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SUMMARY Sera from 41 patients with systemic lupus erythematosus (SLE), 87 controls with
various diseases, and 30 normal subjects were examined for poly (adenosine diphosphate-ribose)
and ds DNA binding. Elevated levels of poly (ADP-ribose) binding were found in 73% of the SLE
patients compared with 58% who had raised ds DNA binding. In a further study of 160 sera from
27 patients with SLE, levels of antipoly (ADP-ribose) antibodies were shown to correlate with
clinical activity better than either anti-ds DNA or ss DNA antibodies.

Poly (ADP-ribose) is a nuclear polymer formed from
nicotinamide adenine dinucleotide (NAD) by action
of the chromatin bound enzyme, poly (ADP-ribose)
polymerase, with the loss of the nicotinamide moiety.
Its structure and physiochemical characteristics have
been reviewed,1 2 though its precise function within
the nucleus remains unknown.

Antibodies to a variety of nuclear antigens includ-
ing double-stranded (ds) DNA, single-stranded (ss)
DNA, polyribonucleotides, ribosomes, ds and ss
RNA, both synthetic and naturally occurring, have
been reported in systemic lupus erythematosus
(SLE).3-8 In particular, ds DNA antibodies are
important in the diagnosis of the disease.9

Recently the occurrence of antibodies to poly
(ADP-ribose) has been reported."0 Okolie and
Shall'1 have demonstrated in a preliminary study that
these antibodies show specificity for SLE. However,
the number of patients with other diseases examined
by them was comparatively small. Therefore one of
the aims of this investigation was to examine a larger
group of patients with SLE and related diseases in
order to compare the specificity of autoantibodies to
poly (ADP-ribose) with ds DNA. The latter were
tested with a widely used, commercially available kit.

It has also been reported that antibodies to nuclear
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antigens, in particular antibodies to ds DNA, are
useful in the management of SLE patients.11-`3 Anti-
bodies to ss DNA may also reflect disease activity."4
This study correlates levels of antibodies to poly
(ADP-ribose) and DNA with clinical activity in
patients with SLE. The relationship of levels of these
antibodies to those of ds DNA and ss DNA has also
been explored.

Patients and methods

In the first part of the study sera from 41 patients with
4 or more of the American Rheumatism Associa-
tion's criteria for the classification of systemic lupus

Table 1 Correlation coefficients on transformed values

Patient %Poly (ADP-ribose) binding %Poly (ADP-ribose) binding
and % ds DNA binding and % ss DNA binding

No. of Correlation No. of Correlation
readings coefficient readings coefficient

1 5 -061 5 0.99***
2 4 0-83 4 0-80
3 6 0 14 5 0-43
4 5 0-76 5 0-85*
5 5 0-78 5 0-54
6 4 0-79 4 -0-08
7 6 0-49 6 0 70
8 6 -0 57 6 -0 50
9 1 1 0-79** 10 0-93***
10 14 0-13 14 0 45
11 14 0-81*** 14 0-72**
Total 80 78

*p'<0 05; **p;;0-01; ***r<0 001.
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Fig. 1 Distribution ofpoly (ADP-ribose) binding (%)
ofnormal sera, SLE and non-lupus disease controls.
Normal range up to 5 %.

erythematosus"2 were examined. In addition the sera
from 34 patients with definite rheumatoid arthritis
(diagnosed by the criteria of Ropes et al. 13), 25
patients with fibrosing alveolitis (diagnosed by the
criteria of Turner-Warwick14), 16 patients with
hepatitis B surface antigen-negative chronic hepatitis
(diagnosed by the clinical and serological criteria of
Sherlock"5), 9 patients with Sjogren's syndrome
(diagnosed by the criteria of Bloch et al.6), and 3
patients with discoid lupus were also examined.
Thirty healthy volunteers were venesected to estab-
lish a normal range for the antipoly (ADP-ribose)
binding test. Their ages ranged from 22 to 65 to cover
the full range of the patients studied.

In the second part of the study a total of 106 sera
from 27 patients with SLE were analysed. Serum
samples were collected and stored at -20°C until
required.

CLINICAL ACTIVITY
Patients were classified into 3 clinical groups, having
inactive, moderately active, or severely active dis-
ease. Moderate activity was judged to be present if
one or two of the following were in evidence:
pleuritis, pericarditis, arthralgia, myalgia, vasculitis,
cerebral involvement, or renal involvement. Patients
were considered to have severely active disease in the
presence of 3 or more of these features. Patients were
considered to be 'inactive' if they had no, or minimal
evidence of any subjective or objective activity-for
example, Ritchle artlcular index less than 3 or pleuri-
tic pain on only 1 or 2 days in the previous month or

proteinuria between 0 05 and 0-1 g/24 hours in a
normotensive patient with otherwise completely
normal renal function tests. Clinical assessments
were made without prior knowledge of the poly
(ADP-ribose) or DNA binding measurements for the
same day.

POLY (ADP-RIBOSE) BINDING ACTIVITY

Poly (ADP-ribose) was prepared by the method of
Okolie and Shall"1 from tritiated (3H) NAD with calf
thymus poly (ADP-ribose) polymerase. The result-
ing polymer was purified to remove nuclear proteins
and nucleic acids. The average chain length was 20
ADP-ribose units. Specific poly (ADP-ribose) bind-
ing activity was assayed according to the Farr tech-
nique."7 10 ,ul poly (ADP-ribose) containing 5000
counts per minute was incubated with 40 ,ul heat
inactivated test serum and 155 ,ul potassium-free 10
mM phosphate buffer containing 140 mM sodium
chloride. The reaction mixture was incubated at 37°C
for 1 hour with gentle shaking and then left for 48
hours at 4°C to reach equilibrium. Antibody bound
3H poly (ADP-ribose) was then precipitated by the
addition of an equal volume (200 ,lI) of cold satu-
rated ammonium sulphate. After incubation at 4°C
the precipitates were washed twice with ammonium
sulphate, dissolved in 0 45 ,ul distilled water, and

DNA
Binding
(U/ ml)

630 r
620

610 1

140

130

120 -

110 _

100 _

90 _

80 _

70 -

60 -

50 -

40 -

30 -

20

10
0

.1 . I * s
Normal SLE RA

n-30 n-41 n-34

HBs Ag Fib Discoid Sjbgren's
neg Alv Lupus
CAH
n-16 n - n-3 n-9

Fig. 2 Distribution of ds DNA binding (U/ml) of
normal serum, SLE and non-lupus disease controls.
Normal range up to 25 U/ml.

I



398 Morrow, Isenberg, Parry, Shen, Okolie, Farzaneh, Shall, Snaith

100 r

90 h

80 F

70 F
c

*' 60
a-

o 50

C._
,S40
Z,

p

i
30F

20 -

;S

* I

i;

tr

;

10 [

0
Severe Moderate nactive

Clinical Activity

Fig. 3 Poly (ADP-ribose) binding (%) grouped according
to clinical activity. Normal levels ofpoly (ADP-ribose)
binding <9-2 %.

mixed with 3 0 ml scintillation fluid (Picofluor 15,
Packard Instruments, Berks), and the radioactivity
was measured in a Packard liquid scintillation
counter. Results were expressed as percentages of
the original radioactivity introduced in each tube.
Estimations were carried out in triplicate on every
specimen of sera. The results given for this test are
thus a mean of the 3 estimations.

DNA BINDING ACTIVITY
In the first part of the study DNA binding was
measured with anti-DNA assay kits obtained from
the Radiochemical Centre, Amersham, England.
This is a standardised assay for measuring antibodies
to ds DNA in serum, again by a modified Farr"7
procedure. The kit contains all the reagents and
instructions required for the assay. The "25I deoxy-
uridine-DNA was incubated with heat-inactivated sera
and the binding activity of each serum compared with
those of 4 known SLE serum standards provided in
the kit. The results were expressed in arbitrary
units/ml of serum.'8

For the second part of the study a commercial
preparation of Escherichia coli DNA, internally
labelled with tritium (specific activity 14-3 usCi/A20o

unit) was obtained from Miles Laboratories, Slough,
England. This had been sonicated to give fragments
with an average molecular weight of 100 000
Daltons. It was virtually all double-stranded material
of even chain length, as determined by digestion with
Exonuclease III. RNA was removed by treatment
with RNase. A solution of 1 ,ug DNA m1l' was made
in borate buffered saline (BBS) pH 8&3, containing
1 % (w/v) bovine serum albumin. Aliquots (10 ,l) of
this were mixed with 10 Al of normal or patient's
serum diluted 1:10 with phosphate buffered saline
(PBS). The resulting mixture was incubated in Micro-
fuge tubes (Beckman Instruments, High Wycombe,
Bucks) for 1 hour at 37°C and overnight at 4°C.
Saturated ammonium sulphate (20 ,l) was added
and the tube contents mixed immediately. The
resultant precipitate was spun down in a Beckman
Microfuge and the pellet dissolved in 0O5N NaOH.
This was transferred to a scintillation vial and mixed
with 3 ml Picofluor 15 (Packard Instruments, Berks).
Samples were counted in a Packard scintillation
counter.
The assay for single stranded anti-DNA antibodies

was performed identically with DNA which had been
t treated for 10 minutes at 100°C and placed immedi-

Controls ately on ice.
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Results were expressed as a percentage of radio-
activity initially introduced into each tube.

In both tests with the commercial preparation of E.
coli DNA upper limits of normal were established as

a mean value plus 3 standard deviations of 20 normal
controls.

Results

SPECIFICITY TESTING

Samples were considered to have elevated binding of
poly (ADP-ribose) antibodies if they exceeded 5 % of
the bound radioactivity. This figure was slightly
greater than the mean (1 *6 %) plus 3 standard devia-
tions (SD = 1 1 %; mean + 3 SD = 4 9 %) of the sera

from the first group of 30 normal subjects.
DNA binding was considered to be elevated, when

it was above 25 units/ml, as recommended by the
manufacturers (Amersham Kit).
The results of poly (ADP-ribose) binding in the

different groups are shown in Fig. 1 and those for the
DNA binding in Fig. 2. Increased binding activity for
poly (ADP-ribose) was found in 73 % of the SLE
patients compared with 58% who showed elevated ds
DNA binding.

RELATIONSHIP OF ANTIBODY LEVELS TO

DISEASE ACTIVITY
A covariance analysis of antipoly (ADP-ribose) bind-
ing with disease activity (after arcsine transformation
of the percentage values of antipoly (ADP-ribose)
antibodies) was carried out on all 27 patients. The
scale of disease activity was assumed to be linear. A
highly significant trend was found to exist between
the antipoly (ADP-ribose) values and disease activ-
ity: regression coefficient b = 4-1147 with standard
error = 1-30, p<0-001 (Fig. 3). High levels (>30%
binding) of antipoly (ADP-ribose) antibodies were
found in 4 patients whose disease was clinically
quiescent. In a further 3 patients high levels of bind-
ing activity were found to precede clinical relapse.
Low levels (<20% binding) were detected in one

patient during an acute exacerbation of her disease.
There was no significant relationship between types
of organ involvement and levels of poly (ADP-
ribose) binding; however, a larger sample may reveal
such associations.
There was no significant statistical correlation

between levels of either ds DNA or ss DNA and
clinical activity, significance being taken at the 5%
level (Figs. 4 and 5).
Comparison between the levels of antigen binding

in the various clinical states was also made by using
Student's t test on arcsine transformed values. This
analysis does not assume that a linear relationship
exists between the clinical states. This revealed that
poly (ADP-ribose) binding levels were significantly
different (0001<p<001) between the severe and
the inactive disease states (Fig. 3), though not be-
tween the moderate and the other groups. ds DNA
binding levels (Fig. 4) in the inactive and severe
clinical groups were also significantly different
(0-01<p<005), though this degree of significance is
not as high as that obtained with the poly (ADP-
ribose) binding. No significantly different levels were
found between ss DNA binding in the various clinical
states with the exception of the difference between
the controls and the inactive group (Fig. 5). There
was a significant difference between levels of binding
of both poly (ADP-ribose) and ds DNA in the control
and inactive groups (0-01<p<0-05).

RELATIONSHIP BETWEEN ANTIPOLY (ADP-
RIBOSE), ANTI-DS DNA AND ANTI-SS DNA

The correlation coefficients were calculated for each
patient separately. Only 11 patients with at least 4
pairs of readings were included in the analysis. Corre-
lation coefficients between poly (ADP-ribose) bind-
ing and ds DNA binding in individual patients (Table
1) ranged from -0-6 to 083 with only 2 values
showing significance (p<005). Correlation coeffi-
cients between poly (ADP-ribose) binding and ss

.
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Fig. 6 Longitudinal studies on
case 1: shaded areas denote
normal ranges.
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DNA binding (Table 1) ranged from -0(05 to 0 99
with 4 values showing significance (p<005). This
lack of significance may be a consequence of small
sample size. The overall correlation coefficients (r)
between poly (ADP-ribose), ds DNA, and ss DNA
calculated from all sera tested were 0 45 (p<0001,
n=106) and 0 58 (p<0001, n=102) respectively.
These findings should be treated with some caution,
however, as it is possible that the differing number of
samples taken from individual patients may bias the
data.

Thirty abnormal poly (ADP-ribose) binding results
were recorded on sera which had normal ds DNA
binding, whereas no sera had abnormal ds DNA
binding when poly (ADP-ribose) binding was nor-
mal. Similarly there were 29 abnormal poly (ADP-
ribose) binding results in the presence of normal ss
DNA binding. Conversely, only one ss DNA binding
result fell outside the normal range when the corres-
ponding poly (ADP-ribose) binding was normal.

LONGITUDINAL STUDIES ON SELECTED CASES
Case 1 (Fig. 6). This 25-year-old female with homo-
zygous C2 deficiency had a history of immune
thrombocytopenia 7 years prior to this study, success-
fully treated with steroids. Since that time she had
suffered intermittently from arthralgia. At the begin-

ning of this study she was admitted with acute
exacerbation of her SLE, with unexplained pyrexia,
vomiting, and diarrhoea, hypotension, maculopapu-
lar rash, confusion, and arthralgia. Haemoglobin was
9.3 g/dl, platelets were 105x109/l, leucocytes
2-7x 109/l. She also had a classical lupus
anticoagulant.

Initial levels of antipoly (ADP-ribose) antibodies
were very high (82 % bound). She was treated at first
with prednisolone, 80 mg/day, and over the next 2
weeks her condition improved, this change being
reflected in the fall of antibodies. Levels of antibodies
to ds DNA and ss DNA showed a less close relation-
ship. Her subsequent course has been a steady
improvement, and at the end of the period of study
she was in complete remission.
Case 2 (Fig. 7). This 27-year-old female patient

first presented 4 years before the commencement of
this study with polyarthralgia, rash, and pleuro-
pericarditis. As can be seen from Fig. 7 she was in
remission at the beginning of the study but was

subsequently admitted to hospital with an acute
exacerbation. At this time she had polyarthralgia,
pleural and pericardial effusions, myocarditis, and
involvement of her gastrointestinal tract and
central nervous system (acute psychotic episode).
She was initially treated with 1 g boluses of
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Fig. 7 Longitudinal studies on case 2: shaded areas denote
normal ranges.

methylprednisolone, which did not result in clinical
improvement but lowered the levels of anti-DNA
and anti-poly (ADP-ribose) antibodies. She was then
treated with a series of plasma exchanges, which
resulted in clinical improvement.

Discussion

It is unlikely that a disease as variable as SLE could
have a single diagnostic test. While antibodies to ds
DNA are largely confined to SLE,'9 20 raised levels
have also been detected in the serum of patients with
discoid lupus erythematosus,2" rheumatoid arthritis
and fibrosing alveolitis," chronic active hepatitis,
primary biliary cirrhosis, alcoholic cirrhosis, and por-
tal vein obstruction.22
However, antibodies to ds DNA have until now

been the best single test available in diagnosing SLE.
The Amersham kit is a widely available test for DNA
autoantibodies. Its antigenic component is claimed to
be free of ss DNA,23 which may contaminate ds DNA
preparations and cause lack of specificity. We there-
fore chose this assay to compare with levels of poly
(ADP-ribose) binding.

Raised levels of poly (ADP-ribose) binding were
found more frequently than raised levels of DNA
binding in SLE. In rheumatoid arthritis, which is one
of the most common differential diagnoses from SLE
in its early stages, the number of false positives was
lower with the poly (ADP-ribose) binding test.
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Five other non-SLE patients had raised DNA bind-
ing levels compared with 6 (2 of whom had discoid
LE) who had raised poly (ADP-ribose) binding. We
are aware that there are difficulties in making com-
parisons between even apparently similar assays. It
is possible that the upper limit of normal for the
Amersham test may be set artificially high by the
manufacturer to exclude false positives arising from
suboptimal conditions. In a future study it would be
useful to standardise the units of measurement in
both assays. Nevertheless poly (ADP-ribose) binding
activity would appear to be as good as, and in certain
respects better than, DNA binding for the diagnosis
of SLE.

Assessment of disease activity in SLE is difficult.
Some have opted for a complicated point scoring
system,' but in common with other groups25 26 we
have used a simpler method which reflects our own
experience that patients who are very ill usually have
involvement of several organs or systems. Because of
the problem of adequate clinical assessment, there is
a need for sensitive, objective tests to reflect disease
activity.

Serial estimations of ds DNA autoantibodies as a
means of assessment of disease activity in SLE have
been found to be useful.27 In contrast antibodies to ss
DNA show less specificity for SLE, although they
may be useful in monitoring disease activity, and
levels may be raised when ds DNA binding is
normal.28
Our results show a good overall relationship be-

tween levels of antibodies to poly (ADP-ribose) and
clinical activity, suggesting the usefulness of the test
as a therapeutic guide. However, we did not find a
statistically significant association between anti-
bodies to ds DNA, ss DNA, and clinical activity. This
latter statement is in keeping with observations of
some workers who found that fluctuations in anti-
DNA antibody levels did not always correlate with
disease activity.29 30 High levels of all types of anti-
body measured were found in some patients with
clinically quiescent disease, this trend being more
marked with antibodies to DNA than to poly (ADP-
ribose). We could demonstrate no association be-
tween levels of antibody to poly (ADP-ribose), ds
DNA, and ss DNA, and pattern of organ involve-
ment, although our numbers may be too small to
show a trend. Overall our results showed a
statistically significant correlation between levels of
antipoly (ADP-ribose) antibodies and anti-ds DNA
antibodies; this was not as high as that reported by
Okolie and Shall," though with some individuals
the correlation was close. This may reflect the dif-
ferent preparations of ds DNA used in the 2 assays or
it is possible that a trend could become clearer on a
larger sample. A significant overall correlation was
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observed between antipoly (ADP-ribose) and anti-ss
DNA antibodies.
The measurement of antipoly (ADP-ribose) anti-

bodies has certain advantages over that of anti-ds
DNA. The reproducibility is good," it is a simple
assay to perform, and the antigen is small and highly
defined. In its preparation the use of DNase and
RNase renders it free of nucleic acids, and a phenol
extraction removes nuclear proteins, including his-
tones. This is in contrast to ds DNA, where contami-
nation with ss DNA of varying molecular weights
may produce differing results.3' 32 In all 3 antibody
assays low levels of binding were found in normal
sera, though poly (ADP-ribose) binding was much
lower than DNA binding.

In conclusion it would seem reasonable to suggest
that the measurement of poly (ADP-ribose) auto-
antibodies may provide a useful specific diagnostic
test for SLE. While it is unlikely that any single
measurement will be an adequate guide in the man-
agement of SLE, poly (ADP-ribose) binding has
potential as an addition to existing methods of asses-
sing disease activity.
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