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Analysis of T-cell repertoire diversity in Wiskott-Aldrich syndrome
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Wiskott-Aldrich syndrome (WAS) is an
X-linked immunodeficiency character-
ized by thrombocytopenia, eczema, and
variable degrees of impaired cellular and
humoral immunity. Age-dependent T-cell
lymphopenia has been described in WAS,
however, the diversity of the T-cell com-
partment over time in these patients has
not been characterized. We have used
complementarity-determining region 3

(CDR3) size distribution analysis to as-
sess T-cell receptor (TCR) V� repertoire
in 13 patients with WAS. Diverse CDR3
size pattern was demonstrated in patients
under 15 years of age regardless of the
levels of WAS protein (WASP) expres-
sion. In contrast, older patients showed
significantly higher skewing of TCRV�

repertoire as compared with healthy
adults. We did not find correlation be-

tween clinical score and complexity of
TCRV� repertoire. These findings sug-
gest that WASP deficiency does not limit
thymic generation of a normal TCR and
indicate that T-cell oligoclonality may con-
tribute to the immunodeficiency in older
patients with WAS. (Blood. 2005;106:
3895-3897)
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Introduction

Wiskott-Aldrich syndrome (WAS) is an X-linked disorder charac-
terized by thrombocytopenia, eczema, immunodeficiency, and in-
creased risk for lymphoid malignancies and autoimmunity.1,2 Immuno-
deficiency in patients with WAS is heterogeneous and includes low
serum immunoglobulin M (IgM), failure to produce antibodies to
polysaccharide antigens, and in vitro deficits in T- and B-cell
functions.1 The disease gene encodes the WAS protein (WASP),3

expressed in all nonerythroid hematopoietic cells.4 Although lack
of WASP affects multiple cell lineages, the most prominent
immunologic symptoms are attributable to defective T-cell func-
tion, which results from a combination of low T-lymphocyte numbers
and intrinsic T-cell defects. Age-dependent T-cell lymphopenia has
been described in patients with WAS,5 although T-cell numbers can
be markedly low since early in age.6 Aside from immunopheno-
typic analysis of T-cell subsets,6 little is known about changes in the
T-lymphocyte compartment of patients with WAS over time.

A sensitive method to study the T-cell receptor (TCR) repertoire
is to determine size distribution of cDNA for the complementarity-
determining region 3 (CDR3) of the TCRV� region.7 The CDR3 is
the hypervariable region that is generated by genetic rearrangements
during T-cell maturation in the thymus. Study of the distribution of the
CDR3 size allows us to determine clonal dominance or restriction
within T-lymphocyte populations. Using this approach, we analyzed the
entire TCRV� repertoire in 13 patients with WAS and found significant
skewing of TCRV� usage in a subset of these subjects.

Study design
Patient samples

Blood samples were collected from 13 patients with WAS and 10 healthy
adult volunteers after obtaining informed consent in accordance with

National Human Genome Research Institute (NHGRI) institutional review
board–approved clinical research protocols. Clinical diagnosis of WAS was
confirmed by mutation analysis of the WAS gene and patients were assigned
a clinical score based on disease severity using a previously described
scoring system (Table 1).8 Flow cytometry analysis of WASP expression
was performed as described.9

Analysis of CDR3 size distribution

Analysis of CDR3 size distribution was performed as described.9 To assess
each individual profile as normal or skewed, we used a previously reported
complexity scoring system.10,11 The number of TCRV� subfamilies with
skewed CDR3 size pattern, as shown by a complex score lower than 4, was
determined for each subject.12 Analysis of differences among data groups
was performed using the Student t test for unpaired samples. Values of P
less than .05 were considered significant.

Results and discussion

WASP deficiency results in significant abnormalities of T-
lymphocyte numbers and function. In patients with WAS, TCR
stimulation with anti-CD3 antibodies results in defective cell
proliferation, interleukin-2 production, up-regulation of CD69,
actin polymerization, CD3 internalization, and lipid raft cluster-
ing.9,13-16 Similar T-cell defects are found in WASP knockout mice
that also show defective antigen receptor capping and endocytosis
after TCR stimulation.17,18 These defects have been attributed to the
role of WASP in actin cytoskeleton remodeling after cell activation.
However, the role of WASP in the T-cell lymphopenia characteris-
tic of the disease remains unclear. In WASP knockout mice,
Snapper et al17 reported normal thymic subsets despite diminished
organ cellularity, whereas Zhang et al18 showed a block of
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progression of thymocytes from the double-negative (CD4�CD8�)
to double-positive (CD4�CD8�) stage. Recent observations of low
T-cell numbers in patients with WAS since infancy have been
interpreted to support a role for WASP in lymphocyte maturation.6

On the other hand, evidence of enhanced spontaneous apoptosis in
WAS lymphocytes has also been proposed as a possible mechanism
for the pathogenesis of lymphopenia.19,20 To contribute to the
characterization of the T-lymphocyte compartment in patients with
WAS, we investigated the diversity of 24 TCRV� subfamilies by
CDR3 size distribution analysis.

In healthy controls, the majority of V� subfamilies exhibited a
Gaussian curve with 6 peaks or more, reflecting polyclonal V�
repertoire. Amplification of all 24 V� segments from each WAS
patient’s sample allowed us to calculate the mean complexity score
for all samples (5.04; range, 4.56-5.40) that did not considerably
differ from that of healthy adults (5.06; range, 4.89-5.19; Figure
1A-B). However, the frequency of skewed TCRV� subfamilies in
samples from patients with WAS who are age 15 years or older was
significantly higher than that observed in younger patients and
control samples (Figure 1C). No correlation was observed between
clinical scores, lymphocyte numbers, or therapeutic regimen and
degree of skewing of TCRV� repertoire, and no evidence was
found for preferential expansion of particular V� subfamilies in

patients with a skewed pattern. Because none of the patients had
clinical or laboratory evidence of acute infection at the time of
sample collection, we conclude that these alterations reflect a stable
state of the TCR repertoire in these patients.

In contrast to the older subjects with WAS, patients 14 years of
age or younger showed a diverse distribution in the majority of
their V� subfamilies, again regardless of the levels of WASP
protein expression (Figure 1, Table 1). These findings suggest that
WASP deficiency does not limit the generation of a wide repertoire
of T lymphocytes early in life. Therefore, the skewed pattern of
TCRV� subfamilies in older patients with WAS does not seem to
be the result of defective thymic generation of diverse TCRV�-
expressing populations. In support of this conclusion is the
observation that patients with V(D)J recombination defects due to
recombination activating gene (RAG) mutations show much more
severe restriction of TCR repertoire with a mean complexity score
of 1.73 (A.Y., unpublished observations, April 2005). The oligo-
clonal pattern of TCRV� subfamilies usage in older patients with
WAS likely develops over time due to the accumulation of
antigen-specific T-cell clones. Although clonal T-cell expansion
can be observed in healthy individuals with age,7 the increased
oligoclonality of T lymphocytes in older patients with WAS may
derive from chronic antigenic stimulation generated by the inability

Table 1. Patient characteristics

Subjects Age Score Mutation Gene location Predicted effect Protein expression
Lymphocytes,
� 109/L (n.v.)

W1 10 mo 3* 71C � T Exon 1 Arg13Stop Absent 4.5 (2.6-10.4)

W2 11 mo 2* 290C � T Exon 2 Arg86Cys ND 4.8 (2.6-10.4)

W3 12 mo 2* 6-bp ins nt 434 Exon 4 Asp/Glu ins Absent 4.4 (2.6-10.4)

W4 15 mo 3* G � A (� 1) Intron 8 fs, stop aa246 Absent 2.4 (2.6-10.4)

W5 7 y 1 1487G � A Exon 11 Asp485Asn Reduced 3.3 (1.1-5.9)

W6 14 y 2 291G � A Exon 2 Arg86His Reduced 1.5 (1.0-5.3)

W7 15 y 2 291G � A Exon 2 Arg86His Reduced 1.3 (1.0-5.3)

W8 15 y 5 953A � G Exon 9 Met307Val Absent 2.4 (1.0-5.3)

W9 15 y 3 290C � T Exon 2 Arg86Cys Reduced 3.5 (1.0-5.3)

W10 18 y 3 290C � T Exon 2 Arg86Cys Reduced 1.6 (1.0-2.8)

W11 19 y 5 150T � C Exon 1 Leu39Pro Absent 0.9 (1.0-2.8)

W12 22 y 1 389G � A Exon 3 Gly119Arg Reduced 2.1 (1.0-2.8)

W13 36 y 2 995C � T Exon 10 Arg321Stop ND 1.1 (1.0-2.8)

n.v. indicates normal values; ND, not determined.
*The score compatible with the clinical presentation of the patient is listed, although the full picture of the disease may have not yet developed due to the patient’s

young age.

Figure 1. Analysis of T-cell repertoire. (A) CDR3 size
distribution of TCRV� subfamilies. Each TCRV� frag-
ment was amplified from cDNA with 1 of 24 V�-specific
primers. The size distribution of polymerase chain reac-
tion (PCR) products was determined by an automated
sequencer and GeneScan software. (B) Complexity
scores of TCRV�. Complexity scores were generated for
each TCRV� from the CDR3 size distribution analysis.7

(C) Frequency of skewed TCRV� repertoire. Shown are
the mean (� standard deviation [SD]) numbers of skewed
TCRV� obtained from the control and patient groups.
*P � .05.
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to completely eradicate infectious agents or, in some cases, be
sustained by autoantigens.2 On the other hand, oligoclonality in
WAS could be the result of homeostasis-driven T-cell proliferation
in response to lymphopenia caused by increased apoptosis19,20 or,
possibly, accelerated reduction of thymic output. The latter possibil-
ity could be addressed by analysis of TCR rearrangement excision
circles.21 These and further studies assessing TCR repertoire in
isolated T-cell subsets (eg, CD4�, CD8�) will be useful to further
define the origin of clonal T-cell dominance in WAS.

In summary, our results demonstrate a significant skewing of
CDR3 size distribution in T lymphocytes from older patients with
WAS, add to the knowledge of T-cell defects in WAS, and point to
an additional component of the immune dysregulation in this disease.

Acknowledgment

We thank Mrs Jacqueline Keller for secretarial assistance.

References

1. Ochs HD. The Wiskott-Aldrich syndrome. Clin
Rev Allergy Immunol. 2001;20:61-86.

2. Schurman SH, Candotti F. Autoimmunity in Wis-
kott-Aldrich syndrome. Curr Opin Rheumatol.
2003;15:446-453.

3. Derry JM, Ochs HD, Francke U. Isolation of a
novel gene mutated in Wiskott-Aldrich syndrome.
Cell. 1994;78:635-644.

4. Stewart DM, Treiber-Held S, Kurman CC, Fac-
chetti F, Notarangelo LD, Nelson DL. Studies of
the expression of the Wiskott-Aldrich syndrome
protein. J Clin Invest. 1996;97:2627-2634.

5. Ochs HD, Slichter SJ, Harker LA, Von Behrens
WE, Clark RA, Wedgwood RJ. The Wiskott-
Aldrich syndrome: studies of lymphocytes, granu-
locytes, and platelets. Blood. 1980;55:243-252.

6. Park JY, Kob M, Prodeus AP, Rosen FS, Shcher-
bina A, Remold-O’Donnell E. Early deficit of lym-
phocytes in Wiskott-Aldrich syndrome: possible
role of WASP in human lymphocyte maturation.
Clin Exp Immunol. 2004;136:104-110.

7. Even J, Lim A, Puisieux I, et al. T-cell repertoires
in healthy and diseased human tissues analysed
by T-cell receptor beta-chain CDR3 size determi-
nation: evidence for oligoclonal expansions in
tumours and inflammatory diseases. Res Immu-
nol. 1995;146:65-80.

8. Zhu Q, Watanabe C, Liu T, et al. Wiskott-Aldrich
syndrome/X-linked thrombocytopenia: WASP

gene mutations, protein expression, and pheno-
type. Blood. 1997;90:2680-2689.

9. Wada T, Schurman SH, Otsu M, et al. Somatic
mosaicism in Wiskott-Aldrich syndrome suggests
in vivo reversion by a DNA slippage mechanism.
Proc Natl Acad Sci U S A. 2001;98:8697-8702.

10. Bomberger C, Singh-Jairam M, Rodey G, et al.
Lymphoid reconstitution after autologous PBSC
transplantation with FACS-sorted CD34� hemato-
poietic progenitors. Blood. 1998;91:2588-2600.

11. Konno A, Okada K, Mizuno K, et al. CD8alpha
alpha memory effector T cells descend directly
from clonally expanded CD8alpha�betahigh TCR
alpha beta T cells in vivo. Blood. 2002;100:4090-
4097.

12. Mizuno K, Yachie A, Nagaoki S, et al. Oligoclonal
expansion of circulating and tissue-infiltrating
CD8� T cells with killer/effector phenotypes in
juvenile dermatomyositis syndrome. Clin Exp Im-
munol. 2004;137:187-194.

13. Molina IJ, Sancho J, Terhorst C, Rosen FS, Re-
mold ODE. T cells of patients with the Wiskott-
Aldrich syndrome have a restricted defect in pro-
liferative responses. J Immunol. 1993;151:4383-
4390.

14. Molina IJ, Kenney DM, Rosen FS, Remold-
O’Donnell E. T cell lines characterize events in
the pathogenesis of the Wiskott-Aldrich syn-
drome. J Exp Med. 1992;176:867-874.

15. Gallego MD, Santamaria M, Pena J, Molina IJ.

Defective actin reorganization and polymerization
of Wiskott-Aldrich T cells in response to CD3-
mediated stimulation. Blood. 1997;90:3089-3097.

16. Dupre L, Aiuti A, Trifari S, et al. Wiskott-Aldrich
syndrome protein regulates lipid raft dynamics
during immunological synapse formation. Immu-
nity. 2002;17:157-166.

17. Snapper SB, Rosen FS, Mizoguchi E, et al. Wis-
kott-Aldrich syndrome protein-deficient mice re-
veal a role for WASP in T but not B cell activation.
Immunity. 1998;9:81-91.

18. Zhang J, Shehabeldin A, da Cruz LA, et al. Anti-
gen receptor-induced activation and cytoskeletal
rearrangement are impaired in Wiskott-Aldrich
syndrome protein-deficient lymphocytes. J Exp
Med. 1999;190:1329-1342.

19. Rawlings SL, Crooks GM, Bockstoce D, Barsky
LW, Parkman R, Weinberg KI. Spontaneous apo-
ptosis in lymphocytes from patients with Wiskott-
Aldrich syndrome: correlation of accelerated cell
death and attenuated bcl-2 expression. Blood.
1999;94:3872-3882.

20. Rengan R, Ochs HD, Sweet LI, et al. Actin cy-
toskeletal function is spared, but apoptosis is in-
creased, in WAS patient hematopoietic cells.
Blood. 2000;95:1283-1292.

21. Douek DC, McFarland RD, Keiser PH, et al.
Changes in thymic function with age and during
the treatment of HIV infection. Nature. 1998;396:
690-695.

T-CELL REPERTOIRE IN WAS 3897BLOOD, 1 DECEMBER 2005 � VOLUME 106, NUMBER 12

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/106/12/3895/458365/zh802305003895.pdf by guest on 08 June 2024


