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Abstract N\
Previous studies from various countries have reported anti-dense fine speckled pattern (DFS)70 antibody prevalence but few studies |
have been from Asia. We investigated the prevalence of anti-DFS70 autoantibodies in a Japanese cohort of healthy individuals (HI)
and patients with antinuclear antibody-associated autoimmune rheumatic diseases (AARD).

Enzyme-linked immunosorbent assay and indirect immunofluorescence were performed using samples from 250 HI and 276
AARD patients.

The overall anti-DFS70 antibody prevalence in Hl was 16.4%, with 12.8% for males and 20.0% for females (sex difference; P=.12).
In AARD patients, the anti-DFS70 antibody prevalence in systemic lupus erythematosus, mixed connective tissue disease, systemic
sclerosis, dermatomyositis and polymyositis (DM/PM), Sjogren syndrome, and rheumatoid arthritis (RA) was 22.1%, 14.3%, 14.3%,
3.0%, 21.3%, and 18.1%, respectively (no significant difference between AARD patients except DM/PM and HlI). The prevalence of
isolated anti-DFS70 antibody in HI and all AARD patients excluding RA was 14.8% (37/250) and 4.4% (9/204), respectively (P < .01
vs HI). Among anti-DFS70 antibody-positive cases, 63.4% (26/41) were DFS pattern by IIF and 23.5% (8/34) were HI and AARD
patients excluding RA, respectively.

The anti-DFS70 antibody prevalence in HI and AARD patients in Japan was similar. Furthermore, the anti-DFS70 antibody
prevalence in Hl and AARD in Japan is higher than in Hl and AARD in regions other than Asia. This makes AARD differential diagnosis
by antinuclear antibody screening difficult.

Abbreviations: AARD = antinuclear antibody-associated autoimmune rheumatic diseases, ANA = antinuclear antibody, CIA =
chemiluminescence immunoassay, DFS = dense fine speckled pattern, DM/PM = dermatomyositis and polymyositis, ELISA =
enzyme-linked immunosorbent assay, EPA = EUROPattern, HI = healthy individuals, IIF = indirect immunofluorescence, MCTD =
mixed connective tissue disease, OD = optical density, RA = rheumatoid arthritis, SLE = systemic lupus erythematosus, SS =
Sjogren syndrome, SSc = systemic sclerosis.

Keywords: antinuclear antibodies, autoantibodies, autoimmune disease, dense fine speckles, dense fine speckled 70, healthy
individuals, prevalence

1. Introduction diseases (AARD) such as connective tissue disease and autoim-
The antinuclear antibody (ANA) test uses indirect immunofluo-  mune hepatitis.['! Because HEp-2 cells are used as nuclear
rescence (IIF) for the diagnosis and investigation of the disease  substrates,®! they are currently widely used worldwide as a
state of antinuclear antibody-associated autoimmune rheumatic  screening test for ANA."*! The problem is the high prevalence of

Editor: Leonardo Roever.
The authors have no conflicts of interest to disclose.
The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.

@ Department of Mediical Technology, Kobe Tokiwa University, © Department of Clinical Laboratory, Kobe University Hospital, ° Department of Faculty of Nursing &
Mediical Care, Keio University, ° Department of Internal Medicine, Section of Rheumatology and Clinical Immunology, Kobe University Graduate School of Medicine,
Kobe, Japan.

’ Correspondence: Nobuhide Hayashi, Department of Medical Technology, Kobe Tokiwa University, 2-6-2 Otani-cho, Nagata-ku, Kobe, Hyogo 653-0838, Japan
(e-mail: n-hayashi@kobe-tokiwa.ac.jp).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
Journal.

How to cite this article: Hayashi N, Uto K, Imanishi A, Sugiyama D, Morinobu A, Saegusa J. Prevalence of anti-dense fine speckled 70 antibodies in healthy individuals
and patients with antinuclear antibody-associated autoimmune rheumatic diseases in Japan. Medicine 2021,100:9(e24556).

Received: 23 April 2020 / Received in final form: 11 January 2021 / Accepted: 12 January 2021
http://dx.doi.org/10.1097/MD.0000000000024556


https://orcid.org/0000-0001-7254-5809
https://orcid.org/0000-0001-7254-5809
mailto:n-hayashi@kobe-tokiwa.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000024556

Hayashi et al. Medicine (2021) 100:9

detection in healthy individuals (HI) despite the ability to capture
many ANAs.[!

In 2014, the International Consensus on ANA patterns for the
staining pattern classification of ANA tests using IIF showed that a
dense fine speckled (DFS) pattern was individually determined in
the speckled pattern as competent-level reporting.!’! The DFS
pattern resulting from anti-DFS70 antibody binding is unique and
characterized by dense and heterogeneous fine speckled staining of
the nucleoplasm in the interphase, and speckled staining tightly
associated with chromatin during mitosis.'! The DFS pattern and
autoantibodies were originally described by Ochs etal. in the serum
of American patients with interstitial cystitis. These autoantibodies
were named anti-DFS70 antibodies based on the DFS staining
pattern of HEp-2 cells by ITFI”! and the corresponding antigen
assessed by SDS-PAGE was a 70-kDa protein.!®!

Methods for detecting anti-DFS70 antibodies include enzyme-
linked immunosorbent assay (ELISA), immunoblot, line or dot
immunoassays, and  chemiluminescence =~ immunoassay
(CIA).”191 Although the clinical impact of DFS70 antibodies
is not yet clear, it was reported to be useful to help eliminate
AARDs, especially when present in isolation at high titers
(without other coexisting disease-specific ANAs).[H114]

Although there have been numerous reports of the prevalence
of anti-DFS70 antibodies in various geographic regions world-
wide, there have been few studies in Asia.['>! In this study, we
clarified the prevalence of anti-DFS70 antibodies in Japan by
ELISA using samples from HI and AARD patients.

2. Materials and methods

2.1. Subjects

We examined sera from 276 AARD patients who were followed
at Kobe University Hospital. Serum samples were collected
without conscious bias mostly at patients’ first visits during 1996
to 2010. The patients’ diseases were defined using the established
criteria for each disease.l'®23! The numbers and genders of the
patients were as follows: 68 patients with systemic lupus
erythematosus (SLE; median age, 35 years; range, 17-72years;
65 females, 3 males); 14 patients with mixed connective tissue
disease (MCTD; median age, 47years; range, 26-65years;
females only); 42 patients with systemic sclerosis (SSc; median
age, 59years; range, 11-83years; 37 females, 5 males); 33
patients with (dermatomyositis and polymyositis [DM/PM];
median age, 54 years; range, 16-79 years; 21 females, 12 males);
47 patients with Sjogren’s syndrome (SS; median age, 55 years;
range, 21-71years; 46 females, 1 male), and 72 patients with
rheumatoid arthritis (RA; median age, 51.5 years; range, 19-80
years; 64 females, 8 males).

Serum from 250 cases (median age, 24 years; range, 21 to 62
years; 125 females, 125 males) that showed no abnormalities by
medical examination by hospital staff were included as HI
samples. Each sample was obtained with informed consent. After
separation of the serum by centrifugation, the serum samples
were stored frozen at —40°C. All samples collected from AARD
patients and HI were randomly numbered and blindly examined
for ANAs.

This study was approved according to the principles set forth in
the Declaration of Helsinki by the Medical Ethics Committee of
the Graduate School of Medicine, Kobe University, and samples
were collected and analyzed with the consent of the patients
(approval number: 1467).
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2.2. Equipment and reagents

For the anti-DFS70 antibody test, a DFS70 ELISA Kit (MBL,
Nagoya, Japan) that uses protein from an insect cell expression
system as an antigen was used.''>?*! For the measurement of
ANAs by IIF, a computer-aided microscope system, the EURO-
Pattern (EPA; EUROIMMUN AG, Liibeck, Germany), and IFA
and ELISA processor, the Sprinter XL (EUROIMMUN AG) was
used, and HEp-20-10 test kit (EUROIMMUN AG) was used as a
reagent.'*>*! We analyzed 8 disease-specific ANAs, anti-dsDNA
antibody, anti-UIRNP antibody, anti-Sm antibody, anti-SSA/Ro
antibody, anti-SSB/La antibody, anti-Scl70 antibody, anti-
centromere antibody, and anti-Jo-1 antibody using enzyme
immunoassay based reagent kits (MESACUP ENA TEST and
MESACUP DNA-II TEST, MBL). These were measured accord-
ing to the manufacturer instructions.

2.3. Methods

ELISA and IIF were performed to compare the prevalence of anti-
DFS70 antibodies and the frequency of DFS patterns by IIF in HI
and AARD patients by disease type.

2.3.1. ELISA. According to the manufacturer’s instructions,
each serum sample was diluted 1:100 into assay diluent, and
100 pl from each pre-diluted sample sera was used for a 1-point
calibration (index value=100). Negative controls were assayed
at the same time. Then, the plate was incubated for 60 minutes at
room temperature. After incubation, the contents of the wells
were discarded and the plates were washed 4 times with washing
buffer from the kits. A second incubation was conducted by
adding 100 pL of enzyme conjugate to each well and the plate
was incubated for 60minutes at room temperature. After
washing as in the previous step, 100 pl of substrate was added
into each well, and the plate was incubated for 30 min at room
temperature. Finally, 100 wL of stop solution was added into each
well and the optical density was determined using an ELISA
reader at 450 nm wavelength. An index value (recommended by
the kit manufacturer) of 15 or more was determined to be positive
for anti-DFS70 antibodies.!**! Positive cases were used in an
immunoabsorption test by ELISA.

The immunoabsorption test was performed using the
following method. Each serum sample was supplemented with
the antigen used in the assay system (final concentration; 5 pg/
mL, shown by pilot experiments to be an excess amount to
ensure complete inhibition where present), and was incubated at
room temperature for 60 minutes. This sample and the original
sample were measured using a predetermined method, and the
obtained index values were defined as (B) and (A), respectively.
Values of ((A-B)/A) of 50% or more indicated inhibition had
occurred.

2.3.2. lIF. Testing and evaluation were carried out according to
the manufacturer’s instructions. In brief, microscope slides
containing millimeter-sized biochips coated with HEp-20-10
cells were incubated with serially diluted serum (starting with
1:40 in PBS-Tween) for 30 minutes at room temperature, washed
with PBS-Tween, and immersed in PBS-Tween for 5 minutes. To
detect bound antibodies, fluorescein isothiocyanate-conjugated
goat anti-human IgG was applied for 30minutes at room
temperature, followed by washing as described above. Then,
samples were mounted using the mounting medium included in
the kit. The steps described above were performed automatically
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Figure 1. Differentiation of antinuclear antibody patterns on HEp-2 cells by
indirect immunofluorescence. Overview (A, C, and E) and enlarged view of
interphase cells and metaphase cells are indicated by arrows (B, D, and F).
Classical homogeneous pattern (A, B); classical speckled pattern (C, D); and
dense fine speckled pattern elicited by anti-DFS70 antibody (E, F).

by sprinter XL. After the slides were cover-slipped in mounting
medium, the slides were placed in the EPA.

Next, two technicians made a negative/positive determination
(cutoff value 1:40) based on an image automatically determined
by the EPA, and confirmed the staining pattern and antibody
titer. In cases where the automatic verdict was incorrect, the
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technicians corrected it.*®! EPA could not determine DFS
patterns other than the basic pattern; therefore, the technicians
observed the image and formed a decision with reference to
anticellular-2(AC-2) indicated by the International Consensus on
ANA Patterns (classification algorithm and representative images
available at www.ANApatterns.org). Typical images of the
classical homogeneous pattern, classical speckled pattern, and the
DEFS pattern are shown in Figure 1, where fine speckled staining is
present throughout the interphase nucleus (specific heterogeneity
in size, brightness and density) and similar staining (dense and
uneven spots) is present in the chromatin region of the mitotic
nucleus. Atypical stained patterns were judged to be “undeter-
minable,” even though they resembled the DFS pattern.

2.3.3. Anti-DFS70 antibody in isolation. Anti-DFS70 antibody-
positive cases assessed by ELISA were tested with 8 types of
disease-specific ANAs, and cases that were anti-DFS70 antibody-
positive and -negative for all 8 disease-specific ANAs were
defined as anti-DFS70 antibody in isolation (monospecific anti-
DFS70 antibody).

2.3.4. Correlation between anti-DFS70 antibody level and IIF
antibody titer. The correlation between anti-DFS70 antibodies
(index value) determined by ELISA and IIF antibody titer
(negative, 1:40 to 1:2560, 1:5120 or more) were examined by
Spearman rank correlation.

2.4. Statistical analysis

R.3.6.1 (R Core Team 2019, R Foundation for Statistical
Computing, Vienna, Austria.) was used for statistical analysis
using the chi-square test or Fisher exact test appropriately for
categorical variables, and Spearman rank correlation for
correlation between anti-DFS70 antibody level and IIF antibody
titer. The significance level was set at P<.03.

3. Results
3.1. Immunoabsorption test by ELISA

An immunoabsorption test performed on 88 cases positive by
ELISA showed all cases had inhibition of 50% or more.
3.2. Prevalence of anti-DFS70 antibody in HI

As shown in Table 1, the prevalence of anti-DFS70 antibodies in
HIwas 20.0% (25/125), 12.8% (16/125), and 16.4% (41/250) in

Comparison of the prevalence of anti-DFS70 antibody by enzyme-linked immunosorbent assay in healthy individuals and antinuclear

antibody-associated autoimmune rheumatic diseases by gender.

HI /Disease Males Females Total P value (vs HI in Total)
HI 12.8% (16/125) 20.0% (25/125) 16.4% (41/250) (reference)

AARD 10.3% (3/29) 17.8% (44/247) 17.0% (47/276) .85

AARD except RA 14.3% (3/21) 16.9% (31/183) 16.7% (34/204) 94

SLE 33.3% (1/3) 21.5% (14/65) 22.1% (15/68) 28

MCTD 0% (0/0) 14.3% (2/14) 14.3% (2/14) 1.00

SSc 40.0% (2/5) 10.8% (4/37) 14.3% (6/42) 73

DM/PM 0.0% (0/12) 4.8% (1/21) 3.0% (1/33) .04

SS 0.0% (0/1) 21.7% (10/46) 21.3% (10/47) 42

RA 0.0% (0/8) 20.3% (13/64) 18.1% (13/72) 74

AARD =antibody-associated autoimmune rheumatic diseases, DM/PM = dermatomyositis and polymyositis, Hl=

systemic lupus erythematosus, SS=Sjdgren’s syndrome, SSc=systemic sclerosis.

healthy individuals, MCTD = mixed connective tissue disease, RA =rheumatoid arthritis, SLE =
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Comparison of the prevalence in the presence of an isolated anti-DFS70 antibody by enzyme-linked immunosorbent assay in healthy
individuals and antinuclear antibody-associated autoimmune rheumatic disease patients.

HI /Disease Prevalence of anti-DFS70 antibody-positive population P value (vs HI) Prevalence of the whole population P value (vs HI)
HI 90.2% (37/41) (reference) 14.8% (37/250) (reference)
AARD 38.3% (18/47) <.01 6.5% (18/276) <.01
AARD except RA 26.5% (9/34) <.01 4.4% (9/204) <.01

SLE 20.0% (3/15) <.01 4.4% (3/68) .02
MCTD 0.0% (0/2) .02 0.0% (0/14) 23

SSc 16.7% (1/6) <.01 2.4% (1/42) .03
DM/PM 100.0% (1/1) 1.00 3.0% (1/33) 10

SS 40.0% (4/10) <.01 8.5% (4/47) .25

RA 69.2% (9/13) .08 12.5% (9/72) .62

The cases that were anti-DFS70 antibody-positive and -negative for all 8 disease-specific ANAs (anti-dsDNA antibody, anti-U1RNP antibody, anti-Sm antibody, anti-SSA/Ro antibody, anti-SSB/La antibody, anti-
Scl70 antibody, anti-centromere antibody, and anti-Jo-1 antibody) were defined as anti-DFS70 antibody in isolation. AARD = antibody-associated autoimmune rheumatic diseases, DM/PM = dermatomyositis and
polymyositis, Hl=healthy individuals, MCTD =mixed connective tissue disease, RA=rheumatoid arthritis, SLE = systemic lupus erythematosus, SS=Sjdgren’s syndrome, SSc=systemic sclerosis.

females, males, and both sexes, respectively. No sex difference
was found (P=.12).

3.3. Prevalence of anti-DFS70 antibodies in AARD patients

Most disease-specific autoantibodies in systemic autoimmune
diseases are antinuclear antibodies which can be detected by IF-
ANA. In contrast, disease-specific autoantibodies in RA, anti-
cyclic citrullinated peptide antibody and rheumatoid factor, are
not antinuclear antibodies, and the prevalence of antinuclear
antibodies in RA are much lower than that in other AARD:s.
Thus, we analyzed “AARD excluding RA” as a separate group.

As shown in Table 1, the prevalence of anti-DFS70 antibodies in
patients with SLE, MCTD, SSc, DM/PM, SS, and RA was 22.1%,
14.3%, 14.3%, 3.0%, 21.3%, and 18.1%, respectively. In
addition, the prevalence of anti-DFS70 antibodies was 17.0%
for all AARD patients and 16.7% for AARD patients excluding
RA. When comparing all AARD patients, there were no significant
differences between different diseases, except for DM/PM
compared with HI. The prevalence of patients with DM/PM
was 3.0%, which was significantly lower than that of HI (P=.04).

3.4. Frequency of monospecific anti-DFS70 antibody

As shown in Table 2, the number of monospecific anti-DFS70
antibody-positive cases in the HI group, all AARD patients, and

AARD patients excluding RA was 37,18, and 9 cases, respectively;
and the prevalence of monospecific anti-DFS70 antibody-positive
cases was 90.2% (37/41), 38.3% (18/47), and 26.5% (9/34),
respectively. The prevalence in all cases was 14.8% (37/250), 6.5 %
(18/276), and 4.4% (9/204), and the prevalence of monospecific
anti-DFS70 antibody-positive cases was higher in the HI group
compared with all AARD patients (AARD patients: P <.01 vs HI,
AARD patients excluding RA: P<.01 vs HI).

3.5. Frequency of DFS pattern by IIF

Among anti-DFS70 antibody-positive cases, the number of cases
determined to have a DFS pattern in HI, all AARD patients, and
AARD patients excluding RA was 26, 15, and 8 cases,
respectively (Table 3); and the frequency of the DFS pattern
was 63.4% (26/41 cases), 31.9% (15/47 cases) and 23.5% (8/34
cases), respectively. Of note, the number of DFS pattern-
undeterminable cases in the HI and all AARD groups was 2
and 6 cases, respectively, and anti-DFS70 antibodies were
positive in all cases.

3.6. Correlation between anti-DFS70 antibody level and IIF
antibody titer

As shown in Figure 2A, a significant correlation between anti-
DFS70 antibody level and IIF antibody titer was observed in HI

Comparison of the prevalence presented as a DFS pattern by indirectimmunofluorescence among positive sera of anti-DFS70 antibody by
enzyme-linked immunosorbent assay in healthy individuals and antinuclear antibody-associated autoimmune rheumatic disease patients.

Prevalence of anti-DFS70

Prevalence of the The number of DFS

HI /Disease antibody-positive population whole population pattern-undeterminable cases by IIF
HI 63.4% (26/41) 10.4% (26/250) 2
AARD 31.9% (15/47) 5.4% (15/276) 6
AARD except RA 23.5% (8/34) 3.9% (8/204) 6
SLE 13.3% (2/15) 2.9% (2/68) 3
MCTD 0.0% (0/2) 0.0% (0/14) 0
SSc 16.7% (1/6) 2.4% (1/42) 1
DM/PM 0.0% (0/1) 0.0% (0/33) 0
SS 50.0% (5/10) 10.6% (5/47) 2
RA 53.8% (7/13) 9.7% (7/72) 0

AARD = antibody-associated autoimmune rheumatic diseases, DM/PM = dermatomyositis and polymyositis, HI = healthy individuals, MCTD =mixed connective tissue disease, RA =rheumatoid arthritis, SLE=

systemic lupus erythematosus, SS=Sjogren’s syndrome, SSc=systemic sclerosis.
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Figure 2. A: Correlations between anti-DFS70 antibody levels obtained by enzyme-linked immunosorbent assay and titers of antinuclear antibodies by indirect
immunofluorescence in healthy individuals. Open circles show Hl sera of monospecific anti-DFS70 antibodies and cases negative for 8 disease-specific ANAs, filled squares
show Hl sera of anti-DFS70 antibody positive and positive for at least one of 8 disease-specific ANAs, including anti-U1RNP antibody, anti-Sm antibody, anti-SSA/Ro
antibody, anti-SSB/La antibody, anti-Scl-70 antibody, anti-Jo-1 antibody, anti-centromere antibody, and anti-dsDNA antibody individuals negative for all of these ANAs.
Spearman rank correlation coefficient; p=0.53, P < .01. ANAs = antinuclear antibodies, HI= healthy individuals. B:Correlations between anti-DFS70 antibody levels obtained
by enzyme-linked immunosorbent assay and titers of antinuclear antibodies by indirect immunofluorescence in antinuclear antibody-associated autoimmune rheumatic
patients. Open circles show AARD sera of monospecific anti-DFS70 antibodies and cases negative for all 8 disease-specific ANAs, filled squares show AARD sera of anti-
DFS70 antibody positive and positive for at least one of 8 disease-specific ANAs, including anti-U1RNP antibody, anti-Sm antibody, anti-SSA/Ro antibody, anti-SSB/La
antibody, anti-Scl-70 antibody, anti-Jo-1 antibody, anti-centromere antibody, and anti-dsDNA antibody individuals negative for all of these ANAs. Spearman rank correlation
coefficient; p=0.11, P=.07. AARD =antinuclear antibody-associated autoimmune rheumatic, ANAs =antinuclear antibodies.
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(Spearman rank correlation; p=0.53, P <.01), but no significant
correlation was observed in AARD patients (Fig. 2B, p=0.11,
P=.07). Compared with AARD patients, most IIF positive cases
in HI were positive for monospecific anti-DFS70 antibody.

4. Discussion

The prevalence of anti-DFS70 antibodies in HI in our study was
16.4% and was higher in females (20.0%) than in males (12.8%)
although there was no significant sex difference. A large cohort of
blood donors from 7 countries (7=2628, not including Japan)
tested all samples (as did our study) for anti-DFS70 antibodies by
CIA.™! According to a detailed study in this cohort, the
prevalence of anti-DFS70 antibodies varied between 7 countries
and was significantly different among the different sites (ANOVA
P <.05).57 Albesa et al conducted an analysis of the potential
influence of ethnicity in the United States (181 Caucasian
subjects, 56 African American subjects, 48 Hispanic subjects, 6
Asian subjects) and reported no statistical difference in the
prevalence of anti-DFS70 antibodies."*! Because a small number
of Asians were used in this evaluation, it is necessary to conduct
research in multiple countries, including other Asian countries.
The prevalence of anti-DFS70 antibodies in this large cohort was
between 1.2% to 8.5%.'1 Compared with the highest
prevalence in the United States (8.5%, 42/497), the prevalence
of anti-DFS70 antibodies in HI (16.4%) in our study was high
(P=.0011). Watanabe et al reported a high prevalence of anti-
DFS70 antibodies in Japanese.[*”! In hospital staff (z=597), anti-
DFS70 antibodies (tested by IIF and immunoblotting assays)
were positive in 64 subjects (10.7%), and the positive rate was
significantly higher in individuals younger than 35years
compared with those 35years and older (P <.003).*”! Albesa
et al. also reported the prevalence of anti-DFS70 was significantly
higher in younger individuals than in older individuals (<35 years
vs >35years) for the whole cohort (4.9% vs 2.7%, P=.0017)
and for females (6.1% vs 2.3%, P=.0027). The prevalence of
anti-DFS70 antibodies in Japanese HI in our study was higher
than apparently healthy blood donors in other nationalities and
higher even than in the hospital staff reported by Watanabe
(P=.02), although, our study included some bias due to our
population (79% were under 35years old), which might
have higher numbers of young people than the study by
Watanabe et al.

Anti-DFS70 antibodies in apparently HI have been widely
reported to be in the range 0.0%-21.6% (including reports from
Japan).*8! One limitation of these reports is that most studies
were performed as a secondary test of IIF-positive cases or DFS
pattern-positive cases to determine the prevalence, and IIF-
negative cases with anti-DFS70 antibodies were ignored.

According to reports from several institutions, the prevalence
of anti-DFS70 antibodies in AARD patients with SLE, MCTD,
SS¢, DM/PM, SS, and RA was 0.0% to 5.7%, 0.0%, 0.0% to
5.7%, 0.0% to 6.4%, 0.0% to 28.6%, and 0.0% to 2.6%,
respectively.!*®! In comparison, the prevalence rates in our study
were 22.1%, 14.3%, 14.3%, 3.0%, 21.3%, and 18.1%,
respectively, which were high overall. This might be explained
by many of the reports already conducting anti-DFS70 antibody
tests on IIF-positive samples. The prevalence of anti-DFS70
antibodies may have been underestimated because of differences
in IIF reagent kits (differences in cell fixation methods) and cutoff
values. A recent paper suggested this limitation.”” In a cohort of
multinational SLE patients, CIA of all samples showed the
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prevalence of anti-DFS70 in SLE patients was higher than
previously published ranges (7.1% vs 0.0%-2.8%).*°! In
addition, Infantino et al. reported no significant difference in
the prevalence of anti-DFS70 antibodies in patients with AARD,
non-AARD, and undifferentiated connective tissue disease
(UCTD) (2.1% [7/333] vs 2.3% [9/384] vs 5.9% [3/51],
respectively; P=.188).1"*1 In our study, there was no significant
difference in the prevalence of anti-DFS70 antibodies between HI
and each type of AARD (excluding DM/PM). Although bias due
to age should be considered, anti-DFS70 antibodies might occur
at a certain rate in HI and AARD patients. As Mabhler et al
reported, anti-DFS70 antibodies may be expressed at a certain
level in HI and patients with other diseases, reflecting the B cell
autoantibody repertoire.[®! Therefore, HI will only have a certain
level of anti-DFS70 antibodies whereas AARD patients will have
disease-specific ANAs in addition to this certain level of anti-
DFS70 antibodies.

We found that the prevalence of anti-DFS70 antibody in
patients with DM/PM was significantly lower than that in HI
(3.0%; 1/33, P=.04 vs HI). This finding is consistent with a
previous report by Muro et al showing the low prevalence of anti-
DSF70 antibody in patients with dermatomyositis (6.0%; 7/116,
P=.69 vs our data).?”! Unfortunately, however, the clinical
significance of this finding is unclear.

Next, the difference in reactivity related to the use of different
antigens in the measurement system to detect anti-DFS70
antibodies will be described. ELISA and line or dot immuno-
assays systems manufactured by EUROIMMUN and others use
full-length DFS70 antigens to detect anti-DES70 antibodies.[¢-3!!
The ELISA system produced by MBL used in this study uses
antigen from an insect cell expression system, into which cDNA
(encoding the 323 to 530 amino acid region) encompassing the
DFS70 autoimmune epitope has been inserted.®?* The
QUANTA Flash DFS70 (CIA) and NOVA Lite HEp-2 Select
system (Inova Diagnostics) use an 86-amino acid C-terminal
region that has been further fine-tuned.'®’ However, in a
comparative study between ELISA (MBL) and CIA (Inova
Diagnostics), it was reported that the 2 methods had an
equivalent detection frequency and excellent correlation despite
differences in antigens used (Spearman rank correlation; p=0.91;
P <.0001)"2%; therefore, it is unlikely that this was due to
differences in the measurement system. Regarding the specificity
of the ELISA system manufactured by MBL, in 88 cases that
were positive by ELISA, all samples showed more than 50%
inhibition in an immunoabsorption test demonstrating good
specificity.

In our study, there was a difference in the effect of anti-DFS
antibodies on the staining pattern of IIF between HI and AARD
patients coexisting with several types of disease-specific ANAs.
Antibody levels of anti-DFS70 antibodies and IIF ANAs were
significantly correlated in HI but not in AARD patients.
Furthermore, the frequency of monospecific anti-DFS70 anti-
body-positive cases was 90.2% (37/41) in HI, and 26.5% (9/34)
in AARD patients excluding RA; therefore, we considered the
presence of anti-DFS70 antibodies in HI was the cause of IIF
positivity, although there was a bias because the definition of
monospecific anti-DFS70 antibody-positive cases only included 8
types of disease-specific ANAs, which was a study limitation. A
previous study reported that HI with anti-DFS70 antibodies
mostly had a typical DFS pattern by IIF,!%!%>”) and that the DFS
pattern, which is rarely seen in AARD patients, was commonly
detectable in HLM-1227]
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Among anti-DFS70 antibody-positive cases, 63.4% (26/41)
and 23.5% (8/34) were determined to be DFS pattern in HI and
AARD patients excluding RA, respectively. Therefore, coexisting
disease-specific ANAs reduce the capture rate of anti-DFS
antibodies by DFS pattern in AARD patients. When the anti-
DFS70 antibodies and the disease-specific ANAs coexisted, there
was a tendency to show a staining pattern derived from the
disease-specific ANAs. Presumably, the higher antibody titer and
affinity of the disease-specific ANAs compared with the anti-
DFS70 antibodies inhibited their reactivity to each component of
the nuclear material; therefore, the DFS pattern may have been
masked.

Finally, the frequency of monospecific anti-DFS70 antibody
positive cases was higher in HI than in AARD patients, and the
anti-DFS70 antibodies caused IIF to be positive for ANAs in HI.
As a result, there is an over-diagnosis of AARD by clinicians
based on ANA positive findings, which increases anxiety in
patients and leads to unnecessary examinations. The high
prevalence of anti-DFS70 antibodies in Japan has led to
confusion in clinician triages for patients with possible AARD
and non-AARD, making AARD differential diagnosis in ANAs
screening more difficult.

4.1. Limitations

Several limitations of this study should be acknowledged. First,
HI in our study had relatively higher numbers of young people.
Thus there might be a slight selection bias in this study. Second,
there might be a bias because the definition of monospecific anti-
DFS70 antibody-positive cases only included 8 types of disease-
specific ANAs. Third, there might be a difference in reactivity
related to the use of different antigens in the measurement system
to detect anti-DFS70 antibodies might be included.

4.2. Future directions

The Identification of the DFS pattern by IIF remains challenging
and specific assays for the detection of anti-DFS70 antibodies are
needed. In addition, the finding that the prevalence of anti-DFS70
antibody in patients with DM/PM was lower than that in HI
should be explored by future studies.

5. Conclusion

The anti-DFS70 antibody prevalence in Hl and AARD patients in
Japan was similar. Furthermore, we found that the anti-DFS70
antibody prevalence in HI and AARD in Japan is higher than in
HI and AARD in regions other than Asia.

Acknowledgments

The authors would like to thank the Technical Support
Department of the IVD Business Division of the Medical &
Biological Laboratories Co., Ltd. for their technical support and
advice.

Author contributions

Conceptualization: Nobuhide Hayashi, Kenichi Uto.

Data curation: Nobuhide Hayashi, Kenichi Uto, Akiko Imanishi.

Formal analysis: Nobuhide Hayashi, Akiko Imanishi, Daisuke
Sugiyama.

www.md-journal.com

Funding acquisition: Nobuhide Hayashi, Akiko Imanishi, Akio
Morinobu, Jun Saegusa.

Investigation: Nobuhide Hayashi, Kenichi Uto.

Methodology: Nobuhide Hayashi, Kenichi Uto, Akiko Imanishi.

Project administration: Akio Morinobu, Jun Saegusa.

Resources: Nobuhide Hayashi, Akiko Imanishi, Daisuke
Sugiyama, Jun Saegusa.

Software: Nobuhide Hayashi, Kenichi Uto, Daisuke Sugiyama.

Supervision: Kenichi Uto, Akiko Imanishi, Akio Morinobu, Jun
Saegusa.

Validation: Daisuke Sugiyama.

Visualization: Nobuhide Hayashi, Kenichi Uto, Akiko Imanishi,
Daisuke Sugiyama.

Writing — original draft: Nobuhide Hayashi.

Writing — review & editing: Kenichi Uto, Akiko Imanishi,
Daisuke Sugiyama, Akio Morinobu, Jun Saegusa.

References

[1] Hiepe F. Conrad K. The particle nature of intracellular autoantigens.
Autoantigens and autoantibodies: diagnostic tools and clues to
understanding autoimmunity Lengerich: Pabst Science Publishers;
2000;26-38.

[2] Kozin F, Fowler M, Koethe S. A comparison of the sensitivities and
specificities of different substrate for the fluorescent antinuclear antibody
test. Am ] Clin Pathol 1980;74:785-90.

[3] Tan EM, Rodnan GP, Garcia I, et al. Diversity of antinuclear antibodies
in progressive systemic sclerosis: anti-centromere antibody and its
relationship to CREST syndrome. Arthritis Rheum 1980;23:617-25.

[4] Hayashi N, Koshiba M, Nishimura K, et al. Prevalence of disease-specific
antinuclear antibodies in general population: estimates from annual
physical examinations of residents of a small town over a S-year period.
Mod Rheumatol 2008;18:153-60.

[5] Damoiseaux J, Andrade LEC, Carballo OG, et al. Clinical relevance of
HEp-2 indirect immunofluorescent patterns: the International Consensus
on ANA patterns (ICAP) perspective. Ann Rheum Dis 2019;78:
879-89.

[6] Mahler M, Andrade LE, Casiano CA, et al. Anti-DFS70 antibodies: an
update on our current understanding and their clinical usefulness. Expert
Rev Clin Immunol 2019;15:241-50.

[7] Ochs RL1, Stein TW]r, Peebles CL, et al. Autoantibodies in interstitial
cystitis. ] Urol 1994;151:587-92.

[8] Ochs RL, Muro Y, Si Y, et al. Autoantibodies to DFS 70 kd/transcription
coactivator p735 in atopic dermatitis and other conditions. ] Allergy Clin
Immunol 2000;105:1211-20.

[9] Bizzaro N, Pesente F, Cucchiaro F, et al. Anti-DFS70 antibodies detected
by Immunoblot methods: a rellable tool to confirm the dense fine speckles
ANA pattern. ] Immunol Methods 2016;436:50-3.

[10] Shovman O, Gilburd B, Chayat C, et al. Prevalence of antl-DFS70
antibodies in patients with and without systemic autoimmune rheumatic
diseases. Clin Exp Rheumatol 2017;36:121-6.

[11] Mariz HA, Sato EI, Barbosa SH, et al. Pattern on the antinuclear

antibody-HEp-2 test is a critical parameter for discriminating antinuclear

antibody-positive healthy individuals and patients with autoimmune
rheumatic diseases. Arthritis Rheum 2011;63:191-200.

Mahler M, Parker T, Peebles CL, et al. Anti-DFS70/LEDGF antibodies

are more prevalent in healthy individuals compared to patients with

systemic autoimmune rheumatic diseases. ] Rheumatol 2012;39:

2104-10.

Infantino M, Pregnolato F, Bentow C, et al. Only monospecific anti-

DFS70 antibodies aid in the exclusion of antinuclear antibody associated

rheumatic diseases: an Italian experience. Clin Chem Lab Med 2019;

57:1764-9.

[14] Kang SY, Lee WI, Kim MH, et al. Clinical use of anti-DFS70
autoantibodies. Rheumatol Int 2019;39:1423-9.

[15] Albesa R, Sachs U, Infantino M, et al. Increased prevalence of anti-DFS70
antibodies in young females: experience from a large international multi-
center study on blood donors. Clin Chem Lab Med 2019;57:999-1005.

[16] Hochberg MC. Updating the American College of Rheumatology revised
criteria for the classification of systemic lupus erythematosus. Arthritis
Rheum 1997;40:1725.

[12

[13


http://www.md-journal.com

Hayashi et al. Medicine (2021) 100:9

[17] Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria for the
classification of systemic lupus erythematosus. Arthritis Rheum 1982;
25:1271-7.

[18] Vitali C, Bombardieri S, Moutsopoulos HM, et al. Preliminary criteria
for the classification of Sjogren’s syndrome. Results of a prospective
concerted action supported by the European Community. Arthritis
Rheum 1993;36:340-7.

[19] Subcommittee for Scleroderma Criteria of the American Rheumatism
Association Diagnostic, Therapeutic Criteria, Committee,Preliminary
criteria for the classification of systemic sclerosis (scleroderma). Arthritis
Rheum 1980;23:581-90.

[20] Bohan A, Peter JB. Polymyositis and dermatomyositis (first of two parts).
N Engl ] Med 1975;292:344-7.

[21] Bohan A, Peter JB. Polymyositis and dermatomyositis (second of two
parts). N Engl ] Med 1975;292:403-7.

[22] Porter JF, Kingsland LCIII, Lindberg DAB, et al. The AVRHEUM
knowledge-based computer consultant system in rheumatology: perfor-
mance in the diagnosis of 59 connective tissue disease patients from
Japan. Arthritis Rheum 1988;31:219-26.

[23] Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism
Association 1987 revised criteria for the classification of rheumatoid
arthritis. Arthritis Rheum 1988;31:315-24.

[24] Muro Y, Murakami A, Seto Y, et al. Clinical significance and newly
developed measurement system of anti-DFS70 antibody. (in japanease)

Medicine

Japanese Journal of Medicine and Pharmaceutical Science 2008;59:
257-62.

[25] Krause C, Ens K, Fechner K, et al. EUROPattern Suite technology for
computer-aided immunofluorescence microscopy in autoantibody diag-
nostics. Lupus 2015;24:516-29.

[26] Hayashi N, Saegusa ], Uto K, et al. Evaluation of a computer-aided
microscope system and its anti-nuclear antibody test kit for indirect
immunofluorescence assay (in japanease). Rinsho Byori 2016;64:
142-51.

[27] Watanabe A, Kodera M, Sugiura K, et al. Anti-DFS70 antibodies in 597
healthy hospital workers. Arthritis Rheum 2004;50:892-900.

[28] Conrad K, Rober N, Andrade LE, et al. The clinical relevance
of anti-DFS70 autoantibodies. Clin Rev Allergy Immunol 2017;
52:202-16.

[29] Choi MY, Clarke AE, St Pierre Y, et al. The prevalence and

determinants of anti-DFS70 autoantibodies in an international inception

cohort of systemic lupus erythematosus patients. Lupus 2017;26:

1051-9.

Muro Y, Sugiura K, Nakashima R, et al. Low prevalence of anti-DFS70/

LEDGEF antibodies in patients with dermatomyositis and other systemic

autoimmune rheumatic diseases. ] Rheumatol 2013;40:92-3.

Bonroy C, Schouwers S, Berth M, et al. The importance of detecting anti-

DFS70 in routine clinical practice: comparison of different care settings.

Clin Chem Lab Med 2018;56:1090-9.

[30

31



	Prevalence of anti-dense fine speckled 70 antibodies in healthy individuals and patients with antinuclear antibody-associated autoimmune rheumatic diseases in Japan
	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.2 Equipment and reagents
	2.3 Methods
	2.3.1 ELISA
	2.3.2 IIF
	2.3.3 Anti-DFS70 antibody in isolation
	2.3.4 Correlation between anti-DFS70 antibody level and IIF antibody titer

	2.4 Statistical analysis

	3 Results
	3.1 Immunoabsorption test by ELISA
	3.2 Prevalence of anti-DFS70 antibody in HI
	3.3 Prevalence of anti-DFS70 antibodies in AARD patients
	3.4 Frequency of monospecific anti-DFS70 antibody
	3.5 Frequency of DFS pattern by IIF
	3.6 Correlation between anti-DFS70 antibody level and IIF antibody titer

	4 Discussion
	4.1 Limitations
	4.2 Future directions

	5 Conclusion
	Acknowledgments
	Author contributions
	References


