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Abstract: Prokaryotic "blood group A/B-like" antigenic structures basically induce cross-reactive 

anti-A/B immunoglobulins, which due to clonal selection neither arise in blood group A nor in B 

individuals but occur predominantly or exclusively in blood group O. While bacterial endotoxins 

non-specifically stimulate the formation of all immunoglobulins, involving the anti-A/B isoag-

glutinins, a definite, adaptive immunological induction of these agglutinins appears to be re-

stricted to blood group O(H) individuals. In the non-O blood groups, anti-A/B reactivity is exert-

ed by a primarily blood group-independent, polyreactive and thymus-independent non-immune 

IgM molecule that has undergone the phenotype-specific, glycosidic accommodation of plasma 

proteins, which reduces or excludes anti-self reactivity, however, necessarily involves impair-

ment of immunity. While blood group A phenotype development thus is associated with im-

paired formation of adaptive and innate immunoglobulins, it promotes susceptibility to malaria 

infection via its intrinsic enzyme functions, initiating a self-destructive glycosidic, phenotypic 

accommodation of a "wrong eukaryote". Indeed, blood group A phenotype-specific GalNAc 

transferase activities, expressed by both cell surfaces and plasma proteins, and serine/threonine 

kinases from Plasmodium falciparum, which over the parasite's life cycle get into the red blood 

cell (RBC) of the human host, might provide the metabolic condition for adhesion protein and 

RBC rosette formation, assumingly based on heterologous O-glycosylation, breaking a species 

barrier and completing the "serine repeat antigen". Thus, the obvious protection of human blood 

group O(H) individuals from severe malaria infection may be explained by the lack of blood 

group A phenotype-specific GalNAc glycosylation(s), and suggests a new molecular definition 

of the immunological (therapeutic) target. In fact, the human histo (blood) group O finally repre-

sents the worldwide most common blood type, associated with a superior complex immunity, 

which in the non-O blood groups is reduced through phenotypic, identical glycosylation of cell 

surfaces and plasma proteins. 
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     When adaptive production of anti-blood group B-reactive immunoglobulins, as occurring in 

White Leghorn chickens fed a diet containing E.coli O86:B7 lipopolysaccharide (1), was 

demonstrated for the first time to occur spontaneously in human (2), this way of isoagglutinin 

production could be documented exclusively for the histo (blood) group O(H). Bacterial endo-

toxins non-specifically stimulate the formation of all immunoglobulins, but prokaryotic "blood 

group A/B-like" antigenic structures apparently induce cross-reactive anti-A/B immunoglobu-

lins (3; 4; 5), which due to clonal selection neither arise in blood group A nor in B individuals 

and occur predominantly or exclusively in blood group O. Consequently, in patients, suffering 

from ulcerative colitis causing increased enteral absorption, the minimally, likely non-

specifically elevated anti-B-reactive 7S (IgG) and 19S (IgM) levels in blood group A plasma 

remained within normal range, whereas a statistically significant increase of anti-B-reactive IgG 

and IgM immunoglobulins involving less pronounced asymmetrically cross-reactive, anti-A-

specific IgG, was measured exclusively in blood group O(H) plasma, while the IgG/IgM quo-

tients showed a predominance of the IgG class (Fig.1). These early observations are in accord-

ance with later investigations performed by current experimental tools; Stussi et al. detected an-

ti-A/B cross-reactive IgG in 89% of blood group O and anti-B-reactive IgG in 4% of blood 

group A sera investigated (6), and vaccination by pneumococcal polysaccharides exclusively 

elicitated anti-A/B cross-reactive IgG but did not affect the pre-existing anti-A/B-reactive IgM 

levels (7). 

     While according to the danger theory (8) there is no adaptive immunity without innate im-

munity, the major part of human immunity is hardly acquired during a human's lifetime but con-

sidered to arise predominantly from the evolutionary memory and mechanisms of survival. 

Thus, an inborn origin has been postulated to explain isoagglutinin production in non-O blood 

groups (9; 10). Aside from adaptive, cross-reactive anti-AB production, mainly restricted to 

blood group O individuals, the majority of anti-A/B immunoglobulins, in particular the classic 

complement-binding anti-A and anti-B-reactive isoagglutinins are, measured between 22 and 

24
0
C, independent of any blood group and exerted by a primarily polyreactive, non-immune, 

germline-encoded IgM molecule, which in the non-O blood groups undergoes the phenotype-

specific, glycosidic accommodations of plasma proteins (10; 11). In proteomics analysis of O-

GalNAc glycosylation in human serum, 407 intact O-GalNAc glycopeptides from 93 glycopro-

teins have been identified (12). In blood group A individuals, these O-glycosylations are, aside 

from N-glycosylations, most likely dominated by phenotype-specific GalNAc enzymatic trans-

fer via O-linkages to functional serine/threonine or tyrosine residues, provided by the Fc region 
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of the ancestral IgM molecule (13), on which the terminal serine appears to be the crucial struc-

ture (14), whereas a thus achieved reduction or exclusion of IgM anti-self reactivity necessarily 

impairs the adaptive and innate defense processes (11). This principle of phenotypic glycosidic 

accommodation might find its expression in α2-macroglobulin, which is considered an evolu-

tionarily conserved arm of the innate immune system (15) and functionally connected to the 

structurally related IgM molecule (16), and exerts ABO(H) reactivity in strict correlation with 

the cell surfaces (17; 18).  

      This principle may, when the species barrier is overcome by interspecies glycosylations (19) 

and ABO glycotransferases accomplish the cross-species transmission of O-glycans in infec-

tious diseases (20), provide an explanation of the pronounced susceptibility of blood group A 

individuals to malaria infection. Human blood group A-phenotype-specific GalNAc transferase 

activities, expressed by both cell surfaces and plasma proteins, and serine/threonine kinases 

from Plasmodium falciparum might provide the metabolic condition for adhesion protein and 

RBC rosette formation. This is assumingly based on heterologous glycosylation that has, with-

out the ABO/H) phenotype to be primarily considered, long been discussed as the major carbo-

hydrate modification in the intraerythrocytic stage of Plasmodium falciparum (21; 22). Moreo-

ver, the metazoan/eukaryotic, evolutionary first glycosylation of proteins, provided by GalNAc 

via O-linkages on peptides displaying serine/threonine motifs, characterizes mammalian embry-

onic stem cell fidelity, while initiating germ cell maturation; when breaking the species barrier, 

this glycosylation may also promote the asexual reproduction of Plasmodium merozoites, in-

volving immature gamete formation, and explain even the attachment of infected to uninfected 

RBCs. Indeed, when Plasmodium falciparum produces rosette formation predominantly from 

human blood group A RBCs (23), and does not complete such formation by blood group O(H) 

RBBs, this most likely occurs on the basis of heterologous "A-specific" GalNAc glycosylation, 

breaking a species barrier. Serine/threonine and tyrosine kinases (24; 25) are exported by Plas-

modium falciparum, and during the asexual intraerythrocytic stage (22; 23), the red cell mem-

brane exerts serine transferase activity, discussed as an anti-malaria drug target (26; 27). Thus, 

when the "serine repeat antigen", detected decades ago (28), is meanwhile accepted as a putative 

antigen precursor, heterologous O-GalNAc-glycosylation might explain the preferred binding of 

special Plasmodium strains (providing trans-species compatible serine positions) to blood group 

A red cells, whereas the pronounced susceptibility of blood group A individuals to malaria in-

fection (29) might suggest the formation of anti-Tn-reactive structures (11) and a new molecular 

definition of the immunological (therapeutic) target. Intriguingly, this mechanism also suggests 
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an explanation for the growth inhibition, which is exerted by some Plasmodium strains on can-

cerous tissue; worldwide malaria incidence and cancer mortality are inversely associated (30), 

and should molecularly be explainable by enzyme-substrate competition in cancerous Tn for-

mations, exposed to serine (kinase) surplus of the "pathogen". 

     From all this it follows, why blood group O(H) individuals, who cannot complete this self-

destructive, likely transient hybrid connection, beyond that, maintain the natural (anti-A/Tn-

cross-reactive?) antibody against it (11).  

     While different therapeutic concepts have been suggested (31), and malaria infection is dis-

cussed to contribute to the variable global distribution of ABO blood groups in the human popu-

lation, the geographical distribution of gene frequencies highly depends on racial and ethnic di-

versity, and no statistics between ABO(H) blood groups gives true pictures. Although the spe-

cies-independent ABO gene polymorphism has been intensively analyzed in primates (32; 33), 

an understanding of the ramifications of this polymorphism has been elusive (discussed by Ar-

end (10; 34). In particular, analyses of the AO exon and intron in individuals with an “A- weak 

B” phenotype have revealed a novel O1v-A2 hybrid allele that results in missense mutations in 

the A-transferases and/or transferees, whereas unusual O alleles, including O2 at the ABO locus 

might be implicated in unexpected blood group phenotypes (35). Thus, specifically the blood 

group O(H), the worldwide most common blood type, is no longer considered a genetic entity 

(35; 36; 37); it is always contaminated with weak A alleles, which may exert weak A-

determining enzyme activities that promote severe malaria infections but let the patient's blood 

group serologically look like O(H), making true statistics impossible. Consequently, the reports 

on the susceptibility of blood group O(H) individuals to most viral and bacterial infections are 

controversial, whereas there is a strong and established link between special types of cholera 

infections and the human blood group O(H) phenotype (38; 39). 

     However, infections by prokaryotes must be differentiated from the invasion of pathogenic 

protozoan eukaryotes, while the central immunological position of the human histo (blood) 

group O(H) remains evident in its molecularly and evolutionarily explainable, reduced suscepti-

bility to severe malaria disease (23), together with the comprehensive presentation of both non-

immune IgM and adaptive IgM/IgG antibodies against all non-O(H) blood groups, involving 

their cross-specific developmental and/or "aberrant" structures (40) (Fig. 2), as there are the ear-

ly metazoan eukaryotic O-glycans, T (Thomsen-Friedenreich) (41) and Tn, "T nouvelle" antigen 

(42). These ancestral glycans arise from O-glycosylations, which are with similar peptide back-

bones already used by lower metazoans, such as mollusks and the fruit fly Drosophila melano-
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gaster (43;44) moreover, in the snail Helix pomatia are associated with the release of a hex-

americally (45) structured Tn-complementary, hemagglutinating defense protein. It is this hex-

americ structure, which gives rise to speculation regarding an evolutionary relationship to the 

mammalian non-immune anti-A-reactive IgM molecule, while its germline appears, like that of 

the polyreactive ancestral IgM of the human blood group O, not to be burdened with phenotypic 

accommodations. In fact, although the distributions of ABO blood groups due to uncountable reasons 

are varying strongly between countries and geographical areas1, the human histo (blood) group O 

clearly represents the worldwide most common blood type, associated with a superior complex 

immunity, which in the non-O blood groups is reduced through phenotypic, identical glycosyla-

tion of cell surfaces and plasma proteins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1
 Wikipedia: Blood type distribution by country. 

https://en.wikipedia.org/wiki/Blood_type_distribution_by_country 

https://en.wikipedia.org/wiki/Blood_type_distribution_by_country


6 
 
References. 

1.  Springer, G. Horton, H. & Forbes M. [Origin of anti-human blood group B agglutinins in 

white Leghorn chicks]. J Exp Med. 1959;110(2):221–44.  

2.  Arend P, Fehlhaber G. Varying influence of increased enteral antigen absorption on the 

behavior of “natural” antibodies in O and A blood group subjects. Comparative blood 

group serological studies on patients with ulcerative colitis and healthy persons [Article in 

German]. J Mol Med (Klinische Wochenschrift) [Internet]. 1969 May;47(10):535–41. 

Available from: http://link.springer.com/10.1007/BF01715818 

3.  Gonano, F., Modiano, G., and de Andreis M. Relationships between the Somatic Antigens 

of E. coli O86 B:7 and Blood Group A and B Substances. Vox Sang. 1961;6(6):683–91.  

4.  Arend P. Observations on different origins of “naturally-occurring” antibodies. Eur J 

Immunol. 1971;1(5):398–402.  

5.  Obukhova P, Korchagina E, Henry S BN. Natural anti-A and anti-B of the ABO system: 

allo- and autoantibodies have different epitope specificity. Transfusion. 2012;52(4):860–9.  

6.  Stussi G, Huggel K, Lutz HU, Schanz U, Rieben R, Seebach JD. Isotype-specific detection 

of ABO blood group antibodies using a novel flow cytometric method. Br J Haematol. 

2005;130(6):954–63.  

7.  Wolfram W, Sauerwein KM, Binder CJ, Eibl-Musil N, Wolf HM FM. Pneumococcal 

Polysaccharide Vaccination Elicits IgG Anti-A/B Blood Group Antibodies in Healthy 

Individuals and Patients with Type I Diabetes Mellitus. Front Immunol. 2016;14(7):493.  

8.  Matzinger P. Tolerance, Danger, and the Extended Family. Annu Rev Immunol [Internet]. 

1994;12(1):991–1045. Available from: 

http://www.annualreviews.org/doi/10.1146/annurev.iy.12.040194.005015 

9.  Arend P, & Nissen J. A-specific autoantigenic ovarian glycolipids inducing production of 

“natural” anti-A antibody. Nature [Internet]. 1977 Sep 15;269(5625):255–7. Available 

from: http://www.nature.com/doifinder/10.1038/269255a0 

10.  Arend P. ABO (histo) blood group phenotype development and human reproduction as 

they relate to ancestral IgM formation: A hypothesis. Immunobiology [Internet]. 

2016;221(1):116–27. Available from: www.ncbi.nlm.nih.gov/pubmed/26433867 

11.  Arend P. Early ovariectomy reveals the germline encoding of natural anti-A- and Tn-cross-



7 
 

reactive immunoglobulin M (IgM) arising from developmental O-GalNAc glycosylations. 

(Germline-encoded natural anti-A/Tn cross-reactive IgM) Cancer medicine 2017 in press, 

doi: 10.1002/cam4.1079 

12.  Qin H, Cheng K, Zhu J, Mao J, Wang F, Dong M, et al. Proteomics Analysis of O-GalNAc 

Glycosylation in Human Serum by an Integrated Strategy. Anal Chem [Internet]. 

2017;89(3):1469–76. Available from: 

http://pubs.acs.org/doi/abs/10.1021/acs.analchem.6b02887 

13.  Wang H, Coligan JE, Morse HC. Emerging functions of natural IgM and its Fc receptor 

FCMR in immune homeostasis. Frontiers in Immunology. 2016.  

14.  Willis JR, Briney BS, DeLuca SL, Crowe JE, Meiler J. Human Germline Antibody Gene 

Segments Encode Polyspecific Antibodies. PLoS Comput Biol. 2013;9(4).  

15.  Armstrong PB, Quigley JP. Alpha2-macroglobulin: an evolutionarily conserved arm of the 

innate immune system. Dev Comp Immunol. 1999;23(4–5):375–90.  

16.  Stevenson, L., Laursen, E., Cowan, G.J., Bandoh, B., Barfod, L., Cavanagh, D.R., 

Andersen, G.R., Hviid L. α2-Macroglobulin Can Crosslink Multiple Plasmodium 

falciparum Erythrocyte Membrane Protein 1 (PfEMP1) Molecules and May Facilitate 

Adhesion of Parasitized Erythrocytes. PLOS Pathog [Internet]. 2015;11(7):e1005022. 

Available from: http://dx.plos.org/10.1371/journal.ppat.1005022 

17.  Matsui, T., Fujimura, Y., S. Nishida & KT. Human plasma alpha 2-macroglobulin and von 

Willebrand factor possess covalently linked ABO(H) blood group antigens in subjects with 

corresponding ABO phenotype. Blood. 1993;82(2):663–8.  

18.  Matsui T, Hamako J, Ozeki Y, Titani K. Comparative study of blood group-recognizing 

lectins toward ABO blood group antigens on neoglycoproteins, glycoproteins and 

complex-type oligosaccharides. Biochim Biophys Acta - Gen Subj. 2001;1525(1–2):50–7.  

19.  Varki A, Lowe JB. Chapter 6. Biological Roles of Glycans, Essentials of Glycobiology, 

2nd Edition [Internet]. Essentials of Glycobiology. 2009. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20301233 

20.  Jiang X1, Liu Y1 TM. Histo-blood group antigens as receptors for rotavirus, new 

understanding on rotavirus epidemiology and vaccine strategy. Emerg Microbes Infect. 

2017;6(4):e22.  



8 
 
21.  Gowda D., Davidson E. Protein Glycosylation in the Malaria Parasite. Parasitol Today 

[Internet]. 1999;15(4):147–52. Available from: 

http://www.sciencedirect.com/science/article/pii/S016947589901412X 

22.  Dieckmann ??? Schuppert A, Bender S, Odenthal ??? Schnittler M, Bause E SR et al. 

Apparent lack of N???glycosylation in the asexual intraerythrocytic stage of Plasmodium 

falciparum. Eur J Biochem. 1992;205(2):815–25.  

23.  Rowe JA, Handel IG, Thera MA, Deans A-M, Lyke KE, Kone A, et al. Blood group O 

protects against severe Plasmodium falciparum malaria through the mechanism of reduced 

rosetting. Proc Natl Acad Sci [Internet]. 2007;104(44):17471–6. Available from: 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2077280&tool=pmcentrez&re

ndertype=abstract%5Cnhttp://www.pnas.org/cgi/doi/10.1073/pnas.0705390104 

24.  Kun JFJJ, Hibbs AR, Saul A, McColl DJ, Coppel RL, Anders RF. A putative Plasmodium 

falciparum exported serine/threonine protein kinase. Mol Biochem Parasitol. 

1997;85(1):41–51.  

25.  Pantaleo A, Ferru E, Carta F, Mannu F, Giribaldi G, Vono R, Lepedda AJ, Pippia P TF. 

Analysis of changes in tyrosine and serine phosphorylation of red cell membrane proteins 

induced by P. falciparum growth. Proteomics. 2010;10(19):3469–79.  

26.  Kraatz HB, Martic S. Kinomics: Approaches and Applications. Kraatz HB MS, editor. 

Wiley-VCH 978-3-527-33765-1; 2015. 368 p.  

27.  Maenpuen S, Sopitthummakhun K, Yuthavong Y, Chaiyen P, Leartsakulpanich U. 

Characterization of Plasmodium falciparum serine hydroxymethyltransferase-A potential 

antimalarial target. Mol Biochem Parasitol. 2009;168(1):63–73.  

28.  Bzik, D.J., Li, W.B., Horii, T. and Inselburg J. Amino acid sequence of the serine-repeat 

antigen (SERA) of Plasmodium falciparum determined from cloned cDNA. Mol Biochem 

Parasitol. 1988;30(3):279–88.  

29.  Gupta M, Chowdhuri ANR. Relationship between ABO blood groups and malaria. Bull 

World Health Organ. 1980;58(6):913–5.  

30.  Qin L, Chen C, Chen L, Xue R, Ou-Yang M, Zhou C, et al. Worldwide malaria incidence 

and cancer mortality are inversely associated. Infect Agent Cancer. 2017;12(1).  

31.  Goel S, Palmkvist M, Moll K, Joannin N, Lara P, R Akhouri R, et al. RIFINs are adhesins 



9 
 

implicated in severe Plasmodium falciparum malaria. Nat Med. 2015;21(4):314–7.  

32.  Saitou N, Yamamoto F. Evolution of primate ABO blood group genes and their 

homologous genes. Mol Biol Evol. 1997;14(4):399–411.  

33.  Hakomori S. Antigen structure and genetic basis of histo-blood groups A, B and O: their 

changes associated with human cancer. Biochim Biophys Acta. 1999;1473(1):247–66.  

34.  Arend P. An auto-reactive A-like ovarian determinant distinct from xeno-reactive A-like 

structures. Immunobiology [Internet]. 1980;156(4–5):410–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/6154644 

35.  Yazer, M.H., Hosseini-Maaf, B. & Olsson ML. Blood grouping discrepancies between 

ABO genotype and phenotype caused by O alleles. Curr Opin Hematol. 2008;15:618–24.  

36.  O’Keefe DS, Dobrovic A. A rapid and reliable PCR method for genotyping the ABO 

blood group. II: A2 and O2 alleles. Hum Mutat [Internet]. 1996;8(4):358–61. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/8956041 

37.  Seltsam, A., Hallensleben, M., Kollmann, A. & Blasczyk R. Nondeletional ABO*O alleles 

express weak blood group A phenotypes. Transfusion. 2005;45(3):359–65.  

38.  Glass RI, Holmgren J, Haley CE, Khan MR, Svennerholm  a M, Stoll BJ, et al. 

Predisposition for cholera of individuals with O blood group. Possible evolutionary 

significance. Am J Epidemiol. 1985;121(6):791–6.  

39.  Harris JB, LaRocque RC. Cholera and ABO Blood Group: Understanding an Ancient 

Association. Am J Trop Med Hyg [Internet]. 2016 Aug 3;95(2):263–4. Available from: 

http://www.ajtmh.org/content/journals/10.4269/ajtmh.16-0440 

40.  Hofmann BT, Stehr A, Dohrmann T, Güngör C, Herich L, Hiller J, et al. ABO Blood 

Group IgM isoagglutinins interact with tumor-associated O-glycan structures in pancreatic 

cancer. Clin Cancer Res. 2014;20(23):6117–26.  

41.  Friedenreich, V. & Munck J. Intravital Effects of „Transformed” Blood Corpuscels in 

Guinea-Pigs. Acta Pathol Microbiol Scand. 1930;7(1–2):134–45.  

42.  Moreau R, Dausset J, Bernard J MJ. Acquired hemolytic anemia with polyagglutinability 

of erythrocytes by a new factor present in normal blood (Article in French). Bull Mem Soc 

Med Hop Paris. 1957;73(20–21):569–87.  

43.  Staudacher E. Mucin-Type O-Glycosylation in Invertebrates. Molecules [Internet]. 



10 
 

2015;20(6):10622–40. Available from: http://www.mdpi.com/1420-3049/20/6/10622/ 

44.  Taus C, Lucini C, Sato T, Furukawa K, Grabherr R&, Staudacher E. Expression and 

characterization of the first snailderived UDP-N-acetyl-(alpha)-D-galactosamine: 

Polypeptide N-acetylgalactosaminyltransferase. Glycoconj J [Internet]. 2013;30(4):354. 

Available from: https://dx.doi.org/10.1007%2Fs10719-014-9565-3 

45.  Sanchez JF, Lescar J, Chazalet V, Audfray A, Gagnon J, Alvarez R, et al. Biochemical and 

structural analysis of Helix pomatia agglutinin: A hexameric lectin with a novel fold. J 

Biol Chem. 2006;281(29):20171–80.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 



12 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12 



 

 

Fig. 1. Spontaneous variations in the production of anti-A/B isoagglutinins in 21 individu-

als suffering from ulcerative colitis (blood group A = 11, blood group 0 = 10), and in 42 

normal persons (blood group A = 22, blood group O = 20), are investigated under double-

blind conditions. The grade of immunization and dominance of the 7S (IgG) conglutinat-

ing and 19S (IgM) agglutinating immunoglobulins are determined through conglutinin and 

agglutinin titers and their quotients at three different temperatures. Using the non-

parametric Wilcoxon procedure, the minimally elevated anti-B-reactive IgG and IgM lev-

els in blood group A plasma remain within normal range, whereas the blood group O pa-

tients show a statistically significant stimulation of an IgG conglutinating and IgM agglu-

tinating anti-B, involving asymmetrically cross-reactive, less pronounced anti-A specific 

IgG, and the IgG/IgM quotients indicate a predominance of the IgG class. The figure is 

reconstructed from the data published in: Arend, P. & Fehlhaber, G. Varying influence of 

increased enteral antigen absorption on the behavior of “natural” antibodies in O and A 

blood group subjects. Comparative blood group serological studies on patients with ulcer-

ative colitis and healthy persons [Article in German]. J Mol Med (Klinische Woch-

enschrift). 1969; 47 535-541, (2), doi:10.1007/BF01715818  
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Fig. 2 



 

Fig. 2. The central immunological position of blood group O(H) is evident in its comprehensive 

presentation of both adaptive and germline-encoded “natural” antibodies against all mature A  

and B glycans and their cross-reactive developmental structures Tn and T. The human A-

specific (A-allelic) glycosylation and trans-species “A-like” Tn formation are developmentally 

connected via the formation of cross-reactive anti-A/Tn isoagglutinin. According to Hofmann et 

al. (40), blood O(H) sera bind to both Tn and T antigens, and the anti-A isoagglutinin levels in 

blood group O(H) and blood group B sera are associated with anti-Tn antibody, which does not 

react with blood group B red cells or T glycoconjugates. By contrast, the anti-B antibodies of 

blood group A sera and blood group O(H) sera bind to B and T glycoconjugates but not to A or 

Tn glycoconjugates. The authors explain this selective cross-reactivity of isoagglutinins with Tn 

and T antigens via phenotype-specific terminal moieties; the terminal N-acetylgalactosamine is 

shared by A and Tn antigens, and the terminal galactose is, although with different configura-

tion, shared by B and T antigens.  

This fig. is part of:  Arend, P. (7) Early ovariectomy reveals the germline encoding of natural 

anti-A-and Tn-cross-reactive immunoglobulin M (IgM) arising from developmental O-GalNAc 

glycosylations. ( Germline-encoded natural anti-A and anti-Tn-reactive IgM) 2017; Cancer 

Medicine in press, http://dx.doi.org/10.1002/cam4.1079 
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