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Objective. To analyze the clinical value of anti-DFS70 antibodies in a cohort of patients undergoing routine antinuclear antibodies
(ANAs) testing. Methods. Sera with a dense fine speckled (DFS) indirect immunofluorescence (IIF) pattern from 100 consecutive
patients and 100 patients with other IIF patterns were tested for anti-DFS70 antibodies by a novel chemiluminescence immunoassay
(CIA) and for ANA by ANA Screen ELISA (both INOVA). Results. Among the 100 patients with a DFS IIF pattern, 91% were anti-
DFS70 positive by CIA compared to 3% in the comparator group (P < 0.0001). The CIA and ITF titers of anti-DFS antibodies were
highly correlated (rho = 0.89). ANA by ELISA was positive in 35% of patients with the DFS IIF pattern as compared to 67% of
patients with other patterns (P < 0.0001). Only 12.0% of patients with DFS pattern and 13.4% with DFS pattern and anti-DFS70
antibodies detected by CIA had systemic autoimmune rheumatic disease (SARD). Only 5/91 (5.5%) patients with anti-DFS70
antibodies had SARD and their sera were negative on the ANA Screen ELISA. Conclusion. Although anti-DFS70 antibodies cannot
exclude the presence of SARD, the likelihood is significantly lower than in patients with other IIF patterns and should be included

in test algorithms for ANA testing.

1. Introduction

The presence of antinuclear antibodies (ANAs), directed
against intracellular antigens, is a hallmark of systemic
autoimmune rheumatic diseases (SARDs) [1]. The indirect
immunofluorescence (IIF) assay is among the most com-
monly used routine methods for ANA detection and was
recently recommended as the screening test of choice by
a study group of the American College of Rheumatology
(ACR) [2]. Anti-dense fine speckles 70 (anti-DFS70) anti-
bodies were initially identified as an ANA IIF pattern from
a patient with interstitial cystitis [3], but were later associated
with various other conditions (reviewed in [4]).

The typical DFS IIF staining pattern is recognized as
uniformly distributed fine speckles throughout interphase
nuclei and on metaphase chromatin [5]. The antigen was
initially termed DFS70 according to the IIF pattern and

the apparent molecular weight in immunoblot assays, but
the primary target autoantigen was eventually identified as
the lens epithelium-derived growth factor (LEDGF) [6] and
more recently as the DNA binding transcription coactivator
p75 (reviewed in [4]). DFS70/LEDGF is highly expressed
in prostate tumour tissues [7] and has a number of physio-
logical functions including serving as a cofactor for human
immunodeficiency virus replication through an interaction
with viral integrase [8].

Since the first description, anti-DFS70/LEDGF antibod-
ies (hereafter referred to as anti-DFS70) have been reported
in patients with a variety of chronic inflammatory conditions
(reviewed in [4]), in cancer [7], and even in certain healthy
individuals (HI) [9]. Dellavance et al. evaluated over 10,000
ANA positive samples by IIF and immunoblot and reported
that anti-DFS70 antibodies were common among ANA-
positive individuals with no evidence of SARD and that



among autoimmune patients bearing this autoantibody, over
halfhad evidence of autoimmune thyroiditis [10]. The highest
prevalence of anti-DFS70 antibodies has been reported in
patients with Vogt-Harada syndrome (66.7%) [11] and atopic
dermatitis (AD, 30%) [3, 12] followed by HI (~10%) [4, 9],
while its prevalence in SARD is significantly lower (~2-
3%) [4]. Considering the prognostic and long term outcome
of individuals with anti-DFS70 antibodies, it was recently
reported that none of 40 HI with isolated anti-DFS70 reactiv-
ity developed a SARD within an average 4-year followup [13].
Therefore, it was suggested that the presence of isolated anti-
DES70 antibodies could be taken as strong evidence against
a diagnosis of SARD such as systemic lupus erythematosus
(SLE) [9, 13-15].

The low prevalence of anti-DFS70 antibodies in patients
with SARD is interesting and represents a potentially impor-
tant biomarker that can be clinically used to discriminate
SARD from ANA-positive HI and/or other inflammatory
conditions such as AD. The reasons underlying the observed
relative low prevalence in SARD are unclear but may include
the impact of therapeutic interventions (i.e., corticosteroids,
immune suppression).

Since ANAs and related autoantibodies are generally con-
sidered useful biomarkers for SARD and are included in the
classification criteria for SLE [16] and systemic sclerosis (SSc)
[17], ANA testing on HEp-2 substrates outside a proper
clinical framework may yield a sizable portion of ANA-
positive individuals without consistent evidence of SARD,
purportedly leading to inappropriate referrals to tertiary care
specialists, as well as anxiety in patients and physicians
alike [13] and, perhaps, inappropriate and potentially toxic
therapies [18]. A proper understanding of the clinical rel-
evance of the full spectrum of autoantibodies detected in
a diagnostic laboratory becomes even more crucial because
of compelling evidence that autoantibodies may precede the
clinical onset of SARD for many years [19-21]. Therefore,
the concept of utilizing anti-DFS70 antibodies as a diagnostic
or prognostic discriminator of ANA positive subjects with
and without SARD is appealing. Accordingly, the principal
aims of this study were to determine the frequency of anti-
DEFS70 antibodies in samples showing a DFS staining pattern
(against a control group with other patterns) and then to
investigate the prevalence SARD in the two groups.

2. Materials and Methods

2.1. Clinically Defined Samples. Sera of 100 consecutive
patients that were referred to a single hospital (Pitie-
Salpetriere, Paris, France) with a DES IIF pattern on HEp-
2000 cell substrates (ImmunoConcepts) with titers higher or
equal to 1:80 were the primary focus of this study. Sera of 100
patients with a positive ANA and other IIF patterns (homo-
geneous, n = 20; speckled, n = 20; homogeneous and speck-
led, n = 20; nucleolar, n = 20; speckled/nucleolar, n = 10;
centromere, n = 10) were used as the comparator group.
Samples were collected during an audit period from 7th
of December 2011 to 25th of April 2012 and were from a
spectrum of hospital departments. A diagnosis of SARD in
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patients was retrospectively analyzed by clinical chart review
of medical records and was established according to the
disease criteria for the respective disease and as described
previously [22]. Patient identity was not disclosed and the
data were anonymously used in accordance with the latest
version of the Helsinki Declaration of human research ethics.
Collection of patient samples was carried out according to
local ethics committee regulations and ethical approval was
obtained from the “CPP - Ile de France- VI” at the Pitié-
Salpétriere Hospital. No consent was needed from any
patients involved in this study. It was a retrospective study,
without modification in the followup of patients.

2.2. Indirect Immunofluorescence (IIF). IIF was performed
using HEp-2000 cells (ImmunoConcepts) using secondary
anti-human IgG (H + L) supplied by and according to
the manufacturer’s instructions. The screening dilution was
1:80. Reading and interpretation of the ITF patterns was done
by an experienced technologist on a Leica DM LB2, camera
DFC 300FX, logiciel IM500, and a 40x objective.

2.3. Chemiluminescent Anti-DFS70 Assay. All samples were
tested for the presence of anti-DFS70 antibodies by a novel
chemiluminescence immunoassay. The QUANTA Flash
DES70 assay is a novel (CIA) (research use only) that uses
recombinant DFS70 (expressed in E. coli) coated onto param-
agnetic beads and is designed for the BIO-FLASH instrument
(Biokit s.a., Barcelona, Spain) [23]. The principles and proto-
cols of the assay system have been previously described [24,
25]. In brief, the relative light units (RLUs) are proportional
to the amount of isoluminol conjugate that is bound to the
anti-human IgG, which in turn is proportional to the amount
of anti-DFS70 antibodies bound to the antigen on the beads.
Using a standard curve, all RLU values are converted into
calculated units (CU). Samples with antibody titers above the
analytical measuring range (AMR, 3.2-450.8 calculated units,
CU, cut-off = 20 CUs) were prediluted 1:20 and retested to
determine the exact anti-DFS70 antibody concentration.

2.4. Detection of Other Autoantibodies and ANA/DFS70 Anti-
body Score. Antinuclear antibodies were determined in all
samples using the QUANTA Lite ANA Screen ELISA
(INOVA), which is a semiquantitative ELISA for the detec-
tion of ANA. The antigens include chromatin (dsDNA
and histones), Sm/RNP, SS-A/Ro60, SS-B/La, Scl-70/topo-
isomerase I, centromere, PCNA, Jo-1, mitochondria (M-2)
and ribosomal-P protein, as well as extracts from HEp-2
nuclei and nucleoli [26, 27]. Samples were tested according to
the manufacturer’s instructions and were considered positive
when values were larger or equal to 20 units. The ANA/DFS70
Score was calculated by dividing the ANA ELISA by the
DFES70 CIA results and was expressed in calculated units
(CUs).

2.5. Statistical Evaluation. Data was statistically evaluated
using the Analyse-it software (Version 2.03; Analyse-it Soft-
ware, Ltd., Leeds, UK). Mann-Whitney U-test and Fisher
exact test were carried out to analyze the difference between
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groups. Cohen’s kappa was used to analyze qualitative agree-
ments. The BDT comparator was used to analyze differences
between likelihood ratios as previously described [28, 29].
Spearman equation was used to analyze the agreement
between the CIA and IIF titers. For all statistical tests P values
< 0.05 were considered as significant.

3. Results

3.1. Anti-DFS70 Antibodies and ANA (by ELISA) in Samples
with DFS and Other IIF ANA Patterns. Among the 100
patients with DFS IIF pattern, 91% were anti-DFS70 positive
by CIA compared to 3% in the comparator group with other
IIF ANA patterns (P < 0.0001). The positive, negative, total
percent agreements, and Cohen’s kappa were 91.0% (95%
Confidence interval; CI 83.6-95.8%), 97.0% (95% CI
91.5-99.4%), 94.0% (95% CI 89.8-96.9%), and 0.88 (95%
CI 0.81-0.95), respectively (see Table 1). Receiver operating
characteristics (ROC) analysis of anti-DFS70 antibodies
demonstrated excellent discrimination between samples with
DES pattern (n = 100) and other IIF ANA patterns (n = 100)
as underlined by an area under the curve value of 0.981
(95% CI 0.960-1.000) (Figure 1). Quantitative comparison
of anti-DFS antibody titers by IIF and anti-DFS70 antibodies
by CIA showed strong correlation (P < 0.0001, rho = 0.89,
95% CI 0.84-0.92).

The ANA Screen ELISA was positive in 67% of patients
with other patterns versus 35% in patients with the DFS
pattern (P < 0.0001). The positive, negative, total percent
agreements, and Cohen’s Kappa (ANA Screen ELISA and
other patterns) were 67.0% (95% CI 56.9-76.1%), 65.0% (95%
CI 54.8-74.3%), 66.0% (95% CI 59.0-72.5%), and 0.32 (95%
CI 0.19-0.45), respectively (see Table 1). ANA titers were
significantly higher in samples with other patterns compared
to samples with the DFS pattern (P < 0.0001, Figure 2(b)).

3.2. Differences in the Referring Physician Pattern of Samples
with Dense Fine Speckled Pattern. The samples with the DFS
pattern and other IIF ANA patterns were obtained from
different referring clinical departments that included inter-
nal medicine/rheumatology, neurology, hepatology/gastro-
enterology, pulmonary diseases, ophthalmology, nephrology,
intensive care, haematology, cardiology, infectious diseases,
endocrinology, and otolaryngology). In the group with DES
pattern, 58 samples came from internal medicine/rheuma-
tology versus 81 in the group with other patterns (P =
0.0007). In contrast, anti-DFS antibodies were more prevalent
in samples from neurology (73.1% versus other patterns
34.6%; P = 0.0193) and hepatology (72.7% versus 36.4%, P=
n.s.).

3.3. Clinical Association of the DFS Pattern and Anti-DFS70
Antibodies. The prevalence of SARD was significantly higher
in the group with other ANA IIF patterns compared to the
group with the DFS pattern (58% versus 12%, P < 0.0001)
and to the group with a DFS pattern and confirmed anti-
DFS70 antibodies (58% versus 13.4%, P < 0.0001). 15/94
(16.0%) patients with anti-DFS70 antibodies had SARD (13

SLE; 1 Sjogren’s syndrome; 1 SSc). By comparison, only 5/94
(5.3%) patients with anti-DFS70 antibodies had SARD (4
SLE, 1 SSc) but were negative on the ANA Screen ELISA.
Since an intended use of the DFS70 CIA is to confirm anti-
DES70 reactivity in samples showing the DFS pattern, we also
calculated the clinical association in this subset of patients.
12/91 (13.4%) patients with DFS pattern and anti-DFS70
antibodies had SARD (10 SLE; 1 Sjogren’s syndrome; 1 SSc).
Only 5/91 (5.5%) patients with anti-DFS70 antibodies had
SARD (4 SLE, 1 SSc) and were negative on the ANA Screen
ELISA. The 3 anti-DFS70 positive patients in the control
group had high titer (1/640-1/1280) homogeneous (n = 2)
and homogeneous/speckled (n = 1) IIF ANA patterns and all
had a diagnosis of SLE.

ROC analyses showed that anti-DFS70 antibodies dis-
criminated between SARD and non-SARD patients (non-
SARD patients having higher values, see Figure 3(a)) with
an AUC of 0.73 (95% CI 0.66-0.80; P < 0.0001). At high
titers (199 CU), 25/130 (19.2%) patients without SARD and
2/70 (2.9%) with SARD had anti-DFS70 antibodies. The
likelihood ratios (LR+ and LR-) for non-SARD were 6.73
and 0.83, respectively. ANA by ELISA also discriminated
between SARD and non-SARD patients (see Figure 3(b))
with an AUC of 0.83 (95% CI 0.77-0.89; P < 0.0001).
Results are summarized in Table 2. At high titers (131.2 units),
17/70 (24.3%) patients with SARD and 3/130 (2.3%) were
ANA ELISA positive. The likelihood ratios (LR+ and LR-)
for SARD were 10.5 and 0.76, respectively, and thus more
relevant compared to anti-DFS70 antibodies.

3.4. Algorithm of ANA ELISA and DFS70. Next we analyzed if
the results derived from ANA Screen ELISA and from DFS70
CIA can be combined in a diagnostic score that improved the
differentiation between SARD and non-SARD ANA IIF pos-
itive individuals. When using the results of the ANA/DFS70
Score for ROC comparative analysis we found a significantly
improved discrimination between SARD patients and non-
SARD patients (see Figure 3(c)) with an AUC of 0.84 (95%
CI 0.78-0.90; P < 0.0001). The sensitivity and specificity at a
selected cut-off were 51.4% and 97.7%. The LR+/- ratios for
SARD was 22.3 and 0.50. When comparing the ANA/DFS70
Score with ANA ELISA at the same specificity (97.7%), the
sensitivity of the ANA/DFS70 Score was significantly higher
(51.4% versus 24.3%, P < 0.0001).

4. Discussion

Anti-DFS antibodies have been historically associated with
interstitial cystitis [5] and atopic dermatitis [30], but they
have also been described in various other diseases [4].
Although a distinctive clinical association is unreported, anti-
DES70 antibodies have been proposed as a useful biomarker
for the exclusion of SARD [9, 14, 15, 23]. This suggestion
has mainly been based on the observation that anti-DFS anti-
bodies are more prevalent in HI than in SARD patients and
that anti-DFS positive individuals did not develop SARD after
clinical followup of four years [13]. Additional support for
the hypothesis came from observations that approximately
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FIGURE 1: Correlation between dense fine speckled (DFS) pattern by indirect immunofluorescence (IIF) and anti-DFS70 antibodies measured
by chemiluminescent immunoassay (CIA). (a) Correlation between the anti-DFS antibody titer by IIF and by QUANTA Flash DFS70.
Excellent correlation between the anti-DFS antibody titers by ITF and by QUANTA Flash DFS70 was found using the samples showing the
DES speckled pattern (1 = 100). Number and percent of the anti-DFS70 antibody positive samples are shown per titer group (cut-off = 20
CU). (b) Receiver operating characteristics (ROC) analysis comparing samples with DES (n = 100) and other IIF ANA patterns (n = 100) by
means of anti-DFS70 antibodies. Excellent discrimination between samples with DFS pattern and other patterns was observed as underlined
by an area under the curve value of 0.981 (95% CI 0.960-1.000).
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FIGURE 2: Antinuclear antibodies measured by ELISA and anti-DFS70 antibodies by chemiluminescent immunoassay (CIA) in samples with
DFS pattern versus samples with other patterns. (a) Anti-DFS70 antibodies were significantly more prevalent (91.0% versus 3.0%) and their
titers higher in samples with DFS pattern compared to samples with other patterns (P < 0.0001). (b) In contrast, antinuclear antibodies were
significantly less prevalent (35.0% versus 67.0%) and their titers lower in samples with DES pattern compared to samples with other patterns
(P < 0.0001). Cut-off values are indicated by the red line.
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ELISA. (c) Differentiation of SARD versus non-SARD in all patients (n = 200) using ANA Screen ELISA and DFS70 Score (ANA ELISA
divided by DFS70 CIA).

TaBLE 1: Correlation between DFS and other IIF patterns and anti-DFS70 antibodies by ELISA and CIA.

Assay DES pattern Other patterns Positive % agreement” Negative % agreement” P
DES70 CIA 91/100 (91.0%) 3/100 (3.0%) 91.0% (83.6-95.8%) 97.0% (91.5-99.4%) P <0.0001
ANA ELISA 35/100 (35.0%) 67/100 (67.0%) 67.0% (56.9-76.1%) 65.0% (54.8-74.3%) P <0.0001

"Positive and negative percent agreements were calculated based on the target cohort: For DES70 CIA the target cohort is the group of samples with DFS
pattern and the control cohort is the group of samples with other ANA patterns; for ANA ELISA the target cohort is the group of samples with other ANA
patterns and the control cohort is the group of samples with DFS patterns.

30% of ANA positive samples from HI have anti-DFS70  anti-DFS70 as detected by IIF may be problematic because
antibodies [13, 31] as determined by IIF compared to 0% in  these sera are usually accompanied by other antibodies such
ANA positive individuals with SARD. as anti-dsDNA, anti-SS-A/Ro, or anti-Sm, which may mask

Anti-DFS70 antibodies have been reported in approx-  the DFS IIF staining pattern. In the SLE group reported by
imately 3% of SLE patients [14], but the detection of = Muroetal. [14],4/7 anti-DFES70 positive SLE were positive for
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TaBLE 2: Discrimination of SARD and non-SARD using ANA ELISA, anti-DFS70 CIA, and ANA/DEFS70 score (ANA divided by DFS70);

different cut-offs.

SARD Non-SARD Sensitivity Specificity LR+/LR~
DFS pattern’ 12/70 (17.1%)  88/130 (67.7%)  67.7% (58.9-75.6%)  82.9% (72.0-90.8%)  2.57/0.25
QUANTA Flash DFS70°
Cut-off 20 CU¥ 15/70 (21.4%)  79/130 (60.8%)  60.8% (51.8-69.2%)  78.6% (67.1-87.5%)  2.84/0.50
Cut-off 199 CU* 2/70 (2.9%)  25/130 (19.2%)  19.2% (12.8-27.1%)  97.1% (90.1-99.7%)  6.73/0.83
ANA Screen ELISA”
Cut-off 20 units 58/70 (82.9%)  44/130 (33.8%)  82.9% (72.0-90.8%)  66.2% (57.3-742%)  2.45/0.26
Cut-off 60 units’ 42/70 (60.0%)  10/130 (7.7%)  60.0% (47.6-71.5%)  92.3% (86.3-96.2%)  7.80/0.43
Cut-off 131.2 units™ 17/70 (24.3%) 3/130 23%)  24.3% (14.8-36.0%)  97.7% (93.4-99.5%)  10.5/0.76
ANA/DFS70 Score”
ANA divided by DFS70 36/70 (51.4%) 3/130 (2.3%) 51.4% (39.2-63.6%)  97.7% (93.4-99.5%)  22.3/0.50

Cut-off 19.7 CU*

*Positive result (and LR+) considered indicative for SARD; #positive result (and LR+) considered indicative for non-SARD; & cut off values were previously
established; " cutoff values were defined based on receiver operating characteristics (ROC) analysis.

anti-SS-A/Ro antibodies, 6/7 were also positive for dsDNA
and 2/7 for anti-Sm. In a second study [23], the coexistence
of other autoantibodies was similar: 5/7 anti-DFS70 positive
SLE patients were positive for anti-dsDNA, and one for anti-
Sm antibodies. Only 1/7 SLE patients with anti-DFS70 anti-
bodies had no additional detectable autoantibodies. These
data confirm that anti-DFS70 antibodies are rarely observed
in SARD and when they are, they are usually accompanied
by additional SARD related autoantibodies. In addition, no
clinical difference between anti-DFS70 positive and negative
SLE patients has been found. These data are consistent with
our findings since 13.4% of anti-DFS70 positive but only
5.5% of anti-DFS70 positive/ANA ELISA negative patients
had SARD.

The higher prevalence of anti-DFS70 antibodies in HI
compared to SARD patients might support the hypothesis
that these autoantibodies serve as protective [32] or indiffer-
ent or neutral effector [33] autoantibodies. However, further
longitudinal studies are required to address this hypothesis.
Despite the importance of these previous studies, a significant
limitation is that they were based on selected serological
cohorts and not on unselected patients for which an ANA test
was requested.

The prevalence of the DFS IIF pattern and anti-DFS70
antibodies has been reported to vary significantly [23]. One
study reported that 172/21,512 (0.8%) of samples showed the
typical DFS pattern by IIF [34] while another investigation
showed that anti-DFS antibodies were present in as much as
12.3% of consecutive samples tested for ANA [10]. Although
our study does not allow to.

It has been reported that the frequency of anti-DFS70
antibodies in routine laboratories is within the range of
other important SARD autoantibodies such as anti-dsDNA
antibodies [35, 36]. In addition, it was found that virtually
all samples with DFS pattern identified by IIF had anti-
DEFS70 antibodies by CIA and/or ELISA which is consistent
with our findings. In our cohort we found a positive and

negative percent agreement of 91.0% and 97.0%, respectively.
However, since significant differences have been described
between the staining patterns on HEp-2 cells from different
manufacturers [35, 37], it remains unclear if the DFS IIF
pattern can be recognized with similar accuracy using slides
from a variety of manufacturers. Such variations might be
attributed to the fixation methods, culture conditions, and/or
other processes used for manufacturing the cell substrates
[37]. Another variable to consider is the acumen of the
laboratory personal in identifying the DES pattern. Although
previous data [23] indicate that the DFS pattern can be
identified on slides from a number of ANA kit manufacturers,
more samples need to be analyzed to arrive at a conclusion,
especially since conflicting results have been published [37].

In our cohort of 200 ANA positive individuals, 130 had
no evidence of SARD. Since a positive ANA test result is an
important component in the triage and diagnosis of patients
with possible SARD, ANA-HEp-2 testing outside a proper
clinical framework may yield a sizable portion of ANA-
positive apparently HI, causing concern and anxiety in
patients and physicians [13], and may lead to prescribing
inappropriate and potentially toxic therapeutics [18]. This
concern becomes even more important with the recent
knowledge that autoantibodies often precede the clinical
onset of SARD by many years [19-21]. Hence, samples with
DFS staining pattern identified by IIF should be tested for
anti-DFS70 antibodies by a specific assay (i.e., ELISA or
CIA) and the result should be included in the laboratory
report. In addition, it is advisable that clinicians should not
overinterpret positive ANA results in patients with anti-
DFS70 antibodies alone but should focus on the clinical
signs and symptoms complimented by the detection of other
disease specific autoantibodies. The observation that ANA by
ELISA (QUANTA Lite ANA Screen) is able to differentiate
ANA positive patients with SARD from ANA positive non-
SARD patients is interesting. It might be assumed that
the ANA ELISA does not detect anti-DFS70 antibodies.
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The reason that the majority of samples containing anti-
DFS70 antibodies are negative on the ANA Screen ELISA
requires further investigations. All novel (optimized) cut-
oftf of the DES70 CIA, the ANA Screen ELISA and the
ANA/DFS70 Score were established based on ROC analysis
in our cohort of patients and have to be validated in further
studies before clinically applied.

Historically, when the ANA HEp-2 test became available
in the 1960s, predominantly rheumatologists and clinical im-
munologists ordered this test. With the eventual recognition
that many other diseases with autoimmune features are also
associated with ANAs, a broader range of clinical disciplines
now order the ANA test. This change in test referral pattern
has tremendous consequences for the posttest probability of
disease since screening tests with limited specificity (such as
IIF ANA) are strongly affected when the pretest probability
in a given population decreases. Of note, in our cohort
the prevalence of DFS versus other patterns was statistically
different in two referral sources. In samples referred from
internal medicine/rheumatology, the prevalence of other IIF
patterns was higher than of the DFS pattern and in samples
referred from neurology the difference was the opposite.

A significant limitation of our study is that most samples
came from follow-up visits of the patients. However, since
most individuals with ANAs including anti-DFS70 antibod-
ies remain positive for many years [13] it can be speculated
that our data is also relevant to the diagnostic setting. Further
studies with diagnostic samples are needed to confirm our
findings.

Our data confirms previous observations that SARD is
less prevalent in patients with a DFS pattern (and anti-DFS70
antibodies) than in patients with other patterns (i.e., homo-
geneous, speckled, homogeneous and speckled, nucleolar,
speckled/nucleolar, centromere). Although the DFS pattern
(and anti-DFS70 antibodies) cannot exclude the presence of
SARD [38], the likelihood is significantly lower than with
other patterns. Therefore, anti-DFS70 antibodies represent
an important biomarker that can aid in the interpretation of
positive ANA patients and, therefore, should be included in
test algorithms for ANA testing. The optimal test algorithm
might be laboratory specific being dependent on referral
patterns for ANA testing.

Abbreviations

ANA:  Antinuclear antibody

DFS: Dense fine speckled

CIA: Chemiluminescent immunoassay
IBD: Inflammatory bowel disease

ITF: Indirect immunofluorescence
LEDGF: Lens derived epithelium growth factor
HI: Healthy individuals

LR: Likelihood ratio

RA: Rheumatoid arthritis

SARD:  Systemic autoimmune rheumatic diseases
SSc: Systemic sclerosis

SLE: Systemic lupus erythematosus

SLEDALI: SLE disease activity index
SSc: Systemic sclerosis.

Conflict of Interests

M. Mahler and R. Albesa are employed at INOVA diagnostics
selling autoantibody assays. M. J. Fritzler and L. Musset are
paid consultants of INOVA. M. J. Fritzler is consultant of
ImmunoConcepts and is the Director of Mitogen Advanced
Diagnostics Laboratory. M. Miyara receives travel support
from INOVA. The other authors have no conflict of interests.

Authors’ Contribution

L. Musset and M. Mahler contributed equally to this work.

Acknowledgments

The authors thank Andrea Seaman, Eric Tena (both INOVA
Diagnostics), and Laurent Dufat for technical assistance and
Silvia Casas for support in the organization of the study.

References

[1] M. Mahler and M. J. Fritzler, “Epitope specificity and signifi-
cance in systemic autoimmune diseases,” Annals of the New York
Academy of Sciences, vol. 1183, pp. 267-287, 2010.

[2] P. L. Meroni and P. H. Schur, “ANA screening: an old test with
new recommendations,” Annals of the Rheumatic Diseases, vol.
69, no. 8, pp. 1420-1422, 2010.

[3] R. L. Ochs, Y. Muro, Y. Si, H. Ge, E. K. L. Chan, and E. M. Tan,
“Autoantibodies to DFS 70 kd/transcription coactivator p75 in
atopic dermatitis and other conditions,” The Journal of Allergy
and Clinical Immunology, vol. 105, no. 6, part 1, pp. 1211-1220,
2000.

[4] V. Ganapathy and C. A. Casiano, “Autoimmunity to the nuclear
autoantigen DFS70 (LEDGF): what exactly are the autoantibod-
ies trying to tell Us?” Arthritis & Rheumatism, vol. 50, no. 3, pp.
684-688, 2004.

[5] R. L. Ochs, T. W. Stein Jr., C. L. Peebles, R. E. Gittes, and E. M.
Tan, “Autoantibodies in interstitial cystitis,” Journal of Urology,
vol. 151, no. 3, pp. 587-592, 1994.

[6] T. Shinohara, D. P. Singh, and L. T. Chylack Jr., “Review: age-
related cataract: immunity and lens epithelium-derived growth
factor (LEDGF),” Journal of Ocular Pharmacology and Thera-
peutics, vol. 16, no. 2, pp. 181-191, 2000.

[7] T. Daniels, J. Zhang, I. Gutierrez et al., “Antinuclear autoanti-
bodies in prostate cancer: immunity to LEDGF/p75, a survival
protein highly expressed in prostate tumors and cleaved during
apoptosis,” Prostate, vol. 62, no. 1, pp. 14-26, 2005.

[8] G. Maertens, P. Cherepanov, W. Pluymers et al., “LEDGF/p75
is essential for nuclear and chromosomal targeting of HIV-1
integrase in human cells;,” The Journal of Biological Chemistry,
vol. 278, no. 35, pp. 33528-33539, 2003.

[9] A. Watanabe, M. Kodera, K. Sugiura et al., “Anti-DFS70 anti-
bodies in 597 healthy hospital workers,” Arthritis & Rheuma-
tism, vol. 50, no. 3, pp- 892-900, 2004.

[10] A. Dellavance, V. S. T. Viana, E. P. Leon, E. S. D. O. Bonfa,
L. E. C. Andrade, and P. G. Leser, “The clinical spectrum of
antinuclear antibodies associated with the nuclear dense fine
speckled immunofluorescence pattern,” The Journal of Rheuma-
tology, vol. 32, no. 11, pp. 2144-2149, 2005.



(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

K. Yamada, S. Senju, T. Shinohara et al., “Humoral immune
response directed against LEDGF in patients with VKH,
Immunology Letters, vol. 78, no. 3, pp. 161-168, 2001.

M. Ayaki, N. Ohoguro, N. Azuma et al., “Detection of cytotoxic
anti-LEDGF autoantibodies in atopic dermatitis,” Autoimmu-
nity, vol. 35, no. 5, pp. 319-327, 2002.

H. A. Mariz, E. I. Sato, S. H. Barbosa, S. H. Rodrigues, A.
Dellavance, and L. E. Andrade, “Ana HEp-2 pattern is a critical
parameter for discriminating ana-positive healthy individuals
and patients with autoimmune rheumaticdiseases,” Arthritis &
Rheumatism, vol. 63, no. 1, pp. 191-200, 2011.

Y. Muro, K. Sugiura, Y. Morita, and Y. Tomita, “High concomi-
tance of disease marker autoantibodies in anti-DFS70/LEDGF
autoantibody-positive patients with autoimmune rheumatic
disease,” Lupus, vol. 17, no. 3, pp. 171-176, 2008.

M. Mabhler, J. G. Hanlyand, and M. J. Fritzler, “Importance of
the dense fine speckled pattern on HEp-2 cells and anti-DFS70
antibodies for the diagnosis of systemic autoimmune diseases,”
Autoimmunity Reviews, vol. 11, no. 9, pp. 642-645, 2011.

E. M. Tan, A. S. Cohen, and J. F. Fries, “The 1982 revised
criteria for the classification of systemic lupus erythrematosus,”
Arthritis & Rheumatism, vol. 25, no. 11, pp. 1271-1277, 1982.
S. R. Johnson, J. Fransen, D. Khanna et al., “Validation of
potential classification criteria for systemic sclerosis,” Arthritis
Care & Research, vol. 64, no. 3, pp. 358-367, 2012.

S. Narain, H. B. Richards, M. Satoh et al., “Diagnostic accuracy
for lupus and other systemic autoimmune diseases in the
community setting;” Archives of Internal Medicine, vol. 164, no.
22, pp. 2435-2441, 2004.

M. R. Arbuckle, M. T. McClain, M. V. Rubertone et al,
“Development of autoantibodies before the clinical onset of
systemic lupus erythematosus,” The New England Journal of
Medicine, vol. 349, no. 16, pp. 1526-1533, 2003.

C. Eriksson, H. Kokkonen, M. Johansson, G. Hallmans, G.
Wadelland, and S. Rantapaa-Dahlqvist, “Autoantibodies pre-
date the onset of systemic lupus erythematosus in Northern
Sweden,” Arthritis Research & Therapy, vol. 13, no. 1, article R30,
2011.

M. J. Fritzler, “The antinuclear antibody test: last or lasting
gasp?” Arthritis & Rheumatism, vol. 63, no. 1, pp. 19-22, 2011.
M. Mahler, M. J. Fritzler, and M. Bliithner, “Identification of a
SmD?3 epitope with a single symmetrical dimethylation of an
arginine residue as a specific target of a subpopulation of anti-
Sm antibodies,” Arthritis Research & Therapy, vol. 7, no. 1, pp.
R19-R29, 2005.

M. Mahler, T. Parker, C. L. Peebles et al., “Anti-DFS70/LEDGF
antibodies are more prevalent in healthy individuals compared
to patients with systemic autoimmune rheumatic diseases,” The
Journal of Rheumatology, vol. 39, no. 11, pp. 2104-2110, 2012.
M. Mahler, A. Radice, R. A. Sinico et al., “Performance eval-
uation of a novel chemiluminescence assay for detection of anti-
GBM antibodies: an international multicenter study,” Nephrol-
ogy Dialysis Transplantation, vol. 27, no. 1, pp. 243-252, 2011.
M. Mahler, A. Radice, W. Yang et al., “Development and per-
formance evaluation of novel chemiluminescence assays for
detection of anti-PR3 and anti-MPO antibodies,” Clinica Chim-
ica Acta, vol. 413, no. 7-8, pp. 719-726, 2012.

S.S. Copple, A. D. Sawitzke, A. M. Wilson, A. E. Tebo, and H. R.
Hill, “Enzyme-linked immunosorbent assay screening then
indirect immunofluorescence confirmation of antinuclear anti-
bodies: a statistical analysis,” American Journal of Clinical
Pathology, vol. 135, no. 5, pp. 678-684, 2011.

[27]

(28]

(29]

(30]

(31]

(32

(33]

(34]

(35]

(36]

(37]

(38]

Clinical and Developmental Immunology

M. Fenger, A. Wiik, M. Hoier-Madsen et al., “Detection of anti-
nuclear antibodies by solid-phase immunoassays and im-
munofluorescence analysis,” Clinical Chemistry, vol. 50, no. 11,
pp. 2141-2147, 2004.

K. Fijorek, D. Fijorek, B. Wisniowska, and S. Polak, “BDTcom-
parator: a program for comparing binary classifiers,” Bioinfor-
matics, vol. 27, no. 24, pp- 3439-3440, 2011.

J. A. R. Nofuentes and J. D. D. L. del Castillo, “Comparison
of the likelihood ratios of two binary diagnostic tests in paired
designs,” Statistics in Medicine, vol. 26, no. 22, pp. 4179-4201,
2007.

K. Watanabe, Y. Muro, K. Sugiura, and Y. Tomita, “IgE and IgG,
autoantibodies against DFS70/LEDGF in atopic dermatitis;’
Autoimmunity, vol. 44, no. 6, pp. 511-519, 2011.

Y. Ogawa, K. Sugiura, A. Watanabe et al., “Autoantigenicity of
DFS70 is restricted to the conformational epitope of C-terminal
alpha-helical domain,” Journal of Autoimmunity, vol. 23, no. 3,
pp. 221-231, 2004.

Y. Shoenfeld and E. Toubi, “Protective autoantibodies: role in
homeostasis, clinical importance, and therapeutic potential,”
Arthritis & Rheumatism, vol. 52, no. 9, pp. 2599-2606, 2005.
M. J. Fritzler, “Toward a new autoantibody diagnostic ortho-
doxy: understanding the bad, good and indifferent,” Autoimmu-
nity Highlights, vol. 3, no. 2, pp. 51-58, 2012.

N. Bizzaro, E. Tonutti, D. Visentini et al., “Antibodies to the lens
and cornea in anti-DFS70-positive subjects,” Annals of the New
York Academy of Sciences, vol. 1107, pp. 174-183, 2007.

M. Mahler, J. T. Ngo, J. Schulte-Pelkum, T. Luettich, and M. J.
Fritzler, “Limited reliability of the indirect immunofluorescence
technique for the detection of anti-Rib-P antibodies,” Arthritis
Research and Therapy, vol. 10, no. 6, article R131, 2008.

M. Mahler, E. D. Silverman, and M. J. Fritzler, “Novel diagnostic
and clinical aspects of anti-PCNA antibodies detected by novel
detection methods,” Lupus, vol. 19, no. 13, pp. 1527-1533, 2010.
N. Bizzaro, E. Tonutti, and D. Villalta, “Recognizing the dense
fine speckled/lens epithelium-derived growth factor/p75 pat-
tern on HEP-2 cells: not an easy task! Comment on the article
by Mariz et al,” Arthritis & Rheumatism, vol. 63, no. 12, pp.
4036-4037, 2011.

W. Y. Craig and T. B. Ledue, “The dense fine speckled anti-
nuclear antibody pattern in autoimmune rheumatic disease:
comment on the article by Mariz et al,” Arthritis & Rheumatism,
vol. 63, no. 6, p. 1759, 2011.



MEDIATORS

INFLAMMATION

The Scientific Gastroenterology Fou Journal of .
World Journal Research and Practice Diabetes Research Disease Markers

et
International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
PPAR Research Research International

Journal u,f
Obesity

Evidence-Based p : _ {:

Journal of Stem Ce”S Complementary and 8 ' 1 3 Journal of
Ophthalmology International Alternative Medicine < ) Oncology

Parkinson’s
BINEENE

Computational and . z
Mathematical Methods Behavioural AI DS C dicine and

in Medicine Neurology Research and Treatment



