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The patient, H.Chr.B., was among the first reported with hyper- 
uricemia and central nervous system symptoms. He has been 
found to have a variant of hypoxanthine guanine phosphoribosyl 
transferase (HPRT; E.C.2.4.2.8) distinct from the enzyme present 
in patients with the Lesch-Nyhan syndrome. The patient had 
choreoathetosis, spasticity, dysarthric speech, and hyperuricemia. 
However, his intelligence was normal and he had no evidence of 
self-mutilation. There was no activity of HPRT in the lysates of 
erythrocytes and cultured fibroblasts when analyzed in the usual 
manner. Using a newly developed method for the study of purine 
metabolism in intact cultured cells, this patient was found to 
metabolize some 99b of 8-"C-hypoxanthine, and !20% of the isotope 
utilized was converted to adenine and guanine nucleotides. In 
contrast, cells from patients with the Lesch-Nyhan syndrome were 
virtually completely unable to convert hypoxanthine to nucleotides. 
The patient's fibroblasts were even more efficient in the metabo- 
lism of &14C-guanine, which was utilized to the extent of 27%. over 
80% of which was converted to guanine and adenine nucleotides. 
The growth of the cultured fibroblasts of this patient was inter- 
mediate in media containing hypoxanthine aminopterin thymidine 
(HAT), whereas the growth of Lesch-Nyhan cells was inhibited 
and normal cells grew normally. Similarly in 8-azaguanine, C 

properties (2, 4, 5, 7, 15, 21, 23, i9, 30, 33), and whenever a 
deficiency of HPRT has been found, there has been an identifiable 
clinical abnormality (22). 

There has been no clear correlation between the properties of 
the variant HPRT and the clinical phenotype (10). On the other 
hand, the classic Lesch-Nyhan syndrome occurs in patients with 
virtually complete deficiency of HPRT. The authors believed that 
self-mutilation was an integral part of the syndrome, yet this point 
of view has not been uniformly held (26). The patient first reported 
by Catel and Schmidt (8) and more recently by Manzke and 
associates (18-20) has been cited as an important example of the 
Lesch-Nyhan syndrome patient in whom the activity of HPRT 
was virtually zero, but who had normal intelligence and normal 
behavior. 

The authors' studies of HPRT in erythrocytes failed to distin- 
guish this patient from patients with the classic Lesch-Nyhan 
syndrome. However, using a method of purine analysis recently 
developed in these laboratories (3), it has been found that intact 
skin fibroblasts derived from this patient were unlike those of 
patients with the Lesch-Nyhan syndrome in that the were able 

Y, to utilize both purine substrates. They utilized 8- C-guanine 
considerably more efficiently than 8-"C-hypoxanthine. 

thioguanine, and 8&ahypoxanthine, the Gowth of the patient's 
cells was intermediate between normal and Lesch-Nyhan cells. CASE REPORT 

These observations provide further evidence for genetic hetero- H . c ~ ~ . B .  (8, 18-20) was 22-yr-old at the time of study. H~ 
geneity among patients with disorders in purine metabolism in- had ken born, uneventfully, weigh,ng 4500 g. At 6 months, he 
volving the HPRT gene. They document that this famous patient began to have repeated fevers and appeared to have psychomotor 
did not have the Lesch-Nyhan syndrome. retardation. At 18 months, he was admitted to the University 

Hospital in Kiel, Germany. He was hypotonic and could not sit or 
Speculation stand by himself. He could lift his head in the prone position, but 

Self-mutilation is a uniform feature of the Lesch-Nyhan syn- had no words. Uric acid crystals were repeatedly found in the 

drome, and the phenotype includes a variant HPRT that has diapers and the concentration of his serum uric acid was elevated 

virtually no activity under any conditions of assay. Inherited and, at one point, rose to 15.5 mg/dl. He had athetoid movements 

variation of the gene that codes for the synthesis of HPRT may be and developed d~sarthric speech. Over the next 18 months* he 

considerable. Different variants may produce clinically distinct learned to sit and to stand with SuPPofl and to swallow solid food. 

phenotypes. His intelligence appeared appropriate for his age. 
When discharged from the hospital, he did not return to his 

family in South America, but remained in a school for handi- 
In patients with the Lesch-Nyhan syndrome, there is a virtually capped children in Germany. He was observed to have macrocytic 

complete deficiency of the catalytic activity of HPRT; E.C.2.4.2.8 anemia which disappeared when he was treated with allopurinol 
(17.28). In the presence of this molecular abnormality, the patient at the age of I I yr. He never self-mutilated. At the age of 18, he 
has hyperuricemia, choreoathetosis, spasticity, developmental re- finished high school with good grades. He had hematuria lasting 
tardation, and characteristic compulsive self-mutilation by biting I wk at 19 yr of age. 
(17). In contrast, patients with partial deficiencies of this enzyme At 20 yr of age, H.Chr.B. was living in a rehabilitation center 
have hyperuricemia, and they may have renal stone disease or in Germany, and was attending a junior college with a major in 
gout. but they seldom have abnormalities of the central nervous Science. He was living in a dormitory with other handicapped 
system (14, 16, 29, 30). Patients with partial deficiency of HPRT young adults. He was of normal height, well nourished, and had 
may have up to 50% of normal HPRT activity (9, 10. 13, 15, 26, normal muscular development. He was confined to a wheelchair, 
29, 30). Some may have disparate deficiency of HPRT in different but could move about independently. He could walk with assist- 
cell types (9, 13). A number of variant HPRT enzymes have been ance. When passively listening, he was able to control his cho- 
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reoathetosis perfectly. But his neurologic abnormality became 
obvious as soon as he talked or moved. He had dvsarthric s~eech. 
but his vocabulary appeared normal. He could \;rite legibiy, but 
it required a major effort and a long time. His hair was sparse 
making him appear older than his chronologic age. There were no 
physical abnormalities or evidence of self-mutilation. He stated 
that he had never had any desire to mutilate. His personality was 
outgoing. 

He was receiving 300 mg of allopurinol each day on which 
regimen his uric acid concentration was between 4 6  mg/dl. 

Hair roots from two sisters, M. and N., were analyzed in our 
laboratory (I I). M. had 23 hair roots in which HPRT was in the 
normal range and she was diagnosed as homozygous normal. N. 
had 14 hair roots in which HPRT was within normal range and 
7 hair roots in the intermediate range; none of her hair roots were 
completely negative. These results are characteristic of heterozy- 
gosity for a defect in HPRT in which there is partial deficiency of 
activity. 

A maternal uncle died at the age of 20 yr from sepsis related to 
an infected tophus. This male had had tophaceous gout, severe 
spastic tetraplegia, choreoathetosis, dysarthia, gouty Ahritis, and 
no self-mutilation. The concentrations of uric acid in his serum 
were between 8.9-10.4 mg/dl. He also had anemia and polyuria 
and a lack of ability to concentrate the urine. The maternal 
grandmother had three brothers that were severely retarded. 

MATERIALS A N D  METHODS 

BLOOD CELLS AND LYSATES 

Venous blood was drawn into tubes containing heparin or acid 
citrate-dextrose solution, which were hand carried or sent by the 
fastest route to this laboratory from Germany. Red blood cells 
were washed 3 times in 0.01 M Tris-HCI containing 0.1 M KC1 
and 2.5 mM MgC 12 (extraction buffer), pH 7.4, lysed by freezing 
in 9 volumes of cold E.X. buffer and centrifuged 20 min at 4OC at 
48,000 X g. 

FIBROBLASTS AND LYSATES 

Fibroblasts derived from skin biopsied from normal individuals, 
patients with the Lesch-Nyhan syndrome (L.N.), and H.Chr.B. 
were grown in Eagle's Minimal Essential Medium (MEM) con- 
taining glutamine, 100 U penicillin/ml, and 100 pg streptomycin/ 
ml, and 10% fetal calf serum. The cells were harvested in late log 
phase by brief treatment with trypsin-EDTA solution (ATV). For 
enzyme analysis, they were washed in E.X. buffer, resuspended in 
the same buffer to a density of lo7 cells/ml, lysed by 4 cycles of 
freezing and thawing, and centrifuged 20 min at 4°C at 48,000 x 

g. 

UTILIZATION OF RADIOACTIVE PURINES 

For studies on utilization of purines, fibroblasts were grown in 
MEM in roller bottles. The bottles were seeded with 6 X 10%ells 
and harvested when they grew to 24 X IOvtwo doublings). The 
cells were promptly washed once in MEM and once in either 0.05 
M sodium phosphate pH 7.4 buffer containing 0.1 M NaCl and 
0.1% (w/v) glucose (PBSG) or modified Krebs-Ringer solution 
containing 0.125 M NaC1, 4.95 mM KC1, 1.25 mM MgS04, 16 
mM Na2HP04, 0.1% (w/v) glucose, and 4 mg/ml human serum 
albumin, pH 7.4, and counted in a Coulter counter. After brief 
centrifugation at low speed, pelleted cells were resuspended in 
either PBSG at 2 X 10" cells/ml or in modified Krebs-Ringer 
solution at 4 x 10%ells/ml, transferred to Falcon flasks, and 
incubated in a shaking water bath regulated at 37°C. After 15 min 
preincubation, 2 pC/ml of 8-I4C-hypoxanthine (specific activity 
42.4 mC/mM), 8-"C-guanine (specific activity 43.1 m d / m ~ ) ,  8- 
14C-adenine (specific activity 43.9 mC/mM), or 14C-formate (spe- 
cific activity 60 mC/mM) were added to the flask. Incubation was 
continued for 2 hr and the flasks were placed on ice. Cell suspen- 
sions were transferred into plastic centrifuge tubes and centrifuged 
10 min at 4OC at 400 x g. After removal of the supernatant fluid, 

the cells were suspended in 100 p1 of ice cold 0.8 M HCIO, using 
Vortex mixer, extracted 10 min, and centrifuged 20 min at 4OC at 
48,000 x g. The supernatant fluids were transferred into plastic 
centrifuge tubes, neutralized with KOH to pH 8, and centrifuged 
2 min at 25,000 x g. The supernatant fluids were separated and 
used for the chromagraphic analysis of purines and metabolites 
using the method previously described (3). 

In the course of these studies, it became apparent that there was 
considerable variation in the cell size and that the cell count and 
protein content of different cultured skin fibroblasts varied widely. 
Because of this variation, the expression of incorporated or me- 
tabolized precursors per cell count or mg protein yielded incon- 
sistent data. Better agreement between experiments was obtained 
when the collected values were expressed in terms of the total acid 
soluble ultraviolet absorbing material (uv) as measured by the uv 
detector. Consequently, the data have been expressed as picomoles 
of 14C components/nanomole uv components (pM 14C/nM uv). 

GROWTH OF CELLS IN 8-AZAGUANINE, 8-AZAHYPOXANTHINE, 6- 
THIOGUANINE, AND HAT MEDIA 

Three types of cells, normal, L.N. and H.Chr.B., were plated in 
20 dishes each in MEM. After the cells attached to the dishes, 
MEM was replaced with HAT medium or MEM containing 
different concentrations of 8-azaguanine, 8-azahypoxanthine, or 
6-thioguanine (31, 32). Cells grown in HAT medium were har- 
vested and counted in a Coulter counter on days 1,4,6,9, and 12. 
Cells grown in other media were harvested and counted after 72 
hr of incubation. 

ASSAY OF HPRT ACTIVITY 

The activity of HPRT in hemolysates was determined by radi- 
ochemical assay using LaCI3 (6). The activity of HPRT in fibro- 
blasts was determined in the presence of a,/?-methylene-adeno- 
sine-5'-diphosphate an inhibitor of 5'-nucleotidase using LaCLs 
precipitation method (6), or chromatographic method (3) for the 
detection of inosine monophosphate (IMP). In the presence of 
a,/?-methylene-adenosine-5'-diphosphate, inosine was not formed 
from IMP. HPRT was also studied using electrophoretic analysis 

(1). 

REACTION OF HPRT WITH ANTI-HPRT IMMUNOGLOBULIN 

The cell lysates of normal individuals were reacted with anti- 
bodies against normal HPRT in the presence and absence of 
lysates prepared from HPRT deficient cells and examined for 
HPRT activity (2). The presence of enzymatically incompetent, 
but immunochemically competent HPRT enzyme protein was 
calculated from the difference in HPRT activity. The test was 
sufficiently sensitive to detect 2% change in activity. 

RESULTS 

HPRT ACTIVITY OF HEMOLYSATES AND FIBROBLAST LYSATES 

Assay of HPRT was carried out on one occasion on hemolysates 
prepared from cells of 4-day-old and in another, from 6-day-old 
samples drawn from H.Chr.B. The first sample was hand carried 
from Germany and the second was sent in heparin by mail. Assay 
at 37 and 60°C at 0.01 mM hypoxanthine and I mM PRPP 
showed a total absence of HPRT activity. However, at 0.375 mM 
hypoxanthine and I mM PRPP concentration, the same lysate 
contained at 37°C 48% and at 60°C 52% of normal HPRT activity. 
Similar results were obtained with guanine as substrate. 

When the HPRT analysis was repeated on fresh hemolysates 
prepared from cells of 10-day-old sample using 0.01-0.4 mM 
hypoxanthine and I mM PRPP concentration, no activity was 
detectable. 

Assays of HPRT were performed using lysates of cultured 
fibroblasts derived from H.Chr.B. at low and high concentrations 
of both hypoxanthine and guanine, but no activity was present. 
HPRT activity was also absent in hemolysates and fibroblast 
lysates when tested by the electrophoretic method of analysis (I). 
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When tested by competitive immunoprecipitation, hemolysates thine was metabolized to adenine nucleotides, 15% to guanine 
and fibroblast lysates of H.Chr.B. contained no crossreacting nucleotides and 34% to inosine. The data indicate that H.Chr.B. 
material. had an HPRT with limited capability for processing hypoxanthine. 

UTILIZATION OF "C-LABELED PRECURSORS 
METABOLISM OF 8-"C-GUANINE 

The metabolism of "C-labeled formate, adenine, guanine, and 
hypoxanthine was studied in cultured skin fibroblasts derived 
from H.Chr.B., normal individuals, and three patients with the 
classical Lesch-Nyhan syndrome. In addition, the cells of a patient 
with 3% of normal HPRT were studied (30). 

The overall incorporation of the different precursors into the 
acid extract of human cells is shown in Table I. HPRT-deficient 
cells derived from H.Chr.B. as well as T.L. and the three L.N. 
patients, utilized 1.7,5.7, and 2.1 times as much formate as normal 
cells, respectively. These data indicate that HPRT-deficient cells 
have an accelerated rate of biosynthesis of purine de novo. 

The utilization of &14C-adenine by L.N. and T.L. cells and the 
cells of H.Chr.B. was elevated over the amount utilized by the 
normal cells, 1.2-1.5 times. This increase in the utilization of 
adenine is inconsistent with an elevated level of APRT activity. 

The experiments with guanine have shown that H.Chr.B. uti- 
lized 26.5% of 8-I4C-guanine utilized by normal cells, while L.N. 
utilized 12.5% of the normal value (Table I). Similarly, H.Chr.B. 
utilized 9%. while L.N. cells utilized only 6% of the 8-14C-hyw- 

Acid extracts of normal cells incubated with 8-"C-guanine 
contained 20-22 uv-absorbing components of which 16 were 
identified to be purines or derivatives. Fifteen components were 
radioactive, but only 14 were purine metabolites. 

In the normal cells, about 85% of 8-I4C-guanine was converted 
to guanine nucleotides and about 3% to adenine nucleotides (Table 
2B). The rest of the isotope was in nucleosides and bases. Although 
a small amount of xanthosine was present, xanthine, and xan- 
thosine monophosphate were absent. 

In cells of the L.N. patients. 76% of the &"C-guanine metabo- 
lized was found in guanosine and 17% was found in nucleotides. 

In contrast, in the cells of H.Chr.B., 78% of 8-"C-guanine 
utilized was used for the synthesis of guanine nucleotides. 17% for 
synthesis of guanosine and 3% for synthesis of adenine nucleotides. 
Thus, in the intact cells derived from H.Chr.B., HPRT was 
considerably more efficient in the handling of guanine than was 
the HPRT of L.N. cells. This suggests that the kinetic properties 
of HPRT of H.Chr.B. and L.N. cells were distinctly different. 

xanthine utilized by the normal cells. 
METABOLISM OF 8-"C-ADENINE 

METABOLISM OF 8-14c-HYPOXANTHINE The utilization of 8-I4C-adenine is shown in Table 2C. In all 

The data obtained with 8-14C-hypoxanthine as the precursor are 
shown in Table 2A. In the extracts of normal cells, there was 22 
uv-absorbing components of which 16 were radioactive. Because 
acid extracts were prepared without washing the cells, it was likely 
that considerable amounts of labeled precursors were carried over 
and included in the acid extracts. Hence, in experiments with 
labeled adenine, guanine, and hypoxanthine, the respective bases 
were excluded from the calculations. 

In all three cell types, adenine nucleotide pools always consti- 
tuted the largest fraction of uv-absorbing materials. Guanine 
nucleotides constituted the next largest fraction, and nucleosides 
and purine bases constituted the smallest fraction. With hypoxan- 
thine as the precursor, as much as 80'30 of the isotope did accu- 
mulate in adenine nucleotides, I I% in guanine nucleotides, and 
8% in inosine. Among the adenine nucleotides. adenosine triphos- 
phate (ATP) contained the largest amount of isotope. 

By comparison, L.N. cells utilized a very small amount of 8- 
I4  C-hypoxanthine of which more than 53% was converted to 
inosine, and only 33% was converted to adenine and guanine 
nucleotides. This indicated virtually total inability of HPRT of the 
L.N. cells to utilize hypoxanthine. 

The amount of hypoxanthine utilized by H.Chr.B. cells was 
also considerably smaller than in the normal cells, but it was larger 
than in L.N. cells. Further, about 46% of the isotope of hypoxan- 

three cell types, over 85% of the isotope was in adenine nucleotides 
and slightly more than 2% in guanine nucleotides. About 50% or 
over was in ATP. Adenosine diphosphate (ADP) contained 15- 
26% and adenosine monophosphate (AMP) contained 5-15%. 
With the exception of inosine, all other nucleosides contained a 
very small fraction of isotope. In the extracts of normal cells. 
hypoxanthine contained about 2% of the isotope, but hypoxan- 
thine of H.Chr.B. and L.N. cells contained 5 and 6%, respectively. 

SPECIFIC ACTIVITIES OF METABOLITES 

The specific activities (nCi/nM) of the various purine metabo- 
lites are shown in Table 2. Among the radioactive components, 
the specific activities of the purine bases, e.g.. guanine in the 
experiment with 8-"C-guanine. were considerably higher than of 
other metabolites. The component with the next highest specific 
activity in experiments with guanine was guanosine, whereas in 
experiments with hypoxanthine, it was inosine. This indicated that 
purine nucleoside phosphorylase was highly active in these cells. 
Incubation with guanine led to relatively high specific activity of 
guanine nucleotides, and incubation with hypoxanthine and ade- 
nine led to relatively high specific activity of adenine nucleotide 
pools. In cells deficient in HPRT activity, especially L.N. cells, 
the specific activities of nucleotides were extremely low. 

A virtual absence of xanthine metabolites and adenylosuccinate 

Table 1. Urilizarion of '' C of purine precursors in cultured cells 

8-"C-Hypo- 
xanthine 

pM "C' pM "C pM "C pM I4C 

n M  uv' nM uv nM uv nM uv 
I4c %- "C % "C % I4C % 

Cells" normal normal normal normal 

Normal ( n  = 28)' 1.8 100 45.5 100 18.2 100 16.5 100 
T.L. ( n  = 4) 10.3 572 56.1 123 19.9 109 8.2 49 
L.N. ( n  = 16)' 3.7 205 68.4 150 2.3 13 0.9 6 
H.Chr.B. ( n  = 8) 3.1 172 64.1 141 4.9 27 1.5 9 

I pMI4C = picomoles I4C-labeled purine metabolites. 
' nM uv = nanomoles purine metabolites. 
'' n = number of analyses. 
'The experiments with different precursors were carried out on 3-7 normal individuals or L.N. patients (See Table 2). 
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Table  2. Disrriburion of purine metabolites in acid extracts of cultured cells 

NORMAL L.N. H.Chr.B. 

Purine N = 6  n = 8  N = 4  n = l O  N = l  n = 2  

Metabo- 
lite nM uv DM I4C % nCi/nM nM uv DM I4C 70 nCi/nM nM uv DM I4C % nCi/nM 

Cells incubated with 8-'4C-hypoxanthine'." 

A 4.6 15.7 0.9 

A R 0.1 3.9 0.2 

AMP 7.2 127.6 7.7 

ADP 14.1 238.9 14.5 
ATP 43.1 911.1 55.1 

(Hx)" (3.0) 

I R 2.3 132.1 8.0 

IMP 0.1 17.2 1 .O 

X 0 0 0 

XR 0 2.2 0.1 

XMP 0 7.8 0.5 

G 1.6 3.2 0.2 

GR 1.1 3.9 0.2 
GMP 5.7 21.7 1.3 

GDP 11.2 44.7 2.7 

GTP 8.9 122.9 7.4 

Total 100.0 1652.9 100.0 

Cells incubated with 8 - ' 4 ~ - ~ u a n i n e  

A 

AR 

AMP 

ADP 
ATP 

Hx 

I R 

IMP 

X 

XR 

XMP 

GR 

GMP 
GDP 

GTP 

2.7 

t o .  I 

10.2 

14.4 

34.0 

2.0 

3.9 

2.9 

0 

0.5 

0 

(3.5) 
2.6 

6.7 
12.8 

8.0 

0.2 0.08 2.7 6.7 2.9 0.16 0.7 2.4 0.5 0.20 

0.1 1.72 1.7 2.9 1.3 1.39 t o .  1 2.4 0.5 0.56 
0.4 0.04 5.8 4.1 1.8 0.0 1 2.5 3.9 0.8 0.35 
0.6 0.03 13.3 3.9 1.7 0.0 1 7.2 3.2 0.7 0.05 

1.9 0.05 38.6 19.9 8.7 0.0 1 40.3 7.9 1.6 0.0 1 

0.3 0.80 1.8 0.9 0.4 0.05 0.6 0.4 0.1 0.05 

0.8 0.56 3.9 2.8 I .2 0.11 0.7 1.6 0.3 1.31 

0.6 0.14 3 .O 0 0 0 5.3 1.3 0.3 0.01 

0 0 0 0 0 0 0 0 0 0 

t o . 1  0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

(5.73) (1.7) (8.83) (1.4) (1 1.33) 

10.4 3.43 1.4 174.6 76.1 7.84 1.1 83.0 17.0 2.84 

15.9 1.62 5.7 1.6 0.8 0.0 1 4.9 10.3 2.1 0.07 
21.9 1.51 16.2 2.7 1.2 tO.O1 17.4 45.6 9.4 0.12 

46.9 4.13 7.3 9.0 3.3 0.05 19.1 325.8 66.8 1.49 

Total 100.0 1824.3 100.0 100.0 229.0 100.0 100.0 487.7 100.0 

Cells incubated with 8-I4C-adenine 

N = 4  n = 4  N = 4  n = 4  N = l  n = l  

(A)'! 
AR 

AMP 

ADP 

ATP 

Hx 

I R 

IMP 

X 

XR 
XMP 

G 

G R 
GMP 

GDP 

GTP 

0 (6.55) (1.7) 

0 0 t o .  I 
5.0 3.88 9.5 

14.5 2.53 16.4 

73.7 3.30 42.0 

2.4 2.17 3.9 

1.2 3.18 2.2 

0.3 1.36 2.3 

0 0 0 
0 0 0 

0.3 0 0 
<O. 1 0 0.6 

Total 100.0 4554.8 100.0 100.0 6839.8 100.0 100.0 6404.0 100.0 

I N = number of patients. 

n = number of determinations. 
' Labeled hypoxanthine, guanine and adenine may represent extra cellular precursor carried over on the cell surface. 
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suggest that conversion of IMP to guanosine monophosphate 
(GMP) and IMP to AMP proceeded at very high rates. 

EFFECT OF PURINE ANALOGS A N D  HAT O N  GROWTH RATES 

The growth rates of three cell types in selective media are shown 
in Figure I .  In normal medium, cells of H.Chr.B. and other cell 
lines displayed similar rates of growth. In HAT medium, the 
growth of the normal cells was the same as in normal medium. 
The growth of the L.N. cells in HAT was virtually completely 
inhibited. The growth rate of H.Chr.B. cells in HAT medium was 
intermediate between the other two cell types. 

In the presence of 8-azaguanine, 8-azahypoxanthine, and 6- 
thioguanine, growth of normal cells was suppressed 80-Im. In 
fact, in the medium containing 6-thioguanine, the normal cells 
began to die. The same three purine analogs had essentially no 
effect on the growth of L.N. cells but they had a strong inhibitory 
effect on growth of H.Chr.B. cells. Hence, in the presence of 8- 
azaguanine, 6-thioguanine, and especially &azahypoxanthine, 
cells of H.Chr.B. grew with faster rates than normal cells but much 
slower than L.N. cells. 

DAYS IN HAT 

DISCUSSION 

A number of variants have now been described in man in all of 
whom there has been some expression of the abnormal gene. In 
general, the clinical phenotypes can be divided into two groups: 
those with significant abnormalities of the central nervous system 
and virtually complete deficiency of HPRT, and those without 
cerebral abnormalities and partial deficiency of HPRT. While it 
has been impossible to make direct correlations between the 
amount of enzyme activity detected and the severity of the clinical 
phenotype (10). and very low activity under the usual conditions 
of assay has been seen without cerebral manifestations (30), there 
has been a generally good correlation with these broad categori- 
zations. Both groups of patients may have any of the renal or 
other manifestations directly related to uric acid and seen in a 
patient with gout. The degree of abnormality of the central 
nervous system is exemplified by the patients with the Lesch- 
Nyhan syndrome (18) in which the phenotype includes athetoid 
cerebral palsy so incapacitating that the patient can neither walk 
nor sit unsupported, severe retardation of mental development, 
and aggressive, usually self-mutilative behavior. There may be a 

I. $ 
01 0 5  10 2 0  4 0 01 0 5  10 

1 

2 0 4 0  

6-THIOGUANINE, mM 8-AZAHYPOXANTHINE, mM 

Fig. I .  Growth of cells in selective media: A: Cells of a normal individual S.A., a patient with the Lesch-Nyhan syndrome V.F., and H.Chr.B. were 

grown in HAT medium. The plotted points represent an average count of four plates. B. C, and D: Cells of a normal control S.A., a patient with the 

Lesch-Nyhan syndrome V.F., and H.Chr.B. were grown for 72 hr in MEM and 10% FCS in the presence of different concentrations of 8-Aza-G, 6-TG, 

and 8-Aza-Hx, respectively. The plotted points represent an average count of four plates. 
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spectrum of clinical expressions with the Lesch-Nyhan syndrome. 
Certainly, the authors and others (24) have seen patients with 
normal or near normal intelligence whose clinical features were 
otherwise characteristic. However, in reported patients, the HPRT 
enzymes in these patients have not been characterized sufficiently 
to permit a decision as to whether they had the classic variant. A 
patient with classic features of the Lesch-Nyhan syndrome except 
for the lack of tendency to self-mutilation was described by 
Schneider el al. (25). Of course, H.Chr.B. has been frequently 
cited as a patient with the Lesch-Nyhan syndrome who had 
normal intelligence, and an absence of mutilative behavior (8, 18- 
20). It is now submitted that he is not an example of the Lesch- 
Nyhan syndrome, but representing instead a distinct variant of 
HPRT. 

An absence of enzymatic activity as in patients with the Lesch- 
Nyhan syndrome may reflect an alteration in the primary structure 
which interfers with the catalytic site (4). Another possibility is 
that of an unstable enzyme. Within the Lesch-Nyhan syndrome, 
genetic variation has been documented by McDonald and Kelley 
(21) in a patient with the syndrome who had a variant HPRT with 
altered kinetic properties. Two patients were reported by Dancis 
et al. (9) in whom there was no HPRT activity in erythrocytes, but 
there was functional HPRT enzyme in leukocytes. One patient 
had essentially normal activity in intact cells but no activity in cell 
lysates, whereas another patient had activity in lysates but no 
activity in intact cells (13). Certainly in H.Chr.B., routine analysis 
of hemolysates and lysates of cultured fibroblasts for HPRT, 
revealed no evidence of activity (19), and, in this respect, H.Chr.B. 
could not be distinguished from the patient with the Lesch-Nyhan 
syndrome. However, a more elaborate study of his hemolysates 
and intact cultured fibroblasts produced evidence for the presence 
of substantial HPRT activity and suggests that the HPRT variant 
of H.Chr.B. is unstable. In fact, systematic study of purine metab- 
olism of this patient indicated the presence of a unique variant of 
HPRT. Its properties are as follows: (I) Due to its instability, it 
shows virtually no activity in lysates of cultured fibroblasts, and 
of erythrocytes; (2) it is active in the intact fibroblasts and its 
activity in the intact cell distinguishes it clearly from the HPRT of 
patients with the Lesch-Nyhan syndrome; (3) it is considerably 
more active at high concentrations of hypoxanthine and guanine 
than at low (Km) concentrations; (4) in the intact cells, it has 
considerably better efficiency in the handling of guanine than of 
hypoxanthine; and (5) it does not react with antibody prepared 
against the normal enzyme. 

These findings have relevance to the clinical expression of the 
mutant gene. Experience with a number of different variants with 
subtle differences in expression may permit the dissection of the 
molecular components of the various clinical expressions in HPRT 
deficiency. In H.Chr.B., significant affinity of HPRT for guanine 
maintained the availability of nucleotides during critical stages of 
development, and may have prevented mental retardation and 
self-mutilation. 
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