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Autoantibodies against cellular components are 
spontaneously produced by patients with systemic 
autoimmune disease such as systemic lupus erythe
matosus (SLE), dermatomyositis, Sjogren's syn
drome and systemic sclerosis (scleroderma). Such 
cellular autoantigens include DNA, RNA, histones 
and a variety of nuclear, nucleolar and cytoplasmic 
proteins and RNA-protein complexes (reviewed by 
Kalden and Feltkamp 1982; Tan 1982; Seelig 
1983). A characteristic of these autoantigens is that 
they are generally not tissue and species-specific 
but represent evolutionary conserved integral com
ponents of cells from a wide variety of different 
species. The molecular identity of several non
histone protein autoantigens has recently been re
vealed. For example, certain myositis-related au
to antigens were shown to be histidyl-tRNA and 
threonyl-tRNA synthetase, respectively (Mathews 
and Bernstein 1983; Mathews et al. 1984). Sclero
derma-associated nuclear/nucleolar autoantigen 
Scl-70 (Douvas et al. 1979) was recently identified 
as DNA topoisomerase I (Guldner et al. 1986; 
Maul et al. 1986; Shero et al. 1986). In two pre
vious publications certain autoantibodies from 
SLE sera were reported to recognize two acidic 
phosphoproteins of the large ribosomal subunit, 
designated P1 /P2 (L40/L41) in rat, which function 
in the elongation step of protein synthesis (Fran

coeur et al. 1985 ; Elkon et al. 1985). 
Antibodies from autoimmune patients have 

also successfully been used as reagents in answer
ing basic questions concerning the molecular biolo
gy of the cell. For example, autoantibodies against 
U1 and U2 small nuclear ribonucleoproteins were 
shown to inhibit splicing of heterogeneous nuclear 
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RNA, implicating an important role of these ri
bonucleoproteins in the processing of precursor 
mRN A (Padgett et al. 1983 ; Black et al. 1985 ; also 
reviewed by Maniatis and Reed 1987). SS-B/La, 
a small nuclear ribonucleoprotein particle, as iden
tified by autoimmune sera, appears to be involved 
in the transport and/or maturation of RNA, 
mostly RNA polymerase III transcripts (Steitz 
et al. 1983). More recent data suggest that the SS
B/La particle is either a termination factor for 
RNA polymerase III or is involved in posttermina
tion processing events (Stefano 1984). 

Antibodies reactive with nucleolar components 
are part of the spectrum of autoantibodies present 
in autoimmune sera, particularly from patients 
with scleroderma, as has been reported by many 
investigators (Ritchie 1970; Pinnas et al. 1973 ; Tan 
et al. 1980; Bernstein et al. 1983; Reimer et al. 
1983). Previously, antinucleolar autoantibodies 
were used in immunofluorescence microscopy by 
several investigators to gain insight into the struc
tural organization of the nucleolus (Ritchie 1969 ; 
Ringertz et al. 1973 ; Hernandez-Verdun et al. 
1979). However, only very recently have antinuc
leolar autoantibodies been used more systematical
ly to identify and localize new proteins within the 
nucleolus and answer basic questions concerning 
mechanisms associated with ribosome biogenesis 

(see below). 
The structure of the nucleolus is closely asso

ciated with its sole function, i.e. to generate ribo
somes in eukaryotic cells (reviewed by Busch and 
Smetana 1970; Hadjiolov 1985). Biochemical stu
dies have shown that ribosome biogenesis in the 
nucleolus takes place in a well-defined maturation 
process. In mammalian cells, ribosomal genes are 

transcribed into 45S pre-rRNA, which is then 
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methylated and assembled with specific ribosomal 
and nonribosomal proteins to form the so-called 
preribosomes. The 45S precursor RNA is then se
quentially cleaved to form 28S, 18S and 5.8S RNA. 
The formation of mature ribosomes is a complex 
process involving many intermediate steps of 
which there is little information availabe especially 

on the protein level. Various species of preriboso
mal particles have been isolated by biochemical 
fractionation of isolated nucleoli and shown to 
contain ribosomal proteins and also other proteins 
that are absent from mature cytoplasmic ribo
somes (reviewed by Busch 1984; Hadjiolov 1985). 

By electron microscopy, at least three different 

nucleolar components can be recognized. These are 
the granular component, the dense fibrillar compo
nent and the fibrillar centers (Busch and Smetana 
1970; Goessens 1984; Hadjiolov 1985). Recently, 
different nucleolar proteins have been assigned to 
the various nucleolar structures by immunocyto
chemical techniques using experimentally raised 
antibodies from immunized animals. Using a spe
cific rabbit antiserum, RNA polymerase I has been 
localized by light and electron microscopic immun
ocytochemistry in the fibrillar centers of interphase 
nucleoli and the nucleolar organizing regions of 
metaphase chromosomes (Scheer and Rose 1984). 
Using monoclonal antibodies, Kistler et al. (1984) 
found two nucleolar proteins of mol wt (Mr) 
110000 and 94000 associated with the fibrillar 
component, a third Mr 40000 protein was accumu
lated in the periphery of nucleoli and in the cyto
plasm. The granular component was shown to con
tain a specific ribosomal protein (S1) of the small 
ribosomal subunit (Hiigle et al. 1985a) and a 
Mr 40000 nucleolar protein (ribocharin) associated 
with precursor particles of the large ribosomal sub
unit in amphibian cells (Hiigle et al. 1985b). A 
Mr 180000 structural nucleolar protein identified 
by a monoclonal antibody was shown to contrib
ute to the dense fibrillar component (Schmidt
Zachmann et al. 1984). A proteinaceous filament 
network insoluble in low and high salt buffers as 
well as non-denaturing detergents and containing 
a protein of Mr 145000 as a major if not exclusive 
constituent has been detected in the amplified nu
cleoli of Xenopus laevis oocytes (Franke et al. 
1981). As shown by light and electron microscopic 
immunocytochemistry, this nucleolar karyoskele
ton structure is predominantly enriched in the pe
riphery of amplified nucleoli and occurs also in 
nucleoli of somatic Xenopus cells (Krohne et al. 
1982; Benavente et al. 1984). It has been suggested 
that these filament structures provide structural 
support for the attachment of preribosomal parti-
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cles and may be involved in the maturation process 
of ribosomal precursor material (Franke et al. 
1981; Benavente et al. 1984). Nucleolar nonriboso
mal phosphoprotein B23 (Mr 37000), believed to 
be associated with preribosomes, was localized by 
monoclonal antibodies in the granular component 
of Novikoff hepatoma ascites cells (Spector et al. 

1984) and chick muscle cells (Morris et al. 1985). 
Recently, a nucleolar protein (N038) from am
phibian cells was cloned and identified as a 
member of the nucleoplasmin family (Schmidt
Zachmann et al. 1987). Protein N038 shows strik
ing structural similarities with protein B23. An

other major nucleolar phosphoprotein, C23 
(Mr 110000), was reported to be associated with 
rDNA and rRNA, and located in the fibrillar and 
granular component of nucleoli (Olson et al. 1981 ; 
Lischwe et al. 1981; Ochs et al. 1983; Spector et al. 
1984; Sapp et al. 1986). Protein C23 appears to 
be identical with nucleolin, a major nucleolar pro
tein of growing eukaryotic cells associated with 
preribosomes (Bourbon et al. 1983; Escande-Ger
aud et al. 1986; Herrera and Olson 1986). It ap
pears that C23/nucleolin is a component of both 
nucleolar chromatin as well as ribosomal precursor 
particles. Nucleolin/C23 has recently been cloned 
(Lapeyre et al. 1987). 

In this review, we present some of the molecu
lar characteristics of autoantigens reactive with 
antinucleolar antibodies from patients with sys
temic autoimmune diseases, mostly with systemic 
sclerosis (scleroderma), which have recently been 
identified in our laboratories and by other investi
gators. We show the location of four nucleolar au
toantigens (RNA polymerase I, PM-Scl, 7-2 RNP 
and U3-RNP-associated fibrillarin) by immuno
fluorescence microscopy in normal and actinomy
cin D-inactivated nucleoli as well as their topology 
in nucleolar subcompartments by electron micro
scopic immunocytochemistry and present new in
formation on nucleolar structure and function ob
tained by human autoantibodies. These antibodies 
have proved to be amazingly specific for certain 
systemic autoimmune diseases (Reimer et al. 
1987 c) suggesting that the autoimmune responses 
may be antigen driven. The knowledge of the iden
tity of nucleolar autoantigens should be of consid
erable interest for the study of mechanisms respon
sible for elucidation of autoimmune responses 
characteristic of defined disease entities. 

Autoantibodies to RNA polymerase I 

RNA polymerase I is an enzyme complex selective
ly transcribing the nucleolar genes (reviewed by 
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Rose et al. 1983). The information concerning the 
exact location of RNA polymerase I within the dif

ferent nucleolar subcompartments and the molecu
lar composition of the enzyme complex is still in
complete. High resolution autoradiographic stu
dies following pulse-Iabeling of cells with radioac
tive precursors suggested that transcription of 
rRNA genes takes place in the dense fibrillar com
ponent, and possibly also at the periphery of the 
fibrillar centers (Fakan 1978; Thiry etal. 1985). 
By contrast, in-situ hybridisation with radioactive 

rRNA probes and selective DNA staining with os
mium-amine Feulgen-like reaction, DNA (includ
ing rDNA) could be detected only in the fibrillar 
centers (for reviews see Hernandez-Verdun 1983; 

Goessens 1984). Recently, RNA polymerase I mol
ecules were detected exclusively in the fibrillar 
centers of rat hepatocytes nucleoli by electron mi
croscopic immunocytochemical techniques using 
rabbit antibodies specific for RNA polymerase I 
(Scheer and Rose 1984). These results indicated 
that transcriptionally active rRNA genes may be 
confined to the fibrillar centers. 

In a recent study on the specificity of autoanti
bodies in scleroderma (Reimer et al. 1987 a) three 
percent of patients were shown to produce punc
tate nucleolar staining by immunofluorescence in 

all tissue culture cells investigated so far (Fig. 1 a). 
In dividing cells, prominent staining of the nucleo
lar organizing regions (NOR) was observed. In 5,6-
dichloro-fi-D-ribofuranosy I benzimidazole (D RB) 
and actinomycin D-segregated nucleoli, immuno
fluorescence staining was exclusively localized in 
the fibrillar regions with staining being most prom
inent in small crescents at the outermost margin 
of the fibrillar regions in actinomycin D-segregated 
nucleoli (Fig. 1 c). The staining properties by im
munofluorescence of these scleroderma autoanti
bodies were identical to those described with the 
rabbit antibodies specific for RNA polymerase I 
(Scheer and Rose 1984; Scheer et al. 1984). By elec
tron microscopic immunocytochemistry using the 
"pre-embedding" technique and human anti
RNA pol I autoantibodies, gold antigen-antibody 
complexes were detected in the fibrillar centers but 
not in the granular component or dense fibrillar 
component (Reimer et al. 1987 a). Using ultrathin 
frozen sections of cells as substrates in the" post
embedding" label technique (Tokuyasu 1980; 
Scheer and Raska 1987), gold-anti body-antigen 
complexes were also located in the fibrillar centers 
and appeared to be essentially absent from the 
dense fibrillar or granular component of nucleoli 

(Fig. 1 e). The same result was obtained with rabbit 
antibodies specific for RNA polymerase I (Fig. 2). 
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Since labeling on ultrathin frozen sections provides 
optimal accessibility of epitopes, the absence of 
gold label over the dense fibrillar component and 
granular component most likely indicates the ab
sence of RNA polymerase I in these nucleolar sub
compartments indicating that rDNA transcription 
predominantly (if not exclusively) takes place in 
the fibrillar centers of nucleoli. This concept has 
recently been further substantiated by showing 
that a monoclonal anti-DNA antibody stained the 
fibrillar centers but not the dense fibrillar compo
nent or the granular component of nucleoli indicat
ing the presence of DNA (including rDNA) in the 
fibrillar centers only (Scheer et al. 1987). The 
knowledge of the exact site of rDNA transcription 

within the nucleolus should be of considerable im
portance for an understanding of the functional 
organization of the nucleolus. 

RNA polymerase I is a complex enzyme which 
in Morris hepatoma 3942A is composed of eight 
subunits with mol wt (Mr) from 190000 to 17 500 
(Rose et al. 1981). The Mr 42000 and 46000 sub
units were shown to have protein kinase activity 
(Rose et al. 1981). In a recent publication, we re
ported that both human auto immune and experi
mentally raised rabbit antibodies against RNA 
pol I precipitated a complex particle composed of 

at least 13 polypeptides with mol wts (Mr) ranging 
from 210000 to 12500 (see also Fig. 6, lane 2). The 
complex contained four phosphoproteins with 
Mr 180000,80000,64000 and 18QOO but no tightly 
bound RNA. It is conceivable that this protein 
complex not only contains the genuine subunits 
of RNA polymerase I but also associated trans
cription factors important for initiation and/or 
termination of rDNA transcription (e.g. Wandelt 
and Grummt 1983; Grummt et al. 1985). Sclero
derma auto antibodies reactive with RNA pol I 
should be valuable probes in future analyses of 
the " native" composition of this nucleolar enzyme 
and its association with factors modifying and con
trolling rRNA gene transcription. 

Functional evidence of the interaction between 
scleroderma antibodies producing punctate nuc
leolar staining and RNA polymerase I was ob
tained by demonstrating that these antibodies se
lectively inhibited pre-rRNA synthesis when mi
croinjected into Xenopus laevis oocyte nuclei 
(Reimer et al. 1987 a). The inhibitory effect of anti
RNA pol I autoantibodies on the enzyme activity 
suggested that the antigenic determinants reside on 
a functional important component of the enzyme 
complex, possibly the catalytic center. In a more 

recent study, it was shown that microinjection of 
human autoantibodies to RNA pol I into mitotic 
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rat kangaroo PtK2 cells inhibited reformation of 
nucleoli in the daughter cells (Benavente et al. 
1987). These antibodies specifically inhibited the 
telophasic coalescence of "prenucleolar bodies" 
around the chromosomal nucleolar organizing re
gions (NOR) which normally leads to the reap
pearence of nucleoli. RNA pol I antibodies, how
ever, did not interfere with normal mitotic progres
sion or early steps of nucleologenesis or the forma
tion of these "prenucleolar bodies" which con
sisted of structures resembling the nucleolar 
"dense fibrillar component" by electron microsco
py. Moreover, the prenucleolar bodies could be 
specifically stained by human autoantibodies and 
murine monoclonal antibodies against the protein 
"fibrillarin" previously shown to localize in the 
fibrillar regions of nucleoli (Hadjiolova et al. 1986: 
Reimer et al. 1987 b). Segregation and partial disin
tegration of nucleolar structures by RNA pol I an
tibodies microinjected into interphase cell nuclei 
was also observed (Benavente et aI., unpublished 
work). These experiments not only gave functional 
evidence of the interaction of human autoantibo
dies against RNA pol I with the enzyme complex 
in the living cell but also insight into basic mecha
nisms of nucleologenesis suggesting a crucial role 
of RNA polymerase I and/or the transcriptional 
complexes for the structural organization and in
tegrity of transcriptionally active nucleoli in eukar
yotic cells. 

Autoantibodies reactive with the nucleolar particle 

PM-Scl (Polymyositis-Scleroderma antigen) 

In a previous clinical publication, a novel antigen
antibody system was described by immunodiffu
sion which was characteristic of certain patients 
with polymyositis/scleroderma overlap syndromes 
and hence termed the PM-Scl system (Reichlin 
et al. 1984). The PM-Scl antibody specificity was 
recently further investigated and the reactive anti
gen partially characterized in our laboratories 
(Reimer et al. 1986). Typically, anti-PM-Scl anti
bodies produced homogeneous nucleolar staining 
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in cells from a variety of different species as shown 
for HeLa cells in Fig. 3 a. In actinomycin D-inacti
vated nucleoli, anti-PM-Scl staining was mainly lo
calized in the granular regions of segregated nucle
oli (Fig. 3 c). When DRB-pretreated cells were in
cubated with anti-PM-Scl-antibodies, immuno
fluorescence was evenly distributed throughout 
the nucleoplasm without any" necklace" staining 
(Reimer et al. 1986). These" necklace" structures 
are known to contain RNA polymerase I (Scheer 
et aI. 1985) and also the nucleolar protein" fibril
larin" (Ochs et aI. 1985; Reimer et al. 1987 b) but 
lack the granular component containing the preri
bosomal particles (Scheer et al. 1984; Hiigle et aI. 

1985a). 
By electron microscopic immunocytochem

istry, anti-PM-Scl antibodies predominantly 
stained the granular component of nucleoli in rat 
liver hepatocytes (Fig. 3 e and f) . Since the granular 
component is the site of ribosomal assembly and 
packaging, this location suggests a relationship of 
the PM-Scl antigen to preribosomes. 

On a molecular level, anti-PM-Scl antibodies 
immunoprecipitated 11 polypeptides with mol wts 
(Mr) ranging from 110000 to 20000 when incu
bated with 35S-methionine-labeled He La cell pro
teins (see Fig. 6, lane 3). The Mr 80000 and 20000 
polypeptides were phosphorylated. Unfortunately, 
RNA could as yet not be identified in the immuno
precipitates. Therefore, the nature of the PM-Scl 
antigen is still somewhat ambiguous. By immuno
blotting, most anti-PM-Scl antisera reacted with 

polypeptides of Mr 100000 and/or 80000 (Reimer 
et al. 1986). 

Experiments using auto antibodies from certain 
patients with polymyositis/scleroderma overlap 
syndromes should reveal more information of the 
exact nature of the PM-Scl particle and its role 
in ribosome biogenesis. 

Autoantibodies to 7-2 ribonucleoprotein 

In two previous publications (Reddy et al. 1983; 
Hashimoto and Steitz 1983) human autoimmune 

Fig. 1 a-e. Immunolocalization of scleroderma IgG autoantibodies to RNA pol I in nucleoli from different cell species. Immunofluor

escence microscopy of HeLa cells (frame a) after staining with scleroderma antibodies to RNA pol I reveals numerous dot-like 
substructures within the nucleolus. The corresponding phase-contrast micrograph is shown in frame (b). After exposure of Vero 

cells (a virus-transformed monkey cell line) to actinomycin D, two fluorescent crescents are located at the periphery of the phase-light 

fibrillar component (arrowheads). Frame (e) shows the labeling of an ultrathin frozen sections of cultured HeLa cells with autoantibo
dies to RNA polL A cell pellet was fixed in 4% formaldehyde for 60 min, washed in PBS, incubated in 2.1 M sucrose and 

shock-frozen in liquid nitrogen. Cryosections were cut and incubated with antibodies essentially as described by Tokuyasu (1980). 

Secondary antibodies specific for human IgG coupled to 10 nm gold particles were used as the detecting reagent. Gold particles 
are enriched over the large fibrillar center (FC) with little staining of the dense fibrillar (DFC) or granular component (GC) . 

Ch, chromatin. Bars = 10 ~m (b and d), 0.1 ~m (e) 
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Fig. 2. Binding of rabbit IgG antibodies against RNA polymerase [ to the fibrillar centers of rat PC12 nucleoli. Similar preparation 

and technique as shown in Fig. 1 e. Gold particles are concentrated over the fibrillar center (FC) and virtually absent from 
the granular (GC) and dense fibrillar component (DFC) . Ch, nucleolus-associated heterochromatin; NE, nuclear envelope. Bar 
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sera (anti-To and anti-Th) were used to immuno
precipitate a ribonucleoprotein complex contain
ing 7-2 RNA. This small RNA was originally char

acterized as a nucleolar RNA species in biochemi
cal fractionation experiments (reviewed by Busch 
et al. 1982) and was shown to be among RNA 
polymerase III transcripts (Hashimoto and Steitz 
1983). In addition, anti-To antibodies precipitated 
a 7-2 * RNA species which has a slightly lower 
electrophoretic mobility on urea-polyacrylamide 
gels than 7-2 RNA. It was suggested that this dif

ference in mobility might reflect a few additional 
nucleotides on the 3'-end of the 7-2 RNA molecule. 

This 7-2 * RNA appears to be also complexed with 
the SS-B/La ribonucleoprotein (Hashimoto and 
Steitz 1983). Using scleroderma antibodies, we re
cently immunoprecipitated at least one protein 
(M r 40000) possibly associated with 7-2 RNA 
(Fig. 6, lane 4). It was clearly shown that cellular 
RNA was not immunoreactive whereas anti-7-2 
RNP antibodies precipitated a Mr 40000 protein 
from RNase-pretreated cell extract (Reimer et al. 
1987 d). 

By immunofluorescence, serum To containing 
antibodies to 7-2 RNP produced bright nucleolar 
staining (Fig.4a). In actinomycin D-segregated 
nucleoli, 7-2 RNP was localized in the granular 

regions (Fig. 4c). In transcriptionally active nucle
oli of rat liver hepatocytes, 7-2 RNP was exclusive
ly present in the granular component (Fig. 4e). 7-2 
RNP may be related to a Mr 40000 nucleolar pro
tein (" ribocharin") described in Xenopus laevis 
and other amphibia which appears to be specific 
to precursor particles of the large ribosomal sub
unit (Hiigle et al. 1985 a). Another nucleolar pro
tein (B23) of rat hepatoma and rat liver cells with 
a mol wt (Mr) 37000 was also mainly localized 
in the granular component of the nucleolus (Olson 
et al. 1981; Ochs et al. 1983; Spector et al. 1984). 
Protein B23 is believed to be associated with ribo
somal precursor particles. Whether 7-2 RNP, ribo
charin and protein B23 are related is not known. 
However, it is tempting to suggest that 7-2 RNP 
may be involved in the assembly of ribosomal par
ticles, their maturation and/or transport, i.e. stages 
of ribosome biogenesis that have been mapped to 
the granular component of the nucleolus. 

Autoantibodies to U3-RNP associated fibrillarin 

In previous studies certain scleroderma sera precip
itated a ribonucleoprotein particle containing U3-
RNA (Reddy et al. 1983). U3 is a highly conserved 

RNA species which was shown to be composed 
of 217 nucleotides in human (Suh et al. 1986). U3 
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is the only nucleolar RNA known to have a tri

methylated guanosin cap at its 5'end (Busch et al. 
1982; Liihrmann et al. 1982). The nucleolar local
ization ofU3 and its association with 28-35S RNA 
(Prestayko et al. 1970; Zieve and Penman 1976) 
and partial complementarity between U3 and 
rRNA suggested an involvement in rRNA process
ing. It was postulated that U3 mediates the cleav
age separating 5.8 S from the so called internal 
transcribed spacer II of pre-rRNA (Bachellerie 
et al. 1983; Crouch et al. 1983; Tague and Gerbi 

1984). 
The protein of the U3-RNP particle bearing 

the antigenic determinants was recently shown to 
be a basic (pI 8.5) Mr 34000 nucleolar protein rich 
in NG, NG-dimethylarginine and glycine, some of 
these residues clustering at the N-terminus of the 
molecule (Lischwe et al. 1985). Immunolocaliza
tion of this protein by immunofluorescence and 
electron microscopy by scleroderma autoantibo
dies was exclusively in the fibrillar regions of nucle
oli and hence this protein was named fibrillarin 
(Ochs et al. 1985). "Fibrillarin" shows many char
acteristics of a previously described nucleolar pro
tein (B36) which was isolated from the slime mold 
Physarum polycephalum (Christensen et al. 1977; 
Christensen et al. 1986). Scleroderma autoantibo

dies against fibrillarin recognize epitopes which are 
well-conserved during evolution and occur not 
only in nucleoli from a variety of animal species 
but also from plant cells (Reimer et al. 1987b; 
Vaughan 1987). Figure 5 a shows nucleolar local
ization of scleroderma autoantibodies reactive with 
fibrillarin. In actinomycin D-segregated nucleoli, 
immunofluorescence staining was confined to the 
fibrillar regions (Fig. 5c). Using the" post-embed
ding" immunogold label technique, we confirmed 
the specific location of fibrillarin in the dense fibril
lar component of transcriptionally active nucleoli 
from cultured He La cells (Fig. 5e). 

Recently, a monoclonal autoantibody was de
rived from spleen cells of NZB/NZW F1 mouse 
from a strain with a disease resembling human SLE 
which was directed against the U3-RNP associated 
fi brillarin (Reimer et al. 1987 b). This monoclonal 
antibody shared the same immunological charac
teristics as certain scleroderma antibodies. By us
ing this monoclonal antibody and human anti-U3-
RNP autoantibodies in immunoprecipitation, 
Parker and Steitz (1987) found that the precipi
tated ribonucleoprotein contained four nonphos
phorylated proteins of Mr 36000, 30000, 13000 
and 12500 and two phosphorylated proteins of 

Mr 74000 and 59000. The Mr 36000 protein most 
likely corresponds to the Mr 34000 nucleolar pro-
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Fig. 4a--e. Immunolocalization of 7-2 ribonucleoprotein. Immunonuorescence staining of a HeLa cell (frame a) and actinomycin 

D-treated Vero cells (c) after incubation with autoimmune antibodies to 7-2 RNP. Bright homogeneous staining is present within 

the HeLa cell nucleoli . In the actinomycin-segregated Vero cell nucleolus of frame (c), only the dark granular region (arrows) 
is intensely stained. The cells are a lso shown in phase-contrast (frames b and d). By electron microscopic immunocytochemistry 

(frame e) in the " pre-embedding " technique, colloidal gold indicat ing tissue-bound antibody-antigen complexes is selectively 

enriched over the granular component (GC) and absent from the dense fibrillar component (DFC) or fibrillar centers (FC). 

Bars = 10 !lm (b, d), 0.2 !lm (e) 

tein (fibrillarin) recognized by specific scleroderma 
and monoclonal antibodies in immunoblots. Fig
ure 6, lane 6 shows the Mr 34000 protein antigen 
from purified rat liver nucleoli recognized by a ref
erence scleroderma serum in immunoblotting. 

Recent sequencing data and structural analysis 
of U3-RNA by Parker and Steitz (1987) showing 
complementarity between single-stranded regions 
ofU3 and pre-rRNA sequences suggested that U3-
RNA might be involved in processing events near 
the 3'end of pre-rRNA. Localization of U3-RNP 
associated fibrillarin in the dense fibrillar compo-

nent of transcriptionally active nucleoli (Fig. 5; see 
also Ochs et al. 1985), the site where early stages 
of rRNA processing and preribosomal particle as
sembly are supposed to take place (Hadjiolov 
1985) would be in agreement with an involvement 
of U3-RNP in early stages of rRNA processing. 
However, high resolution autoradiographic studies 
after in vivo labeling of U3-RNA showed silver 
grains predominantly over the granular compo
nent (Lacoste-Royal and Simard 1984). Immuno
localization of m3G-capS of U-RNAs within the 
nucleolus with a specific rabbit antibody (Liihr-

Fig. 3a-f. Immunolocalization of PM-Scl antigen. Immunonuorescence staining of nucleoli in He La cells with human anti-PM-Scl 

antibodies. Nucleoli demonstrate a bright and homogeneous nuorescence (frame a). In actinomycin D-segregated nucleoli, staining 

of the phase dark granular component (arrows) is observed (frame c). The cells are also shown by phase-contrast microscopy 

(frames b and d) . Binding of anti-PM-Scl antibodies to nucleoli of hepatocytes from regnerating rat liver by the " pre-embedding" 

immunogold electron microscopic technique is shown in frames (e) and (f) (see also Reimer et al. 1986). Frame (e) presents 

an overview with two nucleoli and surrounding chromatin. Clusters of gold particles are also present in the nucleoplasm (arrows 

in frame e). Frame (f) shows at high magnification a portion of a nucleolus. The 5 nm gold particles (small black dots) representing 

gold-antibody-antigen complexes are selectively enriched over the granular component (GC). The dense fibrillar component (DFC) 

and fibrillar centers (FC) are virtually free of gold particles. Bars = 10 !lm (b, d), 0.5 !lm (e) and 0.2 !lm (f) 
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Fig. 6. Autoradiogram of 35S-methionine-labeled HeLa cell 

proteins immunoprecipitated by various antinucleolar autoanti

bodies followed by SDS-polyacrylamide (17.5%) gel electro

phoresis (lanes 1- 4). HeLa cells were grown in mono layers and 

in vivo-Iabeled with 35S-methionine. Cell extracts were used 

as antigen sources for protein A-facilitated immunoprecipita

tion with the various autoantibodies and controls (Reimer et al. 

1987 a). Lane 1 represents the proteins non-specifically precipi

tated with IgG from normal human serum. Lane 2 shows the 

polypeptides immunoprecipitated with scleroderma anti-RNA 

pol I antibodies. At least 13 polypeptides with mol wts (M,) 

ranging from 210000 to 12500 are present in the immunopreci

pitates and are marked by black dots . Anti-PM-Scl antibodies 

from a patient with polymyositis/scleroderma overlap syn

drome precipitate different polypeptides with M, ranging from 

110000 to 20000 as shown in lane 3 (black dots). Antibodies 

against 7-2 RNP precipitate a M, 40000 protein (lane 4, arrow

head). Note that all other polypeptides present in lane 4 are 

also precipitated by normal IgG's (lane 1). Immunoblots with 

scleroderma antibodies to fibrillarin are shown in lane 6 and 

with normal control serum in lane 5. Proteins from isolated 

rat liver nucleoli were separated by SDS-polyacrylamide gel

electrophoresis and electrophoretically transferred onto nitro

cellulose (for details see Reimer et al. 1987b). Nitrocellulose 

strips were incubated with normal control serum (lane 5) and 

autoimmune serum containing antibodies against fibrillarin 

(lane 6). The immunoreaction was visualized by a second incu

bation with 1251 protein A follwed by autoradiography. A poly

peptide with M, 34000 is recognized by the scleroderma anti

bodies 

mann et al. 1982) also demonstrated that U3 is 
mainly located in the granular component (Scheer, 
unpublished work). These observations support 
the notion that U3 is preferentially involved in late 
stages of rRNA processing (see also Bachellerie 
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et al. 1983; Crouch et al. 1983; Tague and Gerbi 
1984). 

Conclusions 

Four distinct nucleolar proteins or RNA-protein 
complexes have recently been identified as targets 
of human autoimmune antibodies. These autoanti
gens are RN A polymerase I, P M-Scl (a particle pos

sibly related to preribosomes), 7-2 RN P and fibril

larin (a U3-RNP associated protein). The four dif
ferent nucleolar autoantigens could be assigned to 
distinct nucleolar subcompartments by light and 
electron microscopic immunocytochemistry. RNA 
polymerase I was located in the fibrillar centers, 
PM-Scl antigen and 7-2 RNP in the granular com
ponent and fibrillarin in the dense fibrillar compo
nent. Experimental evidence suggests that these 
naturally occurring antibodies could be helpful 
tools in further studying nucleolus structure and 
functions as well as molecular mechanisms in
volved in ribosome biogenesis. 

From a clinical viewpoint, we believe that it 
is important to identify the nature of reactive au
toantigens in systemic autoimmune diseases in 
order to answer questions concerning the mecha
nisms which render conserved ubiquitous cellular 
proteins immunogenic. Revealing such mecha
nisms in return could give clues with regard to 
the etiology of certain systemic rheumatic diseases. 
Ribosome biogenesis, a highly dynamic process 
with its many well-defined intermediate biological 
steps related to specific nuclear structures could 
be amenable for such studies. 
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