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The P Blood Group System

The P blood group system was discovered by Landsteiner and Levine in 1927 (1),
and was expanded by Sanger in 1955 (2). The International Society of Blood Transfusion
(ISBT) Terminology Working Party has assigned the system number 003 and the symbol
P1 to the P system. The P system contains only one antigen, P1. There are three additional
antigens, P, PX, and LKE, closely related to the P1 antigen, but they are not included in the
P system because P and LKE antigens are not controlled by genes at the same locus as
that governing P1, and the position of P* in the P system is still unclear (reviewed in Ref.
3) although the gene responsible for the P* antigen expression has been cloned recently

4.

Biochemistry of the P1, P, P*, and LKE Antigens

The structures and the biochemical steps involved in the syntheses of P1, P, and P
antigens (as shown in Fig. 1 in the next page) were elucidated through the efforts by
Morgan and Watkins (5,6) and Naiki and Marcus (7). The P1 antigen is characterized by
the carbohydrate structure Galoal-4Galal-4GlcNAcB1-3Galf1-4Glcp1-1Cer, and
synthesis of the P1 epitope is determined by the activity of a-1,4-galactosyltransferase
acting on the paragloboside precursor (Gala1-4GIcNAcB1-3Galf1-4GlcB1-1Cer). The
paragloboside is also the precursor for the type 2 H, i and I antigens. The type 2 H
structure can be further modified to produce A and B antigens.

The structures of the P, P¥, and LKE antigens belong to the globoside series (Fig.
1). The P* antigenic structure (Galo.1-4Galp1-4GlcB1-1Cer) (CTH or CD77) is produced
after the action of a-1,4-galactosyltransferase on the lactosylceramide (CDH) precursor.
Then the P antigenic structure (GaINAcB1-3Gala1-4Gal1-4GlcB1-1Cer) (globoside) can
be synthesized as the P* structure serving as a precursor through the action of the
B-1,3-N-acetylgalactosaminyltransferase activity. The LKE antigen
(NeuAca2-3Galp1-3GalNAcB1-3Galal-4Galp1-4GlcB1-1Cer) is produced after the



addition of two specific carbohydrate residues on the P structure.

GalB1-4GlcB1-1Cer
Lactosylceramide (CDH)

a-1,4-galactosyl-
\:lnsfemse
GlcNAcB1-3Galp1-4Glcp1-1Cer

Galal-4 Galp1-4Glcf1-1Cer
P*(CTH, CD77)
[-1,3-N-acetylgalactos-
v aminyltransferase
Galp1-4GlcNAcB1-3Galf1-4GlcB1-1Cer v
Paragloboside GalNAcB1-3Gala.1-4 GalB1-4GleB1-1Cer
a-1,4-galactosyl- P (globoside)
transferase
M v
Gala1-4Galp1-4GIcNAcB1-3GalB1-4Glcf1-1Cer
P1
v
NeuAca2-3Galb1-3GalNAcpB1-3Galal-4 Galp1-4Glcp1-1Cer

LKE (SSEA-4)

Fig. 1 Biosynthetic pathways involved in the formation of
the P1, P, P*, and LKE antigens

Phenotypes and Frequencies

Although only the P1 antigen is included in the P blood group system, the
expression of the P and P* antigen is usually discussed with the P1 antigen in the
phenotypes of the P system because of the close relationship of the three antigens.
According to the expression of these antigens, five phenotypes in the P blood group
system are classified: P; (P1+P+P*+), P, (P1-P+P*+), P|* (P1+P-P*+), P,* (P1-P—P*+),
and p (P1-P-P*-). These phenotypes and their frequencies in different populations (8,9)
are summarized in Table 1 (in the next page). As shown in Table 1, the frequency of the
P1 antigen (the P; phenotype) in Taiwanese (9) is lower than those in Caucasians and in
Blacks. From the P;,/P, phenotype frequency, the P/+ gene shall have an approximate
frequency of 18% and the P/— gene 82% in Taiwanese.



Table 1. Phenotypes and Frequencies of the P Blood Groups

Phenotype Frequency

Caucasians Blacks Taiwanese
P, (P1+P+P*+) 79% 94% 32%
P, (P1-P+P*+) 21% 6% 68%
P,* (P1+P-P*+) rare rare rare
P,* (P1-P-P*+) rare rare rare
p (P1-P-P*) rare rare rare

Genetics of the P1, P, and P* antisen Expression

Family study for the P1 antigen expression has located the P/ locus on
chromosome 22q11.2-ter. The P/ gene probably encodes an a-1,4-galactosyltransferase,
while the P gene, which has been shown to be independent of the P/ locus, encodes a
B-1,3-N-acetylgalactosaminyltransferase. Nevertheless, the relationship of P/ and P*
genes, both producing o-1,4-galactosyltransferases, is undetermined, as two unusual
phenomena in P1 and P* antigen expression have been observed (3):

1. Red cells of the individuals with the p phenotype lack P and P*
antigens and also lack P1 antigen. Nevertheless, individuals with P,
phenotype lack P1 antigen but express P* and P antigens, and the
P—P*+ individuals may be P1+ (P,* phenotype) or P1— (P,* phenotype)
(Table 1).

2. No P, children were produced from the mating type P, X p (none
of the 37 children produced from 10 such matings had P; phenotype).

Due to the observation of these phenomena, the relationship between the P/
a-1,4-galactosyltransferase and the P* a-1,4-galactosyltransferase has long been debated.
Genetic Models for the P system have been proposed. Any genetic model must explain

the two unusual phenomena mentioned above.

The Genetic Models Proposed

Three genetic models have been proposed to explain the expression of the P1 and

P* antigens.
1. Two independent loci for P1 and P*: However, if two independent

loci are involved, both of the P/ and P* loci must have mutational



change and thus leads to the p phenotype, or the P and P* loci are
closely linked and the p phenotype results from deletion of the
chromosomal region encompassing both loci.

2. One PI locus with three alleles, PI, P*, and p: Naiki and Marcus
(10) suggested that P/ was a regulatory gene altering the acceptor
specificity requirements of the P* o-1,4-galactosyltransferase so that it
could utilize paragloboside as well as lactosylcermide. p was an
amorph.

3.0ne PI locus with three alleles, P;*, P*, and p: Graham and
Williams ~ (11)  proposed  that P/ coding for an
a-1,4-galactosyltransferase which can utilize both paragloboside and
lactosylcermide as acceptor substrates, and P coding for an
a-1,4-galactosyltransferase which can utilize only lactosylcermide,
and p an amorph.

Recent Progress

In 2000, Steffensen et al. reported the cloning of the P* a-1,4-galactosyltransferase
gene (4). It was shown that the P o-1,4-galactosyltransferase could only utilize
lactosylcermide as acceptor substrates to produce P* structure but can not synthesize P1
antigen from paragloboside substrate. Furthermore, a single missense mutation in this P*
gene was identified in the individuals with p phenotype. Most interestingly, the P* gene
was found to locate on chromosome 22q13.2, which is within the region that has been
predicted for the PI locus location. However, no polymorphism in the P* gene was found
to correlate with P,/P, phenotype. This study reveals the P* gene identity; however, still
leaves the molecular genetic background for the correlation of the P1 and P* antigen

expression obscure.

= ALER

Our goal in this research project is to establish the molecular genetics of the P blood
group system. This includes identification of the PI gene and elucidation of the
molecular genetic basis explaining the correlation of the P1 and P* antigen
expression. We will employ the positional cloning strategy and the SNP (single
nucleotide polymorphism) information in NCBI (National Center for Biotechnology
Information, U.S. National Library of Medicine) to localize the P/ locus position.
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As the obscure status between the PI and P* genes, the positional cloning strategy
is designed and will be used simultaneously to try to demonstrate the P/ gene.

Five main steps are designed in our researches:

1. Assessing and collecting the typical pedigrees with the P;/P, phenotypes

2. Pedigree analyses for localization of the position or the chromosome region of
the P/ gene candidate through the SNP information in human chromosome 22



3. Enzyme characterization of the P/ gene product

4. Identification of the polymorphism in the P/ gene correlating with the P,/P,
phenotypes and segregation analysis in the P,/P, pedigrees

5. Further study required for elucidating the molecular genetics for the correlation
of the PI and P* genes

1. Assessing and collecting the typical pedigrees with the P,/P, phenotypes

Assessing and collecting the pedigrees with the P;/P, phenotypes is essential for
further investigation. Through this procedure, research samples (genomic DNAs, B
lymphocytes, efc.) from individuals with the P; and P, phenotypes can be gathered.
Furthermore, the pedigrees are required for future segregation analysis for correlating any
polymorphism identified in the cloned P/ gene with the P,/P, phenotype.

The P,/P, phenotypes of the individuals assessed in this research will be
determined by a standard serological procedure. As the phenotype distributions of P; and
P, are 32% and 68%, respectively, in Taiwanese, it will not be difficult to obtain typical
pedigree with P;XP, parents and P, and P, siblings.

2. Pedigree analyses of SNP to localize the chromosome region of the Pl gene

candidate

The appropriate SNP positions have been selected through searching the SNP
information of human chromosome 22 in NCBI, and PCR amplification and direct
sequencing to analyze the SNP in the family members of the four P,/P, pedigrees have
been performed to test the feasibility of this strategy. Our preliminary results from
segregation analysis agree with the previous data from family study for the P1 antigen
expression, which shows the localization of the P/ locus on chromosome 22q11.2-ter.

3. Enzyme characterization of the P1 a-1.4-galactosvltransferase

The protein product of the cloned P/ gene candidate will be expressed through
baculovirus expression in insect cells. The product will be purified and used in the in vitro
glycosyltransferase assay. The enzyme character of the P1 a-1,4-galactosyltransferase
will be analyzed to inspect its capability to synthesize P1 epitope from the paragloboside
precursor. It is also important to inspect whether the enzyme expressed from the cloned
P1 gene has a broad specificity to synthesize P* structure as well.

The reported P* a-1,4-galactosyltransferase will also be expressed and prepared
through baculovirus expression system in insect cells. Further enzyme characterization of
the P1 a-1,4-galactosyltransferase and comparison with the p*
a-1,4-galactosyltransferase using different acceptor substrates will be proceeded.
Establishment of this information is important in further realizing the relationship



between the P1 and P* antigen expression.

However, if the cloned P/ gene does not encode an a-1,4-galactosyltransferase,
further study to demonstrate the role of the P/ gene’s product (a regulatory element for
the P* o-1,4-galactosyltransferase?) in producing P1 antigen will be designed and
proceeded.

4. Identification of the polymorphism in the PI gene correlating with the P,/P,

phenotype and segregation analysis in the P,/P, pedigrees

Demonstrating the correlation of the polymorphism in the cloned gene with the
P,/P, phenotype is essential to confirm that the gene identified from positional cloning or
expression cloning is responsible for P1 antigen expression.

The PI gene of the P, individual will be analyzed and searched for any mutation
(missense mutation, short nucleotide deletion or insertion, or gene deletion, etc.).
Correlation of any identified mutation in the P/ gene with the P,/P, phenotype will be
inspected, and segregation analysis for the mutant P/ gene in the P,/P, pedigrees will be
performed.

Enzyme function analysis will be performed to demonstrate the activity of the
enzyme expressed from the mutant P/ gene through in vitro expression in the appropriate
mammalian cell line if the correlated polymorphism identified in the P/ gene is a
missense mutation.

5. Further study required for elucidating the molecular genetics for the correlation
of the PI and P* genes
Identification of the P/ gene is the first goal of this research project, and we are

faithful in achieving this goal. We expect to further elucidate the molecular genetic basis
of the relationship between the P1 and P* antigen expression.

The reveal of the P/ gene and the enzyme characters of the product encoded from
the PI gene might provide helpful clue to explain the P1 and P* antigen correlation.

il
Questions and clues should be noted:
1.1f the PI and P" locus are different, are they closely linked? How close they

are? Are both of the genes mutated in the individuals with p phenotype?
2.Does the PI gene encode a regulatory element altering the acceptor



specificity requirements of the P* o-1,4-galactosyltransferase so that it
could utilize paragloboside as well as lactosylceramide (as Naiki and
Marcus proposed)?

3.Does the PI gene encode an a-1,4-galactosyltransferase which can utilize
both paragloboside and lactosylceramide as acceptor substrates (as
Graham and Williams proposed)?

4.If the PI and P* genes are identical, what kind(s) of factors might
determine the P,/P, phenotype? If this situation is true, positional cloning
might reveal this information; however, expression cloning might fail to

give any positive results.
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In this research project, we have successfully gathered twelve pedigrees with
different P,/P, phenotypes, and their genomic DNA samples have been prepared. The
SNPs localized in the 5° —50 kb and 3° +20 kb regions of the P*
a-1,4-galactosyltransferase gene have been selected, and PCR amplification and direct
sequencing to analyze the SNP in the family members of the four P,/P, pedigrees have
been performed. However, none of the SNP point has been demonstrated to correlate with
the P,/P, phenotypes. This result hampered us to perform further investigation to reveal
the molecular basis for the P,/P, phenotypes. The molecular basis for the P,/P,
phenotypes still awaits further elucidation.



