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RÉSUMÉ 

De plus en plus, des études sur diverses maladies autoimmunes démontrent la présence 

d'anticorps anti-calpastatine dans les sérums des patients qui en sont atteints. L'implication 

des anticorps anti-calpastatine dans la pathologie de l'arthrite rhumatoïde, en particulier, a été 

étudiée de façon extensive. La calpastatine, un polypeptide de 80 k.Da, constitue l'inhibiteur 

naturel des calpaïnes (protéases à cystéine). 

Les anticorps anti-calpastatine, retrouvés dans le sérum des patients arthritiques, peuvent 

interferer avec la fonction de la calpastatine en empêchant son inhibition de l'activité des 

calpaïnes. Normalement, les calpaïnes ont une activité modulatrice et non-destructive. Mais 
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un déséquilibre entre l'inhibiteur/enzyme (calpastatine/calpaïne), dû à la présence d'anticorps 

anti-calpastatine, pourrait mener à la destruction de la matrice extracellulaire observé dans 

cette pathologie. La découverte de la présence d'anticorps anti-calpastatine chez la femme 

infertile mène à la proposition qu'un tel mécanisme d'interférence immune pourrait exister 

dans cette pathologie aussi. 

L'activité protéolytique est nécessaire pour la suppression ou l'altération des protéines 

membranaires pour créer une région riche en lipide qui rend les membranes de 

spermatozoïdes et de l'ovule compétente pour le processus de fusion (Rojas et al., 1999). La 

protéase, calpaïne, dû à sa dépendance absolue au calcium, participerait à la fertilisation, tel 

que la fusion entre le spermatozoïde et l'ovule. En plus, un isoforme spécifique au testicule 

de la calpastatine, a été identifié par le criblage d'une librairie d'expression ADNc de 

testicule humain avec le sérum d'une femme infertile. Il est possible que le domaine unique 

de cet isoforme testiculaire contient un ou/des épitopes ciblés par des sérums de patients 

infertiles. Si tels épitopes existent, ils pourraient suggérer que ce système est unique et 

différent du système calpaïne/calpastatine déjà bien étudié dans les tissus et cellules 

somatiques. 

Cette étude a pour but d'identifier les épitopes immunodominants de !'isoforme testiculaire 

de la calpastatine ciblés par les sérums de patients atteints d'infertilité, d'arthrite rhumatoïde, 

de lupus érythémateux disséminé (LED) anti-ADN positif ou vasectomisé. Les sérums de 4% 

(2/51) des patients infertiles ont détectés I' isoforme testiculaire de la calpastatine. Un des 

deux sérums reconnaît spécifiquement le domaine 2 et l'autre reconnaît la protéine 
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recombinante RA-1 (domaines 3 et 4 de la calpastatine). Chez les patients atteints de 

l'arthrite rhumatoïde, le nombre de sérums positifs pour la calpastatine est de 8% (3/38). 

Deux de ces sérums reconnaissent RA-1 et le troisième de ces sérums reconnait le domaine 2 

spécifiquement. Aucun des sérums des patients vasectomisés ne contient des anticorps anti-

calpastatine. 18% (7 /39) des sérums de patients atteints de lupus érythémateux disséminé ont 

réagis avec les domaines de la calpastatine. 13% de ces sérums reconnaissent RA-1 et 5% 

rec_nnaissent le domaine 2 et RA-1. Aucun des sérums ne reconnait le domaine Tunique a 

l'isoforme testiculaire de la calpastatine. Les domaines reconnus par ces patients sont 

commun à l'isoforme testiculaire et ubiquitaire de la calpastatine. Ces résultats sont 

similaires à ceux démontrés par les études de El-Amine et al. (2000) où des sérums de 

patients atteints d'arthrite rhumatoïde ont été utilisés. Les expériences d'"epitope mapping" 

effectuées par ce groupe ont démontré que les épitopes reconnus par les anticorps anti-

calpastatine, présents dans les sérums de ces patients, sont localisés dans le domaine 2 et le 

domaine 4 de la calpastatine. 

Les anticorps anti-calpastatine présents dans les sérums de patients infertiles semblent être 

dirigés contre les mêmes epitopes identifiés par El-Amine et al. (2000). Ces résultats 

suggèrent que la présence d'anticorps anti-calpastatine pourrait jouer un rôle dans plusieurs 

pathologies. Le déséquilibre entre inhibiteur/enzyme, du à l'interférence immune par les 

anticorps anti-calpastatine, serait possiblement la cause d'une activité protéolytique 

incontrôlable des calpaïnes menant à diverses maladies autoimmunes, dont l'arthrite 

rhumatoïde et l'infertilité. 
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SUMMARY 

lncreasingly, studies conceming diverse autoimmune disorders have demonstrated the 

presence of anti-calpastatin antibodies in the sera of such patients. Extensive research bas 

been conducted on the implication of anti-calpastatin antibodies in the pathology of 

rheumatoid arthritis. Calpastatin, a polypeptide of 80kDa, is the natural inhibitor of calpains 

( cysteine proteases ). 

Anti-calpastatin antibodies, present in the sera of arthritis patients, interfere with the function 

of calpastatin by preventing it from inhibiting the activity of calpains. Normally, calpains are 

termed biomodulators since their activity is non-destructive. However, an imbalance between 

the inhibitor/enzyme (calpastatin/calpain), due to the presence of anti-calpastatin antibodies, 

is suggested to lead to the cartilage destruction observed in this pathology. The discovery of 

the presence of anti-calpastatin antibodies in the sera of a female infertile patient leads one to 

propose that such an immune interference mechanism may exist in this pathological disorder 

as well. 

Proteolytic activity is required for the removal or alteration of membrane proteins to create a 

lipid-rich area which is said to render both sperm and egg membranes competent for the 

process of fusion (Rojas et al., 1999). The protease, calpain, due to its calcium-dependency, 
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is suggested to participate in the calcium-dependent processes of fertili:zation, such as sperm-

egg fusion. ln addition, a testis-specific isoform of calpastatin has previously been identified 

by use of the sera of a female infertile patient when screening a human testis cDNA library. lt 

is possible that the unique domain of this calpastatin isoform contains an/many epitope(s) 

targeted by the sera of infertiles patients. If such epitopes exist, this could suggest the 

existence of a unique and different calpain/calpastatin system compared to that well studied 

in somalie tissues or cells. 

This study consists in identifying the immunodominants epitopes of the testis-specific 

isoform recognized by the sera of infertile, rheumatoid arthritis, vasectomized, and systemic 

lupus erythematosus (SLE) anti-DNA positive patients. The testis-specific calpastatin 

isoform was detected by 4% (2/51) of the sera of infertile patients. One of the two sera 

recognized domain 2 while the other recognized RA-1 (domains 3 and 4 of calpastatin). For 

the rheumatoid arthritis patients sera 8% (3/38) reacted against calpastatin. Two of the sera 

recognized RA-1 while one serum reacted specifically with domain 2. None of the sera of the 

vasectomized men contained anti-calpastatin antibodies. As for the systemic lupus 

erythematosus patients, reactivity against calpastatin was observed in approximately 18% 

(7/39) of the sera tested. 13% of the SLE patients sera reacted against the RA-1 while only 

5% recognized both domain 2 as well as RA-1. None of the sera recognized the unique testis-

specific domain T of this calpastatin isoform which is not present in the ubiquitous isoform. 

The domains recognized by these patients are common to both the testis-specific and the 

ubiquitous calpastatin isoforms. The results obtained in this study are similar to those 

previously identified by El-Amine et al. (2000) by the use of sera from rheumatoid arthritis 
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patients. The epitope mapping experiments conducted by this group demonstrated that the 

epitopes recognized by the anti-calpastatin antibodies, present in the sera of these patients, 

were located on domains 2 and 4 of calpastatin. 

The anti-calpastatin antibodies present in the sera of infertile patients appear to be directed 

against the same epitopes identified by El-Amine et al. (2000). These results would imply 

that anti-calpastatin antibodies have a role in various pathological conditions. The imbalance 

between inhibitor/enzyme, due to the immune interference of anti-calpastatin antibodies, may 

lead to the uncontrolled activity of calpains which could lead to various autoimmune 

disorders, such as rheumatoid arthritis and infertility. 
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1.0 INTRODUCTION 



1.0 INTRODUCTION. 

Infertility is defined as one year of unprotected intercourse without conception 

(Rosenthal, 1998). On average, 20-35% of couples are affected by infertility (Page, 

1989). There exists three types of infertility : primary, secondary, and unexplained 

infertility. Primary and secondary infertility affects only women. Primary infertility 

refers to women who have never been pregnant. As for secondary infertility, it refers 

to women who have previously been pregnant, but are now experiencing infertility 

problems. Unexplained infertility affects both men and women and is called as such 

since no cause or evidence of abnormalities can be identified by routine physical as 

well as laboratory investigations for these patients (Fichorova et al., 1996). ln general, 

10-15% of couples are affected by this type of infertility (Rosenthal, 1998). 

A high correlation is said to exist between individuals with unexplained infertility and 

men who have had vasectomy reversai ( even after a successful reversai procedure ), 

that is, the presence of antisperm antibodies (ASA) (Jequier, 1998; Sutherland et al., 

1984, Focacci et al., 1997). The induction of antisperm antibodies may be due to the 

vasectomy as well as the reversai procedure, and may be affected by the length of the 

interval between the two procedures (Jequier, 1998). The development of ASA 

against tissue-specific sperm antigens in men is against antigens which are not present 

during the development of the embryo, when self-tolerance develops, but during 
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spermatogenesis which is only initiated at puberty. The development of autoimmunity 

is avoided by preventing the exposure of the antigens to immunoreactive cell 

populations. However, if the blood-testis banier is breached between Sertoli cells, 

due to traumatic, infectious or unknown events, the development of ASA can be 

generated (Bronson and Fusi, 1994; Gleicher, 1998). 

Metchnikoff ( 1899), was the first to report antisperm autoimmunity (Tyler, 1961) and 

begin the study of ASA and their anti-fertility effects. ln 1911, Savini and Savini-

Costano reported the reduction of fertility due to active immunization with 

reproductive tract materials (Tyler, 1961) and from the injection of female rabbits and 

guinea pigs with homologous spermatozoa. ln 1932, Baskin demonstrated temporary 

infertility in female patients due to active stimulation with human semen. Even if the 

product was patented it never seemed to attain the goals which had been set forth due 

to the anaphylactic and hypersensitivity reactions which followed the immunization 

with whole semen. These observations were later confirmed by many other groups, 

such as Otani et al. ( 1971 ), which reported that anaphylactic responses were observed 

typically after the seventh to tenth injection of human seminal plasma proteins or 

diluted semen. However, inoculation with sperm proteins did not result in 

anaphylactic responses. As a result of Baskin's initial experimental results, the 

following criteria has been set forth to identify immunocontraceptive candidates: 

sperm-specificity to avoid cross-reactivity with somatic tissues, its importance/rote in 

fertility which can be inhibited by the presence of antibodies, demonstration that the 

identified sperm antigens can inhibit fertility in animal models and that the 
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contraceptive effects are reversible, and lastly, although not a prerequisite, antigens 

with high availability and stability would facilitate purification as well as their 

characterization (Anderson and Alexander, 1983; Hjort and Griffin, 1985; Goldberg, 

1990). 

1.0.l The Anti-Fertility Effects of Anti-Spenn Antibodies. 

The data collected from various human and animal experiments suggests that anti-

spenn antibodies can affect fertility in a number of ways. The following fertilization 

processes can be inhibited by the presence of ASA : spenn transport ( e.g. alter 

swimming patterns, impair spenn penetration of the cervical mucus, immobilize 

spennatozoa or cause spenn lysis by initiating the complement cascade), spenn-

capacitation and the acrosome reaction, as well as blocking the spenn-egg/receptor-

ligand interactions which affect spenn binding to the zona pellucida, penetration of 

the sperm into the zona, and the spenn-egg membrane adhesion as well as fusion 

(Diekman and Herr, 1997). Results have suggested that if spennatozoa are coated by 

spenn antibodies, their capacity to pass through the cervical mucus is compromised. 

lt has been determined that both the lgA and lgG isotypes are capable of this type of 

inhibition, white the lgG and lgM isotypes seem to mediate the complement-mediated 

spenn immobilization (Bronson and Fusi, 1994). Eventhough, spenn morphogenesis 

occurs inside the testis, sperm at this stage is still defined as physiologically 

immature. Although spenn remains unable to fertilize oocytes during their transit, 

4 



they do undergo epididymal maturation. lt is only when the spenn has resided in the 

female genital tract for a certain period of time that the final preparatory step, called 

capacitation, begins. Capacitation is a prerequisite for spenn to undergo further 

morphological and physiological transitions, which is termed the acrosome reaction, 

and will enable the spennatozoa to fuse with the zona pellucida of the oocyte. The 

acrosome is the caplike structure which covers the anterior segment of the sperm 

nucleus. This region contains numerous hydrolytic enzymes which are released, 

during the acrosome reaction, by the process of exocytosis. The following 

physiological changes in the spennatozoa occur simultaneously at this stage: 

extensive changes occur in ail compartments (head, flagellum, membrane, cytosol as 

well as the cytoskeleton), factors which originale from epididymal fluid as well as 

seminal plasma are either lost or redistrubuted, re-organization of membrane proteins 

and/or lipids, and initiation of complex signal-transduction mechanisms (Okabe et al., 

1998; Yanagimachi, 1994). 

The induction of premature acrosome reaction due to the presence of ASA, has been 

suggested. This would result in a shortening of the life span of the spennatozoa 

available for fertilization. ln addition, some ASA have been shown in a number of 

animal models, to block the acrosome reaction and, as such, prevent fertilization 

(Gleicher, 1998). 

There has been much investigation on the effects of ASA on the spenn-egg 

interaction. Various animal models have demonstrated that ASA have the ability to 
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inhibit the binding of sperm to zona pellucida-based receptors. Much controversy 

still surrounds the human model due to contlicting data obtained. Sorne experiments 

have shown that ASA inhibit fertilization white others have shown the exact opposite 

(Gleicher, 1998). 

Another possibility is that the presence of ASA often associated with infertility are 

often non-specific to the disease state, but merely a systemic effect which reflects a 

general immune activation and therefore, represents only one among numerous non-

specific responses (Gleicher, 1998). For example, ASA may not be specific but rather 

directed against adsorbed microbial or viral antigens found on spermatozoa (Mathur, 

1988). 

1.0.2 The Effects of Anti-Sperm Antibodies on ldentified Sperm Autoantigens. 

The following lists a number of sperm antigens which have been identified. The 

different sperm antigens recognized by the antibodies present in the sera of different 

infertile patients, may each, independently, affect fertilization by acting at different 

stages of the process. That is, the mechanism and pattern of fertility may differ 

depending on the patient (Shetty et al., 1999). Among the sperm antigens listed below 

is information obtained on their localiz.ation on spermatozoa and the effects of the 

antibodies directed against them, particularly on the processes of fertilization. 
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1) AgX: defined as an unknown antigen was first identified by screening a human 

testis cDNA library with the sera of infertile patients. lmmunofluoresence 

experiments demonstrated that AgX was localized in the principal piece of the 

spenn tail. Two isofonns were identified: AgX-1 (56kDa) and AgX-2 (58kDa). 

RT-PCR experiments demonstrated that the AgX-1 mRNA was fiftyfold more 

abundant in testis, while the AgX-2 isofonn was found to be more abundant in 

somatic tissues. The tight control of the gene expression of the two isofonns is 

said to be the result of alternative splicing, and to occur frequently in 

differentiating tissues. The original cDNA clone detected by the use of the sera of 

an infertile patient, was detennined to express only the 20 carboxyl-tenninal 

amino acids of AgX, present in both isofonns. From this observation it is 

suggested that the patients' sera reacted with epitopes which are common to both 

the testis (AgX-1) as well as the somatic (AgX-2) isofonns. Perhaps a general 

reaction against AgX exists, demonstrating that a reduction in fertility is only one 

symptom of a more widespread autoimmune disease. lmpaired fertility may be 

observed due to the reactivity of antibodies to the high abundance of the AgX-1 

isofonn in the testis or with the AgX-2 isofonn present in the placenta (Diekman 

and Goldberg, 1994). ln 1998, Diekman et al., named AgX, SPAG-2, sperm-

associated antigen 2. The intracellular component of this spenn antigen in 

flagellum was demonstrated by electron microscopy to be located in the outer 

dense fibers (ODFs). However, SPAG-2 exhibits none of the characteristics nor 

demonstrates any sequence homology with any of previously identified ODF 
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proteins. Therefore, SPAG-2 is said to represent a novel protein belonging to a 

new class of ODF proteins. (Diekman et al., 1998). 

2) hSMP-1: defined as human spenn membrane protein (::=50kDa) was identified as 

well by screening a human testis cDNA expression library with the serum of an 

infertile patient. By immunofluoresence it was demonstrated that hSMP-1 was 

located on the head of human spenn, that is, the acrosome. Although the exact 

rote of this protein is not known, antibodies present in the serum of the infertile 

patient cause agglutination of human spenn (Liu et al., 1996). 

3) SP-10: this antigen was identified by immunoblot analysis. A series of bands (18-

34 k.Da) were observed and attributed to alternative splicing and endoproteolytic 

cleavage (Wright et al., 1993; Herr et al., 1992). lt was determined by 

ultrastructural and biochemical studies that SP-10 was a hydrophilic protein 

located in the luminar aspect of the inner and outer acrosomal membranes (Herr et 

al., 1990; Foster and Herr, 1992). Bovine in vitro fertiliution (IVF) experiments 

demonstrated that both monoclonal and polyclonal antibodies, directed against 

SP-10, inhibited the binding of capacitated spennatozoa to the zona pellucida 

(Coonrod et al., 1996). This observation supported the hypothesis that SP-10 

becomes accessible to antibodies once the acrosome reaction bas begun and 

fusion pores have fonned (Foster and Herr., 1992). 
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4) LDH-C4: the testis-specific isozyme lactate dehydrogenase-C4 is one of the most 

characterized sperm antigens. LDH-C4, a homotetramer, fonctions in the lactate 

metabolism as well as the glycolysis process of both developing and mature 

spermatozoa (Anderson and Alexander, 1983; Golberg, 1990). Even though the 

somatic lactate dehydrogenase is known to be cytoplasmic, LDH-C4 was shown to 

be localized both intra- and extracellularly (Beyler et al., 1985). lt is the 

disruption of the cytoplasmic droplet in the epididymis which allows the 

nonspecific binding of this identified antigen to the spenn surface. 

Experimentally, it has been demonstrated that the active immunization of a 

variety of mammalian species, which includes primates, with LDH-C4 , causes a 

suppression in fertility (Goldberg, 1990). 

5) F A-1: Fertilization antigen-1, a glycoprotein of 23 kDa (monomer) is membrane-

anchored and from GenBank analysis was found to be a novel protein. Antibodies 

against F A-1 were demonstrated to completely block the interaction sperm-zona 

pellucida in mice. The antibodies had no apparent effect on the motility of the 

sperm, but did affect some motility characteristics (e.g.: linearity, beat frequency, 

etc). The FA-1 antibodies (monoclonal and polyclonal) were demonstrated to 

react specifically with sperm cells and not with somatic cells/tissues (Naz et al., 

1984; Naz and Bhargava, 1990). As a result of its sperm-specificity and 

involvement in the fertilization process, FA-1, is described as a potential 

candidate for the development of a contraceptive vaccine (Zhu and Naz, 1997). 
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6) SAGA-1: Spenn-agglutination antigen-1 is a glycoprotein which is observed as a 

series of protein bands ( 15-25 kDa). The tissues which express this antigen have 

yet to be detennined. However, testis, epididymis, and/or proximal vas deferens 

are still considered potential tissues of origin. lmmunofluoresence analysis 

showed that SAGA-1 was localized over the entire spenn surface. Also, 

monoclonal antibodies directed against SAGA-1 caused the agglutination of 

human spennatozoa, inhibition of the penetration of spenn in the cervical mucus 

as well as the inhibition of the binding of spennatozoa to the zona pellucida 

(Diekman et al., 1997; Anderson et al., 1987). 

1.0.3 The Importance of Calcium in the Fertilization Process. 

Fertilization research on both human and mammalian species demonstrated that 

calcium is a key player in the biochemical events which allow the spermatozoa to 

penetrate the oocyte (Y anagimachi, 1988). The calcium-dependent processes of 

fertilization include the sperm capacitation and acrosome reaction as well as the 

spenn-egg fusion. Y anagimachi ( 1988) has suggested that calcium is a signal 

transducer which specifically controls the fusion process which follows the sperm-

egg interaction. Various studies have demonstrated that in the absence of calcium, 

capacitated sperm can attach to the plasma membranes of the egg but are unable to 

fuse with them (Yanagimachi, 1978, 1982; Wassannann, 1987). Even though the 

importance of calcium in the processes of fertili2.8tion has been demonstrated, 
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knowledge of the exact mechanisms by which calcium acts is still limited (Rojas et 

al., 1999). 

The process of membrane fusion has been shown to be dependent on the calcium-

dependent proteolysis of membrane proteins. ln fact, a correlation has been 

demonstrated between the increasing membrane fusion capability and an increase in 

the proteolysis of membrane proteins (Kosower et al., 1983; Schollmeyer, 1986a; 

Johnson, 1990; Croall and Demartino, 1991). For example, acrosin, the major 

secreted serine proteinase, is released during the acrosome reaction. lt is produced 

from the inactive precursor, pro-acrosin, which is clipped proteolytically, and was 

suggested to play a key mie in the process of fertilization by locally degrading the 

zona pellucida to allow the access of sperm to the egg surface. Acrosin was 

demonstrated to be unresponsive to fluxes in calcium (Polakoski, 1974; Schollmeyer, 

1986b ). The importance attributed to acrosin was shown to be overstated when male 

homozygous mice, targeted for a mutation in the acrosin gene, and lack acrosin 

activity in their sperm were observed to still be fertile (Baba et al., 1994). Therefore, 

other spenn-derived proteinases may be sufficient to degrade the zona pellucida 

(Okabe et al., 1998). 

lncreasingly, information is being gathered on a variety of mammalian somalie cells 

that calpain, a calcium-specific protease, is involved in the functional activity of 

membranes. Other investigations have demonstrated that calpain plays an important 

rote in various calcium-dependent intracellular regulatory processes, which includes 
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the regulation of membrane fusion of various somatic cells (Rojas et al., 1999). 

Calpain has been shown to be involved in the calcium-dependent degradation of 

membrane proteins by limited proteolysis (Glaser and Kosower, 1986; Stegmann et 

al., 1989). Calpain was first identificd in porcine spermatozoa and 

immunofluoresence studies revealed that it was located in the acrosomal region 

(Schollmeyer, 1986b ). Rojas et al. ( 1999) demonstrated the presence of functional 

calpain and its natural inhibitor, calpastatin, in mammalian spermatozoa. Therefore, 

spermatozoa contain a calpain-calpastatin system which has been well defined and 

studied in mammalian somatic cells. lt is suggested that the calcium-dependent 

protease, calpain, may play a rote in the various calcium-dependent processes of 

fertilization. 

The remaining sections of this chapter will deal with the description of calpain, its 

natural inhibitor (calpastatin), the pathological disorders caused by the overactivation 

of calpains, and the importance of a calpastatin/calpain equilibrium on various 

physiological regulatory processes. 
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1.1 The Calpain-Calpastatin System. 

1.1.1 The Calpains. 

Calpains are members of the cysteine protease family. The isolation of a variety of 

cytosolic fractions from somatic mammalian tissues or cells, have described calpains 

as intracellular and non-lysosomal proteases (Murachi et al., 1981; Croall and 

Demartino, 1991 ). These proteases have an absolute dependence on calcium for their 

activation at an optimum pH of 7.0-7.5 (Melloni and Pontremoli, 1989; Murachi, 

1989). ln human spermatozoa, calpains were found to be mostly particulate and have 

an optimum pH of9.0-9.5 (Rojas et al., 1999). 

Since calpains alter the activity or function of their substrate proteins by limited 

proteolysis, they are defined as biomodulators (Suzuki et al., 1995). Calpains, in 

response to calcium mobilization, play an important role in various physiologically 

important regulatory activities mediated by calcium (Suzuki et al, 1995; Rojas et al., 

1999). Evidence has shown that these biomodulators degrade membrane proteins in 

the calcium-dependent membrane fusion processes which occurs in somatic cells 

(Glaser and Kosower, 1986; Stegmann et al., 1989). This is due to evidence gathered 

which reveals that a certain degree of proteolysis is required for membrane fusion to 

occur. Also, a relationship has been shown to exist between an increase in membrane 

fusibility and the increase in the calcium-dependent proteolysis of membrane proteins 
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(Kosower et al., 1983; Schollmeyer, 1986a; Johnson, 1990; Croall and Demartino, 

1991). 

ln mammalian spermatozoa, calpains may also play a role in the calcium-dependent 

processes, such as, sperm-egg fusion, as already demonstrated for the fusion 

processes of mammalian somatic cells (Rojas et al., 1999). Their importance in the 

calcium-dependent processes of fertiliz.ation is yet to be shown. 

The calpain family members are described as either typical (ubiquitous or tissue-

specific calpains), or as atypical calpains. The two major ubiquitous isoforms, theµ-

and m-calpain, require µM and mM levels of calcium, respectively, for their 

activation (Suzuki and Sorimachi, 1998). Sorne examples of tissue-specific calpain 

isoforms include: p94 (nCL-1 ), expressed only in skeletal muscle, and the stomach-

specific isoforms, nCL-2 and nCL-2'. The functional divergence among these various 

calpain isoforms is demonstrated by their ditferences in calcium sensitivity as well as 

gene expression. ln fact, the presence of such tissue-specific isoforms may be to 

complement the function of ubiquitous calpains, which may be insufficient in certain 

systems. ln fact, determination of the physiological function of calpains, in certain 

diseases, may be facilitated by the existence of such tissue-specific isoforms, to which 

gene disruption is applicable (Sorimachi et al., 1994). 
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1.1.1.1 The Structure of the Ubiguitous Isofonns <µ- and m-calpain). 

The structure of the major ubiquitous cal pains (µ- and m-) is well defined (figure 1 ). 

Calpains are heterodimeric proteins, composed of a 80 kDa distinct large subunit and 

a 30 k.Da common small subunit. The large or catalytic subunit consists of four 

domains (1-IV) and is responsible for the protease activity as well as the calcium 

dependency. The functions of the tirst (1) and third (Ill) domains are unknown. 

Domain I, the N-terminal portion of calpain, contains the site of autolytic cleavage 

and the interaction with calpastatin, the natural calpain inhibitor, is said to occur via 

domain Ill. The second domain (Il) is the cysteine protease domain (homologous to 

other cysteine proteases) and the fourth domain (IV) contains calcium binding sites 

(EF-Hand motifs). The small regulatory subunit consists of two domains, V and IV'. 

The N-terminal region of the small subunit, domain V, is glycine-rich and 

hydrophobie. Due to these characteristics, this domain is said to be important for the 

binding of calpains to membranes via interactions with phospholipids (Magnusson et 

al., 1993). Lastly, domain IV', homologous to domain IV of the large subunit, 

contains tive calcium binding sites as well (Sorimachi et al., 1994; Ménard and El-

Amine, 1996; Carafoli and Molinari, 1998; Suzuki and Sorimachi, 1998). X-ray 

structural analysis of small subunits' domain IV', has revealed that the fifth most C-

terminal EF-Hand motif is not for calcium binding but rather for the interaction of the 

small and large subunit. That is, the tifth EF-Hand motif of domain IV and IV' 

interact with each other (Balchard et al., 1997; Li et al., 1997). 
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FIGURE 1. THE STRUCTURES OF THE LARGE AND SMALL SUBUNITS 

OF THE CALPAIN SUPERFAMIL Y. 

Calpains' large subunit (80k.Da) is composed of four domains 1-IV, while the small 

subunit (30k.Da) is composed oftwo domains IV' and V. 

Domain 1: contains the site of autolytic cleavage. 

Domain Il: the protease domain homologous to other cysteine proteases. 

Domain Ill: domain where interaction with calpastatin is said to occur. 

Domains IV and IV': contains the Ca2+ binding sites. 

Domain V: domain important for interaction with membranes. 
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1.1.1.2 The Calpain Substrates. 

The proteolysis activity of calpains on their substrates is limited, as previously 

mentioned, and as such, these enzymes are defined as biomodulators as they are more 

"activating'' or ''permissive" versus "digestive". The calpains have strict substrate 

specificity but, their sites of action are less well defined and may vary depending on 

the isofonn of calpain as well as the stimuli involved (Saido et al., 1994; Ménard and 

El-Amine, 1996). The major isofonns , (µ- and m-calpain), have identical substrate 

specificity (Murachi, 1989; Croall and Demartino, 1991 ). Sorne examples of calpain 

substrates known are listed below: 

l) Membrane proteins: epidennal growth factor (EGF) receptors (Gregoriou et al., 

1994 ), inositol-( 1,4,5)-triphosphate receptor, PDGF receptor (Croall and 

Demartino, 1991 ), Ca2+ -A TPase pump (James et al., 1989), and adhesion 

molecules (intregin, cadherin, and neural cell adhesion molecule (N-CAM)). 

2) Cytoskeletal proteins: actin-binding proteins (fodrin or spectrin, talin, filamin, 

and oc-actinin)(Croall and Demartino, 199 l; Ménard and El-Amine, 1996), 

microtubule-associated proteins, keratin-associated profilaggrin in keratinized 

epithelia, and muscle troponin (Vincent et al., 1998; Slack et al., 1998). 
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3) Enzymes: Kinases (protein kinase C (PKC) (Kishimoto et al., 1989)), 

phospholipases, such as phospholipase C (Banno et al., 1995) as well as 

calpastatin (Pontremoli et al., 1991 ). 

4) Transcription factors: 1-icB (Lin et al., 1995), c-Jun as well as c-Fos (Carillo et 

al., 1994 ), and the tumor suppressor p53 (Kubbutat and Vousden, 1997). 

5) Extracellular matrix components ŒCM}: proteoglycans (Suzuki et al., 1992), 

tibronectin (Sakai et al., 1996), vitronectin (Seitfert, 1996), arrestin in the retina 

(A7.arian et al., 1995), and myelin basic protein (MBP) (Tsubata et Takahashi, 

1989). 

l. l. l .3 Calpain Activation. 

There is still much controversy conceming the activation of calpain at physiological 

calcium concentrations. ln particular, since the calcium requirement of m-calpain is 

unphysiologically high, mechanisms which increase the calcium sensitivity of calpain 

must exist to allow this protease to function. One proposed mechanism is termed 

"assistance". For example, since the presence of m-calpain isoform has been detected 

in the nucleus of certain cellular types (Lane et al., 1992), it is suggested to have a 

function in this subcellular compartment. ln fact, this calpain isoform was observed to 

have proteolytic activity (cleaving nuclear matrix proteins of 60-200kDa) at 
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concentrations as low as 3µM Ca2+ in the presence of DNA (Mellgren et al., 1993). 

Since the effect of DNA was observed to be specific for nuclear proteins, it was 

proposed that a tripartite complex formation, which consists of protein, DNA, and m-

calpain, is a prerequisite for proteolysis. Therefore, the nucleus may lead to the in 

vivo activation of calpain despite its high calcium requirement. It has also been 

suggested that calpain association with membrane phospholipids may be another 

means of increasing its sensitivity to calcium (Coolican and Hathaway, 1984; Saido 

et al., 1992; Cottin et al., 1991 ). 

The requirement of the heterodimeric association for the functioning of calpain is still 

controversai. lt bas been widely accepted that the activation of calpain occurs when in 

the heterodimeric form, however, there is accumulating evidence indicating that the 

monomeric 80k.Da large subunit can be active as well. The stability of the 

large/catalytic subunit previously attributed to the presence of the small/regulatory 30 

kDa subunit has been shown to exist even when the small subunit is substituted by 

polyethylene glycol or chaperone proteins (Y oshiz.awa et al., 1995). 

Another controversial mechanism of calpain activation is the requirement for 

autolysis. The transformation of inactive "proenzymes" into fully active enzymes by 

partial proteolysis is well known. For calpain, it is proposed that partial cleavage of 

the N-terminal regions of both the large and small subunits (domains I and V, 

respectively) due to exposure to calcium, results in an increased activity associated 

with a decrease in calcium requirement (lmajoh et al., 1986). That is, autolysis would 
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modify the inactive calpain ''procalpain" of 80/30 kDa to the active fonn of 76/18 

kDa, at non-physiological concentrations of calcium, freeing the active site and 

making it accessible to cleave its substrates. During the process of calpain autolysis, 

an increase in intracellular free calcium within physiological range, results in the 

membrane translocation of the cytosolic inactive calpain, and the interaction of 

calpain with membrane phospholipids which is suggested to cause a decrease in the 

calcium requirement (Suzuki et al., 1987; Goll et al., 1990; Melloni et al., 1992). 

Adding to the controversy is evidence that unproteolyzed calpain has the ability to 

cleave its substrates as well (Molinari et al., 1994). Therefore, clarification of the 

processes involved in the activation of calpain still remains.(Melloni et al., 1992; 

Carafoli and Molinari, 1998). 

ln 1998, Melloni et al., identified a specific µ-calpain activator which favored the 

dissociation of the heterodimeric structure by binding to the large 80kDa subunit. 

This association was observed to increase the rate of autolysis of this proteinase by 

100 fold. This activator is said to compete with calpastatin, calpains natural inhibitor, 

and interact with the inner surface of the plasma membrane. 

1.1.2 The Natural Calpain lnhibitor, Calpastatin. 

Calpastatin is the specific endogenous inhibitor of calpains (Murachi et al., 1981 ). 

The human calpastatin gene is located on chromosome 5 (lnu.awa et al., 1990). 
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Calpastatin is known to be codistributed with calpain, and the balance between them 

is believed to detennine the calpain activity (Murachi, 1983). Both the calpastatin 

inhibition of calpain proteolytic activity as well as the binding of calpain to cellular 

membranes, are processes which are calcium dependent (Nakamura et al., 1989). 

Ubiquitous calpastatin (U-CAST) is a polypeptide of approximately 78-80 kDa which 

migrates aberrantly at ~120 kDa in SOS-PAGE (Takano et al., 1988). U-CAST 

(Figure 2a) consists of 5 domains, an N-terminal domain (L) as well as 4 homologous 

(20-35%) demains (1-4) of~ 140 amino acids each (Emori et al., 1987; Asada et al., 

1989). Each of the four repetitive domains exhibits calpain inhibitory activity, white 

the function of the unique domain L bas not yet been defined (Maki et al., 1987; 

Emori et al., 1988). Therefore, each U-CAST molecule can inhibit four calpain 

molecules. This observation is consistent with results obtained from stoichiometrical 

analysis of the interaction existing between calpain and calpastatin (lmajoh et al., 

1987; Takano et al., 1988). 

Although the function of domain L is not known, the domain contains conserved 

sequences which may be modulated at the genetic level by the processes of alternative 

splicing as well as "exon-skipping'' ( Lee et al., 1992). 
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FIGURE 2. STRUCTURE OF UBIQUITOUS AND THE TESTIS-SPECIFIC 

ISOFORM OF CALPASTATIN. 

A: Ubiquitous calpastatin (U-CAsn of~ 80 kDa consists offive domains of~ 140 

ami no acids each. The function of the N-tenninal domain L is not known. The 

remaining four homologous carboxyl terminal domains (1-4) each contain a 

consensus sequence which exhibits calpain inhibitory activity. This conserved 

region is subdivided into three regions (A, B, and C). Region B (TIPPXYR) is 

responsible for calpain inhibition white regions A and C reinforce the calpain-

calpastatin interaction. 

8: ln the testis-specific isoform of calpastatin (T-CASn of approximately 47kDa, 

domains 2-4 are present and identical to the ubiquitous isofonn and each contains 

the consensus sequence for calpain inhibition as previously described for V-CAST. 

The domains L and I are replaced by a unique domain of ~65 amino acids, called 

T, since it is testis-specific. 
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The four homologous domains ( 1-4) each contain the following consensus sequence 

LGXK(R)D(E)X TIPPXYRXLL associated with calpastatins' inhibitory activity 

(Kawaz.aki et al., 1989). This conserved region is subdivided into three regions (A, B, 

and C), which are encoded by three different exons (Takano et al., 1988; Maki et al., 

1989). Region 8 (TIPPXYR) is essential for the calcium dependent inhibition of 

calpain by calpastatin (Kawasaki et al., 1989). As for regions A and C they favor the 

inhibition of calpain (by region 8) by reinforcing the binding of the calpastatin-

calpain complex in the presence of calcium (Yang et al., 1994; Ma et al., 1994). As 

previously mentioned, each of the four domains have the potential to block the 

proteolytic activity of calpain, however, they each have different inhibitory potential: 

domain 1>4>3>2 (Emori et al., 1988). 

Calpastatin is cleaved by calpain and gives fragments which still contain inhibitory 

potential. Experimentally, it has been determined that m-calpain unlike µ-calpain, 

causes a progressively rapid loss of calpastatin activity (Melloni et al., 1992). 

Besides the U-CAST there also exists the erythrocyte-specific isoform which consists 

only of domains 2-4 and is lacking domains L and 1 (lmajoh et al., 1987). As for the 

testis-specific isoform of calpastatin (Figure 2b), the three domains 2-4 of U-CAST 

are present and domains L and I are lacking, as is the case for the erythrocyte 

isoform. A unique testis-specific region of approximately 65 amino acids replaces the 

domains L and 1 (Liang et al., 1994). This unique domain is labeled "T" since it is 

testis-speci fic. 
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1.1.3 The Calpain-Calpastatin System. 

The calpain-calpastatin system is not only a cytoplasmic enzymatic system. This 

system is also affected by membrane-associated signaling, such as cytoplasmic and 

transmembrane events. ln addition to this, during cellular activation, calpastatin as 

well as calpain are secreted by an unknown mechanism since neither possess a signal 

peptide. The extracellular presence of calpastatin renders it accessible to 

autoantibodies in vivo (Fukui et al., 1989; Suzuki et al., 1990; Yamamoto et al., 1992; 

Szomor et al., 1995). An in vitro study has already shown that anti-calpastatin 

antibodies have the ability to inhibit the function of calpastatin (Mimori et al., 1995). 

This was confinned by in vitro studies which demonstrated an immune interference 

of the natural inhibitor, calpastatin, by autoantibodies present in the sera of arthritis 

patients (El-Amine et al., 2000). Thus, it can be suggested that the presence of anti-

calpastatin antibodies is linked to the over-activation of calpains, which is implicated 

with a number of pathological disorders. 

1.1.4 The Calpain-Calpastatin System in Various Pathological Disorders. 

The presence of an abnonnal expression and/or increased activity levels of calpastatin 

or calpain has been observed in various pathological conditions such as Alzheimer's 

disease (Nixon et al., 1994; Y amazaki and lhara, 1998), Cataractogenesis (David et 
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al., 1993), Rheumatoid Arthritis (Després et al., 1995), and lnfertility (Wei et al., 

1994). 

1.1.4.1 Alzheimer's Disease. 

The pathology of this disease in volves the formation of senile plaques in the brains of 

the patients due to an abnormal processing of the amyloid precursor protein (APP) 

causing the self-aggregation of JJ-amyloid peptides. Both intracellular and 

extracellular proteolytic activity is required in this process (Cataldo et al., 1991 ). 

Studies have revealed an imbalance between intact and autolyzed µ-calpain and a 

reduction in calpastatin in these patients (Saito et al., 1993). ln fact, the 

overexpression and increased activity of calpains (both µ- and m-isoforms) in the 

brains of these patients, has also been reported (Saito et al., 1993; Grynspan et al., 

1997). 

1.1.4.2 Cataractogenesis. 

The formation of lens opacity or cataract results from lens damage due to the 

oxidation of membrane proteins and/or lipids. lt is the oxidative damage which causes 

an increase in lens permeability, leading to elevated intracellular calcium 

concentrations. This elevated calcium concentration over-activates calpain causing 

the fragmentation and precipitation of crystallins, resulting in cataract formation. ln 

both lens epithelium as well as ditferentiated fibre cells, high concentrations of m-
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calpain versus low concentrations of µ-calpain, were detected (Wang and Yuen, 

1994 ). The Jens cells of a chemically induced cataract, can accumulate up to 600µM 

of free calcium, which is sufficient to activate m-calpain (Azuma et al., 1991 ). ln 

vitro studies have demonstrated that m-calpain can degrade f3-crystallins resulting in 

their insolubili:zation (David et al., 1993). 

1.1.4.3 Rheumatoid Arthritis. 

ln rheumatoid arthritis, cartilage destruction is largely due to the action of proteolytic 

enzymes. ln the synovial fluid, a calcium concentration in the millimolar range and a 

neutral pH is detected, which meet the criteria required for calpain activation (Ward 

and Steigbigel, 1978). Both calpastatin and calpains have been identified in the 

synovial fluid of both arthritis as well as normal patients. Type B synoviocytes 

(fibroblast-like) and not Type A synoviocytes (macrophage-like), have been shown 

by histochemical studies to secrete both calpastatin and calpain (Yamamoto et al., 

1992). ln vitro experiments have shown that TNFa (Tumor Necrosis Factor alpha ) 

and IL-1 (lnterleukin-1 ), which are secreted by Type A synoviocytes, stimulate Type 

B synoviocytes as well as chondrocytes to produce and secrete first calpains followed 

by calpastatin (Huet et al., 1993 ). The degradation potential of m-calpain on the matrix 

components of the articular cartilage has been shown to be inhibited by calpastatin 

(Suzuki et al., 1992). ln collagen-induced arthritis of mice, a correlation between the 
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appearance of calpains and arthritis followed by the destruction of articular cartilage 

was observed (Szomor et al., 1995). 

The µ- and m-calpain isoforms were found to be, respectively, 6. 7 and 3.5 times 

higher in arthritis patients versus normal patients (Fukui et al., 1989). Also, the 

amount of calpastatin versus calpains, in the synovial fluid of arthritis patients, was 

found to be reduced (Yamamoto et al., 1992). 

Studies have shown the pathogenic potential of autoantibodies directed against 

intracellular components, that are either expressed on the cell surface or secreted 

extracellularly (Burman and Baker, 1985; Schonbeck et al., 1990; Tan, 1991; 

Naparstek and Plotz, 1993). More particularly, reports have suggested that the 

upregulation of enzymatic activity is the consequence of autoantibodies interacting 

with protease inhibitors. The disadvantageous calpain/calpastatin (enzyme/inhibitor) 

ratio found in arthritis patients may participate in the cartilage destruction observed in 

this disease. Després et al. ( 1995), identified calpastatin as a human autoantigen by 

screening a human placenta cDNA library with the sera of rheumatoid arthritis (RA) 

patients. The reactivity of these sera was shown to be 45.5% against the RA-1 

(domains 3 and 4 of U-CAST) recombinant protein obtained from prokaryotic 

expression (Després et al., 1995). The same year Mimori et al., demonstrated that 

57% of arthritis patients recognized this calpastatin fragment. ln 1998, Lackner et al., 

demonstrated that only 1 1.1 % arthritis patients sera reacted against a C-terminal 

fragment (amino acids 363-708) of calpastatin. Recently, El-Amine et al. (2000) 
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synthesized oligopeptides which demonstrated that the epitopes recognized by the 

sera of arthritis patients were located on the second and fourth domain of calpastatin, 

and the immunoreactivity of domain 4 was greater than domain 2. ln fact, it was 

determined that domain 4 contains two major linear epitopes while domain 2 has a 

less well defined conformational epitope. The presence of anti-calpastatin antibodies 

in the sera of RA and SLE patients was found in 83% and 35% of these patients, 

respectively (El-Amine et al., 2000). Therefore, the enzyme/inhibitor imbalance 

observed in RA patients may be due to anti-calpastatin antibodies. That is, the 

antibodies may perhaps inactivate the inhibitor, calpastatin, once it is synthesized, 

expressed on the plasma membrane, and/or secreted in vivo. Consequently, immune-

complex-mediated inflammation and/or the uncontrolled activation of calpains could 

be the result of the presence of anti-calpastatin antibodies in arthritis patients. 

1.1.4.4 lnfertility. 

ln 1994, Wang et al., demonstrated by western blot, that the serum of an infertile 

woman contained antibodies which interacted with a 17 .5 kDa glycoprotein present in 

a human sperm extract. This glycoprotein was named the BS-17 component. 

Polyclonal anti-BS-17 antibodies were used by the same group to screen a human 

testis cDNA library. This allowed for the isolation and sequencing of the cDNA 

which encoded BS-17. BS-17 cDNA was shown to be a fragment of calpastatin. More 

specifically, BS-17 corresponded to the carboxyl terminus of calpastatin. By 
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immunofluoresence it was demonstrated that the antigen, recognized by the 

polyclonal anti-BS-17 antibodies, was localized over the surface of the acrosomal 

region of human sperm (Wei et al., 1994). ln vitro experiments showed that the 

fertilization of zona-free hamster ova by human sperm was blocked by the presence 

of the polyclonal anti-BS-17 antibodies. ln doing so, the antibodies did not seem to 

affect the binding of human sperm to zona-free ova or alter the motility of the human 

sperm. The polyclonal anti-BS-17 antibodies were also shown to have the capacity of 

inhibiting the fertilization of ova by mouse sperm upon in vivo insemination. The 

results obtained suggest that the presence of anti-BS-17 antibodies could prevent 

capacitation of sperm and/or black capacitated sperm from fertilizing the egg, and as 

such could be a contributing factor resulting in infertility (Wang et al., 1994; Wei et 

al., 1994). 

ln the same year, Liang et al. (1994) used the sera of 59 infertile patients to screen a 

human testis cDNA library. ln doing so, they confirmed the results obtained by Wang 

et al. From screening the human testis cDNA library, 38 unique cDNA inserts were 

obtained, four of which were shown to be testis-specific by Northem blot analysis. 

One of these inserts, recognized by the serum of a female infertile patient, was the 

testis-specific isoform of calpastatin. The sequence of the testis-specific isoform was 

published in GenBank (Accession Number U58996; P.A.O'Hem et al., 1996). DNA 

sequence analysis of this isoform revealed that the domains L and I of ubiquitous 

calpastatin were replaced by a unique, testis-specific domain of approximately 65 

amino acids, its existence attributed to alternative splicing (Lee et al., 1992; Liang et 
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al., 1994). If the unique, testis-specific domain contains an epitope(s), which is/are 

recognized by the antibodies found in the sera of infertile patients, it could be useful 

for the development of a contraceptive vaccine (Liang et al., 1994 ). 

The recent demonstration of the calpain/calpastatin system in human spermatozoa 

suggests that the presence of anti-calpastatin antibodies in the sera of infertile patients 

may cause the inhibition of various calcium-dependent fertilization processes. The 

unique optimal pH of 9.0-9.5 for the activity of calpains in spermatozoa versus that 

of somatic cells which is neutral may have a physiological significance. That is, a pH 

<7.5 is associated with the quiescent state of sperm white a pH> 7 .5 is associated with 

sperm stimulation. The calpain activity being maximal when spermatozoa is active 

only supports the suggestion that calpain may be a key player in the calcium-

dependent processes of fertilization. The presence of calpastatin in spennatozoa may 

be to regulate calpain activation prior to fertilization and control calpains proteolytic 

actions which are required for competent sperm-egg fusion (Rojas et al., 1999). 

1.2 Aims of the Proiect. 

The identification of calpastatin as an autoantigen has aided in understanding the 

possible implications of the protease-inhibitor complex interaction, specifically in the 

physiopathology of rheumatoid arthritis. lncreasingly, autoantibodies against 

calpastatin are being detected in various disease processes which includes patients 

with systemic sclerosis (38%) (Sato et al., 1998), venous thrombosis (Schlosser et al., 
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1997), systemic lupus erythematosus, and infertility. Screening a human testis cDNA 

library with the sera of infertile female patients led to the identification of a testis-

specific isofonn of calpastatin. 

The presence of calpastatin autoantibodies in infertile female patients leads one to 

wonder if the immune interference mechanism suggested for rheumatoid arthritis 

patients can be applied to these patients as well. That is, perhaps the enzyrne/inhibitor 

imbalance suggested to lead to the cartilage destruction seen in RA patients may also 

exist in infertile patients by inhibiting the calcium-dependent processes leading to and 

including spenn-egg fusion. Therefore, in this pathological disorder perhaps the 

uncontrolled proteolytic activity of calpains leads to infertility problems. Also, the 

presence of the testis-specitic isoform of calpastatin may be to complement the 

function of the ubiquitous isoform of calpastatin, which may be insufficient in this 

particular system. ln addition, this testis-specific isoform may contain testis-specific 

eptitope(s) that could lead to the development of an immunocontraceptive vaccine. 

The identification of the immunodominant epitopes, by use of sera from infertile 

patients, will be crucial to demonstrate if the pathogenic mie of anti-calpastatin 

antibodies in this unique system is similar to that previously described for rheumatoid 

arthritis patients. If the antibodies present react against unique epitope(s) only present 

in this system, this could shed light into this particular pathological disorder. 
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Questions asked are tberefore : 

1- What are the domains/epitopes targeted hy the anti-calpastatin antihodies present 

in the sera of infertile patients? 

2- Are the targeted domainslepitopes unique to the testis-specific isoform of 

calpastatin? 

3- Are the targeted domainslepitopes similor to those previously identified hy use of 

the sera of rheumatoid arthritis patients? 

4- Could there be a link between rheumatoid arthritis and inferti/ity? 

5- Js the development of a contraceptive vaccine possible? 
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To answer the following questions, my researcb project consists of the following: 

/- Isolation of the complete cDNA of the testis-specific isoform of calpastatin 

(['-CAST). 

2- Expression and purification of the recombinant protein, T-CAST. 

3- ldentification of the immunodominant epilope{s) recognized by the sera of 

infertile patients. 
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2.0 MA TERIALS AND METHODS 
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2.0 MATERIALS AND METHODS. 

2. l Extraction of Total RNA from HeLa Cells. 

HeLa cells in culture were used to extract total RNA. HeLa cells (lXI06 cells) were 

centrifuged at 3000 rpm for 20-30 minutes at 4°C. The supematant was then 

discarded and the cells were resuspended in l ml of Trizol (Gibco BRL, Life 

Technologies, NY, USA). After 5 minutes of incubation at room temperature, 100µ1 

of cold chloroform was added, the mixture was vortexed and incubated for 3 minutes 

at room temperature. The contents were then centrifuged at 13000 rpm for 15 minutes 

at 4°C and the transparent upper layer containing the total RNA was collected. To this 

was added 500 µl of chloroform, the contents were gently mixed, incubated for 5 

minutes at room temperature, and centrifuged for 15 minutes at 13000 rpm at 4°C. 

The supematant was then recuperated and the total RNA was precipitated in 0.5ml 

isopropanol for 10 minutes on ice. After a centrifugation at 13000 rpm for 15 minutes 

at 4°C, the pellet containing the total RNA was washed in cold 70% ethanol at -20°C, 

and then resuspended in 50 µl of sterilized water. Measurement of the optical density 

at 260nm and 280nm of the isolated total RNA sample was required to determine the 

concentration ( lunit A260 = 40 µg/ml RNA) and the purity of the sample (A2w'A2so = 

or> 1.8). 
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2.2 Northem Blot. 

The RNA samples used for the Northem blot were: the total RNA extracted from 

HeLa cells, Human Testis, and Placenta Total RNA (Clontech, Palo Alto, CA). ln 

the northem blot experiments l0-20µg of total RNA samples were used. Using a 2X 

volume of (9/1) solution of EtOH/3M NaAc, the total RNA samples were precipitated 

for 10 minutes at -80°C, centrifuged for 15 minutes at 13000 rpm at 4 °C, and the 

pellet obtained was air-dried for 15 minutes. To each sample was then added 20 µI of 

sample buffer (IOX HEPES-EDTA (1ml), Formamide (5ml), and 37% (w/w) 

Formaldehyde (l.6ml)) and 4 µI of loading buffer (50% glycerol, 50% H2O-DEPC, 

0.5% (w/v) Bromophenol Blue, 0.5% (w/v) Xylene Cyanol), followed by an 

incubation at 65 °C for 5 minutes. This was followed by a 5 minute incubation on ice 

and centrifugation at 13000 rpm for a duration of one minute at 4 °C. The samples 

were then loaded onto a denatured agarose gel (2.15g agarose, 25 ml HEPES-EDT A 

IOX (200mM HEPES, IOmM EDTA pH 7.8), 184.5 ml of sterile water, and 37% 

Formaldehyde) and separated by electrophoresis at 120V for a duration 4-6 hours. 

The transfer to a membrane was accomplished by use of a W Nylon membrane W 
Hybond, Amersham Life Sciences, Amersham International, U.K.) preincubated in a 

IOX SSC solution (1.5 M NaCI, 150mM Sodium Citrate) by the process of capillary 

action (Sambrook et al., 1989) for a duration of 12-16 hours. The membrane was then 

fixed for 5 minutes in O.OSN NaOH and rinsed for at least 15 minutes in a solution of 

2X SSC (0.3M NaCI, 30 mM Sodium Citrate). The membrane was then coloured for 

approximately 2 minutes in a staining solution (0.02% methylene blue, 0.3M 
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NaAcetate pH 5.2) to verify if the transfer was well accomplished. Coloration of the 

membrane was determinated once the ribosomal RNA bands of l 8S and 28S could be 

seen. The membrane was then destained twice by incubation with a 0.2X SSPE, 1 % 

SDS solution. The membrane was then incubated with the hybridiution buffer (5% 

SDS, 400mM NaH2PO4 pH7.2, lmM EDTA, lmg/ml BSA, 50% fonnamide) for at 

least 60 minutes at 42 °C. The incubation of the membrane continued for 12-16 hours 

in the same hybridiution buffer once the cDNA a-32P dCTP labelled probe, 

prepared as outlined by the system of Radioactive Oligolabelling Kit (Amersham 

Pharmacia Biotech, Piscataway, NJ, USA), was added. Once the hybridiution is 

complete, the membrane is washed for l 0 minutes at 55 °C by use of the preheated 

washing buffer (lX SSC, 0.l% SDS, lmM EDTA). The membrane is then washed 

for approximately 10 minutes in the following preheated washing buffer (0.2X SSC, 

0.1 % SDS, 1 mM EDT A) at 55 °C. The membrane is then exposed to Kodak film 

(BioMax, Kodak, NY). 

2.3 Reverse Transcriptase Reaction (RTI. 

Approximately 5µg of Human Testis Total RNA (Clontech, Palo Alto,CA) was used 

to synthesize the cDNA. The reaction consisted of the addition of one µg of oligo 

(dnt2-18 (500 µg/ml), 4 µI of 5X First Strand Buffer (GibcoBRL), 2µ1 of 0.IM 

DTT, lµI IOmM dNTP, and 1µ1 (200 units) of the reverse transcriptase enzyme 

SuperScript™II (GibcoBRL) completed to a final volume of 20µ1. After a 60 minute 
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incubation at 37°C, 0.6µ1 of RNase (lmg/ml) was added and the mixture was 

incubated for another 30 minutes at 37°C (Boehringer Mannheim, Gaithersburg, 

USA). 

2.4 Amplification of the Testis-Speciflc Isoform of Calpastatin by the Polymerase 

Chain Reaction (PCR}. 

The PCR reactions were performed by use of the cDNA obtained from the reverse 

transcriptase reaction. Speciflc sense and anti-sense primers were synthesized in order 

to arnplify the complete cDNA ofT-CAST as well as the domains 2-4 and the unique 

domain T of this calpastatin isoform (Figure 3). The primers complementary to each 

of the two extremities to be arnplified contained a BamHJ site (GGA TCC) or a Nol/ 

site (GCGGCCGC) (Refer to Table of Primers Section 2.11) to result in sense 

ligation of the amplifled cDNA into the prokaryotic expression vector, pGEX-4T-I. 

The PCR reaction was performed by use of the Taq DNA Polymerase enzyme (2 

units) (Pharmacia Biotech, USA), 2 µg of each primer, 2-4 µ1 of RT reaction product, 

IX of the dilution buffer (I0X Taq dilution buffer, Pharmacia Biotech, USA), and 0.2 

mM dNTP in a final volume of 100µ1. To arnplify the three cDNAs of T-CAST 1 

minute of denaturation at 94°C followed by 35 amplification cycles were required. To 

obtain the cDNA of T-CAST each amplification cycle consisted of 40 seconds of 

denaturation followed by I minute and 30 seconds of renaturation at 56°C and 2 
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FIGURE 3. THE REGIONS OF THE TESTIS-SPECIFIC ISOFORM OF 

CALPASTATIN AMPLIFIED BY RT-PCR. 

By use of the T-CAST mRNA sequence published in the GenBank (Ace. No.: 

U 58996), specific primers were synthesized (Refer to Section 2.11) to ampli fy three 

different cDNAs of the testis-specific isoform of calpastatin: T-CAST (1.3kb), D2-

D4 ( 1.2kb ), and DT (l 29bp ). 
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DT D2 

T-CAST 1,3 kb 
DTF D4R 

D2-D4 1,2 kb 
D2F D4R 

DT 130 bp 

DTF DTR 



minutes of elongation at 72°C. For the amplification of the cDNAs corresponding to 

domain T and domains 2-4 of the testis-specific isoform of calpastatin, each 

amplification cycle was similar to that previously described, with the exception of the 

renaturation process which occured at 66°C. Electrophoresis analysis of the PCR 

reaction was performed by agarose gel (1.4%) (Sigma Chemicals Co., St.Louis, 

MO.). 

2.5 Sub-Cloning.Transformation. and Seguencing of the PCR Products. 

Among the three ditferent PCR products obtained only the cDNA of T-CAST was 

Genecleaned by use of the Qiagen QIAEX Il Agarose Gel Extraction Kit (Qiagen 

Inc., Chatsworth) previous to ligation. For both the amplified domains 2-4 and 

domain T cDNAs, 1 µI of the PCR product was used while for the T-CAST cDNA, 6 

µI of the genecleaned PCR product was used to be sub-cloned into the pGEM-T 

vector (50ng) (pGEM-T vectors systems, Promega, Madison, USA) by use of the T4 

DNA ligase (6 units) (Promega) in IX dilution buffer (I0X T4 Ligase Buffer, 

Promega) to obtain a final volume of 20µ1, during 14-16 hours of incubation at 4°C. 

Each ligation product ( IOµI), respectively, was transformed in the E.coli DH JOP 

competent bacteria by incubating IO minutes on ice followed by 20 minutes at 37°C. 

Then, LB medium (Luria-Bertani: l %tryptone, 0.5% yeast, 0.5% NaCI) was added 

and the transformants were amplified by agitation for 60 minutes at 37°C at 225rpm. 

The transformed bacteria were then spread on Petri dishes containing 1.5% agar and 
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S0µg/ml ampicilin, followed by 12-16 hours incubation at 37°C. The colonies 

selected were amplified ovemight at 37°C in 5ml LB containing S0µg/ml ampicilin, 

and the plasmids were then isolated by the Qiagen QIAprep 8 Plasmid Kit (Qiagen 

Inc., Chatsworth). The isolated plasmids (lµg) were digested by use of the Sac/ and 

Sac// (2 units) restriction enzymes (Phannacia Biotech, USA), IX dilution butfer 

(1 OX One-Phor-all plus butfer, Phannacia Biotech, USA) in a final volume of 30µ1 

for 3 hours at 37°C. The digestion products were analyzed by electrophoresis on 1.4% 

agarose gel to verify if the ligations performed were successful. For the verification of 

the ligation of the testis-specific domain T into the pGEMT vector, since the insert 

was only l 29bp, the plasmids were simply linearized by digestion with the Sac/ ( 1 

unit) restriction enzyme. The digestion product was migrated on agarose gel, 

transferred onto a N+ Nylon membrane, and hybridized with a domain T specific 

probe (see Southern Blot protocol described below) to verify if the attempted ligation 

was successful. Sequencing of the cDNAs was performed by use of an A.L.F.™ 

automatic sequencer (Pharmacia, Uppsala, Sweden) by the dideoxy method (Sanger 

et al., 1977) using fluorescent oligonucleotide primers (Phannacia, Uppsala, Sweden) 

at the Sheldon Biotechnology Center, McGill University, Montréal, Québec, Canada. 

The nucleotide sequences were then aligned with the T-CAST sequence published in 

the GenBank/EMBL by use of the BLAST program (Basic Local Alignment Search 

Tool) in the NCBI site (National Center for Biotechnology Information) to ensure that 

l 00% homology was obtained. 
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2.6 Southern Blot. 

The cDNA was separated by electrophoresis on agarose gel (1.4%-1.6%) at 90 V for 

1-2 hours. The gel was then denatured in the following denaturation buffer (0.5 N 

NaOH, 1.5M NaCI ) for 20-30 minutes and neutralized by use of the neutralization 

buffer ( 1 M Tris-HCL pH7.5, 1.5 M NaCI) for a duration of 20-30 minutes as well. 

The cDNA is then transferred onto a Nylon W membrane in a I 0X SSC solution by 

capillary action for 12-16 hours (Sambrook et al., 1989). After the transfer, the 

membrane is tixed by exposure to U.V. light for 2 minutes. The membrane was then 

prehybridized in blocking buffer (ECL Gold hybridization buffer, Amersham Biotech, 

England) which contained 5% blocking agent for at least one hour at 42°C. The 

membrane was then hybridized ovemight at 42 °C by use of the calpastatin domain T 

probe (PCR amplified product, See Table in Section 2.10) which was labeled by a 

non-radioactive ECL technique (Enhanced ChemiLuminescence, Amersham Biotech, 

England). The hybridized membrane was then washed for 20 minutes at 55 °C with 

IX SSC (15mM NaCI, 1.5 mM Sodium Citrate) and then for 5 minutes at room 

temperature with 2X SSC (0.3 M NaCI, 30 mM Sodium Citrate). For the revelation, 

the membrane was incubated 1-2 minutes in a mixture, of equal volumes, of the 

detection butfers ECL I and ECL 2. The membrane was then exposed on X-OMAT 

Kodak film (Kodak,NY) for a period varying from 30 seconds to 5 minutes. 
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2. 7 Patients. 

ln this study, sera from 51 female infertile patients, 38 rheumatoid arthritis patients, 

39 systemic lupus erythematosus (anti-DNA positive), 6 vasectomized patients, and 

14 nonnal patients were used as a control. The 51 sera of the female infertile patients 

were supplied by Dr. Youssef Ainmelk (Department of Obstetrics and Gynecology, 

Centre Universitaire de Santé de l' Estrie (C.U.S.E), Fleurimont, Québec). Each was 

classified, respectively, as sutîering from one of the various types of infertility, since 

they satisfied the criteria set forth (One year of unprotected intercourse without 

conception). Dr. Michel Carmel (Department of Urology, C.U.S.E, Fleurimont, 

Québec) supplied 6 sera from men who had been vasectomized. The 38 sera of the 

rheumatoid arthritis patients fulfilled the criteria proposed by the American College 

of Rheumatology (ACR) (Amett et al., 1987). Both the SLE (anti-DNA positivity was 

detennined in the clinicat laboratory of the Department of Rheumatology, C.U.S.E ) 

and the rheumatoid arthritis patients used in this study, are followed by the 

Department of Rheumatology of the Faculty of Medecine at the University of 

Sherbrooke. After coagulation, the serum is isolated by centrifugation at 1500 rpm for 

15 minutes, separated into aliquots, and stored at -20°C. 
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2. 7 .1 Absorbtion of Sera. 

To avoid any reactivity of the antibodies present in the various sera used in this study 

against bacterial proteins and/or the GST, ail sera were absorbed with E.coli PR 745 

Ion- extracts previously transfonned with the pGEX-4T-1 vector which had been 

induced with 2mM IPTG. The induced bacterial cultures were lysed by sonicating 4 

X 15 seconds at an intensity of 35. This was followed by a centrifugation at 4°C at 

13000 rpm for a duration of 15 minutes, which caused the precipitation of the 

bacterial debris, and allowed the recuperation of the supematant to be used for the 

absorption of the sera. The absorbtion of the various sera was executed as follows: 

diluted sera (1: IO in PBS IX, pH7 .4) were incubated with the bacterial extracts (0.5 

mg/ml) at 4 °C for 12-16 hours with agitation. The absorbed sera were then stored at -

20°C until they were used in the Western blot and/or ELISA experiments. 

2.8 Antigens. 

2.8.1 Induction and Purification of Fusion and Recombinant Proteins by the 

GST Gene Fusion System. 

The previously pGEMT cloned cDNAs ( T-CASTand Domains2-4) were digested by 

use of the BamHJ and Not/ restriction enzymes in order to be cloned, in the sense 

44 



direction, into the pGEX-4T-l expression vector. This would allow the induction and 

the purification of the recombinant proteins fusioned to the Glutathione S-transferase 

(Gsn 26kDa protein, by thrombin acting at a cleavage site between the 

recombinant protein and the GST (Phannacia Biotech, Inc.). 

2.8.2 Sub-Cloning into the pGEX-4T-l Vector and Transformation. 

The various BamHI and Not/ digested and genecleaned cDNAs ( 400-600ng) were 

ligated to the BamHJ and Not/ digested, dephosphorylated, and genecleaned pGEX-

4T-l (I00-200ng) by use of the T4 DNA ligase (1 unit) and IX dilution buffer (IOX 

T4 DNA butîer) to a final volume of 10µ1, and incubated ovemight at 4 °C. Each 

ligation product (10µ1), respectively, was transformed into PR 745 Ion· competent 

bacteria (New England Biolabs, Beverly, MA, USA) by incubating lO minutes on ice, 

heat shocked the bacteria for 5 minutes at 37°C , incubating for another 1-2 minutes 

on ice before LB broth is added, whereby the amplification process is aided by 

agitating the transformants for 60 minutes at 37°C at 225rpm. The transformed 

bacteria are then plated onto Petri dishes which contain 1.5% agar and 50µg/ml of 

ampicilin and incubated ovemight at 37°C. The selected colonies are then amplitied 

in 5ml LB containing 50µg/ml of ampicilin, ovemight at 37°C at 225rpm. The 

plasmids were then isolated by use of the QIAprep 8 Plasmid Kit (Qiagen Inc., 

Chatsworth). To verify the success of the attempted ligation, the plasmids ( 1 µg) were 

at first di~ested with the Not/ restriction en~e (1 unit) (Pharmacia Biotech, USA), 
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IX dilution buffer (I0X One-Phor-AII Plus Buffer), IOOrnM NaCI, 0.1% Triton X-

I 00 in a 20µ1 final volume ovemight at 3 7°C. The Not/ digested product was then 

digested with the BamHI restriction enzyme (1 unit) (Pharmacia Biotech, USA) 

which required 2X dilution butfer ( 1 0X One-Phor-AII Plus Butfer) in a 30µ1 final 

reaction volume which was incubated 3 hours at 37°C. The digestion products were 

then analyzed by electrophoresis on agarose gel (1.4%) to verify if the ligation was 

successful. 

2.8.3 Expression and Purification of the Recombinant Protein. 

The expression of the fusion proteins was induced by the addition of 2mM isopropyl-

(3-D-thiogalactopyranoside (IPTG) and 50 µg/ml ampicilin, to the previously 

amplitied culture of transfonned bacteria which read an optical density of 0.5-0.8 at 

595nm. The culture was induced 12-16 hours at 37°C at 225rpm. The bacterial culture 

was then centrifuged at 4°C at 3000rpm for 25 minutes. For every 40ml culture, the 

bacterial pellet obtained was resuspended in I ml of cold PBS IX pH7.4 ( 4.3 mM 

Na2HPO4.7H2O, 137 mM NaCI, 2.7mM KCI, l.4mM KH2PO4) which contained 1% 

Triton X-100, 0.2 mM phenylmethylsulfonylfluoride (PMSF), and 5 µg/ml of CLAP 

(chemostatin, leupeptin, antipain, and pepstatin) (Sigma, St. Louis, MO, USA). The 

bacteria were then lysed by sonication (4 X 15 seconds) at an intensity of 35. To 

precipitate the bacterial debris, the contents were centrifuged for 15 minutes at 4°C at 

13000 rpm. The supematant obtained is the source of fusion protein which is purified 
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by affinity chromatography. The source of fusion protein is deposited into a polyprep 

chromatography column (Bio Rad Laboratories, Hercules, CA, USA) which contains 

Glutathione-Sepharose 4B beads (Amersham Pharmacia Biotech, Uppsala, Sweden) 

preequilibrated in cold PBS IX, pH 7.4. For every 40ml of bacterial culture, 0.2-

0.Jml of Glutathione-Sepharose 4B beads were used. The supematant containing the 

fusion protein was left for 20 minutes to incubate in the column. Then, the column is 

washed with cold IX PBS, pH7.4 (4 X 5ml). The fusion protein is then cleaved from 

the GST by the addition of 50 U of thrombin (Amersham Pharmacia Biotech, 

Uppsala, Sweden) per ml of cold PBS IX, pH7.4, which is left to incubate 3 hours at 

room temperature or ovemight at 4°C before the recombinant protein is collected, 

divided into aliquots, and stored at - 20°C until it is used as an antigen. 

(Determination of concentration of recombinant protein: 1 A2so= 0.Smg/ml or every 

20ml ofbacterial culture induced yields 50µg of rprotein). 

2.9 lmmunological Techniques. 

2.9.1 SOS-PAGE Analysis of Expression and Purification of Recombinant 

Proteins. 

The fusion and recombinants proteins were separated by electrophoresis on a 

polyacrylamide gel (8%), SOS-PAGE, under reducing conditions. The proteins were 
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separated on a gel which consisted of 8% acrylamide (ratio acrylamide/bisacrylamide: 

30:0.8), 4X Tris-CI/SDS, pH8.8 (3,75ml), 0.05ml of 10% ammonium persulfate, and 

0.01 ml TEMED completed to 15 ml with distilled deionized water which was 

mounted by a stacking gel composed of 4% acrylamide (ratio 

acrylamide/bisacrylamide: 30:0.8), 4X Tris-CI/SDS,pH 6.8 (1.25ml), 0.025ml of 10% 

ammonium persulfate, and 0.005ml TEMED completed with distilled deionized water 

to a final volume of 5 ml. The protein samples were suspended in an equal volume of 

SDS Sample Bufîer 2X (25ml 4X Tris-CVSDS, pH 6.8, 20 ml glycerol, 4g SDS, 2ml 

2-mercaptoethanol, 1 mg bromophenol blue, and completed to l 00ml with distilled 

deionized water) and boiled for 3 minutes before each sample was loaded into its 

respective well. The electrophoresis run was conducted at 120-180V for 45-60 

minutes in an electrophoresis bufîer (1% SDS, 25mM Tris and 0.25mM glycine). 

The Prestained Broad Range molecular weight standards (Bio Rad Laboratories, 

Hercules, CA, USA) were used to verify the weights of the fusion and recombinant 

proteins. 

The proteins separated by SDS-PAGE were verified by Coomassie Blue coloration. 

Each individual gel was incubated in a staining solution (0.05% Coomassie Blue, 

50% methanol, 10% glacial acetic acid) ovemight with agitation. The gel was then 

destained in previously boiled destain solution (5% acetic acid, 15% Ethanol) for 2-4 

hours. The gels were equilibrated in 1-10% glycerol and dried under vaccum by use 

of a drier for gels, model 583 (Bio Rad Laboratories, Richmond, CA, USA). 
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2.9.2 Western Blot. 

The recombinant proteins were separated by electrophoresis gel on a polyacrylamide 

gel (100/4), SOS-PAGE, under reducing conditions. The proteins were separated on a 

gel which consisted of 10% acrylamide (ratio acrylamide/bisacrylamide: 30:0.8), 4X 

Tris-Cl/SOS, pH8.8 (3, 75ml) , 0.05ml of 10% ammonium persulfate, and 0.01 ml 

TEMEO completed to 15 ml with distilled deionized water which was mounted by a 

stacking gel which was composed of 4 % acrylamide (See Section 2.9.1). The protein 

samples were suspended in an equal volume of SOS Sample Butfer 2X and boiled 

for 3 minutes before each sample was loaded into its respective well. The 

electrophoresis run was conducted at l 20- l 80V for 45-60 minutes in an 

electrophoresis butfer which consisted of 1% SOS, 25mM Tris and 0.25mM glycine. 

The Prestained Low Range molecular weight standards (Bio Rad Laboratories, 

Hercules, CA, USA) were used to verify the weights of the recombinant proteins. 

The transfer of the proteins onto a Hybond™-c; nitrocellulose membrane (Amersham 

Place, England) was conducted at I OOV for 60 minutes in the transfer butfer 

containing 25mM Tris, 0.2M glycine, and 20% methanol. The quality of the transfer 

was then veritied by Ponceau S coloration of the membrane (Harlow and Lane, 1988). 

The membrane was then blocked for 16-72 hours at 4°C in 5 % dried milk, PBS IX, 

pH 7.4. The membrane was then incubated with previously absorbed sera or 

monoclonal mouse anti-calpastatin antibodies (PanVera Corporation, Madison, WI, 

USA) (dilution 1:1000 for e.1ch, respectively) for 60 minutes at room temperature 

with agitation. Following this incubation, the membrane was washed 3X 10 minutes 
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with 0.5% dried-milk, PBSIX, pH7.4 (cold), and then were incubated for 60 minutes 

at room temperature with the Protein A coupled to Peroxidase (Sigma Chemicals Co., 

St. Louis, MO) diluted I :5000 in PBS IX, pH7.4. (However, for the mouse 

monoclonal anti-calpastatin antibodies, the membranes must be incubated with Rabbit 

anti-mouse lgG ( diluted I : I 000) (Jackson lmmunoResearch Laboratories Inc., PA, 

USA) for 60 minutes, prior toits incubation with Protein A Peroxidase, since the later 

has a weak affinity for mouse lgG).The membranes were once again washed 3XIO 

minutes with 0.5% dried-milk, PBS IX, pH7 .4. The immune-complexes were then 

detected by the ECL system (Pharmacia Biotech UK Limited, England) by exposure 

to a X-OMA T (Kodak) film for a duration of 30 seconds to 3 minutes. 

2.9.3 ELISA. 

Costar plates consisting of 96 wells (Costar, No 3590, Coming lncorporated, 

Coming, NY, USA) were coated with 100µ1/well (1-3 µg/ml) of recombinant protein 

which had been incubated ovemight at 4°C in a buffer containing 0.0SM of 

carbonate/bicarbonate at pH 9.5. The contents were gently removed from the wells 

and each well was saturated with 100µ1 ofblocking buffer (PBS IX, 1% BSA (Sigma 

Chemicals Co., St. Louis, MO), and 0.05% Tween-20, pH 7.2-7.3) for 60 minutes at 

room temperature. Four washes were then executed by use of the washing butTer 

consisting of IX PBS,0.05% Tween-20, pH 7.2-7.3. Theo, previously absorbed sera 

diluted 1: I 00 (final dilution: I: I 000) or the monoclonal antibodies diluted 1: 1000 in 
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blocking buffer were added, l 00µ1/wells, and incubated for 60 minutes at room 

temperature. Three washes followed this incubation before the secondary antibodies: 

alkaline phosphatase-conjugated goat anti-human lgG or alkaline phosphatase-

conjugated rabbit anti-mouse lgG (Jackson lmmunoResearch Laboratories Inc., PA, 

USA) diluted 1: 1000 in the blocking buffer, were added and incubated for 60 minutes 

at room temperature. Following this incubation, the wells were washed three more 

times, and the bound antibodies were revealed by the addition of 100µ1/well of p-

nitrophenyl phosphate (Sigma Chemical Co., St. Louis, MO) diluted at a l mg/ml 

concentration in substrate buffer (1 M Diethanolamine, 0.5mM MgCli, pH 9.8) for 20 

minutes. The O.D. at 405nm was then read by a spectrophotometer MCC/340 

(Titertek Multiskan, Flow Laboratories, McLean, V A, USA). Any O.D.405 value 

greater than 0.25 was considered positive. 
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2.10 Table of cDNA Probes. 

D4 Northem Blot 438 bp Domain 4 ofT-and U-CAST 

DT Southern Blot 129bp Domain T ofT-CAST 

2.11 Table of Primers. 

The following primers were used in the PCR experiments outlined in Section 2.4 

DTF CCTAAGATGGGCCAGTTTCT Domain T sense* 

DTR TTGCTTGGTCCTGGAAGATACG Domain T anti-sense** 

D2F CTAGAGAAGTGTGGTGAGGATG Domain 2 sense* 

D4R CTTTAGTCATCTTTTGGCTTGG Domain 4 anti-sense** 

* = Primer contains the BamHI site (GGATCC). 

**=Primer contains the Not! site (CGGCCGC). 

52 



3.0 RESULTS 
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3.0 RESUL TS. 

3.1 Verification of the Presence of the Testis-Specific Calpastatin Isofonn. 

Verification of the presence of the testis-specific isofonn of calpastatin (T-CASTI in 

the Human Testis Total RNA (Clontech, Palo Alto, CA, USA) was confinned by 

Northern blot prior to its use in RT-PCR. Onto the N+ Nylon membrane (as described 

in detail in Section 2.2) were transferred the following three samples ( l 0-20 µg): 

HeLa cells total RNA extract (isolated by the Trizol Method described in Section 

2.1), Human Placenta Total RNA, and the Human Testis Total RNA (Clontech, Palo 

Alto, CA, USA). By use of a domain 4 calpastatin specific probe (See Section 2.10), 

the presence of T-CAST mRNA of 1.8 kb was confinned (See Figure 4). Use ofthis 

calpastatin specific probe also demonstrated the presence of various other calpastatin 

isofonns, including the ubiquitous calpastatin mRNAs of 4.9kb and 3.3 kb, and a 

smaller isofonn (::::: 1kb), which most likely lacks certain U-CAST domains but still 

contains the fourth domain of U-CAST. 
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FIGURE 4. NORTHERN BLOT VERIFYING THE PRESENCE OF T-CAST. 

By use of a probe specific for the fourth domain of calpastatin, which is present in 

both the ubiquitous and testis-specific isoforms, both of these messenger RNAs are 

seen by the Northem blot experiment which was repeated in triplicate. 

The RNA samples are from: 

Lane 1: 

Lane 2: 

Lane 3: 

HeLa. 

Human Testis. 

Human Placenta. 
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4.9 kb 

3.3 kb 

1.8 kb 

1 kb 

1 2 3 



3.2 Isolation of the Various cDNAs of the Testis-Specific lsofonn ofCalpastatin. 

By use of the published sequence of the Testis-Specific isoform of calpastatin 

(accession number U 58996) in the GenBank. it was possible to synthesize specific 

primers and amplify three different cDNAs from Human Testis Total RNA by RT-

PCR. 

By RT-PCR the complete coding sequence of T-CAST of :=: 1.3 kb was amplified 

by use of the primers: DTF and D4R (Figure 5, lane 3) . The complementary DNA 

corresponding to the domains 2 to 4, inclusively, of T-CAST (02-D4 :=: 1.2 kb) was 

amplified by use of the D2F and D4R primers (Figure 5, lane 2). Lastly, the cDNA 

corresponding to the unique testis-specific domain (DT) of 129bp was amplified by 

use of the following two primers: DTF and DTR (Figure 5, lane l ). (Refer to the 

Table of Primers in Section 2.11 & Figure 3). 

3.3 Seguencing the RT-PCR Products of T-CAST. 

The cDNAs T-CAST, D2-D4, and DT amplified from Human Testis total RNA 

were sub-cloned into the pGEM-T vector and sequenced. The small length of the DT 

cDNA ( l 29bp) cou Id not be seen by electrophoresis analysis of the SacUSacll 

digestion of the isolated plasmids (pGEM-T/DT). Therefore, to verify if the ligation 

was indeed successful, the isolated plasmids were linearized by a simple digestion 
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FIGURE S. ELECTROPHORESIS ANALVSIS OF 

AMPLIFICATION OF T-CAST cDNAs. 

RT-PCR products obtained from Human Testis total RNA were analyzed by 

1.4 - 1.6 % agarose gels. This experiment was done in triplicate. 

Lane 1: Domain T cDNA ofT-CAST. 

Lane 2: Domain 2 to 4 (D2-D4) cDNA ofT-CAST. 

Lane 3: Complete cDNA ofT-CAST coding sequence. 

57 

RT-PCR 



1 2 3 

1,3 kb-

130 bp-



with the Sac/ restriction enzyme, the digestion product was separated by 

electrophoresis on agarose gel and then transferred onto a W nylon membrane. Then 

a Southern blot experiment using the PCR cDNA DT product as the probe (Table of 

Probes, Section 2. IO, Materials and Methods) verified the presence of the domain T 

cDNA in the pGEM-T vector (Figure 6). The sequences of the various cDNAs 

amplified were compared to the sequence of T-CAST published in the GenBank 

(Accession Number U 58996). A homology of 100% was found between the 

published sequence and that of the amplified cDNAs by use of the BLAST (Basic 

Local Alignment Search Tool) program found at the NCBI (National Center for 

Biotechnology Information) site. Therefore, the various segments of T-CAST were 

indeed amplified by RT-PCR and can now be used to obtain the corresponding 

recombinant proteins by sub-cloning the cDNAs into the prokaryotic expression 

vector, pGEX-4T-I. 

3.4 Antigens Corresponding to the Fusion and Recombinant Proteins of Various 

Domains of Calpastatin. 

The characteristics of the various domains of calpastatin, amplitied by PCR, and their 

corresponding fusion and recombinant proteins are summarized in Table 1. The 

cDNAs RA-1 (domains 3 and 4 ), DL (Domain L), and Dl (Domain 1) are various 

domains of the ubiquitous isoform of calpastatin which were amplified by PCR, 

sequenced, and cloned into the pGEX-4T-l expression vector by El-Amine et al. 
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FIGURE 6. SOUTHERN BLOT VERIFICATION OF THE PRESENCE 

OF THE DOMAIN T cDNA IN THE pGEM-T VECTOR. 

A: Photograph of a 1.6% agarose gel of various digested plasmids separated by 

electrophoresis. 

B: The Hybond membrane onto which the digested plasmids separated by 

electrophoresis were transferred. The Southern blot veritication of the presence 

of the domain T cDNA was repeated twice. 
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A 

B 

1 2 3 4 5 6 MW 7 8 

1 2 3 4 5 6 MW7 8 

1-2: Notl/Baml-II digested pGEX/RA-1 

3-6: Sacl dige§ted 11GENI-T/DT 

7-8: Notl/BamHl digested pGEX /T-CAST 



TABLE l. CHARACTERISTICS OF V ARIOUS CALPASTA TIN DO MAINS. 

The following five different segments consisting of various calpastatin domains: T-

CAST, D2-D4, RA-1, DL, and Dl, were PCR amplified and E. co/i induced. These 

experiments were done in triplicate. The table lists infonnation indicating their 

lengths (Kb ), total number of amino acids, the calculated molecular weight of both 

their corresponding recombinant and fusion proteins, and the approximate migration 

on SOS-PAGE in kDa, respectively. 
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TABl,E 1: CHARACTERJSTICS OF THE CALPASTATIN DOMAINS A1'11PLIFIED BY PCR AND INDUCED IN E.coli, 

T-CAST L3 430 46.9 72.9 70 100 

D2-D4 L2 383 433 69.3 65 90 

RA-1 0.8 242 31.0 57.0 43 &47 70 

DL 0.4 148 16.3 4'1 F; 28-36 50 
(Series of 

bands) 

Dl 0.4 138 152 41.2 28 50 

Kb = molecular weight of the cDNAs in kilo base pairs; AA = total number of amino acids; rP = recombinant protein; 
fP = fusion proteïn (GST + rP); * = calculated molecular weight in kDa; ** = approxirnate migration on SDS-PAGE in kDa. 



(2000). Since they were available in the laboratory, they were used in ELISA and 

Western experiments. The recombinant proteins: rDI and rDL, were used to verify 

the specificity of the mouse monoclonal anti-D l antibodies in these experiments. The 

cDNA fragments (T-CAST and D2-D4) amplified by PCR were cloned into the 

pGEX-4T-1 expression vector. Ali fragments amplified by PCR were done with 

primers to which the BamHI and Not/ sequences were added, for the sense and anti-

sense primers, respectively, to ensure that ail cDNA fragments cloned in the pGEX-

4T-1 vector were in the correct reading frame. 

Veritication of the expression of the fusion proteins and the purification and the 

corresponding recombinant proteins, listed in Table 1, was accomplished by 

separating the different protein samples on SDS-PAGE (8%) and coloring the gels by 

Coomassie Blue Coloration (Section 2.9.1, Material and Methods) (Figures 7, 8, 9, 

10, and 11 ).The aberrant migration of calpastatin was observed previously for the 

ubiquitous isoform of == 80 kDa at ::::: 120 kDa by SDS-PAGE (Takano et al., 1988). 

This characteristic was also observed for the various fusion and recombinant proteins 

of calpastatin analyzed by SDS-PAGE in this study as listed in Table l. 

By ELISA and Western blot, the authencity of the recombinant proteins was verified 

by use of mouse monoclonal antibodies to human calpastatin. The monoclonal 

antibodies available for use in these experiments were the CSF3-3 (anti-domain 4) 

and CSFl-2 (anti-domain 1). Except for the reactivity of the domains T and Lof rT-

CAST and rDL, respectively, with the anti-domain I monoclonal antibody, ail the 
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FIGURE 7. EXPRESSION AND PURIFICATION OF THE RECOMBINANT 

PROTEIN: rT-CAST. 

Analysis of the expression of the T-CAST fusion protein as well as the purification of 

the corresponding recombinant protein, rT-CAST, was possible by SDS-PAGE and 

Coomassie Blue coloration of the protein extracts loaded onto the various wells. 

Verification of the expression and purification of the recombinant protein was done a 

minimum of three times. ln spite of the less than optimal consequence of drying the 

gel, which resulted in the appearance of white circles, one can observe the following: 

Lane 1: pGEX-4T-lff-CAST transformant cell lysate before induction. 

Lane 2: Parental pGEX-4T-l transformant cell lysate before induction. 

Lanes 3 & 4: pGEX-4T-lff-CAST and parental pGEX-4T-l transformant cell 

lysates, respectively, once induced. 

Lanes 5 & 6: lsolated source of the fusion protein fr-CAST and GST, respectively. 

Lane 7: rT-CAST collected from flow-through after thrombin cleavage of 

GST-T -CAST bound to glutathione sepharose 4~ beads. 
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kDa 1 2 3 4 

211 
122 

80 

50 

35.9 

5 6 7 

fr-CAST 
rT-CAST 

1: pGEX-4T-1 / T-CAST} 
2: pGEX-4T-l -IPTG 

3: pGEX-4T-1 /T-CAST} 
4: pGEX-4T-1 +IPTG 

5: IT-CAST 
6: fpGEX-4T-1 

7: rT-CAST 



FIGURE 8. EXPRESSION AND PURIFICATION OF THE RECOMBINANT 

PROTEIN: rD2-D4. 

Analysis of the expression of the D2-D4 fusion protein as well as the purification of 

the corresponding recombinant protein, rD2-D4, was possible by SOS-PAGE and 

Coomassie Blue coloration of the protein extracts loaded onto the various wells. 

Verification of the expression and purification of the recombinant protein was done a 

minimum ofthree times. 

Lane 1: pGEX-4T-l/D2-D4 transformant cell lysate before induction. 

Lane 2: Parental pGEX-4T-l transformant cell lysate before induction. 

Lanes 3 & 4: pGEX-4T-l/D2-D4 and parental pGEX-4T-l transformant cell lysates, 

respectively, once induced. 

Lanes 5 & 6: lsolated source of the fusion protein tD2-D4 and GST, respectively. 

Lane 7: rD2-D4 collected from tlow-through after thrombin cleavage of GST-

D2-D4 bound to glutathione sepharose 413 beads. 
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203 
123 
83 

35.7 

1 2 3 4 5 6 7 

ID2-D4 

rD2-D4 

1: pGEX-4T-1 / D2-D4 } 
2: pGEX-4T-1 -IPTG 

3: pGEX-4T-1 / D2-D4 } 
4: pGEX-4T-1 +IPTG 

5: ID2-D4 
6: fpGEX-4T-1 

7: rD2-D4 



FIGURE 9. EXPRESSION AND PURIFICATION OF THE RECOMBINANT 

PROTEIN: rRA-1. 

Analysis of the expression of the RA-1 fusion protein as well as the purification of the 

corresponding recombinant protein, rRA-1, was possible by SOS-PAGE and 

Coomassie Blue coloration of the protein extracts loaded onto the various wells. 

Verification of the expression and purification of the recombinant protein was done a 

minimum of three times. 

Lane 1: pGEX-4T- i /RA-1 transformant cell lysate be fore induction. 

Lanes 2 & 3: pGEX-4T-l/RA-l and parental pGEX-4T-l transformant cell lysates, 

respectively, once induced. 

Lanes 4 & 5: lsolated source of the fusion protein tRA-1 and GST, respectively. 

Lane 6: rRA-1 collected from flow-through after thrombin cleavage of GST-

RA-1 bound to glutathione sepharose 4(3 beads. 
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1 2 3 4 5 6 1: pGEX-4T-1 / RA-1 }-IPTG kDa 

2: pGEX-4T-l / RA-1 }+IPTG 3: pGEX-4T-1 
.-fRA-1 

4: fRA-1 49. ._rRA-1 5: fpGEX-4T-1 

6: rRA-1 



FIGURE 10. EXPRESSION AND PURIFICATION OF THE RECOMBINANT 

PROTEIN: rDL . 

Analysis of the expression of the DL fusion protein as well as the purification of the 

corresponding recombinant protein, rDL, was possible by SDS-PAGE and Coomassie 

Blue coloration of the protein extracts loaded onto the various wells. Verification of 

the expression and purification of the recombinant protein was done a minimum of 

three times. ln spite of the less than optimal consequence of drying the gel, which 

resulted in the appearance of white circ les, one can observe the following: 

Lane l: pGEX-4T- l /DL transformant cell lysate before induction. 

Lane 2: Parental pGEX-4T-1 transformant cell lysate before induction. 

Lanes 3 & 4: pGEX-4T-1/DL and parental pGEX-4T-l transformant cell lysates, 

respectively, once induced. 

Lanes 5 & 6: lsolated source of the fusion protein tDL and GST, respectively. 

Lane 7: rDL collected from tlow-through after thrombin cleavage of GST- DL 

bound to glutathione sepharose 413 beads. 
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kDa 1 2 3 4 5 6 7 1: pGEX-4T-1 / DL }-IPTG 2: pGEX-4T-1 211 
122 3: pGEX-4T-1 / DL }+IPTG 80 4: pGEX-4T-1 

50 .,_IDL 5: fDL 
6: fpGEX-4T-1 

35.9 
28.6 .,_rDL 7: rDL 



FIGURE 11. EXPRESSION AND PURIFICATION OF THE RECOMBINANT 

PROTEIN: rDl. 

Analysis of the expression of the DI fusion protein as well as the purification of the 

corresponding recombinant protein, rDI, was possible by SOS-PAGE and 

Coomassie Blue coloration of the protein extracts loaded onto the various wells. 

Verification of the expression and purification of the recombinant protein was done a 

minimum of three times. ln spite of the less than optimal consequence of drying the 

gel, which resulted in the appearance of white circles, one can observe the following: 

Lane 1: pGEX-4T-l/Dl transformant cell lysate before induction. 

Lane 2: Parental pGEX-4T-1 transformant cell lysate before induction. 

Lanes 3 & 4: pGEX-4T-l/Dl and parental pGEX-4T-l transformant cell lysates, 

respectively, once induced. 

Lanes S & 6: Isolated source of the fusion protein ID land GST, respectively. 

Lane 7: rDI collected from flow-through after thrombin cleavage of GST- Dt 

bound to glutathione sepharose 413 beads. 
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kDa 1: pGEX-4T-1 / Dl }-IPTG 211 2: pGEX-4T-1 
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}+IPTG 3: pGEX-4T-1 / Dl 
80 4: pGEX-4T-1 

IDl 50 5: fDl 
6: fpGEX-4T-1 
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rDl 28.6 7: rDl 



other recombinant proteins reacted as expected with the monoclonal antibodies. lt 

could 'be deduced that the monoclonal anti-domain I antibody recognized domain T 

of rT -CAST and none of the other domains present in this recombinant protein, since 

this monoclonal antibody did not react with the rD2-D4 protein. ln other words, the 

reactivity of the monoclonal antibody to rT -CAST is towards the domain which is not 

present in the rD2-D4, that is, the testis-specific domain (T). These results were 

obtained by ELISA and confinned by Western blot (Table 2 and Figure 12). 

However, multiple alignment of the domains T, L, and I lead to no indication as to 

what was the common epitope shared by these 3 domains which are recognized by an 

anti-domain I monoclonal antibody. 

As can be observed in Figure 12, which demonstrates the Western blot analysis, the 

well known susceptibility of calpastatin to proteolysis has been demonstrated in this 

study as well. ln particular, for the recombinant protein, rT-CAST, a series of bands is 

seen from approximately 45-70 kDa. A major band is seen around 70 kDa which is 

seen by SOS-PAGE analysis. The bands observed at 106 kDa are probably traces of 

fusion protein which was not purified but eluted with the recombinant protein. For the 

rD2-D4 protein, a series of four bands from 45-65 kDa is observed. As for rRA-1, 

two major bands at 43 and 47 kDa are observed as previously noted by Després et al., 

1995. 
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TABLE 2. REACTIVITY OF THE MONOCLONAL CALPASTATIN 

ANTIBODIES. 

The average antibody titer obtained from ELISA experiments, repeated a minimum of 

four times, verifying the reactivity of the monoclonal antibodies to human calpastatin, 

CSFl-2 (anti-domain 1) and CSF 3-3 (anti-domain 4), against the following five 

recombinant proteins: rT-CAST, RD2-D4, rRA-1, rDL, and rD 1. 
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TABLE 2: REACTIVITY OF MONOCLONAL ANTI-CALPASTATIN ANTIBODIES. 

RECOMBINANT PROTEINS ocD4 ocDl 

rTCAST 3.029 2.633 
D4 

rD2-D4 3.329 0.002 
:D2 D4 

rRAl 3.318 0.002 

rDL 0.061 3.283 
DL 

rDl 0.097 3.222 

U-CAST DL D4 



FIGURE Il. WESTERN BLOT ANAL YSIS OF THE REACTMTY OF THE 

CALPASTATIN MONOCLONAL ANTIBODIES. 

Onto nitrocellulose membrane were transferred the recombinant proteins: rT-CAST, 

rD2-D4, rRA-1, rDL, rDI, ::::lµg/well of each, respectively, previously loaded onto 

SDS-PAGE and separated by electrophoresis. Each segment of the membrane which 

contained this series of five recombinant proteins, was incubated with the monoclonal 

mouse anti-calpastatin antibodies. Either the anti-domain l monoclonal antibodies 

(CSFl-2) or the anti-domain 4 monoclonal antibodies (CSF3-3). This Western blot 

experiment verifying the reactivity of the monoclonal antibodies towards the various 

recombinant proteins was repeated four times. 
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3.5 Characterization of the lmmunodominant Epitopes of the Testis-Specific lsofonn 

of Calpastatin. 

3.5.l Characterization of the Domains of the Testis-Specific Isofonn 

Recognized by the Sera of Infertile Patients. 

Detennination of the immunoreactive domains of the testis-specific isofonn of 

calpastatin was possible by the use of the following three recombinant proteins: rRA-

1, rD2-D4, and rT-CAST. The total number of sera containing anti-calpastatin 

antibodies was found to be 4% or 2 out of 51 sera samples (2/51), for the female 

infertile patients, 8% or 3/38, for the rheumatoid arthritis patients, and 18% or 7/39, 

for the SLE anti-DNA positive patients. There was no detectable reactivity against 

calpastatin for the sera from the nonnal or vasectomized patients (Table 3). Of the 4% 

positive sera from infertile patients, one of the two sera contained antibodies reactive 

for domain 2, while the other reacted against rRA-1 (domains 3 and 4) (Table 4). As 

for the 8% reactive RA patients sera, two of the sera recognized rRA-1 while the third 

sera reacted specifically with domain 2 (Table 5). Among the 18% reactive sera of 

SLE anti-DNA positive patients, 13% contained antibodies specific for rRA-1, while 

5% recognized both domain 2 as well as rRA-1 (Table 6). lt could be deduced from 

ELISA that a particular serum reacted against domain 2, specifically, since the 

antibodies present in the serum did not recognize rRA-1 (domains 3 and 4) but, were 

reactive for rD2-D4 . From this, since only the presence of domain 2 differs from 
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TABLE 3. REACTIVITY OF DIVERSE SERA TOW ARDS V ARIOUS 

FRAGMENTS OF CALPASTATIN. 

The table summarizes the reactivity of the sera from normal, infertile, vascetomized, 

rheumatoid arthritis, and SLE anti-DNA positive patients against the following 

calpastatin domains: domain T (Dn, domain 2 (D2), and domains 3 & 4 (D3D4). The 

presence of anti-calpastatin antibodies in the sera ofthese patients was detennined by 

ELISA experiments, repeated three times, and the results are indicated as the specific 

domains targeted by various sera and as the percentage of each group of patients 

which recognized the various calpastatin domains. 
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TABLE 3: REACTIVITY OF VARIOUS SERA TO SEVERAL DOMAINS OF CALPASTATIN. 

Number D2 & % positive for D2 and/or 
PATIENTS of sera D3D4 

DT D2 D3D4 D3D4 

NORMAL 14 0 0 0 0 0% 

INFERTILE 51 0 1 1 0 (2/51) 4% 

V ASECTOMIZED 
6 0 0 0 0 0% 

ARTHRITIS 38 0 1 2 0 (3/38) 8% 

SLE 
oc-DNA+ 39 0 0 5 2 (7/39) 18% 

rT-CAST rD2D4 

D4 



TABLE 4. REACTIVITY OF THE SERA OF INFERTILE PATIENTS 

TOWARDS CALPASTATIN DOMAINS DETERMINED BY 

ELISA. 

The antibody titer present in the sera of two infertile patients (Pl & P2) against the 

three recombinant proteins: rRA-1, rD2-D4, and rT-CAST, as determined from 

ELISA experiments done in triplicate. The deduced calpastatin domain(s) targeted by 

the antibodies present in the sera ofthese patients is indicated in the last column. 
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TABLE 4: REACTIVITY OF THE SERA OF INFERTILE PATIENTS TOT-CAST. 

Pl L298 1.243 1.186 D3~D4 

P2 0.082 0.245 n2 



TABLE S. REACTIVITY OF THE SERA OF RHEUMA TOID ARTHRITIS 

PATIENTS TOWARDS CALPASTATIN DOMAINS 

DETERMINED BY ELISA. 

The antibody titer present in the sera of three rheumatoid arthritis patients (Pl, P2, 

and P3) against the three recombinant proteins: rRA-1, rD2-D4, and rT-CAST, as 

determined from ELISA experiments done in triplicate. The deduced calpastatin 

domain(s) targeted by the antibodies present in the sera of these patients is indicated 

in the last column. 
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TABLE 5: REACTIVITY OF THE SERA OF RA PATIENTS TOT-CAST. 

Pl 0.000 1.015 0.630 D2 

P2 0.665 0.715 0.645 D3-D4 

P3 0.907 0.495 0.816 D3-D4 



TABLE 6. REACTMTY OF THE SERA OF SLE PATIENTS TOW ARDS 

CALPASTATIN DOMAINS DETERMINED BY ELISA. 

The antibody titer present in the sera of seven SLE anti-DNA positive patients (PI-

P7) against the three recombinant proteins: rRA-1, rD2-D4, and rT-CAST, as 

determined from ELISA experiments done in triplicate. The deduced calpastatin 

domain(s) targeted by the antibodies present in the sera of these patients is indicated 

in the last column. 
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TABLE 6: REACTIVITY OF THE SERA OF SLE PATIENTS TOT-CAST. 

Pl 1.108 0.739 0.881 D3-D4 

P2 1.963 1.572 1.568 D3-D4 

P3 0.588 0.363 0.346 D3-D4 

P4 0.296 0.634 0.779 D2 &D3-D4 

P5 0.459 0.354 0.461 D3-D4 

P6 1.485 0.272 0.468 D3-D4 

P7 0.602 0.983 1.019 D2 &D3-D4 



rRA-1 and rD2-D4, the antibodies present in these sera were directed against the 

second domain (2). 

The synthesis of the corresponding recombinant protein for the amplitied cDNA of 

domain T was found to be unnecessary, since none of the sera used in the study 

contained anti-domain T antibodies. This could be indirectly deduced by the use of 

the three recombinant proteins: rRA-1, rD2-D4, and rT-CAST in the ELISA 

experiments. For a serum to show reactivity towards the testis-specitic domain (T), it 

would have been unreactive towards both rRA-1 and rD2-D4 , but positive for rT-

CAST, which contains domain T, not present in the other recombinant proteins. Or, 

had the antibody titer been observed to increase signiticantly when a serums' 

reactivity against rD2-D4/rRA-I was compared to that of rT-CAST. This would have 

indicated that epitopes were found not only in the domains of rRA-1 or rD2-D4, but 

also on the domain T present only in rT-CAST. 

By ELISA, the sera of the infertile, rheumatoid arthritis, and SLE anti-DNA positive 

patients were found to be positive for domain 2 and/ domains 3 and 4 of calpastatin. 

These domains are found in both the ubiquitous and testis-specitic isoform of 

calpastatin. These results were confirmed by Western blot experiments (Figures 13, 

14, and 15). The lack of specificity of the Western blot technique versus that of the 

ELISA was observed. For example, a serums' reactivity shown to be specific for 

domain 2 by ELISA was not seen by Western blot. lnstead, the serum was shown to 
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FIGURE 13. CONFIRMATION OF ELISA RESUL TS BY WESTERN BLOT 

FOR THE SERA OF INFERTILE PATIENTS. 

The Western blots were performed by cutting each membrane into strips which 

contains all three recombinant proteins: rRA-1, rD2-D4, and rî-CAST. To each well 

was loaded 1 µg of recombinant protein. Each strip was then incubated with one of 

the patients' sera found to be positive by ELISA. These experiments were repeated 

three times. 
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FIGURE 14. CONFIRMATION OF ELISA RESULTS BY WESTERN BLOT 

FOR THE SERA OF RHEUMA TOID ARTHRITIS PATIENTS. 

The Western blots were performed by cutting each membrane into strips which 

contains all three recombinant proteins: rRA-1, r02-D4, and rT-CAST. To each well 

was loaded 1 µg of recombinant protein. Each strip was then incubated with one of 

the patients' sera found to be positive by ELISA. These experiments were repeated 

three times. 
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FIGURE 15. CONFIRMATION OF ELISA RESUL TS BY WESTERN BLOT 

FOR THE SERA OF SLE ANTI-DNA POSITIVE PATIENTS. 

The Western blots were perfonned by cutting each membrane into strips which 

contains ail three recombinant proteins: rRA-1, rD2-D4, and rT-CAST. To each well 

was loaded 1 µg of recombinant protein. Each strip was then incubated with one of 

the patients' sera found to be positive by ELISA. These experiments were repeated 

three times. 
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recognize rRA-1 as well, and not domain 2 alone (Table 4 and Figure 13: P2; Table 5 

and Figure 14: Pl). Also, nonnal patients, which indicated no reactivity toward any of 

the recombinant proteins in the ELISA (O.D40s= 0.0000) were positive/weakly 

positive by Western blot (Figure 15: N). ln addition to this, sera of the SLE patients 

verified by Western blot also demonstrated the non-specificity of this technique. For 

example, one patient, PS in Figure 15, shown to be positive by ELISA was negative 

by Western blot, and the sera of a SLE patient found to be non-reactive towards 

calpastatin in ELISA (O.D405= 0.0000), was shown to be positive by Western blot 

(Figure 15: P). Clearly, the Western blot technique, unlike ELISA, should not be used 

for diagnostic purposes due to its lack of specificity. To elaborate on this point, had 

the Western blot technique been more sensitive than the ELISA technique, than a sera 

found to be positive by ELISA would have been positive by Western blot. However, 

as previously discussed, the results shown for patient 5 in Figure 15 demonstrate that 

a patient shown to be positive by ELISA is negative by Western Blot, indicating the 

lack ofboth specificity and sensitivity ofthis method. The difficulties in the screening 

of patient sera by use of Western blot was also mentioned by Lackner et al. (1998), 

whereby the structure of the recombinant proteins were suggested to be a detenninant 

factor leading to a high percentage of positive sera in the general population. This 

group also suggested that the analysis of Western blot results were prone to 

investigator bias, which is absent in the analysis of ELISA results. Even Després et al. 

(1995), mentioned the discordant results often obtained by use of the Western blot 

technique to screen patient sera. 
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4.0 DISCUSSION. 

The main aim of this study was to identify the immunodominant epitopes of the 

testis-specific isofonn of calpastatin targeted by the sera of infertile patients. To 

begin, the complete cDNA of the testis-specific isofonn of calpastatin was isolated. 

The corresponding recombinant protein, rT-CAST, was expressed and purified. Then, 

the domains recognized by the anti-calpastatin antibodies present in the sera of female 

infertile patients were identified. 

Northern Blot Verijication of the Presence of the Testis-Specijic lsoform of 

Calpastatin. 

The presence of T-CAST (1.8 kb) in the Human Testis Total RNA was confinned by 

Northem blot, allowing for its amplification by RT-PCR. By Northem blot, the 

ubiquitous isoforms of calpastatin mRNAs (4.9 kb and 3.3 kb) were observed as well 

as that of a 1.0 kb isofonn. Many studies have shown the existence of many ditîerent 

calpastatin isofonns. For example, De Tullio et al., 1998, identified five ditîerent 

calpastatin mRNAs in rat brain. Of these tive isofonns three contained the N-terminal 

domain L as well as four inhibitory domains, which is typical of calpastatin. 
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The other two isoforrns were truncated as they contained domain L, either free or 

associated to a single inhibitory domain. 

The existence of various isoforrns of calpastatin may be similar to that proposed for 

the various isoforrns of calpains identified to date. Their existence is suggested to be 

required to complement the function of the ubiquitous isoforrn, that can be 

insufficient in certain systems. This may be the reason why the testis-specific isoforrn 

exists in spermatozoa along with the ubiquitous isoforms of calpastatin. 

Characteriv,tion of the Domains of T-CAST Targeted by Infertile Autoantibodies. 

ln 1995, Després et al. and Mimori et al. demonstrated that 45.5% and 57% of sera 

from rheumatoid arthritis patients, respectively, recognized rRA-1, domains 3 and 4 

of the ubiquitous isoform. El-Amine et al., (2000) found that 83% and 35% of arthrtis 

and lupus patients, respectively, contained anti-calpastatin antibodies. This same 

group identified the epitopes targeted by the anti-calpastatin antibodies: two major 

linear epitopes in domain 4 and a less well defined conformational epitope in domain 

2 of calpastatin. 

By screening a human testis cDNA library with the sera of a female infertile patient, 

Liang et al. (1994), isolated the complete cDNA of the testis-specific isoform of 

calpastatin, T-CAST. This calpastatin isoform contained a unique domain Tas well as 
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the domains 2, 3, and 4 of the ubiquitous isoform of calpastatin. The domain T 

replaced the domains L and I typical of U-CAST. 

Since the epitopes targeted by rheumatoid autoantibodies have been defined by El-

Amine et al. (2000), the aim of this study was the identification of the epitopes 

targeted by the anti-calpastatin antibodies present in the sera of female infertile 

patients. More specifically, to determine if the epitopes targeted by the sera of 

infertile patients are identical to those already identified by El-Amine et al. (2000) or 

different and located on the unique domain T of the testis-specific isoform of 

calpastatin. To begin, the complete cDNA ofT-CAST was amplified by RT-PCR and 

its corresponding recombinant protein was synthesized. Then the use of a total of 148 

sera, consisting of 51 infertile, 6 vasectomized, 38 RA, 39 SLE, and 14 normal 

patients allowed for the determination of the frequency at which this antigen is 

recognized and if the unique domain T of T-CAST is targeted by the infertile 

autoantibodies. This study demonstrated that this autoantigen was recognized by the 

following percentage of patients' sera: 4% of female infertile patients, 8% RA 

patients, and 18% of the SLE patients. None of the sera of the vasectomized or 

normal patients contained anti-calpastatin antibodies. Studies have shown the 

presence of anti-sperm antibodies in vasectomized patients, which upon the 

vasectomy reversai, causes infertility problems (Jequier et al., 1998). None of the 

patients in this study had anti-sperm antibodies which targeted calpastatin. 
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The percentages of reactivity obtained in this study are much smaller than that 

identified by the previous studies, but for the sera of RA patients the result is similar 

to that obtained by Lackner et al. ( 1998) which was of the order of 1 1 %. The 

variation in reactivity is probably due to the selection of the sera used. For example, 

whether or not the stage(s) of a particular disorder is targeted or if such a prerequisite 

is nota variable for a particular study. The selection by El-Amine et al. (2000) of only 

RF-positive RA sera could not only bias the total patient population, but possibly 

impede the interpretation of the results obtained since RF-negative RA patients were 

excluded from their study. The sera from RA patients used in this study included both 

RF-positive and RF-negative patients and therefore the results encompass more 

efficiently the RA patient population. 

The domains recognized by the sera of the infertile, RA, and SLE patients were 

similar to that previously identified by El-Amine et al. (2000). That is, both domains 

2 and 4, present on both T-CAST and U-CAST, were targeted by the anti-calpastatin 

antibodies present in the sera of the patients used in this study. None of the anti-

calpastatin antibodies targeted the unique domain T of the testis-specific isoform of 

calpastatin. Therefore, the results suggest that both infertile and rheumatoid arthritis 

patients recognize the same epitopes. The sera of SLE anti-DNA positive patients 

were used in this study to verify if there was a possibility that the unique domain T 

contains an epitope(s). Since SLE patients have antibodies against almost everything 

one can conclude that if domain T did contain an epitope(s), the use of the sera of 

such patients would have shown its recognition. 
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This study demonstrated that the sarne immunodominant epitopes are targeted by 

various autoimmune disorders, such as RA and infertility. Since the epitopes targeted 

by the infertile patients are not testis-specific, the development of a contraceptive 

vaccine is not possible. Still controversial in the literature, is the existence of a link 

between RA and infertility. Since the incidence of RA is three-times greater in 

women than in men (Brennan and Silman, 1994), one could propose that the presence 

of anti-calpastatin antibodies in RA female patients could affect their fertility. Since it 

has already been demonstrated that anti-calpastatin antibodies interfere with the 

inhibitory function of calpastatin, leading to the uncontrolled proteolytic activity of 

calpains, causing the destruction of the extracellular matrix observed in arthritis 

patients one could perhaps extend this mechanism to infertile patients based on the 

results of this study. The results of this study do not prove the existence of a link 

between these two disorders, but the results do indicate that a similar mechanism may 

exist in both disorders. More specifically, since calpains are suggested to play a role 

in the calcium-dependent processes of fertilization, such as sperm-egg fusion, an 

imbalance between inhibitor/enzyme (calpastatin/calpain) due to the presence of anti-

calpastatin antibodies, may cause the premature and/or the inhibition of crucial 

reactions required for the fertilization of the oocyte by the spermatozoa (Figure 16). 

For the AgX identified sperm antigen (Diekman and Goldberg, 1994), since the 

epitopes recognized by the patients in the study were common to both the testis and 

somatic AgX isofonns, it was proposed that reduced fertility was only a symptom of 

what was defined as a more widespread autoimmune disorder. This hypothesis can 
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FIGURE 16. PROPOSED MECHANISM FOR THE INTERFERENCE OF 

CALPASTATIN BY ANTI-CALPASTATIN ANTIBODIES FOR 

RHEUMATOID ARTHRITIS AND INFERTILE PATIENTS. 
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also be applied to the results obtained in this study. That is, since the epitopes 

recognized by the infertile autoantibodies are common to both the testis and somatic 

calpastatin isoforms, the infertility problems of these patients may be only the 

consequence of a more widespread autoimmune disorder. That is, since the presence 

of anti-calpastatin antibodies have been identified in many other diseases, this 

suggests that the presence of these autoantibodies is not disease specific. Perhaps the 

variation in the percentage of patients containing anti-calpastatin antibodies is 

reflective of disease state, ail of which could depend on the presence of a high liter of 

these autoantibodies in the patient sera. The identification of anti-calpastatin 

antibodies in such a low percentage of infertile patients (4%), does not exclude nor 

demonstrate the role that these autoantibodies play in infertility. These results may 

suggests that the presence of these autoantibodies, already identified in the sera of 

patients suffering from different diseases, demonstrate the possible existence of an 

imbalanced calpastatin/calpain system which may lead to many autoimmune 

disorders. Clearly, the presence of anti-calpastatin antibodies has yet to be defined as 

disease specitic. 

Like domain L of U-CAST, the function of the N-terminal unique domain T of T-

CAST is not yet known. Domain T may play a role in the localization of this 

calpastatin isoform due to the presence of a consensus sequence for the attachment of 

the 14 carbon saturated fatty acid, myristate: Met-Gly-X-X-X-Serffhr. The presence 

of this sequence, (GQFLSS) located at the 2-7 tnmslated region of T-CAST, could 
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allow N-myristylation of T-CAST, a permanent cotranslational modification of the 

protein, allowing its binding to membranes post-translationally. 

Another mystery to this system is how anti-calpastatin antibodies affect both U-

CAST and T-CAST which are located intracellularly, in the acrosomal region of the 

spermatozoa (Wei et al., 1994). Calpastatin has been shown to be secreted 

extracellularly and has been isolated in the synovial fluid of RA patients, by an 

unknown mechanism, and is therefore accessible to antibodies in vivo. The existence 

of such a mechanism in spermatozoa is still not known. One possible mechanism 

which would render both T- and U-CAST accessible to the interference of antibodies 

is similar to that previously shown for the SP-10, sperm antigen (Foster and Herr, 

l 992). That is, the accessibility of the antigen once the acrosome reaction has begun 

and fusion pore formation has occured. Another possiblity is the penetration of 

antibodies into spermatozoa. In 1978, Alarcon-Segovia et al., demonstrated that anti-

RNP lgG could penetrate viable human mononuclear cells via the surface Fe 

receptors, and consequently react with the nuclear RNP (ribonucleoprotein). Perhaps 

by some mechanism yet to be detined, anti-calpastatin antibodies may enter 

spermatozoa, interfering with the inhibitory function of calpastatin, causing an 

inhibitor/enzyme (calpastatin/calpain) imbalance which could prevent the fertilization 

process from occuring. 
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5.0 CONCLUSION. 

From this study, the following observations were made: 

• None of the sera of the female infertile patients recognize the unique domain T of 

T-CAST. 

• None of the sera of the RA or SLE patients contain anti-calpastatin antihodies 

which recognize domain T. 

• None of the vasectomized patients contain anti-calpastatin antihodies. 

• The calpastatin domains recognized by the sera of infertile patients were domains 2 

and 4. 

• The domains recoginized hy the infertile patients were identical to those previously 

shown to be targeted hy rheumatoid autoantihodies {El-Amine et al., 2000). 

• Therefore, the immunodominant epitopes targeted by the infertile autoantibodies 

are possibly identical to those identifiedfor RA patients (El-Amine et al., 2000). 
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• Since the epitopes recognized hy the sera of infertile patients are not tissue-specijic 

but are common to hoth the testis and somalie calpastatin isoforms, they cannot be 

used to synthesize a contraceptive vaccine. 

• Similor to the mechanism proposed for the destruction of the extrace/lular matrix 

in rheumatoid arthritis patients, the presence of anti-calpastatin antibodies in 

female infertile patients cou/d theoretically interfère with the inhibitory activity of 

calpastatin, causing the uncontrolled proteolytic activity of calpains, and thus 

participate in the inhibition of fertilization. 
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