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Summary

Psoriasis is believed to be a T cell-mediated autoimmune disease, but also
exhibits autoantibody production. Calpastatin is an endogenous inhibitor of
calpain, a ubiquitous protease that regulates inflammatory processes. Anti-
calpastatin autoantibody was first identified as an autoantibody specific to
rheumatoid arthritis, but has been also detected in other autoimmune dis-
eases. In this study, we examined the presence and levels of anti-calpastatin
antibody in 77 psoriasis patients by enzyme-linked immunosorbent assay.
Compared with normal controls, psoriasis patients exhibited significantly ele-
vated IgG anti-calpastatin antibody levels that were similar to those found in
rheumatoid arthritis patients. Remarkably, IgG anti-calpastatin autoantibody
in sera from psoriasis patients inhibited calpastatin activity. Calpain II expres-
sion was up-regulated in psoriasis skin lesions compared with normal skin
while calpastatin expression was normal. The results of this study reveal the
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Introduction

Psoriasis is a chronic inflammatory disease of the skin and
small joints that seriously impairs quality of life. Psoriasis is
characterized by keratinocyte hyperproliferation, epidermal
influx of neutrophils and infiltration of mononuclear cells,
mainly activated memory T lymphocytes, in the papillary
dermis and epidermis [1,2]. Although its pathogenesis is not
fully clarified, psoriasis exhibited many features of a T cell-
mediated autoimmune disease [2—4]. T cell-directed immu-
nosuppressants are effective for controlling the disease activ-
ity of psoriasis [5]. Psoriasis lesions are fully induced when T
cells from psoriasis patients are injected into symptomless
psoriasis skin engrafted onto SCID mice [6]. In addition to
the T cell-mediated autoimmunity, many reports have
shown that psoriasis is associated with the production of var-
ious autoantibodies, including antistratum corneum anti-
body [7-9], antikeratin antibody [10] and antilipocortin-I
antibody [11]. Thus, abnormal regulation of humoral
immune response characterized by autoantibody production
may also contribute to the development of inflammation
associated with psoriasis.

Calpain (EC 3.4.22.17) is a calcium-dependent neutral
protease involved in the regulation of various basic cellular
functions, such as cell cycle, apoptosis and exocytosis
[12,13]. Furthermore, calpain regulates the initiation and

presence of anti-calpastatin autoantibody in psoriasis.
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development of inflammation; for example, calpain-medi-
ated degradation of IxB induces nuclear factor-xB (NF-xB)
activation that leads to production of proinflammatory
cytokines and expression of adhesion molecules [14,15]. The
two isoforms of calpain are identified: calpain I (or u-
calpain) and calpain II (or m-calpain), which require low
and high micromolar calcium for their activation, respec-
tively [12]. Calpastatin is an endogenous, specific inhibitor
of calpain and contains four repeating domains, each of
which can inhibit calpain activity independently with
domain I the highest activity [16]. Calpain I, calpain II and
calpastatin are present in a variety of cell types, including
keratinocytes [13,17].

Autoantibodies directed against calpastatin are recently
identified autoantibodies that are detected initially in 10—
57% of sera from patients with rheumatoid arthritis (RA)
[18-21]. In RA, anti-calpastatin antibodies may contribute
to the development of arthritis by enhancing the calpain
activity as calpain functions as a proteoglycanase in cartilage
destruction [22]. However, anti-calpastatin antibody is also
detected in other various autoimmune disorders, including
systemic sclerosis (38%), systemic lupus erythematosus (10—
27%), polymyositis/dermatomyositis (24%), Sjogren’s syn-
drome (19%) and overlap syndrome (29%) [18,20,21,23].
These findings suggest that anti-calpastatin antibody is not
disease-specific, but contributes to inflammation associated
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with various autoimmune diseases. Therefore, in this study
we examined the presence and levels of anti-calpastatin anti-
bodies, their functional relevance and skin lesional expres-
sion of calpain and calpastatin in patients with psoriasis. The
results of this study suggest that anti-calpastatin antibody
contributes to the development of inflammation in psoriasis
by augmenting the relative activity of calpain.

Materials and methods

Patients and controls

Serum samples were obtained from 77 Japanese patients with
psoriasis (49 males and 28 females, 47 £ 15 years). The clin-
ical severity of psoriasis was evaluated by the Psoriasis Area
and Severity Index (PASI) scores [24]. Psoriasis patients were
classified into 55 patients with psoriasis vulgaris (37 males
and 18 females, 49 * 14 years, PASI scores 12-9 £9-5), 16
patients with psoriatic arthritis (11 males and five females,
43 + 15 years, PASI scores 11-2£7-8) and six patients with
generalized pustular psoriasis (five males and one female,
35 % 19 years, PASI scores 16-6 & 3-2). The disease duration of
patients with psoriasis vulgaris, generalized pustular psoriasis
and psoriatic arthritis was 15+ 10, 14 =7 and 14 % 10 years,
respectively. The serum and skin biopsy samples were
obtained at the first visit to our clinic and patients received
with treatment were excluded in this study. Therefore, none
of the patients was treated with topical or oral steroids, oral
retinoids, psoralen-ultraviolet A therapy or immunosuppres-
sive drugs. The period from the last treatment to the first visit
varied from 2weeks to 1 month. Twenty-four Japanese
patients with RA (three males and 21 females, 51 + 11 years),
who fulfilled the criteria for RA by the American College of
Rheumatology [25], were also included in this study. Sixty-
four age- and sex-matched Japanese healthy individuals (38
males and 26 females; age, 45 * 11 years) were used as normal
controls. Fresh venous blood samples were centrifuged
shortly after clot formation. All samples were stored at—70°C
prior to use. For analysis of immunohistochemistry and
mRNA expression of calpastatin and calpain, five patients
with psoriasis (four males and one female, 41 & 9 years) and
five normal individuals were evaluated. The disease duration
of psoriasis patients was 13 & 10 years. None of the patients
for analysis of immunohistochemistry and mRNA expression
was treated with topical or oral steroids, oral retinoids, pso-
ralen-ultraviolet A therapy or immunosuppressive drugs. All
investigations were performed after approval by the
Kanazawa University Graduate School of Medical Science,
and informed consent was obtained from all patients.

Enzyme-linked immunosorbent assay (ELISA) for
anti-calpastatin antibody

ELISA was conducted as described previously [23]. Ninety-
six well plates (EIA/RIA plate, Costar, Cambridge, MA, USA)

were coated with human recombinant calpastatin domain I
(5 ug/ml; Calbiochem-Novabiochem Corporation, La Jolla,
CA, USA) in 0-1 M borate buffer, pH 8-4, at 4°C overnight.
After washing, the wells were blocked with 2% bovine serum
albumin and 1% gelatin for 1 h at 37°C. Serum samples
diluted 1:200 were added to duplicate wells for 90 min at
20°C. After washing, the bound antibodies were detected
with alkaline phosphatase-conjugated goat antihuman IgG
or IgM antibodies (Cappel, Durham, NC, USA), using
10 mg/ml p-nitrophenyl phosphate (Sigma-Aldrich, St.
Louis, MO, USA). The plates were read at 405 nm. Optical
density (OD) greater than the mean + 2 s.d. for the controls
was considered positive. The sera were diluted at log intervals
(1:10-1:10) and assessed for relative autoantibody levels
as above, except that the results were plotted as OD versus
dilution (log scale). The dilutions of sera giving half-maxi-
mal OD values were determined by linear regression analysis,
thus generating arbitrary unit per millilitre values for com-
parison between sets of sera.

Calpastatin activity assay

IgG was purified from serum samples using magnetic beads
coated with recombinant Protein G covalently coupled to the
surface (Dynal Inc., Lake Success, NY, USA). The serum
sample (10 pl) and Dynabeads (100 ul) were incubated for
40 min. The tube containing the mixture was placed in a
magnetic column for 2 min and the magnetic column was
then washed with phosphte buffered saline (PBS). Finally,
the bound IgG was eluted off from the magnetic column
with 0-1 M citrate (pH 2-3), and were then neutralized with
1 M Tris-HCI (pH 9-0). Final IgG concentration was mea-
sured by spectrophotometer (Gene Quant II, Amarsham
Biosciences Inc., Piscataway, NJ, USA). The inhibitory activ-
ity of calpastatin for calpain was assessed by the capacity of
calpain to proteolyse its substrate, casein [26]. Calpastatin
(0-5 ng; Calbiochem-Novabiochem Corp.) was incubated
with 50 pg of purified IgG or control blocking monoclonal
antibody to calpastatin (Takara, Otsu, Japan) for 1 h at room
temperature and then with 1 ug of calpain II (Calbiochem-
Novabiochem Corp.) in 250 pl of reaction buffer (3 mg/ml
of casein in 100 mm Tris-HCl, pH 7-5 containing 5 mm
CaCl, and 10 mMm 2-mercaptoethanol) for 20 min at 30°C.
The reaction was stopped by addition of a chilled solution
(250 ul) of 10% trichloroacetic acid. After centrifugation
(13000 r.p.m) for 2 min, the absorbance at 280 nm was
measured with a spectrophotometer (Gene Quant II, Amer-
sham Biosciences Inc.).

RNA isolation and real-time polymerase chain
reaction (PCR)

Total cellular RNA was isolated from frozen tissue with
Qiagen RNeasy spin columns (Qiagen Ltd, Crawley, UK).
Total RNA from each sample was reverse transcribed into
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c¢DNA according to the protocol of the RNA PCR kit (Takara).
Expression of calpain II and calpastatin was analysed using a
real-time PCR quantification method according to the man-
ufacturer’s instructions (Applied Biosystems, Foster City, CA,
USA). Sequence-specific primers and probes were designed
by Applied Biosystems Assays-On-Demands™ (Applied Bio-
systems). Real-time PCR (one cycle at 50°C for 2 min, at 95°C
for 10 min; 40 cycles of at 92°C for 15 s, at 60°C for 60 s) was
performed on an ABI Prism 7000 Sequence Detector (Applied
Biosystems), on which fluorescent output was directly
proportional to cDNA concentration. To ensure equality of
loading, input ¢cDNA concentration was normalized to
housekeeping gene glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) by use of photoelectron RNA control reagents
(Applied Biosystems). To compare either calpain II or calp-
astatin and housekeeping (GAPDH) gene mRNA expression,
relative expression of real-time PCR products was determined
using the AACt method [27]. This method calculates relative
expression using the equation:

Fold induction = 2744¢;

where Ct = the threshold cycle, ie. the cycle number at
which the sample’s relative fluorescence rises about the back-
ground fluorescence and AACt=[Ct gene interest
(unknown sample) — Ct GAPDH (unknown sample)] — [Ct
gene interest (calibrator sample) — Ct GAPDH (calibrator
sample)]. One of the control samples was chosen as a cali-
brator sample. Each sample was conducted in duplicate and
the mean Ct was used in the equation.

Immunohistochemical analysis

Paraffin sections were deparaffinized and then incubated
with 10% normal goat serum (10 min, 37°C) to block non-
specific staining. Sections were then incubated (2 h, room
temperature) with rabbit monoclonal antibody (MoAb) spe-
cific for calpain II (1:100 dilution, Chemicon, Temekula,
CA, USA). Rabbit IgG (Southern Biotechnology associates
Inc., Birmingham, AL, USA) was used as a control for non-
specific staining. Sections were incubated sequentially
(20 min, room temperature) with a biotinylated goat anti-
rabbit IgG secondary antibody (Vectastain ABC method,
Vector Laboratories, Burlingame, CA, USA), then horse-
radish peroxidase-conjugated avidin—biotin complexes
(Vectastain ABC method, Vector Laboratories). Sections
were developed with 3,3’-diaminobenzidine tetrahydrochlo-
ride and hydrogen peroxide, and then counterstained with
methyl green. For immunohistochemical staining of Calp-
astatin, mouse anti-calpastatin MoAb (1 : 100 dilution, Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA) was used.

Statistical analysis

Comparisons between two experimental groups of data were
performed using a Mann—Whitney U-test. Comparisons

Antibodies against calpastatin in psoriasis

among three or more experimental groups were performed
using a one-way analysis of variance (aNova), followed by a
Bonferroni’s test. Spearman’s rank correlation coefficient
was used to examine the relationship between two continu-
ous variables. P-values less than 0-05 were considered statis-
tically significant.

Results

Anti-calpastatin antibody levels in psoriasis

The presence and levels of anti-calpastatin autoantibodies in
serum samples from patients with psoriasis, those with RA
and normal controls were assessed by ELISA using human
recombinant calpastatin domain I (Fig. 1). The dilution of
sera giving half-maximal OD values in ELISAs was also
determined to generate arbitrary units per millilitre that
could be compared directly between patients and normal
controls. Pooled sera from patients with RA had mean IgG
anti-calpastatin antibody levels that were significantly 62%
higher than those found in normal controls (P < 0-0005).
Compared with normal controls, total 77 patients with pso-
riasis exhibited significantly elevated IgG anti-calpastatin
antibody levels (45% increase, P < 0-0001) that were compa-
rable with those found in patients with RA. Concerning sub-
sets of psoriasis, IgG anti-calpastatin antibody levels were
increased significantly in patients with psoriasis vulgaris
(P <0-0001), psoriatic arthritis (P < 0-0005) or generalized
pustular psoriasis (P <0-05) relative to normal controls.
There was no significant difference in IgG anti-calpastatin
antibody levels between patients with psoriasis vulgaris,
those with psoriatic arthritis and those with generalized pus-
tular psoriasis. By contrast, IgM anti-calpastatin antibody
levels in total patients with psoriasis or patients with RA were
normal. Anti-calpastatin antibody levels did not correlate
with Psoriasis Area and Severity Index scores in patients with
psoriasis (data not shown). Thus, psoriasis patients exhib-
ited the elevation of IgG anti-calpastatin autoantibody to a
similar level of patients with RA.

Frequency of anti-calpastatin antibody in psoriasis

Absorbance values higher than the mean *+ 2 s.d. (0-802 for
IgG anti-calpastatin antibody and 0-809 for IgM anti-
calpastatin) of the control serum samples were considered
positive in this study (Fig. 1). IgG or IgM anti-calpastatin
antibodies were positive (i.e. above the mean * 2 s.d. of
normal control) in 26% of total patients with psoriasis,
while they were positive in 38% of RA patients (Table 1).
IgG isotype of this autoantibody (23%) was much more
frequently positive than IgM isotype (4%) in total patients
with psoriasis. By contrast, IgG or IgM anti-calpastatin
antibody was positive in only 6% of healthy controls.
Regarding the subsets of psoriasis, IgG or IgM anti-
calpastatin antibody was positive in 27% of patients with
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(a) IgG anti-calpastatin antibody

(b) IgM anti-calpastatin antibody
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Fig. 1. Anti-calpastatin antibody levels in patients with psoriasis. IgG or IgM anti-calpastatin antibody levels were determined by ELISA using human
recombinant calpastatin domain I in patients with psoriasis vulgaris patients, those with psoriatic arthritis, those with generalized pustular psoriasis
(GPP), those with RA and normal controls (CTL). The short bar indicates the mean value in each group. A broken line indicates the cut-off value

(mean * 2 s.d. of the control samples). Values in parenthesis represent the dilutions of pooled sera giving half-maximal OD values in ELISA, which

were determined by linear regression analysis to generate arbitrary units per millilitre that could be directly compared between each group of patients

and normal controls.

psoriasis vulgaris, 25% of those with psoriatic arthritis and
17% of those with generalized pustular psoriasis. Thus,
anti-calpastatin autoantibody was positive in ~30% of
patients with psoriasis.

Table 1. Frequency of anti-calpastatin antibody in patients with
psoriasis.*

Anti-calpastatin antibody

IgG® IgM IgG or IgM
Psoriasis (n=77) 18 (23) 3(4) 20 (26)
Psoriasis vulgaris (n = 55) 13 (24) 3(5) 15 (27)
Psoriatic arthritis (n = 16) 4 (25) 0 4 (25)
Generalized pustular 1(17) 0 1(17)
psoriasis (1 = 6)
RA (n=24) 6 (25) 5(21) 9 (38)
Normal (n = 64) 3 (5) 1(2) 4 (6)

*Values are the number (%) of patients with anti-calpastatin anti-
body that was determined by ELISA using human recombinant calp-
astatin domain L "Isotypes (IgG or IgM) of anti-calpastatin antibody
were determined using isotype-specific antihuman Ig antibodies.

358

Inhibition of calpastatin activity by anti-calpastatin
antibody

To determine the functional relevance of anti-calpastatin
antibody in vivo, it was assessed whether anti-calpastatin
autoantibody was able to inhibit enzymatic activity of calp-
astatin. The calpastatin activity was assessed by the inhibi-
tion of calpain activity that can proteolyse its substrate,
casein. When compared with inhibition of calpastatin activ-
ity by control blocking anti-calpastatin monoclonal anti-
body that was defined as 100%, IgG isolated from serum
samples of psoriasis patients positive for IgG anti-calpastatin
antibody inhibited the calpastatin activity by 79% relative to
psoriasis patients without IgG anti-calpastatin antibody
(P=0-031) and normal controls (P = 0-028). Similarly, the
calpastatin activity was significantly blocked by IgG isolated
from RA patients with IgG anti-calpastatin antibody com-
pared with normal controls (P = 0-011); however, the extent
of inhibition (92%) did not significantly differ from that by
IgG from psoriasis patients with IgG anti-calpastatin anti-
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Fig. 2. Inhibition of calpastatin activity by IgG anti-calpastatin anti-
body from patients with psoriasis. IgG was purified from serum samples
of psoriasis patients positive for IgG anti-calpastatin antibody by ELISA
[anti-calpastatin antibody (+)], those negative for IgG anti-calpastatin
antibody [anti-calpastatin antibody (-)], RA patients with IgG anti-
calpastatin antibody and normal control (CTL). Purified IgG or control
blocking monoclonal antibody to calpastatin was incubated with calp-
astatin and the calpastatin activity was assessed by the inhibition of
calpain activity that can proteolyse its substrate, casein. Inhibition of
calpastatin activity by isolated IgG is shown compared with that by
control blocking anti-calpastatin monoclonal antibody that was defined
as 100%. Each histogram shows the mean (% s.d.) results obtained for
five patients in each group.

body. Thus, IgG anti-calpastatin antibody from patients with
psoriasis was able to block the inhibitory activity of calpasta-
tin for calpain (Fig. 2).

Quantitative real-time PCR analysis of calpain and
calpastatin mRNA expression in psoriasis

To assess the involvement of calpain and calpastatin in skin
lesions of patients with psoriasis, mRNA expression of

Antibodies against calpastatin in psoriasis

P < 0-05
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Fig. 3. Expression of calpain II and calpastatin mRNA in skin lesions
of psoriasis. Relative mRNA amount of calpain II and calpastatin was
assessed by real-time PCR using the AACt method in lesion skin of
psoriasis and normal skin (CTL). Total RNA was isolated from frozen
skin tissues, reverse transcribed into cDNA, and then amplified using
primers specific for calpain II and calpastatin. One of the control sam-
ples was chosen as a calibrator sample. Each histogram shows the mean
(% s.d.) results obtained for five patients in each group.

calpain II and calpastatin in the skin was quantified by real-
time PCR. Calpain II mRNA levels were up-regulated by six-
fold in the lesional skin from psoriasis patients compared
with normal skin (P<0-05; Fig.3). Relative calpastatin
mRNA expression in the psoriasis lesions did not differ sig-
nificantly from that in normal skin. Thus, calpain I mRNA
expression was augmented in the affected skin of psoriasis.

Immunohistochemical analysis of calpain expression
in psoriasis

Calpain expression in the skin was further assessed immu-
nohistochemically. In normal skin, calpain II expression was
not detected (Fig. 4a). By contrast, calpain II was expressed
in the epidermis of the psoriasis lesion with greater staining
intensity in the upper to middle layers of the epidermis. Fur-
thermore, calpain II was detected in vascular endothelial
cells and infiltrating leucocytes of the psoriasis lesion. Calp-
astatin was also expressed throughout the epidermis: how-
ever, the staining intensity was similar between normal and
psoriatic skin (Fig. 4b). We performed immunohistochemi-
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cal staining in the three serial sections and similar results
were obtained. Thus, calpain II expression was up-regulated
in the psoriasis lesional skin.

Discussion

In the current study, anti-calpastatin antibody was positive
in 26% of psoriasis with a similar frequency in psoriasis vul-
garis, psoriatic arthritis and generalized pustular psoriasis.
This prevalence of anti-calpastatin antibody was comparable
with that in RA (38%) and also that in other systemic
autoimmune diseases (10-38%) [18,20,21,23]. Remarkably,
anti-calpastatin antibody in psoriasis patients was able to
block the inhibitory activity of calpastatin for calpain pro-
tease activity to a similar level of RA patients. The current
study is the first to reveal the presence of anti-calpastatin
autoantibody in psoriasis that may be related to inflamma-
tion associated with psoriasis.

Calpain has been shown to play an important role in reg-
ulating inflammatory processes. Autodigestion of calpain
exhibits a chemotactic activity for neutrophils [28], which
may be related to neutrophil accumulation in the psoriatic

epidermis. Furthermore, calpain activates neutrophils by
promoting exocytosis of granules and superoxide anion pro-
duction [29]. Calpain-mediated proteolytic processing of
pre-interleukin (IL)-1o directly activates IL-1a [30]. IL-1o
production by lesional psoriatic keratinocytes is augmented
[31], which may be responsible for dermal inflammatory
[32,33].
Expression of adhesion molecules, including intercellular

infiltration and epidermal hyperproliferation

adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1) are also increased by calpain-
mediated activation of NF-xB pathway [32]. ICAM-1
expression is up-regulated consistently in the epidermis and
vascular endothelial cells of psoriasis lesions while VCAM-1
expression is increased in vascular endothelial cells [34].
These findings suggest that calpain activity contributes in
part to the development of inflammation in psoriasis.
Calpain II expression was up-regulated in the skin lesions
of psoriasis at both mRNA and protein levels compared with
normal skin. In contrast, calpain I expression, which is
detected in the middle to upper layers of the normal epider-
mis, is down-regulated in psoriatic epidermis [35]. This
suggests that calpain II may play a more important role in
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inflammation of psoriasis than calpain 1. Calpastatin was
expressed at a similar level in normal and psoriatic skin at
both mRNA and protein levels. Consistent with this, a pre-
vious study has shown that calpastatin is expressed in
immortalized human HaCaT keratinocytes [17]. Thus,
increased calpain II expression along with normal calpasta-
tin expression in psoriasis suggests that augmented calpain II
activity is involved in the development of psoriatic skin
lesions.

Calpastatin acts intracellularly to inhibit calpain. How-
ever, extracellular location of calpain and calpastatin is dem-
onstrated in the cell-free synovial fluid obtained from the
knee joint of healthy adult humans as well as several patients
with RA [36]. This may be released from the damaged syn-
ovial cells or inflammatory cells. The development of psori-
asis was triggered frequently by viral or bacterial infection
and drugs, some of which can induce the keratinocyte injury,
including apoptosis [37]. This keratinocyte injury may
release calpain and calpastatin extracellularly. Released
calpain may further damage the keratinocyte and induce
inflammation, which could be inhibited by similarly released
calpastatin. Therefore, it is possible that anti-calpastatin
antibody is formed by calpastatin released from damaged
keratinocytes and then inhibits calpastatin activity.
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