APOLIPOPROTEIN €4 ALLELE FREQUENCY IN
YOUNG AFRICANS OF UGANDAN DESCENT
VERSUS AFRICAN AMERICANS

Floyd Willis, MD, Neill Graff-Radford, MBBch, FRCP, Martin Pinto, MD, LaShaune Lawson, Jennifer
Adamson, Dawn Epstein, Francine Parfitt, Mike Hutton, PhD, Peter C. O’Brien, PhD

Jacksonville, Florida, and Rochester, Minnesota

Through its role in lipid metabolism, Apolipoprotein €4 (ApoE4) may affect “brain repair” in
stroke, brain hemorrhage, Alzheimer’s disease, and other brain injury syndromes for which African
Americans may have greater morbidity and mortality. Cross-cultural evaluations of these and other
genetic factors may provide insight on possible ethnic differences in risk of morbidity to acute cen-
tral nervous system (CNS) injury and chronic neurodegenerative processes.

As an initial step toward expanding knowledge of ApoE allele frequencies for persons of African
descent, we compared ApoE genotype of a group of 70 young Ugandans to 59 (subset of a larger
group of 342 African Americans of all ages) age-matched African Americans and to published fre-
quencies for Caucasians and Asians. We found that the ApoE4 and €2 alleles are more frequent
in Ugandans (U) than Caucasians (C) or Asians (A) with corresponding alleles showing significant
elevations of €2 (U 15.71%, C 8.40%, A 4.20%) and 14 (U 25%, C 13.70%, A 8.90%) (p < .001).
Comparing the differences between Ugandans and age-appropriate African Americans (AA) was

not statically significant, but this outcome may be due to small sample size.
These results provide the only published ApoE frequencies for Ugandans and the complete set
of data provides the largest published community group of ApoE frequencies for African Americans.

(J Natl Med Assoc. 2003;95:71-76.)
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Apolipoprotein € plays a role in lipid metabo-
lism as a component of very low-density lipopro-
teins (VLDL), high density lipoproteins (HDL),
and chylomicron remnants.! In humans, there are
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three common alleles of ApoE (€2, €3, €4),
which are encoded on chromosome 19 and thus
produce six different genotypes (2/2, 2/3, 2/4, 3/3,
3/4, and 4/4). Frequencies of ApoE vary in differ-
ent age and racial groups, with €4 generally
shown to be higher among African Americans and
in many other groups of African dissent.23 The €4
allele has been associated with several medical
conditions, including cardiovascular disease and
gallstone formation.4>

Apolipoprotein €4 also has been associated
with the development of Alzheimer’s disease
(AD), poor recovery from head injury and stroke,
arteriosclerosis and amyloid angiopathy.6-8
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Although we have recently reported that ApoE4 is
a risk factor for Alzheimer’s disease in African
Americans (Graff-Radford et al: Association
between ApoE genotype and AD in African
Americans: in press—Archives of Neurology),
minimal attention has been given to the influence
that ApoE has on other health factors in blacks.
Through its role in lipid metabolism, ApoE4 may
affect “brain repair” in stroke, brain hemorrhage,
and other brain injury syndromes for which
African Americans may have greater morbidity
and mortality. Cross-cultural evaluations of these
and other genetic factors may provide insight into
ethnic morbidity differences for CNS injury and
chronic neurodegenerative processes.

In order to better understand the role of ApoE
in neurovascular and neurodegenerative diseases
in blacks, we need to know allele frequencies of
each population. To our knowledge, there are no
previous publications of ApoE allele frequencies
‘in Ugandans. In this study, we compare frequen-
cies of 70 Ugandan’s with a sample of 59 age-
matched African Americans (a subset of a larger
group of 342 African Americans).

APOE AND NEURODEGENERATIVE
DISEASES IN BLACKS

Increased incidence of Alzheimer’s disease has
been linked to genetic risk factors such as ApoE4 in
Caucasians, but similar findings have yet to be con-
firmed in Africans.® Furthermore, the link between
ApoE4 and AD in African Americans is shown to be
weaker than in Caucasians in some studies3.10:11 and
similar to Caucasians in others (Graff-Radford et al:
Association between ApoE genotype and AD in
African Americans: in press). Tang et al. concluded
that the ApoE4 allele is a determinate of Alzheimer’s
disease risk in Caucasians, but that blacks are at
increased risk of Alzheimer’s disease regardless of
ApoE genotype. These findings suggest that other
unknown factors may be involved in conferring risk
of Alzheimer’s disease in black populations. Cross-
cultural studies may provide insight on racial and
ethnic differences in risk of Alzheimer’s and other
neurodegenerative diseases in blacks.
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African Americans and Caribbeans of African
decent descent have higher morbidity and mortali-
ty from cerebrovascular and vascular diseases.!2:13
Although ApoE4 genotype (which is associated
with elevated low-density lipoproteins) and elevat-
ed lipids may explain individual cases of stroke and
heart disease, there is no documented evidence
showing that lipids are generally higher in blacks
as compared to whites, or that lipid profile explains
the increased morbidity and mortality of vascular
diseases in blacks.!415 Some have postulated that
the African American population’s risk factors for
arteriosclerosis (hypertension, diabetes, smoking,

-etc.) leads to more vascular disease, and thereby the

possibility of more vascular dementia and mixed
vascular/Alzheimer’s type dementia.16 Although
this association may eventually prove to be true in
blacks, Slooter’s study in a Caucasian population
suggests that arteriosclerosis is not the link between
ApoE and dementia.!7 This suggests that ApoE’s
role in neurovascular and cardiovascular diseases in
blacks is associated with environment, other disease
factors, or perhaps a yet undefined role that ApoE
plays in neuronal repair in blacks.

Better understanding of ApoE’s role as a factor
in central nervous system repair is important in
general, but may be particularly important for
blacks in that death rate from stroke is 2.4 times
more likely in African Americans than Caucasian
Americans.18:19 This strongly suggests the need
for further study on ApoE’s impact on neuronal
repair in people of African ancestry.

PATIENTS AND METHODS

The native African participants were recruited
from an international conference of Ugandans held
in the United States in August of 1999. All volun-
teers identified themselves as natives of Uganda,
currently living either in Uganda, the United
States, or Canada. The African American partici-
pants are a part of an ongoing longitudinal study
established to gather information on normal mem-
ory in African Americans. All participants provid-
ed written informed consent under an IRB-
approved protocol.
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ApoE Genotype Determination
Blood was collected into EDTA tubes from 70
adults from Uganda and 342 African Americans
from the United States. The genotype was deter-
mined using basic methods described in the single-
day apolipoprotein € genotyping by Crook et
al.,20 with the following modifications noted. The
DNA was amplified using a Hybaid Touchdown
Thermal Cycler. Polymerase Chain Reaction
(PCR) conditions were an initial denaturation at
94°C for five minutes, followed by 35 cycles over-
all of a 94°C denaturation step for 30 seconds,
annealing step consisting of a 22 cycle 60°C to
50°C touchdown at 0.5%cycle for 30 seconds, and
a 72°C extension step for 45 seconds, then a final
extension at 72°C for 10 minutes, completing
amplification. Genomic DNA was amplified using
the following primer sequences:
upstream=5"-TAAGCTTGGCACGGCTGTCCAAGGA-3’
downstream=5"-ACAGAATTCGCCCCGGCCTGGTACAC-3’

APOLIPOPROTEIN E4 ALLELE

After amplification, 10 units of enzyme, Cfo I
(Promega) and its buffer were added directly to 20
microliters of PCR product. The mixture was incu-
bated at 37°C for five hours giving main fragment
sizes of 91, 83, 72, and 48 base pairs. The digest
was run on a 4.5% agarose gel with 1xTBE buffer.

Statistical Methods

Comparison of the allele frequencies between
groups was carried out using the chi-square test
with 2° of freedom.

RESULTS

As seen in Table 1, when compared to previ-
ously published frequencies for larger, older con-
trol populations of Caucasians (C) and Asians
(A), Ugandans (U) show significant elevations of
€2 (U 15.71%, C 8.40%, A 4.20%) and €4 (U
25%, C 13.70%, A 8.90%) (p values < .001).
Though not statistically significant, €2 and €4

Table 1. SUMMARY ALLELE FREQUENCY BY GROUP

Group E2

E3 E4

Old African American
Normals (N=566)

Old and Young
AA Normals (N=684)

54 (9.54%)
69 (10.09%)

Young African American
Normals (n=118)

Ugandans (N=140)
Caucasians (N=12524)*
Japanese (N=3954)"

15 (12.71%)

22 (15.71%)
858 (8.40%)
166 (4.20%)

Chi-Square p-values N=alleles

384 (67.84%) 128 (22.61%)

465 (67.98%) 150 (21.93%)

81 (68.64%) 22 (18.64%)

83 (59.29%)
7957 (77.9%)
3436 (86.90%)

35 (25.00%)
1399 (13.70%)
352 (8.90%)

Old AA Normals vs. Ugandans—0.064
Young AA Normals vs. Ugandans—0.293

Japanese vs. Ugandans—0.001
Caucasians vs. Ugandans—0.001

*Farrer meta-analyses

Old AA Normals vs. Young AA Normals—0.431

Old an Young African-American Normals vs. Ugandans—0.076
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Table 2. SUMMARY OF AGE DATA

Group Mean Median Range
Old African American 720 72 (53, 97)
Normals (N=283)

Young African American 35.6 34 (20, 55)
Normals (N=59)

Ugandans (N=70) 357 36 (17, 80)

was higher, as well, in Ugandans than in age
appropriate African Americans (AA) (p=0.293).
The observed matching allele frequencies for an
older group of African Americans was also lower
for €2 and €4 frequencies than in Ugandans
(N=283; all > or = 65 years/mean age 72.0/e2-
10.09%, €3-67.98%, €4-21.93%) and trended
toward statistical significance (p value = 0.064).
Allele frequencies in our total group of African
Americans (all ages, N=342) were €2-10.09%,
€3-67.98%, and €4- 21.93%. Frequencies for
ApoE are in Hardy Weinberg equilibrium.

The mean ages of the groups was 35.6 years
for the younger AAs, 34.9 years for the
Ugandans, and 72 years for the older AA group
(65 years or older) (Table 2).

When looking specifically at persons of African
descent, there is a predominance of the €4 allele.2!
When reviewing seven African-based population
studies of 50 or more participants from specific eth-
nic groups, all have increased €4 alleles when com-
pared to most non-African groups (Table 3).

DISCUSSION

These results provide the only published
ApoE frequencies for Ugandans and the largest
published community group of ApoE4 genotype
frequencies for African Americans, and they are
concordant with previous reports that show that
ApoE4 frequencies are higher among Africans
compared to African Americans, and higher
among African Americans compared to
Caucasian and Japanese populations.

The specific reasons for the population het-
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erogeneity of ApoE allele frequency is not yet
well explained, but debate in literature suggests
sampling variation or population subculture as
possible causes.2 Population differences are like-
ly the explanation of the frequencies seen in
Ugandan data presented here, as the higher €4
and €2 frequencies are also well documented in
most African populations studied. One exception
to this generalization is for the Tanzanian fre-
quencies as reported by Kalaria. This group of
Tanzanians is shown to have higher €2 than
either African Americans or Caucasians, but €4
frequencies lower than most African groups and
similar to African American groups (Table 3). It
is unclear whether this apparent similarity
between Tanzanians and African Americans is
due to racial admixture or sampling bias.
However, racial admixture could explain the fre-
quencies of African American and Tanzanian
populations, both appearing to have €4 frequen-
cies that are intermediary between those of
Caucasians and other African groups.

It is plausible that our younger group of
Africans (all but one under age 65) could have an
artificially high €4 frequency due to decreased
age-related mortality ApoE4 is thought to be
associated with cardiovascular disease422:23 and
one might postulate that an African group of
advanced age might have a lower €4 frequency
secondary to €4 associated cardiovascular mor-
tality. Similar postulations could be made for
young vs. older groups of African Americans.
However, the €4 allele frequency in the younger
African Americans was not observed to be higher
than the frequency observed in our large group of
African American elderly; and review of the liter-
ature shows the only group that reported age-dif-
ferentiated allele frequencies for Africans24
showed no €4 allele frequency difference
between two age groups of 65-years and older vs.
under 65 years. In these published reports, as well
as in our group, there is no suggested inverse
association of ApoE4 allele frequency and
advanced age. Further study is needed on ApoE
associated risk of cardiovascular disease and
death as it relates to cross cultural populations.
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Table 3. COMPARISON OF APOE ALLELE FREQUENCIES OF MODERATELY-SIZED (N>50)
GROUPS OF AFRICANS, AFRICAN AMERICANS, AND OTHERS

Group Author N €2 €3 €4
Africans
Ugandans Present Study 70 15.71% 59.29% 25.0%
Sudanese Hallman (2) 103 8% 62% 30%
African Pygmies Zekraoui (25) 70 5.7% 53.6% 40.7%
Khoi San (Bushmen) Sandholzer (26) 247 7.7% 55.3% 37.0%
of South Africa
Black South Africans Loktionov (27) 100 14.5% 57.0% 28.5%
Nigerian Blacks Sepehrnia (28) 365 2.7 67.7% 29.6%
Tanzanians Kalaria (24) 143 14.3% 64.7% 21.0%
Kenyans Kalaria (24) 61 9.0% 59.0% 32.0%
US Blacks
US Blacks Present Study 342 10.09% 67.98% 21.93%
(all ages)
US Blacks Tang (10) 256 10.2% 69.1% 20.7%
US Blacks Sahota (11) 216 10.5% 67.5% 21.76%
US Blacks Maestre (29) 57 2.0% 74% 24%
Others
African Americans Farrer meta-analysis(3) 240 8.3% 72.2% 19.0%
Caucasians Farrer meta-analysis(3) 6262 8.4% 77.9% 13.7%
Japanese Farrer meta-analysis(3) 1977 4.2% 86.9% 8.9%
Hispanics Farrer meta-analysis(3) 267 6.7% 82.3% 11.0%

This study has several limitations. First, like
most previously published community-based stud-
ies on ApoE allele frequencies, the samples of both
the African Americans and Ugandans are com-
posed of volunteers and are not representative of
either general population. Secondly, the Ugandans
were younger and predominately upper middle
class. Thirdly, the sample size for the Young
African American normals (N=59) was smaller
than the sample size for the other comparison
groups, and this may account for the lack of statis-
tical significance for the comparison of this group
to the Ugandans. Pursuit of larger, population
based, age balanced samples may provide clarifi-
cation of these issues.
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