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Abstract

To investigate the temporal relationship of antibody responses
to different La epitopes, sequential sera from nine patients
with systemic lupus erythematosus and Sjogren’s syndrome
were tested by enzyme-linked immunosorbent assay for anti-
body binding to a series of recombinant fusion proteins con-
taining different regions of the La molecule. The results of this
analysis indicate that antibody responses to four different La
fragments vary in parallel over time. This finding is supported
by a statistical analysis indicating that the changes in antibody
levels between the six pairs of responses were highly corre-
lated (P < 0.001). Furthermore, we show by immunoaffinity
purification that antibodies to the three nonoverlapping La
protein fragments do not cross-react with other fragments and,
hence, represent independent populations. These results sug-
gest that anti-La antibodies are coordinately produced to dif-
ferent epitopes on the La molecule, possibly reflecting an anti-
gen-driven mechanism. (J. Clin. Invest. 1990. 85:515-521.)
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Introduction

Anti-La antibodies are members of a clinically important
group of anti-nuclear antibodies (ANA)' that bind to small
ribonucleoprotein (RNP) particles located in the nucleus and
cytoplasm of eukaryotic cells (1, 2). These antibodies occur in
sera from 40-87% of patients with primary Sjégren’s syn-
drome (SS) (3-6) and in 10-15% of patients with systemic
lupus erythematosus (SLE) (7). Moreover, anti-La antibodies
demonstrate a strong association with congenital heart block
of the neonatal lupus syndrome (8). Although anti-La anti-
bodies are not known to be directly pathogenic, they nonethe-
less represent valuable markers of immunoregulatory distur-
bances in these diseases.

Anti-La antibodies recognize a 46.8-kD protein which
transiently associates inside cells with various small RNA mol-
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ecules (9). These RNA species are chiefly products of RNA
polymerase III and include 7S RNA, pre-5S RNA, pre-tRNA,
4.5 1 RNA, Y RNA, and several viral RNA (10-16); Ul RNA
is also bound by the La protein, although it is transcribed by
RNA polymerase II (17). The structure of the La protein has
been deduced from nucleotide sequencing of genomic and
complementary DNA (cDNA) clones (9, 18-21). These studies
demonstrate that the La protein is 408 amino acid residues in
length with a long stretch near its middle predicted to form an
a-helix; this region also contains an RNA recognition motif
overlapping the NH,-terminal region of this alpha-helical core
(9, 21). RNA polymerase III appears to require the La protein
for efficient termination of transcription (22, 23).

Our laboratory has analyzed the antigenic properties of the
La protein by quantifying the reactivity of these antibodies
with recombinant fusion proteins containing different regions
of the La molecule. Using this approach, we have shown that
autoantibodies in sera from patients with SLE and SS recog-
nize at least three nonoverlapping sequences of the La mole-
cule (24). These results suggest that the La protein contains
multiple antigenic determinants and therefore resembles a
conventional protein antigen in its immunological activity.
The temporal correlation of antibody responses to different La
epitopes has not been assessed, although it is relevant for de-
fining potential mechanisms of anti-La antibody production.
For other ANA specificities, longitudinal studies have been
informative. For example, levels of antibodies to double-
stranded (ds) DNA have been shown to fluctuate dramatically
in some patients with SLE, typically in association with active
renal disease (25). Temporal shifts from Sm to (Ul) RNP
patterns of reactivity also have been described (26), suggesting
that at least some ANA specificities may emerge or change
during the disease course.

To investigate the relationship of antibody responses to
different La epitopes over time, we have measured antibody
binding to a series of recombinant fusion proteins containing
different regions of the La antigen. In the results presented
herein, we demonstrate that levels of antibodies to different La
fragments vary in parallel during the course of disease. Fur-
thermore, using an immunoaffinity purification procedure, we
show that the antibody response to each of the three nonover-
lapping La fragments represent independent populations. To-
gether, these results indicate that anti-La antibodies to differ-
ent La epitopes are coordinately regulated, possibly reflecting
an antigen-driven response.

Methods

Patients and sera. Nine patients whose sera contained anti-La anti-
bodies were selected based on the availability of multiple serum sam-
ples. Clinical information concerning these patients was ascertained
from medical records. Five of the patients had a diagnosis of SLE; three
had SS in association with SLE; and one patient had primary SS. The
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number of sera from each patient varied and was as follows: three, two
patients; four, two patients; five, two patients; six, one patient; and

eight, two patients. The interval between the onset of disease and the

initial serum sample in the sequence ranged from < 1 mo to 11 yr.
Eight of these patients were treated for at least part of their course with
corticosteroid or cytotoxic therapy; four patients received combination
therapy with prednisone and a cytotoxic drug (azathioprine or cyclo-
phosphamide) and four patients received prednisone alone.

Expression and purification of fusion proteins. cDNA and genomic
clones encoding the human La antigen were isolated and authenticated
by hybrid selection and in vitro translation techniques (18). Subclones
expressing partial sequences of the human La protein were engineered
from the full-length La cDNA and expressed in Escherichia coli Y 1089
as B-galactosidase fusion proteins (9, 24). After inducing expression in
bacteria, the La fusion proteins were purified from cell lysates by a
centrifugation method (24). Because of insolubility after purification,
the fusion proteins were subsequently dissolved in 4.5 M urea and 10
mM Tris, pH 7.5 containing 1 mM phenylmethylsulfonyl fluoride
(PMSF) for use in solid-phase assays. The protein concentration in
these preparations was determined by protein assay (BioRad Laborato-
ries, Richmond, CA) with bovine serum albumin (BSA) as the stan-
dard.

The La fusion protein preparations were analyzed for purity by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) using 6% gels. Proteins were stained with Coomassie blue. On
gels, these preparations contained a predominant band corresponding
to the intact fusion protein as well as several more weakly staining,
lower-molecular-weight bands that were presumed to be either fusion
protein degradation products or E. coli proteins (24). By visual inspec-
tion of gels, each of the fusion protein preparations was minimally 50%
fusion protein.

An E. coli BNN103 lysogen expressing an unrelated S-galactosi-
dase fusion protein was obtained from Barabara Hamilton and Arno
Greenleaf, Duke University Medical Center, and utilized in these ex-
periments as a control antigen. The genomic DNA insert expressing
the control fusion protein encodes an 18-kD polypeptide from RNA
polymerase 11 of Drosophila melanogaster.

Affinity purification of antibodies to La fusion proteins. Antibodies
to different regions of the La protein, as defined by the recombinant
cDNA constructions, were obtained by a nitrocellulose blot immuno-
affinity-purification method similar to that previously described by
Smith and Fisher (27). Partially purified recombinant La A, La B, La
C, and La D fusion proteins were separated by SDS-PAGE, transferred
to nitrocellulose, and probed with human sera containing anti-La
antibodies (24). After staining, the bands on the nitrocellulose blots
corresponding to the intact La fusion proteins were cut out and trans-
ferred to microfuge tubes. Each excised band was eluted by three
washes for 30 s with 200 ul of 5 mM glycine-HCI, pH 2.3, 500 mM
Na(l, 0.5% (vol/vol) Tween 20, and 100 ug/ml of BSA. The eluates
were then immediately neutralized with Na,HPO, to a final concen-
tration of S0 mM. Subsequently, the nitrocellulose strips were washed
three times with phosphate-buffered saline (PBS), pH 7.4, 0.5% Tween
20, and 100 ug/ml BSA. Finally, they were washed with 3 M NH,SCN,
150 mM KCl, 10 mM Na,HPO,, pH 6.0, and 100 pg/ml BSA. The
three aliquots from each of the elution steps were pooled for subse-
quent testing by enzyme-linked immunosorbent assay (ELISA).

ELISA. Anti-La antibody binding in sera and in eluates from
nitrocellulose blots was determined by ELISA using La fusion proteins
as antigens (28). Briefly, 2 ug/ml of purified LaA,LaB,LaC,orLaD
fusion protein was adhered to polystyrene 96-well microtiter plates
(Dynatech Laboratories, Inc., Chantilly, VA) in 8 M urea, 0.05 M Tris,
pH 7.4 overnight at 4°C. Under these coating conditions, a murine
anti—p-galactosidase monoclonal antibody produced approximately
the same level of reactivity with each of the La fusion protein prepara-
tions. After blocking with 1% BSA, PBS, pH 7.4, and 0.5% Tween 20,
wells were incubated for 1 h with sequential twofold dilutions of pa-
tient sera. After washing, the plates were incubated for 45 min with a
peroxidase-conjugated goat anti-human immunoglobulin G (IgG) (v)

516 St Clair et al.

(Sigma Chemical Co., St. Louis, MO) followed by the addition of 0.1
M citrate, pH 4.0, 1:100 dilution (vol/vol) of 3,3',5,5"-tetramethylben-
zidine hydrochloride (Bionetics Organon Teknika, Oklahoma City,
OK), and a 1:3,000 dilution (vol/vol) of 30% H,0,. After 45 min the
optical density at 380 nm was determined using a plate reader (Titer-
kek Multiskan Plus Plate Reader, Flow Laboratories, Inc., McLean,
VA). To minimize experimental variability, each patient’s panel of
sequential sera was assayed on the same day. Previous studies have
established that the intra-assay variability of this ELISA is < 15%. The
number of binding units was defined as the reciprocal of the serum
dilution producing an OD;g of 1.0.

As a control, sera and eluates also were tested for their reactivity
with the control fusion protein containing RNA polymerase II of D.
melanogaster. In these assays, the coating concentration of the control
fusion protein was adjusted to achieve a level of reactivity with a mouse
monoclonal anti-g-galactosidase antibody that was comparable to the
binding by this monoclonal antibody to the La fusion proteins.

Measurement of anti-ssDNA IgG antibody binding was done by
ELISA using heat denatured calf thymus DNA as the antigen (29).

Total serum IgG levels were determined by ELISA (30). The
mean+SD of serum IgG in 23 sera from normal, healthy adults was
568+357 mg/dl. ‘

Statistical analysis. Data were managed and analyzed using the
CLINFO Data Analysis System of Duke University (RR-30 General
Clinical Research Center) supported by the Division of Research Re-
sources, National Institutes of Health. To assess whether antibody
responses to different La fusion proteins were related in time, Spear-
man rank correlation coefficients were computed for each of the six
pairs of antibody responses at different points during the course of
disease (e.g., anti-La A vs. anti-La B, anti-La A vs. anti-La C, etc.).
ELISA binding units served to quantify antibody responses. For this
analysis, levels below 100 U were assigned a value of 99 U. After Fisher
transformation and weighting their corresponding degrees of freedom,
the correlation coefficients of individual patients were summed to
yield an overall correlation coefficient for each pair of responses (31).

Results

The panel of sequential sera from each patient was tested by
solid-phase ELISA for reactivity with four recombinant fusion
proteins containing different regions of the human La protein
sequence. The La fusion proteins used as antigens in these
assays were derived from a full-length La cDNA encoding a
protein of 408 amino acids and are designated as follows: La A
(residues 1-111); La B (residues 111-408); La C (residues
111-242); and La D (residues 242-408). LaA,LaC,and LaD
fusion proteins contain nonoverlapping La sequences, whereas
La B encompasses La C and La D. As shown in Tables I and II,
sera containing anti-La antibodies reacted most strongly with
the La A and La B fragments; antibody binding to La C tended
to be intermediate, while La D showed the least reactivity. No
binding was observed to a fusion protein containing an insert
from RNA polymerase II of D. melanogaster, indicating that
the measured reactivity was specific for the La antigen (data
not shown). .

Antibody binding to different La fragments over time.
Serum antibody binding to the La fusion proteins in five of
nine patients varied during the observation period by > 1 log;o
ELISA units. For example, in a 17-yr-old male with SLE,
antibody binding to each of the La fragments fell dramatically
despite repeated flares of clinical disease activity (Fig. 1). An-
other patient with SLE whose course was marked by episodes
of thrombocytopenia, lymphadenopathy and fatigue also
showed a substantial decline in antibody binding to the La
fragments (Fig. 2). In the other four patients, antibody binding



Table I. Longitudinal Observations of Serum Antibodies

to Recombinant La Fusion Proteins and Their Relationship
to Levels of Anti-ss DNA Antibodies and Total IgG

in Patients with SLE

Table II. Longitudinal Observations of Serum Antibodies
to Recombinant La Fusion Proteins and Their Relationship
to Levels of Anti-ss DNA Antibodies and Total IgG

in Patients with SS

Anti- Anti— Anti— Anti- Anti- Total Anti- Anti- Anti- Anti- Anti- Total
Time* LaA LaB LaC LaD ssDNA IeG Time* LaA LaB LaC LaD ssDNA IgG
ELISA units* ODjg AU mg/dl ELISA units* ODsg AU mg/dl
W.B., < 1 mo® LM, SLE &SS, 11 yr*
0 8,000 42,000 4,200 2,700 1.564 2,900 0 87,000 210,000 58,000 2,150 0.083 4,100
+1 7,400 48,000 4,800 2,700 1.298 3,300 +4 59,000 180,000 59,000 1,625 0.087 3,800
+7 4,800 11,000 2,000 1,600 1.707 2,600 +10 27,500 39,750 22,500 150 0.055 ND
+16 1,400 4,900 400 810 1.548 700
’ ’ D.G.,SLE & SS, 4 yr
+18 2,300 2,400 280 320 0.453 900 0 24,000 42,000 10,000 2,300 1.666 1,700
B.P., 6 mo +2 5,400 4,500 2,100 370 0.869 500
0 28,500 33,500 5,750 975 0.094 3,900 +3 15,000 7,800 1,600 420 0.946 600
+73 18,000 21,900 4,800 2,750 0.061 3,900 +8 39,000 28,000 9,000 1,500 1.414 1,000
+77 6,200 6,600 1,550 915 0.052 2,500
+99 17,500 20,400 5,050 975 0.074 4,000 D.D., SLE &SS, 2 yr
0 260 1,100 460 370 1.435 8,500
+128 1,050 2,450 305 <100 0.092 2,600
+2 <100 800 <100 <100 0.953 2,700
+132 960 890 180 <100 0.665 3,300
+6 <100 <100 <100 <100 0.420 1,100
+135 550 800 180 <100 0.328 3,700
+154 345 290 125 <100 0.991 3.200 +12 <100 <100 <100 <100 0.389 2,200
’ ’ +18 <100 <100 <100 <100 0.239 1,500
CM,2yr +22 <100 <100 <100 <100 0.416 3,000
0 20,000 27,000 2,200 470 1.059 1,400 KE. S5. 6 mo
+3 9,200 7,800 4,700 520 1.029 900 0 7.200 9,000 400 <100 0.235 1,300
+5 5,200 16,000 3,700 290 1.243 1,400
+37 72,000 78,000 11,000 2,100 0.340 8,900
+6 6,800 12,500 4,000 320 1.057 1,000
+60 48,000 70,000 17,000 2,600 0.484 2,900
+14 3,400 15,000 1,650 500 0.991 1,000
+66 130,000 96,000 36,000 2,400 0.253 5,300
*+19 4,000 7,200 420 180 1.022 1,100 +72 60,000 65,000 13,000 2,400 0.243 3,500
+27 16,500 33,000 7,500 205 1.062 1,500 ’ ’ ’ ? ) ’
+32 11,000 22,000 4,500 225 0.967 1,900
ND, not done.
IM,, 3yr * Initial serum sample at time = 0 with subsequent samples obtained
0 7,000 7,500 3,600 780 0.738 1,700 at time = months‘
+3 4,600 9,400 2,600 370 1.487 1,200 ¥ Reciprocal of serum dilution producing an ODsg of 1.0 AU.
+5 5,200 1,800 980 650 0.192 700 § Patient identification, diagnosis, and duration of disease before ini-
+29 450 <100 130 110 0.137 900 tial serum sample.
C.P., 10yr
0 3% 740 140 10 0.163 1,300 porated the time sequence of the data and the changes in anti-
+6 350 550 <100 <100 0.155 700 . !
+16 470 680 <100 <100 L118 1.100 body levels for each pair of responses. The correlation coeffi-
’ ’ cient for each of the six pairs was highly statistically significant

* Initial serum sample at time = 0 with subsequent samples obtained
at time = months.

¥ Reciprocal of serum dilution producing an ODsg of 1.0 AU.

§ Patient identification and duration of disease prior to initial serum

sample.

to the La fusion proteins varied by < 1 log,o, ELISA units.
Serum anti-La antibody levels in a patient with SLE remained
relatively constant over a 2%-yr period characterized by flares
of mild disease activity (Fig. 3). In these studies, the magnitude
of the anti-La response did not appear to be correlated with
clinical disease activity.

The relationship of the responses to different fragments
was next evaluated to determine the significance of apparent
coordinate fluctations in antibody levels. Using a nonparamet-
ric method, correlation coefficients were calculated that incor-

(Table III). For example, the changes in anti-La A and anti-La
B levels were highly concordant with an r value of 0.938 (P
< 0.001), indicating that these two responses, although not
necessarily the same quantitatively, concurrently increased
and decreased over the course of disease. Despite an overall
correlation, responses to different La epitopes were occasion-
ally discordant. For example, in the first two serum samples
from patient B.P. (Table I, Fig. 2), anti-La A and anti-La B
antibody binding levels decreased slightly with a concomitant
threefold increase in anti-La D antibody levels. Nonetheless,
the overall pattern of variability over time strongly suggests a
highly coordinated response to different epitopes on this au-
toantigen. -

Correlation of anti-La antibody responses with levels of
IgG and anti-ssDNA. To determine whether anti-La antibody
levels varied independently of other responses or reflected gen-
eralized changes in IgG levels, sequential sera from the nine
patients were also tested for total IgG and anti-ssDNA anti-
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Figure 1. Longitudinal expression of antibodies to different regions
of the La protein in a patient with SLE. Sequential sera from this pa-
tient were tested by ELISA for binding to La A, La B, La C, and La
D fusion proteins. Antibody binding is expressed in ELISA units.
Significant clinical events are marked by arrows for correlation with
anti-La antibody responses.

bodies. Although total IgG and anti-La antibody levels varied
together in some patients, discordant changes were noted in
others (Tables I and II). For example, serum anti-La antibody
levels decreased in patient B.P. over time despite concurrent
sustained elevation of total IgG. Likewise, changes in anti-
ssDNA antibody levels did not always correlate with changes

in anti-La antibody binding (Tables I and II). In patient B.P.,a

decline in serum anti-La antibody binding preceded a fall in
anti-ssDNA levels. Statistical correlation of these results was
not attempted because anti-La antibody binding, IgG levels,
and anti-ssDNA antibody binding were quantified using dif-
ferent scales.

Evaluation of potential cross-reactivity among La epitopes.
One assumption in these experiments is that antibodies to
different La fragments represent distinct populations. It is pos-
sible, however, that a more limited set of antibodies could
produce a similar pattern of epitope recognition. These anti-
bodies could bind a common site on all of the fragments.
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Figure 3. Longitudinal expression of antibodies to different regions
of the La protein in a patient with SLE. Sequential sera from this pa-
tient were tested by ELISA for binding to La A, La B, LaC, and La
D fusion proteins. Antibody binding is expressed in ELISA units.
Significant clinical events are marked by arrows for correlation with
anti-La antibody responses.

Alternatively, they could bind to a discontinuous epitope
comprised of amino acid sequences from each region repre-
sented in the La fragments; although fragments display only
portions of the immunoreactive site, they may nevertheless be
sufficient for antibody binding. To investigate whether anti-
bodies to different La fragments are independent populations,
antibodies to each of the four different La fragments were
isolated by an affinity-purification technique. The eluates were
then tested by ELISA for their reactivity with each of the La
fusion proteins. Approximately 60-80% of the bound antibod-
ies eluted with the pH 2.3, glycine buffer with virtually all the
remainder appearing in the PBS, pH 7.4 wash. Since most of
the antibodies eluted with the pH 2.3, glycine buffer, these data
are presented below.

In sera from two patients with a high level of anti-La anti-
bodies, we found that affinity-purified antibodies to a specific
La fragment bound exclusively to that same fragment or one
including that sequence; they did not bind to La fragments
containing a nonoverlapping La sequence (Figs. 4 and 5).
Thus, affinity-purified anti-La A antibodies reacted only with
the La A fusion protein and not to the others. Antibodies to the
La B fragment did not bind the La A fragment, but bound

Table III. Temporal Correlation of Antibody Responses
to Different Regions of the La Protein

Log ELISA Binding Units

1976 1980 1984 1988
Disease Course (date)

Figure 2. Longitudinal expression of antibodies to different regions
of the La protein in a patient with SLE. Sequential sera from this pa-
tient were tested by ELISA for binding to La A, La B, La C, and La
D fusion proteins. Antibody binding is expressed in ELISA units.
Significant clinical events are marked by arrows for correlation with
anti-La antibody responses.
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Correlation coefficient (r value)*

Anti-La A Anti-La B Anti-La C Anti-La D
Anti-La A 1.000 0.938% 0.913¢ 0.864%
Anti-La B — 1.000 0.923¢ 0.732¢
Anti-La C — — 1.000 0.874%
Anti-La D — — — 1.000

* Spearman rank correlation coefficients were summed for each indi-
vidual patient to give overall correlation coefficients for each pair of
antibody responses.

P <0.001.
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strongly to La B, La C, and La D. Affinity-purified anti-La C
antibodies reacted only with La B and La C fusion proteins
and not to La A or La D. Anti-La D antibodies were obtained
in significant levels only from one of the sera (Fig. 5). In this
case affinity-purified anti-La D antibodies reacted with La B
and La D but not with La A and La C. The poor recovery of
anti-La D antibodies from the other serum (Fig. 4) was likely
due to its relatively low level of anti-La D antibody activity.
The affinity-purified anti-La antibodies did not react by
ELISA with the control fusion protein (data not shown). To-
gether, these results indicate that the populations of antibodies
to the three nonoverlapping La fragments are unique.

Discussion

The results of these studies demonstrate that levels of autoanti-
bodies to different La epitopes vary in parallel during the
course of disease. This conclusion is based on quantitative
immunoassays using recombinant fusion proteins and is sup-
ported by a nonparametric statistical analysis showing that
paired responses to different La fragments were highly corre-
lated. Together with previous cross-sectional analyses, these
studies suggest that antibodies to different La epitopes are reg-
ulated in concert, likely reflecting an antigen-specific mecha-
nism.

Although the correlation between responses to different La
epitopes most likely reflects coordinate expression of indepen-
dent antibody populations, at least two other explanations for
our data may be considered. The response pattern we observed
could result from binding of a limited population of antibodies
to a common sequence or epitope represented on each of the
La fragments. Alternatively, our findings could reflect the
presence of antibodies to a discontinuous epitope comprised of
sequences from the different regions of the La molecule repre-
sented by the fragments. Although each La fragment could
present only a portion of this epitope, antibody binding may
nevertheless be sufficient for detection by ELISA.

Neither possibility, however, is supported by available se-
quence information or immunochemical studies. Analysis of
the full-length amino acid sequence of the La protein fails to
reveal any sequences shared by the fragments that would be
indicative of a repeating epitope. Although these data do not
exclude a determinant that could be variably presented by
different La sequences, the results of the immunoaffinity, ex-
periments make this possibility unlikely. Since antibodies pu-
rified from one La fragment did not bind fragments bearing
nonoverlapping sequences, antibodies to the three nonover-
lapping fragments must therefore be unique populations. The
immunoaffinity experiments also exclude the possibility that
each fragment bears a partial epitope bound by a common
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12 14 1:8 1:16 1:32 1:64 1:128 1:256
Elate Diution (log scale)

12 14 18 116 1:32 1:64 1:128 1:256
Eluate Diution (log scale)

Temporal Correlation of Antibody Responses to Different La Epitopes

and then tested by ELISA for binding to the cloned
antigens. Antibody binding is expressed in OD;gy AU.
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antibody population. These studies as well as our previous
findings (9, 24, 28) are in accord with those of Rauh et al. (20)
who provided similar evidence for distinct populations of anti-
bodies to three separate determinants residing in the carboxyl
two-thirds of the La molecule. Together, these studies indicate
that the La protein contains multiple antigenic determinants
which are bound by independent antibody populations.

In interpreting our findings, several possible limitations in
the patient population must be considered. The method of
patient selection may bias toward a mature as opposed to an
early anti~La antibody response since all patients had a well-
defined connective tissue disease with preexisting seropositiv-
ity. Early anti-La antibody responses may have different char-
acteristics than mature responses such as more restricted bind-
ing to a single fragment. Of note, sera obtained near the time of
clinical presentation from two patients with SLE had a pattern
of reactivity with the La fragments resembling that of patients
with disease of longer duration; sera from these two SLE pa-
tients bound all of the fragments in proportions that subse-
quently remained stable. These preliminary results suggest that
the specificity of the anti-La response may be established by
the onset of symptoms. We are currently testing sera from a
large cohort of patients with early undifferentiated connective
tissue disease to investigate further whether a unique pattern of
epitope recognition may be distinguished in the early stages of
disease or during induction of this response.

Immunosuppressive therapy may also affect the observed
pattern of anti-La antibody responses. Antibody binding to
the La fusion proteins decreased by > 1 log,o ELISA units in
three of four patients treated with a cytotoxic drug and in one
of four patients taking prednisone alone. The only patient in
our series who had never received prednisone or a cytotoxic
agent, a woman with SS (K.F.), demonstrated a marked in-
crease in serum antibody binding to each of the La fragments
over a 5-yr period of her disease. The effect of immunosup-
pressive therapy on anti-La responses, however, can not be
directly ascertained from these data.

Although we have not yet examined many anti-La re-
sponses early in the course of disease or observed a transition
to séropositivity, we would consider antigen drive as the most
likely mechanism for initiating this response. Not only are the
responses to different epitopes highly coordinated, but levels of
anti-La antibodies may be regulated independently of both
total IgG levels and other autoantibodies such as anti-ssDNA.
Epitope mapping of other ANA systems using cloned proteins
or synthetic peptides also indicate that autoantibodies recog-

nize multiple sites on autoantigens (32-36). Thus, an antigen-

specific process seems to be the most likely mechanism for the
induction of anti-La antibodies as well as many other ANA
responses. Studies are in progress to understand the form in
which the La antigen is recognized by the immune system and
to define the role of T cells in the regulation of these autoanti-
body responses.
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