
Frontiers in Immunology | www.frontiersin.

Edited by:
Lazaros Ignatios Sakkas,

University of Thessaly, Greece

Reviewed by:
George Bertsias,

University of Crete, Greece
Amra Adrovic,
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Background: Antinuclear antibodies (ANA) are major immunodiagnostic tools in systemic
lupus erythematosus (SLE); however, their clinical and pathogenic roles are not yet
elucidated and are a subject of controversy.

Objectives: The aim of the study is to explore the pathogenic significance of ANA
patterns among SLE patients, by analyzing their association with ANA titers, complement
levels and other pathogenic immune markers, namely, anti-double-stranded DNA (anti-
dsDNA), complements C3 and C4, rheumatoid factor (RF), anticardiolipin antibodies IgG
(ACL IgG) and IgM (ACL IgM), Beta-2 Glycoprotein 1 Antibodies (b2-GP) IgG (b2-IgM) and
IgM (b2-IgM), and lupus anticoagulant (LA).

Method: A comparative cross-sectional study was conducted among 495 SLE patients,
who were diagnosed and classified by consultant rheumatologists according to the new
European League Against Rheumatism (EULAR)/American College of Rheumatology
(ACR) 2019 criteria. SLE immunodiagnostic profiles were analyzed including the
following parameters: ANA antibody titers and staining patterns, anti-dsDNA, C3 and
C4 levels, aCL, and anti-b2-GP and LA.

Result: The most frequently observed ANA patterns were the speckled (52.1%) and
homogeneous (35.2%) patterns, while other patterns were rare representing less than 7%
of the patients each. ANA titers were highest in patients with mixed pattern followed by the
speckled pattern. Of all the investigated patterns, the peripheral pattern showed the most
pathogenic immune profile, namely, highest levels of anti-dsDNA, lowest levels of C4, and
highest levels of aCL and b2-GP IgG and IgM.

Conclusion: This retrospective study showed that speckled followed by homogeneous
ANA patterns were predominant accounting for 52.1 and 35.2% of the patients. The ANA
pattern showed several associations with other immune markers that are documented to
org March 2022 | Volume 13 | Article 8507591
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have significant clinical implications in SLE. Peripheral, mixed, and speckled patterns were
associated with higher profiles of immune markers indicative of a potential prognostic
value of these patterns in SLE.
Keywords: antinuclear antibodies, ANA, patterns, systemic lupus erythematosus, SlE, immunofluorescence,
anti-dsDNA
1 INTRODUCTION

Systemic lupus erythematosus (SLE) is a systemic autoimmune
disease characterized by flare up phases and others with low
disease activity (1). It affects multiple organs such as serous
membranes, renal, nervous, and cardiovascular systems, and
joints and skin, resulting in multiorgan damage. Among the
challenging aspects of SLE are its enigmatic pathophysiology and
extremely variable clinical presentations and manifestations,
both between patients and within the same patient over time
(2–4). Further, more than 180 different self-antigens were
discovered to bind autoantibodies in SLE patients, with high
heterogeneity and variable expressions between the patients.
These autoantibodies mainly target intracellular components in
the nucleus, such as single- (ssDNA) and double-stranded
(dsDNA) DNA, and histones, and are hence called antinuclear
antibodies (ANA) (5–7). Such immunological profile brings an
odd complexity in understanding the pathophysiology of the
disease. On the other hand, most of these antibodies are not
specific for SLE. ANA can be seen in all kinds of rheumatic
diseases (8). ANA, anti-dsDNA, phospholipids are included in
the 11 criteria to diagnose SLE including the new European
League Against Rheumatism (EULAR)/American College of
Rheumatology (ACR) 2019 classification criteria which has a
sensitivity of 96% and a specificity of 93.4% (9). Because high
concentrations of anti-ds-DNA antibodies are almost exclusively
present in SLE patients, anti-ds-DNA antibodies are more SLE-
specific (10). Besides, ANAs titers and antigenic target are
predictive of the disease pathogenicity and prognosis. Most
specifically, anti-ds DNAs titers have a diagnostic value in
indicating SLE activity along with the level of organ
involvement (11–14).

Despite being part of the EULAR/ACR criteria, the clinical
utility of ANA and anti-DNA assays in SLE patients is highly
debated due to their inconsistency and non-resolution of their
pathogenic roles (12, 15–18). On the other hand, technical
challenges of the assays impact their interpretability, notably
concerning the immunofluorescence staining patterns of ANA,
whose pathogenic role is highly controversial (19–21). In the
present study, we aimed to further explore the pathogenic
significance of ANA patterns among patients with SLE, by
analyzing their association with ANA titers, complement levels
and other pathogenic immune markers, namely, complement C3
and C4, rheumatoid factor (RF), anticardiolipin antibodies IgG
(ACL IgG) and IgM (ACL IgM), Beta-2 Glycoprotein 1
Antibodies IgG (b2-IgM) and IgM (b2-IgM), and lupus
anticoagulant (LA). Such correlations would contribute to the
pathogenic or prognostic significance of ANA patterns in SLE.
org 2
2 METHODS

2.1 Design and Participants
This was a cross-sectional study conducted at the
Immunodiagnostic unit of the Microbiology and Parasitology
Department of the King Abdulaziz University Hospital, which is
a referral immunodiagnostic center in Jeddah, Saudi Arabia. The
study was ethically approved by the institutional review board of
the King Abdulziz University (Ref. No. 130-21).

2.2 Participants
The study involved patients from all age groups diagnosed and
classified SLE by a consultant rheumatologist and followed in the
participating center from January 2018 to December 2020. Cases
were diagnosed and defined in accordance with the EULAR/ACR
criteria 2019 (22). Patients having no results for ANA pattern
were excluded. A convenience sampling was used to include all
consecutive patients that fulfilled the eligibility criteria.

2.3 Data Collection
2.3.1 Demographic Data of Patients
The age, gender and nationality of patients were collected from
the electronic files of the patient.

2.3.2 Immune Assays
SLE immunodiagnostic profiles were analyzed including the following
parameters: ANA antibody titers and staining patterns, anti-dsDNA
antibodies, Complements levels (C3 and C4), anticardiolipin (aCL),
anti-b2 glycoprotein, and lupus anticoagulant antibodies.

ANA tests were performed by indirect immunofluorescence
(IIF) technique utilizing human epithelial cells (Hep-2) fixed on
glass slides which were commercially prepared (AeskuDiagnostics;
Windlesham; Germany). Briefly, the sera of patients were diluted
with phosphate-buffered saline (PBS) andwere overplayed in awell
on the Hep-2 substrate slide. The slides were placed in a humid
chamber, incubated for 20 min at room temperature, and was
followed by washing over 10 min in two changes of PBS on a
reciprocating shaker. The substrate was then covered with
approximately one drop of the conjugate solution. After 30 min
of incubation at room temperature, the slides were washed in PBS
and were immediately covered with glycerol-PBS (mounting
medium) and viewed with a standard immunofluorescence
microscope (Olympus, Japan). The fluorescence strength depends
on sample titration, based on 1:40 dilutions. Zero titer referred to
absence of ANA on immunofluorescence (ANA negative). ANA
antibody patterns were described to be as peripheral, speckled,
homogenous, nucleolar, and centromere patterns. Antibodies to
dsDNA were performed by the enzyme linked immunosorbent
March 2022 | Volume 13 | Article 850759
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assay (ELISA) technique using the same INOVA System Quanta
Lite™Ds-DNA Kit. Briefly, the sera of the patients were diluted with
an ELISA sample diluent and added to separate wells of micro well
plate. The strips were covered and incubated for 30 min at room
temperature.Then the conjugatewas added to eachwell and incubated
for 30min andwashed. Then the substratewas added to eachwell and
incubated for 30 min at room temperature. An ELISA stopping
solution was added to each well, and the plates were read at 450 nm
using an ELISA reader (Dyntech, USA). Anti-b2 glycoproteins
antibodies were performed by Alegria instrument (Ogentec; Mainz;
Germany). The instrument used the ELISA principle mentioned
above. The BNII nephelometry instrument (Semen’s; Germany) was
used for C3, C4, and C-Reactive Protein (CRP)measurements. Lupus
anti-coagulant was measured according to the commercial insert
(Diagnostica Stago, Asnières-sur-Seine, France). Bechman coulter
(USA) was used to measure absolute cells counts.

All immunodiagnostic analyses were performed at the same
laboratory and used the same methods for all patients.

2.3.3 Other Biological Parameters
In addition, CRP level, absolute leucocytes, neutrophils count, and
hemoglobin levels have been included in the analysis, and also
prothrombin time (PT) and partial thromboplastin time (PTT).
Assays were performed in accordance with the standard laboratory
methods and in compliance with respective guidelines of the
manufacturers (Diagnostica Stago, Asnières-sur-Seine, France).

2.4 Variables
Primary outcome of the study was the ANA pattern, according to
which patients were classified for all inferential analyses. The
other variables of interest, namely, age, gender, nationality,
ethnic group, CRP, PTT, neutrophils and lymphocytes counts,
ANA titers, C3, C4, RF, ACL, b2, and LA were analyzed as the
independent variables.

2.5 Statistical Methods
Data was analyzed using the statistical package for the social sciences
(SPSS), version21 forWindows.Categorical variableswerepresented
as frequency andpercentage. Scale variableswere presented asmeans
and standard deviation or median and interquartile range (IQR), as
applicable. Chi square and Fisher’s exact test were used to analyze the
associations between the categorical variables. The nonparametric
ranked, Kruskal–Wallis test was used to analyze the association of
ANA pattern with ordinal variables such as ANA titer, or non-
normally distributed scale variables. OneWay Analysis of Variance
(ANOVA)wasused to analyze thevarianceof scale variables byANA
pattern; significant results underwent post hoc analysis using Tukey’s
honestly significant difference (HSD) test. Significance level was set
for at p <0.05.
3 RESULTS

3.1 Characteristics of Participants
Out of 495 participants, 88.1% were women. The mean (SD) age
was 36.81 (15.18) years while the median (IQR) age was 35 (18)
Frontiers in Immunology | www.frontiersin.org 3
years. Regarding nationality and ethnicity, majority of the
participants were of Arabian descent (70.7%), of Saudi (57.0%)
or Yemeni (13.7%) nationality. Other ethnic groups such as
Middle-Eastern, African or Asian were a minority (Table 1).

3.2 Non-Specific and Specific Biological
Markers
Data on non-specific biological markers were available for 75.1–
98.2% of the patients, depending on the marker. These showed
positive CRP (31.6%) and low and high PT (0.3 and 37.4%) and
PTT (6.7 and 21.4%), respectively. Remarkably, hemoglobin was
relatively low with a median 11.6 g/dl. Specific immune markers
were available for 53.7–99.6%, depending on the marker. Anti-
dsDNA was high for all patients, with a median value of 517.9
IU/ml, and lupus anticoagulant was positive (>8 s) for 99.4% of
the tested patients. C3 and C4 complement showed median
values of 0.89 and 0.17 IU/ml, respectively, while rheumatoid
factor was positive for 12.8% of the patients. ACL antibodies
were weak positive or positive in approximately 1 out of 8
patients including IgG (6.1 and 6.9%) and IgM (8.8%and
2.1%). On the other hand, b2-glycoprotein antibodies
including IgG and IgM were weak positive (11.4 and 4.9%)
and posit ive or strongly posit ive (10.3 and 3.9%),
respectively (Table 2).

3.3 Patterns of Antinuclear Antibodies and
the Correlated Titers
The most frequently observed ANA patterns were the speckled
(52.1%) and homogeneous (35.2%) patterns; while other patterns
were rare representing less than 7% of the patients each. Titers of
ANA were 1:640 or higher in 82.4% of the patients. Titers were
highest in patients with mixed pattern followed by peripheral
and speckled patterns, where 81.3, 80, and 70.9% of the patients
had ANA titer 1:1280 respectively, and the results were
statistically significant using both chi square (p <0.001) and
nonparametric tests (p <0.001) (Table 3).

3.4 Association of ANA Pattern With
Demographic Factors
Nucleolar pattern was associated with an age of an older patients
(mean = 50.6 years, SD = 17.7) compared with the other patterns
(mean age ≤39.2 years) and the result was statistically significant
(OneWay ANOVA with Tukey HSD post hoc, p = 0.001). No
statistical significance was found between the ANA pattern and
the ethnic group; however, a homogeneous pattern was relatively
predominant in Yemeni (41.2%) patients, while a speckled
pattern was predominant in most other nationalities notably in
Indian (83.3%), Chadian (74.1%), and Sudanese (71.4%)
patients. The previous results were statistically significant (Chi
square, p <0.001) (Table 4).

3.5 Association of ANA Pattern With
Specific and Nonspecific Biological
Markers
A positive CRP was observed in two-third of patients with
centromere or peripheral ANA pattern, and 53.3% of those
March 2022 | Volume 13 | Article 850759
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with nucleolar pattern; while it was lowest (25.6%) in patients
with speckled pattern (p = 0.008). Peripheral pattern was also
associated with the highest levels of anti-dsDNA (p = 0.007) and
mixed pattern was associated with the highest levels of lupus
anticoagulant (p = 0.003) as demonstrated both in OneWay
ANOVA and Kruskal–Wallis tests and confirmed with post hoc
analysis. No significant association was found between the ANA
pattern and C3; however, C4 was lowest in peripheral and
centromere patterns (p = 0.003). ACL antibodies including IgG
and IgM were frequently detected in peripheral pattern (50 and
67.7%) including both weak positive and positive results; while
they were rarely detected in speckled (10 and 6.9%), homogenous
(17.8 and 17.4%) and mixed (12.5 and 4.2%) patterns,
respectively, and absent in nucleolar and centromere
(p <0.001). Likewise, b2-glycoprotein IgG and IgM antibodies
were positive or strongly positive in 60% of the patients with
peripheral pattern, compared with up to 20% in speckled,
homogenous and mixed patterns and 0% in nucleolar and
centromere (p <0.001) (Table 5). A summary of the significant
associations of ANA patterns with CRP and other immune
markers is depicted in a take-home Figure 1.
4 DISCUSSION

4.1 Summary of Findings
The present retrospective study explored the controversial issue
of the clinical significance of ANA pattern in SLE patients, and
whether some patterns have a diagnostic or predictive value for
disease severity. In this cohort of 495 SLE patients with high anti-
dsDNA levels and ANA titers, speckled followed by
homogeneous ANA patterns were predominant accounting for
52.1 and 35.2% of the patients. The ANA pattern showed
interesting associations with several immune markers that are
documented to have significant clinical implications in SLE. For
Frontiers in Immunology | www.frontiersin.org 4
instance, the peripheral, mixed, and speckled patterns were
associated with higher ANA titers compared to the other
patterns. Further, the peripheral pattern was associated with
highest levels of anti-dsDNA and lowest levels of C4, and showed
higher levels of CRP and ACL and b2-glycoprotein antibodies,
including both IgG and IgM, compared to the other patterns. On
the other hand, the mixed pattern was associated with the highest
levels of lupus anticoagulant. The potential significance of these
associations and their clinical implications are discussed in the
light of the updated literature.

4.2 Prevalence of Different ANA Patterns
Consistent with our findings, the speckled pattern was the most
frequent in an Egyptian cohort of 300 SLE patients, accounting
for 79.5% of the tested patients, followed by the homogeneous
(11.4%) and the nucleolar (6.8%) patterns (23). In Poland, the
ICAP of a series of 260 SLE patients showed speckled patterns to
be the most frequent (64.6%), including dense fine, large and
coarse speckled (24). Another Swedish study among 219 patients
showed relatively comparable patterns with speckled and
homogeneous patterns being the most prevalent; however, the
homogeneous pattern (54.3%) was more frequent than speckled
(22.4%). Mixed homogeneous-speckled pattern ranked third in
terms of prevalence accounting for 11.0% (25). By contrast, data
from the Systemic Lupus International Collaborating Clinics
Cohort, involving 1137 newly diagnosed SLE patients, showed
positive ANA among 92.3% of the patients, and majority of the
latter had nuclear (77.1%) or mixed nuclear and cytoplasmic and
mitotic cell (15.1%) pattern. On the other hand, the prevalence of
speckled pattern was marginal accounting for less than 1% of the
total patients (26). The heterogeneity of international data
regarding the ANA patterns in SLE may be explained by
clinical and ethnic disparity. Earlier studies showed several
inter-racial differences in SLE expression, namely, both clinical
presentation, biological and immunological parameters and
TABLE 1 | Participants’ demographic characteristics and nonspecific biological markers.

Parameter/Category Frequency Percentage Mean (range) SD

Demographic data
Age (years) 36.81 (8–92) 15.18
Gender
Male 59 11.9
Female 436 88.1

Nationality
Saudi 282 57.0
Yemeni 68 13.7
Chadian 27 5.5
Pakistani 18 3.6
Sudanese 14 2.8
Indian 12 2.4
Palestinian 15 3.0
Other 59 11.9

Ethnic group
Arabian tribes 350 70.7
Middle-Eastern 31 6.3
Afro-Arab 35 7.1
African 32 6.5
South Asian 37 7.5
Southeast Asian 10 2.0
March 2022 | Volume 13 | Article 8
50759

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Al-Mughales ANA Patterns in SLE
disease activity (27–29). This may be consistent with the variance
in ANA pattern across nationalities that were found in the
present study.

4.3 Significance of the Association of ANA
Pattern With ANA Titer and Anti-dsDNA
One of the remarkable findings from this study is the
significantly higher ANA titers and anti-dsDNA levels that
were found in the peripheral pattern compared with the other
Frontiers in Immunology | www.frontiersin.org 5
patterns. On the other hand, the mixed and speckled patterns
showed the second highest titers of ANA. Statistically wise, the
ANA titer variable was analyzed both as categorical, using chi
square test for cross-tabulation, and as an ordinal variable, using
a ranked nonparametric test, namely Kruskal–Wallis test; both
tests showed high levels of significance. Nonetheless, where this
analysis may be limited in power, due to the small size of the
peripheral pattern group (N = 10), lower ANA titer in
homogeneous pattern was statistically significant compared to
TABLE 2 | Participants’ specific and non-specific biological markers.

Marker / Level N Frequency Percentage Median Q1, Q3

Non-specific markers
CRP 478 3.74 3.16, 13.2

Negative (<10) 327 68.4
Positive (10+) 151 31.6
Moderate (10–<20) 82 16.1
Frank (20–<100) 42 9.8
High (100+) 26 5.6
Not done 17

Prothrombin time (s) 372 11.90 10.5, 13.2
Low (<9.4) 1 0.3
Normal (9.4–12.5 s) 232 62.4
High (>12.5) 139 37.4
Not done 123

PTT (s) 374 31.4 25.7, 35.8
Low (<25) 25 6.7
Normal (25–37 s) 269 71.9
High (>37) 80 21.4
Not done 121

Neutrophils 482 3 2, 5
Lymphocytes 481 2 1, 3
Hemoglobin (g/dl) 486 11.6 10.4, 12.6

Specific markers
ADNA 493 517.9 315.7, 755.6
C3 485 0.89 0.67, 1.11
C4 485 0.17 0.10, 0.24
Rheumatoid factor 266 11.0 10.1, 11.5

Negative (<15 IU/ml) 232 87.2
Positive (>15 IU/ml) 34 12.8

ACL IgG 376
Negative (<15 IU/ml) 327 87.0
Weak positive (15–40 IU/ml) 23 6.1
Positive (>40 IU/ml) 26 6.9

ACL IgM 386
Negative (<15 IU/ml) 344 89.1
Weak positive (15–40 IU/ml) 34 8.8
Positive (>40 IU/ml) 8 2.1

b2-IgG 271
Negative (<15 U/ml) 212 78.2
Weak positive (15–<40 U/ml) 31 11.4
Positive (40–<80 U/ml) 9 3.3
Strongly positive (80+ U/ml) 19 7.0

b2-IgM 285
Negative (<15 U/ml) 260 91.2
Weak positive (15–<40 U/ml) 14 4.9
Positive (40–<80 U/ml) 9 3.2
Strongly positive (80+ U/ml) 2 0.7

Lupus anticoagulant 344
Normal (0–45 s) 272 79.1
High (>45 s) 72 20.9
Ma
rch 2022 | Volume 13 | A
ADNA, Anti-double stranded DNA; ACL, anticardiolipin; Beta-2 Glycoprotein 1 Antibodies, IgG and IgM.
Bold values correspond to the total of patients with available data in the given parameter.
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speckled and mixed patterns, while the difference between
speckled versus mixed patterns was not significant.

ANA is a term that encompasses a range of autoantibodies
targeting any of the nuclear constituents, be that a nucleic acid
(NA, such as DNA or RNA), a protein or a protein–NA complex.
Nonetheless, being a broader designation, the term ANAs is also
used to designate autoantibodies targeting other than the nucleus
constituents, notably those targeting cytoplasmic proteins such
as the anti-ribosomal P (RibP). Furthermore, ANAs share some
common features and may have overlapping expressions, which
makes them a distinct entity regardless of the antigenic target. As
such, immunofluorescence assay using Hep-2 cell line kits
represents the key test to characterize ANAs by determining
their positivity, staining patterns and titers (19, 30, 31). Besides
Frontiers in Immunology | www.frontiersin.org 6
being considered as quintessential markers in SLE, characterizing
ANAs titers and antigenic target is predictive of the clinical
manifestations of the disease, its pathogenicity and primary site
of activity. Most specifically, anti-ds DNAs, a sub-category of
anti-DNA ANAs that bind the double-stranded DNA, have a
higher diagnostic value in SLE, and their titers have long been
observed to indicate the disease activity and level of organ
involvement, notably SLE nephritis (11–14). Other highly
specific ANAs for SLE are anti-Smith (anti-Sm) antibodies,
which are a subset of anti-RNA antibodies that bind ribosomal
proteins and ribosome-containing complexes (32). Both anti-DA
and anti-Sm antibodies are considered among the classification
criteria of SLE. This is advocated by the new EULAR/ACR
consensual classification, which showed a high accuracy with
TABLE 3 | Titers and patterns of antinuclear antibodies in SLE patients.

Titers Total Pattern

Speckled Homogenous Mixed pattern Nucleolar Centromere Peripheral

Total N (%) 258 (52.1) 174 (35.2) 32 (6.5) 18 (3.6) 3 (0.6) 10 (0.2)
1:40 1 (0.2) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
1:80 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.6) 0 (0.0) 0 (0.0)
1:160 30 (6.1) 11 (4.3) 13 (7.5) 2 (6.3) 4 (22.2) 0 (0.0) 0 (0.0)
1:320 55 (11.1) 22 (8.5) 28 (16.1) 2 (6.3) 2 (11.1) 1 (33.3) 0 (0.0)
1:640 89 (18.0) 41 (15.9) 38 (21.8) 2 (6.3) 6 (33.3) 0 (0.0) 2 (20.0)
1:1280 319 (64.4) 183 (70.9) 95 (54.6) 26 (81.3) 5 (27.8) 2 (66.7) 8 (80.0)
March
 2022 | Volume 13 | Art
Chi square: statistics = 63.75, df = 25, p <0.001.
Kruskal–Wallis test: statistics = 29.09, df = 5, p <0.001.
Bold values correspond to the totals in the corresponding pattern or titer level.
TABLE 4 | Association of ANA patterns with demographic factors.

Factor/Level N Pattern, % p-
value

Speckled Homogeneous Mixed Nucleolar Centromere Peripheral

Age 495
Mean 35.1 37.8 39.2 50.6§ 34.0 30.1
SD 13.0 16.6 18.2 17.7 5.2 16.3 .001*

Gender
Male 59 54.2% 39.0% 1.7% 3.4% 0.0% 1.7%
Female 436 51.8% 34.6% 7.1% 3.7% 0.7% 2.1% .677

Nationality
Saudi 282 53.9% 35.1% 5.0% 3.9% 0.4% 1.8%
Yemeni 68 35.3% 41.2% 11.8% 7.4% 0.0% 4.4%
Chadian 27 74.1% 22.2% 3.7% 0.0% 0.0% 0.0%
Pakistani 18 55.6% 22.2% 11.1% 0.0% 11.1% 0.0%
Sudanese 14 71.4% 21.4% 0.0% 0.0% 0.0% 7.1%
Indian 12 83.3% 16.7% 0.0% 0.0% 0.0% 0.0%
Palestinian 15 46.7% 46.7% 6.7% 0.0% 0.0% 0.0%
Other 59 42.4% 42.4% 10.2% 3.4% 0.0% 1.7% <0.001*

Ethnic group
Arab tribes 350 50.3% 36.3% 6.3% 4.6% 0.3% 2.3%
Middle-Eastern 31 38.7% 41.9% 12.9% 3.2% 0.0% 3.2%
Afro-Arab 35 60.0% 28.6% 8.6% 0.0% 0.0% 2.9%
African 32 65.6% 31.3% 3.1% 0.0% 0.0% 0.0%
South Asian 37 59.5% 29.7% 5.4% 0.0% 5.4% 0.0%
Southeast Asian 10 60.0% 30.0% 0.0% 10.0% 0.0% 0.0% .174
icle
Percentages are calculated on the row variable and categories.
§Value significantly higher compared to speckled and homogeneous in post hoc analysis using Tukey HSD test.
*Statistically significant result (p<0.05).
Bold values correspond to the most common pattern in the given factor category.
850759
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96% sensitivity and 93% specificity (22). Considering these
observations, findings from the present study show
significantly higher ANA and anti-dsDNA profiles in the
peripheral staining pattern, support the hypothesis that such
pattern may be associated with higher disease activity and may
be predictive of greater organ damage. Differences across other
patterns suggest further clinical significance to ANA pattern and
ANA and anti-DNA profiles. Comparable to our findings, the
Frontiers in Immunology | www.frontiersin.org 7
speckled pattern showed the highest profiles of anti-RNA
including anti-Sm and anti-snRNP in Swedish LE patients;
however, no data for peripheral pattern was reported (25). The
same study demonstrated significant clinical association,
whereby the speckled pattern was associated with reduced risk
of arthritis, immunological disorders and organ damage; whereas
the homogeneous pattern was associated with more frequent
immunological disorders.
TABLE 5 | Association of ANA pattern with specific and nonspecific biological markers.

Factor/Level Pattern, % p-
value

Speckled Homogenous Mixed Nucleolar Centromere Peripheral

N 258 174 32 18 3 10

CRP
Negative 74.4% 65.1% 62.5% 46.7% 33.3% 33.3%
Positive 25.6% 34.9% 37.5% 53.3% 66.7% 66.7% .008*

ADNA (anti-dsDNA)
Mean 565.6 576.5 628 474.5 331.3 908.3‡

SD 323.1 297.4 331.1 240.1 143.2 331.1 .007*
Rheumatoid factor
Negative 83.7% 89.7% 94.4% 91.7% 100.0% 100.0%
Positive 16.3% 10.3% 5.6% 8.3% 0.0% 0.0% .511

C3
Median 0.87 0.92 0.88 0.97 0.83 0.71
IQR 0.44 0.44 0.37 0.36 – 0.40 .066K

C4
Median 0.15 0.18 0.21 0.18 0.07 0.05
IQR 0.13 0.14 0.15 0.26 – 0.37 .003* K

ACL IgG
Negative 90.0% 82.3% 87.5% 100.0% 100.0% 50.0%
Weak positive 5.7% 8.9% 0.0% 0.0% 0.0% 0.0%
Positive 4.3% 8.9% 12.5% 0.0% 0.0% 50.0% .003*

ACL IgM
Negative 93.1% 82.7% 95.8% 100.0% 100.0% 33.3%
Weak positive 6.0% 15.0% 4.2% 0.0% 0.0% 16.7%
Positive 0.9% 2.4% 0.0% 0.0% 0.0% 50.0% <.001*

b2-IgG
Negative 82.7% 70.5% 80.0% 100.0% 100.0% 40.0%
Weak positive 10.0% 18.2% 0.0% 0.0% 0.0% 0.0%
Positive 5.3% 0.0% 0.0% 0.0% 0.0% 20.0%
Strongly positive 2.0% 11.4% 20.0% 0.0% 0.0% 40.0% <.001*

b2-IgM
Negative 96.8% 83.0% 95.0% 100.0% 100.0% 40.0%
Weak positive 1.9% 11.7% 0.0% 0.0% 0.0% 0.0%
Positive 1.3% 5.3% 5.0% 0.0% 0.0% 20.0%
Strongly positive 0.0% 0.0% 0.0% 0.0% 0.0% 40.0% <.001*

Prothrombin Time
Low 0.5% 0.0% 0.0% 0.0% 0.0% 0.0%
Normal 63.3% 62.4% 68.4% 61.5% 0.0% 40.0%
High 36.2% 37.6% 31.6% 38.5% 100.0% 60.0% .698

PTT
Low 9.3% 3.1% 0.0% 7.7% 0.0% 20.0%
Normal 70.7% 77.3% 60.0% 76.9% 0.0% 60.0%
High 20.0% 19.5% 40.0% 15.4% 100.0% 20.0% .010*

Lupus
anticoagulant
Mean 39.98 41.81 56.43§ 41.83 62.8 39.39
SD 17.45 13.14 25.43 32.43 40.88 10.07 .003*
Median 36.00 37.15 42.30 32.80 39.20 36.25
IQR 10.90 11.20 50.00 14.55 – 20.78 .006* K
March 2022 | Volume 13 | Article
§Significantly higher compared to speckled and homogenous in post hoc analysis using Tukey HSD test.
‡Significantly higher compared to speckled, homogenous and nucleolar in post hoc analysis (Tukey HSD test).
ACL, Anticardiolipin antibody; IQR, Interquartile range; PTT, Partial Thromboplastin Time; K, Kruskal–Wallis test; *statistically significant result (p <0.05).
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FIGURE 1 | Summary of the significant associations of ANA patterns with other immune markers in patients with SLE. * Significance confirmed by post hoc analysis.
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Notwithstanding the new EULAR/ACR criteria and the
aforementioned pathological correlations, the clinical use and
significance of ANAs and anti-DNA in SLE patients is
increasingly challenged by recent clinical trials and
experiments, revealing high percentages of SLE patients with
negative ANA (15–17). Furthermore, great mystery and
uncertainties hover around the pathogenic potentials and
binding features of each specific anti-DNA (12, 18).
Additionally, the current assays used in ANA and anti-DNA
testing present several technical issues that question their
reliability and interpretability, notably issues potentially
impacting the interaction of synthetic components of each
assay with the antibodies of patient (21). This results in erratic
performance and variable scope of anti-DNA identification
between different assays, which constitute the major drawback
delaying consensus regarding the use and significance of ANA
and anti-DNA assays in SLE (19, 20). This suggests further
investigations are warranted to address this issue, notably by
including more patients from rare patterns and using different
assays and control groups.

4.4 Significance of the Association of ANA
Pattern With C3 and C4
The second interesting observation from the present study is the
association of ANA pattern with the complement, further
emphasizing the peripheral pattern. While no significant
association was observed with C3, C4 levels were significantly
lower in patients with peripheral pattern. Abnormal levels of C3
and or C4 are indicative for complement consumption, which in
SLE is correlated with the disease activity. Notably, higher levels
of C4 are associated with higher rate of flares; whereas decreased
C3 or C4 levels are significantly associated with organ
involvement, especially in the renal subscale of the lupus
activity index (33). Other data support that SLE patients with
fluctuant levels of complement are at higher risk for lupus
glomerulonephritis, with reference to those with constantly low
or normal levels (34). In another study investigating the
significance of C3 and C4 in antiphospholipid syndrome,
approximately, 40% lower levels of C4 (both C4A and C4B)
were observed in thrombotic SLE patients with reference to
thrombosis-free SLE patients (35).

In the present study, the association of peripheral ANA pattern
with lower C4 levels further supports the high potential of the
same pattern to induce organ injury, notably renal damage.
Consequently, patients having such ANA pattern may require
specific attention including a closer monitoring and more adapted
treatment protocols to mitigate the higher risk for organ damage.
In line with these conclusions, we relate an unpublished case from
our department. It consisted of a 24-year-old woman who
presented with pericarditis with fever and diagnostic
immunology testing, namely, ANA and anti-DsDNA were
requested. Results were reported to be ANA 1:80 with peripheral
pattern and anti-dsDNA was normal. Although, the diagnosis of
SLE was ruled out, a close monitoring was recommended by the
consultant diagnostic immunologist. Nevertheless, the patient was
lost for follow-up. Six months later, the patient presented to the
emergency department for an active SLE with active renal failure.
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4.5 Significance of the Association of ANA
Pattern With Antiphospholipid Antibodies
The last butnot the leastfindingof interest in thepresent study is the
association of peripheral pattern with a higher prevalence of
antiphospholipid antibodies (aPLs) ACL and anti-b2 glycoprotein
antibodies compared with the other patterns. Some patterns,
namely, nucleolar and centromere, showed complete absence of
ACL and anti-b2 glycoprotein antibodies. On the other hand,
although lupus anticoagulant was positive in 99.4% of the
patients, levels were significantly higher in patients with mixed
pattern. The positivity rates for the other aPLs, regardless of the
ANA pattern, showed ACL (13 and 10.9%) and anti-b2
glycoprotein (21.7 and 8.1%) including IgG and IgM, respectively.

Overall, aPL detection rate in SLE patients is reported to be
relatively high, ranging between 30 and 86% depending on the
antibody and the study (36–39). However, the detection of aPL is
not equivalent to the diagnosis of antiphospholipid syndrome
(APS), which was reported to coexist with SLE in less than 10%
(40, 41) to 25.4% (37) of the SLE patients. SLE patients fulfilling
the criteria of APS have a high risk for mortality and morbidity
including cardiovascular and thromboembolic events, notably
ischemic stroke, obstetric morbidity (40, 41), besides a
multisystem involvement (37). Additionally, APS was observed
to be particularly associated with pulmonary involvement in SLE
patients (42). On the other hand, a study involving 525 SLE and
non-SLE APS patients showed that thrombotic events among
SLE-APS patients was associated with a higher positivity rate of
lupus anticoagulant (76.3% vs 51.2% p <0.0001) compared with
SLE-APS patients without thrombosis, respectively (35).
Regarding mortality, a study involving 679 SLE patients
showed that those having APS had significantly higher
mortality rate than their counterparts, with myocardial
infarction being the most frequent cause of death (41).

Nonetheless, beyond the full APS picture, a positive detection
of aPLs in SLE is individually associated with high morbidity. A
review of meta-analyses and prospective studies showed that aCL
is associated with up to 3.7 odd ratio (OR) for pregnancy
morbidity and 2.4 to 5.8 OR for other clinical manifestations
such as venous thromboembolism, thrombocytopenia, hemolytic
anemia, impaired renal function and valvular disease. Likewise,
anti-b2GPI and lupus anticoagulant were associated each with
up to 8.9 and 3.7 OR for pregnancy morbidity, respectively, and
2.0 to 5.6 OR for previously mentioned clinical manifestations
(43). Other data showed a significant correlation of aPL with SLE
activity and cognitive dysfunctions (44). Of note, authors of the
previous review proposed that a clinically significant aPL should
be defined as a “positive (lupus anticoagulant) test based on the
guidelines of International Society of Thrombosis and
Haemostasis, aCL IgG/IgM ≥40 U, and/or anti-b2GPI IgG/IgM
≥40 U, tested twice at least 12 weeks apart” (43). Further, authors
stressed on the cautious interpretation of the results in patients
on anticoagulant therapy. The prevalence of clinically significant
aPL profile in SLE was estimated to be 20% (45).

4.6 Antiphospholipid Antibodies Isotypes
While the positivity rate of IgM in aPLs was lowers than that of
IgG in all patients, those with peripheral ANA pattern had
March 2022 | Volume 13 | Article 850759
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comparable, high rates of IgM and IgG. The significance of the
aPL antibodies isotype is still a question mark. A study among
796 SLE patients showed that positive IgM anti-b2GPI was
associated with a 2.6-fold risk of ischemic attack, while it was
associated with a reduced risk for hypertension (OR = 0.54) and
renal damage, namely, lupus nephritis (OR = 0.54), persistent
proteinuria (OR = 0.19), and renal SLE (OR = 0.58) with
reference to negative IgM anti-b2GPI and regardless of the IgG
status (46). Authors titled their paper “IgM Anti-ß2 Glycoprotein
I Is Protective Against Lupus Nephritis and Renal Damage in
Systemic Lupus Erythematosus”. An earlier study involving 100
SLE patients showed that positive IgM aCL was predictive for
hemolytic anemia and neutropenia with 56 and 84% sensitivity
and 80 and 83% specificity, respectively (47). Recently, the
pathogenic implications of IgA isotype of aCL and anti-B2GPI
have been demonstrated. Notably, a positive association with an
increased risk of thrombotic events, especially, when associated
with positive lupus anticoagulant. Its prevalence in SLE patients
ranged between 2–87% for aCL and 14–100% for anti-B2GPI
(47–52).

4.7 Limitations
The present study is limited by the retrospective design and the
use of immunodiagnostic laboratory data. This explains the lack
of a control group and clinical correlations with ANA patterns.
Furthermore, multiple comparison analysis was not practicable
due to missing data of autoimmune markers in a relatively high
proportion of patients as shown in Table 2.

4.8 Implications and Conclusions
The synthetic indication regarding the clinical implications of
our findings, combined with the review of the demonstrated and
potential pathogenic roles of the different immune markers and
antibody isotypes, suggests that SLE patients with peripheral,
speckled and mixed ANA staining patterns have a greater
likelihood for more severe disease and organ damage. This
supports the potential utility of immunofluorescence assay in
further characterizing and or predicting the disease activity for
eventual adaptive management strategy. Nevertheless, the
present study has a major limitation due to the small size in
some ANA pattern groups, notably in peripheral pattern. This
impacts the generalizability of the findings notably those
concerning this specific pattern.

Given the complexity of SLE and the great number of
immunological parameters underlying its pathogenicity, it is
reasonable to advocate for ANA patterns testing to enhance
our understanding of the disease. In a big data perspective,
Frontiers in Immunology | www.frontiersin.org 10
combined with the forecasted progress in immune and
molecular methods, data generated from ANA pattern assays
will probably provide precious contribution in the elucidation of
the immunological mechanisms and their clinical and
therapeutic implications in SLE.
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