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АBSTRACT 

Antinuclear antibodies are detected in connective tissue, other autoimmune (primary biliary cirrhosis, 

chronic active hepatitis) and non-autoimmune diseases (tumors, infections), as well as in healthy persons and 

healthy relatives of patients with connective tissue diseases. The most common antigens, targeted by the 

antinuclear antibodies, are the DNA-molecule, histones, extractable nuclear antigens, centromere, nuclear 

envelope, nuclear matrix and nucleolar proteins. Every antigen has a distinct localization, function and 

antigen determinants. Antibodies  against nuclear antigens are of different isotypes, have different titres, 

frequency of occurrence and significance for the course of the disease. The methods for ANA detection are 

divided in two groups: screening, which test total (generic) ANA, and methods for testing of specific ANA. 

The indirect immunofluorescence, indirect immunoperoxidase and enzyme linked immunoassays with a 

complex of antigens or nuclear cell extract are screening methods. Double immunodiffusion, ELISA with a 

single antigen, Line immunoassay, Western Blot and Farr-assay follow screening methods. They  test the 

specificity of АNA and confirm the diagnosis. 

 

Key Words: Connective tissue diseases, Autoimmune diseases, Indirect immunofluorescence, Enzyme-

linked immunosorbent assay 

 

 

CLINICAL SIGNIFICANCE OF 

ANTINUCLEAR ANTIBODIES 

ANA is a term for describing Abs against 

various cell nuclear Ags. Many healthy people 

have ANA and they are more often found in 

women than in men (1). There is no significant 

increase of the frequency in healthy adults, 

compared with healthy young people, but in 

adults with RA and/or chronic non-autoimmune 

diseases ANA are more frequent (1, 2) The 

presence of ANA in human serum is one of the 

hallmarks of CTD. Because of the high 

correlation of positive ANA with SLE, a 

negative ANA test essentially rules out the 

disease. A number of ANA have also been 

detected  and associated with other CTD. Some 

of them appear to have diagnostic and 
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prognostic values in SScl, MCTD, SS, DM/PM 

and RA. In infections and tumors their 

frequency varies widely. The ANA tests must 

not be interpreted without a preliminary clinical 

diagnosis (3, 4). 

The most clinically significant ANA are 

of IgG isotype. Low titre low-affinity IgM ANA 

are detected in healthy people (5). The first-

grade relatives of patients with autoimmune 

diseases have more often positive ANA test (6). 

ANA are detected in patients with chronic HCV-

infection, where they are often associated with 

rheumatological symptoms - joint pain and 

swelling, purpura, and with increase of aspartate 

aminotransferase, alpha-fetoprotein, alkaline 

phosphatase (7, 8). Many patients with PBC are 

АNА - positive. This group is anti-

mitochondrial Ab (AMA) - negative and shows 

the autoimmune cholangitis variant of PBC (9). 

The frequency of  generic ANA in different 

diseases varies (1, 3, 7-10) and is presented in 

Table 1.  
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The most clinically significant ANA are 

directed against DNA, histones, CENP, snRNP, 

Sm, Ro/SS-A, La/SS-B and Scl 70 Ags. The 

clinical significance of ANA against other 

nuclear Ags (PM/Scl-overlap-related - against 

the exosome; PBC–related - against nuclear 

membrane pore complex, Sp100 and 

promyelocytic leukemia proteins; RA-related – 

against heterogeneous nuclear ribonucleoprotein 

A2; Tu-related - against various tumor-specific 

nuclear Ags) is still not clear.  

 
 

Table 1. Prevalence of generic ANA in different diseases 

Disease HW HM SLE MCTD, DIL SScl SS DM/PM RA, TD PBC HCV MS 

ANA  

(%) 

40 16 95-100 100 60-80 30-80 70 30-50 50-70 12-20 25 

 

 

For anti-DNA ANA the Ag is dsDNA or ssDNA. 

High titres of anti-dsDNA Abs are very specific 

(95% - 99%) for SLE (11, 12). Their presence 

together with anti-Sm is one of the American 

College of Rheumatology (ACR) criteria for the 

diagnosis of SLE (3). The anti-dsDNA level 

often correlates with the disease activity in SLE 

and in most patients anti-dsDNA Abs are 

associated with nephritis (5, 11). High affinity 

anti-dsDNA Abs might be more relevant to 

SLE-pathogenesis and to nephritis (5). Low 

titres of anti-dsDNA Abs occur in healthy 

persons and in patients with SS, RA and other 

disorders (11). Anti-ssDNA Abs are commonly 

detected in SLE patients, their unaffected 

relatives and other CTD (12). They are not 

clinically significant (11, 13). 

For anti-histone ANA the Ag is the 

nucleosome – a complex, composed of the 

H2A, H2B, H3, H4 proteins, on which DNA is 

situated (14). Abs are targeted against distinct 

proteins and DNA of the nucleosome complex. 

The DNA-histone complex is much more 

immunogenic than the molecules alone (4). The 

anti-histone Abs occur mostly in SLE, DIL, JRA 

(12). They are not specific for any disease 

(inclusive DIL), and the correlation to the 

progression of the disease or to any symptoms 

is not sure. The ANA-frequency against distinct 

histones (except anti-H4, which are uncommon) 

and the frequency of IgG, M and A isotypes in 

patients with SLE are similar. Drug-induced 

increase of IgM class is possible, without 

clinical manifestation (5, 15). Abs against the 

DNA-histone complex are highly specific for 

SLE, correlate with the severity of the disease 

and are associated with lupus nephropathy (16). 

The anti-centromere ANA are directed 

against CENPs. The CENP-Ag is built of  7 

components: А, В, С, D, E, F, H (17). ACA 

occur mostly in limited cutaneous form of SScl 

(CREST- syndrome) (18,19). Their specificity 

for the syndrome is 96% (18). ACA are highly 

associated with sclerodactily, teleangiectasias 

and calcinosis and  with lower pulmonary 

fibrosis (18, 20). They are less frequent in the 

other forms of SScl, Raynaud’s syndrome, SLE 

and RA (11, 21). The presence of ACA against 

CENP-F is associated with tumors. More than 

half of the patients with Abs against CENP-F 

have breast or lung tumors, but anti-CENP-F 

Abs occur only in 1% of all tumors (22). 

Other targets for ANA are the extractable 

nuclear antigens (ENA): Scl 70, SS-A, SS-B, 

Sm, RNP. 

The Ag for anti-Scl 70 ANA is a 

degradation product of  topoisomerase 1 - a 70 

кD protein, bound on the chromatine. These 

ANA are detected in SScl, CREST, PM/SScl - 

overlap (19). In SScl they are associated with 

pulmonary fibrosis and higher rate of mortality 

(17, 23). In Raynaud’s syndrome anti-Scl 70 

ANA have prognostic value for the syndrome 

progression and the onset of CTD (17). 

For anti-Ro/SS-A ANA the Ag is a protein, 

composed of 52 кD molecule, that probably 

regulates gene expression; 60 кD molecule, 

bound on RNA; and 46 кD molecule, situated in 

the endoplasmic reticulum and involved in 

protein synthesis (24). These molecules differ 

between species, individuals of one species, and 

cells of the organism (25). The frequency of 

ANA, targeted against the different epitopes, 

varies in different diseases and patients (26). 

Some epitopes of  Ro60 are homologous to the 

epitopes of vesicular stomatitis virus (27). Anti-

Ro ANA are observed in SS, SLE, RA, JRA and 

MCTD. The  proportion between anti-Ro52 and 

anti-Ro60 activity varies in different diseases - 

in SLE mainly anti-Ro60 and in SS - anti-Ro52 

are found (28, 29). IgG anti-Ro ANA pass 

through the placenta and cause congenital heart 
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block and congenital lupus in children born 

from mothers with SLE (5, 30). 

For anti-La/SS-B ANA the Ag is a 50 кD 

protein, associated with the precursors of 

mRNA, rRNA and tRNA molecules. It binds 

and transforms them into mature RNA 

molecules (31, 32). One of the epitope regions 

of the La/SS-B molecule is homologous to the 

epitopes of retroviral gag protein (33). Anti-La 

Abs occur in SS and SLE (4, 34). Their 

presence in SLE is associated with secondary 

SS (11). 

For anti-Sm ANA the Ag is composed of 

B1,B2,D1-D3,E, F,G proteins and is a part of 

the spliceosome, which splices the precursor 

mRNA into the mature form. It is associated 

with U1-U6 snRNA (35, 36). High-titre  IgG 

anti-Sm ANA are specific for SLE (5, 36), with 

specificity for the disease 99% (37). Anti-Sm 

IgM are typical in RA, myasthenia gravis, 

thyroiditis and MCTD (36). Anti-Sm Abs are 

found frequently together with  anti-RNP ANA. 

Some authors reveal relationship between high 

anti-Sm activity in SLE and hemolytic anemia 

(38).  

For anti-RNP ANA the Ag is a complex of  

proteins, associated with Sm in the spliceosome. 

These ANA exist in the same diseases as anti-

Sm Abs. Their presence  in SLE is associated 

with cutaneous involvement (38). In MCTD the 

anti-RNP are markers for the diagnosis (4, 5). 

Anti-Sm and anti-RNP Abs are detected also in 

patients with tumors, but in this case their 

clinical significance is unclear (22). The 

immune response against Sm and RNP in SLE 

is associated with cytomegalovirus infection 

(39). 

The frequency of specific ANA in 

diseases is different (11, 12, 18-21, 40, 41) and 

is presented in Table 2. 

 

 
Table 2. Prevalence of specific ANA in different CTD 

ANA against:  SLE DIL RA SS SScl CREST MCTD 

dsDNA 75% <5% * <5% <5% <5% <5% 

histones 17-95% 100% 50-70% * * * * 

CENP  3-10% * 3-10% * 8-30% 40-85% * 

Scl 70 * * * * 15-75% 10-12% 13-28% 

Ro/SS-A 25% * 14-24% 50-80% * * * 

La/SS-B 9-35% * * 40% * * * 

Sm 18-40% * 28% * * * * 

snRNP 30-40% * * * * * 100% 

*No data available 
 

DETECTION METHODS 

IIFA 

This method is used for screening of common 

(generic) ANA. The ANA-Ag complex is 

visualized with the aid of a fluorescent 

microscope. It is cheap and easy to perform, but  

manifests often false positive results in healthy 

persons. It detects high- and middle-affinity 

ANA. After ANA screening with IIFA, methods 

for determination of their specificity are 

necessary - ELISA, WB or DID (3-5). In ANA 

IIFA positive samples, the cell nuclei show  an 

apple-green fluorescence  with a staining 

pattern, characteristic of the  particular nuclear-

antigenic distribution within the cells. Its 

brightness varies from 0 to 4 (+). It is also 

manifested in various titres of the test-serum. 

The most frequent pattern is the speckled one 

(mainly coarse or fine-speckled), followed by a 

homogenous, nucleolar and centromere 

fluorescence (42). The staining patterns were 

initially shown by Beck in 1961 (43). The main 

recently approved staining patterns correlate 

with specific ANA and are associated with 

certain diseases (12, 44). This is summarized in 

Table 3. 

The substrates, used in IIFA for ANA, are 

rodent tissue (rat liver) sections and mammalian 

cell cultures. Cell culture substrates show 

greater sensitivity than tissue sections. The 

sensitivity also varies with the fixative 

procedure  and types of ANA, present in the 

sera. IIFA ANA using the human epithelyoma 

cell line HEp-2 as a substrate  is the preferred 

method. (3, 5). The advantages of HЕp-2 are: 

more positive results in CTD patients, due to 

more mitotically active cells; easy observation 

and sharper pattern recognition, due to larger 

size of HEp-2 nucleus; standardized substrate  

with less Ag variations between the cells; better 

expression of nuclear Ags, due to their frequent 



ZAGOROV M. et al. 

Trakia Journal of Sciences, Vol. 2, No. 1, 2004 51 

division; observation of centromere 

immunofluorescent pattern (45, 46). 

The HEp-2 cell line has lower specificity 

and greater sensitivity, compared to the tissue 

substrates (3). 

 
Table 3. ANA immunofluorescent  patterns 

IIFA PATTERN ANA against  Disease  

Homogenous nuclear dsDNA, ssDNA,  histones SLE, low titres in other CTD 

Nucleolar 

(homogenous, clumpy or speckled)  

 

PM/Scl, Ku, others 

 

High titres in SScl, SS 

Speckled 

(large, coarse or fine)  

 

SS-A, SS-B, Sm, RNP, Scl 70 

 

SLE, MCTD, SScl, SS  

Centromere  CENPs CREST, SScl 

 

Screening for anti SS-A ANA on traditional 

tissue and cell culture substrates is not always 

reliable. The HEp-2 cells express weakly SS-

A/Ro Ag and the rodent tissues do not express 

this Ag at all. The adjustment of the fixation 

process (e.g. fixing with acetone ) can improve  

SS-A sensitivity of the substrate (3). Recently a 

cell line with increased sensitivity for detecting 

anti-SS-A ANA (HEp-2000) is replacing HEp-2 

as a substrate. 

The HЕр-2000 cells are transfected with 

Ro60 complementary DNA НЕр-2 cells. They 

have the ability to hyperexpress the 60 kD SS-

A/Ro Ag. They are useful to detect and identify 

the presence of anti-Ro60 Abs, especially in 

high total ANA-activity sera, where the anti-

Ro60 activity may be hidden.The sensitivity of 

НЕр-2000 for  SS-A-Ro АNA is 77-91% (47, 

48). When the Ro/SS-A ANA are the only Abs, 

present in the serum, they  manifest the 

following patterns: 

 Speckled staining of all interphase cells and 

stronger staining of the nucleus and/or 

nucleoli of the hyperexpressing cells. Some 

cells may show staining in cytoplasm. 

 Staining of the nucleus,  nucleoli and 

possibly the cytoplasm of the 

hyperexpressing cells. The remaining 

interphase cells are negative.  

For all other antibody specificities the HEp-

2000 cell line exhibits the same staining 

patterns as HEp-2. 

Since the nuclear Ags are expressed 

practically in every cell type, the use of other  

adherent cell lines as substrates for ANA-IIFA is 

possible. In our laboratory  we use a serum-free 

cell line, McCoy-Plovdiv, derived from the 

conventional fibroblast-like McCoy cell line. It 

was adapted to grow in total absence of serum 

(49-51) and proved to be a good substrate for 

ANA detection in IIFA. The ability to detect 

ANA on serum-free cell lines would result in 

savings for the laboratories and for the health-

care system. 

Independently from the IIFA results, it is 

recommended to perform further tests for 

specific ANA activity, if clinical signs of CTD 

are present (52).  

Crithidia luciliae is another substrate for 

IIFA. It is non-pathogenic for human 

haemoflagelate. Its giant mitochondrion (the 

kinetoplast) contains a dsDNA-molecule. This 

substrate tests the specific anti-dsDNA activity 

(53). It is highly specific for the diagnosis of  

SLE - sensitivity 55-77%, and specificity 87-

99% (54, 55). 

Although titres of 1:20 or 1:40 are 

commonly reported as positive, patients with 

CTD rarely have these low titres (11). Over 

30% of the healthy population have positive 

ANA test at 1:40. At a titre of 1:80 10-20% of 

healthy individuals are positive. At a titre of 

1:160 5-10% of healthy persons are positive (2, 

5, 56). An ANA titre of 1:40 or 1:80 is almost 

always of minimal significance due to its high 

prevalence among healthy individuals. Though 

titres of 1:160 or higher may help confirmation 

of the diagnosis, false positive results remain 

common (12). The sensitivity at a titre of 1:40  

is 92-95%, but the specificity is low - 60-65%. 

In 1:160  the specificity of the test is 87-95% 

and the sensitivity 80-90% (57, 58). A low 

cutoff point at 1:40 serum dilution (high 

sensitivity, low specificity) could have 

diagnostic value, since it would classify 

virtually all patients with SLE, SScl, or SS as 

ANA positive. Conversely, a high positive 

cutoff at 1:160 serum dilution (high specificity, 

low sensitivity) would be useful to confirm the 

presence of disease in only a portion of cases, 

but would be likely to exclude 95% of normal 

individuals. It is recommended that laboratories 

performing immunofluorescent ANA tests 

report results at both 1:40 and 1:160 dilutions 
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(56) and should supply information on the 

percentage of normal individuals who are 

positive at these dilutions (3,56) The absence of 

ANA at titres of 1:160 or less makes SLE 

diagnosis very unlike (5). 

According to the usefulness of ANA test 

for their diagnosis, the diseases are divided in 5 

groups (3): 

 DIL, autoimmune liver diseases, MCTD - 

ANA test is an intrinsic part of the 

diagnostic criteria; 

 SLE,  SScl - ANA test is very useful; 

 SS, DM/PM - ANA test is somewhat useful;  

 JRA, Raynaud’s syndrome - ANA test is 

useful for monitoring and prognosis;  

 RA, MS, TD, discoid lupus, infectious 

diseases, tumors - ANA test is not useful.  

An improved tool for observation of IIFA-

images is the confocal microscope. It allows 

observation of high-definition directly digitized 

images and has a possibility for 3-dimensional 

light scanning of the object (59).  

 

IIPА 

It is a screening method, similar to IIFA. The 

substrates (tissue sections, cell cultures, 

Crithidia luciliae) are the same. The image 

types are similar to those obtained by IIFA. In 

IIPА the result is observed by means of a 

standard light microscope and can be preserved 

for a long time without any change (60). The 

sensitivity of IIPA is almost equal to this of 

IIFA. The comparison of both methods on HEp-

2 substrate shows equal results (positive and 

negative) in 97% of the cases and the  nuclear 

patterns are similar in 87% (61). The same 

results are observed on Crithidia luciliae: there 

is no difference in the titres of test sera detected 

by both methods. The correlation between their 

sensitivity (IIFA/IIPA) is 1/0,98, and between  

their specificity - 1/0,99 (60). 

 

Farr-assay 

It is a radioimmune assay that detects anti-

dsDNA activity. The substrate is the DNA - 

molecule, labeled with an iodine radioactive 

isotope (J
125

). The activity of anti-dsDNA ANA 

is determined by measurement of the 

radioactivity of labeled dsDNA - anti-dsDNA 

complexes (62). The method has a high 

specificity for dsDNA ANA (85%) and 64% 

sensitivity (55). In contrast to ELISA it detects 

high-affinity ANA (5). 

 

DID 

This is an Ouchterlony test for ENA with a 

nuclear extract from thymus or spleen cells.This 

method is used to detect specific ANA in sera 

that are positive on screening. It determines 

high-affinity ANA (4, 5). The ANA 

concentration is defined by the precipitation 

band. The method is slower and less sensitive 

than enzyme immunoassays (42). 

 

ELISA 

This method can detect common (generic) ANA 

with a substrate of cell nuclei, nuclear extract or 

mixture of Ags - purified, recombinant, obtained 

from in vitro transcribed DNA, or detects 

specific ANA with a single-Ag substrate 

(dsDNA, RNP, Sm, SS-A/Ro, SS-B/La, CENP, 

Scl70) - purified or recombinant. As the method 

detects low-affinity ANA it shows frequent false 

positive results (3-5). 

The АNA activity in the serum is defined 

by the  index Y, derived from the colorimetric 

measured optical density of the sample (3).The 

sensitivity and specificity of  ELISA depend on 

the cut/off value of Y, above which the test is 

considered ANA-positive. For screening test 

cut/off value 1 is used in cases, where high 

diagnostic sensitivity is necessary, to avoid the 

misdiagnosis of possible CTD. In weak positive 

sera (1<Y<3) a secondary test is performed, 

when clinical suspicion of  CTD exists. A large 

number of patients with diseases, different from 

CTD, have an index Y < 3 (88%). More than 

75% of the patients with CTD have Y >3. The  

PPV of the cutoff >3 for CTD is >85%, and the 

sensitivity is 92%. At cutoff >6 PPV is >94% 

and the test is high-specific for the diagnosis of 

CTD (58). 

A variant of ELISA is the Line-

Immunoassay. In this method the Ags are fixed 

on nylon strips. The assay can test single 

samples and the results can be stored for a long 

time (37, 42). 

IIFA is the traditional method of choice 

for ANA-screening. In some laboratories it is 

replaced by screening- ELISA. The advantages 

and the disadvantages of both ANA screening 

methods are discussed extensively 

(5,37,45,47,57,58,63,64) and are presented in 

Table 4. 
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Table 4. IIFA and ELISA - advantages and disadvantages  

METHOD  Advantages Disadvantages 

IIFA  High-sensitive  

 Easy to perform  

 Detects high- and middle- affinity 

ANA  

 

 Subjective  

 Uneasy to detect many samples 

 Requires fluorescent microscope 

 ENAs may be lost during preparation 

ELISA   Detects low-affinity ANA  

 Objective, automated, detects  

many samples at the same time 

 Specificity and sensitivity vary with 

the variation of the cut/off value 

 Semi-quantitative results 

 

     More often false (+) results in healthy subjects  

 More often false (-) results in children  

 Differences between sensitivity/specificity of  

the distinct ELISA kits 

     It is not well established what mix of Ags should be 

used - from natural source  (HEp-2) or recombinant 

 

WB 

This test is used to define specific АNA after 

positive IIFA or ELISA-screening. The 

substrates are НЕр-2 or rabbit thymus cells. 

They are separated on two-dimensional 

polyacrylamide-gel electrophoresis and 

transferred onto a nitrocellulose membrane. The 

result of the test is in the form of lines and every 

line corresponds to an Ag, to which a specific 

Ab from the serum is bound. The lines are 

compared to referent plates. When HЕp-2 cell 

substrate is used and sera from patients with 

SLE are tested, the Ag zone between 21 and 

48кD, which has a diagnostic value for SLE, is 

positive. Possible specific positive zones in 

CREST syndrome are the 18-22 кD and in SScl 

the 30, 32, 73, 80 кD regions (65, 66). 

 

Microparticle-based analysis of ANA by flow 

cytometry 

This  immunological assay has a big potential in 

ANA-detection. It is a bead based flow 

cytometry that can detect and quantitate ANA. 

There are two variants of this assay. In the first, 

the tested ANA is bound on the bead through a 

capture specific Ag and later the anti-analyte Ab 

binds on the complex, acting as the reporter 

molecule. In the second, the beads are coupled 

with a purified ANA, the same as the tested one. 

The ANA on the bead and in the test-sample 

compete the binding to the  fluorescent reporter 

Ab. In this case, the presence of ANA in the 

test-sample results in fluorescence inhibition. 

The flow cytometric detection of ANA is rapid, 

automated and gives quantitative results. The 

sensitivity and specificity of the test are nearly 

100% and it detects many specific ANA in one 

sample simultaneously (67).  

 

DIAGNOSTIC ALGORITHMS FOR ANA  

There are some contradictions within the area of 

ANA detection, arising when the results of 

different laboratories (using different methods 

of detection) are compared. This leads to the 

question about the choice of a method for ANA 

screening and their further detection. There are 

algorithms (3), designed to give the laboratory a 

comprehensive guide to pattern recognition, Ag 

specificity and disease association. A model 

algorithm is presented in Figure 1.  

 

CONCLUDING REMARKS 

Test results for ANA alone are insufficient to 

establish the diagnosis and they must always be 

interpreted in the context of patients’ history 

and symptoms. The positive results may mean 

all sorts of things and can be misleading, so that 

the clinicians must have good clinical reasons 

for requesting ANA test. The cooperation with 

the clinical immunologists, possessing 

experience with the methods, used for ANA-

detection, and with a knowledge about the 

differences between these methods, is of great 

importance. 

 

ABBREVIATIONS 

Ab(s) – antibody(ies); ACA - anticentromere 

antibodies; Ag(s) – antigen(s); ANA - 

antinuclear antibodies; CENP(s) - centromere 

protein(s); CTD - connective tissue disease; Dg 

- diagnosis; DID - double immunodiffusion; 

DIL - drug-induced lupus; DM - 

dermatomyositis; dsDNA - double-stranded 

DNA; ssDNA - single-stranded DNA; ELISA - 

enzyme-linked immunosorbent assay; HCV - 

hepatitis C virus; HEp-2 – human epithelyoma 

cell line; HM - healthy men; HW - healthy 

women; IIFA - indirect immunofluorescence 
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assay; IIPA - indirect immunoperoxidase assay; 

JRA - juvenile rheumatoid arthritis; MCTD - 

mixed connective tissue disease; MS - multiple 

sclerosis; PBC - primary biliary cirrhosis; PM - 

polymyositis; PPV - positive predictive value;  

RA - rheumatoid arthritis; rRNA - ribosomal 

RNA; tRNA - transfer RNA; mRNA - 

messenger RNA; snRNA - small nuclear RNA; 

snRNP - small nuclear ribonucleoprotein; Sm - 

Smith-antigen; SScl - systemic sclerosis; SS - 

Sjogren's syndrome; TD - thyroid disease; Tu - 

tumors; WB - Western blot. 
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