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Autoantibodies That Stabilize U1snRNP Are a
Significant Component of Human Autoantibodies to
snRNP and Delay Proteolysis of Sm Antigens in Vitro
MINORU SATOH, JUN AKAOGI, YOSHIKI KURODA, DINA C. NACIONALES, HIDEO YOSHIDA, 
YOSHIOKI YAMASAKI, and WESTLEY H. REEVES

ABSTRACT. Objective. Autoantibodies to U1-C have been considered a minor component of anti-snRNP (nRNP,
Sm) response based on Western blotting. However, we have previously shown that virtually all
human anti-nRNP sera contain antibodies to native U1-C, as well as novel autoantibodies that stabi-
lize the molecular interaction of the U1-C-Sm core particle. The biological significance of stabiliz-
ing antibodies was investigated by titering anti-U1-C/U1-A compared to stabilizing antibodies, and
by examining the effects of stabilizing antibodies on antigen processing.
Methods. Autoantibodies to individual native components of U1snRNP (immunoprecipitation of
RNase-treated cell extract) and stabilizing antibodies (dissociation of snRNP on anti-Sm monoclon-
al antibodies by 1 M MgCl2) in human autoimmune sera were titered. Effects of stabilizing anti-
bodies on proteolysis were assessed by incubating UsnRNP with anti-snRNP/Sm autoimmune sera
prior to protease digestion.
Results. Autoantibodies to native U1-C and U1-C-Sm core particle stabilizing antibodies were uni-
versally present in human anti-nRNP or anti-nRNP + anti-Sm sera, but not in anti-Sm sera.
Antibodies to U1-A were less common. The titers of stabilizing antibodies were higher than those of
antibodies to U1-C (p < 0.01), indicating that the stabilizing antibodies were a significant compo-
nent of the anti-snRNP response. The stabilizing anti-nRNP, but not anti-Sm antibodies, protects the
Sm core particle from dissociation and proteolysis.
Conclusion. Autoantibodies stabilizing the U1-C-Sm core particle were universally present in anti-
nRNP sera and delay proteolysis of the Sm core particle. They may suppress spreading of the
autoimmune response to Sm by delaying or altering processing of the Sm core proteins by antigen-
presenting cells. (J Rheumatol 2004;31:2382–9)

Key Indexing Terms:
AUTOANTIBODIES         ANTINUCLEAR ANTIBODIES
LUPUS           snRNP ANTI-Sm ANTIBODIES

From the Division of Rheumatology and Clinical Immunology,
Department of Medicine, and the Department of Pathology, Immunology,
and Laboratory Medicine, University of Florida, Gainesville, Florida,
USA.

Supported by National Institutes of Health grants R01-AR40391 and
M01R00082.

M. Satoh, MD, PhD, Research Associate Professor, Department of
Medicine and Department of Pathology, Immunology, and Laboratory
Medicine; J. Akaogi, MD, PhD, Research Associate; Y. Kuroda MD, PhD,
Research Associate; D.C. Nacionales, MD, Research Associate; 
H. Yoshida MD, PhD, Research Associate; Y. Yamasaki, MD, Research
Associate, Department of Medicine; W.H. Reeves, MD, Marcia Whitney
Schott Professor of Medicine and Chief, Division of Rheumatology and
Clinical Immunology, Department of Medicine, and Department of
Pathology, Immunology, and Laboratory Medicine.

Address reprint requests to Dr. M. Satoh, Division of Rheumatology and
Clinical Immunology, University of Florida, PO Box 100221, Gainesville,
FL 32610-0221, USA. E-mail: satohm@medicine.ufl.edu

Submitted January 22, 2004; revision accepted July 13, 2004.

The U small nuclear ribonucleoproteins (snRNP) containing
nRNP and Sm antigens are frequent targets of the autoim-
mune response in human and murine systemic lupus erythe-
matosus (SLE)1,2. The reactivity of anti-nRNP and Sm anti-
bodies with various components has been studied mainly

against denatured proteins by Western blotting. Anti-Sm
antibodies recognize the Sm core proteins B’/B, D1, D2,
D3, E, F, and G shared by U1, U2, U5, and U4–6 snRNP,
whereas anti-nRNP antibodies recognize the unique proteins
of U1 snRNP (U1-70K, U1-A, and U1-C)2, although reac-
tivity with an epitope of B’/B also is common3,4. U1-A and
U1-70K are the most frequent targets of anti-nRNP antibod-
ies, whereas anti-U1-C antibodies are a minor component in
anti-nRNP positive sera when analyzed by Western blot-
ting4-6. However, we have previously shown that virtually
all human autoimmune sera with anti-nRNP antibodies con-
tain antibodies to the “native” U1-C protein in contrast to
the low frequency of anti-U1-C by Western blotting4.
Further, autoantibodies to native U1-C were always accom-
panied by autoantibodies that stabilize the molecular inter-
action of U1-C and the Sm core proteins (stabilizing anti-
bodies), possibly due to recognition of the quaternary struc-
ture of the U1snRNP7. In sharp contrast, sera from MRL/lpr
mice, which contain high titer anti-Sm antibodies, and rare
human anti-Sm sera without anti-nRNP lacked autoantibod-
ies to native U1-C as well as stabilizing antibodies4,7. In this
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study, we investigated the titers of autoantibodies to native
U1-C and U1-A compared to stabilizing antibodies, and the
effects of stabilizing antibodies on antigen processing. Our
data indicate that stabilizing autoantibodies to U1-C-Sm
core particle were not only universally present, but also
were a significant component of the autoimmune response.
As well, stabilizing anti-nRNP antibodies, but not anti-Sm
antibodies, protect the Sm core particle from dissociation
and proteolysis. In view of evidence supporting the role of
intermolecular-intrastructural spreading of autoimmunity8,
stabilization of the molecular interaction of U1-C and the
Sm core particle may play a critical role in controlling
spreading autoimmune B cell response by modifying anti-
gen processing and presentation.

MATERIALS AND METHODS
Human sera and diagnoses. Human sera were obtained from patients with
SLE or other autoimmune disorders seen at Keio University Hospital,
National Murayama Hospital, or Fussa Hospital (Tokyo, Japan), University
of North Carolina Hospitals (Chapel Hill, NC, USA), and University of
Florida Shands Hospital (Gainesville, FL, USA). Patients were selected on
the basis of autoantibodies to nRNP and/or Sm by double immunodiffusion
using rabbit thymus extract1. The diagnoses of SLE, scleroderma (SSc),
and polymyositis/dermatomyositis (PM/DM) were based on standard crite-
ria9-11. Patients with features of 2 or more subsets of SLE, SSc, or PM/DM
and high levels of anti-nRNP antibodies were classified as having mixed
connective tissue disease (MCTD)12. The specificity of serum autoantibod-
ies and diagnoses are as follows: anti-nRNP, 25 sera (SLE 10, MCTD/over-
lap syndrome 12, SSc 3); anti-nRNP + Sm, 14 sera (SLE 11, MCTD/over-
lap 2, Sjögren’s syndrome 1); and anti-Sm, 2 sera (SLE 2). Study protocols
were approved by the respective institutional review boards.

Monoclonal antibodies. mAb to nRNP and Sm were the gift of Drs. Robert
A. Eisenberg and Philip L. Cohen (University of Pennsylvania,
Philadelphia, PA, USA). The specificities of murine mAb specific for U
snRNP proteins, including 2.73 (anti-U1-70 kDa)13, Y2 (anti-B’/B and
D)14, and 2G7 (anti-D)15 were as described4,7.

Immunoprecipitation. The proteins recognized by human autoimmune sera
were evaluated by immunoprecipitation of radiolabeled K562 (human ery-
throleukemia) cell extract and sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) as described7. The cells were labeled with
35S-methionine and cysteine (DuPont-New England Nuclear, Boston, MA,
USA), lysed in NET/NP40 buffer (150 mM NaCl, 2 mM EDTA, 50 mM
Tris-HCl, pH 7.5, 0.3% NP-40), containing 0.5 mM PMSF, 0.3 TIU/ml
aprotinin, and immunoprecipitated on protein A Sepharose beads
(Pharmacia, Piscataway, NJ, USA) coated with 10 µl of human sera.
Immunoprecipitates were washed 3 times with 0.5 M NaCl NET/NP40 (0.5
M NaCl, 2 mM EDTA, 50 mM Tris-HCl, pH 7.5, 0.3% NP-40) and once
with NET. Immunoprecipitated proteins were analyzed by SDS-PAGE and
autoradiography7.

Immunoprecipitation of RNase-treated U snRNP. Autoantibodies to native
U1-A, U1-C, and Sm core particle (B’/B, D1, D2, D3, E, F, and G) were
detected separately by immunoprecipitation of RNase-treated 35S-labeled
K562 cell extract (Figure 1A)7. U1-70K is poorly labeled in this condition
and is not readily visible. 35S-methionine/cysteine-labeled K562 cells were
sonicated in phosphate buffered saline at a concentration of 2 × 107 cells/ml
and cleared by centrifugation (10,000 g) at 4°C for 30 min. The supernatant
was incubated with 1 mg/ml RNase A (Sigma, St. Louis, MO, USA) for 30
min at 37°C, and cleared again. Protein A Sepharose beads preincubated
with 10 µl of human sera were washed with 0.5 M NaCl NET/NP40, and
incubated with 75 µl of RNase-digested cell extract for 1 h at 4°C. Beads
were then washed 3 times with 0.5 M NaCl NET/NP40 and once with NET.

Immunoprecipitates were analyzed on 12.5% gel, followed by fluoro-
graphy.

Detection of autoantibodies that stabilize U1snRNP particle.
Anti-Sm mAb Y2 (B’/B and D by Western blot4) retain only the Sm core
particle and not the 70K, A, and C proteins on Sepharose beads after wash-
ing with 1 M MgCl2 NET/NP40 following immunoprecipitation7. An assay
to detect antibodies that stabilize the interaction of U1-C (or U1-A) and the
Sm core particle is based on this characteristic, as described7 (Figure 1B).
Y2 mAb were conjugated to CNBr-activated Sepharose 4B (Pharmacia) as
described. U snRNP were purified on the Y2-Sepharose 4B beads, washed
3 times with NET/NP40, and then incubated with 10 µl of human anti-
nRNP/Sm sera or control sera in 100 µl of NET at 4°C for 30 min. The
beads were then washed 3 times with 1 M MgCl2 NET/NP40 and once with
NET, and analyzed by SDS-PAGE. Preincubation with human anti-nRNP
antibodies caused the retention of U1-C, and in some cases U1-A as well,

Figure 1. Detection of autoantibodies. A. Antibodies to U1-A, U1-C, and
the Sm core particle. RNase treatment of the cell extract dissociates
U1snRNP into U1-A, U1-C, U1-70K, and the Sm core particle, and allows
detection of autoantibodies to each component by immunoprecipitation. B.
Stabilizing antibodies. Anti-Sm mAb Y2 retain only the Sm core proteins
after 1 M MgCl2 washing. This characteristic was utilized to detect stabi-
lizing antibodies. Reactions in the presence (left, anti-nRNP) or absence
(right, anti-Sm) of stabilizing antibodies are illustrated.
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in addition to the Sm core particle (Figure 1B, anti-nRNP)7. In contrast,
anti-Sm antibodies bind to the Sm core particle but lack stabilizing activity
(Figure 1B, anti-Sm). The stabilizing antibody activity is not due to cross-
reactive epitopes on U1-C and the Sm core particle because Fab fragment
from anti-nRNP IgG has the same activity as whole immunoglobulin7.

Quantitation of different types of autoantibody levels by immunoprecipita-
tion. Immunoprecipitation is usually relatively nonquantitative because
antibodies are generally in excess. However, we had observed that autoan-
tibodies in human autoimmune sera could be quantified by immunoprecip-
itation using sequentially diluted sera and antigen-excess conditions16.
Using the same type of assay, it is possible to estimate serum levels of
autoantibodies to native components of the U1 snRNP particle, as well as
the levels of stabilizing autoantibodies. To evaluate the titer of antibodies
to native U1-A and U1-C, RNase-treated cell extract from 2 × 106 cells was
immunoprecipitated with 5, 1, 0.2, 0.04, 0.008, and 0.0016 µl of sera in 100
µl NET/NP40 and washed as above. Autoantibodies that stabilize the inter-
action of U1-A or U1-C and the Sm core particle also were titered using the
same set of sera in 100 µl NET/NP40. The highest dilution of serum at
which the protein was immunoprecipitated clearly is recorded as the titer
(1:1 = 5 µl of serum; 1:5 = 1 µl; 1:25 = 0.2 µl; 1:125 = 0.04 µl; 1:625 =
0.008 µl; 1:3125 = 0.0016 µl). Autoradiograms were independently evalu-
ated for titers by 2 investigators. The lower titer was used when the inves-
tigators had differing results.

Effects of stabilizing antibodies on the proteolytic degradation of snRNP.
mAb 2.73, Y2, and 2G7 were purified from culture supernatant and conju-
gated to CNBr-activated Sepharose 4B following the manufacturer’s
instruction. To examine the effects of autoantibody binding on dissociation
and proteolytic degradation of snRNP, purified snRNP on 2.73, Y2, or 2G7-
conjugated Sepharose beads were preincubated with anti-nRNP, anti-nRNP
+ Sm, anti-Sm sera, control anti-Ro, anti-La, or normal human sera (NHS;
10 µl sera in 100 µl NET/NP40), as above. Samples were then washed
twice with 0.5 M NaCl NET/NP40 and digested with chymotrypsin
(Sigma; 330 µg/ml in 20 mM Tris, pH 7.5, 2 mM CaCl2) for 5, 10, 15, 30,
or 60 min at 37°C, washed 3 times with 0.5 M NaCl NET/NP40 and once
with NET, and analyzed by 16% SDS-PAGE. Cathepsin D (Sigma; 330
µg/ml in 0.1 M acetate buffer) or Staphylococcus aureus V8 protease
(Sigma; 330 µg/ml in 20 mM Tris, pH 7.5, 150 mM NaCl) also was used
in some experiments. In preliminary experiments, it was found that 10 µl
of serum can immunoprecipitate all U1snRNP in extract from 2 × 106 cells
(the amount used in experiments). Therefore, to minimize the effects of dif-
ference in titers of anti-U snRNP between samples on proteolysis, 10 µl of
sera were used.

RESULTS
We previously described a novel class of autoantibodies that
stabilize the interaction of the U1-C and the Sm core parti-
cle, and established assays to detect stabilizing antibodies as
well as antibodies to U1-A, U1-C, and the Sm core particle
in native conditions7. Titers of stabilizing antibodies versus
anti-U1-A or U1-C antibodies were compared in human
autoimmune sera, and the effects of stabilizing antibodies on
the dissociation and degradation of U snRNP were investi-
gated in the present study.

Detection of autoantibodies to U1-A and U1-C and stabiliz-
ing antibodies. Human autoimmune sera with anti-nRNP
(Figure 2, lanes a, b), anti-nRNP + anti-Sm (c), and anti-Sm
(d), and control sera (e) were tested for antibodies to native
U1-A, U1-C, and the Sm core particle by immunoprecipita-
tion of RNase-digested cell lysate (Figure 2, lanes R). The
same sera also were tested for autoantibodies that stabilize

the interaction of U1-A or U1-C with the Sm core particle
by the Y2-Sepharose retention assay (Figure 2, lanes S).
Human autoimmune sera with anti-nRNP or anti-nRNP +
anti-Sm antibodies universally immunoprecipitated C pro-
tein (Figure 2, a–c, lanes R), whereas A protein was
immunoprecipitated in some cases (e.g., a, lane R) but not in
others (b, lane R). In contrast, Sm core particle (B’/B, D,
E/F, G) was immunoprecipitated strongly by sera with anti-
Sm (c and d, lanes R). The rare human sera with anti-Sm
without anti-nRNP (d, lane R) showed exactly the same pat-
tern as anti-Sm mAb7, which immunoprecipitated only the
Sm core proteins without U1-A or C.

Autoantibodies that stabilize the U1-C and the Sm core
particle were universally present in sera with anti-nRNP
antibodies (Figure 2, a–c, lanes S) but not in pure anti-Sm
sera (d, lane S). Some anti-nRNP sera also contain antibod-
ies that stabilize the U1-A and the Sm core particle (a and b,
lanes S). A summary of the presence of antibodies to native
U1-C or U1-A and the presence of stabilizing antibodies is
given in Table 1. The universal recognition of U1-C by 2
assays strongly suggests that antibodies to the native U1-C
protein are a common component of anti-nRNP responses,
whereas native U1-A protein is recognized less frequently.

Figure 2. Antibodies to U1-A, U1-C, and stabilizing antibodies.
Autoantibodies to native U1-A, U1-C, and the Sm core particle and stabi-
lizing antibodies in human autoimmune sera were examined by immuno-
precipitation of RNase-treated cell extract (lanes R) and by the Y2-
Sepharose retention assay (lanes S), respectively; the assay examines the
ability of sera to keep U1-A and C proteins attached to the Sm core parti-
cle, which is directly captured by Y2 mAb. Therefore only the Sm core pro-
teins are seen with normal human serum (NHS), whereas U1-C and/or U1-
A are also seen with anti-nRNP sera. Samples were analyzed by 12.5%
SDS-PAGE and autoradiography. reg: standard immunoprecipitation as a
control; panels a and b: anti-nRNP sera, panel c: anti-nRNP + anti-Sm,
panel d: anti-Sm, panel e: NHS. Position of the components of UsnRNP,
A–G, are shown at left and the molecular weights on the right.
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Frequencies of anti-U1-A and U1A-Sm core stabilizing anti-
bodies appeared to be higher in anti-nRNP sera than the
anti-nRNP + anti-Sm group; however, this was not statisti-
cally significant. In contrast to the reactivity of anti-nRNP
sera, all anti-Sm-positive sera reacted with the free Sm core
particle. However, despite the reactivity of many anti-nRNP
(+) anti-Sm (–) sera with B’/B by Western blot, these sera
were generally poorly reactive with the Sm core protein
complex when dissociated from the U1snRNP by RNase
treatment (Figure 2, a–c; Table 1)7.

Quantification of different types of autoantibody levels by
immunoprecipitation. The titers of autoantibodies to indi-
vidual U1 snRNP components (U1-A and U1-C) in human
sera were estimated by immunoprecipitation of RNase-
digested cell extract (Figure 3, RNase). Typically, anti-U1-
C titers were considerably higher than anti-U1-A (Table 2).
The titers of autoantibodies that stabilize the interactions of
U1-C or A with the Sm core particle were estimated by Y2-
Sepharose retention assay (Figure 3, Stabilizing abs). Titers
of stabilizing antibodies were generally higher than those of
antibodies recognizing the individual components, suggest-
ing that stabilizing antibodies represent a significant com-
ponent of the anti-nRNP response (Table 2). The relation-
ship between the titers of antibodies that stabilize the U1-C-
Sm core particle interaction compared to the titers of anti-
bodies to native U1-C by immunoprecipitation of RNase-
treated cell extract is shown in Figure 4. Titers of U1-C-Sm
stabilizing antibodies were significantly higher than those of
antibodies to the free U1-C protein (p < 0.01, Wilcoxon
matched-pairs test; Table 2, Figure 4). Titers of antibodies
that stabilize the U1-A-Sm core were higher than that of
anti-U1-A by immunoprecipitation of RNase-treated cell
extract in 5/6 cases, although this did not reach statistical
significance (p = 0.06, Wilcoxon matched-pairs test), prob-
ably due to small numbers.

Effects of anti-nRNP antibodies on the proteolytic degrada-
tion of snRNP. To examine the effects of autoantibody bind-
ing on proteolysis, 35S-methionine/cysteine-labeled snRNP
purified on 2.73 (anti-U1-70K; Figure 5A), Y2 (anti-Sm
B’/B and D; Figure 5B), and 2G7 (anti-Sm D by Western
blot; Figure 5C) beads were preincubated with anti-nRNP
(lanes 1–3), anti-nRNP + anti-Sm (lanes 4–6), anti-Sm

Table 1. Frequencies of autoantibodies (%) to U1-C or U1-A and stabilizing antibodies for U1-C-Sm and U1A-
Sm.

Type of Serum* Reactivity with U1-C Reactivity with U1-A Reactivity with Sm Core
RNase** Stabilizing Ab† RNase Stabilizing Ab RNase

Anti-nRNP (n = 25) 100 100 52 64 24
Anti-nRNP + Sm 100 100 29 36 100
(n = 14)
Anti-Sm (n = 2) 0 0 0 0 100

* By double immunodiffusion. ** Immunoprecipitation of RNase-treated cell extract. † Antibodies that stabilize
the interaction of U1-C or U1-A with the Sm core particle by Y2-Sepharose retention assay.

Figure 3. Titration of antibodies to U1-A and U1-C compared to stabilizing
antibodies. Titers of antibodies to individual components (A, C, and the Sm
core particle) and stabilizing antibodies were compared by immunoprecip-
itating RNase-digested cell lysate (RNase, left) and by Y2 retention assay
(Stabilizing abs, right), respectively, using serially diluted sera.
Representative data with human autoimmune sera with anti-nRNP (A) and
anti-nRNP + anti-Sm (B) are shown (12.5% SDS-PAGE). Lanes 1–6: assay
with 5, 1, 0.2, 0.04, 0.008, and 0.0016 µl of sera, respectively. Positions of
the components of U snRNP, A–G, are shown on the left. NHS: normal
human serum, nRNP: regular immunoprecipitation with anti-nRNP serum.
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(lanes 7 and 8), anti-Ro (lane 9), anti-La (lane 10), or nor-
mal human sera (lanes 11 and 12), and then digested with
chymotrypsin. Samples were washed and the proteins
retained on the beads were analyzed by 16% SDS-PAGE
followed by autoradiography (Figure 5). Different patterns
of chymotryptic peptides were apparent after preincubating
snRNP with sera of various specificities, consistent with
altered proteolytic degradation by autoantibody binding. On
2.73 beads (Figure 5A), Sm-D, F, G, and several bands
between D and F were present in samples incubated with
anti-nRNP antibodies (lanes 1–3) or anti-nRNP + Sm anti-
bodies (lanes 4–6) but not with anti-Sm (lanes 7 and 8) or
controls (lanes 9–12). Several weak bands also were seen

between A and B’/B in some lanes preincubated with anti-
nRNP (lanes 1–6). The protection of the components of the
Sm core particle D, F, and G is highly likely to be via the
effects of stabilizing anti-nRNP antibodies that recognize
and stabilize the macromolecular complex containing the
U1-70K and the Sm core particle because these proteins are
retained on U1-70K captured by mAb 2.73 (anti-U1-70K),
which does not bind to the D, F, or G proteins by itself.
Further, anti-nRNP antibodies in autoimmune sera do not
bind the D, F, or G proteins.

On Y2 beads (Figure 5B), F and G were seen in samples
preincubated with anti-nRNP (lanes 1–3), and anti-nRNP +
Sm (lanes 4–6). Preincubation with anti-Sm (lanes 7 and 8)
was less efficient. However, D and fragments between D
and F were unique to reactions preincubated with anti-nRNP
antibodies (lanes 1–6).

On 2G7 beads (Figure 5C), proteins of ~13 kDa, F, G,
and an additional fragment between F and G were retained
on the beads in all lanes. In addition, several large fragments
were seen between A and B in some anti-nRNP lanes (lanes
1–3). D and several fragments between the ~13 kDa band
and F were seen in lanes preincubated with anti-nRNP (lanes
1–6), suggesting that stabilizing antibodies in anti-nRNP
sera protect D and other fragments between D and F from
degradation. The strong protective effects of 2G7 mAb on F
and G (Figure 5C), along with our observation7 that 2G7
mAb retain E, F, and G more efficiently than other anti-Sm
mAb after washing with 1 M MgCl2, suggest that 2G7 may
primarily recognize the EFG complex like Y12 anti-Sm
mAb17. These experiments were performed 4 times with
similar results. Incubation times of 5, 10, 15, 30, and 60
minutes showed identical patterns, although the intensity of
proteins on 2.73 or Y2 beads was slightly decreased after
longer incubation (data not shown). In other experiments,

Table 2. Titers of different types of autoantibodies to U1 snRNP in human sera.

U1-C U1-A
Sample Diagnosis Specificity RNase* Stabilizing** RNase* Stabilizing**

1 SSc Anti-nRNP 1:625 > 1:3125 1:5 1:25
2 MCTD Anti-nRNP 1:125 1:125 1:1 1:5
3 MCTD Anti-nRNP 1:125 1:625 Neg Neg
4 MCTD Anti-nRNP 1:125 1:3125 Neg Neg
5 MCTD Anti-nRNP 1:125 > 1:3125 1:5 1:625
6 MCTD Anti-nRNP 1:625 1:3125 1:25 1:125
7 SLE Anti-nRNP + Sm 1:625 1:625 Neg Neg
8 SLE Anti-nRNP + Sm 1:25 1:125 Neg Neg
9 SLE Anti-nRNP + Sm 1:25 1:125 1:1 1:1
10 SLE Anti-nRNP + Sm 1:125 1:25 Neg Neg
11 SLE Anti-nRNP + Sm 1:25 1:625 Neg Neg
12 SLE Anti-nRNP + Sm 1:25 1:625 1:1 1:25
13 SLE Anti-Sm Neg Neg Neg Neg
14 SLE Anti-Sm Neg Neg Neg Neg

* Titer of antibodies immunoprecipitating free U1-C or U1-A proteins using RNase-treated extract. ** Titer of
antibodies that stabilize the U1-C or U1-A interaction with the Sm core particle by Y2-Sepharose retention assay.
Neg: not detected.

Figure 4. Titers of antibodies to U1-C and U1-C-Sm core stabilizing anti-
bodies were compared by immunoprecipitating RNase-digested cell lysate
and by Y2 retention assay, respectively, using serially diluted sera. Titers of
stabilizing antibodies were higher than anti-U1-C antibodies (p < 0.01,
Wilcoxon matched-pairs test).
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digestion with Staphylococcus aureus V8 protease or
cathepsin D was also tried twice; however, the difference
between samples was not as clear as with chymotrypsin
digestion (data not shown).

All these results suggest that anti-nRNP antibodies, but
not anti-Sm antibodies, protect components of the Sm core
particle, the D, F, and G proteins, from proteolytic degrada-
tion. This is most likely the effect of stabilizing antibodies,
in view of the reactivity of the mAb and anti-nRNP anti-
bodies.

DISCUSSION
Autoantibodies to U1-C are a minor component of the
autoimmune response to U snRNP when assayed by
Western blotting4-6,18. However, we have previously shown
that virtually all human anti-nRNP sera recognize “native”

U1-C by immunoprecipitation of free U1-C4,7. Interestingly,
these autoantibodies are accompanied invariably by a novel
class of autoantibodies that stabilize the interaction of the
U1-C with the Sm core particle7. These autoantibodies may
recognize an epitope composed of both the Sm core particle
and U1-C, or may induce an altered conformational state
characterized by a tighter interaction between U1-C and the
Sm core particle7. Our study shows that stabilizing antibod-
ies are not only universally present in anti-nRNP-positive
human autoimmune sera, but are also a significant compo-
nent of the overall response (Table 2, Figure 4).

Similar to the effects of binding of viral proteins to self-
antigen19, alterations in conformation due to the binding of
autoantibodies could influence the pattern of autoantibody
diversification by exposing new T and/or B cell epitopes.
Conversely, these antibodies could inhibit the intermolecu-
lar spreading of autoimmunity by reducing the efficiency of
processing and presentation of critical T cell epitopes.
Indeed, altered processing of T cell epitope as a conse-
quence of the binding of antibodies of different specificities
has been reported by others20-22.

Our study showed that the presence of U1-C-Sm core
particle stabilizing antibodies was associated with protec-
tion of the Sm core particle F and G, and to some degree D
(Figure 4) and B’/B, proteins (Figure 5) from proteolytic
degradation. Although it is not easy to separate the effects of
stabilizing antibodies compared to antibodies to the individ-
ual components, these protective effects are likely to be
mediated by the stabilizing antibodies because neither 2.73
(anti-U1-70K) nor human serum anti-nRNP antibodies rec-
ognize the individual components of Sm antigens D, F, and
G, yet these antigens are protected selectively in the pres-
ence of anti-nRNP and captured on mAb 2.73 beads.

The predominant specificity in MRL/lpr mouse sera and
rare human autoimmune sera lacking stabilizing antibodies
is anti-Sm4,7. In contrast, anti-nRNP, but not anti-Sm, is the
predominant specificity in the great majority of human
autoimmune sera2. Anti-nRNP antibodies almost always
contain stabilizing autoantibodies (Table 1). The autoim-
mune response to snRNP in stabilizing antibody-deficient
MRL/lpr mice initiates with anti-U1-70K protein, but
spreads rapidly to anti-Sm8. In contrast, a subset of patients
with high levels of anti-nRNP antibodies, “mixed connec-
tive tissue disease,” seldom develops anti-Sm antibodies
despite continued production of anti-nRNP over many
years23,24. This could reflect a suppressive effect of stabiliz-
ing antibodies on the processing of T cell epitopes required
for diversification to anti-Sm21. All of the Sm core proteins
share 2 regions: Sm motif 1 and Sm motif 225. It has been
shown recently that these motifs are an important target of T
cell immunity in patients who are anti-Sm-positive26. Thus,
it is tempting to speculate that stabilizing antibodies influ-
ence the processing of epitopes derived from these motifs.

Development of anti-Sm antibodies in patients with long-

Figure 5. Effects of stabilizing antibodies on chymotryptic digestion of
snRNP. SnRNP purified on 2.73 (anti-U1-70K; panel A), Y2 (anti-B’/B and
D; B), or 2G7 (anti-D; C)-Sepharose 4B beads were preincubated with 10
µl of human anti-nRNP (lanes 1–3), anti-nRNP + Sm (lanes 4–6), anti-Sm
(lanes 7 and 8), anti-Ro (lane 9), anti-La (lane 10), or normal human sera
(lanes 11 and 12), and were digested with 330 µg/ml chymotrypsin at 37°C
for 10 min. Beads were washed and analyzed on 16% SDS-PAGE.
Positions of the components of U snRNP, A–G, are shown on the left and
molecular weights on the right. m: regular immunoprecipitation with mAb.
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standing anti-nRNP production27 or transient shifting of
anti-Sm to anti-nRNP28 does occur, but is unusual.
Protective effects of stabilizing anti-nRNP antibodies on
processing of the Sm antigen described in this study suggest
that similar effects may be expected in vivo in patients with
high titers of anti-nRNP antibodies. Sm antigen is rapidly
cleared from the circulation after intravenous injection, and
the binding of certain human autoantibodies delays clear-
ance in animal models29. Also of possible relevance are
reports indicating that anti-Sm antibody production in
MRL/lpr mice can be accelerated or suppressed by the
injection of different anti-Sm mAb via an idiotype-inde-
pendent “feedback” mechanism30-32. Injection of Y2 mAb
suppresses anti-Sm antibody production, whereas 2G7 mAb
accelerates the production in MRL/lpr mice32. Interestingly,
these 2 mAb in combination with human autoantibodies
showed contrasting patterns of dissociation and degradation
of snRNP (Figure 5, B and C, respectively), suggesting that
modification of the Sm antigen processing by the binding of
antibodies may play a critical role in the regulation of anti-
Sm antibodies. Reduced efficacy of the processing of Sm
antigens by high levels of “stabilizing” anti-nRNP antibod-
ies may be a mechanism to prevent the development of anti-
Sm antibodies via an intermolecular-intrastructural help
mechanism8,33. Studies on autoantibodies to snRNP detect-
ed by immunoassay using synthetic peptides emphasize the
role of short linear epitopes, such as PPPGMRPP, in spread-
ing of the autoimmune response34. The stabilizing autoanti-
bodies characterized in our study may be associated with
reduced spreading of autoimmune response to the Sm anti-
gens. Autoantibodies that recognize the native conformation
of the EFG complex17 and the macromolecular structure
composed of the Sm core proteins35 have also been report-
ed. The significance of antibodies that recognize denatured
and/or linear epitopes34 compared to those recognizing
native conformational epitopes36, in particular those related
to a quaternary structure, need to be clarified in future
studies.

In summary, we observed that autoantibodies stabilizing
the U1-C-Sm core particle were universally present in
human anti-nRNP sera and were a significant component of
the immune response to U1snRNP. Further, these autoanti-
bodies protected the Sm core particle from dissociation and
proteolysis, potentially with consequences for antigen pro-
cessing and epitope spreading. We speculate that they may
suppress spreading of the autoimmune response from anti-
nRNP to anti-Sm in MCTD, a disease characterized by par-
ticularly high levels of stabilizing antibodies. This hypothe-
sis may be testable in murine models. Stabilizing antibodies
that prevent dissociation and proteolytic degradation of mul-
tiprotein complex may be a common phenomenon among
autoantibodies, and a critical mechanism that determines the
enhancement in contrast to suppression of epitope spreading
in autoimmunity.
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