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Abstract.  

While eukaryotic O-GalNAc-Ser/Thr glycosylations do not occur in bacteria, the O-GalNAc 

glycan-bearing ovarian glycolipids, discovered in C57BL/10 mice, are complementary to the 

syngeneic, anti-A-reactive immunoglobulin M (IgM), which does not appear in animals that 

have undergone ovariectomy prior to the onset of puberty. These murine ovarian glycolipids are 

also complementary to the Helix pomatia agglutinin, which has emerged from the protein coats 

of fertilized eggs of the snail and thus reveals the presence of functional snail O-GalNAc gly-

cans.The hexameric structure of this lower eukaryotic, Helix pomatia agglutinin suggests evolu-

tionary relationship to the mammalian non-immune IgM molecule, which hypothetically obtains 

its complementarity from the early trans-species O-GalNAc glycosylation of proteins and subse-

quent GalNAc transferase depletion that completes the cell differentiation processes and causes 

the release of O-glycan-depleted, complementary proteins, such as secretory IgM revealing the 

structure of the volatilely expressed, “lost” glycan carrier through germline-specific serine resi-

dues. Consequently, the early or first O-GalNAc glycosylations of proteins appear metabolically 

related to those of the mucin-type, “aberrant” monosaccharide GalNAcα1-O-Ser/Thr-R, also 

referred to as the Tn antigen, and explain the anti-Tn cross-reactivity of anti-A-specific immuno-

globulins and the pronounced occurrence of cross-reactive anti-Tn antibody in plasma from hu-

mans with histo (blood) group O. In fact, in human blood group O, A-allelic, phenotype-specific 

GalNAc glycosylation of plasma proteins does not occur, affecting the levels of the anti-Tn anti-

body, which may function as a growth regulator that, depending on its levels, initiates a complex 

process of growth inhibition through enzyme-substrate competition with subsequent trans-

species O-GalNAc-glycosylations.  
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Introduction. 

The human and mouse genomes are described as the foundations of genome zoology.
1
 Indeed, 

although the murine-specific equivalent of the human AB-glycotransferase
2
 and the distinct 

carbohydrate-determined specificities between murine and human innate immunoglobulin M
3
 

render the mouse an unsuitable model of ABO(H)-phenotype discordance in primates, innate 

human anti-A-reactive IgM or isoagglutinin and murine anti-A molecules exhibit a common 

and serologically identical response
4
 to an ancestral trans-species A-like antigen. However, the 

mercaptoethanol-sensitive and complement-binding reactivity of anti-A antibodies in murine 

plasma is unlikely to originate from a somatic, primary immune or autoimmune response, in 

contrast to our original
4,5

 and recently abandoned hypothesis.
6,7

 Ovariectomy and castration 

result in uncontrolled and/or enhanced humoral and cellular immunity and are accompanied by 

increased weights of the spleen and thymus as well as pronounced B and T cell 

production
8,9,10,11,12,13 

associated with autoimmune-related bone loss.
14

 However, the develop-

ment of this early murine IgM or IgM-like anti-A-reactive molecule was not enhanced in 

C57BL/10 mice that underwent ovariectomy prior to the onset of puberty. On the contrary, in-

nate anti-A reactivity, which is complementary to syngeneic ovarian GalNAc glycan-bearing 

hydrophilic glycolipids
15

 and distinct from adaptive anti-A cross-reactivity,
16

 appeared strongly 

diminished or undetectable in plasma samples from animals ovariectomized at the age of 20 

days,
4,5

 as shown in Fig. 1. All the murine tissues displayed the expected, species-specific 

Forssman reactivity, and additional A-like structures in the male and female reproductive or-

gans and endodermal tissues were detected using a human anti-A antibody
17

; however, the mu-

rine anti-A molecule was exclusively inhibited by syngeneic ovarian glycolipids, as illustrated 

in Fig. 2. These crude glycolipid preparations showed a developmental polymorphism, which 

was identified through reactions with lectin from Dolichos biflorus (DBA) and agglutinin from 

Helix pomatia (HPA)
5
 and indicates the involvement of mucin-type O-GalNAc-determined, 

serologically A-like Tn and T (Thomsen-Friedenreich) epitopes in developmental processes. Tn 

and T epitopes are present on both malignant and normal T cells
18

 and can activate natural killer 

(NK) cell populations
19,20 

but they are not expressed by mature B cells and are largely restricted 

to B cell lymphomas and lymphocytic leukemias. Moreover, these epitopes signify malignancy 

when they accumulate in non-developmental tissues of humans
21,22,23 

and other mammals.
24,25, 26

 

 

Cross-specificities between mammalian anti-A/anti-Tn/T-reactive IgM and invertebrate 

defense proteins reveal the evolutionary/developmental position of the Tn/T epitopes. 

 

The “bulky” GalNAc-molecule,
3
 possessing undefined biophysical properties, is assumed to be 

a preferred substrate and target of hexosamine epimerizations
27

 and to dominate the mammalian 

embryonic stem cell (ESC)-germ cell (GC) transformation. While the role of specific carbohy-
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drates in sperm-egg recognition remains a subject of discussion,
28,29,30

 the non-somatic process 

of GC maturation is initiated by transient O-GalNAc glycosylations,
31,32,33

 which especially oc-

cur on polypeptides
34

 that express trans-species functional hydrophilic Ser and Thr residues.
35

 

As the most complex and differentially regulated step in protein glycosylation, up to 20 distinct 

polypeptide O-GalNAc transferases catalyze the first addition of GalNAc to a protein.
36,37,38

 

These ancestral and early ontogenetic and genetically as yet undefined functions of A-like O-

GalNAc transferases, dominating the carbohydrate metabolism of all vertebrates, must be differ-

entiated from the species-intrinsic functions and, contrary to a previous report,
7
 especially from 

the blood group phenotype-determining A-allelic enzyme functions that are expressed only after 

formation of the zygote. The ancestral functions are characterized by extremely short half-lives, 

resulting in transient “immature” O-GalNAc modifications,
31

 which are either identical to or 

imply metabolic relationships with the mucin-type monosaccharide GalNAcα1-O-Ser/Thr or Tn 

antigen, whose accumulation in non-developmental tissues is a marker of malignancy and which 

is thus referred to as an “aberrant” glycosylated molecule. Historically, the Tn antigen or “T 

nouvelle” was named upon its discovery reported in 1957
39

 to emphasize its distinction from the 

functionally similar T (Thomsen-Friedenreich) antigen reported in 1930,
40

 which refers to the 

disaccharide Galβ1–3GalNAcα-1-O-Ser/Thr. Thus, the Tn antigen is structurally less developed 

than the T antigen; the Tn antigen predominates in carcinogenesis
41

 and is associated with a 

poorer prognosis compared with the more developed T antigen. The complex biochemistry of 

these A-like glycans, their impact on cell differentiation, and their roles in metabolic pathways 

related to different types and stages of cancer, as well as the development of vaccines, targeting 

A-like glycans, have been widely discussed and summarized in recent reviews.
42,43

 In healthy 

organisms, these cryptic A-like or aberrant structures may be specifically detected by natural 

anti-Tn and anti-T antibodies that are among the anti-glycan moieties present in plasma of ani-

mals including humans.
44

 In humans, the levels of anti-Tn and anti-T antibodies are highly de-

pendent on the ABO(H) blood group and are primarily expressed through their cross-reactivities 

with anti-A/B isoagglutinins.
45,46,47

 Blood group O(H) sera bind to both the Tn and T antigens, 

whereas blood group A individuals exhibit less natural anti-Tn reactivity.
48

 Moreover, natural 

anti-Tn antibodies contribute to the elevated anti-A reactivity of blood group O(H) individuals.
49

 

Results from recent clinical investigations of patients with pancreatic cancer performed by 

Hofmann et al.
50

 suggested that blood group A sera and the anti-B antibodies of blood group 

O(H) sera bind to B and T glycoconjugates but not to A or Tn glycoconjugates. By contrast, 

blood group B sera and the anti-A antibodies of blood group O(H) sera bind to A and Tn gly-

coconjugates and not to B or T glycoconjugates. The authors suggested that this selective cross-

reactivity of isoagglutinins is due to their phenotype-specific terminal moieties: indeed, the ter-

minal N-acetylgalactosamine is shared by A and Tn antigens, and the terminal α1,3-galactose is 
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shared by B and T antigens. Nevertheless, the presence of a potentially authentic anti-T antibody 

has previously been reported by Friedenreich and Munck.
40

 In addition, monoclonal anti-Tn 

antibodies have been documented; mice immunized with membrane preparations of human lung 

samples specifically reacted with the majority of human adenocarcinoma specimens, irrespec-

tive of the ABO status of the host, as well as with normal tissues and red cells of blood group A 

individuals.
51

 Furthermore, a monoclonal anti-IgG3 antibody directed to the Tn antigen and not 

cross-reactive with the A antigen, was generated after mice were immunized with a purified Tn 

antigen.
52

 A similar immunoglobulin was generated through somatic cell hybridization after 

mice were immunized with a tumor cell line carrying a Tn-specific mucin.
53

 

Thus, although the Tn- and T-bearing O-glycans may represent only metabolic accumula-

tion of short O-glycans, which develop in various types of cancer for innumerable reasons, 

these molecules clearly show authentic antigenic potential but are most likely synthesized by 

different O-GalNAc transferases. In mammalian non-developmental tissues, Tn- and T-bearing 

O-glycans are aberrantly produced, but their appearance is not restricted to higher organisms. 

The T antigen appears to be normally expressed on the surface of eggs and liver cells of Schis-

tosoma mansoni. Sera from patients infected with this worm produce antibodies against cancer-

ous tissue, whereas experimentally infected mice generate antibodies against Tn and T antigen 

epitopes.
54

 Furthermore, upon their accumulation in tissues of vertebrates, Tn antigen epitopes 

or aberrant A-like O-glycosidic structures are specifically recognized by the immune system of 

invertebrates via two pathways and may perform common metabolic roles. Moreover, the hex-

americ structure
55

 of the O-glycan-reactive agglutinin from Helix pomatia suggests evolution-

ary relation to the mammalian anti-A reactive IgM. The snail agglutinin is produced in the al-

bumen gland, connected to the oviduct, emerges from the egg-coat proteins of fertilized eggs, 

and it is complementary to autologous O-GalNAc glycans discovered also in this kind of 

snails
56

. HPA has been established as a tumor cell marker and a prognostic indicator for differ-

ent human tumor cell lineages,
57

 whereas agglutinin-free hemocyanin from Helix pomatia 

(HPH) exerts strong anti-proliferative effects in murine models of colon carcinoma.
58 

In
 
addi-

tion, the hemocyanin from Concholepas inhibits the growth of bladder tumors,
59

 and GalNAc 

determinants of hemocyanin from Megathura crenulata (keyhole limpet hemocyanin, KLH) 

show cross-reactivity with T cells
60 

and induce a potent Th1-dominant immune response.
61

 

KLH is used as an adjuvant in immunotherapies for several types of cancer.
62

 

 

Non-somatic, trans-species O-GalNAc glycosylations are distinct from somatic, species-

intrinsic GalNAc glycosylations. 

 

The above-described developmental, non-somatic and genetically as yet undefined A-like O-

GalNAc transferases are present in any developing vertebrate independent of the species and 
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phenotype. In fact, these transferases must be differentiated from the species-intrinsic enzymes 

and, contrary to my previous report,
7
 especially from blood group A-determining enzymes that 

are expressed only after formation of the zygote.
63

 In humans, the somatic A-allelic alpha-1-3-

N-acetylgalactosaminyltransferase T2 and B-allelic alpha-1,3-galactosyltransferase are encoded 

on chromosome 9; these transferases function in epistatic cooperation with the transferases 

FUT1 and FUT2 encoded on chromosome 19 to form the mature human ABO(H) histo-group 

epitopes on red cells, on mucoepithelial cells and in plasma. Furthermore, this epistatic coopera-

tion, governed by two chromosomes, ensures the specificities of the ABO(H) isoagglutinins 

through glycosidic exclusion of phenotype- or self-reactive antibody activities.
61

 

To date, based on the historical experiments of Springer et al.,
64,65,66

 the production of hu-

man histo-group ABO isoantibodies with cross-specificity for the Tn and T antigens was 

thought to be exclusively induced by environmental, predominantly intestinal, well-documented 

microbial antigens, particularly lipopolysaccharides from gram-negative bacteria.
63

 However, 

administration of chemical immunosuppressants, which are used to downregulate the immuno-

globulin synthesis by the recipient prior to major ABO-incompatible transplantations, does not 

completely eliminate the anti-A and anti-B reactivities of different immunoglobulin classes. 

This conclusion is based on the evidence that chemical immunosuppression
67 

does not clearly 

affect the formation of mercaptoethanol-sensitive anti-A/B antibodies or classic isoagglutinins 

that preferably induce hemagglutination at 22-24 degrees centigrade. Thus, these constituents 

must be removed via plasmapheresis or specific adsorption. In addition, early clinical studies 

comparing a limited number of patients with inflammatory bowel disease with healthy persons 

indicated that adaptive enteral immunization is a source of ABO isoantibody production that 

might largely be restricted to blood group O(H) individuals. These individuals produce “natural” 

anti-A isoagglutinin, anti-A/B cross-reactive immunoglobulins and an anti-B-specific 7S (IgG) 

antibody, which is not modified or upregulated  in blood group A individuals.
68

 These findings 

of spontaneous variation in and pronounced production of isoagglutinins among blood group O 

individuals sharply contrast with the results from a report by Springer and Horton,
64

 who de-

scribed pronounced production of anti-B molecules in blood group A individuals after oral im-

munization of blood group A and O volunteers with an extract from Escherichia coli O86:B7. 

Furthermore, whereas White Leghorn chickens fed a diet containing lipopolysaccharide from E. 

coli O86:B7 produced an anti-B antibody,
62

 immunization of C57BL/10 mice with the same 

antigen resulted in the formation of antibodies with strong anti-A/B cross-reactivity but did not 

affect the preexisting levels of “natural” anti-A antibodies, which were simply separated from 

adaptive antibodies with cross-reactivity via specific adsorption.
16

 Finally, this “natural” anti-A 

antibody did not appear in plasma of female C57BL/10 mice after early removal of the ovaries, 

where the growth-dependent complementary carbohydrate and/or the corresponding antigen 
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were localized
4,5,15

; see Fig. 1 and Fig. 2. As a result of a detailed literature recherche, neither N- 

nor O-linked N-acetyl-D-galactosamine (D-GalNAc)-determined, native blood group A-like 

specificities have yet been demonstrated in prokaryotic microorganisms. In particular, the mu-

cin-type O-GalNAc glycosylation does not occur in bacteria
37

. These findings strongly implicate 

a non-immune or germline-encoded origin for both the murine anti-A antibody and the human 

classic anti-A isoagglutinin exhibiting specific cross-reactivity for the Tn antigen. These anti-

body molecules are formed in conjunction with the first protein glycosylations and are released 

from transient or “immature” GalNAcα1-O-Ser/Thr residues after depletion of transferase ac-

tivity.
61 

The serine residues and the characteristic lack of O-glycans on the secretory IgM mole-

cule strongly argue for a broken linkage to a volatilely expressed, developmental O-GalNAc 

glycan and for the proposed mechanism of ontogenetic IgM modulation and release.
 

     The genomes of human and mouse are described to lay the foundation of genome zoolo-

gy,
1
 and although the mouse might be an unsuitable model of the discordance in the ABO(H) 

phenotype observed in primates,
2,3

 the favorable experimental conditions resulting from the 

anatomy and physiology of the C57BL/10J inbred mouse strain contributed to the identifica-

tion of the germline-encoded origin of an antibody. This antibody develops independent of the 

species and phenotype and is directed against a common trans-species and a human ontoge-

netic and/or developmental antigen. As a consequence of early ovariectomy, non-somatic 

transferase activities during GC maturation might be responsible for synthesizing A-like 

trans-species functional GalNAc-modified glycans that have been identified on hydrophilic 

ovarian glycolipids and that are transiently expressed by ESCs and/or pluripotent stem cells 

(SCs). The early observations in mice together with the recent advances in SC physiology 

have led to the hypothesis that the developmental “A-like” O-GalNAc-determined oligosac-

charides and polypeptide precursors of the “natural” anti-A “antibody” are conjunctively syn-

thesized and combine υ-gene activation and O-GalNAc-glycosylation of the immunoglobulin 

heavy chain at its complementary regions.
61

 After completion of GC maturation, these transi-

ent “immature” transferase activities are clearly rapidly depleted, resulting in loss of the gly-

can bonds between cell surfaces and complementary proteins. Consequently, the ancestral 

anti-A-reactive IgM, which has developed as a cell adhesion molecule (CAM), is released 

into the circulation, as shown in Fig. 1. In mice aged 80 days or older subjected to ovariecto-

my, anti-A reactivity did not disappear from plasma (data not shown). Thus, performing ovar-

iectomy prior to the onset of puberty might reveal a developmental pluripotency, which most 

likely occurs in cell reprogramming and/or self-renewal events in mature non-reproductive 

tissues.  

       Early studies have reported the effect of immunoglobulin glycosylation on the enhance-

ment and/or inhibition of tumor growth,
69

 and antibody-dependent cellular cytotoxicity can be 
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increased 50-fold simply by removing the single fucose residue from the Fc glycan.
70

 Togeth-

er, these results show that the avidity of antibodies appears to be inversely proportional to the 

degree of glycosylation.
61

 A high level of antibody glycosylation might protect from autoim-

munity; however, abundant antibody glycosylation also clearly favors tumor growth. Blood 

group A individuals are known to have an increased risk of developing gastric and pancreatic 

cancer. A recent report showed a similar risk for lung cancer among blood group A individu-

als,
71

 and recent studies indicate that the overall risk of developing cancer might be increased 

in individuals with any non-O blood group.
72,73

 Thus, aberrant O-GalNAc glycosylations, 

which are recognizable by the immune system of invertebrates and which potentially reflect 

common ancestral, evolutionary and/or developmental positions, most likely temporarily ac-

cumulate at undetectable levels during normal human growth. Depending on the degree and 

quality of the phenotype-determined glycosylation of immunoglobulins,
61

 these aberrant O-

GalNAc glycosylations are revealed by the release of cross-reactive isoagglutinins, Fig 3. 

Statistically significant data on the difference between the anti-A levels of the blood groups O 

and B are not available. Nevertheless, in the blood group O, in which transient aberrant O-

GalNAc expressions are not followed by blood A/B phenotype formations and thus A/B-

specific glycosylations of plasma proteins do not occur, the anti-A and B isoagglutinins are 

released after a hypothetical deglycosylation
61

 from these transient expressions, and the anti-

Tn-cross-reactivity should be pronounced because of the dominance of anti-A. Consequently, 

in the blood group O, an A-allelic, phenotype-specific GalNAc glycosylation does not affect 

the levels of the anti-Tn antibody, which may function as a growth regulator that depending 

on its levels, initiates the complex process
61

 of growth inhibition through enzyme-substrate 

competition with subsequent trans-species O-GalNAc-glycosylations inducing a secondary 

immune response. 

 

Evolutionary and developmental relationships between primordial germ cells and lym-

phomyeloid cell lineages. 

 

The reproductive and immune systems have long been thought to share a common evolutionary 

origin. In the evolution and development of amniotes, these systems arise in topographic-

anatomical connection and have their common extraembryonic origin in the yolk sac. In lower 

vertebrates, immunoglobulin secretion occurs in neonates and in adults along the genital ridge
74

, 

and it also was detected in skates and sharks, which are some of the oldest non-mammalian ver-

tebrates. The development of the lymphomyeloid system and the ovarian and testicular tissues is 

associated with the generation of the epigonal organs
75, 76

. In birds, the shutdown of somatic B 

cell functions requires the early removal of the avian bursa of Fabricius anlage
77

, which devel-

ops near the cranial part of the genital ridge and is not anatomically formed in mammals. The 
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mammalian ovary develops from the caudal end of the genital ridge and represents the last evo-

lutionary and developmental location. Unknown numbers and functions of lymphomyloid cell 

populations and/or progenitors of the IgM-secreting B cells that occur in the peritoneal cavity of 

the mammalian female are likely to pass through the ovary and emerge  through the fimbriae at 

the posterior tubal infundibulum. Thus, the genetic relationships between B-lymphocytes and 

GCs have been debated for decades. The adult mammalian ovary seems to be devoid of defini-

tive germline stem cells and the specific “ovarian reserve” is limited
78

. Nevertheless, the ovary 

is considered to be its own type of organism that may generate the complete offspring genome, 

not only in phylogenetically lower species but even in humans, in which parthenogenetic poten-

tial remains
79, 80

. Moreover, the cellular traffic in oogenesis involves innumerable intercellular 

connections and is dominated by those between SC populations and oocytes. These cells have 

the potential to transform into each other
81, 82

 or to differentiate into any somatic tissue-intrinsic 

cell
83

. In males, an IL-4-inducible gene is expressed by differentiating lymphocytes and on 

spermatozoa
84

, whereas classical V-(D) rearrangements have recently been identified in the 

mouse epididymis
85

. The B lymphocyte-induced maturation protein-1 (Blimp-1) is expressed in 

migrating PGCs
86

, and membrane receptors that are complementary to each other induce cell 

divisions when they interact
87

. In addition, the lymphocyte antigen 75 (Ly75/CD205)
88

, 

which is expressed on mitotic germ cells in rainbow trout and Atlantic salmon
89

, contributes to 

speculations about the involvement of germ cell maturation, for example, in the production of 

the anti-A hemagglutinin in Salmo trutta
90

. Nevertheless, due to different and complex migrato-

ry pathways, the developmental relationships involving PGCs, ESCs and LMCs are not yet 

completely understood. The production of the IgM molecule, per se, is not restricted to B cells; 

immunoglobulins are also present in chicken eggs
91

, and an IgM-like glycoprotein was isolated 

from the oocytes of salmon
92

. Furthermore, the sporadic production of functional IgM has been 

demonstrated in normal and malignant human epithelial cells
93

.  Finally, according to Jerne, 

“Germ cells of an animal carry a set of v-genes determining the combining sites of antibodies 

directed against a complete set of a certain class of histocompatibility antigens of the species to 

which this animal belongs,”
94

. There is also speculation that the genetic information that gov-

erns the IgM polymerization process is primarily divided between germ cell precursors and 

LMCs. 

 

Conclusions. 

The murine and human innate anti-A reactive IgM molecule suggests an evolutionary rela-

tionship to the hexameric structure
55

 of the O-glycan-reactive hemagglutinin from Helix 

pomatia (HPA). This ancestral hemagglutinin emerges from the egg-coat proteins of fertilized 

eggs and is complementary to autologous O-GalNAc glycans, discovered also in Helix 
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pomatia
56

, and whose expression in snails appears to be normal and does not signify malig-

nancy. In this kind of lower eukaryotes and snails, the fundamental evolutionary missions of 

reproduction and defense occur topographically and molecularly connected to the function of 

the albumen gland,
95,96

 which provides the multifunctional egg-coat proteins accomplishing 

the egg protection against fungal or bacterial attacks. Intriguingly, this developmental connec-

tion of reproduction and a primitive immunological defense appears to be mimicked by the 

C57BL/10 female mouse, see Fig. 1-2. In the human, these functions are topographically and 

molecularly strongly divided. Moreover, the complementarity of the non-immune IgM occurs 

during the course of ABO(H) phenotype formation and undergoes the phenotype-specific en-

zymatic modulation,
63

 independent of clonal selection. In fact, this phenotype-specific glyco-

sylation clearly affects the polyreactivity of the IgM molecule and likely increases the risk of 

developing aberrant glycopeptides and cancerous tissue, which might be the price for species 

and phenotype diversity. Intriguingly, most ovarian and testicular tumors in humans appear to 

be B cell lymphomas
97, 98

 or develop as germ cell tumors together with non-Hodgkin lym-

phoma cells
99

, and a primary ovarian tumor has been detected in a single lymph node
100

. 

Moreover, the microenvironment of germ cell tumors harbors a prominent antigen-driven 

humoral response
101

. Thus, it was speculated that the evolutionary and/or developmental mys-

tery of the relationship between germ cells and B lymphocytes might be able to be explained 

sometime through the molecular biology of B cell tumors. Although the formation of the mu-

rine and human innate anti-A antibodies is most likely not restricted to mature B cells, such 

an explanation may also reside in the topographically and molecularly connected synthesis of 

the trans-species, serologically A-like GalNAc epitope and its complementary, ancestral pro-

tein or IgM molecule arising in differentiating mammalian ovarian tissue. As outlined above, 

the mammalian ovary represents a last evolutionary and/or developmental location and exhib-

its developmental polymorphism on the basis of  DBA and HPA reactivity
5
, suggesting the 

production of mucin-type O-GalNAc-determined, serologically A-like, Tn and T epitopes that 

signify malignancy when accumulated and expressed in non-developmental tissue. It is wide-

ly accepted that cancer is not an independent disease but predominantly results from the de-

feat of the defense systems. Aberrant glycosylations most likely arise developmentally in 

transient, undetectable levels during normal human growth and cell renewal processes. How-

ever, depending on the degree and quality of the glycosylation of plasma proteins
21

, particu-

larly immunoglobulins
61

, aberrant glycosylations can be revealed through the release of cross-

reactive isoagglutinins. Statistically reliable data on the difference between the anti-A levels 

of the blood groups O and B are not available. Nevertheless, in the blood group O, transient 

aberrant O-GalNAc expressions are not followed by blood group A/B phenotype formations; 

thus, A/ B-specific glycosylations of plasma proteins do not occur. Consequently, the anti-A 
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and B isoagglutinins are released after deglycosylation
61

 from these transient expressions, and 

the anti- Tn-cross-reactivity should be pronounced because of the dominance of anti-A. In 

fact, in the blood group O, an A-allelic, phenotype-specific GalNAc glycosylation does not 

affect the levels of the cross-reactive anti-Tn antibody, which may function as a growth regu-

lator that depending on its levels, initiates a complex process
61

 of growth inhibition through 

enzyme-substrate competition with subsequent trans-species O-GalNAc-glycosylations and 

the induction of a secondary immune response. These fundamental blood group physiological 

and immunological differences in the formation and reactivities of O-glycans and their com-

plex interactions with complementary anti-glycans might imply differences in the overall risk 

of developing cancer between the carriers of the phenotype O and non-O phenotypes and ex-

plain the potential survival advantage
70,71

 of the phenotype O. 

 

Abbreviations. Ig = immunoglobulin; IgM = immunoglobulin M; GC = germ cells; SC = stem 

cells; ESC = embryonic stem cells; PGC = primordial germ cells; LMC = lymphomyloid cell 

lineages; DBA = Dilochos biflorus lectin; HPA = Helix pomatia agglutinin; NK = natural 

killer cells. 
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a) Growth-related appearance of auto-reactive, non-somatic GalNAc glycan-bearing  

    hydrophilic glycolipids in the differentiating ovarian tissue with peak levels  

    occurring at puberty: 

 b) Subsequently arising, complementary, innate anti-A-like IgM reactivity: 

                 serum of untreated (non-operated) animals;           

                 sham-operated;            

                 ovariectomized.        

    Figure reconstructed from
5
 Arend, P. and Nijssen, J., 1977 Nature, 269, 255–257, cited in

61
  

    Immunobiology 221 (2016) 116–127, http://dx.doi.org/10.1016/j.imbio.2015.07.003  

    PMID:26433867 
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                                                                  Fig. 2                                               

 

Distribution of auto-reactive/non-somatic and xeno-reactive/somatic GalNAc glycan-bearing, 

hydrophilic glycolipids in C57BL/10 murine ovarian and non-reproductive tissues. While all the 

murine tissues express the species-typical Forssman reactivity and other xeno-reactive A-like 

structures are, by innate human anti-A, identified in male and female reproductive and endoder-

mal organs, the murine anti-A is exclusively inhibited by syngeneic ovarian glycolipids. The 

photo was taken during the hemolysis-inhibition experiments as described in
17

 Arend, P. 1980, 

Immunobiology 156, 410–417; cited in
61

 Arend, 2014, Immunobiology 219; 285–29; 

doi:10.1016/j.imbio.2013.10.01. PMID:26433867 
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Figure 3. 

The multiple trans-species “A-like” O-GalNAc-Ser/Thr glycosylations and
 
 human pheno-

type-specific A-allelic glycosylations occur in parallel. The volatilely expressed “A-like” O-

GalNAc glycans are structurally related to the mucin-type monosaccharide GalNAcα1-O-

Ser/Thr, also referred to as the Tn antigen and are characterized by extremely short half-

lives. The transferase depletions cause the release of the polyreactive, O-glycan-depleted 

IgM which emerges from a cell surface molecule and reveals the structure of the volatilely 

expressed, “lost” O-glycans through germline-specific serine/threonine residues reflecting 

A- and Tn specificities. The construction of the human ABO phenotypes is accomplished 

through the membrane-bound, human-specific A-allelic alpha-1-3-N-acetylgalactosaminyl 

transferase T2 and B-allelic alpha-1,3-galactosyl-transferase, encoded on chromosome 9, in 

epistatic cooperation with the transferases FUT1 and FUT2, encoded on chromosome 19. 

These membrane-located N-linked glycosylations are associated with soluble enzyme ver-

sions, exerting identical specificities through O-linked glycosylations of mucoepithelial 

cells and plasma proteins, involving the serine/threonine residues on the variable region of 

secretory immunoglobulins, and thus reduce or exclude the formation of phenotype- or self-

reactive anti-H and A/B reactivities, as well as anti-Tn cross-reactivities, by glycosidic ex-

clusion. 

 

 

 

 

 


