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(57) ABSTRACT 

The present invention provides a method for the determining 
the prognosis for a patient diagnosed With a neurological 
disease. The present invention also provides a method for 
the identi?cation of human subjects for placement in clinical 
drug trials of drugs being tested for the treatment of neuro 
logical disease and for determining a patient’s future disease 
risk. 
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METHOD FOR DETERMINING THE PROGNOSIS 
OF A PATIENT WITH A NEUROLOGICAL 

DISEASE 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a method for determining 
the prognosis of a patient With a neurological disease. 

[0002] Neurological diseases include AlZheimer’s disease 
(AD), CreutZfeldt-Jakob disease, Huntington’s disease, 
LeWy body disease, Pick’s disease, Parkinson’s disease 
(PD), amyotrophic lateral sclerosis, multiple sclerosis (MS), 
neuro?bromatosis, and diseases Without a necessary genetic 
component such as brain injury, stroke and multi-infarct 
dementia (MID). Most of these diseases are typi?ed by onset 
during the middle adult years and lead to rapid degeneration 
of speci?c subsets of neurons Within the neural system, 
ultimately resulting in premature death. There are no knoWn 
cures and feW therapies that sloW the progression of these 
diseases. 

[0003] Parkinson’s disease (PD) is a common neurode 
generative disorder Which ?rst appears in mid- to late-life. 
Familial and sporadic cases occur, although familial cases 
account for only 1-2 percent of the observed cases. The 
neurological changes Which cause this disease are someWhat 
variable and not fully understood. The disorder generally 
develops asymmetrically With tremors in one hand or leg 
and progresses into symmetrical loss of voluntary move 
ment. Eventually, the patient becomes incapacitated by 
rigidity and tremors. In the advanced stages the disease is 
frequently accompanied by dementia. 

[0004] Diagnosis of both familial and sporadic cases of 
Parkinson’s disease can only be made after the onset of the 
disease symptoms. Anticholinergic compounds, propra 
nolol, primidone and levadopa are frequently administered 
to modify neural transmissions and thereby suppress the 
symptoms of the disease, though there is no knoWn therapy 
Which halts or sloWs the underlying progression. 

[0005] Multiple Sclerosis (MS) is a neurodegenerative 
disease of the brain and spinal cord in Which a breakdown 
occurs in the myelin sheathing of the nerve ?bers. MS is 
currently incurable and treatments are feW and usually result 
in only temporary improvements of the disease symptoms. 

[0006] Stroke is the sudden death of a portion of the brain 
cells due to a lack of oXygen. A stroke occurs When blood 
How to the brain is impaired resulting in abnormal brain 
function. Brain blood How can be impaired by blockage or 
rupture of an artery to the brain. 

[0007] In the United States, about 400,000 people a year 
Will suffer from a stroke, and up to 40% of these strokes may 
be fatal. The cost of strokes is not just measured in the 
billions of dollars lost in Work, hospitaliZation, and the care 
of survivors in nursing homes. The major cost of a stroke is 
the loss of independence that occurs in 30% of the survivors. 
What Was a self-sustaining and enjoyable life style may lose 
most of it’s quality after a stroke and family members can 
often ?nd themselves in a neW role as caregivers. 

[0008] Other cerebral vascular diseases that present simi 
lar sequelae to stroke are multi-infarct dementia (MID), 
vascular dementia (VaD), and cardiovascular injury or acci 
dent. In addition, diseases such as AIDS can often have 
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vascular dementia as a complication. As With the above 
diseases, there are no knoWn cures for these diseases and 
most therapies only aid rehabilitation or loWer the risk of 
having another vascular incident. 

[0009] Apolipoprotein E (apoE) functions as a ligand in 
the process of receptor mediated internaliZation of lipid-rich 
lipoproteins. ApoE is probably also involved in reverse lipid 
transport. In the central nervous system (CNS), apoE plays 
a central role in the mobiliZation and redistribution of 
cholesterol and phospholipid during membrane remodeling 
associated With synaptic plasticity. The importance of apoE 
in the brain is further underscored by the absence of other 
key plasma apolipoproteins such as apoAl and apoB in the 
brain. 

[0010] The apoE gene on chromosome 19 has three com 
mon alleles (E2, E3, E4), Which encode three major apoE 
isoforms. The frequency of the apoE4 allele has been shoWn 
to be markedly increased in sporadic AlZheimer’s Disease 
(AD) and late onset familial AlZheimer’s disease This 
gene dosage effect Was observed in both sporadic and 
familial cases (i.e., as age of onset increases, E4 allele copy 
number decreases). Women, Who are generally at a greater 
risk of developing AlZheimer’s disease, shoW increased 
apoE4 allele frequency When compared to age matched men. 

[0011] The cholinergic hypothesis of geriatric memory 
dysfunction has raised some fundamental questions regard 
ing the heterogeneity of responses toWard different cholino 
mimetics in AD. The absence of clear bene?cial effects of 
choline and lecithin on geriatric patients With and Without 
AD is still perplexing. Furthermore, multiple clinical studies 
using esterases inhibitors such as physostigmine and tacrine 
have shoWn that contrary to results found in young subjects, 
the optimal acute dose necessary to facilitate performance 
on memory tasks varied considerably among individual aged 
subjects. 
[0012] Neurological diseases provide a unique series of 
complications for the clinicians, patients, and care givers; 
the diseases often progress rapidly and disrupt a vast number 
of major life functions. The progressive nature of these 
diseases makes the passage of time a crucial issue in the 
choice and administration of different treatment options. It 
Would be desirable to knoW the severity of the prognosis for 
patients diagnosed With various neurological diseases. 

SUMMARY OF THE INVENTION 

[0013] We have discovered a method for determining the 
prognosis of patients With a non-AD neurological disease 
such as Parkinson’s disease, Multiple Sclerosis, or stroke. 
Our prognostic methods provide a prognosis for the patient, 
including a prediction of the relative outcome of the patient 
in terms of rate of progression, severity of disease symp 
toms, and longevity. The prognostic methods alloW clini 
cians, patients, and family members to make informed 
choices about therapeutic regimes. This method Will also 
provide for more rapid and cost effective treatment by 
determining the relative appropriateness of various thera 
peutic and palliative choices. Even Where drug therapy is 
inappropriate, the prognostic method Will provide patients, 
and their family members, a more informed and realistic 
expectation of patient outcome including an insight into the 
most effective rehabilitation strategy, and a forecast of the 
patient’s risk for future disease. 
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[0014] In the ?rst aspect, the invention provides a method 
of determining the prognosis for a patient diagnosed With a 
non-AD neurological disease. The method includes: a) iden 
tifying a patient already diagnosed With a non-AD disease; 
b) determining the apoE genotype or phenotype of a patient; 
and c) converting the data obtained in step b) into a 
prognosis determination. The prognosis may include a pre 
diction of drug ef?cacy, patient outcome, and patient risk for 
future disease events. In preferred embodiments, the method 
of the invention may further include the steps of determining 
the BChE genotype or phenotype of a patient, obtaining a 
patient pro?le, Which may, preferably, include the patient’s 
sex, age, and/or genotype (e.g., presenilin, apolipoprotein E, 
or BChE genotype). 

[0015] In other preferred embodiments of the prognostic 
method, the patient is diagnosed With a disease selected from 
the group consisting of: Parkinson’s disease (PD), multiple 
sclerosis (MS), and stroke Which shall also include multi 
infarct dementia (MID), vascular dementia (VaD), and car 
diovascular injury or accident, for example, as a complica 
tion of AIDS. 

[0016] In a second aspect, the invention provides a method 
for determining the prognosis of future risks of disease in a 
asymptomatic mammal. In preferred embodiments the mam 
mal is a human and the method further involves a determi 
nation of the mammals BChE genotype or phenotype, 
obtaining a patient pro?le, Which may, preferably, include 
the mammal’s sex, age, and/or genotype (e.g., presenilin, 
apolipoprotein E, or BChE genotype). 

[0017] In a related aspect, the invention provides a kit for 
performing the prognosis. The kit includes a means for 
converting the patient pro?le into a prognosis. In a preferred 
embodiment, the kit contains a means for performing the 
steps of the conversion. In another preferred embodiment, 
the kit contains a means for compiling the data for said 
patient pro?le and for formatting said patient pro?le. In 
another preferred embodiment, the kit contains a computer 
softWare program to perform the data analysis. 

[0018] It should be noted that the therapies suggested by 
the prognostic method may be used alone, or in combination 
With other knoWn therapies that are not otherWise contrain 
dicated for the patient. 

[0019] For the purpose of the present invention the fol 
loWing terms are de?ned beloW. 

[0020] “Non-AD Neurological disease” means any dis 
ease other than AlZheimer’s disease, Which involves the 
neuronal cells of the nervous system. Speci?cally included 
are: prion diseases (e.g., CreutZfeldt-Jakob disease); 
pathologies of the developing brain (e.g., congenital defects 
in amino acid metabolism, such as argininosuccinicaciduria, 
cystathioninuria, histidinemia, homocystinuria, hyperam 
monemia, phenylketonuria, and tyrosinemia, and fragile X 
syndrome); pathologies of the mature brain (e.g., neuro? 
bromatosis, Huntington’s disease, depression, amyotrophic 
lateral sclerosis, multiple sclerosis, and stroke); conditions 
that strike in adulthood (e.g. CreutZfeldt-Jakob disease, 
Huntington’s disease, LeWy body disease, Parkinson’s dis 
ease, Pick’s disease, amyotrophic lateral sclerosis, multiple 
sclerosis, neuro?bromatosis), brain injury, stroke, multi 
infarct dementia (MID), vascular dementia (VaD), patholo 
gies of the brain (e.g., brain mishaps, brain injury, coma, 
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infections by various agents, and dietary de?ciencies) and, 
cardiovascular injury or accident, for example, as a compli 
cation of AIDS. 

[0021] “Drug ef?cacy” means the a determination of an 
appropriate drug, drug dosage, administration schedule, and 
prediction of therapeutic utility. 

[0022] “Already diagnosed” means already diagnosed as 
having a neurological disease or having a genetic predispo 
sition or risk for acquiring a neurological disease. 

[0023] “Patient pro?le” means data pertaining to the 
patient for Whom the prognostic analysis is being performed. 
Data may include information on the patient’s diagnosis, 
age, sex, and genotype. The patient’s pro?le may also 
include materials from the patient such as blood, serum 
protein samples, cerebrospinal ?uid, or puri?ed RNA or 
DNA. 

[0024] “Asymptomatic” means that the mammal or human 
subject has no clinical symptoms of a disease but nonethe 
less may be a “silent” carrier of a genotype determined by 
the method of the invention to result later or be likely to 
result later in the onset of disease symptoms. 

[0025] “ApoE genotyping” means determination of the 
type and number of apoE alleles present in the patient, 
Whether determined by nucleic acid sequencing, PCR or 
RT-PCR ampli?cation, examination of apoE protein, or by 
other methods available to those skilled in the art. 

[0026] “Allele load” means the relative ratio of apoE2, 3, 
and 4 alleles in the patient’s chromosomal DNA. The allele 
load may be determined by comparing the relative numbers 
of the patient’s already knoWn apoE allele types. 

[0027] “PCR or RT-PCR ampli?cation” means subjecting 
a DNA sample to a Polymerase Chain Reaction step or an 
RN-A sample to a Reverse Transcriptase-Polymerase Chain 
Reaction step, such that, in the presence of appropriately 
designed primers, a DNA fragment is synthesiZed or fails to 
be synthesiZed and thereby reveals the allele status of a 
patient. 

[0028] “BChE genotype” means a determination of the 
patient’s alleles that encode the butyrylcholinesterase gene 
product. This may be accomplished by nucleic acid sequenc 
ing, RT-PCR, PCR, examination of the BChE protein, a 
determination of the BChE enZyme activity, or by other 
methods available to those skilled in the art. 

[0029] “BCHE-K allele” means the polymorphism of the 
butyrylcholinesterase (BCHE) gene Which has a point muta 
tion at nucleotide 1615 that changes amino acid residue 539 
from alanine to threonine and can result in an enZyme With 
reduced catalytic activity. Other polymorphisms of this 
locus exist (e.g., deletions (BCHBE*FS4), missense muta 
tions (BCHE*24 M, * 1005, *250P, *267R, *330I, *365R, 
*418S, *SlSC, *539T), and nonsense mutations 
(BCHE*119STOP, *465STOP)) and are included Within the 
scope of the invention. 

[0030] “Prognosis” means a method Whereby diagnostic 
data, including the patient’s neurological diagnosis and 
genetic data, such as the patient’s apoE and BChE genotype, 
are processed to provide therapeutic options and prognoses. 
Processing may include, but not be limited to, the collection 
of a patients medical history including age and sex, apoE 
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and BChE genotyping using appropriately designed primers 
and using a RT-PCR or PCR ampli?cation step, apoE and 
BChE phenotyping using an antibody-mediated method or 
enzymatic test, and statistical analysis step that converts this 
raW data into a prognosis. The prognosis may include a 
prediction of a patient’s response to drug therapy, recovery 
time, age of disease onset, treatment efficacy, rehabilitation 
time, symptomology of attacks, and risk for future disease. 
For example, a high apoE4 allele load could be used as a 
positive predictor for stroke patients that respond Well under 
drug therapy and as negative predictor of PD and MS patient 
response to drug therapy. A prognosis may also be deter 
mined for asymptomatic and healthy subjects in order to 
forecast future disease risks an determine What preventive 
therapies should be considered or invoked in order to lessen 
these disease risks. The prognosis may include the use of a 
computer softWare program to analyZe patient data and run 
statistical cross-checks against relational databases that are 
constantly being updated. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Here We shoW that a correlation of age, sex, apoE 
genotype, and BChE genotype, may be used to formulate a 
prognosis for a given patient With a neurological disease. 
The prognosis can include a prediction of both relative age 
of onset, rate of disease progression, and risk for future 
disease. 

[0032] We have investigated the relationship betWeen the 
apoE4 genotype and cholinergic de?cits, and We observed 
that the greater the number of apoE4 alleles the loWer the 
apoE level. Furthermore, reduction in ChAT activity in the 
hippocampus and temporal cortex of AD cases is inversely 
proportional to the apoE4 allele copy number (i.e. Where the 
apoE4 allele copy number is increased the ChAT activity is 
decreased). In addition, We found that another presynaptic 
marker of cholinergic projection, the nicotinic receptor, Was 
markedly reduced in apoE4 AD subjects. Conversely, We 
have found that a typical post-synaptic marker, Ml-musca 
rinic receptor, is unaltered in AD versus non-AD subjects, 
irrespective of Whether apoE4 is present or not. The 
M2-muscarinic receptor, a composite pre- and post-synaptic 
marker, is also unaffected by the apoE4 allele gene dosage. 
We have also observed that the presence of the apoE4 allele 
loWers the age of onset of neurological disease and Worsens 
the prognosis. 

[0033] The above ?ndings clearly indicate the existence of 
distinct genetic entities in neurological disease Which cor 
relate With differential degrees of alterations of cholinergic 
innervation. In turn, the innervation level correlates With the 
prognosis, including the ability to respond to cholinomi 
metic drugs. 

[0034] We believe the correlation betWeen apoE4 allele 
load and reductions in ChAT activity and nicotinic receptors 
may be explained by at least tWo distinct phenomena. First, 
phospholipids such phosphatidylcholine (PC) and phos 
phatidylethanolamine (PE), that can serve precursors to 
choline in the synthesis of acetylcholine (Ach), could be 
transported into neurons via the classical apoE-LDL recep 
tor pathWay. An isoform-dependent impaired regulation of 
the transport of phospholipids in the brain of apoE4 carriers 
could explain the reduced levels of PC, PE and choline 
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reported in AD (PettegreW J. W., 1989, Ann. NYAcad. Sci., 
56815-28; Nitch R M et al., 1992, Proc. Natl. Acad. Sci., 
89:1671-1675). This, in turn, may lead to decreased Ach 
synthetic capacities. This hypothesis is consistent With 
membrane defects reported in AD subjects such as changes 
in membrane ?uidity in the hippocampus and in the platelets 
of AD patients. The loss of cholesterol reported in AD and 
the effect of apoE4 on nicotinic binding activity are consis 
tent With the apoE4/impaired lipid homeostasis hypothesis. 

[0035] In addition to the above, the reduction in neuronal 
ChAT activities and choline levels in both AD and non-AD 
patients could parallel the loss of cholinergic neurons. The 
analysis of the number of acetylcholinesterase-positive neu 
rons in the nucleus basalis of Meynert (NBM) and the 
diagonal band of Broca (DBB) in AD patients revealed 
marked losses of cholinergic neurons in apoE4 carriers 
versus apoE3 homoZygous AD cases. 

[0036] Although these observations Were initially made in 
AD patients, We have discovered that our observations 
regarding apoE allele load and drug therapies can be gen 
eraliZed to non-AD neurological diseases because the under 
lying mechanism altered by the apoE allele load is not 
AD-speci?c. Our discovery indicates that the apoE4 allele 
load, taken together With patient pro?le parameters, can 
predict individual variations in a patients response to drug 
treatment, rehabilitation, and risk for future disease. The 
method of the invention provides useful predictions for 
patients With diseases such as stroke, Parkinson’s disease, 
and Multiple Sclerosis as discussed in the Examples herein. 
Prospective-retrospective analyses of patients that are either 
good or poor responders to drugs designed to ameliorate the 
conditions of stroke, Parkinson’s disease, and Multiple 
Sclerosis, (e.g., aspirin, antithrombotics, ticlopidine 
(TiclidTM), levodopa-carbidopa, (SinernetTM) and interferon 
[3-1B (BetaseronTM)) are presented in the Examples. We 
further propose that the method of the invention also can be 
used to generate prognostic protocols for other cerebral 
vascular injuries that involve similar disease mechanisms to 
stroke. Such diseases Would include multi-infarct dementia 
(MID), cardiovascular injury, brain injury, or cerebral vas 
cular pathologies as a complication AIDS. 

[0037] The prognostics method is useful for alloWing the 
physician to select the most appropriate drug, drug dosage, 
administration or palliative therapy for a patient. The inven 
tion also provides a method for forecasting future patient 
disease risk. This forecast method alloWs the patient and 
clinician to consider and invoke preventive therapeutic 
regimens before disease strikes or to at least loWer the risk 
of future disease events. 

[0038] The present invention Will be more readily under 
stood by referring to the folloWing examples Which are 
given to illustrate the invention rather than to limit its scope. 

EXAMPLE I 

[0039] Methods and Study Design 

[0040] Determination of apoE Levels and Allele Load 

[0041] Genotype analysis for each patient Was performed 
using high molecular Weight DNA, or alternatively RNA, 
isolated from 5 mls of Whole blood draWn from each patient. 
The apoE genotype Was determined using an allele-speci?c 
primer extension method. Primers labeled D, E, F, G, and H 
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Were synthesized by Genosys Biotech (The Woodland, Tex.) 
using primer sequences provided in Main et al. (Main R. F. 
et al., 1991, J. Lipid. Res., 32:183-187). Reactions Were 
carried out in a volume of 50 uL containing 1 ug of DNA; 
deoxyadenosine triphosphate, deoxycytidine triphosphate, 
deoxythymidine triphosphate and deoxyguanosine triphos 
phate, each 0.2 mmol/L; 10% dimethyl sulfoxide; 12.5 pmol 
of either primer D, E, F, or G; 25 pmol of primer H; and 10 
uL of 10x PCR reaction buffer (Vector Biosystem, Toronto, 
ONT.). The DNA in the reaction mixture Was ?rst denatured 
for 10 min. at 96° C. and then cooled to 4° C. One unit of 
Taq polymerase (Vector Biosystem, Toronto, ONT.) Was 
then added to each sample. Each sample Was reheated for 2 
min. at 96° C. and subjected to 30 cycles in a thermal cycler 
With each cycle consisting of a 10 sec denaturation at 96° C., 
30 sec annealing at 58° C., and 1 min. extension at 65° C. 
The reaction products Were visualiZed by electrophoresis of 
10 uL of the reaction mixture in a 1% agarose gel containing 
TPE buffer (0.08 mol/L Tris-phosphate, 0.002 mol/L EDTA, 
Sigma, St-Louis, USA) and ethidium bromide (0.15 ug/mL) 
for 1 hr at 67v. The gels Were then photographed and the 
banding pro?le Was compared to knoWn standards. 

[0042] Alternatively, the apoE phenotype can be deter 
mined in a patient using a serum or cerebrospinal ?uid 
sample. Proteins are siZe separated on a 25 cm SDS pol 
vacrylamide gel (10%) and transferred onto a nitrocellulose 
?lter using a BIORAD TM Trans-blot cell and detection of the 
apoE protein is performed using a polyclonal antibody 
raised against human apoE protein (International Immunol 
ogy Corp., Calif., Dil. 112000). To control for antibody 
speci?city, adsorption of the anti-apoE antibody With puri 
?ed human apoE protein (MW 34-36 kDa) is performed see 
if Will speci?cally block apoE detection. Molecular Weight 
markers (RainboW markers, Amersham) are run in adjacent 
Wells While visualiZation of the bands is done With a 
chemiluminescence detection kit (Amersham, Cat. No. RPN 
2100). Quanti?cation of the autoradiographic signals is 
performed using a MCID image analysis system (Ste-Cathe 
rine, Ontario) equipped With the 1D-gel analysis softWare. 

[0043] Patients Who completed the drug trial Were selected 
for a determination of their apoE genotype as previously 
described (above and Poirier et al., 1993, Lancet 3421697 
699). Patients Were examined for the impact different apoE 
genotypes (e.g., 2/2, 3/2, 3/3, 3/4, 2/4 and 4/4) had on a 
patient’s response to drug therapy, recovery time, age of 
disease onset, treatment ef?cacy, rehabilitation time, symp 
tomology of attacks, and risk for future disease. 

EXAMPLE II 

Relationship BetWeen ApoE Genotype and Drug 
Therapy Outcome in Patients Suffering from Stroke 

[0044] We have analyZed 51 patients suffering from stroke 
to determine if there is a relationship betWeen apoE geno 
type and drug therapy outcome. Our small study group Was 
composed of Caucasian females, currently diagnosed as 
suffering from stroke, and currently under treatment With 
either aspirin or anti-thrombotic drugs (eg TiclidTM). 
Although our study group is small, and is not randomiZed by 
sex, the patients in this study have a apoE allele distribution 
similar to a much larger randomiZed North American-popu 
lation (see Table 1). To determine a patients apoE genotype, 
5 mls of Whole blood Was draWn from each patient and used 
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as a source of genetic material for apoE allele determination 
as described in Example I. The patient’s apoE genotype Was 
then compared With information from the patient’s medical 
?le. We have measured the speed at Which patients recover 
from a stoke incident and the duration of their rehabilitation, 
in order to assess the potential relationship betWeen a 
patient’s apoE genotype and stroke prognosis. 

[0045] Results 

TABLE 1 

apoE Allele Distribution of Study Group Compared to 
Representative Population 

% Population 
Genotype (Canada) Study Group 

E4/E4 3.9% 0% 
E4/E3 20.6% 27% 
E4/E2 9.8% 2% 
E3/E3 61.8% 59% 
E3/E2 2.0% 12% 
E2/E2 2.0% 0% 

[0046] In order to determine the relationship betWeen 
apoE genotype and the time it takes a patient to make a 
complete recovery from a stroke incident, We have analyZed 
the data as folloWs. We have divided the study group into 
tWo populations, those patients Which recovery quickly on 
drug therapy (fast responders) and those patients that recov 
ery sloWly on drug therapy (sloW responders) and asked 
What is the apoE allele representation (Table 2). 

TABLE 2 

apoE Genotype Distribution in Stroke Patients that Make a Complete 
Recovery Under Drug Therapy Quickly vs. SloWly 

% population This SloW Fast 
Genotype (Canada) Study Responder Responder 

E4/E4 3. 9% 0 % 0 % 0% 
E4/E3 20.6% 27% 20% —> 47% 
E4/E2 9. 8% 2% 3 % 0% 
E3/E3 61.8% 59% 63% <- 47% 
E3/E2 2.0% 12% 14% <- 7% 
E2/E2 2. 0% 0 % 0 % 0% 

[0047] When the genotypes of these tWo populations Were 
compared, We observed a link betWeen the speed of recovery 
from stroke and being a carrier of the apoE4 allele. The 
fastest responders to drug therapy folloWing stroke, Were 
patients carrying the apoE4 allele (Table 2). When these data 
Were analyZed as a function of apoE4 allele load, patients 
With a greater apoE4 allele load Were over represented as 
making a good recovery (Table 3). 

TABLE 3 

Comparison of apoE4 Genotype Load and Stroke Recovery 

Genotype poor good 

+E4 19% —> 32% 

—E4 81% <— 68% 

[0048] In order to determine the relationship betWeen 
apoE genotype and age of disease onset, apoE genotype data 
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was analyzed as a function of the age of the patient When the 
?rst stroke incident occurred (Table 4). In this study, the 
majority of the patients, 74%, Were non-apoE4 carriers, and 
the genotypes Were Well distributed into all age groups, 
Which minimized any favored results due to longevity 
possibly being linked to apoE genotype. 

TABLE 4 

apoE4 Allele Distribution as a Function of Age When Patient Suffered 

Stroke Incident 

Genotype 50-60 70 80 90 

E4/E4 0.0% 0.0% 0.0% 0.0% 
E4/E3 22.2% 20.0% 30.8% 66.7% 
E4/E2 11.1% 0.0% 0.0% 0.0% 
E3/E3 66.7% 73.3% 53.8% 16.7% 
E3/E2 0.0% 6.7% 15.4% 16.7% 
E2/E2 0.0% 0.0% 0.0% 0.0% 

[0049] In addition, analysis of this data by age group does 
not shoW major differences regarding treatment ef?cacy, 
even though, patients in the 70 year old group appear to have 
the best overall response to drug treatment (Table 5). 

TABLE 5 

Drug Treatment E?icacv for Stroke Patients as a Function of Age 

% Study 50-60 70 80 90 

Poor 100% 15% 31% 31% 8% 
Average 100% 18% 18% 36% 14% 
Good 100% 23% 46% 8% 15% 

Very good 100% 0% 50% 0% 0% 

[0050] In order to determine if the apoE genotype in?u 
ences the total time a stroke patient requires for rehabilita 
tion (a long rehabilitation period after a stroke incident is 
common), We have analyZed patient rehabilitation time as a 
function of the patient’s apoE genotype. We observed a 
direct and positive relationship betWeen the presence of an 
apoE4 allele and a short rehabilitation time (Table 6). 

TABLE 6 

Total Rehabilitation Time Required after Stroke Incident as a Function of 
Patient apoE Genotype 
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TABLE 7 

Patient Recovery Ability Immediately Following a Stroke as a Function of 
Patient apoE Genotype 

% population 
Genotype (Canada) % Study Quick SloW 

+E4 15.2% 21% 21% 25% 
—E4 84.8% 79% 79% 75% 

[0052] In summary, We have discovered that a direct link 
eXists betWeen the presence of an apoE4 allele and a stroke 
patient’s outcome. We believe that the apoE4 allele may be 
bene?cial to the stroke patient. We further predict, that the 
ability to upregulate the expression or stability of the apoE4 
gene product, may have bene?cial consequences for a 
patient suffering from stroke. This invention proposes that 
the ability of a drug to increase apoE4 gene eXpression or 
stability Would implicate that drug as a therapeutically 
effective drug for patients With stroke. 

EXAMPLE III 

Relationship BetWeen ApoE Genotypes and Drug 
Therapy Outcome in Patients Suffering from 

Parkinson’s Disease 

[0053] We have analyZed 59 patients suffering from Par 
kinson’s disease (PD) to determine if there is a relationship 
betWeen a patient’s apoE genotype and drug therapy out 
come. Our small group Was composed of Caucasian males, 
diagnosed as suffering from PD, and currently under treat 
ment With levadopa-carbidopa (SinernetTM). These patients 
Were not suffering from any other central nervous system 
disease. To determine the patient’s apoE genotypes, 5 mls of 
Whole blood Was draWn from each patient and used as a 
source of genetic material for apoE allele determination as 
described in Example I. The patient’s apoE genotype Was 
then compared With information from the patient’s medical 
?le. Our analysis Was based on comparing patient response 
to a drug treatment designed to improve symptoms of tremor 
and rigidity, as a function of the patient’s apoE genotype. 

[0054] Results 

TABLE 8 

ApoE Genotype Distribution of Study Group, a Larger 
Population and Across Different Age Groups 

% 
% Population population 

Genotype (Canada) % Study Quick 510W Genotype (Canada) % Study 40-50 60 70 80 

E4 15_20% 21% 28% —> 19% E4 15.20% 16.3% 18.8% 10.7% 20.0% 0.0% 
E3 77% 69% 64% <— 74% E3 77% 68.8% 68.8% 71.4% 70.0% 100.0% 
E2 780% 10% 8% 7% E2 7.80% 15.0% 12.5% 17.9% 10.0% 0.0% 

[0051] In order to assess Whether a patient’s apoE geno- [0055] Although our Study group 15 Small’ and Is not 

type in?uences recovery directly after a stroke attack, We 
have analyZed a patient’s ability to make an immediate 
recovery folloWing stroke as a function of the patient’s apoE 
genotype. We observed that the speed of recovery immedi 
ately folloWing a stroke attack is not apoE genotype depen 
dent (Table 7). 

randomiZed by seX, the patients in this study have an apoE 
allele distribution similar to a much larger randomiZed North 
American-population (Table 8). We also observed a similar 
apoE allele distribution among different age groups, sug 
gesting that apoE genotype is not linked to longevity (Table 
8). We compared the average age of patients Who responded 
Well to drug therapy (good responder) versus those patients 
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that did poorly (bad responder), and observed a similar 
average age (64-67). This result further con?rmed the lack 
of an age component in this data set. Furthermore, analysis 
of the apoE allele load betWeen good and bad responders to 
drug therapy revealed that age differences did not in?uence 
treatment outcome. 

[0056] In contrast, We observed a strong negative corre 
lation betWeen patient response to drug therapy and apoE4 
allele load. Patients With no apoE4 allele shoWed a better 
response, as measured by improvements in symptoms of 
rigidity and tremor, then did those patient’s With an apoE4 
allele (Table 9). Thus, We conclude that a negative correla 
tion for patients carrying an apoE4 allele and treatment 
outcome for Parkinson’s Disease. 

TABLE 9 

Drug Response of Parkinson’s Disease Patients 
With Different apoE Genotypes 

% population Bad Good 
Genotype (Canada) % Study responder responder 

E4/E4 3.9% 0% 0% 0% 
E4/E3 20.6% 17% 20% <— 8% 
E4/E2 9.8% 5% 4% 4% 
E3/E3 61.8% 63% 68% —> 72% 
E3/E2 2.0% 14% 4% —> 16% 
E2/E2 2.0% 2% 4% 0% 
+E4 15.2% 16% 18% <— 9% 
—E4 84.8% 84% 81% —> 91% 

EXAMPLE IV 

Relationship BetWeen ApoE Genotype and Drug 
Therapy Outcome in Patients With Multiple 

Sclerosis 

[0057] We have analyZed 65 patients suffering from mul 
tiple sclerosis (MS) to determine if there is a relationship 
betWeen the patient’s apoE genotype and drug therapy 
outcome. Our small group Was composed of Caucasian 

females, diagnosed as suffering from MS, and currently 
under treatment With interferon [3-1B (BetaseronTM). To 
determine a patient’s apoE genotype, 5 mls of Whole blood 
Was draWn from each patient and used as a source of genetic 
material for apoE allele determination as previously 
described (see EXample I). The patient’s apoE genotype Was 
then compared With information from the patient’s medical 
?le. Our analysis Was based on comparing a patient’s 
response to drug treatment for symptomatic MS eXacerba 
tions as a function of the patient’s apoE genotype. 

[0058] Results 

[0059] We analyZed the frequencies of apoE genotypes in 
our study group as compared to a larger representative 
population. We observed that the patients in this study had 
an apoE allele distribution similar to a much larger random 
iZed North American-population (Table 10). We also 
observed a similar distribution among different age groups 
suggesting that the apoE genotype is not linked to longevity 
(Table 10). 
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TABLE 10 

ApoE Genotype Distribution of Study Group, Larger 
Population and Amongst Different Age Groups 

% 
population 

Genotype (Canada) % study <30 30—40 >40 

E4 15.20% 15.6% 9.7% 21.6% 12.5% 
E3 77% 66.7% 67.7% 62.2% 68.8% 
E2 7.80% 17.8% 22.6% 16.2% 18.8% 

[0060] In order to determine the relationship betWeen a 
patient’s apoE genotype and a patient’s response to drug 
therapy designed to lessen the symptomatic ?are-ups of MS, 
We have analyZed the data as folloWs. We have divided the 
study group into tWo populations representing those patients 
Which have feWer attacks on drug therapy (good responders) 
and those patients that have many attacks While on drug 
therapy (bad responders) and asked What is the apoE allele 
representation (Table 11). We have observed that non-apoE4 
patients responded better to drug therapy than did those 
patients that carried an apoE4 (Table 11). 

TABLE 11 

ApoE Genotype Distribution in MS Patients Responding 
Well to Drug Therapy Versus Those Patients Responding Poorly 

% 
population % Bad Good 

Genotype (Canada) study responders responders 

E4/E4 3.9% 0.0% 0.0% 0.0% 
E4/E3 20.6% 15.4% 8.3% 8.3% 
E4/E2 9.8% 6.2% 6.9% <— 1.7% 
E3/E3 61.8% 60.0% 23.3% —> 33.3% 
E3/E2 2.0% 16.9% 5.0% —> 13.3% 
E2/E2 2.0% 1.5% 1.7% 0.0% 

[0061] When We analyZed these MS patients by apoE4 
allele presence, the correlation betWeen those patients that 
respond Well and the lack of an apoE4 allele is striking 
(Table 12). Lack of an apoE4 allele is clearly predictive of 
a good response to drug therapy. 

TABLE 12 

ApoE4 Allele Load in MS Patients Responding Well to Drug Therapy 
Versus Those Patients Responding Poorly 

% population 
Genotype (Canada) % study Bad Good 

+E4 15.2% 16.5% 6.7% <— 5.6% 
—E4 84.8% 65.9% 20.0% —> 43.3% 

[0062] In another analysis of MS patients, We studied the 
correlation betWeen a patient’s apoE4 allele load and the 
qualitative nature of the patient’s MS attacks each year 
While undergoing drug treatment. The folloWing results are 
subdivided into 8 groups, representing patient’s With mild 
attacks reacting badly to treatment compared With patients 
With mild attacks having a good response to treatment, and 
patients With severe attacks compared in the same manner 
(Table 13). We observed that an apoE4 allele load had a 
negative impact on the ef?cacy of drug treatment for MS 
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patients as measured by a diminution in the number of 
Worsening attacks (Table 13). Thus, We conclude that an 
apoE4 allele load is a strong predictor of poor MS patient 
response to drug treatment. 

TABLE 13 

ApoE4 Allele Load in MS Patients With a Qualitative Ch?ge in Attacks 

Genotype mild-bad mild- good severe-bad severe- good 

+E4 3% 2% 5% 7% 
—E4 15% —> 34% 14% —> 20% 

[0063] We believe these results demonstrate that the Apo 
lipoprotein E gene is not only linked to the drug ef?cacy in 
AlZheimer’s disease, but also directly related to drug ef? 
cacy in different CNS diseases such as stroke, Parkinson’s 
disease, and Multiple Sclerosis. Due to the speci?c role of 
the apoE gene and its proposed role in cell regeneration and 
plasticity requirements speci?c to a disease, We predict that 
the disease relevant genotype Will vary from disease to 
disease. 

EXAMPLE V 

Determination of Risk Prognosis and Therapeutic 
Treatment Outcome of Stroke Events Using 
Genetic Analysis of apoE4 and BCHE-K 

[0064] Stroke is an acute neurologic event leading to death 
of neural tissue of the brain and resulting in loss of motor, 
sensory, and/or cognitive function. It is said to be the third 
leading cause of death in the United States. Genetic predis 
position may be important in the pathogenesis of stroke. 
Such predisposition may not only include genes contributing 
to elevated blood pressure but also genes acting indepen 
dently of blood pressure. TWins studies and familial aggre 
gation support evidence for genetic factors contributing to 
stroke With a polygenic aetiology. 

[0065] Genetic factors contributing to stroke pathogenesis 
are poorly established. The folloWing genes and polymor 
phisms have been implicated in stroke: ACE insertion/ 
deletion polymorphisms, factor V gene, factor VII gene, 
PIA2 polymorphism of the glycoprotein IIIa gene, ApoE, 
and the interleukin 1B converting enZyme (ICE) gene family. 

[0066] Butyrylcholinesterase (BChE) is expressed in most 
human tissues, but its precise metabolic function in the body 
is still unknoWn. The polymorphic gene variant BCHE-K, 
consisting of a point mutation at nucleotide 1615 (GCA to 
ACA) Which chances alanine 539 to threonine, has reduced 
catalytic activity (Bartels et al., Am. J. Hum. Genet. 
50:1086-1103, 1992). Recent research from Lehmann et al. 
(Hum. Mol. Genet. 11:1933-1936 (1997)) suggests that 
BCHE-K is associated With a further increase in the risk of 
late-onset AD in apoE4 carriers. 

[0067] We have discovered that the combination of apoE4 
and BCHE-K contribute to de?ne an individual’s risk for the 
development of stroke. We have determined the ApoE4 and 
BCHE-K genotype for 50 female stroke patients and 64 age 
and seX matched healthy controls (Table 16). In the control 
group, We observed 17 out of 64 subjects Were heteroZygous 
for the BCHE-K allele, and 4 out of 64 subjects Were 
homoZygous carriers of the BCHE-K allele. We observed 

Jul. 4, 2002 

that 15 out of 64 subjects carried one copy of the apoE4 
allele. Both of these allele distributions ?t a Hardy-Weinberg 
equilibrium for the identi?ed allele frequency (Table 14). In 
the stroke patients group, 22 out of 50 subjects carried one 
copy of BCHE-K, and 3 out of 50 subjects Were observed to 
carry tWo BCHE-K alleles. Of these 50 subjects, 15 Were 
carriers of one apoE4 allele. The identi?ed carrier status Was 
in agreement With a Hardy-Weinberg population for the 
observed allele frequency (Table 14). 

TABLE 14 

Allelic Frequencies of apoE4 and BCHE-K 

No. of 
subjects F:M ratio mean age AF BCHE-K AF ApoE4 

controls 64 F only 72 0.195 0.117 
>58 years 
Stroke 50 F only 0.28 0.15 
cases 

p = (X- 0.18 (NS) 0.6 (NS) 
square, 
Yates 

corr.) 

[0068] For subjects 58 years of age and older, the allelic 
frequency of BCHE-K Was 0.195 in controls and 0.28 in the 
50 stroke cases, providing an odds ratio of stroke of 1.6 
(based on allele frequencies) and 2.1 (based on carrier 
frequencies) (Table 17.). In ApoE4 carriers, the odds ratio of 
stroke Was about 1 (Table 15). 

TABLE 15 

Odds Ratios of Stroke for BCHE-K alleles 

Odds Odds 
ratio ratio 

subjects controls cases (alleles) 95% Cl (carriers) 95% Cl 

all 64 50 1.6 0.9-2.9 2.1 1.0-4.4 
ApoE4 
carriers 15 15 1.3 0.3-5.6 

[0069] The allelic frequency of apoE4 Was 0.12 in controls 
and 0.15 in 50 stroke cases, giving an odds ratio of stroke of 
1.3 (based on allele frequencies) and 1.4 (based on carrier 
frequencies) (Table 16). In BCHE-K carriers, the odds ratio 
of stroke Was 1.9 (calculated for carrier status) (Table 16). 

TABLE 16 

Odds Ratios of Stroke for apoE4 alleles 

Odds Odds 
ratio ratio 

subjects controls cases (alleles) 95 % Cl (carriers) 95 % Cl 

all 64 50 1.3 0.6-2.8 1.4 0.6-3.2 
BCHE-K 21 25 1.9 0.5-7.2 
carriers 

[0070] Taking account of the carrier status of both gene 
mutations, We have discovered that there is a tWo fold 
increase (8% vs 18%) in stroke cases, compared to controls, 
in carriers With both the apoE4 and BCHE-K allele (Table 
17). This trend is also seen in the apoE4 carriers. 
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TABLE 17 

Proportion of Control and Stroke Subjects With both 
BCHE-K and apoE4 Alleles 

subjects Controls Stroke cases P = (X-square, Yates corr.) 

all 5/64 (8%) 9/50 (18%) 0.17 (NS) 
ApoE4 carriers 5/15 (33%) 9/15 (60%) 0.27 (NS) 

[0071] In Table 18, We provide the odds ratio of stroke for 
subjects carrying at least one allele of apoE4 and BCHE-K 
as compared to control subjects Who have neither allele. In 
female subjects over 58 years of age Who carry both the 
apoE4 and BCHE-K alleles, the odds ratio of sustaining a 
stroke Was 2.8 fold higher than age matched controls. These 
data predict for female carriers of this genetic status, an 
almost 3 fold higher risk for stroke. 

TABLE 18 

Odds Ratio of Stroke 

Odds ratio 
ApoE4 BCHE-K controls Stroke (carriers) 95% Cl 

no no 33 21 Reference 

yes yes 5 9 2.8 0.9-9.2 

[0072] In summary, We have discovered that determining 
an individuals’s apoE4 and BCHE-K allele status is a useful 
tool in the prediction of an individual’s risk for stroke. 
Furthermore, our results demonstrate that prognostic fore 
casting could alloW patients to start prophylactic therapies 
before disease strikes. For example, the risk of stroke could 
be calculated for asymptomatic and healthy individuals as 
young adults and Well before a stroke incident has occurred. 
Then as the individual ages, preventive therapies could be 
invoked in order to prevent or lessen the likelihood of a 
catastrophic stroke incident later in life. 

OTHER EMBODIMENTS 

[0073] While the invention been described in connection 
With speci?c embodiments thereof, it Will be understood that 
it is capable of further modi?cations and this application is 
intended to cover any variations, uses, or adaptations of the 
invention folloWing, in general, the principles of the inven 
tion and including such departures from the present disclo 
sure come Within knoWn or customary practice Within the art 
to Which the invention pertains and may be applied to the 
essential features hereinbefore set forth, and folloWs in the 
scope of the appended claims. 

[0074] Other embodiments are Within the claims. 

What is claimed is: 
1. A method of determining the prognosis for a patient 

already diagnosed With a non-AD neurological disease, said 
method comprising: 

a) identifying a patient With said disease; 

b) determining the apoE genotype or phenotype of said 
patient; 

c) converting the data obtained in step b) into a prognosis 
for said patient. 
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2. The method of claim 1, Wherein said prognosis includes 
a prediction of drug ef?cacy, patient outcome, or a forecast 
of patient disease risk. 

3. The method of claim 1, Wherein the method further 
comprises determining the BChE genotype or phenotype of 
said patient. 

4. The method of claim 1, Wherein said method further 
comprises obtaining a patient pro?le. 

5. The method of claim 4, Wherein said patient pro?le 
includes a determination of said patient’s sex. 

6. The method of claim 4, Wherein said patient pro?le 
includes the genotype of said patient. 

7. The method of claim 4, Wherein said patient pro?le 
includes the age of said patient. 

8. The method of claim 1, Wherein said patient is diag 
nosed With a disease or determined as being predisposed to 
a disease selected from the group consisting of stroke, 
Parkinson’s disease, multiple sclerosis, multi-infarct demen 
tia (MID), vascular dementia, cardiovascular injury, and 
cardiovascular accident. 

9. The method of claim 1, Wherein said patient is diag 
nosed as having stroke or as being predisposed to sustain a 
stroke. 

10. The method of claim 1, Wherein said patient is 
diagnosed as having Parkinson’s disease or as being predis 
posed to acquire Parkinson’s disease. 

11. The method of claim 1, Wherein said patient is 
diagnosed as having multiple sclerosis or as being predis 
posed to acquire multiple sclerosis. 

12. A method for identifying a patient for participation in 
a clinical trail of a drug for the treatment of a neurological 
disease, said method compromising: 

a) identifying a patient already diagnosed With said dis 
ease or as being predisposed to acquire or be at risk for 
said disease; 

b) determining the apoE genotype or phenotype of said 
patient; 

c) converting the data obtained in step b) and determining 
the prognosis of said patient, said prognosis including 
a prediction of Whether the patient is a candidate for a 
drug trial for the treatment of a neurological disease. 

13. The method of claim 12, Wherein said method further 
comprises determining the BChE genotype or phenotype of 
said patient. 

14. The method of claim 12 Wherein said drug is from the 
group comprising aspirin, antithrombotics, ticlopidine, 
TiclidTM, cholinomimetics, tacrine, levodopa-carbidopa, 
SinernetTM, interferon [3-1B, or BetaseronTM. 

15. The method of claim 12 Wherein said drug is tacrine. 
16. The method of claim 12 Wherein said patient is 

asymptomatic. 
17. Amethod of determining a prognosis of future risk of 

a disease for a mammal asymptomatic for said disease, said 
method comprising: 

a) determining the apoE genotype or phenotype of said 
mammal; 

b) converting the data obtained in step a) into a prognosis 
for said human, said prognosis including a prediction of 
a human’s future disease risk, drug treatment ef?cacy 
for said disease, or treatment outcome. 

18. The method of claim 17, Wherein said mammal is a 
human. 
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19. The method of claim 17, wherein the method further 
comprises determining the BChE genotype or phenotype of 
said mammal. 

20. The method of claim 17, Wherein said method further 
comprises obtaining a patient pro?le of said mammal. 

21. The method of claim 20, Wherein said patient pro?le 
includes a determination of said mammal’s seX. 

22. The method of claim 20, Wherein said patient pro?le 
includes the genotype of said mammal. 

23. The method of claim 20, Wherein said patient pro?le 
includes the age of said mammal. 
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24. Akit for determining a prognosis, said kit including a 
means for converting the patient pro?le into a prognosis. 

25. The kit of claim 24, Wherein said kit contains a means 
for performing the steps of said conversion. 

26. The kit of claim 24, Wherein said kit contains a means 
for compiling the data for said patient pro?le. 

27. The kit of claim 24, Wherein said kit contains a 
computer softWare program to perform the data analysis. 


