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Abstract Autoantibodies to calpastatin (endogenous in-
hibitor of calpain, a calcium-dependent neutral proteinase)
have been detected in sera of patients with rheumatoid
arthritis (RA) and other diseases. We investigated the
epitope reactivity of anticalpastatin autoantibodies in pa-
tients with rheumatic diseases. cDNAs encoding each
calpastatin domain (L, I, II, III, and IV) were amplified by
PCR and ligated into an expression vector. The fusion pro-
teins were expressed in E. coli. The presence of autoanti-
bodies specific for each calpastatin domain was assayed in
sera of patients with various rheumatic diseases by
immunoblotting the fusion proteins with these sera. Of the
RA patient sera, 81% reacted with at least one calpastatin
domain. This reaction was significantly greater than with
sera from patients with systemic lupus erythematosus
(46%), scleroderma (32%), polymyositis/dermatomyositis
(43%), and normal controls (13%). Domains I and II were
recognized by RA patient sera significantly more than by
other patient sera, whereas domains III and IV reacted
almost equally among all patient sera. Although, collec-
tively, sera from RA and lupus patients reacted equally with
all domains, scleroderma sera tended to react with only
domains I and IV and myositis sera tended to recognize
only domains III and IV. Patients with RA positive for
anticalpastatin antibodies exhibited more active disease
(i.e., a higher erythrocyte sedimentation rate and C-reative
protein level) than antibody-negative patients. Our results
suggest that anticalpastatin antibodies were detected in RA
with the highest frequency and that different domain reac-
tivity was shown among different diseases. The presence of
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these antibodies in sera may be related to the type of dis-
ease and, in RA, with disease activity, suggesting their im-
portance in rheumatic disorders.
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Introduction

Rheumatoid arthritis (RA), which is characterized by the
presence of chronic polyarthritis and joint destruction, is
included among systemic autoimmune diseases because of
the characteristic presence of rheumatoid factor (autoanti-
bodies to the Fc portion of IgG). Other autoantibodies
specific for RA rarely have been described. We have previ-
ously shown that sera from patients with RA contain a
variety of autoantibodies to unknown proteins.1 By mol-
ecular cloning of the target antigens, we and other investi-
gators have demonstrated that calpastatin is one of such
autoantigens. This substance is an endogenous protein
inhibitor of calpain (EC 3.4.22.17), a calcium-dependent
neutral proteinase.2,3 Calpastatin and calpain are widely
distributed in the cytoplasmic fraction of nearly all mamma-
lian cells. Human calpastatin contains 673 amino acid resi-
dues, and its estimated molecular weight is 72605.4 The
calpastatin molecule consists of an N-terminal domain (do-
main L) and four repetitive domains (domain I, II, III, and
IV). Each of the latter four domains binds to and inhibits
one calpain molecule, and each contains a consensus se-
quence of seven amino acids (TIPPXYR), thought to be the
binding site to calpain.5 Although calpain is known to de-
grade a variety of substrates, including intracellular en-
zymes, hormone receptors, and various membrane and
cytoskeletal proteins,6 the physiological and pathophysi-
ological roles of calpain and calpastatin are not well under-
stood. Several reports suggest that calpain may participate
in various inflammatory processes, through protein kinase
C activation,7,8 exocytosis of granules and superoxide
production in neutrophils,9 secretion and activation of



interleukin-1α,10 and generation of chemotactic factor by
autodigestion.11 Moreover, levels of calpain are increased in
the synovial fluid of patients with arthritis,12–14 and, at least
in vitro, calpain degrades cartilage proteoglycan.15 Taken
together, these findings indicate that anticalpastatin autoan-
tibodies may increase the enzymatic activity of calpain, thus
enhancing inflammation and joint destruction.16 As the IgG
fraction of RA sera that contains anticalpastatin antibodies
has been shown to block calpastatin-mediated inhibition of
calpain protease activity,2,17 this suggests that, in this dis-
ease, the presence of autoantibodies in the serum may en-
hance the relative activity of calpain and may play an
important role in the pathology of RA.

We have previously analyzed the reactivity of these
autoantibodies to only a part of the calpastatin molecule
(domain IV and part of domain III). It is therefore unclear
if autoantibodies in patient sera can react with the remain-
der of the calpastatin molecule. To determine this, we in-
vestigated the reactivity of these autoantibodies with each
calpastatin domain expressed from the full-length cDNA
encoding human calpastatin, and we determined the clinical
significance of each set of autoantibodies in rheumatic
disorders.

Materials and methods

Sera

We obtained sera from 47 Japanese patients who fulfilled
the revised criteria for RA of the American Rheumatism
Association.18 Sera were obtained from 28 patients with
systemic lupus erythematosus (SLE),19 25 with systemic
sclerosis (SSc),20 and 21 patients with polymyositis/
dermatomyositis (PM/DM).21 Thirty sera from healthy
volunteers were used as normal controls.

Cloning of the full-length cDNA encoding
human calpastatin

Using the 1.2-kb partial cDNA (RA-6) encoding the C-
terminal 178 amino acids of human calpastatin2 as a probe,
λgt11 cDNA libraries, constructed from human placental
mRNA (Clontech, Palo Alto, CA, USA) and human
thyroid mRNA (constructed by random primers; gift from
Dr. T. Yoshida, Keio University), were screened by plaque

hybridization technique using an ECL kit (Amersham,
Buckinghamshire, England).22 Positive plaques were
picked up and isolated by repeated screening until all
progeny plaques were positive. cDNAs were purified
from isolated λ phages containing positive clones. Oligo-
nucleotide primers (28 nucleotides) encoding the 59-
terminal sequences with EcoRI linkers, and the 39-terminal
sequences with PstI linkers, of calpastatin domains L, I, II,
and III were synthesized (Table 1).4 For domain IV, the
39-reverse primer was attached with a SalI linker because
this domain contained a PstI site (Table 1). All these
primers were designed so that the reading frames of
the products would align with cro-â-galactosidase when
subcloned into the EcoRI site of pEX-2 plasmid DNA.
cDNAs encoding each calpastatin domain were amplified
by the polymerase chain reaction (PCR) using these
primers, Taq polymerase (Takara Shuzo, Kyoto, Japan),
and the respective λ phage cDNAs as templates. Some of
the PCR products were fractionated on 1% agarose gels to
confirm amplification.

Subcloning of cDNA into an expression vector and
expression of fusion proteins

Subcloning of cDNA

PCR products were digested with EcoRI and PstI (or SalI
for domain IV) for 60min at 37°C, and 100ng of each was
ligated into 20ng pEX-2 plasmid DNA (Boehringer-
Mannheim, Mannheim, Germany), which had been di-
gested with EcoRI and PstI (or SalI for domain IV), for
12h at 15°C. Ligated cDNAs were incubated with CaCl2-
competent E. coli POP2136, spread on a Luria-Bertani
(LB) agar plate (90-mm diameter) containing ampicillin
(50mg/ml), and cultured overnight at 32°C. Colonies were
transferred to two nitrocellulose (NC) filters (81-mm diam-
eter; BA-85; Schleicher & Schuell, Dassel, Germany). Each
replicate filter was plated on a new agar plate with colonies
up, and cultured again for 12h at 32°C.

Colony hybridization

One NC filter with cultured colonies was treated serially
with (1) 0.5M NaOH, 1.5M NaCl, (2) 0.5M Tris-HCl, 1.5M
NaCl, pH 7.4, and (3) 30mM sodium citrate, 0.3M NaCl
for 5min each, and baked for 2h at 80°C. This filter was

Table 1. Primers for PCR amplification of human calpastatin domains

Domain (position) 59-primer 39-primer

L (1–392) P1: CCGAATTCATGAATCCCACAGAAACCAA P2: GGCTGCAGATGCCTGACTTTCCCGATGG
I (367–756) P3: CCGAATTCGATAAACCATCGGGAAAGTC P4: GGCTGCAGACTCATTGTATCCTTCTTCA
II (730–1202) P5: CCGAATTCAGAAAGGTGGAGAAGGATAC P6: GGCTGCAGGCTTCTACAGCACCCCCTGG
III (1138–1595) P7: CCGAATTCATACAGTCAGCACCCCCTGA P8: GGCTGCAGAGGTCTTTGTCACTCTGCGA
IV (1570–2019) P9: CCGAATTCGATACCTCGCAGAGTGACAA P10: GGGTCGACGTCATCTTTTGGCTTGGAAG

The linker sequences are underlined
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screened by hybridization for 12h at 42°C with peroxidase-
labeled PCR-cDNAs (ECL kit; Amersham).

Colony blotting

A second NC filter with cultured colonies was further
cultured for 2h at 42°C to express fusion proteins of cDNA
products and cro-â-galactosidase. This filter was dipped into
a lysozyme solution (8mg/ml in 25mM Tris-HCl, 50mM
glucose, 10mM EDTA, pH 8.0) for 5min to lyse bacteria,
and blocked for 1h with 2% (w/v) skim milk (Morinaga
Nyugyo, Tokyo, Japan) in TBS (10mM Tris-HCl, 0.15M
NaCl, pH 7.5). The filter was incubated with mouse mono-
clonal antihuman calpastatin antibodies (each 1 :4000)
specific for each domain [CSF1-2 (domain I), CSF3-3
(domains II 1 IV), and CSL1-5 (domain III); Takara
Shuzo], and then with alkaline phosphatase-conjugated
goat antimouse IgG antibody (1 :7500; Promega, Madison,
WI, USA). Positive colonies, expressing calpastatin fusion
proteins, were detected by reaction with nitroblue tetrazo-
lium (NBT) and 5-bromo-3-chloro-indolyl-phosphate
(BCIP).

Confirmation of expression of fusion proteins
by immunoblotting

Clones positive by both colony hybridization and colony
blotting were picked and cultured in 20ml LB medium
containing ampicillin for 12h at 32°C. After incubation
for 2h at 42°C, bacteria expressing fusion proteins were
obtained by centrifugation, dissolved in 1ml SDS-sample
buffer (62.5mM Tris-HCl, 0.01% bromophenol blue, 5% 2-
mercaptoethanol, 1% SDS, 10% glycerol, pH 6.8), boiled
for 5min, and fractionated on an SDS-polyacrylamide gel
(5%–15% gradient gel). Proteins were transferred electro-
phoretically to a NC filter (BA-85; Schleicher & Schuell).23

After blocking with 2% skim milk/TBS for 1h at room
temperature, the filter was incubated with mouse mono-
clonal antibodies (CSL1-5, CSF3-3, and CSF1-2) and with
alkaline phosphatase-conjugated goat antimouse IgG anti-
body, and the fusion proteins were detected by the NBT/
BCIP reaction.

Reaction of patient sera with calpastatin domain
fusion proteins

Fusion proteins expressed from clones encoding each
calpastatin domain were fractionated on SDS-7.5% poly-
acrylamide gels and transferred electrophoretically to NC
filters. After blocking with 2% skim milk for 1h at room
temperature, the filters were cut into 4-mm strips, each of
which was incubated with 2ml of a 1 :100 diluted patient
serum (preabsorbed with E. coli lysates) for 2h at room
temperature. After washing three times with TBS contain-
ing 0.05% Nonidet P-40, the filter strips were incubated
with alkaline phosphatase-conjugated goat antihuman
IgG (Promega; 1 :7500) for 1h at room temperature, and
reactivity was detected by the NBT/BCIP reaction.

Results

Cloning of cDNAs encoding human calpastatin

Using the RA-6 partial cDNA probe, 5 3 105 clones were
screened, and 13 positive clones were isolated. Using syn-
thesized primers (Table 1) and DNAs from these clones as
templates, cDNA for each calpastatin domain (L, I, II, III,
and IV) was amplified by PCR. In only 1 clone (termed
KSK-26), sequences for domains L, I, and II were amplified.
The other 12 clones were found to cover domain II, III, and/
or IV sequences. Therefore, the KSK-26 clone was used to
generate domain L, I, and II cDNAs, whereas domains III
and IV cDNAs were generated from another clone termed
KSK-17 that was found to cover domain II, III, and IV
sequences (Fig. 1). These cDNAs were subcloned into M13
mp18 or M13 mp19 RF DNA to ascertain their amino acid
sequences. For domains I, II, III, and IV, the sequences
were exactly as previously described,4 except for one amino

Fig. 1. PCR-amplified calpastatin domains cDNAs. cDNA sequences
for each domain were amplified by PCR from cloned calpastatin cDNA
and fractionated on 1% agarose gel. The domain L, I, and II cDNAs
were amplified from clone KSK-26, and the domain III and IV cDNAs
were amplified from clone KSK-17
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acid substitution (G to E at position 557) in domain IV.2

However, our subcloned domain L lacked 57bp (19 amino
acids) of the original sequence and had several amino acid
substitutions.4 This sequence was completely identical with
that described by Lee et al., which appeared to be tran-
scribed by exon skipping.24

Subcloning of cDNAs into an expression vector and
expression of fusion proteins

When we subcloned each calpastatin domain cDNA into
the prokaryotic expression vector pEX-2 and assayed the
reactivity of the resulting fusion proteins with monoclonal
antibodies to human calpastatin, we found that the fusion
proteins of domains I, III, and II 1 IV reacted specifically
with the monoclonal antibodies CSF1-2, CSL1-5, and CSF3-
3, respectively (Fig. 2). Because domain L did not react with
any monoclonal antibody, a positive clone detected by
colony hybridization was selected.

Reaction of patient sera with calpastatin domain
fusion proteins

We next examined the reactivity of sera from 121 patients
with systemic rheumatic diseases and 30 healthy volunteers
with each calpastatin domain. The reactivity patterns for
calpastatin domains varied among the patient sera (Fig. 3).
Domain L was recognized by the sera of only a small num-
ber of patients, and no statistical significance was observed
among the domain L reactivity of each disease and normal
group. Domain I was recognized by 49% of RA sera, and
this reaction was significantly greater than for any other
diseases (10%–20%) and normal subjects (10%). Likely,
domain II reactivity was also significantly higher in RA
(32%) than in others (except for SLE; P , 0.1). In contrast,
domains III and IV were reactive almost equally with RA
and other rheumatic diseases (except for domain III with
SSc). However, all these domain III and IV reactivities in
rheumatic patient sera (except for domain III in SSc) were
significantly higher than in normal controls (Table 2).

Fig. 2. Expression of fusion
proteins for calpastatin domains
and immunoblotting with mouse
monoclonal anticalpastatin
antibodies. Left panel, fusion
proteins stained with amido
black. Right panel,
immunoblotting of fusion
proteins with mouse monoclonal
anticalpastatin antibodies CSF1-
2 (specific for domain I), CSL1-5
(specific for domain III), and
CSF3-3 (specific for domains II
and IV). Smaller bands repre-
sent degradation products of
fusion proteins

Table 2. Reactivity to calpastatin domains in sera of patients with systemic rheumatic diseases

Disease No. Domain reactivity

L I II III IV

RA 47 5 (11%) ‡23 (49%) ‡15 (32%) †14 (30%) †13 (28%)
SLE 28 2 (7%) 4 (14%)† *4 (14%) 5 (18%) 5 (18%)
SSc 25 0 (0%) 5 (20%)* 2 (8%)* 1 (4%)† *6 (24%)
PM/DM 21 1 (5%) 2 (10%)† 2 (10%)* *5 (24%) *5 (24%)
Normal 30 2 (7%) 3 (10%)‡ 0 (0%)‡ 1 (3%)† 1 (3%)†

RA, rheumatoid arthritis; SLE, systemic lupus erythematous; SSc, systemic sclerosis; PM/DM,
polymyositis/dermatomyositis
*, P , 0.05; †, P , 0.01; ‡, P , 0.001 compared with RA (right shoulder) and normal control (left
shoulder) (Fisher’s exact test)
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When segregated by patient type, it was observed
that sera from RA patients reacted with all domains of
calpastatin with the highest frequencies. SLE patient sera
also reacted with all domains, but the frequencies were
lower than with RA sera. SSc sera tended to react mainly
with domains I and IV, and PM/DM sera tended to recog-
nize mainly domains III and IV. Even normal sera reacted
with all domains except for domain II, although the fre-
quency was much lower than that of patient sera. Sera from
two RA patients reacted only with the larger RA-6 fusion
protein (containing domain IV and partial domain III) but
not with any of the domain fusion proteins (data not shown).

Frequency of reactivity to calpastatin domains in systemic
rheumatic diseases

When arranged by frequency of reaction with calpastatin
domains, we found that 81% of RA sera reacted with at
least one domain, whereas significantly lower percentages
of sera from SLE, SSc, and PM/DM patients reacted with
one domain (Table 3). Almost half (49%) of RA sera and
lower percentages of SLE (18%), SSc (20%), and PM/DM
(14%) sera reacted with two or more domains, and only a
small percentage of patient sera reacted with three or more
domains (Table 3). Of the sera that reacted with more than
two domains, all three SSc and 19 of 23 RA reacted with
domains I and IV.

Clinical correlation of domain reactivity in patients
with RA

When we assessed the clinical correlation of domain reac-
tivity of anticalpastatin antibodies in RA, we found that RA

patients whose sera reacted with domain I were more likely
to be anemic and showed higher erythrocyte sedimentation
rate (ESR) than those with sera unreactive with domain I
(Table 4; P , 0.05 for both). Moreover, RA patients whose
sera reacted with at least one calpastatin domain had higher
ESR (P , 0.05) and C-reactive protein (CRP) (P , 0.01)
than those with sera unreactive with any domain (Table 4).

Discussion

On cloning the cDNAs corresponding to the target antigens
of newly identified autoantibodies in sera from RA patients,
we2 and Despres et al.3 independently demonstrated that
one of these autoantigens is calpastatin, a specific endog-
enous inhibitor of the calcium-dependent cysteine protein-
ase, calpain. We detected anticalpastatin antibodies in 57%
of RA patients, and in lower percentages of patients with
SLE, PM/DM, and SSc, when we used a fusion protein

Fig. 3. Reaction of patient sera
with calpastatin domain fusion
proteins. Reactivities of
representative RA and SLE
patient sera

Table 3. Frequency of anticalpastatin antibodies in systemic
rheumatic diseases

Disease No. RA-6 Domain reactivity

^1 ^2 ^3

RA 47 ‡24 (51%) ‡38 (81%) ‡23 (49%) *7 (15%)
SLE 28 5 (18%)† ‡3 (46%)† 5 (18%)† 2 (7%)
SSc 25 6 (20%)* 8 (32%)‡ 5 (20%)* 1 (4%)
PM/DM 21 5 (24%)* *9 (43%)† 3 (14%)† 2 (9%)
Normal 30 2 (6%)‡ 4 (13%)‡ 3 (10%)‡ 0 (0%)*

*, P , 0.05; †, P , 0.01; ‡, P , 0.001 compared with RA (right
shoulder) and normal control (left shoulder) (Fisher’s exact test)

42



expressed from a partial cDNA for calpastatin as an anti-
gen. Despres et al., however, detected anticalpastatin anti-
bodies in RA but not in SLE or osteoarthritis patients.3 This
discrepancy may reflect racial differences or differing
genetic backgrounds, but more detailed investigation of
the calpastatin epitope specificity of these autoantibodies
is necessary for this to be determined.

When we amplified the calpastatin domains, we ob-
served that domain L lacked 19 amino acids of the original
sequence and had several amino acid substitutions.4 It has
been reported that domain L revealed molecular heteroge-
neity by exon skipping or alternate splicing.24 The sequence
of our clone was identical with that which lacked exon 3 of
domain L as described by Lee et al.24 Because this clone was
isolated from a human thyroid gland cDNA library, it sug-
gests that domain L is diversified among different tissues.
Unlike domains I–IV, the function of the domain L is not
known. These results, suggesting tissue-specific domain L
sequences, raise the possibility that this domain may be
involved in expression or localization of calpastatin.

When we assayed the domain reactivity of antical-
pastatin antibodies in sera of patients with various rheu-
matic diseases, we found that these sera showed different
degrees of reactivity with the calpastatin domains. This re-
sult suggests that each domain has a specific epitope and
that anticalpastatin antibodies do not cross-react with
multiple calpastatin domains. However, we did note that
patient sera reacting with two or more domains tended to
react with domains I and IV, suggesting there may be a
cross-reactive epitope in these two domains.

In many autoimmune diseases, it is thought that the
autoantigen has a major epitope, recognized by almost all
patient sera, and several minor epitopes recognized by indi-
vidual sera.25–29 However, we found no calpastatin domain
with which most patient sera reacted. The most frequent
reactivity in RA occurred in only 49% of patients with

domain I, and, except for domain L, each domain reacted
with similar numbers of sera. The possibility cannot be
ruled out, however, that there may be conformational
epitope(s) constructed from regions of several domains.
Indeed, several sera from RA patients reacted with the RA-
6 fusion protein (coding domains III and IV), but not with
any of the individual domains of calpastatin. Sera from
patients with other autoimmune diseases (SLE, PM/DM,
and SSc) had different patterns of calpastatin epitope recog-
nition than did sera from RA patients. The reactivity of
anticalpastatin antibodies against domains I and II was sig-
nificantly higher in RA than in other diseases. In contrast,
the reactivity against domains III and IV appeared to be to
the same extent among RA and other diseases. These re-
sults suggest that anticalpastatin autoantibodies may have
different pathological characteristics between RA and
other rheumatic diseases. Moreover, the prevalence of
anticalpastatin antibodies in RA was significantly higher
than in these other systemic rheumatic diseases. It should
be noted that 81% of RA sera reacted with at least one or
more calpastatin domains. However, anticalpastatin anti-
bodies are not the “specific” marker antibodies of RA, be-
cause 32%–46% of sera from other systemic rheumatic
diseases also contain antibodies. Nevertheless, the possibil-
ity may be raised that anticalpastatin antibodies might serve
as a diagnostic marker of RA, because the frequency of
these antibodies in RA patients is as high as that of rheuma-
toid factor. Even some normal control sera appeared to
have anticalpastatin antibodies that reacted with several
domains. Although the prevalence of such naturally occur-
ring autoantibodies was very low in the normal population,
its significance is unknown. These reactions of normal sera
appeared to be rather weaker, although immunoblotting is
not a suitable method to estimate antibody titer. A quanti-
tative measurement should be necessary to clarify the true
significance of such “normal” autoantibodies.

Table 4. Clinical correlation of domain reactivities of anticalpastatin autoantibodies in RA
patients

Clinical manifestation Domain I Any domain

Positive Negative Positive Negative
(n 5 23) (n 5 23) (n 5 37) (n 5 9)
(%) (%) (%) (%)

Stage ^2 65 61 65 56
Class ^2 74 57 68 56
Subcutaneous nodule 14 19 17 14
Sjögren’s syndrome 52 35 41 56
Raynaud’s phenomenon 14 14 12 22
Pleurisy 9 0 6 0
Pulmonary fibrosis 9 10 8 13
Vasculitis 9 5 6 13
Lymphadenopathy 23 18 20 11
Anemia 52* 22 41 22
Rheumatoid factor 83 74 81 67
Positive ANA 65 52 62 44
ESR (mm/h) 75.2 6 40.3* 41.9 6 25.8 63.8 6 38.5* 36.8 6 26.5
CRP (mg/dl) 2.99 6 3.01 1.68 6 2.20 2.70 6 2.89† 0.81 6 0.74

ANA, antinuclear antibodies; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein
*, P , 0.05; †, P , 0.01 compared with negative patients (Fisher’s exact test and Student’s t-test)
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In addition to their possible usefulness in diagnosing
RA, our findings concerning anticalpastatin antibodies may
have important clinical ramifications. For example, we
observed a significantly higher frequency of anemia and a
higher ESR in patients whose sera reacted with calpastatin
domain I. Because the domain I reactivity was the highest
in RA patients, this correlation appears to be especially
important. Moreover, RA patients whose sera reacted with
any calpastatin domain had significantly higher ESR and
CRP levels than patients whose sera was unreactive. The
results indicate that the presence of anticalpastatin antibod-
ies in the sera of RA patients is correlated with disease
activity. These findings support the hypothesis that these
autoantibodies may be closely associated with the develop-
ment of rheumatic disorders.
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