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Anti-Gal are the most abundant xenoreactive natural antibodies. They are supposed to stem from immunization
against the gut microbiota and have been implicated in the pathogenesis of several diseases, including multiple

sclerosis.

alpha-gal epitope Alzheimer’s disease microbiota

| 1. Introduction

Alzheimer’s disease (AD), the most common form of dementia, is a progressive, irreversible and incurable
neurodegenerative disease, which constitutes one of the major causes of dependency, disability and mortality LI,
There are over 50 million people worldwide living with dementia in 2020. This number will almost double every 20

years, reaching 82 million in 2030 and 152 million in 2050. AD accounts for 50—-75% of dementia cases [2.

Neurodegeneration is most likely caused by an abnormal accumulation of beta-amyloid peptides which produces a
cascade of events, including an inflammatory process mainly mediated by microglial activation and formation of
neurofibrillary tangles, which culminate in neuronal death. The triggering mechanism of this cascade is still
unknown and therefore biomarkers with possible mechanistic insights into the AD pathophysiologic processes are
urgently needed B, Recent works suggest a potential association between gut microbiota, neuroinflammation and
AD, either directly owing to bacterial invasion of the brain due to leakage of the blood-brain barrier (BBB) and

production of toxins and inflammation, or indirectly by modulation of the immune response 4,

The a-Gal epitope (Galal-3GalB1-4GIcNAc-R) is a short carbohydrate sequence terminally located in the
oligosaccharide units of glycoproteins and glycolipids, commonly expressed at the cell surface of various
microorganisms (protozoa, bacteria, fungi, viruses), marsupials and non-primate mammalians. This epitope is
synthesized by the action of the a1,3-galactosyltransferase (a1,3GT) enzyme BREIIEIR |n humans, the expression
of the GGTAL gene, which encodes al1,3GT, is suppressed and the consequent absence of a-Gal on the surface of
cells permits a massive production of anti-Gal antibodies 2%, Anti-Gal IgG, IgM and IgA, in fact, represent over 1%
of all circulating immunoglobulins 2. Their synthesis is thought to be mainly stimulated by chronic exposure to
enteric bacteria, various pathogens and environmental antigens presenting the a-Gal epitope on the surface. Such
induced immune response represents an evolutionary advantage for the human organism that acquires immune
protection against these pathogens 2. Furthermore, anti-Gal antibodies fulfil other important roles, besides

ensuring immunity from infections originating from several micro-organisms. These include contributing to rejection
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in cases of xenogeneic cell, tissue and organ transplantation, as well as accelerating the process of wound healing.
However, circulating anti-Gal antibodies have been also implicated in the pathogenesis of various autoimmune
diseases, such as Henoch—Schonlein purpura, IgA nephropathy, rheumatoid arthritis, Crohn’s disease and Graves'’
disease [BIRILOLSIIA] variations in the levels of anti-Gal have also been described in multiple sclerosis (MS), in

association with an altered microbiome, suggesting a link between anti-Gal antibodies and the disease [12I16],

Structure of the a-Gal (Gala1-3Galf31-4GIcNAc-R) epitope
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Figure 1. Upper panel) Structure of the a-Gal (Galal-3GalB1-4GIcNAc-R) epitope. The carbohydrate structure of

glycolipids and oligosaccharide moijeties of glycoproteins recognized by anti-Gal antibodies has been defined by a
variety of physico-chemical methods and immunostaining techniques. Anti-Gal antibodies have a very narrow
specificity for the terminal carbohydrate structure Galal-3GalpB1-4GIcNAc-R (a-Gal epitope) of glycolipids, such as
ceramide pentahexoside (CPH), from several species of mammals and do not interact with closely related

structures, such as Galal-4Gal1-4Glc-R. Lower panel) Comparison between the a-Gal epitope and blood group

https://encyclopedia.pub/entry/12733 2/9



Anti-Gal | Encyclopedia.pub

A, B, O antigens. Human blood group B antigen is very similar in structure to the a-Gal epitope, the only difference
being the fucose linked to the penultimate galactose in blood group B antigen. Anti-Gal antibodies from individuals
with blood group B or AB only recognize the non-fucosylated a-Gal epitope, i.e., the Galal-3Galpf1-4GIcNAc-R
epitope, and do not bind to blood group B epitope. However, they readily do after removal of the fucose from blood
group B antigen. In contrast, anti-Gal antibodies isolated from the sera of blood group A or O individuals bind both
to a-Gal epitopes and to blood group B antigen. However, 90% of “anti-B antibodies” can be removed by
adsorption on o-Gal epitopes and are in fact anti-Gal antibodies that also recognize blood group B antigen (anti-

Gal B antibodies), whereas only 10% interact exclusively with blood group B antigen (7],

In physiological conditions, anti-Gal antibodies cannot cross the BBB, so they are not present in the cerebrospinal
fluid (CSF) of healthy individuals. However, varying titers of anti-Gal Ig were found in the CSF of patients with MS,
Guillain-Barré syndrome and meningitis, suggesting that inflammatory processes might alter the BBB and favour
the passage of blood Ig (including anti-Gal antibodies) into the CSF 8. Furthermore, a-Gal-like epitopes have
been detected in the brain, namely in the gray matter of healthy individuals who died accidentally 29 as well as in
amyloid deposits, neurofibrillary tangles and corpora amylacea of patients with dementia, including AD 29,
Together with recent literature findings demonstrating the a-Gal epitope presence in several bacteria 21 that
constitute the brain microbiome [22 these observations suggest a potential relationship between anti-Gal

antibodies and AD etiopathogenesis.

2. Altered Blood Levels of Anti-Gal Antibodies in Alzheimer’s
Disease

We recruited 30 participants, who scored < 24 on the Mini-Mental State Examination and > 0.5 on the Clinical
Dementia Rating. To rule out other potential causes of cognitive impairment, all patients underwent blood testing
(including full blood count, erythrocyte sedimentation rate, urea nitrogen and electrolytes, thyroid function, vitamin
B12, and folate) and brain imaging. Thirty sex/age-matched cognitively healthy subjects (HS) were recruited as the
control group. Since anti-Gal antibody levels can be altered in the context of different pathologies and treatments,
subjects with pathologies, such as rheumatoid arthritis, interstitial cystitis, eosinophilic esophagitis 23, Henoch—
Schénlein purpura, IgA nephropathy, Crohn’s disease and ulcerative colitis 24 or treated with anticancer drugs,
such as Cetuximab (or Erbitux) 28 animal-derived tissue patches, cartilaginous grafts or bioprostheses, such as

biological heart valves 28], were excluded.

Anti-Gal IgG and IgM serum levels were significantly decreased, and IgA serum levels significantly increased in AD
patients compared to HS. No significant relationship was found between Ig levels and age, sex, blood group,
severity of disease as assessed by MMSE, level of education, co-morbidity and drugs in AD patients, except for a
weak positive correlation between IgA and BMI. To our knowledge, this is the first study that has investigated the
serum levels of anti-Gal antibodies in AD and, therefore, studies for comparison are lacking. However, circulating

anti-Gal 1gG levels were reduced compared with those of age/gender-matched HS in patients with MS 131 an
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autoimmune, inflammatory and neurodegenerative disease [Z4. The authors of the latter study speculated that a
modified gut microbiota, specifically characterized by low a-Gal-producing microorganisms, might modify the
inflammatory homeostasis in genetically predisposed individuals, thereby increasing the risk of developing MS 131,
The finding that the gut microbiota of MS patients was characterized by a significant decrease in microorganisms
expressing the GGTA1 gene (which encodes the enzyme responsible for the synthesis of the a-Gal epitope)
supports this hypothesis [2€l. In patients with inflammatory bowel diseases, such as Crohn’s disease and ulcerative
colitis, anti-Gal specific IgA antibodies reached higher concentrations than in HS, while total IgM were significantly
decreased [28]. The authors of the latter study speculated that the increase in IgA levels was linked to the presence
of a damaged intestinal barrier exposing the host's immune system to enteric bacteria presenting a-Gal. The

reduction of total IgM was interpreted as a reflection of isotype switching [28],

Even though anti-Gal antibodies do not satisfy fully the definition of natural antibodies (i.e., antibodies present in a
non-immunised organism from birth), some authors place them in this category, due to some features that they
have in common, especially the fact that their synthesis is thought to be mainly stimulated by chronic exposure to
enteric bacteria and ubiquitous pathogenic microorganisms and environmental antigens presenting the a-Gal
epitope. BIEILOIIL4] |gM and IgG are the most widely recognized classes of natural antibodies, which are implicated
not only in the responses to infectious microorganisms, but also in the homeostatic control of various neurological
and cardiovascular disorders, diabetes and cancer. Interestingly, lower levels of natural antibodies were generally
negatively correlated with disease onset and progression, whereas high levels often correlated with protection or
absence of disease @14, An example is represented by the 1gG antibodies against amyloid peptides, which were
reported to be reduced in AD patients compared to age-matched HS 22! and to decrease with normal ageing and
advancing AD, especially those binding to assemblies of amyloidogenic peptides B9, The literature available on
IgA is scant, at variance with IgM and IgG natural antibodies. IgAs function as potent pro-inflammatory agents,
being rapid activators of neutrophils, and are crucial in the first line of defence against pathogens. In particular, they
are considered homeostatic immunoglobulins that neutralize microbiota and food antigens to prevent interactions
with the host RIE1],

We speculated that the simultaneous decreases in anti-Gal IgM and IgG levels and the increase in anti-Gal IgA
level that we observed in AD patients might reflect the isotype switching of anti-a-Gal B cells from the production of
“natural” IgM antibodies to an IgA-mediated adaptive response. There have been other reports of significant
increases in serum IgA levels in AD patients in comparison with HS 82331341 An example is the IgA antibodies
directed against the N-Methyl-D-Aspartate Receptor (NMDAR), detected in 10% of AD patients as opposed to
2.8% of HS 3. The NMDAR NR1 subunit was found to carry glycostructures recognized by antibodies raised
against the Fucal-2Gal epitope 28], a common constituent of A, B and O blood groups. Noticeably, most anti-B
antibodies in the sera of A and O blood group carriers are cross-reactive anti-a-Gal antibodies recognizing both a-
Gal and B [Galal-3(Fucal-2)Gal] epitopes BZ. It is also of note that IgM and IgA-enriched |g preparations incited
the production of higher levels of TNF-a and NO by primary rat microglial cells in vitro, compared with IgG 58],
which highlights the possible role of IgA-mediated responses in the microglial activation and neuroinflammation
associated with AD. We hypothesized that the phlogosis of lymphoid tissue associated with excess abdominal fat,

either in association with gut microbial dysbiosis or not, might alter the normal balance between tolerance and
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reaction to ubiquitary antigens in the gut-associated lymphoid tissue (GALT), thus favouring the sensitization of o-
Gal-specific T helper 2 cells. The positive correlation that we observed between IgA and BMI and the encouraging
results of therapeutic approaches aimed at controlling metabolic imbalance and inflammation for halting the
progression of AD B2 are noteworthy in this regard. B cells activated in the GALT might home into the marginal
zone of the spleen 49, wherefrom IgA produced by GALT plasma cells in response to commensal or pathogenic
bacteria might enter the blood and permeate the BBB, in the presence of phlogosis. The mounting of such an
adaptive response to microbial a-Gal epitopes in the GALT and the concomitant permeabilization of the BBB to
anti-Gal IgA antibodies may damage cells and tissues in the central nervous system as a result of antibody- and
complement-mediated responses to formerly tolerated a-Gal epitopes also expressed by the brain microbiome 21
(22, such responses could end up involving self-antigens containing identical or similar oligosaccharide moieties

linked to autologous peptides, on the base of epitopic mimicry or epitope spreading.

| 3. Conclusions

Anti-Gal antibodies are the most abundant xenoreactive natural antibodies. These antibodies target the alpha-Gal
epitope, terminally located in the oligosaccharide units of glycoproteins or glycolipids of all mammals except apes,
Old World monkeys and humans. The alpha-Gal epitope is constitutively expressed in several bacteria constituting
the brain microbiota, and alpha-Gal-like epitopes have been detected in the gray matter, amyloid deposits,
neurofibrillary tangles and corpora amylacea in the human brain, suggesting a potential link between anti-Gal and
Alzheimer’s disease etiopathogenesis.

We observed lower IgG and IgM and higher IgA levels in AD patients compared to healthy subjects. These results
suggest a possible role of anti-Gal antibodies in the pathogenesis of AD and support the hypothesis of a causal
association between host microbiota, systemic phlogosis incited by the lymphoid tissue associated with abdominal
fat, neuroinflammation and dementia. If confirmed in a longitudinal study with a larger number of participants, these
findings could open new scenarios in the knowledge of AD etiopathogenesis and the search for new biomarkers
and therapeutic strategies for AD.

References

1. Alzheimer’s Association. 2020 Alzheimer’s disease facts and figures. Alzheimer’s Dement. 2020,
16, 391-460.

2. Fleming, R.; Zeisel, J.; Bennet, K. World Alzheimer Report 2020, Vol | and II; Alzheimer’s Disease
International: London, UK, 2020.

3. McGrowder, D.A.; Miller, F.; Vaz, K.; Nwokocha, C.; Wilson-Clarke, C.; Anderson-Cross, M.;
Brown, J.; Anderson-Jackson, L.; Williams, L.; Latore, L.; et al. Cerebrospinal Fluid Biomarkers of
Alzheimer’s Disease: Current Evidence and Future Perspectives. Brain Sci. 2021, 11, 215.

https://encyclopedia.pub/entry/12733 5/9



Anti-Gal | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

. Gonzélez-Sanmiguel, J.; Schuh, C.M.A.P.; Mufioz-Montesino, C.; Contreras-Kallens, P.; Aguayo,

L.G.; Aguayo, S. Complex Interaction between Resident Microbiota and Misfolded Proteins: Role
in Neuroinflammation and Neurodegeneration. Cells 2020, 9, 2476.

. Almeida, I.C.; Ferguson, M.A.; Schenkman, S.; Travassos, L.R. Lytic anti-alpha-galactosyl

antibodies from patients with chronic Chagas’ disease recognize novel O-linked oligosaccharides
on mucin-like glycosyl-phosphatidylinositol-anchored glycoproteins of Trypanosoma cruzi.
Biochem. J. 1994, 304, 793.

. Welsh, R.M.; O’'Donnell, C.L.; Reed, D.J.; Rother, R.P. Evaluation of the Galalphal-3Gal epitope

as a host modification factor eliciting natural humoral immunity to enveloped viruses. J. Virol.
1998, 72, 4650-4656.

. Han, W.; Cai, L.; Wu, B.; Li, L.; Xiao, Z.; Cheng, J.; Wang, P.G. The wciN gene encodes an a-1,3-

galactosyltransferase involved in the biosynthesis of the capsule repeating unit of Streptococcus
pneumoniae serotype 6B. Biochemistry 2012, 51, 5804-5810.

. Huai, G.; Qi, P.; Yang, H.; Wang, Y. Characteristics of a-Gal epitope, anti-Gal antibody, a1,3

galactosyltransferase and its clinical exploitation. Int. J. Mol. Med. 2016, 37, 11-20.

. Reyneveld, G.I.; Savelkoul, H.F.J.; Parmentier, H.K. Current Understanding of Natural Antibodies

and Exploring the Possibilities of Modulation Using Veterinary Models. A Review. Front. Immunol.
2020, 11, 21309.

Galili, U. Discovery of the natural anti-Gal antibody and its past and future relevance to medicine.
Xenotransplantation 2013, 20, 138-147.

Galili, U. Human Natural Antibodies to Mammalian Carbohydrate Antigens as Unsung Heroes
Protecting against Past, Present, and Future Viral Infections. Antibodies 2020, 9, 25.

Galili, U. Significance of the evolutionary al,3-galactosyltransferase (GGTAL) gene inactivation in
preventing extinction of apes and old world monkeys. J. Mol. Evol. 2015, 80, 1-9.

Nguyen, T.G.; McKelvey, K.J.; March, L.M.; Hunter, D.J.; Xue, M.; Jackson, C.J.; Morris, J.M.
Aberrant levels of natural IgM antibodies in osteoarthritis and rheumatoid arthritis patients in
comparison to healthy controls. Immunol. Lett. 2016, 170, 27-36.

Palma, J.; Tokarz-Deptuta, B.; Deptuta, J.; Deptuta, W. Natural antibodies—facts known and
unknown. Cent. Eur. J. Immunol. 2018, 43, 466—475.

Le Berre, L.; Rousse, J.; Gourraud, P.A.; Imbert-Marcille, B.M.; Salama, A.; Evanno, G.; Semana,
G.; Nicot, A.; Dugast, E.; Guérif, P.; et al. Decrease of blood anti-al,3 Galactose Abs levels in
multiple sclerosis (MS) and clinically isolated syndrome (CIS) patients. Clin. Immunol. 2017, 180,
128-135.

https://encyclopedia.pub/entry/12733 6/9



Anti-Gal | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Montassier, E.; Berthelot, L.; Soulillou, J.P. Are the decrease in circulating anti-al,3-Gal IgG and
the lower content of galactosyl transferase Al in the microbiota of patients with multiple sclerosis
a novel environmental risk factor for the disease? Mol. Immunol. 2018, 93, 162—-165.

Galili, U., Wang, L., LaTemple, D. C., Radic, M.Z.. The natural anti-Gal antibody; Galili, U., et al.,
Eds.; Kluwer Academic/Plenum Publishers: Amsterdam, 1999; pp. 79-106.

Galili, U.; Anaraki, F.; Thall, A.; Hill-Black, C.; Radic, M. One percent of human circulating B
lymphocytes are capable of producing the natural anti-Gal antibody. Blood 1993, 82, 2485-2493.

Jaison, P.L.; Kannan, V.M.; Geetha, M.; Appukuttan, P. Epitopes recognized by serum anti-a-
galactoside antibody are present on brain glycoproteins in man. J. Niosci. 1993, 18, 187-193.

Nishi, K.; Tanegashima, A.; Yamamoto, Y.; Ushiyama, I.; Ikemoto, K.; Yamasaki, S.; Nishimura, A.;
Rand, S.; Brinkmann, B. Utilization of lectin-histochemistry in forensic neuropathology: Lectin
staining provides useful information for postmortem diagnosis in forensic neuropathology. Leg.
Med. 2003, 5, 117-131.

Montassier, E.; Al-Ghalith, G.A.; Mathé, C.; Le Bastard, Q.; Douillard, V.; Garnier, A.; Guimon, R.;
Raimondeau, B.; Touchefeu, Y.; Duchalais, E.; et al. Distribution of Bacterial al,3-
Galactosyltransferase Genes in the Human Gut Microbiome. Front. Immunol 2020, 10, 3000.

Westfall, S.; Dinh, D.M.; Pasinetti, G.M. Investigation of Potential Brain Microbiome in Alzheimer’s
Disease: Implications of Study Bias. J. Alzheimer’s Dis. 2020, 75, 559-570.

Burk, C.M.; Beitia, R.; Lund, P.K.; Dellon, E.S. High rate of galactose-alpha-1,3-galactose
sensitization in both eosinophilic esophagitis and patients undergoing upper endoscopy. Dis.
Esophagus 2016, 29, 558-562.

Safaie, P.; Ham, M.; Kuang, P.; Mehta, A.S.; Wang, M.; Cheifetz, A.S.; Robson, S.; Lau, D.; Block,
T.M.; Moss, A.C. Lectin-reactive anti-a-gal in patients with Crohn’s disease: Correlation with
clinical phenotypes. Inflamm. Bowel Dis. 2013, 19, 2796—-2800.

Chinuki, Y.; Morita, E. Alpha-Gal-containing biologics and anaphylaxis. Allergol. Int. 2019, 68,
296-300.

Naso, F.; Stefanelli, U.; Buratto, E.; Lazzari, G.; Perota, A.; Galli, C.; Gandaglia, A. Alpha-Gal
Inactivated Heart Valve Bioprostheses Exhibit an Anti-Calcification Propensity Similar to Knockout
Tissues. Tissue Eng. Part A 2017, 23, 1181-1195.

Celarain, N.; Tomas-Roig, J. Aberrant DNA methylation profile exacerbates inflammation and
neurodegeneration in multiple sclerosis patients. J. Neuroinflamm. 2020, 17, 21.

Mangold, A.; Lebherz, D.; Papay, P.; Liepert, J.; Hlavin, G.; Lichtenberger, C.; Adami, A.;
Zimmermann, M.; Klaus, D.; Reinisch, W.; et al. Anti-Gal titers in healthy adults and inflammatory
bowel disease patients. Transp. Proc. 2011, 43, 3964—-3968.

https://encyclopedia.pub/entry/12733 7/9



Anti-Gal | Encyclopedia.pub

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Weksler, M.E.; Relkin, N.; Turkenich, R.; La Russe, S.; Zhou, L.; Szabo, P. Patients with
Alzheimer disease have lower levels of serum anti-amyloid peptide antibodies than healthy elderly
individuals. Exp. Gerontol. 2002, 37, 943-948.

Britschgi, M.; Olin, C.E.; Johns, H.T.; Takeda-Uchimura, Y.; LeMieux, M.C.; Rufibach, K.; Rajadas,
J.; Zhang, H.; Tomooka, B.; Robinson, W.H.; et al. Neuroprotective natural antibodies to
assemblies of amyloidogenic peptides decrease with normal aging and advancing Alzheimer’s
disease. Proc. Natl. Acad. Sci. USA 2009, 106, 12145-12150.

Heineke, M.H.; van Egmond, M. Immunoglobulin A: Magic bullet or Trojan horse? Eur. J. Clin.
Investig. 2017, 47, 184-192.

Leblhuber, F.; Walli, J.; Tilz, G.P.; Wachter, H.; Fuchs, D. Systemische Veranderungen des
Immunsystems bei Patienten mit Alzheimer-Demenz [Systemic changes of the immune system in
patients with Alzheimer’s dementia]. Dtsch. Med. Wochenschr. 1998, 123, 787-791.

de la Rubia Orti, J.E.; Sancho Castillo, S.; Benlloch, M.; Julidn Rochina, M.; Corchén Arreche, S.;
Garcia-Pardo, M.P. Impact of the Relationship of Stress and the Immune System in the
Appearance of Alzheimer’s Disease. J. Alzheimer’s Dis. 2017, 55, 899-903.

de la Rubia Orti, J.E.; Prado-Gascd, V.; Sancho Castillo, S.; Julian-Rochina, M.; Romero Gomez,
F.J.; Garcia-Pardo, M.P. Cortisol and IgA are Involved in the Progression of Alzheimer’s Disease.
A Pilot Study. Cell. Mol. Neurobiol. 2019, 39, 1061-1065.

Doss, S.; Wandinger, K.P.; Hyman, B.T.; Panzer, J.A.; Synofzik, M.; Dickerson, B.; Mollenhauer,
B.; Scherzer, C.R.; Ivinson, A.J.; Finke, C.; et al. High prevalence of NMDA receptor IgA/IgM
antibodies in different dementia types. Ann. Clin. Transl. Neurol. 2014, 1, 822—-832.

Smalla, K.H.; Angenstein, F.; Richter, K.; Gundelfinger, E.D.; Staak, A. Identification of fucose
alpha(1-2) galactose epitope-containing glycoproteins from rat hippocampus. Neuroreport 1998,
9, 813-817.

Galili, U.; Buehler, J.; Shohet, S.B.; Macher, B.A. The human natural anti-Gal IgG. Ill. The subtlety
of immune tolerance in man as demonstrated by crossreactivity between natural anti-Gal and
anti-B antibodies. J. Exp. Med. 1987, 165, 693-704.

Pul, R.; Nguyen, D.; Schmitz, U.; Marx, P.; Stangel, M. Comparison of intravenous
immunoglobulin preparations on microglial function in vitro: More potent immunomodulatory
capacity of an IgM/IgA-enriched preparation. Clin. Neuropharmacol. 2002, 25, 254—-259.

Bredesen, D.E.; Amos, E.C.; Canick, J.; Ackerley, M.; Raji, C.; Fiala, M.; Ahdidan, J. Reversal of
cognitive decline in Alzheimer’s disease. Aging 2016, 8, 1250-1258.

Vossenkamper, A.; Blair, P.A.; Safinia, N.; Fraser, L.D.; Das, L.; Sanders, T.J.; Stagg, A.J.;
Sanderson, J.D.; Taylor, K.; Chang, F.; et al. Arole for gut-associated lymphoid tissue in shaping
the human B cell repertoire. J. Exp. Med. 2013, 210, 1665-1674.

https://encyclopedia.pub/entry/12733 8/9



Anti-Gal | Encyclopedia.pub

Retrieved from https://encyclopedia.pub/entry/history/show/32110

https://encyclopedia.pub/entry/12733 9/9



