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ABSTRACT: A potential relationship between Alzheimer's Disease (AD) and insulin gene expression was suggested 
by the observation that patients with AD have altered levels of fasting blood sugar and insulin. Since polymorphisms 
in the region 5' to the insulin gene have been associated with blood glucose levels, we have studied this polymorphism 
in AD patients. Subjects were 19 nondiabetic AD patients with symptoms of aphasia and apraxia and a family history 
of AD; and 20 age and sex-matched nondiabetic controls without family history of AD. The 5' polymorphic region of 
the insulin gene was analyzed by restriction enzyme digestion of DNA extracted from whole venous blood. We did 
not observe a correlation between the size of the 5' polymorphic region and AD. 

RESUME: Investigation de la region polymorphique adjacente en 5' au gene de I'insuline chez des patients atteints de la 
maladie d'Alzheimer. L'observation que les patients atteints de la maladie d'Alzheimer (MA) ont des modifications du 
taux sanguin de sucre et d'insuline nous autorise a penser qu'il existe peut-etre une relation entre la MA et 
l'expression du gene de I'insuline. Comme les polymorphismes dans la region situee en 5' du gene de I'insuline ont et^ 
associ6s avec les taux sanguins de glucose, nous avons etudie ce polymorphisme chez les patients atteints de MA. 
Nous avons choisi 19 patients non-diabetiques atteints de MA qui presentaient des symptomes d'aphasie et d'apraxie, 
avec une histoire familiale de MA, et 20 temoins non-diabetiques apparies pour l'age et le sexe, sans histoire familiale 
de MA. La region polymorphique situee en 5' du gene de I'insuline a ete analysee par digestion au moyen d'enzymes 
de restriction de l'ADN extrait de sang complet obtenu par ponction veineuse. Nous n'avons pas observe de 
correlation entre la taille de la region polymorphique en 5' et la MA. 
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Alterations in glucose and insulin metabolism occur in 
Alzheimer's Disease (AD). Bucht et al' reported significantly 
elevated insulin and reduced glucose levels in the blood of AD 
patients compared to controls following an oral glucose toler
ance test. Following a 24 hour fast, Fisman et al2 reported 
significantly reduced insulin and elevated glucose in the blood 
of AD patients relative to a healthy control group. In addition, 
AD patients exhibit reduced cerebral utilization of glucose as 
measured by PET scanning.3 Paradoxically, biopsy specimens 
from AD patients exhibit unaltered or even enhanced glucose 
utilization in vitro.4 

Blood glucose levels vary with specific restriction fragment 
length polymorphisms (RFLPs) in the 5' flanking region of the 
human insulin gene,5 although insulin secretion6 and insulin 
gene expression7 do not. Since a correlation between this RFLP 
and AD might provide a means to identify the locus for AD, we 
investigated the association between the RFLP 5' to the insulin 
gene and familial AD. 

METHODS 

Subjects 

The subjects for investigation were hospitalized AD patients 
and community controls (Table 1). The AD patients presented 
with clinical findings compatible with the clinical description of 
AD.8 Specific inclusion criteria included a history character
ized by progressive, intellectual decline in the absence of other 
major illness or precipitating factors, aphasia and family his
tory of parents (and siblings) with illness compatible with a 
diagnosis of AD. Exclusion criteria included atypical cases, 
cases with a fluctuating or nonprogressive course, as well as the 
clinical history orfindings of alcoholism, cerebrovascular accident, 
primary psychotic illness, mental retardation, brain trauma, 
malignancy and other major organic illness. All patients were 
examined by an internist and psychiatrist and a standard bat
tery of laboratory investigations was performed. Of 42 patients 
selected for the study as suffering from AD, only 19 met the 
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additional criteria of aphasia and probable positive history of 
AD in parents. Informed consent to participate in the trial was 
obtained from next of kin. 

The control group comprised 20 volunteers living indepen
dently in the community, free from any major illness including 
diabetes and stroke. These control subjects had no family his
tory of dementing illness in parents or siblings and were able to 
answer correctly a short mental status questionnaire. 

DNA manipulation 

Approximately 40 ml of venous blood was collected from 
each subject into tubes treated with EDTA and stored at 4°C. 
For DNA preparation, nuclei were isolated from white blood 
cells by centrifugation of the peripheral blood. DNA was extracted 
from the nuclei as described by Wigler et al.9 Approximately 
7ugofDNA was digested with Sstl (45 U)for 19h, subjected to 
agarose gel electrophoresis and blotted onto nitrocellulose filters.10 

The filters were then hybridized with the human insulin gene 
fragment (see Figure 1) which had been radioactively labelled 
with 32P-CTP by nick translation." Hybridization was carried 
out at 42°C overnight in the following solution: 50% formamide; 
0.75 M sodium chloride; 75 mM sodium citrate; 0.01% bovine 
serum albumin;0.01%ficoll;0.01%polyvinylpyroldone;200ug/ml 
salmonspermDNA;0.02MNaPO4,pH6.8;50%dextran sulfate; 
and 2 x 105 cpm insulin gene/ml. Filters were then washed in 15 
mM sodium chloride; 1.5 mM sodium citrate; 0.1% sodium 
dodecyl sulfate at 42°C for 2 h and then exposed to X-OMAT R 
film using an intensifying screen at -70°C for 2 d. 

Statistical Analysis 

The significance of differences between frequencies was eval
uated using the chi-squared test. 

RESULTS 

We have studied the correlation between AD and the poly
morphism 5' to the insulin gene, both of which have been 
associated with the levels of blood glucose. The patients exhib
ited classic symptoms of AD that appeared to be genetically 
inherited. In addition, senile plaques, neurofibrillary tangles 
and granulovacular changes characteristic of AD were observed 
at autopsy in the brain of the one patient examined. Controls 
were apparently healthy subjects that were age- and sex-matched 
to AD patients (Table 1). 

The polymorphic region 5' to the insulin gene was analyzed 
in DNA isolated both from Alzheimer's patients and controls. 
DNA was digested with the restriction enzyme Sstl to produce 
a fragment that contained the 5' polymorphic region and extended 
through the gene itself. The size of the DNA fragment contain
ing the polymorphic region was determined by hybridization to 
the insulin gene probe shown in Figure 1. The exact size of this 
Sstl fragment is determined by the length of the polymorphic 
region. A representative autoradiograph illustrating the sizes of 
the hybridizing bands is shown in Figure 2. Lanes 1 to 3 and 5 
display a restriction fragment of 5.5 kb that hybridizes to the 
insulin gene. This size has been designated class 1 '2 as shown in 
Figure 1. Lanes 1, 4 and 5 display a larger hybridizing band of 
6.9 kb characteristic of the class 3 (Figure 1). No class 2 alleles, 
which are intermediate between class 1 and class 3,'2 were 
observed. 

Table 1: Clinical features of subjects analyzed for polymorphisms 
adjacent to the insulin gene 

Sex Age (Years) 
n Male Female Mean Range 

Controls 20 8 12 71 58-91 
AD 19 6 13 76 67-84 
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i 
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Sst l 

Figure I — Two allelic classes of the insulin gene. The site of the insulin 
gene is shown with the closed boxes indicating the introns and the open 
boxes indicating intervening sequences. The polymorphic regions are 
indicated by the hatched boxes. Also indicated are the positions of the 
restriction enzyme sites (Sstl) and the probe (between arrows) used for 
this analysis. 
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Figure 2 — Southern analysis of DNA from five different 
individuals. The class 3 insulin allele (6.9 kb) and the 
class 1 insulin allele (5.5 kb) are indicated. 
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Table 2: Frequencies of 5' polymorphic regions ' 

Control 
AD 

Control 
AD 

class 1 

31(77.5) 
26 (68.4) 

1/1 

12(60.0) 
9(47.4) 

Allelic frequency 

class 2 

0(0) 
0(0) 

Genotypic Frequency 

1/3 

7(35.0) 
8(42.1) 

class 3 

9(22.5) 
12(31.6) 

3/3 

1 (5.0) 
2(10.5) 

+ Percentages are shown in parentheses. 

The frequencies of occurrence of each allele in both the 
controls and the AD group are shown in Table 2. The frequen
cies of the different allelic classes did not differ significantly 
between the control group and the AD group (p = 0.2). Both 
groups showed non-random assortment of alleles, however, 
with class 1 predominating over class 3 and with an absence of 
class 2. It had previously been shown that the allelic frequen
cies of the 5' insulin gene polymorphism are racially dependent. '2 

The allelic frequencies we observed in our Caucasian popula
tion agree with earlier results obtained for a Caucasian popula
tion by Bell et al.12 

The polymorphism 5' to the insulin gene was also analyzed 
usinggenotypic frequencies. Representative restriction enzyme 
analysis of the three genotypes we observed are shown in 
Figure 2: 1,1 with two class 1 alleles (lanes 2, 3); 1,3 with one 
class 1 allele and one class 3 allele (lanes 1, 5); and 3,3 with two 
class 3 alleles (lane 4). The genotypic frequencies, as with the 
allelic frequencies, did not differ significantly between the con
trol group and the AD group (p = 0.5; Table 2). Consistent with 
the results involving determination of the allelic frequencies, 
there were significant differences in the distributions of the 
genotypes. Genotype 1,1 was most common and genotype 3,3 
was least common. 

DISCUSSION 

The alteration in glucose and insulin metabolism in AD prompt
ed us to screen AD patients for polymorphisms 5' to the insulin 
gene which had previously been associated with blood glucose 
levels.5 The occurrence of the two alleles which we observed, 
class 1 and class 3, did not correlate with AD. Similarily, none 
of the three genotypes (classes I and 3, class I alone, class 3 
alone) correlated with AD. Thus, an association between this 
polymorphism and AD was not observed. 

Although increased recombination at the polymorphic region 
5' to the insulin gene13 may have obscured an association between 
this region and AD, this polymorphism has previously been 
shown to be associated with several other diseases with altered 
fuel metabolism. A higher frequency of the class 1 allele has 
been found repeatedly in association with insulin-dependent 
diabetes mellitus. '2 '4 Although a higher prevalence of the 
class 3 allele was initially found in noninsulin-dependent diabe
tes mellitus, '5 sampling of larger and varied populations has not 
supported this conclusion.I4 The class 3 allele does appear to be 
associated with hypertriglyceridemia16and atherosclerosis. '7-l8 

The association between class 3 alleles and atherosclerotic or 
atherogenic disease may enable this polymorphic region to be 

used to differentiate between AD and multi-infarct dementia 
(MID) since HDL levels are normal in patients with AD and 
reduced in patients with MID.19 

Despite clinical evidence for an hereditary component in AD 
compatible with a dominant mode of inheritance,20,2' no genetic 
locus for AD has thus far been identified. The results of previ
ous studies analyzing the linkage between AD and other pheno-
typic gene markers are conflicting or inconclusive .20-22-2'1 The 
failure of our study to detect a genetic locus may reflect genetic 
heterogeneity in AD, the difficulty of establishing a family 
history in the absence of autopsy evidence of AD and the very 
limited genetic studies undertaken so far in AD. Further genetic 
studies of families informative for AD utilizing random RFLPs 
to systematically localize the gene involved in AD may prove 
more useful. This approach has proven fruitful for other geneti
cally inherited diseases such as Huntington's chorea.25 
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