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Abstract

Although highly active antiretroviral therapy has improved survivorship dramatically and
decreased the incidence of cytomegalovirus retinitis among patients with AIDS, other ophthalmic
complications continue to occur. One complication observed in ~12% of HIV-infected patients is a
presumed neuroretinal disorder (NRD), manifested as decreased contrast sensitivity and associated
with vague subjective complaints of hazy vision. Pathologically, patients with AIDS even without
ocular opportunistic infections have loss of optic nerve axons, suggestive of mitochondrial
dysfunction. We explored whether variation in mitochondrial DNA was associated with time to
NRD in HIV-infected patients in the Longitudinal Study of Ocular Complications of AIDS cohort.
Within the Western European, or “N”, mitochondrial DNA macrohaplogroup, haplogroup J, was
associated with 80% decrease in the risk of progression to NRD during the study (hazard ratio =
0.20, P = 0.039) and suggested an independent association with protection against NRD in a cross-
section of all patients taken at enrollment (1.5% vs. 8.9% in patients with vs. without haplogroup
J, respectively, P = 0.05). These data suggest that mitochondrial genotype may influence
propensity to develop HIV-associated NRD in patients with AIDS.
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INTRODUCTION

Ocular complications are common among patients with AIDS.1-3 Historically, the primary
cause of visual loss in patients with AIDS is an ocular opportunistic infection, particularly
cytomegalovirus (CMV) retinitis.1=> However, the most frequently encountered ocular
finding has been microangiopathy consisting of cotton wool spots with or without
intraretinal hemorrhages.! This microangiopathy typically does not cause visual loss in and
of itself unless the pathology encroaches on the central fovea.l A subtle cause of visual
dysfunction is a presumed neuroretinal disorder (NRD), manifested by abnormal contrast
sensitivity, color vision, and visual fields.5~2 Histopathologic studies from the era before the
advent of highly active antiretroviral therapy (HAART) demonstrated substantial loss of
optic nerve axons, consistent with an HIV-associated NRD.10 Approximately 12% of eyes in
patients with AIDS will have low contrast sensitivity and a higher proportion will have
abnormalities of visual fields despite HAART therapy.® The prevalence of abnormal
contrast sensitivity is increased among patients with low CD4* T-cell counts, particularly
those with counts less than 100 cells per microliter. This abnormality of contrast sensitivity
is evident even among patients with normal visual acuity (20 of 20 or better), and often is
substantial enough to impair reading speed.1! The pathogenesis of the HIV-associated NRD
is unknown. Proposed mechanisms include (1) direct HIV infection of neural tissue; (2)
bystander damage as a consequence of the immunological response to HIV infection; and
(3) cumulative damage to the retina and optic nerve from the microangiopathy.

The relationship between axonal health and mitochondrial function has been observed in
various genetic and acquired eye diseases including Leber Hereditary Optic Neuropathy
(LHON).12 LHON has been associated with several mitochondrial DNA (mtDNA)
mutations,13-16 for which pathology can be exacerbated by environmental factors or
background mtDNA haplogroup,17-18 Further, among patients infected with HIV,
abnormalities in mitochondrial function have been associated with mtDNA depletion,19
disruption of energy production, antioxidant enzyme de-ficiency,2% and increased oxidative
damage were observed pretherapy.?! These factors suggest mitochondrial genotypes may
influence NRD susceptibility in HIV-1-positive patients; hence, we evaluated whether
mtDNA haplogroup was associated with occurrence of HIV-related NRD in patients in the
Longitudinal Study of the Ocular Complications (LSOCA) cohort.

METHODS

Cohort

The LSOCA is a multicenter prospective cohort study designed to collect data on the
incidence, prevalence, and complications resulting from AIDS-related ocular morbidities
during the era of HAART. All patients in the study have been diagnosed with AIDS.2 This
analysis focuses on European American patients who did not have CMV at study entry and
did not develop CMV retinitis during follow-up. Enrollment in LSOCA began in September
1998. Eighty-four percent of the participants in this analysis were receiving HAART at
entry. Details of the design and implementation of this prospective study have been
described previously.?
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DNA samples were extracted from white blood cells for each subject. We used 6 haplotype-
tagging single nucleotide polymorphisms (SNPs) initially to classify individuals as
mitochondrial macrohaplogroups N, M, and L. Individuals who had either L or M
macrohaplogroups (found in persons with ancestry from Africa and East Asia) were
excluded from the study. Haplogroups within the Western European (N) subset were further
parsed with SNPs in the Mitochondrial Haplogrouping by the Candidate Functional Variants
approach described by Hendrickson et al.22 Genotyping was performed by TagMan Assays-
by-Design (Applied Biosystems Inc, Foster City, CA). Thermocycling conditions were an
initial 95°C hold for 3 minutes, followed by 30 cycles of 92°C for 15 seconds, and 56°—
62°C annealing for 1 minute, depending on primer specificity.

Clinical Assessment of NRD

Among patients without NRD at enrollment, NRD date was defined as the first date when a
patient had log unit contrast sensitivity less than —1.5, in either eye. Clinical methods for
assessing NRD are detailed by Freeman et al.®

Statistical Analysis

RESULTS

Association between mitochondrial haplogroup and time to NRD was analyzed with the Cox
Proportional Hazards model. Time to event was calculated with staggered entry, so that we
could estimate time to NRD from AIDS diagnosis, even though approximately 80% of
patients were diagnosed with AIDS before study entry.23 Only patients with a Snellen
equivalent visual acuity of 20 of 20 or better were included in survivorship analyses to avoid
cases of decreased contrast sensitivity attributable to other major ocular complications, such
as cataracts or glaucoma. Models were adjusted for square root of nadir CD4* T-cell count,
highest log1g HIV-1 load, age, and gender. Haplogroups were tested against all other
possible genotypes. Rare, loosely associated haplogroups R*, HV*, and JT* were excluded
from individual analyses but included in controls. Significance was based on the log-
likelihood %2 test (P < 0.05) and was not adjusted for multiple tests. Patients with NRD at
enrollment were excluded from survivorship analysis; therefore, significant results were
retested by a cross-sectional analysis of patients with and without NRD at time of
enrollment by logistic regression. For cross-sectional analyses, the criterion for visual acuity
was relaxed to a corrected 20 of 25 Snellen equivalent or better, as only 19 patients had
NRD at enrollment with the more stringent cut-off of 20 of 20 or better. All analyses were
performed with SAS version 9.1 (SAS Institute Inc, Cary, NC).

In the LSOCA cohort, 688 patients who self-identified as “white” had a Western European,
or “N”, mitochondrial macrohaplogroup (96%). Of these, 503 patients did not have
infectious retinitis before or during the study. Clinical characteristics of these patients are
shown in Table 1. Four hundred thirty-nine participants had neither CMV retinitis nor NRD
at enrollment, 19.6% of whom subsequently developed NRD as shown in Figure 1.
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Individuals within macrohaplogroup N were analyzed as major European haplogroups IWX,
U, J, T, H, and V. Haplogroup J was associated with delayed progression to NRD (hazard
ratio = 0.20; 95% confidence interval = 0.03 to 1.48; P = 0.039) as shown in Table 2. Of the
29 patients with haplogroup J, only 1 developed NRD during the study. Based on cross-
sectional analysis of NRD, 1.5% of the 31 patients with NRD at enrollment were in
haplogroup J, versus 8.9% of controls (odds ratio = 0.39; 95% confidence interval = 0.15 to
1.00; P = 0.05). To identify the potential source of this association, we parsed the
haplogroups within J further into subhaplogroups (Table 3). Within J, all subhaplogroups
were consistently protective; however, only J1 reached borderline significance (P = 0.059).
This result likely is due to the loss of power resulting from subdividing haplogroup J into
much smaller subgroups.

We also examined mitochondrial haplogroups reported previously to be associated with
AIDS progression in untreated patients?2 and with lipoatrophy24 and peripheral
neuropathy2> in patients on HAART. Within these haplogroups, 2 additional significant
associations between mitochondrial haplogroups and progression to NRD are reported in
Table 4. No individuals in haplogroup U5a1-15218, previously shown to be associated with
accelerated AIDS progression,22 or haplogroup H3, associated with delayed AIDS
progression,22 developed NRD in our study (P = 0.046 and 0.028, respectively). However,
neither of these haplogroups had a significant effect on the prevalence of NRD at
enrollment. No other significant NRD associations were observed.

DISCUSSION

We examined the genetic association of HIV-associated NRD with mtDNA haplogroups in
European-American patients in the LSOCA cohort. The etiopathogenesis of HIV-related
NRD is unknown. However, because both AIDS progression and HAART side effects are
correlated with mitochondrial dysfunction, we also examined the effect of previously
reported mtDNA haplogroups associated with AIDS progression22 and with mitochondrial
toxicities in HAART patients?426 on the incidence and prevalence of HIV-NRD.

Among Western European N macrohaplogroups, J was consistently protective in both a
survivorship analysis of time-to-NRD in patients with no prior NRD diagnosis at enrollment
and also in a cross-sectional analysis that compared patients who entered the study with
NRD to those who did not. In previous studies, haplogroup J was associated with
accelerated AIDS progression in untreated patients. However, in patients on HAART, J
seemed to be protective against lipoatrophy, a drug side effect related to mitochondrial
toxicity.22:2 In the case of NRD, the protective role of J seems consistent with post-therapy
studies, which implies that extent of drug-related mitochondrial dysfunction is limited by the
J haplogroup. Unfortunately, sufficient DNASs are not available from NRD patients from the
pre-HAART era to determine whether the J haplogroup is also protective against NRD in
untreated patients. Furthermore, the relationship between mitochondrial dysfunction and the
etiopathogenesis of neither lipoatrophy nor NRD is well understood.

LHON is another ocular complication that has been observed in some patients with HIV.
LHON is associated with several mtDNA mutations with incomplete penetrance!3-16 that
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can be triggered by environmental factors, including antiretroviral therapy?1:27-29 or
background mtDNA haplogroup.1718 In previous studies in uninfected patients, haplogroup
J seemed to exacerbate mild LHON mutations.1” In our study, haplogroup J was protective
against NRD, which suggests that there is no direct relationship between these 2 disorders.

Analysis of other previously reported mtDNA haplogroup associations with AIDS and
HAART-related side effects uncovered 2 additional NRD associations. No patients in either
haplogroup H3 or U5a1-15218 developed NRD during the study of 12 and 11 patients with
those haplogroups, respectively. Among untreated patients infected with HIV, those with the
H3 haplogroup progress to AIDS more slowly than other patients. H has also been suspected
to increase the survival rate of individuals with sepsis.3? These data may suggest that
haplogroup H3 provides overall protection from disease that in turn also prevents NRD.
However, U5a1-15218, which has been associated with accelerated AIDS progression, 22
was also protective against NRD in our study. Neither the H3 nor the U5al1-15218
association was replicated in the cross-sectional analysis of NRD at enrollment; therefore,
both associations should be repeated in independent cohorts for validation.

The P values as presented are moderate and conclusions must be tempered by the multiple
comparisons problem, which occurs when testing multiple haplogroups for associations even
when the tests are nonindependent. Further, censoring due to death may bias the results if
patients who died did not have similar risks for NRD as patients who remained alive and
under continuing surveillance. In a previous study of 5 US AIDS cohorts, we found that
European haplogroups did not show significant population structure.?2 In the case of
LSOCA, although the multicenter data collection approach is similar to the previous cohorts
we have tested, genome-wide nuclear SNP data is unavailable for a direct test. Therefore, we
are unable to rule out population structure as a potential reason for the observed associations
between mitochondrial haplogroups and NRD, and it is therefore important to replicate these
results in other cohorts.

In conclusion, we found haplogroup J was protective against NRD in a cross-section of
patients at study enrollment and in survivorship analyses of patients followed from baseline,
suggesting that mtDNA haplogroup influences the propensity to NRD in patients with
AIDS. Although more work is needed to validate the observations and to elucidate the
mechanisms by which these associations occur, these data again suggest that mitochondrial
genotype is an important factor in health and quality of life of persons infected with HIV.
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NRD clinical file
European Americans
912
I ]
Haplogroup N Haplogroup M Haplogroup L
(European) (Asian) (African)

CMVr no CMV
185 503

NRD at Baseline no NRD at Baseline
64 439

Visual Acuity < 20/20 Visual Acuity > 20/20
107 332

No NRD
52

FIGURE 1.

NRD
280

A breakdown of the phenotypes, mitochondrial genotypes, and sample numbers of the

LSOCA patients in the study.
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TABLE 1
Clinical Characteristics of LSOCA Participants in This Analysis (n = 503)

Demographics

European American race (%) 100
Male gender (%) 91
Age (yrs), mean £ SD 44 +8
Immunology and virology [median (25th percentile, 75th percentile)]
Nadir CD4* T-cell count (copies/mL) 54 (19, 121)
CD4* T-cell count (cells/mL) 210 (82, 363)
Peak HIV viral load (logyq cells/mL) 5.3(4.7,5.7)
HIV viral load (logyo counts/mL) 2.9(2.3,4.6)
AIDS history
Time since AIDS diagnosis (yrs)
Mean + SD 51+£37
Median (25th percentile, 75th percentile) 4.7(21,7.2)
HAART use (%) 84
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