
Introduction
Histocompatibility leukocyte antigen (HLA) class I mol-
ecules present peptides derived from intracellular pro-
teins to cytotoxic T cells. The peptides, 8–11 amino
acids in length, are transported after cleavage by cytoso-
lic proteasomes into the inner lumen of the endoplas-
mic reticulum (ER) by transporter associated with anti-
gen processing 1 and 2 (TAP1 and TAP2) complexes.
Thereafter, the peptides are associated with class I heavy
chains (HCs), which form complexes with β2
microglobulin (β2m), tapasin, and calreticulin on the
ER lumen (1, 2). After loading of the peptides, the
HC–β2m complex, dissociated from TAP, tapasin, and
calreticulin, is transported to the cell surface. It has been
shown that the expression levels of class I molecules are
decreased in several cell lines deficient in TAP, β2m, or
tapasin (2–4) and that free HCs are stabilized on the cell
surface after the addition of β2m and specific class I
molecule–binding peptides in cell culture media (5).

Bare lymphocyte syndrome (BLS) type I is known to
be characterized by HLA class I deficiency, sinusitis, and
chronic bronchitis and was first reported by Touraine et
al. (6). BLS is believed to be caused by deficiency of the
TAP2 protein, based on studies of two families (7, 8). In
this study, we examined the gene defect of BLS in
patient KMW, of the TSU family, reported previously by
Maeda et al. (9). KMW was a 46-year-old Japanese female
who continues to suffer from sinusitis, chronic bron-

chitis, and a punched-out ulcer on the left pretibial
region. Her parents, HST and UTT, are first cousins
(Fig. 1b). In this study, we analyzed the molecules
involved in the maturation pathway of class I molecules
in KMW-B2 cells, a B-cell line derived from the lympho-
cytes of KMW, and for the first time found a mutation
in the TAP1 gene in a BLS patient.

Methods
Materials. The compounds used were as follows: w6/32,
anti–HLA class I monoclonal antibody (Serotec, Kidlington,
United Kingdom); rabbit anti-calreticulin antibody (Affinity
BioReagents Inc., Golden, Colorado, USA); rabbit anti-β2m
antibody (Cosmo Bio Company, Tokyo, Japan); HLA-A24 con-
sensus peptide (A24p, YYEEQHPEL; Sawady Technology,
Tokyo, Japan); and human β2m (Chemicon International Inc.,
Temecula, California, USA). HC10 (anti–HLA class I mono-
clonal antibody) was kindly provided by H.L. Ploegh (Harvard
Medical School, Boston, Massachusetts, USA). Rabbit anti-pep-
tide antibodies were raised for each of the following regions:
RGGPGGRSQKAEGQRWLC of tapasin, CYWAMVQA-
PADAPE of TAP1 and QEGQDLYSRLVQQRLMD of TAP2
(KMW is homozygous for TAP2*Bky2, the translated protein of
which would be expected to react with our anti-TAP2 anti-
serum). Preparation of rabbit antisera against LMP2, LMP7,
and MECL1 have been described previously (10).

Cell preparation. Peripheral blood mononuclear cells (PBMCs)
were isolated from the peripheral blood of KMW and healthy
adult volunteers by Ficoll centrifugation (Pharmacia Biotech,
Uppsala, Sweden). The B-cell lines KMW-B2 and H39 were gen-

The Journal of Clinical Investigation | March 1999 | Volume 103 | Number 5 755

Splice acceptor site mutation of the transporter 
associated with antigen processing-1 gene in human 
bare lymphocyte syndrome

Hiroshi Furukawa,1,2 Shigeo Murata,2,3 Toshio Yabe,1 Naoki Shimbara,4 Naoto Keicho,2

Kouichi Kashiwase,1 Kaoru Watanabe,1 Yoshihide Ishikawa,1 Tatsuya Akaza,1

Kenji Tadokoro,1 Shigeto Tohma,2 Tetsufumi Inoue,2 Katsushi Tokunaga,5

Kazuhiko Yamamoto,2 Keiji Tanaka,3 and Takeo Juji1

1Department of Research, Japanese Red Cross Central Blood Center, Tokyo 150-0012, Japan
2Department of Medicine, Faculty of Medicine, University of Tokyo, Tokyo 113, Japan
3The Tokyo Metropolitan Institute of Medical Science, and CREST, Japan Science and Technology Corporation, 
Tokyo 113-8613, Japan
4Biomedical Research and Development Department, Sumitomo Electric Industries, Yokohama 244-8588, Japan
5Department of Human Genetics, Graduate School of Medicine, University of Tokyo, Tokyo 113, Japan

Address correspondence to: Toshio Yabe, Department of Research, Japanese Red Cross Central Blood Center,
4-1-31 Hiroo, Shibuya-ku, Tokyo 150-0012, Japan. Phone: 81-3-5485-6013; Fax: 81-3-3406-7892;
E-mail: t-yabe@info.cbc.jrc.or.jp

Received for publication September 25, 1998, and accepted in revised form January 5, 1999.

Expression of histocompatibility leukocyte antigen (HLA) class I molecules on the cell surface depends
on the heterodimer of the transporter associated with antigen processing 1 and 2 (TAP1 and TAP2),
which transport peptides cleaved by proteasome to the class I molecules. Defects in the TAP2 protein
have been reported in two families with HLA class I deficiency, the so-called bare lymphocyte syndrome
(BLS) type I. We have, to our knowledge, identified for the first time a splice site mutation in the TAP1
gene of another BLS patient. In addition, class I heavy chains (HCs) did not form the normal complex
with tapasin in the endoplasmic reticulum (ER) of the cells of our patient. 

J. Clin. Invest. 103:649–652 (1999)



erated from Epstein-Barr virus–transformed B cells of KMW
and a healthy volunteer, respectively.

PCR amplification and sequencing. We prepared the mRNA and
genomic DNA from PBMCs, using an mRNA direct kit (Dynal
AS, Oslo, Norway) and a QIAamp Blood kit (QIAGEN GmbH,
Hilden, Germany), respectively. HLA-A, HLA-B, HLA-C, TAP1,
and TAP2 fragments were amplified by PCR from lymphocyte
cDNA or genomic DNA. The PCR products were sequenced by
automated sequencing. HLA class I and class II were typed
using an HLA sequencing-based typing system and ABI 310
(Perkin-Elmer Corp., Norwalk, Connecticut, USA).

Flow cytometric analysis. KMW-B2 cells were incubated in the
presence or absence of 10 µg/ml β2m and 100 µg/ml A24p at
37°C for 18 h. The cells were stained by FITC-conjugated mouse
IgG or FITC-conjugated w6/32 and analyzed using the EPICS
XL flow cytometer (Coulter Corp., Hialeah, Florida, USA). 

Sedimentation velocity analysis. The microsome fractions (precip-
itates of postmitochondrial fractions by centrifugation at 105,000
g for 1 h) from KMW-B2 and H39 cells were lysed in 1% digitonin
lysis buffer. The digitonin-solubilized lysates were loaded onto a
linear gradient of 10%–40% (vol/vol) glycerol, as described previ-
ously (11). After centrifugation for 30 h at 4°C at 110,000 g, the
gradient was separated into 34 fractions of 1 ml each.

Western blot analysis. Proteins were separated by SDS-PAGE
and blotted onto an Immobilon-P membrane (Millipore Corp.,
Bedford, Massachusetts, USA). The membranes were incubat-
ed with antibodies followed by horseradish peroxidase–conju-
gated second antibodies, and developed using the Renaissance
chemiluminescence reagent (NEN Life Science Products,
Boston, Massachusetts, USA).

Submission of nucleotide sequence data. The nucleotide sequence
data reported in this article have been submitted to the DNA
Data Bank of Japan (DDBJ) nucleotide database and have been

assigned the following accession numbers: TAP1*0102N cDNA
sequence, AB012644; TAP1*0102N genomic sequence,
AB012645. The name TAP1*0102N was officially assigned by the
World Health Organization Nomenclature Committee in
November 1998.

Results
As shown in Fig. 1a, the mRNAs of the HLA-A, HLA-B,
and HLA-C genes were detected in PBMCs of KMW by
reverse transcriptase (RT)-PCR. cDNA sequence analysis
revealed no mutation in the HLA-A, HLA-B, or HLA-C
genes (data not shown). The HLA haplotypes of the
members of the TSU family were determined by sequenc-
ing-based typing. KMW was homozygous for the haplo-
type A*2402-Cw*1502-B*4006-DRB1*0803-DQB1*06011-
DPB1*0501 (Fig. 1b). In flow cytometric analysis using
the anti–class I monoclonal antibody w6/32, the class I
molecule expression level of the lymphocytes of KMW
was determined to be less than 5% of that of the lym-
phocytes of healthy donors, as reported previously (9),
whereas the lymphocytes of the family members (Fig. 1b,
partially filled symbols) showed normal levels of expression
of class I molecules (data not shown). The expression
level of class I molecules on the surface of KMW-B2 cells
was also lower than that on a B-cell line derived from the
lymphocytes of a healthy volunteer (H39 cells) (Fig. 1c).
The class I molecule expression level on the surface of
KMW-B2 cells did not change even after 42 hours of
incubation with 1,000 U/ml interferon-γ (data not
shown). However, the expression level of class I molecule
on KMW-B2 cells increased after incubation for 18 hours
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Figure 1
(a) Expression of the mRNA of HLA-A (lanes 1 and 2), HLA-B (lanes 3 and 4), HLA-C (lanes 5 and 6), and G3PDH (lanes 7 and 8) of the lymphocytes of a healthy
donor (lanes 1, 3, 5, and 7) and those of KMW (lanes 2, 4, 6, and 8). M represents a molecular weight marker. HLA-A, HLA-B, and HLA-C fragments were ampli-
fied by PCR from the cDNA derived from lymphocytes. The PCR products were sequenced by automated sequencing. (b) Consanguineous pedigree and HLA
haplotypes of the TSU family. The filled circle represents an affected woman (IV-3, KMW). Partially filled circles (women) and partially filled squares (men) indi-
cate the family members whose samples were analyzed. HLA class I and class II were typed by the sequencing-based typing system as described in Methods,
and HLA haplotypes were estimated. (c) Expression of HLA class I molecules on KMW-B2 cells, a B-cell line of KMW, after incubation in the presence or absence
of the A24 consensus peptide (A24p, YYEEQHPEL) and β2m. The KMW-B2 cells were preincubated in the presence or absence of 100 mg/ml A24p and 10
mg/ml human β2m for 18 h. KMW-B2 cells or H39 cells, a normal control B-cell line, were stained by FITC-conjugated mouse IgG (shaded histogram) or FITC-
conjugated w6/32 and analyzed using the EPICS XL flow cytometer (Coulter Corp.). HLA, histocompatibility leukocyte antigen.



with β2m and the A24-specific peptide (A24p) (Fig. 1c).
These observations suggest that the cause of the HLA
class I deficiency in KMW is a defect in the supply of the
peptides bound to class I molecules.

Therefore, we examined the expression levels of mole-
cules involved in the processing/presentation of intracel-
lular antigens by Western blot analysis. As shown in Fig-
ure 2, HC, β2m, calreticulin, tapasin, and subunits of
immunoproteasomes (LMP2, LMP7, and MECL1) (12)
were detected in KMW-B2 cells at a level equivalent to that
in H39 cells, although the expression levels of HC and
β2m were considerably lower. However, both TAP1 and
TAP2 proteins were undetectable in KMW-B2 cells, in
marked contrast to their high expression levels in H39
cells. RT-PCR analysis was used to examine the expression
of the mRNAs of TAP1 and TAP2 in the PBMCs of KMW
and revealed that similar amounts of PCR products were
amplified from cDNA of the PBMCs of KMW and healthy
controls (data not shown). Then the sequences of the
TAP1 and TAP2 genes of KMW were identified.

The results revealed a G deletion in codon 200 in the
cDNA sequence of the TAP1 gene of KMW (Fig. 3a).
This deletion causes a frameshift, which results in the
premature appearance of a stop codon at 228 and the
synthesis of a truncated TAP1 protein that cannot be
detected by the presently used antibodies against the
COOH-terminal peptide. We then performed genomic

sequencing of the gene, which revealed that KMW was
homozygous for TAP1*0102N, the allele with a point
mutation of G→A at the splice acceptor site of the 3′
end of intron 1 (Fig. 3a). This point mutation may lead
to the use of a shifted splice site with a consequent one-
base deletion in the processed mRNA, because the
mutated splice acceptor site of TAP1*0102N did not
match with the conventional splice consensus
sequences (Fig. 3b; ref. 13). Many instances in which a
single-base substitution at a splice junction resulted in
abnormal splicing have been reported (3, 14). Members
of the TSU family (Fig. 1b, partially filled symbols) were
revealed to be heterozygous for TAP1*0102N (only the
genomic sequence of the mother, UTT, is shown in Fig.
3a). Although the HLA class I deficiency has been
reported previously as being due to a defect in TAP2 (7),
we identified a splice site mutation in the TAP1 gene in
an HLA class I–deficient patient.

It is noteworthy that the tapasin molecule is critical to the
linkage between HC and TAP (1). Therefore, we investigat-
ed the relationship between HC and tapasin in KMW-B2
cells. To this end, detergent-solubilized microsomal mate-
rials were analyzed by glycerol density gradient centrifuga-
tion. As shown in Fig. 4, HC, tapasin, TAP1, and TAP2 were
cosedimented in fractions 12–20 in H39 cells, although
considerable amounts of HC and tapasin were recovered in
the slow-sedimenting fractions 6–12. In contrast, no appre-
ciable quantity of TAP1 or TAP2 was detected, and the
amount of HC was extremely low in the microsomes of
KMW-B2 cells, as shown in Fig. 2. Interestingly, tapasin
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Figure 2
Western blot analysis of H39 and KMW-B2 cells. The microsomes and
cytosol were prepared from H39 and KMW-B2 cells, purified by cen-
trifugation and lysed in 1% digitonin lysis buffer. The lysates were sub-
jected to Western blot analysis. Proteins of microsomes (lanes 1–12) or
cytosol (lanes 13–18), derived from the control H39 cells (lanes 1, 3, 5,
7, 9, 11, 13, 15, 17) or KMW-B2 cells (lanes 2, 4, 6, 8, 10, 12, 14, 16, 18)
were analyzed by Western blot analysis using various antibodies.

Figure 3
(a) Sequences of the TAP1 gene of KMW, the mother (UTT), and a healthy
control. cDNA sequences of the TAP1 gene revealed KMW to be homozy-
gous for TAP1*0102N, an allele with a G deletion in codon 200. Genom-
ic DNA sequencing of the TAP1 gene also revealed a point mutation of
G→A on 536 bp in intron 1 of the TAP1*0102N of KMW and the family
members (partially filled symbols in Fig. 1b are heterozygous for
TAP1*0102N, and only the sequence of the mother is shown). PCR prod-
ucts of the TAP1 gene were sequenced by automated sequencing as
described in Methods. (b) Sequences of the TAP1*0101 and TAP1*0102N.
G was substituted to A on 536 bp in intron 1 of the TAP1*0102N, which
resulted in an altered splice acceptor site and deletion of G in codon 200
of mRNA. This deletion caused a frameshift and resulted in the premature
appearance of a stop codon at 228 and the synthesis of a truncated TAP1
protein. (GenBank accession numbers: TAP1*0102N cDNA sequence,
AB012644; TAP1*0102N genomic sequence, AB012645.) TAP, trans-
porter associated with antigen processing.



shifted to lighter fractions in KMW-B2 cells compared with
H39 cells, implying that a lack of TAP proteins disrupts the
functional interaction between HC and tapasin. This
assumption was further supported by the finding that anti-
calreticulin antibodies immunoprecipitated tapasin in H39
cells, but not in KMW-B2 cells, whereas they immunopre-
cipitated HC in both types of cells (data not shown). These
results suggest that the complex containing HC becomes
smaller without TAP1 and TAP2 and that most of the HC
is probably degraded in KMW-B2 cells.

Discussion
It is interesting that TAP2 was undetectable in KMW-
B2 cells; nevertheless, no abnormality was found in
the sequence analysis of TAP2 cDNA (data not
shown). Perhaps, TAP2 is degraded rapidly because of
the deficiency of its partner TAP1, as other molecules
without normal conformation were in the ER (15).
However, TAP1 protein has been reported to be
detected in the cells of TAP2-deficient patients (7, 8).
This difference may be explained by assuming that
TAP1 is capable of forming a complex with a chaper-
one(s) such as tapasin in the absence of TAP2, thus
preventing its destabilization.

HC has been shown to be associated with tapasin in a
TAP-deficient cell line, 721.174 (1). To the contrary, our
data indicate that HC did not form a complex with
tapasin in KMW-B2, TAP-deficient patient cell line. This
could be explained by the genetic differences between the
cell lines, such as polymorphisms of HLA class I or
tapasin, which may cause a difference of affinity between
the two molecules (16–19).

In a TAP1-deficient mouse, reduction of cell-surface
expression of class I molecules was observed as seen in
KMW but TAP2 protein expression has not been ana-
lyzed(20). A small number of CD8+ T cells exists in the
peripheral blood of KMW (21) as well as in that of the
TAP1-deficient mouse (20).
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Figure 4
Sedimentation velocity analysis of HC, tapasin, and TAP in the microsomes of H39 and KMW-B2 cells. The digitonin-solubilized microsomes were
analyzed by glycerol density gradient centrifugation as described in Methods. After centrifugation, the gradient was separated into 34 fractions of 1
ml each. Samples of the fractions were subjected to Western blot analysis. HC, heavy chain; Ab, antibody.


