The Science - How are Monoclonal Antibodies Made?



Monoclonal antibodies are made by multiple, identical copies (i.e. clones) of a cell called a hybridoma. 

Hybridoma cells are created by the fusion of two cells in order to combine the distinct characteristics of the two cells into one cell. One of these cells is an antibody producing cell (B-Lymphocyte) from a lab mouse and the other is a tumour cell called a myeloma. The tumour cells can donate to a normal cell the ability to grow indefinitely and at a rate that exceeds normal cell growth. This means that when hybridoma cells are grown in the lab, they replicate faster than normal antibody producing cells in the body, and the individual hybridomas produce the specific antibodies for an indefinite time period. 

A hybridoma will produce the monoclonal antibody that was originally produced by the B-Lymphocyte cell. The kind of antibody the original B-Lymphocyte cell produces depends on the kind of antigen that was injected into the mouse before the B-Lymphocyte cells were harvested. For example, if the mouse was injected with a flu virus, the mouse will have B-Lymphocytes that produce flu antibodies. When fused with a tumour cell to make a hybridoma, the hybridoma will produce monoclonal antibodies against the flu.

After the hybridoma cells are created and chosen for effectiveness in the lab, they are put into media that can help them grow and subsequently produce the monoclonal antibodies. There are two ways of doing this. One is to grow them in a flask in a lab (In Vitro), and the other is to grow them in the stomach lining of mice. Injecting the hybridomas into the mice is a more familiar method of harvesting monoclonal antibodies. 

Generation of Hybridomas: Permanent Cell Lines Secreting Monoclonal Antibodies

Production of monoclonal antibodies involves in vivo or in vitro procedures or combinations thereof. Before production of antibodies by either method, hybrid cells that will produce the antibodies are generated. The steps in producing those cells are outlined below (figure 1). The generation of mAb-producing cells requires the use of animals, usually mice. The procedure yields a cell line capable of producing one type of antibody protein for a long period. A tumor from this “immortal” cell line is called a hybridoma.

No method of generating a hybridoma that avoids the use of animals has been found. Recent in vitro techniques allow the intracellular production of antigen-binding antibody fragments, but such techniques are still experimental and have an uncertain yield, efficacy, and antibody function (Frenken and others 1998). It has also been possible to genetically replace much of the mouse mAb-producing genes with human sequences, reducing the immunogenicity of mAb destined for clinical use in humans. Before the advent of the hybridoma method, investigators could produce only polyclonal serum antibodies; this required large numbers of immunized animals and did not immortalize the antibody-producing cells, so it required repeated animal use to obtain more antibodies. Development of the hybridoma technology has reduced the number of animals (mice, rabbits, and so on) required to produce a given antibody but with a decrease in animal welfare when the ascites method is used.

Step 1: Immunization of Mice and Selection of Mouse Donors for Generation of Hybridoma Cells

Mice are immunized with an antigen that is prepared for injection either by emulsifying the antigen with Freund's adjuvant or other adjuvants or by homogenizing a gel slice that contains the antigen. Intact cells, whole membranes, and microorganisms are sometimes used as immunogens. In almost all laboratories, mice are used to produce the desired antibodies. In general, mice are immunized every 2-3 weeks but the immunization protocols vary among investigators. When a sufficient antibody titer is reached in serum, immunized mice are euthanized and the spleen removed to use as a source of cells for fusion with myeloma cells.

Step 2: Screening of Mice for Antibody Production

After several weeks of immunization, blood samples are obtained from mice for measurement of serum antibodies. Several humane techniques have been developed for collection of small volumes of blood from mice (Loeb and Quimby 1999). Serum antibody titer is determined with various techniques, such as enzyme-linked immunosorbent assay (ELISA) and flow cytometry. If the antibody titer is high, cell fusion can be performed. If the titer is too low, mice can be boosted until an adequate response is achieved, as determined by repeated blood sampling. When the antibody titer is high enough, mice are commonly boosted by injecting antigen without adjuvant intraperitoneally or intravenously (via the tail veins) 3 days before fusion but 2 weeks after the previous immunization. Then the mice are euthanized and their spleens removed for in vitro hybridoma cell production.
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Shaded areas represent mouse use.

In part, prepared from Current Protocols in Molecular Biology. Ed: Frederick M. Ausubel, 1998.

Step 3: Preparation of Myeloma Cells

Fusing antibody-producing spleen cells, which have a limited life span, with cells derived from an immortal tumor of lymphocytes (myeloma) results in a hybridoma that is capable of unlimited growth. Myeloma cells are immortalized cells that are cultured with 8-azaguanine to ensure their sensitivity to the hypoxanthine-aminopterin-thymidine (HAT) selection medium used after cell fusion.1 A week before cell fusion, myeloma cells are grown in 8-azaguanine. Cells must have high viability and rapid growth. The HAT medium allows only the fused cells to survive in culture.

Step 4: Fusion of Myeloma Cells with Immune Spleen Cells

Single spleen cells from the immunized mouse are fused with the previously prepared myeloma cells. Fusion is accomplished by co-centrifuging freshly harvested spleen cells and myeloma cells in polyethylene glycol, a substance that causes cell membranes to fuse. As noted in step 3, only fused cells will grow in the special selection medium. The cells are then distributed to 96 well plates containing feeder cells derived from saline peritoneal washes of mice. Feeder cells are believed to supply growth factors that promote growth of the hybridoma cells (Quinlan and Kennedy 1994). Commercial preparations that result from the collection of media supporting the growth of cultured cells and contain growth factors are available that can be used in lieu of mouse-derived feeder cells. It is also possible to use murine bone marrow-derived macrophages as feeder cells (Hoffman and others 1996).

Step 5: Cloning of Hybridoma Cell Lines by “Limiting Dilution” or Expansion and Stabilization of

Clones by Ascites Production

At this step new, small clusters of hybridoma cells from the 96 well plates can be grown in tissue culture followed by selection for antigen binding or grown by the mouse ascites method with cloning at a later time. Cloning by “limiting dilution” at this time ensures that a majority of wells each contain at most a single clone. Considerable judgment is necessary at this stage to select hybridomas capable of expansion versus total loss of the cell fusion product due to underpopulation or inadequate in vitro growth at high dilution. In some instances, the secreted antibodies are toxic to fragile cells maintained in vitro. Optimizing the mouse ascites expansion method at this stage can save the cells. Also, it is the experience of many that a brief period of growth by the mouse ascites method produces cell lines that at later in vitro and in vivo stages show enhanced hardiness and optimal antibody production (Ishaque and Al-Rubeai 1998). Guidelines have been published to assist investigators in using the mouse ascites methods in these ways (Jackson and Fox 1995).

1 The selection growth medium contains the inhibitor aminopterin, which blocks synthetic pathways by which nucleotides are made. Therefore, the cells must use a bypass pathway to synthesize nucleic acids, a pathway that is defective in the myeloma cell line to which the normal antibody-producing cells are fused. Because neither the myeloma nor the antibody-producing cell will grow on its own, only hybrid cells grow.
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In Vitro Production of Monoclonal Antibody

A major advantage of using mAb rather than polyclonal antiserum is the potential availability of almost infinite quantities of a specific monoclonal antibody directed toward a single epitope (the part of an antigen molecule that is responsible for specific antigen-antibody interaction). In general, mAb are found either in the medium supporting the growth of a hybridoma in vitro or in ascitic fluid from a mouse inoculated with the hybridoma. mAb can be purified from either of the two sources but are often used as is in media or in ascitic fluid. In vitro methods should be used for final production of mAb when this is reasonable and practical. Many commercially available devices have been developed for in vitro cultivation. These devices vary in the facilities required for their operatioleucine-rich repeat (LRR) proteoglycan biglycan binds to alpha- and gamma-sarcoglycan as judged by ligand blot overlay and co-immunoprecipitation assays. Our studies with biglycan-decorin chimeras show that alpha- and gamma-sarcoglycan bind to distinct sites on the polypeptide core of biglycan. Both biglycan proteoglycan as well as biglycan polypeptide lacking glycosaminoglycan (GAG) side chains are components of the dystrophin glycoprotein complex isolated from adult skeletal muscle membranes. n, the amount of operator training required, the complexity of operating procedures, final concentration of antibody achieved, cost, and fluid volume accommodated. The cost of additional equipment should be considered in the cost of in vitro production methods.

Each hybridoma cell line responds differently to a given in vitro production environment. This section describes in vitro production methods that are available and discusses the usefulness and limitations of each method.

Batch Tissue-Culture Methods

The simplest approach for producing mAb in vitro is to grow the hybridoma cultures in batches and purify the mAb from the culture medium. Fetal bovine serum is used in most tissue-culture media and contains bovine immunoglobulin at about 50 mg/ml. The use of such serum in hybridoma culture medium can account for a substantial fraction of the immunoglobulins present in the culture fluids (Darby and others 1993). To avoid contamination with bovine immunoglobulin, several companies have developed serum-free media specifically formulated to support the growth of hybridoma cell lines (Federspiel and others 1991; Tarleton and Beyer 1991; Velez and others 1986). In most cases, hybridomas growing in 10% fetal calf serum (FCS) can be adapted within four passages (8-12 days) to grow in less than 1% FCS or in FCS-free media. However, this adaptation can take much longer and in 3-5% of the cases the hybridoma will never adapt to the low FCS media. After this adaptation, cell cultures are allowed to incubate in commonly used tissue-culture flasks under standard growth conditions for about 10 days; mAb is then harvested from the medium.

The above approach yields mAb at concentrations that are typically below 20 mg/ml. Methods that increase the concentration of dissolved oxygen in the medium may increase cell viability and the density at which the cells grow and thus increase mAb concentration (Boraston and others 1984; Miller and others 1987). Some of those methods use spinner flasks and roller bottles that keep the culture medium in constant circulation and thus permit nutrients and gases to distribute more evenly in large volumes of cell-culture medium (Reuveny and others 1986; Tarleton and Beyer 1991). The gas-permeable bag (available through Baxter and Diagnostic Chemicals), a fairly recent development, increases concentrations of dissolved gas by
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allowing gases to pass through the wall of the culture container. All these methods can increase productivity substantially, but antibody concentrations remain in the range of a few micrograms per milliliter (Heidel 1997; Peterson and Peavey 1998; Vachula and others 1995).

Most research applications require mAb concentration of 0.1-10 mg/ml, much higher than mAb concentrations in batch tissue-culture media (Coligan and others). If unpurified antibodies are sufficient for the research application, low-molecular-weight cutoff filtration devices that rely on centrifugation or gas pressure can be used to increase mAb concentration. Alternatively, tissue-culture supernatants can be purified by passage over a protein A or protein G affinity column, and mAb can then be eluted from the column at concentrations suitable for most applications (Akerstrom and others 1985; Peterson and Peavey 1998). However, bovine or other immunoglobulin present in the culture medium will contaminate the monoclonal antibody preparation. Either concentration step can be performed in a day or less with minimal hands-on time.

In short, batch tissue-culture methods are technically relatively easy to perform, have relatively low startup costs, have a start-to-finish time (about 3 weeks) that is similar to that of the ascites method, and make it possible to produce quantities of mAb comparable with those produced by the mouse ascites method. The disadvantages of these methods are that large volumes of tissue-culture media must be processed, the mAb concentration achieved will be low (around a few micrograms per milliliter), and some mAb are denatured during concentration or purification (Lullau and others 1996). In fact, a random screen of mAb revealed that activity was decreased in 42% by one or another of the standard concentration or purification processes (Underwood and Bean 1985).

Semipermeable-Membrane-Based Systems

As mentioned above, growth of hybridoma cells to higher densities in culture results in larger amounts of mAb that can be harvested from the media. The use of a barrier, either a hollow fiber or a membrane, with a low-molecular-weight cutoff (10,000-30,000 kD), has been implemented in several devices to permit cells to grow at high densities (Evans and Miller 1988; Falkenberg and others 1995; Jackson and others 1996). These devices are called semipermeable-membrane-based systems. The objective of these systems is to isolate the cells and mAb produced in a small chamber separated by a barrier from a larger compartment that contains the culture media. Culture can be supplemented with numerous factors that help optimize growth of the hybridoma (Jaspert and others 1995). Nutrient and cell waste products readily diffuse across the barrier and are at equilibrium with a large volume, but cells and mAb are retained in a smaller volume (1-15 ml in a typical membrane system or small hollow-fiber cartridge). Expended medium in the larger reservoir can be replaced without losing cells or mAb; similarly, cells and mAb can be harvested independently of the growth medium. This compartmentalization makes it possible to achieve mAb concentrations comparable with those in mouse ascites.

Two membrane-based systems are available: the mini-PERM� (Unisyn Technologies, Hopkinton, MA) and the CELLine� (Integra Bioscience, Ijamsville, MD). The Celline has the appearance of and is handled similarly to a standard T Flask but is separated into two chambers by a semi-permeable membrane and a gas-permeable membrane is on its underside next to the cell chamber. The mini-PERM has a similar design but is cylindrical and comes with a motor unit that functions to roll the fermentor continuously to allow gas and nutrient distribution. Startup for these units costs about $300-800 and requires a CO2 incubator. The advantage of membrane-based systems is that high concentrations of mAb can be produced in relatively low volumes and fetal calf serum can be present in the media reservoir with only insignificant
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crossover of bovine immunoglobulins into the cell chamber. A disadvantage is that the mAb may be contaminated with dead cell products. Technical difficulty is slightly more than that of the batch tissue-culture methods but should not present a problem for laboratories that are already doing tissue culture. The total mAb yield from a membrane system ranges from 10-160 mg according to Unisyn literature.

In the hollow-fiber bioreactor, medium is continuously pumped through a circuit that consists of a hollow-fiber cartridge, gas-permeable tubing that oxygenates the media, and a medium reservoir. The hollow-fiber cartridge is composed of multiple fibers that run through a chamber that contains hybridoma cells growing at high density. These fibers are semipermeable and serve a purpose similar to that of membrane-based systems. The hollow-fiber bioreactor is technically the most difficult of in vitro systems, partly because of the susceptibility of cells grown at extremely high density to environmental changes and toxic metabolic-byproduct buildup. The hollow-fiber bioreactor is designed to provide total yields of 500 mg mAb or more. Startup of this kind of system usually costs more than $1,200. For those reasons, hollow-fiber reactors are used only if large quantities of mAb are needed. The hollow-fiber reactor has been successfully used in many independent laboratories (Jackson and others 1996; Knazek and others 1972; Peterson and Peavey 1998). If investigators are unable to invest the time or material costs, several institutional core facilities and government and commercial contract laboratories produce mAb from a hybridoma. For example, commercial contract laboratories typically charge $11/mg to produce 1,000 mg with hollow-fiber reactors (Chandler, 1998).

Recently, several workshops, forums, and publications have discussed the use of the alternative methods to replace mice for production of mAb (Center for Alternatives to Animal Testing and OPRR/NIH 1997; Marx and others 1997; de Geus and Hendriksen, eds 1998). Their conclusions indicate that alternative methods can often provide an adequate means of generating most of the mAb needed by the research community. In vitro methods for producing mAb are appropriate in numerous situations, and it is the responsibility of the researcher to produce scientific justification for using the mouse ascites method. It is the responsibility of the IACUC to evaluate researchers’scientific justification and to approve or disapprove the use of mouse ascites methods.
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DEBUGGING:

ELISA 
The Enzyme Linked ImmunoSorbent Assay (ELISA) was first developed by Engvall and Perlman in 1971. ELISA makes it possible to create a simple color test to detect and quantify the presence of an antigen, antibody, or hormone. This system is widely used because it can process large numbers of samples in a short time and can handle complex antigens, such as bacteria. 

In this assay, the MAb is an antigen which has been anchored to a surface. This antibody then can be detected by a polyclonal antibody preparation which binds the monoclonal antibody. These polyclonal antibodies are linked to enzymes which generate a colored product in the presence of the MAb. 

The invention proceeds from a discovery that Gadolinium (Gd) based MR contrast agents (such as Gd-DTPA, which is a chelate of Gadolinium that is known to be an untargeted MR contrast agent preferentially hyperenhance infarcted myocardial tissue after the passage of a predetermined interval of time (advantageously, between approximately 10 and 90 minutes). Although the mechanism for this is not yet precisely known, it is likely that the contrast agent does not enter living myocardial cells, but does enter dead myocardial cells via broken cell membranes. In the case of scar tissue, it may be that the contrast agent accumulates in the increased extracellular space of the collagen matrix. As a result, the precise location of infarcted tissue can be visualized in an MR image acquired e.g. 10 to 90 minutes after administration of the contrast agent; dead tissue will appear hyperenhanced in the image, while normal and injured tissue will not. In short, the invention proceeds from the realization that after a predetermined waiting period, myocardial regions hyperenhanced with MR contrast agent are exclusively dead. Thus, as a result of this discovery, infarcted tissue can be precisely localized using MRI, faster and with higher spatial resolution than a nuclear medicine study. 

Expression of Gi-2 alpha and Gs alpha in myofibroblasts localized to the infarct scar in heart failure due to myocardial infarction. 

[My paper] D J Peterson, H Ju, J Hao, M Panagia, D C Chapman, I M Dixon 

Molecular Cardiology Laboratory, St. Boniface General Hospital Research Centre, Faculty of Medicine, University of Manitoba, Winnipeg, Canada.

OBJECTIVE: Patients surviving large transmural myocardial infarction (MI) are at risk for congestive heart failure with attendant alteration of ventricular geometry and scar remodeling. Altered Gi-2 alpha and Gs alpha protein expression may be involved in cardiac remodeling associated with heart failure, however their expression in scar tissue remains unclear. METHODS: MI was produced in Sprague-Dawley rats by ligation of the left coronary artery. Gi-2 alpha and Gs alpha protein concentration, localization and mRNA abundance were noted in surviving left ventricle remote to the infarct, in border and in scar tissues from 8 week post-MI hearts with moderate heart failure. RESULTS: We observed a 4.5- and 5.0-fold increase in immunoreactive Gi-2 alpha protein concentration occurs in the border and scar regions vs. control values, respectively, in 8-week post-MI rat hearts. Similarly, immunoreactive Gs alpha protein concentration was increased 3.4- and 8.2-fold, respectively, in these tissues vs. controls. Double-fluorescence labeling and phenotyping studies revealed that both Gi-2 alpha and Gs alpha proteins were localized to myofibroblasts in the infarct scar and to viable myocytes bordering the scar. Northern analysis revealed that the Gi-2 alpha/GAPDH ratio was increased in both viable and scar regions (1.24- and 1.85-fold respectively) from experimental hearts when compared to sham-operated control values when compared to noninfarcted left ventricle, the value of this ratio in scar tissue was elevated approximately 1.5 fold. The Gs alpha/GAPDH ratio was significantly increased (1.28-fold) only in the scar region vs. control. CONCLUSION: Our results indicate a marked increase in the expression of Gi-2 alpha and Gs alpha from myofibroblasts of the infarct scar as well as remnant myocytes bordering the scar in 8-week post-MI rat hearts. We suggest that these changes may be associated with ongoing remodeling in the infarct scar in chronic post-MI phase of this experimental model. 

We have previously shown that non-myocytes present in healed 8-week infarct scar overexpress transduction proteins required for initiating the elevated deposition of structural matrix proteins in this tissue. Other work suggests that TGF-beta 1 may be involved in cardiac fibrosis and myocyte hypertrophy. However, the significance of the altered TGF-beta signaling in heart failure in the chronic phase of post-myocardial infarction (MI), particularly in the ongoing remodeling of the infarct scar, remains unexplored. Patterns of cardiac TGF beta 1 and Smad 2, 3, and 4 protein expression were investigated 8 weeks after MI and were compared to relative collagen deposition in border tissues (containing remnent myocytes) and the infarct scar (non-myocytes). Both TGF-beta 1 mRNA abundance and protein levels were significantly increased in the infarct scar v control values, and this trend was positively correlated to increased collagen type I expression. Cardiac Smad 2, 3, and 4 proteins were significantly increased in border and scar tissues v control values. Immunofluorescent studies indicated that Smad proteins localized proximal to the cellular nuclei present in the infarct scar. Decorin mRNA abundance was elevated in border and infarct scar, and the pattern of decorin immunostaining was markedly altered in remote remnant heart and scar v staining patterns of control sections. Expression of T beta RI (53 kDa) protein was significantly reduced in the scar, while the 75 kDa and 110 kDa isoforms of T beta RII were unchanged and significantly increased in scar, respectively. These results indicate that TGF-beta/Smad signaling may be involved in the remodeling of the infarct scar after the completion of wound healing per se, via ongoing stimulation of matrix deposition.

Elevation of expression of Smads 2, 3, and 4, decorin and TGF-beta in the chronic phase of myocardial infarct scar healing. 

[My paper] J Hao, H Ju, S Zhao, A Junaid, T Scammell-La Fleur, I M Dixon 

Laboratory of Molecular Cardiology, St. Boniface General Hospital Research Centre, Faculty of Medicine, University of Manitoba, Winnipeg, Canada.

We have previously shown that non-myocytes present in healed 8-week infarct scar overexpress transduction proteins required for initiating the elevated deposition of structural matrix proteins in this tissue. Other work suggests that TGF-beta 1 may be involved in cardiac fibrosis and myocyte hypertrophy. However, the significance of the altered TGF-beta signaling in heart failure in the chronic phase of post-myocardial infarction (MI), particularly in the ongoing remodeling of the infarct scar, remains unexplored. Patterns of cardiac TGF beta 1 and Smad 2, 3, and 4 protein expression were investigated 8 weeks after MI and were compared to relative collagen deposition in border tissues (containing remnent myocytes) and the infarct scar (non-myocytes). Both TGF-beta 1 mRNA abundance and protein levels were significantly increased in the infarct scar v control values, and this trend was positively correlated to increased collagen type I expression. Cardiac Smad 2, 3, and 4 proteins were significantly increased in border and scar tissues v control values. Immunofluorescent studies indicated that Smad proteins localized proximal to the cellular nuclei present in the infarct scar. Decorin mRNA abundance was elevated in border and infarct scar, and the pattern of decorin immunostaining was markedly altered in remote remnant heart and scar v staining patterns of control sections. Expression of T beta RI (53 kDa) protein was significantly reduced in the scar, while the 75 kDa and 110 kDa isoforms of T beta RII were unchanged and significantly increased in scar, respectively. These results indicate that TGF-beta/Smad signaling may be involved in the remodeling of the infarct scar after the completion of wound healing per se, via ongoing stimulation of matrix deposition. 

Expression of Gq alpha and PLC-beta in scar and border tissue in heart failure due to myocardial infarction. 

[My paper] H Ju, S Zhao, P S Tappia, V Panagia, I M Dixon 

Laboratory of Molecular Cardiology, Institute of Cardiovascular Sciences, St Boniface General Hospital Research Centre, Faculty of Medicine, University of Manitoba, Winnipeg, Canada.

BACKGROUND: Large transmural myocardial infarction (MI) leads to maladaptive cardiac remodeling and places patients at increased risk of congestive heart failure. Angiotensin II, endothelin, and alpha1-adrenergic receptor agonists are implicated in the development of cardiac hypertrophy, interstitial fibrosis, and heart failure after MI. Because these agonists are coupled to and activate Gq alpha protein in the heart, the aim of the present study was to investigate Gq alpha expression and function in cardiac remodeling and heart failure after MI. METHODS AND RESULTS: MI was produced in rats by ligation of the left coronary artery, and Gq alpha protein concentration, localization, and mRNA abundance were noted in surviving left ventricle remote from the infarct and in border and scar tissues from 8-week post-MI hearts with moderate heart failure. Immunohistochemical staining localized elevated Gq alpha expression in the scar and border tissues. Western analysis confirmed significant upregulation of Gq alpha proteins in these regions versus controls. Furthermore, Northern analysis revealed that the ratios of Gq alpha/GAPDH mRNA abundance in both scar and viable tissues from experimental hearts were significantly increased versus controls. Increased expression of phospholipase C (PLC)-beta1 and PLC-beta3 proteins was apparent in the scar and viable tissues after MI versus controls and is associated with increased PLC-beta1 activity in experimental hearts. Furthermore, inositol 1,4,5-tris-phosphate is significantly increased in the border and scar tissues compared with control values. CONCLUSIONS: Upregulation of the Gq alpha/PLC-beta pathway was observed in the viable, border, and scar tissues in post-MI hearts. Gq alpha and PLC-beta may play important roles in scar remodeling as well as cardiac hypertrophy and fibrosis of the surviving tissue in post-MI rat heart. It is suggested that the Gq alpha/PLC-beta pathway may provide a possible novel target for altering postinfarct remodeling



Figure 5. A schematic presentation of basement membrane structure surrounding cardiac cells. Modified from Eklund et al. 2000, Sasaki et al. 2000 and Towbin & Bowles 2001.

The sarcoglycan subcomplex contains five subunits that are laterally associated with β -dystroglycan: α-, β -, δ−, γ − and ε-sarcoglygans. The sarcoglycan complex is involved in coupling of cells to basement membrane and to the extracellular matrix (for review, see Towbin & Bowles 2001). A common pathogenic feature for many muscular diseases could be disruption of the link between the ECM and the cytoskeleton, which may occur in the subsarcolemmal part (e.g. dystrophin), at sarcolemmal level (e.g. sarcoglycans and integrin α7) or in the ECM (e.g. laminin α2 chain and type VI collagen). Mice lacking δ-sarcoglycan and thereby disruption of the muscle cytoskeleton and the sarcoglycan-sarcospan complex in vascular smooth muscle develop cardiomyopathy (Coral-Vazquez et al. 1999). The primary cause of the heart phenotype is thought to be a perturbation in vascular function, and the vasodilator verapamil can save the hearts (Cohn et al. 2001). Dystrophin deficiency in mdx mice leads to myopathy associated with impaired running performance: The adult mice of this strain ran less than half of the distance achieved by wild-type mice in voluntary tread wheel tests (Carter et al. 1995, Wineinger et al. 1998).

t the small leucine-rich repeat (LRR) proteoglycan biglycan binds to alpha- and gamma-sarcoglycan as judged by ligand blot overlay and co-immunoprecipitation assays. Our studies with biglycan-decorin chimeras show that alpha- and gamma-sarcoglycan bind to distinct sites on the polypeptide core of biglycan. Both biglycan proteoglycan as well as biglycan polypeptide lacking glycosaminoglycan (GAG) side chains are components of the dystrophin glycoprotein complex isolated from adult skeletal muscle membranes. 

