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SUMMARY Lymphocyte chromosomes were examined in 36 patients with Alzheimer's presenile
dementia, 36 healthy, age and sex matched controls, and 36 sex matched, non-demented, elderly
controls, approximately 20 years older than the Alzheimer patients. Increased chromosome aneu-
ploidy was found in females with Alzheimer's disease but not in male subjects. Chromosome
abnormalities observed in female patients were similar to those observed in elderly controls, though
in this latter group there was an increase in the frequency of cells that had lost an X chromosome.
In the female Alzheimer patients and the elderly controls, there was an increase in the frequency of
autosomal aneuploid cells but no single chromosome was preferentially affected. Because the
chromosome abnormalities found in Alzheimer's disease are similar in nature but not as extensive as

those observed in senescence in the absence of dementia, it is argued that chromosome aneuploidy
is more likely to be related to processes concerned with ageing rather than being specifically linked
to the dementia of Alzheimer's disease.

Dementia is a major public health problem and
affects about 5% of people over 65 years of age and
20% of those over 80 years.'2 The cause of the
disease is unknown, but its incidence appears closely
linked to the processes of ageing, since senile plaques,
one of the characteristic neuropathological features
of senile dementia, also occur in old age in the
absence of dementia.3 Genetic factors may con-
tribute to both ageing4 and to the pathogenesis of
dementia.5 The neuropathological changes of
Alzheimer's disease are also found in most patients
with Down's syndrome dying after the age of 35
years,6 strengthening the view that genetic factors
may make an important contribution to Alzheimer's
disease.
The exact nature of possible genetic factors is

unknown, but may be linked to other pathological
changes observed in ageing. In particular, a number
of careful studies have established that with ageing
there is an increased number of aneuploid cells in
which sex chromosomes are more often lost or
gained than autosomes.7-10 Nielsen" postulated that
dementia and the chromosome changes of ageing
may both be caused by misassembly of tubular
protein, leading to the characteristic neurofibrillary
tangles of Alzheimer's disease as well as faulty
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spindle formation, causing inexact chromosome
segregation at cell division. So far, 10 cytogenetic
studies of both senile and presenile dementia of the
Alzheimer type have been reported, yielding as yet
inconclusive results, although a total of about 173
patients has been examined. In most series the
number of subjects studied has been too small to
allow satisfactory statistical analysis. Two studies12 13
have reported chromosome abnormalities, but the
majority of studies have found no abnormality either
of karyotype or banding pattern." 14-20

This study set out to examine lymphocyte chromo-
somes from a large sample of patients with
Alzheimer's presenile dementia. The aim was to
distinguish any chromosome changes observed in
presenile dementia from those associated with
ageing in the absence of dementia. In addition,
because of the association between Down's syn-
drome with trisomy of chromosome 21 and
Alzheimer's disease, we wished to know whether,
among autosomes that might be lost or gained
from cells in Alzheimer's presenile dementia,
chromosome 21 was preferentially affected in this
condition.

Materials and methods

Patients with Alzheimer's presenile dementia were
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identified among out-patients and in-patients of
mental hospitals in south-east Scotland. Criteria
were: gradual onset of memory loss before 65 years,
absence of focal neurological signs or peripheral
vascular disease, and no history of mental handicap
or head injury or alcoholism or other possible cause
of dementia. Thirty-six patients were identified and
comprised 23 females aged between 42 and 79 years
and 13 males aged between 53 and 69 years. Since
the study was completed, six patients have died and
the diagnosis of Alzheimer's disease has been
confirmed at necropsy. Each patient was age and
sex matched with a healthy control. A second group
of non-demented 'senescent' controls were approx-
imately 20 years older than the Alzheimer patients
with whom they were matched for sex. The
(senescent' controls were all leading active, independ-
ent lives at home and at interview with a psychiatrist
(LJW) appeared knowledgeable of current events,
could recall a new name and address after 5 minutes,
and had a satisfactory performance on the paired
associate learning test and the digit span test.

Differences between the three matched samples
were compared using Student's paired t test. The
frequencies of abnormalities were expressed as
percentages of total cells counted for each subject
and 'normalised' using the angular (arc-sine)
transformation.

Chromosome studies were performed on whole
blood cultures using the method described by
Galloway and Buckton.10 An attempt was made to
analyse 25 to 50 cells from two different cultures
which had been incubated for 48 hours 'early' and
72 hours 'late', but this was not always possible.
The cells from the Alzheimer patients, the healthy
controls, and the 'senescent' controls were all
treated similarly, but were not necessarily scored by
the same investigator. All cells were counted and
scanned for any abnormality and if an abnormality
was suspected or the cell was aneuploid, a full
analysis was carried out. Any cell which could have
been broken when being spread on the slide was not
included in the study, but as this was not always
obvious, some of the aneuploid cells could have
been technical artefacts.

Results

Loss of the X chromosome in females and the Y
chromosome in males and precocious splitting of the
X chromosome (ace X) in both sexes is known to
be a phenomenon associated with ageing and these
categories of abnormality are presented separately
in tables 1 and 2. 'Other chromosomal abnormality'
refers to cells with an abnormal analysis and includes

TABLE 1 Results of chromosome studies in female patients with Alzheimer's presenile dementia, healthy controls,
and 'senescent' controls.

Healthy controls Alzheimer patients 'Senescent' controls

No % No % No %
(Mean Jr SD) (Mean Jr SD) (Mean ±S D)

Total cells 2103 100 1107 100 1225 100
46,N 1948t 92-6315-93 960 86-72±6-42 1019* 83-1818-04
45,X 27 1 28±1*27 28 2-5342-63 51 4-16±4-25
47,XXX 9 0-42±0-99 8 0-72±1-29 15 1-22±1-89
Ace (X) 42 2*00±2*06 24 2*16±1t82 54* 4*41 ±4-68
Other non-modal cells 59 2 81±4423 62 5 60±4423 68 5-55±6-14
Other chromosomal abnormalities 19t 0 85±1*28 25 2*25±1*95 18 1 47±3*24

*p<0-05, tp<0-01 for differences between Alzheimer patients and healthy controls or Alzheimer patients and 'senescent' controls.

TABLE 2 Results of chromosome studies in male patients with Alzheimer presenile lementia, healthy controls, and
'seniescent' controls.

Healthy controls Alzheimer patients 'Senescent' controls

.Nro % No % No %

(Mean±SD) (Mean ± SD) (Mean± SD)

Total cells 716 100 611 100 600 100
46,N 666 93-0± 5-53 555 90-8±5.8 543 90-5±6-00
45,-XorY 9 1-26±2 06 7 1-1441-55 8 1-33±X 1-74
47,--XorY 1 0-14 2 0 33±1-38 1 0-16
Ace (X) 1* 0-14 11 1-8±1-8 13 2 17±+258
Other non-modal cells 27 3 77±4-15 27 4 42±5-8 25 4-17±3-31
Other chromosomal abnormalities 12 1 68±2-58 9 1 47±2-06 10 1-67±L2-69

*p<0-01 for differences between Alzheimer patients and healthy controls or Alzheimer patients and 'senescent' controls.
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those with an acentric (other than of an X chromo-
some), dicentric, or abnormal monocentric chromo-
some.

Table 1 presents the results of chromosome studies
in female subjects. The number of apparently normal
cells (46,N) was reduced in the Alzheimer patients
(87 %) when compared to the age matched controls
(93 %), but this reduction was not as marked as that
seen in the 'senescent' controls (83 %). The percent-
ages ofabnormal cells differed significantly (p< * 01)
between Alzheimer patients and agematched controls.
The number of aneuploid cells, missing both sex

chromosomes and autosomes, was twice as great
in the Alzheimer patients as in the age matched
controls, but as the numbers were small the difference
was not significant. There was no difference between
the Alzheimer patients and the age matched controls
for cells with an acentric X chromosome, but 'other
chromosomal abnormalities' were more commonly
seen (p<0.01) in female Alzheimer patients than
age matched controls.
There was also a significant difference (p<0.05)

in abnormal cells between Alzheimer patients and
'senescent' controls. The numbers of cells with
45,X and acentric X chromosomes were more

frequent (p<0*05) in the 'senescent' controls. The
47,XXX cells were much rarer, but nevertheless in
the female 'senescent' controls the numbers were

almost double those found in the Alzheimer patients,
and treble those found in age matched controls,
though these differences did not reach formal
statistical significance.
The results of the chromosome studies in the

males are given in table 2. Again, the highest
percentage of normal cells (46,N) was found in the
age matched controls (93%), while the other two

groups had very similar percentages (about 90%).
There was no significant difference between the
Alzheimer patients and the control groups, either
in the number of normal (46,N) or in the various
categories of abnormal cells with the exception of
those with an acentric X chromosome. The healthy
controls had significantly (p <0-01) fewer acentric X
cells than either the Alzheimer patients or 'senescent'
controls.

Because the cells from all Alzheimer patients and
controls were analysed fully if they were aneuploid,
it was possible to examine not only which cells had
lost a sex chromosome but also which autosome
was lost from a cell with 45 chromosomes. Table 3
gives the numbers of cells which had lost a particular
autosome. Smaller chromosomes (17 to 22) were

lost more readily than larger ones, but among the
group of smaller chromosomes no particular
chromosome was favoured. It is perhaps surprising,
if loss of an autosome is dependent upon size, that
chromosomes 13 to 16 were not more readily lost,
since they are not much larger than 17 and 18. If
loss is independent of autosome size, then loss of any
particular chromosome should be random. Assuming
random loss and dividing chromosomes into their
Denver Conference21 groups, the figure presents the
observed and expected numbers of chromosomes
lost from each group. Chromosomes from groups

E, F, and G were most often lost in all three groups

of subjects.

TABLE 3 Loss ofan autosome from the cells with 45 chromosomes.

Chromosome Healthy controls Alzheimer patients 'Senescent' controls

F M Total F M Total F M Total

1 0 0 0 0 0 0 0 1 1
2 0 0 0 0 1 1 2 0 2
3 1 0 1 2 0 2 2 1 3
4 3 1 4 2 0 2 2 1 3
5 0 0 0 0 0 0 1 0 1
6 1 0 1 1 0 1 0 0 0
7 0 1 1 2 0 2 2 0 2
8 1 0 1 2 1 3 5 1 6
9 1 1 2 0 2 2 4 1 6
10 1 0 1 3 0 3 2 0 2
11 1 0 1 2 0 2 2 0 2
12 1 0 1 1 0 1 1 0 1
C 0 1 1 0 0 0 1 0 1
13 0 0 0 2 0 2 5 1 6
14 0 1 1 2 0 2 0 1 1
15 2 0 2 0 0 0 0 0 0
16 0 2 2 0 0 0 1 0 1
17 4 4 8 1 0 1 5 3 8
18 2 1 3 7 1 8 2 2 4
19 4 3 7 1 4 5 7 3 10
20 4 1 5 7 0 7 5 1 6
21 3 2 5 6 2 8 5 0 5
22 8 0 8 4 1 5 5 4 9
Total 37 18 55 45 12 57 60 20 80
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Age matched controls

Alzheimer patients

E Senescent controls

F7

A B C D E F CG
Chromosome group

FIGURE Autosomes lost in each Denver group (A-G) in
healthy controls, Alzheimer patients, and senescent
controls expressed as the observed/expected ratio
assuming each chromosome has an equal chance of loss.

The six patients for whom the diagnosis of
Alzheimer's disease was confirmed at necropsy were
examined separately and did not differ from the
remaining patients in terms of the chromosome
findings described above.
Two patients were considered in particular detail.

The first, a 42-year-old lady, was the only patient
with familial Alzheimer's disease, the diagnosis
being confirmed at necropsy. Even though she was
10 years younger than any of the other Alzheimer
patients, she had extensive chromosome changes in
the 50 cells analysed. There were four 45,X cells
and four cells with an abnormality of one X chrom-
osome, usually involving a rearrangement. The
second patient was the only one of our subjects
found to have a constitutional chromosome ab-
normality. The disease had become apparent at the
age of 58, she was 65 years old when the blood
sample was taken for chromosome studies, and she
died the following year when unfortunately per-
mission for necropsy was refused. At chromosome
analysis she had two cell lines in her peripheral
blood leucocytes. Approximately 50% of her cells
were 46,XX and the other half were 47,XX, +
marker. This was a very small additional marker
chromosome which did not appear to have a

nucleolar organising region and was negative for
DA-DAPI stain, indicating that the marker
chromosome was not material from the short arm of
chromosome 15.22

Discussion

So far there have been seven other studies of
chromosome changes in presenile dementia of the
Alzheimer type. In only one of these studies'8 were

significant differences detected between patients and
controls, when increased aneuploidy was observed.
This largely affected sex chromosomes and was
particularly evident in familial cases. In a compar-
able study, Nordensen et al'3 found acentric
chromosome fragments ofvarying sizes in 10 patients
with Alzheimer's presenile dementia but were unable
to comment on the significance of the abnormalities
concerned. Failure to detect significant differences
in cytogenetic studies of Alzheimer's presenile
dementia may have been caused by the small
numbers of patients included in these studies (type
II error). Though the number of female patients
included in the present study was sufficient to avoid
this type of error, too few male subjects were
included to detect significant differences in abnorm-
alities affecting sex chromosomes. More extensive
studies may yet reveal that male patients with
Alzheimer's disease do in fact share the chromosome
changes seen in female patients.

Particular attention was paid to the possibility
that Alzheimer patients had specific chromosomal
abnormalities. We were unable to confirm the
observations of Bergener and Jungklaass12 of ab-
normal acrocentric chromosomes in Alzheimer's
disease, although in female patients there was an
increase in cells with other chromosomal aberrations.
In our study, these aberrations involved not only
deletion ofchromosomal material but also reciprocal
translocations, inversions, rings, and dicentrics.
Furthermore, because there is a strong association
between Alzheimer's disease and Down's syndrome6
we examined the possibility that chromosome 21
might be specifically affected. Gain of autosomes
was very rarely observed in any of the subjects
studied, autosomal loss being much more frequent.
Cells which had lost one autosome constitute the
major group in the column 'other non-modal cells'
in tables 1 and 2. In Alzheimer's disease, autosomal
loss was more extensive than in healthy matched
controls, but not as great as that seen in non-
demented senescent controls. Table 3 shows that the
pattern of autosomal loss was similar in each of the
three groups studied. Chromosome 21 (a G group
chromosome) did not appear to be particularly
affected in Alzheimer's disease. Smaller chromo-
somes were lost much more often than larger
chromosomes, but chromosomal size alone could
not explain all observations in this respect. Chromo-
some 16, which is grouped in size with chromosomes
17 and 18 (group E), was lost only one-fifth as often
as chromosomes 17 or 18. Since the present study
was started, however, more sophisticated cytogenetic
methods have become available. High resolution
banding techniques might detect small chromosome
rearrangements (particularly affecting chromosome
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21) that our methods did not reveal. Further study
may yet support the contention that in Alzheimer's
disease some cells show excess genetic material
from the long arm of chromosome 21, as is observed
as a constitutional abnormality in Down's
syndrome.
The study design allowed comparison to be made

with both healthy, age matched controls and
senescent, non-demented controls. Chromosome
changes observed in Alzheimer's disease were
similar in nature but not as extensive as those
observed in ageing in the absence of dementia.
The possibility that chromosome aneuploidy pre-
cedes or is an important factor in the onset of
Alzheimer's disease is not supported by our observa-
tion of more extensive aneuploidy in senescent, non-
demented female controls when compared to female
Alzheimer patients. If aneuploidy and dementia
were initiated by the same process, then more
extensive aneuploidy would not be expected to
develop in the absence of dementia. These observa-
tions suggest that increased chromosome aneuploidy
would not be a useful marker for dementia in
persons at risk for the disorder, as has been suggested
by Cook et al.5

Specific pathogens have been associated with the
development of both chromosome changes with
ageing and Alzheimer's disease. These include the
action of environmental agents such as viruses,23 24
and the effects of ageing upon cell turnover.25 In
Alzheimer's disease, impaired trophic hormone
secretion may follow specific neurotransmitter
deficits observed in the hypothalamus,26 and so
produce both the neuropathological features of
Alzheimer's disease and abnormalities in circulating
lymphocytes.9

This study represents the most extensive cyto-
genetic examination so far reported in Alzheimer's
presenile dementia. Our observations of chromo-
somal abnormalities, similar to but not as extensive
as those observed in ageing in the absence of
dementia, suggest that in some way pathological
processes comparable to those ofageing are occurring
in Alzheimer's disease. Future studies of Alzheimer's
disease might usefully include other measures of
ageing and so define the possible contribution of
ageing processes to the pathogenesis of Alzheimer's
dementia.

The authors wish to thank the staff and volunteers
from the Edinburgh and Leith Old People's Welfare
Association at Lamb's House. We are also grateful
to Drs W J Price and M Newton for their assistance
in this study, and to Mrs M Dodd for preparation
of the manuscript.
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