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Summary

Infection or vaccine-induced T cell-dependent immune response and the 
subsequent high-affinity neutralizing antibody production have been ex-
tensively studied, while the connection between natural autoantibodies 
(nAAbs) and disease-specific antibodies has not been thoroughly investi-
gated. Our goal was to find the relationship between immunoglobulin (Ig)
M and IgG isotype nAAbs and infection or vaccine-induced and disease-
related autoantibody levels in systemic autoimmune diseases (SAD). A 
previously described indirect enzyme-linked immunosorbent assay (ELISA) 
test was used for detection of IgM/IgG nAAbs against citrate synthase 
(anti-CS) and F4 fragment (anti-F4) of DNA topoisomerase I in 374 SAD 
samples, with a special focus on systemic lupus erythematosus (SLE) 
(n  =  92), rheumatoid arthritis (n  =  73) and systemic sclerosis (n  =  157) 
disease groups. Anti-measles IgG and anti-dsDNA IgG/IgM autoantibodies 
were measured using commercial and in-house indirect ELISA tests. In 
all SAD groups the anti-measles IgG-seropositive cases showed significantly 
higher anti-CS IgG titers (P  =  0·011). In anti-dsDNA IgG-positive SLE 
patients, we detected significantly higher levels of anti-CS and anti-F4 IgG 
nAAbs (P  =  0·001 and  <  0·001, respectively). Additionally, we found in-
creased levels of IgM isotypes of anti-CS and anti-F4 nAAbs in anti-dsDNA 
IgM-positive SLE patients (P = 0·002 and 0·016, respectively). The associa-
tion between IgG isotypes of pathogen- or autoimmune disease-related 
antibodies and the IgG nAAbs may underscore the immune response-
inducible nature of the diseases investigated. The relationship between 
protective anti-dsDNA IgM and the IgM isotype of anti-F4 and anti-CS 
may provide immunoserological evidence for the beneficial roles of nAAbs 
in SLE patients.
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Introduction

Since the discovery of natural autoantibodies, a great 
effort has been devoted to describing their generation, 
regulation and function [1]. It has been determined that 
natural immunoglobulin (Ig)M antibodies are present 
prior to antigen stimulation, and that their reactivity 
profiles are highly conserved between individuals [2]. 
The presence of natural antibodies recognizing citrate 
synthase (CS) both in healthy individuals and in patients 

with systemic autoimmune disease has already been 
demonstrated in our previous study. The majority of 
these antibodies proved to be of IgM isotype. Their 
presence in infants and their unaltered serum level dur-
ing ≥  5 years in adults indicates that these antibodies 
belong to the natural autoantibody (nAAb) repertoire 
established early in postnatal life [3]. Natural IgM autoan-
tibodies have been also proposed to convey protection 
from pathological autoimmune reactions [4–8]. The 
impaired anti-apoptotic function of natural IgM 

Clinical and Experimental Immunology OrIgInal artIClE doi: 10.1111/cei.13521

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use 
and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations 

are made.

https://orcid.org/0000-0002-6126-1840
mailto:
mailto:simon.diana@pte.hu
http://creativecommons.org/licenses/by-nc-nd/4.0/


Natural autoantibodies in SLE, SSc and RA

© 2020 The Authors. Clinical & Experimental Immunology published by John Wiley & Sons Ltd on behalf of British Society 
for Immunology, Clinical and Experimental Immunology, 203: 32–40

33

autoantibodies, may, leading to their pathological elimi-
nation of dying cells and subsequent maintenance of 
autoinflammation [5]. Natural IgM antibodies are pro-
duced by the relatively class-restricted B1 cells, while 
IgG antibodies are known to be produced via the T 
cell-dependent interactions of follicular B2 cells [2,9]. 
Although natural and pathological antibodies of IgG 
isotype may show mutual characteristics, it is important 
to differentiate between them. Since its discovery, the 
role of natural IgG, which pre-exists in neonates and 
uninfected individuals, has remained unclear due to the 
common view that natural antibodies lack affinity for 
pathogens [10]. Although it is already known that one 
of the most prevalent functions of nAAbs is the ability 
to provide protection against bacterial, viral and fungal 
infections, the connection between immunization and 
nAAbs has not yet been thoroughly investigated.

The potential role of natural IgGs in controlling inflam-
mation has been also demonstrated [11,12]. Many autoim-
mune diseases are initiated by the appearance of IgG 
autoantibodies to specific cellular and tissue components 
[13–15]; for instance, by the presence of pathological anti-
dsDNA IgG antibodies in systemic lupus erythematosus 
(SLE). Like those of pathological origin, levels of IgG 
isotype nAAbs have been proved to fluctuate over time 
[3,16], and are reported to be abundant and ubiquitous 
in human sera. Their levels are influenced by age, gender 
and disease [2,3,17]. Moreover, they were found to play 
a role in transplantation-related complications, such as 
graft injury [18], which further confirms their adaptive 
immune system-derived nature and role in pathological 
conditions.

Herein we describe our investigations in SLE, systemic 
sclerosis (SSc) and rheumatoid arthritis (RA) sample groups, 
focusing on associations among levels of vaccine- or 
infection-induced antibodies [pathological; anti-measles 
IgG, SLE-associated autoantibodies (naturally and patho-
logical; anti-dsDNA IgG and IgM) and nAAbs (anti-CS), 
anti-dsDNA topoisomerase I F4 fragment (anti-F4)] aiming 
to find an immunoserological proof for the co-existence 
of IgG isotype pathogen- or disease-related antibodies and 
nAAbs. Secondly, we wanted to evidence the simultaneous 
presence of the known protective anti-dsDNA IgM autoan-
tibodies and IgM isotype of anti-CS and anti-F4 in SLE 
patients, confirming their potential regulatory and beneficial 
role.

Materials And Methods

Samples

Serum samples of patients suffering from different systemic 
autoimmune diseases (SAD) were obtained from the serum 

bank of the Department of Rheumatology and Immunology, 
University of Pécs (Hungary). The samples were stored 
and analyzed anonymously in the laboratories of the 
Department of Immunology and Biotechnology (University 
of Pécs Medical School) according to quality assurance 
criteria (ISO 17025) (Ethical License: 2015/5726 by the 
Regional Research Ethics Committee at the University of 
Pécs). The number of sera derived from different systemic 
autoimmune patients comprised the following: SSc n = 157, 
SLE n  =  92, RA n  =  73, other  =  52 (total n  =  374). Mean 
age (rounded values; years) within sample groups was the 
following: SSc, 56; SLE, 44; RA, 59, 53 (overall, 52).

Methods

In order to investigate associations among vaccine-
induced antibodies (anti-measles IgG), SLE-related 
autoantibodies (anti-dsDNA IgG/M) and natural (auto)
antibodies [anti-DNA topoisomerase-I (or anti-Scl-70) 
fragment F4 (anti-F4) IgG/M, anti-CS IgG/M] indirect 
enzyme-linked immunosorbent assay (ELISA) tests were 
performed using manual sample dilution followed by 
programmed assay execution on automated Siemens BEP 
2000 Advance® platform (Siemens AG, Frankfurt, 
Germany).

Anti-F4 IgG/M ELISA

We used the recombinant fragment-4 (F4) of topoisomerase 
I [amino acid (AA) 450–600] as antigen for detection of 
IgG and IgM nAAbs. Similarly, as described earlier [3,19], 
96-well polystyrene plates (Nunc, Roskilde, Denmark) were 
coated with recombinant topo I F4 fragment or with 
maltose-binding protein (MBP) on the other half of the 
plate at 2·5  µg/ml in ELISA coating buffer (Bio-Rad 
BUF030) (50  µl/well, 4–6°C, overnight; Biorad, Hercules, 
CA, USA). Plates were washed with washing buffer (WB) 
[100 mM phosphate-buffered saline (PBS), pH 7.4 + 1 ml/l 
Tween 20, (350  µl/well] and blocked with 0·5  m/m% 
polyvinyl alcohol (PVA) (~72 000  Mw, 300  µl/well, room 
temperature, ≥  2  h). Serum samples were incubated in 
100-fold dilution in WB (IgG: 50  µl/well, 37°C, 35  min/
IgM: 50  µl/well, 37°C, 35  min). Standards, blanks (wells 
containing only WB), high and low controls (positive and 
negative samples identified in a previous run) were pro-
cessed as patient sera, and were also automatically assigned 
to both plate halves. Subsequently, plates were incubated 
with horseradish peroxidase (HRP)-conjugated anti-
human-IgG or anti-human IgM secondary antibody (Dako, 
Glostrup, Denmark) for 30  min at 37°C. Color reaction 
was developed using 3,3´,5,5´-tetramethylbenzidine (TMB) 
(Bio-Rad BUF056A); finally, 0·18  M  H2SO4 stop solution 
was applied (50  µl/well). Reading was performed at 
λ  =  450/620 nm.
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To achieve a better comparability between vast num-
bers of results, the formerly used operational protocol 
was optimized to the automated setting. The former 
extinction [optical density (OD)]-based result evaluation 
was replaced by the conversion of optical densities into 
quantitative results, using an in-house anti-F4 standard 
made of pooled known positive sera. Doubling, five-point 
dilution series of standard points were applied in trip-
licate (starting dilution point: 50-fold). For the calculation 
of the standard curve, a four-point sigmoid fit was 
applied.

As described by Simon et al. [19], the F4 fragment of 
DNA topoisomerase I (topo I) was expressed as recom-
binant maltose-binding protein (MBP) fusion protein. 
Consequently, results obtained for the MBP antigen coating 
were used to measure the potential background. The final 
result calculation in terms of absorbance (OD) was per-
formed as follows:

OD sample (anti-topo I F4 fragment)  =  OD sample 
F4 well–OD sample MBP well.

Anti-CS IgG/M ELISA

Anti-CS (IgG/M) indirect ELISA measurements were also 
performed as described earlier [3,16,17,19] with the 
already detailed slight modifications, due to high sample 
numbers and the need of signal-to-noise ratio optimiza-
tion required by the automated setting. Nunc MaxiSorp™ 
ELISA plates were coated with CS from porcine heart 
(Sigma-Merck C3260) at a concentration of 2·25  µg/ml 
in coating buffer (Bio-Rad BUF030) (50  µl/well, 4–6°C, 
overnight). Plates were washed and blocked as described 
above. Serum samples were incubated in 100-fold dilu-
tion in WB for 35  min at room temperature (RT). 
Standards, blanks, high and low controls were processed 
as patient sera. After three washing steps, anti-human 
IgM or IgG secondary antibody (Dako) was incubated 
for 30  min followed by TMB substrate for 15  min and 
H2SO4 stop solution (50 µl/well). Automation and reading 
was performed as described earlier. A five-point dilution 
series of our in-house anti-CS standard was used for 
result quantitation, with subsequent four-point sigmoid 
curve fitting.

Anti-measles IgG ELISA

Anti-measles antibody (IgG)-level data were considered an 
adequate model for pathogen-derived (or infection-induced) 
antibodies that are present in the great majority of the 
Hungarian population. Based on our previous findings [20,21] 
and in accordance with data of other Hungarian colleagues 
[22,23], the overall ratio of the Hungarian population in 
possession of sufficient anti-measles IgG antibody levels is 
≈90%, with a well-characterized, more susceptible cluster 

being responsible for the lagging ≈10%. Age group catego-
rization based on historical changes in the measles, mumps 
and rubella (MMR) immunization schedule, recurring epi-
demics, subsequent revaccination protocols and shifts between 
vaccine valency (mono-, bi- or trivalent) and manufacturers 
have been thoroughly detailed previously [20,21,24]. 
Considering that we already had a population-level result 
[more-fold verified by multiple measurement techniques 
(ELISA, IIF)] and independent research groups] [20,21,23,25] 
focusing on anti-measles IgG antibody titers, it was obvious 
to use anti-measles data as one of the means of our com-
parisons. Anti-measles antibody (IgG) measurements were 
performed using our self-developed ELISA assays validated 
by well-established commercial kits (Novalisa, Immunolab, 
Euroimmun, Sekisui-Virotech, Serion, Siemens Enzygnost), 
as previously reported [20,21]. For the anti-measles (IgG) 
in-house ELISA, Nunc MaxiSorp™ plates were coated with 
measles virus Edmonston strain (Bio-Rad PIP013) as antigen 
at a concentration of 2·8  µg/ml in coating buffer (Bio-Rad 
BUF030) at 4–6°C overnight. After three washing steps, 
plates were blocked with PVA at RT overnight. After pre-
treatment of sera with IgM reducing assay diluent (Bio-Rad 
BUF038) and subsequent centrifugation, 25 µl of supernatant 
was transferred to a microplate prefilled with 75  µl of WB, 
resulting in a further fourfold dilution. The Third WHO 
International Standard for Anti-Measles (NIBSC code: 
97/648) was used in five-point doubling dilutions (starting 
concentration: ~5000  mIU/ml). Standards, blanks, high and 
low controls were processed as patient sera, and were auto-
matically assigned to plates. Primary and secondary antibodies 
(analytes and the Dako, rabbit anti-human HRP-conjugated 
polyclonal IgG) were incubated for 20–20 min (100  µl/well, 
37°C). Color reaction development and stopping were car-
ried out as detailed above. Automation and reading were 
performed using the Siemens BEP 2000 Advance System, 
λ = 450/620 nm. For the qualitative evaluation, cut-off values 
were based on area under the receiver operating charac-
teristic (AUROC) analysis, as described earlier [21].

Anti-dsDNA IgG/M ELISA

Anti-dsDNA IgG/M measurements were performed using 
commercial anti-dsDNA ELISA kits (ORG604 and ORG604M; 
Orgentec Diagnostika GmbH, Mainz, Germany). In the test, 
human recombinant double-stranded DNA (dsDNA) is bound 
to microwells. Quantitative anti-dsDNA antibody titer evalu-
ation was performed as per the manufacturer’s instructions; 
optical density values were read at 450  nm (reference 
600  690  nm). Qualitative (positive/negative) evaluation of 
anti-dsDNA IgM results was carried out as per the kit manual. 
For the anti-dsDNA IgG qualitative result evaluation a cor-
rected cut-off was used (30  IU/ml) that had been optimized 
based on the past 5 years’ clinical–practical feedbacks.
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Statistical analysis

Statistical analysis was carried out in the undivided serum 
bank of SAD, and also in the individual SAD subgroups 
who had sufficient sample numbers to yield representative 
data (SSc, SLE and RA). Statistical evaluation was per-
formed using spss version 25.0 statistics package (IBM, 
Armonk, NY, USA). Spearman’s correlation analysis, Mann–
Whitney U and Kruskal–Wallis tests were used as appro-
priate; P-values  <  0·05 were considered significant.

The data that support the findings of this study are 
available from the corresponding author (S.D.) upon rea-
sonable request

Results

Infection- or vaccine-induced anti-measles antibody 
levels in systemic autoimmune diseases

In our previous studies [20,21] we investigated the immu-
nological protection against measles infection at population-
level in healthy individuals categorized into age or 
vaccination groups, based on changes introduced in measles 
immunization schedules and in vaccine components since 
the introduction of the first measles vaccine in Hungary. 
In the current study, in order to explore relationships 
between infection- or vaccine-induced antibodies and 
natural antibodies of IgG isotype, anti-measles IgG levels 
in samples obtained from SAD patients (total n  =  374) 
were measured. Anti-measles IgG seronegativity ratios in 
different SAD groups are listed in Table 1. As already 
described in the epidemiological literature, and in accord-
ance with our previously published findings [20–22,24,26], 
measles seronegativity ratios showed significant correlation 
with age (P  <  0·001 correlation coefficient; 0·323). 
Accordingly, enhanced seronegativity ratios were detected 
in patient groups with mean ages connected to the early 
vaccination era, which was characterized by an incomplete 
measles/MMR immunization routine and vaccine ineffi-
ciency. The highest seronegativity ratio was found in SLE 
patients, with a mean age of 44  years.

Comparison of natural autoantibody and infection-
induced antibody levels

Based on previous findings nAAbs (IgG/M) against the 
mitochondrial inner membrane, enzyme CS and topo I 
F4 could be detected in sera of healthy individuals and 
patients with SSc, SLE and in other autoimmune rheumatic 
diseases [19]. Natural autoantibodies form a network in 
healthy individuals, but at the same time can also recog-
nize other antigens (nucleosome) in systemic autoimmune 
patients [3]. When analyzing the undivided totality of SAD 
samples, the same trend was observed as in the case of 
the three accentuated disease groups (SSc, SLE, RA). 
Considering all SAD samples together (total n  =  374), 
significantly higher anti-CS IgG titers were detected in 
the anti-measles IgG-seropositive patient group (P = 0·011) 
compared to the anti-measles IgG seronegative individuals 
(Fig. 1). Analyzing the association between virus- or 
vaccine-induced (anti-measles IgG) and natural (anti-CS 
IgG) antibody titers in the singularly investigated autoim-
mune diseases (RA, SLE and SSc), the same trend described 
above was observable; in all three groups the anti-measles 
IgG-seropositive samples showed significantly higher anti-
CS IgG titers (Fig. 2). A similar, but statistically non-
significant, trend was observed in the case of anti-F4 IgG 
nAAbs. No association was found between infection- or 
vaccine-induced IgG and IgM isotype nAAbs.

Relationship between IgG natural autoantibody levels 
and anti-dsDNA IgG in SLE patients

In order to investigate the association between autoimmune 
disease-specific pathological autoantibodies and IgG isotype 
nAAbs, anti-dsDNA IgG measurement was chosen, as anti-
dsDNA IgG is a highly specific disease marker in SLE. 
In those SLE patient samples that proved to be positive 
for the disease-specific marker anti-dsDNA IgG, significantly 
higher levels of anti-F4 IgG (P  =  0·001) and anti-CS IgG 
(P  <  0·001) nAAbs were measured, as shown in Fig. 3. 
Anti-dsDNA IgG and nAAbs levels also showed significant 
correlation (P/correlation coefficient: 0·006/0·321 and 

Table 1. Age division and ratio of anti-measles (IgG)-seronegative samples in systemic autoimmune disease groups

SAD No. of sera Mean age (rounded years) No. of anti-measles IgG seronegative sera Ratio (%)

SSc 157 56 13 8·28
SLE 92 44 13 14·13
RA 73 59 3 4·10
Other* 52 53 4 7·69
Total 374 52 33 8·82

*Other = myositis, non-differentiated collagen disease, arthritis psoriatica, mixed connective tissue disease, morphea, primary Raynaud syndrome, 
secondry Raynaud syndrome, Sjögren’s syndrome.

Ig  =  immunoglobulin; SAD  =  systemic autoimmune diseases; SLE  =  systemic lupus erythematosus; SSc  =  systemic sclerosis; RA  =  rheumatoid 
arthritis.
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0·000/0·510 for anti-F4 IgG and anti-CS IgG, respectively). 
No correlation was found between IgM nAAbs and disease-
specific anti-dsDNA IgG autoantibody levels.

Anti-dsDNA IgM and natural IgM autoantibody levels 
showed association in SLE

Previous reports have proposed that anti-dsDNA IgM anti-
bodies may play a protective role in lupus nephritis [7,8,27]. 

Herein we compared anti-dsDNA IgM levels with nAAb 
titers in SLE patients. Significantly higher levels of anti-F4 
IgM and anti-CS IgM nAAbs were detectable (P  =  0·002 
and 0·016, respectively) in anti-dsDNA IgM-positive SLE 
patient samples, as shown in Fig. 4. Anti-dsDNA IgM titers 
and nAAb levels also showed significant correlation (P/
correlation coefficient: 0·002/0·344 and 0·018/0·252 for anti-
F4 IgM and anti-CS IgM, respectively).

Fig. 1. Relationship between anti-measles immunoglobulin (Ig)G and anti-citrate synthase (CS) IgG antibody titers in the undivided serum bank of 
systemic autoimmune diseases (SAD) serum samples (nSAD = 374 = nRA 73 + nSLE 92 + nSSc 157 + nother 52). Qualitative (positive, negative) anti-measles 
IgG results were compared to quantitative anti-CS IgG results (expressed in arbitrary units, based on our in-house standard), using Mann–Whitney U 
analysis. Significantly higher anti-CS IgG titers were detected in the anti-measles IgG-seropositive compared to -seronegative SAD patients. Boxes 
show interquartile ranges (IQR); whiskers indicate lowest and highest values; horizontal lines represent medians.

Fig. 2. Relationship between anti-measles immunoglobulin (Ig)G and anti-citrate synthase (CS) IgG natural autoantibody titers [in systemic sclerosis 
(SSc), systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) disease groups (nRA = 73; nSLE = 92; nSSc = 157]. Qualitative (positive, negative) 
anti-measles IgG results were compared to quantitative anti-CS IgG results (expressed in arbitrary units, based on our in-house standard), using 
Mann–Whitney U analysis. Significantly higher levels of natural anti-CS IgG were detected in anti-measles IgG-seropositive compared to seronegative 
samples in RA, SLE and SSc. Boxes show interquartile ranges (IQR); whiskers indicate lowest and highest values; horizontal lines represent medians.



Natural autoantibodies in SLE, SSc and RA

© 2020 The Authors. Clinical & Experimental Immunology published by John Wiley & Sons Ltd on behalf of British Society 
for Immunology, Clinical and Experimental Immunology, 203: 32–40

37

Discussion

Regarding the evaluation of anti-measles antibody titers, we 
would like to note that all examined samples belonged to 
individuals who were aged a minimum of 15 years [the age 
range of the undivided serum bank (n  =  374) was from 
15 to 81 years]. Since 1992, the MMR trivalent vaccine has 

been administered in Hungary at age 15  months, and the 
reminder vaccine is given at age 11  years. Consequently, the 
problem of questionable sero-epidemiological data due to 
inadequate seroconversion as a consequence of an immature 
immune response or a scarce time interval between the 
measles (or MMR) vaccination and the measurement of the 
antibody titers can be excluded.

Fig. 3. Relationship between disease-specific anti-dsDNA immunoglobulin (Ig)G autoantibody levels and natural anti-F4 and anti-citrate synthase 
(CS) IgG natural autoantibody titers in systemic lupus erythematosus (SLE) patients (nSLE = 92). Qualitative (positive, negative) anti-dsDNA IgG 
results were compared to quantitative anti-DNA topoisomerase I F4 fragment (anti-F4) IgG and anti-CS IgG results (expressed in arbitrary units, 
based on our in-house standard), using Mann–Whitney U analysis. The levels of anti-F4 and anti-CS IgG antibodies were significantly increased in 
anti-dsDNA IgG-positive compared to anti-dsDNA IgG-negative SLE patients. Boxes show interquartile ranges (IQR); whiskers indicate lowest and 
highest values; horizontal lines represent medians.

Fig. 4. Relationship between anti-dsDNA immunoglobulin (Ig)M autoantibody levels and anti-F4, anti-citrate synthase (CS) IgM natural autoantibody 
titers in systemic lupus erythematosus (SLE) patients (nSLE = 92). Qualitative (positive, negative) anti-dsDNA IgM results were compared to 
quantitative anti-DNA topoisomerase I F4 fragment (anti-F4) IgM and anti-CS IgM results (expressed in arbitrary units, based on our in-house 
standard), using Mann–Whitney U analysis. The levels of anti-F4 and anti-CS IgM natural antibodies were significantly elevated in anti-dsDNA 
IgM-positive compared to anti-dsDNA IgM-negative SLE patients. Boxes show interquartile ranges (IQR); whiskers indicate lowest and highest values; 
horizontal lines represent medians.
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According to known epidemiological data, the early mea-
sles/MMR vaccination era was characterized by poorly defined 
age at vaccination. Moreover, disregarded thermolability of 
the inoculum and the lack of suitable adjuvants may have 
also contributed to vaccine inefficiency [22,24]. Based on 
our previous findings [21], and in accordance with recent 
publication data [25], immunization gaps have been formed 
in the age group of individuals vaccinated between 1978 
and 1987 (≈20% of seronegativity) [21]. To this potentially 
susceptible cluster belong today’s 35–42-year-old adults, 
explaining the high ratio of samples with low anti-measles 
antibody (IgG) titers. SLE typically affects young or middle-
aged individuals; the mean age of SLE patients in our serum 
bank was 44  years, justifying the higher anti-measles seron-
egativity ratio in this patient group. We found a significant 
association between infection- or vaccine-induced anti-
measles IgG and anti-CS IgG natural autoantibodies in the 
undivided sample multitude of SAD samples and also in 
the distinct autoimmune disease groups. The concomitance 
of pathogen- or vaccine-associated and natural antibodies 
is also verified by the literature. A recent study reported 
the enhancement of natural antibody repertoire by immu-
nization [28] in laboratory rats. The study suggested that 
immunization-induced natural antibodies may also contribute 
to wound repair and tumor surveillance [28]. Another animal 
study performed on cod juveniles reports an increased natural 
antibody response of vaccinated compared to unvaccinated 
fish (against Vibrio anguillarum) [29]. Scientific data also 
describe a significant correlation between levels of natural 
autoantibodies and response to vaccination in elderly, physi-
cally active individuals [30]. Based on our serological find-
ings, supported by cumulative scientific data, it can be 
hypothesized that natural autoantibodies may play a role 
in efficient vaccination and the subsequent formation of 
long-lasting immunological memory.

The connection between disease-specific anti-dsDNA 
IgG and the IgG isotypes of antibodies of natural origin 
in SLE samples may support the notion regarding the 
disease-associated nature of the IgG isotype nAAbs. 
According to our previous findings, titers of anti-CS anti-
bodies with IgG isotype fluctuate over time; consequently, 
the presence of these antibodies can be a result of an 
adaptive-like immune response [3,16]. Natural IgG autoan-
tibodies are reported to be abundant and ubiquitous in 
human sera, and their number is influenced by age, gender 
and disease [2].

Anti-topoisomerase-I (anti-Scl-70) autoantibodies are 
considered highly specific for SSc, although they have been 
found occasionally in a small number of patients with 
SLE [31,32]. In our previous study [19], fragment F4 of 
topo I was recognized by all SSc and SLE patients’ sera 
which were positive for anti-topo I IgG antibodies by a 

conventional ELISA kit used for the detection of anti-
Scl-70 autoantibodies. The serum level of anti-F4 IgG 
antibodies was significantly higher in SLE and SSc patients 
than in healthy individuals. Anti-F4 IgM was found in 
both SAD and healthy controls [19].

Recent publications suggest that IgM autoantibodies 
may also play a protective role in SLE [7,8,33–35]. 
According to literature data, secretory IgM deficiency 
in mice showed a connection with increased susceptibil-
ity to autoimmunity [36]; in human studies, a reduction 
in IgM levels was also associated with SLE [27]. The 
impaired function of natural IgM in clearance of dying 
cells can result in the accumulation of apoptotic rem-
nants and fragments of necrotic cells, which aids their 
pathological elimination and thus contributes to the 
maintenance of autoinflammation [5]. Protective IgM 
autoantibodies in SLE are of particular interest. It has 
been reported that increased levels of IgM are negatively 
associated with the prevalence of atherosclerotic plaques 
in patients with SLE [37]. Beneficial clinical associations 
between natural IgM and autoimmunity, as well as 
opportunities for potential therapeutic implications, are 
widely studied [4]. IgM antibodies against dsDNA are 
frequent in SLE [35]. Additionally, highly significant 
negative correlation between IgM anti-dsDNA antibodies 
and glomerulonephritis was observed in mice and in 
humans [7]. The clearance of pathogenic immune com-
plexes may be improved by IgM, therefore IgM antibodies 
against dsDNA certainly appear to be protective, and 
may be a new treatment modality of lupus nephritis in 
humans [8]. As expected, IgM isotypes of natural anti-
F4 and anti-CS autoantibody levels showed correlation 
with anti-dsDNA IgM titers, supporting the hypothesis 
that these IgM autoantibodies are part of the natural 
immune repertoire in SLE.

The current immunoserological data  –  supported by 
recent scientific literature [38]  –  shows associations 
between IgG isotype natural antibodies (nAbs) and spe-
cific humoral antibodies. This finding may corroborate 
the notion that nAbS not only play an important role 
in the first line of defense of the immune system, but 
also contribute to an effective adaptive response through 
the maintenance of immune homeostasis [38–40] and 
priming of the adaptive immune functions. Consequently, 
nAbs can act as a mediator between the innate-like and 
the adaptive arms of the immune system [3,12,38]. The 
dogma that high-affinity IgG response is the major goal 
of immunization and low-affinity antibodies should be 
avoided has positively contributed to the dearth of infor-
mation regarding the role of nAbs in vaccination [38]. 
However, it has been recently proposed that nAbs may 
serve as potential screening targets to predict the strength 
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of antigen-induced immune response [41]. The serologi-
cal investigations presented herein should lead to more 
focus on nAbs as a first-line component of the adaptive 
immune response [38], and may promote further research 
in the potential use of nAbs as predictive tools for vac-
cine development. Furthermore, measuring the levels of 
nAAbs may have clinical relevance in SAD, especially 
in SLE. Therapeutic applications could harness the 
potency of immune-regulatory nAAbs either by boosting 
in-vivo natural IgM production or via therapeutic infu-
sions of monoclonal or polyclonal IgM preparations 
[4,42].
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