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Abstract

Antinuclear antibodies (ANA) are primarily significant in the diagnosis of systemic connective tis-

sue diseases. The relationship between their occurrence in allergic diseases is poorly documented. 

However, the mechanism of allergic and autoimmune diseases has a common thread. In both cas-

es, an increased production of IgE antibodies and presence of ANA in selected disease entities is 

observed. Equally important is the activation of basophils secreting proinflammatory factors and 

affecting the differentiation of TH17 lymphocytes. Both autoimmune and allergic diseases have 

complex multi-pathogenesis and often occur in genetically predisposed individuals. The presence 

of antinuclear antibodies was confirmed in many systemic connective tissue diseases and some 

allergic diseases. Examples include atopic dermatitis, non-allergic asthma, and pollen allergy. Co-oc-

curring allergic and autoimmune disorders induce further search for mechanisms involved in the 

aetiopathogenesis of both groups of diseases. 
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Introduction
Due to the autoimmune aetiology of allergic diseas-

es, common mechanisms in etiopathogenesis of allergic 
diseases and connective tissue diseases are suspected 
[1–4]. Firstly, the importance of characteristic markers 
of allergic diseases, mainly immunoglobulin E (IgE), in 
the course of connective tissue diseases is highlighted 
[5, 6]. An example may be an increased production of 
these antibodies in systemic lupus erythematosus (SLE). 
This disease is also characterised by strong polyclonal 
synthesis of ANA and circulating immune complexes [5]. 
It is believed that not only increased IgE synthesis, but 
also the involvement of dependent Th2 response, may 
be one of the many components of the allergic response 
in systemic lupus [5, 6]. 

Also, the role of basophils is important in the trig-
gering of allergic and autoimmune reactions. Basophils, 
when activated by various allergens, release specific 
inflammatory modulators (cytokines and chemokines) 
[7, 8]. It was proven that basophils may activate B cells 

and indirectly influence antibody synthesis by B lympho-
cytes [9]. In addition, they are thought to be involved in 
the differentiation of Th17 lymphocytes contributing to 
the inflammatory process [10, 11].

An increased histamine release from basophils coex-
isting with ANA presence in some patients with non-aller-
gic asthma probably suggests an autoimmune cause of 
this disease. Higher prevalence of ANA was demonstrat-
ed in non-allergic asthma than in healthy subjects in the 
general population (6–15%) [3]. This fact may suggest an 
effect of immune system regulation disorders, mainly im-
paired activation of regulatory T cells, which are involved 
in the immune response against individual antigens [12]. 
In addition, non-allergic asthma and many autoimmune 
diseases of connective tissue predominate in the female, 
suggesting a common contribution of oestrogens (natu-
ral and synthetic) in antibody induction [1, 2]. 

Co-occurring allergic and autoimmune background of 
connective tissue and allergic diseases is poorly document-
ed [1–4], which leads to further search for mechanisms in-
volved in aetiopathogenesis in both groups of diseases. 
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Characteristics of antinuclear antibodies 
and their importance for the diagnosis  
of connective tissue diseases

In addition to clinical features, the presence of auto-
antibodies in blood serum is of diagnostic significance 
in the diagnosis of rheumatic diseases. In clinical prac-
tice, tests for the presence of antinuclear antibodies that 
react with solid and dissolved antigens of cell nucleus 
(ENA) are often used [13]. They involve an indirect immu-
nofluorescence assay that can be used to determine the 
ANA level and the type of lighting. The most commonly 
used source antigen is the Hep-2 (Human Epithelial cell) 
cell line, which originates from human epithelial larynx 
cancer. The Hep-2 cell has a large nucleus and a relative-
ly small cytoplasm. Due to an intensive proliferation of 
the cell line, the presence of numerous antibodies that 
react with antigens is noted during cell proliferation 
[14]. Using the HEp-2 cell line, five basic types of cell 
nucleus lightning can be distinguished: homogenous, 
membrane, nucleic, spotted, and centromeric type. In 
patients with systemic lupus erythematosus, homoge-
neous fluorescence is observed, while the nucleic one is 
seen in patients with systemic sclerosis [13]. The most 
common type of fluorescence is the spotted “glow” of 
cell nuclei, but it is not specific for any systemic con-
nective tissue disease. Additionally, immunofluores-
cence may indicate the presence of antibodies against 
histones [15]. Low level of positive ANA is also reported 
in healthy individuals with viral or bacterial infections. 
When the ANA value exceeds 1/160 and clinical signs 
of illness are presented, systemic connective tissue dis-
ease may be suspected [14]. False negative reactions in 
IIF tests are the reason for an abnormality in activities 
that may lead to the closing of antigenic orders. In the 
case of abnormalities regarding adsorption and sever-
al related antigens about what epitopes. Automation of 
the IIF name can significantly improve the standardisa-
tion of markings and help in reducing the variability of 
intra-laboratory collaboration [16].

Antinuclear antibodies in the healthy 
population

Antinuclear antibodies are one of the most venera-
ble tests in immunology and are considered as screening 
biomarkers in many connective tissue diseases (CTD). 
Measuring ANA should be related not only to the use of 
adequate tests allowing the early and reliable diagnosis 
of CTD, but also with the analysis of personal and family 
history, as well as social lifestyle including dietary habits 
[17]. ANA are commonly found in the general population 
in up to 20% of healthy subjects, but significantly elevat-

ed levels are observed in 2.5% [18]. Such prevalence is 
comparable between populations of different ethnicity 
and race [19]. In comparison, the prevalence of all auto-
immune disorders ranges from 5 to 7% [20].

Positive ANA are more often detected in women 
and thus female gender is a risk factor for significant 
ANA positivity [18]. This fact is in accordance with the 
study of a Brazilian healthy population, which showed 
nearly two-fold higher prevalence of ANA in females as 
in males [21]. Similar data were reported by Semchuk et 
al. [22], who revealed that ANA levels were higher in Ca-
nadian females from rural regions. Moreover, during nor-
mal pregnancy there is an extensive exposure to nuclear 
antigens and inflammatory activity escalates, which is 
related to elevated ANA titres [23]. Interestingly, admin-
istration of oestrogen in the form of oral contraceptives 
or postmenopausal replacement therapy might induce 
high ANA levels in healthy individuals [24].

Age usually positively correlates with increased ANA 
level in healthy individuals due to decreased self-regula-
tory mechanisms [25]. In the 1999–2004 population-rep-
resentative National Health and Nutrition Examination 
Survey (NHANES), the prevalence of ANA at ages ≥ 70 
years was nearly double that at ages 12–19 years [26]. 
However, some data do not confirm this hypothesis [19]. 
The presence of thyroglobulin can be one of the reason 
for elevated ANA, which is observed in thyroid autoim-
mune diseases [27]. Besides, autoantibodies to cartilage 
proteoglycan can be one of the reasons of high ANA lev-
el, which might be observed before clinical symptoms of 
connective tissue diseases are present, e.g. in the course 
of Sjögren’s syndrome or systemic lupus erythematosus 
[28]. Moreover, an upregulation of some genes such as 
MX-1 gene or type I interferon (IFN) can be associated 
with increased ANA level in the healthy population [19].

In conclusion, high prevalence of ANA (usually in 
small titres) suggests that these antibodies may be an 
important component of the normal immune response. 
From clinical experience, these facts explain why in 
many situations of elevated ANA positivity seen in rheu-
matology practice is not related with any connective tis-
sue disease or other particular pathology. This fact gives 
the background for the practical advice of ANA measure-
ments only when the clinical evidence allows suspicion 
of rheumatic disease. 

Food and drug allergens and adjuvants 
that affect autoimmune disease 
development 

Adjuvants are the substances that stimulate the im-
mune system for an immune response. They are used, 
for example, in vaccines, chemically linked to the anti-
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gen of which they enhance the immunisation process. 
They are also found in mineral oils and medicines. Expo-
sure to adjuvants in genetically predisposed individuals 
may lead to the development of autoimmune diseases 
[17]. The most common adjuvants in vaccines are alu-
minium hydroxide and phosphate. Inducing cytokines, 
these compounds cause an inflammation and affect the 
regulation of the function of lymphocytes and antigen 
presenting cells. By slow release of antigen in the area 
of administration, inflammation may develop at the in-
jection site [29]. 

Based on an analysis by Shoenfeld et al., it was con-
firmed that the most frequently diagnosed autoimmune 
disease induced by food adjuvants, drugs, or environ-
mental factors is the autoimmune inflammatory syn-
drome induced by adjuvants (ASIA syndrome). It can co-
exist with undiagnosed connective tissue disease and is 
accompanied by ANA presence [30]. It was also demon-
strated that this syndrome is present in genetically pre-
disposed individuals after exposure to an adjuvant and 
is associated with HLA class II alleles such as DRB1. The 
development of specific antibodies determined by DRB1 
is a result of abnormal immune response [31]. The group 
of drugs leading to autoimmunisation (drug-induced 
autoimmunity, DIA) include procainamide, which can 
cause drug-induced lupus erythematosus. Despite the 
proven effect of some adjuvants and drugs, the unam-
biguous cause of autoimmune diseases is difficult due 
to the multifocal involvement of pro-inflammatory fac-
tors and increased antibody synthesis in its course [32]. 

Aetiopathogenesis of allergic diseases

The incidence of allergic diseases in the world is in-
creasing, both in developed and developing countries. 
According to the World Health Organisation (WHO), al-
lergic rhinitis caused by IgE-dependent mucositis affects 
400 million people. It is also estimated that about 235 
million people suffer from bronchial asthma, which sig-
nificantly affects the quality of life of patients and their 
families and their socio-economic situation. Sensitisa-
tion of exogenous allergens occurs in 40% of the popu-
lation. In addition, allergies not only cause a long-term 
dysfunction of the immune system, but also contribute 
to systemic inflammation as a primary developmental 
factor for other non-infectious diseases [33, 34]. 

Hypersensitivity of an allergic nature is initiated by 
immunological mechanisms dependent on antibodies 
that belong to IgE class immunoglobulins. The inherent 
tendency for an excessive production of IgE is called at-
opy. IgE-dependent mechanisms observed in asthma, 
allergic rhinitis, atopic dermatitis, and some forms of ur-
ticaria and angioedema are important in atopic allergy 

[35]. In addition to genetic factors, also environmental 
factors that are associated with the presence of aller-
gens that cause immune hypersensitivity affect atopic 
disease development [34]. The same allergens may also 
affect and condition the development of autoimmune 
diseases [35]. Due to the main route of penetration, the 
allergens are divided into inhalation, food, contact, in-
sect venoms, drugs, and latex. The presence of allergens 
in the environment leads to immune system stimulation 
and the development of atopic disease [36].

Aetiopathogenesis of connective tissue 
diseases

Systemic connective tissue diseases are a classic ex-
ample of autoimmune diseases that develop as a result 
of immune tolerance disorders. Autoimmune tolerance 
means no reactivity to specific antigens – foreign or 
own (autotolerance) [37]. The maintenance of suitable 
autotolerance is possible due to the proper functioning 
of mechanisms involved in the maturation of immuno-
cytes in central lymphoid organs. The most important 
of these mechanisms are antigen sequestration, anergy, 
and clonal deletion as well as regulation of Th1/Th2 cell 
balance [38]. Antigen sequestration consists of its sep-
aration from the immune system by an anatomical bar-
rier. The autoantigen can be treated by T lymphocytes 
as an exogenous antigen, if it has not been in contact 
with its cells during immune maturation, which is dic-
tated by anatomical conditions. As a result, no tolerance 
to this autoantigen was formed. As a result of, for exam-
ple, a traumatic event, autoantigen sequestration may 
be aborted, which starts an autoimmune response [39].

Clonal deletion, which is associated with apoptosis of 
lymphocytes capable of recognising their own autoanti-
gens, occurs in the thymus. If this mechanism is ineffec-
tive, autoreactive cells may emerge from the thymus to 
the periphery, leading to an autoimmune response [40]. 
The phenomenon of clonal anergy involves functional 
inactivation of autoreactive lymphocytes that were not 
subject to clonal deletion. Reaching the state of anergy, 
lymphocytes are capable of recognising autoantigens 
without producing a response against them [41].

The regulation of Th1/Th2 cell balance is also an im-
portant issue in autoimmune diseases because it affects 
the functional status of subpopulation of T cells and de-
termines their interrelationships [42]. Factors leading to 
dysfunction of the immune system, the consequences 
of which are the loss of autotolerance and development 
of autoimmunisation, include, inter alia, bacterial and 
viral infections and hormonal disorders. Sex hormones 
(especially oestrogens) play a significant role in the 
development of autoimmune diseases and predispose 
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women to more frequent occurrence of these diseases 
[42]. Oestrogens stimulate the immune response by act-
ing on T-helper 2 lymphocytes and interact through the 
receptors present on many immune cells. Their effect 
depends on local concentration and inflammation [42, 
43]. Genetic factors also play an important role. Gene 
products on partially deactivated X chromosome may 
avoid presentation in thymus and cause immune toler-
ance suppression [43].

The high level of ANA in CTD (e.g. systemic lupus 
erythematosus) can be associated with the activity of 
microRNA-155 (miR-155), which is involved in regulation 
of T helper cell differentiation [44]. The microRNA-155 
controls the synthesis of T cell-dependent antibody re-
sponse, partially by regulating cytokine production [44, 
45]. In animal studies miR-155 in part modulates the 
expression level of the SH2 domain-containing inositol 
5′-phosphatase 1 (SHIP-1) after colligation of the B-cell 
receptor and the low-affinity IgG inhibitory receptor Fcγ−
RIIB (Fc γ receptor IIB, FcγRIIB) by immune complexes. 
SHIP-1 acts downstream of inhibitory cell-surface re-
ceptors [46] including FcγRIIB [44]. FcγRIIB is crucial in 
opposing B-cell activation signals in mice and humans 
[45]. Mice harbouring B-cell-specific FcγRIIB or SHIP-1 de-
letion develop severe lupus-like disease [47]. Moreover, 
in animals, high concentrations of serum antinuclear 
and anti-kidney autoantibodies are detected, and they 
are associated with lymphadenopathy, splenomegaly, 
and renal pathologies [48].

Antinuclear antibodies in allergic disease 
development 

The functioning of the immune system is impaired 
in cases of allergic and autoimmune disease occurrence 
[49]. The presence of selected antibodies in some aller-
gic disorders suggests their autoimmune origin [50, 51]. 
Recent scientific evidence confirms the presence of anti-
nuclear antibodies (ANA) in patients with allergic diseas-
es [51]. However, a small amount of data does not allow 
for a clear definition of the relationship between auto-
immunisation and allergic diseases. Therefore, the coex-
istence of allergy with the presence of antinuclear anti-
bodies synthesis remains a matter of further research. 

High ANA levels are not always associated with con-
nective tissue disease. Examples are anti-DFS70 anti-
bodies. Their presence was confirmed, inter alia, in pa-
tients with atopic dermatitis [52]. Western blot analysis 
showed a positive correlation between the signal of IgG 
and IgE antibodies against anti-DFSF0 in patients with 
atopic dermatitis [9]. The mechanism of ANA action and 
its association with allergic diseases is not well under-
stood. There is some evidence that inflammation results 

from an increased cellular apoptosis and the resulting 
products induce the autoimmunisation process [53]. 

The relationship between ANA and atopic dermati-
tis (AD), which is a chronic, genetically predisposed skin 
disease of type I immediate mechanism related to IgE 
antibodies, has been confirmed to date. Elevated IgE lev-
els are reported in about 60–70% of patients [54]. Severe 
apoptosis occurring in the keratinocytes of patients with 
atopic dermatitis contributes to the induction of ANA. 
The study by Higashi et al. [55] demonstrated that 19% 
of patients with this disease had positive ANA at a level 
of 1 : 40 to 1 : 640. In addition, it was demonstrated in 
the same study that in patients with AD and ANA pres-
ence, the concentration of IgE specific to cedar pollen was 
higher than in patients with negative level of antinuclear 
antibodies [55]. This fact may be due to the presence of 
self-reactivity of IgE against a wide spectrum of human 
proteins. During exacerbation of skin symptoms, the lev-
el of IgE antibodies increases in AD patients [56]. This is 
partly due to the presence of antibodies induced during 
an enhanced apoptosis in keratinocytes. Therefore, chron-
ic allergic inflammation can be observed in patients with-
out exposure to environmental allergens [57]. 

In addition, antibodies against human Hom s 1–5 
(Homo sapiens allergen 1–5) and DFS70 are present in 
the serum of most patients with AD [52, 58]. Antibodies 
of this type are not present in patients with systemic 
lupus erythematosus (SLE) or chronic urticaria and usu-
ally form intracellular complexes. In patients with AD, 
they are present in serum in the form of IgE immune 
complexes and are released from damaged tissues [58]. 
Patients with SLE may exhibit elevated levels of IgE 
and antinuclear antibodies in the IgE class without the 
occurrence of characteristic clinical signs of allergy. At 
the same time, antibody synthesis in the IgE class may 
occur, with the exception of possible linkages between 
SLE and allergy [48]. In addition, it is supposed that ba-
sophils are involved in Th17 lymphocyte differentiation 
in SLE [10, 11], although activation and differentiation of 
Th17 lymphocytes requires synergistic action of other 
inflammatory signals such as interleukin (IL)-23, IL-1β, 
IL-6, and TGF-β [59]. Studies in animal models demon-
strated that under certain conditions murine basophiles 
may exhibit an increased IL-6 expression [60].

The allergic response to external antigens was rec-
ognised as an important mechanism in the development 
of air-derived inflammation in asthmatic patients [61]. 
Asthma is an inflammatory disease of the respiratory 
tract, in which chronic inflammation causes bronchial 
hyper-responsiveness, leading to wheezing, shortness 
of breath, chest tightness, and coughing, particularly 
at night and in the morning. The nature of the disease 
is chronic bronchitis, especially eosinophil, mastocytes, 
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and T-lymphocyte infiltrates [56]. An allergic type of 
asthma is the most common form of the disease. The 
course of the disease is mild or acute. Compared to the 
non-allergic form, a mild form with concomitant rhinitis 
and conjunctivitis or AD and elevated IgE levels is ob-
served considerably more frequently [50].

Antinuclear antibodies share was mainly observed in 
the development of atopic asthma, aspirin-dependent, 
and typical asthma with good aspirin tolerance. Positive 
ANA at a level ≥ 1 : 40 was found in 39% of patients with 
atopic asthma, which resulted from complement acti-
vation [1] IgE specific diseases with ANA presence was 
presented in Table I. The relationship between the de-
velopment of autoimmunisation and pathomechanism 
of asthma was also confirmed by other researchers. The 

study conducted by Agache et al. [62] in a group of 100 
patients with asthma demonstrated the association of 
occurrence of antinuclear antibodies in patients with par-
ticularly severe disease course. After a year of follow-up, 
five deaths and 28 severe exacerbations requiring hospi-
talisation were reported, 24 patients had a need for in-
haled corticosteroids use, while 19 had a rapid fall in FEV1. 
All of these cases showed positive antinuclear antibod-
ies. Moreover, positive antinuclear antibodies were more 
common in the patients with asthma (22%) compared to 
the control (3.3%), irrespective of the diagnosis of atopic 
(20.59%) and non-atopic (22.73%) asthma. The presence 
of ANA in patients with asthma may be used as a prog-
nostic factor to predict higher incidence of exacerbations 
and a faster decline in lung function [62].

Aetiology Specific diseases Aetiology Specific diseases
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infections – parasitic
– viral or bacterial

lung diseases – primary pulmonary fibrosis
– pulmonary hypertension

anaphylactic 
reactions

– food
– drugs
–  venoms of insects and 

snakes

gastrointestinal  
diseases

– ulcerative colitis
– Crohn’s disease
– primary biliary cirrhosis

allergic diseases – allergic rhinitis
– skin allergies
– allergic conjunctivitis
– asthma

endocrinological
diseases

–  Hashimoto’s autoimmune 
thyroiditis

– Grave’s disease

immune shortages – primary
– secondary (HIV)

hematologic diseases – idiopathic 
– thrombocytopenic purpura
– haemolytic anaemia

inflammatory 
diseases

– colitis ulcerosa
– juvenile idiopathic arthritis

cancers – melanoma
– breast
– lung
– kidney
– ovarian 

cancers – Hodgkin
– myeloma
– lung

dermatologic diseases – psoriasis
– pemphigus

dermatologic 
diseases

– psoriasis
– pemphigus

specific population – elderly others – coeliac disease

–  relatives with a family history 
of rheumatic diseases

drug induced – procainamide
– phenytoin

Both mechanism involved 

ANA and IgE-mediated diseases – non-allergic asthma
– chronic urticaria
– systemic lupus erythematosus
– atopic dermatitis

Table I.  Presence of ANA and IgE in specific diseases
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Conclusions 

Antinuclear antibodies are not only characteristic 
for autoimmune diseases but can also be produced in 
patients with various diseases or might be induced by 
specific medications. The specific diseases causing el-
evated ANA and IgE-mediated diseases or both mecha-
nisms are summarised in Table I. 

Although recent findings concerning the relationship 
of positive ANA and allergy are very encouraging, further 
studies are needed to confirm the pathomechanism of 
their interdependence. The description of this mecha-
nism can provide valuable tools for better diagnostics of 
allergic diseases and provide the possibility of targeted 
therapies in patients with coexisting allergic diseases 
and present ANA antibodies. 

The rights revenue was paid by Stowarzyszenie  
Zbiorowego Zarządzania Prawami Autorskimi Twórców  
Dzieł  Naukowych i Technicznych KOPIPOL of Kielce from 
fees collected pursuant to Article 20 and Article 201 of the 
Copyright and Neigbouring Rights Act. 

Wynagrodzenie autorskie sfinansowane zostało  
przez Stowarzyszenie Zbiorowego Zarządzania Prawa-
mi Autorskimi Twórców Dzieł Naukowych i Technicznych  
KOPIPOL z siedzibą w Kielcach z opłat uzyskanych na  
podstawie art. 20 oraz art. 20¹ ustawy o prawie autor-
skim i prawach pokrewnych.

The authors declare no conflict of interest.

References

1. Szczeklik A, Nizankowska E, Serafin A, et al. Autoimmune 
Phenomena in Bronchical Asthma with Special References 
to Aspirin Intolerance. Am J Respir Crit Care Med 1995; 152: 
1753-1756.

2. Nahm DH, Shin MJ, Yim H, et al. Increased levels of circulating 
autoantibodies to cultured human bronchial epithelial cell 
in adult patients with nonatopic asthma. J Korean Med Sci 
2001; 16: 407-410.

3. Comi AL, Tedeschi A, Lorini M, et al. Novel clinical and sero-
logical aspects in non-allergic asthma. Respir Med 2007; 101: 
2526-2533.

4. Asero R. Chronic idiopathic urticaria: a family study. Ann Aller-
gy Asthma Immunol 2002; 89: 195-196.

5. Pan Q, Gong L, Xiao H, et al. Basophil Activation-Dependent 
Autoantibody and Interleukin-17 Production Exacerbate Sys-
temic Lupus Erythematosus. Front Immunol 2017; 27: 348.

6. Atta AM, Sousa CP, Carvalho EM, et al. Immunoglobulin E and 
systemic lupus erythematosus. Braz J Med Biol Res 2004; 37: 
1497-1501. 

7. Voehringer D. Recent advances in understanding basophil 
functions in vivo. F1000Res 2017; 6: 1464.

8. Siracusa MC, KimBS, Spergel JM, et al. Basophils and allergic 
inflammation. J Allergy Clin Immunol 2013; 132: 788-789. 

9. Ochs RL, Muro Y, Si Y, et al. Autoantibodies to DFS 70 kd/
transcription coactivator p 75 in atopic dermatitis and other 
conditions. J Allergy Clin Immunol 2000; 105: 1211-1220. 

10. Wakahara K, Baba N, Van V, et al. Human basophils interact 
with memory T cells to augment Th17 responses. Blood 2012; 
120: 4761-4771.

11. Sharma M, Stephen-Victor E, Poncet P, et al. Basophils are in-
ept at promoting human Th17 responses. Hum Immunol 2015; 
76: 176-180.

12. Asero R, Madonini E.: Bronchial hyperresponsiveness is 
a common feature in patients with chronic urticaria. J Investig 
Allergol Clin Immunol 2006; 16: 19-23.

13. Puszczewicz M, Białkowska-Puszczewicz G, Majewski D. 
Znaczenie autoprzeciwciał w rozpoznaniu chorób reumatycz- 
nych. Postępy Nauk Medycznych 2012; 2: 156-163.

14. Wiik AS, Hoier-Madsen M, Forslid J, et al. Antinuclear antibod-
ies: a contemporary nomenclature using HEp-2 cells. J Auto-
immun 2010; 35: 276-290.

15. Puszczewicz M. Przeciwciała przeciwjądrowe – cóż z  nimi 
począć? Reumatologia 2013; 51: 172-178.

16. Tozzoli R, Bonaguri Ch, Melegari A, et al. Current state of diag-
nostics technologies in the autoimmunology laboratory. Clin 
Chem Lab Med 2013; 51: 129-138.

17. Bragazzi NL, Watad A, Adawi M, et al. Adjuvants and Auto-
immunity: Why Do We Develop Autoantibodies, Autoimmune 
Diseases and lymphomas. Israel Med Association J 2017; 19: 
403-405.

18. Wandstrat A, Carr-Johnson F, Branch V, et al. Autoantibody 
profiling to identify individuals at risk for systemic lupus ery-
thematosus. J Autoimmun 2006; 27: 153-160. 

19. Li QZ, Karp DR, Quan J, et al. Risk factors for ANA positivity in 
healthy persons. Arthritis Res Ther 2011; 13: R38. 

20. Davidson A, Diamond B. Autoimmune diseases. N Engl J Med 
2001; 345: 340-350. 

21. Fernandez S, Lobo A, Oliveira Z, et al. Prevalence of antinucle-
ar autoantibodies in the serum of normal blood donors. Rev 
Hosp Clin Fac Med Sao Paulo 2003; 58: 315-319. 

22. Semchuk K, Rosenberg A, McDuffie H, et al. Antinuclear anti-
bodies and bromoxynil exposure in a rural sample. J Toxicol 
Environ Health A 2007; 70: 638-657. 

23. Bianchi DW, Wataganara T, Lapaire O, et al. Fetal nucleic acids 
in maternal body fluids. Ann NY Acad Sci 2006; 1075: 63-73. 

24. Grygiel-Górniak B, Puszczewicz MJ. The influence of endoge-
nous and exogenous sex hormones on systemic lupus erythe-
matosus in pre- and postmenopausal women. Prz Menopau-
zalny 2014; 13: 262-266. 

25. Ishikawa M, Konta T, Hao Z, et al. Relationship between anti-
nuclear antibody and microalbuminuria in the general popula-
tion: the Takahata study. Clin Exp Nephrol 2008; 12: 200-206.

26. Satoh M, Chan EK, Ho LA, et al. Prevalence and sociodemo-
graphic correlates of antinuclear antibodies in the United 
States. Arthritis Rheum 2012; 64: 2319-2327. 

27. McGrogan A, Seaman H, Wright J, et al. The incidence of auto-
immune thyroid disease: a systematic review of the literature. 
Clin Endocrinol (Oxf) 2008; 69: 687-696. 

28. Vynios DH, Tsagaraki I, Grigoreas GH, et al. Autoantibodies 
against aggrecan in systemic rheumatic diseases. Biochimie 
2006; 88: 767-773. 



304 Bogna Grygiel-Górniak, Natalia Rogacka, Michał Rogacki, Mariusz Puszczewicz

Reumatologia 2017; 55/6

29. Ruiz JT, Luján L, Blank M, et al. Adjuvants- and vaccines-in-
duced autoimmunity: animal models. Immunol Res 2017; 65: 
55-65. 

30. Watad A, Quaresma M, Bragazzi NL, et al. The autoimmune/
inflammatory syndrome induced by adjuvants (ASIA)/Shoen-
feld’s syndrome: descriptive analysis of 300 patients from the 
international ASIA syndrome registry. Clin Rheumatol 2017; 
https://doi.org/10.1007/s10067-017-3748-9

31. Israeli E, Agmon-Levin N, Blank M, et al. Macrophagic myofaci-
itis a vaccine (alum) autoimmune-related disease. Clin Rev Al-
lergy Immunol 2011; 41:163-168. 

32. Xiao X, Chang C. Diagnosis and classification of drug-induced 
autoimmunity (DIA). J Autoimmun 2014; 48-49: 66-72.

33. http://www.who.int/mediacentre/factsheets/fs307/en/ [up-
dated April 2017].

34. http://www.worldallergy.org/UserFiles/file/WhiteBook2 
-2013-v8.

35. Johansson SG, Bieber T, Dahl R, el al. Revised nomenclature 
for allergy for global use: Report of the Nomenclature Review 
Committee of the World Allergy Organization, October 2003. 
J Allergy Clin Immunol 2004; 113: 832-836.

36. Szczeklik A. Choroby wewnętrzne. Medycyna Praktyczna. 
Kraków 2011.

37. Szaflarska A, Rutkowska-Zapała M, Kowalczyk D. Krótka 
charakterystyka mechanizmów tolerancji immunologicznej. 
Przegląd Lekarski 2015; 72: 765-769.

38. Male D, Roth DB, Roitt I, et al. Immunologia. Elsevier Urban 
& Partner, Wrocław 2008. 

39. Gołąb J, Jakóbisiak M, Lasek W, et al. Immunologia. PWN SA. 
Warszawa 2014.

40. Rose NR. Molecular mimicry and clonal deletion: A fresh look. 
J Theor Biol 2015; 375: 71-76.

41. Manjarrez-Orduno N, Quach TD, Sanz I. B cells and immuno-
logical tolerance. J Invest Dermatol 2009; 129: 278-288. 

42. Quintero O, Amador-Patarroyo M, Montoya-Ortiz G, et al. Au-
toimmune disease and gender: plausible mechanisms for the 
female predominance of autoimmunity. J Autoimmun 2012; 
38: 109-119. 

43. Cutolo M, Straub R. Insights into endocrine-immunological 
disturbances in autoimmunity and their impact on treatment. 
Arthritis Res Ther 2009; 11: 218. 

44. Thai TH, Calado DP, Casola S, et al. Regulation of the germinal 
center response by microRNA-155. Science 2007; 316: 604-
608.

45. Thai TH, Patterson HC, Pham DH, et al. Deletion of micro- 
RNA-155 reduces autoantibody responses and alleviates lu-
pus-like disease in the Faslpr mouse. Proc Natl Acad Sci U S A  
2013; 110: 20194-20199.

46. Jackson TA, Haga CL, Ehrhardt GR, et al. FcR-like 2 Inhibition of 
B cell receptor-mediated activation of B cells. J Immunol 2010; 
185: 7405-7412.

47. O’Neill SK, Getahun A, Gauld SB, et al. Monophosphorylation 
of CD79a and CD79b ITAM motifs initiates a  SHIP-1 phos-
phatase-mediated inhibitory signalling cascade required for 
B cell anergy. Immunity 2011; 35: 746-756. 

48. Helgason CD, Kalberer CP, Damen JE, et al. A  dual role for 
Src homology 2 domain-containing inositol-5-phosphatase 
(SHIP) in immunity: Aberrant development and enhanced 
function of b lymphocytes in ship -/- mice. J Exp Med 2000; 
191: 781-794. 

49. Rottem M, Gershwin ME, Shoenfeld Y. Allergic disease and 
autoimmune effectors pathways. Dcv Immunol 2002; 9: 161-
167. 

50. Schatz M, Rosenwasser L. The allergic asthma phenotype.  
J Allergy Clin Immunol Pract 2014; 2: 645-648.

51. Ress K, Metsukla K, Annus T, et al. Antinuclear antibodies in 
atopic dermatitis: a cross sectional study on 346 children. Int 
J Dermatol 2015; 54: 24-28.

52. Mahler M, Fritzler MJ. The clinical significance of the dense 
fine speckled immune-fluorescence pattern on Hep-2 cells for 
the diagnosis of systematic autoimmune diseases. Clin Dev 
Immunol 2012; 2012: 494356.

53. Racanelli V, Prete M, Musaraj G, et al. Autoantibodies to intra-
cellular antigens: generation and pathogenetic role. Autoim-
mun Rev 2011; 10: 503-508.

54. Jabłońska S, Majewski S. Choroby skóry i  choroby przeno-
szone drogą płciową. Wyd. Lekarskie PZWL, Warszawa 2008.   

55. Higashi N, Niimi Y, Aoki M, et al. Clinical features of antinucle-
ar antibody-positive patients with atopic dermatitis. J Nippon 
Med Sch 2009; 76: 300-307.

56. Mittermann I, Aichberger KJ, Bünder R, et al. Autoimmunity 
and atopic dermatitis. Curr Opin Allergy Clin Immunol 2004; 
4: 367-371. 

57. Tang TS, Bieber T, Williams HC. Does the autoreactivity play 
a role in atopic dermatitis? J Allergy Clin Immunol 2012; 129: 
1209-1215

58. Valenta R, Seiberler S, Natter S, et al. Autoallergy: A pathoge-
netic factor in atopic dermatitis? J Allergy Clin Immunol 2000; 
105: 432-437. 

59. Noack M, Miossec P. Selected cytokine pathways in rheuma-
toid arthritis. Semin Immunopathol 2017; 39: 365-383.

60. Yoshimoto T, Nakanishi K. Generation and characterization of 
mouse basophils from bone marrow and purification of ba-
sophils from spleen. Curr Protoc Immunol 2012; Chapter 3: 
Unit 3.24.

61. Lidor Y, Topilsky M, Spitzer SA, et al. Autoimmune antibodies 
in intrinsic (non-atopic) asthma. Ann Allergy 1980; 44: 296-
298. 

62. Agache I, Duca L, Anghel M. Antinuclear antibodies in asthma 
patients – a special asthma phenotype? Iran J Allergy Asthma 
Immunol 2009; 8: 49-52.


