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ABSTRACT Five red cell genetic markers namely, acid phosphatase locus 1 (ACP1), esterase D (ESD), glyoxalase locus
1 (GLO1), superoxide dismutase (SOD) and haemoglobin (HB) and five plasma proteins namely haptoglobin (HP),
ceruloplasmin (CP), group specific component (GC), transferrin (TF) and albumin (ALB) were studied in mentally retarded
individuals from Visakhapatnam area of north coastal Andhra Pradesh, South India. The results were compared with the
data obtained from controls. Out of studied ten genetic markers, two namely ACP1 and HP showed significant differences
between patients and controls. The risk estimates were also showing a significant association.
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INTRODUCTION

The studies on the association of genetic mar-
kers with diseases are considered useful since
they are likely to provide clues for the involve-
ment of genetic or physiological factors in the
disease process. It may be possible to confirm
the genetic basis of certain diseases with pleio-
tropic effects which can only be recognized by
the study of associated genetic, epidemiological
and other factors. Several diseases have been
studied for their association with different ge-
netic markers (Mourant et al. 1978), for example,
biochemical genetic markers such as genetically
determined polymorphisms of red cell enzymes.
Blood protein hemoglobin (HB) and plasma pro-
teins are of considerable importance in disease
association studies.

Mental Retardation (MR) is a common form
of cognitive impairment affecting between 1 and
3% of the population of industrialized countries
(Roeleveld et al. 1997; Aicardi 1998). There is
debate over the definition and classification of
MR (Leonard and Wen 2002). It is often defined
by an intelligence quotient (IQ) of < 70, with
deficits in adaptive skills included as diagnos-
tic criteria (Luckasson et al. 1992; Dialy et al.
2000). Behavioral and cognitive therapies can
help mentally retarded patients reach their ma-
ximum potential (Bathaee 2001; Butler et al.
2001), but they are not curative and often focus

on treating habit disorders, aggression or self-
injurious behavior that can accompany MR (Long
and Miltenberger 1998; Dosen and Day 2001).

Many environmental and genetic factors can
cause MR, including premature birth, prenatal
infections, chromosomal abnormalities (Fragile
X syndrome, Down syndrome), and single-gene
mutations (Phenylketonuria) (Kinsbourne and
Graf 2000). An etiology can be established in
60-75% of cases of severe MR, but only in 38-
55% of mild cases. Estimates of genetic causes
of severe MR range from 25 to 50% (Mc Laren
and Bryson 1987). In India, the incidence of
mental retardation is reported to be 2-3%.

Down Syndrome (DS) or trisomy 21, is the
most frequently observed autosomal disorder
manifested in newborns worldwide, with an in-
cidence of about 1 in 700 live births. This is the
most common form of genetic disorder in hu-
mans. Individuals with DS have characteristic
physical features that are widely recognized. Ei-
ghty features are described in Down syndrome.
However, not all features are observed in an in-
dividual with DS. Usually they are characterized
by generalized growth, mild to severe form of
mental retardation, heart, eyesight and hearing
problems.

In India, the incidence of Down syndrome is
0.88 –1.09 per 1000 births, and every hour three
children are reported to be born (Rajangam and
Thomas 1992; Verma 2000; Malini and Rama-
chandra 2006). Studies revealed three genetic
mechanisms to cause Down syndrome viz., free
trisomy 21 (92-95%), translocation (3-4%) and
mosaics (1-2%) (Nussbaum et al. 2001). The cri-
tical region for the Down syndrome phenotype
is in the region of bands 21q21.3-21q22 (Epstein
et al. 1991).
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The main objective of the present study is to
observe any association, if any, between various
blood genetic markers viz., acid phosphatase
(ACP1), esterase D (ESD), glyoxalase1 (GLO1),
superoxide dismutase (SOD), like haptoglobin
(HP), caeruloplasmin (CP), group specific com-
ponent (GC), transferrin (TF) and albumin (ALB)
and mental retardation in individuals who are
affected with Down syndrome in Visakhapatnam
city in north coastal region of Andhra Pradesh,
South India.

MATERIALS AND METHODS

A total of 104 blood samples were collected
from mentally retarded individuals who are af-
fected with Down syndrome from local mentally
retarded schools and 104 normal healthy age and
sex matched controls from Visakhapatnam.
Samples were collected intravenously in sterile
glass tubes containing ACD solution as an anti-
coagulant. Plasma was separated and kept at –
20°C. Fresh and clear hemolysates were prep-
ared according to standard procedures. The ge-
netic markers investigated included acid phos-
phatase locus 1 (ACP1) by horizontal agarose
gel electrophoresis using the method of Wraxall
and Emes (1976), esterase D (ESD) was typed
by agarose gel electrophoresis technique desc-
ribed by Wraxall and Stolorow (1986) and gly-
oxalase locus 1 (GLO1) was typed using starch-
agarose gel electrophoresis method following
Scott and Fowler (1982). Hemoglobin types we-
re determined by standard cellulose acetate me-
mbrane electrophoresis (Kate et al. 1976). The
plasma samples were typed using standard
acrylamide gel electrophoresis following Kitchin
and Bearn (1966) for group specific component
(GC), transferrin (TF) and albumin (ALB) sys-
tems  and following  (Clark 1964) for  haptoglo-
bin (HP) and caeruloplasmin (CP) systems. The
allele frequencies were estimated by maximum
likelihood method (Balakrishnan 1988) and the
statistical significance of differences between
patients and controls were tested by the χ2 test
(Taylor and Prior 1938).

RESULTS AND DISCUSSION

Distribution of phenotype frequencies for red
cell enzymes and plasma proteins in mental re-
tardation are shown in Tables 1 and 2 and allele
frequencies are shown in Tables 3 and 4. Out of

the ten biochemical markers studied, no varia-
tion was found with respect to SOD, CP, TF and
ALB loci markers in the present study patients
of mental retardation and controls.

ACP1 A 4 14.62 7 9.54
AB 70 48.76 49 43.92
B 30 40.62 48 50.54

Total 104 104.00 104 104.00
χ2 = 19.7432 χ2 = 19.7432
(p>0.001) (0.30>p>0.20)

ESD 1-1 55 56.25 56 58.50
2-1 43 40.45 44 39.00
2-2 6 7.30 4 6.50

Total 104 104.00 104 104.00
χ2 = 3.1248 χ2 = 1.7093
(0.10>p>0.05) (0.20>p>0.10)

GLO-I 1-1 19 16.96 15 19.47
2-1 46 50.07 60 60.51
2-2 39 36.97 29 33.47

Total 104 104.00 104 104.00
χ2 = 0.6875 χ2 = 2.6884
(0.50>p>0.30) (0.20>p>0.10)

HB AA 100 100.02 104 104.00
AS 4 3.93 0 0.00
SS 0 0.03 0 0.00

Total 104 104.00 104 104.00
χ2 = 0.0312
(0.90>p>0.80)

SOD 1-1 104 104
Total 104 104

Table 1: Red cell enzyme and hemoglobin phenotypes
in mentally retarded and controls

System Pheno- Patients Controls
type

1 1

1 1

1 1

1

In  red cell acid phosphatase system, a sig-
nificant differences in their distribution  among
patients was observed, as compared to controls
with an increase of AB phenotype and a cor-
responding decrease of A and B phenotypes in
the patients group (χ2 = 8.6778; d.f.= 2;
0.02>p>0.01). As a result of the disease asso-
ciation, a highly significant deviation from the
Hardy-Weinberg equilibrium was found in the
patients with mental retardation (χ2 = 19.7432;
d.f.= 1; p<0.001). For the ESD system, no
heterogeneity was found between patients and
controls (χ2= 0.4204; d.f.=2; 0.90>p>0.80) and
frequency of ESD*2 was recorded 0.2645 in
mentally retarded and 0.2500 in controls. For
the GLO1 system, both the examined groups
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Table 2: Plasma protein phenotypes in mentally retarted
and controls

HP 1-1 0 3.18 2 1.16
2-1 36 30.03 18 19.66
2-2 68 70.79 84 83.18

Total 104 104.00 104 104.00
χ2 = 4.4800 χ2 = 0.7566
(0.05>p>0.02) (0.50>p>0.30)

CP B 104 104
Total 104 104

GC 1-1 56 53.16 50 50.24
2-1 36 42.39 45 44.09
2-2 12 8.45 9 9.67

Total 104 104.00 104 104.00
χ2 = 2.6068 χ2 = 0.0568
(0.20>p>0.010) (0.95>p>0.90)

TF C 104 104
Total 104 104

ALB N 104 104
Total 104 104

Sys- Pheno- Patients Controls
tem type

Obs. Exp. Obs. Exp.

Table 3: Allele frequencies of red cell enzymes and hemoglobin in mentally retarded and controls

Allele Patients Controls Inter group heterogeneity d.f

ACP1* A 0.3750 + 0.0328 0.3029 + 0.0319 8.6778 2
ACP1*B 0.6250 + 0.0328 0.6971 + 0.0319
ESD*1 0.7355 + 0.0306 0.7500 + 0.0300 0.4204 2
ESD*2 0.2645 + 0.0306 0.2500 + 0.0300
GLO1*1 0.4038 + 0.0340 0.4327 + 0.0343 3.7900 2
GLO1*2 0.5962 + 0.0340 0.5673 + 0.0343
SOD*1 1.0000 + 0.0000 1.0000 + 0.0000
HB*A 0.9807 + 0.0095 1.0000 + 0.0000
HB*S 0.0193 + 0.0095 0.0000 + 0.0000

HP*1 0.1750 + 0.0243 0.1057 + 0.0253 7.8421 2
HP*2 0.8250 + 0.0243 0.8943 + 0.0253
GC*1 0.7500 + 0.0250 0.6750 + 0.0271 1.7680 2
GC*2 0.2500 + 0.0250 0.3250 + 0.0271
CP*B 1.0000 + 0.0000 1.0000 + 0.0000
TF*C 1.0000 + 0.0000 1.0000 + 0.0000
ALB*N 1.0000 + 0.0000 1.0000 + 0.0000

Table 4 : Allele fr equecies of serum proteins in mentally retarded and controls

Allele Patients Controls Inter group heterogeneity d.f

were in Hardy-Weinberg equilibrium but the chi-
square test for heterogeneity between patients
and controls was again found to be non-sig-
nificant (χ2:= 3.7900; d.f. =2; 0.20>p>0.10). The
frequency of GLO1*1 allele in mental retar-
dation patients was found to be 0.4038 while in
controls it was 0.4327.

Interestingly phenotype HB AS (Sickle cell

Trait) records the lowest incidence (3.85%) in
mental retardation compared with controls. The
chi-square test for goodness of fit between ob-
served and expected phenotype numbers was
statistically non- significant in patients (χ2:
0.0312; d.f.=1; 0.90>p>0.80), indicating no
association was found between mental retar-
dation and hemoglobin’s. Regarding abnormal
hemoglobin’s Grant Steen et al. (1999) and
Schatz and McClellan (2006), observed subtle
brain abnormalities in children with sickle cell
disease stating that this condition was mainly
associated with a 23 fold increase in the risk of
mild mental deficiency. In the present study, no
sickle cell disease individual was observed.

For serum protein haptoglobin, a significant
difference in its distribution among patients was
observed, compared to the control group. In
patients, an increase of HP 2-1 phenotype and a
corresponding decrease of HP 2-2 phenotype
was observed compared to the control group
(χ2=7.8421; d.f.=2;0.02>p>0.01). Thus due to
the association, a significant deviation from the
Hardy-Weinberg equilibrium was found in the
mental retardation patients (χ2= 4.4800; d.f.= 1;
0.05>p>0.02). For the group specific component
system, no significant differences were observed
between patients and controls (χ2= 1.7680;
d.f.=2; 0.20>p>0.10), and both the examined
groups were in Hardy-Weinberg equilibrium
indicating no association between mental retar-
dation and this protein marker

ASSOCIATION OF GENETIC MARKERS WITH MENTAL RETARDATION 89



The test of association of red cell acid phos-
phatase phenotypes with the disease condition
compared to the control group is presented in
Table 5. An increased predisposition of hetero-
zygous ACP1 AB phenotypic individuals (χ2=
7.4715) was observed. Relative risk estimates of
ACP1 phenotypes in disease and control group
is presented in Table 6. A significant association
of ACP1 AB phenotype with mental retardation
was observed. (χ2 = 7.4715).

Table 5: Test of association of ACP1 phenotypes in
mentally retarded and controls

ACP1 Controls Patients χ2 Values
Phenotype(s)

B 48 30 -
B X AB 49 70 7.8256**
B X A 7 4 0.0175
B X AB/A 56 74 6.6460**
AB X B 7 4 3.1610

**p<0.01

Table 6: Relative risk estimates of ACP1 phenotypes in
mentally retarded and control groups

ACP1 Controls Patients
Phenotype(s) n n RR χ2 Values

B 48 30 - -
B X AB 49 70 2.2858 7.8256**
B X A 7 4 0.9135 0.0175
B X AB/A 56 56 2.1142 6.6460**
AB X A 7 4 0.3998 3.1610

RR = Relative risk      ** p<0.01

Similarly, association of haptoglobin phe-
notypes with the disease condition compared to
the control group is presented in Table 7, indi-
cating that an increased predisposition of het-
erozygous HP 2-1 phenotype individuals for
mental retardation was observed. Risk estimates
are also showing a significant association of HP
2-1 phenotype with mental retardation (χ2=
9.6690) (Table 8).

CONCLUSION

To conclude, it may be said that to evaluate
genetic markers for their association with men-
tal retardation, out of ten markers, only two ge-
netic markers, namely, acid phosphotase and
haptoglobin were showing significant associa-
tions with mental retardation. Acid phosphatase
(ACP1) mainly interacts with EPH (Ephrin) re-

Table 7: Test of association of HP phenotypes in
mentally retarded and controls

Hp Controls Patients χ2 Values
Pheno-type(s) n n

2-2 84 68 -
2-2 X 2-1 18 36 7.6690**
2-2 X 1-1 2 0 1.5920
2-2 X 2-1/1-1 20 36 5.2396*
2-1 X 1-1 2 0 3.3796

Table 8: Relative risk estimates of HP phenotypes in
mentally retarded and controls

Hp Controls Patients
Pheno-type(s)

n n RR χ2 Values

2-2 84 68 - -
2-2 X 2-1 18 36 2.4706 7.6690**
2-2 X 1-1 2 0 0.0000 1.5920
2-2 X 2-1/1-1 20 36 2.2243 5.2396*
2-1 X 1-1 2 0 0.0000 3.3796

ceptor A2 (Kikawa et al. 2002) and EPH recep-
tor B1 (Stein et al. 1998).  Both EPH and EPH
related receptors and their ligands have been
implicated in mediating developmental events,
particularly in the nervous system.

The role of iron and its oxidative capabilities
in tissue damage is well -documented (Thomp-
son et al. 2001) and iron-containing proteins such
as hemoglobin can initiate or enhance oxidative
processes (Sadrzadeh et al. 1984). Increased ac-
cumulation of iron in the brain and defective
antioxidant defenses have been linked to both
Parkinson and Alzheimer diseases. Defective
haptoglobin mediated clearance of free hemo-
globin from the central nervous system could le-
ad to hemoglobin-dependent central nervous sys-
tem damage.  Most of the neurological disorders
are mainly associated with HP 2-2 phenotype.
Our data clearly showed an association of HP 2-
1 with mental retardation. At present we do not
know the mechanism for this phenomenon. The
sample size of the present study was relatively
small but for better understanding of the role of
haptoglobin in the pathophysiology of mental
retardation further large scale surveys are desi-
rable.
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