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Serological typing methods have been used traditionally
to define the polymorphism of HLA antigens. However,
since the introduction of DNA typing methods, discrep-
ancies between serological and molecular methods have
been reported. Thus, certain alleles type easily at the
DNA level but lack cell surface expression and are,
therefore, undetectable by serological typing. These dis-
crepancies arise from structural differences between the
expressed and the deficient forms of the gene (Parham
1997). In this report, based on a combination of cellular
and molecular methods, we describe a nucleotide inser-
tion responsible for the loss of expression of an HLA-
A*0301 allele in a prostate carcinoma cell line.

DU145 is a tumor cell line derived from a cerebral
metastasis of a prostate carcinoma. The cell line was ob-
tained from the American Type Culture Collection
(ATCC; Rockville, Md.). Molecular typing for HLA
class I (A and B loci) was performed on genomic DNA
from the cell line using the HLA-A and HLA-B sequenc-
ing-based typing kits and ABI PRISM 377 DNA
Match/Maker sequencer allele identification software
(Applied Biosystems, Foster City, Calif.). The HLA gen-
otype from the DU145 cell line (sequences from exons 2
and 3) was HLA-A*0301, A*3303/HLA-B*5001,
B*5701. HLA class I expression on the cell surface was
measured by indirect immunofluorescence using the ap-

propriate anti-class I monoclonal antibody (mAb) and
fluorescein isothiocyanate-labeled rabbit anti-mouse Ig
F(ab)2 fragments (Sigma, St Louis, Mo.). Fluorescence
was analyzed with a FACsort flow cytometer (Becton-
Dickinson, Mountain View, Calif.) and showed loss of
expression of the HLA-A*0301 allele (Fig. 1). This find-
ing was confirmed using two different mAbs that specifi-
cally recognize this antigen (mAb 160.30 and 361.1,
kindly provided by K. Gelsthorpe, Sheffield BTS, UK).
Because interferon-γ upregulates HLA expression in sev-
eral cell types, we also examined the effect of this cyto-
kine. Cells were treated with human recombinant inter-
feron-γ (800 units/ml) (Amersham, Little Chalfont, UK)
for 48 h and cell surface HLA class I expression was
then determined by immunofluorescence as described
previously. In DU145 cells, all expressed alleles were
upregulated, whereas HLA-A3 remained undetectable
(Fig. 1).

To determine whether the lack of HLA-A*0301 ex-
pression of in DU 145 cells was due to failure of tran-
scription, RT-PCR analysis was done using specific
primers for the HLA-A locus. Amplification was per-
formed using 2 µl of cDNA and the locus-specific prim-
ers A-S and A-AS (Table 1). Primers derived from exon
2 and exon 5 were used to amplify a 790-bp fragment.
Sequence analysis of this product, using dye terminators
and the ABI-PRISM 377 DNA Sequencer (PE Applied
Biosystem), revealed the absence of HLA-A*0301 tran-
script. Because single point mutations within the 5′ un-
translated region have been observed to silence HLA
class I expression (Lardy et al. 1992), we explored the
promoter region of the HLA-A3 gene by specific ampli-
fication followed by direct sequencing of genomic
DNA. The HLA-A locus-specific primer Pra was
matched with the allele-specific primer for HLA-A3 A3-
AS (Table 1). This pair of primers amplified an 810-bp
fragment that spanned the region from position –385 up-
stream of the first ATG to nucleotide 224 of exon 2. Se-
quencing the PCR product showed the upstream regula-
tory region to contain the correct genomic sequence (da-
ta not shown).
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We therefore explored the HLA-A*0301 gene itself by
PCR amplification of genomic DNA with HLA-A locus-
specific primers (A-S and A-AS), which amplify a 1725-
bp product. The purified PCR product was cloned in the
PCR 4-TOPO vector using the TOPO TA Cloning Kit for
Sequencing (Invitrogen, Groningen, The Netherlands).
DNA sequencing of the cloned fragments, using the
primer pairs listed in Table 1, showed the insertion of an
additional C within a cytosine island located at the be-

ginning of exon 4 (nucleotides 621–627). Figure 2a
shows comparative DNA sequencing electropherograms
from plasmids containing HLA-A*0301 and HLA-
A*3303 sequences. The additional nucleotide in the se-
quence between codons 183 and 185 leads to a prema-
ture stop codon at position 196, within exon 4 (Fig. 2b).
The same insertion has been described in three different
null alleles: A*0104N (Laforet et al. 1997), A*2411N
(Magor et al. 1997), and B*5111N (Elsner et al. 2001).

Fig. 1 FACS analysis of HLA
class I antigen expression in
DU145 cells labeled with
monomorphic, locus-specific,
and allele-specific mAbs, after
incubation in the absence or
presence of interferon (IFN)-γ.
HLA-A3 surface expression
was tested with two allele-spe-
cific mAbs

Table 1 Sequences and loca-
tions of the primers used for
amplifications and sequencing
of HLA*0301 (+ HLA-A*3-spe-
cific primer, * HLA-A locus-
specific primers; S sense, AS
antisense)

Primer Sequence Location Orientation

Pra 5′GGGCCCATGCCGAGGGTTT –385 Sense
A3-AS+ 5′GGTCAGTCTGTGACTGGGCCTTCAC Exon 2 Antisense
A-S* 5′GACAGCGACGCCGCGAGCCA Exon 2 Sense
A-AS* 5′GGCAGCGACCACAGCTCCAG Exon 5 Antisense
Int1-S 5′CGAGGGTCGGGCAGGTCTCA Intron 1 Sense
Int 2-AS 5′CAGCCCCGACCAACCCGGGG Intron 2 Antisense
Int2-S 5′CCCCGGGTTGGTCGGGGCTG Intron 2 Sense
Int3-AS 5′CCTCCTTGTGGGAGGCCAGC Intron 3 Antisense
Ex3-S 5′CCTGGAGAACGGGAAGGAGA Exon 3 Sense
Ex4-AS 5′CCCGCTGCCAGGTCAGTGTG Exon4 Antisense
Ex4-S 5′CTGCGGAGATCACACTGACC Exon 4 Sense
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Table 2 Size of PCR products and sequences of the primers used
for amplifications of microsatellite markers (S sense, AS antisense)

Primer Sequence Size of
PCR product
(bp)

BAT26-S 5′TGACTACTTTTGACTTCAGCC 116
BAT26-AS 5′AACCATTCAACATTTTTAACCC
BAT40-S 5′ATTAACTTCCTACACCACAAC 124
BAT40-AS 5′GTAGAGCAAGACCACCTTG
BAX-S 5′ATCCAGGATCGAGCAGGGCG 92
BAX-AS 5′ACTCGCTCAGCTTCTTGGTG
BATRII-S 5′AAGCTCCCCTACCATGACT 114
BATRII-AS 5′TGCACTCATCAGAGCTACAG

ferent phenotypes of altered HLA class I antigen expres-
sion on tumor cells have been described (Garrido et al.
1997), e.g., total loss or downregulation, haplotype loss,
locus downregulation, and allelic loss. Selective allelic
loss has been defined in several types of malignant le-
sion with immunochemical methods that used allele-spe-
cific mAbs. The molecular defects underlying this altera-
tion have been characterized in tumor cell lines from co-
lorectal (Browning et al. 1993), cervical (Brady et al.
2000; Koopman et al. 1999), and melanoma (Wang et al.
1999) tumors. The mutations giving rise to specific allel-
ic loss include nucleotide substitutions, and insertion in
coding and untranslated regions. Certain genomic re-
gions, particularly sequences with single- or double-base
pair repeats, are more prone to undergo mutations such
as replication errors caused by strand slipping. For ex-
ample, a hotspot mutation region has been reported in
the highly repetitive sequence CTCTCTCTTTCT located
in the leader sequence of the gene for β2-microglobulin
at codon 15–16 of exon 1. Mutations in this region pro-
duce a frameshift in the open reading frame, with the ap-
pearance of a stop codon at position 42 and a final phe-
notypic result of total HLA class I loss in a variety of tu-
mors (Perez et al. 1998).

Mismatch repair genes are responsible for the correc-
tion of replication errors. In tumor cells with the mutator
phenotype, the defective DNA mismatch repair mecha-
nism leads to a high rate of mutation and accumulation
of mutations during tumor progression (Ionov et al.
1993). Hence nucleotide repeats are more susceptible to
mutation in tumor cells that exhibit the mutator pheno-
type. The cytosine island located at the beginning of ex-
on 4 of the HLA-A*0301 gene may be a mutation hotspot
in tumor cells with the mutator phenotype. Because tu-
mors with a replication repair defect (RER) display mi-
crosatellite instability (change in the length of simple re-
petitive sequences), we analyzed the DU145 cell line for
its RER phenotype using several mononucleotide repeat
sequences. Because normal DNA was unavailable for
comparison between germline microsatellites and micro-
satellites from the DU145 cell line, we looked for micro-
satellite instability in the polyadenine mononucleotide
repeats BAT-26 and BAT-40, which have previously
been shown to be relatively monomorphic in size distri-

Fig. 2 a DNA sequencing electropherograms from plasmids con-
taining HLA-A3*0301 and HLA-A*3303 sequences. The arrow in-
dicates the cytosine insertion found in the HLA-A*0301 allele. Un-
derlined nucleotides indicate a polymorphic location between
HLA-A*0301 and HLA-A*3303 alleles. b Comparison of the nu-
cleotide sequences at the beginning of exon 4 (codons 186–196) in
normal (N) and mutated (M) HLA-A*0301. The premature stop co-
don generated at position 196 is overlined

Lienert and co-workers (1996) described an HLA-
A*0301 null allele named HLA-A*0303N. However, in
this case, the absence of cellular expression of the HLA-
A3 antigen was associated with a six-nucleotide deletion
in exon 3 of the A*0301 gene. In each null allele, the sin-
gle nucleotide change is the only difference that distin-
guishes the null allele from the wild type.

The cytosine insertion found in cell line DU145 is the
only mutational event detected within the 2.4 kb of ge-
nomic DNA sequence determined, and likely accounts
for the absence of HLA-A3 antigen surface expression.
On the other hand, the available evidence suggests that
premature termination codons within mammalian genes
reduce the levels of mRNA by a nuclear post-transcrip-
tional mechanism (Carter et al. 1996). Severe reductions
in mRNA levels induced by premature termination co-
dons have been described in HLA class I genes (Magor et
al. 1997; Serrano et al. 2000). This is consistent with the
absence of the HLA-A*0301 transcript when we ampli-
fied mRNA from the cell line.

Most null alleles have been characterized in normal
cells from healthy individuals. However, we located the
inactivating mutation in tumor-derived cells. HLA class I
antigens are lost or downregulated in many types of hu-
man tumor, and this alteration may permit tumor cells to
escape cytotoxic lymphocyte-mediated recognition. Dif-
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bution within the population (Grady et al. 1998; Hoang
et al. 1997). In addition, two microsatellite-like mononu-
cleotide repeats were analyzed: a 10-bp polyadenine re-
peat within the coding region of the transforming growth
factor-β (TGF-β) type II receptor (the BAT-RII tract), and
a tract of eight consecutive deoxyguanosines in the third
exon of the BAX gene. Mutations in these repeated se-
quences of both genes have been reported in tumors with
the mutator phenotype (Grady et al. 1998; Ionov et al.
2000).

To amplify microsatellite markers, the 5′ site of one
of the primers of each primer set was tagged with a fluo-
rescent label (Applied Biosystems). Microsatellite insta-
bility was determined using a 377 DNA Sequencer and
Genescan 3.1 software (Applied Biosystems). The prim-
er sequences and the size of PCR products are listed in
Table 2. BAT-26 and BAT-40 were considered to be un-
stable when they showed size variations exceeding 2 bp
in cell line DU145 as compared with larger alleles from
unmatched normal DNA. As a positive control, we used
HCT-15 and LoVo colorectal cell lines (ATCC), which
are known to be unstable for mononucleotide runs
(Branch et al. 1995; Hoang et al. 1997). The DU145 cell
line was unstable for BAT-26 and BAT-40 (Fig. 3), show-
ing reductions in allele size in both markers. As shown
in Fig. 3, BAT-26 amplification from normal unmatched
DNA demonstrated the normal-sized PCR fragment
(116 bp), whereas the two alleles of BAT-26 in cell line
DU145 showed deletions of two and four bases (114 and
112 bp). Moreover, we detected a single nucleotide in-
sertion in the G8 tract of the BAX gene (Fig. 3), whereas
the size of the BAT-RII tract was normal (data not
shown). 

The mutational event that gives rise to loss of expres-
sion of HLA-A*0301 in cell line DU145 may be inter-
preted in two ways: (1) the insertion of an extra cytosine
generates a novel HLA-A3 null allele or (2) the inactivat-
ing mutation arises from tumor genomic instability and
is selected during tumor progression because it repre-

sents an immunological advantage. According to the first
possibility, the mutational event should be present in
germline DNA. Unfortunately, normal matching DNA
was unavailable to test the two hypotheses.

In summary, we described a new structural mutation
in an HLA class I gene that causes a lack of transcription
and surface antigen expression. These results reveal that
is important to compare phenotype and genotype in order
to understand the molecular basis of variations in HLA
expression.
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