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Anti-fibrillarin autoantibodies are useful for the diagnosis and prognosis of

systemic sclerosis (SSc). Anti-fibrillarin produces a clumpy nucleolar pattern in

indirect immunofluorescence assay on HEp-2 cells (HEp-2 IFA). Here we develop

and validate a reliable cell-based anti-fibrillarin assay (Fibrillarin/CBA) for use in

clinical diagnostic laboratories. A TransMembrane Signal was fused to the human

fibrillarin gene (TMS-fibrillarin). HEp-2 cells overexpressing transgenic TMS-

fibrillarin at the cytoplasmic membrane were used as IFA substrate in the

Fibrillarin/CBA. Sixty-two serum samples with nucleolar pattern in the HEp-2 IFA

(41 clumpy; 21 homogeneous/punctate) were tested for anti-fibrillarin using

Fibrillarin/CBA, immunoprecipitation (IP), line-blot and ELISA. In addition,

samples from 106 SSc-patients were evaluated with Fibrillarin/CBA and the

results were correlated with disease phenotypes. Thirty-eight of 41 samples with

the clumpy nucleolar pattern (92.7%) were positive in the Fibrillarin/CBA, while all

21 samples with other nucleolar patterns were negative. Fibrillarin/CBA results

agreed 100% with IP results. Among the 38 Fibrillarin/CBA-positive samples, only

15 (39.5%) and 11 (29%) were positive for anti-fibrillarin in line-blot and ELISA,

respectively. Higher frequency of diffuse cutaneous SSc (dcSSc) phenotype (72.7%

vs 36.8%; p=0.022), cardiac involvement (36.4% vs 6.5%; p=0.001) and

scleroderma renal crisis (18.2% vs 3.3% p = 0.028) was observed in SSc patients

with positive compared to negative Fibrillarin/CBA result. Performance of

Fibrillarin/CBA in the detection of anti-fibrillarin autoantibodies was comparable

to the gold standard IP. Positive Fibrillarin/CBA results correlated with disease

phenotypes known to be associated with anti-fibrillarin autoantibodies,

underscoring the clinical validation of this novel assay.
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frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2022.1011110/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1011110/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1011110/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1011110/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2022.1011110&domain=pdf&date_stamp=2022-09-26
mailto:gerson.keppeke@gmail.com
https://doi.org/10.3389/fimmu.2022.1011110
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2022.1011110
https://www.frontiersin.org/journals/immunology


Keppeke et al. 10.3389/fimmu.2022.1011110
Highlights
Fron
•Anti-fibrillarin antibodies correlate with a more severe

disease phenotype in SSc patients.

•Immunoprecipitation is the gold standard assay for anti-

fibrillarin antibodies.

•By relocating transgenic fibrillarin to the cell membrane,

we developed the Fibrillarin/CBA, a new cell-based

assay (CBA) for anti-fibrillarin.

•Positive/negative results in the Fibrillarin/CBA agreed

100% with immunoprecipitation results.

•The Fibrillarin/CBA showed higher sensitivity than

commercially available solid-phase assays.
Introduction

Systemic sclerosis (SSc) is a chronic heterogeneous systemic

autoimmune disease characterized by microvascular dysfunction,

activation of the immune system, and cutaneous and visceral

fibrosis. SSc has the highest morbidity and mortality rates among

immune-mediated rheumatic diseases (1). However, the clinical

manifestations and the clinical course of the disease are highly

variable. The heterogeneity of the disease may be represented by the

subset classification of SSc, i.e., the limited (lcSSc) and diffuse

cutaneous subsets (dcSSc). Patients with dcSSc have rapidly

diffuse cutaneous thickening, higher frequency of internal organ

involvement and worse prognosis. In contrast, patients with lcSSc

typically have restricted skin thickening distribution, less severe

organ involvement and a better survival (2).

Serum autoantibodies can be detected in over 90% of SSc

patients and are very useful for the early diagnosis of SSc and for the

identification of certain SSc disease phenotypes. Several of these

autoantibodies are highly specific for SSc and help in predicting

clinical complications and the prognosis of SSc patients (3, 4). For

example, anti-topoisomerase I antibodies are associated with dcSSc,

digital ulcers, cardiomyopathy, high skin score, higher risk of severe

interstitial lung disease (ILD) (5) and underlying malignancies (6),

resulting in a more severe phenotype and increased mortality (4, 7–

9). Anti-RNA polymerase III (RNAP III) antibodies are associated

with the dcSSc subset, high risk of severe, rapidly progressing

cutaneous thickening, higher risk for gastric antral vascular

ectasia (10, 11), and scleroderma renal crisis (10, 12), as well as a

higher risk of development of malignancy, especially within the first

years of disease onset (6, 10). In contrast, anti-centromere

antibodies are associated with lcSSc, long-standing Raynaud’s

phenomenon, calcinosis, a higher risk of developing pulmonary

arterial hypertension (PAH) (13), and better survival rates as

compared with patients with anti-topo I and anti-RNAP III

antibodies (7).
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Anti-U3-RNP/fibrillarin antibodies recognize the U3-

ribonucleoprotein (U3-RNP), a nucleolar complex involved in

pre-rRNA processing. Fibrillarin is a S-adenosyl-L-methionine-

dependent methyltransferase responsible for the methylation of

ribose moieties in pre-rRNA (14). It contains 321 amino acids

(~34kDa), an N-terminal repetitive domain rich in glycine and

arginine residues, and associates with proteins such as NOP56/

58, NHP2L1, Mpp10, Imp3/4, among others, to assemble the

box C/D RNP complex in the dense fibrillar component of the

nucleolus (15, 16). Anti-fibrillarin autoantibodies occurs in up to

10% of SSc patients, especially in African Americans (17, 18).

Although the number of studies is small, anti-fibrillarin has been

associated with dcSSc and multi-organ involvement (9, 19), with

high risk of cardiac involvement, ILD, PAH, renal crisis, small

bowel and muscle involvement. In general, anti-fibrillarin

antibodies indicate worse prognosis in SSc patients (9, 17).

The indirect immunofluorescence assay on HEp-2 cells

(HEp-2 IFA) is the most commonly used method for

screening for autoantibodies in systemic autoimmune diseases,

inc luding SSc . HEp-2 IFA revea ls the pat tern of

immunofluorescent labeling, a key piece of information

indicating the possible location of the autoantigens recognized

by autoantibodies in the sample. The International Consensus

on ANA Patterns (ICAP) <www.anapatterns.org> has classified

30 different HEp-2 IFA patterns (20), including the nucleolar

pattern. Although many will report any nucleolar staining as a

“nucleolar pattern”, in a more detailed analysis one can

distinguish three different “sub-patterns”: homogeneous

nucleolar (AC-8), clumpy nucleolar (AC-9) and punctate

nucleolar (AC-10). The nucleolar pattern, usually at high titer,

is observed in up to a third of SSc patients (21), although in most

studies the proportion of this pattern is around 20% (22–25). A

comprehensive review on the topic can be found elsewhere (26).

About 30% of samples from patients with SSc with a nucleolar

HEp-2 IFA pattern may have anti-fibrillarin (U3-RNP)

antibodies, which typically yield a clumpy nucleolar pattern

(AC-9) (4, 26). However, the correct classification of the

clumpy nucleolar pattern can be challenging as the

interpretation is subjective, depends on qualified personnel,

and may vary depending on the source of the HEp-2 slides

(27). In addition, it is possible that not all clumpy nucleolar

patterns are caused by anti-fibrillarin antibodies. Therefore,

when a sample presents a nucleolar pattern in the HEp-2 IFA

test, and especially if the pattern is indicative of AC-9, additional

tests should be performed to confirm the presence of anti-

fibrillarin or other autoantibodies that could yield a nucleolar

pattern (4).

Commercial kits for detection of anti-fibrillarin antibodies

are available. These are based on solid phase immunoassays,

such as western-blot, dot-blot, line-blot, fluorescence enzyme

immunoassay, ELISA, particle-based multi-analyte technology,

among others (28, 29). However, most of these kits are not

approved for clinical or diagnostic use. In addition, they can
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yield inconsistent results with poor sensitivity, possibly because

the native conformation of the fibrillarin antigen is not well

preserved in these assays, resulting in less efficient antibody

binding. The gold standard method for detection of anti-

fibrillarin antibodies is immunoprecipitation (IP), an assay in

which the native conformation of the fibrillarin antigen is more

likely to be preserved (26). Unfortunately, IP is a labor-intensive

assay that requires highly skilled analysts and the use of

radioactive materials; thus, this method is not widely available

in routine clinical laboratories.

In this study, we established an indirect immunofluorescence

Cell-Based Assay (CBA) to detect anti-fibrillarin antibodies and

compared the performance of this new assay against standard IP

and commercial solid phase immunoassays for detection of anti-

fibrillarin autoantibody. In addition, we surveyed a cohort of SSc

patients with the novel anti-fibrillarin CBA test and confirmed

previously observed associations of anti-fibrillarin antibodies and

specific SSc phenotypes.
Materials and methods

Patient samples

Sixty-two samples with nucleolar pattern at titer ≥1/320 in

the HEp-2 IFA test were used for the analytical validation of the

Fibrillarin/CBA. These samples were sequentially selected from

the routine HEp-2 IFA operation at the Rheumatology Division

laboratory, Federal University of Sao Paulo, and at the Fleury

clinical laboratory. No identification data or clinical information

was made available for these samples. Considering that the

samples were used exclusively for immunoassays related to the

original physician’s request and no identification or clinical

information was used, the Ethics Committee waived the need

for informed consent for these 62 samples. For the clinical

validation of the Fibrillarin/CBA we tested an additional set of

samples from a cohort of 106 patients meeting the American

College of Rheumatology/European League Against

Rheumatism (ACR/EULAR) 2013 classification criteria for SSc

(30), thus determining the frequency and clinical associations of

anti-fibrillarin antibodies assayed by this novel methodology.

The patients were consecutively recruited from the

Rheumatology outpatient clinic at the Federal University of

Sao Paulo; their electronic medical records thoroughly

reviewed by rheumatologists with expertise in SSc (C.K. and

P.M.). In compliance with the Helsinki Declaration, the patients

signed an informed consent form to participate in the study, and

the research was approved by local Ethics Committee at the

Federal University of Sao Paulo.

Clinical and demographic characteristics of the 106 SSc

patients, including age, gender, disease subtype (limited or
Frontiers in Immunology 03
diffuse cutaneous SSc), and disease duration (defined as the

time between the first non-Raynaud’s symptom and the last

available evaluation), were obtained from medical records as

previously described (31).
Plasmid cloning

Total RNA was extracted from human peripheral blood

mononuclear cells (PBMC) using TRIzol (Invitrogen, USA).

PBMC was isolated from fresh human blood by density

gradient (Ficoll-Paque PLUS 1.077 g/mL, Cytiva, USA). The

RNA was converted to complementary DNA (cDNA) with the

First Strand cDNA Synthesis Kit (E6300, NEB, USA). From the

cDNA, the coding region of fibrillarin gene FBL (NCBI Reference

Sequence: NM_001436.4) was amplified with the following

primers (Forward: ATGAAGCCAGGATTCAGTCCC; Reverse:

GTTCTTCACCTTGGGGGGTG), using the Phusion Flash High-

Fidelity PCR Master Mix (F548, Thermo Scientific, EUA). Size

and sequence were confirmed by agarose gel and Sanger

sequencing, respectively.

The TransMembrane Signal (TMS), a proprietary 65-amino

acids sequence designed by the study authors (G.D.K. and

L.E.C.A.), was added to the N-terminus of the fibrillarin gene

to localize the transgenic gene product to the cell membrane

(Supplementary Figure S2). The cDNA for the TMS fragment

was synthesized by TsingKe Biological Technology (China). At

the C-terminus of the fibrillarin gene, an orange fluorescent

protein (OFP) gene plus a fused myc tag was added, interleaved

from FBL by a ribosome skipping P2A sequence. The whole

cDNA construct was inserted into the linearized vector pCMV3

(Sino Biological, China). For all cloning steps, the Gibson

assembly system was used (Kit NEBuilder HiFi DNA

Assembly Master Mix [E2621, NEB, USA]). The final plasmid

configuration was: pCMV3_TMS-fibrillarin_P2A_OFP-myc.
Cell transfection and slide preparation

HEp-2 cells were grown to confluence with culture medium

DMEM containing 10% fetal bovine serum. The plasmid was

transfected with Lipofectamine 3000 Transfection Reagent

(L3000008, Invitrogen, USA), diluted in Opti-MEM I Reduced

Serum Medium (31985-070, Gibco, USA), following the

manufacturer’s protocol. After transfection, cells were seeded

in 10-well hydrophobic coated slides (each well with 6-mm

diameter) for overnight adherence. After 24h, slides containing

the transfected HEp-2 cells were fixed with methanol for 5 min

and acetone for 2 min, both cooled to -20°C. After air drying,

slides were sealed, packed and stored at -20°C until use (within

three months) in indirect immunofluorescence assay (IFA).
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CBA IFA reaction

The IFA protocol is similar to a traditional HEp-2 IFA

reaction except for the addition of the anti-tag antibody,

performed as previously described (32). Briefly, human sera

were diluted 1/80 in PBS containing a mouse anti-Myc

monoclonal antibody 9E10 (sc-40, Santa Cruz Biotech, USA),

diluted 1/200. Slides containing transfected cells were incubated

with this dual antibody mix for 30 min at 37°C in a wet chamber

and thereafter washed three times for 5 min with 0.1% Tween in

PBS (PBS-T). Next, two secondary antibodies diluted 1/500 in

PBS were incubated simultaneously with the cells at 37°C for

30 min in the dark in a wet chamber: anti-human IgG

conjugated to Alexa Fluor 488 (A-11013, Invitrogen, USA)

and anti-mouse IgG conjugated to Cy3 (715-165-151, Jackson

ImmunoResearch, USA). Thereafter slides were washed three

times for 5 min with PBS-T, assembled with Vectashield

containing DAPI (Vector Labs, USA), and covered with

coverslips before analysis in a fluorescence microscope with

200x or 400x magnification (Axio Imager.M2, Carl Zeiss,

Germany). For some reactions a mouse monoclonal anti-

fibrillarin antibody (clone 72B9 (33)), kindly donated by

Professor K. Michael Pollard (The Scripps Research Institute,

CA) was used at a dilution of 1/100 to label fibrillarin

(Supplementary Figure S1A). For human sera that gave

inconclusive results in the CBA test when diluted at 1/80, CBA

was repeated with serial dilutions, up to 1/1280.
Sample testing

Anti-cell antibody titer and the HEp-2 IFA pattern,

including the nucleolar patterns (homogeneous nucleolar AC-

8, clumpy nucleolar AC-9 or punctate nucleolar AC-10) were

determined using traditional HEp-2 cell IFA slides (Euroimmun,

Germany) starting at 1/80 dilution with sequential double

dilutions up to end titer.

All samples were tested for anti-fibrillarin antibody using the

CBA test, as described above, and other standard methods for

determination of anti-fibrillarin antibodies, as follows.

Immunoprecipitation was performed as previously described

(34–36), using [35S]-methionine-radiolabeled K562 cell

(human erythroleukemia) lysates (Supplementary Figure S5).

Line blot assay was performed using the Euroline Systemic

Sclerosis (Nucleoli) profile kit (Cat# DL 1532-6401 G, Euroimmun,

Germany), following the manufacturer’s protocol. Although this kit

can determine reactivity to other antigens, for this study we only

considered reactivity to the recombinant fibrillarin (Supplementary

Figure S6). ELISA analysis was performed using a qualitative anti-

fibrillarin antibody ELISA kit (Cat# MBS701068, MyBioSource,

USA), following the manufacturer’s protocol.
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Statistical analysis

Classificatory variables (proportions) were compared with

two-tailed Chi squared test. Quantitative and semi-quantitative

parameters were tested for Gaussian distribution with

“D’Agostino and Pearson normality test”. According to the

distribution pattern, they were analyzed by the Mann-Whitney

or Student t-test. Error bars indicating average and standard

deviation (SD) are shown. P values were considered significant

when below 0.05. All analyses were performed using the software

GraphPad Prism 7.0 for Windows.
Results

A TransMembrane Signal (TMS) was fused to the N’

terminus of the human fibrillarin gene to localize the

transgenic fibrillarin to the cytoplasmic membrane. HEp-2

ce l l s t r ans f e c t ed wi th the p l a smid pCMV_TMS-

fibrillarin_P2A_OFP-myc were used as substrate for IFA in

the CBA. IFA with an anti-fibrillarin mouse monoclonal

antibody confirmed that TMS-fibrillarin was successfully

positioned at the cell membrane (Supplementary Figure S1A).

To confirm that the TMS localized the antigen at the cell’s

surface, the signal was fused to GFP, overexpressed in HeLa cells

and labeled by an anti-GFP antibody, without membrane

permeabilization (arrows in Supplementary Figure S2). Live

cells expressing TMS-fibrillarin could be readily identified by

the Orange Fluorescent Protein (OFP) from the construct (data

not shown). However, since fixing with methanol/acetone affects

OFP fluorescence, labeling of the transfected cells was enhanced

using an anti-myc tag monoclonal antibody (Supplementary

Figure S1B). Quantification of cells expressing TMS-fibrillarin

(by myc labeling) 24 hours after transfection (n=727 cells

counted) showed transfection efficiency at 18.7% ( ± 3.3%),

indicating that about one fifth of the cells express the

TMS-fibrillarin.

In the initial evaluation of the IIF cell-based assay

(Fibrillarin/CBA test), we showed that two human sera that

present a clumpy nucleolar pattern (AC-9) in the traditional

HEp-2 IFA, but not a serum that presents a homogeneous

nucleolar (AC-8) pattern, stained the nucleoli and the

cytoplasmic membrane of cells expressing TMS-fibrillarin

(Figure 1). For analytical validation, we selected 62 samples

with strong nucleolar pattern (titer ≥1/320) on the HEp-2 IFA

from samples collected during routine laboratory testing.

Antibody titer and the nucleolar pattern (homogeneous

nucleolar AC-8, clumpy nucleolar AC-9, or punctate nucleolar

AC-10) were confirmed with commercial HEp-2 IFA slides.

Classification of the nucleolar patterns followed the ICAP

recommendations. Representative images of samples with the
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different nucleolar patterns are shown in Supplementary Figures

S3A–E.

We intentionally enriched this collection with samples

yielding the clumpy nucleolar (AC-9) pattern. Of the 62

samples, 41 (66%) were classified as clumpy nucleolar (AC-9)

and 21 (34%) as other nucleolar patterns (20 as AC-8 and 1 as

AC-10). Thirty-eight of the 41 AC-9/clumpy nucleolar samples

(92.7%) were positive in the Fibrillarin/CBA test, while all 21

samples with other nucleolar patterns were negative (Table 1).

Representative images of positive and negative samples are

shown in Figure 1 and Supplementary Figure S4. Samples that

were positive in the Fibrillarin/CBA showed higher HEp-2 IFA

titer than samples that were negative (Supplementary

Figure S3F).

Next, we compared the results obtained in the Fibrillarin-

CBA test with IP results (Supplementary Figure S5) for 56 of the

62 samples with nucleolar reactivity. Of these 56 samples, 35

(62.5%) were positive and 21 (37.5%) were negative for anti-

fibrillarin antibodies, with 100% agreement of positive and

negative results in the Fibrillarin/CBA and IP (Table 1). We

also analyzed the presence of anti-fibrillarin antibodies using the

commercia l Eurol ine Systemic Scleros is Line Blot

(Supplementary Figure S6) and found that 16 of 62 samples

(25.8%) were positive and 46 (74.2%) were negative for anti-

fibrillarin (Table 1). Of the 38 samples that were positive in the

Fibrillarin/CBA test, only 15 (39.5%) were considered positive in

the line blot assay (Figure 1D). One of the 24 samples that were

negative in the Fibrillarin/CBA test was positive in the line blot

assay (Figure 1D). Finally, we analyzed the presence of anti-

fibrillarin antibody with a commercial ELISA. Out of 62 samples,

12 (19.4%) were considered positive according to the

manufacturer’s recommendation for defining the cutoff

(Table 1) and 50 (80.6%) were considered negative. Of the 38

samples with positive result in the Fibrillarin/CBA, only 11

(29%) were positive in the ELISA (Figure 1E). One of the 24

samples with negative result in the Fibrillarin/CBA was positive

in the ELISA (Figure 1E).

For the Fibrillarin/CBA clinical validation, we evaluated a

cohort with 106 patients classified as SSc according to the ACR/

EULAR SSc classification criteria (30). The HEp-2 IFA pattern

was defined according the ICAP recommendations using

commercial HEp-2 slides (Table 2). Thirty-three patients

(31.1%) presented nucleolar pattern (AC-8, AC-9, AC-10).

Eleven samples (10.4% of the total) were positive in the

Fibrillarin/CBA test. All these 11 samples belonged to the

group of 33 samples with nucleolar pattern in the HEp-2 IFA,

meaning one third (33.3%) of the samples with nucleolar pattern

were positive in the Fibrillarin/CBA. None of the 73 samples

with other patterns or negative in the HEp-2 IFA showed

reactivity in the Fibrillarin/CBA (Table 2), suggesting that the

CBA is very sensitive and specific for the detection of anti-

fibrillarin antibodies.
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Demographic and clinical features of the 106 SSc patients are

described in Table 3. SSc patients had a mean age of 50.2 ± 13.2

years, were mainly females (88.7%), with mean disease duration

of 6.7 ± 5.7 years. Mean age, gender distribution and disease

duration did not differ significantly between patients with

positive and negative Fibrillarin/CBA results. A higher

proportion of patients with positive Fibrillarin/CBA had dcSSc

(72.7%), compared to patients with negative Fibrillarin/CBA test

(36.8%) (p=0.022). In addition, a positive Fibrillarin/CBA was

associated with a higher frequency of cardiac involvement and

scleroderma renal crisis compared to those with negative

Fibrillarin/CBA test (36.4% versus 6.5%, p=0.001; 18.2% versus

3.3%, p=0.028, respectively).
Discussion

SSc is a severe systemic autoimmune disease and the

identification of SSc-specific autoantibodies is important not

only for diagnosis but also for the prediction of clinical

manifestations and outcome. In particular, the identification of

anti-fibrillarin antibody is helpful because it is associated with a

more severe disease and higher morbidity and mortality. In the

present study we developed a new CBA for the detection of anti-

fibrilarin autoantibodies that showed sensitivity and specificity

compared to the gold standard IP test.

Solid-phase immunoassays (SPIA) for cell-membrane

protein antigens usually present poor performance

regarding sensitivity and specificity, most likely because the

antigen loses its natural conformation when removed from

the lipid membrane microenvironment (37, 38). Thus, for

some assays we resort to animal tissue sections as substrate

(37) and for others the best option is still IP with radiolabeled

cell extracts. However, the latter method is not practical for

routine clinical laboratories worldwide. Recent developments

have demonstrated CBA technology to be an efficient strategy

to replace or complement IFA on animal tissue sections and

IP for detection of disease-relevant specific autoantibodies in

pat ient samples . Appl ica t ion of CBA for c l in ica l

immunodiagnostics have increased in recent years, with

prospect for further increase. As an example, the recent

expansion in the field of neuroimmunology has largely

benefited from this methodological platform as specific

autoantibody biomarkers are readily determined by IFA on

cells transfected with aquaporin-4, N-methyl-D-aspartate

receptor (NMDAR), muscle-specific kinase (MuSK), myelin

oligodendrocyte glycoprotein (MOG), among others (37).

Fibrillarin is not a cell membrane protein, but suffers from

a similar problem regarding the poor performance of SPIA

methods. However, in contrast to the above-mentioned cell-

specific autoantigens, fibrillarin is ubiquitous among

eukaryotic cells.
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FIGURE 1

Labeling of TMS-fibrillarin by serum with clumpy nucleolar pattern in HEp-2 IFA. HEp-2 cells transfected with the pCMV_TMS-
fibrillarin_P2A_OFP-myc plasmid were labeled with human serum (1/80 dilution) plus mouse monoclonal antibodies, then counterstained with
DAPI to visualize DNA. (A) Double IIF using human serum with clumpy nucleolar pattern (AC-9) plus mouse anti-fibrillarin. (B) Double IIF using a
second human serum with clumpy nucleolar pattern (AC-9) plus mouse anti-myc. (C) Double IIF using human serum with homogeneous
nucleolar pattern (AC-8) plus mouse anti-myc. Arrows indicate TMS-fibrillarin expressing cells. Scale bar = 10µm. (D, E) Fibrillarin/CBA test and
other methods in 62 samples. (D) Line blot assay for anti-fibrillarin antibody. The plus (+) symbols in the y-axis indicate the intensity of staining
of the fibrillarin line; ≥2 plus (++) was considered positive. (E) ELISA test for anti-fibrillarin antibody. Optical Density (O.D.) was divided by 0.1 and
values >2 were considered positive as recommended by the manufacturer. (D, E) Error bars indicate mean ± SD.
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Typically, the CBA methodology uses eukaryotic cells

transfected with a vector (usually a plasmid) carrying the gene

for the protein of interest. The chosen cell line should not

naturally express the given autoantigen, allowing for the use of

non-transfected cells as negative control. The transfection will

“force” the cells to express the antigen, allowing them to be used

as substrate in an indirect immunofluorescence reaction where

the autoantibodies present in the patient serum are the

primary probe.

In this study, we employed an innovative strategy in which

the target antigen (fibrillarin) was engineered to be localized to a

different cellular site from the endogenously expressed antigen.

The TransMembrane Signal fused to the N-terminus of the

fibrillarin transgene causes the protein to be localized to the
Frontiers in Immunology 07
extracellular surface of the cytoplasmic membrane, in a

“receptor-like” fashion. The transfected and non-transfected

cells were used as substrate in the new Fibrillarin/CBA test.

This new test displayed sensitivity and specificity for detection of

anti-fibrillarin antibodies equivalent to that of the gold standard

IP. The high performance of the Fibrillarin/CBA test is likely due

to the fact that the transgenic fibrillarin antigen, expressed on the

surface of these cells, is close to its native conformation. This

result encourages future studies applying a similar strategy to

develop CBA tests for detection of autoantibodies to other

autoantigens, especially those where traditional SPIA display

suboptimal analytical and diagnostic performance.

Previous studies have shown that the nucleolar pattern may

account for ~5% of all positive HEp-2 IFA results (39–42). The

nucleolar pattern, especially in high titer, is also classically

associated with SSc, and the proportion of nucleolar positive

samples in SSc varies from 10% to 40%, depending on patient

ethnicity and disease subsets evaluated (25, 26). In our study, we

found that 31.1% of the SSc samples presented nucleolar pattern

in the HEp-2 IFA test (some samples had additional overlapping

patterns), and one third of the samples with nucleolar pattern

(33.3%) were positive for anti-fibrillarin, representing 10.4% of

the total SSc cohort. This frequency is similar to previous studies

that have shown a prevalence of anti-fibrillarin reactivity ranging

from 5 to 10% of SSc (17, 18, 26, 29). Although the mechanisms

triggering high avidity autoantibodies are complex and involve a

network of genetic and environmental factors, during cell death

in the presence of mercury (Hg), fibrillarin seems to be altered by

proteolysis, resulting in the exposure of cryptic epitopes (43),

reinforcing the concept that autoantibodies are autoantigen-

driven. In addition, a recent study with the relevant mice

model of mercury-induced autoimmunity showed Bank1 and

NF-kB as key regulators in anti-nucleolar antibody development
TABLE 2 Anti-fibrillarin reactivity and HEp-2 IFA patterns in 106
systemic sclerosis (SSc) patients.

HEp-2 IFA
pattern

Number (%)
Total of 106#

Positive in the
Fibrillarin/CBA test

Nucleolar (all) (AC-8,
AC-9, AC-10)

33 (31.1%) 11 (10.4%)

Centromere (AC-3) 14 (13.2%) 0

Nuclear fine speckled
(AC-4)

41 (38.7%) 0

Nuclear coarse
speckled (AC-5)

6 (5.7%) 0

DNA topoisomerase I-
like (AC-29)

9 (8.5%) 0

Other patterns* 13 (12.3%) 0

Negative (AC-0) 9 (8.5%) 0
*Nuclear homogeneous (AC-1), NuMA-like (AC-26), Cytoplasmic dense fine speckled
(AC-19), Cytoplasmic discrete dots (AC-18), nuclear envelope (AC-11/AC-12).
#Some samples presented more than one staining pattern.
TABLE 1 Performance of the Fibrillarin/CBA test and other methods for determination of anti-fibrillarin antibodies.

Fibrillarin/CBA test

PPositive
(n = 38) (61.3%)

Negative
(n = 24) (38.7%)Samples (n = 62)

HEp-2 IFA nucleolar pattern Clumpy nucleolar
(AC-9) (n=41; 66%)

38 (92.7%) 3 (7.3%) –

Homogeneous or punctuate
nucleolar (AC-8 and AC-10) (n=21; 34%)

0 (0%) 21 (100%)

Immunoprecipitation fibrillarin reactivity
(n=56)

Positive (n=35; 62.5%) 35 (100%) 0 (0%) p < 0.001

Negative (n=21; 37.5%) 0 (0%) 21 (100%)

Line blot for anti-fibrillarin (Euroline) (n=62) Positive (++, +++)
(n=16; 25.8%)

15 (93.7%) 1 (6.3%) p = 0.002

Neg/borderline (0, +)
(n=46; 74.2%)

23 (50%) 23 (50%)

ELISA for anti-fibrillarin (n=62) Positive (O.D. ≥2.1)
(n=12; 19.4%)

11 (91.7%) 1 (8.3%) p = 0.016

Negative (O.D. ≤2.0)
(n=50; 80.6%)

27 (54%) 23 (46%)
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(44). This mouse model usually produces anti-fibrillarin

autoantibodies. It is not clear why several SSc patients present

anti-nucleolar antibodies, but mercury-induced inflammation

and autoimmunity could have a relevant contribution in

susceptible people (45).

In agreement with previous studies, we found a higher

frequency of diffuse cutaneous involvement (9) and higher

frequency of cardiac and renal involvement (46, 47) among

patients with anti-fibrillarin autoantibodies, indicating a more

severe disease among these patients. However, we did not find

association with GI involvement (46), ILD and PAH (17), as

observed in other cohorts of anti-fibrillarin-positive SSc patients

(4). The relatively small number of patients in the present cohort

may have prevented the identification of association of anti-

fibrillarin antibodies with these manifestations. In a study of the

Pittsburgh Scleroderma Databank, evaluating 1,432 patients

with SSc, anti-fibrillarin was associated with dcSSc and multi-

organ involvement including joint involvement, severe

gastrointestinal disease, pulmonary fibrosis, PAH, digital ulcers

and heart and kidney involvement (9). Of note, a high

proportion of these patients were African Americans, what

could explain some of the different results observed in our

patients, who had different ethnic background. Moreover,

another study evaluating African American patients with SSc

also found a higher frequency of digital ulcers, GI involvement,

and pericarditis but less severe pulmonary involvement among

patients that were anti-fibrillarin positive (18). Despite some

phenotype differences among these studies, all indicate a more

severe disease and decreased survival rate among patients with

anti-fibrillarin antibodies (48).
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Our data indicate that anti-fibrillarin antibody results based on

traditional SPIA in the clinical laboratorymustbe takenwith caution.

Among the38Fibrillarin/CBA-positive samples, only15 (39.5%)and

11 (29%) were considered positive in the line-blot and ELISA,

respectively. The poor sensitivity of the line-blot was a surprise,

especially since a previous study found that line immunoblot results

for detection of anti-fibrillarin has comparable clinical significance

with those of immunoprecipitation results (29). Further studies

should be performed to confront or confirm these findings,

including the application of new SPIA technologies such as the

particle-based multi-analyte (PMAT) and fluorescence enzyme

immunoassay (FEIA) (28). On the other hand, SPIA specificity

was good in our study. Among the 24 samples with negative result

in the Fibrillarin/CBA and IP, one was positive in the line blot assay

and another one was positive in the ELISA. Although these results

should be most likely false-positives, the specificity ranges

around 95%.

One limitation of the fibrillarin/CBA test described in this study

is the possible interference of other autoantibodies in the sample.

Since the immunofluorescence pattern of TMS-fibrillarin resembles

a dense fine speckled cytoplasmic pattern (Figure 1 and

Supplementary Figure S4), interpretation of the fibrillarin/CBA

results may be skewed if a sample also contains autoantibodies

against a cytoplasmic autoantigen. In this study, seven of the 106

samples of SSc patients (6.6%) gave an inconclusive result in the

Fibrillarin/CBA test at initial 1/80 dilution, including four samples

with dense fine speckled cytoplasmic pattern (AC-19) in standard

HEp-2 IFA (none of those seven samples presented nucleolar

pattern in the standard HEp-2 IFA). These seven samples were

all classified as negative for anti-fibrillarin by the CBA after further
TABLE 3 Demographic and clinical data of systemic sclerosis (SSc) patients according to reactivity in the Fibrillarin/CBA test.

Variable Fibrillarin/CBA positive (n = 11) Fibrillarin/CBA negative (n = 95) P

Age, mean ± SD (years) 45.2 ± 14.1 50.8 ± 13.1 0.182

Female/Male, n (%) 10 (90.9)/1 (9.1) 84 (88.4)/11 (11.6) 0.805

Disease subset, n (%)
lcSSc
dcSSc

3 (27.3)
8 (72.7)

60 (63.2)
35 (36.8)

0.022

Disease duration, mean ± SD (years) 5.4 ± 3.8 6.8 ± 5.9 0.652

Organ involvement

Digital ulcers, n (%) 5 (45.5) 44 (47.3) (n=93) 0.907

Esophageal dysmotility, n (%) 8 (72.7) 80 (86.0) (n=93) 0.248

Small bowel involvement 2 (18.2) 9 (9.7) (n=93) 0.386

FVC % of predict, mean ± SD 72.2 ± 24.8 79.4 ± 18.9 0.306

ILD, n (%) 6 (54.5) 56 (59.6) (n=94) 0.748

PAH, n (%) 1 (9.1) 14 (15.0) (n=93) 0.595

Cardiac involvement, n (%) 4 (36.4) 6 (6.5) (n=93) 0.001

Scleroderma renal crisis, n (%) 2 (18.2) 3 (3.3) (n=93) 0.028

Arthritis or myositis, n (%) 4 (36.4) 29 (31.2) (n=93) 0.727
frontiersi
dcSSc, diffuse cutaneous SSc; lcSSc, limited cutaneous SSc; FVC, forced vital capacity; ILD, interstitial lung disease; PAH, pulmonary arterial hypertension.
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testing with serial 2x dilution. Thus, in such cases, sequential double

dilution can be helpful, although this double dilution process would

not exclude anti-fibrillarin reactivity in samples with equivalent

reactivity intensity of concomitant anti-cytoplasmic antigen.

In this proof-of-concept study, we present an innovative

strategy, i.e., the overexpression of a transgenic autoantigen that

was engineered to be localized to a different cellular site from the

endogenously expressed antigen. This strategy overcomes one

limitation in the development of CBA for autoantibodies in

which the given antigen is ubiquitously expressed by the cell.

The fibrillarin/CBA test described here is cost-effective and as

easy to perform as a standard HEp-2 IFA reaction, making it

appropriate for adoption by clinical immunodiagnostic

laboratories. The performance of the Fibrillarin/CBA was

comparable to the gold standard immunoprecipitation method

and had higher sensitivity than commercially available anti-

fibrillarin antibody solid-phase assay technologies. In addition to

the successful analytical validation, Fibrillarin/CBA results were

associated with disease phenotypes expected in anti-fibrillarin

positive SSc, namely severe manifestations of SSc including

diffuse cutaneous involvement, cardiac and renal involvement.
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