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Table 2 Comparison ofELISA and the DNP Slide
Latex test in 570 sera sent for DNA antibody
determination

Test reaction No of sera %

ELISA + 104 18-3
Latex +
ELISA + 117 20 5
Latex -

ELISA - 347 60-9
Latex -

ELISA - 2 0 3
Latex +
Total 570 100 0
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Fig. 4 Scattergram of results from serum sa

estimatedfor DNA antibody activity estimated
ELISA and RIA to show the correlation betwe
by the two tests. Results below the solid line d
5% binding (RIA) are considered to be negati'
test whilst those above the broken line at JO %

unequivocally positive. Results below 0-20 OD
(to the left of the vertical line) are considered
negative by ELISA in the method as describead
hatched area represents results from 244 sera

too numerous to plot individually.

compared to the DNA binding by RIA.
very high binding by RIA did not neces

an intense colour at a high dilution that on

pect. This is not a unique finding but has been report-
ed previously for ANA by fluorescence compared to
ELISA.17 23 However, all sera reacting with one
preparation of DNA may not react identically
with another preparation of DNA from a different
source. The overall statistical correlation coefficient
of results of the 76 sera positive by radioimmuno-
assay ( > 10% binding) tested in parallel with ELISA
was 0-64 (p > 0 001). Analysis of all 98 sera positive
by RIA (that is, > 5% binding) gave a correlation
coefficient of 0-62 (p > 0 001). The correlation was
less good when results from sera that were positive
by ELISA but negative by RIA were included in the
analysis.0 9

X Discussion
00 0

o 8 The potential for ELISA assays to detect antibodies
0 8 to DNA has long been recognised but difficulties

0 encountered in current methodology and quantita-
° tive expression have resulted in a reticence to intro-

duce the technique into routine laboratory practice.
,° The present paper describes a simple, sensitive,

0 rapid and reliable method for the quantification
of antibodies to both native and denatured DNA
which overcomes many of these problems.

There have been conflicting reports on the signi-
ficance of antibodies to native and denatured DNA.
Early reports that only sera from SLE patients

0 reacted with double stranded DNA were followed
by reports of anti-double stranded DNA in drug-

8 induced SLE, but these reactions may be due to
antibodies directed not against the nucleic acid but
against deoxyribonucleoprotein32 or against his-
tone.33 Cohen34 and Steward35 claimed that the

0 vast majority of SLE sera react preferentially or
even exclusively with single stranded DNA rather
than double stranded DNA and work by Winfield36
recorded high avidity binding to single stranded

150>150 DNA but differing avidity to double stranded DNA.
A major difficulty in current techniques is the

selection and preparation of the antigen to be used
dples in the test procedure. The antigen in its pure native

een values form is exceptionally difficult to prepare without
trawn at traces of denatured, broken or nicked molecules28
ve by this and as little as 0100 denaturation of double stranded
are DNA will provide sufficient antigen sites for signi-
at 410 ficant reaction with antibodies to single stranded
to be DNA.6
W. The In a series of papers on the quantification of DNA
which were antibodies by the Farr assay, the effects of antigen

size and structure and the influence of reaction
conditions on the level of DNA binding have been

Conversely described.29-31
;sarily yield It is clear that discrepancies do arise when com-
iewouldex- paring results obtained for anti-DNA antibodies by
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ELISA to those by methods using antigen in free
solution. These discrepancies may be due to anti-
bodies directed against new antigenic determinants
exposed during conformational changes imposed
upon the molecule when adhering to the solid phase
carrier. An alternative explanation for the quantita-
tive anomalies may be the difference in affinity and
avidity of the antibodies from various patients for
the antigenic sites of the DNA molecule.

REDUCTION IN BLANK READINGS
During the initial stages of this work considerable
difficulty was experienced with high blank readings
when using previously published methods. This was
overcome by increasing the Tween (or Triton X-100)
content to 1 % (vol/vol) and adding 1 g/100 ml bovine
serum albumin to the solution used for all serum
dilutions.
High blank readings were also found when plates

coated with protamine sulphate were stored for
subsequent use. As the method developed here added
only one 30-minute incubation to a technique
which could be completed in just two and a half
hours all plates were routinely precoated immediately
before DNA addition on the day of the test to
circumvent the latter difficulty.

CHOICE OF ANTIGEN
DNA from various sources (rat liver, calf thymus,
E coli and herring or salmon sperm) have been used
as substrate antigen by different authors. A com-
parison of these antigens in both native and de-
natured form was made using microtitre plates with
and without protamine sulphate pretreatment.
Though minor differences did arise there was no
significant difference between the antigens employed
in the described test. DNA from rat liver seemed to
be more resistant to denaturation by boiling, giving
consistently lower results for single stranded DNA.
As calf thymus DNA is readily available commer-
cially in an acceptably pure form this antigen was
adopted for routine use.

MICROTITRE PLATES AND USE OF

PROTAMINE SULPHATE
Day-to-day variation of optical density was found
to be minimal using the ELISA technique on DNA
bound to polystyrene through protamine sulphate
when using doubling dilutions of any one of the
positive sera on microtitre plates. Changing the
manufacturer or batches from the same manu-
facturer, made no significant difference to the results.
The test was not subject to edge effect nor indeed to
any positional effect within one plate. Microtitre
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plates designed for use in haemagglutination
techniques ("U" well or "V" well) were perfectly
adequate for the test obviating the unnecessary
expense of purchasing flat bottomed trays specifi-
cally designed for protein adherence in ELISA
methodology.

EXPRESSION OF RESULTS
Direct interlaboratory comparison of quantitative
assessment of antibody activity against DNA in
absolute terms is at present difficult. Results are
frequently expressed as percentage binding of a
given quantity of labelled DNA or as a percentage
of the activity of an in-house control serum which
has no direct relation to any other control serum.
Throughout the present paper statistical data has
been calculated by comparing percentage binding
of a control standard serum by RIA with colour
intensity produced by ELISA using the same
standard serum at a known series of dilutions. That
dilution of serum yielding an optical density of
0 75 is then expressed in U/ml. The dilution may
have to be mathematically derived from the linear
portion of the curve. In this way any day-to-day
variation in colour intensity was removed by direct
comparison to the standard serum, the value of
which was fully evaluated. A positive control serum
is included in each DNA kit supplied by Cordis
but though this serum is given a value (in IU) it is as
yet related only to the WHO international ANA
standard for immunofluorescent techniques.
The ELISA method offers several advantages over

others currently available: (a) it is quantitative for
the antibody, (b) it is cheap, (c) it does not use
radionuclides, (d) it may readily be automated,
(e) it is sensitive to low antibody activities, (f) it is a
simple, rapid technique which may conveniently
be applied to other antigens. The method overcomes
the subjectivitiy of fluorescent methods using
kinetoplasts which, though truly specific, are dif-
ficult to interpret in the weak positive range even by
experienced personnel. Finally, in attaching the
DNA molecule to a solid phase carrier through
protamine sulphate one reduces the electrostatic
charge which causes non-specific protein-protein
interreactions in free solution. The development
of a cheap ELISA method seemed a natural and
desirable progression to enable the Department to
provide an improved service in this field. Though
absolute correlation of colour intensity with per-
centage binding by RIA has not yet been adequately
explained we feel that the method described affords
a simple, practical way of screening large numbers
of sera for DNA antibodies.
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