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ABSTRACf. Deficiency of purine nucleoside phosphoryl
ase (PNP) was detected in a 3-yr-old boy who was admitted 
for investigation of a behavior disorder and spastic diplegia. 
The urinary excretion of purines, analyzed by high-per
formance liquid chromatography, showed the presence of 
large amounts of (deoxy)inosine and (deoxy)guanosine and 
low uric acid levels. Analysis ofthe (deoxy)nucleotide pools 
of erythrocytes showed elevated levels of deoxyguanine 
nucleotides and NAD and decreased guanine nucleotides. 
PNP activity in red blood cells was 0.1-0.5% of normal on 
two occasions and undetectable on four later measure
ments. Furthermore no immunoreactive material could be 
detected in his red cell lysate using an anti-PNP antiserum. 
PNP activities in the red cells of the patient's parents were 
35 and 50% of normal. The presence of (minor) residual 
PNP activity in the patient enabled the investigation of 
some enzyme properties after partial purification. No ab
normalities could be detected in substrate affinity for ino
sine, heat stability, and electrophoretic properties. In the 
heterozygous parents no signs of a mutant enzyme could 
be found. The molecular specific activities of the parental 
enzymes were also normal, indicating that no immunoreac
tive material attributable to inactive-mutant enzyme sub
units was present. A striking feature of the patient is the 
prevailing neurologic abnormalities presumably caused by 
the metabolic disorder. A severe lymphopenia exists; how
ever, clinical symptoms of an immune deficiency did not 
become apparent until the age of 4 yr. (Pediatr Res 21: 
137-141, 1987) 
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SAH, S-adenosyl homocysteine hydrolase 
dGDP, deoxyguanosine diphosphate 

Since the first description of PNP deficiency associated with 
cellular immunodeficiency (1), about 20 patients from more 
than 10 families have been described (2-5). Clinically, PNP 
deficiency may manifest itself later in life than ADA deficiency, 
which affects cellular immune function and also humoral im
munity. PNP deficient patients show an extreme susceptibility 
to viral infections such as varicella, measles, and cytomega
lovirus. In addition neurologic abnormalities such as spastic 
tetraparesis often are part of the clinical syndrome (4, 5). T 
lymphocyte function is impaired in vivo and in vitro, whereas B 
lymphocyte function, as determined by the synthesis of specific 
antibodies, is usually intact in these patients. They excrete mark
edly increased quantities of inosine, deoxyinosine, guanosine, 
and deoxyguanosine and have elevated plasma levels of these 
metabolites. Urinary and plasma uric acid are markedly de
creased. In addition, the erythrocytes contain relatively high 
levels of dGTP. The pathophysiologic mechanism that most 
researchers accept is dGTP-mediated inhibition of ribonucleotide 
reductase which leads to interference with DNA synthesis (6). 
An essential part of this hypothesis is the fact that cells of the 
lymphoid system, and in particular of the thymus, have high 
activities of the enzyme deoxycytidine kinase that converts deox-
yguanosine to dGTP (7). However, the proposed mechanism 
does not fully explain the particular features of the immunode
ficiency, nor does it explain the neurologic abnormalities of these 
patients. 

The PNP gene locus is located on chromosome 14. The 
enzyme consists of three subunits, the trimer having a molecular 
weight of84 kD (6). In only a few patients a mutant PNP enzyme 
has been characterized directly (8-11 ). The results showed the 
presence of kinetic abnormalities ( 10-12) and/or abnormal elec
trophoretic mobilities (8, II) or altered heat stabilities (9, II, 
12). In one family the presence of mutant PNP subunits in the 
parents of an immunodeficient patient could be shown directly 
by two-dimensional electrophoresis and peptide mapping of the 
purified enzyme (13, 14 ). The latter finding suggests that the 
PNP trimer in heterozygotes is composed of normal and variant 
subunits. 

In this paper, we describe a new patient with PNP deficiency. 
This 3-yr-old boy was ascertained by urinary metabolite screen
ing because of neurologic abnormalities. The presence of residual 
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PNP activity in the erythrocytes of approximately 0.5% of nor
mal enabled the characterization of some properties of the en
zyme. 

CASE REPORT AND IMMUNOLOGICAL FINDINGS 

The patient, a boy, was born on April 6, 1981, after an 
uneventful pregnancy as the first child of healthy, apparently 
unrelated parents. At 2 yr a behavior disorder was observed, and 
a spastic diplegia At 3 yr was admitted to .o.ur 
hospital for metabolic screemng, at which time the abnor'!lah.ties 
commonly observed in PNP deficiency were found. This diag
nosis was confirmed by enzyme assay (see "Results"). 

Apart from recurrent minor upper respiratory 
no clinical indications of a cellular immunodeficiency existed at 
this time. The behavior disorder consisted of hyperactivity, a low 
tolerance for frustration, and excessive clinging to the mother. 
These problems were at least partly due to periods of hospitali
zation but reinforcement by cognitive deficiencies may have 
played a role. He was immunized with diphtheria toxoid, pertus
sis tetanus toxoid, and polio myelitis virus at 3, 4, 5, and II 

and at II months with Jive attenuated measles vaccine. 
Laboratory investigation showed a profound lymphopenia (Ta-
ble 1). . . 

In vitro T cell function , as measured by the proliferative 
response of lymphocytes to mitogens, was slightly decreased 
compared with those of age-matched The re
sponse of the lymphocytes to the anamnestic antigen tetanus 
toxoid was positive. Serum immunoglobulin levels were normal 
for age, and on booster immunization the a 
significant rise in tetanus antibodies. However, 1mmumzat10n 
with the primary antigen helix pomatia hemocyanin did not lead 
to a significant antibody response. When the diagnosis was 
established, the patient received antibiotic prophylaxis with co
trimoxazole. 

In 2-yr follow-up, the respiratory tract infections recurred, and 
on two occasions rhinovirus and parainfluenza type 2 and type 
4 viruses were isolated. The spastic diplegia and behavior disorder 
did not worsen. Marked lymphopenia persisted. T lymphocyte 
subset percentages decreased, whereas B cells remained present 
in a normal percentage. The proliferative response of his lym
phocytes to mitogens gradually decreased and response to 
tetanus toxoid became negative. A lymph node biopsy showed a 
marked depletion ofT lymphocytes, whereas the normally de-

Table I. Immune function of propositus 

Initial Age-
results Follow-up matched 
(3 yr) (3.5-5 yr) controls 

Lymphocytes (mm3
) <500 100-200 >2000 

% T cells (OKT3+)* 40-55 20-40 50-80 
% T inducer cells (0KT4+) 20-50 6-20 40-65 
% T supjcyt cells (0KT8+) 10-16 5-10 15-25 
% B cells 10-19 7.5-11 5-16 
% In vitro proliferative re-

sponset 
Phytohemagglutinin 80-100 10-40 100 ± 30 
Concanavalin A 50-80 10-40 100 ± 30 
Pokeweed mitogen 50-100 30-50 100 ± 30 
Tetanus toxoid Positive Negative Positive 
Allogeneic cells Normal ND:j: Positive 

Serum 
IgM (g/liter) 1.6 1.4-1.6 1.0 ± 0.37 
lgG 6.1 5.4-6.3 8.9 ± 1.8 
lgA 1.1 0.7-1.9 0.85 ± 0.37 

*Per 100 lymphocytes 
t Thymidine uptake of age matched control donors. 
:j: Not done. 

veloped germinal centers contained lgM and lgD bearing B 
lymphocytes; plasma cells were not present. In the bone 
pre-B cells, lgM, lgD, and lgG bearing B cells and plasma cells 
were present. 

MATERIALS AND METHODS 

Analysis of urinary purines and erythrocyte (deoxy)ribonu
cleotides. Screening for urinary purine bases and nucleosides was 
performed by automated column liquid chromatography using 
a slightly modified Technicon TSM I amino acid analyzer ( 15, 
16). The quantitative determination of (deoxy)inosine and 
(deoxy)guanosine in urine, plasma, and cerebrospinal fluid was 
achieved with a high-performance liquid chromatographic tech
nique ( 17), in which the deoxynucleosides remain intact. Plasma 
uric acid was analyzed by the uricase method. 
(Deoxy)ribonucleotides were released from erythrocytes by treat
ment of the patient's whole blood with perchloric acid immedi
ately after collection. These compounds were analyzed by high
performance liquid chromatography essentially as described pre
viously ( 17). dGTP concentrations were measured after the re
moval of GTP by periodate oxidation ( 17). 

Enzyme assays. Venous blood from patient, parents, and 
controls was collected in heparin (30 U/ml) and centrifuged at 
1000 x g for 10 min. Red cells were washed twice with physio
logic saline and stored at -70° C until analysis. Hemolysates 
were prepared by adding an appropriate volume of 0.0 I M Tris
HCI (pH 7.4). 

PNP activities were determined spectrophotometrically in he-
. molysates by measuring the initial rate of the conversion of 
inosine according to the coupled xanthine oxidase method of 
Kalckar ( 18). Substrate concentrations were 25 p,M and 0.2 M 
for inosine and Na2HP04, respectively. Alternatively, PNP activ
ity was measured by radiochemical method.s: the of 
inosine to hypoxanthine was measured by mcubatmg 0.5-2 p,g 
lysate protein (-300 p,g for patient) with 0.2 mM 14C-inosine in 
0.125 M Tris-HCI buffer (pH 7.4), 2.5 mM EDTA, 1.25 mM K
phosphate for 20 min. The reverse reaction was measured by 
substitution of inosine and phosphate by 0.1 mM 14C-hypoxan
thine and 1.25 mM ribose-1-phosphate (pH 7 .0). The enzymes 
ADA, HGPRT, APRT, AK, were assayed by established methods 
( 19). SAH was measured according to et a/. (20). In 
all radiochemical assays substrate and reactiOn product(s) were 
separated by thin-layer chromatography on PEl-cellulose 
(SEL 300 PEl, Macherey-Nagel, Duren, West Germany) w1th 
0.15 M NaCI (PNP, HPRT, APRT, AK) or butanol/methanol/ 
H20/NH40H, 60/20/20/1 (v/v) (ADA, SAH) as the eluents. 

Compounds were identified by cochromatography of unla
beled standards which could be visualized under ultraviolet light. 
The fluorescent spots were cut out, and the radioactivity was 
quantitated in a liquid scintillation counter. 

The enzyme activities were expressed as nanomoles substrate 
converted per min per mg protein. Protein was determined by 
the method of Lowry et a/. (21) or approximated by the meas
urement of hemoglobin (hemolysates). 

Partial purification of PNP. PNP of patient and controls 
partial purified by batch-wise treatment of hemolysates w1th 
DEAE-Sephadex A-50 (Pharmacia, Uppsala, Sweden) and 
equilibrated in 10 mM Na,K-phosphate buffer (pH After 
washing with 50 mM buffer, the enzyme was eluted w1th I 00 
mM Na,K-phosphate buffer (pH 7.0) containing?% (NH4)2S04 
and 10 mM dithiothreitol and precipitated by addmg (NH4hS04 
to a final concentration of 60%. After standing overnight the 
precipitate was collected by centrifugation. The pellet dis
solved in 50 mM Na,K-phosphate buffer (pH 7.0) contammg 10 
mM dithiothreitol and dialyzed extensively against the same 
buffer. 

Electrophoresis. Electrophoresis was performed at room tem
perature on cellulose acetate strips (Chemetron, Milan, Italy) 
using Tris-borate buffer (pH 7.2; 0.1 M boric acid, 0.004 M Tris) 
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as the electrode buffer. Electrophoresis was conducted for 30 
min at 150 V followed by an additional 60 min at 260 V. The 
PNP activity bands were specifically stained as described by 
Edwards et a!. (22). 

Immunoprecipitation. Determination of the molecular specific 
activities (defined as the amount of antiserum necessary to 
precipitate I U of enzyme activity) was performed by incubating 
10 mU of PNP activity with a series of dilutions of rabbit anti
PNP antiserum in a volume of 200 ,ul at 37" C for 60 min. After 
addition of 50 ,ul of a 30% solution of polyethyleneglycol 6000 
and incubation for another 15 min at oo C the antigen-antibody 
complex was collected by centrifugation (20 min, 48,000 x g), 
and the remaining enzyme activity in the supernatant was meas
ured spectrophotometrically. The rabbit anti-PNP antiserum was 
a kind gift of Dr. W. R. A. Osborne (Department of Pediatrics, 
University of Washington, Seattle, WA). 

RESULTS 

Analysis o.f urine, plasma, and CSF .for purines. The screening 
procedures for inherited metabolic disorders showed a strikingly 
decreased urine uric acid/creatinine ratio of 0.5 mmol/g creati
nine (age-matched controls 3-9 mmol/g creatinine). This hy
pouricosuria was associated with considerable levels of deoxyi
nosine and (deoxy)guanosine in urine, plasma, and CSF (Table 
2). The total oxypurine excretion(- 23 mmol/g creatinine) was 
higher than that observed in controls (3-9 mmol/g creatinine). 
Both parents excreted normal amounts of uric acid (2.0 and I. 7 
mmol/g creatinine, respectively); (deoxy)nucleosides were not 
found in their urines (data not shown). 

(Deoxy)nucleotide pools o.f erythrocytes. The patient's eryth
rocyte (deoxy)ribonucleotide content is shown in Table 3. Nor
mal levels of adenine nucleotides were observed in all samples, 
except for a two-fold increase in the concentration of NAD, 
which was confirmed on several occasions. The concentrations 
of guanosine diphosphate and GTP were decreased, whereas the 
deoxyguanosine nucleotides were present in increased amounts. 

Table 2. Uric acid and deoxynucleosides in urine, plasma, and 
CSF o.f propositus 

Urine Plasma 
(mmol/g creatinine) 

Uric acid 0.5 
Inosine* 12.7 
Guanosine+ 4.6 
Deoxyinosine:j: 3.7 
Deoxyguanosine:j: 2.5 

* Normal values 120-350 
t Normal values 10-40 

20* 
31 

5 
2 
2 

CSF 

lOt 
29 

4 
2 

:j: (Deoxy)guanosine and (deoxy)inosine are normally below the level 
of detection. 

Table 3. Nucleotides and deoxynucleotides in erythrocytes o.f 
propositus 

Controls 
packed cells) 

Propositus (n = 8) 

ATP 1360 1460 ± 200 
ADP 193 170 ± 14 
GTP 14 69 ± 14 
dGTP 5 ND* 
GDP 4 24 ± 8 
dGDP Trace ND* 
NAD 282 112 ± 27 
NADP 52 45 ± 7 

* Not demonstrable. Detection limit of the method used is -I 
liter. 

Red cell enzyme activities. In two of the patient's earlier blood 
samples the red cell PNP activity was -0.1-2% of normal (Table 
4). However, on several later occasions no residual PNP activity 
could be detected, either radiochemically or spectrophotometri
cally. The detection limit of our radiochemical assay, using high 
amounts of hemolysate, was estimated to be -0.05% of control. 
Red cell SAH activity was decreased on two of four occasions, 
and APRT and AK activities were near the upper limits of 
normal. The parents' red cell PNP activities were in the hetero
zygous range (-30 and 50% of normal) (Table 4 ). 

Enzyme properties. The presence of some residual PNP activity 
in one patient's blood samples prompted the partial purification 
of the enzyme from the patient. Subsequently, the substrate 
affinity (inosine), the electrophoretic properties, and the heat 
stability were studied and compared with the characteristics of 
partial purified enzyme of a control donor. 

When varying the inosine concentrations, Lineweaver-Burke 
plots were produced, showing two intersecting straight lines due 
to the presence of multimolecular forms of the enzyme with 
different substrate affinities, which are generated during red cell 
ageing (22-24). 

However, plots obtained from proband and control were sim
ilar (Fig. 1), and about the same Km values are obtained when 
linear parts of the figures were extrapolated (Table 5). The kinetic 
behavior of the parental enzymes was normal as well. 

The electrophoretic pattern of two partially purified PNP 
samples showed a multibanded pattern-due to the presence of 
multimolecular forms of the enzyme-without any differences 
in electrophoretic mobilities between patient and control. The 
electrophoresis of parental hemolysates showed a completely 
normal pattern as well (results not shown). 

Table 4. Purine enzyme activities in hemolysates* 
Patient Father Mother Controls n 

PNPt 0.5:j: 13.5 8.9 23.7 ± 6.3 30 
PNP, ino-> hx 0.03:j: 4.2 2.4 10.4 ± 5.2 30 
PNP, hx-> ino 0.04:j: 23.6 16.7 55± 28 30 
ADA 1.22 ND§ ND 2.22 ± 1.28 30 
AK 0.27 ND ND 0.18 ± 0.09 30 
HPRT 1.73 ND ND 1.68 ± 0.17 30 
APRT 0.42 0.18 0.17 0.28 ± 0.08 30 
SAH 0.033: 0.027 0.067 0.078 0.120 ± 0.055 9 

0.098: 0.10 I 

*Values are means± SD expressed in nmol·min-'·mg-1
• 

t Spectrophotometric assay of PNP: all other enzymes were assayed 
radiochemically. 

:j: On four later occasions PNP activity was below the detection limit 
of0.05%. 

§Not done. 
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Fig. I. Double reciprocal plot of PNP activity versus varying concen
trations of inosine. Spectrophotometric assay of partial purified prepa
rations from patient (0) and control (e). 
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Table 5. Apparent Km values for inosine of PNP from patient, 
parents, and controls 

Sample 
Km apparent inosine 

Subject preparation Inosine< 200 Inosine > 200 

Patient Partial pu- 50 143 
rification 

Control Partial pu- 74 131 
rification 

Father Hemolysate 38 105 
Mother Hemolysate 50 122 
Controls Hemolysate 47; 50* 133; 165* 

*Values of two individual donors. 

1 "/o residual activity 

tant 

:r, 
4J 
2J 
I.______ I 

0.1 
ljl 

0.2 
1.11 antiserum 

Fig. 2. Immunoprecipitation of PNP activity from a control hemo
lysate with (0) or without (e) the addition of an identical amount of 
PNP deficient hemolysate. 

Table 6. Molecular specific activity of PNP in hemolysates 

Controls (n = 4) 
Father 
Mother 

antiserum/U PNP 

2.68 ± 0.12 (SD) 
2.69 
2.63 

The heat stability at 60• C of the partially purified sample from 
the patient and the hemolysates from the parents were completely 
normal. 

lmmunoprecipitation studies. The presence of immunoreac
tive material was investigated by immunoprecipitation with anti
PNP antibodies. The amount of antiserum required to precipitate 
a fixed amount of PNP activity in a hemolysate of a normal 
control was not influenced by the addition of an identical amount 
of PNP deficient hemolysate (Fig. 2). The detection limit of this 
method was estimated to be about 5% of normal immunoreactive 
material, therefore the amount of immunoreactive material of 
the patient that is identifiable by the anti-PNP antibodies is less 
than 5%. 

The molecular specific activity (amount of antiserum neces
sary to precipitate I U of enzyme activity) of PNP in the red 
cells of the obligate heterozygotes was completely normal (Table 
6). This means that no immunoreactive material is present 
attributable to inactive-mutant-enzyme subunits, because their 
presence would have increased the consumption of antiserum 
perU of enzyme activity. 

DISCUSSION 

On the basis of urinary analysis and erythrocyte enzyme 
determinations the diagnosis of PNP deficiency could be made 
in this patient. The urinary excretion profile of purines together 
with the red cell PNP activities are in accord with previous cases 
of PNP deficiency, i.e. increased urinary excretion of PNP sub
strates (deoxy)inosine and (deoxy)guanosine and diminished uric 
acid excretion (6, 25). The residual erythrocyte PNP activity of 
0.5% or less is also similar to previously described cases. Fibro
blasts and peripheral blood mononuclear cells showed negligible 
PNP enzyme activities. 

Most if not all patients with PNP deficiency and without a 
positive family history present with infectious problems and 
severe lymphopenia. The time of onset of clinical symptoms 
may vary, but mostly occurs at the end of the first year or in 
the 2nd yr of life (2). This relatively late onset of the clinical 
syndrome of a cellular immunodeficiency has been attributed to 
a gradual but progressive effect of the toxic metabolite deoxy
guanosine on the function and development of T lymphocytes 
(4). The present case seems unusual in its clinical presentation 
since neurological symptoms predominate, and recurrent res
piratory infections did not become apparent until age 4. From 
the time the patient came under our care, the in vitro T cell 
function gradually diminished (Table 1 ). However, compared 
with other PNP deficient patients (2, 4) the process of waning T 
cell function was rather slow. Since fibroblasts and lymphocytes 
are also severely deficient in PNP (see above), a differential 
cellular expression of the enzyme deficiency is not likely to exist. 
The total oxypurine excretion is about the same as found previ
ously in three siblings of a PNP-deficient Dutch family (4), and 
this also holds true for deoxyguanosine, which is the toxic 
metabolite for the lymphoid system. Therefore there is no satis
factory explanation for the relatively late expression of an im
mune deficiency. Late onset of immune deficiency has been 
described in partial PNP deficiency occurring in two brothers 
with a mutant enzyme (9, 10). 

In agreement with results of others (6, 26), analysis of intra
cellular (deoxy)nucleotide pools showed a pattern of increased 
dGTP, dGDP, and NAD with low levels of guanine nucleotides. 
Unfortunately, the real target of dGTP toxicity could not be 
investigated because of the lymphopenia. However, using normal 
peripheral blood lymphocytes treated with the PNP inhibitor 8-
NH2-guanosine, Spaapen et al. (27) showed that on activation 
with T-cell mitogens, and in the presence of deoxyguanosine, 
intracellular dGTP increases. The low erythrocyte GTP levels 
are compatible with the lack of formation of the purine bases 
hypoxanthine and guanine (26, 28). Consequently, these are 
unavailable for the HGPRT reaction, thus inducing a secondary 
functional deficiency of the enzyme. As a consequence phos
phoribosylpyrophosphate is not used and accumulates (28) with 
a concomitant decrease of guanine nucleotides. In the synthetic 
pathway of NAD the reaction catalyzed by the enzyme nicotin
amide phosphoribosyltransferase (EC 2.4.2.12) is favored by high 
concentrations of phosphoribosylpyrophosphate. This phenom
enon might well underlie the present finding of a high NAD 
concentration (Table 3) (26, 28), which in turn contributes to 
the depletion of guanine nucleotides by inhibition of IMP de
hydrogenase which converts IMP into GMP (29). 

It is generally agreed that the neurological symptoms, i.e., 
tetra-or diparesis (2, 4, and present study), that are associated 
with PNP deficiency are in some way causally related to the 
inborn error (5). In the present patient the possibility of persistent 
virus infection of the brain responsible for the neurological 
symptoms could only be investigated by viral cultures of CSF 
that were negative. Analysis of the CSF for (deoxy)nucleosides 
showed amounts that are almost equal to the plasma levels. This 
finding may indicate that no relative excessive production of 
(deoxy)nucleosides occurs locally in the brain. We previously 
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discussed (4) that lack of the substrates for HGPRT (i.e., hypo
xanthine and guanine) may be responsible for the neurological 
symptoms since it has been shown in rat brain tissue that the 
central nervous system strongly depends on the salvage pathway 
for purine synthesis (30). More recently, Simmonds et al. (31) 
when presenting the low erythrocyte GTP levels in a PNP 
deficient patient (see also Table 3) suggested that PNP deficient 
patients also suffer from a secondary functional HGPRT defi
ciency. 

As stated in the introduction, the few PNP-deficient patients 
that could be studied for enzyme properties showed either kinetic 
abnormalities and/or electrophoretic abnormalities or abnormal 
heat stabilities. Studies using parental erythrocytes confirmed the 
presence of mutant enzymes in these families (11-13). In the 
present patient the residual red cell PNP enzyme appeared to be 
completely normal with respect to its kinetic properties, electro
phoretic mobility, and heat stability. In the heterozygous parents 
no signs of the presence of a structural mutated PNP could be 
found either, neither by study of the enzyme properties nor by 
using an anti-PNP antibody. The latter seems at variance with 
previous studies of heterozygous individuals in which the pres
ence of immunoreactive material attributable to inactive mutant 
subunits could be found (32, 33). 
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