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Abstract

Ribonucleoprotein particles containing Smantigen were sepa-

rated from particles containing both Smand RNPantigens by
ion-exchange chromatography to study the recognition of these
antigens by autoimmune sera. By using the separated antigens,
anti-Sm and/or anti-RNP antibodies were detected in -60%
of sera from systemic lupus erythematosus patients by both
enzyme-linked immunosorbent assay and immunoprecipitation
of radiolabeled antigens followed by analysis on sodium dodecyl
sulfate-polyacrylamide gels. These antibodies were detected in
30% of the same sera using the standard passive hemaggluti-
nation technique. Competition experiments demonstrated that
all of the sera tested that contained anti-Sm antibodies also
had anti-RNP-like reactivity. This latter reactivity usually
represented 80% or more of the total Sm and RNP binding
activity in lupus sera. The binding to RNP-like determinants
by several of the sera was uniquely resistant to treatment of
the antigen with snake venom exonuclease. These studies
indicate that humoral immunity against Smand RNPantigens
in systemic lupus erythematosus is directed primarily against
a single type of ribonucleoprotein particle in which the two
antigens are physically associated. The specific binding to a

single type of ribonucleoprotein particle suggests that this
particle may be especially immunogenic and that it might play
an important role in induction of the humoral immune response

to Smand RNP.

Introduction

Autoantibodies against nonhistone nuclear antigens are present
in sera from many patients with systemic lupus erythematosus
(SLE)' and other connective tissue disorders (see Tan [1] for
review). These autoantibodies are of interest because they can

serve as markers for specific connective tissue disorders (1-4)
and because sera containing these antibodies have been useful
in characterizing a number of proteins involved in nuclear
metabolism, including the Smand RNPantigens (4-9). Anti-
bodies to Smare highly specific for SLE (2) and antibodies to
RNP, although present in a variety of disorders including SLE
(1, 10), are characteristically present in extremely high titers

Received for publication 23 March 1984 and in revised form 27
September 1984.

1. Abbreviations used in this paper: ELISA, enzyme-linked immuno-
sorbent assay; ENA, extractable nuclear antigen; MCTD, mixed con-

nective tissue disease; PAGE, polyacrylamide gel electrophoresis; PMSF,
phenylmethylsulfonyl fluoride; SLE, systemic lupus erythematosus.

in sera from patients with mixed connective tissue disease
(MCTD) (1 1, 12). Mattioli and Reichlin (10, 13) first showed
that the Sm and RNP antigens are present on two types of
particles, one containing Sm alone, and the other containing
both Sm and RNP. These particles were separable by gel
filtration and ion-exchange chromatography, and the RNP
antigenic site was found to be sensitive to both ribonuclease
(RNase) and trypsin, suggesting that the particles consist of
both RNA and protein (10, 13, 14). More recently, Lerner
and Steitz (5) showed that Sm- and RNP-containing ribonu-
cleoprotein particles contain a series of small nuclear RNA
species (U1, U2, and U4-6) associated with eight proteins
(termed bands A-G based upon their appearance on sodium
dodecyl sulfate [SDS]-polyacrylamide gels) (5). RNPantigenic
determinants are present on protein bands A and C in associ-
ation with U1 RNA, whereas Smdeterminants are found on
the other six proteins (15-17) in association with U1, U2, and
U4-6 RNA.

The physical association of Sm and RNP antigens on
Ul-RNP particles and the difficulty in obtaining immunolog-
ically active RNPfree of Sm(12, 13) has made determination
of the relative amounts of anti-Sm and RNP antibodies in
sera difficult. In general, this has been accomplished by com-
paring the titers of antibody reactive with untreated (Sm plus
RNP) and RNase-treated (Sm) antigens, as in the hemagglu-
tination assay (2). However, the existence of other RNase-
sensitive or resistant antigens in nuclear extracts (18), as well
as the observation that Smmay be partially sensitive (19, 20)
and RNPpartly resistant (21) to RNase, make a more direct
approach desirable. For this reason, we have attempted to
distinguish between anti-Sm and anti-RNP antibodies using
methods that are independent of the RNase sensitivity or
resistance of the antigens to estimate more accurately the
relative amounts of these antibodies in SLE and MCTDsera.

Methods

Patients. Serum was obtained from 50 consecutive patients seen in
The Rockefeller University Hospital clinic who met the 1982 revised
criteria of the American Rheumatism Association for SLE (22), from
eight patients with clinical MCTD, and from 10 normal volunteers.

Detection of antibodies against nuclear antigens. Extractable nuclear
antigens (ENAs) were prepared from rabbit thymus acetone powder
(Pel Freeze Biologicals, Rogers, AR) (2) or from isolated nuclei (23)
from human lymphoblastoid cell lines. Sm and RNPantibody titers
were determined by passive hemagglutination as described by Tan and
Peebles (2). The same antigen preparation was also used for determining
the total antibody titer against ENAs ("anti-ENA antibody") by
enzyme-linked immunosorbent assay (ELISA) as described (24). The
wells of microtiter plates (Nunc, Vanguard International, Neptune,
NJ) were coated with crude rabbit thymus extract (500 ,ug/ml total
protein in 150 mMNaCl-10 mMsodium phosphate, pH 7.2) or with
partially purified rabbit or human antigen fractions in the same buffer.
Preliminary experiments indicated that the plates were most efficiently
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coated by drying the antigen onto the plates overnight at 220C, and
in most experiments, this procedure was used. The wells were washed
and blocked with RPMI 1640 containing 10% fetal bovine serum for
11/2 h at 220C. Sera were diluted in blocking medium and added to
the coated/blocked wells for 2 h at 220C, then washed. The second
antibody was peroxidase-conjugated goat anti-human light chain anti-
body (K and X chain specificities; Tago Inc., Burlingame, CA) diluted
1:1500 in blocking medium. After incubating for 1 h with the peroxidase-
conjugated antibodies, the wells were washed and aminoantipyrine/
phenol substrate (24) was added for 11/2 h before reading absorbance
at 490 nm in a Dynatech Microelisa Minireader (Dynatech Instruments,
Santa Monica, CA).

Ion-exchange chromatography. All procedures were performed at
4VC in the presence of 0.1 mMphenylmethylsulfonyl fluoride (PMSF)
unless otherwise noted. Crude rabbit thymus extract was dialyzed into
50 mMNaCI-10 mMsodium phosphate, pH 7.5, and subjected to
anion-exchange chromatography on DE-52 (Whatman Chemical Sep-
aration Inc., Clifton, NJ). The column was eluted with a continuous
gradient of 50-500 mMNaCl in the same buffer without PMSF as
previously described (14). Fractions were assayed by ELISA for reactivity
with anti-Sm and anti-RNP reference sera diluted 1:200 in blocking
medium. The semiquantitative nature of the ELISA allowed the
detection of specific peaks of antigen activity which reacted with anti-
Sm, anti-RNP or both reference sera (see Results). The patterns of
reactivity with the fractions obtained by using other sera containing
unknown anti-ENA antibodies were then compared with the patterns
obtained by using the anti-Sm and anti-RNP reference sera. This
permitted the tentative identification of anti-Sm and/or anti-RNP
antibodies in the sera (see Results). The presence of these antibodies
in the sera was then confirmed by the radioimmunoprecipitation
technique.

Radioimmunoprecipitation experiments. The presence of antibodies
to Sm or RNP in sera was determined by immunoprecipitation of
radiolabeled cell extracts followed by SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE) of the radioactive proteins, as described (15).
Briefly, cells were labeled for 12 h at 1.5-3 X 10' per ml in methionine-
deficient medium containing 50 ,Ci/ml of [35S]methionine (New
England Nuclear, Boston, MA; sp act 1,100 Ci/mmol). The cells were
washed, resuspended in 150 mMNaCl-10 mMsodium phosphate, pH
7.2, containing 0.5 mMPMSF-5 mMiodoacetamide-0.3% NP-4Q, and
sonicated for 20 s three times on ice using a Branson sonicator
(Branson Sonic Power Co., Danbury, CT). The extract was centrifuged
and 10 Al of serum was added to 5 X 10 cell equivalents of extract
for each precipitate. The precipitates were adsorbed to protein A
sepharose (Pharmacia Fine Chemicals, Piscataway, NJ), washed, eluted,
and analyzed by SDS-PAGE (15). Human B cells (CESS) or erythro-
leukemia cells (K562) were used in most instances. In other experiments,
60 X 106 cells were harvested, sonicated on ice, and extracted in 150
mMNaCl-30 mMsodium phosphate, pH 7.5-0.5 mMPMSF-5 mM
iodoacetamide. The sonicate was diluted to 50 mMNaCl-10 mM
sodium phosphate, centrifuged at 10,000 rpm for 10 min, and frac-
tionated on DE-52 as above. Fractions were analyzed for Smand RNP
activity by ELISA, and 0.5 ml of every third fraction was immunopre-
cipitated using 10 ,l of anti-Sm or anti-RNP reference sera followed
by analysis on 15% SDS-polyacrylamide gels as above.

Competition assays. Sera were selected that contained predominantly
anti-Sm and/or anti-RNP antibodies as verified by ELISA using
DE-52 fractions and immunoprecipitation of 31S-abeled cell extracts.
For competition experiments, microtiter plates were coated with 50 Al
of a specific antigen fraction at 50 ,g/ml. The antigens consisted of
pooled peaks of activity containing either Sm free of RNPactivity or
Sm plus RNP antigen, which had been obtained by ion-exchange
chromatography on DE-52 (see above). The binding of various diluted
sera to the antigen-coated wells was tested after preincubating the sera
with the same or a different antigen fraction as follows: serum was
diluted 1:200 or 1:400 in blocking medium and 100 Al of the diluted
serum was incubated with 50 Ml of serially diluted Sm or Sm plus
RNP antigen in glass tubes for 2 h at 250C; 125 Ml of this mixture

was then transferred into each antigen-coated well of a microtiter
plate, and the ELISA was performed as above. Results were expressed
as percent inhibition of total binding in the absence of competitor.

Enzyme sensitivity of the antigens. Antigens were treated for 1 h
at 370C either before or after coating onto ELISA plates with the
following enzymes: pancreatic ribonuclease (Sigma Chemical Co., St.
Louis, MO) I mg/ml in phosphate-buffered saline, pH 7.2, snake
venom exonuclease (Sigma Chemical Co., type IV, from Crotalus
atrox) 1.5 mg/ml in 10 mMTris-10 mMNaCl-5 mMMgCI2, pH 8.0,
and trypsin (Worthington Biochemical Corp., Freehold, NJ) 1 mg/ml
in phosphate-buffered saline, pH 7.2. The relative amount of binding
of antibody to untreated and enzyme-treated antigens in the ELISA
was determined from standard curves of the optical density versus
antibody dilution for each serum tested. Results were expressed as
percent reduction in binding.

Results

The presence of autoantibodies against any of the multiple
saline-extractable nuclear antigens present in either rabbit
thymus extract or nuclear extracts from human cell lines (anti-
ENA antibodies) was determined by ELISA. The dilution at
which the binding of patient serum fell to the control value
(normal human serum) was reported as the antibody titer. By
this method, 42 of 50 sera (84%) from patients with SLE
displayed more antibody binding to ENA than control sera,
as opposed to 17 of 50 (34%) by passive hemagglutination
(Table I). In general, the ELISA was 100-1,000 times more
sensitive than the passive hemagglutination technique for
detecting anti-ENA antibodies. This was due, in part, to the
fact that antibodies to proteins other than Smand RNPwere
also detected in this ELISA (see below). Antibodies to these
additional proteins were usually not detectable by passive
hemagglutination.

Separation of particles containing Smfrom particles con-
taining Smplus RNP. To determine which of the sera con-
taining anti-ENA antibodies also contained anti-Sm or RNP
antibodies, the ribonucleoprotein complexes in rabbit thymus
extract that contained Smalone were separated from complexes
containing both Smand RNPby ion-exchange chromatography
(Fig. 1). Antigen fractions were assayed by drying 50 ,ul of
each fraction onto a separate well of the microtiter plate
follovwed by detection of specific antigens by ELISA using
diluted anti-Sm or anti-RNP reference sera. Preliminary ex-
perirpents showed that absorbance at 490 nm in the ELISA
increased nearly linearly with the log of the antigen concentra-
tion over a wide range, allowing the relative amounts of
antigen to be determined semiquantitatively by this direct
binding assay.

Table I. Antibodies to ENAs in 50 SLE Sera

Anti-ENA Titer ELISA* Hemagglutinationt

Negative 8 33
1:50 6 3

1:51-1:500 5 6
1:501-1:5000 16 5
>1:5000 15 3

* Number of sera with given titer by ELISA.
* Number of sera with given titer by passive hemagglutination (2).
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Figure 1. Separation of ribonucleoprotein complexes by anion-ex-
change chromatography. Rabbit thymus extract was adsorbed to DE-
52 in 50 mMNaCI-10 mMsodium phosphate pH 7.5 and eluted
with a 200-ml linear gradient of 50-500 mMNaCl in the same
buffer, collecting 2.5-ml fractions. Fractions were analyzed by ELISA
for Smand RNPantigen using 1:200 anti-Sm (o) or anti-RNP (o)
reference sera (upper panel). Three peaks reactive with anti-Sm were
obtained (I, II, and III). Anti-RNP serum reacted only with peak III.
Note the additional peak of activity detected by the anti-RNP serum
(arrow). This activity was not detected using other anti-RNP sera,
and represents an antigen other than Smor RNP, which is recog-
nized by the patient's serum. Total protein (bottom panel) eluted as
determined by absorbance at 280 nm is shown (a) as well as the
approximate concentration of NaCl in different fractions ---

When rabbit thymus acetone extract was fractionated on
DE-52, three major peaks of activity were consistently seen
with anti-Sm reference sera, whereas anti-RNP reference sera
detected a single peak of activity which coincided with the
third peak detected by anti-Sm sera (Fig. 1). Thus, the first
two peaks (I and II), eluting at -125 and 150 mMNaCl,
contained Sm antigen free of detectable RNPactivity, while
the third peak (III), eluting at -260 mMNaCl contained both
Smand RNPantigens. Gel filtration experiments using an 80
X 1.5-cm column of Sephacryl S300 (Pharmacia Fine Chem-
icals) indicated that the Sm and RNP activities in each of
these peaks probably resided in particles rather than in the
individual protein moieties, in that the mobilities of the
antigens corresponded to >70,000 mol wt (data not shown) as
opposed to the 8,000-30,000 mol wt previously reported for
the individual proteins (5, 15). The mobilities of the complexes
on sucrose gradients also support this interpretation (not
shown).

When Sm- and RNP-containing ribonucleoprotein particles
from human cell extracts were separated by ion-exchange
chromatography, somewhat different results were obtained
(Fig. 2): As with rabbit thymus extract, a prominent peak of
activity containing both Smand RNPantigens was observed
(Fig. 2, peak III). However the bulk of the Smactivity which
was free of RNP activity eluted from DE-52 after peak III
(Fig. 2, peak IV) rather than in peaks I and II. This fourth
peak was barely detectable in commercial rabbit thymus
extract (Fig. 1). Peaks I and II were always present in extracts
from some human cell lines, such as CESSand K562 (Fig. 2),

FRACTION

Figure 2. Separation of ["5S]methionine-labeled human ribonucleo-
protein complexes by anion-exchange chromatography. Human B
lymphoblastoid cells (CESS) were labeled for 12 h with
[35Slmethionine and an extract from 60 X 106 cells was adsorbed to
DE-52 and eluted with a 100-ml linear gradient of 50-500 mMNaCi
in phosphate buffer collecting 2.0-ml fractions. Smand RNPanti-
genic activity was detected by ELISA using 1:200 anti-Sm (e) or anti-
RNP(o) reference sera as in Fig. 1. Positions of peaks I-IV are
indicated. The antigens in the fractions were also analyzed by immu-
noprecipitation using the same anti-Sm or RNPreference sera fol-
lowed by SDS-PAGEof the precipitates (Fig. 3). In comparing Figs.
I and 2, note that the rabbit thymus extract column (Fig. 1) was
eluted with a 200-ml gradient, and the human cell extract column
(Fig. 2) was eluted with a 100-ml gradient.

but in smaller amounts than in rabbit thymus extract (cf. Figs.
1 and 2). In other human cell lines, peaks I and II were
completely absent (e.g., KE-37). To investigate further the
differences in the patterns obtained by using commercial rabbit
thymus extract and the human cell lines, extracts were prepared
from homogenized fresh rabbit thymus by using the same
procedure as used for preparation of the human cell extracts.
When fresh rabbit thymus was used instead of the commercial
rabbit thymus acetone powder, all four peaks of activity were
detectable after fractionation on DE-52, and the pattern ob-
tained was similar to that obtained using human CESS cells
(data not shown; cf. Fig. 2). This finding is consistent with
previous studies that used calf thymus (14).

The antigens reacting with anti-Sm and anti-RNP sera in
these four peaks of activity were identified by metabolic
labeling of human cells with [35S]methionine followed by
fractionation of a cell extract on DE-52. Smand RNPactivities
were detected by ELISA (Fig. 2), and every third fraction was
immunoprecipitated by using Sm or RNP reference sera
followed by SDS-PAGEof the radioactive proteins. Both anti-
Sm and anti-RNP reference sera specifically precipitated the
same nine Smand RNPproteins from peak III (Fig. 3, lane
1) that were not precipitated by normal serum (lane 2). Anti-
Sm reference serum (Fig. 3, lane 3) but not anti-RNP or
normal serum (lane 4) specifically precipitated bands B, B', D,
E, F, and G but not the RNPbands A and C from peak IV
as well as from peaks I-11. The results shown in Fig. 3 are
representative of those obtained using several reference sera.

Anti-Sm and RNP antibodies in autoimmune sera. By
experiments similar to that illustrated in Fig. 1, sera containing
either anti-Sm alone or anti-Sm plus anti-RNP antibodies
(which react with peaks I-IV) could be distinguished from
sera containing only anti-RNP antibodies (which react with
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Figure 3. Immunoprecipitates of radiolabeled Smand RNPribonu-
cleoprotein complexes separated by anion-exchange chromatography.
Equivalent amounts of radioactive proteins from the experiment
shown in Fig. 2 were immunoprecipitated using either anti-Sm (lanes
1 and 3) or normal (lanes 2 and 4) serum, followed by SDS-PAGE
of the washed precipitates. Lane 1, peak III (fractions 24-27) precipi-
tated with anti-Sm serum; lane 2, peak III with normal human
serum; lane 3, peak IV (fractions 34-38) precipitated with anti-Sm;
lane 4, peak IV with normal human serum. Positions and approxi-
mate molecular weights of the Smand RNPproteins A-G are

indicated.

peak III but not peaks 1, II, or IV) (Table II). Sera containing
these antibodies were tentatively identified by comparing the
patterns of reactivity obtained by using "unknown" sera with
those obtained using anti-Sm or RNPreference sera (see Fig.
1). Using this ELISA technique, 30 out of 50 SLE sera (60%)
contained either anti-Sm or anti-RNP antibodies as compared
with 17 of 50 (34%) by passive hemagglutination; 24 out of
50 (48%) reacted with Sm which was free of RNP antigen

Table II. Smand RNPAntibodies in 50 SLE Sera

ELISA reactivity
Anti-ENA titer No. of sera Anti-Sm or RNPby
(ELISA) with titer Peaks I-11* Peak 111t immunoprecipitation§

Negative 8 0 0 1
-1:50 6 0 0 1
1:51-1:500 5 1 3 3
1:501-1:5000 16 9 13 12
>5000 15 14 14 14

* Smantigen.
t Smplus RNPantigen.
§ Determined by SDS-PAGEof immunoprecipitates of radiolabeled
Smand RNPantigens (see Methods).

(peaks I-II) as opposed to 13 of 50 (26%) by passive hemag-
glutination. These figures are higher than those previously
obtained by counterimmunoelectrophoresis, gel diffusion, or
passive hemagglutination (1, 25-27). In some instances, sera
that reacted with antigens other than Sm and RNPcould be
distinguished from sera that contained only anti-Sm or RNP
antibodies by the presence of reactivity with additional peaks
of activity eluting at different positions than the Smand RNP
peaks (for example, see Fig. 1, arrow).

The ELISA results correlated well with the results of
immunoprecipitation studies using the same group of 50 SLE
sera. When radiolabeled nuclear antigens were immunoprecip-
itated using these sera and analyzed on 15% SDS-polyacryl-
amide gels, 62% of the 50 SLE sera were capable of specifically
precipitating the characteristic Smand RNPproteins ranging
in molecular weight from 9,000 to 32,000 (Table II, last
column). All but two of the sera that were positive by ELISA
were also positive by radioimmunoprecipitation, whereas three
sera were positive by the latter technique that were negative
by ELISA.

Competition experiments. Although the relative binding of
different sera to peaks I and II compared with that of peak III
gave some indication of the relative amounts of anti-Sm and
RNP antibodies in these sera, a more quantitative estimate
could be obtained by competition experiments that use the
separated Sm- and Smplus RNP-containing ribonucleoprotein
complexes. The fact that peaks I, II, and IV contained the
same Sm proteins as peak III (Fig. 3) permitted the analysis
of the reactivity of sera with the RNP-specific antigenic sites
found in peak III. This was achieved by preadsorbing the sera
with RNP-free Sm antigen obtained from peaks I-II (Fig. 1).
Because the Sm and RNPantigens in peak III were not free
of other contaminating antigens, the possibility of interference
by contaminants in the competition assays was minimized in
several ways. First, sera that reacted only with Sm and RNP
antigens by gel diffusion and by immunoprecipitation of
[35S]methionine-labeled nuclear antigens were selected for this
analysis. Secondly, all sera were diluted 1:200 to 1:400 for the
competition experiments to further minimize binding to con-
taminants by other autoantibodies present in low titers.

When sera were preincubated with Sm antigen (peaks
I-II), antibody binding to the same antigen on the microtiter
plate was reduced to background. Similarly, preincubation
with Sm plus RNP (peak III) completely blocked binding to
both peak III and peaks 1-11 on the microtiter plate. By coating
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Figure 4. Competition experiments. Wells of microtiter plates were
coated with 50 yg/ml of antigen from peak III (containing Smplus
RNPactivity-see Fig. 1). Patient serum was preincubated with
different amounts of the same antigen at 500 /Ag/ml (o) or with Sm
antigen (500 ,g/ml) from peaks I-II (o) before binding to the coated
wells. Results are expressed as percent inhibition of the binding of
serum in the absence of competition. (A) Patient PMwith SLE,
serum diluted 1:200, (B) patient GKwith SLE, serum diluted 1:200;
(C) patient PP with SLE, serum diluted 1:200; (D) patient JM with
MCTD, serum diluted 1:400.

the plate with antigen from peak III and preadsorbing the sera
with Smantigen from peaks I-II, an estimate of the amount
of binding to antigenic sites present exclusively in peak III
("RNP-like antibody") was made (Fig. 4, A-D). In Fig. 4,
A-C illustrate the results obtained by using SLE sera in which
--90%, 70%, and 15% of the binding to peak III could be
blocked by preincubation with Smantigen. 21 of the 24 SLE
sera analyzed gave a pattern similar to that shown in Fig. 4

C. Fig. 4 D illustrates the results of the same experiment using
a MCTDserum, which contained no anti-Sm. Of the SLE
sera examined by this technique, 3 of 24 contained antibodies
whose binding to peak III was >50% inhibited by preincubation
with Sm, indicating that only a small minority of SLE sera
contined a larger amount of anti-Sm reactivity than anti-RNP
reactivity. In the other 21 sera, the binding to peak III appeared
to be mainly due to anti-RNP antibodies. In no instance was
all of the binding to peak III inhibited by preincubation with
Sm, suggesting that all 24 lupus sera contained antibodies to
RNP-like antigenic sites. In contrast, the binding of seven of
eight MCTDsera to peak III was unaffected by preincubation
with Sm, in agreement with findings of others that these sera
do not generally contain anti-Sm (1, 11, 12). The results of
competition analysis using selected SLE and MCTDsera are
summarized in Table III.

For comparison with the results of the competition exper-
iments, microtiter plates were coated with either Sm (peaks
I-II) or Sm plus RNP (peak III), and the binding of sera to
these antigens after treatment with RNase, snake venom
exonuclease, and trypsin was determined (Table II). The
binding of most SLE and all MCTDsera to peak III was
reduced by 80-100% by RNase treatment (Table III, patients
4-15). The binding of these sera was even more sensitive to
snake venom exonuclease, suggesting that this enzyme may
disrupt both RNase-sensitive and RNase-resistant sites. It is
likely that the Rnase-resistant site was destroyed by enzymatic
attack (by the venom exonuclease) on RNA, although impurities
in the commercially available enzyme (e.g., protease) cannot
be ruled out.

The decrease in antibody binding to peak III after treatment
with RNase or venom exonuclease generally correlated with
the percentage of anti-RNP antibody as estimated by compe-
tition experiments (Table III). In several SLE sera, however,
the RNase-sensitive binding correlated well with the percentage
of RNP-like antibody as determined by competition experi-
ments, but this binding was completely resistant to venom
exonuclease (Table III, patients 1-3). This may represent

Table III. Estimation of Relative Amounts Anti-Sm and RNPAntibodies in Selected Sera

% Decrease binding§

No. Patient Diagnosis Total ENA titer %Sm* %RNPt RNase SVE Trypsin

1 PM SLE 1:5,000 90 10 22 0 50
2 DJo SLE 1:25,000 85 15 32 0 69
3 GK SLE 1:25,000 70 30 38 0 58
4 SO SLE 1:3,125,000 20 80 89 83 -90
5 PP SLE 1:25,000 15 85 79 85 -80
6 RT SLE 1:625,000 15 85 83 93 --100
7 CT SLE 1:25,dOO 15 85 33 50 56
8 MY SLE 1:5,000 10 90 80 83 --100
9 PHy SLE 1:625,000 10 90 89 89 -90

10 DS SLE 1:125,000 5 95 73 85 71
11 DJa MCTD 1:125,000 0 -100 84 96 -100
12 PHu MCTD 1:125,000 0 100 81 93 -100
13 JM MCTD 1:125,000 0 100 82 95 --100
14 KA MCTD 1:3,125,000 0 100 94 99 -100
15 SL MCTD 1:625,000 0 100 >95 >95 --100

* Percent of binding to peak III in competition experiments that was inhibitable by preadsorption with Smantigen. t Percent of binding to
peak III in competition experiments that could not be inhibited by preadsorption with Smantigen. § Percent decrease in antibody binding to
peak III by ELISA after digestion of the antigen with ribonuclease (RNase), snake venom exonuclease (SVE), or trypsin (see Methods).

584 W. H. Reeves, D. E. Fisher, R. G. Lahita, and H. G. Kunkel

100

80

60

40-

c00-

C 100'C

O 80-

60-

40

20-



binding to an additional determinant which is present only on
ribonucleoprotein particles containing both Sm and RNP.
Serum from patient 7 in Table III appeared to react with this
antigenic site as well as with the other RNPdeterminants. The
binding of sera containing anti-Sm to Sm antigen was also
partially sensitive to RNase but was mostly resistant to venom
exonuclease (data not shown).

Discussion

In the experiments described above, the magnitude of the
humoral immune response to various antigenic sites on Sm-
and RNP-containing ribonucleoprotein particles in SLE and
MCTDwas studied. The binding of antibodies to these antigenic
sites was determined by methods that were not dependent
upon the sensitivity of the antigens to ribonuclease. This is
important in view of studies by White and colleagues (19-21),
who suggest that RNP is partly resistant and Sm partly
sensitive to RNase treatment. Attempts to circumvent this
problem have been only partly successful. For example, analysis
of the RNA species immunoprecipitated by various patient
sera (28) can distinguish between sera containing anti-RNP
antibodies alone (which precipitate only UI-RNA) and sera
containing either anti-Sm alone or anti-Sm plus anti-RNP
(which precipitate U1, U2, and U4-6 RNAs). However, anti-
Sm cannot be distinguished from anti-Sm plus anti-RNP by
this method because of the physical association of both Sm
and RNP antigens with U1 RNA (5). Western blotting has
also been partially successful in resolving this problem (15,
29-31) but has been hampered by the fact that only those
antigenic sites that are not destroyed by SDSand are indepen-
dent of an association with RNAare readily detectable.

The competition experiments presented here circumvent
these problems by defining as "RNP-like" those antibodies
that react specifically with UI-RNP particles (i.e., peak III,
Figs. 1 and 2). That peak III contains UI-RNP articles is
virtually certain based on the finding that the Ul-RNP-specific
(5, 15, 16, 17, 29) proteins A and C are found only in this
peak of activity (Fig. 3). Thus, RNP-like antibodies include
antibodies that react with proteins A and C, either alone or in
combination with Ul-RNA, regardless of whether or not the
antigenic sites are sensitive to RNase. In addition, RNP-like
antibodies would include antibodies to the higher molecular
weight proteins that reportedly are specifically attached to
U1-RNP particles (21, 29), although we have not consistently
detected such proteins.

The competition experiments have allowed sera containing
antibodies to Sm or RNP to be divided into three somewhat
arbitrary groups, based on their reactivity with separated
ribonucleoprotein particles. The first group (Table 3, patients
11-15) consists of MCTDsera, which reacted only with peak
III. These sera recognized mainly a RNase-sensitive site but
also recognized a RNase-resistant site, which was sensitive to
snake venom exonuclease. Although a portion of the binding
of MCTDsera to peak III was insensitive to RNase treatment
of the antigen (and would previously have been defined "Sm"
antibody), all of the binding was apparently Ul-RNP specific
(see Figs. 1 and 4 and Table 3) or RNP-like. Previous studies
from our laboratory have indicated that MCTDsera react with
two proteins, bands A and C, one of which (band A) is released
from the U1 -RNP article in an immunologically unreactive

form after treatment with RNase (17, 32, 33). Band C,
however, remains reactive with MCTDsera after RNase
treatment. Antibody against band C may therefore be respon-
sible for the portion of the binding that was RNase-resistant
and venom exonuclease-sensitive.

The second group consists of SLE sera that reacted primarily
with the same antigenic sites as recognized by MCTDsera.
This group was composed of 21 of the 24 SLE sera that had
either anti-Sm or RNPantibodies. In these 21 sera, <20% of
the antibody binding to peak III could be inhibited by prein-
cubation with Sm antigen (see Table III, patients 4-10). The
RNase and snake venom exonuclease sensitivity of the re-
maining 80% or more of the binding supported the interpre-
tation that this portion of the activity represented binding to
the same sites recognized by the MCTDsera.

In the third group, consisting of 3 of the 24 SLE sera,
most of the binding to peak III was attributable to the presence
of antibodies against shared "Sm" determinants. However,
each of these sera contained additional antibodies whose
binding to peak III could not be inhibited by pre-incubation
with Sm. The determinant recognized by these sera is apparently
different from those recognized by MCTDsera and the other
21 SLE sera, because although the binding to peak III was
partially sensitive to RNase, it was completely resistant to
snake venom exonuclease (Table III, patients 1-3). Although
the possibility exists that this additional activity is due to
binding to a contaminating ribonucleoprotein other than Sm
or RNP, we feel this is unlikely, because when these sera were
preadsorbed with Sm, they no longer immunoprecipitated
radiolabeled Smcomplexes, but still were capable of immu-
noprecipitating complexes containing both Smand RNPfrom
peak III (unpublished observation). Further characterization
of this additional RNP-like determinant is in progress.

A fourth group of sera could theoretically be distinguished
by experiments such as that illustrated in Figs. 1 and 2. These
sera would contain antibodies specific for U2, U4, U5, or U6
particles, and might be expected to react with peaks I, II, or
IV but not with peak III. Although no such sera were identified
in the present studies, antibodies which react specifically with
U2 particles have recently been identified by others in sera
from patients with scleroderma-polymyositis overlap syn-
drome (34).

These studies indicate that most SLE and all MCTDsera
that contain Smor RNPantibodies contain an overwhelming
preponderance of antibodies, which are apparently specifically
reactive with Ul-RNP particles, and that antibodies against
the Smdeterminants, which are shared by U1, U2, and U4-6
particles, represent a minor component of the total humoral
immune response to these particles. This might reflect merely
the relative accessibility of the various sites to immune attack.
Alternatively, it might suggest that Ul-RNP particles are
especially immunogenic in these patients, either because of
some characteristic of the particle itself or because of increased
amounts of U1-RNP particles relative to U2, U4, U5, or U6
particles. It should be noted that the Ul-RNP particle is the
most prevalent form of Smand RNPantigen in calf thymus
(10) as well as in all of the human cell lines we have studied
(see Fig. 2). Also, recent studies demonstrate that RNPantigen
(presumably in the form of U1-RNP particles) is induced in
ultraviolet-irradiated keratinocytes (35), and preliminary ex-
periments in our laboratory suggest that synthesis of this
particle is also increased in mitogen-stimulated murine B
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lymphocytes. The preferential synthesis of Ul-RNP particles
in response to certain external stimuli might provide a mech-
anism whereby the antigen load of this particular type of
ribonucleoprotein particle is transiently increased, permitting
the production of autoantibodies against it. Such a mechanism
has been previously postulated to play a role in other examples
of autoimmunity (36, 37).

In addition to the striking predominance of the Ul-RNP
peak of activity detected in human cell lines (see Fig. 2, peak
III), human cell extracts differed from rabbit thymus acetone
extract in the elution pattern of peaks I, II, and IV containing
Sm antigens (cf. Figs. 1 and 2). The prominence of peaks I
and II compared to peak IV in rabbit thymus extract and the
prominence of peak IV in human cell extracts might be
explained in several ways. The patterns obtained might be
characteristic of a given species or cell type. Alternatively, the
different patterns may be related to the method used to prepare
the antigens (e.g., acetone precipitation in the case of the
commercially available rabbit thymus acetone powder). The
experiments using fresh rabbit thymus instead of the commer-
cial rabbit thymus acetone powder suggest that both of these
alternatives may be correct. Large amounts of Sm activity
which eluted at high salt (peak IV) were obtained after
fractionation of fresh rabbit thymus extract on DE-52, sug-
gesting that the near absence of peak IV in commercial rabbit
thymus acetone powder (Fig. 1) is probably an artifact of the
organic solvent fractionation procedure. Possibly the lower
polarity of acetone reduces hydrophobic forces within the Sm
complexes in peak IV, resulting in their partial (or complete)
dissociation. In contrast, the presence of relatively large amounts
of peaks I-II in both preparations of rabbit thymus extract
and in fresh calf thymus extract (14) suggests that thymus may
be enriched in this form of Sm compared to other tissue or
cell types.

The reason that some Sm eluted at low (125-150 mM)
salt whereas some other Sm eluted at high (>260 mM) salt
(see Figs. 1 and 2) is of some interest, in that the protein
bands in peaks I-II and IV were the same. This implies either
a difference in a protein(s) which is/are not labelled by
[35S]methionine or, more likely, a difference in the RNA
present. We are currently investigating the possibility that
peaks I-II contain Sm particles that have not yet bound to
RNA or which have dissociated from RNA. Recent studies
from our laboratory have demonstrated the existence of a
RNA-free 6S precursor article, which contains several of the
Smproteins and which is subsequently assembled into mature
1OS ribonucleoprotein particles (manuscript submitted for
publication). The relationship of the 6S particle to the DE-52
elution pattern remains to be clarified, but the RNA-free
particle might be expected to elute from the ion-exchange
matrix at a significantly lower salt concentration than the
mature ribonucleoprotein particles due to the high negative
charge density of RNA.

The present studies indicate that both the ELISA using
DE-52 fractions and the radioimmunoprecipitation techniques
are significantly more sensitive than passive hemagglutination
and other standard techniques for detecting Sm and RNP
antibodies, and that the sensitivity of the ELISA and radioim-
munoprecipitation techniques is comparable. Approximately
60% of the SLE sera tested contained either Sm or RNP
antibodies by both ELISA and immunoprecipitation, and at
least 48% contained Smantibodies by ELISA. In comparison,

20-46% of SLE sera have been reported to contain anti-RNP
antibodies by counterimmunoelectrophoresis, gel diffusion, or
passive hemagglutination (1, 25-27), whereas 23-24% of SLE
sera have been shown to contain anti-Sm antibodies by coun-
terimmunoelectrophoresis (26, 27). It is unclear at present
whether or not those SLE sera that contained only RNP
antibodies by ELISA might also contain small amounts of Sm
antibodies which were undetectable by this technique.

It should be mentioned that the presence of "anti-ENA"
antibodies in the screening ELISA does not necessariy indicate
the presence of anti-Sm or anti-RNP antibodies. Although
high titers of anti-ENA antibodies (.1:5,000) correlated strongly
with the presence of anti-Sm or anti-RNP antibodies (18 out
of 19 instances), 12 out of the 50 sera reported here reacted
with the unfractionated ENA, but failed to react with DE-52
peaks I-IV or to immunoprecipitate the [35S]methionine-
labeled Sm and RNPantigens. These 12 sera had relatively
low titers (<1:5000) of anti-ENA antibodies, and reacted with
proteins other than Smand RNPby the radioimmunoprecip-
itation technique. Obviously, the most reliable results are those
obtained by radioimmunoprecipitation, but we have found
that reactivity with specific peaks of activity by ELISA is
nearly as good. This is especially true in the case of sera that
contain anti-Sm antibodies, because these sera react with four
characteristic peaks by ELISA (Figs. 1 and 2).

In summary, these studies indicate that a humoral immune
response to Sm and RNP antigens exists in the majority of
SLE and MCTDpatients, and that in both diseases, this
response is directed mainly against several different antigenic
sites that are exclusive to Ul-RNP particles. The production
of anti-Sm antibodies in SLE appears to be quantitatively less
prominent than the production of U1-RNP specific antibodies.
These observations as well as the observation that extremely
high titers of RNPantibodies are sometimes observed in the
absence of other autoantibodies (reference I and present
studies) would seem to favor a role of the Ul-RNP antigen in
producing this autoimmune response. Further studies will be
needed in order to determine whether or not alterations in
nuclear metabolism might play a role in production of anti-
nuclear antibodies, or whether these antibodies result from a
primary defect in immunoregulation (e.g., polyclonal activa-
tion).
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