
tion, when rat 2 was subsequently tested 
under hunger rather than stimulation, he 
used either eye equally well. 

As neither the brain stimulation nor 
the response requirement changed when 
the light was switched from right to left, 
the change in response rate must be due 
to a difference in sensitivity to stimuli. 
This result confirms that the con- 
tralateral facilitation produced by stimu- 
lation is at least partially a sensory (in- 
put) effect. 

This, of course, does not mean that the 
hypothalamus exerts only sensory con- 
trol. Turner (6) concluded, on the basis 
of lesion-produced deficits in condi- 
tioned escape, that he had destroyed tis- 
sue that normally connected sensory and 
motor systems. As the animals in our ex- 
periment were not constrained to use 
one paw exclusively, the results do not 
bear on the issue of possible motor ef- 
fects. We have observed, however, that 
rats trained to press a lever generally pre- 
fer one paw over the other regardless of 
which side of the hypothalamus is being 
stimulated or which eye sees the light sig- 
nal. 

The evidence we have presented sup- 
ports the conclusion that hypothalamic 
stimulation produces functional behav- 
iors such as eating and drinking in part 
through altering the animal's sensitivity 
to the sensory stimuli that trigger them 
(7). It also demonstrates that lateralized 
sensory facilitation produced by stimula- 
tion is not limited to the control of reflex- 
es or stereotyped actions, such as orien- 
tation or biting, but can also affect the 
performance of a learned response. 
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Alzheimer's Disease, Trisomy 21, and Myeloproliferative 
Disorders: Associations Suggesting a Genetic Diathesis 

Abstract. Relatives of probands with Alzheimer's disease had excessive incidences 
of trisomy 21 and myeloproliferative disorders. Microtubules are structures that are 
likely to be affected by a genetic defect causing a predisposition to Alzheimer's dis- 
ease, trisomy 21 and, possibly, to myeloproliferative disorders. 
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Abstract. Relatives of probands with Alzheimer's disease had excessive incidences 
of trisomy 21 and myeloproliferative disorders. Microtubules are structures that are 
likely to be affected by a genetic defect causing a predisposition to Alzheimer's dis- 
ease, trisomy 21 and, possibly, to myeloproliferative disorders. 

Among 301 first-degree and 556 second- 
degree relatives of 30 probands with his- 
topathologically proven Alzheimer's dis- 
ease, 22 had Alzheimer's disease, 6 had 
trisomy 21 (Down's syndrome, mongol- 
ism), and 13 had a myeloproliferative 
disorder. The incidence of trisomy 21 
and myeloproliferative disorders is nota- 
bly excessive compared to what one 
would expect in a general population 
(Table 1). Alzheimer's disease has a 
known genetic component (1). The mor- 
bid risks to relatives found in this study 
(parents 0.23 ? .07 and siblings 0.10 ? 
.04) are higher than those previously re- 
ported, probably because the number of 
probands with histologically proven dis- 
ease was much larger in this study and 
the search for secondary cases was in- 
tense. The evidence adds to a set of rela- 
tionships implicating a single genetic de- 
fect in the etiology of some proportion of 
all three disorders and suggests faulty or- 
ganization of microtubules as a cause of 
the pathology. 

Alzheimer's disease is one of the pre- 
senile dementias present in about 70 per 
100,000 persons over age 40 dying in 
Minnesota (2). Starting in late middle age 
the victim exhibits a loss of memory for 
recent events, and this decline in men- 
tation relentlessly progresses until a veg- 
etative state is reached. The cases of 
Alzheimer's disease for this study came 
from a series of 2204 consecutive au- 
topsies done between 1952 and 1972 in 
Minnesota state hospitals and a state 
nursing home. Brain tissue changes char- 
acteristic of Alzheimer's disease were 
found in 30 persons: 12 males and 18 fe- 
males whose illness began before age 65. 
The mean age of onset was 55.9 years, 
the remaining life expectancy was 7.9 
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years, and all were of North European 
origin. 

From their relatives and from rec- 
ords, a medical history was obtained for 
the probands' parents, siblings, and chil- 
dren, and for all relatives of probands 
and their siblings through second-degree 
genetic relationships to an affected per- 
son (proband or relative who had Alz- 
heimer's disease). At least one interview 
was conducted per family and there were 
usually four or five interviews. All birth 
and death certificates and medical rec- 
ords were reviewed. Special effort was 
directed at obtaining autopsy results or 
obtaining autopsies of relatives who died 
while the study was in progress. 

In 6 of the 22 relatives with Alzhei- 
mer's disease, the disease was confirmed 
by autopsy. Diagnoses for 11 cases were 
based on medical records and, for five 
cases, on family history. All cases of tri- 
somy 21 were diagnosed in medical facil- 
ities. In two cases a karyotype demon- 
strated the trisomy and in four cases the 
diagnosis was based on clinical evi- 
dence. A clinical diagnosis of trisomy 21 
is based on relatively unambiguous phys- 
ical criteria and is considered quite valid. 
However, the possibility of trans- 
locations and mosaics causing the dis- 
order cannot be excluded. In addition, 
five persons, all deceased, had pheno- 
types suggesting autosomal aberrations, 
and there was an excess of neonatal 
deaths [from 50 to 300 percent depending 
on the group used for comparison (3)]. 
These findings suggest that aberrations 
other than trisomy 21 were present in ex- 
cess. 

All of the myeloproliferative disorders 
were diagnosed in medical facilities, al- 
though in four cases the only written rec- 
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Table 1. Expected and observed incidences of trisomy 21 and myeloproliferative disorders among 
relatives of 30 probands with Alzheimer's disease (14). 

Number of cases 

Disorder Persons 
at risk Ex- Ob- 

pected served 

Trisomy 21 777 1.20 6 < .0001 
Myeloproliferative disorders 

First- and second-degree relatives 837 5.90 13 < .01 
First-degree relatives 301 3.06 10 < .001 

*Probability of observed result or one more extreme. 
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ord available was a death certificate. 
Among first-degree relatives, one person 
had a myelogenous leukemia and in all 
the others the lymphatic tissues were in- 
volved: three had chronic lymphocytic 
leukemia, three had Hodgkin's disease, 
two had lymphosarcoma, and one had a 
lymphoma. The three myeloproliferative 
disorders among second-degree relatives 
were Hodgkin's disease, lymphosar- 
coma, and multiple myeloma. No myelo- 
proliferative disorders occurred among 
the trisomy 21 cases and there was no 
overall excess of cancer. Because about 
half of the 196 deaths in persons at risk 
occurred before 1940, or were not medi- 
cally attended, an adequate medical rec- 
ord was often not available and the fre- 
quency of all pathological conditions is 
probably underestimated. 

Neuropathology is central to the inter- 
pretation of the evidence. In neurons 
from patients with Alzheimer's disease, 
bundles of microtubules which usually 
course smoothly through the cell con- 
strict and twist at intervals of 800 A, pro- 
ducing in the cytoplasm a tangled mass- 
the neurofibrillary tangle (4). An identi- 
cal lesion occurs in the neurons of 
patients with trisomy 21, though it oc- 
curs when the patients are younger. Dur- 
ing their fourth decade most persons 
with trisomy 21 develop a dementing ill- 
ness with microtubular pathology in- 
distinguishable under the light or elec- 
tron microscope from that seen in Alz- 
heimer's disease (5). Microtubules form 
the spindle that spatially orients chroma- 
tids and then, perhaps in association 
with actin, physically separates the 
chromatids during both mitotic and 
meiotic division (6). Thus a failure of mi- 
crotubular organization provides plau- 
sible common ground between Alzhei- 
mer's disease and trisomy 21. 

There are no evident relationships be- 
tween microtubules or any other organ- 
elle and myeloproliferative disorders, 
yet there are good reasons to suspect a 
common pathological mechanism. The 
reasons are: (i) The frequency of leuke- 
mia is increased about 20-fold among 
persons with trisomy 21 (1-9). (ii) Leuke- 
mia is apparently increased among per- 
sons with other chromosomal aberra- 
tions (10). (iii) The proportion of myelo- 
proliferative disorders found among 
first-degree relatives of probands with 
Alzheimer's disease was about the same 
as found among relatives of probands 
with a myeloproliferative disorder (11). 
(iv) There have been several reports of 
familial clustering of trisomy 21 and leu- 
kemia and of leukemia and lymphoma 
(11). (v) Most of the positive genetic 
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findings in myeloproliferative disorders 
have involved chronic lymphocytic leu- 
kemia, and in this series 12 of the 13 
cases were immunoproliferative (11). 

Only 6 percent of the study population 
was known to be afflicted with any one of 
the three disorders. The 194 relatives of 
10 probands had no instances at all of 
any of the three illnesses, and some of 
those probands may have been sporadic 
cases. In the remaining families sex- 
linked and recessive inheritance can be 
eliminated. Autosomal dominant inher- 
itance with extremely low penetrance or 
multifactorial inheritance are each pos- 
sible. No relation was found between the 
sex of the proband or age of onset of the 
proband's illness and the number of sec- 
ondary cases. There were more male 
than female secondary cases but the dif- 
ference was not statistically significant. 
The male to female ratios were, respec- 
tively: Alzheimer's disease, 15 : 7; tri- 
somy 21, 4: 2; myeloproliferative dis- 
orders, 5: 8. 

Finally, a relationship to aging runs 
through the evidence. Senile dementia 
features the same neuropathologic 
changes seen in Alzheimer's disease and 
is separated from Alzheimer's disease by 
only one criterion, age of onset. Onset 
before age 65 signifies Alzheimer's dis- 
ease; onset after 65, senile dementia. 
Age of onset is an unsatisfactory delimit- 
ing feature, and evidence from this study 
and other analyses suggests that Alz- 
heimer's disease is merely a premature 
and severe form of a malady that will af- 
fect most if not all of us provided we live 
long enough (12). In addition to age and 
the appearance of microtubular patholo- 
gy in neurons, there is also the increased 
age of mothers of trisomic children and 
the similar relationship between age of 
mother and childhood leukemia, age and 
neoplasia, and the premature aging of 
persons with trisomy 21. Microtubules, 
so critical to so many activities of the 
cell, would be a likely target for geneti- 
cally programmed aging and, at the other 
end of life, a degree of instability in mi- 
crotubular organization might increase 
the likelihood of rapid evolution through 
chromosomal rearrangements. 

Note added in proof: Wisniewski et al. 
(13) now describe the fibulary material in 
neurons undergoing the degeneration 
typical of Alzheimer's disease as a "bifi- 
lar helix" which may or may not be re- 
lated to microtubules or microfilaments 
normally present in neurons. 
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