Scand. J. Immunol. 56, 212-216, 2002

Restriction in T-Cell Receptor Repertoire in a Patient Affected
by Trichothiodystrophy and CD4" Lymphopenia

C. CANCRINL* M. L. ROMITL* S. DI CESARE,* F. ANGELINIL,* D. GIGLIOTTIL,} S. LIVADIOTTL*

E. BERTINIL, P. ROSSI* & L. RACIOPPI§

*Division of Immunology and Infectious Diseases, tDivision of Molecular Medicine, Children’s Hospital Bambino Gesu, University of Rome Tor
Vergata, Rome, Italy; tMicrobiology and Tumorbiology Center, Karolinska Institute, Stockholm, Sweden; and §Department of Cellular and
Molecular Biology and Pathology, Federico 11, University of Naples, Naples, Italy

( Received 17 December 2001, Accepted in revised form 15 April 2002)

Cancrini C, Romiti ML, Di Cesare S, Angelini F, Gigliotti D, Livadiotti S, Bertini E, Rossi P,
Racioppi L. Restriction in T-Cell Receptor Repertoire in a Patient Affected by Trichothiodystrophy
and CD4" Lymphopenia. Scand J Immunol 2002;56:212-216

Molecular analysis of T-cell receptor (TCR) repertoire, by measuring the CDR3 heterogeneity length
of beta-variable regions (spectratyping), is useful for acquiring novel information on the status of
immune system in primary immunodeficiency. Here, we evaluate TCR repertoire in a child with
trichothiodystrophy (TTD) and combined immunodeficiency (CID). Spectratyping revealed marked
alterations of TCR repertoire distribution: 21 and 10 out of 27 TCR VB (TCRBYV) families and
subfamilies were skewed in CD8" and CD4™" subsets, respectively. These findings revealed, for the
first time in a TTD patient with CID, a marked reduction in the TCR repertoire complexity, which
may reflect alterations in the mechanisms regulating the generation and homeostasis of T cells.
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INTRODUCTION

Trichothiodystrophy (TTD) is an autosomal recessive dis-
order owing to alterations in nucleotide excision repair (NER)
and basal transcription. Most of TTD patients carry different
mutations in the xp-d gene. This gene encodes for a subunit of
transcription factor II H (TFIIH), a complex involved in
NER — a DNA repair mechanism — and basal transcription [1].
Immunological alterations have been reported in patients
affected by xeroderma pigmentosum (XP) with genetic defects
in the xp-d gene but not in TTD patients with mutations in the
same gene [2, 3]. Moreover, fatal infections suggesting an
immunodeficiency have been reported elsewhere in some
TTD patients [4]. Recently, we described a case of TTD show-
ing neurological and immune system abnormalities such as
CD4" lymphopenia and defects in dendritic cell maturation
[5]. Here, we investigated the T-cell receptor (TCR) repertoire
distribution in peripheral blood lymphocytes derived from this
patient. For this purpose, we used the CDR3 heterogeneity
length analysis, also known as spectratyping [6-8].
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PATIENT AND METHODS

Case report. We report of a male infant with a TTD admitted at
3years and 6 months of age to our hospital for severe chronic
diarrhoea, failure to thrive and severe interstitial pneumonia, who
was identified as affected by a combined immunodeficiency (CID).

Immunological investigations showed normal total lymphocyte
numbers ranging from 1920 to 3350/mm?® with a normal number of
T cells (up to 2140/mm?). We found a marked reduction of CD4*
cell number (25%; 535/mm?) and a slight hypogammaglobulinaemia
with a reduction of immunoglobulin G2 (IgG2) level: 1gG, 3.68 g/l;
1gM, 2.13g/l; IgA, 0.865g/l; 1gGl1, 3.16 g/l; 1gG2, 0.10g/l; 1gG3,
0.42g/l. The memory and naive percentage were normal in both
CD4" and CDS8" subsets (CD45RA 69%, CCD45Ro 19%,
CD4CD45RA  14%, CDSCD45RA 28%, CD4CD45Ro 9%,
CD8CD45 Ro 7%) [5]. Patient’s lymphocytes showed a reduced
mitogenic response to PHA, OKTS3, recall antigens and allogenic
peripheral blood mononuclear cell (PBMC). The activation markers
CD69, CD40L, CD25 and HLA-DR were normally expressed on
T lymphocytes upon stimulation with phorbol 12-myristae 12-acetate
(PMA) +ionomycin. Over the following 2 years, the patient
received monthly Ig infusion and trimethoprim—sulfamethoxazole
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prophylaxis. He died at the age of 7 for an untreatable interstitial Uppsala, Sweden) and fractionated into CD4" and CD8" subsets

pneumonia.

using anti-CD4 or anti-CD8 monoclonal antibody-coupled magnetic

TCR repertoire analysis. T cells were obtained from patient’s beads (Dynal AS, Oslo, Norway). The purity of T-cell populations
peripheral blood by Ficoll density gradient (Amersham, Pharmacia, was tested by flow cytometry and ranged between 90 and 95%.
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Fig. 1. T-cell receptor (TCR) CD3 length distribution of some TCR VB (TCRBV) families in CD8" subset. Altered (skewed/perturbed)
patterns are indicated by ‘x’ and monoclonal by ‘o’. On the x-axis bp units are shown.
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RNA was extracted by Trizol™ (Gibco-BRL, Bethesda, MD,
USA) according to the manufacturer’s instructions. Reverse tran-
scription and polymerase chain reaction (PCR) amplification were
performed with primers for the 27 TCRBYV families and subfamilies
combined with one primer for the beta constant region (BC) [6].
Primer sequences for TCRBV from 21.1 to 24 were the following:
BV21.1 CTGGTTCAATTTCAGGATGAGAGT, BV21.2
GATTCGATATGAGAATGAGGAAGC, BV21.3 TCTGATT-
CAGTTTCA GAATAACGG, BV22 AAAGAGGGAAACAGC-
CACTCTG, BV23 CGCTGTGTCCCCATCTCTAATC, BV24
CAGTGACCCTGAGTTGTTCTCA [9].

The temperature profile included the following steps: 95°C 45,
55°C 45s, 72°C 455 for 32 cycles, followed by a final extension at
72°C for 10 min. PCR products were loaded on a 6% polyacryl-
amide gel, run for 400 min at 42°C in a DNA automatic fluorescence
sequencer (Pharmacia ALF DNA Sequencer), and analysed with a
specific software (Pharmacia DNA Fragment Manager 2.0). Briefly,
each TCRBV family is resolved by this technique as a series of
bands representing the length of the cDNA fragments showing
a Gaussian distribution. The size distribution displayed two principal
patterns: one consisting of a multipeak pattern and the other con-
sisting of 1-4 dominant peaks. The multipeak pattern (5-8 peaks
corresponding to sequences spaced by three nucleotides) was con-
sidered normal when the distribution showed a Gaussian-like shape;
whenever the polyclonality showed an irregular distribution
(defined as peaks’ signal deviating more than twice compared with
that of a corresponding position in a Gaussian distributed sample),
or the signal consisted of one or more solitary peaks (defined as
>50% of the total peak area), it was classified as altered [9, 10]. The
distribution of the peaks was defined as follows: polyclonal (P),
skewed/perturbed (SP), monoclonal (M). Each alteration, in either
the distribution or the intensity of single bands, represents a perturb-
ation in the given TCRBV family, which may reflect a reduction of
the TCR repertoire complexity or an immune response toward a
persisting immunodominant antigen.

RESULTS

Analysis of TCRBV repertoire

The analysis of TCR repertoire was performed at the age of
4years and 10 months — at that time, the child was free from
any chronic and acute infectious diseases.

The analysis of TCR repertoire showed abnormalities in
the CD8 + T-cell population in 21 out 24 TCRBV families
and subfamilies (Fig. 1). Among them, a monoclonal expan-
sion of the pseudogene TCRBV 10 was also detected. The
CD4* population showed skewed distribution in 10 TCRBV
out 27 families and subfamilies (Table 1, Fig. 2).

Two male healthy age-related controls and two age-related
children (one female and one male) affected by hypogamma-
globulinaemia without defects in T-cell compartment,
treated by Ig infusion, were also analysed, showing a normal
CDR3 length distribution in all the TCRBV families in both
CDS8* and CD4" subsets.

Table 1. CDR3 length profiles in T-cell subsets*

CD4* CD8*

TCRBV 1 SP SP
TCRBYV 2 P SP
TCRBYV 3 P P

TCRBYV 4 P SP
TCRBV 5.1 P SP
TCRBYV 5.2-3 P P

TCRBYV 6.1-3 P P

TCRBV 7 P Sp
TCRBYV 8 P SP
TCRBV 9 P SP
TCRBV 10 SP M

TCRBYV 11 SP SP
TCRBV 12 SP SP
TCRBV 13.1 P SP
TCRBYV 13.2 P SP
TCRBYV 14 P SP
TCRBV 15 P SP
TCRBV 16 SP SP
TCRBYV 17 n.d. SP
TCRBV 18 P SP
TCRBYV 20 SP SP
TCRBYV 21.1 SP n.d.
TCRBV 21.2 SP n.d.
TCRBYV 21.3 P SP
TCRBYV 22 SP SP
TCRBYV 23 SP n.d.
TCRBYV 24 P SP

*Polyclonal, P; skewed/perturbed, SP; monoclonal, M; non-
detectable, n.d.

DISCUSSION

We report of a marked restriction in TCR repertoire distri-
bution in a patient affected by TTD and CD4 lymphopenia.
The skewed TCR CDR3 profiles, observed in this patient,
may reflect either antigen-driven clonal expansions or defects
in mechanisms regulating T-cell rearrangement and matur-
ation [11, 12]. It is noteworthy that these alterations were not
related to infections, as reported to happen during human
immunodeficiency virus (HIV) infection or Epstein—Barr
(EBYV) infection [13, 14].

Neither severe nor frequent alterations of TCR repertoire
have ever been reported in healthy children [10], even in
patients with humoral immunodeficiency exposed to recurrent
infections [15], as confirmed by the analysis performed on our
controls. The skewed TCR repertoire distribution observed
therefore may reflect alterations in the generation and survival
of T-lymphocyte subsets, as reported in other primitive T-cell
immunodeficiencies [11, 12, 15]. The marked CD4" lympho-
penia and the profound defect in the proliferative capability of
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Fig. 2. T-cell receptor (TCR) CD3 length distribution of some TCR VB (TCRBV) families in CD4" subset. Altered (skewed/perturbed)
patterns are indicated by ‘*’ and monoclonal by ‘o’. On the x-axis bp units are shown.

T lymphocytes, strongly support the hypothesis that a defect of TCR complexity. Conversely, despite the CD8 + number
in mechanisms regulating the generation as well as the sur- was normal in TTD patient, we observed more severe alter-
vival of this lymphocyte subset may account for the reduction ations in CD8 TCR repertoire compared with the CD4" subset.
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Indeed, alterations of TCR repertoire have been reported
to persist longer and to be more severe in CD8™ than in the
CD4% subset [11, 12]. This could be due to the different
homeostasis of CD4" and CD8" cells. The marked alter-
ations in TCR complexity may reflect the accumulation of few
mature CD8" T cells responding to homeostatic compensa-
tory mechanisms triggered by CD4" loss [16]. A progressive
decrease of TCR repertoire complexity, more evident in
CDS8" subset than CD4", has been observed with age, as
reported in adults [17]. This gradual loss could be evident
earlier in TTD-CID patient, revealing that the size and the
complexity of TCR repertoire may be differentially regulated
in immunodeficiency conditions.

Mutations in the xp-d gene impair TFIIH function involved
in DNA repair and basal transcription [1-4]. In TTD, the
transcription deficiency may become manifest at the end of
cell differentiation process when the transcriptional load is
high, as proposed in a TTD mouse model by de Boer et al.
[18]. As well, in this patient, an efficient level of transcription
of newly synthesized molecules involved in T-cell maturation
and survival could be affected. Therefore, a deficiency
in TFIIH activity may impair the process of TCR gene
rearrangement as well as the differentiation and survival of
T lymphocytes, and in turn affect the complexity of T-cell
repertoire.

In conclusion, the severe restriction observed in TCRBV
repertoire might better explain the development of immuno-
deficiency in this child.
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