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Abstract

Humananti-La/SS-B autoantibodies are known to react with
highly conserved epitopes suggested to be functional or active
sites on the La/SS-B polypeptide. This study was designed to
determine whether the autoantibodies also react with poorly
conserved regions of La/SS-B as predicted by an antigen-
driven autoimmune response. Binding of human autoantibodies
to purified human, mouse, and bovine recombinant fragments
representing immunodominant regions of the La/SS-B poly-
peptide was compared using Western blotting and ELISA. A
cross-reactive epitope was located in the highly conserved
NH2-terminal region of La/SS-B. Significantly, human-spe-
cific epitopes were identified in both the conserved RNA-recog-
nition motif and a poorly conserved COOH-terminal fragment,
providing direct evidence for an autoantigen-driven response.
The lack of autoantibody cross-reactivity with a conserved do-
main of mouse and bovine La/ SS-B implies that a small num-
ber of residues in human autoepitopes may be critical for auto-
immunogenicity. (J. Clin. Invest. 1993. 92:1104-1108.) Key
words: autoantibody - epitope * recombinant - autoantigen* im-
munodominant

Introduction

In autoimmune diseases such as Sjogren's syndrome or SLE,
the human B cell response to the La/SS-B autoantigen is di-
rected to multiple epitopes that span the full length of the La/
SS-B polypeptide ( 1-7). An immunodominant, discontinuous
epitope has been identified at the NH2 terminus (LaA; amino
acids [aa ]' - 107) and may be recognized early in the response
(8). The majority of anti-La/SS-B sera also react with a puta-
tive RNA-recognition motif( RRM;aa 112-187) located in the
middle region of the molecule (LaC; aa 11 1-242) (1, 7). The
RRMand an NH2-terminal flanking region appear to be neces-
sary for binding to a short sequence of uridylate residues at the
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3' terminus of small RNAs(mostly RNApolymerase III tran-
scripts) to form a ribonucleoprotein complex (9, 10). The ma-
jority of sera also react with a COOH-terminal epitope (LaL2/
3; aa 346-408) that may be recruited later in the anti-La/SS-B
response (7). The IgG autoantibodies are present in high
serum concentrations ( 11 ) and are associated with particular
MHCclass II alleles ( 12). The above observations constitute
indirect evidence for an antigen-driven mechanism of autoan-
tibody production.

The broad cross-reactivity of human anti-La/SS-B sera
with La/SS-B antigen from diverse mammalian species indi-
cates the presence of conserved epitopes ( 13 ). Antigenicity of
conserved structural elements has been noted as a general rule
for nuclear autoantigens ( 14). Taken together with the obser-
vation that many autoantibodies appear capable of inhibiting
the cellular functions served by the autoantigens (reviewed in
15), it has been proposed that the anti-La/SS-B response tar-
gets highly conserved epitopes that correspond to functional
domains of the molecule ( 13). This pattern of autoantibody
specificity contrasts with the species-specific epitopes recog-
nized after immunization with La/SS-B protein (13). The
strong reactivity of human autoantibodies with intact La/SS-B
antigen from other species has obscured the definition of spe-
cies-specific autoepitopes. The recent cloning of mouse La/SS-
B in our laboratory (16) has permitted expression of mouse
La/SS-B fragments corresponding to the three major human
La/SS-B antigenic regions. To investigate whether the human
autoantibody response to La/SS-B targets human-specific de-
terminants, we have compared reactivity of human anti-La/
SS-B sera with individual human, murine, and bovine frag-
ments of La/SS-B. The data confirm and map an epitope
shared in human and mouse La/SS-B and located in the con-
served NH2-terminal region of the molecule. In addition, a
human-specific epitope was located in the poorly conserved
COOH-terminal region, but surprisingly, an immunodomi-
nant, human-specific epitope was also identified in the con-
served RNAbinding domain. The findings implicate antigen-
driven autoimmunity in the mature anti-La/SS-B autoanti-
body response.

Methods

Derivation and expression of mouse and bovine DNAencoding La/SS-
B fragments. Fig. 1 shows alignment of the human and mouse LaA,
LaC, LaL2/3, and RRMregions. The bovine RRMsequence is in-
cluded in the boxed RRMregion. Alignment was configured using the
FAST.P align program ( 17 ). Four DNAfragments encoding nonover-
lapping subregions of the mouse La/SS-B coding sequence were de-
rived by PCR( 18). The primers were synthesized based on the mouse

1104 Weng, McNeilage, Topfer, McCluskey, and Gordon

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/93/08/1 104/05 $2.00
Volume 92, August 1993, 1104-1108



A Human La

_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~1 ?.4st 4 5

Mou~eLa-z- 4 E 4

MouseLa--u
; _|<s 1 _~~~~~~ ~~~~~~~~~~~~~~4_:t

a . - - .

La A
1 20 40

h M A E N G D N E K M A A L E A K I C H Q I E Y Y F G D F N L P R D K F L K E Q I K L D E G W V P L E I M I K
mn ... ... ..................................................... ..... ..TT.

60 80 100
F N R L N R L T T D F N V I V A L S K S K A 8 L M E I S E D K T K I R R S P SRKP L P E V T D E Y K N D
..................................................V..A.................R..............V...R.

La C
: .11 130 150

h R S V Y I K G F P T D A T L D D I K E W L B D K G Q V L N I Q M R R T L H K A F K G S I F V V F D S I SA
...........D ... I...T.................................. TD IT A.Q

b .................................... A........................ V. A.A .

170 190 210
K K F V E T P G Q K Y K T D L L I L F K D D[

I ... ... D .. N ... ..

... ... .. ...... T ...... T. . .... D.. D ............. 1R
230

EB D A E M K S L E N K I G C L L K F S G D L I
P G S T ... T RA .... G..N

YF A K K N E
.... ... ... ....... ...

D D

E R K Q R K V E A K L R A K Q E Q E A K Q K L
............................... ... G R} ...

La L2/3
346 360

h A Q P G S G K G K V Q F Q G K K T K
m GY A ... A P . RG .H... RR...R

380
F A S D D HH D E H D I N G A T G P V K R A R }I T D K E E P A S K Q Q

D D RR R. . G...N.G...DGR...R. R

400
K T E N G A G D Q

R R ...

Figure 1. (A) Schematic diagram of the PCR-derived mouse and human La/SS-B fragments subcloned into the pGEX-2 expression vector. The
region of the protein encoded by each fragment is given by the aa numbers. The sequence identities of the different regions are indicated in
brackets. (B) Comparison of predicted aa sequences of human (h) and mouse (m) LaA, LaC, and LaL2/3 fragments. Bold aa indicate differences
between the species, and dashes indicate sequence gaps introduced to facilitate alignment. Alignment was configured using the FAST.P align
program ( 15). The bovine (b) RRMsequence is included in the boxed RRMregion.

La/SS-B cDNAsequence to correspond to the previously defined frag-
ments LaA, LaC, LaL2/3 and the RRMon human La/SS-B, with the
addition of a BamHI site and an EcoRI site on the 5'and 3' oligonucleo-
tides, respectively. The amplification was performed for 25 cycles, with
each cycle comprising 1 min at 95°C, 2 min at 55°C, and 3 min at
72°C. Each mouse La/SS-B DNAfragment was subcloned into the
pGEX-2 vector, sequenced to confirm in-frame gene fusions and ab-
sence of amplification errors as described (7), and expressed as a gluta-
thione-S-transferase (GST) fusion protein. The recombinant proteins
were purified from the soluble fraction of lysates of Escherichia coli
strain LE 392 transformants prepared with 1% Triton X-100. The
mouse LaC insert was subcloned into the pQE-9 vector (QIAGEN Inc.,
Chatsworth, CA), expressed as an in-frame hexa-his-fusion protein
with six histidines at the NH2-terminus, and purified as described ( 19).
A PCRDNAfragment encoding the bovine RRM(aa 111-187) was
derived from a bovine La/SS-B cDNA (20) (a gift from Dr. Edward
Chan, The Scripps Research Institute, La Jolla, CA), subcloned into
the pGEXvector and the GST-fusion protein purified as above.

Western blotting. Human and mouse La/SS-B-GST-fusion pro-
teins were separated on 12.5% SDS-polyacrylamide gels and trans-
ferred to nitrocellulose membrane (Bio-Rad Laboratories, Richmond,
CA). After transfer, the remaining protein binding sites were blocked
for 1 h at room temperature with a solution of 5% nonfat dried milk
powder in PBS(0.05 Msodium phosphate, 0.15 MNaCl, pH 7.4). The
nitrocellulose was probed with a 1:3,000 dilution of either a polyclonal

rabbit anti-GST serum or a pool of 18 anti-La/SS-B precipitin-positive
human sera, and binding of the antisera visualized with a horseradish
peroxidase-conjugated sheep anti-rabbit or rabbit anti-human IgG
(Silenus Labs. Pty, Ltd., Melbourne, Australia) and enhanced chemilu-
minescence (Amersham International, Amersham, UK).

ELISA. Binding of human anti La/ SS-B sera (diluted 1:500) to the
recombinant human and mouse La/SS-B fusion proteins was deter-
mined by ELISA as previously described with coating concentrations
chosen to give equivalent OD405nm readings with the rabbit anti-GST
serum (8, 21 ). Results were expressed in OD405nmunits as the mean of
duplicates. Competition ELISAs were performed as described (8) with
percent inhibition calculated as (OD405 without inhibitor - OD405 with
inhibitor)/(OD405 without inhibitor) X 100.

Humansera. The 18 human anti-La/ SS-B positive sera used in the
study were positive by counterimmunoelectrophoresis and reacted
with recombinant human La/SS-B by ELISA. Control sera were ob-
tained from 15 healthy individuals.

Results

Reactivity of human anti-La/SS-B-positive sera with human,
mouse, and bovine La/SS-B fusion proteins. The fusion pro-
teins expressed by the human and mouse La/SS-B subclones
were purified and initially identified by immunoblotting with a
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Figure 2. Western blots
of human (h) and
mouse (m) full-length
(FL)La, LaA, LaC and
LaL2/3 GST fusion

hZ 3 mZ/3 GST proteins probed with
(A) a polyclonal rabbit
anti-GST serum and
(B) pooled human anti-
La/SS-B sera. The hu-
man antiserum fails to
cross-react with either
mLaCor mLaL2/3.

rabbit anti-GST serum (Fig. 2 A). The eight recombinant La/
SS-B proteins were of the expected molecular weight by gel
electrophoresis. Bands corresponding to proteins of lower M,
were presumed to represent degradation products (7). A repre-
sentative Western blot of the human and mouse recombinant
La/SS-B proteins probed with the pooled human anti-La/SS-
B sera is shown in Fig. 2 B. The human antisera reacted with
the full-length La/SS-B and LaA from both species, together
with human LaC and LaL2/3, but failed to react with mouse
LaC and LaL2 / 3. The same result was obtained when the West-
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Figure 3. Western blots
of human (h), bovine

hRRM rRRM mRRM GST hRRM tRRM mRI GST (b), and mouse (m)
GSTfusion proteins en-
coding the RRMprobed
with (A) a polyclonal

- -MV rabbit anti-GST serum
- wo~ and (B) pooled human

A B anti-La/SS-B sera.

ern blots were probed with 1:100 and 1:1,000 dilutions of anti-
serum (data not shown). No reactivity was noted with a hexa-
his-mouse LaC fusion protein expressed in the pQE vector,
indicating that the lack of reactivity with GSTmouse LaC was
not due to a masking effect of the GST moiety (data not
shown). Fig. 3 shows a representative immunoblot of GST
fusion proteins encompassing the human, bovine, and mouse
RRMprobed with the anti-GST (A) and human anti-La/ SS-B
(B) sera. The human antisera were strongly positive on immu-
noblots of the human RRMbut failed to react with either the
bovine or mouse RRM-GSTproteins. Control sera did not
react with any of the RRM-GSTproteins (data not shown).

Binding to the different human and mouse La/SS-B poly-
peptides by the pooled human anti-La/SS-B sera and by sera
from the individual patients was then tested on ELISA (Table
I). These data confirm the results of the Western blot analysis,
with the human antisera reacting with the intact polypeptide

Table L. Binding of HumanAnti-La/SSB-Positive Sera to Recombinant Humanand Mouse La/SSB Proteins by ELISA

Binding (expressed as OD4snm) to

Patients h*LaA mt LaA hLaC mLaC hLaL2/3 mLaL2/3 hFL-La mFL-La

Pool 1.44 1.56 1.87 0.15 0.70 0.05 1.77 1.37
1 0.42 0.40 1.54 0.09 1.46 0.06 1.60 1.10
2 0.37 0.34 1.63 0.02 0.04 0.03 1.70 1.01
3 0.63 0.57 1.75 0.02 0.06 0.06 >2 1.39
4 0.58 0.56 1.57 0.01 0.83 0.04 1.81 1.12
5 0.64 0.57 1.56 0.01 1.93 0.06 1.68 1.07
6 0.44 0.46 0.97 0.05 0.05 0.05 1.29 0.74
7 0.28 0.44 1.75 0.06 0.18 0.05 1.84 0.86
8 1.07 0.95 >2 0.09 0.11 0.04 >2 1.60
9 0.67 0.70 1.81 0.05 1.05 0.07 1.80 1.23

10 1.00 0.92 1.49 0.09 0.15 0.04 1.64 1.37
11 0.37 0.47 1.47 0.20 0.26 0.17 1.65 1.05
12 0.54 0.49 1.49 0.06 0.09 0.09 1.62 1.13
13 1.64 1.25 >2 0.16 >2 0.19 >2 1.82
14 0.55 0.78 0.13 0.02 0.03 0.05 0.64 0.42
15 1.47 1.28 1.82 0.09 0.71 0.05 1.87 1.56
16 0.15 0.09 0.74 0 0.05 0.05 0.97 0.19
17 0.44 0.58 0.07 0.01 0.31 0.05 0.52 0.36
18 0.74 1.69 >2 0.14 0.12 0.05 >2 1.30

Mean 0.67 0.70 1.43 0.07 0.52 0.07 1.59 1.07
SD 0.40 0.39 0.58 0.06 0.66 0.04 0.45 0.44
Healthy controls

Mean 0.05 0.04 0.05 0.09 0.03 0.05 0.08 0.05
SD 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.03

* Human, t mouse.
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and NH2-terminal fragment in both the human and mouse
La/SS-B, but not cross-reacting on either mouse LaC or LaL2/
3. The pooled human antisera still failed to react with mouse
LaC despite increasing the coating concentration of antigen
fivefold (data not shown). Sera from healthy controls did not
react with any of the human or mouse recombinant proteins.
In agreement with the immunoblot results from Fig. 3, the
pooled human anti-La/SS-B sera reacted by ELISA with the
human RRM( 1.46 ODU) but did not cross-react with either
the mouse RRM(0.02 ODU) or bovine RRM(0.07 ODU).

Competitive inhibition of human anti-La/SS-B antibody
binding to human LaC. The specificity of the human autoanti-
bodies for human LaC (encompassing the RRM)was verified
by preincubation of the pooled human anti-La/SS-B sera (at a
dilution of 1:1,000) with different concentrations of human
and mouse LaC before testing by ELISA. Preincubation with
increasing concentrations of human LaC but not mouse LaC
substantially reduced the level of human anti-La/SS-B binding
to human LaC in a dose-dependent manner (Table II), con-
firming that the epitope contained within the human LaC mole-
cule is poorly conserved in mouse La/ SS-B. Background inhibi-
tion of human LaC binding by addition of mouse La/SS-B
antigen did not titrate, indicating nonspecific inhibition. Hu-
man anti-La/SS-B binding was not altered by preincubation
with GSTalone, indicating that the anti-La/SS-B sera reacted
with the La/SS-B portion of the recombinant protein and not
with the GSTmoiety (Table II).

Discussion

A comparison of the primary sequence of human and mouse
La/SS-B reveals that the NH2-terminal region containing the
LaA epitope is highly conserved and that most interspecies
divergence occurs in the COOH-terminal region, which con-
tains the human LaL2/3 epitope (Fig. 1). This region was
predicted to be the most likely site for preferential binding of
anti-La/SS-B autoantibodies to the human autoantigen. Se-
quence divergence within the COOH-terminal half of the mole-

Table II. Inhibition of HumanAnti-La/SS-B Binding
to Recombinant HumanLa/SS-B Proteins

Percent reduction in anti-La/SS-B binding to

Inhibitor* jg/mi ht LaC m§ LaC hLaA mLaA

hLaC 10 90 - 0 0
1 65 - 0 0
0.1 20 - 0 0
0.01 11 - 0 0

mLaC 10 32 - 4 3
1 36 - 15 7
0.1 31 - 19 5
0.01 29 - 19 0

GST 10 0 - NT NT
1 0 - NT NT
0.1 1 - NT NT
0.01 3 - NT NT

* The pooled anti-La/SS-B sera were incubated with different con-

cule has also been observed for bovine La/SS-B (20) and rat
La/SS-B (Dr. Michael Bachmann, personal communication).
The confirmation of a human-specific epitope in the poorly
conserved COOH-terminal region implies that autoantibodies
to the LaL2/3 epitope are generated by autoimmunization.
The antibody binding studies described here also define a con-
served NH2-terminal epitope (LaA). The LaA epitope has
been shown previously to be discontinuous (8), suggesting that
the B cell response to this region is driven by the native autoan-
tigen and is unlikely to arise by molecular mimicry with a lin-
ear sequence of a viral gag polypeptide (6).

The lack of cross-reactivity of human anti-La/ SS-B autoan-
tibodies with the mouse and bovine RRMwas unexpected be-
cause of the highly conserved nature of this region of the mole-
cule. This observation further underlines the role of self-im-
munization and reinforces the notion that species-specific
epitopes may be targeted in the autoimmune B cell response to
nuclear autoantigens (22-24). The RRMcontains nine amino
acid substitutions that distinguish the human and mouse (Fig.
I B). The absence of reactivity with the bovine RRMidentifies
a glutamic acid at position 177, an aspartic acid at position 186,
and a valine at position 156 as being specific for the human
RRM(Fig. 1 B). These residues are therefore of critical impor-
tance in controlling recognition of this immunodominant de-
terminant. Analysis of autoantibody binding to deletion mu-
tants of the human RRMsuggests that as for LaA (8) the domi-
nant epitope in this region is discontinuous (25). It has been
shown recently that binding of antibody to an epitope present
on a folded protein can be reduced or eliminated by changing
single residues (26). The same phenomenon is likely to be true
for the species-specific component of the B cell response to
autoepitopes of La/SS-B and other nuclear autoantigens.

Our results show that the anti-La/SS-B response is charac-
terized by a breakdown in B cell tolerance to both conserved
and poorly conserved regions of La/SS-B. Sera from precipi-
tin-negative patients show a restricted B cell epitope pattern
with sparing of the poorly conserved COOH-terminal epitope
(21). If the precipitin-negative patient group represents an

early oligoclonal response to La/SS-B, then it might be inferred
that antibody reactivity is directed initially to conserved epi-
topes on the autoantigen, with recruitment of less conserved
epitopes as the autoimmune response becomes polyclonal and
involves the whole molecule. Further studies, including longi-
tudinal analysis of precipitin-negative patients and the use of
animal models, will help clarify the questions of hierarchy and
dominance of the autoepitopes of La/SS-B.
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