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Chapter 1:
General introduction







Preface

The presence of autoantibodies in patient serum is one of the hallmarks for
autoimmune diseases. In some diseases the presence of certain autoantibodies is of
diagnostic significance and the detection and measurement of autoantibodies may therefore
be of help in the selection of a proper treatment and management of the disease.

Alternatively, autoantibodies can be used as a tool for the characterization of the
autoantigens in most cases complicated nucleic acid-protein complexes with important
cellular functions. It is believed that the elucidation of the structure and function of
autoantigens may help to understand some of the events causing the aberrant immune
response to self components.

Outline of this thesis

In this thesis autoantibodies directed against the Ro and La ribonucleoprotein
(RNP) complexes were studied. Both the presence of anti-Ro and anti-La autoantibodies
in patient sera and the diagnostic relevance of their presence is discussed. In addition, the
molecular composition of the Ro (SS-A) and La (SS-B) ribonucleoprotein particles is
examined, as well as the interactions occurring in Ro complexes, reconstituted in vitro.

In Chapter 2 an overview is given concerning both the molecular nature and the
antigenicity of the Ro and La ribonucleoproteins based upon current knowledge.

To study the composition of Ro RNP complexes it is essential to be assured of
the monospecificity of the antisera used in the experiments, Therefore, in Chapter 3 a
new sensitive method is described to analyze patient sera for the presence of anti-Ro and
anti-La antibodies.

Chapter 4 deals with the detection of one of the components of Ro RNP
complexes, the 52 kDa Ro protein, and its involvement in Ro particles in vivo. The
presence of anti-Ro60 and anti-Ro52 antibodies is analyzed by immunoblotting and the
association with RNA and intracellular localization of the Ro proteins is examined.
Moreover, the evolutionary conservation of the antigens is studied by Western blotting. In
the Appendix of this chapter the evolutionary conservation of the Ro RNAs is analyzed
as well,

By various in vitro reconstitution techniques, the molecular composition of the
Ro RNP complexes has been analyzed in Chapter § and Chapter 6, as well as the RNA-
protein and protein-protein interactions occurring in the complexes.

The results of the studies described in this thesis are summarized in Chapter 7.
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Chapter 2:
Ro (SS-A) and La (SS-B) ribonucleoprotein complexes: Structure,
function and antigenicity.

R.L. Slobbe, G.J.M. Pruijn and W.J. van Venrooij

Annales de Médecine Inserne (1991) in press






Introduction

During the last decade a great deal of information concerning the Ro and La
ribonucleoprotein (RNP) complexes has been obtained. For studies on the structure and
function of these RNA-protein complexes autoantibodies directed against the Ro and La
antigens, frequently found in patients with systemic lupus erythematosus (SLE) and
Sjogren’s syndrome (SS), have been of great importance. Reversely, the analysis of the
RNPs and the cloning of the antigens has been and will be of great importance for the
understanding of the immunological basis of autoimmunity. In this review results
concerning both the molecular composition of Ro and La RNPs and the pathogenic and
diagnostic significance of the occurrence of anti-Ro and anti-La autoantibodies will be
discussed.

Historical background

In 1961, Anderson and co-workers described two immunologically distinct
antibody systems in sera from patients with Sjogren’s syndrome, SjT and SjD (Harley,
1987). A few years later, Reichlin and coworkers demonstrated two distinct precipitin
systems, designated Ro and La, in sera from patients with SLE (Clark et al., 1969;
Mattioli and Reichlin, 1974). The similarity in physical and serological properties
suggested that SjD corresponds to the Ro and SjT to the La antigen. Later on, Alspaugh
and Tan (1975) reported two new antibody specificities in sera from patients with SS,
called SS-A and SS-B, whereas Akizuki et al. (1977) detected a precipitating antibody in
sera from patients with primary SS and SLE with SS, which was termed Ha. In 1979,
comparison of all data showed that SS-A corresponds to the Ro (SjD) antigen and SS-B
and Ha to the La (SjT) antigen (Alspaugh and Maddison, 1979).

Structure of La RNPs

La RNPs are composed of a 46.7 kDa antigenic phosphoprotein (hereafter
referred to as La) associated with an RNA polymerase III transcribed RNA molecule. The
RNA moiety of the complex includes (precursors of) 7S RNA, 5S rRNA, tRNA, U6
RNA and the Ro RNAs as well as some virally encoded RNAs like VA; and VA RNAs,
EBER1 and EBER2 RNAs (all RNA polymerase III transcripts) and leader RNAs of
vesicular stomatitis virus and rmabies virus (transcribed by virus-specific RNA
polymerases) (reviewed by Pruijn et al., 1990). In addition, Ul RNA, an RNA
polymerase II transcript has been reported to associate with La as well (for review see
Keene et al., 1987). It has been shown that a 3’-uridine stretch common to all RNA
polymerase III transcribed RNAs constitutes the La binding region of the RNA (Stefano,
1984; Matthews and Francoeur, 1984; Glickman et al., 1988). Since this 3’ sequence
motif is mostly lost upon maturation of the transcripts, the La protein in most cases binds
to precursor-RNAs only transiently. However, the Ro RNAs and the virally encoded VA
and EBER RNAs contain the La binding region in the mature RNA and, therefore, the La
protein is considered to bind to these RNAs in a more stable manner.
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Structure of the La protein
Complementary DNA clones encoding the complete La protein have been isolated
by several groups (Chambers et al., 1988; Chan et al., 1989a). The human La protein is
composed of 408 amino acids with a predicted molecular weight of 46.7 kDa and is well
conserved during evolution as revealed by a high degree of amino acid conservation
between human, bovine and Xenopus laevis La cDNA clones (Chan et al., 1989a; Moreau
et al., 1990) and by the fact that La proteins from many different species are
immunoreactive with human autoantibodies (Chan and Tan, 1987a). Analysis of genomic
clones revealed that the La gene is split into 11 exons. The promoter region resembles
that of "housekeeping” genes (i.e. it contains a CCAAT box and an SP1 binding
sequence, but lacks a TATA-box), and contains a G/C rich region that is similar to a
region in the H-ras gene promotor (Chambers et al., 1988).
The La protein contains an 80 amino acids domain, termed RNA recognition
motif, RNA binding domain or RNP-80 motif, often found in RNA binding proteins
(Bandziulis et al., 1989; Query et
La al., 1989; Scherly et al., 1989) and
(1 ——

1 RNP-80

1 476

shown to be essential for RNA-
. binding of a number of proteins.
RNP-80 ATP binding sites Results reported by Chan and Tan
Ro60
Zn-tinger

08

(1987b) indicate that the RNA
binding region of La is located at
the amino-terminal part of the
protein, consistent with the location
of the RNP-80 motif. Although it is
presumed that this motif is important
for the binding of La to the cognate
RNAs, it has been shown that
additional sequences at the amino-
terminus of the La protein are
required for the interaction with

ANPS RNPY

538

Ro52

Leu

Z, c

Zn-fingers

Figure 1 Structural features of La, Ro60 and
Ro52 polypeptudes.

Structural features of human La, Ro60 and Ro52 protewns are
RNP-80 RNP-80 motf, RNA recogntion motif or RNA
binding region), Leu leucine zipper, RNP1 and RNP2 most
highly conserved sequences within the RNP-80 mouf
Arrowhecads indicate the so-called PEST regions that are
susceptible to protease digestion Numbers refer to the amino
acids of the respecuve proteins N 1s amuno-termmnus, C
carboxy-terminus

RNA as well (Moreau et al, 1990;
our unpublished results). Other
structural features of La include an
a-helical central domain, three so-
called PEST-regions, known to be
susceptible to protease digestion
(Chan et al.,, 1989a) and two
presumed ATP binding sites (Figure
1). The PEST regions may explain

the susceptibility of the La protein to proteolytic degradation, often leading to
characteristic degradation products of 43 and 28 kDa (Habets et al., 1983).
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Function of La RNPs

Because of the apparent loose association of the La antigen with intracellular
structures, leading to altered distributions in the cell during biochemical fractionation or
fixation, the intracellular localization of the La antigen has been the subject of extensive
research and confusion. However, during the past decade it has become evident that the
La antigen is primarily located in the nucleus as detected by light (Hendrick et al., 1981;
Habets et al., 1983; Bachmann et al., 1986) and electron microscopic techniques (Carmo-
Fonseca et al., 1989). This localization and the association with newly synthesized RNA
polymerase III products led to the suggestion that La participates in the transcription,
maturation and/or nuclear export of the transcripts. Indeed, Gottlieb and Steitz (1989a,b)
demonstrated that La is required for efficient and correct termination of RNA polymerase
III transcription. Furthermore, it was published that purified La protein may function as
an ATP dependent helicase able to melt RNA-DNA hybrids (Bachmann et al., 1990a),
thereby resembling the prokaryotic transcription termination factor rho. However this
finding has not been confirmed yet. Another putative role for La may be its involvement
in nucleocytoplasmic transport of the RNA polymerase III transcripts (Bachmann et al.,
1989), although it has been shown recently that La is not involved in the transport of
precursor 5S TRNA from the nucleus to the cytoplasm in Xenopus laevis odcytes (Guddat
et al., 1990).

Structure of Ro RNPs

Ro RNPs are comprised of several Ro proteins (Table I) complexed with a subset
of La associated RNAs, the RNA polymerase III transcribed Y RNAs. Since the Y RNAs
are presumably not subjected to processing (Wolin and Steitz, 1983), the La binding
region of these RNA molecules is present in the mature RNAs and, therefore, the La
protein can be considered a more stable component of Ro RNPs (Mamula et al., 1989a;
Boire and Craft, 1990). In human cells, four RNAs have been identified, termed hY1,
hY3, hY4 and hYS5, varying in length between 84 and 112 nucleotides (Hendrick et al.,
1981). The sequences have been determined (Wolin and Steitz, 1983; Kato et al., 1982;
O’Brien and Harley, 1990) and the derived secondary structures of the RNAs are shown
in Figure 2. These are characterized
by base-pairing of the 3’ and 5’
termini, thus forming an extended
stem-loop structure. The lower part

Table I Ro RNP components.

o agsociated

hYl, hY3, hY4, hYS (human)
bY1, bY2, bY3, bY4 (bovine)
cY1, c¢Y3, cY4, cY5 (cavia)
Y1, 1Y2, 1Y3 (leporine)
rY1A, rY1B, rY2 (rat)

mY1, mY2 (murine)

dY1, dY2 (duck)

Ro associated proteins

60 kDa (=Ro60), 52 kDa (=Ro52) (ubiquilous)

60 kDa, 54 kDa (erythrocytes)
La
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of the stem of all hY RNAs contains
a highly conserved region which has
been shown to be protected against
RNAse degradation (Wolin and
Steitz, 1984), presumably by bound
protein(s).

The Ro RNPs show hetero-
geneity at several levels. First, the
total number of cellular Ro RNAs
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Figure 2 Human Ro RNAs

Predicted secondary structures of hY1, hY3, hY4 and hY5 based upon free energy minimizations using parameters
of Tumer et al., 1988. The structures of hY3 and hY4 were slightly modified with minor effects on free energy of
formation to maintain a constant structure of the most conserved region. At the 3’ end of hY4 a uridine residue was
added in order o rescue the La binding region of hY4 RNA. Most highly conserved regions are boxed Similar
structures have been published by Wolin and Stcitz (1983), O'Bricn and Harley (1990) and Pruijn et al. (1990).

differ among species, varying from two in mouse and duck cells to four in human, bovine
and guinea pig cells (see Table I)(Hendrick et al., 1981; Reddy et al., 1983; Mamula et
al., 1989b; Itoh et al., 1990). An RNA of similar size as hY]1 RNA has been found in all
species analyzed as detected by analysis of anti-Ro immunoprecipitated RNAs, whereas Y
RNAs homologous to hYl and hY3 have been detected by Northern blotting in all
mammalian cells examined (our unpublished results).

Second, differences in Ro RNP composition have been observed between cells
within a species. In human red blood cells only hYl and hY4 RNA are immuno-
precipitated (Rader et al., 1989; O’Brien and Harley, 1990) in contrast to the four RNAs
found in other human cells. Moreover, two antigenic Ro proteins of 60 and 54 kDa have
been detected in red blood cells (Rader et al., 1989), while in other human cells 60 kDa
(Ro60, antigenically distinct from the red blood cell 60 kDa protein) and 52 kDa (Ro52)
antigens have been described (Ben-Chetrit et al., 1988). Additionally, a third
immunoreactive 60 kDa protein has been described in Wil-2 cells (Lieu et al., 1988).
This protein was shown to be homologous to a number of calcium binding proteins
(McCauliffe et al., 1990) but the evidence concerning its role as a Ro RNP component,
however, is as yet doubtful. In fact, in follow-up studies no evidence has been obtained to
confirm the association of this 60 kDa protein with Ro RNP complexes (Dr L. Rokeach,
personal communication; our unpublished results).
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