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Trans-species “A-like” and human blood group A-phenotype-specific GalNAc-glycosylations as they re-

late to the formation of natural anti-A isoagglutinin and cross-reactive anti-Tn.    Peter Arend 

The multiple trans-species, genetically as-yet-undefined functions of “A-like” O-GalNAc-Ser/Thr glycosylations
1-3

, which
 
dominate the early 

carbohydrate metabolism of vertebrates, are different from the species-intrinsic and human phenotype-determining A-allelic enzyme proteins 

and/or functions being expressed only after formation of the zygote. The volatilely expressed “A-like” O-GalNAc glycans are structurally relat-

ed to and likely imply metabolic relationships with the mucin-type monosaccharide GalNAcα1-O-Ser/Thr, also referred to as the Tn antigen, 

whose accumulation in non-developmental tissues is a marker of malignancy, and which is thus called an “aberrant” glycosylated molecule. 

Historically, the “A-like” Tn antigen or “T nouvelle” was named upon its discovery reported in 1957
4
 to emphasize its distinction from the 

functionally similar T (Thomsen-Friedenreich) antigen, reported in 1930
5
. Early O-glycan expressions, which may be observed during germ cell 

development
6-8

 and embryonic stem cell differentiations, are characterized by extremely short half-lives
9,10

, and their enzyme depletions most 

likely cause the release of characteristic O-glycan-depleted, complementary proteins, such as secretory IgM that is not restricted to B cells but 

also arises from epithelial cells
11,12

, and might reveal the structure of the volatilely expressed, “lost” O-glycans through germline-specific ser-

ine/theonine residues. This non-immune anti A-reactive IgM is disctinct from the innate anti-B; it has not undergone clonal selection and must 

be differentiated from innumerable, adaptive anti-A/B cross-specificities. Indeed, the cryptic “A-like” and/or aberrant structures may be detect-

ed by “natural” anti A and/or anti-T antibodies that are among the anti-glycan moieties present in plasma of animals including humans
13

, in 

whom the levels of anti-T antibodies are highly dependent on the ABO(H) blood group and primarily are expressed through cross-reactivities 

with anti-A isoagglutinin
14,15

; although monoclonal antibodies have specifically been raised against the Tn structure(s)
16,17

, a “naturally-

occurring” anti-Tn has not been described.  

         After the generation of the zygote, the complex construction of the human ABO phenotypes is accomplished in the trans-cisterna and vesicles 

of the Golgi apparatus 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 versions, exerting identical specificities also through O-
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linked glycosylations of mucoepithelial cells and plasma proteins, most likely involving the serine residues on the variable region of secretory im-

munoglobulins, and thus independent of clonal selection, reduce or exclude the formation of phenotype- or self-reactive anti-A/B reactivities
18

. 

        The polyreactivity of the secretory “natural” IgM molecule is assumed to be provided by hydrophilic amino acids, and serine/threonine resi-

dues on the V regions
19

 in particular, represent the appropriate target for O-GalNAc glycosylation. Indeed, the characteristic lack of O-glycan and 

the presence of serine residues on the secretory IgM, which has emerged from a cell adhesion molecule (CAM), strongly argue for a broken linkage 

to a volatilely expressed, developmental O-GalNAc glycan and support the proposed mechanism of an ontogenetic, glycosidic IgM modulation. 

This mechanism may explain the anti-Tn cross-reactivity of anti-A-specific IgM or isoagglutinin and the pronounced occurrence of both anti-A and 

cross-reactive anti-Tn specificities in plasma of blood group O(H) individuals, in which their levels are not affected by A-allelic glycosylation. In 

fact, while in the phenotype AH individual the polyreactivity of IgM is impaired through A-specific glycosidic reduction or exclusion of anti-A and 

Tn cross-reactivity, in the phenotype OH individual, these anti-A and Tn reactivities may potentially contribute to a survival advantage when com-

pared with the individuals of non-OH blood groups for the recently discussed overall risk of developing cancer
20,21

. 

 

References. 

1.  Tenno, M., Ohtsubo, K., Hagen, F., Ditto, D., Zarbock, A., Schaerli, P., Andrian von, U., Ley, K., Le, D., Tabak, L. & Marth J. Initiation of 

protein O glycosylation by the polypeptide GalNAcT-1 in vascular biology and humoral immunity. Mol Cell Biol. 2007;27(24):8783-8796. 

doi:10.1128/MCB.01204-07. 

2.  Bennett, E., Mandel, U., Clausen, H., Gerken, T., Fritz, T. & Tabak L. Control of mucin-type O-glycosylation: A classification of the 

polypeptide GalNAc-transferase gene family. Glycobiology. 2012;22(6):736-756. doi:doi: 10.1093/glycob/cwr182. 

3.  Schjoldager, K. & Clausen H. Site-specific protein O-glycosylation modulates proprotein processing - Deciphering specific functions of the 

large polypeptide GalNAc-transferase gene family. Biochim Biophys Acta - Gen Subj. 2012;1820(12):2079-2094. 

doi:10.1016/j.bbagen.2012.09.014. 

4.  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):569-587. 



4 
 

5.  Thors, C., Jansson, B., Helin, H. & Linder E. Thomsen-Friedenreich oncofetal antigen in Schistosoma mansoni : localization and 

immunogenicity in experimental mouse infection. Parasitology. 2006;132(Pt 1):73-81. doi:10.1017/S003118200500867X. 

6.  Arend, P. & Nijssen J. Significance of specific ovarian receptors for syngeneic naturally-occurring haemagglutinating anti-A antibodies. 

Immunogenetics. 1976;3(6):373-382. 

7.  Arend, P. & Nijssen J. Age-dependent appearance of A-specific ovarian glycolipids and syngeneic “natural” anti-A hemolysin in mice. Z 

Immunitatsforsch Immunobiol. 1977;153(1):74-84. http://www.ncbi.nlm.nih.gov/pubmed/868207. 

8.  Arend P, & Nissen J. A-specific autoantigenic ovarian glycolipids inducing production of “natural” anti-A antibody. Nature. 

1977;269(5625):255-257. doi:10.1038/269255a0. 

9.  Reisner, Y., Itzicovitch, L., Meshorer, A. & Sharon N. Hemopoietic stem cell transplantation using mouse bone marrow and spleen cells 

fractionated by lectins. Proc Natl Acad Sci U S A. 1978;75(6):2933-2936. 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=392680&tool=pmcentrez&rendertype=abstract. 

10.  Nash, R., Neves, L., Faast, R., Pierce, M. & Dalton S. The Lectin Dolichos Biflorus Agglutinin Recognizes Glycan Epitopes on the Surface 

of Murine Embryonic Stem Cells: A New Tool for Characterizing Pluripotent Cells and Early Differentiation. Stem Cells. 2007;25(4):974-

982. doi:10.1634/stemcells.2006-0224. 

11.  Zhou R, O’Hara SP, Chen X-M. MicroRNA regulation of innate immune responses in epithelial cells. Cell Mol Immunol. 2011;8(5):371-379. 

doi:10.1038/cmi.2011.19. 

12.  Shao W, Hu F, Ma J, et al. Epithelial cells are a source of natural IgM that contribute to innate immune responses. Int J Biochem Cell Biol. 

2016;73:19-29. doi:10.1016/j.biocel.2016.01.017. 

13.  Muthana, S. & Gildersleeve J. Factors Affecting Anti-Glycan IgG and IgM Repertoires in Human Serum. Sci Rep 619509. 2016. 

doi:10.1038/srep19509. 

14.  Bird, G., Shinton, N. & Wingham J. Persistent mixed-field polyagglutination. Br J Haematol. 1971;21(4):443-453. 

15.  Dahr, W., Uhlenbruck, G., Gunson, H. & Van Der Hart M. Molecular basis of Tn-polyagglutinability. Vox Sang. 1975;29(1):36-50. 

16.  Hirohashi, S., Clausen, H., Yamada, T., Shimosato, Y. & Hakomori S. Blood Group A Cross-Reacting Epitope Defined by Monoclonal 



5 
 

Antibodies NCC-LU-35 and -81 Expressed in Cancer of Blood Group O or B Individuals: Its Identification as Tn Antigen. Proc Natl Acad 

Sci. 1985;82(20):7039. 

17.  Welinder, C., Baldetorp, B., Borrebaeck, C., Fredlund, B. & Jansson B. A new murine IgG1 anti-Tn monoclonal antibody with in vivo anti-

tumor activity. Glycobiology. 2011;21(8):1097-1107. doi:10.1093/glycob/cwr048. 

18.  Arend P. ABO (histo) blood group phenotype development and human reproduction as they relate to ancestral IgM formation: A hypothesis. 

Immunobiology. 2016;221(1):116-127. doi:10.1016/j.imbio.2015.07.003. 

19.  Wang H, Coligan JE, Morse HC. Emerging functions of natural IgM and its Fc receptor FCMR in immune homeostasis. Front Immunol. 

2016;7(MAR). doi:10.3389/fimmu.2016.00099. 

20.  Hsiao, L., Liu, N., You, S. & Hwang L. ABO blood group and the risk of cancer among middle-aged people in Taiwan. Asia Pac J Clin 

Oncol. 2015;11(4):e31-6. doi:10.1111/ajco.12253. 

21.  Zhang, B., He, N., Huang, Y., Song, F. & Chen K. ABO blood groups and risk of cancer: a systematic review and meta-analysis. Asian Pac J 

Cancer Prev. 2014;15(11):4643-4650. 

 


