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Overexpression of copper-zinc superoxide dismutase in trisomy 21 
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Abstract. Down's  syndrome (DS), the most frequent of congenital birth defects, results from the trisomy of  
chromosome 21 in all cells of  affected patients. This disease is characterized by developmental anomalies, mental 
retardation and features of  rapid aging, particularly in the brain, where the occurrence of  Alzheimer's disease is 
observed in trisomy 21 patients over the age of  35. Copper-zinc superoxide dismutase (CuZnSOD) is one of  the 
proteins encoded by chromosome 21 (21q22.1). As a consequence of  gene dosage excess, CuZnSOD activity is 
increased by 50% in all DS tissues. This work reports the SOD activity of  a population of  DS patients with 
complete trisomy 21, partial trisomy 21, translocations and mosaicism, in order to confirm the gene dosage effect 
of  SOD on the clinical features of  DS, and to help to establish which is the critical region of  chromosome 21 in 
DS. CuZnSOD was measured in red blood cells using the Minami and Yoshikawa method. In the population with 
complete trisomy 21, SOD activity was increased by 42%; in the population with partial trisomy 21, translocations 
and mosaicism, SOD activity was normal. In the population diagnosed as DS, but not karyotyped, SOD activity 
was increased by 28%. No differences between sexes or among ages were found. We conclude that the 21q22.1 
segment is not the critical region responsible for DS, as we have found normal SOD activity in patients with the 
clinical features of  DS. 
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Down's syndrome (DS), a genetic abnormality associ- 
ated with the presence of  three copies of chromosome 
21, reported by Lejeune [1], is one of the most impor- 
tant human congenital diseases, occurring in 1 of  700 
1000 live births [2]. DS patients suffer from a wide 
range of symptoms. Most obvious among these are 
morphological defects such as hypotonia in the new- 
born, short stature and the epicanthic eyefolds which 
give rise to the eye shape characteristic of  the syndrome. 
Patients are mentally retarded, and those who survive 
past their mid-thirties usually develop Alzheimer's dis- 
ease [3]. Premature aging and an increase in the inci- 
dence of  leukemia and other hematological disorders 
are common in affected individuals, as are cardiac de- 
fects, a high susceptibility to infections and several types 
of  endocrine disorders [3]. Although DS was described 
more than a century ago, and the relationship between 
trisomy 21 and the Down's  phenotype has been known 
for over 30 years, very little is known about the way in 
which the additional chromosome 21 causes the disease. 
The current concept is that the presence of  extra copies 
of genes that reside in chromosome 21 results in the 
synthesis of increased amounts of  gene products, which 
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creates an imbalance in various biochemical pathways; 
this in turn causes the physiological defects giving rise 
to the clinical picture of  DS. The over- and underpro- 
duction of some enzymes and other proteins is still of 
uncertain significance with respect to the most remark- 
able impairments of the syndrome. 
The human copper-zinc superoxide dismutase (CuZn- 
SOD) is a key enzyme in the metabolism of oxygen free 
radicals [4]. It is encoded by a gene residing on chromo- 
some 21 at the chromosomal region 21q22 known to be 
involved in DS, and elevated levels of  the enzyme are 
commonly found in DS patients [5, 6]. This overexpres- 
sion of  the CuZnSOD gene, due to gene dosage, may 
disturb the steady-state equilibrium of active oxygen 
species within the cells resulting in oxidative damage to 
biologically important molecules [7-9]. It has been de- 
mostrated that CuZnSOD is able to catalyse hydroxyl 
radical production from hydrogen peroxide and that 
elevated levels of  SOD enhance the cytotoxicity of  ac- 
tive oxygen species. Such processes may in part be 
responsible for certain clinical symptoms associated 
with the Down's  phenotype [10, 11]. 
In the present work we have studied the levels of SOD 
activity in a population of  DS patients showing com- 
plete trisomy 21, partial trisomy 21, translocations and 
mosaicism in order to confirm the gene dosage effect in 
these patients. 
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Material and methods 

SOD activity was determined in a total of 260 DS 
patients (123 females and 137 males), aged between 2 
and 45 years. One hundred and eight patients had been 
karyotyped, showing in 57 patients a complete trisomy 
21, and in 51 patients partial trisomy 21, translocations 
and mosaicisms. One hundred and fifty-two DS patients 
had not been karyotyped. The patients were residents of 
27 institutions for the mentally retarded in Madrid. 
SOD activity was also determined in a control healthy 
population of matched ages. 
SOD activity was measured in red blood cells; 0.1 ml of 
blood was hemolysed by 0.9 ml of ice-cold water. 
Hemoglobin was removed by adding 0.25 ml of chloro- 
form and 0.5 ml of ethanol followed by vigorous mix- 
ing. The mixture was centrifuged at 18,000 g for 60 min. 
The clear supernatant was used for SOD assay. This 
assay was performed using the method of Minami and 
Yoshikawa [12], which is based on the inhibition by 
SOD of the nitro blue tetrazolium reduction produced 
by the superoxide radical generated by the autooxida- 
tion of pyrogallol. The rate of inhibition of the superox- 
ide reaction by SOD was calculated according to the 
definition of McCord and Fridovich [13]. 
All data were expressed as mean _+ standard deviation 
(SD). Tests of significance for group differences were 
performed by analysis of variance (ANOVA). Differ- 
ences were considered significant if the p value was 
smaller than 0.05. 

Results and discussion 

As can be seen in table 1 and in figure 1, in the 
population with complete trisomy 21 analysed, SOD 
activity was 6.38 _+ 0.76 U/ml of blood, 42% more than 
the SOD activity observed in the normal population. In 

the population with partial trisomy 21, translocations 
and mosaicisms, SOD activity was 5.01 _+ 1.2 U/ml of 
blood, which is not significantly different than that 
observed in the normal population. Finally, in the DS 
population that had not been karyotyped, SOD activity 
was 5.75 + 1.04 U/ml of blood, 28% more than that 
observed in the normal population. No differences be- 
tween sexes and among different ages were found. 
In complete trisomy 21, an increase of 42% in SOD 
activity was found. This increase is lower than the 
increase in gene dosage (50%). It is possible that a 
compensatory mechanism tries to lower this high activ- 
ity in order to avoid the oxidative damage that an 
excess of SOD activity produces. The results obtained in 
the non-karyotyped DS patients suggest that is a popu- 
lation with a majority of complete trisomy 21. The SOD 
activity observed in the DS patients with partial trisomy 
21, translocations and mosaicisms seems to confirm the 
finding that the distal region 21q22.3 is the critical 
region for DS. 
After Lejeune [1] correlated trisomy 21 and DS, the 
entire chromosome 21 was held responsible for the 
clinical picture observed. In 1973, Aula [14] suggested 
that the clinical picture of trisomy 21 was essentially 
due to the trisomy for the single distal segment of the 
chromosome long arm. After the precise localization of 
the CuZnSOD gene in 21q22.1, Sinet [15] put forward 
the hypothesis that the chromosome segment containing 
the CuZnSOD gene is also responsible for the clinical 
features of trisomy 21. The observations of Hagemeijer 
[16] seemed to confirm the role of the 21q22 segment in 
the clinical picture of trisomy 21. However, Kedziora 
[17] reported the cases of three trisomy 21 subjects 
without any increase in SOD activity, and in 1981, 
Mattei [18] also reported the observation of a patient 
with clinical features of DS but with a karyotype reveal- 
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Figure 1. Superoxide dismutase activity levels in the population with Down's syndrome. 
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Table 1. SOD activity in DS patients expressed in U/ml of blood. 
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Control* Complete trisomy 21 Partial trisomy 21 Not karyotyped 
no. X SD no. X SD no. X SD no. X SD 

Total 2139 4.50 0.99 57 6.38 0.76 51 5.08 1.20 152 5.75 1.04 

2 - 4  years 255 5.14 1.08 6 6.68 1.18 7 5.53 2.13 - 
5 -9  years 206 4.78 1.01 13 6.29 0.92 16 4.87 0.64 .... 

10 14 years 96 4.66 1.13 38 6.37 0.63 28 5.10 1.16 
15 19 years 369 4.14 0.79 - 76 5.84 1.12 
20 29 years 756 4.49 0.92 - ~ 53 5.63 0.88 
30 45 years 457 4.07 1.01 - 23 5.76 1.10 

x = mean, SD = standard deviation, * unpubl, results. 

ing  a d u p l i c a t i o n  i n v o l v i n g  on ly  t h e  21q22.3  r eg ion ,  

C u Z n S O D  ac t iv i ty  b e i n g  n o r m a l .  O t h e r  o b s e r v a t i o n s  by  

M i y a z a k i  [19] a n d  J e z i o r o w s k a  [20] s e e m e d  to  c o n f i r m  

t h e  ex i s t ence  o f  c l inical  f e a t u r e s  o f  t r i s o m y  21 w i t h  

n o r m a l  C u Z n S O D .  T h u s  we  c o n c l u d e d  t h a t  t he  21q22.1 

s e g m e n t  is n o t  t he  cr i t ica l  r e g i o n  r e s p o n s i b l e  fo r  DS.  

T h i s  f i nd ing  is i m p o r t a n t ,  in t h a t  it will  d i r ec t  r e s e a r c h  

a w a y  f r o m  an  u n f r u i t f u l  a rea .  
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