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ABSTRACT - The mutation in the hypoxanthine-guanine phosphoribosyltransferase (HPRT) gene has been
determined in two brothers affected with Lesch-Nyhan syndrome. Femal e members of the family who are at risk
for being heterozygous carriers of the HPRT mutation were also studied to determine whether they carry the
mutation. DNA sequencing revealed that the boys’ mother is heterozygous for the mutation in her somatic cells,
but that three maternal auntsare not heterozygous. Such carrier information isimportant for the future pregnancy
plans of at-risk females. The mutation, an A - T transversion at cDNA base 590 (590A - T), resultsin an amino
acid change of glutamic acid to valine at codon 197, and has not been reported previously in a Lesch-Nyhan
syndrome male. This mutation is designated HPRT,
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I dentificagdo de uma nova mutagdo (HPRT .., ) ém uma familia brasileira com a sindrome de L esch-
Nyhan e andlise de mulheres potencialmente heter ozigotas

RESUMO - Umamutag&o no gene hipoxantina-guaninafosforibosiltransferase (HPRT) foi determinadaem dois
irméos af etados pela sindrome de L esch-Nyhan. O sequenciamento do cDNA do gene HPRT das mulheres desta
familia, potencialmente portadoras heterozigotas da mutagdo HPRT, que € umatransissao de A - T na base 590
do cDNA (590A - T), revel ou que amée dos meninos € heterozigota paraestamutagéo, masquetréstias maternas
néo sdo heterozigotas. Este tipo de informag&o € importante no planejamento de gestagdes futuras, nas mulheres
em risco. Como esta mutagdo ainda ndo havia sido relatada em individuos do sexo masculino na sindrome de
Lesch-Nyhan, foi, portanto, denominada HPRT,
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Lesch-Nyhan syndrome, an inborn error of purine metabolism, is caused by loss of the enzyme
hypoxanthine-guani ne phosphoribosyltransferase due to mutationsin the X -chromosome gene HPRT*2,
Becausethisis an X-chromosome linked disease, only males are generally affected and females can be
heterozygous carriers. It has been estimated that one-third of Lesch-Nyhan syndrome males would
represent new mutations®. Features of this syndrome are spastic cerebra palsy, choreathetosis, uric acid
urinary stones and neurological disfunction including self-destructive hiting of fingers and toes.
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A method for thediagnosisand the analysis of the HPRT mutationsfor Lesch-Nyhan syndrome
using peripheral blood T-lymphocytes has been developed®. This method is based on the ability of
HPRT-deficient T-lymphocytes to proliferate and form colonies in the presence of the cytotoxic
purine anal og 6-thioguanine’. Applying this T-lymphocyte cloning assay to Lesch-Nyhan syndrome
families alows both diagnosis of the disease and analysis of the HPRT mutations responsible for the
disease, aswell as determination of the carrier status of at-risk females®®. Here, we report the study
of aL.esch-Nyhan syndromefamily in which anew HPRT mutation was found, and the determination
of the carrier status of at-risk femalesin the family. This new mutation istermed HPRT, _, after the
country of origin of the family.

METHOD

We analyzed two Brazilian caucasoid brothers, aged twelve and fourteen years old, and their mother. The
first clinical manifestations on the boys became apparent during the third month of life in both of them, with
psychomotor retardation and generalized muscular hypotonia. Theyounger brother started to present self mutilation
(biting of lips and fingers) when he was three years old. The older one, however, presented this manifestation
only at fourteen years old, usualy biting his hands.

Neurological examination showed spasticity, chorioathetosis and signs of self mutilation. Thelaboratory
tests showed hyperuricemia, urinary uric acid increased, and deficiency of the enzyme hypoxanthine-guanine
phosphoribosyltransferase (HPRT) that belongs to purine metabolism.

T-lymphocyte isolation and culture

Peripheral blood samples were collected in vacutainer tubes containing sodium heparin and shipped by
overnight carrier to the University of Vermont. (Alternatively, for genomic DNA analysis, DNA was extracted
from peripheral blood samples collected in EDTA and shipped to Vermont). The samples were collected after
informed consent was obtained. The mononuclear cell fraction was isolated by centrifugation over Histopaque
and the cells plated for the T-lymphocyte cloning assay, as described previously*. Briefly, cells are plated in 96-
well microtiter plates in medium RPMI 1640 containing 20% medium HL-1, 5% defined calf bovine serum
(Hyclone, Logan, Utah, USA), 10% T-cell growth medium containing interleukin-1 and interleukin-2, 0.25 pg/
ml phytohemagglutinin, and 1 x 10*irradiated (90 Gy) HPRT mutant human lymphoblastoid “feeder” cellsinthe
absence or presence of 10 uM 6-thioguanine (TG). Cellsfrom the affected maleswereplated at 1, 2, 5, 10 or 100
cells/well in the absence or presence of TG. Cellsfrom their mother were plated at 2, 5, 10, 10? and 10° cells/well
in the absence of TG and at 10?, 10° and 10* cells/well in the presence of TG. Cells from the males were also
plated at 1 x 10° cells/ml in 2 ml wellsin the same medium containing no addition, hypoxanthine and thymidine
(HT), hypoxanthine, aminospterin and thymidine (HAT) or TG. Wild type HPRT* cells grow in the absence of
TG, inthe presence of HT or of HAT, but not in the presence of TG. Mutant HPRT - cells grow in the absence of
TG and in the presence of either TG or HT, but not in the presence of HAT. Thus, growth in the presence of TG,
but notin HAT, isarapid screen for HPRT mutant cells. HPRT mutant cellsfrom a L esch-Nyhan syndrome male
should clone equally well in the absence and presence of TG and yield a mutant frequency of 1.0. Cellsfrom a
non-carrier femalewill contain afrequency of HPRT mutant cellsof 1-20 x 10%4. Cellsfrom aHPRT heterozygous
female will contain HPRT mutant cells at afrequency of 0.1-5.0%. The frequency in carrier femalesislessthan
the 50% expected from random X-chromosome inactivation because of negative selection against mutant cells
during hematopoietic stem cell proliferation’. In previous studies, carrier femal es showed HPRT mutant frequencies
in the range of 1-5%°°.

HPRT mutation analysis

The HPRT gene contains approximately 42,000 base pairsin genomic DNA, hasnine exonsand amRNA
of approximately 1,800 bases and a protein coding sequence of 657 bases (initiation codon AUG to termination
UAA). The entire gene has been sequenced and primers developed for polymerase chain reaction (PCR)
amplification of the nine exonsin genomic DNA and the mRNA?®®, Recent review articles have summarized the
known HPRT mutations responsible for Lesch-Nyhan syndrome. Approximately 80 different mutations have
been reported'?2, This wealth of information allows for rapid analysis of the HPRT gene by cDNA sequencing
for point mutations and genomic PCR analysis for deletion mutations.



Arg Neuropsiquiatr 1999;57(4) 909

Cultured T-lymphocytes from the affected males and their mother were used for DNA analysis. Samples
of 1 x 10* cellswere centrifuged in 0.5 ml microfuge tubes, flash frozen in liquid nitrogen and stored at -70 C.
Cell lysates were prepared and first strand cDNA synthesized by reverse transcriptase as described by Yang et al®.
Two rounds of PCR amplification were performed with HPRT specific oligonucleotide primers as described
previously®. The first round employed 30 cycles with primers 3 and 4b (HPRT base -60 to -41, and 769 to 746,
respectively), and the second round 30 cycles with primers B and 4 (HPRT base -36 to -17, and 702 to 721,
respectively). The cDNA productswere sequenced directly by use of aTag Dyedeoxy Terminator Cycle Sequencing
Kit (Perkin Elmer - ABI) and an automated ABI sequencer Model 373A with HPRT primers B and A (HPRT bases
-36 t0 -17 and 701 to 682, respectively). Thisis essentially the method originally described by Gibbs et al®.

For genomic DNA sequencing, the primers devel oped to amplify HPRT exons 7 and 8 were used'’. These
primers are numbered according to the genomic HPRT gene sequence™. The primers are 38667 to 38691 (sense)
and 40199 to 40176 (antisense). The DNA was sequenced with the antisense primer. Exon 8 is genomic bases
40033 to 40109.

RESULTS

The HPRT mutant frequency was determined with cellsfrom the two affected males and their
mother. Both males showed similar cell cloning in the absence and presence of TG, consistent with
the Lesch-Nyhan syndrome diagnosis. Their mother showed an HPRT mutant frequency of 3.9%,
consistent with her being aheterozygous carrier (Table 1). Sequencing of cDNA from malesrevealed
asingle base substitution at cDNA base 590 in exon 8. Thisisthe only difference from the published
wild type HPRT coding sequence®. This 590A - T transversion changes codon 197 from GAA to
GTA, resulting in the amino acid change 197glu - val. Sequencing of cDNA from the mother’scells
grown in the absence of TG showed the wild type A at cDNA base 590. Sequencing of cDNA from
the mother’s TG resistant mutant cells showed the 590A — T transversion mutation. To absolutely
confirm the heterozygous nature of the mother and to test the feasibility of direct DNA analysis for
testing at risk femalesin the family, the exon 8 region of genomic DNA was sequenced. The DNA
sequence from the mal es encompassi ng genomic bases 40151 to 39801 showed only asingle change
from the normal sequence™. Thiswasan A to T change at base 40090. This40090A — T mutationis
the base designated cDNA base 590. The mother’s exon 8 sequence showed bothan A anda T at
genomic base 40090, confirming that she is heterozygous for the mutation in both her somatic and
germinal cells.

Table 1. Mutation analysisin HPRT, ., Family.
HPRT Alterations?

Individual Mutant Frequency* cDNA Genomic DNA
Affected Male 1 1.0 590A - T 40090A - T
Affected Male 2 1.0 590A - T 40090A - T
Mother 3.9x10? 590A - T 40090A and A - T (carrier)
Auntl - - 40090A only (non-carrier)
Aunt 2 - - 40090A only (non-carrier)
Aunt 3 - - 40090A only (non-carrier)
Control 4.2-83x10° 590A 40090A only

HPRT mutant frequency by T-lymphocyte cloning assay; MF, ratio of cloning efficiency in the presence of
10 pM TG to cloning efficiency in the absence of TG.
2HPRT exon 8: (586) AAT GAA TAC (594) -~ AAT GTA TAC, 197 glu— 197 va
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Table 2: Amino acid changes resulting from single base substitution mutations in the HPRT gene cDNA bases
571-606 (codons 191-202).

cDNA (571) (606)
Basss TAT GCC CIT GAC TAT AAT GAA TAC TIC AGG GAT TITG

Amino (191) (202)
Acids  tyr da leu asp tyr asn glu tyr phe ag asp leu
Lesch-
Nyhan asn val val tyr
syndrome tyr (HPRT, )
Gout glu cys aly
asn
Somatic
TG TAA asp arg ada TAA asp TAA ser gy an TAG
pro asn asp his gly tyr lys gy met
ser his  asn lys net  tyr phe
thr tyr val tyr  va trp

va

An important aspect of Lesch-Nyhan syndrome mutation analysisisthe ability to apply these
methods to heterozygote detection in order to determine the carrier status of at-risk females in the
family. DNA from three maternal aunts of the affected boys was used to determine the sequence of
the genomic region containing exon 8. All three showed only an A at 40090, indicating that noneis
acarrier.

DISCUSSION

This 590A — T mutation in exon 8 results in a change of codon 197 from GAA to GTA, and
an amino acid change of 197 glu—val. This single base substitution reduces the HPRT enzyme
activity to very low levels and allows the cells to grow in the presence of 6-thioguanine, normally a
cytotoxic purine analogue. A mutation at base 590 in codon 197 has not been reported previously in
a Lesch-Nyhan syndrome patient'2?®. As shown in Table 2, mutations in this region of the HPRT
gene (codons 191-202) have been reported both in Lesch-Nyhan syndrome and partial HPRT
deficiency (gout). In addition, many mutations have been found in this region of the genein somatic
cell HPRT mutations which were isolated as TG resistant (TG") mutants. One of these includes the
same 197 glu- val change observed in HPRT  __*.

Lastly, the 590 A -~ T mutation creates a TA dinucleotide repeat rich region in exon 8
(TATAATGAATA - TATAATGTATA), suggesting that the mutation might have been induced by
slippage during DNA replication in this region of repeated sequences.

Data generated from this type of studies may have significant implications for diagnosis and
prognosis in Lesch-Nyhan syndrome patients and their relatives. The aim of future therapiesisto
slow or stop the progression of Lesch-Nyhan syndrome in affected persons. Knowledge of the
molecular basis of the disease in the population should help families at risk and improve genetic
counseling.



N

10.

11.
12.

13.

14.

Arg Neuropsiquiatr 1999;57(4) 911

REFERENCES

Lesch M, Nyhan W. A familiar disorder of uric acid metabolism and centrl nervous system function. Am Med 1964;36:561-570.
Seegmiller J, Rosenbloom F, Kelley W. Enzyme defect associated with a sex linked human neurological disorder and
excessive purine synthesis. Science 1967;155:1682-1684.

Francke U, Bakay B, Nyhan WL. Detection of heterozygous carriers of the Lesch-Nyhan syndrome by electrophoresis of
hair root lysates. J Pediatr 1973;82:472-478.

O'Neill JP, McGinniss MJ, Berman JK, Sullivan LM, Nicklas JA, Albertini RJ. Refinement of a T-lymphocyte cloning
assay to quantify the in vivo thioguanine-resistant mutant frequency in humans. Mutagenesis 1987;2:87-94.

Skopek TR, Recio L, Simpson D, et a. Molecular analyses of a Lesch-Nyhan syndrome mutation (hprt,
T-lymphocyte cultures. Hum Genet. 1990;85:111-116.

Hunter TC, Melancon SB, Ddlaire L, et al. Germinal HPRT splice donor site mutation results in multiple RNA splicing
products in T-lymphocyte cultures. Som. Cell Molec Genet 1996;22:145-150.

Hakoda M, Hirai Y, Akiyama M, et al. Selection against blood cells deficient in hypoxanthine phosphoribosyltransferase
(HPRT) in Lesch-Nyhan heterozygotes occurs at the level of multipotent stem cells. Hum Genet 1995;96:674-680.

Yang J-L, Maher VM, McCormick JJ. Amplification of cDNA from the lysate of a small clone of diploid human cells and
direct DNA sequencing. Gene 1989;83:347-354.

Gibbs RA, Nguyen PH, McBride LJ, Koepf SM, Caskey CT. Identification of mutations leading to the Lesch-Nyhan
syndrome by automated direct DNA sequencing of in vitro amplified cDNA. Proc Natl Acad Sci USA 1989;86:1919-1923.
Gibbs RA, Nguyen P-N, Edwards A, Civitello AB, Caskey CT. Multiplex DNA deletion detection and exon sequencing of
the hypoxanthine phosphoribosyltransferase gene in Lesch-Nyhan families. Genomics 1990;7:235-244.

Edwards A, Voss H, Rice P, et al. Automated DNA sequencing of the human HPRT locus. Genomics 1990;6:593-608.
Sculley DG, Dawson PA, Emmerson BT, Gordon RB. A review of the molecular basis of hypoxanthine-guanine
phosphoribosyltransferase (HPRT) deficiency. Hum Genet 1992;90:195-207.

Alford RL, Redman JB, O'Brien WE, Caskey CT. Lesch-Nyhan syndrome: carrier and prenatal diagnosis. Prenat Diagn
1995;15:329-338.

Recio L, Simpson D, Cochrane J, Liber H, Skopek TR. Molecular analysis of HPRT mutants induced by 2-cyanoethylene
oxide in human lymphoblastoid cells. Mutation Res 1990;242:195-208.

) by use of

'Montreal



