% BSA, and analyzed on FACScan (BD Biosciences, San 

Jose, Calif). FACS analysis was performed by FlowJo software (Tree Star, Ashland, Ore). 

2.8. Cell fractionation assay  

Half million HASM cells from COPD with different severity were cultured in 110mm petri 

dishes until reaching 75 % confluence. Cells were then serum deprived for 48 h then harvested 

using fractionation buffer which contains; 1 x solution of 250 mM Sucrose, 20 mM HEPES, 10 

mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 1 mM EGTA. Cells scraped from plates immediately 
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and placed in 1.5 ml eppendorf tube. And passed lysate through a 25 G needle 10 times using a 1 

ml syringe and left on ice for 20 min then centrifuge for 5min for 4°C at 720 G (3000 rpm) to 

get the nuclear pellet.  Nuclear pellet then washed once by adding 500 µl of fractionation buffer 

again. The supernatants taken from the first centrifugation constitute the cytosolic and 

membrane fractions. This fraction was centrifuge again at 8000 rpm (10,000 G) to obtain the 

cytosolic fraction. We then concentrate the supernatant by centrifuging through the filter unit. 

2.9. Immunohistochemistry  

Bronchial biopsies were obtained from COPD patients characterized clinically according to 

GOLD criteria see table 1. Briefly, formalin-fixed tissues were paraffin embedded, and 5-µm-

thick sections were prepared, deparaffinized in xylene, and rehydrated through graded 

concentrations of alcohol to water and then boiled with microwave for 10 min in sodium citrate 

buffer (pH 6.0). Sections were washed and then incubated with blocking solution (1% BSA and 

0.1% cold fish skin gelatin in TBS) for 60 min at room temperature. Monoclonal mouse IgG1anti 

human semaphorin 3E, mouse anti-human plexinD1 monoclonal antibodies, (both at 10 µg/ml) 

were added, and sections were incubated overnight at 4°C. Slides were then washed twice with 

TBS, followed by incubation for 1 hour at room temperature with biotin-conjugated goat anti-

mouse IgG (Jackson ImmunoResearch Laboratories, West Grove, PA). Slides were then washed 

extensively with PBS and incubated with streptavidin-alkaline phosphatase for 30 min at room 

temperature. After washing with TBS, the slides were developed using Fast Red and 

counterstained with Mayer’s hematoxylin. Positive cells were stained red after development with 

Fast Red (Sigma-Aldrich Canada). Isotype-matched control mAb was used for negative control. 
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2.10. Statistical Analysis 

Statistical analysis was performed by using GraphPad Prism Software Version 3.02 for 

Windows (GraphPad Software Software, San Diego, CA, USA). Unpaired t test, Mann-Whitney 

test were used and differences were considered to be statistically significant at *P < .05, **P ≤ 

.01, and ***P ≤ .001. 
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Table 1  

Clinical characteristics of bronchial sections isolated from COPD patients 

Patient (GOLD 

Classification) 

Age Gender Smoking status FEV1% FEV1/FVC% 

Non-COPD 76 Female Quit 5 years ago 87% 74% 

Non-COPD 81 Male Quit 20 years ago 100% 84% 

Non-COPD 80 Male Quit 40 years ago 114% 74% 

Non-COPD 80 Female Never smoke 104% 80% 

Mild COPD 60 Female Quit one week 90% 69% 

Mild COPD 73 Male Smoker 88% 68% 

Mild COPD 76 Female Smoker 83% 67% 

Moderate COPD 75 Male Smoker 71% 71% 
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Table 2  

Clinical profile of COPD patients used for bronchial HASMC isolation 

Subjects/pat

ients 

GOLD 

classification 

Age Gender Smoking Status FEV1 % FEV/FVC% 

Subject 1 Non-COPD 78 Female None 113% 73% 

Subject 2 Non-COPD 64 Male Quit 30 years ago 103% 75% 

Subject 3 Non-COPD 65 Female Quit 8 years ago 87% 76% 

Subject 4 Non-COPD 63 Female Quit 25 years ago 108% 74% 

Subject 5 Non-COPD 57 Female Quit 10 years ago 108% 84% 

 

Subject 6 Non-COPD 63 Male Quit 15 years ago 72% 75% 

Subject 7 Non-COPD 56 Female Quit 4 years ago 111% 93% 

Subject 8 Non-COPD 65 Male Quit 21 years ago 86% 72% 

Subject 9 Non-COPD 67 Male Smoker 86% 81% 

Patient 1 Mild-COPD 65 Male Quit 21 months 

ago 

92% 70% 

Patient 2 Mild-COPD 73 Male Smoker 88% 68% 

Patient 3 Mild-COPD 78 Male Quit 30 months 

ago 

83% 55% 
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Patient 4 Moderate-

COPD 

79 Male Quit 38 months 

ago 

78% 68% 

Patient 5 Moderate-

COPD 

76 Male  Smoker 65% 65% 

Patient 6 Moderate-

COPD 

62 Male  Smoker 72% 58% 

Patient 7 Severe-COPD 59 Male  Smoker 49% 52% 

Patient 8 Severe-COPD 67 Male Smoker 44% 37% 

Patient 9 Severe-COPD 69 Male Smoker 47% 50% 
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CHAPTER 3 

3.1. STUDY RATIONALE 

COPD is the third leading cause of death according to world health organization. It represents a 

significant cause of morbidity as well, with a huge economic burden. Among those with a 

smoking history the prevalence of COPD in Canada in different provinces was estimated to 

be between19% and 21% of aged 40 or older. Clinically, symptoms are controlled in COPD 

patients but the main cause left untreated. One of the main features of the disease is the airway 

remodeling or structural changes. Airway smooth muscle (ASM) cells contribute to the 

remodeling when they increase in mass causing flow obstruction in the lungs. Numerous 

studies have clearly shown that ASM cells are capable of releasing and responding to 

inflammatory mediators. Therefore, determining the factors that can modulate cells proliferation, 

which is linked to the degree of airflow limitation, is an essential process in resolving the 

disease. Although airway wall thickness by ASM cells in COPD took the spotlight for a while, 

the current therapies on airway wall remodeling are unknown. 

Sema3E was shown to inhibit endothelial cells proliferation via mechanisms that involve R- 

Ras and Arf6 activation. Very recently, study from our lab has shown that Sema3E inhibits ASM 

cells proliferation mediated by a growth factor PDGF-B in the context of asthma (Movassagh H 

et al, JACI, 2014). Taking into account that COPD and asthma share pathological and 

physiological characteristics, we decided to investigate the effect of Seama3E on ASM from 

COPD patients. 

3.2. Global hypothesis 
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Our hypothesis is that Sema3E inhibits human airway smooth muscle cell proliferation in 

COPD. 

3.3. AIMS 

The overall goal of this study is to investigate the effect of a recombinant Semaphorin 3E on 

airway smooth muscle proliferation mediated by growth factor PDGF-BB. To achieve this 

goal we have to investigate three aims; first, investigate the expression of plexinD1 receptor in 

HASM cells from COPD in vitro; and in vivo in COPD lung sections. Second, evaluate the 

effect of Sema3E on HASM cells proliferation. Third, evaluate the expression of Sema3E in 

HASM cells from COPD patients at mRNA and protein levels. 

CHAPTER 4: RESULTS 

4.1. HASMCs from COPD patient displayed enhanced mRNA expression of sema3E 

receptor, PlexinD1 compared to cells isolated from healthy subjects. 

Previous studies have shown that plexinD1is expressed in many organs including heart, brain, 

lung, kidney, and testis [211]. Semaphorin 3E (Sema3E) binds plexinD1 with high affinity in 

vascular system [219]. Moreover, our laboratory has recently demonstrated an enhanced 

expression of PlexinD1 on human airway smooth muscle cells from healthy subjects 

compared to allergic asthmatic patients in vitro [220]. To find out if Sema3E can also affect 

human airway smooth muscle cells (HASMCs) function in COPD, we first determined the 

expression of plexinD1 at mRNA and protein level in human airway smooth muscle cells 

obtained from COPD in comparison to those from healthy subjects. Nine HASMCs from 

COPD and healthy subjects were cultured in complete medium (DMEM, 10% FBS) for 
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24hrs. The clinical characteristics of COPD and healthy subjects are described in Table 1.  

mRNA was  then purified using Trizol method and equal amount of mRNA was reverse 

transcribed using Superscript reverse transcriptase enzyme. There after, the complementary 

DNA (cDNA) was subjected to amplification using Taq polymerase in the presence of Syber 

green dye and specific oligonucleotides for PLEXND1 or GAPDH gene respectively as 

described in the realtime PCR procedure (materials and methods). GAPDH is a housekeeping 

gene that served as our reference gene. Human Universal Reference Total cDNA (Clontech, 

Calif) was used as a positive control in all RT-PCR experiments, and no cDNA served as 

negative control. As depicted in figure (8), mRNA for plexinD1 was highly expressed in 

primary HASMCs from nine COPD patients compared to normal subjects (P<0.05, unpaired t 

test). 
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Figure 8. mRNA expression of plexinD1 on HASMCs obtained from COPD patients and 

normal donors. Expression of plexinD1 on primary HASMCs was examined by Real time- 

PCR with the use of specific primers. RNA level studied was performed on 9 different HASMCs 

under the same conditions. GAPDH, glyceraldehyde phosphate dehydrogenase gene; PLXND1, 

plexinD1 gene, P<0.05 unpaired t-test 
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4.2. HASMCs from COPD patient displayed surface expression of PlexinD1 

To detect the surface expression of plexinD1 in HASMCs flow cytometry was performed. 

Cells were first detached using EDTA, incubated with with FC blocker for 30 min at 4°C 

(obstruct non-specific antibody binding) and stained with specific mAb directed against human 

plexinD1conjugated with Allophycocyanin (APC) for 2hrs at 4°C with gentle rotation. As 

showed in Figure (9), as for cells isolated from normal subjects, plexinD1 surface expression was 

also detected on HASMCs from COPD patients (mild, moderate and severe). Although the 

data is very preliminary due to the limited subjects performed, it is noteworthy that the more 

severe the disease is, the less plexinD1 surface receptor is expressed on HASMCs. 
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Figure 9. Surface protein expression of PlexinD1 on HASMCs compare between COPD patients 
and normal donors. Protein expression studies were performed by flow cytometry on HASMCs 
from COPD patients (mild, moderate and severe) (n=2) and normal subjects (n=2) under the same 
conditions. HASMCs were incubated with anti human plexinD1 (mouse IgG1) APC conjugated. The 
isotype control mouse IgG2b showed no immunoreactivity. The MFI was calculated by subtracting the 
isotype control. The graph represents the MFI average for each disease severity compared to normal. 
Data represents the mean ±SD of three separate experiments. Mann-Whitney U test was performed to 
analyze the differences between the samples. *P<0.05, **P<0.01 compared to unstimulated control. 
APC, Allophycocyanin 
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4.3. PlexinD1 is expressed ex vivo in lung sections of COPD patients 

Furthermore, an ex vivo study confirmed PlexinD1 expression in COPD bronchial sections. 

Table 2, summarized the clinical characteristics of COPD patients undergo bronchoscopy. 

Using immunohistochmistry, we showed specific plexinD1 immunoreactivity in ASM bundle 

within the lung of normal and COPD subjects (figure ( 10) a and c; red staining). No 

immunoreactivity could be detected   with the isotype control (figure (10) b and d). 
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Figure 10. Immunohistochemical analysis of plexinD1 expression on HASMCs. Bronchial 
sections of mild COPD patient and normal subject were stained with goat anti human PlexinD1 
antibody followed by biotin conjugated rabbit anti goat and streptavidin alkaline phosphatase 
and visualized by Fast red. Magnification at ×100 ×200 and ×400 (n = 5) No 
immunoreactivity could be observed with goat IgG primary antibody used as the isotype 
control (b and d) 
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4.4. Recombinant Sema3E inhibits PDGF-induced HASMCs proliferation in normal 

subjects but not in COPD   

The effect of Sema3E on proliferation has been studied within the endothelial cells [202, 204, 

221].  These studies demonstrated an inhibitory effect of Sema3E on endothelial cells 

proliferation [204]. Specifically, Sema3E worked as an anti-angiogenic agonist by inhibiting cell 

growth and tube formation and by suppressing the vascular endothelial growth factor (VEGF) 

signaling pathway [222]. More recently, our laboratory showed that Sema3E was able to inhibit 

growth factor (PDGF and EFG) induced proliferation and migration of primary bronchial 

HASMCs isolated from allergic asthmatic patients and healthy donors [223].  

Asthma and COPD are hypothesized as different expressions of a single disease. According to 

Global Initiative for Chronic Obstructive Lung Disease GOLD, the two diseases share some 

similarity particularly clinical symptoms  (e.g. obstruction) and or modes of treatment (e.g. 

steroids) to certain extent. However, asthma symptoms are reversible except the severe form 

compared to COPD[224]. Along with these facts that COPD and asthma share pathological 

similarities, we sought to investigate the role of Sema3E on HASMCs isolated from COPD.  Our 

hypothesis is that Sema3E inhibit PDGF induced proliferation of HASMCs obtained from COPD 

patients. The aim of this part was to investigate the role of recombinant Sema3E on PDGF 

induced proliferation in HASMCs from COPD patients and healthy donors. 

Serum deprived HASMCs isolated from COPD cells were treated with 10ng/mL of recombinant 

Sema3E in the presence or absence of PDGF-BB (10 ng/mL) for 40 hrs. A fluorescent-labeled 

thymidine analogue, 5-ethynyl-2′-deoxyuridine was added at 16 hrs and cells harvested at 24hrs 

from stimulation. Then, incorporation of a fluorescent-labeled thymidine analogue, 5-ethynyl-2′-
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deoxyuridine (EdU), into newly synthesized DNA was measured as an indicator of proliferation 

by flow cytometry.  

As showed in figure (11), Sema3E inhibited PDGF-induced proliferation in human telomerase 

reverse transcriptase (Htert) –immortalized bronchial HASMCs (Figure 11a). However, there 

was no effect of Sema3E on HASMCs cells isolated from COPD patients mild  (Figure11b), 

moderate (Figure 11c) or severe (Figure 11d) (see Table 2 for clinical characteristics of COPD 

subjects in whom their HASMC proliferation was studied). 

Figure 11e shows the statistical analysis in which Sema3E inhibited HASMCs proliferation 

mediated by PDGF in non-COPD significantly with P value (P < .05, Mann-Whitney U test) 

compared to COPD cells.  

The possible mechanisms to explain our new findings that contradict the observation in cells 

form allergic asthmatic are numerous. However, we would like to highlight two possibilities that 

may account for our result First, HASMCs from COPD patients may produce endogenous 

Sema3E excessively which by autocrine pathway occupy plexinD1 receptors. This event 

prevents the exogenous Sema3E from binding and exerting its effect on HASMCs from COPD. 

Second, previous studies have showed that Sema3E can be cleaved by furin protease in vivo 

leading to P61 and 25kDa fragments[190]. The P61 isoform have antagonistic function in 

contrast to the un-cleaved from P87 isoform [204].  Furthermore, HASM cells from COPD cells 

produces like other inflammatory cell recruited to COPD lung, matrix degrading proteinases like 

cathepsin G, L, furin and MMPs (1-8-9-12)[64]. These proteases may cleave the native form (p-

87) to p-61, which has been shown to have a pro-proliferative effect when binding to its receptor 

plexinD1 on cell surface [204, 225]. Figure (12) illustrates a schematic representation of these 
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possible mechanisms.  

We further investigated these possibilities by evaluating Sema3E isoforms produced by 

HASMCs isolated form COPD patients. In particular, we investigated the mRNA expression of 

Sema3E by HASMCs, the presence of surface bound Sema3E on HASMCs obtained from 

COPD and finally the nature of isoforms expressed and released in the supernatants of these 

cells.  
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Figure 11. Recombinant Sema3E showed no effect on PDGF mediated HASMCs 
proliferation from COPD patients compared to healthy donors. Basal and PDGF-mediated 
proliferation of immortalized bronchial, primary tracheal normal HASMCs (A), Also primary 
bronchial HASMCs from mild (B) moderate (C) severe (D) COPD patients were studied by EdU 
incorporation assay. The results were quantified and statistically (E). The graphs are based on at 
least 3 independent proliferation experiments. SSC, Side scatter. ∗P < .05,ns (non-significant) 
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Figure 12. Schematic representation of the nonresponsive recombinant Sema3E (R3E)  (P-
87 kDa) on HASMCs from COPD patient. Adding R3E to HASMC may subject to proteolytic 
cleavage in COPD rich environment of proteinases. Thus, cleave the R3E from P-87kDa to P-
61kDa which bind to cell surface receptor and exert its function as pro-proliferative isoform A.  
The other possibility is autocrine loop that the endogenous Sema3E (P-61kDa) isoform released 
from the cell occupy the cell surface receptor preventing the exogenous from binding to the cell 
B. 
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4.5. Sema3E is expressed in human ASM cells from normal and COPD subjects in vitro 
and within ASM cells bundle in  lung section  

As indicated above, we further investigated if Sema3E is produced constitutivily by HASMCs in 

COPD. mRNA level of sema3E in HASMCs isolated from normal and COPD cells was 

investigated using Realtime-PCR. Serum fed HASMCs was harvested at 24hrs and mRNA 

isolated as described in materials and methods Human Universal Reference Total cDNA 

(Clontech, Calif) was used as a positive control in all experiments, and no cDNA was served as 

negative control tubes. Sema3E mRNA level was not significantly expressed between COPD 

patients with different severity compared to normal subjects (Figure 13). 

The expression of Sema3E in ex-vivo was also investigated by performing 

immunohistochemistry on HASMs from lung sections. Lung sections specimens from healthy 

controls (n=5) and COPD patients (n=5) were stained using mAb anti-mouse Sema3E. Positive 

Sema3E immunoreactivity  was detected within ASM cells bundle in COPD lung section (Figure 

14). 

Collectively, this data suggests that HASMCs from COPD patients were non responsive to 

recombinant Sema3E treatment due to the endogenous expression of Sema3E. This later may 

occupy the cell surface receptor, PlexinD1, and prevents the effect of recombinant Sema3E on 

cell proliferation.  
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Figure 13. HASMCs obtained from COPD and normal subjects express Sema3E at mRNA 
level. RNA was isolated using TRIzol method and Reverse Transcriptase to synthesize cDNA.  
RT-PCR amplification was done with Sema3E specific primers.  GAPDH was used as internal 
control. GAPDH, glyceraldehyde phosphate dehydrogenase gene; SEMA3E, Sema3E gene 
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Figure 14. HASMCs express Sema3E. Lung sections from COPD patients and normal subjects 
were stained with specific rabbit polyclonal anti human Sema3E. Sections were then incubated 
with biotin labeled secondary antibody (Swine anti Rabbit) followed by streptavidin alkaline 
phosphatase and revealed by fast red. Sections were counterstained with hematoxylin. Isotype 
control rabbit staining show no immunoreactivity.* smooth muscle cells  
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4.6. HASMCs from COPD patients release Sema3E-truncated isoform that bind plexinD1 

receptor  

As we previously described, Sema3E is secreted protein [199]. In order to investigate whether 

Sema3E released binds to the cell surface receptor expressed in HASMCs in autocrine manner 

we performed flow cytometry to assess Sema3E surface expression by HASMCs. Forty eight 

hours serum starved HASMCs from COPD patients (mild and moderate) were incubated with 

APC labeled anti-human Sema3E mouse IgG1 antibody (R&D) or isotype control for 30 min 

after blocking the non-specific FC receptor mediated binding of antibody with FC blocker for 

30min on ice. As showed in figure 15, HASMCs from COPD displayed cell surface expression 

of Sema3E compared to isotype control.  

This observation suggests that, in COPD, HASMCs release higher amount of Sema3E protein 

that may bind to the receptor on cell surface (Figure 15). Taken together these results suggest 

that the receptor is occupied with the endogenous Sema3E. We further confirmed the release and 

constitutive expression of Sema3E in HASMCs from COPD patients (Figure 16). Supernatants 

and protein lysate were collected from serum deprived (48 hours) primary HASMCs from COPD 

patients. Total proteins were further fractioned using ultracentrifugation to separate cell cytosol 

from the membrane proteins.  HASMCs lysate from COPD patients expressed both the full-

length p87-Sema3E and p61-Sema3E isoforms (Figure 16A) whereas in the supernatants p-61-

Sema3E is the dominant isoform (Figure 16B).  These results combined with cell bound Sema3E 

detected by FACS (Figure 15) suggest an autocrine loop where the endogenous Sema3E released 

in the supernatants bind to the receptor on cell surface. This in turn, prevents the recombinant 

Sema3E p87 kDa to exert its inhibitory role on HASMCs obtained from COPD cells.  
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Figure 15. Surface expression of Sema3E on HASMCs from mild and moderate COPD 
patients. Extracellular expression of Sema3E protein analyzed by FACS. Cells were incubated 
with mouse IgG1 Sema3E antibody APC labeled (R&D) for 30 min on ice.  The control tube 
cells labeled with isotype mouse IgG2b showed no immunoreactivitiy.  
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Figure 16.  Sema3E isoform released from HASMCs in COPD patients with different 
disease severity. Sema3E basal protein expression was evaluated by western blotting. HASMCs 
were cultured until 70 % confluency. (A) Protein lysates were collected and fractionated to 
separate the cytoplasmic and nuclei fraction using ultracentrifugation and analyzed by WB.  (B) 
Supernatants were collected.  Both sups and lysates were concentrated 14X using ultra .5 
centrifugal Filter Devise  (10K cut off). 8ug of protein were resolved on polyacrylamide gels 
(SDS-PAGE) and were transfer onto PVDF membranes. After blocking with 5% non-fat milk, 
membrane were incubated with primary anti-Sema3E (goat Ig) overnight at 4˚C, followed by 
rabbit anti goat 2° antibody for 1 hour at room temperature.  
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4.7. Sema3E can be degraded by neutrophil derived protease (elastase and cathepsin G)  

Sema3E is synthesized as a full-length precursor molecule of approximately 87kDa (p87-

Sema3E), which is then subjected to proteolytic maturation by furin proprotein-convertases 

(PPCs) into p61kDa isoform [202]. P61-Sema3E is well studied in cancer cells as pro-metastatic 

molecule[204]. As shown in the previous figure, HASMCs from COPD patients expressed p61-

Sema3E as the dominant isoform concomitant with the previous findings in supernatants and cell 

lysates (figure 16 A and B). Studies show that cathepsin G and neutrophil elastase are the main 

inflammatory cell matrix degrading proteinases in the lung [226]. In order to test if these 

proteases contribute to Sema3E cleavage, we digested recombinant Sema3E with cathepsin G 

and neutrophil elastase for 30 min at 37°C and assessed the presence of different isoforms by 

western blotting. The proteases cleaved recombinant Sema3E p87kDa to smaller fragment 

p61kDa (Figure 17).   

Since COPD provide a rich environment for many proteases including furin [15, 64]. It is 

controversial that these proteinases will contentiously degrade the full-length Sema3E to the pro-

proliferative isoform [225]. Therefore, our data suggest that the effect of sema3E on HASMCs in 

COPD is mediated by p61-Sema3E.  
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Figure 17. Recombinant Sema3E P-87KDa cleaved into P-61KDa in presence of proteases. 
Recombinant Sema3E was treated with proteases (neutrophil elastase and cathapsin G) in 37° 
water path for 30 minutes and then evaluated by western blotting. 
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4.8. Effect of furin Inhibitor on Sema3E isoforms expressed by HASMCs from COPD 

patients 

We further examined the effect of furin inhibitor on Sema3E isoforms released by HASMCs 

from COPD and healthy patients. HASMCs were serum starved for 48 hours and incubated with 

fruin inhibitor (80 umol/ml) for 4 hours in conditioned medium in presence or absence of PDGF. 

The immunoblotting analysis of HASMCs supernatants from healthy donors and COPD patients 

indicates that the furin inhibitor concentration used in this assay was not able to block the 

cleavage of recombinant or endogenous Sema3E. As such, the lanes where exogenous Sema3E 

was added displayed a p61kDa Sema3E band. In COPD patients, furin inhibitor prevented parts 

of cleavage of endogenous p87kDa to p61kDa (Figure 18B lane 3). Also, accumulation of 

endogenous p61kDa is lost in the absence of furin inhibitor (Figure 18B lane 2 compared to lane 

3). This data suggest that p61kDa has other cleavage sites that lead to the production of small 

fragment as previously shown in cancer[225].  

Taken together, our data suggest that in COPD airway smooth muscle cells express high-level 

proteases activity that may account for the cleavage of endogenous Sema3E to p61kDa known to 

have a pro-proliferative function. 
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Figure 18. HASMCs were treated with PDGF and Sema3E in presence or absence of furin-
Inhibitor. HASMCs were cultured in 37˚C until 50% confluency then serum starved for 48 
hours Ham’s F12 supplemented with 1× ITS in 12 well plate. Cells were stimulated with 
Sema3E and PDGF and co-stimulated in presence and absence of Furin-Inhibitor. Supernatant 
were collected and concentrated to 14X using ultra-10K devise. Centrifugal Filter. 8ug of protein 
were resolved on polyacrylamide gels (SDS-PAGE) and were transfer onto PVDF membranes. 
After blocking with 5% non-fat milk, membrane was incubated with primary anti-Sema3E (goat 
Ig) overnight at 4˚C, followed by rabbit anti goat antibody for 1 hour at room temperature. 
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4.9. The effect of furin-inhibitor on PDGF and or Sema3E-mediated proliferation of 

HASMCs  

 Additionally, we evaluated the function of the truncated Sema3E isoform compared to the full 

length by stimulating the cells with PDGF and Sema3E in the presence of absence of furin-

inhibitor. HASMCs from normal subject and COPD patient were serum starved for 48 hours and 

stimulated with Sema3E (10ng/mL) and PDGF (10ng/mL) in presence or absence of furin 

inhibitor. EdU (5-ethynyl-2’-deoxyuridine) incorporation into DNA of replicating cells was 

assessed as surrogate marker of proliferation. As shown in figure (19) A and B, furin inhibitor 

decreases HASMCs proliferation in both normal and COPD at the baseline. It also affects PDGF 

induced HASMC proliferation in both cell types. This suggest that furin inhibitor affects 

proliferation and cell growth as has been shown previously [227]. 

In COPD patients, exogenous Sema3E enhances PDGF induced proliferation that was reduced in 

presence of furin inhibitor (Figure 19B).  Taken together our data suggest as demonstrated in 

pervious studies that furin inhibitor has wider effect on inhibiting cell proliferation[228, 229].  
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Figure 19.Furin inhibitor affect HASMCs proliferation.  HASMCs were cultured in 37˚C 
until 50% confluency then serum starved for 48 hours in Ham’s F12 supplemented with 1× ITS 
in 12 well plate. Cells were stimulated with sema3E and PDGF and co-stimulated in presence 
and absence of Furin-Inhibitor and studied by EdU incorporation assay 48 hours after 
stimulation. SSC, Side scattered, FI, furin inhibitor, 3E, Sema3E  
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4.10. COPD cells express Sema3E co-receptor, Neuropilin  

Although Sema3E signals mainly through plexinD1, neuropilin can act as a co-receptor 

particularly in endothelial cells [177]. In neuronal system, Sema3E have a dual function 

signaling through plexinD1/neuropilin complexes or through neuropilin specifically [201, 222]. 

Signaling through neuropilin alone mediates an attractive function in neuronal system whereas 

signaling through plexinD1/neuropilin reverses this function[206]. In this study, we predicted 

that in HASMCs from COPD, Sema3E could mediate its function via neuropilin binding on cell 

surface. Hence, we evaluated the protein surface expression of neuropilin by flow cytometry.  

Semi-confluent (50- 60% confluence) serum starved primary HASMCs from COPD patients and 

healthy subjects were detached using EDTA and incubated with PE conjugated mouse anti-

human neuropilin mAb or isotype control for 2hrs with gentle agitation at 4°C. As shown in 

figure (20)A, neuropilin surface expression was detected on HASMCs from one mild COPD. 

RNA preparations from primary serum-deprived HASMC from COPD and normal subjects were 

first analyzed by RT-PCR. As shown in figure (20)B HASMCs from COPD patients express 

neuropilin at mRNA level. GAPDH products were of similar intensity between all samples, 

suggesting equality of the RNA preparations with considering patients clinical variations (see 

table 1).  Taken together, our data suggest that the binding of Sema3E to neuropilin may play a 

role in non-responsiveness of HASMCs to the recombinant Sema3E in COPD. 
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Figure 20. HASMCs from COPD patient express neuropilin at mRNA and protein level. 
Neuropilin surface expression detected by flow cytometry, cells were incubated with the cells 
with PF-conjugated mouse monoclonal anti-human neuropilin-1. Neuropilin expression on 
primary HASMCs was examined by RT-PCR with the use of specific primers. RNA level 
studied was performed on at least 3 different HASMCs under the same conditions. GAPDH, 
glyceraldehyde phosphate dehydrogenase gene; NRP1, neuropilin gen, PE 
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CHAPTER 5: DISCUSSION  

5.1. THE ROLE OF SEMA3E IN HASMCs IN PROLIFERATION IN AIRWAY 

PULMONARY DISEASES  

Previous studies have demonstrated that smooth muscle cells contribute to airway wall 

remodeling by increasing either in mass or size[230]. This eventually leads to clinical symptoms 

especially airflow obstruction in both asthmatic and COPD patients[231]. Airways obstruction in 

pulmonary diseases noticed in bronchial biopsies from asthma and COPD patients caused by the 

thickening of the airway walls [232]. In pulmonary diseases, the inflammation is believed to 

triggered by the influx of inflammatory cells T cells (Th1, Th2, Th17, Treg, and other unknown 

subtypes) along with APCs, macrophages, neutrophil, eosinophils, mast cells and their cytokines 

(IL-4, IL-5, and IL-13, IL-8, INF-beta, INF-gamma, TNF-alpha, IL-10 and many more) into 

lungs[233]. Nevertheless, the structural changes in airway wall including ASM cell hyperplasia 

or hypertrophy and other cell types fully define the airflow obstruction in lung diseases. 

In vitro studies showed that in asthma and COPD, ASM cells proliferate significantly in response 

to mitogens [234, 235]. Moreover, in COPD, ASM cells hyperplasia has also been shown as one 

feature of airway remodeling that can play a role in augmenting the disease severity and 

pathology. However, there are other factors and cells that also drive the remodeling in pulmonary 

disease such as epithelial cells fragility and thickening, mucus hypersecretion, increased 

vascularity, fibrosis, squamous metaplasia, and increased deposition of collagen[236].  Yet, none 

of the existing therapeutic approaches is developed to target ASM cells hyperplesia in COPD. 

Previous report showed that PDGF-BB induced ASM cells proliferation is inhibited significantly 
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in response to Sema3E in cells from asthmatic patients suggesting that Sema3E could have a 

potential therapeutic benefit in controlling ASM growth in obstructive diseases such as asthma 

and COPD [223]. Sema3E was initially studied as chemorepellent in nervous system[201]. 

Moreover, Sema3E is involved in cell proliferation in cancer. In cancer, Sema3E already proved 

to be capable of targeting cancer progression or invasiveness [202, 223, 237]. In the present 

study, we showed that Sema3E does not exert any inhibitory effect on PDGF-mediated 

proliferation of HASMCs from COPD patients. In order to understand this discrepancy, we first 

investigated the receptor expression in HASMCs from COPD patients.  

Many studies showed that Sema3E mediates its effect through its receptor plexinD1[201, 210, 

238]. Sema3E/plexinD1 network has been show to play a key role in proliferation and migration 

of cancer cell and ASM cells independently of other co-receptors mediating VEGFR2, and Nrp1 

in particular[202, 223]. In HASMCs, Sema3E signaling through plexinD1 is critical for cell 

proliferation and migration, suggesting that Sema3E and its receptor are involved in the 

regulation of ASM remodeling in chronic airway diseases such as asthma[223]. In contrast, the 

present study showed that HASMCs from mild and moderate COPD cells expressed higher or 

similar amount of plexinD1 compared to normal cells; whereas, the expression level is low in 

HASMCs from severe COPD patients. 

Although this data of limited value since it did interrogate only 2 patients from each severity, it is 

tempting to suggest that the decreased expression in HASMCs from severe COPD patients may 

be due to the binding of endogenous Sema3E to plexinD1 receptor.   

Studies showed that ASM cells produce and secret many proinflammatory mediators including 

cytokines. In this study, we showed for the first time that ASM cells from COPD and healthy 
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donors express Sema3E protein in vitro, and ex vivo within lung section of COPD patients and 

normal subjects. Moreover, Sema3E mRNA level and the protein level were higher in HASMCs 

from COPD compared to healthy donors. Taken together, these results may also explain the non-

responsiveness of COPD ASM cells upon stimulation with recombinant Sema3E.  

5.2. DIFFERENT SEMA3E ISOFORM PLAY DIFFERENT ROLE IN ASM CELLS  

The results of the present study show that COPD cells express the Sema3E-P61 isoform in cell 

lysate and supernatants. This fragment of Sema3E is considered as a pro-metastatic molecule in 

cancer cell[204]. It also known that this isoform is the dominant endogenous type in cancer cells 

similar to our observation in HASMCs from COPD cells[201]. It is important to highlight that 

COPD cells used in this study were obtained from patients undergoing surgery to remove lung 

cancer nodules. The cells are isolated from non-involved healthy tissue. However, it is possible 

that these cells are primed in vivo by secreted factors released by cancerous neighboring cells. 

This priming cells may enhance their proteolytic capacity, has explaining their ability to cleave 

Sema3E-p87kDa to p61 isoform. In accordance with this suggestion, the full-length Sema3E is 

subject to furin proprotein-convertases (PPCs) cleavage in cancer [202].  

5.3. EXOGENOUS SEMA3E COMPETE WITH THE RELEASED ISOFORM FROM 

ASM CELLS  

Western blotting analysis showed that ASM cells release Sema3E protein in cell supernatants, 

that may be subjected to protease cleavage leading to truncated p61 isoform, which can bind cell 

surface receptor plexinD1 in autocrine manner. Casazza et. al. showed that, in cancer cells 

(melanoma) the release Sema3E-p61 was fully capable of binding plexinD1. They also found 
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that recombinant uncleaved-Sema3E, mutated at furin cleavage site, competes with endogenous 

p61-Sema3E produced by tumor cells. In their study uncleaved-Sema3E did not induce cancer 

cell migration whereas sema3E-p61 acts as pro-invasive and pro-metastatic. Furthermore, in 

endothelial cells full-length Sema3E strongly and rapidly induced the retraction of cellular 

processes and the rounding of human umbilical vein-derived endothelial cells (HUVEC) [204]. 

Moreover, it is shown that Sema3E inhibits integrin function and intracellular signaling in 

endothelial cell [239]. Unclveaved-Sema3E has been found to trigger a dramatic disassembly of 

focal adhesion complexes in cells treated for 5 min with uncleaved-Sema3E[204]. Unlike p61, 

uncleaved-Sema3E bound to PlexinD1 is able to elicit anti-angiogenic and repellent functions in 

endothelial cells [201]. We suggest, although not yet confirmed, that in COPD cells, Sema3E-

p61 may drive the pro-proliferative activates of HASMCs, which may account for smooth 

muscle remodeling. 

CHAPTER 6: FUTURE DIRECTIONS  

1-Investigate the expression of neuropilin (Nrp-1) in HASMCs from COPD and determine 

whether Nrp-1, co receptor of Sema3E, play any role in Sema3E mediated function in HASMCs. 

This can be achieved by using flow cytomtery and RT-PCR. 

2-Investigate whether the absence of Sema3E effect in COPD is due to the binding of the 

endogenous Sema3E p61kDa to surface receptor in autocrine manner. 

3-Knock down Sema3E expression using ShRNA and then investigate the effect of 

recombinant3E on cell proliferation. 

4-Investigate the regulatory mechanisms that govern Sema3E and plexinD1 expression in ASM 
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cells. In particular, determine the role of pro-inflammatory cytokines TNF and IL-1β on Sema3E 

expression by cell culture and ELISA as well as RT-PCR. 

5-Confirm the expression of Sema3E in vivo within COPD muscle bundles using double 

immunostaining with ASM marker alpha smooth muscle actin and Sema3E antibody.  
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