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Abstract
Carbohydrate histo-blood groups in man include the AB0, H, I, Lewis, P1PK, and GLOB systems in which glycoproteins and glycolipids carry immunodominant 
terminal sugars, defining polymorphic antigens (Ag). Blood group compatibility is one of the most important procedures to correctly transfuse ensuring quality and 
ensuring patient safety.

Forssman glycosphingolipid (FORS) Ag blood group system was demonstrated biochemically on the red blood cells of two blood donors from different families 
with the Apae phenotype, first described in 1987. Afterwards, a group of Swedish researchers found several criteria that make it up the FORS blood group becomes 
an independent blood group. In 2012, International Society of Blood Transfusion concluded that subgroup Apae should be abolished and a new histo-blood group 
should be created.

Several antigens, including Fs (Forssman), may act as receptors for certain pathogens, emerging naturally antibody (Ab) against various microorganisms, making these 
Ab a barrier in transfusion/transplantation medicine. 

It is known that the Fs synthesis in uroepithelial cells could make such individuals more susceptible to infection by E.coli and the expression of Fs Ag has been 
reported in cancer cells, being a cancer epitope of interest.

Therefore, it’s extremely important the study of this histo-blood group, considering all its potentialities, contributing to a better characterization of this histo-blood 
group.
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Introduction 
Carbohydrate histo-blood group antigen (Ag), first recognized on 

red blood cells (RBC) around 1900, have been suggested to be part of our 
innate immune response. Major carbohydrate histo-blood groups in 
man include the AB0, H, I, Lewis, P1PK, H and GLOB systems in which 
glycoproteins and glycolipids carry immunodominant terminal sugars, 
defining polymorphic Ag. Other mammals also express carbohydrate 
histo-blood groups, such as AB0, and Fs but their expression on RBCs 
varies among species [1].

This review is focused in a new histo-blood group, the FORS 
blood group system, acknowledged by International Society of 
Blood Transfusion (ISBT) in 2012, with transfusion and biological 
significance.

Material and methods
This study consists of a review of the literature concerning a new 

histo-blood group and the implications in transfusion, the relation 
with microorganisms and cancer.

The information survey was obtained from online databases 
such as PubMed. For the literature review the following keywords 
were used: FORS System; Anti-Fs; Forssman expression; kodocytes, 
KODETM Technology.

An initial trial of papers of interest was performed by the relevance 
of the title and content of abstract. Pre-selected articles were completely 
analysed and properly selected. Selection was performed based on the 
inclusion criteria: papers in English; review articles or original research 
papers available in free full text; importance for the achievement of 
this review, as history, genetics, the relation between FORS System 
with microorganisms and its importance in cancer. Exclusion criteria 
were established as unavailability of selected papers in free full text and 
papers published before 2007.

FORS blood group system
FORS is a new blood group system comprising a single Ag, namely 

FORS described in Table 1. FORS was demonstrated biochemically 
on the RBCs of two blood donors from different families with the Apae 
phenotype, first described in 1987 [2].
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The expression of the Ag occurs not only in RBCs but also in other 
types of cells. Therefore, the blood group Ag are also called histo-blood 
group Ag [3].

History
The Forssman Ag was first discovered in 1911 by John Frederick 

Forssman after injecting rabbits with a suspension of kidney tissue from 
guinea pig and the rabbits were able to produce Ab that haemolysed 
sheep RBCs [4].

In 1987, three families with a supposed AB0 subgroup named Apae 
were identified. The Apae positive family members showed a divergent 
Ab and lectin reaction pattern of the RBCs. The Helix pomatia lectin 
resulted in a strong reaction, polyclonal Ab anti-A gave a weak 
response and monoclonal Ab anti-A were nonreactive, thus presenting 
an apparent paradox [1,5].

Several years later a group of Swedish researchers showed that, Fs 
glycolipid, usually only found in the RBCs of non-primate mammals, 
was strongly expressed in human RBCs of the subgroup Apae [1].

Lola et al. found a single point mutation in the GBGT1 gene 
that makes the human Fs synthase activity and gives origin to a rare 
phenotype that was previously misclassified as an AB0 subgroup, Apae, 
and referred that the Fs glycolipid is transmitted hereditarily [1,2,6].

To define a new blood-group Ag, the ISBT requires to be shown 
independent of all other blood group Ag, being expressed on RBCs, 
and inheritable [1,2]. These criteria are all fulfilled by the Fs glycolipid.

Therefore, ISBT concluded that subgroup Apae should be abolished 
and a new histo-blood group should be created: FORS blood group 
system, acknowledged by ISBT in 2012 as blood group system number 
31 [1,2].

Genetics
Initial studies dating back to 1911 demonstrated that expression 

of the Forssman Ag is species specific: the Ag is expressed in some 
mammals (e.g., sheep, dogs, horses, chickens, etc.) but not in others 
(rabbits, pigs, humans, etc.), referred to as FORS positive species and 
FORS negative species, respectively [4,7,8].

Nowadays, it is known that the FORS is expressed on RBCs and it 
has been found in guinea pigs, horses, hamsters, sheep and chickens 
but could be also found in other body fluids, in cells, several human 
tissues and organs and is heritable [1,2,4,7].

The presence of FORS on human RBCs is unusual and was shown 
to be the result of an enzyme activating amino acid substitution arising 
from a missense mutation in the human Fs synthase gene [2,6].

DNA sequence analysis of GBGT1 showed a heterozygous for 
887G>A, which changes arginine at position 296 to glutamine 
(Arg296Gln). This change allowed the catalyse synthesis of the terminal 
3-α-N-acetylgalactosamine to its globoside, and the inactive human Fs 
synthase to become enzymatically active, originating a rare phenotype 
that was previously misclassified as an AB0 subgroup [1,2,6,9].

Interestingly, all primates have arginine at position 296 in the 

enzyme whilst FORS positive animals have glutamine. An independent 
study also showed the genetic basis of human Forssman negativity and 
found that Gln296 in the GBGT1-encoded enzyme are crucial for the 
enzyme activity, whilst the human consensus is Arg296, supporting the 
role of Arg296Gln as an activating change [2].

In humans, the gene is located on chromosome 9 and consists 
of 7 exons with the coding region shared between all except the first 
one. In several species, such as dog, mouse, chicken, turtle, and carp, 
Fs synthase is active in most tissues. In contrast, in other species, 
its activity is restricted to erythroid tissue (sheep); or the enzyme is 
inactive due of point mutations or exon loss (cow, rat, primates) [6].

FORS prevalence 
The frequency of individuals with different blood groups varies 

widely in different ethnicities and populations [3].

The global frequency of the FORS Ag blood group still is unknown, 
although it is probably of very low frequency, with most individuals 
being genetically Forssman Ag negative, and the naturally occurring 
Ab can be found in most of FORS negative people [6,10,11].

Human Fs synthase model
Carbohydrates in the form of glycoproteins and glycolipids play 

crucial roles in various signalling and molecular recognition processes, 
affect the stability and structure of proteins, and are epitopes recognized 
by the immune system [12].

The close homology (45% amino-acid identity) between the 
structure of AB0 transferase and GBGT1 gene permitted creation of a 
3-dimensional model of the Fs-synthesizing enzyme based on a crystal 
structure of AB0 transferase [1].

Forssman Ag, synthesized by Fs-synthase, a homologous 
enzyme of the AB0 transferase (globoside 3-α-N-acetyl-D-
galactosaminyltransferase), terminates with α3-N-acetylgalactosamine, 
in analogy with blood group A Ag [1,3,4,6,7].

Implications in health and disease
Antigen

The Forssman Ag is a glycolipid with the structure GalNAcα(1,3)
GalNAcβ(1,3)Galα(1,4)Galβ(1,4)Glc, as shown in Figure 1 [4,13].

ISBT System number System name System symbol Antigen name Antigen symbol Gene name Chromosome location
031 FORS FORS FORS1 FORS1 GBGT1 9q34.13

ISBT: International Society of Blood Transfusion

Table 1. FORS - Blood Group Terminology according to the International Society of Blood Transfusion.

Figure 1. Terminal Structure of the Forssman Antigen.
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Reference Type of study Population Results
[1] Experimental study 2 donnors The identification of Fs glycolipids, normally found only on RBCs of selected non-primate mammals, are strongly expressed on human 

Apae RBCs.
Apae phenotype was redefined as Fs Ag positive and independent of AB0 group, not comparable to weak A subgroups.
Fs Ag is synthesized by Fs synthase (globoside 3-α-N-acetyl-D-galactosaminyltransferase), an enzyme homologous to the AB0 
transferase.
The Fs synthase gene, GBGT1, in Apae individuals encoded an arginine to glutamine change at residue 296.
Transfection experiments and molecular modelling showed that 296Gln reactivates the human Fs synthase, was associated with the Fs-
positive phenotype in Apae families.
Fs is a new histo-blood group system with potential implications for both transfusion/transplantation medicine and pathogen 
susceptibility.
Anti-Fs can activate complement and may have the potential to cause intravascular lysis of Fs-positive RBCs.
Uropathogenic E.coli containing prsG-adhesin-encoding plasmids agglutinated Apae but not group 0 cells, suggesting biological 
implications.
Fs Ag may be expressed in carcinomas.

[2] Experts opinion NA The presence of Fs results of an enzyme activating amino acid substitution arising from a missense mutation in the human Fs synthase 
gene, GBGT1.
Fs was demonstrated biochemically on the RBCs of two blood donors in different families with the Apae phenotype.
DNA sequence analysis of GBGT1 showed changes arginine at position 296 to glutamine.
Fs synthase, using the crystal structure of the closely related AB0 transferase.
Fs is not usually found on the RBCs of primates but is highly expressed on the RBCs and uroepithelia of lower mammals such as dogs, 
sheep and many others.

[4] Experimental study NA The GBGT1 gene encoding the Fs glycolipid synthetase.
The antigen is present in various species, but not in others including humans.
Chicken, turtles, and carp express the antigen, whereas goose, pigeon, and frog lack the antigen. Although the Fs antigen was initially 
recognized on sheep erythrocytes, the expression on erythrocytes is rare.
In many species its expression is restricted to tissues.
The Fs antigen is a glycolipid with the structure GalNAcα1->3GalNAcβ1->3Galα1->4Galβ1->4Glcβ1->1Cer.

[5] Experts opinion NA Fs, the first new blood group system in this group of recent discoveries came to light as a suspected AB0 subgroup with unusual serology, 
named Apae.

[6] Review article NA The human FORS blood group system has been acknowledged after a single point mutation was found in the GBGT1 gene that makes the 
human Fs synthase active and gives rise to a rare phenotype that was previously misclassified as an AB0 subgroup.
The Fs Ag is extremely rare, and most individuals are Fs- negative.
The Fs GSL is normally expressed on RBCs of some nonprimate mammals; however, in rare cases, it is also expressed on human 
erythrocytes.
The majority of normal human sera contain natural anti-Fs Ab, predominantly of IgM class.
Some human carcinomas have also been shown to express Fs antigen in otherwise Fs-negative individuals.
The antigen is synthesized by α1,3-N- acetylgalactosaminyltransferase, encoded by the GBGT1 gene.
In humans, it is located on chromosome 9 (9q34).
In several species, such as dog, mouse, chicken, turtle, and carp, Fs synthase is active in most tissues. In contrast, in other species, its 
activity is restricted to erythroid tissue (sheep).
Fs synthesis in uroepithelial cells could make such individuals more susceptible to infection by E.coli–producing PrsG adhesins.

[7] Experimental study NA The Fs Ag is expressed in some mammals (e.g., sheep, dogs, horses, chickens, etc.) but not in others (rabbits, pigs, humans, etc.), referred 
to as Fs-positive species and Fs- negative species, respectively.
The Fs Ag is present in several forms of human cancers (e.g., gastric, colon, lung).
Since the Fs Ag is a tumor-specific Ag closely integrated with cancer biology, it is desirable to have it readily accessible in order to 
incorporate it into carbohydrate conjugate vaccines used to target different types of cancer.

[10] Experimental study NA The Fs blood group system (originally recognized as the Apae phenotype) was discovered by sporadic activity against polyclonal anti-A 
reagents and activity against the lectin Helix pomatia.
The global frequency of the Fs blood group Ag is still not known, although it is probably of very low frequency, with most individuals 
being genetically Fs Ag negative.
The Fs Ag can cause in vitro hemolysis and bind uropathogenic E.coli and therefore may be of transfusion and biologic significance.
In the absence of natural Fs-positive RBCs, kodecytes were created with synthetic disaccharide and pentasaccharide Fs function-spacer-
lipid (FSL).

[11] Review article NA The Fs Ag was found in individuals with an activated GBGT1 gene, which is normally not active in humans, but in some non-primate 
animals.
Most individuals being genetically Fs Ag negative.
An effective immunization strategy in a blood group specific manner by designing vaccines with blood groups epitopes complementary 
to the blood groups of the recipients who would thereby develop an enhanced immune response.

[19] Experimental study NA The Fs Ag it is a normal constituent of fetal tissues and virtually absent in healthy adults, but it has been detected in elevated levels in 
various human lung, breast, and gastric cancer cell lines.

[20] Experimental study 48 cervical 
cancer samples

Cancer cells undergo significant changes in carbohydrate expression, and these alterations can be useful as biomarkers and therapeutic 
targets.
GalNAcα1-3Gal expression was found on 55% of squamous cell carcinomas.
Carbohydrate Ag has become important molecular targets for cancer diagnostics and therapeutics.

Table 2. Summary of the articles included in the review.

Fs glycolipid is rarely present on human RBCs (there are only 3 
known families whose members have FORS Ag on RBCs), but the 
distribution of FORS Ag on tissues other than erythroid has not been 
determined yet [6].

These Ag, such as the one’s that constitute AB0 blood group, can be 
used as receptors by pathogens and their expression in tissues and bodily 

secretions are thus believed to reflect microbial selection. In response 
to blood-group-mimicking glycan’s on bacterial surfaces, naturally 
occurring Ab with the capacity to neutralize various microorganisms 
are formed, performing a target for a variety of microorganisms and 
toxins [1].

The FORS Ag can cause in vitro haemolysis and bind uropathogenic 
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Escherichia coli and therefore may be of transfusion and biological 
significance [10].

Antibodies against Forssman

The majority of normal human sera contain natural Anti-Fs (Anti-
Forssman) Ab, predominantly of IgM class but can be IgG, making 
these an substantial transfusion and transplantation barriers, being 
able to induce intravascular haemolysis of Fs-positive RBCs [1,6].

These Ab might have repercussions in transfusion medicine, organ 
transplantation and even during pregnancies as they can be involved in 
perinatal haemolytic disease as well of others naturally occurring anti-
carbohydrate Ab [6].

FORS system and bacterial infections
Escherichia coli

The urinary tract is one of the most common sites of bacterial 
infection in humans. Lower urinary tract infections (UTI), such as 
cystitis, are typically characterized by symptoms including urgency, 
and dysuria. If left untreated, these infections can progress to acute 
pyelonephritis or kidney infection, which can be associated with 
additional symptoms such as fever, nausea, vomiting, and flank 
pain. These infections also carry the risk of possible progression to 
bacteraemia [14,15].

A Gram-negative bacteria [15,16] and a common inhabitant of the 
gastrointestinal tract of humans and animals [15], E. coli is a causative 
agent in the vast majority of UTIs, possess an arsenal of virulence factors, 
including fimbrial adhesins, toxins, flagella, autotransporter proteins 
and iron-acquisition systems, which enable the bacteria to colonize 
the urinary tract [15,17]. These infections are exceedingly common in 
females, affecting about 11% of women each year [14,16,18].

About 80% of uropathogenic E. coli express P fimbriae which 
anchor to the glycolipid of the outer membranes of urothelial cells 
localized in the kidney. P fimbriae are frequently associated with 
cases of acute pyelonephritis. The P fimbriae recognize Gal1-4Ga1 
and Ga1Na-3Gal1-4Ga1 as receptors, which contain oligosaccharide 
sequences in the globo series of glycolipids [16].

PapG adhesins are subunits of heteropolymeric protein fibers that 
form P fimbriae, one of the virulence factors present on the surface of 
some uropathogenic E. coli strains. Three main variants of PapG have 
been characterized, including class I, class II, and class III (which is also 
known as PrsG, an abbreviation derived from pap-related sequence, G 
subunit) [6].

E. coli strains capable of infecting the urinary tracts of canine 
and other Fs- expressing mammals adhere to uroepithelial cells via 
Fs-binding PrsG adhesins. Expression of canine Fs synthase induces 
binding of canine E. coli strains to human and monkey epithelial cell 
lines [1,6].

Thus, FORS synthesis in uroepithelial cells could make such 
individuals more susceptible to infection by E. coli producing PrsG 
adhesins [6,11].

FORS system and cancer

The expression of FORS Ag has been reported in cancer cells and 
tissues [8], and is a cancer epitope of interest. It is a normal constituent 
of fetal tissues and virtually absent in healthy adults, but it has been 
detected in elevated levels in various human lung, breast, and gastric 

cancer cell lines [19,20]. Its expression in tissues might be related with 
the Ab titre in patient’s plasma [2-4,7,21].

Jianhao et al. postulate that the FORS Ag is tumor-specific and it 
is possible to incorporate it in carbohydrate conjugate vaccines used to 
target different types of cancer to increase an immune response against 
the Fs pentasaccharide expressed on cancer cells surface [7,11].

Therefore, carbohydrate Ag can have become important molecular 
targets for cancer diagnostics and therapeutics [7,22].

Conclusion
The FORS has been established as a histo-blood group system, 

probably of very low prevalence. However, the function and role of 
the FORS Ag in humans is not clear and therefore further studies are 
of importance to elucidate the role in transfusion, transplantation, 
microorganism infections and in cancer.
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