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Abstract
Hypoxanthine phosphoribosyl transferase (HPRT) enzyme activity was

determined in erythrocytes from 16 children (aged below one year to
11 year ) with down s syndrome using 8-C Hypoxanthine and
radioeleelrophorsis techniques . Significant (P< 0.01) reduction in HPRT
enzyme activity was seen in DS children compared to that of 18 (age and
sex matched) healthy children . Pure 21 - trisomic erythroctas expressed



lower enzyme activity than mosaic cells . Mothers of DS children showed
significantly (P< 0.01) lower enzyme activity than mothers of normal
childern . Reduced activity of HPRT enzyme was also observed in
PHA-stimulated lymphocytes of DS childern and their mothers . These
results indicated that deficiency of HPRT in DS patients may contribute to
the abnormal purine metabolism associated with the symptomatology of
this syndrome .

Introduction

A familial neuroligical disorder consisting of mental retardation and
aggressive behaviour was described to be due to deficiency in the enzyme ,
hypoxanthine-guanine phosphoribosyl transferase (HPRT) (Lesch and
Ny-han 1964 ; Kogut et al 1969 , Kelley et al . 1969) .This salvage enzyme
converts preformed purine bases , hypoxanthine and guanine to thier
recpective nucleotides . Human genetic studies indicated that the structural
gene for HPRT is on the X-chromosome (Nyhan et al. 1967) .Down s'
syndrome (DS) is currently under intense investigation that are expected to
yield valuable information on gene expression and on the molecular basis
of the disease (Patterson 1987) . Biochemically , Down s' syndrome
patients suffer from elevated levels of purine , a condition that by itself can
lead to neurologyical impairment , mental retardation and immune system
deficiencies (Fuller 1962 ; Patterson 1987 ) .

This study reports the results of determination of HPRT activity in
erythroctes and PHA-stimulated lymphocytes isolated from patients with
pure and mosaic trisomy-21 .

Materials and Methods

Population studied

60 subjects who had been referred to the Genetic Counselling Unit ,
Al-Yarmouk Hospital , Baghdad , for chromosome analysis were included
in this study . Sixteen of those (7 fenales and 9 males) were identified
clinically as down s' syndrom children . Eleven were mentally retarded and
I 8 normal subjects (9 females and 9 males) were treated as controls .
Parents of 2 DS childern , and 2 normal childern with 4 mothers of DS and
3 mothers of normal childern were willing to coorporate further in our
research program . All parents and mothers were healthy at the time of
testing with irrelevant medical history of drug intake . Neither mothers nor
fathers of both groups smoked or drank alchol or had been exposed to
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diagnostic X-rays . Blood samples of those subjects were collected and
coded blindly .

Chromosome analysis :

Blood lymphocytes were cultured in Hams F - 10 medium as previously
described (Hamamyl984) and G-banded slides were analyzed for
karyotyping .

Preparation of erythrocytes :

Heparinized blood was centrifuged at 500 rpm for 10 minutes . The
buffy coat and plasma were removed and erythrocytes were washed twice
with cold physiological saline . The washed cells were then broken by
freeze - thawing twice at - 70 C .The hemolysate was kept at - 20 C till
testing . Samples from patients and controls were tested at one time .

Chemicals :

[8 - C ] Hypoxanthine (50 m Cl/ mmol) was purchased from
Amersham (UK) . The sodium salt phosphoribosyl pyrophosphate (PRPP)
was obtained from Sigma (USA) . Other chemical were from BDH , (UK) ,
unless otherwise indicated .

HPRT enzyme assay :

The assay used was similar to that described by Bakay et al (1969)
.Hemolysate suspension was centrifuged for 20 min . at 5 C and 25000 xg .
20 ul of the supernatant were added to a vial containing substrate mixture
of 0.5 mM PRPP , 0.1 M MgCl2 , 0.25 M KH2PC>4 and 5 U Ci [8 - C 1 4 ]
hypoxanthine . One blank vial was prepared containing no blood aliquots .
Vials Vials were placed in a 60 C water bath and then shaking was carried
out for one houre . The reaction was stopped by adding 7 ml of a mixture of
0.1 M tris-HCl PH 7.5 and 0.1 M KH2PO4 buffer PH 7.4 .The vials were
then placed in ice bath . After gentle swirling , one ml of 0.5 M lanthanum
chloride was added to each vial . After 10 min . in ice , the content of each
vial was centrifuged for 10 min . at 5000 xg . One ml aliquot from each
sample was added to scintillation fluid and counted in a liquid scintillation
spectrophotometer model Beckman LS - 230 .

HPRT enzyme activity was also determined in PHA-stimulated
lymphocytes grown for 72h (lymphoblasts) , following the same procedure

Enzyme activities were expressed as a percent of isotope utilized . The
amount of isotope added was used for the 100% value , and isotope
recovered in the supernatant fluid after precipitation with lanthanum
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chloride was calculated as percent of that amount (Baky et al 1969 , Auda
etal l989) .

Electrophoresis

Polyacrylamide disc gel electrophoresis was performed following
procedure described by Bakay and Nyhan (1972).

Briefly : 1-10 ul of hemolysates were separated on 5x59 mm rods of 8%
polyacrylamide gel in Tris-glycine buffer , PH 7.2 at 3mA/tube . At the end
of the run , the gels were incubated for 30 min at 37 C in 0.1 M Tris-HCL
buffer , PH 7.4 containing 0.01 mM MgC12 . 0.25mM 5-PRPP and 0.25
uCi/ml of [8-C ] -hypoxanthine . The gel were then transferred into 0.1 M
Tris-HCl buffer PH = 7.0 containing 0.1 ml lanthanum chloride for 2 hr
before they were washed in running water to remove unutilized radioactive
precursor . The determination of radioactivity in gel was then done on one
cm pieces of the gel and counted as described above .

Statistical analysis :

Data were analyzed by factorial analysis of variance using least sequare
analysis method (Sokal and Rohlf 1981).

Results

Karyotypic analysis showed that 10 out of 16 patients with clinical
picture of DS had a pure trisomy -21 (47,+21) and the remaining 6 patients
had cells with 45-77% mosaic trisomy -21 (46/47,+21) karyotypes
However , their parents showed normal karyotypes . The children with
mental retardation revealed normal chromosome constitution .

HPRT activity

Erythrocyte HPRT enzyme activities of blood from tow groups of
patients with Down s' syndrome and normal children are presented in Table
1 . The mean enzyme activity of normal males and females were 44.3+1.7
and 40..2+2.7 % , respectively . The difference between the tow group was
significant (P< 0.05). The mean activity of HPRT for male DS patients was
10.8+3.1 and for female DS patients was 11.4+3.5 % DS childern with pure
trisomy 21 had significantly (P< 0.01) lower HPRT activity mean (11.1+2.2
%) than DS childern with mosaic trisomy-21 (17.6+3.4) . Mean values of
HPRT enzyme activity of DS childern (13.59+4.0 %) were significantly
lower (P< 0.01) than the mean activity of the controls (40.3+2.1 % for both
sexes) .



Table 1 : Erythrocyte - HPRT Enzyme activity From Children With
Downs' Syndrome And Healthy Controls .

Normal children

Number

Age (year, x+DS)

HPRT activity (%)

' Female

9

2.2 ±0.3

44.3 + 1.8

Children with Drows Syndrome

a- Pure trisomy-21

Number

Age (year, x+SD)

HPRT activity (%)

b- Mosaic trisomy-21

Number

Age (year, x+SD)

HPRT activity (%)

5

2.9 + 2.4

11.4 +3.5a

2

4.5+2.1

12.5 + 2.5b

Male

9

2.7 + 0.3

40.2 + 2.7

5

2.2 + 2.2

10.8+ 3. la

4

1.0 + 0.6

20.0 +4.5a

Both sexes

18

2.4 + 0.3

42.2 + 2.1

10

2.5 + 2.2

11.1 ±2.2*

6

2.1+2.0

17.6 + 3.4**

(*) Highly significant P < 0.001, (**) Significant P < 0.01

Factorial analysis were performed taking trisomy -21 , sex and age as
independent variables for all childern . The results are presented in Table 2

Trisomy -21 was found to be the most important factor affecting the
HPRT enzyme activity .

After adjusting for the effect of trisomy -21 in childern there is a
statistically significant (P< 0.01) difference between males and females
(Table . 1). Finally , age was also found to be an enzyme affecting factor in
childern . It seems that HPRT enzyme activity decreased with advancing
age from birth to over one year .



Table 2 : Analysis Of Three Factors Affecting HPRT Activity In Normal
and Down s' Syndrome Childern .

0

Factor

Trisomy-21

Age

Sex

800

600

400

200

DF

2

2

1

H

Hi!

Statistics p
F

148.56 P< 0.001

23.82 P < 0.01

11.92 P<0.02
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Figure (1) : Radio electropherograme of I1RPT profiles of (a) normal
subjects, (b) P.Ds profile of pure Irisomy - 21 patients, (c)
M.Ds : profile of polienls with mosaci irisomy - 21
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Electrophoretic Analysis

Tow of the DS-male childern (one with pure trisomy P . DS, and the
other with mosaic trisomy , M . DS) whose erythrocytes displayed 5 and
25% of normal HPRT activity were studied electrophoretically .The
electrophoretic profiles of a normal hemolysate and of those patients are
shown in Fag . 1 . A single major peak of radioactivity was produced by the
zone containing the HPRT enzyme from normal individuals . This peak
was high when the enzyme activity was high (40-50 %) . In DS childern
HPRT -deficient males produced profiles which differed both qualitatively
and quantitively from the profile of normal children .

The enzyme of M.DS patients migrated slower that the normal enzyme .
It formed a broad zone of HPRT activity located essentially from 10-60 mm
along the gel . However , the profiles of P.DS child yielded a small but
distinct zone of HPRT activity which migrated to a location between 30-40
mm along the gel.

Parents of P.DS and M.DS were willing to cooperate further in our
research programme . Their erythrocyte HPRT enzyme activities were
determined quantitatively . The results are presented in Table 3 . The two
mothers of the two patients had 25-47.5% of normal HPRT activity ,
respectively . although their fathers were found to have an erythrocyte
activity of HPRT that was within the normal level.

Normally , there is a quantitative difference in HPRT activity between
erythrocyte and PHA-stimulated blood lymphocytes (Table 4) . Children
with DS whose erythrocyte were deficient in HPRT activity carried
lymphocytes with deficient HPRT activity too . Lymphocytes from their
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mothers were also deficient in HPRT activity with a ratio of DS/normal s
mothers equal to 0.23 .

Table 3 ': Erythrocyte-HPRT Enzyme Activity of Perents of Downs'
Syndrome Childern And Control

Family of:

fy

1 . Normal childern

2 . Downs' syndrome

patients pure trisomy

21 (P .Ds)

3 . Downs' syndrome

Age

2.0

2.5

6.0

patients mosiac trisomy

21 (M.Ds)

Child

HPRT
activity

51.0(a)

2.0(c)

10.0(b)

Mother

Age

32.0±3.0

29.0

28.0

HPRT
activity

40.0(a)

10.0(b)

19.0(b)

Father

Age

35.0±2.0

33

31.0

HPRT
activi-

50.0(a)

42.0(a)

38.0(a)

a, b , c , Dunken test analysis .

The levels of HPRT activity of DS childern were compared to those of
patients with other causes of mental retardation . As summarized in Table 5
, the lowest level of enzyme activity was noticed in DS patients . The
difference between the two groups was statistically significant (P< 0.01).

Table 4 : HPRT Activity of Erythrocytes And Lymphoblasts From Patients
with Downs' Syndrome , their Mothers And controls .

Normal childern

DS childcm

Mothers of normal childern

Mothers of DS childcrn

n

3

4

3

4

HPRT
Erythrocytes

42.5+2.7

4.3±1.4

39.2+2.8

10.7+1.3

Activity
Lymphocytes

86.5±4.5

10.2+1.9**

78.5+1.7

18.3+1.5**

** Highly significant ( P < 0.01 ) .



Table 5 : Erythrocytec HPRT Enzyme Activity From Mentally Rertarded
Subjects and Healthy Controls .

Subjects

Normal controls

Downs' syndrome

Mentally retarded

patients *

Number

18

16

11

Age (yes.)
X+SD

5.6±4.0

2.3+2.1

2.3+3.1

HPRT
activity (%)

40.3+2.1

13.5+4.0

22.5±2.9

Control

...

33

55

P

P< 0.001

P<0.01

* Mentally retarded patients of diverse etiology

Discussion

The most pronounced finding in this study is the reduced activity of
HPRT enzyme in erythrocytes and lymphoblasts from patients with Down
s' syndrome and their mothers . Normal human erythrocytes depend on the
salvage enzyme HPRT for the maintenance of their guanine ribonucleotid
of their guanine ribo nucleotid pool . Accordingly the disruption of guanine
salvage in erythrocytes dificient in HPRT enzyme were found to have a
depleted level of guanine ribonucleotide load in their erythrocytes and
nucleotide pool imbalance (Simmonds et al 1987 , Sidi et al . 1989) .
Furthermore , The enzymatic basis for purine excretion from cells deficient
in HPRT has a clinical importance with regard to hyperuricemia (lizasa and
Miyamoto 1987) and mental retardation (Lesch and Nyhan 1964) .
Therefore a reduction in HPRT enzyme activity may explain why DS
patients have a relative guanine nucleotide deficiency , nucleotide pool
imbalance (Peeters and Lejeune 1989) hyperuricemia (Pant et al 1968 ,
Puukkaetal 1986) and mental retardation (Patterson 1987).

The causes of deficiency in HPRT activity from patients with Down s'
syndrome are unknown . However, it was reported that partial or complete
deficiency in HPRT enzyme activity may be a result of a mulalional events
in the stem cells before differentiation which would exerts its effect to
differentiated cells (Hakoda et al 1989 ; Gibbs et al 1989 ; Carter Edward et
al 1989) . More over , difference in the patterns of electorphotytic profiles
may represent differents gene mutations (Bakay and Nyhan 1972) .
Erythrocytes as well as PHA-stimulated lymphocytes from DS patients
showed different degrees of reduction in HPRT activity (Tables I and
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3)and different electrophorotic profiles (Fig . 1) . These findings may
indicate that DS patients have different gene mutations on their HPRT
locus . Alternatively , the significant differences between pure and mosaic
trisomy-21 patients in their erythrocytic-HPRT enzyme activity (Table 1) ,
may indicate that salvage purine pathways is affacted by extra genomic
materials from chromosome 21 .

Results summarized in Tables 3 and 4 , showed that mothers of both
groups of DS patients have partial deficiency (25-47% of controls) of
HPRT enzyme activities , while normal level of enzyme activity were seen
in their father s' erythrocytes . These result suggest that the HPRT enzyme
deficiency could be maternally inherited . Similar observations were
reported on genetic analysis of HPRT mutation in somatic cells from
patients with partial or complete deficiency of HPRT enzyme activity
(patients with Lesh-Nyhan syndrome , gout and hyperuricemia) and their
parents (Keouch et al 1988 ; Ogasawara et al 1989 , Skopeck et al 1989)
and revealed that such mutation is likely to be maternally inherited . The
observed influences of age and sex on HPRT activity (Table 1 and 2) are
not in agreement with that reported by other groups (Bradley and Messing
1989 ; McGinniss et al 1990) . However , due to the small number of our
subjects these relationships will remain under discussion and need further
studies .

The deficiency of HPRT enzyme activity associated with neurological
abnormalities and mental retardations (Lesch and Nyhan 1964 ;
Carter-Edwardo et al 1989 ; Gibbs et al 1989) and the presence of
mental retardation in Down s' syndrome (Mikkelson 1988) prompted the
comparison of the present result of reduced HPRT enzyme activity in DS
patients to those of other mentally retarded patients of diverse etiology
inspite of the fact that the only previous report on HPRT determination in
DS patients by Puukka et al (1986) revealed normal HPRT levels .Thus it is
believed that our results would certainly enhance further investigations on
this vital subject.

The enzymatic activity of phosphoribosyl glycineamide synthetase
(GARS)had been determind in DS patients and their families (Shubbr et al
1996) . An excess of GARS enzyme activity was found in DS patients with
DS/normal ratio equal to 4.64 . These findings are in agreement with those
reported by Chadefaux et al (1984) and Patterson (1987) . It is resonable to
conclude that the deficiency of HPRT and excess of GARS enzyme may
contribute to the abnormal purine metabolism and may be related to the
manifestations of the syndrome .
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