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The Quest For Standardised

nti-nuclear antibody (ANA)
testing is a cornerstone of
autoimmune diagnostics.
ANA occur in a variety
of autoimmune diseases, including
systemic autoimmune rheumatic
diseases (SARD), systemic lupus
erythematosus (SLE), mixed connective
tissue disease (MCTD), Sjogren’s
syndrome (S5jS), systemic sclerosis (55c),
polymyositis (PM), dermatomyositis
(DM) and primary biliary cirrhosis (PBC).
Detection and classification of ANA is
a major criterion for diagnosing and
differentiating these diseases.

ANA are detected by indirect
immunofluorescence test (IIFT) followed
by specific confirmatory tests such as
ELISA or immunoblot. However, ANA
testing strategies and result reporting
vary greatly between laborataries.

An international consensus on ANA
patterns (ICAP, www.ANApatterns.org)
has recently been discussed with the
goal of harmonising the nomenclature
and interpretation of ANA results.

Gold standard IIFT

IIFT on human epithelial (HEp-

2) cells is the gold standard for
detection of ANA. Different types
of ANA give rise to characteristic
staining patterns on the HEp-2 cells,
depending on the cellular location
and properties of the antigenic
target. Analysis of the fluorescence
pattern enables classification of
the antibody or antibodies present
in the patient sample. Since

the cell substrate contains the
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complete antigen spectrum, over

100 different autoantibodies can

be investigated simultaneously,
including autoantibodies directed
against as yet unknown antigens or
against antigens, which cannot yet be
isolated. A negative result excludes
the presence of all these antibodies.
An alternative to HEp-2 cells is offered
by HEp-20-10 cells, which exhibit a
high proportion of mitotic phases

and thus provide easier evaluation

of antibodies for which evaluation of
mitotic structures is crucial.

Single antigen substrates (e.g. SS-A,
SS-B, Scl-70, Jo1, ribosomal P-proteins,
RNP/Sm, Sm) in the form of purified-
antigen dots (EUROPLUS) allow
monospecific confirmation of antibodies
in IIFT. The monospecific substrates can
be analysed in parallel to the HEp-2 cells
as BIOCHIP Mosaics, thus no additional
incubations are required. Moreover,
analysis of primate liver alongside
HEp-2 cells provides additional security
in the evaluation of ANA IIFT results.
The fluorescence patterns of the two
substrates can be compared and results
verified reciprocally. The primate liver
also allows identification of additional
autoantibodies, thus helping to make
important unexpected diagnoses.

Overview of ICAP Classification Tree
The umbrella term ANA is, for historical
reasans, used to refer to all cellular
antibodies that are detected on HEp-2
cells. In the ICAP consensus these are
divided into three major categories,
namely nuclear (true ANA), cytoplasmic

and mitotic fluorescence patterns.
Each category is subdivided into groups
and subgroups of patterns, creating a
classification tree. Each pattern and
sub pattern is assigned an anti-cell (AC)
pattern code from AC-1to AC-28. The
patterns are additionally designated

as competent-level or expert-level
reporting, depending on the clinical
relevance and easiness of recognition.
The reporting level is a fluid system,
which will be adapted in the future
based on feedback from users.

Nuclear Patterns (True ANA)
Nuclear patterns are defined as any
staining of the HEp-2 interphase

nuclei. The nomenclature for nuclear
patterns is primarily based on the
reactivity observed in the nucleoplasm
(e.g. homogeneous or speckled) and
the nuclear subcomponents that

are recognised (e.g. centromere or
nucleolar). The nuclear patterns comprise
homogeneous, speckled, centromere,
discrete nuclear dots, nucleolar, nuclear
envelope and pleomorphic patterns.
DFS70 belongs to the speckled group.
The centromere pattern belongs to the
discrete nuclear dots, but is given its
own grouping due to its characteristic
pattern and frequent occurrence

in the clinical setting. The nuclear
pattern groups are further divided into
subgroups, for example, fine or large/
coarse speckled; multiple or few nuclear
dots; homogeneous, clumpy or punctate
nucleolar; smooth or punctate nuclear
envelope; and PCNA-like or CENP-F-like
pleomorphic patterns. [>
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The classification of the nuclear
pattern provides information about the
likely target antigens and thus possible
disease indications (Table 1). For example,
the homogeneous pattern arises from
reactions with chromatin components such

as double-stranded DNA, histones and/

or nucleosomes. These autoantibodies are
associated with SLE, drug-induced lupus and
juvenile idiopathic arthritis. Other nuclear
reactions can help clinicians to delimit, for
example, MCTD, SjS, SSc, PM, DM, PBC or

VWTABLE 1. Target antigens and associated diseases for nuclear patterns

Homogeneous

Speckled
Dense fine speckled
Fine speckled

Large/coarse speckled
Centromere
Discrete nuclear dots
Multiple nuclear dots

Few nuclear dots
Nucleolar
Nucleolar homogeneous

Nucleolar clumpy
Nucleolar punctate
Nuclear envelope

Smooth nuclear
envelope

Punctate nuclear
envelope

Pleomorphic
PCNA-like
CENP-F-like

AC-1

AC-2,4,5
AC-2
AC-4

AC-5
AC-3
AC-6,7
AC-6

AC-7
AC-8,9,10
AC-8

AC-9
AC-10
AC-11,12

AC-11

AC-12
AC-13,14
AC-13
AC-14

dsDNA, nucleosomes, histones

hnRNP, UTRNP, Sm, SS-A/Ro (Ro60),
SS-B/La, RNA polymerase Ill, Mi-2, Ku

DFS70/LEDGF

SS-A/Ro (Ro60), SS-B/La, Mi-2, TIF1y, TIF18,
Ku, RNA helicase A, replication protein A

hnRNP, UTRNP, Sm, RNA polymerase IlI

CENP-A/B (C)

Sp100, PML proteins, MJ/NXP-2

p80-coilin, SMN

PM/Scl-75, PM/Scl-100, Th/To,
B23/nucleophosmin, nucleolin, No55/SC65

U3-snoRNP/fibrillarin

RNA polymerase |, hUBF/NOR-90

SLE, drug-induced lupus, juvenile
idiopathic arthritis

MCTD, SLE, SjS, DM, SSc/PM overlap
Rare in SLE, SjS, SSc
SjS, SLE, DM, SSc/PM overlap

MCTD, SLE, SSc
Limited cutaneous SSc, PBC

PBC, SARD, PM/DM

SjS, SLE, SSc, PM, asymptomatic
individuals

SSc, SSc/PM overlap

SSc
SSc, SiS

Lamins A,B,C, or lamin-associated proteins  SLE, SjS, seronegative arthritis

Nuclear pore complex proteins (i.e., gp210) PBC

PCNA
CENP-F

SLE, other conditions

Cancer, other conditions

'WTABLE 2. Target antigens and associated diseases for cytoplasmic patterns

Fibrillar

Linear/actin

Filamentous/
microtubules

Segmental
Speckled

Discrete dots

Dense fine speckled

Fine speckled

Reticular/AMA

Polar/Golgi-like

Rods and rings

AC-15,
16,17

AC-15

AC-16

AC-17

AC-18,
19,20

AC-18

AC-19

AC-20

AC-21

AC-22

AC-23

Actin, non-muscle myosin
MCTD

Vimentin, cytokeratins

Alpha-actinin, vinculin,
tropomyosin

SGW182, Su/Ago2, Ge-1

PL-7, PL-12, ribosomal P
proteins

Jo-1/histidyl-tRNA synthetase

PDC-E2/M2, BCOADC-E2,

OGDC-E2, E1a subunit of PDC,

E3BP/proteinX

Giantin/macrogolgin,

golgin-95/GM130, golgin-160,

golgin-97, golgin-245
IMPDH2, others

MCTD, chronic active hepatitis, liver cirrhosis,
myasthenia gravis, Crohn’s disease, PBC, long-
term hemodialysis, rare in SARD other than
MCTD

Infectious or inflammatory conditions, long-term
hemodialysis, alcoholic liver disease, SARD,
psoriasis, healthy controls

Myasthenia gravis, Crohn's disease, ulcerative
colitis

PBC, SARD, neurological and autoimmune
conditions

“anti-synthetase syndrome,” PM/DM, SLE,
juvenile SLE, neuropsychiatric SLE

Anti-synthetase syndrome, PM/DM, limited SSc,
idiopathic pleural effusion

Common in PBC, SSc, rare in other SARD

Rare in SjS, SLE, RA, MCTD, GPA, idiopathic
cerebellar ataxia, paraneoplastic cerebellar
degeneration, viral infections

HCV patients post-IFN/ribavirin therapy, rare in
SLE, Hashimoto's and healthy controls

'WTABLE 3. Target antigens and associated diseases for mitotic patterns

Centrosome

Spindle fibers
NuMA-like

Intracellular bridge

Mitotic chromosome coat

AC-24

AC-25
AC-26

AC-27

AC-28

Pericentrin, ninein, Cep250,
Cep110, enolase

HsEg5
Centrophilin

Aurora kinase B, CENP-E,
MSA-2, KIF-14, MKLP-1

Modified histone H3, MCA-1

Rare in SSc, Raynaud's phenomenon, infections
(viral and mycoplasma)

Rare in SjS, SLE, other SARD

SjS, SLE, other

Rare in SSc, Raynaud’s phenomenon, malignancy
Rare in discoid lupus erythematosus, chronic

lymphocytic leukemia, SjS, and polymyalgia
rheumatica

other autoimmune diseases. Mixed patterns
can occur if more than one autoantibody is
present in the patient sample, for example
autoantibodies to both centromere (nuclear)
and mitochondria (cytoplasmic) frequently
co-occur PBC.

Cytoplasmic Patterns

Cytoplasmic patterns are defined as any
staining of the HEp-2 cytoplasm. The
nomenclature is primarily based on the
reactivity observed in the cytoplasm (e.g.
fibrillar or speckled) and the cytoplasmic
structure that is recognised (e.g. rods

and rings). The five main cytoplasmic
patterns comprise fibrillar, speckled,
reticular/mitochondrion-like (AMA),
polar/Golgi-like, and rods and rings. The
fibrillar pattern is subdivided into linear,
filamentous and segmental; while the
speckled pattern is subcategorised into
discrete dots, dense fine speckled and fine
speckled. Cytoplasmic autoantibodies of
different specificities are found in a range
of diseases (Table 2), including MCTD,
PM, DM, SLE, SSc, PBC, Crohn's disease,
ulcerative colitis and myasthenia gravis.
Cytoplasmic patterns should now be
reported in patient results and not released
as ANA negative.

Mitotic Patterns

Mitotic patterns are defined as patterns

that address cell domains strongly

related to mitosis. The mitotic patterns
comprise centrosomes, spindle fibres with
subpattern nuclear mitotic apparatus

(NuMA), intercellular bridge and mitotic
chromosome coat. Some mitotic patterns (e.g.
centrosomes) are not exclusively associated
with mitosis, but exhibit very distinctive
features in mitotic cells. Mitotic antibodies are
rare occurrences in diseases such as SSc, SLE,
5jS and Raynaud's phenomenan (Table 3).

Confirmation of IIFT results

Positive results in the ANA IIFT screening
assay should always be confirmed in
additional specific testing. An ideal follow-up
assay is multiplex immunoblot containing 23
antigens (EUROLINE ANA Profile 23, Figure
1), which allows simultaneous confirmation
and differentiation of the most important
ANA in systemic autoimmune diseases. The
test antigens comprise dsDNA, nucleosomes,
histones, SS-A, Ro-52, SS-B, RNP/Sm, Sm,




Mi-2a, Mi-2f, Ku, CENP A, CENP B, Sp100,
PML, Scl-70, PM-5cl100, PM-Scl75, RPT,
RP155, gp210, PCNA and DFS70. This broad
profile is the first confirmatory assay to
cover all of the nuclear patterns defined

in the consensus. The antigens are coated
onto individual membrane chips, ensuring
optimal detection conditions for each
antibody and highly reliable results. ELISA
profiles containing relevant combinations
of up to 11 antigens are also suitable for
characterisation of antibody specificities.

Perspectives

The ICAP statement has laid the foundation
for standardised nomenclature and reporting
of ANA test results. Outstanding issues

to be addressed in future editions are the
classification of composite and mixed
patterns (e.g. Scl70-like), the inclusion of
rare patterns, and whether cytoplasmic and
mitotic antibodies should be classified under
ANA positive or reported separately. Optimal
testing strategies will also be examined. The
consensus is an on-going process, which it

is hoped will mature into a global standard
incorporating input from laboratories and
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VFIGURE 1. EUROLINE ANA Profile 23 for confirmation of nuclear patterns
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'Scl-70: not included in ICAP, pattern on EUROIMMUN HEp-2 corresponds to AC-8; 2RP11/155: RNAP Il assigned to AC-5 by ICAP, pattern
on EUROIMMUN HEp-2 corresponds to AC-10; *gp210: assigned to AC-12 by ICAP, pattern on EUROIMMUN HEp-2 corresponds to AC-11

clinicians worldwide.

A further important contribution to
ANA standardisation is the increasing
use by laboratories of pattern recognition
software. Today's software systems (e.g.
EUROPattern) provide fully automated
identification of all immunofluorescence
patterns on HEp-2 cells, including nuclear,

cytoplasmic, mitotic and mixed patterns,
and also include a titer designation.
Automation of IIFT evaluation increases
the consistency between different readers
and laboratories, and boosts the speed
and efficiency of the evaluation procedure.
The software can be easily adapted as the
interpretation guidelines evolve.
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DENV 1-4

Anti-Zika Virus ELISA (IgG/IgM) #Ei 2668-9601 G/M

Highly specific test with no cross-reactivity to other
flaviviruses due to use of virus-specific NS1 antigen

IIFT Arbovirus Fever Mosaic 2 (IgG/IgM) #Fi2668-1G/m

Zika diagnostics -

Viruses

Japanese encephalitis virus
Rift Valley fever virus

Yellow fever virus
Comprehensive syndrome and region-specific profile

Parasites

* [IFT BIOCHIP mosaic includes infected cells with DENV: dengue virus
(serotypes 1, 2, 3 and 4); CHIKV: chikungunya virus and ZIKV: Zika virus

Chikungunya virus
Crimean Congo fever virus

worldwide first specific serological tests

Dengue virus incl. NS1

Schistosoma mansoni
Leishmania donovani

... and many more
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West Nile virus
Sindbis virus
Hantavirus

TBE virus

Sandfly fever virus
MERS coronavirus

S

Zika virus

Trypanosoma cruzi
Echinococcus spp.

S

Plasmodium spp.
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