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Abstract

In contrast to adaptive antibodies, natural antibodies are present in a non-immunised organism 
from birth, and they do not include anti-Gal antibodies and/or anti-Gal natural antibodies, which are 
developed as a result of the effect of the α-Gal epitope and physiological flora. natural antibodies are 
the first line of the organism’s defence before the formation of the immunity created via the stimulation 
of elements that determine specific and non-specific immunity. This is especially important in the case 
of infants. Despite the fact that natural antibodies differ in their function from adaptive antibodies, they 
are polyreactive and they detect autoantigens and new antigenic determinants. natural antibodies are 
formed from the subpopulation of B lymphocytes, mainly B1 lymphocytes and B lymphocytes of the 
marginal zone. This phenomenon is supported by the fact that when the quantity of these cells in the 
organism decreases, which happens with age, the level of natural antibodies also decreases and the 
risk of illnesses of old age becomes higher. During ontogenesis, these antibodies participate in many 
physiological processes, including the “support” of the immune system and homeostasis, the preven-
tion of inflammation, infections and other pathological states, such as autoimmune and cardiovascular 
diseases, or the process of carcinogenesis. The best known natural antibody is Igm, but the role of 
IgGs and Igas is also considered important. nowadays, many researchers also mention intravenous 
immunoglobulins, which are used in the treatment of numerous illnesses, and there are discussions on 
the possibility of increasing their potential if they were based on natural antibodies. 
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Introduction
Natural antibodies are formed spontaneously without 

specific immunisation, in germ-free conditions. They are 
the first line of defence of the newborn organism [1-10], 
though this definition does not encompass anti-Gal anti-
bodies and/or anti-Gal natural antibodies [11]. They were 
discovered about half a century ago [7, 10]. As early as 
in 1908, a Nobel prize was awarded to Paul Ehrlich for, 
among other things, the hypothesis that the organism of 
a healthy person creates antibodies which are part of “all 
antibodies” [12]. The term “natural antibodies” was first 
introduced by Boyden in 1963 [13]. In Poland, in the 
1980s these proteins were described [10] as an import-
ant element of immunity, though it was a controversial 
notion, e.g., in the context of artificial antigens. Natural 
antibodies are the first line of defence against infections 

before the creation of germinal centres in which adaptive 
antibodies are formed [8, 12, 14]. They occur in many 
vertebrates, e.g. amphibians, reptiles, fish, birds, and 
mammals, including humans [8, 15, 16]. In humans, they 
consist mainly of immunoglobulin M, immunoglobulin 
A with isotypes IgA1 and IgA2, and IgG, mainly IgG3, 
but also IgG1, IgG2 and IgG4 [1, 7, 8, 15-17]. Natural 
antibodies are synthesised by the subpopulation of B 
lymphocytes, mainly B1 lymphocytes and marginal zone  
B cells [1, 7-9, 12, 14-21]. While describing anti-Gal an-
tibodies and/or anti-Gal natural antibodies, some authors 
[22-24] point out that the antibodies are formed by about 
1% of circulating B lymphocytes, and that these are IgG, 
IgM, IgA and IgE, which constitute about 1% of all of the 
immunoglobulins present in blood.

In contrast to adaptive antibodies, natural antibodies 
(mainly IgMs) are produced before the exposure to for-
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eign antigens or pathogens [25]. Unlike natural antibodies, 
adaptive antibodies are specific to a certain antigen and are 
produced by B2 cells, which require the binding of the an-
tigen to the B-cell receptor (BCR) of B2 lymphocytes and 
the additional “help” of T lymphocytes [25]. In mice and 
humans, the isotopes of natural antibodies mainly create 
and switch B1 lymphocytes [8]. Their numbers decrease 
with age, which leads to a decrease in their immunolog-
ical potential [8, 14, 16, 21, 26, 27]. Regardless of these 
facts, it was observed that there are healthy people who 
do not experience changes in the concentration of natu-
ral IgMs, even when they are over 25 years old [28-30], 
but the numbers of natural IgGs in their bodies rise [31]. 
Natural antibodies also differ from adaptive antibodies 
in their function [8], but similarly to adaptive antibod-
ies, they are also multi-specific (polyreactive) and they 
identify autoantigens and new antigenic determinants, 
including those formed during apoptosis or the process-
es of oxidation [1, 14]. The autoreactivity of natural anti-
bodies is mainly based on their ability to bind with such 
particles as oxidized low-density lipoproteins (oxLDL), 
which occur during atherosclerosis, amyloid and tau pro-
teins, which occur in neurodegenerative diseases, and the 
NGcGM3 antigens (N-glycolyl [NGc] granulocyte mac-
rophage [GM3]), which accompany malignant neoplasms  
[1, 6, 8, 12, 14, 32-40]. One of the most important func-
tions of natural antibodies, including anti-Gal antibodies 
and/or anti-Gal natural antibodies, is the protection against 
viral, bacterial, fungal and protozoan pathogens [11]. Nat-
ural antibodies also recognise phosphorylcholines – a con-
stituent of the membranes of many cells [14], including 
bacteria such as Streptococcus pneumoniae. It is assumed 
that they ensure specific homeostasis for the organism [1, 
8, 9, 11, 12, 14, 32, 37, 38, 41]. This specific state of the 
organism conditioned by natural antibodies is also asso-
ciated with the accelerated elimination of dead and dying 
cells and other “remains”, including factors potentially 
leading to inflammation and toxic elements directly re-
sponsible for damaging cells and tissues [8, 14]. Natural 
antibodies are also associated with the human microbiome 
as there is an important relation between natural antibodies 
and the commensal flora of the organism, which strong-
ly influences the variety of natural antibodies [7, 12, 16, 
18, 42-46]. It has been demonstrated that already at the 
early stages of life a constant dynamic balance is formed 
between the immune system of the host and microbiome 
antigens, a fact which has an influence on the proper de-
velopment of the immune system [12, 18, 45, 46]. This 
state is conditioned by the participation of autopolyreactive 
receptors of humoral and cell-mediated immunity of low 
affinity to these antibodies and commensal bacteria. This 
situation means that even though the antibodies are able to 
recognise autoantigens and commensal microorganisms, 
they do not destroy them [18]. It was observed that natural 
antibodies synthesised by B1 lymphocytes and marginal 

zone lymphocytes are also conditioned by the influence of 
T lymphocytes, including γδT lymphocytes (abundant in the 
digestive tract), which together with numerously produced 
cytokines influence the synthesis of natural antibodies [1, 
14]. It was observed that in non-immunised mice γδT lym-
phocytes effectively influence not only the numbers of natu-
ral IgA and IgG, but also the specifics and repertoire of these 
proteins [1, 47]. The analysis showed that γδT lymphocytes 
regulate the functional activity of natural antibodies by in-
fluencing, among other things, the level of IL-4, and it was 
observed that IL-18 increases the production of SIgM [1, 
48]. It is assumed that the level and activity of natural anti-
bodies of humans and mice are influenced by the changes 
occurring in γδT lymphocytes, mainly forming due to the 
influence of intestinal flora [1], and the fact that they pro-
vide cytokines. They support and modulate the development 
of B lymphocytes and influence the formation of natural 
antibodies even before the immunisation of the organism 
[1]. It has been demonstrated that natural antibodies working 
in tandem with complement serve as endogenic adjuvants in 
the production of CD8+ lymphocytes, e.g. after vaccination 
against leishmaniasis [48]. Therefore, it is suggested [48] 
that immunological complexes created from natural anti-
bodies can be the reason for the increase in the numbers of 
CD8+ lymphocytes and that they might stimulate these cells 
to secrete IL-4 [48].

The origin and role of natural antibodies
B1 lymphocytes, recently isolated as a new subpopula-

tion of B lymphocytes [8, 14, 21], are generated in waves 
during ontogenesis, mainly in the fetal and post-fetal pe-
riod. They are not created at later stages of life [14, 21, 
49]. B1 lymphocytes develop outside the fetus from the 
yolk sac and the para-aortic splanchnopleura, in the fetal 
period from the bone marrow and liver, and in the first 
weeks after birth from the bone marrow [21, 49]. Initial-
ly, the function of B1 lymphocytes was established on the 
basis of the research carried out on mice, and their recep-
tor profile (CD20+CD27+CD43+CD70−) was determined 
on the basis of the analysis of umbilical cord blood and 
peripheral blood of adults [8, 12, 14, 50-52]. In mice, B1 
lymphocytes are located mainly in the peritoneal cavity, 
pleural cavity, spleen, bone marrow and in small amounts 
in lymph nodes and blood [19, 53, 54]. These lympho-
cytes are different from conventional B2 lymphocytes in 
size. They are characterised by increased survivability ex 
vivo and resistance to apoptosis dependent on Fas receptors 
[14, 50, 51]. B1 lymphocytes are characterised by unique 
expression of proteins and gene transcription. They also 
have different signalling properties, including the reaction 
to phorbol ester [14]. They are characterised by higher in-
tracellular concentration of Ca2+, and their development is 
independent of the influence of the B-cell activating factor 
BAFF/BLys and IL-7 [14]. However, B1 lymphocytes, 
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similarly to B2 lymphocytes, are characterised by the basic 
function of B lymphocytes, i.e. the synthesis of antibod-
ies necessary for the protection of the organism against 
pathogens [8, 9, 12, 14, 55]. It is assumed that the main 
sources of natural antibodies, both in mice and humans, are 
B1 lymphocytes and B lymphocytes of the marginal zone 
(MZ), but also other subpopulations of B lymphocytes [1, 
7-9, 12, 14-21]. It is assumed that, due to their heteroge-
neity, B1 and MZ lymphocytes influence the occurrence 
of differences between the synthesised natural antibodies 
[14]. It is assumed that 80-90% of resting IgMs of the se-
rum and 50% of resting serum IgAs (the major isotype of 
switched B-1 cell immunoglobulin) are produced by B-1 
cells [12, 14, 16]. In mice, it has also been demonstrated 
that natural antibodies are different from adaptive anti-
bodies in a number of ways, including their functioning 
[14]. Natural antibodies are polyreactive, autoreactive, and 
they express a relatively modest anti-microbial affinity [8, 
14, 56, 57]. Polyreactivity ensures different heterology 
for a single antibody, though this is also conditioned by 
widely arranged surface antigens. As a result, their avidity 
increases [14]. The special manner of their conformational 
changes in the Fc region makes them very efficient [14]. 
It is assumed that the most studied natural antibodies in 
humans and mice are IgMs. They are germline-encoded 
and produced by B1a (CD5+) lymphocytes, mainly of the 
spleen, but also by B1 lymphocytes of the peritoneum and 
bone marrow [1, 3, 14, 21, 58, 59]. Natural antibodies are 
important in the prevention of illnesses, including auto-
immune diseases [14], which is also observed in relation 
to anti-Gal antibodies and/or anti-Gal natural antibodies 
in Crohn’s disease and Henoch-Schönlein purpura [22]. 
It was also determined that natural antibodies can be used 
in the treatment of older people [8, 14, 50]. In other ex-
amples, they are used in the case of degenerative diseases 
associated with the accumulation of toxic particles and 
in the treatment of bacterial infections [8, 14, 60]. Born  
et al. and Ugorski suggest that the existence of natural anti-
bodies has been programmed in ontogenesis in such a way 
as to enable mammals to develop normally by ensuring 
all the necessary functions and protection against common 
pathogens at the time when there are no adaptive antibod-
ies [1, 10]. Such a state influences tissue homeostasis and 
immunological balance important in the case of infectious 
diseases and anticancer protection [1, 7, 8, 12, 14, 32, 37-
39]. Formed during an infection, the state is influenced by 
the fact that, importantly, the main component of natural 
antibodies recognises phosphorylcholines (PC), which are 
a key constituent of cell membranes of Gram-positive and 
Gram-negative bacteria, as well as protozoa and fungi [7, 
14, 48]. It is currently suggested that natural antibodies 
also recognise the PC of membranes of apoptotic cells 
and oxidised lipids [5, 7, 14, 61-65]. Such recognition of 
antigens by natural antibodies, mainly apoptotic cells, is 
conditioned by their other element – phosphatidylcholines 

(PtC) – which are a key constituent of aging (apoptotic) 
erythrocyte membranes present in elderly people [14, 66]. 
This specific recognition of apoptotic cells by natural an-
tibodies may also lead to the excessive activation of the 
immune system and chronic inflammation [7]. On the oth-
er hand, participation of natural antibodies in the removal 
of apoptotic cells leads to a decrease of the inflammation 
[7, 67]. Natural antibodies also recognise low-density li-
poproteins, protecting the organism against atherosclerosis 
because oxLDL lead to the formation of atherosclerotic 
plaque, inflammation and in consequence to cardiovascular 
diseases. Furthermore, natural antibodies bind with the ox-
idised main form of lipoproteins – apolipoprotein B100 [8, 
14, 38]. These antibodies also participate in the prevention 
of tumours [8, 68]. By binding with the tumour antigen 
NGcGM3 – which is present, e.g. during lung cancer – 
they may lead to the elimination of cancer cells. Binding 
with a tumour antigen proceeds via a mechanism depen-
dent on the complement and/or an oncosis-like mechanism 
dependent on the complement [8, 33, 48, 68, 69]. The par-
ticipation of natural antibodies was also observed in reac-
tions with the Thomsen-Friedenreich tumour antigen [1, 
32, 70], the ganglioside of neurons in the Guillain-Barré 
syndrome [1, 71] and the amyloid present in the Alzheimer 
disease [1, 8, 26, 39, 72]. It is suggested that, due to this 
array of functions, natural antibodies might also serve as 
biomarkers in the clinical studies of these states [12, 14, 
63]. It is accepted that the increased frequency of many 
diseases, including the illnesses common in older people, 
is associated with a decrease in the number of antibodies 
[8, 14, 26, 48]. Therefore, more and more often, in order to 
treat these states, it is recommended to use intravenous im-
munoglobulins (IVIG) which are built mainly from IgGs, 
including natural IgGs, and trace amounts of polyclonal 
natural antibodies – IgMs and IgAs [1, 7, 12, 35, 39, 41, 
73-78]. It has been demonstrated that a therapy using IVIG 
is very effective in patients with autoimmune diseases and 
the systemic inflammatory response syndrome (SIRS) 
[79]. Currently, due to the features of natural antibodies, 
mainly IgMs, there are attempts to use these antibodies 
along with IgAs in IVIG, which should increase the an-
ti-inflammatory capabilities of the preparation [79].

The characteristics and role of IgM 
natural antibodies

The M class immunoglobulins are the most studied nat-
ural antibodies. They commonly occur in healthy people and 
are well represented in the circulation after birth [12, 48, 
80]. The antibodies of this class are one of the main immu-
noglobulins in the organism, and they are the earliest to form 
out of all the antibodies during ontogenesis [55]. Both in 
humans and animals, they manifest large amounts of SIgM 
(300-800 µg/ml for mice and 400-2300 µg/ml for humans) 
[81]. Most natural IgMs are formed by B1 lymphocytes, 
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but also by B lymphocytes of the marginal zone of the 
spleen [3, 7, 12, 14, 16, 21, 58, 59, 80, 82, 83]. These an-
tibodies probably account for about 80% of all IgMs circu-
lating in the organism [12, 16, 21] and regardless of their 
immunological function [14, 48, 55] they also have an in-
fluence on the development of B lymphocytes [1]. In mice 
and humans, IgMs are mainly encoded in the germline, and 
they are formed by B1a (CD5+) lymphocytes [1, 21]. How-
ever, there are a lot of data suggesting that, apart from B1a 
(CD5+) lymphocytes, B1b (CD5-) lymphocytes are also 
responsible for the synthesis of IgMs [21]. The production 
of natural IgMs may also be increased through the activa-
tion of LPS/TLR or by activation of the B-cell receptors by 
pathogens [16, 48]. It was also observed [55] that natural 
IgMs undergo expression in epithelial cells stimulated by 
a TLR9 agonist, and due to this fact it is assumed that these 
cells are also an important source of natural IgMs. Similar-
ly to adaptive IgMs, natural antibodies of the M class are 
pentameric molecules. However, in patients suffering from 
autoimmune diseases [84] and chronic liver diseases, nat-
ural IgMs may occur mainly in the monomeric form [85]. 
Natural IgMs have an Fc receptor specific for IgMs 
(FCMR), which is a transmembrane protein with the parti-
cle mass of about 41 kDa. However, after the process of 
O-glycosylation in the extracellular domain, the protein 
mass might increase to 60 kDa [81]. The receptor also un-
dergoes expression in many immune system cells, includ-
ing B CD19+ lymphocytes, T CD4+/CD8+ lymphocytes and 
NK CD56+/CD3- cells [86]. More prominently, it under-
goes overexpression in the case of chronic lymphocytic 
leukaemia and because of that it may serve as a specific 
marker for this illness [86]. Polyvalent natural IgMs with 
10 antigen binding sites recognise many structures, includ-
ing proteins, carbohydrates, phospholipids and nucleic 
acids. They participate in the identification of apoptotic 
cells thanks to the changes to which the membrane of the 
cells is subjected. One of those changes is oxidation, which 
may enable the recognition of the main lipid group of 
phosphorylcholine [5, 12, 48, 64, 82, 87]. The role which 
natural IgMs play in the process of phagocytosis of apop-
totic cells leads to the confirmation of their anti-inflamma-
tory effect. This feature has been confirmed in mice with 
a deficit of natural M-class antibodies. In this case, the 
potential anti-inflammatory properties of IgMs in relation 
to the membranes of apoptotic cells has been demonstrated 
[2, 12, 87]. It has to be added that the clearance of apoptot-
ic cells is associated not only with the removal of cellular 
bodies, but also with the protection against potentially 
harmful factors, namely the high-mobility group box pro-
tein 1 (HMGB – 1) and heat shock proteins (HSP) [12] – 
the elements that form hazard factors – DAMP (dam-
age-associated molecular patterns) [88]. In vitro research 
showed that the anti-apoptotic properties of natural IgMs 
in relation to the PC determinant inhibit the expression of 
cytokines by means of toll-like receptors (TLR) and the 

activation of mitogen-activated protein kinases, which are 
elements of the innate cell immunity [2, 12]. Natural IgMs 
may also induce specific anti-inflammatory signal path-
ways, which are dependent on the induction of the immu-
nosuppressive phosphatase mitogen activated protein ki-
nase phosphatase 1 (also known as MKP-1 or DUSP-1) in 
dendritic cells derived from the bone marrow [5, 12, 64]. 
Currently, it is assumed that the removal of apoptotic bod-
ies from the organism is associated with the functioning of 
SIgM, the functioning of which is dependent on numerous 
elements of the immune system, including the IgM Fcα/µR 
receptor and the complement component C1q [7, 58, 80, 
89]. Moreover, this process is also associated with natural 
IgMs, because these antibodies combine with the comple-
ment component C1q, leading to a situation in which apop-
totic bodies are directed towards macrophages [7, 58, 80, 
89], which destroy them in the process of efferocytosis 
[90-92]. Therefore, thanks to such polyreactivity, they 
strengthen the effectiveness against infection by using 
phagocytosis and other processes [3, 5, 64, 80, 93]. Acti-
vation of the complement cascade, by lectin which binds 
mannose or by a constituent of the C1q complement, may 
also take place when the targets of natural IgMs are the PC 
epitopes of apoptotic cells [2, 3, 5, 9, 12, 48, 64]. It has 
been demonstrated that the serum of newborns is charac-
terised by high reactivity of natural IgMs towards many 
self-antigens, viral ssDNA and LDL particles [6, 12, 35, 
36, 94], common bacterial antigens, phospholipids and 
some cell membrane proteins [1, 9, 21, 94]. Numerous 
studies show that autoimmune diseases can be blocked by 
natural autoantibodies of the IgM isotype that mask the 
antigens originating from pathogenic autoimmune T lym-
phocytes [6]. In mice which were deprived of the ability to 
create SIgM, it was observed that the animals were predis-
posed to develop “pathogenic” IgG autoantibodies and 
lupus-like autoimmunity [12, 95, 96]. Therefore, it is con-
cluded that natural IgMs protect the organism against au-
toimmune diseases [12], and this protective characteristic 
of IgM is also true for cardiovascular system illnesses. [12, 
15, 21]. Natural IgMs may participate in the feedback in-
hibition of B1 cell differentiation [97]. This function of 
IgM was observed in mice with a deficiency of secreted 
IgM and those with insufficient FcµR [97-99]. It was ob-
served that the number of B1 lymphocytes in the MZ of the 
spleen significantly increased in mice with insufficient 
IgM, whereas the concentration of IgM increased in the 
animals with a deficiency of FcµR. This phenomenon may 
indicate that the level of natural IgMs maintains the ho-
meostasis of B cells through binding FcµR [97-99]. The 
participation of IgM in the protection against atherosclero-
sis was confirmed by a study on mice. In this case, natural 
IgMs probably removed oxidised low-density lipoproteins 
and “pathogenic” lipids [12, 34, 38, 40]. Furthermore, nat-
ural IgMs inhibit the progression of atherosclerotic chang-
es in cases of hypercholesterolaemia in mice suffering 
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from the deficiency of apolipoprotein E (ApoE) [12, 100]. 
Their protective role was also registered in patients sub-
jected to haemolysis and those with acute coronary syn-
dromes. It was observed that when the level of natural 
IgMs in these patients was low, the mortality rate was in-
creased [12, 63, 101]. Due to this fact, it is assumed that 
a high concentration of these antibodies decreases the risk 
of cardiovascular diseases, such as myocardial infarction 
(heart attack) and stroke [5, 12, 37, 64]. It is assumed that 
natural IgMs can serve as markers in studies that allow one 
to determine the occurrence of these illnesses, mainly dis-
orders associated with atherosclerosis [12]. In mice, it was 
determined that natural IgMs are also a basic element 
which forms the protective barrier against microorganisms 
because a reduction of IgMs leads to infection in these an-
imals [7, 12]. It has been demonstrated that the IgM class 
antibody can also cross-react with epitopes associated with 
the pathogenic bacteria Porphyromonas gingivalis, which 
are responsible for inflammation in the oral cavity [12, 
102]. This antibody also protects the human organism 
against infection with Pseudomonas aeruginosa, Strepto-
coccus pneumoniae and influenza virus [1]. An increase in 
their levels is also observed during infections caused by 
mycoplasma pneumonia and Epstein-Barr virus [103-105]. 
These natural antibodies also support host immunity to in-
fections with the Pneumocystis fungus [106]. It was ob-
served that they also have an influence on the recognition 
of the antigens of this type of fungi via dendritic cells, in-
creasing their migration to lymphatic nodes and causing 
intense differentiation of Th2 and Th17 cells during infec-
tion with this pathogen [106]. Thus, it can be assumed that 
natural IgMs are responsible for many physiological pro-
cesses, including the homeostasis of tissues, the modula-
tion of the immunological response and the apoptotic 
clearance of cells [12, 14, 21, 48]. It is probable that these 
antibodies are an important factor which makes it possible 
to survive the conditions of chronic inflammation [12], but, 
at the same time, they strengthen the inflammatory state by 
increasing the secretion of, e.g. crystals of uric acid, which 
amplify the inflammation by recruiting neutrophils [101]. 
As mentioned above, natural IgMs protect humans against 
autoimmune diseases [12], probably including systemic 
lupus erythematosus. They are also responsible for the pre-
vention of cardiovascular diseases, including atherosclero-
sis [5, 7, 12, 21, 37], and old-age illnesses [14].

The characteristics and role of natural 
antibodies of the IgG and IgA class

In terms of natural antibodies, apart from the widely 
known IgM, there are also natural IgAs and IgGs [8, 12, 
17, 45, 46]. Natural IgGs are further divided into subclasses 
IgG1, IgG2, IgG4 and the highest level of IgG3 [1, 7, 8, 
16, 17]. IgG antibodies are the only isotypes that can cross 
the barrier of the placenta in order to ensure fetal immunity 

[7, 9, 19]. IgGs are created by various subpopulations of  
B lymphocytes, and it is supposed [1, 7-9, 12, 14-21] that 
B1 lymphocytes and B lymphocytes of spleen MZ are main-
ly responsible for the expression of IgG2 [7, 8, 12, 16]. Both 
natural IgGs and IgMs bind with the same phylogenetical-
ly conserved antigens and in mice about 15-20% of IgGs 
were found to be polyreactive, similarly to IgAs [16]. In 
contrast to IgMs, natural IgGs are inactive after birth. In 
mice, it has been demonstrated that B lymphocytes begin 
the production of IgGs after exposure to intestinal bacteria 
or foreign antigens [7, 8, 12, 16, 42, 73]. It was reported 
that in humans it can take as long as two years before the 
concentration of natural IgGs in the serum becomes high 
enough to be noticeable [107]. It is also suggested that au-
toreactive T lymphocytes may activate B lymphocytes to 
produce natural IgGs in adults [16]. It was observed that 
the level of polyreactive anti-dsDNA IgGs increases af-
ter various infections and that the same anti-dsDNA IgGs 
cross-react with the antigens of microorganisms, including 
bacteria [16, 43, 108]. The potential role of natural IgGs in 
controlling inflammation has been demonstrated, based on 
a complex that formed in haemolytic conditions, between 
IgG antibodies and haemoglobin [7]. It has been shown in 
vitro [7] that purified natural IgGs derived from the serum 
of healthy people recognise Gram-positive and Gram-neg-
ative bacteria by means of pattern recognition receptors 
(PRRs), such as ficolin or mannose-binding lectin (MBL). 
It is known that, by binding with polysaccharide residues 
on microorganisms, C-type lectin causes the formation of 
a complex which includes natural IgGs and lectin, strength-
ening the process of bacterial phagocytosis via FcγR1 of, 
e.g. monocytes [17]. These PRR:PRR interaction-mediated 
mechanisms induce even stronger immunological respons-
es [7]. In this case, an interaction between IgG and ficolin 
occurs, amplifying the aforementioned phagocytosis [7, 17, 
109]. Interestingly, the characteristic complex of IgG-ficolin 
occurs in both humans and mice, which proves the funda-
mental importance of IgGs in the immunological protection 
of the organism [7, 76]. Both natural IgGs and adaptive IgGs 
react with PRRs via the C region of the H chain, which indi-
cates that Fc is important in the transmission of host defence 
information, regardless of the origin and specificity of IgGs 
[7]. Natural IgGs also specifically cooperate with lectin 
in the struggle against infections caused by Pseudomonas 
aeruginosa and Staphylococcus aureus [7, 17]. The human 
anti-PC IgGs mainly represent the IgG2 subclass, whereas 
anti-MDA (malondialdehyde) represent IgG1 or IgG3 sub-
classes, the latter having a higher potential to include the 
complement cascade and to engage in the activation of the 
Fc immunoglobulin receptor [5, 7, 12, 64]. It was observed 
that anti-MDA IgGs do not show high expression apart from 
in patients with inflammatory diseases [5, 12, 64], and that 
anti-PC IgGs are present even in healthy people [12]. There-
fore, it is assumed that these natural IgGs participate in both 
the regulation of inflammatory states and in the protection of 
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the organism against pathogens, fulfilling the role of innate 
immunity [7].

On the other hand, natural IgAs are a group of immu-
noglobulins consisting of two subclasses, IgA1 and IgA2, 
which are present in mucosal surfaces [8, 12, 14]. In their 
case, it has been demonstrated [7] that a percentage of nat-
ural IgAs are formed by B1 lymphocytes at the newborn 
stage [7, 12, 44-46] and that, together with natural IgMs, 
they recognise autoantigens and bind with homologous mol-
ecules produced by different microbes [12]. It was observed 
that natural IgAs along with natural IgMs are important fac-
tors responsible for a variety of microbes which settle in 
the human intestine – the microbiome [12, 45, 46]. It has 
been shown that the isotypes of IgA inhibit inflammation by 
participating in it via a reaction with the Fc type 1 receptor 
(FcαR1/CD89), but the manner in which they take part in 
this process is a matter of debate [7]. The regulating role of 
natural IgAs has also been demonstrated in patients who suf-
fered from a selective deficiency of IgAs, when the concen-
tration of both IgA1 and IgA2 was significantly decreased 
or totally absent but, at the same time, the concentration of 
IgMs and IgGs remained normal [78]. In such a case, apart 
from a higher frequency of occurrence of infections in the 
respiratory tract and digestive tract, the patient was more 
susceptible to autoimmune disorders, allergy-related illness-
es, haematological diseases, arthritis, chronic liver inflam-
mation, ulcerative colitis and Crohn’s disease.

The characteristics of anti-Gal natural 
antibodies

Though the basic definition of natural antibodies [1-10] 
determines that anti-Gal antibodies and/or anti-Gal natural 
antibodies do not belong to the abovementioned group of 
natural antibodies, they are placed in this category by nu-
merous authors [22-24]. According to these authors, anti- 
Gal antibodies and/or anti-Gal natural antibodies occur in 
the form of IgG, IgM and IgE isotopes in humans and hu-
manoid apes, e.g. chimpanzees, gorillas, Catarrhini and 
Cercopithecidae (such as macaques and baboons), i.e. or-
ganisms that do not include α-Gal epitopes [22, 23]. The 
authors also explain that the absence of the α-Gal epitope 
in the abovementioned mammals is the result of evolu-
tion that happened 20-28 million years ago, during which 
the gene codling a1,3-galactosyltransferase (GGTA1) was 
silenced. Therefore, anti-Gal antibodies and/or anti-Gal 
natural antibodies are a result of the response to the α-Gal 
epitope of the structure Gala1-3Galb1-4GlcNAc-R, which 
is a specific ligand for these antibodies [22-24]. It has been 
shown that this epitope occurs in the carbohydrate chains 
of glycolipids and glycoproteins of erythrocytes, e.g. in 
fibrinogen, the von Willebrand factor, integrins and the 
mucous membrane of the gastrointestinal tract, mainly of 
the liver, the epithelium cells of the vascular system and 
the vomeronasal organ [22, 23]. According to the authors 

[22, 23], anti-Gal antibodies and/or anti-Gal natural anti-
bodies do not occur in the organism at birth, but they are 
produced by B-1 cells constantly throughout human life 
as an immune response to contact with microorganisms 
(including intestinal microflora) and food, whose features 
include the presence of the α-Gal epitope [22, 23]. In new-
born children, only IgG anti-Gal is present. It is acquired 
by the child from the mother via transfer from the placen-
ta during pregnancy [23, 24]. Therefore, the information 
regarding anti-Gal antibodies and/or anti-Gal natural an-
tibodies is in opposition to the definition that determines 
what natural antibodies are [1-10], as it is accepted that 
natural antibodies occur in the human organism from birth, 
without immunisation and in germ-free conditions. This 
is why anti-Gal antibodies and/or anti-Gal natural anti-
bodies are often not included among natural antibodies 
during their description [1-11]. Regardless of these facts, 
anti-Gal antibodies and/or anti-Gal natural antibodies fulfil 
numerous important roles, ensuring immunity in reference 
to some viruses (influenza, vesicular stomatitis virus, the 
lymphocytic virus of uveitis), bacteria (Borrelia hermsii, 
listeria monocytogenes), fungi (Cryptococcus neofor-
mans, Pneumocystis murina) and protozoa (Trypanosoma 
cruzi), which is connected to the reaction to the α-Gal 
epitope present on their surface [11, 22]. It has also been 
demonstrated that anti-Gal antibodies and/or anti-Gal nat-
ural antibodies can lead to chronic inflammations as a re-
sult of Trypanosoma brucei, leishmania (l) mexicana and  
l. major protozoan infection [22]. Moreover, these an-
tibodies serve as an immunological barrier in the proce-
dure of successful animal-to-human cell, tissue and organ 
transplantation, e.g. from pigs, as it has been observed that 
pig cells include numerous α-Gal epitopes on their surface 
causing hyperacute rejection when they are transplanted 
into the human body [22-24]. It has also been demon-
strated that IgE formed for the α-Gal antigen lead to an 
allergy [22], which has been confirmed in patients suf-
fering from non-small cell lung cancer (EGFR), possibly 
leading in these patients to anaphylactic shock – which 
is a life-threatening state [22]. The anti-Gal IgE antibody 
which causes allergy may also be associated with α-Gal 
epitopes that are present in beef and pork. Thus, if these 
antibodies are formed in patients, they suffer from meat 
allergy [22, 24]. An increase in the titre of anti-Gal anti-
bodies and/or anti-Gal natural antibodies is observed in 
many autoimmune diseases, including Crohn’s disease, 
in which the level of IgG anti-Gal antibody rises, and in 
Henoch-Schönlein purpura, characterised by an increase 
in the level of IgA anti-Gal [22]. The facts concerning the 
participation of anti-Gal antibodies and/or anti-Gal nat-
ural antibodies in numerous pathological states are used 
in clinical practice as they increase, among other things, 
the immunogenicity of virus vaccines [22, 23]. It has 
been demonstrated that vaccines which make use of the 
α1,3GT enzyme are far more effective than those that do 
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not feature it, which has been shown in recombinant vac-
cines against the virus of influenza [22, 23]. It has been 
established that, additionally, anti-Gal antibodies and/
or anti-Gal natural antibodies accelerate the process of 
wound healing, including burns. The wounds are treated 
with α-Gal nanomolecules which activate the complement 
cascade via binding with anti-Gal antibodies and/or an-
ti-Gal natural antibodies, causing induction of migration 
of macrophages to the location of the wound. This process 
is associated with the fact that these latter cells create cy-
tokines, including IL-1, vascular endothelial growth factor 
(VEGF), platelet rich plasma (PRP) and granulocyte col-
ony-stimulating factor (G-CSF), all of which facilitate the 
process of tissue regeneration and the healing of wounds 
[22, 23]. This phenomenon has been confirmed by stud-
ies using a mouse model in which wounds healed 50-70% 
faster when they were treated with α-Gal nanomolecules 
[22, 23].

Conclusions
Though natural antibodies were discovered nearly half 

a century ago, there is still a lot that we do not know about 
them. We are still discovering their varieties and functions 
in the human body. Their basic property is the protection 
of our body after birth. They ensure specific homeostasis 
by reacting to self-antigens and neo-determinants that are 
formed, e.g. during apoptosis or oxidation. Moreover, they 
bind with phosphorylcholine – a constituent of many cell 
membranes. Probably about 80% of all natural antibodies 
circulating in the human body are natural IgMs, which are 
also the best known immunoglobulins. Recent studies focus 
on discovering the role of natural IgG and IgA. These im-
munoglobulins, together with IgM, are formed mainly by 
B1 lymphocytes and lymphocytes of the marginal zone of 
the spleen. The development of new research methods might 
soon enable us to characterise natural antibodies in greater 
detail, and their potential in combating diseases in the infan-
tile period might be recognised by the medical community. 
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