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HIV cure strategists: ignore the central nervous
system at your patients’ peril
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Early in the AIDS epidemic, numerous investigators
determined that central nervous system (CNS) disorders
including dementia were common among persons
infected with HIV. Moreover, it has been established
that infected persons without clearly identified dementia
can have mild HIV associated neurological disorders [1].
HIV can be identified within cerebrospinal fluid (CSF)
of almost all HIV-infected persons not receiving
antiretroviral therapy (ART) and post-mortem brain
tissues have readily detectable viral expression primarily
within resident microglial cells and macrophages [2,3].
Furthermore, in patients with undetectable viral load in
both plasma and CSE HIV DNA was detectable in all
subjects in brain autopsy tissue [4]. Further, experimental
animal models in which CD4" T cells are depleted or
absent emphasize the importance of the macrophage
reservoir [5,6]. Thus, it is somewhat surprising that the
CNS as an important reservoir in persons receiving
treatment remains hotly debated.

Numerous publications in the era of effective ART have
continued to identify subtle neurological deficits in
HIV-infected persons despite what appears to be effective
long-term viral suppression. This could be due to
immune activation rather than infection of the CNS per-
se. However, low-level replication leading to chronic
inflammation remains possible. The existence of areas of
persistent virus is supported by the multiple pattern decay
kinetics of virus in the CNS in patients with neurological

disease suggesting differences in the cellular reservoirs in
these patients [7]. The association of slower decaying
virus in CSE with low CD4 " T-cell tropism, is suggestive
of viral reservoirs within macrophages/microglia, rather
than CD4™ T cells. If the slow decline of virus within the
CNS is indeed even only partially due to macrophage
infection, then curative strategies that ignore this reservoir

will fail.

The article by Gama et al. [8] in this issue of AIDS
provides additional support in a macaque model for the
persistence of virus [in this case simian immunodeficiency
virus (SIV)] within the CNS despite what appears to be
effective ART suppression of virus for more than a year.
In their study, one of three macaques showed increases in
activation markers within CSE and SIV transcripts were
identified within the occipital cortex of resident CD68™
macrophages (likely microglia cells). Virus could
be reactivated from plasma and tissues including brain.
Notably, reactivation in peripheral tissues and the CNS
occurred independently and viral genotypes could be
distinguished between the CNS and the periphery
based on phylogeny. The investigators could also show
increasing levels of SIV RNA in the brain resulting
from what appears to have been focal viral reactivation. It
is important to note that only one of three animals showed
this pattern of select CNS latency and reactivation, and it
is possible that not all macaques (or humans) will harbor
viral reservoirs within the CNS.
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The data from the study by Gama ef al. [8] are consistent
with recent findings from other groups, strongly
suggesting that the CNS can serve as an isolated and
independent reservoir of HIV during ART. Several lines
of reasoning argue that the CNS should not be ignored
when developing a cure strategy for HIV including the
CNS is seeded early following initial HIV infection
[9,10]; ART penetration into the CNS is known to be
poor for many antiretrovirals, thus establishing an
environment with inadequate drug levels to fully suppress
virus [11,12]; despite prolonged viral suppression on
ART, markers of immune activation persist within CSF
[13]; neuroimaging studies provide additional evidence
for persistent inflammation in patients fully suppressed on
ART [14,15]; viral RNA can be detected in the CSF of
some patients but not in blood when using the same
sensitive assays (CSF escape) [16—18]; and discrete viral
sequences can be identified within CSF and plasma
supporting the notion that compartmentalized HIV
infection occurs independently within the CNS [7,19].

It is interesting to note that only a single patient has been
cured after receiving a stem cell transplant from a CCR5-
A32 homozygous donor [20]. In other patients receiving
similar transplants, the time to rebound appears to be
elongated, suggestive of a smaller reservoir of infection. It
is important to fully characterize this reservoir. Long-
lived cells, such as macrophages with slow turnover
kinetics, may be particularly resistant to eradication
strategies. Moreover, cure strategies should be more
inclusive when approaching HIV reservoirs rather than
exclusive in devising approaches to eradicate virus. The
study by Gama ef al. [8] adds additional information in the
rhesus macaque model to the increasing accumulated data
supporting the CNS, as well as the macrophage/microglia
as an occult reservoir of HIV. For those HIV cure
strategists, we warn that you ignore the CNS as an HIV
reservoir at your patients’ peril.

Acknowledgements

Conflicts of interest
There are no conflicts of interest.

References

1. Zayyad Z, Spudich S. Neuropathogenesis of HIV: from initial
neuroinvasion to HIV-associated neurocognitive disorder
(HAND). Curr HIV/AIDS Rep 2015; 12:16-24.

2. EllisRJ, Hsia K, Spector SA, Nelson JA, Heaton RK, Wallace MR,
et al. Cerebrospinal fluid human immunodeficiency virus
type 1 RNA levels are elevated in neurocognitively impaired
individuals with acquired immunodeficiency syndrome. HIV
Neurobehavioral Research Center Group. Ann Neurol 1997;
42:679-688.

20.

Fischer-Smith T, Croul S, Sverstiuk AE, Capini C, L’'Heureux D,
Regulier EG, et al. CNS invasion by CD14+/CD16+ peripheral
blood-derived monocytes in HIV dementia: perivascular accu-
mulation and reservoir of HIV infection. / Neurovirol 2001;
7:528-541.

Lamers SL, Rose R, Maidji E, Agsalda-Garcia M, Nolan D],
Fogel GB, et al. HIV DNA is frequently present within
pathologic tissues evaluated at autopsy from cART-treated
p?tients with undetectable viral load. / Viro/ 2016 [Epub ahead
of print].

Micci L, Alvarez X, Iriele RI, Ortiz AM, Ryan ES, McGary CS,
etal. CD4 depletion in SIV-infected macaques results in macro-
phage and microglia infection with rapid turnover of infected
cells. PLoS Pathog 2014; 10:e1004467.

Honeycutt JB, Wahl A, Baker C, Spagnuolo RA, Foster J,
Zakharova O, et al. Macrophages sustain HIV replication in
vivo independently of T cells. / Clin Invest 2016; 126:1353—
1366.

Schnell G, Spudich S, Harrington P, Price RW, Swanstrom R.
Compartmentalized human immunodeficiency virus type 1
originates from long-lived cells in some subjects with HIV-1-
associated dementia. PLoS Pathog 2009; 5: e1000395.
Gama L, Abreu CM, Shirk EN, Price SL, Li M, Laird GM, et al.
Reactivation of SIV reservoirs in the brain of virally suppressed
macaques. A/DS 2016; 31:5-14.

Davis LE, Hjelle BL, Miller VE, Palmer DL, Llewellyn AL, Merlin
TL, et al. Early viral brain invasion in iatrogenic human im-
munodeficiency virus infection. Neurology 1992; 42:1736-
1739.

An SF, Groves M, Gray F, Scaravilli F. Early entry and wide-
spread cellular involvement of HIV-1 DNA in brains of HIV-1
positive asymptomatic individuals. / Neuropathol Exp Neurol
1999; 58:1156-1162.

Letendre S, Marquie-Beck ], Capparelli E, Best B, Clifford D,
Collier AC, et al. Validation of the CNS penetration-effective-
ness rank for quantifying antiretroviral penetration into the
central nervous system. Arch Neurol 2008; 65:65-70.
Letendre SL, Ellis R], Ances BM, McCutchan JA. Neurologic
complications of HIV disease and their treatment. Top HIV
Med 2010; 18:45-55.

Anderson AM, Harezlak J, Bharti A, Mi D, Taylor M), Daar ES,
et al. Plasma and cerebrospinal fluid biomarkers predict cere-
bral injury in HIV-infected individuals on stable combination
antiretroviral therapy. / Acquir Immune Defic Syndr 2015;
69:29-35.

Cardenas VA, Meyerhoff D), Studholme C, Kornak J, Rothlind J,
Lampiris H, et al. Evidence for ongoing brain injury in human
immunodeficiency virus-positive patients treated with antire-
troviral therapy. / Neurovirol 2009; 15:324-333.

Ragin AB, Wu Y, Ochs R, Scheidegger R, Cohen BA, Edelman
RR, et al. Biomarkers of neurological status in HIV infection: a
3-year study. Proteomics Clin Appl 2010; 4:295-303.
Stingele K, Haas J, Zimmermann T, Stingele R, Hubsch-Muller
C, Freitag M, et al. Independent HIV replication in paired CSF
and blood viral isolates during antiretroviral therapy. Neurol-
ogy 2001; 56:355-361.

Canestri A, Lescure FX, Jaureguiberry S, Moulignier A, Amiel C,
Marcelin AG, et al. Discordance between cerebral spinal fluid
and plasma HIV replication in patients with neurological
symptoms who are receiving suppressive antiretroviral ther-
apy. Clin Infect Dis 2010; 50:773-778.

Eden A, Fuchs D, Hagberg L, Nilsson S, Spudich S, Svennerholm
B, et al. HIV-1 viral escape in cerebrospinal fluid of subjects on
suppressive antiretroviral treatment. / Infect Dis 2010;
202:1819-1825.

Bednar MM, Sturdevant CB, Tompkins LA, Arrildt KT, Dukhov-
linova E, Kincer LP, et al. Compartmentalization, viral evolu-
tion, and viral latency of HIV in the CNS. Curr HIV/AIDS Rep
2015; 12:262-271.

Hutter G, Nowak D, Mossner M, Ganepola S, Mussig A,
Allers K, et al. Long-term control of HIV by CCR5 Delta32/
Delta32 stem-cell transplantation. N Engl /| Med 2009;
360:692-698.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



	HIV cure strategists: ignore the central nervous system at your patients’™peril
	Acknowledgements
	Conflicts of interest



