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SUMMARY

Topoisomerase I (topo I) is a major systemic sclerosis (SSc)-associated autoantigen. A cDNA
construct encoding full length human topo I in a recombinant baculovirus transfer vector was used
to infect insect cells in culture from which recombinant protein was purified. An ELISA using
recombinant protein was evaluated in 340 sera including sera from 134 patients with SSc, ofwhom
33 had anti-topo I antibodies detected by immunodiffusion. A high yield of pure topo I of expected
molecular mass and catalytic activity was obtained. The recombinant topo I ELISA was 92%
sensitive and 98% specific in detecting anti-topo I antibodies which were present almost exclusively
in patients with SSc. Therefore, the potential advantages of expressing human autoantigens in
eukaryotic systems for diagnostic purposes were confirmed.
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INTRODUCTION

Topoisomerase I (topo I) is a nuclear enzyme responsible for
interconverting different topological forms of DNA [1]. Anti-
bodies to topo I are found in about 20-30% of patients with
systemic sclerosis (SSc), and are associated with the presence of
diffuse skin involvement and pulmonary disease [2-5]. Anti-
topo I antibodies are highly specific for SSc, although they have
been found occasionally in a small number of patients with
systemic lupus erythematosus (SLE) [6]. Also, the presence of
anti-topo I antibodies in patients with Raynaud's phenomenon
may be associated with an increased risk of later development
of SSc [7]. Therefore, a sensitive and specific solid-phase assay
for detecting anti-topo I antibodies should provide a useful
diagnostic and prognostic tool.

The availability of cloned material for human topo I has
provided a rich source of recombinant fusion proteins for use in
diagnostic assays [8-15]. Most such studies have used partial
length topo I fusion proteins expressed in prokaryotic systems,
which have the potential disadvantage of excluding important
antigenic epitopes, or may give rise to false positive results by
including non-relevant bacterial antigens. In the current study
we have used a full length human topo I protein purified from a
eukaryotic baculovirus system as the source of antigen in a
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solid-phase ELISA for the detection of anti-topo I antibodies.
We have evaluated the ELISA in sera from a large collection of
patients with SSc and related conditions, including patients
with anti-topo I antibodies detected by other means. Our
results confirm that eukaryotic expression systems may pro-
vide a valuable source of recombinant autoantigens that can be
used in diagnostic assays for screening populations at risk of
developing SSc.

PATIENTS AND METHODS

Subjects and controls
Sera were analysed from 134 patients with SSc [16], 104 patients
with SLE [17], 20 patients with rheumatoid arthritis (RA) [18]
and 40 healthy controls. Sera were also available for study from
15 patients with silicosis-associated SSc (SA-SSc) and 27
patients with silicosis without any clinical signs of SSc [19].

Immunodiffusion and functional assay for detecting anti-topo I
antibodies
Anti-topo I antibodies and precipitating antibodies to other
antigens (including U1RNP, Sm, Ro (SAA), La (SSB), Pm-Sci,
Jo-i and Ku) were measured by Ouchterlony double diffusion
using a rabbit thymus extract (Bradshaw Biologicals, Market
Harborough, UK), calf thymus extract (Bradshaw Biologi-
cals) and human spleen extract as the sources of antigen.
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Lines of identity were sought with known autoantibody pro-
totypes.

All sera with anti-topo I antibodies were further assayed for
their ability either to directly inhibit or to absorb out the
enzymatic activity of bovine topo I as previously described [19].

Recombinant topo I
Isolation of the cDNA clone for human topo I has been
previously described [20]. Construction of the topo I-expressing
baculovirus and the purification and characterization of the
recombinant human topo I will be described in detail elsewhere
(L. Stewart, personal communication). Briefly, insect (Sf9) cells
(4 x 600 ml) were grown to a density of 3 x 106 cells/ml and
infected with a high titre virus stock. The cells were harvested at
50 h post-infection and nuclei isolated following lysis with
Triton X-100. The nuclei were lysed with high salt (1 M NaCl)
and the DNA precipitated with a final concentration of 6%
PEG 8000 [21]. The supernatant was subjected to successive
chromatography on phosphocellulose, phenyl Sepharose and
Mono-S. The final pooled fractions were dialysed against 50%
glycerol in 10mm Tris/HCl pH 7*5, 2mm dithiothreitol and
1 mM EDTA and stored at -20'C.

Purity and catalytic activity of recombinant topo I
The purity of the recombinant topo I was determined by SDS-
PAGE with coomassie staining. Protein was determined by the
method of Lowry et al. [22] and was calculated to be 5-76 mg
from approx. 7 x 109 Sf9 cells. Catalytic activity of the purified
protein was measured by its ability to relax a supercoiled form
of plasmid DNA (4X174 RF DNA; GIBCO, Paisley, UK) as
previously described [19].

Topo I ELISA
All sera were tested for the presence of IgG and IgM anti-topo
I antibodies by ELISA using recombinant topo I. Those sera
with IgG or IgM anti-topo I antibodies by ELISA were also
tested for IgA anti-topo I antibodies. Recombinant topo I was
used to coat 96-well Nunc Maxi-sorp plates (0-25 pg/ml) in
carbonate buffer pH 9-6, and left overnight at 4°C. Plates were
washed three times in PBS containing 0 05% Tween-20 and
blocked for 1 h in the same buffer. Primary anti-serum was
added to each well (1/1000 in PBS/Tween-20) and left for 1 h at
room temperature. Plates were washed three times in PBS/
Tween-20 followed by the addition of secondary anti-serum
(goat anti-human IgG, IgM or IgA alkaline phosphatase
conjugate (Sigma, St Louis, MO) 1/1000) for 1 h at room
temperature. Plates were washed as before and substrate (p-
nitrophenyl phosphate, 0 5 mg/ml in carbonate buffer, pH 9-6)
was added. The resulting colour was read at 410 nm using a
Dynatech plate reader and results were expressed as a percen-
tage of a standard high titre serum. Samples were considered
positive if readings were > 3 s.d. above the mean of 40 healthy
controls.

SDS-PAGE and immunoblotting
Twenty-three sera positive for anti-topo I antibodies, a range of
prototype sera with other well defined autoantibodies that were
negative for anti-topo I antibodies, and 40 normal control sera

were used in immunoblotting experiments for detecting recom-

binant topo I. Following separation on 10% SDS-PAGE,
recombinant topo I was transferred to nitrocellulose [23] at

250mA constant current for 2h and stained with Ponceau-S.
Sheets of nitrocellulose were blocked in PBS containing 5%
milk powder and cut into strips. Strips were incubated in
primary anti-sera (1/100 in PBS/milk powder) for 2h with
shaking. Following three washes in PBS, the strips were
incubated in secondary anti-sera (goat anti-human IgG, IgM,
IgA (1/1000) or polyvalent (1/350) alkaline phosphatase con-
jugate) for 2 h, washed as before and the colour developed in
5-bromo-4-chloro-3-indoyl-phosphate/nitro-tetrazolium blue
in 50mM Tris/HCl pH 9-6 containing 100mm NaCl and 5mM
MgCl2.

RESULTS

Purification and biological activity of recombinant topo I
Following elution from the Mono-S column, a single band
representing recombinant topo I was visualized on SDS-
PAGE running at an expected apparent molecular weight of
100 kD (Fig. 1). On the coomassie-stained gel, faint bands of
lower relative molecular mass were apparent. These were likely
to be contaminating proteins rather than breakdown products
of recombinant topo I, as sera with anti-topo I antibodies
recognized only the 100-kD band on nitrocellulose. After
transfer to nitrocellulose the 100-kD protein was recognized
by all 23 sera monospecific for anti-topo I antibodies and not
by other control sera (Fig. 2). Also the purified protein was able
to relax supercoiled DNA consistent with the known enzymatic
properties of topo I (Fig. 3).

Detection of IgG anti-topo I antibodies using the recombinant
topo I ELISA

SSc. By immunodiffusion there were 24 patients with SSc
who had IgG anti-topo I antibodies (Table 1). All were able to
directly inhibit or absorb out bovine topo I enzymatic activity
(data not shown). There were 23 SSc sera that were positive for
IgG anti-topo I antibodies by recombinant ELISA (Table 1,
Fig. 4). Two sera from patients with SSc that were positive for
anti-topo I antibodies by immunodiffusion were negative by
ELISA. When these sera were used to probe an immunoblot
containing recombinant topo I (Fig. 2, lane 3) a faint band was
seen at 100kD. Therefore, it was likely that anti-topo I
antibodies were present in these sera, but at levels not detect-
able by ELISA. One other serum was positive by the recombi-
nant topo I ELISA but negative by immunodiffusion and the
functional topo I assay, and did not recognize recombinant
topo I on an immunoblot (data not shown).

SLE and RA. Two of 104 sera from patients with SLE and
one of 20 sera from patients with RA were positive for anti-
topo I IgG by the recombinant ELISA. None of these sera was
positive for anti-topo I antibodies by immunodiffusion or by
the functional topo I assay, and they did not recognize a 100-
kD polypeptide on a blot containing recombinant topo I (data
not shown).

Detection of anti-topo I antibodies in patients with silicosis-
associated SSc and silicosis
Eight of the 15 sera from individuals with SA-SSc had
antibodies to topo I when screened by the IgG ATA ELISA
(Table 1, Fig. 4). These sera were all positive for anti-topo I
antibodies by immunodiffusion [19]. One additional serum was

positive by immunodiffusion but negative by the ELISA. When
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Fig. 1 Stages in the purification of recombinant topo I. Proteins are separated on 10% polyacrylamide gels and visualized by coomassie staining.
Topo I migrates as a I00-kD band. Lanes 1, 6 and 9, molecular weight markers; lane 2, insect (Sf9) cell extract; lane 3, Si9 cell extract infected with the
baculovirus/topo I construct; lane 4, polyethylene glycol pellet; lane 5, supernatant containing topo I; lane 7, pooled peak from phosphocellulose
column; lane 8, eluant following passage through a phenyl Sepharose column; lane 10, topo I following salt elution from a mono-S column.

used to probe an immunoblot containing recombinant topo I, a

faint band was observed at 100 kD (data not shown). None of
the individuals with silicosis alone had anti-topo I antibodies
detected by ELISA or by immunodiffusion.

Detection ofIgM and IgA antibodies using the recombinant topo

I ELISA
There were three SSc sera with both IgG anti-topo I antibodies
and anti-topo I antibodies of another isotype (three with IgM
anti-topo I antibodies, of which one had IgA anti-topo I
antibodies). However, only IgG anti-topo I antibodies were

detected on an immunoblot of the recombinant protein. In
contrast, others have reported high levels of IgA and IgM
antibodies to calf thymus topo 1 [24] and to a recombinant topo
I fragment [11]. Differences in the source of autoantigen or in
experimental procedure may account for the disparity. For
instance, it is possible that IgA antibodies recognize epitopes on
topo I not accessible on the baculovirus recombinant protein.

DISCUSSION

The requirements of an autoantigen for optimal use in diag-
nostic assays are purity and retention of sites for recognition of
autoantibody (epitopes). The eukaryotic baculovirus expres-

sion system is ideally suited for generation of high yields of full
length protein lacking the extraneous sequences commonly
present in fusion proteins. The absence of foreign sequences

in the protein eliminates the need to screen sera with the portion
of the polypeptide not encoded by the autoantigen gene in
order to eliminate false-positive results. A further advantage of
eukaryotic systems is that contaminating host cell proteins,
which may co-purify with the recombinant antigen, are unlikely
to be a target for antibodies in patients with autoimmune
disease. For instance, Escherichia coli is a common organism
found in the gastrointestinal tract to which the human immune
system may be primed, whereas background autoreactivity
to insect cell proteins may be less likely to occur. Post-
translational modifications of the recombinant protein such as

phosphorylation and glycosylation are not typically seen in
prokaryotic systems, and may be important for autoantibody
recognition.

Using a baculovirus expression system we have purified full
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Fig. 2. Immunoblot of recombinant topo I separated on 10% poly-
acrylamide gels, transferred to nitrocellulose and probed with various

anti-sera. Lane 1, serum from a healthy control; lane 2, systemic
sclerosis (SSc) serum positive for anti-topo I antibodies by recombi-

nant ELISA and immunodiffusion; lane 3, serum negative for anti-topo
I antibodies by recombinant ELISA but positive by immunodiffusion
weakly recognizes recombinant topo I on immunoblot; lane 4, silicosis-
associated (SA)-SSc serum with anti-topo I antibodies by ELISA and
immunodiffusion.
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Fig. 3. Relaxation of supercoiled DNA by recombinant topo I and
inhibition of relaxation by anti-topo I antibodies. Lanes 1 and 7,
supercoiled plasmid DNA alone; lanes 2 and 8, plasmid DNA plus
topo I (240ng); lanes 3-6, plasmid DNA plus decreasing amounts of
topo I (50ng, lOng, 2ng, 0-4ng); lane 9, plasmid DNA, topo I and
prototype anti-topo I serum; lanes 10-13, plasmid DNA, topo I and
sera positive for anti-topo I antibodies by recombinant ELISA but
negative by immunodiffusion (lanes 10 and 11; SLE sera, lane 12;
rheumatoid arthritis serum, lane 13; systemic sclerosis (SSc) serum);
lane 14; plasmid DNA, topo I and normal control serum.

length human topo I, a major antoantigen formerly known as

Scl-70 [25,26] and recognized by patients with SSc. The protein
had an apparent molecular weight (100 kD) consistent with its
predicted size. A high level of purity was obtained following
extraction and chromatography. It has been shown that the
catalytic site of autoantigens including topo I are favoured sites
for autoantibody recognition [19,27-29]. In the current study
all the anti-topo I antibodies detected by immunodiffusion were

able to inhibit or absorb out anti-topo I enzymatic activity.
Therefore it may be of importance that a major part of the
biological activity of the purified protein was retained.

The full length topo I protein was used to optimize a highly
sensitive assay for the detection of anti-topo I antibodies. All
but three sera positive by immunodiffusion were positive by
recombinant ELISA, giving a sensitivity of 92%. Furthermore,
the recombinant protein was recognized weakly on immuno-
blot by the three sera that were negative by ELISA. Therefore
the recombinant topo I did contain epitope(s) for all anti-topo I
antibodies used in the present study. Several previous works
have suggested that there are multiple epitopes on topo I for
anti-topo I antibodies, some of which appear to be immuno-
dominant [8,9,11-15]. However, only a few studies have been
able to locate an epitope that was recognized by all anti-topo I
antibodies studied [12]. Also, most groups have used methods
which favour the recognition of linear or denatured epitopes,
yet conformational epitopes are thought to be more represent-
ative of what human autoantibodies recognize in vivo. There-
fore, the full length and functional topo I protein described here
represents an excellent substrate for the detection of anti-topo I
antibodies to native autoantigen.

The recombinant topo I ELISA was highly specific (98%)
with only four sera positive on ELISA and negative by other
methods. All four sera were just above the cut-off point for
positivity, and none recognized recombinant topo I in an

immunoblot. The specificity of the ELISA may be attributed
to the high degree of purity obtained at the end of the isolation
procedure, and the lack of antigenic contaminants that accom-
panies recombinant proteins expressed in bacterial systems. For
instance, antibodies to bacterial proteins were thought to
account for false-positive autoantibody levels to another
scleroderma autoantigen, CENP-B, expressed in E. coli. [30].
The relative lack of false-positive results in our ELISA under-
lines the advantage of generating recombinant autoantigens
in eukaryotic systems, although contamination with other
eukaryotic autoantigens may potentially still occur.
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Fig. 4. Levels of IgG anti-topo I antibodies measured by recombinant
topo I ELISA. Results are expressed as a percentage of the absorbance
of a high titre serum. Samples were considered positive if they were > 3
s.d. (dashed line) above the mean of 40 healthy controls. The numbers
in boxes represent the numbers ofpositives from the total number in the
group. SSc, Systemic sclerosis; SA-SSc, silicosis-associated SSc; SLE,
systemic lupus erythematosus; RA, rheumatoid arthritis.

Anti-topo 1 antibodies were highly specific for SSc. Two
patients with Raynaud's phenomenon were positive for anti-
topo I antibodies (data not shown). According to previous
work these patients may be at risk of later development of
SSc [7]. Anti-topo I antibodies have occasionally been
reported in patients with SLE [6]. There were two patients
with SLE who had low levels of anti-topo I antibodies by
ELISA unconfirmed by other methods. The close association
of anti-topo I antibodies with the disease phenotype of SSc is
further underlined by the complete absence of these anti-
bodies in patients with silicosis who have not developed SSc.
In the future, the highly sensitive and specific ELISA will be
a valuable tool for screening large populations either geneti-

Table 1. Anti-topo I antibodies in disease groups and healthy controls
detected by immunodiffusion and by a recombinant topo I ELISA

Anti-topo I Anti-topo I
antibodies by antibodies by

Condition n ELISA immunodiffusion

SSc 134 23 24
SLE 104 2 0
RA 20 1 0
SA-SSc 15 8 9
Silicosis 27 0 0
Healthy controls 40 0 0

SSc, Systemic schlerosis; SLE, systemic lupus erythematosus; RA,
rheumatoid arthritis; SA-SSc, silicosis-associated SSc.
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cally or environmentally at risk of developing SSc, who may
have Raynaud's phenomenon or other early manifestations of
a connective tissue disease.

Recombinant topo I was recognized by antibodies pre-
dominantly of the IgG isotype, in keeping with the notion
that autoantibody generation is driven by antigen [31,32]. The
mechanisms accounting for generation of an autoimmune
response to a nuclear antigen are not known, let alone the
relationship of antibody specificity to disease. The availability
of relatively pure and intact recombinant antigens such as topo
I in large amounts provides a valuable source of immunogens
to explore autoimmune mechanisms.
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