Anti-dsDNA Antibody Assay: High Specificity and
Sensitivity with a Filtration Radioassay in Comparison
to Low Specificity with the Standard ELISA
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ABSTRACT. Objective. To evaluate whether a new fluid-phase filtration radioassay possesses both high sensitivity

and specificity compared with the currently used ELISA and Farr assays.

Methods. Sequential sera (25 samples) from 9 patients with systemic lupus erythematosus (SLE), sera
from 20 patients with SLE possessing anti-dsDNA antibodies by the Crithidia assay, 75 patients with
rheumatoid arthritis possessing rheumatoid factors, 50 healthy control subjects, 767 from patients with
type 1 diabetes, and a commercial standard serum sample were tested for anti-dsDNA antibodies with
the 3 different assays.

Results. Of serial dilutions of a standard anti-dsDNA antibody sample, only the highest positive sam-
ple (50 IU/ml) in the ELISA and the highest 2 positive samples (50 and 25 IU/ml) in the Farr assay were
above the normal range. In contrast, all dilutions (to 2.5 IU/ml) of the standard anti-dsDNA antibody
sample were above the normal range in the filtration radioassay. Using the values of 50 healthy control
subjects in each assay to define the normal range, all 25 sequential sera from 9 patients with SLE were
positive. In addition, 20/20 of the SLE individual sera, 2/75 (2.7%) of the RA sera, and 12/767 (1.6%)
of the diabetes sera were positive (signal above normal range) in the filtration radioassay. The SLE sera
were further examined in 2 additional assays, ELISA and Farr assay, and both assays were less sensi-
tive and specific compared with the filtration radioassay.

Conclusion. The fluid-phase filtration radioassay demonstrated high sensitivity and specificity for the
detection of anti-dsDNA antibodies in SLE, with the standard ELISA exhibiting lower specificity. We
suggest that testing for anti-dsDNA antibodies can be improved using a fluid-phase filtration radioassay
in comparison to commercial assays. (J Rheumatol 2007;34:734-9)
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Systemic lupus erythematosus (SLE) is the prototypical
autoimmune disease, affecting almost every organ of the
body. Many autoantibodies are found in the circulation of
patients with SLE, particularly autoantibodies to nucleic acids
and to proteins associated with nucleic acids!'2. Of these
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RADIOASSAY

autoantibodies, those against dsSDNA have been found to be
strongly associated with SLE. Even individuals without SLE
at the time that high avidity anti-dsDNA antibodies are detect-
ed in their circulation are prone to subsequently develop
SLE?. Fluctuations in the level of anti-dsSDNA antibodies in an
individual patient may give important information on the clin-
ical status. Therefore, accurate determination of the presence
of anti-dsDNA antibodies is of considerable help to the clini-
cian and is included in the classification criteria for SLE*.
Anti-dsDNA antibodies are commonly measured by com-
mercially available kits such as an enzyme linked immunosor-
bent assay (ELISA) or a radioimmunoassay kit (RIA; the Farr
technique). However, the prognostic value of anti-dsDNA
antibodies is controversial and discrepancies exist between
the various assays>>®. A series of workshops evaluating
assays to detect autoantibodies to islet cell antigens in patients
with type 1A diabetes aided the development of fluid-phase
high-throughput filtration radioassays in the field of
endocrinology®!!. These Protein A/G Sepharose filtration
radioassays are usually performed in 96-well filtration plates
and are both more sensitive and more specific compared to
ELISA and to other assays utilizing nonspecific precipitants
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such as polyethylene glycol. We adapted this high-throughput
fluid-phase filtration radioassay format for anti-dsDNA anti-
body testing and compared it with 2 available commercial
kits, ELISA and RIA (Farr assay).

MATERIALS AND METHODS

Subjects. Twenty serum samples of patients with SLE were kindly provided
by Dr. M. Reichlin (University of Oklahoma Medical Center, Oklahoma City,
OK, USA) from an anonymous coded serum bank of SLE sera. These 20 SLE
sera were from patients with an age range of 14 to 48 years, 17 female and 3
male. All 20 sera were positive for anti-dsDNA antibodies by the Crithidia
assay. In addition, 25 sequential serum samples of 9 patients with SLE were
obtained from the University of South Carolina with anonymous codes, all
women aged 18-54 years, disease duration 1-25 years, and sequential fol-
lowup 0.5-2 years. Fifty serum samples were obtained from healthy individ-
uals with an age range of 11-25 years, 30 female and 20 male. Seventy-five
serum samples were from patients with rheumatoid arthritis (RA), all rheuma-
toid factor (RF)-positive by nephelometry. The patients with RA were aged
24-79 years, 58 female and 17 male, and had disease duration of 1.5-504 mo.
We obtained 767 serum samples from patients with type 1A diabetes at the
Barbara Davis Center, with informed consent and institutional review board
approval. In addition, 6 commercial serial serum calibrators (Diagnostic
Products Co., Los Angeles, CA, USA) containing 0, 2.5, 5, 12.5, 25, and 50
IU/ml of anti-dsDNA antibodies by the Farr assay were used in each assay.

ELISA. The ELISA was performed using the Kallestad anti-dsDNA antibody
microplate kit (Bio-Rad Laboratories, Hercules, CA, USA). This kit uses 96-
well microplates coated with calf thymus DNA with 10 xl of a 1:1000 dilu-
tion of the test serum, and 4 calibrators containing 10, 50, 150, and 300 IU/ml
of anti-dsDNA antibodies. The ELISA is developed with an alkaline phos-
phatase-conjugated murine monoclonal antibody to human IgG and IgM.

Farr assay. The Farr assay was performed with a commercial kit (Diagnostic
Products Co., Los Angeles, CA, USA) following the standard protocol. In
brief, 25 pl of serum was mixed with 200 pl of '2I-DNA, incubated for 2 h
at 37°C in a water bath. One milliliter of cold ammonium sulfate was added
and thoroughly mixed by vortexing. The mixture was centrifuged at 2000 X g
for 15 min at 4°C, the supernatant was removed, and the precipitate was
counted in a gamma-counter.

Filtration radioassay. A 96-well plate (Corning) was precoated with washing
buffer. Fifteen microliters of serum were incubated with 100 pl of '2I-DNA
from the above Farr assay kit for 2 h at 37°C. One hundred microliters of
50%1/8% (v/v) Protein A/G-Sepharose (Pharmacia) in washing buffer [20 mM
Tris-HCI buffer (pH 7.4) containing 150 mM NaCl, 0.1% BSA, 0.15%
Tween-20, and 0.1% sodium azide] was added to each well. The plate was
shaken at a low speed for 45 min at 4°C, followed by 2 cycles of 4 washes per
cycle with cold washing buffer using the Millipore vacuum-operated 96-well
plate washer. After washing, 50 ul of scintillation liquid (Microscint-20;
Packard) was added to each well, and radioactivity was determined directly
in the 96-well plate with a Top-Counter (96-well plate B-counter; Packard)
scintillation counter. The assay procedure is detailed in Figure 1. The result
was calculated using a positive control (the highest standard sample from the
Farr assay kit) and a negative control, and was expressed as an index: index
= (sample_cpm — negative control_cpm)/(positive control_cpm — negative
control_cpm). The mean and standard deviation (SD) of 50 normals were
0.007 £ 0.007. The limit of normal (0.028) was chosen as the 100th percentile
of 50 healthy control subjects and it is also equal to mean + 3 SD.

RESULTS

Filtration radioassay. Twenty serum samples from patients
with SLE possessing anti-dsDNA antibodies by the Crithidia
assay, 50 serum samples from healthy control subjects, 75
serum samples from RF-positive patients with RA, 767 serum
samples from patients with type 1A diabetes, and standard cal-

ibrators from an RIA anti-dsDNA antibody assay kit
(Diagnostic Products Co.) were analyzed for anti-dsDNA anti-
bodies using the filtration radioassay. As shown in Figure 2,
100% (20/20) of the SLE sera were positive, above the high-
est value (index of 0.028, or 3 SD above the mean value) of
50 healthy control subjects. Only 2.7% (2/75) of the RA sera
and 1.6% (12/767) of the diabetes sera were positive (>
0.028), all at low levels. In addition, 25 longitudinal followup
samples from 9 patients with SLE were analyzed and the data
were plotted in Figure 3. All clinical visits (25/25) from 9
patients were positive for anti-dsDNA antibodies using the fil-
tration radioassay, and the levels of anti-dsDNA antibodies
varied more or less among the different patients.

To compare the filtration radioassay to currently used
methods, these same samples were analyzed in parallel using
2 commercial kits: an ELISA kit from Bio-Rad and a Farr
assay kit from Diagnostic Products Co. The test results for
these 2 methods are plotted in Figure 4. Using either the
ELISA kit or the Farr assay kit, 19/20 of the SLE sera were
positive, while 1/75 and 0/75 of the RA sera were positive in
the ELISA and Farr assay, respectively. Of the 12 diabetes
sera positive in the filtration radioassay, only 1 was positive in
the ELISA and 1 in the Farr assay. For 25 longitudinal fol-
lowup samples from 9 patients with SLE, as shown in Figure
3, the pattern of variation of antibody levels was comparable
between 3 assays (Figure 3A), but 7/25 sera were negative for
ELISA (Figure 3B) including the first 2 visits of Patient 2,
first visit of Patient 5, and all 4 visits of Patient 8, while 4/25
were negative for Farr assay (4 visits of Patient 8). In both
ELISA and Farr assays, only the least diluted (50 TU/ml) or
next to least diluted (25 IU/ml) standard was positive (above
the normal range) of the 5 serial samples for the respective
assay. The dilution curve from standard samples is illustrated
in Figure 5, with the defined normal ranges using the highest
value from the same 50 healthy control subjects in each assay,
respectively. The lowest positive sample (2.5 IU/ml) was
clearly positive with the filtration radioassay. Using the cutoff
values for positivity provided with each kit rather than the
normal range of the 50 control subjects, the ELISA (normal
range < 30 IU/ml) was positive with 10/50 healthy control
subjects, while the Farr assay (normal range < 15 IU/ml) had
no false positives (Figure 4).

The levels of anti-dsDNA antibodies detected with the fil-
tration radioassay and the Farr assay were well correlated (R?
= 0.52) among the 45 SLE sera, but correlations between fil-
tration assay and ELISA and between Farr assay and ELISA
were poor (R? = 0.27, 0.33, respectively). The correlations of
autoantibody levels for SLE sera and normals between these 3
assays are plotted in Figure 6.

DISCUSSION

We evaluated a new Protein A/G high-throughput filtration
radioassay for measurement of anti-dsDNA antibodies. In
order to compare the results of the filtration radioassay with
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High Throughput
Autoantibody Radio-Assay

1. mix labeled Ag and sera

2. Incubate 2 hours at 37°C

3. Add Protein A/G-Sepharose to
reaction mix in a 96-well filtration

plate

4. Incubate for45 min at4°C

5. Wash each well using the vacuum-

operated 96-well plate washer

6. Count radioactivity with
96-well plate beta counter

Figure 1. Procedure of the fluid-phase filtration radioassay.

10
) J
R
2
= 01 o
L
1]
2 0.01
-
0.001 :
SLE Patients  Normals RA Patients DM Patients

Figure 2. The results of filtration radioassay for anti-dsDNA antibodies for
patients with SLE (n = 20), healthy controls (n = 50), patients with RA (n =
75), and patients with type 1A diabetes (DM; n = 767).

the conventional Farr assays and ELISA, 2 sets of SLE serum
samples were studied, i.e., 25 sequential followup samples
from 9 patients with SLE and 20 individual SLE sera pos-
sessing anti-dsDNA antibodies by the specific Crithidia assay.
The filtration radioassay detected as positive 100% (25/25 and
20/20) of the patients with SLE at levels above the highest
index of 50 healthy normal controls. The Farr assay and the
ELISA detected 21/25 and 18/25 of sequential followup sam-
ples, respectively, and both detected 19/20 of individual SLE
samples. With serial dilution of a standard positive sample, the
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filtration radioassay could detect the lowest titer of 2.5 IU/ml
as above the 50 controls, while the ELISA detected only the
least diluted standard (50 IU/ml) as above the upper limit of
50 normal controls, and the Farr assay detected only 50 and 25
IU/ml. The ELISA had an unacceptable false-positive rate in
normal sera (20%) using the kit cutoff.

To confirm the specificity of the anti-dsDNA filtration
radioassay, we analyzed 75 serum samples from RF-positive
patients with RA. We also analyzed 767 serum samples from
patients with type 1A diabetes, among whom there were 30%
(234/767) with thyroid autoantibodies and 10% (78/767) with
transglutaminase autoantibodies (data not shown). The filtra-
tion radioassay demonstrated low levels of positivity in the
RA sera (2/75 or 2.7%) and in the sera from patients with type
1 diabetes mellitus (12/767 or 1.6%). One sample from a dia-
betic patient was also positive in both the ELISA and Farr
assay. The positivity of anti-dsDNA antibodies was not direct-
ly related to patient age or to disease duration, and was not
related to thyroid autoantibodies or to tissue transglutaminase
autoantibodies among these patients (of 12 anti-dsDNA anti-
body-positive, only 5 had the other antibodies; data not
shown).

Major discrepancies have been described between several
currently used assays for anti-dsDNA antibodies. A study with
a panel of monoclonal antibodies to dSDNA found a high per-
centage of false positives in ELISA assays'>!3. It was sug-
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Figure 3. The results of filtration radioassay, Farr assay, and ELISA for anti-dsDNA antibodies on 25 longi-
tudinal followup samples from 9 patients with SLE. The unit of Y-axis is expressed as the fold of the value
of first sample in Figure 3A to show the pattern of variation of antibody levels, and the unit of Y-axis in
Figure 3B is the fold of assay cutoff to show the antibody levels from each assay.

gested that reactivity detected in an anti-dsDNA antibody
ELISA should be confirmed in another anti-dsDNA assay
before being reported>. The Farr assay has been known to be
more specific but less sensitive. In order to achieve a better
sensitivity and specificity, some laboratories have relied on
combinations of 2 or more of those different assays, with one
assay used for screening and another for confirmation®. In our
study, we demonstrated that a filtration radioassay achieves
both high sensitivity and high specificity with high throughput
efficiency using 96-well filtration plates. However, the filtra-
tion radioassay has the disadvantage of using low levels of
radioactivity. In addition, the presence of rheumatoid factors
may confound the results of some ELISA, but did not influ-
ence the results for anti-dsDNA antibodies detected by the fil-
tration radioassay.

In previous studies, discrepancies observed between the

various assays could only be explained in part by differ-
ences in assay sensitivity. A major determinant for these dif-
ferences appears to be the isotype and avidity of the autoan-
tibodies!4-16, The Farr assay detects primarily high avidity
IgG antibodies, while the ELISA detects both low avidity
IgM antibodies and low and high avidity IgG antibodies.
High avidity IgG anti-dsDNA antibodies are more specifi-
cally related to the pathogenesis of disease manifestations
in SLE. Low avidity IgM anti-dsDNA antibodies are found
in many normals, and patients possessing only low avidity
IgG anti-dsDNA antibodies exhibit a mild disease course
with absence of renal involvement!”-!8. Low avidity anti-
dsDNA antibodies also occur in autoimmune diseases other
than SLE. However, patients with only low avidity anti-
dsDNA antibodies may still have or develop SLE. The
fluid-phase filtration radioassay described in our report
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Figure 4. The results of Farr assay (left) and ELISA (right) for anti-dsDNA antibodies for patients with SLE (n = 20),

patients with RA (n = 75), and healthy controls (n = 50).
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Figure 5. The dilution curves of 6 standard samples (0, 2.5, 5.0, 12.5, 25, 50 IU/ml) for anti-dsDNA antibodies from
3 different assays in this study: filtration (protein A/G) radioassay, Farr assay, and ELISA. The upper limit of normal
range of 50 healthy controls for each assay is marked with a broken line.

probably detects both high and low avidity IgG antibodies
to dsDNA. It is suggested!’ that a broad spectrum method
with high sensitivity should be used for screening, followed
by the determination of low/high avidity of autoantibodies
to help define the likely disease course or to estimate the
risk of developing disease.

The levels of anti-dsDNA antibodies detected with this
new filtration radioassay were correlated with levels from the
Farr assay. The apparent superior results with the fluid-phase
filtration radioassay were not unexpected compared to the
ELISA, given the results of multiple anti-islet autoantibody

workshops, where the preferred assay methodology is analo-
gous to that which we utilized (ELISA and polyethylene gly-
col based precipitation radioassays are not commonly used to
measure antibodies to islet cell antigens!!%). Similar work-
shops with analysis of large sets of blinded sera from well
characterized patients are essential to more completely evalu-
ate new assays for anti-dsDNA antibodies such as we have
described. Additional assays for SLE associated autoantibod-
ies have been adapted to similar filtration radioassays?’, and a
combination of such assays may enhance the diagnosis and
management of SLE.
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Figure 6. Correlations of anti-dsDNA autoantibodies in patients with SLE and controls between the 3 assays. The

correlation coefficients for these 3 comparisons were: (top panel) Farr assay versus filtration radioassay, R =

0.52;

(left panel) ELISA versus filtration radioassay, RZ = 0.27; and (right panel) ELISA versus Farr assay, R? = 0.33.
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