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It is a great honor for me to present the Richardson Lecture 
this year. Although I was not personally acquainted with Dr. 
Richardson, his contributions to Canadian neurology are leg­
endary, not the least of which is immortalized in the disease he 
and his colleagues first described in 1964: Steele-Richardson-
Olszewski syndrome. 

I have entitled my talk "Challenges for Neurology in the 90s: 
Will We Survive?", to highlight some of the issues that I believe 
are important for us to consider as we embark upon our academic 
enterprise during the last decade of the 20th century. There are a 
number of opportunities as well as, potentially, major difficul­
ties that we face, and I wish to focus attention on some of them. 

RECENT ADVANCES IN MOLECULAR GENETICS OF 

NEUROLOGICAL DISEASES 

I should like to begin by making a few comments about the 
remarkable progress that has been made in the field that I have 
spent much time thinking about in recent years. This is the 
impact of molecular genetics on discovering the underlying 
cause of neurologic diseases, particularly those that are genetic. 
The solution to these problems lies in the understanding of their 
pathogenesis by analysis of the mutant genes that cause them. 
During the first part of this report, therefore, I will review cur­
rent advances in a few of these arenas with a focus on the contri­
butions that have been made in neurology departments. I will 
describe Huntington's disease, Alzheimer's disease and tumors 
of the nervous system that appear to be caused by deficiencies 
in a new group of factors, referred to as recessive oncogenes or 
growth suppressor factors. 

Advances in the application of molecular genetic techniques 
to neurological diseases have occurred at a remarkable pace 
since 1980. Definitive strategies are now available to answer 
questions that once seemed impossible. The use of DNA probes 
that exhibit restriction fragment length polymorphisms (RFLPs) 
together with linkage analysis has resulted in the chromosomal 
localization of the mutant gene in over 25 diseases.1-2 The actual 
gene defect has been identified in Duchenne dystrophy and in 
retinoblastoma.2 These advances now offer opportunities to 

define the precise molecular basis of inherited diseases and to 
develop rational treatments.3 

HUNTINGTON'S DISEASE (HD) 

Molecular Genetics 

The application of RFLPs and linkage in families with HD 
resulted in location of the mutant gene to the short arm of chro­
mosome 4.4'5 Progress in isolating the gene for HD has been, 
however, unexpectedly difficult. The original probe G8 (D4SI0) 
linked to HD is located approximately 5xl06 bp from the telom­
ere on the short arm of chromosome 4.6 The HD gene is located 
between D4S10 and the telomere and is separated from the 
DNA marker by about 4x 106 bp. The identification of additional 
DNA markers telomeric to D4S106-9 has permitted extensive 
genetic mapping of the region. Most pedigree analyses looking 
for recombinations between markers and the HD gene indicate 
that the HD gene lies within 500,000 to 1 million bp of the 
telomere. The proposed physical order of probes on chromosome 
4 is D4S10-D4S95-D4S90-HD-telomere. However, two recent 
linkage studies have challenged this conclusion, suggesting that 
the gene is more proximal (between D4SI0 and D4S90 for 
example).10"12 

To date, all HD families studied are linked to chromosome 4.1-1 

The mutation rate in HD is very low and it has generally been 
considered that all cases of HD arise from the same mutation. 
The recent data showing that some cases of HD are caused by a 
defect more proximal on 4p raise the possibility of non-allelic 
heterogeneity; i.e., that more than one mutation in the outer two 
million bp of chromosome 4p may occur. 

Identifying the actual mutation in HD remains a formidable 
task. Genetic studies in homozygotes confirm that the HD 
mutation is dominant; therefore, a single chromosome mutation 
is sufficient to cause the full phenotype. Lacking any cytogenetic 
clues (translocation, deletion, etc.), it may be necessary to 
sequence the entire region in both normal and abnormal chro­
mosomes (normal and affected) and it is not entirely clear what 
to look for. At the outset, genes identified by structure (promoter 
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regions, start sites, TATA boxes, etc.) will need to be examined 
one-by-one — both for tissue localization and putative functions 
— and for evidence of mutations. Fortunately, the daunting task 
lying ahead is being shared in a collaborative initiative involving 
a number of laboratories. 

ALZHEIMER'S DISEASE (AD) 

Molecular genetic studies have advanced on several fronts in 
the past two years.214 Of particular importance have been studies 
to 1) localize the gene in familial AD (FAD), and 2) molecular/-
cellular biological studies of the amyloid precursor protein 
(APP). 

Familial AD (FAD) 
The original pedigree analysis of four families with early 

onset FAD indicated linkage to chromosome 2lq.15 Subsequent 
studies permit the following conclusions: 
1) It is likely that a subset of patients with FAD (usually with 
early age of onset) are due to an abnormality on chromosome 
21.1617 2) However, it is also likely that some pedigrees of FAD, 
such as the Volga-German family reported by Schellenberg et 
al,18 are not due to a defect on the region of chromosome 21 
implicated in the early onset cases. Recent studies that failed to 
confirm linkage with probes on the chromosome 2lq in older 
onset AD patients have now suggested linkage to chromosome 
19 19.20 Progress in locating the gene responsible for FAD is 
likely to progress even more slowly than in HD. 

Amyloid Precursor Protein 
The extraordinary developments in our understanding of the 

biology of the amyloid precursor protein (APP) has provided a 
series of hypotheses concerning its role in the pathogenesis of 
AD. These may be summarized as follows. 
1) The 6 (A4) protein is a 4.2 kDa peptide that is deposited in 
both neuritic plaques and the walls of small cerebral vessels in 
AD. Although the normal cellular locus of APP is primarily neu­
ronal, extracellular deposition of APP in AD occurs both in 
brain and in other tissues.2122 

2) There is no evidence for over-expression of the APP gene 
transcripts in the brain in either sporadic AD or in FAD, 
although over-expression does occur in some cases of Down 
syndrome.214 

3) There are at least three alternative mRNA transcripts pro­
duced by alternative splicing of RNA from a single gene in 
brain.2 There is no evidence for more than one gene for APP, 
which is located telomeric to the FAD-Iinked markers on chro­
mosome 21 and separated from them by 8 to 15 x 106 bp. The 
full-length complementary DNA (cDNA) for the B-amyloid pro­
tein encodes a protein of amino 695 acids (APP695). The alterna­
tive larger forms have 751 (APP751) and 770 (APP770) amino 
acids, respectively.2'14 

4) These larger forms of APP are of particular interest because 
they contain domains recognized by structure to be serine pro­
teinase inhibitors of the Kunitz type. 2122 Recent comparisons 
of the APP structure with other known proteins show that the 
secreted form of APP contains an amino-terminal portion identi­
cal to protease nexin -2 (PN-2). PN-2 is known to inhibit chy-
motrypsin and trypsin and to also inhibit proteases associated 
with the growth factors, epidermal growth factors (EGF) and 
nerve growth factor (NGF).2122 

5) Despite tantalizing hypotheses concerning the role of Kunitz-
type protease inhibitors in the pathogenesis of APP deposition 
in brain or other tissues, it remains only that — a hypothesis. 
There is no direct convincing evidence for abnormal metabolism 
of APP in brain to establish whether its deposition is a primary 
or secondary factor in the pathogenesis of AD. 
6) The source of APP in brain and other tissues remains prob­
lematic. APP cannot be detected readily in blood. The possibility 
that it arises from non-neural tissues and reaches the brain via 
altered blood vessels (altered blood-brain barrier) has not been 
proven nor excluded.22 

7) An alternative mRNA for APP is described in which the 208 
amino acids in the carboxyl-terminal region are deleted and 
replaced by 20 amino acids with homology to the Alu repeat 
family. It is speculated that this represents a fourth form of APP 
(it lacks the transmembrane domain of APP).22 

8) The biological effects of the B-amyloid peptide, or secreted 
form of APP, have been studied with conflicting results. Both 
neurite promoting23 and neurotoxic effects have been shown to 
occur.24 Further studies of these important biologic effects will be 
required to determine whether these responses are physiologic or 
pathologic, and whether APP deposition in brain contributes to 
neuronal destruction in AD. 

In recent months several additional observations have been 
reported concerning the cell biology of APR25"27 The first aspect 
is the structural homology of APP to other proteins and the 
emerging hypotheses that abnormal cell cycling of the protein 
may lead to abnormal tissue deposition. It is speculated, for 
example, that PNII is released by proteolytic cleavage near the 
cell membrane and that the released moiety can inactivate serine 
proteases in the extracellular space and then by binding to the 
cellular membrane be internalized and recycled.22 

One of the major disappointments in the aftermath of the dis­
covery of the structure of APP and the location of its gene on 
chromosome 21, was the failure of linkage to FAD, and the real­
ization that mutations of the APP gene are not found in AD. The 
deposition of amyloid-staining material in hereditary amyloid 
polyneuropathy is known to occur because of a mutation in the 
amino acid sequence of transthyretin.2 

Two recent papers show unequivocally that mutations in amy­
loid can cause CNS disease.26'27 The association of cerebral 
amyloid angiopathy with intracerebral hemorrhages has been 
advanced by the study of four Dutch families with autosomal 
dominant inherited cerebral angiopathy. These cases show depo­
sition of amyloid in vessels and in senile plaque-like structures 
(however, they do not have neurofibrillary tangles, an important 
distinction from AD). Van Broeckhoven and collaborators26 

showed close linkage to the APP gene in these families with a 
LOD score of 7.59 at theta 0.0. The hypothesis that the 6-amy-
loid gene might be the cause of the disease is strongly supported 
by Levy et al27 who show that there is a mutation in the APP 
gene in these families. The site of the mutation and the type sug­
gest that it may be the cause of the disorder. Using oligonu­
cleotide probes based on the known intron sequences that flank 
the two exons encoding APP, together with the polymerase 
chain reaction, they amplified the sequences that contain the two 
exons. A single mutation in the genomic DNA from two female 
brains from different families revealed a single point mutation in 
both at nucleotide 1852. The mutation substitutes cytosine for 
guanine. Each patient had one normal allele. The mutation was 
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not present in an 83-year-old female with AD or in four normal 
controls. The mutation abolished a restriction site identified with 
MBOII. Loss of this site could be detected in PCR-amplified 
genomic DNA. Analysis of two patients showed that the gene 
was polymorphic. The problem then was to determine whether 
this is the cause of the disease. Oligonucleotide probes contain­
ing the mutation hybridized at high stringency in other family 
members but not in controls, indicating that the mutation follows 
the disease occurrence in all patients studied thus far, without 
exception. The G to C transversion in the third of the triplet 
codon results in substitution of glutamine for glutamic acid at 
position 22 of the APR How this structural modification leads to 
polymerization and deposition of amyloid is unknown. 

As a result of these studies and those of other investigators, it 
is evident that there are now three autosomal dominant condi­
tions that cause cerebral disease characterized by amyloid depo­
sition in the CNS. 
1) Amyloid angiopathy with a mutation in beta amyloid (Dutch 
disease).26-27 2) Gerstmann-Straussler syndrome with a point 
mutation in the prion protein.28 3) Icelandic hereditary cerebral 
hemorrhage with amyloidosis where the brain tissue is not 
affected (only blood vessels). In this disease the amyloid fibrils 
are derived from Cystatin C, a lysosomal inhibitor of cysteine 
proteinases.29 It has been shown that the point mutation results 
in the substitution of glutamine instead of leucine. In both the 
Dutch and Icelandic diseases the amyloid derives from mutations 
in protease inhibitors that may be present in the circulation. The 
significance of the glutamine substitution and its role in the 
deposition of amyloid fibrils is intriguing but unknown. 4) 
Finally there is familial Alzheimer's disease — where the cause 
of the defect remains unknown, but in which to date no muta­
tions of APP have been found. 

CNS TUMORS AND SUPPRESSOR ONCOGENES 

Understanding cellular processes that determine normal cell 
differentiation and the termination of cell division are important 
for discerning mechanisms of tumor formation. Tumor develop­
ment "may be viewed as the gradual emancipation of a clone of 
somatic cells from the complex controls that regulate its 
growth."30 An oncogene is a gene that causes abnormal cellular 
division leading to tumor formation. Growth suppressor or 
tumor suppressor genes, also sometimes called anti-oncogenes, 
belong to another class of growth regulatory gene whose normal 
function is the suppression of cellular division and growth. 
There is now evidence that loss or mutational inactivation of 
"recessive cancer genes" plays a role in the formation of 
retinoblastoma, meningioma, acoustic neuroma and heman-
gioblastoma (von Hippel-Lindau disease).2 

Retinoblastoma 
Retinoblastoma usually presents clinically as a unilateral, 

sporadic malignancy of childhood.3132 About 15% of cases 
occur bilaterally and are inherited as an autosomal dominant 
trait. The locus for the tumor suppressor gene in retinoblastoma 
is chromosome I3ql4; deletions or mutations of DNA in this 
region on both chromosomes cause tumor development. 
"Inherited tumors occur when retinoblasts with one defective 
gene copy in this region due to a germinal mutation undergo a 
second somatic mutation ('second hit') of the chromosome car­
rying the normal allele, resulting in the loss of the remaining nor­

mal copy of the gene. Loss of both copies of the growth suppres­
sor gene is believed to result in tumor formation."14 

The anti-oncogene in retinoblastoma has been identified. 33-34 

A 4.7 kb RNA transcript that codes for a protein (Rb) of 816 
amino acids and molecular weight of about 105K daltons has 
been identified. The Rb protein locates to the nucleus and is 
believed to be a DNA-binding protein. Recent work suggests 
that transforming DNA viruses act to relieve the suppression 
caused by growth suppressor genes by combining with the RB 
protein.14 

Acoustic Neurofibromas 

Tumor tissue obtained from patients with bilateral acoustic 
neuromas demonstrated loss of a region of chromosome 22.35.36 
A panel of DNA probes from chromosome 22 showed linkage 
in two large families with NFII. It is speculated that this form of 
the disease is analogous to retinoblastoma due to loss of a cell 
growth-controlling gene on chromosome 22. Similar specula­
tions are made about DNA deletions on chromosome 22 in 
meningioma.37 

von Hippel-Lindau Disease 

von Hippel-Lindau disease is an autosomal dominant disor­
der with inherited susceptibility to several tumors (heman-
gioblastoma, pheochromocytoma, and renal cell carcinoma). 
Deletions on chromosome 3p occur in renal cell carcinomas. 
Seizinger and colleagues38 examined markers in this region in 
nine families with von Hippel-Lindau disease and showed that 
the disease is linked to chromosome 3p25. They speculated that 
absence of suppressor genes may be the cause of both the inherited 
and sporadic forms of the disease. 

WHAT PROMISE DOES THE FUTURE HOLD? 

The O/R Paradox 

These examples illustrate the extraordinary power and poten­
tial of using molecular biologic tools to approach directly some 
of the most serious and hitherto unsolvable diseases that affect 
the nervous system. In fact, the problem facing us during the 
next decade is not one of ideas and approaches, but rather one of 
limitations of resources and funding to carry on the work we 
should be doing. I call this the O/R paradox. And this does not 
refer to the operating room! The paradox to which I refer is the 
opportunity/resource paradox. This is a national problem, indeed 
an international problem. It is a problem in our neurological 
departments. One can illustrate it by considering the 4000 genetic 
diseases known to affect human beings. Of these, perhaps half 
are known to affect the central nervous system. The techniques 
are available to solve all of them if the resources to carry forward 
the necessary investigations were available. But, for the first time 
in the history of the biologic sciences, we face the very serious 
issue that we have insufficient resources, both in terms of person 
power and grant support, to carry the work forward at the pace 
we wish to do so. Indeed, one can envision emerging in the years 
ahead serious discussions about the rationing of research that 
will carry us to the brink of making tough decisions about which 
diseases or initiatives deserve attention. 

Who is to decide which diseases deserve most attention? 
Increasingly the pressure will be felt politically and we will be 
called upon to make choices in terms of allocations of resources 
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to change the directions of our research. I can state an example 
from my own experience. When I went to the Massachusetts 
General Hospital in 1978 I had no intention of changing the 
course of my own research interest from neuroendocrinology. 
However, the opportunities that arose from a congressional man­
date to fund research in Huntington's disease led to our applica­
tion for a Center Without Walls. The application was successful 
and resulted in a major portion of my own interest turning 
toward this one particular disease. I estimate that over the course 
of the past ten years between twenty and thirty million dollars 
have been expended on research into this one difficult and rela­
tively rare problem. Yet, we still do not have the gene isolated 
and there will be a further substantial amount of money expended 
before it is discovered. So opportunities set the course of direc­
tion of research and the political pressure and the political 
mechanisms that are so active in our time frequently determine 
decisions about what we choose to do. 

This issue comes to attention in other ways as well. Having 
recently attended the sixth International AIDS Conference in 
San Francisco I can attest to the extraordinary power of the body 
public to protest the slow advance of science and to illustrate the 
pressures applied by a segment concerned about the disease that 
affects them, i.e., AIDS, and the painful impact it has on other 
scientists and on governmental leaders who are criticized for 
doing too little too late. 

The other example that comes to mind is the current contro­
versy surrounding the human genome project, which is sched­
uled to be funded in the U.S. at approximately fifty to one hun­
dred million dollars annually for the next five years. This area of 
science has been criticized by other scientists as draining 
resources away from small grant projects in order to achieve a 
big science initiative. In both of these examples, the issue 
revolves around resources available and not about the opportuni­
ties present in carrying the work forward. The two big com­
plaints that we read about regularly in the newspapers now is the 
controversy between big science and little science advocates and 
the controversy between spending money for specific disease-
related issues as opposed to curiosity driven fundamental 
research initiatives. 

The O/R paradox is a failure of society — a failure of our leaders 
in high places to seize the opportunity afforded by science. 

The E/D Risk 
The second large issue that is not unrelated to the first is 

what I will refer to as the E/D risk. Again, this medical metaphor 
is not an analogy to emergency departments, but rather to expec­
tation/disillusionment risk (or expectation/disappointment risk). 
Because science has created opportunities and has become 
much more visible publicly, the expectation that science can 
solve problems is held by a substantial component of our society. 
This view is by no means held by all, since the rise of anti-intel-
lectualism and opposition to the scientific method has also 
appeared in a major way in our times. This skepticism is also 
shared by some within the medical community. Dr. Freymann, a 
Family Medicine faculty member of the University of 
Connecticut wrote recently, "Americans are moving rapidly 
toward a new paradigm of health care. Until recently most 
Americans were convinced the key to health was conquest of 
disease through science."39 According to others, the public is 
abandoning the view that mankind can master nature through 

science. Three years ago Alan Bloom's book The Closing of the 
American Mind emerged as a best seller.40 Bloom likened sci­
ence to "the absurdity of a grown man who spends his time 
thinking about gnats' anuses". "We have become too persuaded 
about the utility of science," Bloom states, "to perceive how 
shocking and petty the scientists' interest appear . . . If science 
is just for curiosity's sake, which is what theoretical men believe, 
it is nonsense, and immoral nonsense, from the viewpoint of 
practical men." These are not the ravings of a Haight-Ashbury 
junkie - Bloom is a distinguished professor of philosophy at the 
University of Chicago. These are worrisome signals.41 

In general, however, there remains a strong sense among our 
patients and the public that science, if directed, can solve dis­
eases in the same way that enabled us to put a man on the moon. 
I sense, in my contact with families affected by Alzheimer's dis­
ease, that they fully expect that we will find a solution from one 
of our various approaches to the problem of the decline of intel­
lectual functions associated with aging. And yet, realistically, it 
seems doubtful that during the next decade we will find any 
definitive answer to the mechanisms that cause this disease, and 
unlikely that we will find a treatment that will enhance or pro­
long intellectual function. This produces a serious potential 
problem, if we do not communicate adequately. The expectations 
of our accomplishments may lead to a sense of sellout or disillu­
sionment at our failure. Again, the experience with the AIDS 
epidemic has taught us a great deal about the effectiveness of a 
vocal group of affected patients in bringing attention to the inad­
equacies that they perceive in a system of research and the devel­
opment of effective drugs. This topic, which consumes many of 
our health care pages in the daily newspapers in the United 
States, demonstrates poignantly that we need to adopt new meth­
ods of communication to assure that we are heard and that the 
expectations perceived are realistic. The E/D risk could come 
about from a failure of communication. We need to be careful 
what we say can be done. 

So far I have considered global and generic issues that are 
really inherent in all of our academic activities within our medi­
cal schools and research institutes. I wish to turn now to some of 
the risks that I perceive for neurology itself. 

The P/M Dilemma 
This issue speaks more directly to the future of academic 

neurology. The P/M dilemma is one of promises/missed oppor­
tunities which may result from a failure of vision on our part. It 
relates both to the opportunities afforded by science and to the 
ways in which these can be brought to bear in an effective way 
upon our everyday research practices in neurology. It is clear that 
the momentum of science is such that developments and 
advances occur on a weekly or monthly basis. I would illustrate 
this by referring to the polymerase chain reaction called PCR, 
which was awarded a prize by Science last year as the "molecule 
of the year".42 This distinguished award (given for the first time) 
addressed the extraordinary power of this new scientific method 
to multiply small pieces of DNA and to generate quantities suf­
ficient for detailed base pair sequence analysis. First viewed as 
an arcane technique that would only be understood by a few spe­
cialized laboratories, this technique has quickly become so gen­
erally important in molecular diagnosis, and in every form of 
molecular biological research, that it has simply revolutionized 
the capacity of our scientists to analyze DNA. 
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This kind of advance is unlikely to occur in clinical depart­
ments without close and meaningful scientific affiliation with 
basic scientists, either by bringing them into our own depart­
ments or by establishing effective collaborations with them. It 
was my own belief that big science and little science and impor­
tant disease related neuroscience research carried out in clinical 
departments can only be accomplished by the recruitment of 
Ph.D.'s to our departments, by giving them full academic status, 
and by giving them the opportunity for tenure advancement in 
the same fashion that we accomplish this for our clinical 
appointments. Sometimes this same objective can be accom­
plished by developing effective relationships with basic science 
departments. But I strongly believe that we cannot advance the 
scientific mission of our departments without such affiliations. 
Mike Bishop of the University of California, San Francisco, who 
was awarded the Nobel Prize in 1989 for his work with Harold 
Varmus on oncogenes said recently, "Individuals trained origi­
nally as physicians are prominent among the elite of our biomed­
ical scientists: I cite Harold Varmus as an example. And Ph.D.'s 
have done great things in the study of human disease: consider 
the path-breaking work of Lew Kunkel on muscular dystrophy (I 
chose Lew as my example because he and I are alumni of the 
same small liberal arts college in Pennsylvania). Nevertheless, 
the two camps bring distinct perspectives to the fray. So we 
should seek a better meeting of the minds. We should find ways 
to initiate Ph.D.'s into the mysteries of the human organism. 
Some few now manage the initiation on their own, but many 
more are eligible. And we must change the way we prepare 
physicians to do research. Most contemporary graduates of medi­
cal school and specialty training are not qualified to conduct 
creditable research at the cutting edge of our discipline."41 

These words of advice do not mean that physicians/scientists 
will not exist in the future — but we should not underestimate 
the length of the training period — 3-5 years post residency 
(plus the cost). And the need to protect time afterward. 

The affiliation with basic neuroscientists has another impor­
tant implication for neurology. I want to emphasize that many of 
the really important discoveries will come from unexpected 
sources. The nematode C. Elegans may well tell us important 
things about genes that cause CNS degenerative disease.43 

Drosophila was the species used to identify the genes that 
encode for potassium channels in excitable membranes.44 

Economic Disincentives 

Practical problems are most likely to hinder the progress of 
neurology in the 90s. There is a decline in the perceived impor­
tance of the cognitive specialties in medical practice and with it 
increased economic burdens to survive! The economic pressures 
are resulting in our best students entering radiology, ophthal­
mology, and some to neurosurgery. Modern imaging techniques 
divert patients from the neurologists. As one of our prominent 
neurosurgeons was heard to say recently, albeit in jest, "a good 
CT or MRI scanner is worth a roomful of neurologists." 

Our colleagues in internal medicine and general surgery are 
referring patients past us directly to neurosurgeons. We may 
need to develop closer working relationships, including financial 
arrangements, with our neurosurgical colleagues. The economic 
pressures being felt currently cannot be overemphasized as a 
drain from the academic enterprise — preventing us from pro­
tecting our researchers. 

Ethical Issues 

The last challenges that I will consider are those having to do 
with the broad ethical issues that face us today. We and others 
recently developed techniques to provide presymptomatic testing 
for patients with Huntington's disease.45'46 Patients offered assis­
tance of this kind require careful assessment and attention. We 
found out quickly that this problem was not a simple one. Those 
affected by the disease, i.e., those at risk for the gene defect, 
soon imposed their concerns and wishes upon us in terms of 
how to proceed with the testing. What might have initially been 
perceived as interference led to a very effective evolution of 
principles of symptomatic testing that 1 believe have in some 
senses set the stage for the application of these techniques to 
other diseases in the future. 

Another issue with which I have dealt extensively and about 
which there seems at the moment to be little likelihood of 
change, at least in the United States, is the issue of fetal tissue 
transplantation or the use of fetal tissue for alleviation of neuro­
logic disorders. I had the opportunity to serve on a panel formed 
by Jim Wyngaarden, then director of the NIH, to deal with the 
issue of whether scientific advances available by the use of fetal 
tissue were important for the scientific community. Although the 
scientists on the panel were unanimous in their belief that this 
research was both legal and necessary, the opposition to it under 
the concerns expressed by those opposed to abortion that the use 
of fetal tissue would increase the incidence of abortion led to the 
current permanent moratorium on such research. So in this case, 
scientists are unable to proceed with scientific questions because 
of political and ethical concerns. 

I should like to end my comments by reflecting in a more 
optimistic way upon the extraordinary moment that we see in 
front of us. To quote Satchel Paige, "Don't look back, something 
may be gaining on you." I think it is important to plan rationally 
and positively about the extraordinary moment that we find our­
selves in with respect to the next decade. There are opportunities 
that would not have been dreamed of even five years ago. The 
tools to accomplish things in science and research that affect 
patients who have neurologic diseases are now available in unbe­
lievable ways. The opportunities to pursue science are there. We 
clearly will need to develop strategies that are effective, that are 
responsible to the tax payers, and that are responsible to our 
patients. 

ACKNOWLEDGEMENTS 

The author thanks Joyce McKinney for her expert editorial 
assistance, and Susan Hilary for typing the manuscript. 

REFERENCES 

1. Gusella JF, Tanzi RE, Anderson MA, el al. DNA markers for ner­
vous system disease. Science 1984; 225: 1320-1328. 

2. Martin JB. Molecular genetic studies in the neuropsychiatric disor­
ders. TINS 1989; 12: 130-137. 

3. Friedmann T. Progress toward human gene therapy. Science 1989; 
244: 1275-1281. 

4. Gusella JF, Wexler NS, Conneally PM, et al. A polymorphic DNA 
marker linked to Huntington's disease. Nature 1983; 306: 234-
238. 

5. Martin JB. Huntington's disease: New approaches to an old prob­
lem. Neurology 1984; 34: 1059-1072. 

Volume 18, No. I — February 1991 5 

https://doi.org/10.1017/S031716710003122X Published online by Cambridge University Press

https://doi.org/10.1017/S031716710003122X


THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 

6. Gilliam TC, Bucan M, MacDonald ME, et al. A DNA segment 
encoding two genes very tightly linked to Huntington's disease. 
Science 1987;238:950-952. 

7. Hayden MR, Hewitt J, Wasmuth JJ, et al. A polymorphic DNA 
marker that represents a conserved expressed sequence in the 
region of the Huntington disease gene. Am J Hum Genet 1988; 
42: 125-131. 

8. Wasmuth JJ, Hewitt J, Smith D, et al. A highly polymorphic locus 
very tightly linked to the Huntington's disease gene. Nature 
1988;332:734-736. 

9. Robbins C, Theilmann J, Youngman S, et al. Evidence from family 
studies that the gene causing Huntington disease is telomeric to 
D4S95 and D4S90. Am J Hum Genet 1989; 44: 422-425. 

10. Theilmann J, Kanani S, Shiang R, et al. Non-random association 
between alleles detected at D4S95 and D4S98 and the 
Huntington's disease gene. J Med Genet 1989; 26: 676-682. 

11. Snell RG, Lazarou LP, Youngman S, et al. Linkage disequilibrium 
in Huntington's disease: An improved localization for the gene. J 
Med Genet 1989; 26: 673-675. 

12. Bucan M, Zimmer M, Whaley WL, et al. Physical maps of 4p 16.3, 
the area expected to contain the Huntington disease mutation. 
Genomics 1990; 6: 1-15. 

13. Conneally PM, Haines JL, Tanzi RE, et al. Huntington disease: No 
evidence for locus heterogeneity. Genomics 1989; 5: 304-308. 

14. Martin JB. Molecular genetics: Applications to the clinical neuro-
sciences. Science 1987; 238: 765-772. 

15. St. George-Hyslop PH, Tanzi RE, Polinsky RJ, et al. The genetic 
defect causing familial Alzheimer's disease maps on chromo­
some 21. Science 1987; 235: 885-887. 

16. Gusella JF. Location cloning strategy for characterizing genetic 
defects in Huntington's disease and Alzheimer's disease. FASEB 
J 1989;3:2036-2041. 

17. Goate AM, Owen MJ, James LA, et al. Predisposing locus for 
Alzheimer's disease on chromosome 21. Lancet 1989; 1: 352-
355. 

18. Schellenberg GD, Bird TD, Wijsman EM, et al. Absence of linkage 
of chromosome 21q21 markers to familial Alzheimer's disease. 
Science 1988;241:1507-10. 

19. Pericak-Vance MA, Bebout JL, Haynes Ca et al. Linkage studies in 
familial Alzheimer's disease: evidence for chromosome 19 link­
age. Am J Hum Gen 1990; 47: suppl A194. 

20. St. George-Hyslop PH, Haines JL, Farrer LA, et al. Genetic linkage 
studies suggest that Alzheimer's disease is not a single homoge­
neous disorder. Nature 1990; 347(6289): 194-197. 

21. Abraham CR, Potter H. Alzheimer's disease: Recent advances in 
understanding the brain amyloid deposits. Biotechnology 1989; 
7: 147-153. 

22. Selkoe DJ. Deciphering Alzheimer's disease: The amyloid precursor 
protein yields new clues. Science 1990; 248: 1058-60. 

23. Whitson JS, Selkoe DJ, Cotman CW. Amyloid beta protein 
enhances the survival of hippocampal neurons in vitro. Science 
1989; 243: 1488-90. 

24. Yankner BA, Dawes LR, Fisher S, et al. Neurotoxicity of a fragment 
of the amyloid precursor associated with Alzheimer's disease. 
Science 1989:245:417-420. 

25. Van Nostrand WE, Wagner SL, Suzuki M, et al. Protease nexin-Il, 
a potent antichymotrypsin, shows identity to amyloid B-protein 
precursor. Nature 1989; 341: 546-549. 

26. Van Broeckhoven C, Haan J, Bakker E, et al. Amyloid B-protein 
precursor gene and hereditary cerebral hemorrhage with amyloi­
dosis (Dutch). Science 1990; 248: 1120-1123. 

27. Levy E, Carman MD, Fernandez-Madrid U, et al. Mutation of the 
Alzheimer's disease amyloid gene in hereditary cerebral hemor­
rhage, Dutch type. Science 1990; 248: 1124-1127. 

28. Prusiner SB. Scrapie prions. Ann Rev Microbiol 1989; 43: 345-374. 
29. Cohen DH, Fiener H, Jensson O, Frangione B. Amyloid fibril in 

hereditary cerebral hemorrhage with amyloidosis (HCHW A) is 
related to the gastro-enteropancreatic neuroendocrine protein, 
gamma trace. J Exp Med 1983; 158: 623-628. 

30. Klein G. The approaching era of the tumor suppressor genes. 
Science 1987; 238: 1539-1545. 

31. Cavenee WK, et al. Expression of recessive alleles by chromosomal 
mechanisms in retinoblastoma. Nature 1983; 305: 779-784. 

32. Friend SH, Dryja TP, Weinberg RA. Oncogenes and tumor-sup­
pressing genes. New Engl J Med 1988; 318: 618-622. 

33. Huang HJ, Yee YK, Shew JY, et al. Suppression of the neoplastic 
phenotype by replacement of the RB gene in human cancer cells. 
Science 1988; 242: 1563-1566. 

34. Hong FD, Huang HJ, To H, et al. Structure of the human 
retinoblastoma gene. Proc Natl Acad of Sci of USA 1989; 86: 
5502-5506. 

35. Seizinger BR, Martuza RL, Gusella JF. Loss of genes on chromo­
some 22 in tumor genesis of acoustic neuroma. Nature 1986; 
322: 644-647. 

36. Seizinger BR, Rouleau GA, Ozelius LJ. Common pathogenetic 
mechanism for three tumor types in bilateral acoustic neurofibro­
matosis. Science 1987; 236(4799): 317-319. 

37. Seizinger BR, de la Monte S, Atkins L, et al. Molecular genetic 
approach to human meningioma: Loss of genes on chromosome 
22. Proc Natl Acad Sci (USA) 1987; 84: 5419-5423. 

38. Seizinger BR, Rouleau GA, Ozelius LJ, et al. von Hippel-Lindau 
disease maps to the region of chromosome 3 associated with 
renal cell carcinoma. Nature 1988; 332: 268-269. 

39. Freymann JG. The public's health care paradigm is shifting: 
Medicine must swing with it. J Gen Int Med 1989; 4: 313-319. 

40. Bloom A. The closing of the American mind: How higher education 
has failed democracy and impoverished the souls of today's stu­
dents. New York: Simon and Schuster, 1987. 

41. Bishop JM. Chauncey Leake Lecture, UCSF. May 1990. 
42. Editorial. Science 1989; 246: 1541. 
43. Chalfie M, Wolinsky E. The identification and suppression of inher­

ited neurodegeneration in caenorhabditis elegans. Nature 1990; 
345:410-416. 

44. Jan LY, Jan YN. A superfamily of ion channels (letter). Nature 
1990; 345(6277): 672. 

45. Meissen GJ, Meyers RH, Mastromauro CA, et al. Predictive testing 
for Huntington's disease with use of a linked DNA marker. N 
Engl J Med 1988;318:535-542. 

46. Huggins M, Block M, Karani S, et al. Ethical and legal dilemmas 
arising during predictive testing for adult onset disease: The expe­
rience of Huntington's disease. Am J Hum Gen 1990;47:4-12. 

6 
https://doi.org/10.1017/S031716710003122X Published online by Cambridge University Press

https://doi.org/10.1017/S031716710003122X



