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Relationships Between Autoantibody Responses to
Deletion Mutants of Ki Antigen and Clinical
Manifestations of Lupus

RAN MATSUDAIRA, KEN TAKEUCHI, YOSHINARI TAKASAKI, TETSURO YANO, MASAKAZU MATSUSHITA,
and HIROSHI HASHIMOTO

ABSTRACT. Objective. To determine the relationships between subtypes of anti-Ki antibodies and clinical mani-
festations of systemic lupus erythematosus.
Methods. The cDNA encoding full-length bovine Ki antigens or N- or C-terminal fragments were
produced by polymerase chain reaction, and the fragments of Ki antigen were expressed as GST
fusion proteins. Immunoreactivities of anti-Ki antibodies were tested by Western blotting.
Results. Of 60 sera reactive with full-length Ki antigen (KiF), 21 sera recognized only KiF. KiC5, a
fragment containing the last 69 C-terminal amino acids, was recognized by 23 sera. Since no signif-
icant difference was observed in prevalence of reactivities between fragments from KiC2 to KiC5,
a domain within the last 69 C-terminal amino acids was suggested to be the most common antigenic
domain expressed among the GST fusion proteins. All 11 sera reacting with a fragment containing
the initial 81 N-terminal amino acids also recognized all other fragments. A domain homologous to
SV40 nuclear localization signal was required for N-terminal recognition by 8 sera. Reactivity to the
last 69 C-terminal amino acids and the initial 81 N-terminal amino acids showed specificities to
systemic lupus erythematosus without and with Sjogren’s syndrome, respectively. Sicca was signif-
icantly more prevalent in patients whose sera reacted with both N- and C-terminal fragments, while
prevalence of anti-SSA/Ro antibody was low.
Conclusion. Ki antigen contains multiple epitopes recognized by autoimmune sera. Autoantibody
profiles revealed distinctive immune responses, associated with certain clinical subtypes.

(J Rheumatol 2003;30:1208-14)
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Anti-Ki antibody is an autoantibody detected in 6.7 to
21.4% of patients with systemic lupus erythematosus (SLE).
Clinical features associated with anti-Ki antibodies have
been studied by several investigators, including persistent
arthritis, pericarditis, pulmonary hypertension', noninfec-
tious fever?, and central nervous system (CNS) involve-
ment’. Ki antigen was also suggested to be identical to sicca
lupus (SL) antigen. Autoantibody to SL antigen was origi-
nally reported by Harmon, et al as an autoantibody specific
for SLE and Sjogren’s syndrome (SS) and associated with
rash, pleuritis, and sicca complex*.
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PA28 KI ANTIGEN
SJIOGREN’S SYNDROME EPITOPE

The target antigen Ki has been characterized as a 32 kDa
nonhistone nuclear protein without associated RNA, having
an isoelectric point of 4.3. Results of high pressure liquid
chromatography analysis suggested that native Ki antigen
exists as a 224 kDa polymer?. The ¢cDNA encoding bovine
and human Ki antigens have been isolated and the deduced
amino acid sequence predicted that Ki antigen was a 29.5
kDa polypeptide with highly hydrophilic and weakly acidic
characteristics. The nucleotide and amino acid sequence of
Ki is well conserved during evolutions; bovine Ki antigen is
96.5% identical to human Ki antigen; and the antigenicity of
recombinant bovine Ki antigen has been well character-
ized*>7.

The cellular function and association with nuclear
components of Ki antigen was poorly understood until
several reports established that Ki was identical with a 20S
proteasome activator, PA28y%!10. PA28y (Ki) is one of the
proteasome activators that is composed of 2 homologous
subunits, PA28a and PA288. The proteasome exists in large
complexes and PA28 complex is also known to play an
important role in peptide presentation by major histocom-
patibility complex (MHC) class I molecules and in cell
cycle regulation®!®, PA28y forms a single homopolymer
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complex (hexamer or heptamer) and stimulates multiple
peptidase activities of the 20S proteasome, and plays a role
as a positive allosteric activator binding to 20S proteasome.
Most proteasome complexes are mainly located in cyto-
plasm. Recent studies have revealed that the proteasome
complex locates both in cytoplasm and in nucleus, and the
localization of PA28y is restricted to the nucleus'>!7-!8, The
function of PA28y in the nucleus in vivo remains to be deter-
mined.

Autoantigenic domains recognized by anti-Ki antibodies
have been studied rarely. However, the diversity of reported
prevalences of anti-Ki antibodies according to different anti-
body detection systems suggests the presence of multiple
autoantigenic domains on Ki antigen, which might be
altered through antigen preparation'®?°, From this point of
view, we studied autoantibody responses to Ki antigen,
focusing on a domain located between amino acids 82 and
91. As an antigen, we used a synthetic peptide whose amino
acid sequence had been reported to be homologous to SV 40
large T-antigen nuclear localization signal (SV40 NLS). The
results indicated that the domain represents an epitope on Ki
antigen that is detectable in both native and denatured
conditions, and also suggested discoid rash and sicca
complex are associated with this subtype of anti-Ki anti-
bodies”?!.

In this study, to more fully characterize the subtypes of
anti-Ki antibodies, we analyzed immunoreactivities of anti-
Ki sera using truncated fusion proteins from the N- and C-
termini and investigated relationships with certain clinical
features of SLE.

MATERIALS AND METHODS

Patients and sera. Reactivity of sera to Ki antigen was confirmed by
Western blotting using recombinant Ki antigen; 60 positive sera were
selected, 24 from SLE patients with Sjogren’s syndrome (SS), 24 from SLE
patients without SS, and 12 from patients with primary SS. All patients with
SLE met the American Rheumatism Association diagnostic criteria??. All
patients with SS satisfied the San Diego criteria for definite SS?. Clinical
and laboratory features in SLE patients were defined according to the 1982
revised criteria? or according to accepted clinical practice (e.g., sicca refers
to xerostomia and xerophthalmia, cardiac involvement refers to abnormal
results on electrocardiogram and/or echocardiography, CNS involvement
refers to psychosis, convulsion, consciousness disturbance or stroke).
Preparation of full-length and N-, and C-terminal truncated Ki antigens.
Bovine cDNA encoding the nucleotide sequence of Ki antigen, pb-Ki-1,
was cloned from a cDNA library obtained from bovine retina as described®.
Nine different sizes of cDNA encoding full-length, N-, or C-terminal trun-
cated bovine Ki antigen were produced from pb-Ki-1 by polymerase chain
reactions (PCR) using primers designed to contain Eco RI restriction sites
at both 5°- and 3’- terminal ends (Figure 1A). PCR products were separated
on 1% agarose gels and purified using Suprec (Takara, Shiga, Japan). Each
purified PCR product was digested by Eco RI and inserted into an expres-
sion vector, pGEX (Amersham Pharmacia Biotec, Buckinghamshire,
England), and this plasmid DNA was introduced into a competent
Escherichia coli strain DH-5a (Gibco BRL, Grand Island, NY, USA).
Expression of fusion protein was induced in the presence of 1 mM
isopropyl-B-D-thiogalactopyranoside (IPTG) for 4 h at 37°C.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

and Western blotting. SDS-PAGE was performed to confirm production of
GST fusion proteins as described?*. The slab gel consisted of 12.5% acry-
lamide and 0.1% SDS in Tris-HCI (pH 8.8) with 15 mm of stacking gel
containing 5% acrylamide and 0.1% SDS in Tris-HCl (pH 6.8). Each
sample was dissolved in sample buffer (3% SDS, 5% 2-mercaptoethanol,
55 mM Tris HCL, pH 6.8, 10% glycerol, bromphenol blue), boiled for 5
min, and electrophoresed. Resulting bands were stained with Coomassie
blue R250.

For Western blots, recombinant Ki antigens were subjected to elec-
trophoresis on a 12.5% SDS polyacrylamide gel and transferred to nitro-
cellulose at 55 V for 3 h in 12.5 mM Tris-HCI (pH 8.3), 96 mM glycine,
and 20% methanol®. The nitrocellulose was stained with 1% Ponceau S
(Sigma) in 5% acetic acid to confirm transfer efficiency, and then saturated
in phosphate buffered saline (PBS)/Tween containing 5% nonfat dry milk
(PBS-Tween/milk) at room temperature for 4 h to block excessive back-
ground staining. The nitrocellulose was cut into strips and incubated with
antibodies diluted 1:100 in PBS-Tween/milk at room temperature for 90
min, followed by washing in PBS-Tween for 10 min with 2 changes.

After washing, strips were incubated with alkaline phosphatase labeled
anti-human IgG (KPL, Gaithersburg, MD, USA) diluted 1:5000 with 3%
PBS-Tween/milk at room temperature for 90 min. After washing with PBS-
Tween for 10 min with 2 changes, the bound conjugate was detected by
incubation with substrate solution BCIP/NBT Phosphatase Substrate
(KPL). Strips were washed with distilled water after an appropriate incu-
bation period.

Other methods. Statistical significance was assessed by chi-squared
analysis with Yates’ correction (2 tailed test).

RESULTS

Expression of Ki fusion proteins. N- and C-terminal trun-
cated cDNA were constructed by PCR using cDNA
encoding bovine Ki antigen as a template (Figure 1A). KiN1
and KiN2 as well as KiC2 and KiC3 were designed to
compare the antigenicity of fragments with and without a
domain homologous to SV40 NLS (AA 82 to 91; Figure
1A).

Expression of N- and C-terminal truncated Ki antigens
was confirmed by SDS-PAGE (Figure 1B). Fusion protein d
(KiF), containing the full-length amino acid sequence of Ki
antigen, showed a band at 54 kDa in addition to the bacte-
rial proteins (Figure 1B, lane d). In contrast, the expression
vector pGEX without an insert produced a 26 kDa protein
(Figure 1B, lane P). SDS-PAGE analysis of the other fusion
proteins (KiNT1 to 3 and KiCl to 5) yielded polypeptides of
35, 36, 42, 49, 45, 44, 38, and 33 kDa, respectively.

Reactivities against N- and C-terminal fragments of the Ki
antigen by Western blot. To compare immunoreactivities of
anti-Ki antibodies, Western blotting was performed using N-
and C-terminal fragments of Ki antigen. As shown in Figure
2, various reaction patterns were observed. Of 60 sera, 11
reacted with all 8 fragments prepared for this study. In
contrast, 21 sera did not recognize any antigen except KiF,
which consisted of the amino acids of full-length Ki antigen
(Figure 2).

Reactivities against N- and C-terminal fragments of Ki
antigen are summarized in Table 1. KiN1, containing the
initial 81 N-terminal amino acids, was recognized by 11
sera. On the other hand, 19 sera reacted with KiN2, an N-
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Figure 1. N- or C-terminal deletions and expression of Ki fusion proteins. A. Ki antigens produced as GST fusion proteins. Fragments KiN1 to 3 begin at
amino acid residue 1 and extend to the residue number to the right of each fragment. KiN1 includes the initial 81 N-terminal amino acids, and KiN2 contains
a domain homologous to SV 40 NLS, in addition to KiN1. KiF is full-length Ki antigen. KiCl1 to 5 lack the N-terminus of Ki antigen. KiC1 contains residues
44 to the C-terminal residue 254; KiC2 consists of a domain homologous to SV 40 NLS, while the domain is truncated in KiC3; KiC4 consists of residues
144 to the C-terminal residue 254; KiCS5 represents the 69 C-terminal amino acids. Numbers denote the amino acids at N- and C-terminal fragments. A domain
homologous to SV 40 NLS, amino acid residues within 82 to 91, is shown by the shaded area. KiN1 and KiN2 as well as KiC2 and KiC3 were digested to
compare autoantigenicity of the domain. B. SDS-PAGE analysis of Ki fusion proteins under reducing conditions. N- and C-terminal truncated Ki antigens

were produced as GST fusion proteins in the presence of IPTG. Lane P shows GST fusion protein, while lanes a to i were produced from cDNA constructed
by PCR as shown in panel A. Molecular weight markers are at left.

terminal fragment 10 amino acids longer than KiN1 that
consisted of a domain homologous to SV40 NLS. This
result suggested that these additional 8 sera required the
presence of a domain within AA 82 to 91 for N-terminal

recognition. All 11 sera that recognized KiN1 also reacted
with all other fragments, indicating that these sera recog-
nized epitopes at both N- and C-terminal ends. Since no
significant difference was observed between prevalence of
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Figure 2. Immunoreactivity of anti-Ki sera against Ki fusion proteins shown by Western blots. N: normal human serum; A: serum reactive with all fragments;
B: serum reactive only with full-length Ki (KiF); C: serum reactive with all C-terminal fragments (KiC1 to 5) and the 144 N-terminal amino acids (KiN3).
Lanes a to i correspond to cDNA in panel A of Figure 1. Molecular weight markers are at left.
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Table 1. Reactivities against N- and C-terminal fragments of Ki antigen.
Reactivity refers to number of reactive sera among 60 specimens.

Fragments Fusion Proteins Reactivity
KiN1 AA 1-81 11
KiN2 AA 1-91 19
KiN3 AA 1-144 20
KiF AA 1-254 60
KiC1 AA 44-254 34
KiC2 AA 82-254 22
KiC3 AA 92-254 23
KiC4 AA 144-254 21
KiC5 AA 186-254 23

AA: amino acids.

reactivity to KiN2 (AA 1 to 91) and KiN3 (AA 1 to 144), the
domain between AA 92 and 144 apparently was not required
for antibody binding.

KiCl, the longest C-terminal fragment, contained 210
amino acids and was recognized by 34 sera. Numbers of
sera reacting with the other C-terminal fragments (KiC2 to
5) ranged between 21 and 23, suggesting that these sera
were mainly targeting a domain within 69 amino acids of the
C-terminus.

Relationship between diagnosis and subtype of anti-Ki anti-
bodies. Since we found that anti-Ki sera showed varying
reactivities to Ki deletions, relationships between diagnostic
groups and immunoreactivity pattern were studied further.
Patients were classified into 3 disease groups according to
the reported disease specificities (SLE without SS, primary
SS, and SLE with SS). Table 2 presents immunoreactivity
patterns and clinical patterns observed in this study; 21 sera
reacted with only full-length Ki, 23 with KiC5, 11 with KiN1
in addition to KiC5, and 8 with KiN2 but not KiN1. All sera
that reacted with KiN1, the shortest N-terminal fragment,
also reacted with all fragments prepared for this study.

Of 24 sera from SLE patients without SS, 6 reacted only
with KiF. Reactivity to KiC5, a C-terminal fragment with 69
amino acids, was observed most frequently in this disease
group. Although not statistically significant, prevalence of
KiCS5 tended to be higher in these patients than in primary
SS. Of 11 sera that reacted with C-terminal fragments, 2 also
recognized the initial 81 N-terminal amino acids. Seven sera
reacted with KiN2 but not KiN1, which indicated that these

sera required presence of a domain between AA 82 and 91
for N-terminal recognition. Most occurrences of this
immunoreactivity pattern were in the SLE group.

Half of the 12 sera from patients with primary SS reacted
only with KiF. Reactivity to the last 69 C-terminal amino
acids was observed in only one serum specimen among
those from patients with primary SS (8.3%).

Considering 24 sera from SLE patients with SS, reac-
tivity to the last 69 C-terminal amino acids was detected
more frequently than in the group of the SLE patients
without SS (11 sera, 45.8%). Interestingly, most sera in this
group also recognized KiN1, amounting to a prevalence
significantly higher than in SLE without SS (p < 0.01).
Further, of 11 sera that reacted with KiN1, 8 were from SLE
patients with SS. These results suggested that the reactivity
to the 69 C-terminal amino acids was a feature in common
with SLE, while reactivity to the 81 N-terminal amino acids
was specific for SLE with SS.

When antigenicities were compared between KiN1 and
KiN2, 8 sera reacted with KiN2 but not KiN1, indicating
that these sera required the presence of a domain lying
between AA 82 and 91 for N-terminal recognition. These 8
included 7 specimens from SLE patients without SS.

Clinical significance of antibodies to N- and C-terminal
domains of the Ki antigen. We further studied the relation-
ship between individual clinical significance and immunore-
activity patterns of anti-Ki antibodies (Table 3). In patients
whose sera reacted only with KiF, relatively high rates of
hypergammaglobulinemia and anti-SSB/La antibody posi-
tivity were noted. Prevalence of anti-Sm antibody was
significantly higher in patients whose sera recognized KiCS5.
Sicca was observed frequently in patients who had anti-
bodies to both N- and C-terminal fragments, a prevalence
significantly higher than for other reactivity patterns. In
contrast, the prevalence of anti-SSA/Ro antibody in these
patients was significantly low.

DISCUSSION

We compared immunoreactivities of anti-Ki sera against N-
or C-terminal fragments of Ki antigen. The Western blot
results indicated that the autoantigenic domains were
present within both N-terminal 81 and C-terminal 69 amino
acids. In addition, 8 sera required a domain between AA 82

Table 2. Relationship between diagnosis and subtypes of anti-Ki antibodies.

Reactive Only with KiF Reactive with KiC5 Reactive with KiNi and  Reactive with KiN2 But Not KiN1

All Other Fragments
SLE without SS, n = 24 (%) 6 (25.0) 11 (45.8) 2 (8.3) 7 (29.2)**
Primary SS, n =12 (%) 6 (50.0) 1(8.3) 1(8.3) 0 (0.0)
SLE with SS, n =24 (%) 9 (37.5) 11 (45.8) 8 (33.3)* 1(4.2)
Total, n = 60 (%) 21 (35.0) 23 (38.3) 11 (18.3) 8 (13.3)

*p < 0.05 versus SLE without SS; ** p < 0.05 versus SLE with SS.
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Table 3. Correlation between autoantibody profiles and clinical and laboratory features.

2002-594-5

Clinical and Laboratory
Features

Reactive Only with KiF (%)

Reactive with KiC5 (%)

Reactive with KiN1 and Reactive with KiN2  Total (%)

All Other Fragments (%) But Not KiN1 (%)

Photosensitivity 7/12 (58.3) 8/18 (44.4) 5/10 (50.0) 1/5 (20.0) 17/39 (43.6)
Malar rash 8/14 (57.1) 9/20 (45.0) 5/9 (55.6) 1/5 (20.0) 22/40 (55.0)
Discoid rash 1/14 (7.1) 2/18 (11.1) 1/9 (11.1) 1/5 (20.0) 6/43 (13.9)
Alopecia 5/14 (35.7) 4/20 (20.0) 2/9 (22.2) 1/5 (20.0) 12/45 (26.7)
Oral ulcer 5/14 (35.7) 3/20 (15.0) 2/9 (22.2) 0/5 (0.0) 10/45 (22.2)
Raynaud’s phenomenon 3/14 (21.4) 5/19 (26.3) 4/9 (44.4) 1/5 (20.0) 13/44 (29.5)
Sicca 9/15 (60.0) 11/17 (64.7) 9/10 (90.0)* 1/5 (20.0) 28/47 (59.6)
Arthralgia 10/15 (66.7) 15/19 (78.9) 7/9 (77.8) 1/5 (20.0) 32/45 (71.1)
Myositis 1/12 (8.3) 0/17 (0) 0/9 (0) 0/5 (0) 4/39 (10.3)
Lymphadenopathy 0/14 (0) 1/20 (5.0) 0/9 (0) 0/5 (0) 1/44 (2.3)

Cardiac involvement 2/13 (15.4) 0/19 (0) 0/9 (0) 0/5 (0) 3/42 (7.1)

Serositis 1/14 (7.1) 0/18 (0) 0/8 (0) 0/5 (0) 1/42 (2.4)

Interstitial pneumonia 1/14 (7.1) 0/19 (0) 0/9 (0) 0/5 (0) 2/43 (4.7)

Renal involvement 10/13 (76.9) 12/19 (63.2) 5/9 (55.6) 2/5 (40.0) 27/43 (62.8)
CNS involvement 3/13 (23.1) 1/21 (4.8) 0/10 (0) 0/5 (0) 5/44 (11.4)
Leukopenia 6/14 (42.9) 10/21 (47.6) 4/10 (40.0) 3/5 (60.0) 21/47 (44.7)
Thrombocytopenia 1/13 (7.7) 2/21 (9.5) 1/10 (10.0) 0/5 (0) 3/45 (6.7)

Hypergammaglobulinemia 12/15 (80.0)* 10/21 (47.6) 5/9 (55.6) 1/5 (20.0) 25/47 (53.2)
Hypocomplementemia 7/14 (50.0) 8/20 (40.0) 2/10 (20.0) 2/5 (40.0) 20/44 (45.5)
RF 2/13 (15.4) 6/19 (31.6) 4/9 (44.4) 0/5 (0.0) 10/42 (23.8)
Anti-DNA antibody 11/14 (78.6) 11/18 (61.1) 5/10 (50.0) 3/5 (60.0) 27/42 (64.3)
Anti-U1RNP antibody 4/14 (28.6) 7/18 (38.9) 3/9 (33.3) 1/5 (20.0) 14/41 (34.1)
Anti-Sm antibody 1/13 (7.7) 6/19 (31.5)* 2/9 (22.2) 1/5 (20.0) 7/41 (17.1)
Anti-SSA/Ro antibody 9/14 (64.3) 10/18 (55.6) 3/11 (27.3)* 2/5 (40.0) 23/43 (53.5)
Anti-SSB/La antibody 5/15 (33.3)* 1/18 (5.6) 0/10 (0) 1/5 (20.0) 6/42 (14.3)

*p < 0.05 versus all the patients in the other groups. CNS: central nervous system; RF: rheumatoid factor.

and 91 for N-terminal recognition. These results support our
previous findings that amino acid residues 82 to 91 of Ki
antigen constituted a sequence homologous to SV40 NLS
and represented an epitope recognized by 20 to 37% of anti-
Ki sera’?!. KiC5 containing C-terminal 69 amino acids was
recognized by 23 sera, and truncation of a domain between
AA 82 and 185 did not affect reactivity to Ki antigen. In
addition to these results, since all sera reacting with KiN1
recognized all fragments prepared for this study, a domain
within the last 69 C-terminal amino acids is likely to be the
most common antigenic domain expressed among the GST
fusion proteins.

Previous reports have described varying frequencies of
anti-Ki antibodies. In particular, the reported prevalence of
anti-Ki antibodies in lupus sera has differed according to the
immunoassay systems: 6.7% by immunoprecipitation,
11.8% by double immunodiffusion (DID), 18.9% by ELISA
using recombinant Ki, and 21.4% by ELISA using purified
Ki!36, We recently compared immunoreactivity of anti-Ki
sera detected by DID in other immunoassay systems and
found that anti-Ki reactivities were different in individual
antibody detection systems’. These results suggested that
the epitopes on Ki antigen were affected by antigen prepa-
ration or detection methods. Although these discrepancies
could be explained by different sensitivities of the indi-
vidual immunoassay systems, the findings more likely

suggest that recognition of epitopes depends upon confor-
mational structure?®?’,

Such discrepancies are also observed in Sm, SSA/Ro,
SSB/La, proliferating cell nuclear antigen (PCNA), Ku, and
many other antigen-antibody assay systems?-34  As
discussed by several investigators, the autoantigenic
domains typically recognized by autoantibodies are located
in the functional and conformational domains of the target
antigens, and expression of autoantibodies is antigen-
driven®-®, Recombinant antigens may fail to acquire the
specific conformational structure and posttranslational
modification of the native antigen, as well as lacking
protein-protein interaction. Recent studies on cellular func-
tion and structural analysis of Ki antigen as a proteasome
activator revealed that Ki antigen exists as a homopolymer
that binds to a 20S proteasome to form a complex, and was
specifically identified as present in association with affinity
purified PCNA37-3°, These observations also suggest that the
autoepitopes of Ki antigen commonly recognized by
autoimmune sera depend on its conformational structure in
the same manner as other autoantigens. These findings may
explain why we could not identify epitopes recognized by
the majority of sera in Western blotting, which lends itself to
detection of linear epitopes. In addition to these findings,
human autoantibodies recognizing epitopes specific for
human antigen might fail to react with recombinant antigen
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from different species, even if most of the antigenic domains
and amino acid sequence are highly conserved.

Our results showed that about one-third of anti-Ki sera
failed to recognize the longest N- and C-terminal fragments,
while these fragments included 100 overlapping amino
acids. In Western blots performed under denatured condi-
tions, antibodies are thought to recognize only linear
epitopes. However, several investigators have observed
similar results and suggested that some autoantibodies can
bind to a conformational structure, despite the denatured
condition in Western blotting?%4%-43, It has been suggested
that the presence of conformational or discontinuous
epitopes, which were labile in the reducing condition or
refolded by partial renaturation after the denatured proteins,
are transferred to the nitrocellulose membrane***. Thus, it
is possible that antibodies that could react with only full-
length Ki recognize the conformational structure that
required the presence of both N- and C-terminal domains for
antigen recognition. Although these reports and our data
may support this hypothesis, further investigation will be
required to determine the presence of a conformational
structure on the GST fusion protein under denatured condi-
tions, and whether the weak reactivities against smaller frag-
ments of recombinant antigen with low titer anti-Ki sera
were not observed in this assay system.

To study the relationship between clinical features and
immunoresponses of anti-Ki antibodies, reactive patterns
were classified into 4 representative groups. As depicted in
Table 2, the immunoresponse to Ki antigen differed in rela-
tion to different diagnoses. In the study of reactivity to C-
terminal fragments, 22 of 23 sera (95.7%) that reacted with
KiC5 were obtained from patients with SLE, while one-half
of sera from patients with SS recognized only full-length Ki.
These results suggest that reactivity to the last 69 C-terminal
amino acids might be specific for SLE. When reactivities to
N-terminal fragments were compared between sera reacting
with KiC5, most sera from patients with SLE with SS and
also all sera from patients who had SLE without SS reacted
with KiN2. In contrast, reactivity to KiN1 showed dissocia-
tion, occurring in 8 of 11 sera (72.7%) from SLE patients
with SS but in only 2 sera (18.2%) from SLE patients
without SS. This suggests that the autoantibody to the initial
81 N-terminal amino acids has a strong association with
features of SS in lupus patients. Detection of this reactivity
therefore would be helpful for diagnosis of sicca complex.

Profiles of anti-Ki antibodies and specific clinical or
laboratory features showed some other significant associa-
tions. Anti-Sm antibody, known to be a diagnostic marker
for SLE, was frequently detected among patients whose sera
reacted with KiC5. This corresponds with our finding that
the reactivity to KiC5 was specific for SLE. When we
focused on association with other autoantibodies, anti-
SSA/Ro antibody was frequently detected?. The highest
prevalence of anti-SSA/Ro antibody was observed in sera

reacting for Ki only with the full-length antigen. The largest
population of this group was patients with SS, and anti-
SSB/La antibody was significantly more common in this
group than in others. In contrast, the highest prevalence of
sicca complex was observed in patients whose sera recog-
nized both N- and C-terminal domains of Ki antigen. This
patient group showed specificity to SLE with SS, although
the prevalence of anti-SSA/Ro antibody was significantly
lower than in other groups. Thus, sicca complex in this
group was strongly associated with autoantibodies targeting
the initial 81 N-terminal amino acids, but not with the anti-
SSA/Ro antibody. These findings strongly suggest that
development of SS in these 2 patient groups might be
induced by different mechanisms.

In this study, we identified multiple autoantigenic
domains on Ki antigen. Immunoreactivity to the C-terminal
domain of Ki antigen was specific for SLE, while the initial
81 N-terminal amino acids were more important in the
autoantibody response in SLE patients with sicca complex.
This suggests the possibility of different mechanisms in
development of sicca complex between patients with these
subtypes of anti-Ki antibodies. However, Ki antigen is a
component of a multi-protein complex, and further studies
of its structure are required to understand how antigen
presentation of this subnuclear particle influences autoanti-
body expression. This understanding should enhance
knowledge of how the profile of autoantibody responses is
related to specific clinical features.

REFERENCES

1. Tojo T, Kaburaki J, Hayakawa M, Okamoto T, Tomii M, Homma
M. Precipitating antibody to a soluble nuclear antigen “Ki” with
specificity for systemic lupus erythematosus. Ryumachi 1981;21
Suppl:129-34.

2. Bernstein RM, Morgan SH, Bunn CC, Gainey RC, Hughes GRYV,
Mathews MB. The SL autoantibody-antigen system: clinical and
biochemical studies. Ann Rheum Dis 1986;45:353-8.

3. Sakamoto M, Takasaki Y, Yamanaka K, Kodama A, Hashimoto H,
Hirose S. Purification and characterization of Ki antigen and
detection of anti-Ki antibody by enzyme-linked immunosorbent
assay in patients with systemic lupus erythematosus. Arthritis
Rheum 1989;32:1554-62.

4. Harmon C, Peebles C, Tan EM. SL — a new precipitating system
[abstract]. Arthritis Rheum 1981;24 Suppl:S122.

5. Nikaido T, Shimada K, Shibata M, et al. Cloning and nucleotide
sequence of cDNA for Ki antigen, a highly conserved nuclear
protein detected with sera from patients with systemic lupus
erythematosus. Clin Exp Immunol 1990;79:209-14.

6. Yamanaka K, Takasaki Y, Nishida Y, Shimada K, Shibata M,
Hashimoto H. Detection and quantification of enzyme-linked
immunosorbent assay using recombinat Ki antigen. Arthritis Rheum
1992;35:667-71.

7. Yano T, Takasaki Y, Takeuchi K, Hirokawa K, Yamanaka K,
Hashimoto H. Anti-Ki antibodies recognition an epitope
homologous with SV40 nuclear localization signal: clinical
significance and reactivities in various immunoassays. Mod
Rheumatol 2002;12:50-5.

8. AhnJY, Tanahashi N, Akiyama K, et al. Primary structures of two
homologous subunits of PA28, a g-interferon-inducible protein

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

l—

Matsudaira, et al: Immunoreactivities to Ki deletions

1213

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

activator of the 20S proteasome [letter]. FEBS Lett 1995;
366:37-42.

Tanahashi N, Yokota K, Ahu JY, et al. Molecular properties of the
proteasome activator PA28 family proteins and gamma-interferon
regulation. Genes Cells 1997;2:195-211.

Realini C, Jensen CC, Zhang Z, et al. Characterization of
recombinant REGa, REGS, REGg proteasome activators. J Biol
Chem 1997;272:5483-92.

Tanaka K, Kasahara M. The MHC class I ligand-generating system:
roles of immunoproteasomes and the interferon-gamma-inducible
proteasome activator PA28. Immunol Rev 1998;163:161-76.
Wojcik C, Tanaka K, Paweletz N, Naab U, Wilk S. Proteasome
activator (PA28) subunits, a, 3 and y (Ki antigen) in NT2 neuronal
precursor cells and HeLa S3 cells. Eur J Cell Biol 1998;77:151-60.
Nikaido T, Shimada K, Nishida Y, Lee RS, Pardee AB, Nishizuka
Y. Loss in transformed cells of cell cycle regulation of expression
of a nuclear protein recognized by SLE patient antisera. Exp Cell
Biol 1989;182:284-9.

Tanaka K. Proteasome: structure and biology. J Biochem
1998;123:195-204.

Deveraux Q, van Nocker S, Mahaffey D, Vierstra R, Rechsteiner
M. Inhibition of ubiquitin-mediated proteolysis by the Arabidopsis
26S protease subunit S5a. J Biol Chem 1995;270:29660-3.

Patrick GN, Zhou P, Kwon YT, Howley PM, Tsai LH. p35, the
neuronal-specific activator of cyclin-dependent kinase 5 (Cdk5) is
degraded by the ubiquitin-proteasome pathway. J Biol Chem
1998;273:24057-64.

Wilk S, Chen WE, Magnusson RP. Properties of the nuclear
proteasome activator PA28g (REGg). Arch Biochem Biophys
2000;383:265-71.

Rechsteiner M, Realini C, Ustrell V. The proteasome activator 11S
REG (PA28) and class I antigen presentation [review article].
Biochem J 2000;345:1-15.

Buyon JP, Winchester RJ, Slade SG, et al. Identification of mothers
at risk for congenital heart block and other neonatal lupus
syndromes in their children. Comparison of enzyme-linked
immunosorbent assay and immunoblot for measurement of
anti-SS-A/Ro and anti-SS-B/La antibodies. Arthritis Rheum
1993;36:1263-73.

Ewins DL, Barentt PS, Tomlinson RWS, McGregor AM, Banga JP.
Mapping epitope specificities of monoclonal antibodies to thyroid
peroxidase using recombinant antigen preparations. Autoimmunity
1992;11:141-9.

Takasaki Y, Yano T, Hirokawa K, et al. An epitope on Ki antigen
recognized by autoantibodies from lupus patients shows homology
with the SV40 large T antigen nuclear localization signal. Arthritis
Rheum 1996;39:855-62.

Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria for the
classification of systemic lupus erythematosus. Arthritis Rheum
1982;25:1271-7.

Fox RI, Saito I. Criteria for diagnosis of Sjogren’s syndrome.
Rheum Dis Clin North Am 1994;20:391-407.

Laemmli UK. Cleavage of structural protein during the assembly of
the head of bacteriophage T4. Nature 1970;227:680-5.

Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Proc Natl Acad Sci USA
1979;76:4350-4.

Miyakata S, Takeuchi K, Yamaji K, Kanai Y, Tsuda Y, Takasaki Y.
Therapeutic plasmapheresis for the prevention of congenital
complete heart block associated with anti-SS-A/Ro antibody and
anti-SS-B/La antibody. Ryumachi 2001;41:726-35.

Ben-Chetrit E, Fox RI, Tan EM. Dissociation of immune responses
to the SS-A (Ro) 52-kd and 60-kd polypeptides in systemic lupus
erythematosus and Sjogren’s syndrome. Arthritis Rheum

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

2002-594-7

1990;33:349-55.

Hirakata M, Craft J, Hardin JA. Autoantigenic epitopes of the B
and D polypeptides of the Ul snRNP: analysis of domains
recognized by the Y12 monoclonal anti-Sm antibody and by patient
sera. J Immunol 1993;150:3592-601.

Kato T, Sasakawa H, Suzuki S, et al. Autoepitopes of the 52-kd
SS-A/Ro molecule. Arthritis Rheum 1995;38:90-8.

Boire G, Lopez-Longo FJ, Lapointe S, Ménard HA. Sera from
patients with autoimmune disease recognize conformational
determinants of the 60-kd Ro/SS-A protein. Arthritis Rheum
1991;34:722-9.

McNeilage LJ, Umapathysivam K, Macmillan E, Guidolin A,
Whittingham S, Gordon T. Definition of discontinuous
immunodominant epitope at the NH2 terminus of the SSB/La
ribonucleoprotein autoantigen. J Clin Invest 1992;89:1652-6.
Huff JP, Roos G, Peebles CL, Houghten R, Sullivan KF, Tan EM.
Insights into native epitopes of proliferating cell nuclear antigen
using recombinant DNA protein products. J Exp Med
1990;172:419-29.

Reeves WH, Pierain A, Chou CH, et al. Epitopes of the p70 and
p80 (Ku) lupus autoantigens. J Immunol 1991;146:2678-86.
Takeuchi K, Turley SJ, Tan EM, Pollard KM. Analysis of the
autoantibody response to fibrillarin in human disease and murine
models of autoimmunity. J Immunol 1995;154:961-71.

Tan EM. Antinuclear antibodies: diagnostic markers for
autoimmune diseases and probes for cell biology. Adv Immunol
1989;44:93-151.

Tan EM. Autoantibodies in pathology and cell biology. Cell
1991;67:841-2.

Takeuchi K, Kawakami I, Takasaki Y, Hashimoto H. Molecular
interaction between proliferating cell nuclear antigen and Ki
autoantigen recognition by sera from patients with systemic lupus
erythematosus [abstract]. Arthritis Rheum 1995;38 Suppl:S212.
Takeuchi K, Kaneda K, Kawakami I, Takasaki Y, Hashimoto H.
Autoantibodies recognizing proteins copurified with PCNA in
patients with connective tissue diseases. Mol Biol Rep 1996;
23:43-6.

Takasaki Y, Kogure T, Takeuchi K, et al. Reactivity of
anti-proliferating cell nuclear antigen (PCNA) murine monoclonal
antibodies and human autoantibodies to the PCNA multiprotein
complexes involved in cell proliferation. J Immunol
2001;166:4780-7.

Rokeach LA, Jannatipour M, Haselby JA, Hoch SO. Mapping of
the immunoreactive domains of a small nuclear ribonucle
oprotein-associated Sm-D autoantigen. Clin Immunol
Immunopathol 1992;65:315-24.

Durazzo M, Philipp T, Van Pelt FNAM, et al. Heterogeneity of
liver-kidney microsomal autoantibodies in chronic hepatitis C and
D virus infection. Gastroenterology 1995;108:455-62.

Knight TL, Scatchard KM, Van Pelt FNAM, Kenna G. Sera from
patients with halothane hepatitis contain antibodies to
halothane-induced liver antigens which are not detectable by
immunoblotting. J Pharmcol Exp Ther 1994;270:1325-33.
Callahan LN, Roderiquez G, Mallinson M, Norcross MA. Analysis
of HIV-induced autoantibodies to cryptic epitopes on human CD4.
J Immunol 1992;149:2194-202.

Nikoshkov A, Falorni A, Lajic S, et al. A conformation-dependent
epitope in Addison’s disease and other endocrinological
autoimmune diseases maps to a carboxyl-terminal functional
domain of human steroid 21-hydroxylase. J Immunol
1999;162:2422-6.

Wedlock N, Asawa T, Baumann-Antczak A, Smith BR, Furmaniak
J. Autoimmune Addison’s disease: Analysis of autoantibody
binding sites on human steroid 21-hydroxylase [letter]. FEBS Lett
1993;332:123-6.

1214

The Journal of Rheumatology 2003, 30:6

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

