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Structural differences between the human and mouse 52-kD Ro autoantigens
associated with poorly conserved autoantibody activity across species
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SUMMARY

Anti-nuclear autoantibodies found in human autoimmune diseases frequently cross-react with homo-
logous autoantigens in distant species, supporting the notion that autoantibodies target conserved
functional domains. However, the 52-kD Ro(SS-A) protein is an exception, in that human autoanti-
bodies are not known to recognize any equivalent antigen in the cells of rodents and other non-primate
species. To understand this lack of cross-reactivity we have isolated cDNAs encoding the mouse 52-kD
Ro molecule. The cDNA encoding mouse 52-kD Ro revealed an open reading frame of 470 amino acids,
with 70% sequence identity to the human 52-kD Ro antigen. The putative leucine-zipper and zinc-finger
motifs present in human Ro52 were conserved in the mouse protein. Recombinant mouse 52-kD Ro
protein reacted with human autoantibodies by ELISA and immunoblot, but with approximately 10-fold
lower reactivity than recombinant human 52-kD Ro protein under the same conditions. Detection of
both human and mouse 52-kD Ro by immunoblot was dependent on antigen concentration which was
limiting in the cell equivalents generally used in immunoblot assays. Differential chaotropic disruption
of antibody binding suggested a lower avidity of human autoantibody binding to the mouse 52-kD Ro
protein compared with the human antigen. Thus the poor reactivity of native mouse 52-kD Ro with
human autoantibodies is associated with species divergence diffusely distributed throughout the
primary structure of the 52-kD Ro molecule.
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INTRODUCTION Nonetheless, in mouse models of systemic autoimmunity, murine

— - . .autoantibodies have been reported to react with human Ro52
Clusters of autoantibodies recognizing nuclear/cytoplasmic anti- " . . .
tigen as well as Ro60 and La autoantigens, suggesting a cross-

ens are produced in patients with many rheumatic diseases a ) ) . )
g P P y .reactive mouse homologue of Ro52 antigen does exist [6]. Identi-

are used as clinical markers of these disorders [1]. In systemlg ; )
lupus_erythematosus (SLE) and primary”@ien's syndrome Ication of the mouse Ro52 gene and protein would be of great value
in understanding immune models of systemic autoimmunity and in

N i
(pSS), autoantibodies to the components of the Ro/LaRNP arg _ . . o
common and include antibodies recognizing 60-kD RO(SS_A)§ef|n|ng autoantibody specificities. Ther_efore we have cloned, .
(referred to as Ro60), 52-kD Ro(SS-A) (referred to as Ro52) sequenced and expressed cDNAs encoding mouse Ro52 autoanti
La(SS-B) polypeptides’ and hY RNAs ‘gen. The mouse Ro52 cDNA predicted the complete protein to be

. éZp% identical to the human Ro52 antigen, and putative functional

Disease-associated autoantibodies often recognize function . -
- - . Sites were even more conserved than this. Human autoantibodies
domains of target autoantigens which are conserved across species

[1], although exceptions to this generalization have been reporte}ﬁlere found to react with recombinant mouse Ro52 antigen, but only

[2]. Human autoantibodies specific for the Ro60 and La autoanti®* @ 10-fold lower antibody titre or at significantly higher antigen

gens cross-react with the homologous proteins in many Specieconcentrations than required for reactivity with human Ro52.
including mouse [3-5]. By contrast, autoantibodies reactive Withiluman cellular Ro52 autoantigen was limiting for immunoblot
the human Ro52 antigén do not rea(ljily identify a Ro52 homologUﬁdetECtion by patient autoantibodies. When mouse cellular protein
. . . . sates from spleen cells corresponding to very high cell equiva-
in mouse cells or in cells from other non-primate species [4].|ngts (5x 1° Eells per lane) wepre aneﬂysed r):wuri%e R052q was
weakly detectable by immunoblot as a 52-kD band co-migrating
Correspondence: James McCluskey, Centre for Transfusion Medicine anith_human Ro52. These data demonstrate that the previous
Immunology, Flinders Medical Centre, Bedford Park, South Australiainability to detect mouse Ro52 antigen by human autoantibodies
5042. is associated with diffuse species divergence of their protein
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sequences and the relatively low abundance of cellular Ro52lones were isolated from a cDNA library derived from a human T
antigen. cell line (Hutt-78). Libraries were screened by DNA hybridization
to a 143 kb radiolabelled polymerase chain reaction (PCR) product
corresponding to the human Ro52 coding region [8]. Hybridization
MATERIAL AND METHODS was carried out at 4Z€ in 50% formamide, 5 Denhardt’'s
Isolation and sequencing of mouse and humaBRMDNA clones  solution, 5x SSPE, @% SDS, and 10pg/ml herring sperm
Mouse Ro52 cDNA clones were isolated from a cDNA library DNA [9]. Hybridizing phage were plaque purified and the phage
made from normal mouse macrophages taken from bone marrovDNA isolated on a caesium chloride gradient [10]. After purification
The cDNA was size fractionated to obtain products of more tharof the phage DNA the mouse Ro52 cDNA inserts were subcloned
1-4 kb which were then cloned into theZ AP 1l vector [7] kindly into pBluescript || KS (Stratagene, La Jolla, CA) for mapping of
supplied by Jane Visvader (Walter and Elisa Hall Institute ofendonuclease sites and sequencing. Automatic dideoxy chain
Medical Research, Melbourne, Australia). Human Ro52 cDNAtermination sequencing (Applied Biosystems Model 373A;

-140 -120 -100
TCCGTTGCTG TCGAAAGCGA AGCTGGGAGC ACATAACTAA AGCTGAGGAC
-80 -60 -40
CCTGGTTAGA AACTCGGTTT CCCCTTCTGC CTGGCTTGCT CAGTGGGTGA GGCCGGAGGA GAGGCTCCTG

-20 1 15 30
TCATTCAGAT TCCACAGCAG ATG TCA CCC TCT ACA ACC TCA AAA ATG TCT CTG GAA AAG ATG
met ser pro ser thr thr ser lys met ser leu glu lys met

45 60 75 90
TGG GAG GAG GTC ACC TGT TCT ATC TGC CTG GAT CCC ATG GTG GAG CCT ATG AGT ATC GAA
trp glu glu val thr cys ser ile cys leu asp pro met val glu pro met ser ile glu

105 120 135 150
TGT GGC CAT TGC TTT TGC AAG GAA TGC ATT TTT GAA GTT GGG AAG AAT GGG GGC AGT TCA
cys gly his cys phe cys lys glu cys ile phe glu val gly lys asn gly gly ser ser

165 180 195 210
TGT CCC GAG TGC CGG CAA CAG TTT CTG CTC CGA AAC CTC AGG CCC AAT AGA CAT ATA GCC
cys pro glu cys arg gln gln phe leu leu arg asn leu arg pro asn arg his ile ala

225 240 . 255 270
AAC ATG GTG GAA AAC CTT AAA CAG ATA GCC CAG AAT ACC AAG AAG AGT ACC CAG GAA ACG
asn met val glu asn leu lys gln ile ala gln asn thr lys lys ser thr gln glu thr

285 00 315 330
CAC TGC ATG AAG CAT GGA GAG AAG CTT CAC CTA TTC TGT GAG GAA GAT GGG CAG GCC CTT
his cys met lys his gly glu lys leu his leu phe cys glu glu asp gly gln ala leu

345 360 375 390
TGC TGG GTG TGT GCC CAG TCT GGG AAA CAC CGG GAC CAC ACC AGG GTC CCT ATT GAA GAG
cys trp val cys ala gln ser gly lys his arg asp his thr arg val pro ile glu glu

405 420 435 450
GCT GCT AAG GTA TAC CAG GAG AAG ATC CAC GTG GTT TTA GAA AAA CTG AGA AAG GGG AAA
ala ala lys val tyr gln glu lys ile his val val leu glu lys leu arg lys gly lys

465 480 495 510
GAG TTG GCC GAG AAG ATG GAA ATG GAT CTC ACG ATG CAA AGA ACA GAC TGG AAG AGG AAC
glu leu ala glu lys met glu met asp leu thr met gln arg thr asp trp lys arg asn

525 540 555 570
ATT GAC ACC CAG AAG TCG AGG ATT CAC GCA GAG TTC GCA CTT CAG AAT AGC TTG CTG GCT
ile asp thr gln lys ser arg ile his ala glu phe ala leu gln asn ser leu leu ala

585 600 615 630
CAG GAG GAG CAG AGG CAG CTG CAG AGG CTG GAG AAG GAT CAA AGG GAG TAC CTG AGA CTC
gln glu glu gln arg gln leu gln arg leu glu lys asp gln arg glu tyr leu arg leu

645 660 675 690
CTG GGG AAG AAG GAG GCT GAG CTG GCT GAG AAG AAC CAG GCC CTG CAG GAG CTG ATC TCA
leu gly lys lys glu ala glu leu ala glu lys asn gln ala leu gln glu leu ile ser

705 720 735 750
GAG CTG GAG AGG AGG ATT CGT GGT TCA GAG CTG GAG CTA CTG CAG GAG GTG AGG ATC ATC
glu leu glu arg arg ile arg gly ser glu leu glu leu leu gln glu val arg ile ile

765 780 795 810
CTG GAA AGG AGT GGA TCC TGG AAC CTG GAC ACG TTA GAT ATT GAC GCC CCA GAC CTA ACA
leu glu arg ser gly ser trp asn leu asp thr leu asp ile asp ala pro asp leu thr

Fig. 1.

)
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Foster City, CA) of mouse Ro52 or human Ro52 cDNA inserts wasExpression of recombinant protein

performed using commercial universal primers for M13 (Promegarhe coding regions of mouse and human Ro52 cDNAs were
Biotec, Madison, WI) and internal primers derived from the amplified by PCR with specific primers, mRo52, bpl-18 and
resulting mouse Ro52 sequence or from the publishethan  mRo052, bp1420-1437, containing Sal | restriction sites, and
Ro52 sequence (Macromolecular Resource, Fort Collins, CO)subcloned into the expression vector pQE-9 (QIAgen Inc., Chats-
Specific internal primers used for sequencing were as followsworth, CA). The subsequent gene product was expressed as an
5-ATGTCACCCTCTACAACC-3 (mRo52, bpl-18); 5 in-frame hexa-his-fusion protein with six histidines at the ;NH
CTCTTCAATAGGGACCCT-3 (mRo52, bp385-402); '5 terminus. Recombinant protein was purified under denaturing
CCTATTGAAGAGGCTGCT-3(mR052, bp391-408); AGTG- conditions as described [13]. Estimations of protein concen-
GATCCTGGAACCTG-3 (mRo52, bp772-289, hRo052, bp760- tration were determined by the Bradford assay [14].

777); B-ACCTAGCACCATGGGGTA-3 (mRo52, bp994—

1011); B5-GCCCAGAGATTCTCCTCT-3 (mRo052, bpl012— Immunoblotting

1029); 3-TCAGTAGGCACTCGCTCC-3 (mRo52, bp1420- Whole cell extracts were prepared by lysis of cells in sample buffer
1437); 3-ATGGCTTCAGCAGCAGCG-3 (hR052, bp1-18); 5 containing SDS and dithiothreitol. After boiling for 3 min, proteins
AAGCTCCAGGTGGCATTAGGG-3 (hR052, bp412-432); and were separated by standard SDS—PAGE [15] on 10% gels. Cell
5-TCAATAGTCAGTGGATCCTTGTG-3 (hRo52, bpl1406— extracts or purified recombinant proteins were transferred to
1428). Both strands of the coding region were sequenced by thigitrocellulose (Amersham, Little Chalfont, UK) using a semi-dry
method. Sequences were translated and aligned using the computeansfer apparatus (Pharmacia, Uppsala, Sweden). Nitrocellulose
programs DNA Strider [11], MacVector (IBI, New Haven, CT) and filters were blocked for 1h in PBS containing 3% low-fat
the FASTA align program [12]. powdered milk, then incubated for 1h in sera diluted in wash

825 840 855 870
AGC ACA TGC CCT GTT CCA GGG CGG AAG AAG ATG CTG AGG ACG TGT TGG GTT CAT ATT ACT
ser thr cys pro val pro gly arg lys lys met leu arg thr cys trp val his ile thr

885 900 915 930
CTG GAT CGC AAC ACC GCC AAC TCA TGG CTC ATC ATC TCA AAG GAT CGG AGA CAA GTG AGG
leu asp arg asn thr ala asn ser trp leu ile ile ser lys asp arg arg gln val arg

945 960 975 990
ATG GGA GAC ACC CAT CAG AAC GTG TCT GAC AAT AAG GAG AGG TTT AGT AAT TAC CCC ATG
met gly asp thr his gln asn val ser asp asn lys glu arg phe ser asn tyr pro met

1005 1020 1035 1050
GTG CTA GGT GCC CAG AGA TTC TCC TCT GGG AAG ATG TAC TGG GAG GTA GAT GTG ACT CAA
val leu gly ala gln arg phe ser ser gly lys met tyr trp glu val asp val thr gln

1065 1080 1095 1110
AAG GAG GCC TGG GAT CTG GGG GTT TGC AGA GAT TCT GTT CAG AGG AAA GGG CAG TTT TCA
lys glu ala trp asp leu gly val cys arg asp ser val gln arg lys gly gln phe ser

1125 1140 1155 1170
CTC AGT CCC GAG AAT GGC TTC TGG ACC ATT TGG TTA TGG CAA GAC AGC TAT GAG GCT GGT
leu ser pro glu asn gly phe trp thr ile trp leu trp gln asp ser tyr glu ala gly

1185 1200 1215 1230
ACC AGT CCT CAG ACC ACC CTC CAC ATT CAA GTA CCT CCA TGC CAA ATT GGG ATC TTT GTG
thr ser pro gln thr thr leu his ile gln val pro pro cys gln ile gly ile phe val

1245 1260 1275 1290
GAC TAT GAG GCT GGC GTT GTC TCC TTC TAC AAC ATA ACT GAC CAT GGC TCC CTC ATT TAC
asp tyr glu ala gly val val ser phe tyr asn ile thr asp his gly ser leu ile tyr

1305 1320 1335 1350
ACC TTC TCG GAG TGT GTT TTT GCT GGA CCT CTG CGA CCT TTC TTC AAT GTT GGT TTC AAT
thr phe ser glu cys val phe ala gly pro leu arg pro phe phe asn val gly phe asn

1365 1380 1395 1410 1423
TAT AGT GGG GGA AAT GCA GCG CCT CTA AAG CTC TGT CCA CTA AAG ATG TGA TGGTCAGGAG
tyr ser gly gly asn ala ala pro leu lys leu cys pro leu lys met ***

1443 1463 1483
CCAGTGCCTA CTGACGGTAC TTCCCGGACA CTTACCTCCT CCTGTCCTGA TCAAGATCCA GTGACTCCTG
1503 1523 1543 1563
GGGACCATTT CTGGATACTG CTGCTCACTT CCTGTTGGTG TTCTTCAGCC ATGCACTTTG TCATTTTGAC
1583 1603 1623
CCATCTAGTT GGAACTACCC TAAACCCTCA TCTCTTTAAA GGAGTCAGGG TCCCAGAATG AAGGCATCAG
1643 1663 1683
CTGGACATAA CTGAAAATCA ATGTCAAATG ACCTTCACCA TCAATATACC TGACATAGAT TCCGCCGA

Fig. 1.Nucleotide and predicted amino acid sequence of a mouse 52-kD Ro (SS-A) cDNA (Genebank accession no. L27990). The sequence of
coding and untranslated regions were identical in two independent cDNA clones.
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buffer (PBS, 3% powdered milk and-3% Tween 20). The Ro052 sequence [8,18] are also present in the mouse Ro52 protein
nitrocellulose filters were washed five times in wash buffer, then(Fig. 2), and are relatively more conserved than other regions of the
probed with horseradish peroxidase (HRP)-conjugated, sheemolecule. Thus the proposed zinc-finger contains complete conser-
anti-human immunoglobulin (Amersham) or sheep anti-mousevation of the cysteine residues with 78% (21/27 aa) of all positions
immunoglobulin (Silenus, Melbourne, Australia). Antibody being identical in the two species. Similarly, the four leucine residues
binding was detected using enhanced chemiluminescence (Amecomprising the leucine zipper motif are conserved so that each is
sham). Prestained molecular weight markers (BioRad, Richmondspaced eight residues apart with 77% (17/22 aa) identity between
CA) were used to estimate molecular mass. species in this region.

ELISA and antibody avidity determination Immunoreactivity of mouse Ba
Binding of titrated human anti-Ro sera to recombinant humanit has previously been reported that human autoantisera do not
and mouse Ro52 protein was determined by ELISA as previouslyletect Ro52 from non-primate species, including mouse [4].
described [16]. The estimation of relative avidity of &otly =~ Considering the 70% identity in the predicted amino acid sequence
binding to recombinant human or mouse Ro52 was determined bgf human and mouse Ro52, we analysed recombinant mouse Ro52
thiocyanate elution as described [17]. Briefly, in a variation of thefor immunoreactivity with human autoantisera containing anti-
standard ELISA method, replicate wells containing antibody boundRro52 antibodies under conditions where Ro52 antigen was not
to antigen were exposed to increasing concentrations of the chadimiting. A microgram of purified recombinant human and mouse
tropic thiocyanate ion. Remaining bound antibody was detectedRo52 was fractionated by SDS—PAGE, transferred to nitrocellu-
with alkaline phosphatase-conjugated anti-human lg@hain)  lose and immunoblotted for anti-Ro52 reactivity (Fig. 3a). Filters
(Sigma, St Louis, MO). Resistance to thiocyanate elution wasvere probed with normal human serum, a standard anti-Ro60
utilized as a relative measure of avidity by comparing theserum (CDC-7; CDC, Atlanta, GA) and four autoantisera (A-D).
concentration of thiocyanate ions required to dissociate 50% ofAntisera A—D were previously shown to contain mixed anti-Ro60
antibody binding. and anti-Ro52 antibodies as determined by (i) immunofluorescence
on transfected HEp-2 cells over-expressing either human Ro52
[19] or human Ro60 [20], (ii) counter immunoelectrophoresis, and
(iii) recombinant human Ro52 ELISA. The results shown in Fig. 3a
Identification of the mouse B& homologue revealed that recombinant mouse Ro52 was indeed immunoreac-
A human Ro52 cDNA clone was sequenced and found to beive with human anti-Ro52 autoantibodies under these conditions.
identical to that published by Itoht al. [8], which also encodes Serum D did not appear to detect mouse Ro52, although this serum
a proline at residue 52 rather than an alanine as found in a cDNAad lower reactivity against human Ro52, and it is probable that the
reported by Chaet al. [18]. reason for non-reactivity was quantitative under these conditions.

Two independentZAP Il clones, clone 4+ 1-8 kb) and clone These observations suggested that the detection of mouse Ro52
7 (~ 2:8kb), were obtained from screening<11¢® recombinants  was critically dependent on a threshold concentration of antigen
of a normal mouse macrophage cDNA library with radiolabelled easily obtained with recombinant protein, but below which anti-
full-length human Ro52 PCR-derived probe. The complete nucleobody recognition was not evident. Therefore we tested whether
tide sequence of clone 4 was determined from pBluescript Il KSsuch a threshold was evident when either mouse or human cell
subclones by the automated dideoxy chain termination method anlgsates were used as a source of Ro52 antigen. For this purpose,
was found to contain a single open reading frame of 470 codongraded amounts of whole cell lysates ranging from 50* to 16°
(Genebank accession no. L27990, Fig. 1). No ribosomal bindingell equivalents from human (Jurkat) and mouse (LTA-5) cell
motif was identified and the putative initiation site was deduced bylines were immunoblotted with an anti-Ro serum, an anti-70-kD
comparison of the sequence with the human homologue. cDNAJ1RNP serum and NHS (Fig. 3b). The 70-kD U1 RNP protein was
clone 4 also contained &nd 3 untranslated regions of 140 and readily detected at all cell equivalents loaded in both human
381 bp, respectively. The coding region of clone 7 was alsoand mouse cell lysates. The immunoblot revealed that cellular
sequenced and found to be identical to clone 4. human Ro52 was detectable only when antigen from dell

The predicted amino acid (aa) sequences of human and mousgjuivalents was loaded into a single lane, whereas cellular mouse
Ro52 were aligned as shown in Fig. 2. Mouse Ro52 contains 470 aBo52 from a fibroblast cell line was not detectable even whén 10
with a predicted molecular mass of -84 kD, whereas human cell equivalents were loaded per lane. The failure to detect mouse
R052 contains 475 aa and has a molecular mass-@#4%D. The  Ro52 in murine cell lysates was presumed to be due to the poor
mouse sequence is predicted to start four aa earlier, end eight aecognition of limiting amounts of mouse Ro52 by human auto-
earlier and contain a single aa deletion (human Ro52 aa 384ntibodies rather than a complete lack of Ro52 expression in
relative to the human Ro52 sequence. When these differences angouse cells. To test whether mouse Ro52 could be detected in
taken into account 69% sequence identity is observed betweenmouse cell lysates, fresh spleen cells were isolated, lysed, fractio-
the mouse and human Ro52. However, some of the changes amated on SDS-PAGE, and immunoblotted with an anti-Ro52
conservative in nature, and allowing for this; 8% similarity was ~ serum (Fig. 3c). When lysates from>510° spleen cells were
determined by the FASTA.align program [12]. loaded per lane, a 52-kD band co-migrating with human Ro52

The differences in primary sequence between human andvas detected, albeit weakly when compared with the signal
mouse Ro52 proteins are distributed throughout the entire moleeorresponding to one tenth the number of human cells. A faint
cule. The carboxy terminal half of the molecule is sightly more band corresponding to mouse Ro52 antigen was also evident in
conserved between the human and mouse protein$%@)3 the lane containing £0 spleen cell equivalents, suggesting
compared with the amino terminal half (886). The putative variable expression of Ro52 in different cell types (compare with
leucine zipper and zing-finger motifs identified in the human Fig. 3b).

RESULTS

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$04255—-263
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10 20 30 40 50 60
Human MASAARLTMMWEEVTCPICLDPFVEPVSIECGHSFCQECISQVGKGGGSVCPVCRQORFLL

e 222 eese sos e 22s eseesss e s e sees 223 s eses s
e elees EEEREEEEE R EEEEEEEE 3328432323232 J23232.2322 es S33.2322

Mouse MSPSTTSKMSLEKMWEEVTCSICLDPMVEPMSIECGHCFCKECIFEVGKNGGSSCPECRQQFLL

10 20 30 40 50 60
70 80 90 100 110 120
Human KNLRPNRQLANMVNNLKE ISQEAREGTQGERCAVHGERLHELFCEKDGRKALCWVCAQSRKH
Mouse RNLRPNRHIANMVENLKQTIAQONTRKKSTQETHCMKHGEKLHLFCEEDGQAL.CWVCAQSGKH
70 80 90 100 110 120
130 140 150 160 170 180
Human RDHAMV PLEEAAQEYQEKLQVALGELRRKQELAEKLEVE IAIKRADWKKTVETQKSRIHA
Mouse RDHTRVPIEEAARV YQEKIHVVLEKLRKGKELAEKMEMDLTMQRTDWKRNIDTQKSRI BA
130 140 150 160 170 180
190 200 210 220 230 240
Human EFVQQKNFLVEEEQRQLQELEKDERE QLRIILGEREAKLAQQSQALQELISELDRRCHSSA
Mouse EFALONSLLAQEEQRQLORLEKDQREY LGKKEAELAEKNQALQELISEL&ERRIRGSE
190 200 210 220 230 240
250 260 270 280 290 300
Human LELLQEVIIVLERSE SWNLKDLDITSPELRSVCHVPGLKKMLRTCAVB ITLDPDTANPWL
Mouse LELLQEVRIILERSGSWNLDTLDIDAPDLTSTCPVPGRKKMLRTCWVHITLDRNTANSWL
250 260 270 280 290 300
310 320 330 340 350 360
Human ILSEDRRQVRLGDTQQSIPGNEERFDSYPMVLGAQHFHSGKHYWEVDVTGKEAWDLGVCR
Mouse IISKDRRQVRMGDTHQONVSDNKERFSNYPMVLGAQRFSSGKMYWEVDVTQREAWDLGVCR
310 320 330 340 350 360
370 380 390 400 410 420
Human DSVRRKGHFLLSSKSGFWT IWLWNKQKYEAGTYPQTPLHLQVPPCQVGIFLDYEAGMVSF
Mouse DSVQRKGQFSLSPENGFWT IWLW—QDSYEAGTSPQTTLHIQVPPCQIGIFVDYEAGVV SF
370 380 390 400 410 420
430 440 450 460 470
Human YNITDHGSLIYSFSECAFTGPLRPFFSPGFNDGGKNTAPLTLCPLNIGSQGSTDY
Mouse YNITDHGSLIYTFSECVFAGPLRPFFNVGFNYSGGNAAPLKLCPLKM
430 440 450 460 470

Fig. 2. Alignment of the predicted amino acid sequence of human and mouse Ro52. Amino acids are shown in single-letter code. Alignment
was established using the FAST.P align program [12]. —, Sequence gaps introduced to facilitate alignment; :, identical amino acids;
conservative amino acid changes (as determined by FAST.P align program); underlined regions, putative zinc finger motif; boxed region,
putative leucine zipper motif.

The difference in autoantibody reactivity of human and mouseential autoantibody binding of human RoS2rsusmouse Ro52,
Ro52 was further examined by titrating the quantity of recombi-the reactivity of autoantibodies with recombinant human and
nant antigen required for autoantibody recognition in immunoblotsmouse Ro52 was tested by titrating antiserum against recombi-
(Fig. 4a). Graded amounts of human and mouse Ro52 antigen werant antigen in an ELISA assay (Fig. 4b). Five-fold dilutions of
immunoblotted with serum A, revealing a threshold for detectionan anti-Ro serum (serum A) and NHS were tested on recombi-
of 60ng of human Ro52 with this serum. Under equivalentnant human and mouse Ro52 antigen coatedatthl. An eight-
conditions 500 ng of mouse Ro52 were barely detected, demorfold lower dilution (higher concentration) of autoantiserum was
strating an approximate 10-fold difference in immunoreactivity of required to give an ORs = 1 with mouse Ro52 antigen compared
human and mouse Ro52 bgimunoblot. To confirm this prefer- with human Ro52 antigen. Thus, the relative quantity of antigen and

© 1996 Blackwell Science LtdClinical and Experimental Immunolog$04255-263
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=
— 63 Fig. 4. Human autoantibodies preferentially react with human Ro52
compared with mouse Ro52. (a) A human antiserum containing anti-Ro
autoantibodies (serum A, Fig. 3a) was used to immunoblot graded con-
centrations (15-1000 ng) of recombinant human Ro52 (hRo52) or recom-
(ch binant mouse R052 (mRo052). (b) Immunoreactivity by ELISA of serial
Mouse S .
spleen Jurkat dilutions of a human anti-Ro serum (——), and a normal human serum
o, w o (- - - -) against recombinant human Ro3R)(or mouse Ro52(1).
Yox 0%
the antibody titration required for recognition of mouse Ro52 by
N — B4 human autoantisera indicated10-fold more efficient reactivity of
§ human autoantisera with human Ro52 compared with mouse Ro52.
B — — 53
<

Human autoantibodies recognize mouséRantigen with lower
relative avidity than human Rx2

The diminished binding of human autoantisera with mouse Ro52
Fig. 3. Human anti-Ro52 sera react preferentially with the human antigen could be due to a generally lower antibody affinity for the
Ro52 protein (a) Immunoblot analysis of four human anti-Ro52 seramouse antigen or a reduced number of antigen epitopes recognized
(sera A-D), an anti-Ro60 serum (CDC7) and a normal human serunwith the same affinity as human Ro52. The relative avidity of
(NHS) with 1pg recombinant mouse (m) or human (h) Ro52 protein. gutoantibodies for human and mouse Ro52 antigen was therefore

(b) Immunoblot analysis of (i) a human anti-Ro52 serum (serum C, anti-getermined based on the susceptibility of the antigen—antibody
R052); (ii) a human anti-70-kD U1 RNP serum (anti-U1RNP); and (iii) a

X & 10 o complex to dissociation by the chaotropic thiocyanate ion. The
NH? on whole cell lysates representing’18 x 10°, 10° or 5 10° cell concentration of thiocyanate ions required to dissociate 50% of
equivalents per lane of mouse (LTA-5), or human (Jurkat) cells. (c) Mouse_ .. - L .

Ro052 is weakly detectable in immunoblots of spleen cell lysates. Splee nt't_)Ody b'ndmg was used as a}n a\,/'dlty'relatEd index to compare
cell lysates equivalent to § 16 or 1 x 1¢° cells per lane, and 5 10° the interaction between autoantibodies and human or mouse Ro52
human cells (Jurkat) were immunoblotted with an anti-Ro52 serum@ntigen. Patient autoantibodies eluted from mouse Ro52 at lower
(serum C). The position of molecular weight standards is shown. concentrations of thiocyanate ion (50% elution &) 4ompared with
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antigen [21]. Here we have shown that the gene encoding a
mouse Ro52 antigen homologue does indeed exist and that it is
~ 70% identical to its human counterpart. The data demonstrate that
under appropriate conditions human autoantibodies specifically
cross-react with recombinant mouse Ro52, but a given level of
antibody binding requires higher concentrations of mouse Ro52
antigen than human Ro52 antigen and involves lower titre, lower
affinity binding than is observed with human Ro52 antigen. The
previous failure of human autoantibodies to detect mouse Ro52 by
immunoblot or by indirect immunofluorescence is therefore explic-
able quantitatively.

The fine specificity of the human autoantibody response to
Ro052 has been examined by a number of investigators using
synthetic peptides [22,23], fragments and truncated forms of the
human Ro52 protein produced as recombinant protein [24—27] or
in vitro translated protein [28-30] (Fig. 6). However, epitope
mapping by different investigators has not given a complete
consensus map of the immunodominant regions of the human
Ro052 protein, with most groups demonstrating a heterogeneous
response dependent on the source and disease condition of the
patient. Notwithstanding these results, the data suggest that most
sera have strongest reactivity with epitopes in the central third of
I the human Ro52 protein (aa 136-292). The exact number of
| epitopes in this region is uncertain, and conformationally depen-
| dent epitope(s) requiring this central region and the amino terminus
I
|

80

2]
o

Per cent binding

IS
o

20

of the Ro52 protein have been identified [27]. In this region there is
0 | 656% identity between the human and mouse Ro52 proteins. The
0 2 4 6 level of identity between human and mouse Ro52 in other frag-
Concentration KSCN (m) ments or peptides mapped as autoantibody epitopes ranges from
36% identity (aa 1-11) to 88% identity (aa 107-122 and aa 277—

Fig. 5. Differential a‘."d'ty of ““".‘a” agtoant'b‘)d'es for humaarsus 292) [22]. Larger fragments previously identified as autoantibody
mouse Ro52 autoantigen. Potassium thiocyanate was used to elute human

anti-Ro serum bound to human Ro3R)(or mouse Ro52[()). Remaining epitopes ranged in identity from 62% (aa_136—22?) to 75% (aa 55_
bound antibody was detected with alkaline phosphatase-conjugated antf-0)- Notaply the _centrally Ioc_ateq putative leucine Zipper mptlf
human IgG {-chain). The concentration of the chaotropic thiocyanate "€acted with patient autogntlbodle's in four_of the six studies,
agent required to give 50% elution of bound antibody is shown by thewhereas the amino-terminal region containing the proposed
dashed lines. C3H4 zinc finger motif reacted with patient autoantibodies in

half of the studies. These proposed functional sites on Ro052
are relatively more conserved between human and mouse
R052 in comparison with the rest of the molecule, yet the human
human Ro52 (50% elution at8m) (Fig. 5). This finding suggests and mouse Ro52 proteins remain poorly cross-reactive with
that although there may be fewer recognized epitopes on moudauman autoantibodies. Indeed, all of the Ro052 epitopes
R052, those antibodies that recognize mouse Ro52 do so with lowgiroposed from mapping studies diverge significantly from the
relative affinity, presumably due to the primary structural diver- homologous region in the mouse Ro52. Therefore it seems likely
gence between the human and mouse homologues. that the limited cross-reactivity of the human and mouse Ro052
antigen is due to the diffuse differences in their primary amino acid
sequence which may still disturb recognition of relatively con-
served putative functional sites as well as the less conserved parts
Autoantibodies associated with systemic autoimmune diseased this molecule.
generally react with conserved functional domains which tend to  The availability of recombinant mouse Ro52 antigen should
be evolutionarily conserved within autoantigens [1]. Moreover,facilitate studies of systemic autoimmunity in mouse models and
autoantigens targeted in human systemic autoimmune diseasislp unravel the immunological relationship of the Ro52 and Ro60
tend to be similar to those recognized in murine models of systemi@autoantigens.
autoimmunity. One puzzling exception to these generalizations is
the apparent lack of cross-reactivity of human autoantibodies with
a mouse homologue of the 52-kD Ro antigen. The existence of a ACKNOWLEDGMENTS
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Fig. 6. Autoantibody epitope divergence between human and mouse Ro52 autoantigen. The previously identified epitopes of human Ro52 are
shown with the per cent of sera which detect the fragment and in parentheses the per cent identity between human and mouse Ro52.
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