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ABSTRACT

Purine Nucleoside Phosphorylase (PNP) deficiency is
a rare autosomal recessive metabolic disorder. In
PNP-deficiency disorder, the deficient enzyme leads
to accumulation of toxic metabolites, especially in
lymphocytes and the metabolites exert toxic effect on
T-cell generation. Purine nucleoside phosphorylase
deficiency causes decreased numbers of T cells and
lymphopenia. The patients suffering from PNP-defi-
ciency may be admitted with recurrent infections, as
well as neurological and autoimmune findings. We
hereby presented a case admitted with the symptom
of hematuria in which we established the diagnosis of
PNP-deficiency early on the basis of detection of lym-
phopenia and low level of uric acid.

K eywords: Purine Nucleoside Phosphorylase Deficiency;
Infant; Hematuria

1. INTRODUCTION

Purine Nucleoside Phosphorylase (PNP) deficiency is a
rare autosomal recessive metabolic disorder. Although
the exact incidence has yet to be determined, 67 cases of
PNPase deficiency from 49 families have been reported
[1].

In PNP-deficiency disorder, the deficient enzyme leads
to accumulation of toxic metabolites, especially in lym-
phocytes and the metabolites exert toxic effect on T-cell
generation. Purine nucleoside phosphorylase deficiency
causes decreased numbers of T cells and lymphopenia
[2].

We hereby presented a case admitted with the symp-
tom of hematuria in which the diagnosis of PNP-defi-
ciency early on the basis of detection of lymphopenia
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and low level of uric acid was established.

2. CASE REPORT

A 7-month-old girl who was born at term without any
complication admitted with the complaint of hematuria.
She has been treated for urinary tract infection for one
month. However, one week before admitting to the
hospital she had intermittent hematuria again. Her neu-
romotor development has been reported to be slight re-
tardation. The family history revealed no close kinship
and the patient was the first child.

In the physical examination, body weight, the length,
the head circumference were 7860 grams (25 - 50 per-
centile), 72 cm (10 - 25 percentile), 43 cm (25 - 50 per-
centile), respectively. The tonsillar tissues appeared smaller
than normal. The neurological examination was normal,
but she was unable to sit without any support. No patho-
logy was identified in the other system examinations.

She was found to have mild anemia with a level of Hb:
9.9 gr/dl, Htc: 29% and PLT: 648,000/mm3. Her WBC:
3810/mm’ and the absolute lymphocyte count was
520/mm’. The results from urinalysis were as follows:
density: 1020; pH: 6.5; protein (+); blood (+); 5 - 6 leu-
cocytes and 9 - 10 erythrocytes under microscope at the
magnification setting 40 x 10. No bacterial growth was
evident in urine culture. On ultrasound examination of
the urinary tract, bladder wall appeared thickening slightly
and all other urinary system organs were normal. The
uric acid level was detected to be <0.5 mg/dl, which is
lower than normally expected. Serum xanthine and hy-
poxanthine levels were found to be <0.01 mmol/L and
0.10 mmol/L, in respective order. Uric acid, Ca/Cr ratio
and urine osmolality were identified to be 5.2 mg/dl
(low), 0.08, 603 mOsm/kg/water, respectively, with ne-
gative cystein capacity. Arterial blood gas analysis was
normal. Lymphocytic subgroup analysis revealed low T
and B cell counts along with normal NK count (Table 1).
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The immunoglobulin levels measured in the serum were
within normal range, (IgG: 718 mg/dl, IgM: 49 mg/dl,
and IgA: 38 mg/dl).

The diagnosis of PNP-deficiency was established upon
detection of no PNP activity in the lymphocytes in peri-
pheral blood. However, adenosine deaminase level was
measured to be within normal range (Table 2).

The patient was homozygous for a C > T mutation of
nt 593 which changes codon 198 from CCC > CTC re-
sulting in the substitution of Leu for Pro (Pro 198 > Leu).
Both parents were heterozygous for this mutation. The
patient was placed on monthly intravenous immunoglo-
bulin (500 mg/kg) and TMP-SMX prophylaxis for Pneu-
mocystis carinii.

Bone marrow transplantation could not be performed
due to the lack of any donor with matching HLA.

Accordingly, the patient was placed on a search pro-
gram for domestic and international donors. While pa-
tient was in the waiting list, she died due to clinical sep-
sis with fatal course at 17 months of age. No bacterial
growth was evident in blood culture.

3. DISCUSSION

The discovery in the 1970s of deficiencies of adenosine
deaminase and purine nucleoside phosphorylase in
children with lymphocytopenia and combined immune
deficiency, and subsequent investigation of pathogenesis,
has established the critical importance of purine nu-
cleoside metabolism to lymphocyte development and
immune function [3]. In both disorders, the nucleoside

Table 1. The lymphocyte subgroups in the peripheral blood of
our patient.

CD3 17.6% 161/mm*  (N: 2700 - 6100/mm>)
CD19 15.2% 139/mm®  (N: 800 - 2200/mm?®)
CD4 22.1% 202/mm®  (N: 1700 - 4100/mm?)
CDS8 16.1% 157 mm®  (N: 700 - 1800/mm®)
CD3 - 0, 3 . 3
CDI6 4 CDs6+ 6-6% 514/mm (N: 200 - 800/mm”)

Table 2. ADA and PNP levels in our case and her family.

ADA PNP
Name nmol/h/mg nmol/h/mg ADA/PNP
Control 33.0 1124 0.029
Our case 56.8 0.0 -
Thefather 18.5 364 0.051
The mother 334 424 0.079
Normal value 325+ 14 2382 + 183
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substrates of the missing enzyme are generated at high
levels in thymus and bone marrow from the breakdown
of nucleic acids associated with active cell turnover. In
the absence of ADA or PNP, these purine nucleosides
are converted to metabolites that accumulate in, and are
toxic to, immature lymphocytes [2,3]. In ADA defi-
ciency, dATP derived from deoxyadenosine blocks DNA
synthesis and repair, resulting in depletion of T-cells,
B-cells, and Natural Killer (NK)-cells; in PNP deficiency,
dGTP derived from deoxyguanosine has a similar action,
but predominantly affects T- and B-cell development
[3,4]. dGTP can also accumulate in mitochondria and
interfere with their function; this has been proposed as
the cause of neuronal dysfunction, which is a more pro-
minent feature of PNP than ADA deficiency [5]. Since
the products of PNP, hypoxanthine and guanine are pre-
cursors of uric acid, PNP deficiency results in very low
levels of uric acid in plasma and urine [6]. The total
lymphocyte count in patients with PNP deficiency is
often below 500/mm’, as in our patient. Her T and B cell
counts were low, but NK cells were in the normal range,
as were serum immunoglobulin levels. Even when Ig
levels are normal, patients with PNP deficiency usually
cannot mount a normal antigen-specific antibody re-
sponse following immunization, and this capacity de-
clines over time to cause a true combined immune defi-
ciency [7]. Patients with PNP deficiency are also at in-
creased risk of developing autoimmunity, which may
manifest as hemolytic anemia, immune thrombocytope-
nic purpura and other cytopenias, as well as systemic lu-
pus erythematosus [8,9].

Patients with PNP deficiency can become sympto-
matic over a broad period between the ages of 4 months
and 6 years. The most frequent findings are recurrent
otitis, pharyngitis, sinus infections, pneumonia, disse-
minated varicella infections, diarrhea and urinary tract
infections [10]. Except for a presumed urinary tract in-
fection accompanied by hematuria, our patient had no
history of infection. Physical examination showed small
tonsils, often found in patients with PNP deficiency.

Sometimes, neurological symptoms present first, be-
fore infections or autoimmune problems [9]. PNP defi-
ciency has been associated with a broad spectrum of
neurological abnormalities in about half of affected pa-
tients. Delay in motor development, tremor, hypertonia
or hypotonia, behavioral changes, and mental-motor re-
tardation have been reported, and may suggest the diag-
nosis of cerebral palsy [4,11]. In a series of 5 children
with a disequilibrium syndrome characterized by hypo-
tonia, spastic diplegia, and difficulty in sustaining pos-
ture, PNP deficiency was detected in 3 cases [12]. Our
patient was unable to sit without support when she when
she was diagnosed at 7 months of age; this disability
persisted during her follow-up until 1 year of age.
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Bone marrow or stem cell transplantation is the only
curative therapy for PNP deficiency [13]. The treatment
options discussed included allogeneic hematopoietic stem
cell transplantation from a matched family donor, a mis-
matched haploidentical donor, and unrelated bone mar-
row donor. The survival following matched sibling donor
or matched family donor transplants was extremely good
in 27 of 30 patients (90% survival). Matched unrelated
donor transplants were performed in 8 patients at 4 centers.
These patients received pretransplant preparative regi-
mens. Five survivors were reported (63% survival). The
poorest outcome was in patients who received haplo-
identical family donor transplants. Overall, 21 of 42 pa-
tients (50%) survived; of the survivors, T-cell engraft-
ment was present in 14 patients (66%) [14].

Among 11 patients transplanted for PNP deficiency,
the procedure was successful in 4, although a second
transplant was required in 1 patient; the causes of death
in the other 7 patients were infection, graft failure and
GVvHD [15]. In one patient stem cell transplantation from
cord blood was performed and, the level of PNP activity
in lymphocytes and in vitro lymphocyte function were
normal after 12 months from transplantation [16].

When no eligible stem cell donors were found among
family members, our patient was treated with monthly
IVIG and prophylactic TMP-SMX. A search was under-
taken to identify HLA-matched domestic and inter-
national stem cell donors. However, the patient died of
clinical sepsis with fatal course at 17 months of age. Be-
cause PNP deficiency is a rare cause of combined im-
mune deficiency, the diagnosis may not be considered in
a timely manner, particularly when the clinical presen-
tation is atypical.

Our patient did not have a history of recurrent or op-
portunistic infections, autoimmunity, or obvious neuro-
logic dysfunction. Her chief complaint of hematuria and a
maternal history of nephrolithiasis, combined with a very
low serum urate concentration, might suggest so-called
renal hypouricemia, an inherited defect in renal uric acid
excretion due to mutations in the gene for the URAT 1
uric acid transporter [17]. However, in that condition, ne-
phrolithiasis results from markedly increased urinary uric
acid excretion, contrary to findings in our patient. The
other key finding in our patient was lymphopenia, which
always raises a concern for immunodeficiency. Our pa-
tient demonstrates that, even prior to the emergence of
clinical immunodeficiency, or the related findings of auto-
immunity and neurologic dysfunction, the combination
of lymphopenia and marked hypouricemia.

Such supportive managements as diagnosing the dis-
ease prior to emergence of the related symptoms, IVIG
replacement and prophylactic administration of antibio-
tics may prove valuable in prolonging the survival and
increasing the chance for BMT to be undertaken in the
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sufferers.
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