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Patients with
Condition ANAs (%)
Diseases for Which ANA Testing Is Helpful for Diagnosis
Systemic lupus erythematosus 99-100
Systemic sclerosis 97
Polymyositis/dermatomyositis 40-80
Sjégren’s syndrome 48-96

Diseases in Which ANA Is Required for the Diagnosis
Drug-induced lupus 100

Mixed connective tissue disease 100
Autoimmune hepatitis 100
Diseases in Which ANA May Be Useful for Prognosis
Juvenile idiopathic arthritis 20-50
Anti-phospholipid antibody syndrome 40-50
Raynaud’s phenomenon 20-60
Some Diseases in Which ANA Is Typically Not Useful
Discoid lupus erythematosus 5-25
Fibromyalgia 15-25
Rheumatoid arthritis 30-50
Relatives of patients with autoimmune diseases 5-25
Multiple sclerosis 25
Idiopathic thrombocytopenic purpura 10-30
Thyroid disease 30-50
Patients with silicone breast implants 15-25
Infectious diseases Varies widely
Malignancies Varies widely
Healthy (“Normal”) Persons

21:40 20-30
>1:80 10-12
21:160 - 5
21:320 - 3

ANA, Anti-nuclear antibody.

Modified from Kavanaugh A, Tomar R, Reveille J, et al. Guidelines for
clinical use of the anti-nuclear antibody test and tests for specific
autoantibodies to nuclear antigens. American College of Pathologists.
Arch Pathol Lab Med 124:71-81, 2000.
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Figure 2| |FA testing for identifying the presence of ANAs. a| In the top panel, the experimental

procedure of anindirect immunoflucrescence assay (IFA) isillustrated. A slide with tissue culture cells
is exposed to dilutions of serum. Following washing steps to remove unbound antibodies, the slide is
incubated with a fluoresceinated anti-IgG reagent. Following another washing step, fluorescence
microscopy is performed. At present, in most laboratories, a technician visually inspects the slide to
determine the presence and pattern of fluorescence. In determining the positivity of a sample, the
dilution in which fluorescence is still visible is assessed. This end-point titre provides a quantitative
measure of the amount of antinuclear antibodies (ANAs) present. In addition to visual inspection, the
presence of fluorescence can be determined from digital images. b| The bottom panelillustrates some
of the more common staining patterns of ANAs. Each pattern is associated with certain ANAs and,
therefore, can occur more commonly in association with certain diseases. The results of IFA can be
reported in terms of the end-point titre and staining pattern. For some sera, a mixture of different
ANAs is present and, depending on their relative titre, more than one pattern can be observed. For
example, a serum can be characterized as 1:640 homogeneous and 1:2,560 speckled. As IFA kits can
differin features related to the cellline, conditions of fixation and properties of anti-lgG reagents, the
results can vary. Therefore, itis important to know the characteristics of different assays for interpret-
ing theirresults. In general, a titre of >1:40 or 1:80 is considered significant meaning that the serum is
considered to be ANA positive.
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Table 2

1IFA nuclear/cytoplasmic patterns detected on HEp-2 substrates and related antigens/diagnosis

Most commonly recognised patterns

Nuclear patterns

Related antigens

Related diagnosis

Homogeneous
Coarse speckled
Fine speckled
Centromere
Nucleolar

dsDNA, histones, chromatin/nucleosomes, HMG
U1-SnRNP, U2-6 snRNP (Sm), nuclear matrix
SSA/Ro, SSB/La, Topo-1, common to many antigens
Kinetochore: CENP-A, B, C, F

PM/Scl, RNA-polymerase, URNP, U3-RNP, To/Th, B23 phosphoprotein/
numatrin

SLE, drug induced SLE/vasculitis, JIA
MCTD, SLE, Raynaud, SSc, SS, UCTD
SLE, SS, SSc, IM, MCTD

SSc (limited), Raynaud's

SSc, Raynaud’s, IM, overlap

Cytoplasmic patterns

Related antigens

Related diagnosis

Diffuse
Fine speckled

RibP, Jo-1, other tRNA synthetases, SRP
Jo-1, SRP, PDH (mitochondria)

SLE, IM
IM, DM, PBC, interstitial lung disease

Less commonly recognised patterns

Nuclear patterns

Related antigens

Related diagnosis

Peripheral/rim or nuclear envelope
Dense fine speckled
Pleomorphic cell cycle speckled (PCNA)

Nucleolar (clumpy)

Multiple/few nuclear dots
Centrosome/centriole (formerly:spindle
apparatus)

MSA (mitotic spindle)

Lamins, LAP1/2 gp210, nucleoporin p62; nuclear envelope and nuclear pore
complex antigens
DFS70/LEDGF-P75

Auxiliary protein proliferating cell nuclear antigen: elongation factor of DNA
polymerase delta

U3-SnRNP (fibrillarin)

Sp100, PML bodies, p80-coilin

Enolase, ninein, pericentrin

NuMA/centrophilin

SLE, RA, PBC, IM autoimmune liver diseases

Healthy subjects and other inflammatory
conditions

SLE, lymphoproliferative diseases, S

SSc
PBC, CAH, SS
$S¢, Raynaud's, inflammatory disease

RA, inflammatory conditions; pneumonia
(mycoplasma)

Cytoplasmic patterns

Related antigens

Related diagnosis

Discrete speckled
Golgi complex

Cytoplasmic fibres

Endosome (early endosome antigen 1), GW/Processing bodies, multivesicular
bodies/lysosomes

Golgi proteins/golgins: giantin, golgin 245, golgin 110, golgin 97, golgin 95,
others

Actin, cytokeratin, tropomyosin, vimentin

Neurological conditions, SS, SLE, RA, PBC,
ucip

SLE, SS, RA, overlap syndromes, cerebellar
ataxia

CAH, DM, infections and other inflammatory
diseases

Within the many patterns that can be distinguished the ones specified in the upper part of the table are the most commonly recognised. The relationship between pattern and antigen
specificity may differ in certain conditions. Similarly, the specific antigens marked in bold are the most commonly detected by reflex testing, although other antigens may be of
importance in different clinical conditions. Less common pattern are specified in the lower part of this table.
CAH, chronic autoimmune hepatitis; CENP, centromere protein; DFS, dense fine speckled; DM, dermatomyositis; dsDNA, double-stranded DNA; GW, glycine—tryptophan; HMG, high mobility
group; IM, inflammatory myopathies; JIA, juvenile idiopathic arthritis; MCTD, mixed connective tissue disease; MSA, mitotic spindle; NuMA, nuclear mitotic apparatus; PBC, primary biliary

i ; RA, id arthrtis; RibP, ribosomal P protein; RNP, ribonucleoprotein; SLE, systemic lupus erythematosus; SR,

cirthosis; PDH, pyruvate

PMISdl,

signal recognition particle; SS, Sjogren’s syndrome; SSc, systemic sclerosis; Topo-1, topo-isomerase 1; tRNA, transfer RNA; UCTD, undifferentiated connective tissue disease.
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Figure 3  The fluorescent anti-nuclear antibody test: specificities of systemic lupus erythematosus. A, Speckled nuclear pattern of anti-Sm anti-
bodies. B, Nuclear rim pattern of anti-DNA antibodies. C, Homogeneous nuclear pattern of anti-DNA antibodies. D, Discrete cytoplasmic and nucleolar
pattern of antiribosome antibodies.
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Figure 4  The fluorescent anti-nuclear antibody test: specificities of systemic sclerosis. A, Discrete speckled nuclear pattern of anti-kinetochore
(centromere) antibodies. B, Grainy nuclear and nucleolar pattern of anti-topoisomerase | (sclerosis [Scl]-70) antibodies. C, Diffuse nucleolar and sparse
nucleoplasmic pattern of anti-Th (ribonuclease mitochondrial RNA processing complex, 7-2) antibodies. D, Punctate nucleolar staining of anti-RNA
polymerase antibodies. (A, From the Clinical Slide Collection on the Rheumatic Diseases, copyright 1991; used by permission of the American College of
Rheumatology.)
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Table 3  Characteristics of automated readers for detecting antinuclear antibodies by IFA

testing?

No. of Full No. of patterns Nuclear
Automated system samples/h automation recognized® stain®©
Aklides 48-60 No 69 DAPI
EUROPattern 90 Yes 79 Pl
Helios 150 Yes 74 None
Image Navigator 90 Yese Positive/negative None
NOVA View 48-60 Yese 5d DAPI
Zenit G-Sight 14-48 No 5d None
Cytospot 96 Yes Positive/negative None

aAdapted from Tozzoli et al. (49) and Bizzaro et al. (50), with modification.

bAklides: cytoplasmic, homogeneous, speckled, nucleolar, centromere, and multiple nuclear dots patterns;
Helios: centromere, cytoplasmic, homogeneous, nuclear membrane, nuclear dots, nucleolar, and speckled
(granular) patterns; EUROPattern: homogeneous, speckled, nucleolar, centromeric, nuclear dots, nuclear
membrane, and cytoplasmic patterns; NOVA View: homogeneous, speckled, centromere, nucleolar, and
nuclear dots cytoplasmic patterns; Zenit G-Sight: homogeneous, nucleolar, speckled, centromere, and
mitochondrial patterns.

“DAPI, 4', 6-diamidino-2-phenylindole; Pl, propidium iodide.

dTiter prediction capabilities.

|¢Connection to pipetting station.
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Antigen Subtype Clinical Phenotype
Topoisomerase 1 (Scl70) Diffuse Pulmonary fibrosis, cardiac involvement
Centromere (protein B, C) Limited Severe digital ischemia, PAH, sicca syn-

drome, calcinosis

RNA polymerase llI Diffuse Severe skin disease, tendon rubs, renal
crisis (tsine scleroderma)

U3-RNP (fibrillarin) Diffuse or Primary PAH; esophageal, cardiac, and
limited renal involvement; muscular disease
Th/To Limited Pulmonary fibrosis, rare renal crisis,

lower Gl dysfunction

B23 Diffuse or PAH, lung disease
limited
Cardiolipin, B 2 GPI Limited PAH, digital loss
PM/Scl Overlap Myositis, pulmonary fibrosis, acro-oste-
olysis
U1-RNP Overlap SLE, inflammatory arthritis, pulmonary
fibrosis
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Iltem Sub-item(s) Weight/
scoref|
Skin thickening of the fingers of both - 9

hands extending proximal to the metacar-
pophalangeal joints (sufficient criterion)

Skin thickening of the fingers Puffy fingers 2
(only count the higher score) Sclerodactyly of the fingers (distal 4
to the metacarpophalangeal
joints but proximal to the proxi-
mal interphalangeal joints)

ingertip lesions Digital tip ulcers 2

(only count the higher score) Fingertip pitting scars 3
Telangiectasia - 2

Abnormal nailfold capillaries - 2
Pulmonary arterial hypertension and/or Pulmonary arterial hypertension 2

interstitial lung disease Interstitial lung disease 2
(maximum score is 2)

Raynaud’s phenomenon - 3
SSc-related autoantibodies (anti- Anticentromere
centromere, anti-topoisomerase | Anti-topoisomerase |
[anti-Scl-70], anti-RNA polymerase Il1) Anti-RNA polymerase IlI

(maximum score is 3)
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ACR: American College of Rheumatology; EULAR: European League Against Rheumatism; SSc:
systemic sclerosis.

* These criteria are applicable to any patient considered for inclusion in an SSc study. The crite-
ria are not applicable to patients with skin thickening sparing the fingers or to patients who have
a scleroderma-like disorder that better explains their manifestations (eg, nephrogenic sclerosing
fibrosis, generalized morphea, eosinophilic fasciitis, scleredema diabeticorum, scleromyxedema,
erythromyalgia, porphyria, lichensclerosis, graft-versus-hostdisease, diabeticcheiroarthropathy).
9 The total score is determined by adding the maximum weight (score) in each category. Patients
with a total score of 29 are classified as having definite SSc.
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YANAY -

| - Primary idiopathic polymyositis

Il - Primary idiopathic dermatomyositis

Il - Polymyositis or dermatomyositis associated with malignancy
IV - Childhood polymyositis or dermatomyositis

V - Polymyositis or dermatomyositis associated with another connective-tissue

disease

® VI - Inclusion body myositis

® VIl - Miscellaneous (eg, eosinophilic myositis, myositis ossificans, focal myosi-
tis, giant cell myositis)

Necrotizing autoimmune myopathy (NAM)

anti-synthetase syndrome
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e Antibodies to Mi-2, a nuclear helicase

e Antibodies to signal recognition particle (SRP)

e Antibodies to aminoacyl-transfer (t)RNAsynthetases (antisynthetase antibod-
ies), including anti-Jo-1

Anti-Mi2 ()
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Anti-Jo1 myositis- specific antibody (¥
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anti-Jo-1 (lung disease)

anti-SRP antibodies (severe muscle disease, cardiac involvement)
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Autoantibody Clinical Associations

Myositis specific autoantibodies

Anti- tRNA synthetases (Jo-1, PL-
PM, DM, anti-synthetase syndrome
7, PL-12, EJ, OJ, KS, Ha, Zo)

Anti-Mi-2 “Classic DM”; lung-sparing

Anti- CADM140 (MDAD5) Clinically amyopathic DM ILD; poor prognosis

Severe necrotising myopathy; association
Anti-SRP
with ILD not described

Myositis associated antibodies

Anti-Ro/SSA PM/Sjogren’s overlap; severe ILD

Anti-PM/Scl PM/Scleroderma overlap; severe ILD
Anti-Ku PM/Scleroderma overlap; severe ILD

Anti-U1RNP PM/SLE overlap; ILD

a3 oo oL 1) olan @y bagal Tyl ¥ o lad Jsur
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Dermatomyositis 7 N
Adult: Juvenile: |
* Anti-Mi2  Anti-NXP2
® Anti-NXP2 e« Anti-TIF1y

5 Dysphagia
* Anti-MDA5S o
« Anti-TIF1y ¢ Anti-FHL1
= Anti-SAE
Interstitial lung disease Severe myopathy
* Antisynthetase  Antisynthetase
* Anti-MDAS5 * Anti-SRP
* Anti-HMGCR
* Anti-FHL1
Arthritis * Anti-cN-1A

= Antisynthetase

Mechanic's hand
¢ Antisynthetase
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sl IS s b s 555 (FIX) 8,5 2ol 51 (G360 JelS i (60 8 il o
Sl 1, 9 ol 5 qod (i Sl b e Bbl o e [l b sl 05 n by a5
Gl oazay (oo plosl b b aless 1y Lo L8995 (0,5 (w8 &5 (50 0 bl
gl sSs Ko 3 58 sl 655 & sl (T ool eyl Ao g ool

O o leds Jguz) ol winlgs sumline

YFA




L §

Formalin fixation of neutrophils Ethanol fixation of neutrophils

Antigen(s) targeted Staining IIF Staining IIF
Diffuse granular Diffuse granular cytoplas-

PR3 cytoplasmic c-ANCA mic c-ANCA

MPO, LF, LZ CG, AZ, Diffuse granular Perinuclear cytoplasmic/

BPI, EL, and others  cytoplasmic c-ANCA nuclear p-ANCA

Uncharacterized

cytoplasmic proteins Fine-speckled or Fine-speckled or linear

and lamins linear cytoplasmic a-ANCA cytoplasmic a-ANCA

Nuclear proteins or Nuclear/perinuclear cyto-

nucleic acids Nuclear ANA  plasmic ANA

:elastase (EL), cathepsin G (CG), azurocidin (AZ), lactoferrin (LF), lysozyme (LZ), and bactericidal/
permeability-increasing protein (BPI)

ANCA _olast 55 23T Glaal s (el sligigal 6,y 5, sbogSl 1) o les Jga

Salis o] s oS 05y Dglit K0y L olSetalejl 1o il isligigen Cand s s
plxl Hilnl 428 g ooliinl 890 prw &8, )0 Sl dafidg g (FIX)0o,S ol cleS o
Db oo Lialejl sasms

(GPA) 3T o b 55ilegliil 5 L sl il ool | Jlo stz s yo s 5545 b s
s aiSld grel (ool b 45 4 25070 (sl dgSuly 5 (MPA) S sSins So ol (L
eosinophilic granulomatosis with) gl sl z > 4 Myl ke % T+ 0 lagob 5T !
g 0 ounlin 3 (polyangiitis
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