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INTRODUCTION

Bare lymphocyte syndrome (BLS) is characterized by a severe

down-regulation of HLA class I and/or class II molecules. In type

1 BLS the defect is confined to HLA class I molecules, while in

type 2 BLS HLA class II molecules are down-regulated [1].

Characterization of 22 patients with type 1 BLS over the last 22

years has revealed the existence of several clinically and

immunologically distinct disease subsets [1±20]. In this review

we will focus on a recently characterized group of patients with a

distinct disease phenotype due to a defective TAP complex, the

peptide transporter complex associated with antigen presentation

[2±15]. We will describe clinical manifestations and immuno-

logical findings of patients suffering from TAP deficiency

syndrome, and discuss the differential diagnosis and therapeutic

options.

HLA CLASS I ASSEMBLY AND THE ROLE OF

THE TAP COMPLEX

HLA class I molecules are highly polymorphic transmembrane

glycoproteins expressed to variable levels on the surface of all

nucleated cells in the body. HLA class I molecules have the dual

role of presenting intracellular antigenic peptides to cytotoxic T

lymphocytes (CTL), and modulating the activity of cells bearing

HLA class I binding receptors, such as natural killer (NK) cells

and gd T cells [21±24] (Fig. 1). Failure to express HLA class I

molecules on the surface of malignant or virus-infected cells

sensitizes them for lysis by NK and gd T cells [25].

Furthermore, presentation of self-peptides via HLA class I

molecules is critical for the selection of cytotoxic T cells in the

thymus [26].

During biosynthesis, HLA class I molecules associate with

8±11 amino acid long peptides and b2-microglobulin (b2-M)

within the lumen of the endoplasmic reticulum (ER) (as reviewed

in [22627]). Different HLA class I alleles bind to different sets of

peptides, most of which are derived from the degradation of

cytosolic proteins by a large proteolytic complex called the

proteasome. Translocation of peptides derived from degradation

of cytosolic proteins into the ER is mediated by the transporter

associated with antigen presentation (TAP), a member of the

ATP-binding cassette (ABC) superfamily of transporters. TAP is a

heterodimer and consists of two subunits, TAP1 and TAP2, which

are encoded in the class II region of the HLA locus on

chromosome 6. Deletion or mutation of either or both TAP1

and TAP2 proteins severely impairs the translocation of peptides

into the ER. The role of TAP1 and TAP2 in peptide presentation is

shown in Fig. 1.

Before binding peptides, newly synthesized HLA class I

molecules are retained in the ER through interactions with the

molecular chaperones calnexin, calreticulin, and ERp57, as well

as with the glycoprotein tapasin [28±31]. In the absence of a

peptide ligand, the HLA class I/b2-M complex is unstable,

resulting in dissociation of b2-M and unfolding of HLA class I

molecules [32,33]. Hence, any defect which impairs the

translocation of peptides into the ER results in reduced surface

expression of HLA class I molecules. Patients with a defective

HLA class I presentation pathway can be identified by measuring

HLA class I surface expression on peripheral blood mononuclear

cells (PBMC) by fluorescence-activated cell sorter analysis

(FACS) [2].

CLINICALLY DISTINCT GROUPS OF TYPE 1 BLS

Since the first report by Touraine in 1978, 22 patients with type 1

BLS have been identified worldwide [1±20]. Three groups of

patients can be differentiated on clinical and immunological

grounds:

X Group 1. This group includes patients with the most severe

disease phenotype with recurrent severe bacterial, fungal

and parasitic infections from the age of 4±5 months of life.

Only four patients have been described so far, all of whom

died within the first 3 years of life from infectious

complications [1,17,18]. Besides a severe down-regulation

of HLA class I and b2-M on the cell surface, complete lack

of antibody production was demonstrated in these patients.

Defective transcription of b2-M and HLA class I was ruled

out, as both proteins were detectable in the patients' serum.

Since patients were heterozygous for the HLA haplotype, it

is unlikely that the gene(s) responsible for the HLA class I

down-regulation was encoded within the HLA locus.

X Group 2. Patients in this group of type 1 BLS are

completely asymptomatic. One family with two affected

children has been described so far [19]. Down-regulation of

HLA class I and b2-M surface expression was the only
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observable immunological finding. The two siblings had

different heterozygous HLA haplotypes. Northern blot

analysis demonstrated a decrease in the mRNA of HLA

class I and b2-M, consistent with a transcriptional defect

[20].

X Group 3. This is the best characterized subgroup of type 1

BLS, comprising so far 15 patients, in which reduced HLA

class I surface expression is associated with recurrent

bacterial infections and necrotizing granulomatous skin

lesions [2±15]. In contrast to Group 1, all these patients

survived into adulthood. Tissue typing of 10 patients

demonstrated that they were homozygous for the HLA

locus. Further analysis of these 10 patients revealed that a

defective TAP complex was responsible for the down-

regulation of HLA class I surface expression [2±15]. Five

additional adult patients with recurrent infections, but

without noticeable skin lesions, were described in 1980

[16,17]. However, the underlying defect in these patients

could not be identified at that time.

In the discussion to follow, we refer to the condition of BLS

patients in which defects in TAP have been identified as TAP

deficiency syndrome.

CLINICAL PRESENTATION OF TAP DEFICIENCY

SYNDROME

To date TAP deficiency syndrome has been diagnosed in 10

patients from seven different families world wide. In six patients a

defective TAP1 expression was demonstrated [2,15], while in four

patients TAP2 was defective [2±4]. Patients with either TAP1 or

TAP2 deficiency had identical clinical manifestations [2,5,9,14].

Clinical symptoms are summarized in Table 1.

The disease usually manifests within the first 6 years of life

with recurrent bacterial infections of the upper respiratory tract,

i.e. chronic purulent rhinitis often complicated by nasal septum

perforation and nasal polyps, sinusitis and otitis media (unpub-

lished observations and [3,4]). Involvement of the lower

respiratory tract typically manifests in the second decade of life

with recurrent spastic bronchitis, bacterial pneumonia and

eventually bronchiectasis. Isolated pathogens from the respiratory

tract commonly include Haemophilus influenzae, Streptococcus

pneumoniae, Staphylococcus aureus, Klebsiella species, Escher-

ichia coli and Pseudomonas aeruginosa, the latter two associated

with chronic stages of the disease. Severe viral infections are

noticeably absent and normal antibody titres against several

viruses could be demonstrated in most patients. Postnasal drip

syndrome, which can usually be found in patients with TAP

deficiency syndrome, probably promotes bacterial lung infections,

especially in those patients who have undergone surgery of the

paranasal sinus. Interestingly, histology of the paranasal sinus and

nasal polyps may reveal a necrotizing granulomatous inflamma-

tion with a close resemblance to Wegener's granulomatosis (WG)

([2], see also [33,34]), while granulomata could not been

demonstrated in biopsies from lung and bronchi (unpublished

observations).

Before the appearance of bronchiectasis, the erythrocyte
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Fig. 1. 1, Proteasome-dependent generation of antigenic peptides from newly synthesized proteins; 2, translocation of peptides from the

cytosol into the endoplasmic reticulum (ER) by the transporter associated with antigen presentation (TAP); 3, loading of peptides onto MHC

class I/b2-microglobulin (b2-M) complexes; 4, peptide/MHC class I/b2-M complexes leave the ER and enter the Golgi apparatus, where

they undergo maturation; 5, expression of peptide/MHC class I/b2-M complexes on the cell surface. Interaction of class I molecules with

either NK cells, gd T cells (TCRgd ) or CD81 CTL (CD8/TCRab) via NK receptors or the T cell receptor.
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sedimentation rate (ESR) and C-reactive protein level, which rise

to high levels during acute infections, normalize after the infection

has been cleared. Once bronchiectasis is established, ESR levels

remain elevated. Similarly, polyclonal hypergammaglobulinaemia

develops in most patients in the later stages of the disease

(unpublished observations). Progressive lung damage in TAP

deficiency syndrome, due to recurrent bacterial infections, may

ultimately lead to respiratory failure and death. However, one

patient did not suffer from recurrent infections [2].

The most striking clinical manifestation in seven out of 10

TAP-deficient patients is necrotizing granulomatous skin lesions,

typically located on the extremities and in the midface (Fig. 2). In

six out of seven patients these skin lesions appeared only after the

age of 15 years. The only patient who developed skin lesions in

early childhood did not suffer from recurrent respiratory infections

[2]. Typically, a small pustule or a subcutaneous nodule on the

lower extremity or around the nostrils slowly expands and finally

ulcerates. The lesions heal very slowly, often with the formation

of hyperpigmented scars, and they may lead to severe mutilation,

especially in the midface, resembling lethal midline granuloma

[35]. Three patients without skin lesions, including the sister of a

patient with multiple skin ulcers on both legs, all suffered from

severe respiratory symptoms.

Infection of the nervous system occurred in two patients under

treatment with immunosuppressive drugs for suspected WG

(unpublished observations). Recurrent leucocytoclastic skin vas-

culitis and polyarthritis in two patients with prominent bronchi-

ectasis and enhanced circulating immune complexes were

interpreted to reflect secondary hypersensitivity vasculitis [36]

associated with chronic infection (unpublished observations).

DIFFERENTIAL DIAGNOSIS

Patients with TAP deficiency syndrome are typically admitted to

hospital either because of their respiratory disease, or their skin

Table 1. Clinical manifestations in 10 patients with TAP deficiency

syndrome

Ear/nose/throat (10/10):

Chronic sinusitis

Nasal disease (discharge, polyps, septum ulcers)

Postnasal drip syndrome

Otitis media

Mastoiditis

Erosion/destruction of facial tissues around the nose

Lungs (8/10):

Chronic spastic bronchitis

Recurrent bacterial pneumonia

Bronchiectasis

Skin (7/10):

Necrotizing granulomatous skin lesions (7/7):

Brownish nodular or plaque-like dermal infiltration, on extremities

and midface, often ulceration and scar formation; often

asymmetrical

Leucocytoclastic vasculitis (2/7)*:

Symmetrical purpura on arms and legs

Nervous system (2/10):

Cerebral abscess

Encephalomyelitis

Gastrointestinal tract (2/10):

Chronic gastritis

Pseudomembranous colitis

Other organs (2/10):

Non-erosive symmetrical polyarthritis (2/10)*

Retinal vasculitis (1/10)

*Simultaneous appearance of polyarthritis and purpura in two patients

was clinically interpreted as hypersensitivity vasculitis due to either

infection or drugs.

Fig. 2. Necrotizing granulomatous skin lesions.
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lesions, or a combination of both symptoms. Table 2 shows the

differential diagnosis that may be considered in the course of the

disease. Few other systemic diseases present with a combination

of granulomatous skin lesions and chronic bacterial infection of

the respiratory tract. Some of the primary immunodeficiency

syndromes, e.g. chronic granulomatous disease (CGD) and

common variable immunodeficiency (CVID) may present with

bronchiectasis and granulomatous disease, but they can be easily

differentiated from TAP deficiency syndrome by phagocyte

function tests, serum electrophoresis and FACS analysis for

HLA class I [37±40].

Systemic diseases other than immunodeficiency that may

present with necrotizing granulomatous skin lesions and chronic

inflammation of the upper respiratory tract include lethal midline

granuloma (LMG) [35] and WG [34,41,42], the latter also

typically involving the lungs and kidneys. However, bronchi-

ectasis is a feature neither of LMG nor of WG. Moreover, the

combination of young age of onset, positive family history, lack of

glomerulonephritis, absent PR3±c-ANCA and low HLA class I

expression helps to exclude these potentially rapidly fatal diseases

and to avoid harmful immunosuppressive therapy.

Chronic sarcoidosis also may present with granulomatous skin

lesions and bronchiectasis, but ulceration and scar formation of

the skin lesions, lack of response to glucocorticoid therapy and

low HLA class I expression differentiate TAP deficiency

syndrome from sarcoidosis. Moreover, granulomatous inflamma-

tion of the lungs has not yet been demonstrated in any of the TAP-

deficient patients, but it is found in more than 80% of lung

biopsies from patients with chronic sarcoidosis [43].

The differential diagnosis of chronic granulomatosis also

includes a long list of pathogens, especially mycobacteria.

Although skin tests with purified tuberculin have been positive

in some of our patients, the presence of mycobacteria, fungi,

leishmania and other pathogens was never demonstrated in the

blood or lesional tissue by different techniques including

polymerase chain reaction (PCR). Moreover, long-term survival

from systemic mycobacteriosis or mycosis on a TAP-deficient

background also seems unlikely. Besides, since mycobacterial

infection in TAP-deficient mice is rapidly lethal [44].

Finally, the involvement of the respiratory tract in TAP

deficiency is indistinguishable from two other autosomal recessive

disorders, namely cystic fibrosis and primary ciliary dyskinesia

[45,46]. Sweat chloride concentration is normal in TAP

deficiency, excluding cystic fibrosis, while electron microscopy

of the ciliary apparatus may be needed to exclude primary ciliary

dysfunction. TAP deficiency is not associated with infertility.

IMMUNOLOGICAL FINDINGS AND

IMPLICATIONS ON DISEASE MECHANISMS

Lack of expression of either one of the two TAP1 and TAP2

subunits has been demonstrated to account for the failure of the

TAP-heterodimer in all patients so far characterized. In six

patients, the underlying genetic defect was shown to involve the

generation of a premature STOP codon [2,4,12,15]. Analysis of

the patients' lymphocyte repertoire in the peripheral blood

revealed an expansion of NK and gd T cells in most patients

[2], while CD81 ab T cells were present in low numbers [4]. The

activity of NK and gd T cells was further analysed in several

patients, because the cytolytic activity of these cells is negatively

modulated by inhibitory HLA class I receptors [22,23]. Auto-

reactive NK and gd T cells were demonstrated in four patients

[2,6]. In two of these patients, activated NK cells were also found

in the skin lesions [2]. The pathogenesis of the granulomatous skin

lesions may therefore involve activated NK and gd T cells, which

are both capable of promoting a Th1-type inflammatory response

leading to granuloma formation [49]. On the other hand, these cell

types may also account to some extent for the lack of severe viral

infections, as both NK and gd T cells can recognize virally

infected cells without need for TAP-dependent antigen processing

[50,51]. The physiologic importance of the residual population of

CD81 ab T cells in these TAP-deficient patients is currently

under investigation. Evidence for TAP-independent selection of

CD81 ab T cells comes from the isolation of a cytotoxic CD81

ab T cell clone recognizing the Epstein±Barr virus (EBV)

protein LMP2 presented by HLA-B molecules in one TAP-

deficient patient [52].

THERAPEUTIC APPROACH TO TAP-DEFICIENT

PATIENTS

The major objectives of therapy for patients with TAP deficiency

syndrome are early recognition, aggressive treatment of respira-

tory infections and prevention of bronchiectasis. In this respect,

treatment guidelines are analogous to those in cystic fibrosis [45],

with prudent use of antibiotics and chest physiotherapy. For

treatment of severe bouts of pneumonia addition of intravenous

immunoglobulins to the antibiotic regimen seemed to be useful in

some patients. On the other hand, surgical intervention for chronic

sinusitis should be avoided in these patients, as this seems to

promote progression of nasal disease and postnasal drip syndrome

leading to bronchial infection (unpublished observations)

The treatment of skin ulcers in TAP-deficient patients is based

on good topical care and involves cleansing, for instance with

saline or benzoyl peroxide, to gently debride the ulcers and

decrease bacterial colonization. In addition, photochemotherapy

with psoralen and UV-A had a positive transient effect in two

patients (unpublished observations).

Table 2. Differential diagnosis

Systemic diseases:

Wegener's granulomatosis

Sarcoidosis

Midline granuloma

Chronic granulomatous disease

Common variable immunodeficiency

X-linked infantile hypogammaglobulinaemia [47]

Ataxia telangiectasia [48]

Cystic fibrosis

Primary ciliary disorders

Prolidase deficiency

Mycobacteriosis

Leishmaniasis

Nocardiosis

a1-antitrypsin deficiency

Aspergillosis

Dermatologic conditions:

Necrobiosis lipoidica

Granuloma anulare perforans

Pyoderma gangrenosum
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Immunosuppressive therapy in two patients, consisting of

steroids in combination with either cyclophosphamide, metho-

trexate, azathioprine or cyclosporin, was associated with progres-

sion of both skin lesions and pulmonary disease and is

contraindicated in these patients. Immunomodulatory treatment

with interferon-alpha (IFN-a ) in two patients and IFN-g in one

patient were also associated with progression of the skin lesions

and distressing systemic side-effects, e.g. severe fatigue and

malaise (unpublished observations).

None of the TAP-deficient patients has yet received an

allogeneic organ transplant, e.g. lung or bone marrow. The success

of such a therapy cannot be predicted from our current

understanding of the disease. Lung transplantation might be

beneficial, if lung tissue damage was primarily mediated by

activated NK or gd T cells bearing inhibitory receptors for HLA

class I. In contrast, bone marrow transplantation may lead to a

severe graft-versus-host disease (GVHD) due to the presence of

donor's NK cells. Gene therapy may not be a feasible possibility

in TAP deficiency syndrome due to the ubiquitous tissue

distribution of HLA class I molecules.

CONCLUSION

Type 1 BLS comprises a group of aetiologically different and

clinically heterogeneous primary immunodeficiencies, of which

TAP deficiency syndrome is the best characterized. Typical

disease manifestations of TAP deficiency syndrome include

recurrent bacterial infections of the respiratory tract and chronic

granulomatous skin lesions. Severe complications of the disease

are the development of bronchiectasis and respiratory failure,

complete destruction of the nose and cerebral abscess. Patho-

genesis of the skin lesions has been shown to involve cells bearing

inhibitory HLA class I receptors, i.e. NK and gd T cells, in two

patients. Progression of the skin lesions under treatment with

either interferons or immunosuppressive drugs is consistent with a

disease model in which the skin lesions are mediated by NK and/

or gd T cells after prior activation of these cells via an

inflammatory response to pathogen. The primary objective of

therapy for patients with TAP deficiency syndrome is tight control

of infections in order to prevent the development or progression of

bronchiectasis and ultimately respiratory failure.
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