

[image: image1]
The Prevalence and Clinical Relevance of the DFS Immunofluorescence Staining Pattern in a Large ANA-Positive Cohort












	
	ORIGINAL RESEARCH
published: 10 May 2022
doi: 10.3389/fmed.2022.829436






[image: image2]

The Prevalence and Clinical Relevance of the DFS Immunofluorescence Staining Pattern in a Large ANA-Positive Cohort

Chuiwen Deng†, Anqi Wang†, Chaojun Hu, Wen Zhang, Xiaofeng Zeng* and Yunyun Fei*

Department of Rheumatology and Clinical Immunology, National Clinical Research Center for Dermatologic and Immunologic Diseases (NCRC-DID), Ministry of Science and Technology, State Key Laboratory of Complex Severe and Rare Diseases, Peking Union Medical College Hospital, Key Laboratory of Rheumatology and Clinical Immunology, Ministry of Education, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China

Edited by:
Sophia Adamia, DFCI/HCC, United States

Reviewed by:
Christine Gibson Parks, National Institute of Environmental Health Sciences (NIH), United States
 Marvin Fritzler, University of Calgary, Canada
 Dirk Roggenbuck, Brandenburg University of Technology Cottbus-Senftenberg, Germany

*Correspondence: Yunyun Fei, feiyunyun@pumch.cn
 Xiaofeng Zeng, xiaofeng.zeng@cstar.org.cn

†These authors have contributed equally to this work

Specialty section: This article was submitted to Translational Medicine, a section of the journal Frontiers in Medicine

Received: 13 January 2022
 Accepted: 17 March 2022
 Published: 10 May 2022

Citation: Deng C, Wang A, Hu C, Zhang W, Zeng X and Fei Y (2022) The Prevalence and Clinical Relevance of the DFS Immunofluorescence Staining Pattern in a Large ANA-Positive Cohort. Front. Med. 9:829436. doi: 10.3389/fmed.2022.829436



Background: Although the dense fine speckled (DFS) immunofluorescence staining pattern has been studied by various researchers in recent years, its clinical associations remain unspecified. Thus, we performed a retrospective study in a non-selective population to explore the prevalence of this enigmatic antinuclear antibody (ANA) pattern and to determine its possible clinical associations with any identifiable pathology.

Methods: We retrieved the results of ANA testing ordered by various departments in 2019 to study the prevalence of DFS pattern. Demographic characteristics and clinical features of these participants were also collected from the electronic medical record system. Correlation analysis was made to study its clinical associations and a p-value < 0.05 was considered statistically significant.

Results: The prevalence of ANA positivity was 37.4% among 72,204 serum samples of which the median age was 44 (interquartile range: 31, 56) years old and 68.0% were women. The prevalence of the DFS staining pattern was 1.1% in the total population and accounted for 3.1% in the ANA-positive population. There were 97.6% of these cases displaying the DFS pattern with a low titer of ANA (≤1:320; starting serum dilution: 1:100). We found that this pattern correlated with several pathological conditions, such as skin disorders (25.1%), alopecia (4.6%), and obstetric complications (6.6%).

Conclusion: The presence of the DFS immunofluorescence staining pattern may accompany several pathological conditions and may be a signal of localized inflammation within certain organs or tissues, especially the skin.
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INTRODUCTION

Autoantibodies have been proven to play a critical role in the pathogenesis of autoimmune diseases (AiDs). For example, antinuclear antibodies (ANAs) can be found in most patients with systemic lupus erythematosus, with varied sensitivities and specificities in the diagnostic test. Therefore, ANA testing is a prerequisite for the clinical diagnosis of ANA-associated rheumatic diseases, and a positive ANA result in this context tends to reveal a propensity of pathology with an autoimmune origin. In addition, ANAs could even be present several years before clinical onset (1–4). Aside from autoimmune-related diseases, ANAs can also be detected in people with cancer or infectious diseases (5–9). Moreover, it was reported that a sizable proportion of sera from apparently healthy individuals could be ANA-positive, which may arouse concern and complicate clinical diagnosis, thus making the interpretation of ANA-positive results extremely important (10–16).

The HEp-2 cell indirect immunofluorescence (IIF) assay is the standard test for ANA testing and is a key approach in the laboratory diagnosis of ANA-associated rheumatic diseases (17). According to the International Consensus of ANA Patterns, IIF staining patterns on HEp-2 cell substrates have 29 classifications (from AC-01 to AC-29), some of which have been reported to have clinical relevance associated with specific autoantibodies or diseases (14, 18–22). Among these, the nuclear dense fine speckled (DFS) pattern (AC-02) is characterized by unique speckled staining distributed in both the nucleoplasm of interphase cells and the metaphase chromosomal plate, with heterogeneous size, brightness, and density of the speckles (18, 23, 24). Initially, reported in patients with interstitial cystitis, later studies observed this pattern in a wide spectrum of clinical conditions, such as chronic inflammation, asthma, atopic dermatitis, autoimmune thyroiditis, as well as in apparently healthy individuals (25, 26). Despite sharing morphological similarity with the nuclear homogeneous pattern (AC-01), the DFS pattern has a completely different clinical significance that needs to be clarified (27). To date, the DFS pattern has mainly been linked to anti-DFS70 antibodies in various studies. In fact, discordant positivity of anti-DFS70 antibody has been reported among cases with the DFS IIF pattern by previous studies (19, 28–31). Therefore, discussion about the DFS pattern itself is warranted to further demonstrate its potential value.

The prevalence of the DFS pattern was reported to vary between 0.3 and 27.0% in cohorts of consecutive or randomly selected patients tested for ANA (Supplementary Table 1) (19, 29–34). Although this pattern could be detected in healthy individuals, as mentioned above, its presence does not necessarily indicate an absence of pathology. Thus, accurate identification and interpretation of the nuclear DFS pattern is of crucial importance to assist in diagnostic decision-making. Despite the fact that various studies have tried to interpret this pattern, heterogeneity among these researches lead to contradictory findings, continuing to make it difficult to interpret its clinical relevance. To determine this enigmatical issue, we investigated the frequency and clinical associations of this DFS pattern in a large-scale ANA-positive cohort.



METHODS


Study Design

This is a retrospective study conducted in the Chinese population. Results of consecutive samples under ANA testing ordered by various departments during 2019 were collected, which included immunofluorescence staining pattern and ANA titer. Besides, demographic characteristics and diagnoses or indications at the time of ANA testing were also retrieved from the electronic medical record system of Peking Union Medical College Hospital. With regard to duplicates, only the first record in the sampling time was included.

ANAs (IgG antibodies) were detected by the standard test HEp-2 immunofluorescence assay, which was performed on HEp-2 slides from EUROIMMUN AG (Lübeck, Germany) according to instructions with a starting serum dilution of 1:100. The visualization of ANA patterns was performed on EUROStar II microscope from EUROIMMUN AG (Lübeck, Germany) by two observers experienced in pattern reading. Samples displaying the DFS pattern were determined according to pattern-related characteristics (18, 23). Discordant readings of the slides were resolved by consensus or through a third observer.

This study was approved by the Ethics Committee of Peking Union Medical College Hospital, and informed consent was waived due to the retrospective nature.



Statistical Analysis

Continuous variables with a non-normal distribution, such as age, are presented as medians with interquartile ranges (IQR). The chi-square test and Fisher's exact test were used to assess the association between unordered categorical variables, such as sex, age group, and ANA pattern. The Mann–Whitney U test was used to compare ANA titres between the AiDs group and the non-AiDs group. Statistical analyses were performed with SPSS-IBM v21, and the level of significance was set at p-value < 0.05.




RESULTS


Prevalence of ANA Positivity and the DFS Pattern

After eliminating redundancy, the total number of samples we took into analysis was 72,204, of which the median age was 44 years old and 68.0% were women (Table 1). The ages of samples from the Gynaecology and Obstetrics Department were generally younger while those from the Respiratory Medicine Department were older. Most ANA tests were ordered from the Rheumatology Department (21,240, 29.4%), Nephrology Department (7,406, 10.3%), and Physical Examination Department (7,152, 9.9%). The highest prevalence of ANA positivity (61.3%) was observed in the Rheumatology Department, followed by the Respiratory Medicine Department (33.2%), and the Dermatology Department (30.1%). The total number of cases that displayed the DFS pattern was 830, accounting for 1.1% of the total population and 3.1% of ANA-positive population, with 207 from the Rheumatology Department, 69 from the Nephrology Department, 91 from the Physical Examination Department, 78 from the Dermatology Department, 24 from the Respiratory Medicine Department, 52 from the Allergy Department, 33 from the Gynaecology and Obstetrics Department, and 276 from other departments. Notably, the prevalence of the DFS pattern varies by department and the Obstetrics and Gynaecology Department had the highest prevalence of the DFS pattern in ANA-positive population (22.9%, Table 1).


Table 1. Prevalence of ANA positivity and nuclear DFS staining pattern from various departments.
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Basic Characteristics of Cases With the DFS Pattern

A total of 830 cases showed the DFS pattern on the IIF assay with a median age of 31 (IQR: 24, 39) years old, the gender ratio (F: M) of which was 4.8. The median age for women and men was 32 (IQR: 25, 40) and 28 (IQR: 18, 36) years old, respectively (p = 0.001). The majority of these cases were women between 18 and 35 years of age. The prevalence of the DFS pattern varied among different age groups and decreased with increasing age (Table 2). Most of these cases displayed a DFS pattern with a low titer of ANA (≤1:320, 97.6%), while the presence of a high titer of ANA (>1:320) was very rare (2.4%). Among 149 cases showing the DFS pattern diagnosed with AiDs, 146 had a titer lower than 1:320 or at 1:320, and the remaining 3 had a higher titer. There was statistical significance in titer distribution between AiDs and non-AiDs cases (p < 0.05), with the AiDs group at higher titers in general (Table 3).


Table 2. Characteristics of ANA-positive sera showing DFS pattern among different age groups.
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Table 3. Titer distribution of ANA showing DFS pattern between AiDs group and non-AiDs group.
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Common Manifestations of Cases Showing the DFS Pattern

Skin disorder was the most prevalent manifestation in 830 cases with the DFS pattern (p < 0.001, Table 4), with 208 cases (25.1%) showing various types of skin disorders which included rashes, thickening and hardening of the skin, depigmentation, etc. (Supplementary Table 2). In addition, as shown in Table 4, arthralgia was the second most common manifestation in cohort with the DFS pattern (10.7%), followed by fever (6.4%), proteinuria (5.7%), alopecia (4.6%), mental disorders such as anxiety, depression and insomnia (4.2%), hematuria (3.9%), and cytopenia (3.4%) (detailed significance shown in Supplementary Figure 1).


Table 4. Prevalence of common manifestations and AiDs in cases with DFS pattern.
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Cases With the DFS Pattern and Also Diagnosed With AiDs

In total, 149 cases with the DFS pattern were diagnosed with various AiDs, some of which had more than one kind of AiD simultaneously and were included in the repetitive analysis of AiDs. There were 42 cases diagnosed with systemic lupus erythematosus, 23 cases with rheumatoid arthritis, 22 cases with antiphospholipid syndrome (Supplementary Table 3), 22 cases with localized scleroderma, 20 cases with Hashimoto's disease, 13 cases withspondyloarthropathies, and 35 cases with other AiDs. Systemic lupus erythematosus was significantly most prevalent in cases with the DFS pattern (p < 0.001, Table 4, detailed significance shown in Supplementary Figure 1).



Clinical Associations of the DFS Pattern

Among 830 cases with the nuclear DFS pattern, there was a frequency of 2.7% for localized scleroderma characterized by localized thickening and hardening of the skin. Among ANA-positive cases showing other patterns, the frequency of localized scleroderma was 1.6%. The prevalence of localized scleroderma was significantly higher in cases with the DFS pattern than in those with other patterns (Table 5). Among 446 cases diagnosed as localized scleroderma, 22 cases displayed the DFS staining pattern, while no DFS pattern was observed in 588 patients with systemic sclerosis (Table 5). In total, 235 cases showing ANA positivity had alopecia, among which 38 cases presented the DFS pattern. The frequency of the DFS pattern in all ANA-positive cases with alopecia was higher than that in the Physical Examination Department (16.2% vs. 10.2%, p = 0.01). In addition, a significantly higher prevalence of alopecia was observed in cases with the DFS pattern than in those with other IIF patterns (Table 5).


Table 5. Prevalence of several pathological conditions in cases with the DFS staining pattern vs. other ANA patterns.
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It was also observed in our study that 55 patients with the DFS pattern (6.6%) had a history of obstetric complications, including spontaneous abortion, habitual abortion, fetal growth restriction, embryonic termination, pregnancy-induced hypertension syndrome, and infertility. Cases with the DFS pattern showed a significantly higher frequency of obstetric complications than cases with other patterns (Table 5).




DISCUSSION

We conducted this research to demonstrate the prevalence and possible clinical associations of the DFS pattern in a large-scale ANA-positive cohort. A broad array of clinical conditions was sampled in our study with non-specific sera under ANA testing ordered by various departments, which reflected the real scenario in clinical practice. The prevalence of ANA positivity in our study was 37.4%. The prevalence of the DFS pattern was 1.1% in the total population and 3.1% in the ANA-positive population. In our study, it was observed that although Rheumatology Department ordered the most ANA tests and had the highest prevalence of ANA positivity (61.3%), the prevalence of the DFS pattern was relatively low, accounting for only 1.0% of the total population and 1.6% of the ANA-positive population. A higher prevalence of the DFS staining pattern was seen in the Obstetrics and Gynaecology Department, Allergy Department, Dermatology Department and Physical Examination Department. Another study also reported that the highest rate of the DFS pattern among the ANA-positive population was observed in an obstetrics and gynaecology hospital (35). This discrepancy between departments implies that the DFS pattern may have a stronger correlation with obstetric, allergic and dermal diseases, or these patients probably have a much low pretest probability for ANA-associated rheumatic diseases. ANA testing is increasingly used by clinical specialists other than rheumatologists as a screening method for the differential serological diagnosis of autoimmune rheumatic diseases. As shown in Table 1, 70.6% of ANA testing was ordered from non-rheumatology departments, and considerable proportions of these samples were ANA-positive. This is closely related to the deepening understanding of autoimmunity among other specialists. For routine autoimmune laboratories, it is necessary to have a deeper understanding of the clinical relevance of different ANA staining patterns, as well as the differences among detection methodologies. Only in this way can we give clinical specialists better advice on ANA testing and interpretation of results.

It has been reported that the nuclear DFS pattern is more prevalent in young people (<35 years) (36–38). The prevalence of the DFS staining pattern observed in our study is lower than that in some previous studies (19, 31, 37), and this discrepancy probably derives from a selection bias since our study included a population consisting of a higher percentage of older people (>35 years old). In addition, the cohort our study included was consecutive and non-selective, while sera examined in previous studies were obtained from specific populations. Ethnicity may be another confounding factor accounting for this discrepancy since a varied prevalence of DFS patterns was reported among different regions (36). The use of different screening thresholds and commercial kits by studies results in a variation in reported positive rates. Hence, inevitable heterogeneity between studies must be taken into consideration in regard to the comparison and interpretation of these results. Among 830 cases in our study displaying a DFS staining pattern, the prevalence of the DFS pattern decreased with increasing age, and the majority of cases were women between 18 and 35 years old. Most cases with the DFS pattern showed a low titer of ANA (≤1:320), and cases diagnosed with AiDs had a significantly higher titer than cases without an autoimmune background. According to previous reports, the nuclear DFS pattern is not necessarily associated with a low titer, and some sera can have extremely high titers (14, 39). Usually, high-titer ANAs are more clinically significant than low-titer ANAs. In terms of the DFS pattern, titer has little bearing on diagnosis or disease activity after the screening threshold of 1:80 or 1:160 (14).

Previous findings indicated that the presence of the DFS pattern might correlate with several pathological conditions, such as atopic dermatitis, asthma, and interstitial cystitis (26). In our study, the most common manifestation in cases with the DFS pattern was various types of skin disorders (Supplementary Figure 1). Moreover, a significantly higher prevalence of alopecia was observed in cases with the DFS pattern compared to other ANA patterns, and the frequency of the DFS pattern in all ANA-positive cases with alopecia was higher than that in the Physical Examination Department. Interestingly, Okamoto et al. reported the localization of DFS70 in the outer root sheath cells and elevated anti-DFS70 antibodies in patients with alopecia (40). Combining evidence from these studies and our findings underpins a potential clinical association of the DFS pattern with pathological skin conditions.

In this study, 6.63% of cases with DFS staining patterns had a history of obstetric complications. Cases with the DFS pattern showed a significantly higher frequency of obstetric complications than cases with other ANA patterns. Besides, in the 22 patients with antiphospholipid syndrome, cases with the DFS pattern at a titer of 1:320 seem more likely to be accompanied with antiphospholipid antibody (Supplementary Table 3). However, the correlation between DFS pattern titer with antiphospholipid antibody levels could not be concluded due to limited sample size, which warrants further research. Notably, it was reported that a significant proportion of patients with the DFS pattern (13.1%) presented with a history of thrombosis or obstetric complications, and the prevalence of obstetric complications was 5.8% in female patients (41). The DFS pattern was also prevalent in patients with unexplained thrombosis and obstetric complications (41). Therefore, it is hypothesized that the presence of the DFS pattern may be associated with a high risk of thrombosis and obstetric complications.

Obviously, the role of anti-DFS70 antibodies is hard to avoid in the discussion of the DFS pattern. As the first and most widely reported autoantibody responsible for the presence of the DFS pattern, anti-DFS70 antibodies target the ~70 kd lens epithelium–derived growth Factor p75 (LEDGF/p75) protein (also designated DFS70). Notably, autoantibodies producing the DFS staining pattern do not exclusively target DFS70, and anti-DFS70 antibodies do not necessarily display this pattern, especially when they coexist with other autoantibodies (23, 24). For example, Bizzaro et al. observed a significantly higher prevalence of the DFS pattern in patients with thrombotic events or unexplained recurrent pregnancy loss than controls, while the results of anti-DFS70-specific antibodies showed no evidence of such an association (42). The involvement of other non-DFS70 reactive autoantibodies which could produce the DFS pattern, such as autoantibodies targeting JPO2/CDCA7L, may account for this discrepancy (24, 43). Thus, the relationship between the DFS pattern and its pathological roles could be better elucidated when all associated antigen-specific antibodies were also studied simultaneously.

There are several limitations in our study. On the one hand, the number of younger samples included is very limited, which may be partly responsible for the lower prevalence of the DFS pattern in our study compared with other studies. The decline in DFS pattern prevalence with increasing age implies that the DFS pattern may play a more important role in this population, which needs further investigation. On the other hand, although the DFS pattern could be detected in various AiDs such as systemic lupus erythematosus (Supplementary Figure 1), this retrospective study adds little value to the interesting on going discussion about the relationship between isolated DFS70 autoantibodies and systemic autoimmune rheumatic diseases since DFS70 autoantibodies were not detected in routine clinical laboratory tests.

Our findings contribute to a better understanding of the prevalence and characteristics of the DFS pattern in a large ANA-positive cohort. In addition, it will help interpret the DFS pattern in ANA testing for patients at risk to undergo subsequent investigation. In conclusion, although rare in autoimmune diseases, the presence of a nuclear DFS pattern indeed correlates with several pathological conditions, such as skin disorder, alopecia, and obstetric complications. It may be a signal of localized inflammation within certain organs or tissues, especially the skin. Further studies to investigate the mechanism by which antigen-specific autoantibodies produce this pattern are of great importance to shed light on this problem.
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