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To the editor:

Identification of ITK deficiency as a novel genetic cause of idiopathic CD41 T-cell lymphopenia

Idiopathic CD4 lymphopenia represents a heterogeneous group of
combined primary immunodeficiencies with markedly reduced CD41

T-cell counts. Although several genetic etiologies including MHC
class II deficiency1 or mutations in RAG1,2MST1,3 or LCK4 have been
reported, the majority of patients remain genetically undetermined.

Here we describe a 17-year-old male Turkish patient of con-
sanguineous background, referred to the hospital at 7 years of age.He
suffered from recurrent pulmonary infections causing progressive
immune reaction and bronchiectasia. Immunological analysis at the
age of 10 showed persistently low CD41 T-cell counts (range: 8% to
16%; 286-714/mL) and increased CD81 T-cell counts (range: 50%
to 59%; 1404-2950/mL, Figure 1A). T-cell proliferation responses to
CD3/CD28 stimulation were reduced (not shown), whereas PHA
stimulation led to normal proliferation of T-cells. B-cell counts and
immunoglobulin levels were unremarkable (not shown); however,
the patient showed reduced antipneumococcal antibody response.

To elucidate the underlying genetic cause, we combined homozy-
gosity mapping (Figure 1B) and exome sequencing as previously
reported, with minor modifications.5 Unexpectedly, we identified a
homozygous nonsense mutation located within the first exon of
the Interleukin-2-inducible T-cell kinase (ITK) gene (c.C49T:p.Q17X)
likely leading to nonsense-mediated decay of the corresponding gene
product. The mutation was validated using capillary sequencing and
showed perfect segregation under the assumption of autosomal-
recessive inheritance (Figure 1C). ITK is a tyrosine kinase comprising
2 Src homology and a pleckstrin homology domain, respectively,
acting downstream of the T-cell receptor complex and playing a critical
role during thymic CD41/CD81 selection.6 Itk2/2 mice have reduced
iNKT-cells and show an activated phenotype of peripheral CD41

T-cells.7

All ITK-deficient patients reported to date developed EBV-
associated B-cell lymphoproliferation accompanied by hepato- and
splenomegaly or Hodgkin lymphoma.8-10 Decreased numbers of
iNKT-cells are a hallmark feature of the disease.8-11

Surprisingly, this patient remained at sero-negative EBV status
until the age of 17, althoughPCR-based copy-number analysis indicated

borderline detectable EBV virus load (1000-2000 copies/mL). As
all previously reported ITK-deficient patients were analyzed when they
showed EBV-induced lymphoproliferation, we here had the unique
opportunity to dissect EBV-dependent and EBV-independent ITK
deficiency phenotypes. Consistent with previous findings in mouse7

and human,8-11 flow cytometry indicated an absence of iNKT-cells
(Figure 1D), illustrating that the absence of iNKT-cells is a primary
phenotype of ITK deficiency. Although CD4 lymphopenia has
already been described in other ITK-deficient patients suffering from
lymphoproliferative disease,9,11 we here show that combined
immunodeficiency with CD4 deficiency can be the predominant
disease manifestation. Furthermore, defective T-cell proliferation
has not been described in ITK-deficient patients, although it is con-
cordant with the findings in Itk2/2 mice. Of note, at the most recent
follow-up, the patient presented with leiomyoma (not shown) and a
high titer for EBV (233 106 copies/mL), in linewith the characteristic,
marked vulnerability to EBV infection in human ITK deficiency.8-11

In conclusion, in this case we identify ITK deficiency as a novel
cause of idiopathic CD4 lymphopenia. Our analysis also sheds light
on the immunophenotype of ITK deficiency in the absence of EBV-
associated lymphoproliferation. Genetic assessment of patients with
combined immunodeficiencies, in particular with predominant CD4
lymphophenia, should includemutational analysis of ITK even in the
absence of EBV lymphoproliferation.
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To the editor:

Myeloma cell sensitivity to bortezomib is associated with Dicer1 expression

Despite considerable progress of chemotherapeutic strategies and
the introduction of the proteasome inhibitor bortezomib, multiple
myeloma (MM) remains an incurable disease.1 Mutations or loss of
p53 occur in roughly 10% of untreated MM cells and are closely
associated with resistance to bortezomib and dismal prognosis.2

Although the inhibitory effect of bortezomib is well recognized, its
downstream mechanisms of cytotoxicity remain largely elusive and
at times controversial.

The discovery of microRNA (miR) has revealed a new level of
regulation of cell signaling and homeostasis.3 Deregulation of miR

Figure 1. Effects of Dicer1 silencing on bortezomib-

induced apoptosis in MM cells. (A) Representative

dose-response curve of MMS1 and L363 cells after in-

cubation for 24 hours with various bortezomib concen-

trations. Cell viability (%) was measured by annexin

V/propidium iodide staining (AnnV/PI) (Invitrogen, Pais-

ley, United Kingdom), and viable cells are defined as

AnnV–/PI–. Results are shown as the mean of dupli-

cates (n 5 2). (B) Lysates were generated from Dicer1

knockdown with 100 nM short interfering RNA (siRNA)

or nontarget siRNA control MMS1 and L363 cells

treated with 5 to 10 nM bortezomib (Cell Signaling

Technology, Danvers, MA) or vehicle for 24 hours, and

the expression of Dicer1 (Cell Signaling Technology) and

p21 (BD Transduction Laboratories, Heidelberg, Germany)

proteins were analyzed by western blot. Tubulin served

as a loading control. The image shows a representative

of 3 independent experiments run on the same gel.

Briefly, 4.5 3 105 MM cells were transiently transfected

with Dicer1 siRNA (Cell Signaling Technology) or non-

target smart pool siRNA (Dharmacon, Lafayette, CO)

using the TransIT-siQUEST transfection reagent (Mirus

Bio, Madison, WI). MM cells were transfected with a

solution containing 250 mL Opti-Memmedium (Invitrogen),

3.5 mL TransIT-siQUEST transfection reagent, and 100 nM

Dicer1 siRNA or nontarget siRNA. Transfection efficiency

was assessed by western blot. (C) Dicer1 knockdown

increased apoptosis upon bortezomib treatment in MM

cells. Dicer1 knockdown with 100 nM siRNA or non-

target siRNA control MMS1 and L363 cells was treated

with 5 to 10 nM bortezomib or vehicle for 24 hours

before an assessment of the percentage of AnnV1/PI1

cells by flow cytometry. Dicer1 knockdown potentiates

the effect of bortezomib in L363 cells. The data presented

are means 6 SD of 3 experiments.
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