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TABLE I. Clinical and laboratory characteristics of the

PNP-deficient patients

Patient 1 Patient 2

Age at diagnosis (mo) 12 30

Hemolytic anemia 1 1
Infections 1 2
Uric acid UD UD

PNP activity (IU) (20-30) 0 0

Lymphocyte count/mm3 (2,500-10,000) 920 495

CD3/mm3 (60%-85%) 32% 12%

CD31CD41/mm3 (36%-63%) 9% 7%

CD31CD81/mm3 (15%-40%) 23% 5%

CD191/mm3 (5%-25%) 22% 4%

CD32CD561/mm3 (6%-30%) 38% 79%

IgM (mg/dL) (50-280) 69 UD

IgG (mg/dL) (680-1,560) 836 34

IgA (mg/dL) (0.4-3.7) UD UD

IgE (IU/mL) (0-15) 289 UD

HBV IgG antibodies Negative Negative

Varicella IgG antibodies ND Negative

Polio-type IgG antibodies Positive* Negative

Measles IgG antibodies ND Negative

Mumps IgG antibodies ND Negative

Rubella IgG antibodies ND Negative

CMV IgG antibodies Positive Negative

Isohemagglutinin IgM antibodies Negative Negative

PHA mitogenic response

(patient/control, CPM)

2,397 of 26,107 ND

aCD3 mitogenic response

(patient/control, CPM)

4,327 of 45,557 ND

Signal joint TRECs/0.5 mg DNA� UD UD

Coding joint KRECs/0.25 mg DNA� 12.6 300

Signal joints KRECs/0.25 mg DNA� UD UD

Normal levels are presented in parentheses.

CMV, Cytomegalovirus; CPM, counts per minute; HBV, hepatitis B virus; ND, not

done; UD, undetectable.

*Anti-poliovirus serum type 1, more than 1 in 512; type 2, more than 1 in 128; and

type 3, more than 1 in 128.

�The normal value is more than 400 for signal joint TRECs based on 100 age-matched

normal individuals for whom the diagnosis of primary T-cell immunodeficiency was

excluded.

�The normal value is more than 1500 for KRECs and more than 250 for KREC coding

joint and KREC signal joint, based on 5 age-matched normal individuals for whom the

diagnosis of primary immunodeficiency was excluded.
T- and B-cell defects in a novel purine nucleo-
side phosphorylase mutation

To the Editor:
Two autosomal recessive genetic disorders of the purine

salvage pathway, including adenosine deaminase and purine
nucleoside phosphorylase (PNP) deficiencies, are associated
with immunodeficiency.1 In PNP deficiency, the hallmark patho-
physiology is the accumulation of deoxyguanosine triphosphate
toxic metabolites, particularly in lymphocytes. Consequently,
T-cell development is impaired, and there is variable B-cell dys-
function. Increased risk of autoimmune disorders (eg, hemolytic
anemia, thrombocytopenia, neutropenia, and thyroiditis) is a
characteristic of PNP deficiency, and it is seen in approximately
one third of the cases.2 Autoimmune features may be recognized
clinically before the onset or identification of immunodeficiency.
Characterization of the B-cell immunodeficiency in PNP defi-
ciency is still incomplete, and it is mainly attributed to impaired
T-cell function resulting in autoimmune phenomena.3 Serum im-
munoglobulin levels can be normal to near-normal, but the pro-
duction of specific T-cell–dependent antibodies is reduced.3

A similar combination of effects is likely to be operative in pa-
tients with delayed onset or partial adenosine deaminase defi-
ciency who also show variable residual B-cell function and
autoimmunity. The diagnosis of PNP is usually suggested by a
low level of serum uric acid, supported by reduced PNP activity
and confirmed bymolecular gene analysis.4 Normally, T-cell mat-
uration in the thymus and B-cell maturation in the bone marrow
progress through distinct stages that are defined phenotypically
by the expression of their specific receptors (T-cell receptors
[TCRs] and B-cell receptors [BCRs], respectively). This process,
which involves DNA rearrangement, results in the formation of
normal numbers of functional and mature cells that carry coding
joints in their rearranged fragments. Stable by-product circles,
known as TCR excision circles (TRECs) or the kappa-deleting re-
combination excision circles (KRECs), are created during the ex-
cision of the DNA fragments in T and B cells, respectively. These
signal joint circles, which are present solely in newly derived
thymic or bone marrow cells and not in replicating cells during
mitosis, allow indirect quantification of thymic and bone marrow
output. In contrast, cells containing only coding joints may reflect
the peripheral replication history of the lymphocyte subsets.5

Taken together, the ratio between genomic coding joints and sig-
nal joints in these cells reflects both peripheral cell divisions in
response to antigen exposure and the export of new T cells
from the thymus and B cells from the bone marrow. Simultaneous
quantification of TRECs and KRECs, which contain the required
signal joint rearrangement in patients with primary immunodefi-
ciency after bone marrow transplantation, was recently proposed
for monitoring the appearance of newly derived thymic and bone
marrow cells.6 The amounts of TRECs and KRECs are deter-
mined by real-time quantitative PCR. Reactions are performed
by using genomic DNA extracted from patients’ PBMCs and
PCRs that contain specific primers and probes as previously de-
scribed in detail.7

Herein, we present 2 sisters with a novel nonsense PNP
mutation causing combined immunodeficiency. Patient 1 was
born after a normal pregnancy and delivery to parents who are
first-degree cousins. She presented at the age of 1 year with acute
respiratory illness and marked lymphopenia (920/mm3). Her his-
tory was remarkable for hypotonia, hemolytic anemia, and devel-
opmental delay. Her serum uric acid was undetectable, suggesting
the diagnosis of PNP deficiency. The patient’s eldest sister, who
was 2½ years old at that time, was incidentally found to have lym-
phopenia (495/mm3). Her medical history was also significant for
hemolytic anemia, hypotonia, and developmental delay. No PNP
enzymatic activity was detected in either patient (Table I), and
genetic sequence analysis of the PNP gene revealed a novel
homozygous mutation in exon 3: a C-to-T transition at nucleotide
244, putatively resulting in premature stop codon (Q82X). Both
parents were found to be carriers for this mutation. A thorough
immune workup of both sisters revealed significantly low levels
of T cells, severely depressed lymphocyte proliferation to various
mitogens, and undetectable signal joint TREC levels (Table I).
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FIG 1. Skewed TCR and BCR repertoires in PNP-deficient patients. A, Relative expression of the various Vb

families detected by fluorescence-activated cell sorting (black bars) in PBMCs obtained frompatient 1 (upper
panel) and patient 2 (lower panel) compared with n 5 85 normal controls (white bars). B, Four different

TCRVg gene rearrangements (Vg9.2, Vg11, VgF1, and Vg10/2) were amplified by PCR followed by Gene

Scan analysis in patient 1 (I), patient 2 (II), a RAG deficiency control (III), and a normal healthy control

(IV). C, Two different IgH BCR gene rearrangements (FR2 and FR3) were amplified by PCR followed by

Gene Scan analysis in patient 1 (I), patient 2 (II), a RAG deficiency control (III), and a normal healthy control

(IV). P1, Patient 1; P2, patient 2; RAG, recombination activating gene; SCID, severe combined

immunodeficiency.
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Unexpectedly, significantly low levels of B cells were detected in
the older patient, while there were no signal joint KREC levels
and barely detected coding joint KREC levels in both patients.
These findings suggest that their B cells originated mainly from
proliferation and not from newly derived bone marrow cells
(Table I). Both TREC and KREC values were significantly
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different from age-reference normal controls and similar to those
of 10 patients affected by recombination activating gene muta-
tions that severely disrupt T- and B-cell development.7

T- and B-cell receptor repertoires were analyzed for clonality to
determinewhether the 2 PNP-deficient patients also had increased
peripheral cell proliferation. Representatives of 24 specific
TCRVb families were detected and quantified by flow cytometry
(Becton-Dickinson, Franklin Lakes, NJ) and referred to the Quick
Reference Card according to the manufacturer’s instructions
(Beckman Coulter, Immunotech, Marseille, France). TCRVb
repertoires were restricted in both patients (low Vb1, Vb7.2,
Vb13.2, Vb16, and Vb20 in patient 1 and Vb7.2, Vb13.2, Vb14,
Vb17, Vb22, and Vb23 in patient 2) with the presence of a few
dominant clones (Vb2 and Vb 5.2 in patient 1 and Vb5.1 and
Vb16 in patient 2) (Fig 1, A). Spectratyping amplification by PCR
using 4 fluorescence-labeled Vg chain primers was used to better
delineate the clonality. Profiles were characterized as oligoclonal
if they contained 4 or fewer peaks, as polyclonal skewed if they
hadmore than 4 peaks but were not Gaussian-like, and as polyclo-
nal Gaussian if they had more than 4 peaks in a Gaussian-like
distribution.8 Both patients had a polyclonal skewed profile, sim-
ilar to the pattern of a typical patient with disrupted T- and B-cell
immunity (Fig 1, B). The BCR profiles that resulted from spec-
tratyping amplification by PCRwith 2 fluorescence-labeled V im-
munoglobulin heavy chain primers were also polyclonal skewed.
This result was similar to a typical severe combined immunode-
ficiency with clonal expansion and in strong contrast to the
Gaussian-like distribution of healthy control cells (Fig 1, C).
Taken together, these polyclonal skewed TCR and BCR profiles
may possibly be reflecting abnormal selection or expansion of
some families in response to a stimulus. Another line of evidence
to support direct variable B-cell immunodeficiency in our patients
came from the finding that immunoglobulin levels were normal in
patient 1 who had some specific antibodies (eg, polio and cyto-
megalovirus), while, in marked contrast, specific antibodies
were completely absent in patient 2whose immunoglobulin levels
were reduced. These findings are suggestive of a profound defect
in B-cell immunity. Moreover, both patients were found to
have undetectable isohemagglutinin titers. The lack of these
antibodies, directed against blood group A and B antigens, is a
clear indication of the direct effect that the PNP deficiency has
on B-cell immunity, since these antibodies are normally produced
in a T-cell–independent manner.

Herein we present 2 siblings with a novel nonsense PNP
mutation causing PNP deficiency. Both patients had low and
dysfunctional T cells and profoundly impaired T-cell production.
Similar to the PNP2/2 mice, which are known to have a reduced
number of thymocytes and abnormal T-cell rearrangement as well
as reduced peripheral T cells,4 our patients exhibited restricted
TCR repertoires. This is probably due to a massive apoptotic
event in the thymus. It was recently shown that PNP deficiency
preferentially causes apoptosis of double-positive thymocytes in
mice and that the accumulation of deoxyguanosine triphosphate
in cases of PNP deficiency leads to mitochondria-initiated apo-
ptosis of these thymocytes.9 B cells are marginally affected in
PNP deficiency and are even completely normal in number and
function in some patients.10 In contrast, we describe 2 sisters
whose PNP deficiency had a variable effect on B-cell function, in-
cluding reduced B-cell numbers, lack of B cells containing signal
joint circles, reduced immunoglobulin levels, absence of specific
antibodies, and abnormal BCR repertoires. Some of these abnor-
malities cannot be explained by the known T-cell defect of pa-
tients with PNP deficiency alone, and they may be attributed to
a direct effect on B-cell immunity. This observation widens the
impact of B-cell immunodeficiency in cases of PNP deficiency
and is probably explained by the complete lack of PNP enzyme
activity due to the reported nonsense mutation. Numerous symp-
tomatic mutations, mostly missense, of the PNP gene have been
identified. These mutations produce proteins with variable de-
grees of enzymatic activity, which correlate with the accumula-
tion of nucleoside substrates and, to some degree, with the
clinical course. It is the progressive accumulation of deoxyguano-
sine triphosphate in PNP deficiency that leads to progressive
disease. Interestingly, similar to the progressive T-cells toxicity
caused by PNP deficiency during the first years of life, the more
severe B-cell defect observed in our older patient also suggests ac-
cumulating effects of PNP deficiency on B cells. Our results con-
cur with several recent in vitro and in vivo studies describing
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B-cell death following PNP inhibition with excess deoxyguano-
sine/deoxyguanosine triphosphate concentrations, albeit at a re-
duced frequency compared with T-cell apoptosis.11 Additional
studies, including longitudinal studies, are still required to deter-
mine whether B-cell function, like T-cell function, deteriorates
over time in PNP-deficient patients. In normal peripheral blood
B cells, the addition of deoxyguanosine leads to an inhibition of
proliferation and differentiation. This effect was found to be inde-
pendent of deoxyguanosine accumulation.12 Complete lack of
PNP (as observed in our patients) triggers accumulation of deox-
yguanosine, thereby disrupting B-cell development, the conse-
quence of which is more profound with time, as indeed was
found in the older sister. Another line supporting the hypothesis
that the accumulation of deoxyguanosine results in global cell
toxicity and that it is not restricted to T cells alone came from
the use of purine and pyrimidine nucleoside analogs to treat cer-
tain malignancies, including B-cell malignancies.13 For example,
forodesine, a PNP inhibitor, converts deoxyguanine to deoxygua-
nosine triphosphate and causes general apoptotic cell effect, sim-
ilar to what is seen in PNP deficiency.14

We conclude that the variable effect on B-cell function that is
observed in PNP deficiencymay be an independent event of T-cell
dysfunction and that it is subject to the severity of the deficiency
and the duration of the disease.
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