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Abstract Non-human primate models of AIDS and neuro-
AIDS have been useful to study AIDS in humans in general
and neuroAIDS in particular. Important information
concerning target cells of infection, mechanisms of immune
activation and pathology and cell traffic has been made in
non-human primate models. To date observations in SIV
infected monkey models have predicted or paralleled mono-
cyte/macrophage biology with HIV infection and neuro-
AIDS. In this brief review we discuss a CD8+ T
lymphocyte depletion model of rapid AIDS which results
in a high incidence of SIV encephalitis. Specifically we
review recent observations we have made using this model
concerning monocyte turnover, monocyte/macrophage acti-
vation, macrophage derived biomarkers of disease and novel
therapeutic approaches to AIDS and CNS pathology. Impor-
tantly, all observations made in the rapid model of AIDS
discussed here are important and relevant to HIV infection
of humans, even in the current era of anti-retroviral therapy
that maintains HIV in plasma below the limit of detection.
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Introduction

We have used an SIV infection model of SIV-induced AIDS
to study the role of monocyte/macrophages in CNS system
pathology. For this, we and others have traditionally used an
SIV infection model using a viral swarm, SIVmac251 which

until recently was comprised of undefined genotypes
(Strickland et al. 2011). Infection with SIVmac251 results
in CD4+ T cell lymphocyte depletion, entry of virus into the
CNS early after infection, and the eventual development of
AIDS and SIVencephalitis (SIVE) in approximately 30% of
animals with AIDS. More recently, we have taken advan-
tage of a rapid model of AIDS, using a chimeric, humanized
antibody against the CD8 molecule expressed on lympho-
cytes, that depletes lymphocytes and NK cells resulting in a
loss of the cytotoxic arm of the immune system, loss of anti-
viral immunity, and rapid AIDS (Schmitz et al. 1999a, b).
Using this model, animals develop AIDS within 3–4 months
in contrast to 1–3 years, and the incidence of SIVE increases
from 25% in non depleted animals, to greater than 75% in
animals that are persistently CD8+ T lymphocyte depleted
(greater than 28 days of depletion). In both models, we have
consistently found early expansion in absolute cell number
and percentage of activated monocytes that peaks with
plasma viremia, subsides, and then peaks again with the
development of AIDS, likely preceding SIVE. Interestingly,
this bi-phasic wave of activated monocytes occurs regard-
less of whether SIV infected animals, or HIV infected
humans will be rapid disease progressor’s, or more chroni-
cally long-term progressors. The stimulus for such expan-
sion is not known, but likely critical to our knowledge of
factors controlling innate immune responses to HIV and
SIV. We have begun to define parameters of monocyte/
macrophage expansion and activation including markers
which can be used to predict how rapid HIV and SIV
induced immune deficiency and AIDS will occur, the rela-
tive degree or severity of neuropathogenesis in monkeys,
and HIV activity and neurocognitive changes in humans on
effective ART. Many times such markers are evident early
with infection underscoring the importance of innate im-
mune activation, similar to CD4 nadir that define and
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perhaps set the stage for an individual’s response to viral
infection and pathogenesis. This review will discuss the
importance of animal models of HIV infection in general,
and the rhesus macaque model in particular, focusing on our
recent findings in a chronic and rapid model of SIV infection
with AIDS. We will discuss the biology of monocyte/macro-
phages with infection; biomarkers on these cells of HIV
related disease including neuroAIDS and cardiac disease.
We will discuss monocyte/macrophage populations that ac-
cumulate in CNS lesions, some which might play a role in
expanding lesions by amplifying immune responses and
others which may function to down-regulate immune
responses. Factors that drive monocyte maturation and traf-
fic from the bone marrow, through blood into parenchymal
tissues will be addressed. Lastly, we will present data that
when you disrupt monocyte traffic, or effectively target
activated and infected monocytes, you can slow or halt
AIDS and block or reverse the development of SIVE and
possibly neuronal injury.

SIV infection models of AIDS and SIV encephalitis

SIV infection of non-human primates has been an ideal,
though expensive model of AIDS and neuroAIDS. First,
they are a relevant model of disease. Infected animals actu-
ally develop immunodeficiency as a result of viral infection,
and key determinants of the virus including nef and env,
similar to HIV in humans have been identified that mediate
CD4+ T lymphocyte activation and death. Similarly, key
epitopes of gp120 are recognized as dominant epitopes that
CD8+ T lymphocytes recognized, and genetic determinants
within Class I molecules are defined that determine suscep-
tibility to disease with SIV infection. Some species of
monkeys, Sooty Mangabeys, and African Green monkeys,
are endemically infected but non-susceptible hosts that do
not develop AIDS despite high viral loads. Using Sooty
mangabeys and African Green monkeys, researchers have
better defined factors including CD8+, NK cell responses,
levels of CCR5 and CD4 on target cells of SIV infection,
and more recently differences in monocyte responses that
may account for lack of AIDS development and importantly
AIDS related pathogenesis in tissues. Other advantages of
the non-human primate model include the ability to use
clinical magnetic resonance (MR) spectroscopy to monitor
serially metabolic and structural changes with the CNS of
infected animals to unravel clues of neuropathogenesis.
Moreover, such approaches allow one to determine benefi-
cial effects of novel therapies to protect the brain, and
potentially clear viral reservoirs. In addition, because of
the size of monkeys compared to mice it is possible to
perform serial sampling studies of lymph nodes, blood,
plasma, cerebral spinal fluid (CSF) and perform

bronchoalveolar lavage and gut biopsies to learn about
immune changes with infection and therapy. One can inject
agents that are restricted in humans including bromodeox-
yuridine (BrdU) and monitor T lymphocyte and more re-
cently monocyte/macrophages proliferation, expansion and
traffic to learn about signals that result in recruitment of
immune cells as a result of viral infection, as well as
addressing important questions of cell traffic. Lastly because
of the genetic and immune similarities between non-human
primates and humans many potential drugs and vaccines
candidates can and should be tested non-human primates.
The use of the CD8 depletion model in our laboratory
(Burdo et al. 2010; Campbell et al. 2011; Hasegawa et al.
2009; Kim et al. 2004, 2006; Ratai et al. 2011a, b, c; Soulas
et al. 2011; Williams et al. 2005), and a rapid AIDS model
used at Johns Hopkins University (Clements et al. 2005;
Mankowski et al. 2002; Zink et al. 1999) result in rapid (3–
4 months), consistent and severe AIDS with tissue patho-
genesis including neuroAIDS, which make these models
ideal for studies of acute and chronic infection that HIV
infection in humans. Potential prohibitive factors of these
models are high costs associated with non-human primates,
the requirement of specialized biosafety (BSL2+) facilities
for housing, and in some cases the lack of chronicity of
infection which mimic the situation in humans who have
been on antiretroviral therapy for years. This is especially
critical in the ART era where despite maintaining non-
detectable levels of virus, a chronic immune activation
occurs perhaps in part from immune reconstitution, which
may be result in a different array of clinical symptoms. That
said, many of the findings we and others have made with
rapid models of AIDS and CNS disease in SIV infected
monkeys have been informative of HIV infection of humans
on effective ART (please see discussion in subsequent
sections).

CD8 depletion and SIV infection, a rapid model of AIDS
and SIV encephalitis

Our group and others have used rhesus macaque monkeys
and infection by a molecular clone, SIVmac239 or viral
swarm SIVmac251 for induction of AIDS. This model
results in peak plasma virus 7–14 days pi, and virus can
be detected in the brain as early as 3 days, consistently by 7–
14 days, in perivascular cuffs, the meninges, and the choroid
plexus. Similar to HIV infection in humans prior to ART,
approximately 25% of SIV-infected rhesus macaques devel-
op SIV encephalitis (SIVE) with multi-nucleated giant cells
(MNGC) (Westmoreland et al. 1998). The key to AIDS
development is immune deficiency due in part to a loss of
CD4+ T lymphocytes, which first occurs early, in the gut,
where the majority of activated memory CD4 T cells in the
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body reside, and then later in the blood. At this time,
animals can develop neurological symptoms of disease,
including lesions comprised of macrophages, some of which
are infected, and in some cases of MNGCs. Importantly,
with the development of immune deficiency and AIDS,
there is a second wave of activated monocytes in blood,
the first having occurred with viremia, and it is quite possi-
ble that these activated cells accumulated and actually drive
CNS lesion formation and therefore CNS pathogenesis
(Kim et al. 2003; Williams and Hickey 2002). Also, a
population of these cells in blood are likely infected and
probably a source of virus that can continue to enter the
CNS, causing a reseeding of virus after the initial wave that
occurred early after infection. We and others have hypoth-
esized if you block the traffic of this second wave of mono-
cyte/macrophages into the CNS using ART (Williams et al.
2005) that lowers their activation, or Minocycline that tar-
gets their activation and possibly infection and traffic pat-
terns (Campbell et al. 2011), or anti-VLA4 (unpublished) or
drugs targeting monocyte to macrophage differentiation and
infection (unpublished), you can effectively stop their traffic
and accumulation in the CNS, and reverse neuronal injury
(Williams and Hickey 2002).

Our laboratory has taken advantage of the fact that CD8+

T cells control viral replication and the level of plasma virus
in infected monkeys and humans. This was demonstrated by
using a humanized antibody administered to SIV infected
monkeys at the time of infection on days 0, 3, and 7
(Schmitz et al. 1999a, 2005). This resulted in depletion of
CD8+ T lymphocytes in blood and LN, and unchecked viral
replication. Once CD8+ T cells returned in blood, plasma
virus is controlled (Schmitz et al. 1999a). Our group took
advantage of this model, but administered anti-CD8 mAbs
later, at days 6, 8 and 12 post-infection to try to extend the
duration of CD8+ T lymphocyte depletion. Using this ap-
proach, we found that a large percentage of animals were
CD8 lymphocyte depleted for greater than 28 days,
which we termed persistently CD8 depleted, and within
these persistently depleted animals 77% developed SIVE
(Table 1). And importantly, these animals developed AIDS
and SIVE as early as 50 days (average 91 days pi) and
consistently by 4–5 months as apposed to 1–3 years in non-
CD8 depleted animals. We found no statistically significant
difference in the length of survival between animals that
developed SIVE (mean survival dpi0111; n020) and ani-
mals that developed SIV without encephalitis (mean survival
dpi085; n06) (Mann–Whitney P0.18), although the number
of animals in the latter group was small. Interestingly, short
termCD8 depleted animals, where the CD8 cells return within
21 days, have the same incidence of SIVE as non-depleted
animals. The bi-phasic monocyte activation of CD8+ T lym-
phocyte depleted animals was the same as non-depleted ani-
mals, but plasma virus never diminished after viremia, similar

to what used to be seen in rapidly progressing humans. We
have subsequently found, however, that there is a change in
the rate and magnitude of monocytes leaving the bonemarrow
and turnover of perivascular macrophages in the CNS in
animals that develop SIVE in this model (please see discus-
sion below).

Expansion of monocytes and monocyte subpopulations
in blood with SIV infection

Several groups have demonstrated expansion of the absolute
number of monocytes with HIV and SIV infection with a
bias toward activated subsets. Monkey studies allow one to
know the timing of infection, and how this expansion

Table 1 Greater than three-quarters of persistently CD8+ T lympho-
cyte depleted rhesus develop SIV encephalitis

Animal number Survival (dpi) CNS pathology

159-97 117 SIVE

157-97 72 SIVE

272-82 76 SIVE

226-86 78 SIVE

169-94 70 SIVE

217-93 57 SIVE

224-93 63 SIVE

169-90 85 SIVE

N513 50 SIVnoE

E324 89 SIVnoE

BR06 92 SIVE

BP92 146 SIVE

55-05 56 SIVE

244-96 77 SIVE

168-05 89 SIVnoE

288-07 133 SIVE

DB79 91 SIVE

CM07 75 SIVE

FB92 118 SIVnoE

FD05 96 SIVE

CM09 89 SIVE

EJ85 55 SIVE

CB43 146 SIVnoE

CL78 174 SIVnoE

5035 50a SIVE

5038 50a SIVE

Average 91 DPI
Range (50–174)

77% SIVE
(20/26)

DPI days post-infection

SIVE SIV encephalitis

SIVnoE 0 development of simian AIDS without SIVE
a Timed sacrificed
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correlates with pathology including CNS disease and neu-
ronal injury. We found that absolute numbers of
CD14highCD16low and CD14lowCD16high monocytes
were significantly elevated in acutely and chronically
infected animals with detectable plasma virus compared to
uninfected controls (Kim et al. 2009), regardless of whether
animals were CD8 lymphocyte depleted or not. Expansion
of CD16+ monocytes was evident both in the acute and
chronic phase of infection with high plasma viral load,
suggesting such biphasic increases (the first phase early
after primary infection and second prior to the development
of AIDS) in the absolute number of CD16+ monocytes
correlates with significant events that set the state for seed-
ing tissues early and loss of immune system control and
AIDS late (Williams and Hickey 2002; Williams et al.
2001). We have better defined this expansion using BrdU
to label monocyte precursors in bone marrow and studying
them in blood (see below). Additionally, we have found if
we block the second wave of activated monocyte expansion
using ART approaches (Williams et al. 2005), Minocycline
(Campbell et al. 2011), MGBG (unpublished) or simply stop
traffic of cells using anti-VLA-4 (unpublished), we can
block or reverse CNS pathology.

Reconstitution of non human primates with autologous
CD34+ hematopoietic stem cells demonstrate
repopulation of perivascular macrophages

The populations of brain macrophages, either resident pa-
renchymal microglia, perivascular macrophages that are part
of the normal CNS but accumulate with disease, and other
inflammatory macrophages, are bone marrow derived is not
debated. But there have been few actual demonstrations of
repopulation of brain macrophages in humans and non-
human primates to date, from bone marrow using genetic
markers of bone marrow derived cells. We took advantage
of a technology developed to introduce retroviral vectors
into autologous CD34+ hematopoietic stems cells, marked
with a retroviral vector that included enhanced green fluo-
rescent protein (EGFP) to study repopulation of CNS mac-
rophages (Soulas et al. 2009). In this work we found a
significant percentage of engraftment of stems cells giving
rise to monocytes in the vasculature (Mean±SD; 8.1%±
3.4), lymphoid tissues and brain 4 years post transplanta-
tion! Within the brain of normal, non-infected rhesus
monkeys, EGFP+ cells were detected in choroid plexus,
cerebellum and cerebrum where they were almost exclusive-
ly in the vicinity of blood vessels, consistent with perivas-
cular macrophages. Multi-label immunohistochemistry and
confocal microscopy studies demonstrated this population
of perivascular macrophages were CD163+CD68+ cells
representing cells that could be repopulated by CD34+ stem

cells, which had a surprisingly long-term effective turnover,
raising the interesting possibility that retroviral vectors
could be used in the future to engineer populations of brain
perivascular macrophages that are resistant to HIV infected
by down regulating HIV receptors for entry including CCR5
and CD4, as well as possibly introducing viral restriction
factors such as APOBEC (Peng et al. 2007; An et al. 2004).

MAC387+ monocyte/macrophages, a third macrophage
population in SIV and HIV encephalitic lesions

It has been long been known the HIV and SIV encephalitic
lesions in humans and monkey largely consist of cells of the
myeloid lineage. This first major cell type described in such
lesions were the parenchymal macrophage of the brain,
microglia (Williams et al. 2001; Dickson et al. 1991). Next,
perivascular macrophages were defined as important ele-
ments of early lesions, perivascular cuffs. Additionally,
large lesions comprised of many macrophages, MNGC
(likely the fusion of perivascular macrophages (Williams et
al. 2001)), and cells that were productively HIV and SIV
infected (Williams et al. 2001). We recently reported another
monocyte/macrophage lineage cell distinct from the paren-
chymal microglia and perivascular macrophages, defined by
the antibody termed MAC387 (Soulas et al. 2011). These
cells are consistently found in HIV and SIV lesions, al-
though their proportion within lesions compared with other
macrophages varies, and may be informative with regard to
whether lesions studied are early lesion forming lesions, or a
more mature, established lesion (Soulas et al. 2011). The
MAC387 antibody recognizes a complex of molecules con-
sisting of the macrophage related protein 14 (MRP14),
expressed on monocytes as they enter into tissues and thus
an early marker on tissues macrophages, and macrophage
related protein 8 (MRP8) that is expressed on later stage
inflammatory monocyte/macrophages.

We used CNS tissues from animals that were SIV infected
and conventional progressors with SIVE (6 months to 2 years
pi to AIDS), non-CD8 depleted animals that were rapid dis-
ease progressors with SIVE (6 months pi to AIDS), and CD8
lymphocyte depleted animals with SIVE (3 months pi to
AIDS) (Soulas et al. 2011). A broad based immunohistochem-
ical analysis demonstrated that CD163 (a type B scavenger
receptor) expressed by monocytes and macrophages, CD68
expressed by mature macrophages and resident histiocytes,
HAM56 also expressed by mature resident macrophages and
histiocytes, We found, as previously reported by us and others
(Kim et al. 2006; Fischer-Smith et al. 2008a, b; Roberts et al.
2004; Borda et al. 2008), CD163 is diffusely expressed on
macrophages in lesions, and in our hand primarily confined to
cells consistent with perivascular macrophages (Kim et al.
2006). CD68 was similarly spread throughout the lesion as
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previously described (Hurtrel et al. 1993; Dickson et al. 1991).
HAM56 expression was found on a smaller population and
number of cells in the lesions (Soulas et al. 2011). In many
cases the CD163 and CD68 stain reactivity appeared to over-
lap, while HAM56 expression seemed much more restricted.
Similar to HAM56, MAC387 was expressed on a smaller
number and population of cells, and these cells were more
rounded and monocyte-like than macrophages (Soulas et
al. 2011). Interestingly, MRP8 was not expressed on any
of the macrophages within the SIV lesions, though the
antigen was detected outside of the CNS on LN tissues
from the same animals (Soulas et al. 2011). Thus, we
found three macrophage populations in the lesions: 1)
resident macrophages (CD68+HAM56+), 2) perivascular
macrophages (CD163+CD68+MAC387-) and 3) recently
infiltrated MAC387+CD68-CD163-monocyte/macrophages.

With BrdU pulse experiments, administering BrdU 24–
48 h prior to sacrifice we found that almost all of the BrdU+
cells in the lesions were MAC387 cells with few scattered
CD68 and CD163+ cells, and within lesions approximately
30% of the MAC387+ cells were BrdU+ (Burdo et al. 2010;
Soulas et al. 2011). These data support the notion that these
cells are recent recruits to the CNS. Interestingly, MAC387+
cells were not always major players in terms of cell numbers
within lesions. Importantly, we found MAC387+ cells in
SIVE lesions of all animals, chronic progressor, non-
depleted rapid progressor, and CD8 lymphocyte depleted
animals. But, in contrast the CD163 and CD68 positive
cells, we did not find these cells in the CNS of animals
without encephalitis, CNS tissues of animals sacrificed peak
viremia, and in normal non-infected animals. We found that
the relative ratio of CD68+ versus MAC387+ monocyte/
macrophages in the CNS defined the relative severity of the
CNS lesions. In animals with mild SIV encephalitis there
was a higher ratio of MAC387+ cells than CD68+ macro-
phages, and in more severe and established lesions, there
was a higher ratio of CD68+ cells over MAC387+ cells.
Lastly, the MAC387+ cells were CCR2-, unlike the peri-
vascular macrophages, and in our hands were not produc-
tively infected. The immune phenotype of macrophages in
the human CNS was exactly the same as described above,
with three populations of cells, but interestingly the
MAC387+ cells in the human brain also expressed MRP8+
the later stage inflammatory macrophage marker that we did
not find in the CNS of monkeys, likely reflecting the more
chronic and long term nature of HIV infection and pathology
in the human CNS over that of monkeys.

Our finding of differential numbers of MAC387+ mono-
cyte/macrophages versus perivascular macrophages in
lesions may reflect differences in lesion activity. The im-
mune phenotypic markers expressed by perivascular macro-
phages, including CD163 and CCR2 may suggest they
represent M2 macrophages (Soulas et al. 2011; Fischer-

Smith et al. 2008a, b), while the MAC387+ cells, that are
only present with inflammation, and early lesion formation,
may represent an M1 phenotype. Extending this analogy,
one can hypothesize that the M1 MAC387+ monocyte/mac-
rophages may function to expand CNS lesions, while the
CD163+ cells may function to try to protect of inhibit
immune activation (Soulas et al. 2011). In this scenario,
M1 macrophages are early inflammatory monocyte/macro-
phages that appear only in encephalitic brain. In contrast, the
CD163+CD68+ perivascular macrophages are present in the
brain normally, but also accumulate in SIVE and HIVE
lesions. Whether this scenario is true in vivo requires further
experimentation.

Monocyte mobilization from bone marrow correlates
with the rate of AIDS development and severity of SIV

Historically, the number of CD4 T cells in blood or plasma
virus has been used as an indicator of AIDS development.
Indeed, absolute numbers of CD4 T cells less than 200 cells/
μL of blood are still used as a diagnostic for AIDS, and CD4
cell nadir is predictive of disease outcome (Ellis et al. 2011;
Jernigan et al. 2011). We have recently found using non-
CD8 lymphocyte depleted SIV Infected monkeys and BrdU
injected intravascularly that BrdU is taken up by monocyte
precursors (pre-pro monocytes and pro-monocytes) in bone
marrow (Hasegawa et al. 2009). Bone marrow biopsies
demonstrate the cells are both BrdU+ and Ki-67 positive,
consistent with their ongoing proliferation (Ki-67) and hav-
ing recently taken up BrdU. In blood, 24–144 h post BrdU
injection, monocytes are found that are BrdU+, but Ki-67-
consistent with cells that have taken up BrdU in bone
marrow, but are no longer proliferating outside the marrow
(Burdo et al. 2010). Using this approach to study monocyte
expansion and mobilization, we found a low basal rate of
BrdU+ monocytes in blood (less than 5%) of normal, non-
SIV infected animals that were CD8 lymphocyte depleted
but not SIV Infected (Burdo et al. 2010). Within CD8
lymphocyte depleted and SIV infected animals we found
two sets of animals based on disease outcome: slow pro-
gressors, developing AIDS after at least 3 months pi, and
rapid progressors that developed AIDS in less than 3 months
pi. Within the slow progressing cohort, the magnitude of
BrdU label of monocytes ranged from 2% to 5%, similar to
non-SIV infected animals that were CD8+ T lymphocyte
depleted. In contrast, by 8 days pi the magnitude of BrdU+
monocytes in blood was greater than 5% and continued to
increase up to 20–35% in animals that had the most rapid
time to development of AIDS (Burdo et al. 2010). In addi-
tion the magnitude of BrdU label positively correlates with
severity of SIVE (Burdo et al. 2010). Because BrdU injec-
tions cannot be used in humans, we looked for surrogate
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markers that might parallel BrdU and therefore function as a
biomarker of disease. These included LPS, CCL2/MCP-1,
and sCD163 (a type B scavenger receptor made and shed
exclusively by monocyte/macrophages) (Fabriek et al. 2005;
Droste et al. 1999; Moller et al. 2002). Interestingly sCD163
paralleled closely with an increased magnitude of BrdU+
monocytes in blood first, and importantly differentiated
between the SIV infected, CD8 lymphocyte depleted ani-
mals that developed rapid AIDS with severe CNS disease
from those that had slow disease development and less
severe or no SIVE. Moreover, sCD163 in plasma could
differentiate animals in these two groups as early as 21 days
pi (Burdo et al. 2010)! sCD163 has been reported to be
elevated in diseases including bacteraemia, Multiple Sclero-
sis, Tuberculosis, but seems to be a good marker of primar-
ily macrophage mediated diseases including Gaucher’s
disease (Fabriek et al. 2007; Moller et al. 2004, 2006; Gaini
et al. 2008; Knudsen et al. 2005). Our initial interest in
sCD163 was from knowledge that LPS, which is reportedly
translocated across the gut with severe CD4+ T cell deple-
tion early after HIV and SIV infection is known to be a
potent stimulus of CD163 expression on monocyte/macro-
phages and shedding of CD163 by these cells in vitro and
possibly in vivo (Burdo et al. 2010; Weaver et al. 2006,
2007). Our observations in monkeys of correlations with
sCD163 with BrdU and also progression to AIDS lead to
our interest to ask whether sCD163 was elevated in plasma
of HIV infected individuals.

sCD163 is a marker of HIV activity in early
and chronically infected patients on effective ART.

To study levels of sCD163 in HIV infected patients we
studied two groups, one that was chronically HIV infected,
at least 1 year, and a second with early infection, defined as
less than 1 year. Patients in the two groups were compared
to age-matched HIV-controls. Both groups were also exam-
ined after 3 months of effective ART. We found elevated
levels of sCD163 in plasma of the chronically infected
patients, 2.5–3 fold higher than HIV seronegative patients
prior to ART (Burdo et al. 2011a). Following 3 months of
ART these levels decreased, but not to the level of that seen
in HIV-seronegatives, indicating some level of monocyte/
macrophage activation existed that decreased but not to that
of HIV-seronegatives (Burdo et al. 2011a). In contrast, in
early HIV infected patients, sCD163 was elevated above
that of seronegative controls, but half that of chronic
infected patients. Similar to the chronic patients with effec-
tive ART, sCD163 decreased after ART to a level found in
HIV seronegative patients (Burdo et al. 2011a). These
results are informative with regard to the level of innate
immune activation in HIV infected patients on ART, and

suggest that chronic monocyte/macrophage activation with
effective ART likely requires at least a year of HIV infection
before it is not able to be ameliorated by effective therapy.
Studying monocyte subsets in these patients we found in-
creased percentage of activated CD14+CD16+ monocytes
with elevated sCD163 in chronic and early infection, that
decreased with ART, and a positive correlation overall with
the percentage of CD14+CD16+ monocytes and sCD163
(Burdo et al. 2011a). Similarly, we found increased CD163
on CD14+CD16+ monocytes with a higher level on the
early infected patients compared to chronic patients prior
to ART, which decreased with effective ART, where the
early HIV infected patients still had higher CD163 on
CD14+CD16+ monocytes than chronic patients (Burdo et
al. 2011a). Overall, we found an inverse relationship be-
tween the amount of CD163 on CD14+CD16+ monocytes
and the level of sCD163 in plasma of chronic and acute
patients when the data were pooled, suggesting that the
more CD163 expression there is on CD14+CD16+monocytes
the less there is in plasma, and when there are higher levels of
sCD163 in plasma, there is less CD163 on CD14+CD16+
monocytes (Burdo et al. 2011a). Lastly, these data suggest that
the CD14+CD16+ monocytes are an indicator of levels of
sCD163 in plasma, possibly because they have the highest
level of expression, and also perhaps because they are a main
monocyte type that is activated and sheds sCD163, a process
that is in part mediated by MMP-9 (Hintz et al. 2002). The
correlation of sCD163 in plasma with the number of
CD14+CD16+ monocytes is consistent with immune
activation, in this case monocyte/macrophages. We also found
positive correlations with sCD163 levels and lymphocyte
activation, specifically CD8+HLA-DR+CD38+ cells also
positively correlate, as does plasma virus (Burdo et al. 2011a).

In a group of early HIV infected patients, we studied the
effect of ART interruption on sCD163 (Burdo et al. 2011a).
We found that with therapy interruption, sCD163 in plasma
spikes, in parallel with HIV-RNA in plasma and the absolute
number of CD8 T lymphocytes. CD4 T lymphocytes did not
appear to increase in number with sCD163. When ART was
reinitiated, sCD163 decreased, again in parallel with HIV-
RNA in plasma and the absolute number of CD8 T lympho-
cytes, but not CD4+ T lymphocytes (Burdo et al. 2011a).
Overall, these data demonstrate that sCD163 levels in plas-
ma parallel HIV-RNA and correlate with monocyte/macro-
phage activation and T lymphocyte activation on patients
with effective ART. Moreover, we find at successful ART
effectively lowers monocyte/macrophage activation if
patients are treated within the first year of HIV infection.
Patients that are treated after at least 1 year of infection have
decreased sCD163, but these levels are higher than those of
HIV seronegative controls and HIV infected individuals
who had ART within a year of treatment (Burdo et al.
2011a).
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sCD163 is a marker of non-calcified plaques in the heart
of HIV infected patients

In addition to monocyte activation in blood with HIV infec-
tion, chronic immune activation of monocyte/macrophages
is found in monkeys in the CNS and heart, as well as LN.
We have found this in monkey models without ART with
activation macrophages in the CNS with SIVE, myocardium
of the heart, and LN. We recently reported that sCD163 is an
effective marker of non-calcified (recently formed inflam-
matory plaque vulnerable to rupture) cardiac plaque in the
myocardium of HIV infected patients (Burdo et al. 2011b).
In this study we investigated a cohort of 102 HIV infected
and 41 seronegative men with equivalent cardiovascular risk
factors without a history of coronary artery disease. All had
computed tomography coronary angiography. Levels of
sCD163 and plaque were significantly higher among
antiretroviral-treated subjects with undetectable HIV RNA-
levels compared to seronegative controls (Burdo et al.
2011b). Adjusting for age, race, lipids, blood pressure, glu-
cose, smoking, sCD14 and HIV infection, sCD163 was
independently associated with non-calcified plaque (Burdo
et al. 2011b). This was in contrast to markers of generalized
inflammation including C-reactive protein levels and D-
dimer that were not associated with sCD163 or plaque in
HIV infected patients (Burdo et al. 2011b).

One last note on sCD163 in HIV mediated disease is
found with CNS infection in humans. We recently screened
an HIV infected cohort of patients examining plasma and
CSF for sCD163. We found a significant correlation with
elevated sCD163 in plasma in HIV patients with impaired
neurocognition but not in patients with normal neurocogni-
tive. Interestingly the level of sCD163 in CSF negligible
compared to plasma and did not correlate with CNS disease.
Looking within patient groups over time we found that
plasma levels of sCD163 decreased on a second visit after
5–42 more months of ART. Thus, this marker appears to
serve not only as a marker of monocyte/macrophage
activation in blood, HIV activity in plasma, and marker
of non-calcified plaques in heart, but also possibly AIDS
dementia.

Our observations in the monkey model of neuroAIDS
suggest the monocyte/macrophage activation, and traffic of
cells to parenchymal tissues is critical for pathogenesis. This
is supported by our findings that combination anti retroviral
therapy using PMPA and RCV, that did not effectively
decrease plasma virus in CD8 lymphocyte depleted
monkeys, resulted in a decreased second wave of activated
monocytes in blood and reversal of neuronal injury mea-
sured by MR spectroscopy (Williams et al. 2005). More
recently, we found that that antibiotic minocycline, when
administered to CD8 depleted, SIV infected monkeys de-
creased plasma virus and significantly decreased expansion

of CD14+CD16+ and CD14lowCD16+ monocytes, also
reduced the numbers of inflammatory monocyte/macro-
phages to LN (CD68 and MAC387) and brain. This treat-
ment, similar to the PMPA and RCV therapy also reduced
neuronal injury measured by MR spectroscopy, where there
was a relationship between decreased CD14+CD16+ and
CD14lowCD16+ monocytes and neuronal protection
(Campbell et al. 2011). In vitro, Minocycline decreased
CD16 expression on monocytes and SIV replication as well
as cytokine production following LPS stimulation
(Campbell et al. 2011). Thus ART and Minocycline both, by
down regulation immune activation of monocytes, viral rep-
lication of monocyte/macrophages and cell traffic appear to
effectively reverse neuronal injury in the monkey model of
neuroAIDS. To date, no studies have equivalently demon-
strated that monocyte/macrophage traffic directly results in
neuronal injury in this model. We have used an anti-VLA-4
antibody that directly targets monocytes and T cells, stopping
their traffic to the CNS, administered to animals 28 days
post infection. In this study, we found reversal of neu-
ronal injury measured by MR spectroscopy, and histo-
logical evidence of a lack of traffic of myeloid cells as
well as virus in the brain, but and LN (Williams et al.,
unpublished). These data point not only to the importance of
continued monocyte traffic to the CNS for ongoing neuronal
injury, but suggest such maintenance of traffic in the monkey
model also is likely important to maintain productive infection
of the CNS.

Overall, these data underscore the utility of sCD163 as a
biomarker of HIV activity (HIV-RNA), and more impor-
tantly monocyte/macrophage activation that is continued
even with effective ART. These data point to the role of
monocyte/macrophage in AIDS-related disease again even
with effective ART. Such observations point to the impor-
tance of monocyte/macrophage responses to HIV infection,
which occur early with peak plasma viremia as demonstrat-
ed in the animal model and HIV infected humans, regardless
of rapid disease progression, chronic infection, or CD8
depletion in monkeys. Lastly, they underscore the impor-
tance of ART early after infection, certainly before a year of
infection when it appears that sCD163 secretion and mono-
cyte/macrophage activation will not return to baseline levels
found in seronegative patients.

Additionally, the studies described above underscore the
importance of SIV infected monkey models as they inform
about HIV related pathogenesis with AIDS, monocyte/mac-
rophage activation, mechanisms and markers of CNS and
cardiac disease with infection. It is important to note that
while our studies used a rapid model of CD8 depletion and
AIDS with a high incidence of SIVE, they were still infor-
mative with regard to HIV infected patients on effective
ART. These observations underscore the benefit of the ani-
mal model to understand mechanisms of pathogenesis, as
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well as biomarkers to monitor disease as new therapies
become available.
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