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Abstract. Alzheimer's disease is a genetically heterogeneous disorder of CNS. 
The presence of APOE-r4 allele is known to increase the risk of early and late 
onset sporadic and late onset familial forms of AD. In various Western 
European countries, USA, Canada, Japan and Australia the allelic frequency 
ranges between 0.1- 0.18 in controls, and between 0.24- 0.52 in AD patients. 
In the present study on Polish population, we analyzed the frequency of 
APOE-r4 allele in persons with Alzheimer's disease (AD). APOE genotypes 
were determined in 30 mild to moderate AD (83%) and mixed dementia 
(MIX, 17%), as well as in 11 nondemented first- degree relatives of AD 
(NDR), recruited from AD patient registry in Warsaw. Among the AD and 
MIX patients the APOE-~4, ~ 3 ,  &2 allele frequency was 0.333, 0.65 and 0.017 
respectively. 
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Apolipoprotein E (ApoE) is lipoprotein present in 
plasma, where it has an important role in transport, me- 
tabolism and cellular recognition of serum lipopropro- 
teins. In central nervous system it is produced by 
astrocytes, where it is thought to play a pivotal role in 
turnover of lipids or lipid soluble compounds (Mahley 
1988). ApoE is produced in increased amounts in the 
CNS after experimental brain injury (Poirier et al. 199 1). 
It has therefore been proposed that apoE may be in- 
volved in the pathogenesis of brain disorders. 

Alzheimer's disease (AD) is a brain disorder, charac- 
terized by progressive dementia, accompanied by corti- 
cal neuronal loss associated with P-amyloid plaques, 
neurofibrillary tangles, and in most cases amyloid angio- 
pathy (Tanzi et al. 1996). AD is genetically heteroge- 
neous disease of familial and sporadic origin. Familial 
AD cases are associated with genes on chromosomes: 2 1 
(mutations within exons 16 and 17 of amyloid precursor 
protein - APP), 14 and 1 (Tanzi et al. 1996). The gene 
for human apoE exists in three common allelic isoforms: 
APOE-r2, APOE-r3 and APOE-r4. There is a convinc- 
ing support evidence that a susceptibility geneAPOE-r4, 
located on chromosome 19 is a risk factor for sporadic 
and late- onset familial AD (Houlden et al. 1993, 
Mayeux et al. 1993, Strittmater et al. 1993). One copy of 
APOE-r4 is associated with a moderately increased risk 
of AD (reported odds ratios range from 2'2 to 4'4) while 
two copies convey a high risk (odds ratios ranging from 
5'1 to 17'9)(National Institute on Aging1 Alzheimer's 
Association Worlung group, 1996). The frequency of the 
APOE-r4 allele in AD from living and autopsy series 
was shown to be between 30 and 40%, which is approxi- 
mately three times that in general population (National 
Institute on AgingIAlzheimer's Association Working 
group 1996). APOE-r4 allele has also been suggested to 
play a role in other disorders of CNS, undergoing with 
dementia: cortical Lewy body dementia (Betard et al. 
1994), vascular dementia (Betard et al. 1994, Premkumar 
et al. 1994), cerebral amyloid angiopathy (Premkumar et 
al. 1994, Greenberg et al. 1995, Haan et al. 1995), Picks 
disease (Farrer et al. 1995), Creutzfeld-Jakob disease 
(Amouyel et al. 1994), posttraumatic encephalopathy 
(Nicoll et al. 1995), temporal lobe epilepsy (Kilpatrick 
et al. 1996) and schizophrenia (Harrington et al. 1995). 

The role of ApoE in AD is still unknown. ApoE is a 
component of senile plaques and congophilic angio- 
pathy, as well as neurofibrillary tangles (Namba et al. 
1991, Wisniewski and Frangione 1992). Its capacity to 
bind P-amyloid peptides (Strittmatter et al. 1993, 

Wisniewski et al. 1993) and abnormally phosphorylated 
tau protein (Strittmatter et al. 1994) thus suggested that 
both P-amyloid deposition and PHF formation may be 
affected by apo E. 

Recent studies on APOE polymorphism in Alzheimer's 
disease in several Western European countries, USA, 
Canada, Japan and Australia and lack of such of studies 
in Central Europe both prompted us to investigate an 
APOE polymorphism in Polish AD population. To fur- 
ther explore the role played by APOE genotype we have 
also studied the APOE polymorphism in patients with 
dementia of mixed origin (MIX), and first degree rela- 
tives of AD patients. The genotype analysis was done in 
Medical Academy and Medical Research Centre, Polish 
Academy of Science, Warsaw with approval of institu- 
tional review boards. All subjects underwent a stand- 
ardized review and provided their informed consent at 
the AD patient registry, as well as in Department of 
Neurology, Medical Academy, Warsaw. Blood samples 
from AD patients and patients with dementias as well as 
AD relatives were collected in Department of Neuro- 
logy, Medical Academy, Warsaw. Total number of 
genotyped samples included 41 individuals (16 M, 25 F). 
AD and mixed dementia (MIX) patients were diagnosed 
according to DSM-111-R and NINCDS- ADRDA crite- 
ria. The mean age at the diagnosis of dementia was 67.1 
years (44-79), while the mean age of nondemented first 
degree (NDR) relatives was 54 years. APOE genotypes 
were determined in 26 mild to moderate AD (87%) and 
4 mixed dementia (MIX, IS%), as well as in 1 1 non- 
demented first- degree relatives of AD. 

DNA was extracted from white blood cells, as pre- 
viously described by Hixson et al. 1988. APOE genotyp- 
ing was done using a method for restriction isotyping of 
Hixson and Vernier 199 1. Leucocyte DNA was ampli- 
fied by PCR in DNA Thermal Cycler (Perkin Elmer 
Cetus) using oligonucleotide primers: downstream primer 
(5'-ACAGAATTCGCCGGCCTGGTACACTGCCAT 
GCCA-3') and upstream primer (5'-TCCAAGGAGCTG- 
CAGGCGGCGCA-3'). Each amplification reaction con- 
tained 600 ng of leukocyte DNA, 75 pmols of each 
primer, 14 p1 of 10% dimethyl sulphoxide, 3.5 units of 
Taq polymerase (Perkin Elmer Cetus), as well as nucle- 
otide components in final volume of buffer 70 p1. Each 
reaction was heated at 94'C for 5 min., followed by 25 
cycles of annealing ( 6 5 ' ~  for 30 s), extension ( 7 0 ' ~  for 
90 s), denaturation ( 9 4 ' ~  for 30 s) and final extension at 
7 0 ' ~  for 10 min. A 227 bp product of PCR amplification 
was digested for 5 h, at 37'C with 5 units of HhaI (New 
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England Biolabs). Each reaction mixture was loaded on 
8.4%, 1.6 bis% polyacrylamide nondenaturating gel, 
subjected to electrophoresis for 4 h at constant voltage 
80 V. After staining with ethidium bromide the digestion 
products were visualized under uV light, and their sizes 
compared to known size markers. 

In this series of 30 patients diagnosed clinically as 
having mild to moderate AD or mixed dementia, 26 had 
AD and 4 had MIX. The results of APOE genotyping are 
shown in Table I. Among AD and MIX patients 18 had 
~ 3 1 ~ 4  isotype, while we have found only one patient with 
~414  isotype. No AD patients homozygous for ~2 allele 
were found, neither r2Ir4 isotype was noted. The fre- 
quency of r4  allele in AD group alone and AD combined 
with MIX was found to be higher (Table 11), than that in 
the NDR group, which is in agreement with previously 
published observations (Anwar et al. 1993, Poirier at al., 
1993, Strittmatter et al. 1993, Lehtimaki et al. 1995, 
Ibaretta et al. 1995). The observed APOE-r4 allele fre- 
quency (33.3%) is in agreement with previously publish- 
ed data on late- onset patients with AD (Strittmatter et al. 
1993, Ueki et al. 1993, Ibaretta et al. 1995, Lehtimaki et 
al. 1995, Schacchi et al. 1995). The frequency of APOE-r2 
allele in our AD combined with MIX was found to be 
lower than that in NDR group, however we are not able 
to discuss this problem more accurately at the present 
(only one patient with ~ 2 1 ~ 3  isotype). 

We also noticed a lower frequency of APOE-~3 allele 
in the AD group as compared to NDR individuals. NDR 
group studied at present was too small to allow us to draw 
statistically significant conclusions. However, APOE - 

TABLE I 

Results of APOE genotyping 
-- - 

APOE AD MIX NDR 
n = 26 n = 4  n =  1 1  

- - - 

AD, Alzheimer's disease; MIX, Mixed dementia; NDR, 
Nondemented first degree relatives; n, number of cases. 

TABLE I1 

Results of APOE allele frequency 

APOE allele Allele frequency (%) 

ADIMIX AD NDR 
-- 

r4 33.3 32.7 18.2 
r3 65 65.4 72.7 
r2 1.7 1.9 9.1 

AD, Alzheimer's disease; ADIMIX, Alzheimer's disease 
and Mixed dementia; NDR, Nondemented first degree rela- 
tives. 

r 4  frequencies in NDR group (18.2%) were higher than 
previously described for Caucasian population (10- 
16%) (Houlden et al. 1993, Mayeux etal. 1993, Saunders 
et al. 1993) and much hlgher than that from Spanish 
population (6%)(Ibaretta et al. 1995) or healthy French 
centenarians (5.2%)(Schachter et al. 1994). The mean 
age of our NDR individuals was lower than the age of AD 
or MIX patients. We speculate that some of these cases 
could potentially start suffering from AD in the future. 
However, a close follow up study is needed to confirm our 
clinical data. Usually frequency of pathologically con- 
firmed diagnosis of AD is similar to that published series with 
necropsy results as the diagnostic reference standard (app. 
85%) (Saunders et al., 1996). Large scale studies determining 
the role of APOE in Polish AD cohort and other dementias 
including aged matched controls are in progress. 

Maciej M. Lalowski is a recipient of Sandoz Founda- 
tion for Gerontological Research grant and grant from 
Foundation for Polish Science for young investigators. 
This research was partially supported by State Commit- 
tee for Scientific Research, grant No. 4P0.58054.10. 

Amouyel P., Vidal O., Launay J.M., Laplanche J.L. (1994) 
The apolipoprotein E alleles as major susceptibility factors 
for Creutzfeldt-Jakob disease. Lancet. 344: 13 15- 13 18. 

Anwar N., Lovestone., Cheetham M., Levy R., Powell J. F. 
(1993) Apolipoprotein E- &4 allele and Alzhemer's disease. 
Lancet 342: 1308. 

Betard C., Kobitaille Y., Gee M., Tiberghien D., ~ a r i v t e  D., Roy 
P., Mortimer J.A., Gauvreau D. (1994) ApoE allele frequencies 
in Alzheimer's disease, Lewy body dementia, Alzheimer's dis- 
ease and vascular dementia. Neuroreport 5: 1893- 1896. 

Farrer L.A., Abraham, C.R., Volicer, L., Foley, E.J., Kowall, 
N.W., McKee, A.C., Wells, J.M. ( 1  995) Allele r4 of apoli- 



68 M.M. Lalowski et al. 

poprotein E shows a dose effect on age at onset of Pick dis- 
ease. Exp. Neurol. 136: 162- 170. 

Greenberg S.M., Rebeck G.W., Vonsattel J.P.G., Gomez- Isla, 
T., Hyman, B.T. (1995) Apolipoprotein E ~4 and cerebral 
hemorrhage associated with amyloid angiopathy. Ann. 
Neurol. 38: 254-259. 

Haan J., Roos, R.A.C., Bakker, E. (1995) No protective effect 
of apolipoprotein E ~2 allele in Dutch hereditary cerebral 
amyloid angiopathy. Ann. Neurol. 37: 282 (Letter). 

Harrington C.R., Roth M., Xuereb J.H., McKenna P.J., Wi- 
schik C.M. (1995) Apolipoprotein E type ~4 allele fre- 
quency is increased with patients with schizophrenia. 
Neurosci. Lett. 202: 101-104. 

Hixson J.E., Borenstein L., Cox L.A., Rainwarer D.L., Van- 
deBerg J.L. (1988) The baboon gene for apolipoprotein A- 
I: characterization of a cDNA clone and identification of 
DNA polymorphism for genetic studies of cholesterol me- 
tabolism. Gene 74: 483-490. 

Hixson J.E., Vernier D.T. (1990) Restriction isotyping of 
human apolipoprotein E by gene amplification and cleav- 
age with Hhal. J. Lipid Res. 31: 545-548. 

Houlden H., Crook R., Duff K., Collinge J., Roques P., Rossor 
M., Hardy J. (1993) Confirmation that the apolipoprotein 
&4 allele is associated with late onset, familial Alzheimer's 
disease. Neurodegeneration 2: 283-286. 

Ibaretta D., Gbmez- Isla T., Sanchez-Portera A., Parilla R., 
Ayus0M.S. (1995) Apolipoprotein E in Spanishpatients of Alz- 
heimer's or Parkinson disease. J. Neurol. Sci. 134: 146-149. 

KilpatrickES., Jagger C.E., Spooner R.J., Br0dieM.J. (1996) 
Apolipoprotein E and epilepsy. Ann. Clin. Biochem. 33: 
146-147. 

Lehtimaki T., Pirttila T., Mehta P.D., Wisniewski H.M., Frey 
H., Nikkari T. (1995) Apolipoprotein E (apoE) polymorph- 
ism and its influence on ApoE concentrations in the cere- 
brospinal fluid in Finnish patients with Alzheimer's 
disease. Hum. Genet. 95: 39-42. 

Mahley R.W. (1988) Apolipoprotein E: cholesterol transport 
protein with expanding role in cell biology. Science 240: 
622-630. 

Mayeux R., Stern Y., Ottman R., Tatemichi T.K., Tang M.-X., 
Maestre G., Ngai, C., Tycko B., Ginsberg H. (1993) The 
apolipoprotein &4 allele in patients with Alzheimer's dis- 
ease. Ann. Neurol. 34: 752-754. 

Namba Y., Tomonaga M., Kawasaki H., Otomo H., Ikeda K. 
(1 99 1) Apolipoprotein E immunoreactivity in cerebral amy- 
loid deposits and neurofibrillaq tangles in Alzheimer's dis- 
ease and Kuru plaque amyloid in Creutzfeld-Jakob disease. 
Brain Res. 541: 163-166. 

National Institute on AgingIAlzheimer's Association Working 
group (1996) Apolipoprotein E genotyping in Alzheimer's 
disease. Lancet 347: 1091-1095. 

Nicoll J.A., Roberts, G.W., Graham, D.I. (1995) Apolipopro- 
tein E E ~  allele is associated with deposition of amyloid P- 
protein followed head injury. Nat. Med. 1: 135-137. 

Poirier J., Davignon J., Bouthillier D., Kogan S., Bertrand P., 
Gauthier S. (1993) Apolipoprotein E polymorphism and 
Alzheimer's disease. Lancet 342: 697-699. 

Poirier J., Hess M., May P.C., Finch C.E. (1991) Astrocytic apoli- 
poprotein E mRNA and GFAP mRNA in hippocampus after 
entorhinal cortex lesioning. Mol. Brain Res. 11: 97- 106. 

Premkumar D.R., Cohen D.L, Hedera P., Friedland R.P., 
Kalaria R.N. (1996) Apolipoprotein E - ~ 4  alleles in cerebral 
amyloid angiopathy and cerebrovascular pathology associated 
with Alzheimer's disease. Am J. Pathol. 148: 2083-2095. 

Saunders A.M., Hulette C., Welsh- Bohmer K.A., Schmechel 
D.E., Crain B., Burke J.R., Alberts M.J., Strittmatter W.J., 
Breitner J.C.S., Rosenberg C., Scott S.V., Gaskell Jr P.C., 
Pericak- Vance M.A., Roses A.D. (1996) Specificity, sen- 
sitivity, and predictive value of apolipoprotein- E genotyp- 
ing for sporadic Alzheimer's disease. Lancet 348: 90-93. 

Schacchi R., De Bernardini L., Donini L.M., Vialardo T., 
Corbo R.M. (1995) Apolipoprotein E (APOE) allele fre- 
quencies in late- onset sporadic Alzheimer's disease (AD), 
mixed dementia and vascular dementia: lack of association 
of &4 allele with AD in italian octagenerian patients. Neu- 
rosci. Lett. 201: 231-234. 

Schachter F., Faure-Delanef L., Guenot F., Rouger H., Frougel 
P., Lesueur- Ginot L., Cohen D. (1994) Genetic associ- 
ations with human longevity at the APOE and ACE loci. 
Nature Genet. 6: 29-32. 

Strittmatter W. J., Saunders A.M., Schmechel D., Pericak- 
Vance M. A., Enghild J., Salvesen G.S., Roses A.D. (1993) 
Apolipoprotein E: High avidity binding to - amyloid and in- 
creased frequency of type 4 allele in late onset- familial Alz- 
heimer disease. Proc. Natl. Acad. Sci. USA. 90: 1977-198 1. 

Strittmatter W.J., Weisgraber K.H., Goedert M., Saunders 
A.M., Huang D., Corder E.H., Dong Li-M., Jakes R., Al- 
berts M.J., Gilbert J.R., Han S-H., Hulette C., Einstein G., 
Schmechel D., Pericak- Vance M.A., Roses A.D. (1994) 
Hypothesis: Microtubule instability and paired helical fila- 
ment formation in the Alzheimer disease brain are related 
to apolipoprotein E genotype. Exp. Neurol. 125: 163-171. 

Tanzi R.E., Kovacs D. M., Kim T.-W., Moir R., Guenette 
S.Y., Wasco W. (1996) The gene defects responsible for 
familial Alzheimer's disease. Neurobiol. Dis. 3: 159-168. 

Ueki A., Kawano M., Namba Y., Kawanamani M., and Ikeda 
K. (1 993) A high frequency of apolipoprotein E4 isoprotein 
in Japanese patients with late-onset Alzheimer's disease. 
Neurosci. Lett. 163: 166- 168. 

Wisniewski T., Frangione B. (1992) Apolipoprotein E: a pa- 
thological chaperone protein in patients with cerebral and 
systemic amyloid. Neurosci Lett. 135: 235- 238. 

WisniewSki T., Golabek A., Matsubara E., Ghiso J., Fran- 
gione B. (1993) Apolipoprotein E: Binding to soluble Alz- 
heimer's P-amyloid. Biochem. Biophys. Res. Commun. 
192: 359-365. 

Received 27 August 1997, accepted 10 January 1998 


