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Phylogenetic Disorders of the Human Neocortex 
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ABSTRACT: Features common to amyotrophic lateral sclerosis (ALS), Parkinson's disease (PD)and Alzheimer's dis­
ease (AD) are reviewed. Shared epidemiological aspects include an increasing frequency which is proportional for 
each disease. We draw attention to geographic non-uniform distribution which, for ALS and PD, correlates positively 
with latitude. Clinical and pathological overlap occurs in the same patients, and in members of the same family. A high 
early morning plasma cysteine/sulphate ratio possibly related to the development of proteinacious inclusions, as well 
as ubiquinated neuronal inclusions, characterize ALS, PD and AD. HLA-DR (the human group II major histocompati­
bility class) staining is marked in ALS, PD and AD and may represent autoimmunity-incited by-products of neuronal 
degeneration. Based upon demonstrated glutaminergic connections between the neocortex and anterior horn cells, the 
entorhinal cortex and the basal ganglia we hypothesize that ALS, AD and PD are phylogenetic disturbances of the neo-
cortical cell. The postsynaptic neuron may degenerate secondarily to anterograde effects of deranged glutamate 
metabolism. Future therapeutic strategies should be directed to agents that decrease transmission induced by excitatory 
amino-acids. 

RESUME: Sclerose laterale amyotrophique, maladie de Parkinson et maladie d'Alzheimer: affections phy-
logeniques du neocortex humain ayant plusieurs caracteristiques communes. Nous revoyons les elements com-
muns a la sclerose laterale amyotrophique (SLA), la maladie de Parkinson (MP) et la maladie d'Alzheimer (MA). Une 
frequence proportionnellement accrue de chacune de ces maladies est l'aspect epidemiologique commun a ces trois 
maladies. Nous attirons l'attention sur la distribution geographique inegale qui, pour la SLA et la MP, a une correlation 
positive avec la latitude. II peut exister un chevauchement clinique et anatomopathologique chez un meme patient et 
parmi les membres d'une meme famille. La SLA, la MP et la MA sont caracterisees par un rapport cysteine/sulphate 
plasmatique eleve tot le matin, possiblement relie a la formation d'inclusions proteiniques, ainsi que par des inclusions 
neuronales ubiquinees. La coloration pour le HLA-DR (la classe majeure d'histocompatibilite humaine de groupe II) 
est tres marquee dans les trois maladies et peut representer une reaction d'auto-immunite induite par des produits de 
degeneration neuronale. En nous basant sur l'existence de connections glutaminergiques entre le neocortex et les cel­
lules de la come anterieure, le cortex entorhinal et les ganglions de la base, nous emettons l'hypothese que la SLA, la 
MP et la MA sont des affections de la cellule du neocortex. Le neurone postsynaptique peut degenerer secondairement 
a des effets anterogrades de la perturbation du metabolisme du glutamate. A l'avenir, les strategies therapeutiques 
devraient etre dirigees vers les agents qui diminuent la transmission induite par les acides amines excitateurs. 

Can. J. Neurol. Sci. 1992; 19:117-120 

Feature characteristics of amyotrophic lateral sclerosis 
(ALS), Parkinson's disease (PD) and Alzheimer's disease (AD) 
occur in Jakob-Creutzfelt disease, Shy-Drager syndrome, 
parkinsonism-dementia-ALS complex of Guam and as a sequel 
to encephalitis lethargica.1-2 The incidence of the Guamanian 
disease has declined dramatically over the last several decades3 

as has any association of ALS, PD or AD with previous 
encephalitis.2-4 Outside these situations, ALS, PD and AD also 

occur in association with each other and, although unusual in 
the Western World, there has been increasing interest in clini­
cally overt overlap. 

Whilst not implying that ALS, PD and AD are the same dis­
ease, simply having different manifestations, we suggest that 
they share important etiopathogenic aspects and mechanisms. A 
similar idea was proposed almost 20 years ago by Brait et al.:5 

"the concurrence of sporadic parkinsonism and MND could be a 
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chance association; most patients with either disease do not 
have signs of the other. We wish to emphasize, however, that 
such a subgroup exists and may prove to be more common if 
clinicians are aware of the syndrome".5 More recently, others 
have speculated that ALS, PD and AD are a spectrum of dis­
eases sharing fundamental aspects.510 It has, for example, been 
postulated that these diseases are characterized by primary loss 
of the "isodendritic core".8 This continuous core of overlapping 
dendritic fields extends from the spinal cord to the diencephalon 
and includes the anterior horn cells, locus ceruleus and the sub­
stantia innominata.9 Appel,10 put forward a unifying hypothesis 
for the causation of ALS, PD and AD which visualized that in 
each there was lack of a specific neurotrophic hormone which 
was normally released by the postsynaptic cell and transported 
retrogradely to exert influence on the presynaptic terminal. 

Here we review the various shared aspects of ALS, PD and 
AD that have emerged in the last two decades. We shall put for­
ward an hypothesis which emphasizes their similarities. If cor­
rect, this concept has implications for treatment and prevention. 

Epidemiology 

The epidemiological characteristics of ALS, PD and AD are 
summarized in Table 1. In this discussion Alzheimer's disease 
(AD) refers to both the presenile and senile forms regardless of 
age of onset. Separation by age of onset is not supported by epi­
demiological data." In ALS and PD the incidence and preva­
lence in men is slightly higher than in women. In AD this is true 
in younger patients but with increasing age there is reversal of 
the male:female ratio typical of ALS and PD." This may partly 
reflect the later age of onset of AD and its relation to greater 
longevity of women compared to men. The age of onset of overt 
symptoms in ALS and PD is remarkably similar."16 Symptoms 
in AD start about a decade later. In all three diseases the inci­
dence and prevalence rates are highly age dependent, increasing 
exponentially with age. Prevalence for PD and AD peak at age 
70+ years, about 5-10 years older than for ALS. This is impor­
tant in the context of clinical overlap. Given that 80% of 
patients with ALS live less than three years, its younger peak 
prevalence tends to preclude development of PD or AD in ALS 
patients and when they do occur together PD or AD almost 
always precedes ALS. 

Young onset disease (under 40 years of age) for ALS, PD 
and AD is rare accounting for less than 10% of the total.1719 In 
the majority of younger patients the disease tends to run a 

Table 1: Epidemiological Comparisons 

Mean Age Onset (years) 
Mean Duration of Disease 

(years) 
Incidence/100,000 
Prevalence/100,000 
Age of Peak Incidence 
M:F Ratio 
Familial Occurrence 
Twin Studies 

ALS 

59.3 

2.4 
1.2 
4.2 

55-65 
1.61:1 

< 10% 

of ALS, PD and AD 

PD 

61.9 

10.5 
21 

300 
70-80 
1.13:1 

<10% 

AD 

71.9 

7.3 
401 

2,155 
65-75 
1.1:1* 

< 10% 
Low Concordance 

* Ratio reversed after age 75 years 

longer course. This may be due to greater reserve of the neu­
ronal populations involved and is in keeping with environmen­
tally-induced neuronal loss accelerated by aging.6 

It has been appreciated for some time that AD is increasing. 
This trend has recently been confirmed for ALS and PD.2023 

That the mortality from three "apparently" unrelated diseases is 
increasing at proportionally much the same rate strongly favours 
an environmental aetiology. However, it has been generally 
accepted that the incidence of ALS, PD and AD are uniform 
throughout the world, which would be unusual for an environ­
mentally-induced disease. Careful scrutiny of epidemiological 
studies, which have in large part been carried out in North 
America and Europe, raises the possibility of non-uniformi­
ty.15-24 For example, crude incidence rates for ALS, derived for 
13 countries (23 different studies) correlate positively with lati­
tude degrees North (Figure 1). Similar conclusions for preva­
lence have been reached for PD based upon death rates and also 
levodopa utilization and sales.15 Climate, temperature, degree of 
Westernization and racial differences may all be relevant factors 
accounting for these geographic differences. Although a rela­
tionship between latitude and incidence or prevalence of AD has 
not thus far been described geographic distribution appears to be 
heterogeneous.25 

Clinical Considerations 

ALS, PD and AD are diseases of the aging nervous system. 
Their cardinal features, weakness, paucity of movement and 
impaired memory are also characteristic of "normal aging".26 As 
one grows older many neurological deficits emerge (including: 
rigidity, stooped posture, graphesthesia, neglect of simultaneous 
tactile stimuli, snout, grasp and glabella reflexes).27 Prospective 
studies are needed to determine if these features may predate 
overt ALS, PD and AD and to what extent signs typical of one 
also occur in the others. Also compounding the issue of overlap 
is the present lack of specific premortem markers allowing for a 
definitive diagnosis which must largely be based upon clinical 
skills. 

Genetics 

Hereditary forms of ALS, PD and AD, account for less than 
5%-10% of all cases.1416-28"30 In all three diseases, inheritance is 
autosomal dominant. The onset of symptoms in the hereditary 
disease is on average 15 years earlier than the sporadic form. 
Chromosome 21 was implicated in younger persons with heredi­
tary AD several years ago31 and it is most interesting that the 
long arm of the same chromosome has recently been identified 
as the one responsible for hereditary ALS.32 We would speculate 
that it too might be involved in hereditary PD. If it turns out that 
dysfunction of chromosome 21 is a shared feature of hereditary 
ALS, PD and AD it might equally be implicated in the control 
of normal neuronal aging and as such would be important in the 
pathogenesis of the much more common sporadic forms of these 
diseases. Twin studies in sporadic PD and AD have not shown 
concordance amongst monozygotic twins or monozygotic as 
compared to dizygotic twins, leading one to conclude that genetic 
factors cannot play a prominent role in sporadic PD or AD.3338 

Twin studies have not been reported in ALS. 

Overt Clinical Overlap 

Two varieties of clinical overlap are worthy of consideration. 
One is the "non-Guamanian" patient who has any combination 
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of ALS, PD or AD and who does not have other diseases, such 
as Creutzfeld-Jakob disease or progressive supranuclear palsy, 
which also typically manifest features of PD, AD or ALS. In our 
own clinic there have been 16 examples of overt clinical overlap 
out of a total of 176 (9.6%) patients with ALS identified since 
1987 (Table 2). This is probably an underestimation since subtle 
extrapyramidal features may be difficult to appreciate in the 
presence of marked upper and lower motor neuron deficits due 
to ALS. This may be true too for the detection of early cognitive 
impairment in a disease such as ALS which, having such a dis­
mal prognosis, clearly tends to cause depression. A heightened 
awareness of the "overlap syndrome" may well result in a larger 
detection rate. 

The mean age of the patients at the time of developing initial 
symptoms of ALS was 69.3 years with the majority being over 
70 years. This is about a decade older than the mean age of 
onset of ALS with AD or PD, suggesting that overt clinical 
overlap is more common in later onset disease (see Table 1). 
Seven had dementia and eight had Parkinson's disease preced­
ing the onset of ALS. One patient had both AD and PD. 

There is a significantly higher incidence of clinical parkin­
sonism in AD; it occurs at a rate 7-10 times more frequently 
than would be expected by chance.39"42 Pathological changes 
typical of PD (nigral Lewy body formation, neuronal loss, and 
gliosis of pigmented nuclei) may occur in more than 20% of AD 
brains compared to 3-7% of normal brains.42 Based upon cell 
counts and immunohistochemical staining for HLA-DR (a 
human glycoprotein of the group II major histocompatibility 
class) senescent nigral neuronal loss alone is an incomplete 
explanation.4243 Bradykinesia and rigidity, usually without 
tremor, are more characteristic of the AD-PD syndrome. 
Dementia in the combined syndrome is often more severe and 
progresses at a more rapid rate than is seen in AD alone.42 

There is also a high prevalence of dementia in PD; estimates 
vary from 2-80%.44-45 The issue of dementia in association with 
PD has become complex and confusing. The concept that the 
dementia of PD is "subcortical" and that of AD is "cortical" 
relates not only to the different types of cognitive impairment 
seen but also to the type of neuronal inclusion (Lewy bodies or 
senile plaques). This separation is far from specific and at best is 

Table 2: AD or PD Overlap in 16 Patients with ALS 

M 
F 

F 
F 

F 
M 
M 

57 

61 
68 
64 

55 
77 

68 

AD 

AD 
AD 

AD 
AD 
AD 

AD 

4 mos 
6 mos 

2yrs 

18 mos 
3 yrs 
4 yrs 

2 yrs 

M 

F 
M 
M 
M 

F 

M 
F 

79 

71 
75 

73 
75 
76 
54 
72 

PD 
PD 

PD 

PD 
PD 
PD 

PD 
PD 

2 yrs 

5 yrs 

15 mos 

10 yrs 
2 yrs 
12 yrs 

6 mos 
(sim) 

83 AD/PD 4 mos 

Interval for developing ALS in patients with AD or PD; (sim : 
patients with ALS seen between 1987-1990. 

simultaneous onset). This represents 9.6% of 176 

700 

600 

8 Bm o 500 

10
0 

£ 400 

g 300 
j 

< 
| 200 
Q . 

100 

0 
3 

N-a 
r°o.aoi 

SEE-108.44 
p>0.02 

^^^ 

t i i 

J 40 50 60 

LATITUDE 

3 

o 
o 
o" 
o 

/ £ Z 
< 

D
E

N
C

 

CJ 
z , — 1 

R
U

D
 

CJ 

1 n 0 
70 1 

N>23 
f.0.838 

SEE-0.478 
p> 0.001 

-

J* ' ' 

. 

0 20 30 40 50 60 70 

LATITUDE 

Figure I —Relationship between latitude degrees North and prevalence of Parkinson's disease, and crude incidence of ALS. The data for PD were 
derived from Cuesta JP (ref 15). The ALS data are from 23 studies in 17 different countries. 
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an oversimplification.46-47 In one study in which clinical and 
pathological data were independently analyzed, 9 (31%) of 29 
patients with PD with severe dementia had cortical senile 
plaques and fibrillary tangles. In another 7 (24%) having mild 
dementia, 3 had the same pathological changes.48 

For an excellent discussion on neuronal inclusions in PD the 
reader is referred to Gibb et al.47 To summarize, neither the 
Lewy body, (which is smooth and rounded with an eosinophilic 
core and pale halo), nor the pale body (which has a uniformly 
granular texture, fails to show histological staining and lacks a 
halo), are diagnostic of PD. Lewy bodies may be found diffusely 
in PD (diffuse Lewy body disease) or dementia without PD.49 

Nevertheless, several recent reports have suggested that dif­
fuse Lewy bodies in association with dementia constitutes a 
unique nosological entity differing from AD even though senile 
plaques and neurofibrillary tangles may also be present.49"52 The 
syndrome of DLBD is characterized clinically by: progressive 
subcortical as well as cortical dementia, psychiatric symptoms, 
mild extrapyramidal findings with a gait disorder and a burst 
pattern on EEG. Pathologically there are Lewy bodies in the 
neocortex, substantia nigra, and substantia innominata. There 
may be temporal lobe vacuolization. Given available evidence 
we would argue against the validity of a specific disease entity 
characterized by diffuse Lewy bodies. The issue has been even 
further complicated by a recent description of nigral neurofibril­
lary tangles (with neuronal loss and gliosis) in the absence of 
Lewy bodies in the four young patients with Parkinson's disease 
without cognitive impairment.53 

Both Lewy bodies and senile plaques are being more readily 
recognized by anti-ubiquitin immunocytochemistry and they 
frequently occur together. Therefore, it seems almost impossible 
to ascribe how much the dementia of PD is due to one or the 
other pathological marker. Whilst it may well be that dementia 
in PD is heterogeneous it seems difficult to avoid the conclusion 
that the combination of Lewy bodies and parkinsonism on the 
one hand and senile plaques, with neurofibrillary tangles and 
dementia on the other hand, are frequently combined in an over­
lap of PD and AD. 

Overlap in Ist-Degree Relatives and Spouses 
Recent studies concur with our own observations that the 

prevalence of PD and AD is significantly higher in family mem­
bers with ALS than would be anticipated.54-55 Similarly, com­
pared to controls there is about a threefold (14:5) risk of devel­
oping Parkinson's disease in lst-degree relatives of patients with 
AD.56 Preliminary data from our clinic suggest that there is also 
a higher than anticipated occurrence of one spouse having ALS 
if the other has AD or PD. If these observations can be confirmed 
they would favour some shared environmental risk factors. 

Chemical Overlap 
Recent studies have shown that patients with ALS, PD or 

AD have higher early morning plasma cysteine/sulphate ratios 
than controls (both normal subjects and controls with other dis­
eases).57 It has been postulated that elevated cysteine might 
result in toxicity because of high intracellular thiol groups 
which would disrupt enzyme activity and protein synthesis and 
conformation.57 Such events might play a role in the develop­
ment of proteinaceous accumulations in the form of Lewy bod­
ies (PD), Bunina bodies (ALS) and amyloid protein (AD). 

Neurochemical studies have further demonstrated that in 
both PD and AD there is a reduction in nicotinic receptors and 
immunoreactivity to corticotropin-releasing factors (CRF) and 
neuropeptide-Y (NPY). The significance of these observations 
remain to be elucidated.58 

Pathological Aspects 

Ubiquinated Cytoplasmic Inclusions 
Ubiquitin is a highly conserved "heat shock, stress" protein 

present in all living cells. It is thought to be involved in the 
ATP-dependent, non-lysosomal degradation of abnormal pro­
teins.59-60 

Ubiquitinated neuronal inclusions have been described in a 
variety of conditions. They include: the neurofibrillary tangles 
of AD, Down's syndrome, and dementia pugilistica,60 Lewy 
bodies of PD, Lewy-like bodies in anterior horn cells and motor 
cortex in ALS, Pick bodies in Pick's disease, Mallory bodies in 
alcoholic liver disease, astrocytic Rosenthal fibres, and in pos­
tencephalitic parkinsonism, as well as normal aging.60-62 

Ubiquitination may simply reflect a non-specific response to the 
breakdown of neurofilamentous material. However, it is of inter­
est that ubiquinated bodies occur so prominently in ALS, PD 
and AD and they may indicate that cell death in all three may 
have a similar mechanism. 

Histocompatability Complex Antigens 
Despite a considerable body of work, evidence that ALS, PD 

and AD are primarily the result of disordered immunity remains 
unsubstantiated. However, "unconventional" disordered immu­
nity cannot be ruled out.63 Recent studies support the idea that 
once neuronal degeneration has commenced in ALS, PD and 
AD, autoimmunity induced by cell products may potentiate and 
perpetuate the process.43-64"67 It remains to be determined 
whether such findings are specific for ALS, PD, and AD, or 
whether they reflect a more general manifestation of chronic 
neuronal destruction. 

A Unifying Hypothesis 
As discussed above, ALS, PD and AD, share several features 

and from time to time one or more of these diseases occurs in 
the same person. They are diseases of the human aging nervous 
system, the impact of which has only been fully realized over 
the last 120 years. With the single exception of a 25-year-old 
female baboon, recently described with spontaneous PD,68 natu­
ral or experimental animal models that truly mimic ALS, PD or 
AD have not been described. 

We are proposing that ALS, PD and AD are phylogenetic 
diseases of the human neocortex whose neurons make monosy­
naptic connections with the anterior horn cell (ALS), the 
entorhinal cells of the hippocampus (AD) and the nigrostriatal 
cells of the basal ganglia (PD). The demise of the postsynaptic 
cells results from anterograde effects. We further speculate that 
anterograde degeneration of the postsynaptic cell is largely the 
result of "neural excitation" initiated by deranged glutaminergic 
metabolism. The neocortical neurites involved are large, render­
ing them particularly susceptible to a variety of insults. It is likely 
that demise of the neocortical cell is due to environmental 
agent(s) but there may be a genetic contribution and chromo­
some 21 might prove to be a relevant factor in this regard. 
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Amyotrophic Lateral Sclerosis 

Based upon: 1) phylogenetic evolution of the corticomo-
toneuronal system, 2) considerable morphological and physio­
logical evidence for monosynaptic connections between the cor-
ticomotoneuron and anterior horn cell in man (excluding the 
occular nuclei and the nucleus of Onufrowicz, which are charac­
teristically spared in ALS), and 3) a lack of a natural or experi­
mental animal model truly mimicking ALS, it has been pro­
posed that this disorder is primarily a disease of the 
corticomotoneuron.69 This hypothesis can be modified to incor­
porate the concept of cell death by excitotoxic aminoacids; the 
"neuroexcitotoxic hypothesis" in ALS7a7' or other neurodegen­
erative disease72"73 L-glutamate is a demonstrated neurotransmit­
ter of the primate corticomotoneuronal system, including those 
fibres making direct connection between the motor cortex and 
the contralateral cervical and lumbar anterior horn cells.74 In 
patients with ALS there is deranged glutamatergic 
metabolism.70-71 

Alzheimer's Disease 

A similar concept can also be applied to AD. The neu-
ropathological markers of AD (neurofibrillary tangles, neuritic 
plaques and neuronal loss) are prominent and consistent in the 
entorhinal cortex (especially neurons in layers II and III) and the 
hippocampus.75 The entorhinal neurons receive input from 
widespread cortical areas and give rise to the perforant pathway 
that terminates in the hippocampal formation. Loss of the 
entorhinal cells deafferents the hippocampal formation from its 
main cortical input and it is this that may well underly some, or 
all, of the cognitive impairment in AD.76 Glutamate is the major 
excitatory transmitter of the perforant pathway and has been 
shown to be markedly reduced in its terminal zone.77-78 This 
reduction has recently been confirmed and it has been shown for 
the first time that neurites associated with senile plaques also 
contain glutamate. Thus it may be the glutamatergic pyramidal 
neurons, involved in corticocortical connections, that are prefer­
entially vulnerable in AD.79 

Parkinson's Disease 

In PD, the lack of direct (monosynaptic) glutamatergic con­
nections between the cortex and substantia nigra is clearly dif­
ferent from the situation in ALS and AD. Nevertheless there is 
growing experimental evidence allowing one to conclude that 
cortical-excitotoxic (glutamatergic) influences on the basal gan­
glia are of importance.80"82 Glutamate dehydrogenase (GDH) 
levels are considerably reduced in the postmortem putamen of 
patients with PD.83 Decreased levels of GDH, by increasing 
local glutamate concentrations, might exert an excitotoxic effect 
via NMDA receptors on striatal dopamine nerve terminals,84-85 

and NMDA-receptor antagonists protect against MPTP-induced 
degeneration of dopamine neurons in rodents.85-86 More recently 
NMDA antagonists have been shown to potentiate the beneficial 
effects of L-dopa administered to monoamine-depleted rats.87 

Input into the basal ganglia and motor thalamus is derived 
through glutamatergic, excitatory cortical projections originat­
ing over a wide area of cortex.88-89 Specific cortical areas project 
(the "input" stage of the basal ganglia) to selected portions of 
caudate nucleus, putamen and ventral striatum. The "output" 
nuclei (the internal segment of the globus pallidus, substantia 
nigra pars reticulata and ventral pallidum) send GABA-mediat-

ed, inhibitory projections to the thalamus.88 There is also an 
indirect pathway: cortex - putamen (glutamate), putamen -
external segment of the globus pallidus (GABA), external pal­
lidum - subthalamic nucleus (GABA) and subthalamic nucleus 
- substantia nigra (glutamate).88 There is also evidence for 
presynaptic localization of glutamate receptors on nigro-striatal 
terminals suggesting a functional interaction between dopamin­
ergic and excitatory amino acid systems in the striatum.90 

Our overall hypothesis, if correct, has important therapeutic 
implications. Excitatory amino acid receptors are classified 
according to their selective binding of ligands such as NMDA, 
quisqualate and kainate and it is possible that these excitatory 
amino acid receptor subtypes are disturbed differently in ALS, 
PD and AD. The development of suitable (specific) drugs 
inhibiting release or binding of relevant excitotoxins would be a 
logical therapeutic and possible protective approach for the 
future of these neurodegenerative diseases of the aging nervous 
system.69-70-86 
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