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1. Introduction 

Osteoarthritis (OA) is the most common form of arthritis and represents a global health 

problem. OA is estimated to affect 40% of the population over 70 years of age and is a major 

cause of pain and physical disability (Lawrence, 2008). This is a condition that 

predominantly involves hip, knee, spine, foot and hands. Several risk factors have been 

associated with the initiation and progression of OA, increasing age, sex, obesity, 

occupational loading, malalignment, articular trauma and crystal deposition. 

OA is a chronic degenerative joint disorder characterized primarily by destruction of 

articular cartilage, formation of reparative fibrocartilage and subchondral bone remodelling. 

However, not only the cartilage and bone are affected, also the synovium and the joint-

stabilizing structures such as ligaments and meniscus (Baker‑LePain, 2010). Apparently, all 

the tissues of the joint respond to mechanical stress with the consequent loss of function and 

clinical deterioration. 

The application of mechanical forces under physiological conditions is a preponderant 

factor in cartilage homeostasis. It is now well know, that environmental factors, such as 

compressive and tensile forces, load and shear stress have a significant influence on the 

chondrocyte metabolism. Also, conditions that alter the load distribution on the articular 

surface can induce the development of OA (Roos, 2005).  

This degradative process of the cartilage in OA is a consequence of an imbalance between 

anabolism and catabolism of chondrocytes. Generally, chondrocytes respond with 

increased expression of inflammatory mediators and matrix-degrading proteinases (Kurz, 

2005). 

Other effect observed in chondrocytes under mechanical stimulation is the change in 

membrane and osmotic potential (Wright, 1992, Bush, 2001). In OA, chondrocytes undergo 

depolarization instead of hyperpolarization (Millward-Sadler, 2000), and the decrease of the 

osmotic potential has been associated with loss of volume control in early stages of OA 

(Stockwell, 1991, Bush, 2003). However, the sequence of mechanobiological events necessary 

for the maintenance of extracellular matrix (ECM) homeostasis and its involvement in the 

pathogenesis of OA is still poorly understood. 
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2. Articular cartilage structure 

Articular cartilage is a specialized connective tissue that contains a single cell type, the 
chondrocytes, embedded in an ECM which is composed of water and macromolecules. 
Collagens, proteoglycans and noncollagenous proteins are the main components of matrix. 
The chondrocytes are highly differentiated cells and constitute 1% of the total cartilage 
volume (Stockwell, 1967). These cells are responsible of the production and organization of 
ECM. Cartilage is divided into four horizontal zones: superficial, transitional o middle, 
radial o deep, and calcified zones. Each of these layers has specific morphological and 
functional characteristics related to the metabolic activity.  
In the superficial zone, chondrocytes are flattened and oriented parallel to the surface. This 
layer consists of a low proportion of proteoglycans, thin collagen fibers and higher water 
content (Weiss, 1968). Functionally, this zone is responsible of the highest resistance to 
compressive forces during joint movement.  
The transitional or middle zone consist of rounded chondrocytes, a network of collagen 
fibers arranged radially and an increased proteoglycan content. 
In the deep zone, the chondrocytes are grouped in perpendicular columns to the articular 
surface. This layer contains the highest proportion of aggrecan and long collagen fibers, 
approximately of 55 µm across (Minns, 1977). 
The calcified zone links and anchors the articular cartilage to subchondral bone through 
collagen fibers arranged perpendicularly. The hypertrophic chondrocytes are scarce and 
located in uncalcified lacunae. 
Also, the matrix is subdivided into the pericellular, territorial and interterritorial regions 
which are arranged around the chondrocytes. The pericellular matrix is composed for 
sulfated proteoglycans and glycoproteins. They provide protection to chondrocytes when 
exposed to chondrocyte load and maintain water homeostasis. Together, the chondrocyte 
and pericellular matrix constitute the chondron (Poole, 1997). Adjacent to this region, the 
territorial matrix contains a dense meshwork of collagen fibers that provide mechanical 
protection to the chondrocytes. The concentration of proteoglycans rich in chondroitin 
sulfate is higher in this region. In the interterritorial region predominates proteoglycans rich 
in keratan sulfate and the collagen fibers of largest diameter (Stockwell, 1990). 
The biochemical properties of cartilage are dependent of the integrity of the matrix. In the 

ECM of mature mammalian articular cartilage, the collagen represents 50-60% dry weight. 

The network consists of collagen IX (1%), collagen XI (3%) and collagen II (≥90%) (Eyre, 

1987). Type II collagen, a fibrillar protein, is composed of three identical ǂ-1 chains in form 

triple helix and constitutes the basic structure of cartilage. Type XI collagen is probably 

copolymerized and type IX collagen is covalently linked to the type II collagen fibrils 

(Mendler, 1989). Among other types of collagen found in cartilage, type X collagen is 

described in the calcified zone (Gannon, 1991), type VI collagen promotes the chondrocyte-

matrix attachment (Wu, 1987) and type III collagen is copolymerized and linked to collagen 

II (Wu, 1996). Generally, these collagen fibers provided to the cartilage the tensile stiffness 

and strength.  

The second largest component of the ECM are the proteoglycans, which constitute 5 to 10% 
of the tissue wet weight. These are molecules consisting of glycosaminglycans (GAGs) 
chains bound to a protein core. Also, the aggrecan are composed of proteoglycan aggregates 
in association with hyaluronic acid (HA) and link protein (Hardingham, 1974). The keratan 
sulfate and chondroitin sulfate are the main types of GAGs. The anionic groups of aggrecan 
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attract cations such as Na+, this allows an osmotic imbalance and the accumulation of fluid 
in the ECM, which is critical for the biomechanical properties of cartilage. Collagen fibrils 
interact with aggrecan monomers in the keratan sulfate-rich regions (Hedlund, 1999). Other 
proteoglycans include decorin, biglycan, lumican and fibromodulin, consisting of small 
leucine-rich repeat. They bind to fibrillar collagen via its core protein regulating the fibril 
diameter and fibril-fibril interaction in the ECM. 
In addition, there are nocollagenous proteins such as fibronectin and tenascin favoring 

chondrocyte-matrix interaction. 

3. Chondrocytes mechanotransduction 

The articular cartilage is continuously exposed to mechanical stress which significantly 

affects the response of chondrocytes to their environment (Grodzinsky, 2000). Under 

conditions of continuous compression, the chondrocytes undergo changes in potential 

membrane (Wright, 1992), matrix water content, ion concentrations and pH (Mobasheri, 

1998; Mow, 1999). The process of converting physical forces into biochemical signals and 

the subsequent transduction into cellular responses is referred to as mechanotransduction 

(Huang, 2004).  

Miscellaneous "mechanoreceptors" including ion channels and cell adhesion molecules, such 

as integrins have been described in chondrocytes. Thus far, ǂ1ǃ1 integrin, a receptor for 

collagen, ǂ5ǃ1 integrin, a receptor for fibronectin and ǂVǃ5 integrin, a receptor for 

vitronectin have been implicated in the regulation of chondrocyte behaviour (Ostergaard, 

1998; Loeser, 1995).  Voltage-gated Na+ and K+ channels (Sugimoto, 1996), epithelial sodium 

channels (ENaC) (Mobasheri, 1999) and N-/L-type voltage-gated Ca2+ channels (Wang, 

2000) have been considered as potential mechanosensitive ion channels. 

3.1 Membrane potential 
The negative resting membrane potential (RMP) in most cells, is the result from activity of 

K+ (Wilson, 2004) and Cl¯ channels (ClC) (Tsuga, 2002; Funabashi, 2010). In chondrocytes, 

the RMP ranging from -10.6 mV to -46 mV (Wright, 1992; Clark, 2010; Lewis 2011), and 

those values are determined by the influx and efflux of cations and anions in the cell 

membrane. Consequently, the stability of the ECM is linked to the ionic changes and the 

RMP in chondrocytes. Several studies related the use of ionic blockers such as lidocaine 

and verapamil, showed a decrease in the synthesis of GAGs (Wu, 2000; Mouw, 2007), 

inhibition of chondrocytes proliferation (Wohlrab, 2002) and induction of apoptosis 

(Wohlrab, 2005). The permeability of ion channels is regulated by chondrocyte 

channelome (Barret-Jolley, 2010). 

The ion channels so far identified in chondrocytes are summarized in Table 1. 

The membrane potential in articular chondrocytes is primarily related to the Cl¯ 

conductance greater than K+ conductance (Tsuga, 2002; Funabashi, 2010). More recently, it 

was showed the involvement of TRPV5 (gadolinium-sensitive cation channels) in the 

relatively positive RMP of the chondrocytes. Furthermore, has been suggested that the 

positive membrane potential is due to TRVP5 higher than that generated by potassium ions, 

which would allow efflux of potassium ions into the cell limiting the increase in cell volume 

in situations of reduced osmolarity (Lewis, 2011). 
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Ion channels Reference 

Voltage-gated K+ channels Walsh, 1992 
Sugimoto, 1996 
Wilson, 2004 
Mobasheri, 2005 
Ponce, 2006 
Clark, 2010 

Voltage-gated Na+ channels Sugimoto, 1996 
Ramage, 2008 

Voltage-gated Ca2+ channels Shakibaei, 2003 
Sanchez, 2004 
Mancilla, 2007 
Xu, 2009 

Voltage-activated H+ channels Sanchez, 2006 

Cl¯ channels (ClC) Sugimoto, 1996 
Tsuga, 2002 
Isoya, 2009 
Okumura, 2009 
Funabashi, 2010 
Perez, 2010 

ATP-dependent K+ channels Mobasheri, 2007 

Ca2+-dependent K+ channels Grandolfo, 1992 
Long, 1994 
Martina, 1997 
Mozrzymas, 1997 
Mobasheri, 2010 

Transient receptor potential (TRP) channel Sanchez, 2003 
Phan, 2009  
Lewis, 2010 

Epithelial sodium channels (ENaC) Trujillo, 1999 
Shakibaei, 2003 
Lewis, 2008 

Table 1. Ion channels described in chondrocytes 

Therefore, it has been proposed that the ClCs functions in chondrocytes could be involved 

in setting of the membrane potential or anionic osmolyte channels (Barret-Jolley, 2010). 

3.2 Mechanotransduction in osteoarthritic chondrocytes 
In vivo, the extracellular environment surrounding the chondrocytes is negatively 

charged and provides a high osmolarity, from 480 mOsm to 55 0mOsm under load 

(Urban, 1993; 1994; Xu, 2010). Under physiological conditions, chondrocytes are able to 

regulate their volume through osmotic pressure cycles (Bush, 2001). However, in OA, the 

chondrocytes have decreased osmotic potential and increased water content (Stockwell, 

1991). Furthermore, in osteoarthritic chondrocytes described a high recovery of the 

increased volume, which promotes the progression of the disease (Jones, 1999; Bush, 

2005). 
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In this matter, in the superficial and middle zones of normal cartilage and the zone of 

fibrillated osteoarthritic cartilage has been demonstrated the expression of ATP-dependent 

K+ channels (Mobasheri, 2007). Under normal conditions, mechanical stimulation produces 

hyperpolarization of the membrane of chondrocytes, but in OA the depolarization is 

induced. According to studies preformed with sodium channel blockers, this response could 

be due to the involvement of Ca2+-dependent K+ channels (stretch-activated channels) in the 

process of chondrocyte mechanotransduction (Wright, 1996). 

In osteoarthritic chondrocytes has been suggested that the response of membrane 

depolarization is due to the autocrine / paracrine activity of soluble factors. In vitro, mechanical 

stimulation of chondrocytes at 0.33 Hz induces membrane hyperpolarization due to IL-4 

(Millward-Sadler, 1999) with the consequent increase in aggrecan mRNA levels. Interestingly, 

in osteoarthritic condrocytes, membrane depolarization is induced by proinflammatory 

cytokine IL-1 (Salter, 2002). Altered mechanotransduction in OA may contribute to the response 

of the chondrocyte favoring ECM degradation and disease progression. 

Moreover, osmotic fluctuations, in addition to the volume change in chondrocytes (Bush, 

2005; Kerrigan, 2006; Lewis, 2011) involve the filamentous actin restructuring (Chao, 2006; 

Erickson, 2003). Similarly, the osmotic stimulation of chondrocytes increases cytosolic 

calcium concentrations with the consequent regulation of metabolism, cell volume, and gene 

expression (Liu, 2006; Hardingham, 1999). In this case, a possible candidate in the 

chondrocyte mechanotransduction is the transient receptor potential vanilloid 4 channel 

(TRPV4), a Ca2+-permeable, nonspecific cation channel (Liedtke, 2000; Phan, 2009). 

4. Anion channels  

The anion channels are a membranal class of porin ion channel that allow the passive 

diffusion of negatively charged ions along their electrochemical gradient. These channels 

allow the flow of monovalent anions such as I¯, NO3¯, Br¯, and Cl, however, these are known 

as ClC (Fahlke, 2001). The ClC constitute a large family of Cl¯ selective channels (Jentsch, 

2002). In humans, have been described nine isoforms of ClCs. The first branch of this gene 

family encodes plasma membrane channels (ClC-1, -2, -Ka and -Kb) and others two 

branches (ClC-3, -4 and -5; ClC-6/-7) which encode for proteins found on intracellular 

vesicles (Jentsch, 2005).  

In the plasma membrane, the main functions of ClCs are regulation cell volume and ionic 

homeostasis, transepithelial transport and excitability. Channels in intracellular 

organelles facilitate the exchange of anionic substrates between the biosynthetic 

compartments involved in acidification of vesicles in the endosomal pathway (Jentsch, 

2002; 2007).  

Different diseases have been associated with anionic channels. The loss of ClC-5 is related to 

Dent’s disease (Lloyd, 1996), while the disruption of ClC-3, -6, or -7 in mice promotes the 

development of neurodegenerative disorders in the central nervous system (Kasper, 2005; 

Poët, 2006), and ClC-7 mutations have been related with osteopetrosis and lysosomal 

storage disease (Kasper, 2005; Poët, 2006). 

4.1 ClC and chondrocytes proliferation   
OA is a complex morphology reflect the severity of damage to articular structures. The 
histopathological parameters in OA include cartilage degradation with formation of 
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fibrocartilage, fissures, denudation with exposure, repair and remodeling of subchondral 
bone. In addition, chondrocytes suffer proliferation and apoptosis (Pritzker, 2006) (Fig. 1). 
 

 

Fig. 1. OA cartilage morphology. A-B fibrillation zone, C apoptotic chondrocytes, D vertical 
fissures, E-F “clones” or chondrocytes aggregates. Hematoxylin and eosin staining. 10x, 20x 
and 40x.  

This is a condition in which it was reported that the proliferative activity of chondrocytes is 
low compared with its absence in normal cartilage (Rothwell, 1973; Hulth, 1972). 
Apparently, the osteoarthritic chondrocytes have a greater access to proliferation factors due 
to alterations in the ECM (Lee, 1993). It is also possible that aggregates of chondrocytes or 
clones are a manifestation of the proliferative activity (Horton, 2005). 
Moreover, apoptotic cell death is a mechanism widely described in association with OA 
(Blanco, 1998; Hashimoto, 1998a, 1998b; Kim, 2000; Kouri, 2000). The classic morphologic 
appearance of this process is characterized by fragmentation and nuclear condensation, and 
formation of apoptotic bodies (Aigner, 2002). In general, the response of osteoarthritic 
chondrocytes to the metabolic imbalance (Sandell, 2001), phenotypic modulation (Aigner, 
1997) and cell death induces proliferation that compensate the cell loss and the demand of 
synthetic activity (Aigner, 2001; Rothwell, 1973; Hulth, 1972). 
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Processes such as proliferation and cell death have been linked to the involvement of ion 
channels. In this regard, it has been described the association between the activity of K+ 
channels and the proliferation of Schwann cells and B lymphocytes (Deutsch, 1990), 
keratinocytes (Harmon, 1993), melanoma (Nilius, 1994), neuroblastoma and astrocytoma 
cells (Lee YS, 1993). It also has been associated intracellular free Ca2+ concentration and cell 
proliferation (Wohlrab, 1998). 
In chondrocytes, there are changes in the membrane potential of human chondrocytes in 
response to modulators of ion channels such as tetraethylammonium (TEA), 4-
aminopyridine (4-AP), 4’,4’diisothiocyanato-stilbene-2,2’-disulfonic acid (DIDS), 4-
acetamido-4’-isothiocyano-2,2’-disulfonic acid (SITS), verapamil and lidocaine. About this, it 
was reported an increase in DNA synthesis with lidocaine and 4-AP after 12 days in 
chondrocytes culture (Wohlrab, 2002). Moreover, the exposure of chondrocytes to high 
concentrations of SITS induced necrosis while that the use of 4-AP caused cytotoxic effects 
and suppression of proliferation on the same system (Wohlrab, 2004). 

4.2 CLIC proteins 
The chloride intracellular channel (CLIC) proteins belong to the glutathione S-transferase 
(GST) superfamiliy and these are group of proteins with possible role of anion channels. 
However, they differ from classical GSTs because they contain an active site with cysteine 
residue, reactive for the protein itself and not through a thiol group (Littler, 2010). The CLICs 
are proteins highly conserved in vertebrates and these are referred to as CLIC1–CLIC6. 
These proteins are present in soluble and membrane-inserted form. CLICs have been 
reported in membranous organelles, cytoplasmic and vesicular compartments and the 
nucleus (Valenzuela, 1997; Duncan, 1997; Chuang, 1999). The functions of CLICs include 
pH-dependent ion channel activity (Tulk, 2002; Littler, 2005) and enzymatic which likely to 
involve a glutathione (GSH) related cofactor (Littler, 2010). They could also be involved in 
maintaining the structure of intracellular organelles and their interaction with cytoskeleton 
proteins (Singh, 2007). 
Functions of CLICs reported in the musculoskeletal system involve these proteins in the 

acidification processes in bone resorption (Edwards, 2006; Schlesinger, 1997). Despite their 

involvement in different systems with activities of ClC, has not been possible to attribute the 

channel protein function permanently. 

CLICs proteins are implicated in cell cycle regulation, cell differentiation, and apoptosis. 

Specifically, CLIC4 has been linked to apoptosis and differentiation of fibroblasts into 

myofibroblasts (Fernandez-Salas, 2002; Ronnov-Jessen, 2002). In addition, it was reported 

that CLIC3 interacts with ERK7, a mitogen-activated protein kinase, allowing the regulation 

of the phosphatases or kinases (Qian, 1999). 

4.3 CLIC6 protein 
CLIC6 consist of 704 aminoacids with decapeptide repeats (Friedli, 2003) and and reportedly 

bind to the dopamine D(2)-like receptors (Griffon, 2003). It is also suggested that CLIC6 

could be involved in the regulation of water and secretion of hormones (Nishizawa, 2000). 

In chondrocytes, recently, we reported the identification of CLIC6 protein from proteomic 

analysis of rat normal articular cartilage (Perez, 2010). In human cartilage obtained from 

total knee arthroplasty, we found immunoreactivity for CLIC6 protein largely restricted to 

the aggregates of chondrocytes (clones or clusters) in the superficial zone (Fig. 2). 
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Fig. 2. CLIC6 immunostaining of NoAC and OAC. A-B Surface zone (NoAC), C-E 
Chondrocytes clusters (OAC). The anti-CLIC6 antibody was coupled to FITC (fluorescein-5-
isothiocyanate) and the nucleus were counterstained with propidium iodide. 

Immunolabelling was arranged in a coarse granular pattern located in the cytoplasm of 
most chondrocytes. Comparatively, chondrocytes of non osteoarthritic human articular 
cartilage (NoAC) showed scarse immunoreactivity predominantly in cells of superficial 
zones (unpublished data). 
Although controversial, the formation of cell clusters in osteoarthritic cartilage (OAC) has 
been considered an event of repair and regeneration (Horton, 2005). However, 
electrophysiological and molecular investigations are required to define role of the CLIC6 
protein on healthy and osteoarthritic chondrocytes. 

5. Conclusion  

The pathogenesis of OA includes homeostatic alterations that induce imbalance in the 
anabolic and catabolic processes. These have been associated with changes in the viability 
and chondrocytes proliferation. Previous studies have showed a low proliferative activity of 
OAC. However, the arrangement of the chondrocytes in groups (clones), a hallmark of OA, 
could possibly be considered a sign of proliferation. 
CLIC6 protein expression in normal articular cartilage of rat, and immunolocalization in 
chondrocytes clusters removed from patients with OA, could suggest the involvement of 
this anion channel in the pathophysiologic processes of disease.  

www.intechopen.com



 
Anion Channels in Osteoarthritic Chondrocytes 

 

453 

6. Acknowledgment 

We wish to thank Jose C. Luna Muñoz, PhD, for image capture support at the Departamento 
de Fisiología y Unidad de Microscopia Confocal, CINVESTAV-IPN, México. 

7. References 

Aigner, T.; Dudhia, J. (1997). Phenotypic modulation of chondrocytes as a potential 
therapeutic target in osteoarthritis: a hypothesis. Ann Rheum Dis. Vol. 56, pp. 287-
291. 

Aigner, T.; Hemmel, M.; Neureiter, D.; Gebhard, P.M.; Zeiler, G.; Kirchner, T.; McKenna, L. 
(2001). Apoptotic cell death is not a widespread phenomenon in normal aging and 
osteoarthritis human articular knee cartilage: a study of proliferation, programmed 
cell death (apoptosis), and viability of chondrocytes in normal and osteoarthritic 
human knee cartilage. Arthritis Rheum. Vol. 44, pp. 1304-1312. 

Aigner, T.; Kim, H.A. (2002). Apoptosis and cellular vitality: issues in osteoarthritic cartilage 
degeneration. Arthritis Rheum. Vol. 46, pp. 1986-1996. 

Baker-LePain, J.C.; Lane, N.E. (2010). Relationship between joint shape and the development 
of osteoarthritis. Curr Opin Rheumatol Vol. 22, pp. 538–543. 

Barrett-Jolley, R.; Lewis, R.; Fallman, R.; Mobasheri, A. (2010). The emerging chondrocyte 
channelome. Front Physiol. Vol. 1, pp. 135.  

Blanco, F.J.; Guitian, R.; Vazquez-Martul, E.; de Toro, F.J.; Galdo, F. (1998). Osteoarthritis 
chondrocytes die by apoptosis. A possible pathway for osteoarthritis pathology. 
Arthritis Rheum Vol. 41, pp. 284–289. 

Bush, P.G.; Hall, A.C. (2001). The osmotic sensitivity of isolated and in situ bovine articular 
chondrocytes. J Orthop Res Vol. 19, pp. 768-778. 

Bush, P.G.; Hall, A.C. (2003). The volume and morphology of chondrocytes within non-
degenerate and degenerate human articular cartilage. Osteoarthritis Cartilage Vol. 
11, pp. 242-251. 

Bush, P.G.; Hodkinson, P.D.; Hamilton, G.L.; Hall, A.C. (2005). Viability and volume of in 
situ bovine articular chondrocytes--changes following a single impact and effects of 
medium osmolarity. Osteoarthritis Cartilage Vol. 13, pp. 54-65. 

Chao, P.H.; West, A.C.; Hung, C.T. (2006). Chondrocyte intracellular calcium, cytoskeletal 
organization, and gene expression responses to dynamic osmotic loading. Am J 
Physiol Cell Physiol Vol. 291, pp. C718–725. 

Chuang, J.Z.; Milner, T.A.; Zhu, M.; Sung, C.H. (1999). A 29 kDa intracellular chloride 
channel p64H1 is associated with large dense-core vesicles in rat hippocampal 
neurons. J Neurosci Vol. 19, pp. 2919–2928. 

Clark, R.B.; Hatano, N.; Kondo, C.; Belke, D.D.; Brown, B.S.; Kumar, S.; Votta, B.J.; Giles, 
W.R. (2010). Voltage-gated k+ currents in mouse articular chondrocytes regulate 
membrane potential. Channels Vol. 4, pp. 179-191. 

Deutsch, C. (1990). K+ channels and mitogenesis, Prog Clin Biol Res. Vol. 334, pp. 251-271. 
Duncan, R.R.; Westwood, P.K.; Boyd, A.; Ashley, R.H. (1997). Rat brain p64H1, expression of 

a new member of the p64 chloride channel protein family in endoplasmic 
reticulum. J Biol Chem Vol. 272, pp. 23880–23886. 

www.intechopen.com



  
Principles of Osteoarthritis – Its Definition, Character, Derivation and Modality-Related Recognition 

 

454 

Edwards, J.C.; Cohen, C.; Xu, W.; Schlesinger, P.H. (2006). c-Src control of chloride channel 
support for osteoclast HCl transport and bone resorption. J Biol Chem Vol. 281, pp. 
28011–28022. 

Erickson, G.R.; Northrup, D.L.; Guilak, F. (2003). Hypo-osmotic stress induces calcium-
dependent actin reorganization in articular chondrocytes. Osteoarthritis Cartilage 
Vol. 11, pp. 187–197. 

Eyre, D.R.; Wu, J.J. (1987). Type XI or 1ǂ2ǂ3ǂ collagen. In Structure and Function of Collagen 
Types. R. Mayne, R.E. Burgeson (Ed), New York: Academic Press, pp. 261-281. 

Fahlke, C. (2001) Ion permeation and selectivity in ClC-type chloride channels. Am J Physiol 
Renal Physiol. Vol. 280, pp. F748–F757. 

Fernández-Salas, E.; Suh, K.S.; Speransky, V.V.; Bowers, W.L.; Levy, J.M.; Adams, T.; Pathak, 
K.R.; Edwards, L.E.; Hayes, D.D.; Cheng, C.; Steven, A.C.; Weinberg, W.C.; Yuspa, 
S.H. (2002). mtCLIC/CLIC4, an organellular chloride channel protein, is increased 
by DNA damage and participates in the apoptotic response to p53. Mol Cell Biol 
Vol. 22, pp. 3610–3620. 

Friedli, M.; Guipponi, M.; Bertrand, S.; Bertrand, D.; Neerman-Arbez, M.; Scott, H.S.; 
Antonarakis, S.E.; Reymond, A. (2003). Identification of a novel member of the 
CLIC family, CLIC6, mapping to 21q22.12. Gene. Vol. 320, pp. 31–40. 

Funabashi, K.; Fujii, M.; Yamamura, H.; Ohya, S.; Imaizumi, Y. (2010). Contribution of 
chloride channel conductance to the regulation of resting membrane potential in 
chondrocytes. J Pharmacol Sci. Vol. 113, pp. 94–99. 

Gannon, J.M.; Walker, G.; Fischer, M.; Carpenter, R.; Thompson, R.C. Jr.; Oegema, T.R. Jr. 
(1991). Localization of type X collagen in canine growth plate and adult canine 
articular cartilage. J Orthop Res Vol. 9, pp. 485-494. 

Grandolfo, M.; D’Andrea, P.; Martina, M.; Ruzzier, F.; Vittur, F. (1992). Calcium-activated 
potassium channels in chondrocytes. Biochem Biophys Res Commun. Vol. 182, pp. 
1429–1434. 

Griffon, N., Jeanneteau, F., Prieur, F., Diaz, J. and Sokoloff, P. (2003) CLIC6, a member of the 
intracellular chloride channel family, interacts with dopamine D(2)-like receptors. 
Brain Res Mol Brain Res. Vol. 117, pp. 47–57. 

Grodzinsky AJ, Levenston ME, Jin M, Frank EH. (2000). Cartilage tissue remodeling in 
response to mechanical forces. Annu Rev Biomed Eng. Vol. 2, pp. 691–713. 

Hardingham, T.E.; Muir, H. (1974). Hyaluronic acid in cartilage and proteoglycan 
aggregation. Biochem J. Vol. 139, pp. 565–581. 

Hardingham, G.E.; Bading, H. (1999). Calcium as a versatile second messenger in the control 
of gene expression. Microsc Res Tech Vol. 46, pp. 348–355. 

Harmon SC, Lutz D, Ducote J. (1993). Potassium channel openers stimulate DNA synthesis 
in mouse epidermal keratinocyte and whole hair follicle cultures. Skin Pharmacol. 
Vol. 6, pp. 170–178. 

Hashimoto, S.; Ochs, R.L.; Komiya, S.; Lotz, M. (1998a). Linkage of chondrocyte apoptosis 
and cartilage degradation in human osteoarthritis. Arthritis Rheum Vol. 41, pp. 
1632–1638. 

Hashimoto, S.; Takahashi, K.; Amiel, D.; Coutts, R.D.; Lotz, M. (1998b). Chondrocyte 
apoptosis and nitric oxide production during experimentally induced 
osteoarthritis. Arthritis Rheum Vol. 41, pp. 1266–1274. 

www.intechopen.com



 
Anion Channels in Osteoarthritic Chondrocytes 

 

455 

Hedlund, H.; Hedbom, E.; Heineg rd, D.; Mengarelli-Widholm, S.; Reinholt, F.P.; Svensson, 
O. (1999). Association of the aggrecan keratan sulfate-rich region with collagen in 
bovine articular cartilage. J Biol Chem Vol. 274, pp. 5777–5781. 

Horton, W.E. Jr.; Yagi, R.; Laverty, D.; Weiner, S. (2005). Overview of studies comparing 
human normal cartilage with minimal and advanced osteoarthritic cartilage. Clin 
Exp Rheumatol Vol. 23, pp. 103–112. 

Huang, H.; Kamm, R.D.; Lee, R.T. (2004). Cell mechanics and mechanotransduction: 
pathways, probes, and physiology. Am J Physiol Cell Physiol. Vol. 287, pp. C1-11. 

Hulth, A.; Lindberg, L.; Telhag, H. (1972). Mitosis in human osteoarthritic cartilage. Clin 
Orthop Rel Res Vol. 84, pp. 197–199. 

Isoya, E.; Toyoda, F.; Imai, S.; Okumura, N.; Kumagai, K.; Omatsu-Kanbe, M.; Kubo, M.; 
Matsuura, H.; Matsusue, Y. (2009). Swelling-activated Cl(-) current in isolated 
rabbit articular chondrocytes: inhibition by arachidonic acid. J Pharmacol Sci. Vol. 
109, pp. 293–304. 

Jentsch, T.J.; Stein, V.; Weinreich, F.; Zdebik, A.A. (2002). Molecular structure and 
physiological function of chloride channels. Physiol Rev. Vol. 82, pp. 503-568.  

Jentsch, T.J.; Poët, M.; Fuhrmann, J.C.; Zdebik, A.A. (2005). Physiological functions of CLC 
Cl-−channels gleaned from human genetic disease and mouse models. Annu Rev 
Physiol. Vol. 67, pp. 779–807. 

Jentsch, T.J. (2007) Chloride and the endosomal-lysosomal pathway: emerging roles of CLC 
chloride transporters. J Physiol. Vol. 578, pp. 633-40. 

Jones, W.R.; Ting-Beall, H.P.; Lee, G.M.; Kelley, S.S.; Hochmuth, R.M.; Guilak, F. (1999). 
Alterations in the young's modulus and volumetric properties of chondrocytes 
isolated from normal and osteoarthritic human cartilage. J Biomech Vol. 32, pp. 119-
127. 

Kasper, D.; Planells-Cases, R.; Fuhrmann, J.C.; Scheel, O.; Zeitz, O.; Ruether, K.; Schmitt, A.; 
Poët, M.; Steinfeld, R.; Schweizer, M.; Kornak, U.; Jentsch, T.J. (2005). Loss of the 
chloride channel ClC-7 leads to lysosomal storage disease and neurodegeneration. 
EMBO J. Vol. 24, pp. 1079–1091. 

Kerrigan, M.J.; Hook, C.S.; Qusous, A.; Hall, A.C. (2006). Regulatory volume increase (RVI) 
by in situ and isolated bovine articular chondrocytes. J Cell Physiol Vol. 209, pp. 
481–492. 

Kim, H.A.; Lee, Y.J.; Seong, S.C.; Choe, K.W.; Song, Y.W. (2000). Apoptotic chondrocyte 
death in human osteoarthritis. J Rheum Vol. 27, pp. 455–462. 

Kouri, J.B.; Aguilera, J.M.; Reyes, J.; Lozoya, K.A.; Gonzalez S. (2000). Apoptotic 
chondrocytes from osteoarthrotic human articular cartilage and abnormal 
calcification of subchondral bone. J Rheum Vol. 27, pp. 1005–1019. 

Kurz, B.; Lemke, A.K.; Fay, J.; Pufe, T.; Grodzinsky, A.J.; Schünke, M. (2005). 
Pathomechanisms of cartilage destruction by mechanical injury. Ann Anat Vol. 187, 
pp. 473–485. 

Lawrence, R.C.; Felson, D.T.; Helmick, C.G.; Arnold, L.M.; Choi, H.; Deyo, R.A.; Gabriel, S.; 
Hirsch, R.; Hochberg, M.C.; Hunder, G.G.; Jordan, J.M.; Katz, J.N.; Kremers, H.M.; 
Wolfe, F. (2008). Estimates of the prevalence of arthritis and other rheumatic 
conditions in the United States. Part II. Arthritis Rheum. Vol. 58, pp. 26-35. 

Lee, D.A.; Bentley, G.; Archer, C.W. (1993). The control of cell division in articular 
chondrocytes. Osteoarthritis Cartilage Vol.  1, pp. 137–146. 

www.intechopen.com



  
Principles of Osteoarthritis – Its Definition, Character, Derivation and Modality-Related Recognition 

 

456 

Lee, Y.S.; Sayeed, M.M.; Wurster, R.D. (1993). Inhibition of cell growth by K1 channel 
modulators is due to interference with agonist induced Ca2+ release. Cell Signal 
Vol. 5, pp. 803–809. 

Lewis, R., Mobasheri, A., and Barrett-Jolley, R. (2008). Electrophysiological identification of 
epithelial sodium channels in canine articular chondrocytes. Proc Physiol Soc. Vol. 
11, pp. C47. 

Lewis, R.; Purves, G.; Crossley, J.; Barrett-Jolley, R. (2010). Modelling the membrane 
potential dependence on non-specific cation channels in canine articular 
chondrocytes. Biophys J. Vol. 98. (Suppl. 1), pp. 340A. 

Lewis, R.; Asplin, K.E.; Bruce. G.; Dart, C.; Mobasheri, A.; Barrett-Jolley R. (2011). The role of 
the membrane potential in chondrocyte volume regulation. J Cell Physiol. Feb 15.  

Liedtke W, Choe Y, Martí-Renom MA, Bell AM, Denis CS, Sali A, Hudspeth AJ, Friedman 
JM, Heller S. (2000). Vanilloid receptor-related osmotically activated channel (VR-
OAC), a candidate vertebrate osmoreceptor. Cell Vol. 103, pp. 525–535. 

Littler, D.R.; Assaad, N.N.; Harrop, S.J.; Brown, L.J.; Pankhurst, G.J.; Luciani, P.; Aguilar, 
M.I.; Mazzanti, M.; Berryman, M.A.; Breit, S.N.; Curmi, P.M. (2005). Crystal 
structure of the soluble form of the redox-regulated chloride ion channel protein 
CLIC4. FEBS J. Vol. 272, pp. 4996–5007. 

Littler, D.R.; Harrop, S.J.; Goodchild, S.C.; Phang, J.M.; Mynott, A.V.; Jiang, L.; Valenzuela, 
S.M.; Mazzanti, M.; Brown, L.J.; Breit, S.N.; Curmi, P.M. (2010). The enigma of the 
CLIC proteins: Ion channels, redox proteins, enzymes, scaffolding proteins? FEBS 
Lett. Vol. 584, pp. 2093–2101 

Liu, X.; Bandyopadhyay, B.C.; Nakamoto, T.; Singh, B.; Liedtke, W.; Melvin, J.E.; Ambudkar 
I. (2006). A role for AQP5 in activation of TRPV4 by hypotonicity: concerted 
involvement of AQP5 and TRPV4 in regulation of cell volume recovery. J Biol Chem 
Vol. 281, pp. 15485–15495. 

Lloyd, S.E.; Pearce, S.H.; Fisher, S.E.; Steinmeyer, K.; Schwappach, B.; Scheinman, S.J.; 
Harding, B.; Bolino, A.; Devoto, M.; Goodyer, P.; Rigden, S.P.; Wrong, O.; Jentsch, 
T.J.; Craig, I.W.; Thakker, R.V. (1996). A common molecular basis for three 
inherited kidney stone diseases. Nature Vol. 379, pp. 445–449. 

Loeser, R.F.; Carlson, C.S.; McGee, M.P. (1995). Expression of beta 1 integrins by cultured 
articular chondrocytes and in osteoarthritic cartilage. Exp Cell Res Vol. 217, pp. 248-
257. 

Long, K.J.; Walsh, K.B. (1994). Calcium-activated potassium channel in growth-plate 
chondrocytes: regulation by protein-kinase A. Biochem Biophys Res Commun. Vol. 
201, pp. 776–781. 

Mancilla, E.E.; Galindo, M.; Fertilio, B.; Herrera, M.; Salas, K.; Gatica, H.; Goecke, A. (2007). 
L-type calcium channels in growth plate chondrocytes participate in endochondral 
ossification. J Cell Biochem. Vol. 101, pp. 389–398. 

Martina, M.; Mozrzymas, J.W.; Vittur, F. (1997). Membrane stretch activates a potassium 
channel in pig articular chondrocytes. Biochim Biophys Acta. Vol. 1329, pp. 205–210. 

Mendler, M.; Eich-Bender, S.V.; Vaughan, L.; Winterhalter, K.M.; Bruckner P. (1989). 
Cartilage contains mixed fibrils of collagen types II, IX, and XI. J Cell Biol Vol. 108, 
pp. 191–197. 

Millward-Sadler, S.J.; Wright, M.O.; Lee, H.S.; Nishida, K.; Caldwell, H.; Nuki, G.; Salter, 
D.M. (1999). Integrin-regulated secretion of interleukin 4: a novel pathway of 

www.intechopen.com



 
Anion Channels in Osteoarthritic Chondrocytes 

 

457 

mechanotransduction in human articular chondrocytes. J Cell Biol Vol. 145, pp. 183-
189. 

Millward-Sadler, S.J.; Wright, M.O.; Lee, H.S.; Caldwell, H.; Nuki, G.; Salter, D.M. (2000). 
Altered electrophysiological responses to mechanical stimulation and abnormal 
signaling through alpha5beta1 integrin in chondrocytes from osteoarthritic 
cartilage. Osteoarthritis Cartilage Vol. 8, pp. 272-278. 

Minns, R.J.; Steven, F.S. (1977). The collagen fibril organization in human articular cartilage. 
J Anat Vol. 123, pp. 437– 457. 

Mobasheri, A.; Mobasheri, R.; Francis, M.J.; Trujillo, E.; Alvarez de la Rosa, D.; Martín-
Vasallo, P. (1998). Ion transport in chondrocytes: membrane transporters involved 
in intracellular ion homeostasis and the regulation of cell volume, free [Ca2+] and 
pH. Histol Histopathol. Vol. 13, pp. 893–910.  

Mobasheri, A.; Martín-Vasallo, P. (1999). Epithelial sodium channels in skeletal cells; a role 
in mechanotransduction? Cell Biol Int. Vol. 23, pp. 237–240.  

Mobasheri, A.; Gent, T.C.; Womack, M.D.; Carter, S.D.; Clegg, P.D.; Barrett-Jolley, R. (2005). 
Quantitative analysis of voltage-gated potassium currents from primary equine 
(Equus caballus) and elephant (Loxodonta africana) articular chondrocytes. Am J 
Physiol Regul Integr Comp Physiol. Vol. 289, pp. R172–R180. 

Mobasheri, A.; Gent, T.C.; Nash, A.I.; Womack, M.D.; Moskaluk, C.A.; Barrett-Jolley, R. 
(2007). Evidence for functional ATP-sensitive (K(ATP)) potassium channels in 
human and equine articular chondrocytes. Osteoarthritis Cartilage. Vol. 15, pp. 1–8. 

Mobasheri, A.; Lewis, R.; Maxwell, J.E.; Hill, C.; Womack, M.; Barrett-Jolley, R. (2010). 
Characterization of a stretch-activated potassium channel in chondrocytes. J Cell 
Physiol. Vol. 223, pp. 511–518. 

Mouw, J.K.; Imler, S.M.; Levenston, M.E. (2007). Ion-channel regulation of chondrocyte 
matrix synthesis in 3D culture under static and dynamic compression. Biomech 
Model Mechanobiol Vol. 6, pp. 33–41. 

Mow, V.C.; Wang, C.C.; Hung, C.T. (1999). The extracellular matrix, interstitial fluid and 
ions as a mechanical signal transducer in articular cartilage. Osteoarthritis Cartilage. 
Vol. 7, pp. 41–58. 

Mozrzymas, J.W.; Martina, M.; Ruzzier, F. (1997). A large-conductance voltage-dependent 
potassium channel in cultured pig articular chondrocytes. Pflugers Arch. Vol. 433, 
pp. 413–427. 

Nilius, B.; Droogmans, G. (1994). A role for potassium channels in cell proliferation?. News 
Physiol Sci. Vol. 16:1–12. 

Nishizawa, T., Nagao, T., Iwatsubo, T., Forte, J.G. and Urushidani, T. (2000) Molecular 
cloning and characterization of a novel chloride intracellular channel-related 
protein, parchorin, expressed in water-secreting cells. J Biol Chem. Vol. 275, pp. 
11164–11173. 

Okumura, N.; Imai, S.; Toyoda, F.; Isoya, E.; Kumagai, K.; Matsuura, H.; Matsusue, Y. (2009). 
Regulatory role of tyrosine phosphorylation in the swelling-activated chloride 
current in isolated rabbit articular chondrocytes. J Physiol Vol. 587, pp. 3761-3776. 

Ostergaard, K.; Salter, D.M.; Petersen, J.; Bendtzen, K.; Hvolris, J.; Andersen, C.B. (1998). 
Expression of alpha and beta subunits of the integrin superfamily in articular 
cartilage from macroscopically normal and osteoarthritic human femoral heads. 
Ann Rheum Dis Vol. 57, pp. 303-308. 

www.intechopen.com



  
Principles of Osteoarthritis – Its Definition, Character, Derivation and Modality-Related Recognition 

 

458 

Pérez, E.; Gallegos, J.L.; Cortés, L.; Calderón, K.G.; Luna, J.C.; Cázares, F.E.; Velasquillo, 
M.C,; Kouri, J.B.; Hernández, F.C. (2010). Identification of latexin by a proteomic 
analysis in rat normal articular cartilage. Proteome Sci. Vol. 5, pp. 27. 

Phan, M.N.; Leddy, H.A.; Votta, B.J.; Kumar, S.; Levy, D.S.; Lipshutz, D.B.; Lee, S.H.; 
Liedtke, W.; Guilak, F. (2009). Functional characterization of TRPV4 as an 
osmotically sensitive ion channel in porcine articular chondrocytes. Arthritis Rheum. 
Vol. 60, pp. 3028–3037. 

Poët, M.; Kornak, U.; Schweizer, M.; Zdebik, A.A.; Scheel, O.; Hoelter, S.;Wurst, W.; Schmitt, 
A.; Fuhrmann, J.C.; Planells-Cases, R.; Mole, S.E.; Hübner, C.A.; Jentsch, T.J. (2006). 
Lysosomal storage disease upon disruption of the neuronal chloride transport 
protein ClC-6. Proc Natl Acad Sci USA Vol. 103, pp. 13854–13859. 

Ponce, A. (2006). Expression of voltage dependent potassium currents in freshly dissociated 
rat articular chondrocytes. Cell Physiol Biochem. Vol. 18, pp. 35–46. 

Poole, C.A. (1997). Articular cartilage chondrons: form, function and failure. J Anat Vol. 191, 
pp. 1–13. 

Pritzker, K.P.; Gay, S.; Jimenez, S.A.; Ostergaard, K.; Pelletier, J.P.; Revell, P.A.; Salter, D.; 
van den Berg WB. (2006). Osteoarthritis cartilage histopathology: grading and 
staging. Osteoarthritis Cartilage. Vol. 14, pp. 13-29. 

Qian, Z.; Okuhara, D.; Abe, M.K.; Rosner, M.R. (1999). Molecular cloning and 
characterization of a mitogen activated protein kinase-associated intracellular 
chloride channel. J Biol Chem. Vol. 274, pp. 1621–1627. 

Ramage, L.; Martel, M.A.; Hardingham, G.E.; Salter, D.M. (2008). NMDA receptor 
expression and activity in osteoarthritic human articular chondrocytes. 
Osteoarthritis Cartilage. Vol. 16, pp. 1576–1584. 

Ronnov-Jessen, L.; Villadsen, R.; Edwards, J.C.; Petersen, O.W. (2002). Differential 
expression of a chloride intracellular channel gene, CLIC4, in transforming growth 
factor-beta1-mediated conversion of fibroblasts to myofibroblasts. Am J Pathol Vol. 
161, pp. 471–480. 

Roos, E.M. (2005). Joint injury causes knee osteoarthritis in young adults. Curr Opin 
Rheumatol Vol. 17, pp. 195–200. 

Rothwell, A.G.; Bentley, G. Chondrocyte multiplication in osteoarthritic articular cartilage. 
(1973). J Bone Joint Surg Br. Vol. 55, pp. 588–594. 

Salter, D.M.; Millward-Sadler, S.J.; Nuki, G.; Wright, M.O. (2002). Differential responses of 
chondrocytes from normal and osteoarthritic human articular cartilage to 
mechanical stimulation. Biorheology Vol. 39, pp. 97-108. 

Sanchez, J.C.; Danks, T.A.; Wilkins, R.J. (2003). Mechanisms involved in the increase in 
intracellular calcium following hypotonic shock in bovine articular chondrocytes. 
Gen Physiol Biophys. Vol. 22, pp. 487–500. 

Sanchez, J. C., and Wilkins, R. J. (2004). Changes in intracellular calcium concentration in 
response to hypertonicity in bovine articular chondrocytes. Comp Biochem Physiol A 
Mol Integr Physiol. Vol. 137, pp. 173–182. 

Sanchez, J.C.; Powell, T.; Staines, H.M.; Wilkins, R.J. (2006). Electrophysiological 
demonstration of voltage-activated H+ channels in bovine articular chondrocytes. 
Cell Physiol Biochem. Vol. 18, pp. 85-90. 

Sandell, L.J.; Aigner, T. (2001). Articular cartilage and changes in arthritis. An introduction: 
cell biology of osteoarthritis. Arthritis Res. Vol. 3, pp. 107-113. 

www.intechopen.com



 
Anion Channels in Osteoarthritic Chondrocytes 

 

459 

Schlesinger, P.H.; Blair, H.C.; Teitelbaum, S.L.; Edwards, J.C. (1997). Characterization of the 
osteoclast ruffled border chloride channel and its role in bone resorption. J Biol 
Chem Vol. 272, pp. 18636–18643. 

Shakibaei, M.; Mobasheri, A. (2003). Beta1-integrins co-localize with Na, K-ATPase, 
epithelial sodium channels (ENaC) and voltage activated calcium channels (VACC) 
in mechanoreceptor complexes of mouse limb-bud chondrocytes. Histol Histopathol. 
Vol. 18, pp. 343–351. 

Singh, H.; Cousin, M.A.; Ashley, R.H. (2007). Functional reconstitution of mammalian 
‘chloride intracellular channels’ CLIC1, CLIC4 and CLIC5 reveals differential 
regulation by cytoskeletal actin. FEBS J Vo.l 274, pp. 6306–6316. 

Stockwell, R.A. (1967). The cell density of human articular and costal cartilage. J Anat Vol. 
101, pp. 753–763. 

Stockwell, R.A. (1990). Morphology of cartilage. In Maroudas A & Keuttner K (eds.). Methods 
in cartilage research. San Diego: Academic Press, pp. 61–63. 

Stockwell, R.A. (1991). Cartilage failure in osteoarthritis: Relevance of normal structure and 
function. Clinical Anatomy Vol. 4, pp. 161-191. 

Sugimoto, T.; Yoshino, M.; Nagao, M.; Ishii, S.; Yabu, H. (1996). Voltage-gated ionic channels 
in cultured rabbit articular chondrocytes. Comp Biochem Physiol C Pharmacol Toxicol 
Endocrinol. Vol. 115, pp. 223–232. 

Trujillo, E., Alvarez de la Rosa, D., Mobasheri, A., Gonzalez, T., Canessa, C. M., and Martin-
Vasallo, P. (1999). Sodium transport systems in human chondrocytes. II. Expression 
of ENaC, Na+/K+/2Cl- cotransporter and Na+/H+ exchangers in healthy and 
arthritic chondrocytes. Histol Histopathol. Vol. 14, pp. 1023–1031. 

Tsuga, K.; Tohse, N.; Yoshino, M.; Sugimoto, T.; Yamashita, T.; Ishii, S; Yabu, H. (2002). 
Chloride conductance determining membrane potential of rabbit articular 
chondrocytes. J Membr Biol. Vol. 185, pp. 75–81. 

Tulk, B.M.; Kapadia, S.; Edwards, J.C. (2002). CLIC1 inserts from the aqueous phase into 
phospholipid membranes, where it functions as an anion channel. Am J Physiol Cell 
Physiol. Vol. 282, pp. C1103-1112. 

Urban, J.P.; Hall, A.C.; Gehl, K.A. (1993). Regulation of matrix synthesis rates by the ionic 
and osmotic environment of articular chondrocytes. J Cell Physiol. Vol. 154, pp. 262–
270. 

Urban, J.P. (1994). The chondrocyte: a cell under pressure. Br J Rheumatol. Vol. 33, pp. 901–
908. 

Valenzuela SM, Martin DK, Por SB, Robbins JM, Warton K, Bootcov MR, Schofield PR, 
Campbell TJ, Breit SN. (1997). Molecular cloning and expression of a chloride ion 
channel of cell nuclei. J Biol Chem Vol. 272, pp. 12575–12582. 

Walsh, K.B.; Cannon, S.D.; Wuthier, R.E. (1992). Characterization of a delayed rectifier 
potassium current in chicken growth plate chondrocytes. Am J Physiol. Vol. 262, pp. 
C1335–C1340. 

Wang, X.T,; Nagaba, S.; Nagaba, Y.; Leung, S.W.; Wang, J.; Qiu, W.; Zhao, P.L.; Guggino, 
S.E. (2000). Cardiac L-type calcium channel alpha 1-subunit is increased by cyclic 
adenosine monophosphate: messenger RNA and protein expression in intact bone. 
J Bone Miner Res. Vol. 15, pp. 1275–1285.  

Weiss, C.; Rosenberg, L.; Helfet, A.J. (1968). An ultrastructural study of normal young adult 
human articular cartilage. J Bone Joint Surg Am Vol. 50, pp. 663– 674. 

www.intechopen.com



  
Principles of Osteoarthritis – Its Definition, Character, Derivation and Modality-Related Recognition 

 

460 

Wilson, J.R.; Duncan, N.A.; Giles, W.R.; Clark, R.B. (2004). A voltage dependent K+ current 
contributes to membrane potential of acutely isolated canine articular 
chondrocytes. J Physiol. Vol. 557, pp. 93–104. 

Wohlrab, D. (1998). Der Einfluß elektrophysiologischer Membraneigenschaften auf die 
Proliferation humaner Keratinozyten. Tectum, Marburg, pp. 1-89 

Wohlrab, D.; Lebek, S.; Krüger, T.; Reichel, H. (2002). Influence of ion channels on the 
proliferation of human chondrocytes. Biorheology Vol. 39, pp. 55-61. 

Wohlrab, D.; Vocke, M.; Klapperstuck, T.; Hein, W. (2004). Effects of potassium and anion 
channel blockers on the cellular response of human osteoarthritic chondrocytes. J 
Orthop Sci. Vol. 9, pp. 364–371. 

Wohlrab, D.; Vocke, M.; Klapperstück, T.; Hein, W. (2005). The influence of lidocaine and 
verapamil on the proliferation, CD44 expression and apoptosis behavior of human 
chondrocytes. Int J Mol Med. Vol. 16, pp. 149-57. 

Wright, M.O.; Stockwell, R.A.; Nuki, G. (1992). Response of the plasma membrane to 
applied hydrostatic pressure in chondrocytes and fibroblasts. Connect Tissue Res 
Vol. 28, pp. 49-70. 

Wright, M.O.; Jobanputra, P.; Bavington, C.; Salter, D.M.; Nuki, G. (1996). The effects of 
intermittent pressurisation on the electrophysiology of cultured human articular 
chondrocytes: evidence for the presence of stretch activated membrane ion 
channels. Clin Sci (Lond). Vol. 90, pp. 61-71. 

Wu, J.J.; Eyre, D.R.; Slayter, H.S. (1987). Type VI collagen of the intervertebral disc. 
Biochemical and electron microscopic characterization of the native protein. 
Biochem J Vol. 248, pp. 373-381. 

Wu, J.J.; Murray, J.; Eyre, D.R. (1996). Evidence for copolymeric crosslinking between types 
II and III collagens in human articular cartilage. Trans Orthop Res Soc Vol. 21, pp. 42. 

Wu, Q. Q., and Chen, Q. (2000). Mechanoregulation of chondrocyte proliferation, 
maturation, and hypertrophy: ion-channel dependent transduction of matrix 
deformation signals. Exp Cell Res Vol. 256, pp. 383–391. 

Xu, J.; Wang, W.; Clark, C.C.; Brighton, C.T. (2009). Signal transduction in electrically 
stimulated articular chondrocytes involves translocation of extracellular calcium 
through voltage-gated channels. Osteoarthritis Cartilage. Vol. 17, pp. 397–405. 

Xu, X.; Urban, J.P.; Tirlapur, U.K.; Cui, Z. (2010). Osmolarity effects on bovine articular 
chondrocytes during three-dimensional culture in alginate beads. Osteoarthritis 
Cartilage Vol. 18, pp. 433-439. 

www.intechopen.com



Principles of Osteoarthritis- Its Definition, Character, Derivation

and Modality-Related Recognition

Edited by Dr. Bruce M. Rothschild

ISBN 978-953-51-0063-8

Hard cover, 590 pages

Publisher InTech

Published online 22, February, 2012

Published in print edition February, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This volume addresses the nature of the most common form of arthritis in humans. If osteoarthritis is inevitable

(only premature death prevents all of us from being afflicted), it seems essential to facilitate its recognition,

prevention, options, and indications for treatment. Progress in understanding this disease has occurred with

recognition that it is not simply a degenerative joint disease. Causative factors, such as joint malalignment,

ligamentous abnormalities, overuse, and biomechanical and metabolic factors have been recognized as

amenable to intervention; genetic factors, less so; with metabolic diseases, intermediate. Its diagnosis is based

on recognition of overgrowth of bone at joint margins. This contrasts with overgrowth of bone at vertebral

margins, which is not a symptomatic phenomenon and has been renamed spondylosis deformans.

Osteoarthritis describes an abnormality of joints, but the severity does not necessarily produce pain. The

patient and his/her symptoms need to be treated, not the x-ray.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Elizabeth Perez-Hernandez, Nury Perez-Hernandez, Fidel de la C. Hernandez-Hernandez and Juan B. Kouri-

Flores (2012). Anion Channels in Osteoarthritic Chondrocytes, Principles of Osteoarthritis- Its Definition,

Character, Derivation and Modality-Related Recognition, Dr. Bruce M. Rothschild (Ed.), ISBN: 978-953-51-

0063-8, InTech, Available from: http://www.intechopen.com/books/principles-of-osteoarthritis-its-definition-

character-derivation-and-modality-related-recognition/anion-channels-in-osteoarthritic-chondrocytes



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


