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patients with silicosis, systemic sclerosis and systemic lupus erythematosus,
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SUMMARY

Dysregulation of apoptosis through the Fas-Fas ligand pathway is relevant in autoimmune disease onset.
We recently reported elevated serum levels of sFas in patients with silicosis, systemic sclerosis (SSC)
and systemic lupus erythematosus (SLE), and proposed a block of apoptosis in the pathogenesis. The
disturbance of apoptosis in lymphocytes including autoreactive clones could induce autoantibody pro-
duction. Since autoantibodies directed against unknown antigens are present in the sera of these
patients, the sera samples were examined for the presence of autoantibodies directed to caspase-8.

Using Western blotting, autoantibodies against caspase-8 were detected in healthy individuals and in
over 60% of patients. Using epitope mapping employing 12 amino acid polypeptides with SPOTs
system, a minimum of 4 epitopes and a maximum of 13 were found, which implied that epitope spread-
ing was in progress. It is noteworthy that two important catalytic cystein residues were included within
the epitopes; firstly the active site cystein Cys287, and secondly Cys360 located in the unique pen-
tapeptide motif QACQG.

Using recombinant human caspase-8 linked protein chip array, autoantibodies were identified and
molecular weight determined. The antibodies were mainly IgG; 80% were subclass IgG14; 20% were
IgG4xk. Despite the ratio of human light chain x:A = 2:1, the predominance of IgG1A4 is noticeable.

Anti-caspase-8 autoantibodies are detectable in healthy individuals and in patients suffering silico-
sis, SSc or SLE. A few epitopes were detected in healthy individuals compared to those suffering
autoimmune diseases, indicating the intramolecular epitope spreading. Relationship of autoantibodies
and the clinical background of the patients requires clarification.
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INTRODUCTION

Dysfunction of apoptosis through the Fas-Fas ligand pathway is
related to the onset of autoimmune disease. Previously, we
reported elevated serum levels of sFas in patients suffering sili-
cosis, systemic sclerosis (SSC) and systemic lupus erythematosus
(SLE) and proposed that the blocking of apoptosis is involved in
the pathogenesis of these diseases [1].

Since autoantibodies against unknown antigens are present in
the serum of these patients, their sera have now been analysed
for autoantibodies directed against caspase enzymes, and we now
report the detection of anti-caspase-8 autoantibodies. In healthy

Correspondence: Ayako Ueki, Department of Hygiene, Kawasaki
Medical School, 577 Matsushima, Kurashiki, 701-0192 Japan.
E-mail: aueki@med.kawasaki-m.ac.jp

556

autoantibody epitope mapping

individuals, caspase-8 is recruited to the ‘death-inducing signal
complex’ (DISC), a multiprotein complex that forms rapidly on
the cytoplasmic portion of the Fas/APO-1/CD95 receptor [2].
However, patients with inherited mutations in CD95 demonstrate
the resultant defects in caspase activation that causes them to
suffer autoimmune lymphoproliferative syndrome (ALPS) [3,4].

SPOTs system is a helpful technology that allows the solid-
phase synthesis of extensive series of short peptides for the sys-
tematic analysis of antibody epitopes [5]. In the present study we
used the SPOTs system to achieve epitope mapping of anti-
caspase-8 autoantibodies, and a total of 14 epitopes were detected
on the human caspase-8 molecule.

ProteinChip surface enhanced laser desorption/ionization
(SELDI) mass spectrometry can be used to detect a few femto-
moles of a specific protein from a crude solution and determine
its molecular mass with an error rate of less than 02% [6].
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Recombinant human caspase-8 was linked to the PS2 chips then
autoantibodies were captured from the serum samples and
detected. To our knowledge, these findings represent the first
demonstration of anti-caspase-8 autoantibody epitope mapping.
Furthermore, we have shown that intramolecular epitope spread-
ing detectable among anti-caspase-8 autoantibodies in the sera
of patients suffering silicosis, SSc and SLE and in healthy
individuals.

MATERIALS AND METHODS

Patients

A total of 91 serum samples were obtained from silicosis patients
lacking clinical symptoms (61 samples), SLE and SSc patients (10
samples each) and agematched healty volunteers (10 samples),
then the sera were analysed for anti-caspase-8 autoantiboeies.
Serum samples were obtained only after informed consent had
been given. These experimets were ethicaly approved by the
Research Commitee of Kawasaki Medical School.

Western blotting analysis

Active fragments of recombinant human caspase-8 (Calbiochem,
La Jolla, CA, USA) were separated by 15% SDS—-polyacrylamide
gel electrophoresis and transferred to a nitrocellulose membrane
(Amersham, Buckinghamshire, UK). The membrane was blocked
for 3 h using 10% Block ace (Dainihon Pharm Co, Osaka, Japan)
in phosphate buffered saline containing 0-05% Tween-20 (PBS-
T), washed with PBS-T and incubated at room temperature for 1
h with a 1: 50 dilution of sera from the patients or the healthy vol-
unteers. The blots were washed with PBS-T, incubated at room
temperature for 1 h with a 1: 5000 dilution of horse radish perox-
idase (HRP)-conjugated goat anti-human IgG (Amersham, Buck-
inghamshire, UK), washed with PBS-T, and finally the bound
antibodies were detected by enhanced chemiluminescence
method (Amersham, Buckinghamshire, UK).

Epitope mapping

Oligopepties were synthesized on activated membranes using the
SPOTs system (Sigma-Genosys, Cambridge, UK) [5]. The pep-
tides were 12 amino acids in length and had a sequential overlap
of 9 amino acids. The SPOTs spanned the caspase-8 amino acid
sequence from residues 1-479 (numbering according to the
SWISS-PROT database entry q14790, caspase-8 precursor). The
membranes with immobilized peptides attached were blocked
overnight at 4°C in 10% concentrated blocking buffer (Sigma-
Genosys) dissolved in Tris buffered saline containing 0-05%
Tween 20 (TBS-T). The SPOTs were incubated at 4°C for 4 h with
a 1: 100 dilution of the patients’ or the healthy volunteers’ sera.
The membranes were washed twice for 10 min with TBS-T, then
the bound antibodies were detected using the secondary
antibodies, [-galactosidase-conjugated goat anti-human Ig
(American Qualex Antibodies, San Clemente, CA, USA) and
the substrate 5-bromo-4-chloro-3-indoyl-j-D-galactopyranoside,
according to the manufacturer’s instructions.

SELDI ProteinChip analysis

ProteinChip surface enhanced laser desorption/ionization
(SELDI) mass spectrometry was performed to detect and
quantify the autoantibodies captured on the antigen coated
ProteinChip arrays [6]. NP (normal phase) and PS2 (epoxy)
ProteinChip® (Ciphagen Biosystems, Fremount, CA, USA) were

used for the analysis. The protocol details for individual arrays
were based on the manufacturer’s recommendations. Briefly,
caspase-8 (100 pg/2ul) was loaded to the spots of a preactivated
SELDI ProteinChip and incubated at room temperature for 1h.
The chip was blocked for 20 min at room temperature with 1M
ethanolamine and washed 3 times with PBS-T; 6 ul of patients’
serum or 6 ul of control antibody was applied to the spots and the
chips were incubated over night at 4°C. The whole chip array was
washed 3 times with PBS-T, twice with distilled water, air dried,
then 0-5 ul of saturated sinapinic acid (an energy absorbing mol-
ecule) in 50% acetonitrile containing 0-5% trifluoroacetic acid
was applied. Following a final air drying, the chip was analysed
using SELDI ProteinChip System (PBS-II, Ciphergen Biosys-
tems). Data were normalized with internal standards before
making a comparison between the spots.

Autoantibody immunoglobulin subclass specificity

Monoclonal antibodies that were representative of the different
human IgG subclasses including IgG1, 1gG2, IgG3 and IgG4 (x
light chain), and IgG1, IgG2, IgG3 and I1gG4 (A light chain) were
purchased from Sigma (St.Louis, MO, USA). Protein G (1ug/1ul)
was conjugated to the PS2 chips, which were then blocked using
1 M ethanolamine. Each chip was incubated with antibodies of a
particular IgG subclass, treated with sinapinic acid, and the mol-
ecular mass was analysed using the SELDI ProteinChip system.
A total of 14 oligopeptides were synsethized (as above) contain-
ing the amino acid sequences of the caspase-8 epitopes, and these
were used to determine the IgG subclass specificity of the autoan-
tibodies. Mouse monoclonal antibodies directed against human
IgGl1, IgG2, IgG3 and IgG4 (Immunotech-A Coulter Company,
Marseille, France), and then p-galactosidase-conjugated anti-
mouse IgG antibodies (American Qualex Antibodies, San
Clemente, Ca., USA) with the substrate 5-bromo-4-chloro-3-
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Caspase-8 individuals Silicosis SSc SLE
fragments (70%) (62%) (90%) (60%)
p41/43 3/10 9/29 1/10 2/10
p26 3/10 3/29 7/10 1/10
p18 (p20) 7/10 9/29 5/10 6/10
p12 (p10) 0/10 3/29 0/10 0/10

Fig.1. Detection of anti-caspase-8 autoantibodies by Western blotting
analysis. (a) Molecular weight markers (MW), negative serum of a silico-
sis patient (lane 1), positive sera from silicosis patients (lane 2-6), positive
serum of a SSc patient (lane 7), positive serum of a SLE patient (lane 8).
(b) Frequencies of anti-caspase-8 autoantibodies detected by Western
blotting analysis.
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indoyl--D-galactopyranoside were also used. Autoantibodies
were also analysed for the x or A isotype light chain by Western
blotting using anti-caspase-8 positive human sera and mouse
monoclonal antibodies directed against the human x or A chain
(ICN Pharmaceuticals Inc., Aurora, OH, USA) followed by
detection using enhanced chemiluminescence.

RESULTS

Detection of autoantibodies against human caspase-8 by
immunoblotting

Western blotting was performed using the active fragments of
recombinant human caspase-8, serum samples and detection by
enhanced chemiluminescence. By this method, anti-caspase-8
antibodies were detected in the sera of patients with silicosis, SSc
and SLE, as well as in healthy volunteers. Antibodies against
p20(p18), a caspase-8 fragment that contains the cystein pro-
tease catalytic pentapeptide QACQG [7], were detected most
frequently in the sera tested. Autoantibodies against p12(p10)
containing the substrate specificity determinant RNPAEGTW
[7] were detected in silicosis patients. Antibodies directed against
the p26 fragment which contains two death effector domains
(DEDs) and a caspase-8 linker region [7] were detected in
silicosis, SSc and SLE patients as well as in healthy individuals
(Fig. 1a,b).

A. Ueki et al.

Identification of amino acids involved in antibody binding

On activated membranes with SPOTS system [4], we synthesized
oligopeptides which were 12 amino acids in length and had a
partial overlap of 9 amino acids. The SPOTs spanned the amino
acid sequence of the caspase-8 molecule from residues 1-479. The
number of epitopes recognized by the autoantibodies were 14
sites altogether (Fig. 2). It is noticeable that the amino acid
sequences of the epitopes recognized by the autoantibodies con-
tained residues involved in key biological functions of caspase-8.
The location of each epitope on the caspase-8 molecule and reac-
tive autoantibodies is summarized in Fig. 3.

DED:s in both caspase-8 and FADD function as domains for
homophilic interaction between proteins. A BLAST search
revealed that residues 7-75 and 101-169 of caspase-8 had homo-
loguey with the DED of FADD [7]. These caspase-8 residues
included epitope 1 located in DED-A, and epitopes 2, 3 and 4
located in DED-B. The herpes virus type 2 E8 protein inhibits
caspase-8 by a competitive interaction with DED-B [8,9] thus pre-
venting the binding interaction between caspase-8 and FADD.
The ES8 binding sites of on DED-B were located in epitopes 3 and
4. Interestingly, epitope 4 was recognized only by SLE or SSc
patients, but not by silicosis patients or healthy volunteers.
Epitope 5 was localized in a linker region. On the basis of the X-
ray crystal structure of the ICE family, the caspase-8 amino acid
residues His242, Ser338 and Cys287 are likely to be involved in

Epitope Amino Autoantibody Epitope  Amino  Autoantibody
No. acid reactivity Peptide sequence No. acid reactivity Peptide sequence
1. 4-12 + MDF |SRNLYDIGE 8.  283-288 - FEELHFEIKPHD
+ SRNLYDIGE | QLD + LHFEIKPHD [DCT
- LYDIGE QLDSED + EIKPHD|DCT |VEQ
+ PHD |DCT | VEQIYE
2. 103-111 - QISAYR VMLYQI + DCT | VEQIYEILK
+ AYR|VMLYQISEE - VEQIYEILKIYQ
+ VMLYQISEE| VSR
_ YQISEE VSRSEL 9.  307-309 - ILKIYQLMDHSN
+ IYQLMDHSN|MDC
3. 142-147 - LDDDMNLLD IFI + LMDHSN MDC|FIC
+ DMNLLD [IFIEME + HSN |MDC |FICCIL
+ LLD | IFIEME |KRV + MDC |FICCILSHG
+ IFIEME |KRVILG - FICCILSHGDKG
- EME KRVILGEGK 10.  337-345 - APIYEL TSQFTG
4. 160-168 - EGKLDI LKRVCA * YEL| TSQFTGLKC
+ TSQFTGLKC |PSL
(SSc+SLE) + LDI|LKRVCAQIN N TGLKG PSLAGK
+ LKRVCAQIN |KSL
- VCAQIN KSLLKI 11.  355-366 - PKV FFIQACQGD
+
5.  202-204 - EGSPDEFSNGEE - QACQGDNYQ KGI
+ PDEFSNGEE [LCG
¥ FSNGEE |LCG |vMmT 12.  382-390 - EEQPYL EMDLSS
+ GEE|LCG |VMTISD + PYL|EMDLSSPQT
+ LCG|VMTISDSPR * EMDLSSPQT|RYI
- VMTISDSPREQD - LSSPQT RYIPDE
13.  408-417 - MATVNN CVSYRN
6. 217-228 . EQ + VNN [CVSYRNPAE
+ CVSYRNPAE | GTW
- QTLDKVYQMKSK YRNPAE GTWYIQ
7. 259-267 - KLHSIR DRNGTH 14, 424-432 GTWYIQ SLCQSL
(SSc+SLE)  + SIR{DRNGTHLDA + YIQ [SLCQSLRER
+ DRNGTHLDA |GAL ¥ SLCQSLRER|CPR

GTHLDA GALTTT

QSLRER CPRGDD

Fig.2. Epitope mapping of autoantibodies directed against human caspase-8. Each epitope recognized by the autoantibodies were indi-

cated by the boxes.
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Death Effector Domain A Death Effector Domain B

Caspase region

Epitope no. 1 2 3 4 5 6 7 8 9 10 1 12 13 14
|QACQG| |RNPAEGTW|
1 79 101 177 [ 391 I 479
[] [ W77 2 |
N 1 0 T o1 0
N2 0 0 T 1 0
N3 T ) T T ) T
S1 0 0 0 0 O N T 1 T
S2 T T T T T T T T T
s3 0 0 0 0 T 0 0
S4 T T T T T T T T
S5 1 0 0 0 0 (O 0 0
S6 0 0 0 0 T 0 1
PSS 1 T T T T ) T ) T T
PSS 2 0 0 0 0 T 1 0 T
PSS 3 T T T T T ) T T T T
PSS 4 0 0 0 0 0
SLE 1 0 0 T 0 0 O N 0 T
SLE 2 0 0 0 0 N S T 1 Tt
SLE 3 0 0 Tt 0 0 T T 1 T

Fig. 3. The location of each epitope on the caspase-8 molecule and reactive autoantibodies.

catalysis [10,11]. It is therefore relevant that the active site cystein
Cys287 [12] was included in epitope 8. Epitope 10 included
Ser338, located in the caspase-8 active site. Caspase-8 contains a
unique pentapeptide motif QACQG [13], including the catalytic
cysteine Cys360. This pentapeptide constitutes the central part
of epitope 11, and it is important to note that autoantibodies
directed against this epitope were not detected in healthy indi-
viduals. The caspase-8 substrate specificity determinant
RNPAEGTW [13] was included in the sequence of epitope 13.
The number of epitopes detected by the autoantibodies was
lowest in healthy individuals, especially in N1, increased in the
patients with silicosis, and was more extensive in the patients with
SSc and SLE. The serum of SLE2 contained autoantibodies
against 13 epitopes on the caspase-8 molecule. These epitope
mapping data demonstrate that the immune system of each indi-
vidual recognizes the caspase-8 antigenic sites in specifically
linked sets rather than detecting each site at random. The antigen
presenting cells may present a large conformation of epitopes to
the immune system, displaying them in a cooperative manner.

Capture of anti-caspase-8 autoantibodies by ProteinChip
analysis
The autoantibodies were examined next by SELDI ProteinChip
analysis [6]. ProteinChip arrays represent a new technology,
therefore the accuracy of the technique was confirmed prior to
the collection of any experimental data. Recombinant human
caspase-8 was linked to the NP1 chip, and a purity check of the
antigen was performed (data not shown). Recombinant human
caspase-8 was linked to PS2 chip, and incubated with polyclonal
goat anti-human caspase-8 IgG. The chip was treated with the
energy-absorbing molecule sinapinic acid, and analysed with
SELDI ProteinChip system.

To prove a negative control, another PS2 chip was treated in
the same way, but without the antigen. Captured antibodies were

detectable, and average molecular weight of the IgG in main peak
was about 148 000 kD (Fig. 4a). These preliminary data confirmed
that the technique is valid for the detection of autoantibodies in
serum samples. The sera from healthy individuals (3 samples),
silicosis, SSc and SLE patients (6, 4 and 3 samples, respectively)
were analysed for anti-caspase-8 autoantibodies using PS2 chips.
These sera had also been analysed previously using the SPOTs
system.

Autoantibodies directed against recombinant human caspase-
8 were captured on the PS2 chips. The total integrated peak height
was calculated to determine the strength of the interaction
between the antibodies in the sample and the caspase-8 antigen
(Fig. 4b). Anti-caspase-8 autoantibodies were detected at high
levels in the sera of patients with SSc or SLE, and at moderate
levels in silicosis patients. Anti-caspase-8 autoantibodies
were also observed in the healthy individuals, but only at low
levels.

Autoantibody immunoglobulin subclass specificity
The IgG subclass specificity of the anti-caspase-8 autoantibodies
was then determined. A preliminary analysis was performed using
monoclonal antibodies of four different IgG subclasses that had
either x or A light chains (data not shown). Some differences in
molecular weight between antibodies of the same subclass with
the same light chain isotype were detected by the ProteinChip
analysis. This was due to small diffrences in the amino acid
sequence of the variable chain that is specific to each antibody.
The major IgG subclass of the anti-caspase-8 autoantibodies
was estimated from the results of the ProteinChip array in which
peak height was normalized schematically, Western blotting and
the SPOTs system analysis. The major peak in 12 of the 16
samples was considered to be IgG1 and with the A light chain,
although the average kxto A ratio is 2: 1 in humans [14] (data not
shown).
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Fig.4. Surface enhanced laser desorption/ionization (SELDI) Pro-
teinChip analysis of anti-caspase-8 autoantibodies. (a) Recombinant
human caspase-8 was loaded on the spots of a preactivated SELDI Pro-
teinChip, and the chip captured goat polyclonal anti-human caspase-8
globulins. Data were normalized with internal standards before making a
comparison between the spots. (b) The integrated total peak height for
each sample calculated from the graph obtained as in (a). The index was
based on the peak height gained with the goat anti-caspase-8 polyclonal
antibody.

DISCUSSION

A significant finding was the location of the caspase-8 active site
cystein residue Cys287 within one of the caspase-8 autoantibody
epitopes. The catalytic property defining the caspase is their
ability to cleave the substrate after the aspartic acid in position
P1. This is combined with an equally stringent requirement for a
particular amino acid conformation in front of the cleavage site

[12]. Peptide-based inhibitors of ICE family, such as the irre-
versible inhibitors z-VAD-fmk (benzyloxycarbonyl-Val-Ala-
Asp-fluoromethylketone) and z-DEVD-fmk (benzyloxycarbonyl-
asp-Clu-Val-Asp-fluoromethylketone), bind to the active site
cysteine Cys287 of caspase-8. This is achieved through covalent
bond formation and the displacement of fluoromethylketone to
form a thiomethylketone with the cystein residue of the active-
site [10,11]. Cytokine response modifier A (Crm A), a product of
the cowpox virus and a reversible inhibitor of caspase-8, compete
with the substrate at LVAD thus reducing its chances of interac-
tion with the active site cystein of caspase-8 molecule.

Intramolecular epitope spreading [15] may be a mechanism
by which multiple autoantibodies are generated. Our results
suggest a stepwise progression in the maturation of the humoral
immune response to caspase-8, which is consistent with this
concept [16]. Autoimmune epitope spreading has been described
in patients with SLE, multiple sclerosis, and bullous pemphigoid
[17-19], and it is reported to be B7-1 dependent, playing a major
pathologic role in experimental autoimmune encephalomyelitis in
mice [18]. By the time a patient is diagnosed with an autoimmune
disease, significant tissue destruction has already occurred,
making it difficult to identify the antigen against which the
autoimmune response is directed [13]. It is noticeable that the
epitope No.11 which includes the active site cystein Cys287 of
caspase-8 has not been recognized by healthy individuals,
although some of the sera from the healthy individuals reacted
with recombinant human caspase-8 by Western blotting analysis.
Our results, especially those in the healthy individual N1, suggest
that epitope 5, 8, 9 or 13 could contain the primary epitope, and
that intramolecular epitope spreading occurs not only in autoim-
mune patients, but also in healthy individuals.

Many traditional experimental systems are limited in their
sensitivity or scale. In this study we employed the SELDI Pro-
teinChip technology to determine the anti-caspase-8 antibody
profiles of different serum samples. Through the use of this
technology, it was possible to detect a few femtomoles of protein
and determine its molecular mass with considerable precision.
These features of the ProteinChip system allowed us to determine
the main IgG subclass of the anti-caspase-8 autoantibodies.

A significant finding was that the frequency of the autoanti-
body x or A light chains differed from the average distribution in
humans, although no functional difference has been detected
between antibodies with different light chains [14]. A case report
in which the patient had a high level of IgG4 A antiplatelet autoan-
tibody without thrombocytopenia suggested that IgG1 and IgG4
autoantibodies may have different pathogenetical effects [20].
Since the IgG4 subclass is incapable of fixing complement via the
classical complement pathway, IgG4 is considered a noninflam-
matory antibody [21,22]. Another report concerning pemphigus
vulgaris or pemphigus foliaceus indicated that most polyclonal
autoantibodies in patients suffering acute onset or active disease
were of the IgG4 subclass, while patients in remission had mainly
IgG1 autoantibodies [23].

The present study provides evidence that anti-caspase-8
autoantibodies occur in the patients with silicosis, SSc and SLE
as well as in healthy individuals. At least 14 epitopes on the
caspase-8 molecule were recognized by the autoantibodies, and
these epitopes included amino acid residues involved in the key
biological functions of the protein. The main IgG subclass in
almost all cases was IgG1A but in some cases it was I[gG4 k. These
findings represent (to our knowledge) the first example of anti-
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caspase-8 autoantibody epitope mapping. In addition, intramole-
cular epitope spreading was demonstrated in the anti-caspase-8
autoantibodies of the patients with silicosis, SSc and SLE as well
as healthy individuals. The relationship between the autoanti-
bodies and the pathogenesis of these autoimmune diseases
requires further clarification, but it might be possible that these
autoantibodies could enter into cells and interact with autoanti-
gens as soon as the apoptotic signal started and the intracellular
condition changed.
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