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Abstract
Among anti-nuclear antibodies, anti-Sm and anti-RNP antibodies are of the utmost importance in clinical practice. Anti-Sm
antibodies are directed against 7 proteins (B/B0, D1, D2, D3, E, F, G) that constitute the common core of U1, U2, U4 and U5
small nuclear ribonucleoprotein (snRNP) particles; B/B0, D1 and D3 are more frequently targeted. Anti-RNP antibodies react
with proteins (70 Kd, A, C) that are associated with U1 RNA and form U1snRNP. Anti-Sm and anti-RNP antibodies are
directed towards both discontinuous and linear epitopes which are either contained in the protein sequence or are post-
translationally modified.

The assays to detect anti-Sm and anti-RNP antibodies are counterimmunoelectrophoresis (CIE), immunoblot, and ELISA,
based on purified or recombinant proteins or synthetic peptides.

Anti-Sm antibodies are detectable in a percentage of SLE patients comprised between 5 and 30%; they are more prevalent
in blacks and because of their high specificity for SLE have been included in the serological criteria for diagnosing the disease.

Anti-RNP are detectable in 25–47% of SLE patients; high titers of anti-RNP antibodies are diagnostic of mixed connective
tissue disorder (MCTD). The measurement of anti-Sm and anti-RNP antibodies is more important in the diagnosis of SLE
than in the follow-up of patients. However, anti-RNP antibodies are more prevalent in patients with Raynaud’s phenomenon
and are associated with milder renal involvement. On the contrary, anti-Sm antibodies are associated with the severity and the
activity of renal involvement.

The specificity of anti-Sm antibodies, together with epidemiological data, suggest that Epstein-Barr virus infection has the
potential to induce anti-Sm antibodies by molecular mimicry.

Anti-nuclear antibodies, a hallmark of the systemic autoimmune diseases, include several populations of antibodies with
different specificities. Among them, anti-Sm and anti-RNP antibodies are of the utmost importance in clinical practice; in
research, the study of the mechanisms inducing their production has opened up new perspectives and helped to elucidate the
pathogenesis of autoimmune disorders.
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Sm and RNP: Their structure

Anti-Sm antibodies are directed against 7 proteins

(B/B0, D1, D2, D3, E, F, G) that constitute the

common core of U1, U2, U4 and U5 small nuclear

ribonucleoprotein (snRNP) particles [1,2]. The anti-

Sm autoimmune response is directed against the

proteins B/B0, D1 and D3, and to a lesser extent D2.

The E, F and G proteins are recognized less frequently

and only under native conditions [3,4]. Anti-RNP

antibodies react with proteins (70 Kd, A, C) that are

associated with U1 RNA and form U1snRNP

(Figure 1).

The snRNP are RNA-protein complexes that are

abundant in the nuclei of all eukaryotic cells; together

with many additional proteins they form the spliceo-

some, a structure involved in the nuclear processing of

pre-mRNA. The biogenesis of snRNP is a multi-step

process that takes place primarily in the cytoplasm,

where the protein components are synthesized and the

RNAs (products of RNA polymerase II) are

transported.
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The 7 core proteins are stored in the cytoplasm as a

pentamer (D1, D2, E, F, G) and a complex of B, D3

and D1 to which the methylosome (or PRMT5

complex) associates. Methylosome contains a type II

methyltransferase which catalyzes the conversion of

arginines to symmetrical dimethylarginines. This

post-translational modification affects the carboxy-

terminal parts of B/B0, D1 and D3 [5], and sequences

of these proteins containing symmetrical dimethyl-

arginines are specifically recognized by SLE autoanti-

bodies [6].

Methylation markedly increases the affinity of Sm

proteins for the SMN complex, the second mediator

in snRNP assembly, which transfers Sm proteins to U

snRNA [7]. In the presence of U snRNA the Sm

proteins assemble in a ring into which the snRNA is

inserted. Post-translational modifications in RNA and

specific determinants of the proteins constitute

nuclear localization signals that direct the migration

of the particles to the nucleus.

The Sm proteins are highly conserved in eukar-

yotes; all of them (except F) are endowed with a strong

positive charge and display structural homology in a

region of 70–90 aminoacids that contains the Sm1

and Sm2 motifs involved in protein–protein

interactions.

Anti-Sm and anti-RNP: Their frequency

Anti-Sm antibodies are detectable in a percentage of

SLE patients comprised between 5 and 30%. Studies

in North America generally cite a prevalence of

around 30% [8], but European studies report lower

frequencies of around 5% [9]. It has been suggested

that ethnic differences in the populations studied may

explain this difference in frequency; for example, anti-

Sm antibodies are known to be more prevalent in

blacks [9–11].

Anti-Sm antibodies are almost always associated

with anti-RNP and in the few cases in which anti-Sm

alone were initially detected, anti-RNP developed

later in the course of the disease. Because of their high

specificity for SLE, anti-Sm antibodies have been

included in the serological criteria for diagnosing the

disease [8].

Anti-RNP are detectable in 25–47% of SLE

patients [12,13]. High titers of anti-RNP antibodies

are diagnostic of MCTD.

Anti-Sm antibodies are also present, in a frequency

similar to that observed in the human disease, in the

MRL-lpr/lpr mouse, a strain that spontaneously

develops SLE [14].

Anti-Sm and anti-RNP: Their detection

Anti-Sm and anti-RNP antibodies can be detected by

different type of assays: counterimmunoelectrophor-

esis (CIE), immunoblot, and ELISA.

CIE was the very first method proposed for the

measurement of these autoantibodies [15] and is still

widely used today. The source of the antigens is

usually rabbit thymus extract. It is generally agreed

that this method is characterized by a low sensitivity

counterbalanced by a high specificity [16,17].

A modification of the method was recently proposed

[18]: by allowing sera diffusion before electrophoresis

the sensitivity of the assay can be slightly improved.

This method requires technical expertise and is time-

consuming, but the cost of typing autoantibody

specificities by CIE is 10–30 times lower than by

ELISA [19].

The immunoblot was originally performed using

cell lysates, generally from HeLa cells or rabbit thymus

lysates [20]. It is more sensitive than CIE [21], but is

technically quite complex to perform and the

identification of antigens is difficult because of the

high number of bands usually obtained with SLE sera.

Anti-RNP autoantibodies are detected more

frequently by CIE than by immunoblot [22], whereas

anti-Sm detection by CIE is more difficult [22,23].

ELISA assays are widely used in the form of

commercially available kits and are in general highly

sensitive. They are easy to perform, do not require

either complex instrumentation or specific training,

can easily be automated, and the results are obtainable

within a few hours. These assays are potentially both

accurate and reliable, but the currently available

products vary greatly in terms of sensitivity [24] and

specificity [21]. Nevertheless, most assays are able to

measure the anti-Sm antibody titer with reasonable

accuracy [25].

Recently, ELISA kits produced by twelve different

manufacturers were compared with CIE and IB using

eleven serum samples from patients with systemic

autoimmune diseases. Overall the detection of Sm,

regardless of the method, was 47% while the detection

of RNP was 100% [26].

Better agreement in the detection of anti-RNP than

anti-Sm has been reported by other authors, who

compared either CIE, ELISA and two immuno-

blotting assays [27] or CIE, ELISA and LIA [19].

Figure 1. Structure of U1 sn RNP. The figure illustrates the protein

components of the U1 sn RNP particle, complexed with RNA.
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The conflicting results obtained with different

ELISA assays as far as anti-Sm detection is concerned

can be at least partially explained by the different

antigens used on the solid phase. In the coating either

extractive or recombinant Sm proteins may be used,

or else synthetic peptides that may either be

unmodified or contain modified aminoacids.

Discrepancies between the results of immunoblot vs

ELISA or CIE are often observed; possible expla-

nations are the different sources of antigens and the

loss of conformational determinants attributable to

the different procedures used in the gel separation of

the antigens [28,29]. Moreover, it should be stressed

that recombinant proteins do not always contain all

the epitopes expressed on the “native” antigen; in

recombinant proteins post-translational modifications

may be absent or “incorrect” or additional sequences

that affect antibody recognition may be present.

Recently line immunoassays based on recombinant

proteins have been employed for anti-Sm and anti-

RNP detection, and have demonstrated high speci-

ficity and high sensitivity [30–32]. Both line

immunoassays and CIE were shown to be better

correlated than ELISA with the clinical diagnosis [19].

Anti-Sm and anti-RNP: Their clinical

significance

The clinical significance of anti-Sm and anti-RNP

antibodies is still a matter of debate. Serial determi-

nations of these antibodies have shown variations in

titer over time, raising the possibility that they may be

linked to exacerbations and remissions of the disease.

Therefore, a number of studies have tested their

possible associations with single disease manifes-

tations, with the severity of organ involvement, or with

disease activity [33].

Single disease manifestations

Anti-RNP antibodies have repeatedly been found to

be associated with Raynaud’s phenomenon [34,35].

In contrast, the association between anti-Sm anti-

bodies and CNS injury remains uncertain [33,36,37].

In 1978 Winfield et al. [36] reported the results of a

study of 25 SLE patients who were followed during 29

acute episodes of central nervous system (CNS)

disease. They found an increased incidence of anti-Sm

antibodies in patients with CNS dysfunction. Anti-Sm

antibodies were in fact observed in 71% of the patients

with isolated CNS disease and only in 25% of

unselected patients.

Discordant results have also been obtained in the

analysis of the prognostic value of anti-Sm antibodies.

Winn reported a higher prevalence of anti-dsDNA

than anti-Sm antibodies ( p , 0.005) in patients with

serious CNS disease and suggested that anti-Sm may

identify a subset of SLE patients with milder renal

disease and CNS involvement [37]. Janwityanuchit on

the contrary found that patients with anti-Sm

antibodies suffer more frequently from neuropsychia-

tric manifestations than patients with anti-dsDNA

alone ( p , 0.05) [33].

Severity of organ involvement

Anti-Sm and anti-RNP antibodies seem to exert

opposite effects on the severity of renal involvement.

According to some authors, anti-RNP antibodies are

associated with milder renal involvement [12,33,38].

One exception is the prospective study by H.M.

Bastian [39], which found an association between

lupus nephritis and anti-RNP antibodies. The

different ethnic backgrounds of the patients included

in this study could explain this discrepancy.

The presence of anti-Sm antibodies has been

reported to be related to renal disease and this

association is even stronger when anti-Sm are found

together with anti-dsDNA [33]. In a recent study by

Alba et al. [38], a higher frequency of anti-dsDNA,

anti-RNP, anti-Sm and lupus anticoagulant was

found in lupus nephritis patients (127 patients with

biopsy-proven nephritis) compared with the control

group (206 randomly selected SLE patients without

nephritis).

Disease activity

Barada et al. [40] reported that rising titers of anti-Sm

correlated with a clinical exacerbation of CNS and

non-CNS disease in 60% of their patients and that

anti-Sm predicted a disease flare in 50%. A correlation

between anti-Sm antibodies and disease activity was

also noted in a Finnish study conducted on 17 SLE

patients [41], and in a later study performed on 51

consecutive SLE patients selected according to ARA

criteria [42]. All 8 patients with both anti-Sm and

anti-dsDNA were found to have active SLE, and

pulmonary, renal and CNS involvement were the most

prominent manifestations of their disease activity. On

the basis of these findings, the authors suggest that the

activity of the disease is related to the production of

multiple autoantibody specificities [41,43].

Anti-Sm and anti-RNP: Their specificity

Anti-Sm and anti-RNP antibodies from SLE patients

are directed towards both discontinuous and linear

epitopes which are either contained in the protein

sequence or are post-translationally modified.

cDNA isolates encoding Sm B and B0 and cloned

from different tissues have been found to be identical

except for one or two aminoacids [44–46]. Rokeach

et al. [47] analyzed the reactivity of SLE sera with

truncated recombinant proteins spanning the entire

length of the B/B0 protein and identified a dominant

Anti-Sm and anti-RNP antibodies 49
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epitope characterized by a series of proline and glycine

repeats in the carboxyl terminus of the protein.

Conformational epitopes were also detected in the

N-terminal portion of the molecule [47]. Human and

mouse lupus sera reacted similarly with these proline-

rich sequences [48]. A more detailed mapping of the

linear epitopes was performed using synthetic peptides

[49] and led to the identification of a sequence

characterized by the motif PPPG(I,M)(R,K) as the

target of the autoantibodies.

SmD1, a polypeptide of 119 aminoacids, was

cloned in 1988 by Rokeach et al. [50]. Because of

the relatively small size of this molecule, analysis of the

antigenic regions was conducted using only synthetic

peptides. By overlapping synthetic peptides, several

immunoreactive regions were in fact identified on

SmD1, and SLE sera reacted with the N-terminal

[51], the central [51] and the C-terminal sequences

[51,52]. The presence of a dominant epitope in the

C-terminal region of the molecule was subsequently

confirmed by other studies [53–55]. As described for

the SmB epitope, MRL-lpr/lpr sera reacted with

the same epitope that was recognized by human SLE

sera [53].

The synthetic peptides used as the dominant

epitope in the above cited studies differ in length

(Table I), but all include the stretch consisting of 9 gly-

arg, aa 97–114. Even if the ELISA assays employing

these peptides on the solid phase are not identical, the

frequency of positive SLE sera detected using different

assays is similar, being comprised (with only one

exception [54]) between 25 and 36%. In most cases,

sera reactive with the C-terminal synthetic peptides

decorate SmD1 in immunoblot [52,55].

Epitopes recognized by SLE sera have also been

defined on SmD2 and SmD3, and all reside in charged

sequences that are accessible on the surface of the

proteins, even when they are complexed in the

spliceosome [56]. One of the SmD3 epitopes has a

high sequence homology with the C-terminal region of

SmD1 [56]. Thus, antibodies specific for one of the

Sm proteins also crossreact with other Sm com-

ponents. This crossreaction can be due to the sharing

of a sequence, as in the case of SmD1 and D3, or to

conformational epitopes of one protein mimicking the

linear epitopes of another.

Sm B/B0, D1 and D3 are post-translationally

modified in the arginines, which are methylated in

the aminic residues of their side chains [5]. Other

nuclear proteins containing gly-arg repeats are

asymmetrically dimethylated, but Sm and myelin

basic protein are the only known human proteins that

bear symmetrically dimethylated arginines [6]. The

gly-arg repeats 97–114 of SmD1, synthesized with

dimethylated arginines, were specifically recognized

by most SLE sera containing anti-Sm antibodies [6].

Anti-Sm antibodies are frequently of the IgG isotype,

which is typical of a T-cell dependent response. Such a

response is directed to a limited number of epitopes of

SmB and D, that do not overlap the B epitopes and that

correspond to the Sm motifs, sequences which are

conserved among the Sm proteins and are important

for protein–protein interactions [57]. In addition,

however, the C-terminal SmD1 sequence contains

T epitopes; T cells specific for this sequence have in

fact been isolated from immunized NZB £ NZW

mice [58].

Sera containing anti-RNP antibodies react with

epitopes located in the proteins 70 Kd, A and C. The

U1-70 Kd protein has multiple antigenic regions that

have been identified by means of truncated recombi-

nant proteins [59–61], and contain both linear and

conformational epitopes [61].

SLE and MCTD sera differ in the frequency with

which the different epitopes are recognized. A small

number of MCTD sera do not react with the proteins

alone but specifically recognize the complex of UI

RNA and 70 kd or A protein [62]. The U1-70 Kd

protein is cleaved by caspases in UV-irradiated

keratinocytes [63], but is also susceptible to the

metal-catalyzed oxidative cleavage that takes place

during ischemia-reperfusion [64]. Apoptotically

modified forms of U1-70 kd are preferentially recog-

nized by SLE patients with skin involvement, while the

oxidized form is more frequently bound by patients

with Raynaud’s phenomenon [65].

U1-A contains 2 major epitopes, both located on

the surface of the molecule; only one of them,

however, is exposed in the U1snRNP particle and,

when used as immunogen in rabbits, can induce a

response against multiple snRNP proteins [66].

T cell clones specific for U1-70 kd have been

isolated from SLE and MCTD patients [67–69],

most of whom display the Th0 phenotype [69].

In animal models, a phosphorylated peptide

corresponding to 131–151 of the U1-70 kd protein

Table I.

Sequences of SMD-derived peptides Length Reference

97GRGR GRGRGRGRGR GRGRGGPRR119 23 aa Barakat et al. (51)

95VAGRGR GRGRGRGRGR GRGRGGPRR119 25 aa Sabbatini et al. (52)

95VAGRGR GRGRGRGRGR GRGRGGPRR119 25 aa James JA et al (53)

83VEPKVKSK KREAVAGRGR GRGRGRGRGR GRGRGGPRR119 37 aa Riemekasten et al. (54)

83VEPKVKSK KREAVAGRGR GRGRGRGRGR GRGRGGPRR119 37 aa Jaekel HP et al. (55)

P. Migliorini et al.50
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was found to be a T-cell epitope in MRL-lpr/lpr mice;

moreover, intravenous administration of this peptide

downregulated anti-DNA antibody production and

prolonged the survival of the treated animals [70].

Anti-Sm and anti-RNP: Mechanisms of

induction

The mechanisms that lead to anti-Sm antibody

production have formed the object of thorough

investigation. Interesting clues have emerged from

the analysis of the antigenic regions of Sm.

Epitope mapping of SmD revealed the existence of a

dominant epitope in the C-terminal region of the

molecule that bears a striking homology to a sequence

of the viral protein EBNA I [71]. The sequence

homology encompasses a gly-arg stretch of 11

consecutive aminoacids, with 4 other identical

aminoacids and 4 conservative substitutions over a

total length of 24 aminoacids. Such an extensive

homology is perceived by the immune system and

leads to the production of crossreactive antibodies. In

fact, antibodies specific for SmD 95–119 react with

the homologous EBNA I sequence 35–58 and

recognize it in the context of the whole EBNA I

molecule. Conversely, immunization with the EBNA I

peptide induces antibodies reactive with SmD [71].

EBNA I is a protein encoded by the EBV genome

and expressed in the nuclei of infected cells in the early

phases of infection. The EBNA I gene ensures

replication of the viral genome during cell division.

In latent infection it is transcribed both in the growth

programme, when the virus expresses all the EBNA

and LMP proteins, and in the default programme,

when the virus expresses only EBNA I and LMPs, and

it persists in infected memory B cells [72].

The EBNA I protein has an unusual structure in

that it contains in its central part a gly-ala repeat which

constitutes one-third of the molecule [73] and

represents a dominant epitope in the anti-EBNA I

immune response that follows EBV infection [74].

However, antibodies against other portions of the

molecule are present in immune sera. Normal

subjects, as well as those affected by autoimmune or

EBV-related disorders (nasopharyngeal carcinoma,

Burkitt’s lymphoma), produce antibodies to the

N-terminal EBNA I sequence 35–58, but only in

SLE patients these antibodies are crossreactive with

SmD1 [75].

Another sequence of EBNA I, PPPGRRP- aa398-

404, is strongly homologous to the dominant epitope

of SmB. Immunization with either the viral or

the autoantigen sequence induces lupus-like auto-

immunity in animals [76].

Taken together, these observations suggest that

EBV infection has the potential to induce anti-Sm

antibodies by molecular mimicry. Epidemiological

data strongly support this view, suggesting that SLE is

linked to previous EBV exposure. Because of the high

prevalence of EBV infection in adults, in a recent

study seroconversion against EBV was tested in

children and young adults with SLE and compared

to age-matched controls. Virtually all the SLE patients

had anti-viral antibodies compared to 70% of the

controls [77]. In adults with SLE, the difference was

less marked (99.5 vs 94.4%), but still significant [78].

A role of molecular mimicry in the induction of

anti-RNP antibodies as well has been suggested.

In fact, a subset of anti-U1-70 kd antibodies reacts

with a sequence of 5 aminoacids that is also contained

in the influenza B matrix protein [79], and the

retroviral p30gag antigen is homologous to an

antigenic portion of U1-70 kd [80].

Take Home Messages

. The measurement of anti-Sm and anti-RNP

antibodies is more important in the diagnosis of

SLE than in the follow-up of patients.

. Despite the recent development of more sensitive

assays, the detection of anti-Sm antibodies remains

difficult.

. At least two different assays should be used for the

detection of anti-Sm antibodies.

. Some of the T and B epitopes on Sm and RNP

proteins are post-translationally modified.

. Molecular mimicry plays a role in the induction of

anti-Sm and anti-RNP antibodies.

References

[1] Will CL, Luhrmann R. Spliceosomal UsnRNP biogenesis,

structure and function. Curr Opin Cell Biol 2001;13(3):

290–301.

[2] Zieve GW, Khusial PR. The anti-Sm immune response in

autoimmunity and cell biology. Autoimmun Rev

2003;2(5):235–240.

[3] Lehmeier T, Foulaki K, Luhrmann R. Evidence for three

distinct D proteins, which react differentially with anti-Sm

autoantibodies, in the cores of the major snRNPs U1, U2,

U4/U6 and U5. Nucleic Acids Res 1990;18(22):6475–6841.

[4] Brahms H, Raker VA, Van Venrooij WJ, Luhrmann R. A major,

novel systemic lupus erythematosus autoantibody class

recognizes the E, F, and G Sm snRNP proteins as an E-F-G

complex but not in their denatured states. Arthritis Rheum

1997;40(4):672–682.

[5] Brahms H, Meheus L, de Brabandere V, Fischer U, Luhrmann

R. Symmetrical dimethylation of arginine residues in

spliceosomal Sm protein B/B0 and the Sm-like protein LSm4,

and their interaction with the SMN protein. RNA

2001;7(11):1531–1542.

[6] Brahms H, Raymackers J, Union A, de Keyser F, Meheus L,

Luhrmann R. The C-terminal RG dipeptide repeats of the

spliceosomal Sm proteins D1 and D3 contain symmetrical

dimethylarginines, which form a major B-cell epitope for anti-

Sm autoantibodies. J Biol Chem 2000;275(22):17122–17129.

[7] Meister G, Eggert C, Fischer U. SMN-mediated assembly of

RNPs: a complex story. Trends Cell Biol 2002;12(10):472–478.

[8] Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ,

Rothfield NF, Schaller JG, Talal N, Winchester RJ. The 1982

Anti-Sm and anti-RNP antibodies 51

A
ut

oi
m

m
un

ity
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

C
ol

or
ad

o 
L

ib
ra

ri
es

 o
n 

05
/1

4/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



revised criteria for the classification of systemic lupus

erythematosus. Arthritis Rheum 1982;25(11):1271–1277.

[9] Clotet B, Guardia J, Pigrau C, Lience E, Murcia C, Pujol R,

Bacardi R. Incidence and clinical significance of anti-ENA

antibodies in systemic lupus erythematosus. Estimation

by counterimmunoelectrophoresis. Scand J Rheumatol

1984;13(1):15–20.

[10] ter Borg EJ, Groen H, Horst G, Limburg PC, Wouda AA,

Kallenberg CG. Clinical associations of antiribonucleoprotein

antibodies in patients with systemic lupus erythematosus.

Semin Arthritis Rheum 1990;20(3):164–173.

[11] Grennan DM, Bunn C, Hughes GR, Buchanan WW, Dick

WC. Frequency and clinical significance of antibodies to

ribonucleoprotein in SLE and other connective tissue disease

subgroups. Ann Rheum Dis 1977;36(5):442–447.

[12] Tapanes FJ, Vasquez M, Ramirez R, Matheus C, Rodriguez

MA, Bianco N. Cluster analysis of antinuclear autoantibodies

in the prognosis of SLE nephropathy: are anti-extractable

nuclear antibodies protective? Lupus 2000;9(6):437–444.

[13] ArnettFC,HamiltonRG,RoebberMG,Harley JB,ReichlinM.

Increased frequencies of Sm and nRNP autoantibodies in

American blacks compared to whites with systemic lupus

erythematosus. J Rheumatol 1988;15(12):1773–1776.

[14] Eisenberg RA, Tan EM, Dixon FJ. Presence of anti-Sm

reactivity in autoimmune mouse strains. J Exp Med

1978;147(2):582–587.

[15] Kurata N, Tan EM. Identification of antibodies to nuclear acid

antigens by counterimmunoelectrophoresis. Arthitis Rheum

1976;193(3):574–580.

[16] Navarro E, Palau J. Anti-Sm sera are misdetected by

counterimmunoelectrophoresis. A critical analysis of CIE

and western blotting on the detection of human antinuclear

antibodies. J Autoimmun 1991;4(2):213–222.

[17] Westgeest AA, Van den Brink HG, de Jong J, Swaak AJ,

Smeenk RJ. Routine testing for antinuclear antibodies: a

comparison of immunofluorescence, counterimmunoelectro-

phoresis and immunoblotting. J Autoimmun

1988;1(2):159–170.

[18] Walravens MJ, Vanherrewegwn H, Lacquet F, Godefridis G,

Korevits G, Stevens E, Marien G, Molenberghs G. Counter-

immunoelectrophoresis with serum prediffusion: an improved

method for the detection and identification of antibodies

against extractable nuclear and cytoplasmic antigens.

J Immunol Methods 1997;201(1):89–98.

[19] Phan TG, Ng WW, Bird D, Smithers K, Wong V, Gallagher K,

Williams A, Adelstein S. High-quality, cost effective strategy

for detection of autoantibodies to extractable nuclear antigens.

Clin Diagn Lab Immunol 2001;8(3):471–474.

[20] Kallenberg CG, ter Borg EJ, Jaarsma D, Limburg PC.

Detection of autoantibodies to ribonucleoproteins by counter-

immunoelectropheresis, immunoblotting and RNA-immuno-

precipitation: comparison of results. Clin Exp Rheumatol

1990;8(1):35–40.

[21] Van Duijnhoven HLP, Van de Warenburg FJM, Willems

RJWP, Ermens AAM. A comparison of ELISA assays as

routine diagnostic test for detection of autoantibodies against

extractable nuclear antigens. Clin Biochem

1999;32(3):179–183.

[22] Westgeest AA, Van den Brink HG, de Jong J, Swaak AJ,

Smeenk RJ, Westgeest AA, Van den Brink HG, de Jong J,

Swaak AJ, Smeenk RJ. Antinuclear antibodies in patients with

systemic lupus erythematosus: a comparison of counter-

immunoelectrophoresis and immunoblotting. Rheumatol Int

1987;7(2):77–82.

[23] Xu, Y.H., Chen, S.L., Ye, P., The clinical significance of

antibodies to SM, RNP and SSR polypeptides detected by

immunoblotting technique. Zhonghua Nei Ke Za Zhi., 29(8)

(1990) 472-5, 510.

[24] Tan EM, Smolen JS, Mc Dougal JS, Butcher BT, Conn D,

Dawkins R, Fritzler MJ, Gordon T, Hardin JA, Kalden JR,

Lahita RG, Maini RN, Rothfield NF, Smeenk R, Emlen W,

O’Neill L. Clinical significance of antinuclear antibodies:

comparison of detection with immunofluorescence and

enzyme-linked immunosorbent assays. Arthritis Rheum

1997;40(9):1612–1618.

[25] Tan EM, Smolen JS, McDougal JS, Fritzler MJ, Gordon T,

Hardin JA, Kalden JR, Lahita RG, Maini RN, Reeves WH,

Rothfield NF, Takasaki Y, Wiik A, Wilson M, Koziol JA.

A critical evaluation of enzyme immunoassay kits for detection

of antinuclear autoantibodies of defined specificities.II.

Potential for quantitation of antibody content. J Rheumatol

2002;29:68–74.

[26] Bizzaro N, Tozzoli R, Tonutti E, Piazza A, Manoni F,

Ghirardello A, Bassetti D, Villalta D, Pradella M, Rizzotti P.

Variability between methods to determine ANA, anti-dsDNA

and anti-ENA autoantibodies: a collaborative study with the

biomedical industry. J Immunol Methods 1998;219:99–107.

[27] Gonzales C, Martin T, Arroyo T, Garcia-Isidoro M, Navajo

JA, Gonzales-Buitrago JM. Comparison and variation of

different methodologies for the detection of autoantibodies to

nuclear antigens (ANA). J Clin Lab Anal 1997;11:388–392.

[28] Jaskowski TD, Schroder C, Martins TB, Mouritsen L, Hill

HR. Comparison of three commercially available enzyme

immunoassays for the screening of autoantibodies to

extractable nuclear antigens. J Clin Lab Anal 1995;9(3):

166–172.

[29] Delpech A, Gilbert D, Daliphard S, Le Loet X, Godin M,

Tron F. Antibodies to Sm, RNP and SSB detected by solid-

phase ELISAs using recombinant antigens: a comparison

study with counter immunoelectrophoresis and immunoblot-

ting. J Clin Lab Anal 1993;7(4):197–202.

[30] Lopez Longo FJ, Rodriguez-Mahou M, Escalona-Monge M,

Gonzales CM, Monteagudo I, Carreno-Perez L. Simultaneous

identification of various antinuclear antibodies using an

automated multiparameter line immunoassay system. Lupus

2003;12(8):623–629.

[31] Peene I, Meheus L, Veys EM, De Keyser F. Detection and

identification of antinuclear antibodies (ANA) in a large and

consecutive cohort of serum samples referred for ANA testing.

Ann Rheum Dis 2001;60(12):1131–1136.

[32] Maclachlan D, Vogt P, Wu X, Rose L, Tyndall A, Hasler P.

Comparison between line immunoassay (LIA) and enzyme-

linked immunosorbent assay (ELISA) for the determination of

antibodies to extractable nuclear antigenes (ENA) with

reference to other laboratory results and clinical features. Z

Rheumatol 2002;61(5):534–544.

[33] Janwityanuchit S, Verasertniyom O, Vanichapuntu M,

Vatanasuk M. Anti-Sm: its predictive value in systemic lupus

erythematosus. Clin Rheumatol 1993;12(3):350–353.

[34] ter Borg EJ, Groen H, Horst G, Limburg PC, Wouda AA,

Kallenberg CG. Clinical associations of antiribonucleoprotein

antibodies in patients with systemic lupus erythematosus.

Semin Arthritis Rheum 1990;20(3):164–173.

[35] Grennan DM, Bunn C, Hughes GR, Buchanan WW, Dick

WC. Frequency and clinical significance of antibodies to

ribonucleoprotein in SLE and other connective tissue disease

subgroups. Ann Rheum Dis 1977;36(5):442–447.

[36] Winfield JB, Brunner CM, Koffler D. Serologic studies in

patients with systemic lupus erythematosus and central

nervous system dysfunction. Arthritis Rheum

1978;21(3):289–294.

[37] Winn DM, Wolfe JF, Lindberg DA, Fristoe FH, Kingsland L,

Sharp GC. Identification of a clinical subset of systemic lupus

erythematosus by antibodies to the SM antigen. Arthritis

Rheum 1979;22(12):1334–1337.

[38] Alba P, Bento L, Cuadrado MJ, Karim Y, Tungekar MF, Abbs

I, Khamashta MA, D’Cruz D, Hughes GR. Anti-dsDNA,

P. Migliorini et al.52

A
ut

oi
m

m
un

ity
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

C
ol

or
ad

o 
L

ib
ra

ri
es

 o
n 

05
/1

4/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



anti-Sm antibodies, and the lupus anticoagulant: significant

factors associated with lupus nephritis. Ann Rheum Dis

2003;62(6):556–560.

[39] Bastian HM, Roseman JM, McGwin Jr, G, Alarcon GS,

Friedman AW, Fessler BJ, Baethge BA, Reveille JD. LUMINA

Study Group. LUpus in MInority populations: NAture vs

nurture. Systemic lupus erythematosus in three ethnic groups.

XII. Risk factors for lupus nephritis after diagnosis. Lupus

2002;11(3):152–160.

[40] Barada Jr, FA, Andrews BS, Davis 4th, JS, Taylor RP.

Antibodies to Sm in patients with systemic lupus erythe-

matosus. Correlation of Sm antibody titers with disease

activity and other laboratory parameters. Arthritis Rheum

1981;24(10):1236–1244.

[41] Gripenberg M, Teppo AM, Friman C. Antibodies to Sm and

SS-A demonstrated by enzyme immunoassay. Correlation to

clinical manifestations and disease activity in patients with

systemic lupus erythematosus. Rheumatol Int 1991;11(4-5):

209–213.

[42] Martinez-Cordero E, Martinez-Miranda E, Negrete-Garcia

MC, Padilla A, Aguilar Leon DE. Anti-dsDNA and Sm

autoantibodies in systemic lupus erythematosus. Clin Rheu-

matol 1992;11(3):341–345.

[43] Lopez-Longo FJ, Gonzalez Fernandez CM, Rodriguez Mahou

M, Grau Simo R, Monteagudo Saez I, Meno Garcia AC,

Carreno Perez L. Clinical expression of systemic lupus

erythematosus with anti-U1-RNP and anti-Sm antibodies.

Rev Clin Esp 1997;197(5):329–335.

[44] Rokeach LA, Jannatipour M, Haselby JA, Hoch SO. Primary

structure of a human small nuclear ribonucleoprotein

polypeptide as deduced by cDNA analysis. J Biol Chem

1989;264(9):5024–5030.

[45] Sharpe NG, Williams DG, Howarth DN, Coles B, Latchman

DS. Isolation of cDNA clones encoding the human Sm B/B0

auto-immune antigen and specifically reacting with human

anti-Sm auto-immune sera. FEBS Lett 1989;250(2):

585–590.

[46] Schmauss C, McAllister G, Ohosone Y, Hardin JA, Lerner

MR. A comparison of snRNP-associated Sm-autoantigens:

human N, rat N and human B/B0. Nucleic Acids Res

1989;17(4):1733–1743. Erratum in: Nucleic Acids Res.

1989; 17(16): 6777.

[47] Rokeach LA, Jannatipour M, Hoch SO. Heterologous

expression and epitope mapping of a human small nuclear

ribonucleoprotein-associated Sm-B0/B autoantigen. J Immu-

nol 1990;144(3):1015–1022.

[48] Elkon KB, Hines JJ, Chu JL, Parnassa A. Epitope mapping of

recombinant HeLa SmB and B0 peptides obtained by the

polymerase chain reaction. J Immunol 1990;145(2):636–643.

[49] James JA, Harley JB. Linear epitope mapping of an Sm B/B0

polypeptide. J Immunol 1992;148(7):2074–2079.

[50] Rokeach LA, Haselby JA, Hoch SO. Molecular cloning of a

cDNA encoding the human Sm-D autoantigen. Proc Natl

Acad Sci USA 1988;85(13):4832–4836.

[51] Barakat S, Briand JP, Weber JC, Van Regenmortel MH, Muller

S. Recognition of synthetic peptides of Sm-D autoantigen by

lupus sera. Clin Exp Immunol 1990;81(2):256–262.

[52] Sabbatini A, Dolcher MP, Marchini B, Bombardieri S,

Migliorini P. Mapping of epitopes on the SmD molecule: the

use of multiple antigen peptides to measure autoantibodies in

systemic lupus erythematosus. J Rheumatol 1993;20(10):

1679–1683.

[53] James JA, Mamula MJ, Harley JB. Sequential autoantigenic

determinants of the small nuclear ribonucleoprotein Sm D

shared by human lupus autoantibodies and MRL lpr/lpr

antibodies. Clin Exp Immunol 1994;98(3):419–426.

[54] Riemekasten G, Marell J, Trebeljahr G, Klein R, Hausdorf G,

Haupl T, Schneider-Mergener J, Burmester GR, Hiepe F.

A novel epitope on the C-terminus of SmD1 is recognized by

the majority of sera from patients with systemic lupus

erythematosus. J Clin Invest 1998;102(4):754–763.

[55] Jaekel HP, Klopsch T, Benkenstein B, Grobe N, Baldauf A,

Schoessler W, Werle E. Reactivities to the Sm autoantigenic

complex and the synthetic SmD1-aa83-119 peptide in

systemic lupus erythematosus and other autoimmune diseases.

J Autoimmun 2001;17(4):347–354.

[56] McClain MT, Ramsland PA, Kaufman KM, James JA. Anti-

sm autoantibodies in systemic lupus target highly basic surface

structures of complexed spliceosomal autoantigens. J Immunol

2002;168(4):2054–2062.

[57] Talken BL, Schafermeyer KR, Bailey CW, Lee DR, Hoffman

RW. T cell epitope mapping of the Smith antigen reveals that

highly conserved Smith antigen motifs are the dominant target

of T cell immunity in systemic lupus erythematosus. J

Immunol 2001;167(1):562–568.

[58] Riemekasten G, Langnickel D, Ebling FM, Karpouzas G,

Kalsi J, Herberth G, Tsao BP, Henklein P, Langer S,

Burmester GR, Radbruch A, Hiepe F, Hahn BH. Identifi-

cation and characterization of SmD183-119-reactive T cells

that provide T cell help for pathogenic anti-double-stranded

DNA antibodies. Arthritis Rheum 2003;48(2):475–485.

[59] Nyman U, Lundberg I, Hedfors E, Pettersson I. Recombinant

70-kd protein used for determination of autoantigenic epitopes

recognized by anti-RNP sera. Clin Exp Immunol

1990;81(1):52–58.

[60] Cram DS, Fisicaro N, Coppel RL, Whittingham S, Harrison

LC. Mapping of multiple B cell epitopes on the 70-kilodalton

autoantigen of the U1 ribonucleoprotein complex. J Immunol

1990;145(2):630–635.

[61] Netter HJ, Guldner HH, Szostecki C, Will H. Major

autoantigenic sites of the (U1) small ribonucleoprotein-

specific 68-kDa protein. Scand J Immunol 1990;32(2):

163–176.

[62] Murakami A, Kojima K, Ohya K, Imamura K, Takasaki Y. A

new conformational epitope generated by the binding of

recombinant 70-kd protein and U1 RNA to anti-U1 RNP

autoantibodies in sera from patients with mixed connective

tissue disease. Arthritis Rheum 2002;46(12):3273–3282.

[63] Casciola-Rosen L, Rosen A. Ultraviolet light-induced kerati-

nocyte apoptosis: a potential mechanism for the induction of

skin lesions and autoantibody production in LE. Lupus

1997;6(2):175–180.

[64] Casciola-Rosen L, Wigley F, Rosen A. Scleroderma autoanti-

gens are uniquely fragmented by metal-catalyzed oxidation

reactions: implications for pathogenesis. J Exp Med

1997;185(1):71–79.

[65] Greidinger EL, Casciola-Rosen L, Morris SM, Hoffman RW,

Rosen A. Autoantibody recognition of distinctly modified

forms of the U1-70-kd antigen is associated with different

clinical manifestations. Arthritis Rheum 2000;43(49):

881–888.

[66] McClain MT, lutz CS, Kaufman KM, Faig OZ, Gross TF,

James JA. Structural availability influences the capacity

of autoantigenic epitopes to induce a widespread lupus-like

autoimmune response. Proc Natl Acad Sci USA

2004;101(10):3551–3556.

[67] Wolff-Vorbeck G, Hackl W, Fenning S, Krawinkel U,

Luhrmann R, Peter HH, Schlesier M. Characterization of an

HLA-DR4-restricted T cell clone recognizing a protein moiety

of small nuclear ribonucleoproteins (UsnRNP). Clin Exp

Immunol 1994;95(3):378–384.

[68] Fenning S, Wolff-Vorbeck G, Hackl W, Krawinkel U,

Luhrmann R, Northemann W, Peter HH, Schlesier M. T

cell lines recognizing the 70-kD protein of U1 small nuclear

ribonucleoprotein (U1snRNP). Clin Exp Immunol

1995;101(3):408–413.

[69] Holyst MM, Hill DL, Hoch SO, Hoffman RW. Analysis of

human T cell and B cell responses against U small nuclear

Anti-Sm and anti-RNP antibodies 53

A
ut

oi
m

m
un

ity
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

C
ol

or
ad

o 
L

ib
ra

ri
es

 o
n 

05
/1

4/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ribonucleoprotein 70-kd, B, and D polypeptides among

patients with systemic lupus erythematosus and mixed

connective tissue disease. Arthritis Rheum 1997;40(8):

1493–1503.

[70] Monneaux F, Lozano JM, Patarroyo ME, Briand JP, Muller S.

T cell recognition and therapeutic effect of a phosphorylated

synthetic peptide of the 70K snRNP protein administered in

MR/lpr mice. Eur J Immunol 2003;33(2):287–296.

[71] Sabbatini A, Bombardieri S, Migliorini P. Autoantibodies from

patients with systemic lupus erythematosus bind a shared

sequence of SmD and Epstein-Barr virus-encoded nuclear

antigen EBNA I. Eur J Immunol 1993;23(5):1146–1152.

[72] Thorley-Lawson DA. Epstein-Barr virus: exploiting the

immune system. Nat Rev Immunol 2001;1(1):75–82.

[73] Hennessy K, Kieff E. One of two Epstein-Barr virus nuclear

antigens contains a glycine-alanine copolymer domain. Proc

Natl Acad Sci USA 1983;80(18):5665–5669.

[74] Dillner J, Sternas L, Kallin B, Alexander H, Ehlin-Henriksson

B, Jornvall H, Klein G, Lerner R. Antibodies against a

synthetic peptide identify the Epstein-Barr virus-determined

nuclear antigen. Proc Natl Acad Sci USA 1984;81(15):

4652–4656.

[75] Marchini B, Dolcher MP, Sabbatini A, Klein G, Migliorini P.

Immune response to different sequences of the EBNA I

molecule in Epstein-Barr virus-related disorders and in

autoimmune diseases. J Autoimmun 1994;7(2):179–191.

[76] James JA, Gross T, Scofield RH, Harley JB. Immunoglobulin

epitope spreading and autoimmune disease after peptide

immunization: Sm B/B0-derived PPPGMRPP and PPP-

GIRGP induce spliceosome autoimmunity. J Exp Med

1995;181(2):453–461.

[77] James JA, Kaufman KM, Farris AD, Taylor-Albert E, Lehman

TJ, Harley JB. An increased prevalence of Epstein-Barr virus

infection in young patients suggests a possible etiology for

systemic lupus erythematosus. J Clin Invest 1997;100(12):

3019–3026.

[78] James JA, Neas BR, Moser KL, Hall T, Bruner GR, Sestak AL,

Harley JB. Systemic lupus erythematosus in adults is

associated with previous Epstein-Barr virus exposure. Arthritis

Rheum 2001;44(5):1122–1126.

[79] Guldner HH, Netter HJ, Szostecki C, Jaeger E, Will H.

Human anti-p68 autoantibodies recognize a common epitope

of U1 RNA containing small nuclear ribonucleoprotein and

influenza B virus. J Exp Med 1990;171:819–829.

[80] Query CC, Keene JD. A human autoimmune protein

associated with U1 RNA contains a region of homology

that is cross-reactive with retroviral p30gag antigen. Cell

1987;51(2):211–220.

P. Migliorini et al.54

A
ut

oi
m

m
un

ity
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

C
ol

or
ad

o 
L

ib
ra

ri
es

 o
n 

05
/1

4/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


