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The objective of this study was to determine whether host genetic polymor-
phisms influence the risk of developing human immunodeficiency virus (HIV)
encephalitis and vacuolar myelopathy. Allelic association studies were car-
ried out with common polymorphisms in candidate genes that are postulated
to play a role in the pathogenesis of HIV-related neurologic complications. The
authors studied brains and spinal cords from 270 patients who died of acquired
immunodeficiency syndrome (AIDS) from 1989 to 1996. All had complete gross
and microscopic pathologic evaluations, and the presence of microglial nod-
ules, multinucleated giant cells, myelin pallor, and vacuolar myelopathy was
assessed by an experienced neuropathologist who was blinded to the genotype.
DNA was extracted from frozen brain samples, and determination of the pres-
ence of the APOE4, TNF-2, IL-1B*2, ILIRN*2 polymorphisms was determined
by polymerase chain reaction (PCR) and restricted fragment length polymor-
phism (RFLP) mapping. The authors did not detect a consistent association be-
tween inheritance of candidate polymorphic alleles and the pathologic findings
of HIV encephalitis or vacuolar myelopathy. Allelic association studies with
candidate genes are powerful techniques that have the potential to contribute
to understanding the pathophysiology of HIV-related neurodegeneration. This
preliminary study, although including a substantial number of patients, was
not sufficiently powered to exclude a modest but clinically significant effects.
Future studies will require much larger sample sizes and technical advances
to allow screening at larger number of candidate loci. Journal of NeuroVirology
(2004) 10(suppl. 1), 67–73.
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Introduction

Neurologic manifestations of human immunodefi-
ciency virus (HIV) infection, such as HIV-associated
dementia (HAD), vacuolar myelopathy (VM), and dis-
tal sensory polyneuropathy (DSPN), are common and
disabling complications of HIV infection that occurs
in 10% to 20% of patients with acquired immuno-
deficiency syndrome (AIDS) (Lipton, 1998; Simpson,
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1999; Swindells et al, 1999). Although the risk of
developing these neurologic complications is asso-
ciated with HIV viral load, and inversely associated
with CD4 count, the correlation is not high, and many
patients with high viral loads and low CD4 counts do
not develop these disabling neurologic complications
(Childs et al, 1999; Sacktor et al, 2001), although a
substantial number of patients with low HIV burdens
and normalized CD4 counts do suffer from these seri-
ous complications (Sacktor et al, 2001). Over the last
decade, much experimental and clinical evidence has
accumulated, supporting the hypothesis that virally
driven induction of inflammatory mediators such
as cytokines, chemokines, nitric oxide, eicosanoids,
and free radicals is responsible for neurodegenera-
tion in the setting of HIV infection (Griffin, 1997;
Lipton, 1998; Mrak and Griffin, 1997; Swindells et al,
1999). Recent progress in the Human Genome Project
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has identified polymorphisms in several genes in-
volved in mediating inflammatory reactions in the
brain, which have been proposed on the basis of ex-
perimental observations to play a role in HAD and
VM. These polymorphisms were chosen based on a
biologic plausibility for a role of the gene in neurode-
generation, based on animal models or observational
human studies, and the association of the polymor-
phism with other human diseases believed to share
some of the pathologic features of HIV-associated
neurologic disease. These include APOE4, TNF-2, IL-
1B*2, ILIRN*2. Two of these polymorphisms have
been previously studied in the setting of HIV de-
mentia (Corder et al, 1998; Quasney et al, 2001;
Sato-Matsumura et al, 1998), using study designs sub-
stantially different from those employed here. This
study was undertaken to determine whether inher-
itance of these polymorphic alleles was associated
with increased prevalence of pathologic findings of
multinucleated giant cells (MGCs), microglial nod-
ules (MGNs), myelin pallor (MP), and VM in an au-
topsy series of patients dying from AIDS.

Results

As anticipated, the prevalence of neuropathologic
findings in this autopsy series was higher in the
earlier cohort (1989–1993) than in the later co-
hort (1994–1996). Figure 1 shows the prevalence of

Figure 1 Prevalence of microglial nodules (MGN), multinucle-
ated giant cells (MNGC), myelin pallor (MP), or vacuolar myelopa-
thy (VM) in two consecutive series of patients dying of AIDS in
two periods (A, 1989–1993; B, 1994–1996).

MGNs, MGCs, MP, and VM in the two cohorts. In
the earlier cohort, the prevalence of neuropathologic
findings was in the range of 30% to 40%, whereas in
the latter cohort, neuropathologic findings were sig-
nificantly less common, approximately 10%. There
was no difference between the two cohorts in the
frequency of opportunistic infections in the brain.
This result confirms the finding of clinically based
studies that have identified a decrease in incidence
of HIV-related neurologic disease in the era of active
antiretroviral therapy (Monforte et al, 2000; Sacktor
et al, 2001).

Table 1 summarizes the results of the allelic as-
sociation analysis with the four candidate polymor-
phic alleles. The uncorrected P values (Fisher’s exact
test) are listed for each cohort. For five of the com-
parisons, the uncorrected P value reached nominal
significance (P < .05). However, in each case, the as-
sociation was not replicated in the other cohort. Fur-
ther, the relative risks for the significant associations
found in a single cohort were generally modest, rang-
ing from 2.7 to 3.2. For the association between risk
of VM and APOE4, the direction of the relative risk
(0.44) is different from what would be expected given
the expected biologic role of the E4 allele. The most
likely explanation for these results is that the appar-
ent significant associations are false-positive findings
resulting from performing multiple analysis (Lander
and Kruglyak, 1995; Plomin et al, 1994).

Discussion

The progression from HIV infection to neurodegener-
ation is highly variable and may depend on many fac-
tors, such as systemic and/or central nervous system
(CNS) HIV viral burden, neurotropism of particular
HIV strains, integrity of the blood-brain barrier, or the
genetic background of the infected host (Zink et al,
1999). The latter possibility is the focus of the cur-
rent study. Recent progress in the Human Genome
Project offers an approach to dissect host contribu-
tions to HIV neuropathogenesis, by exploiting the
fact that many genes that have been postulated, on
the basis of animal models or observational studies
in humans, to play a role in inflammation and neu-
rodegeneration in the CNS are polymorphic, and that
many of these polymorphisms result in biologically
relevant changes in the function of the gene. Thus,
an attractive approach to determine whether certain
genes play a role in HAD is to determine whether
polymorphisms in those genes are associated with
HAD (Risch and Merikangas, 1996).

The selection of polymorphisms to study is in-
herently somewhat arbitrary. The number of poten-
tial candidates is very high—probably in the thou-
sands. Given current technical limitations, we chose
to study four genes for which a substantial amount
of prior work had indicated (1) a biologic plausibility
for the role of the gene in neurodegeneration, based
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Table 1 Prevalence of neuropathologic findings, by genotype

Pathologic finding Cohort A (1989–1993) P Cohort B (1994–1996) P

ApoE4+ (n) ApoE4− (n) ApoE4+ (n) ApoE4− (n)
MGN+ 12 31 1 2 10 .21
MGN− 24 64 44 71
MGC+ 5 14 1 4 6 1
MGC− 30 74 42 75
MP+ 12 38 .83 3 4 .68
MP− 17 48 21 45
VM+ 8 37 .01 4 8 1
VM− 29 43 37 62

TNF*2+ (n) TNF*2− (n) TNF*2+ (n) TNF*2− (n)
MGN+ 10 31 .68 7 5 .01
MGN− 25 63 25 90
MGC+ 7 14 .60 6 4 .02
MGC− 28 76 26 91
MP+ 14 38 .83 5 2 .01
MP− 16 49 15 51
VM+ 13 37 1 4 10 .75
VM− 20 52 24 73

IL1B*2+ (n) IL1B*2− (n) IL1B*2+ (n) IL1B*2− (n)
MGN+ 15 16 .35 10 2 .03
MGN− 33 54 60 55
MGC+ 8 6 .24 5 5 .75
MGC− 39 64 65 52
MP+ 19 19 .30 5 2 .43
MP− 24 49 33 33
VM+ 11 26 .10 5 7 .36
VM− 34 38 57 42

IL1RA*2,3,4+ (n) IL1RA*2,3,4− (n) IL1RA*2,3,4+ (n) IL1RA*2,3,4− (n)
MGN+ 10 21 .83 3 9 .37
MGN− 31 57 46 69
MGC+ 4 10 .77 4 6 1
MGC− 37 67 45 72
MP+ 13 25 1 2 5 1
MP− 23 42 25 41
VM+ 14 23 .83 5 7 1
VM− 25 47 40 59

on animal models and observational human stud-
ies; (2) a polymorphism is present at a appropriate
allele frequency in the population (typically 0.1 to
0.75); and (3) the polymorphism results in a biologi-
cally relevant change in the function of the gene; and
(4) the polymorphism has been associated with other
human diseases believed to share some pathophys-
iologic features with HIV-associated neurologic dis-
ease. In this study, we report our findings with four
polymorphic alleles. APOE4 was chosen based on its
known association with Alzheimer’s disease (Corder
et al, 1993; Mayeux et al, 1993), traumatic brain
injury (Friedman et al, 1999; Jordan et al, 1997;
Teasdale et al, 1997), and multiple sclerosis
(Chapman et al, 2001; Fazekas et al, 2001). The
TNF*2 polymorphism is located at nucleotide −308
relative to the transcriptional start site of the gene
affects, and regulates tumor necrosis factor (TNF)-α
secretion (Wilson et al, 1997). TNF*2 is overrep-
resented in children dying from cerebral malaria
(McGuire et al, 1994) and meningococcal meningi-
tis (Nadel et al, 1996). IL1B*2 is a polymorphism at
position +3953 in exon 5 of the IL1B gene, which re-
sults in an increased production of interlenkin (IL)-

1β in vitro (Pociot et al, 1992). Finally, IL1RN*2 is a
variable number of tandem repeats polymorphism,
which is associated with increased production of
a dysfunctional IL1-RA protein (Danis et al, 1995),
and has been associated with a number of autoim-
mune diseases, including multiple sclerosis (Crucius
et al, 1995; de la Concha et al, 1997), Sjögren’s syn-
drome (Perrier et al, 1998), inflammatory bowel dis-
ease (Mansfield et al, 1994), and systemic lupus ery-
thematosus (Blakemore et al, 1994).

Other investigators have previously studied poly-
morphisms in APOE and TNF in association with
HIV-related neurologic disease. Corder et al (1998)
looked at the distribution of apoE alleles in patients
with HIV infection. They studied a total of 44 patients
with HIV infection, the majority of which (61%) were
asymptomatic. Thirty-three subjects were apoE4 neg-
ative, whereas the other 11 were apoE4 heterozy-
gotes. Although there was no difference in the neu-
ropsychologic scores between the two groups at the
time of entry into the study, the apoE4+ subjects did
not show the expected improvement (resulting from
the practice effect on retaking the neuropsychologic
tests) in subsequent visits. This was interpreted as
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evidence of slightly worse dementia in the apoE4+
subjects. Using pathologic rather than clinical exam-
inations, we were unable to reproduce the findings
of Corder et al (1998). The different conclusions be-
tween the two studies may be a result of the differ-
ences in diagnostic criteria (clinical versus patho-
logic). Our findings are in agreement with Dunlop
et al (1997), who did not find a effect of APOE4 in the
prevalence of HIV dementia (diagnosed clinically) or
HIV encephalopathy (diagnosed pathologically).

Quasney et al (2001), using primarily clinical cri-
teria, found a substantially increased risk (O.R. 10.3,
95% C.I. 2.6–39.9) of HAD in patients heterozygous
for the TNF*2 polymorphism. Differences in diag-
nostic technique (clinical versus pathological) be-
tween Quasney’s study and ours may explain the
contradictory results, although generally there is an
excellent association between clinical and patho-
logic diagnosis of HAD. Sato-Matsumara et al (1998)
looked for the distribution of the TNF2 polymor-
phism in 44 brains with HIV encephalopathy or
leukoencephalopathy, compared to 30 pathologically
normal brains, and failed to find an increased risk
of HIV-related neuropathologic changes in TNF2-
positive individuals. Our findings confirm these
conclusions.

Relatively little is known about differences in
allelic frequencies of the polymorphisms studied
between different ethnic and racial groups. Of the
four alleles studied here, good data are available
only for APOE4 (Tang et al, 1996) . The E4 allele is
significantly more common in African Americans,
compared with Caucasians or Hispanics. Addition-
ally, among populations of European descent, a
north-south gradient has been identified (Lucotte
et al, 1997), with higher E4 prevalence in Northern
Europe compared to Southern Europe. Comparably
detailed information is not available for the other
three polymorphisms studied. Although such differ-
ences in baseline allelic frequencies between ethnic
groups has the potential to confound our study, we
believe this is unlikely, as there was no difference
in our cohort in the prevalence of neuropathologic
findings by ethnicity.

There are several important limitations to our
study. First, although we studied a large autopsy se-
ries, the total number of subjects was relatively low
for an allelic association study. Estimates of the num-
ber of subjects needed to obtain acceptable levels of
false positive and false negative errors (α = 0.00005
and β = 0.8) indicate that approximately 200 affected
subjects (and a similar number of controls) are needed
to either include or exclude a biologically relevant
relative risk of 2.5-fold (Lander and Kruglyak, 1995;
Risch and Merikangas, 1996). Further, if the effect of
the polymorphism is genetically recessive (i.e., in-
heritance of two copies of the polymorphic allele are
required to produce a biologic effect), the number of
affected subjects required is higher. The small num-
ber of HIV encephalopathy cases in the latter cohort

may have limited the power of our study. Collection
of such a large cohort of subjects is likely beyond the
ability of a single institution, and multi-institutional
collaborations will be needed to perform such stud-
ies in the future. Second, the lack of neurologic ex-
aminations performed during life in the patients in
our cohort is an important limitation. Although there
is a correlation between the pathologic findings of
MGCs, MGN, MP, and clinical dementia, up to 45% of
neurocognitively normal individuals have pathologic
findings of HIV encephalitis (Cherner et al, 2002).
Additionally, we have very limited information re-
garding details such as the interval between diagno-
sis and death in our two cohorts, although we expect
that the latter cohort had a longer duration of illness.
Finally, we screened only a small number of candi-
date genes. The number of genes that have a potential
role in inflammation and neurodegeneration in the
CNS is very large, numbering at least several hundred
(Emahazion et al, 1999). Screening large number of
patients with several hundred polymorphic alleles is
a major technical undertaking, but advances in tech-
nology and in understanding the structure of the hu-
man genome will likely make such studies possible
in the near future (Goldstein, 2001).

In summary, we did not detect allelic association
between polymorphisms in the APOE, TNF, IL1B,
and IL1RN genes in a cohort of neuropathologically
characterized individuals who died of AIDS. Impor-
tant limitations inherent to these studies make it im-
possible to exclude a role for these genes in HIV-
associated neurodegeneration. Further studies in this
area will likely require multi-institutional collabora-
tions in gathering and characterizing patient material,
as well as technical advances in genotyping methods
to lower expense and increase throughput.

Methods

Patients
Patient material used was archived frozen brain tis-
sue from the 270 patients who died from complica-
tions of AIDS, collected by one of the authors (BBG)
from 1989 to 1996. Comprehensive clinical infor-
mation is not available for most of these cases, but
the majority of these patients received antiretrovi-
ral therapy with a single drug or at most two drugs.
The patients were analyzed in two separate cohorts:
Cohort A consisted of 134 patients who died be-
tween 1989 and 1993, during the era of monotherapy.
Cohort B consisted of 136 patients who died between
1994 and 1996, during the era of dual therapy. Two
cohorts were used to allow for the second to func-
tion as a second independent test of the hypothesis,
as has been suggested for allelic association studies
(Plomin et al, 1994). Inclusion of patients in the sam-
ple was not influenced by the presence of neurologic
symptoms.
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Neuropathologic assessments
All patients underwent autopsy examinations, in-
cluding gross pathological and microscopic studies.
A complete survey of all brain regions was exam-
ined in every case, including a minimum of 12 histo-
logical sections. The examination of HIV-associated
pathologic findings (MGNs, MGCs, MP, and VM) was
performed by a board-certified neuropathologist who
was blinded to the DNA genotype, according to pre-
viously published methods (Gelman et al, 1996). A
positive histological finding was assigned when the
diagnosis was either present or absent. For MGN, the
diagnosis was assigned when one of more of these
structures was encountered in any of the sections but
there was not enough evidence for a more specific
diagnosis with respect to cause. One MGN was suffi-
cient for the diagnosis. MP was assessed in each case
and in every section by staining with luxol fast blue
(LFB). Paleness of the color intensity of LFB stain-
ing was a judgment made by the same neuropathol-
ogist (BBG) in all cases, taking into consideration
the intensity of all slides. HIV encephalitis was di-
agnosed whenever multinucleated giant cells were
identified in the setting in which HIV encephalitis
occurs (i.e., in conjunction with microglial nodules
of poliodystrophy or MP or white matter astrogliosis,
leukoencephalopathy, or lymphocytic infiltration of
the brain). In a few cases, HIV encephalopathy was
diagnosed even though MNG cells were not present.
In those cases, at least three features named above
were highly prevalent findings, and no other infec-
tious pathogen was present to account for the severe
changes.

Genotype determinations
DNA was extracted from approximately 10 mg of
brain tissue using a silica gel binding method (QI-
Aamp mini kit; Qiagen, Valencia, CA) according
to the manufacturer’s instructions. Genotyping at
the APOE locus carried out by a modification of
the method of Chapman et al (1996). The up-
stream primer was 5′-TCCAAGGAGCTGCAGGCG
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