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Expression of blood group antigens A and B in
pancreas of vertebrates
ABSTRACT
The biological role of blood group antigens (BGA) A and B in tissues of different
vertebrates is still controversial. There are few investigations on vertebrate
pancreas and no obvious explanation of their tissue expression. The aim of the
present study is to follow and compare the pancreatic expression of BGA A and
B in representatives of five vertebrate classes. The biotin-streptavidin-proxidase
labeling system was used for immunohistochemical detection of BGA by
monoclonal antibodies to human A and B antigens. The present study reveals
specific immunoreactivity in acinar and epithelial cells of pancreatic efferent
ducts in species free-living vertebrates. The immunoperoxidase staining shows
antigenic heterogeneity in the cellular localization. The number of positive cells
and the intensity of expression vary in different species. Endothelial cells are
positive only in the pancreas of Emys orbicularis. The lack of BGA A and B in
some species suggests that the expression of these antigens is dependent not only
on the evolutionary level of the species, but mainly on some genetic control
mechanisms. The production of BGA A and B and the variability in their cellular
localization probably reflect the stage of cell differentiation and the mechanisms
of pancreatic secretor function. The presence of histo BGA in endodermal acinar
pancreatic cells confirms the assumption for the high antigenic stability and
conservatism of these molecules in vertebrate histogenesis and evolution.
Key words: A and B blood group antigens, immunohistochemistry, pancreas,
vertebrates

Introduction
Human ABH blood group antigens (BGA) are
genetically
determined
glycosphingolipids
and
glycoproteins. Although first discovered on human red
blood cells, they were later found in different other cell
types and body fluids. Their localization in tissues of
humans and other mammals gives grounds to assume that
they are histo-BGA rather than red blood cell associated.
Their genetic and biochemical properties are well studied
in humans. The ABO genes are already cloned
(Yamamoto, 1995; Morgan & Watkins, 2000; Oriol et al.,
2000) and identified in primates (Kominato et al., 1992).
The participation of blood group antigens in cellular
interactions, cell differentiation and tumor metastasis is
still disputable (Sarafian et al., 1994; Cartron, 1996,
Nishimura et al., 2001). Their presence in animal tissues

poses many questions regarding the immunobiological
functions of these molecules in vertebrate evolution.
The present study is aimed at investigating and
comparing the pancreatic expression of blood group
antigens A and B free-living in representatives of five
vertebrate classes.

Materials and Methods
Four individuals from each of the twelve different
animal species belonging to the following vertebrate
classes were examined:
- Class Ostheichtyes, suborder Cypriniformes, family
Cyprinidae, genus Cyprinus,species - Cyprinus carpio
(Linn, 1758); species - Carassius auratus (Bloch, 1783);
- Class Amphibia, order Urodela, family
Salamandridae, genus Triturus, species -Triturus cristatus,
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(Laurenti, 1768); order Anura, family Bufonidae, genus
Bufo, species - Bufo viridis, (Laurenti, 1768); genus Rana,
family Ranidae, species –Rana ridibunda (Pall, 1771);
- Class Reptilia, order Squamata, suborder Lacertilia,
family Lacertidae, genus Lacerta, species – Lacerta
muralis (Laurenti, 1768); species - Lacerta viridis
(Laurenti, 1768); order Chelonia, family Emydidae, genus
Emys, species – Emys orbicularis (Linn, 1758); suborder
Ophidia, family Colubridae, genus Natrix, species - Natrix
natrix (Linn, 1758).
- Class Aves, order Passeriformes, family Fringilidae,
genus Passer, species – Passer montanus (Linn, 1758);
family Ploceidae, genus Carduelis,species – Carduelis
carduelis (Linn, 1758).
- Class Mammalia, order Rodentia, family Muridae,
genus Apodemus, species – Apodemus flavicollis (Melchior, 1834).
Paraffin sections from the species studied were
investigated by the biotin-streptavidin-proxidase labeling
system (DAKO LSAB kit). As primary antibodies for the
immunohistochemical detection of blood group antigens
monoclonal antibodies to human A and B antigens were
used. A 2% solution of AEC was used as a substrate
chromogen. The nuclei were counterstained with Mayer
hematoxyllin. As a positive reaction was considered the
red-brownish granular staining in cell cytoplasm or plasma
membrane. It was read according to a semiquantitative
scale: (++) - 80-100% positive cells; (+) - 40-50% positive
cells; (+/-) - 10-15% - positive cells; (-) – no positive cells.
For each tissue section a negative control was performed.
In order to exclude nonspecific binding of monoclonal
antibodies to animal tissues inhibition tests were carried
out – the antibodies were preabsorbed with human red
blood cells, immunodominant sugars (N-acetyl-Dgalactosamine и D-galactose) and animal red blood cells.
The presence of antigenic heterogeneity was detected as a
varying intensity of the immunoperoxidase reaction, as
well as a various cellular localization of blood group
antigens .

Results
The acinar and the epithelial cells of pancreatic efferent
ducts were positive for blood group antigens A and B. The
reaction was characterized by antigenic heterogeneity of
cellular localization. The number of positive cells, as well
the intensity of reactivity varied in different species. The
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endothelial cells in all vertebrates were negative for blood
group antigens except in the pancreas of Emys orbicularis.
The red blood cells, the connective tissue and muscle cells
in all animals studied expressed no blood group antigens.
Class Ostheichtyes
The hepatopancreas of two representatives of the
Cyprinidae family was examined - Cyprinus carpio and
Carassius auratus. BGA А was found in 40-50% of
epithelial cells of the exocrine pancreas of Cyprinus carpio
(Figure 1a). The reactivity was mainly cytoplasmic with
high intensity. The pancreas of Carassius auratus showed
no A and B blood group antigens.
Class Amphibia
Only BGA B was detected in pancreatic acini of
Triturus cristatus (Figure 1b). The reaction was localized
chiefly in the apical part of epithelial cells. The intensity
and number of immunopositive cells varies in different
individuals.
In both frog species blood group antigens were found
only in the acini of exocrine pancreas. Only В antigen was
detected in the acini of exocrine pancreas of Rana
ridibunda, while in Bufo viridis (Figure 1c) both antigens
were discovered. The cytoplasmic reactivity was mostly
apical or perinuclear. The reactivity for BGA B was in the
form of large cytoplasmic granules, while for A antigen
there were small scattered granules in the cytoplasm.
Class Reptilia
In the pancreas of Lacerta muralis and Lacerta viridis
no blood group antigens were detected.
The pancreas of Natrix natrix was also negative. In
Emys orbicularis a cytoplasmic reactivity with high
intensity for both antigens was identified in acinar cells
(Figure 1d). Antigenic heterogeneity regarding the number
of positive cells and their localization was observed – the
reactivity was frequently apical and perinuclear rather in
the whole cytoplasm. BGA were uncovered in epithelial
cells lining the inner surface of efferent secretor ducts
(Figure 1e). The endothelium of all blood vessels was
positive for BGA A. Red blood cells, the interacinar area
and the connective tissue elements in it were always
immunonegative.
Class Aves
A and B blood group antigens demonstrated various
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expression patterns in the representatives of this class.
Antigen B had a higher level of expression in the acinar
epithelial cells of Passer montanus. The pancreas of
Carduelis carduelis revealed no blood group antigens.

Class Mammalia
In Apodemus flavicollis both blood group antigens
were found in acinar cells only. Antigenic heterogeneity
concerning the number of positive cells with cytoplasmic
reactivity was noticed (Figure 1f).

Figure 1. Expression of blood group antigens А and В in exocrine pancreas of vertebrates. Biotin-streptavidin-peroxidase
reaction.
а) BGA А in hepatopancreas of C. carpio, granular reaction in acinar cells, х400. b) BGA В in pancreatic acinar cells of T.
cristatus, х400. c) BGA В in B. viridis, cytoplasmic and membrane bound reaction, х600. d) BGA А in E. orbicularis,
cytoplasmic reactivity in acini and in the endothelium of blood vessels, membrane staining of cells in efferent ducts, х400.
e) BGA А in E. orbicularis, cytoplasmic staining in efferent ducts, х200. f) BGA В in pancreatic acini of A. flavicollis, х400.
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Discussion
The present study is the first attempt to perform a
systematic immunohistochemical investigation of pancreatic
expression of blood group antigens A and B in
representatives of free-living vertebrates from different
animal classes. Blood group antigens А and В are found in
the secretory epithelial cells of pancreatic exocrine acini in C.
carpio, T. cristatus, R. ridibunda, B. viridis, E. orbicularis, P.
montanus and A. flavicollis. The antigenic heterogeneity in
cellular localization and the luminal expression in pancreatic
acini is probably a result from the production and secretion of
blood group antigens from the exocrine epithelial cells. A
similar finding is recorded by different techniques in other
species. BGA H is documented by immunofluorescence in
the pancreas of newborn rats (Oriol et al., 1992). In American
apes, marsupilians and other mammals expression of αGal in
pancreatic ducts and acini is detected. As it lacked in
Langerhans islets, the authors suggest that cell maturation
and differentiation should possibly matter (Oriol et al., 1999).
Secretory cells in rat and cat salivary glands also express
АВН antigens. Human acinar cells express АВН antigens
under the control of Se-genes, while pancreatic ducts express
Lea and Leb antigens controlled by Se- and Le-genes (Ito et
al., 1990).
We assume that the absence of sugar residues with А- and
В-specificity is a possible cause for the negative
immunoperoxidase reaction in exocrine pancreatic acini in C.
auratus, L. viridis, L. muralis, N. natrix and C. carduelis. The
lack of histo BGA in these species might be related to other
causes leading to a block in some of the biosynthetic stages.
Ontogenetic studies of Takiyama еt al. (1990) also reveal
immunonegativity in pancreas of fetal, newborn and adult
hamsters.
Our results like those of other research teams demonstrate
diversity in the expression of the carbohydrate A and B blood
group antigens in the pancreas of different vertebrates. There
is no evidence for other investigations on the species
examined in the present study, at least in evolutionary aspect.
A specific expression of blood group antigens in acinar
epithelial cells in different species was detected showing a
distinct antigenic heterogeneity in cell localization. The stage
of cell differentiation is assumed as being an important factor
for this expression pattern but not the evolutionary level of
the species. Other influencing factors and mechanisms could
not be excluded either. It is quite possible that the production
of blood group determinants and the variability in cell
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localization are dependent on the state of exocrine epithelial
cells and their secretor function. This may explain the
antigenic positivity in epithelial cells of pancreatic efferent
ducts in E. orbicularis and in C. carpio.
Our findings distinctly show that permanently positive for
A and B blood group antigens are pancreatic endodermal
acinar epithelial cells. Their presence from Pisces to
Mammals (as well as in humans according to literature data)
supposes a high stability and evolutionary stability of these
carbohydrate structures. Тhe present study together with our
previous investigations (Tomova et al., 2001; Sarafian et al.,
2004; Sarafian & Tomova, 2004) give us grounds to believe
that epithelial cells with endodermal origin are the cell type
which most permanently expresses histo BGA in vertebrates.
In all species studied endothelial cells were positive only
in E. orbicularis. According to phylogenetic studies ABH
antigens appear on red blood cells very late in the
evolutionary process – in primates and humans (Oriol, 1987;
Oriol et al.,1986, 1992; Blancher еt al., 1999; Kermarres еt
al., 1999). Endothelial cells express blood group antigens
only in higher mammals like chimpanzees, gorillas,
orangutans and baboons (Oriol et al., 1993; Oriol & Cooper,
1997; Oriol et al., 1999). Our study reveals A and B antigens
only in endothelial cells of the representative of reptiles Emys orbicularis. This finding may suggest that A and B
blood group antigens appeared quite early in the evolution of
vertebrates – in mesodermal epithelial derivatives like
endodermal cells. It could not be excluded that a possible
participation of blood group determinants in cell interactions,
contact inhibition and adhesion could determine this pattern
of expression.
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