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Introduction

ABSTRACT

Anti-nuclear antibodies (ANA) are immunoglobulin directed against autologous cell nuclear and cytoplasmic
components. Besides the autoimmune ANA there are other ANA that can be detected in circulation, like
natural and infectious ANA.

Because of its high sensibility, detection of the ANA must be done by indirect immunofluorescence (IIF)
as screening test and all of those positive samples are convenient to confirm its specificity by ELISA, western
blot or other techniques.

Positive ANA detected by IIF must be evaluated taking in to account the pattern and titer. The following
recommended step is the specificity characterization (reactivity against extractable nuclear antigens [ENA],
dsDNA, etc.) which is useful for the diagnosis and follow up of patients with autoimmune diseases, and by
such reasoning, its detection must be performed in an orderly and reasonable way using guides or strategies
focused to the good use and interpretation of the autoantibodies. The objective of this review is to present a
compilation of the literature and our experience in the detection and study of the ANA.

© 20009 Elsevier Espafia, S.L. All rights reserved.

Anticuerpos antinucleares
RESUMEN

Los anticuerpos antinucleares son inmunoglobulinas que reconocen componentes celulares autélogos (nu-
cleares y citoplasmaticos). Ademas de los ANA autoinmunes, pueden estar en circulacién ANA infecciosos
y naturales.

La deteccion de ANA debe realizarse mediante inmunofluorescencia indirecta (IFl) en lineas celulares
como prueba de tamizado inicial debido a su alta sensibilidad. Una muestra positiva para ANA, detectados
mediante IFl, debe confirmarse mediante técnicas mas sensibles y especificas, como ELISA, electroinmu-
notransferencia (Western blot) u otras.

Los ANA detectados por IFI deben ser evaluados segiin el patrén y el titulo. La deteccién especifica de di-
versos autoanticuerpos (anti-ENA, ADNcd, etc.) resulta atil en el diagnéstico y seguimiento de pacientes con
enfermedades autoinmunes. Por tal motivo, su deteccion debe realizarse de manera ordenada y razonable,
empleando las guias o estrategias enfocadas al buen uso e interpretacion de la presencia de autoanticuerpos.
El objetivo de la revisién es presentar una recopilacién de la literatura y nuestra experiencia en la deteccion
y estudio de los ANA.

© 2009 Elsevier Espaiia, S.L. Todos los derechos reservados.

of the LE cell phenomenon, described by Hargraves in 1948.! The
detection of LE cells has long been a test to confirm the diagnosis

The study of antinuclear antibodies (ANA) began with the of SLE. However, years later it showed low specificity, as they may
identification in patients with systemic lupus erythematosus (SLE) be present in patients with rheumatoid arthritis (25%), Sjogren

syndrome (15%-20%), pancreatic cirrhosis (33%), chronic active
hepatitis (50%-70%) and other diseases (1%-2% in myasthenia

“Note: Section credited by SEAFORMEC with 1.7 credits. Please consult questions gravis and idiopathic thrombocytopenia purpura). In 1959. Holman
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of antibodies that recognize nuclear antigens.? This led to the
development of techniques such as immunodiffusion (double
diffusionorradial Ouchterlony and counterimmunoelectrophoresis),
hemagglutination, complement fixation, etc. and microscopy,
using antibodies conjugated with fluorescent molecules (indirect
immunofluorescence [IIF]) which increased the specificity and
sensitivity for detection. Currently, the most used technique for the
detection of ANA is IFI, which was developed in 1950 by Conns et
al® and subsequently modified by Tan* in 1966, which employed
as substrates slices of liver or kidneys of mice. Ten years later, the
results of standardization for the detection of ANA in patients with
rheumatic® disease wereublished.

Currently, the detection of ANA uses as substrates the HEp-2
and Hela cell lines, the first for its ease of growth, the second one
being the most common. ANA detection by IIF in these cell lines is
considered the initial test laboratory supporting the diagnosis of
autoimmune diseases due to its high sensitivity. However, given
its relatively low specificity, it is necessary to use more sensitive
and specific techniques such as radioimmunoassay (RIA), ELISA,
electroimmunotransference (EIT) or Western blot, etc. to increase
the sensitivity and specificity of ANA for diagnosis of autoimmune
diseases.

Definition of ANA and ENA

ANA are immunoglobulins that react against different autologous
nuclear (eg dsDNA, SSA | Ro, centromere protein, etc.) and cytoplasmic
components (v. g. Aminoacyl tRNA synthetase or Jo-1, mitochondria,
etc.). The latter, however, are cytoplasmic antigens and antibodies
that recognize them are also referred to as ANA.® While there is
controversy regarding whether it is correct or not to call cytoplasmic
patterns ANA, it is an easy way to describe autoantibodies that
recognize ubiquitous antigens of the nucleus or cytoplasm, regardless
of location, we refer to them as ANA. There is an interesting proposal
which suggests that antibodies be called “anticellular” (Dr. Ignacio

Table
ANA classification

Garcia de la Torre, personal communication, Medical Conferences in
Autoimmune Diseases Update, June 2009, Mexico DF), but this needs
tobe accepted by international consensus. From the perspective of the
laboratory, antibodies that recognize antigens in both compartments
are detected in a single antigen substrate (HEp-2 cells) and both are
reported as ANA (nuclear and cytoplasmic pattern).

Moreover, the identification of antigens recognized by ANA
were originally purified nuclear proteins studied by techniques of
extraction with salt solutions, hence the name: extractable nuclear
antigen, better known as ENA, of which there are over 100 known
antigens. However, the most studied and best characterized are: SSA/
SSB, RNP-U1/Sm, Sm, and Jo-1 Scl70.

Classification of ANA

Three types of ANA may be present in the circulation. One of
them may be present in all individuals at relatively low titers and
are part of the repertoire of natural ANA.” It is therefore important
to establish reference values adjusted to ethnic populations that
will be used as reference.” A study conducted in 2005 showed the
importance of establishing normal values of ANA taking into account
the ethnic group, the observed pattern and the antibodies titers.’
A second type of ANA occur as a result of infectious processes. In
this sense, the ANA whose origin are infectious processes are not
associated with clinical manifestations of autoimmune disease and
its titles are reduced when the infectious process that gave rise to
them is resolved.” The third type is the autoimmune ANA,which
reflect the loss of immune tolerance and its origin is multifactorial.
Its production is dependent on genetic makeup, environment,
hormonal changes, etc.’® (Table).

Techniques used for the detection of ANA

The substrate used for the detection of ANA is very important, since
there are antigens whose concentration in tissue cells is very low in

ANA Origin

Characteristics

Natural

Infectious

Autoimmune

The antigenic stimulus originating its synthesis is unknown
Children and older adults might have relatively high titers

Produced in response to external antigenic stimuli (infections)

Stimulus originating their synthesis is endogenous or exogenous.
They have a multifactorial origin (loss of immunologic tolerance,
genetic component, interaction with the environment, others)

1. Produced by B CD5* cells

2. Los avidity

3. Coded by germinal line genes

4. Mainly IgM

5. Polyreactive

6. Not associated to clinical manifestations
Functions:

1. First line of defense vs pathogens

2. Clearance of damaged self molecules

3. Participate in the idiotype-anti-idiotype network

1. High avidity
2.1gG, IgA and IgM
3. Not associated to clinical manifestations
of autoimmunity
4. Recognize ubiquitous components
(DNA, phospholipids, etc.)
5. Titers lowered when antigenic stimuli disappear

1. High avidity
2. Mainly IgG but can also be IgA and/or IgM
3. Associated to clinical manifestations of
autoimmunity
4. Recognize ubiquitous components
(DNA, phospholipids, etc.)
5. Titers fluctuate throughout disease

ANA indicates anti-nuclear antibodies.
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contrast to what happens in HEp-2 cells, that because it is an epithelial
cell line, has increased concentrations. Another characteristic of these
cells is that they have more than 46 chromosomes, more than two
nucleoli and, being very metabolically active, have a large number of
mitochondria. Their nucleus is bigger than any normal epithelial cell,
so the observation of nuclear and cytoplasmic patterns becomes a
relatively easy task. However, it is important to confirm the specificity
of the antibodies detected by ELISA, EIT or techniques with similar to
or higher sensitivity and specificity."

Another technique used for the detection of ANA is ELISA in
which polystyrene plates are coated with macerated (mainly
nuclei) of the HEp-2 or Hela cell lines. In this case, specificity is
minimal because if you get a positive result, one does not know
the autoantigens that are shaping the positivity and reactivity. By
contrast, the patterns obtained in HEp-2 cells allow the observer
to suspect the specificity of ANA. For example, the homogeneous
patternsuggestsreactivity againstchromatinantigens(nuclesomas,
dsDNA, ssDNA and/or histones), the centromeric pattern suggests
reactivity against centromere proteins CENP-A, CENP-B, CENP-C,
etc.

It is important to stress that in third and fourth generation ELISA,
the plates are coated with purified or recombinant antigens. The
latter have a small number of epitopes.? This implies that one
must be cautious in interpreting the results of initial screening and
confirmation by other more sensitive and specific techniques. An
example of this is when a patient’s serum gives a centromeric pattern
by IIF on HEp-2 cells and ELISA that detects anti-CENP-B activity is
negative. This is because in HEp-2 cells all antigens that make up the
centromeres (CENP-A, B, C, D, E and F) are present and in ELISA, the
single antigen that is present is the CENP-B protein.

EIT, also known as Western blot, is a technique that has many
uses, among them is the detection of activity against cellular
components. It is highly sensitive and specific, and its use (because
of cost, preparation time of the test, the test development time and
number of samples that can be run at the same time) is focused
mainly on research. However, recently some equipment companies
have marketed it for use in diagnostic laboratories. The detection of
ANA using EIT is useful to identify a large number of autoantigens.
However, their interpretation is not straightforward. Results obtained
in our laboratory show that there are antibodies that recognize
only the native form of centromere proteins in HEp-2 cells and not
denatured or modified forms often obtained in the EIT. This confirms
that there are antibodies that recognize conformational epitopes of
the antigens.’3™

Currently there are other techniques being used for the detection
of ANA" such as enzymatic microimmunoassays and multiple
luminometric detection techniques (xMAP technology), among
others. The two techniques have the advantage of detecting multiple
antigens in a single assay. However, one should also consider
the above points: specific purified and/or recombinant antigens,
sensitivity, specificity and modification of the native conformation
of proteins.

Patterns of ANA detected by IIF

The following describes the characteristics of the patterns that
most often are detected by IIF on HEp-2 cells in the sera of patients
with autoimmune disease.'41°

The homogeneous pattern is characterized by a homogeneous
staining of the nucleus, whose intensity can vary depending on the

Figure 1. Homogeneous patterns: A) with compact metaphase and negative nucleoli staining, B) with well-limited metaphase and negative nucleoli staining, and C) with diffuse

metaphase and positive nucleoli staining.
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Figure 3. Coarse speckled pattern.

Figure 4. Fine speckled pattern.

concentration of antibodies in the serum. The plate of chromatin
in dividing cells can be stained in a compact (Figure 1A), outlined
(Figure 1B) or diffuse way (Figure 1C) and nucleoli may or may not
be dyed.>®

The peripheral pattern is characterized by regular staining around
the nucleus, the center of this pattern shows less staining (Figure 2).
The plate chromatin is stained in a compact and outlined manner.

The ANA patterns observed more frequently is spotted, both fine
and coarse. The description of these patterns has generated confusion
in the sense that various authors define the coarse speckled pattern as
that in which the nucleus is observed to have stained coarse granules
and fine speckled pattern is defined as fine nuclear granules. There is
no problem when the pellets are too thick or too thin, at intermediate
points interpretation is subjective. Our proposal is that the coarse
speckled pattern must be defined as staining of the nucleus with
coarse or fine granules, the nucleoli are stained and the chromatin
plate in dividing cells does not stain, that is, there is no recognition of
the components of chromatin (Figure 3).

As for the fine speckled pattern, this is characterized by the nucleus
staining with coarse or fine granules, the nucleoli do not stain nor
does the chromatin plaque in dividing cells (Figure 4). This definition
of coarse and fine speckled pattern is easier to understand and
interpret. It also has support in the difference of reactivity shown by
the sera giving the patterns.™

Centromeric pattern has the characteristic that the nuclei are
uniformly stained with fine speckles distributed in the nucleoplasm
of interphase cells (Figure 5). The staining in dividing cells shows a
fine speckle located on the chromatin plate.

Figure 5. Centromeric pattern.

Figure 6. Nucleolar pattern.
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The nucleolar pattern is distinguished by an intense staining of
the nucleoli (Figure 6). The chromatin plate in dividing cells stains
diffusely due to cross-reactivity of antibodies directed against
nucleolar RNA with DNA in chromatin.

The pattern of the nuclear lamina or laminar is one in which staining
is seen concentrated around the nucleus and does not extend into the
cytoplasm (Figure 7). Unlike the peripheral pattern, the chromatin
plate in dividing cells is negative.

Figure 7. Nuclear lamina or laminar pattern.

A

Centriolar pattern is identified by intense staining of the centrioles
in dividing cells. The stained structures can be identified in the G 2
phase where two points are seen close together, and in metaphase,
where they are located at the poles of the cell (Figure 8A). When the
centrioles stain, spindle filaments and interphase cells have a fine
speckled pattern. The pattern is defined as NuMA-1 (nuclear mitotic
apparatus) (Figure 8B). The staining of centrioles and the mitotic
spindle without staining the nucleoplasm in interphase cells is
defined as NuMA-2 (Figure 8C).

In relation to patterns identified in cytoplasmic HEp-2 cells,
we described below the most frequent. The cytoplasmic pattern
is defined as homogeneous staining covering all of the cytoplasm
(Figure 9).The mitochondrial pattern is characterized by a granular
staining in dotted lines surrounding the nucleus and extending into
the cytoplasm without covering it completely.

The recognition of components of the cytoskeleton (microtubules,
microfilaments and intermediate filaments) gives a cytoplasmic
pattern and is known as intermediate filaments or smooth muscle
pattern and is characterized by threadlike staining of the cytoplasm?!
(Figure 10). A pattern of intermediate filaments with a titer greater
than 1:160, according to the reference values previously reported
in Mexican mestizos® should be interpreted as positive for-smooth
muscle antibodies.

Other ANA patterns have been reported (eg, lysosomal, Na, PCNA,
peroxisomes, etc.). That can be identified in HEp-2 cells, but are rare
and their diagnostic value is under study.

Nuclear and cytoplasmic patterns described above are pure
patterns. However, it is important to note that over 90% of ANA
detected in HEp-2 cells present at least two different combined
nuclear and/or cytoplasmic patterns.

Figure 7. Pattern of antibodies that recognize antigens of the mitotic apparatus: A) anti-centrioli antibodies (the photograph shows HEp-2 cells in different stages of the cell cyle,

G,=G, phase; M=Metaphase); B) NuMA-1 pattern, and C) NuMA-2 pattern.
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Figure 10. Intermediate filament or cytoskeletal pattern.

Antinuclear antibodies and its clinical relevance

The clinical significance of ANA in autoimmune diseases has been
widely studied. In this review it will be addressed in general. ANA are
detected by IFI with a high frequency in autoimmune diseases such
as SLE, Sjogren syndrome, mixed connective tissue disease, systemic
sclerosis and others. However, their clinical relevance has not been
well-established.”

ANA have a high prevalence at relatively low titers in healthy
Mexican populations.®?? In children and older adults they are also
detected, but at high titers.

The diagnostic patterns which are more meaningful for clinical
significance are homogeneous and centromeric patterns. However, it
is important to confirm the epitopes recognized by autoantibodies in
the serum of patients, as mentioned below.

Use and application of guidelines for the detection of ANA

The homogeneous pattern on HEp-2 cells suggests the presence
of autoantibodies against components of chromatin. The chromatin
consists of double-stranded DNA (dsDNA), histones (H1, H2A, H2B,
H3, H4), nucleosomes and single stranded DNA (ssDNA). In a recent

paper the specificity of these compounds in samples from patients
with SLE who gave homogeneous pattern by IIF was evaluated.” The
results showed reactivity against dsDNA (60%-80%), nucleosomes
(95%), histones (20%-40%) and ssDNA (60%-80%). In our experience
(work in progress), one often has samples of SLE patients with high
titers of antibodies against a single component of chromatin, so we
suggest confirming the homogeneous pattern by detecting reactivity
against: 1) dsDNA, 2) nucleosomes, 3) histones and 4) ssDNA,
taking into account the disease, patients progression and activity.
If reactivity against chromatin components is negative, the sample
may have activity against other antigens, the best studied of which
is Scl-70.

On the other hand, studies in our laboratory, using
immunochemical characterization through EIT of the sera giving a
fine speckled pattern in the IFI, show reactivity against native SSA/Ro
and 52 kDa SSA/Ro in 55% of the samples and SSB/La in 5%, followed
by the recognition against the RNP/Sm molecule in 10%. As to the
coarse speckled pattern, the reactivity is mainly against RNP/Sm in
65% of the samples, 36% reacted against SSA/Ro 52 kDa recombinant,
5% against SSB/La and 32% against CENP-B."* Based on our results
and reports supported by other research groups, we suggest that the
search for the specificities of the autoantibodies should be performed
in an orderly and rational manner, based on the pattern and the title
of ANA observed in HEp-2.

Interpretation and specificity search

When a patient presents with clinical manifestations of
autoimmune disease, the first test that must be applied is the
detection of ANA by IFI technique using HEp-2 cells as substrate, due
to its high sensitivity. Subsequently, the different patterns of ANA
and the intensity (expressed in dilution titers) should be carefully
evaluated to pass a second level of characterization by more sensitive
and specific tests such as ELISA, radioimmunoassay, EIT, etc., to
confirm the antigen recognized by the ANA present in the patient
sample.

While there has not been a clear association between patterns and
degrees of ANA with clinical manifestations of different autoimmune
diseases, there is a clear association between patterns of ANA and
the recognition of specific antigens. An example of this pattern is
the association of homogeneous or peripheral patterms to high
titers (>1:5120) and dsDNA and/or nucleosomes recognition. ANA
do not characterize a particular autoimmune disease, but groups
of autoantibodies are found more often in specific autoimmune
diseases. Supported by the above, we suggest that the use and/or
detection of autoantibodies should be done in an orderly manner,
following the guidelines proposed by the American College of
Pathologists."92427 With regard on how to proceed with requesting
ANA, there are more questions than answers. While some groups
have shown the importance of the implementation of guidelines
designed for the proper use of ANA detected by IFI using HEp-2 cells
as a substrate, the majority show a clear trend towards a decrease in
the number of specific studies requested from the patients using such
schemes or strategies. In this sense, Tampoia et al published a study
in 2007 in 685 patients,” which revealed that the implementation of
guidelines for the diagnosis using the previously validated detection
of ANA? significantly reduces the number of immunoassays or the
performance of “second level” tests made.

It is important to note that when there is a determination of ANA
detected by negative IFI and the patient has clinical manifestations of
autoimmune disease, one may pass to the second level of detection
of antibodies by ELISA or EIT, because the sensitivity and specificity
for the detection of autoantibodies is increasing.

Tampoia’s work also shows a significant decrease in the number
of second level studies requested, studies whose cost have an
impact on the economy of the patients. We therefore emphasize the
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importance of the proper implementation of the guidelines and or
algorithms developed taking into account: 1) ANA pattern, 2) cutoff
points established in the ethnic group of interest, and 3) cutoff points
adjusted or set by pattern, which will provide more results that help
the clinician for the diagnosis and monitoring of patients.

Conclusions

ANA are immunoglobulins that recognize autologous components
of both the nucleus and the cytoplasm. However, in its original
description this name was reserved only for those who were directed
against components of the nucleus.

ANA determination by IIF is the main initial screening test for
suspected autoimmune diseases. However, the presence of ANA may
not necessarily be due to autoimmune origin, ie they may be natural
or infectious.

The definition of the different ANA patterns determined by
immunofluorescence in HEp-2 cells should include analysis of
interphase cells and dividing cells, because there are antigens that
are expressed only in certain phases of the cell cycle.

ANA must be interpreted based on values or cut-off points
for staining patterns and the ethnic group with which it is to be
compared.

The implementation of guidelines or algorithms that help identify
the epitope or epitopes recognized by ANA have not only clinical, but
also economic impact.
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