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I M M U N O H E M A T O L O G Y

Expression of the histo-blood group B gene predominates in 
AB-genotype cells

Yuh-Ching Twu, Chuang-Yi Hsieh, and Lung-Chih Yu

BACKGROUND: It has been demonstrated that the 43-
bp minisatellite sequence in the 5′ region of the ABO gene 
plays an important role in its transcriptional regulation. 
It was determined in previous investigations that the 
structure of the minisatellite enhancer was specific to A, 
B, and O alleles.
STUDY DESIGN AND METHODS: Real-time poly-
merase chain reaction (PCR) detection and a PCR-
restriction fragment length polymorphism (RFLP) strategy 
were used to compare the quantities of the A and B 
transcripts in AB-genotype cells, including peripheral 
blood cells and cancer cell line with the group AB pheno-
type. The 5′ 3.7-kb regions of the A and B genes were 
cloned and the sequences compared. The transcriptional 
activities of the 5′ segments of the A and B genes were 
compared with luciferase reporter assay.
RESULTS: Both real-time PCR and PCR-RFLP analyses 
show that there is evidently more of the B transcript in 
the AB-genotype cells. It was demonstrated that the 5′ 
segment of the B gene had a markedly higher 
transcription-activation activity relative to the A gene. This 
difference in transcription capability appears to result from 
the variation in minisatellite-enhancer structures in the A 
and B genes, which contain one and four repeats of the 
43-bp enhancer unit, respectively.
CONCLUSION: Our study indicates that the majority of 
steady-state mRNA within AB-genotype cells is com-
posed of the B transcript and that this phenomenon is due 
to the predominant expression of the B gene relative to 
the A gene.

he human blood group A and B antigens, which
have been characterized as the carbohydrate
determinants, GalNAcα1-3(Fucα1-2)Galβ1-R and
Galα1-3(Fucα1-2)Galβ1-R, respectively, are the

most significant histo-blood group antigens in transfusion
medicine.1-3 In 1990, the molecular genetic basis of the
ABO system was first elucidated by Yamamoto and
coworkers.4,5 They characterized the respective nucleotide
sequences  of  the  three  major  alleles,  A1,  B,  and  O,  of
the ABO locus (Blood Group Antigen Gene Mutation
Database,6 http://www.ncbi.nlm.nih.gov/projects/mhc/
xslcgi.fcgi?cmd=bgmut/home), and found that their
cDNA structures are highly homologous. The coding
regions of the A1 and B allelic cDNAs have seven nucle-
otide dissimilarities (nucleotides 297, 526, 657, 703, 796,
803, and 930), and this results in differences at four amino
acids (residues 176, 235, 266, and 268).5,7 It is believed that
these differences are responsible for the variation in
donor-substrate specificities between the A and B
transferases.8-12

The A and B antigens are present not only on the red
blood cells (RBCs), but they are also widely distributed in
the human body and its various mucous secretions.2,3 It
has been demonstrated that the expression of the A and B
antigens is characterized by tissue-specific and tempo-
rally variant patterns. Marked change in these antigens
has been observed for different embryo-development
stages13 and in cell differentiation.14,15 More interestingly,
association between changes in A and B antigen expres-
sion and the processes underlying oncogenesis have also
been noted. The absence of A and B antigen expression
has been observed in many types of carcinoma, including
lung, oral, ovarian, pancreas, stomach, and uterine cervix
cancers16-21 and hematologic malignancy.22 Further, it has
been demonstrated that loss of these antigens precedes
tumor metastasis and is associated with tumor grade16,18,19

and survival rates of patients.17,18,20 Thus, understanding
the regulatory mechanics of ABO gene expression is of
particular interest as it is a prerequisite for further eluci-
dation of the determinants that lead to altered expression
of this gene during oncogenesis.

Elaboration of the genomic organization of the ABO
gene rapidly followed elucidation of the molecular genetic
basis of the ABO system.23,24 It was demonstrated that the
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ABO gene consisted of seven exons that span approxi-
mately 20 kb of genomic DNA. Recently, through utiliza-
tion of an alternative promoter another variant form of
ABO gene expression, which contains a different starting
exon 1 region, was identified.25,26 The establishment of
these basics of ABO gene organization has allowed analy-
sis of its genomic sequence27,28 and exploration of the
regulatory mechanisms of its expression. It has been dem-
onstrated that DNA methylation of the ABO-gene pro-
moter region suppresses expression of the ABO gene and
plays an important role in the regulation of its expres-
sion.29 Nonetheless, Kominato and associates30 proved
that the activation of the ABO gene transcription is depen-
dent on binding of the transcription factor CBF/NF-Y to
the minisatellite sequence of four tandem repeats of a 43-
bp unit, located −3.7 kb from the transcription initiation
site, in KATO III gastric cancer cell line.30 Previous investi-
gations, however, have demonstrated that the structure of
this minisatellite-enhancer region is specific to A, B, and
O alleles.31-33 The structure with the four tandem repeats
of the 43-bp unit is present in the B gene, but not in the
A1 gene. These works demonstrated that the correspond-
ing region of the A1 gene possesses only a single 43-bp
unit. Transcriptional activities contributed by the two dif-
ferent enhancer structures of the A1 and B genes were
compared with reporter assays, with the results demon-
strating much greater transcription-induction activity in
the B-gene minisatellite-enhancer structure relative to the
A-gene analog.33

Based on these previous observations, the expression
of the A and B genes was compared in the present study.
It was demonstrated that there was evidently more of the
B transcript relative to the A transcript in the RNA samples
prepared from AB-genotype cells. It is suggested that the
main reason for the variant expression of the A and B
genes is their different minisatellite-enhancer structures.

MATERIALS AND METHODS

Semiquantitative comparison of the A and B 
transcripts by real-time polymerase chain reaction

Total RNA samples of six unrelated individuals with the
group A1B phenotype were prepared from their peripheral
blood cells with a RNA blood mini kit (QIAamp, Qiagen
GmbH, Hilden, Germany). Total RNA of the SW48 colorec-
tal adenocarcinoma cell line (American Type Culture Col-
lection, Manassas, VA), which originated from a group AB
patient, was prepared with the a mini kit (RNeasy, Qiagen).
The RNA samples were treated with RNase-free DNase I
before synthesis of cDNA. The first-strand cDNAs were
primed with oligo(dT) primer and synthesized by reverse
transcriptase (SuperScrip III, Invitrogen, Carlsbad, CA).

Based on the polymorphic nucleotides at positions
796 and 803 of A and B cDNAs, primer sets with a common
forward primer, F68 (GCCATCAAGAAATACGTGGCT,

nucleotides 364 through 384 of ABO cDNA, translational
start ATG as nucleotides +1 to +3), and the reverse primers,
AR5 (GAAGAACCCCCCCAGGTA, complementary to
nucleotides 793 through 810 of A cDNA) and BR7 (GAA-
GAACGCCCCCATGTA, complementary to nucleotides 793
through 810 of B cDNA), were used to specifically amplify
the A and B cDNAs, respectively. The AR5 and BR7 primers
were designed to anneal to the A gene with the 796C and
803G nucleotides and to the B gene with the 796A and
803C nucleotides, respectively. Serial dilution of the
pCRII-TOPO plasmid vectors (Invitrogen) containing A or
B cDNA segments (nucleotides 226 through 1062) was
used to generate standard curves for quantification of A
and B cDNAs, respectively. The cDNA sample and 5 pmol
of each forward (F68) and reverse (AR5 or BR6) primer
were added to 20 µL of polymerase chain reaction (PCR)
mixture combined from a fast start DNA master SYBR
Green I kit (LightCycler, Roche Diagnostics GmbH, Man-
nheim, Germany). Equal amounts of each cDNA sample
were used to quantify the A and B transcripts with real-
time PCR detection, which was accomplished with the
LightCycler system (Roche). The PCR program included
10 minutes at 95°C followed by 45 cycles of 0 seconds at
95°C, 5 seconds at 63°C, and 15 seconds at 72°C.

Semiquantitative comparison of the A and B 
transcripts by PCR-restriction fragment length 
polymorphism analysis

Based on the presence of the polymorphic nucleotide at
position 526 of A and B cDNAs, a PCR-based restriction
fragment length polymorphism (RFLP) analysis was
developed to compare the A and B transcripts in cDNAs
prepared from group A1B individuals. The 526C nucleotide
in the A gene creates a BssHII recognition sequence,
whereas the 526G nucleotide in the B gene creates a BsaHI
recognition sequence. The cDNA sample and 5 pmol of
each forward (GTGTTTGCCATCAAGAAATACGTGGCT
TTCC, nucleotides 358 through 388 of ABO cDNA) and
reverse (TCGATGCCGTTGGCCTGGTCGACCATCAT, com-
plementary to nucleotides 862 through 890 of ABO cDNA)
primer were combined in 12.5 µL of PCR buffer containing
0.2 mmol per L of dNTP and 0.625 U of DNA polymerase
(Expand High FidelityPLUS DNA polymerase, Roche). The
standard pCRII-TOPO plasmid vectors containing A or B
cDNA segments, as used in real-time PCR detection,
served as control templates. The PCR program included
2 minutes at 95°C followed by 40 cycles of 10 seconds at
95°C and 1 minute at 72°C. After the PCR procedure, each
reacted mixture was supplemented with an equal amount
of fresh PCR mixture containing all the PCR reagents,
except template cDNA, and then subjected to 2 minutes
at 95°C and 10 minutes at 72°C. This supplemental step
was used to eliminate the formation of heteroduplex
product. The 533-bp PCR products were subjected to



TWU ET AL.

1990 TRANSFUSION Volume 46, November 2006

digestion by BssHII and BsaHI restriction endonucleases
separately and then analyzed by 2.0 percent agarose gel
electrophoresis. After staining with ethidium bromide, the
gel image was captured with a gel documentation system
(UVIdoc, UVItec Limited, Cambridge, UK), and the fluo-
rescent illumination of the digested PCR products was
quantified with computer software (Science Laboratory
2001 Image Gauge 4.0, Fuji Photo Film Co. Ltd, Tokyo,
Japan).

Sequence analysis of 5¢ regions of the A and 
B genes

The 5′ segments of nucleotides −3753 through +23 (num-
bered according to the A gene and translational start ATG
as +1 to +3) of the A and B genes were amplified by PCR
and cloned, and the sequences determined. Genomic
DNA samples from one individual homozygous for the A1v

(ABO*A102) gene and another homozygous for the B
(ABO*B101) gene were used as templates to obtain the 5′
regions of the A and B genes, respectively. Fifty nanograms
of genomic DNA and 5 pmol of each forward (F10,
aattacgcGTTTAAGCATTAGCCTAAATCCTACCCCTACAA
CC) and reverse (R11, ttaagctAGCGTCCGCAACACCTCG
GCCATGGCT, antisense sequence) primer were combined
in 12.5 µL of PCR buffer containing 0.2 mmol per L dNTP
and 0.625 U of Expand High FidelityPLUS DNA polymerase.
The F10 and R11 primers contained recognition
sequences for MluI and NheI restriction endonuclease
(underlined) at their 5′ ends, respectively. The PCR pro-
gram included 2 minutes at 95°C followed by 40 cycles of
10 seconds at 94°C, 30 seconds at 68°C, and 4 minutes at
72°C. The PCR products were cloned into the pCRII-TOPO
vectors with a TOPO TA cloning kit (Invitrogen). DNA
sequences were determined with a cycle sequencing kit
(BigDye Terminator, Applied Biosystems, Foster City, CA).
Multiple clones from two batches of PCR products were
sequenced to identify PCR errors from actual sequence
polymorphisms.

Reporter assay

The DNA fragments encompassing the 5′ −3753 to +23-bp
regions of the A and B genes, as described above, were
inserted into the MluI and NheI sites of the pGL3-basic
vector (Promega Corp., Madison, WI), which contains the
reporter of the firefly luciferase (luc) gene. Recombinant
plasmids with the 5′ 3.7-kb segments of the A and B genes
introduced upstream of the luc reporter gene were
selected and designated as plasmids A3.7 and B3.7,
respectively. The minisatellite-enhancer region of the ABO
gene locates at position −3708 to −3666. The DNA frag-
ments encompassing the 5′ 3.6-kb regions (nucleotides −
3639 through +23) of the A and B genes were amplified by
PCR with the forward primer (aattacgcGTTCAGTGT-

GCTCTTGGGATTGTAAC), which contained MluI recogni-
tion sequence (underlined) at the 5′ end, and the R11
reverse primer. The amplified 3.6-kb fragments of the A
and B genes were cloned into the MluI and NheI sites of
the pGL3-basic vector, yielding the reporter plasmids A3.6
and B3.6, which were devoid of the minisatellite-enhancer
region of the A and B genes, respectively. To construct
reporter plasmids containing the 5′ 3.7-kb regions of the
A and B genes, but with the A- and B-genes’ minisatellite-
enhancer regions exchanged, the A3.7 and B3.7 reporter
plasmids were digested with MluI (recognition position at
−3753) and NsiI (recognition position at −3004) restriction
endonucleases. The excised 750-bp fragments from the
A3.7 and B3.7 plasmids were exchanged and inserted into
the cleaved A3.7 and B3.7 plasmids, respectively, yielding
the reporter plasmids A3.7-4X43 and B3.7-1X43, which
had undergone an exchange of A- and B-genes’ minisatel-
lite regions.

The regions between −117 bp and the transcription
start site are believed to function as the ABO-gene pro-
moter.30 The ABO-gene promoter region (−118 to +32 bp)
and the 152- and 281-bp fragments encompassing the
minisatellite enhancers of the A and B genes, respectively,
were PCR-amplified as described previously.33 The ampli-
fied ABO-gene promoter fragment was then inserted into
the BglII site of the pGL3-basic vector, with the orientation
of the insert of the selected recombinant plasmid verified
by DNA sequence analysis. This constructed the reporter
plasmid ABOP with the ABO-gene promoter region intro-
duced upstream of the luc reporter. The 152- and 281-bp
PCR products of the A- and B-gene minisatellite-enhancer
regions, respectively, were introduced separately into the
KpnI and SacI sites of the ABOP plasmid, constructing the
reporter plasmids AEP and BEP with the introduction of
A- and B-gene minisatellite-enhancer regions upstream to
the ABO-gene promoter, respectively.

The constructed and the mock pGL3-basic plasmids
were prepared with a plasmid kit (EndoFree, Qiagen) for
transfection. The human gastric carcinoma cell line KATO
III (American Type Culture Collection) was used as a host
in the reporter assay. Transfection of the cells was per-
formed with transfection reagent (Lipofectamine, Invitro-
gen; supplemented with Plus reagent). Cells were split into
six-well culture plates at a density of 2 × 105 cells per mL
and transfected with 1.0 µg of reporter plasmid. After
incubation for 48 hours after transfection, cells were har-
vested to analyze the activity of the expressed luciferase
with a luciferase assay system (Bright-Glo, Promega).

RESULTS

Evident predominance of B transcript relative to A 
transcript in AB-genotype RNA samples

As described under Materials and Methods, the primer
pairs of F68+AR5 and F68+BR7, designed based on the
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polymorphic nucleotides 796 and 803, specifically ampli-
fied the A and B cDNAs, respectively, in real-time PCR
(Fig. 1A). The cDNA samples, which were prepared from
six group AB individuals and from the SW48 colon cancer
cell line, were used for quantification and comparison of
the A and B transcripts. The results are summarized in
Fig. 1B, with the ratio of the B and A transcripts in each
sample presented. Although the B/A transcript ratio var-
ied between samples, it was shown that the amount of B
transcript was severalfold higher than that of the A tran-
script for all six of the cDNA samples from the group AB
individuals, with the lowest and highest B/A ratios being
2.5 (J1 sample) and 89.3 (HS), respectively. A B/A tran-
script ratio of 8.3 was demonstrated in the SW48 cells.

A PCR-RFLP analysis, which was based on the poly-
morphic nucleotide 526, was developed to further dem-
onstrate the different amounts of A and B transcripts in
these samples. The design and procedures of this PCR-
RFLP strategy are illustrated in Fig. 2A. Plasmid vectors

bearing A or B cDNA segments (Fig. 2B,
Lanes A and B, respectively) served as
control templates. Gel image analysis
of the cleaved products amplified from
a mixture of equal amounts of the two
control plasmids (Lanes A + B) showed
that the B/A-cDNA ratios were close to
1 (0.95 and 1.01 in Lanes Bss and Bsa,
respectively), demonstrating that the
PCR amplification did not prefer either
template. Five cDNA samples from the
group AB individuals were subjected to
analysis, and significant B transcript
but scarcely detectable A transcript
was  demonstrated  in  four of these
(M21, HS, M39, and T29). Although the
A transcript was apparent in the J1
sample, image analysis showed that
there was about 25 percent more of the
B cDNA than the A cDNA. This obser-
vation of the J1 sample is consistent
with the result of the real-time PCR
analysis, in which the lowest B/A ratio
was exhibited for the J1 cDNA. Both
results of these two analyses demon-
strate that the majority of the steady-
state mRNA in the AB-genotype RNA
samples is comprised of the B allele
transcript.

Sequence comparison of the 5¢ 
regions of the A and B genes

The 5′ regions encompassing nucle-
otides −3753 through +23 of the A and B
genes were cloned and the sequence

determined (GenBank/EBI DataBank Accession Numbers
DQ231473 and DQ231474, respectively). Ten different
positions were identified between the 5′ 3.7-kb regions of
the  A  and  B  genes,  as  illustrated  in  Fig. 3  and described
in its legend. The previously demonstrated difference
between A and B alleles in the minisatellite-enhancer
region, locating nucleotides −3708 through −3666, was
confirmed. The minisatellite-enhancer region of the B
gene is composed of four tandem repeats of the 43-bp
unit. By contrast, only one 43-bp unit is present in the A
gene, and an A>G change was present at the 41st nucle-
otide of the 43-bp consensus.

Different minisatellite sequences in the 5¢ regions 
of the A and B genes contribute to specific 
transcription-activation activities in vitro

Reporter assay was employed to compare the transcrip-
tion-activation activities of the 5′ regions of the A and B

Fig. 1. Quantitative comparison of the A and B transcripts in AB-genotype samples by 

real-time PCR. (A) Specificity of the real-time PCR detection for the A and B tran-

scripts. The primer pairs F68+AR5 (Lanes 1 and 3) and F68+BR7 (Lanes 2 and 4) were 

used in the real-time PCR, and plasmid vectors bearing A (Lanes 1 and 2) or B (Lanes 

3 and 4) cDNA segments were used as templates. As shown in the figure, the F68+AR5 

and F68+BR7 primers specifically amplified the A and B cDNA segments, respectively. 

(B) The mean multiples of B transcript to A transcript in AB-genotype cDNAs. Standard 

curves for quantification of A and B cDNAs were generated from serial dilution of the 

plasmid vectors containing A or B cDNA segments, respectively. Equal amounts of each 

cDNA sample, including six samples from unrelated group A1B individuals (J1, M21, 

HS, M39, T29, T73) and the sample from the SW48 colon cancer cell line, which origi-

nated from a group AB patient, were used to quantify the A and B transcripts. The 

mean multiple of the B transcript (gray bar) to A transcript (open bar, arbitrarily given 

the value of 1.0) for each sample is shown. Data were obtained from three detections 

and standard deviations (SDs) are shown.
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genes. As shown in Fig. 4A, the reporter plasmid B3.7,
which  had  the  introduction  of  the  5′  3.7-kb  region  of
the  B  gene  upstream  to  the  luc  reporter  of  the  pGL3-
basic plasmid, exhibited markedly higher transcription-
activation activity than the construct A3.7, which had the

introduction of the A-gene 5′ 3.7-kb
region. When the introduced fragments
were shortened to about 3.6-kb, as in the
constructs of A3.6 and B3.6, transcrip-
tional activity was reduced, especially
for the latter. The luciferase activity gen-
erated from the B3.6 construct was
reduced to a level similar to those from
the A3.7 and A3.6 plasmids. Of the 10
different positions identified in the 5′
3.7-kb regions of the A and B genes, 9
were retained in the A3.6 and B3.6 con-
structs, and only the minisatellite-
enhancer regions were deleted when
compared with the A3.7 and B3.7 ana-
logs. The results suggest that the mini-
satellite structure of the B genes is
responsible for the high transcription-
activation activity. Analysis of the A3.7-
4X43 and B3.7-1X43 constructs, which
were built with the minisatellite-
enhancer regions of the A and B genes
exchanged, further supports the above
suggestion.

Another set of reporter plasmids,
with ABO-gene promoter and the A- or
B-gene minisatellite-enhancer regions
inserted, was constructed. Introduction
of the ABO-gene promoter to the up-
stream of the luc reporter (ABOP con-
struct) resulted in a 12-fold increase in
luciferase activity in the transfected
KATO III cells when compared with the
pGL3-basic vector (Fig. 4B). Further
addition of the A-gene enhancer region
of one 43-bp unit to the upstream of the
ABO promoter increased the luciferase
activity about 2.3-fold. When the B-gene
enhancer region of four 43-bp units was
added, however, the luciferase activity
was increased approximately 200-fold
relative to the ABOP plasmid. Reporter
assay of these constructs demonstrated
the high transcriptional activity of the
four tandem repeats of the 43-bp unit of
the B gene. This finding is consistent
with the results of our previous report.33

DISCUSSION

In this study, we have demonstrated apparently greater
quantities of B transcript relative to A transcript in RNA
samples prepared from group A1B individuals and from an
AB-genotype cell line. The predominance of the B allele
transcript was demonstrated in each of the samples

Fig. 2. Quantitative comparison of the A and B transcripts in AB-genotype samples by 

PCR-RFLP. (A) Schematic representation of the PCR-RFLP strategy. The 526C and 526G 

nucleotides in the respective A and B cDNAs create BssHII (GCGCGC) and BsaHI 

(GGCGCC) restriction recognition sequences, respectively. BssHII digestion cleaves 

the 533-bp PCR product amplified from A cDNA into 363- and 170-bp fragments and 

leaves the PCR product amplified from B cDNA undigested, while BsaHI digestion 

cleaves the PCR product amplified from B cDNA into 362- and 171-bp fragments and 

leaves the A cDNA PCR product intact. (B) Quantitative comparison of the A and B 

transcripts in AB-genotype samples by PCR-RFLP. Plasmid vectors bearing A or B 

cDNA segments served as control templates. The 533-bp PCR products, amplified from 

plasmid with A cDNA (lanes A), plasmid with B cDNA (lanes B), mixture of equal 

amounts of the two control plasmids (Lanes A + B), and five cDNA samples from group 

A1B individuals, were subjected to digestion by BssHII and BsaHI restriction enzymes 

(Lanes Bss and Bsa, respectively) and analyzed by 2.0 percent agarose gel electro-

phoresis.
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assessed in this study, and both results of the two strategies,
real-time PCR detection and PCR-RFLP analysis, demon-
strate that the majority of the steady-state mRNA from the
AB-genotype cells is composed of the B allele transcript.
It was found, however, that the B/A transcript ratio varies
drastically between group AB individuals. The underlying
reason for this phenomenon awaits elucidation.

A previous brief report has indicated that the
amount of O transcript is reduced relative to that of the
A or B transcripts in AO- and BO-genotype RNA samples,
and it has been suggested that the decreased stability of
the O allele transcript, as resulted from the presence of a
premature stop codon, accounts for this phenomenon.34

There is no tenable basis, however, for inference of dif-
ferential stability between the A and B transcripts,
although the possibility cannot be totally excluded.
Results obtained from sequence comparison of the 5′
regions of the A and B genes and reporter assays suggest
that the increased amount of B allele transcript in the
steady-state AB-genotype mRNA is due to the markedly
higher transcriptional activity of the B gene relative to
the A gene and that this is a consequence of the different
minisatellite-enhancer structures in the two genes,

which contain one and four repeats of 43-bp unit,
respectively.

Minisatellite-enhancer specificity has been previ-
ously revealed for A, B, and O alleles.31-33 The major differ-
ence is the number of repeats of the 43-bp unit to which
the transcription factor CBF/NF-Y binds. In our previous
investigation, excluding the A1- and B-gene structures
described above, a third minisatellite structure, four
repeats of the 43-bp unit with a G>C substitution at the
41st nucleotide of the first of the 4 units, has been dem-
onstrated in the O1v gene and part of the O1 gene.33 It has
been demonstrated that the A2 allele contains four repeats
of the 43-bp unit31,32 and the infrequent O2 allele contain
one repeat of the 43-bp unit.32 Except for the minisatellite
enhancer region, other allele-specific polymorphisms in
the 5′ regions of the ABO genes have also been docu-
mented.35 Transient reporter assay has proved noticeably
higher transcriptional activity for the enhancer with four
repeats of the 43-bp unit, as derived from the B gene,
compared to that of the analog with a single 43-bp unit,
as derived from A1 gene. Further, enhancement of tran-
scriptional activity has been demonstrated with an
increase in the repeat number of the 43-bp unit.33

Fig. 3. Sequence comparison of the 5¢ regions of the A and B genes. Ten different positions were identified in the 5¢ 3.7-kb regions of 

the A and B genes and are schematically represented. The nucleotides are numbered according to the A gene and the translational 

start ATG are as nucleotides +1 to +3. Among the 10 different positions, six positions (-3532, -3239, -2284, -1903, -1368, and -1165) 

are single-nucleotide change. At the polymorphic poly(A) region of nucleotides -1631 through -1618, 14A and 17A nucleotides were 

found in the clones from A and B genes, respectively. At the region of nucleotides -1308 to -1285, four and three repeats of a 6-bp 

(ATTTTT) unit were identified in the A and B genes, respectively. In contrast to the A gene sequence, there is a 36-bp (TGAGGAAT-

TGCCACAATTTTTTCCTGCGCCTGCACC) insertion between nucleotides -975 and -974 in the B gene. The minisatellite-enhancer 

regions, which are located at nucleotides -3708 through -3666, of the A and B genes are different. The region in the B gene comprises 

four tandem repeats of the 43-bp unit. Only one 43-bp unit is present in the region of the A gene, and an A>G change was present at 

the 41st nucleotide of the 43-bp consensus. The sequence of the 43-bp consensus in the B gene and the sequence of the 43-bp unit in 

the A gene are shown. The 5¢ region of the A1v (ABO*A102) gene was investigated and compared with that of the B (ABO*B101) gene 

in this study. A genomic sequence derived from the A1 (ABO*A101) gene has been deposited in GenBank (Accession No. AC000397), 

and the 5¢ sequence of the A1v gene was found to be identical to that of the A1 gene, except for the number of A nucleotides at the 

polymorphic poly(A) region.
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Doubts have been raised about the capability of the
CBF/NF-Y factor to individually determine the complex
expression patterns of the ABO gene, as CBF/NF-Y is
known as a constitutive and ubiquitous transcription fac-

tor. In further investigations, it has been
suggested that several other DNA seg-
ments in the 5′ region of the ABO gene
play a regulatory role in its expression.
These include the potential negative
elements  present  within  the  −3.6-  to
−3.4-kb and −3.2- to −2.3-kb regions,30

the  negative  regulatory  N  box  in  the
−202- to −118-bp region,36 and the Sp1-
binding site in the promoter region.37 As
the minisatellite-enhancer structures
for the A and B alleles differ, the expres-
sion of the allelic A and B genes should
be influenced differentially by the CBF/
NF-Y transcription factor. As shown in
our reporter assay, deletion of the mini-
satellite enhancer in the A and B genes
resulted in 25 and 80 percent reductions
in luciferase activity, respectively (a
comparison of the results for the A3.7,
A3.6 and B3.7, B3.6 reporter plasmids
provided in Fig. 4A). This demonstrates
that the A gene possesses a very weak
43-bp minisatellite enhancer compared
to the B gene in the cell line used in this
study. Consequently other regulatory
elements in the 5′ region might exert
their function on the regulation of A
gene expression more influentially.
Thus, the A and B genes should be con-
sidered separately when examining the
roles of the other regulatory elements,
as those regulatory elements may have
different weights in terms of the influ-
ence on the expression of the two genes.
Furthermore, it should be noted that
our  reporter  assays  were  performed  in
a  gastric  cancer  cell  line.  Analysis  for
the  transcriptional  activity  performed
in erythroid precursor cells may be
required to elucidate the influence of
those regulatory elements in the tran-
scriptions of the A and B genes in
hematopoiesis.

It may be of interest to further
determine whether the quantities of A-
and B-transferase products differ in AB-
genotype cells, given the differences in
the quantities of the A and B transcripts.
It should be noted, however, that, con-
tradictory to the observation of greater

expression of the B allele than the A allele in this study,
previous investigation has shown that more A antigens
than B antigens are present on group A1B RBCs and that
more A antigens are present on group A1 RBCs than B

Fig. 4. Comparison of transcriptional activities of the 5¢- and minisatellite-enhancer 

regions of the A and B genes. (A) Comparison of transcriptional activities of the 5¢ 
regions of the A and B gene. The -3753 to +23-bp segments of the A and B genes and 

the positions of the minisatellite-enhancer regions are schematically represented, 

with the -3639- and -3004-nucleotide positions indicated. The A3.7 and B3.7 con-

structs have the -3753- to +23-bp regions of the A and B genes introduced upstream 

of the luc reporter gene of the pGL3-basic vector, respectively. The A3.6 and B3.6 con-

structs have the insertion shortened to the -3639-bp position. The A3.7-4X43 and B3.7-

1X43 constructs were built with exchange of the segments from nucleotides -3753 

through -3004 of the A3.7 and B3.7 constructs. The results are presented as mean 

multiples of luciferase activities from three repetitions compared with those from the 

pGL3-basic vector, which is arbitrarily given the value of 1.0 SDs are shown. (B) Com-

parison of transcriptional activities of the A- and B-gene minisatellite enhancers. The 

ABOP construct has the ABO-gene promoter region introduced upstream of the luc 

reporter of the pGL3-basic vector. The AEP and BEP constructs have the A- and B-gene 

enhancer regions, with respective one and four 43-bp units, inserted upstream of 

the ABO-gene promoter, respectively. The results are shown as mean multiples of 

luciferase activity compared with analogous activities for the pGL3-basic vector, which 

is arbitrarily given the value of 1.0. Data were obtained from three repetitions, and SDs 

are shown.
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antigens on group B RBCs.38 It is known that a series of
complicated cellular events, including translation, post-
translational modification, and glycosyltransferase reac-
tion, is required to lead to the final expression of the A and
B antigenic structures on cell membranes from the tran-
scribed A and B mRNAs and that many factors may affect
the processes of these cellular events. Further, the A and
B antigenic structures are synthesized through the differ-
ent reactions of the A and B transferases, which utilize
specific donor substrates. Thus, it is interpretable that the
predominance of the B allele transcript does not imply
more final products of the B antigenic structure.
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