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Abstract 

 

Chronic obstructive pulmonary disease (COPD) is an increasing global health problem and leading 

cause of disability and death. The disease is characterised by chronic inflammation due to increased 

levels of cytokines and chemokines as well as alveolar neutrophils, macrophages and T-lymphocytes. 

and will result in loss of lung elasticity and mucus hypersecretion. Also, due to exposure to noxious 

substances, like cigarette smoke extract, levels of reactive oxygen species (ROS) increase inducing 

damage to lipids, proteins and DNA. These responses originate from signal transduction mechanisms 

which are controlled by compartmentalization of cAMP-dependent protein kinase (PKA) which are 

bound to A-kinase anchoring proteins (AKAPs). The highly conserved members of the AKAP ensures 

spatial-temporal control of important signal transduction mechanisms. Dyregulation of AKAPs is 

related to a number of disorders like neurodegenerative disease, cardiovascular disease and COPD. 

This assay will focus on the role of AKAPs in the respiratory tract and the pathophysiology of COPD. 
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I. Introduction 

 

Chronic obstructive pulmonary disease (COPD) is a slowly progressive lung condition and has become 

a rising global health problem with a high mobility and mortality rate (Rahman, 2008). Currently, the 

disease affects more than 5% of the population and it is the fourth leading cause of death. The World 

Health Organization has announced that the disease will become the third leading cause of deaths by 

2020 (Barnes, Shapiro and Pauwels, 2003; Mannino, 2006). COPD is associated with pulmonary 

obstructive bronchiolitis, emphysema causing loss of lung elasticity, increased mucous secretion, 

inflammatory components which ultimately lead to tissue damage and elevated levels of oxidative 

stress (Barnes et al., 2003; Fromer and Cooper, 2016). COPD is mainly caused by a prolonged 

exposure to noxious gases or particles such as cigarette smoke, the most common cause in well 

developed countries. Other risk factors are air pollution (indoor biomass fuels), poor diet and 

occupational exposure. COPD can also be caused by a genetic predisposition, like alpha-1 antitrypsin 

deficiency. Alph-1 antitrypsin is a protease inhibitor protecting lung tissue by inactivating neutrophil 

elastase (Brode et al., 2012). As a result of alpha-1 antitrypsin deficiency some patients start to 

develop COPD at a young age (Taraseviciene-Stewart and Voelkel, 2008; Brode et al., 2012). For an 

authoritative diagnosis of COPD patients undergo spirometry testing, a standard instrument which is 

used for the assessment of the extent of airflow limitation and monitoring the progression of the 

disorder. During a spirometry test the FEV1, exhaled volume in one second, and the forced vital 

capacity (FVC), maximum volume that can be exhaled after full inhalation, is measured. The ratio of 

these two measurements (FEV1/FVC) provides insight into the lung volume of the patient. 

COPD is classified into four stages (GOLD I –IV, mild to very severe). This classification is an initiative 

of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) started in 2006 en is used 

worldwide. Currently there are several approaches for the management of COPD. Most important 

are the long-acting β-agonist (LABA) and the long-acting muscarinic antagonist (LAMA), such as 

formoterol and salmeterol, used in stage I to stage IV COPD. These bronchodilators reduce 

symptoms, such as persistent cough and shortness of breath, and provide relaxation of smooth 

muscles in the airways (Carlin, 2016; Fromer and Cooper, 2016). Corticosteroids are used to reduce 

exacerbations in COPD stage III en IV but have limited effect on lung function (Barnes, 

2005).Phosphodiesterase (PDE) inhibitors are another class of medicine used in the management of 

COPD. PDE 4 is an important regulator of cyclic adenosine monophosphate (cAMP) metabolism 

during inflammation. Research has shown that roflumilast, a PDE 4 inhibitor, causes reduction in 

exacerbations and improvement of FEV1 (Giembycz, 2001; Rennard et al., 2011). 

In the next chapters, this paper will focus on the injury and remodelling that occur in the lungs, A-

kinase anchoring proteins (AKAPs) and their involvement in the pathophysiology of COPD. 
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Bronchiolitis and emphysema 

Continuous exposure of noxious substances to the lungs causes a persistent inflammatory reaction. 

Thereby, cytokines and chemokines are continuously released by the innate and adaptive immune 

system. These can stimulate epidermal growth factor receptors nearby which will activate 

transcription factors or inflammatory and mucin genes. By this activation there is an increased 

release of mucus by goblet cells. Mucus normally ensures clearance of the respiratory tract but 

during hypersecretion it has opposite effects. Cilia present in the lungs cannot function under 

excessive mucus production as well as mechanism that normally provide mucus degradation. A very 

devastating consequence of hypersecretion is the increased degranulation of elastase from 

neutrophils. These effect lead to persistent cough and chronic bronchiolitis (Burgel, 2004; Kim and 

Criner, 2015).   

Persistent inflammation of the airways leads to disruption and damage of the alveolar structure and 

will eventually result in emphysema. The activity of protease and anti-protease are of great 

importance in the formation of emphysema. Proteases and anti-proteases play a major role in the 

intracellular and extracellular regulation of homeostatic, killing bacteria and regeneration of tissue. 

However, in case of persistent inflammation the balance between proteases and anti-proteases is 

disturbed resulting in an increase of proteases which causes damage (Sharafkhaneh et al., 2008; 

Greene and McElvaney, 2009; Abbout, 2012). An important serine protease in this process is 

neutrophil-derived elastolytic protease (NE) stored in the granules of neutrophils. NE is released 

during inflammation and causes degradation of elastin and collagen, matrix proteins important in the 

maintenance of interstitial tissue and airway structure (Nadel, 2000; Zhu et al., 2001; Dunsmore, 

2008). Because of the degradation of elastin, the lungs loses their elasticity which reduces lung 

capacity and leads to enlargement of the airspace (Starcher, 1986; Taraseviciene-Stewart and 

Voelkel, 2008). NE and growth factors causes deposition of collagen and creating fibrosis in this way. 

All these processes result in airflow limitation in COPD. 

Inflammatory cells 

COPD is characterized as an inflammatory disease. Many different inflammatory cells and mediators 

derived from the innate and adaptive immune system, are involved in the pathophysiology of the 

disorder (Barnes, 2004; Rovina et al., 2013).  

Neutrophils are highly involved in the inflammatory process in COPD and form the first defence in 

the airways. The cells are present in the bronchioles and parenchyma and are increased in COPD 

patients. The amount of neutrophils present is correlated to the progression of the disease and the 

decline of lung function (O’Donnell, 2006). Neutrophils secrete inflammatory cytokines and 

antimicrobial peptides such as NE, cathepsin G and matrix metalloproteinase (MMP) which 

contribute to mucus hypersecretion and causes alveolar destruction resulting in emphysema. 

Neutrophils are recruited by chemotactic signals: leukotriene B4 (LTB4), interleukin-8 (IL-8) and CXC 

chemokines derived from alveolar macrophages and epithelial cells (Barnes, 2003).  

Macrophages are of great importance in the pathophysiology of COPD. They provide the entire 

inflammatory reaction in response to cigarette smoke extract (Fig. 1). Macrophages recruit 

neutrophils by release of chemotactic signals and they secret MMP, just like neutrophils, and 

together they ensure the recruitment of leukocytes to the site of inflammation (O’Donnell, 2006). 

Through the secretion of interferon-γ inducible protein (IP-10) and interferon-inducible T-cell α-
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chemo attractant (I-TAC), CD8+ T cells are attracted which contributes to emphysema. Also, the 

amount of macrophages correlates to the damage inflicted on parenchyma (Barnes, 2003).  

 

Figure 1 Macrophages provide inflammatory reaction in response to cigarette smoke. By the release of chemotactic signals 
such as interleukin-8 (IL-8) and leukotrien B4 (LTB4) macrophages recruit neutrophils to the site of inflammation. Also 
through the secretion of interferon-γ inducible protein (IP-10) and interferon-inducible T-cell α-chemo attractant (I-TAC) 
CD8

+
 cells are attracted which ultimately contribute to emphysema. Other cells are also recruited in response to signals. 

Oxidative stress due to inflammatory response increases reactive oxygen species (ROS) production. This triggers increased 
transcription of inflammatory genes (Barnes et al., 2003). 

By an increased expression of IP-10 by epithelial cells in the respiratory tract, the number of T-

lymphocytes raises, in particular CD8+ compared with CD4+. CD8+ cells cause destruction of lung 

parenchyma through the release of perforin and granzymes which leads to apoptosis or necrosis. 

Research showed that CD8+ cells are increased in patients with COPD which do not smoke (Chung 

and Adcock, 2008; Freeman et al., 2010). This proves that chronic inflammation characteristic for 

COPD is continuously stimulated. The moderate elevated levels of CD4+ cells consist of two types of 

cells, Th1 and Th17. Interferon γ is secreted by Th1 which ensures migration of leukocytes to the site 

of inflammation and promotes NK cells activity. Th17 cell secrete IL-17A and IL-17F that promote 

inflammation (Schroder et al., 2003).  

The exact function of eosinophils is still unknown. As with asthma, eosinophils are increased in the 

airway of patients with COPD. However, it is known that these cells contribute to the production of 

reactive oxygen species (ROS) (Barnes, 20003; Chung and Adcock, 2008). The same applies to mast 

cells which are also increased in the airways of COPD patient but their function is unknown (Chung 

and Adcock, 2008).  

Oxidative stress 

The lungs are continuously in contact with the external environment. Noxious substances or particles 

as well as bacteria and viruses can easily enter the airways which makes the lungs very vulnerable. 

Exposure to air pollutants but also the immune response of leukocytes and macrophages to bacteria 

en viruses increases oxidative stress in the airways (Langen et al, 2003; Kirkham and Barnes, 2013). 

Because of oxidative stress there is an increased attendance of exogenous ROS, free radicals derived 

from oxygen like superoxide anion (·O2
−), hydroxyl radical (·OH), hydrogen peroxide (H2O2) and 
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singlet oxygen (O2) (Sharma et al., 2012). In addition, there is always endogenous ROS present 

derived from mitochondrial respiration. Elevated levels of ROS can cause damage to lipids, proteins 

and DNA (van Eeden and Sin, 2008). Because of the constant exposure to endogenous and 

exogenous sources of oxidative stress the lungs has expand anti-oxidative defence mechanisms that 

neutralize ROS. This anti-oxidative mechanisms consist of enzymatic and non-enzymatic components, 

including superoxide dismutase, enzymes of ascorbate-glutathione cycle, guaiacol peroxidise, 

carotenoid, etc. (Sharma et al., 2002). In patients with COPD the production of endogenous ROS by 

smooth muscle cells and the exogenous ROS are substantially increased. This is mainly the result of 

cigarette smoke which causes oxidative stress (Kohen and Nyska, 2002). Cigarette smoke contains a 

very high concentration of oxidants and free radicals and includes between 4000 and 4700 different 

chemicals (van Eeden and Sin, 2008; Langen et al, 2003). 

ROS has a great effect on the respiratory system because it allows the release of cytokines and 

chemokines which activate molecular complexes. A well-known complex is nuclear factor-kappa B 

(NF-κB), a transcriptional factor. NF-κB actives a number of inflammatory genes which results in an 

immune response. In addition, ROS also activates a number of enzymes such as histone 

acetyltransferase, which alters histones resulting in an increased transcription of inflammatory 

genes, and transforming growth factor-β (TGF-β). TGF-β decreases the action of the anti-oxidative 

mechanism of superoxide dismutase whereby ROS can overcome this defence mechanism. Research 

has shown that the nuclear factor-erythroid 2-related factor-2 (Nrf2), a transcription factor that 

control antioxidant mechanisms, is decreased in patients with COPD and this is likely to be 

suppressed by similar mechanisms as TGF-β (Barnes, et al., 2003; Kirkham and Barnes, 2013). 

Therefore, oxidative stress plays a major role in the pathophysiology of COPD.  
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II. A-kinase anchoring proteins 

 

Numerous processes take place inside the cell which are crucial for survival such as proliferation, 

differentiation, metabolism and gene expression. Many of these processes are driven by extracellular 

signals like neurotransmitters and hormones. These signals are passed to intracellular transduction 

mechanisms via receptors. These transduction mechanisms are of great importance because the cell 

can engender an appropriate physiological response to the changing external environment. This 

response is partly achieved by compartmentalization of intracellular effectors by adapting of 

anchoring proteins, as will be described in this chapter.  

Cyclic adenosine monophosphate and protein kinase A 

The first discovered and already more than 40 years familiar intracellular signal is the second 

messenger cyclic adenosine 3’,5’-monophosphate (cAMP). The cAMP signal transduction 

mechanisms is activated by binding of an extracellular ligand to a G protein-coupled receptor (GPCR) 

on a target cell causing conformational change (Fig. 2) (Chin eta l., 2002). The intracellular 

heterotrimeric G protein (consisting of Gα, Gβ en Gγ subunits) which is attached to the receptor, 

exchange guanosine diphosphate (GDP) for guanosine triphosphate (GTP). As a result the G protein is 

activated and the Gα subunit dissociates from the Gβγ subunit (Alto and Scott, 2004). The Gα (in this 

case Gsα) subunit interact which ensures activation of adenylyl cyclase (AC), an enzyme that catalyse 

the turnover of adenosine triphosphate (ATP) to cAMP (Gloerich and Bos, 2010; Perion et al., 2012). 

cAMP is regulated by a balance between two types of enzymes, AC and phosphodiesterase (PDE) 

which catalyse the conversion of cAMP to 5’-AMP (Sassone-Corsi and Fimia, 2001; Pidoux and 

Tasken, 2010). 

CAMP achieves its effect by binding to protein kinase A (PKA), but can also bind to exchange protein 

activated by cAMP (Epac), cyclic-nucleotide gated ion channels or PDEs, which ensures cAMP 

degradation (Sassone-Corsi and Fimia, 2001; Gloerich and Bos, 2010). PKA, also known as cAMP-

dependent protein kinase, is a hetero tetramer composed of two catalytic (C) subunits, encoded by 

three genes (Cα, Cβ and Cγ), and two regulatory (R) subunits, encoded by four genes (RIα, RIβ, RIIα 

and RIIβ) (Sassone-Corsi and Fimia, 2001; Carnegie et all., 2009). Two types of PKA are known namely 

type I (RIα and RIβ dimer), which is mainly cytoplasmic, and type II (RIIα and RIIβ dimer) by which the 

sub cellular location is determined by an anchoring protein family (Alto and Scott, 2004; Di 

Benedetto et al., 2008; Scott, 1991). Normally, PKA is in an inactive state achieved by the association 

the C and R subunit. Activation occurs by dissociation of these two subunits by binding of cAMP to 

the R subunit. The activity of PKA is administered by protein kinase inhibitors (PKIs), which 

phosphorylate serine and threonine residues and in this way regulating biological processes. The 

cAMP signalling transduction cascade via PKA is also controlled by another group of proteins called A-

kinase anchoring proteins (AKAPs). AKAPs are complex but well-organized molecular complexes 

which determine the precise spatial-temporal signalling of the transduction mechanism after 

activation of GPCR (Pawson, 2003; Rababa’h et all., 2014). 
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Figure 2 The cAMP signal transduction mechanism. The mechanism is activated by an (a) extracellular ligand binding to Gαs 
G-protein coupled receptor (GPCR). This results in a conformation change and leads to the dissociation of the Gα subunit 
form the Gβγ subunit. Gα stimulates the conversion of adenosine triphosphate (ATP) to cyclic adenosine 3’, 5’- 
monophosphate (cAMP) by adenylyl cyclase (AC). cAMP can bind to (b) protein kinase A (PKA) and are controlled by A-
kinase anchoring proteins (AKAPs). Cyclic-nucleotide gated ion channels (c) can also be activated by cAMP, just like (d) 
phosphodiesterase (PDE) and (e) exchange proteins activated by cAMP (EPACs) (Wong and Scott, 2004). 

 

Regulatory role of A-kinase anchoring proteins 

The specificity of intracellular signalling transduction cascade is controlled by the highly conserved 

AKAP family. AKAPs coordinate and regulate the compartmentalization of cAMP, phosphorylation 

and dephosphorylation and the gathering of signal transduction mechanism and there appropriate 

substrates by providing a framework (Wong and Scott, 2004). The highly conserved AKAP family has 

more than 50 members which all have their own function but have one thing in common, binding to 

PKA (Carnegie et all., 2009; Pidoux and Tasken, 2010). The R subunit of type II PKA provides a protein-

protein interaction with AKAP and phosphorylation of substrates is arranged by the C subunit (Fig. 3). 

A special region on the N-terminal of the R subunit of type II PKA allows high affinity interaction. This 

region is known as the D/D domain because it is responsible for docking and dimerization of AKAP. 

The D/D domain comprises an anti-parallel dimeric X-type four-helix and allow docking with AKAP 

(Newlon, et al., 2001). AKAPs in turn can bind to an amphipathic helix of 14-18 amino acids (Carlisle 

and Scott, 2002). This amphipathic helix consist of hydrophobic residues, covered on one side of the 

helix, and charged residues covered on the other side of the helix. This helix structure is found in 

nearly all AKAPS (Pidoux and Tasken, 2010; Newlon, et al., 2001). All AKAPS so far known bind to the 

RII subunit of PKA but there are some exceptions. Some AKAPs can bind both RI and RII subunits (7).   
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AKAPs are present in different cellular compartments such as plasma membranes, mitochondria, 

centrosomes, cytoskeleton, endoplasmic reticulum, microtubules, Golgi apparatus, etc. (Pidoux and 

Tasken, 2010; Wong and Scott, 2004). AKAPs have the ability to form complexes with PKA and recruit 

enzymes nearby potential substrates. This will link upstream activators with downstream targets. The 

recruited enzymes will ensure signal transduction but also signal termination (Alto and Scott, 2004; 

Carlisle and Scott, 2002). Because of this AKAPs form a framework that can coordinate various 

signalling pathways and cellular locations. Different AKAPs achieve different responses for example 

AKAP5 (also known as AKAP79 in humans and AKAP150 in rodents) is essential for switching the β2-

adrenoceptor from Gs to Gi and thereby activating the mitogen-activated protein kinase (MAPK) 

pathway (Zhang et al., 2013). Another example is AKAP95 which controls chromosome condensation 

and is located at chromatin during mitosis and bound to the nuclear matrix during interphase (Le 

Guellec et al., 1999; Chen et al., 2016).  

 

Figure 3 Binding of the PKA holoenzyme to A-kinase anchoring protein (AKAP). AKAP bound to the PKA anchored to 
subcellular targeting domain. AKAP consist of a C and N terminus. The RII dimer of PKA consist of RIIα and RIIβ subunits. The 
C subunit of PKA phosphorylates substrates (Pidoux and Aandahl, 2003).  
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III. AKAPs in the airways  

 

Several AKAPs are expressed in the airway smooth muscle. The functional role of AKAPs in the 

airways and the lung disease COPD is not completely known. Therefore, we review the role and 

function of smooth muscle cells such as signalling, contraction, inflammation and remodelling and 

the involved AKAPs. 

AKAP signalling 

Important AKAPs in the signalling of airway smooth muscle cells are AKAP5 (AKAP79/150) and 

AKAP12 (Gravin). AKAP5 and AKAP12 share many common features in downstream signalling such as 

binding to type II PKA and protein phosphatase-2B. (Tao and Malbon, 2008). But most important is 

the interaction with the prototypic GPCR, the β2-adrenoceptor (Fraser et al., 2000; Gao et al., 2011). 

When AKAP5 binds to the β2-adrenoceptor, Gs will be activated. AKAP5 however, has the ability to 

change the protein Gs to Gi (Poppinga et al., 2014). This process is facilitated by PKA-mediated 

phosphorylation of the β2-adrenoceptor. Gs normally ensures the activation of AC but due the switch 

Gi activates the MAPK (ERK) pathway. This pathway is involved in cell proliferation, differentiation, 

apoptosis, transformation, survival and gene expression (McCubrey et al., 2007; Kim and Choi, 2010). 

Also, the pathway is responsible for the activation of cytokine production (Scherle et al., 1998). 

AKAP5 has much influence on the β2-adrenoceptor because it provides desensitization and 

internalization of the receptor. In this way, AKAP5 can regulate the precise expression of the 

receptor. This process occurs through the phosphorylation of the β2-adrenoceptor by G protein-

coupled receptor kinase-2 (GRK2) whereby the βγ subunit, like β-arrestin, is able to bind with high 

affinity which result in desensitization. Internalization of the receptor is a slower process and goes via 

endocytosis (Chen and Malbon, 2009). After desensitization of the receptor it is essential that 

receptor is expressed on the cell membrane again. AKAP12 ensures resensitisation, 

dephosphorylation and recycling of the β2-adrenoceptor (Luttrell and Lefkowitz, 2002; Oldenburger 

et al., 2012). It is therefore important that AKAP5 and AKAP12 closely collaborate regarding to the 

signalling via the β2-adrenoceptor important for downstream interactions such as smooth muscle 

relaxation and bronchodilation. 

Contractile function of smooth muscle cells 

A number of enzymes are important in the contraction of smooth muscle in the respiratory tract. 

Contraction occur in response to elevated cytosolic calcium (Ca2+) concentrations. By binding to a 

serpentine receptor, phospholipase C is activated. This enzyme ensures catalysis which result in the 

production of two second messengers, namely diacylglycerol (DAG) and inositol triphosphate (IP3). 

DAG is responsible for the activation of protein kinase C (PKC) which in turn can exert different 

biological functions such as receptor desensitization, cell growth, participation in immune responses, 

etc. (Choi et al., 2009). IP3 causes release of Ca2+ by binding to specific receptors present on the 

sarcoplasmic reticulum. The released Ca2+ binds to the intracellular Ca2+ receptor protein, calmodulin 

(CaM) ensures activation of myosin light-chain kinase (MLC kinase) and results in contraction of 

smooth muscle (Lincoln, 2007).  
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Smooth muscle relaxation is regulated by MLC phosphatase, together with a reduced level of 

cytosolic Ca2+. Rho kinase, a serine/threonine kinase, is of great importance in the regulation of MLC 

phosphatase and is activated by RhoA. Rho kinase ensures phosphorylation of the myosin-binding 

subunit of MLC phosphatase (Wilson et al., 2001; Webb, 2003). The protein Epac also interact with 

this pathway. Epac binds to Rap1 which ensures the inhibition of RhoA and ultimately results in 

smooth muscle relaxation (Poppinga et al., 2014). 

Ezrin (AKAP78) plays a central role in smooth muscle relaxation. Ezrin is part of the 

Ezrin/Radixin/Moesin (ERM) protein family and are cross link actin filaments associated with the 

plasma membrane. Rho-regulated Rho-kinase establish phosphorylation of ERM (Matsui et al., 1998). 

Because Epac and Ezrin are both involved in this process en also both found in smooth muscle, is it 

suggested that inhibition of RhoA by Epac is affected by Ezrin (Poppinga et al., 2014). 

Inflammation and remodelling 

As described earlier, COPD is characterized as an inflammatory disease. Many chemokines and 

cytokines are released in response to cigarettes smoke extract. A cytokine that plays an important 

role is IL-8. IL-8 is elevated in the airways of patients with COPD and is release by smooth muscle cells 

in response to Gq protein. However, research has shown that PKA and Epac can reduce IL-8 in the 

airways. This is achieved through inhibition of ERK signalling which is influenced by a balance 

between AKAP5 and AKAP12 and also through the inhibition of NF-κB. Disruption of PKA-AKAP 

interaction by Ht31, a protein kinase A anchoring inhibitor, clearly display that PKA and Epac plays an 

important role in mediating the anti-inflammatory processes which are under mediation of AKAPs 

(Poppinga et al., 2014; Poppinga et al., 2015). 

Chronic inflammation, emphysema and mucus hypersecretion are known to contribute to structural 

changes in lung tissue and airway remodelling, a major feature seen in patient with COPD (Dournes 

and Laurent, 2012; Grzela, 2015). There are a numbers of known pathways which lead to changes in 

structures of lung tissues such as the MAPK (ERK) pathway and phosphoinositide 3-kinase (PI3K) 

pathway. This pathway regulates cell proliferation and differentiation like MAPK (ERK) (Lui et al., 

2009). PKA and Epac, which are fine-tuned and controlled by the AKAP family, have great influence 

on these two pathways and presumably also in airway remodelling. However, the exact mechanism 

and role of AKAP family mediated remodelling by PKA and Epac is not clear (Poppinga et al., 2014).  

AKAP in relation to disease 

AKAPs act as spatial-temporal signalling, such as the compartmentalization of cAMP and associated 

transduction mechanisms like cell proliferation, differentiation, gene targeting, etc. It is therefore 

essential that these processes are precisely controlled. Disturbance of AKAPs function is associated 

with various disorders such as neurodegenerative diseases, cardiovascular disorders, and various 

types of cancers as well as lung disease such as COPD (Tröger et al., 2012; Smith et al., 2013). 

Exposure of airway smooth muscle cells to cigarette smoke, the main cause of COPD, affects the 

expression of several AKAPs. mRNA levels of AKAP9 are decreased in lung tissue. AKAP9 interacts 

with E-cadherin. E-cadherin is an important transmembrane glycoprotein and found specific in cell-

cell adhesion on smooth muscle cells (Tunggal et al., 2005; Van Roy and Berx, 2008). Down-

regulation of AKAP9 by cigarette smoke reduces also E-cadherin. This ultimately results in 

dysfunction of the epithelial barrier. Also, mRNA levels of AKAP5 and AKAP12 are decreased in 
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response to cigarette smoke and will result ultimately in inflammation (Poppinga et al., 2014; 

Oldenburger et al., 2014; Poppinga et al., 2015). Taken together, dysregulation of AKAPs due to 

cigarette smoke extract are responsible for the pathophysiology of COPD.  
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IV. Outlook 

 

cAMP is an intracellular messenger which regulates important cellular and biological processes such 

as cell proliferation and differentiation, gene transcription, etc.. The specificity of intracellular 

signalling transduction mechanisms is controlled by the AKAP family. AKAPs act as spatial-temporal 

signalling by compartmentalization of cAMP (McConnachie et al., 2006). Disruption or malfunction of 

AKAPs is related to a number of disorders such as heart diseases, immune diseases, 

neurodegenerative disease and COPD (Zaccolo, 2011). 

It is commonly known that average age of people increases and this will only increase over the years. 

With this increasing age, the number of chronic diseases will also raise. Therefore it is crucial to 

determine and understand the mechanisms that drives these diseases so it can be managed better. 

AKAPs play a major role in the pathophysiology of COPD but also in other chronic disease. Properly 

management of diseases  by specific drugs, perhaps targeting of AKAPs, is of social importance.   

There are many different types of medication for COPD patients such as anticholinergics, β2 

agonisten, corticosteroids and combination therapie. However, these drugs are not always effective 

(Grimes et al., 2007). AKAPs are involved in different processes and are dysregulated in disease which 

makes them potential drug targets. A few experimental drugs are used to disrupt AKAP-PKA 

interactions such as peptides derived from PKA-binding domains and FMP-API-1 which are small 

disruption molecules. However these drugs lack selectivity (Tröger et al., 2012; Esseltine and Scott, 

2013). One way to obtain selectivity for AKAP-PKA interaction might be via nanotechnology. Research 

has shown that nanoparticles act more efficiently than molecules and therefore these particles 

would be able to perform as effective drug delivery systems. However, for precise effect of 

nanosystems, AKAP-PKA interaction and there corresponding interactions in relation to cellular 

processes will need to be exactly indentified (Suri et al., 2007). Perhaps in the future, targeting AKAP-

PKA interaction by nanosytems is an effective way  for the management of COPD and because 

dysregulation occurs not only in COPD, nanosystems can serve as a broad spectrum.  

So far medication only focus on disruption of AKAP-PKA interactions. But there is another important 

protein present in various biological and cellular processes which is also under spatial-temporal 

control of the AKAP family and that is Epac. Therefore, it is important not only to focus on 

pharmacological induced disruption of AKAP-PKA interaction but also on AKAP-Epac interactions 

(Cheng et al., 2008). In addition, cAMP is also of great interest in the previously mentioned 

processes. Increased concentrations of cAMP proved activation of PKA but excessively elevated levels 

of cAMP in the cytosol can lead to an increased activion of NF-kB resulting in hyper inflammation 

(Monterisi et al., 2012). Therefore it is of interest to pharmacological manage the components, 

cAMP, Epac and PKA, that are controlled by the AKAP family and contribute to the pathophysiology 

of COPD.  
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