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Abstract

Monocyte and macrophage inflammation in parenchymal tissues during acute and chronic HIV 

and SIV infection plays a role in early anti-viral immune responses and later in restorative 

responses. Macrophage polarization is observed in such responses in the central nervous system 

(CNS) and the heart and cardiac vessels that suggest early responses are M1 type antiviral 

responses, and later responses favor M2 restorative responses. Macrophage polarization is unique 

to different tissues and is likely dictated as much by the local microenvironment as well as other 

inflammatory cells involved in the viral responses. Such polarization is found in HIV infected 

humans, and the SIV infected animal model of AIDS, and occurs even with effective anti-

retroviral therapy. Therapies that directly target macrophage polarization in HIV infection have 

recently been implemented, as have therapies to directly block traffic and accumulation of 

macrophages in tissues.
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Introduction

The local microenvironment influences distinct phenotypes of macrophages. In 2000, a M1-

M2 paradigm was adopted to distinguish between classic and alternative activated 

macrophages, where macrophages predominately expressing the iNOS or arginase pathways 

were termed M1 or M2 macrophages, respectively [1]. M1 macrophages are thought to have 

efficient antigen presentation and pathogen killing and M1 macrophages secrete high 

amounts of pro-inflammatory cytokines and promote a TH1 cell response. M2 macrophages 

(expressing markers such as the scavenger receptor CD163) have high phagocytic activity, 

produce large amounts of anti-inflammatory cytokines, such as IL-10, and contribute to 

inflammation resolution. Current thinking suggests that the M1-M2 paradigm likely 

represents an extreme of macrophage phenotypes and is over simplistic [2]. Evidence 
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suggests that macrophage phenotypes are not static but dynamic and tissue 

microenvironment-dependent and diseases play a role in the polarization of macrophages 

[3–5]. It has been shown that M1 and M2 macrophages can switch their phenotype based on 

the tissue microenvironment [6]. A recent perspective has proposed a common framework 

for macrophage-activation nomenclature that would replace the M1/M2 model using 

phenotype, function and context and is particularly useful with in vitro isolation and 

stimulation of macrophages [7]. For simplicity in this review, we will refer to the M1-M2 

classification system.

In this review, we discuss macrophage polarization with human immunodeficiency virus 

(HIV) and simian immunodeficiency virus (SIV) infection and during acute and chronic 

infection of the central nervous system (CNS), peripheral nervous system (PNS) and the 

heart. We discuss the roles of M1-like MAC387+ and M2-like CD163+CD68+CD206+ 

macrophages in HIV-associated neurological disorders (HAND), peripheral neuropathy 

(PN) and cardiovascular disease (CVD). The discussion includes the biology of monocyte/

macrophage polarization with HIV and SIV infection in tissues, traffic and accumulation of 

monocyte/macrophages as it relates to pathology. Further, we discuss macrophage-

associated biomarkers of CNS, PNS and cardiac disease and the need for effective 

adjunctive therapies specifically targeting monocytes and macrophages in HIV infection.

Monocyte Traffic and Accumulation in CNS

In HIV and SIV infection, there are increased numbers of activated circulating monocytes 

[8–12] and turnover and accumulation of monocyte/macrophages in tissues including brain, 

dorsal root ganglia (DRG) and heart (discussed in the sections below) [13–16]. In SIV-

infected monkeys, using bromodeoxyuridine (BrdU), an analogue of thymidine that is 

incorporated in DNA during replication it was shown that increased monocyte emigration 

from bone marrow (BM) is a better marker of AIDS progression than CD4+ T cell counts 

and plasma viral load [17]. Extending those observations, we found that the magnitude of 

BrdU+ monocytes (the absolute number and/or percent of BrdU+ cells in blood) of SIV-

infected monkeys predicted how rapidly they would progress to AIDS and the severity of 

brain histopathology (macrophage accumulation (both M1 and M2-like macrophages) and 

productive viral infection)) [16]. Rappaport and colleagues made similar observations 

finding an expansion of CD16+CD163+ monocytes in blood that may replace or establish 

residence in the CNS of HIV-infected individuals [18]. Increased monocyte turnover and 

accumulation of macrophages in the CNS occurs in other organs including the DRG, heart, 

lung, liver and gut, of SIV-infected monkeys and HIV-infected individuals, even those on 

durable antiretroviral therapy (ART).

Macrophage Polarization in CNS during HIV and SIV Infection

Populations of CNS macrophages can be distinguished by their anatomical location in the 

CNS and immune-phenotypic markers [10–12,15,16,18–21]. With regard to HIV and SIV 

infection, we and others have examined the resident parenchymal microglia, perivascular 

macrophages, and inflammatory macrophages (that are only present in the CNS with 

inflammation) [15]. Perivascular macrophages that are present in the CNS vasculature are 
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CD14, CD16, and CD163 positive with high levels of CD45 and CCR2. The fact that 

perivascular macrophages are CD163+ and CCR2+ is consistent with an M2-polarized 

alternatively activated macrophage phenotype [12,15,19,21–23]. The resident parenchymal 

microglia have low to non-detectable CD14 and CD16 and variable to non-detectable 

CD163. These two cells types are the major constituents of HIV and SIV encephalitic 

lesions [12,19,21,24,25] where productive viral replication is often found. Perivascular 

CD163+ M2-like macrophages are also found in small lesions or perivascular cuffs along 

CNS vessels and some are HIV or SIV infected [12,21,26]. Another monocyte/macrophage 

cell type that is present in the CNS, but only with inflammation, is the MAC387 positive 

macrophage [15,27]. The antibody known as MAC387 is described as recognizing myeloid-

related protein 14 (MRP14) and, to a lesser extent, the MRP8/MRP14 heterocomplex 

[28,29]. MRP14 is expressed on recently infiltrating monocytes/macrophages during early 

acute inflammation [30]. The MAC387+ cells are CD163 and CCR2 negative and thus 

similar to classically activated M1 macrophages, which are thought to amplify immune and 

inflammatory responses and are associated with higher suppression of HIV-1 replication 

[31]. Using BrdU injection in SIV-infected macaques it was demonstrated that 90% of 

recently trafficked BrdU+ macrophages in the brain are (M1-like) MAC387+ macrophages 

(that came from the bone marrow) and few were resident CD68+ or CD163+ (M2) cells [15]. 

Interestingly, these M1-like MAC387+ cells in the brain do not appear to be viral infected.

Comparing the number of MAC387+ macrophages in the CNS of chronically (1–2 years) 

SIV-infected monkeys with and without SIVE, rapid progressing SIV-infected animals (<6 

months) with SIVE, and SIV-infected CD8 lymphocyte depleted animals with rapid (3–4 

months) development to AIDS and SIVE and found that MAC387+ cells were present in 

early developing lesions [32] (Figure 1). In more established, chronic and severe SIVE 

lesions, CD68+CD163+ M2 macrophages accumulated and outnumber the MAC387+ M1-

like macrophages, possibly in an attempt to dampen the anti-viral/pro inflammatory 

response (Figure 1) [15,16,33–35]. From this scenario, one can speculate that M1-like 

MAC387+ cells are recruited to sites of active infection and may be continuously recruited 

to the sites of infection. Such recruitment may contribute to the amplification of the 

inflammatory response leading to the recruitment of additional leukocytes and infected 

macrophages, including CD163+ M2 macrophages. Injection of dextran dyes directly into 

the ventricles in the brain to label perivascular cells, we found that the majority 

(approximately 80%) of M2 CD163+ macrophages found in SIVE lesions terminally were 

present early (prior to day 20 post infection) in the brain. Instead of trafficking from the 

periphery these M2 CD163+ macrophages were likely recruited to lesions by the M1-like 

MAC387+ macrophage from the CNS vasculature [36]. The majority of the M2 CD163+ 

macrophages in SIVE and HIVE lesions were productively infected. Early CNS invasion of 

MAC387+ M1-like macrophages was seen in the meninges and choroid plexus and late 

inflammation was characterized by M2 CD163+ macrophage accumulation in the 

perivascular space and in SIVE lesions [36] (Figure 1).

To determine whether on going monocyte/macrophage traffic is required for SIV-associated 

CNS damage and to maintain CNS lesions and productively infected cells, we blocked 

monocyte and T lymphocyte traffic using natalizumab (Biogen Idec) an anti-VLA-4 

antibody in SIV-infected rhesus macaques [37]. Natalizumab is a humanized monoclonal 
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antibody targeting the alpha subunit of the α4β1 adhesion molecule [38] and is approved for 

the treatment of relapsing-remitting multiple sclerosis (MS) [39]. Natalizumab prevents 

accumulation of leukocytes (monocyte/macrophages, T cells and B cells) in the brains of 

patients with MS [39] and in the gut of patients with Crohn's disease [40]. Natalizumab 

treatment of SIV-infected rhesus macaques resulted in stabilization of on-going neuronal 

injury (measured by NAA/Cr by 1H MRS), and decreased numbers of M1 and M2 

monocytes/macrophages and productive infection (SIV p28+, RNA+) in the brain and gut 

[37]. BrdU pulse studies revealed that no BrdU+ cells trafficked to the brains of natalizumab 

treated animals, indicating that α4 blockade prevented BrdU+ monocyte/macrophages from 

entering. There were few scattered MAC387+ M1 inflammatory monocytes in the brains of 

treated animals suggest that despite SIV infection and CD8 lymphocyte depletion, very little 

inflammation occurred in the CNS following natalizumab treatment. Similar numbers of M2 

CD68+ and M1-like MAC387+ monocyte/macrophages were seen in the lymph nodes of 

untreated and treated SIV-infected animals suggesting that natalizumab did not significantly 

affect traffic of these cells to lymph nodes [37] as has been previously reported by others.

Monocyte Traffic and Activation in DRG during SIV Peripheral Neuropathy

HIV-induced distal sensory polyneuropathy (DSP) is the most common neurological 

complication in HIV infection [43]. Previous research suggests that monocyte/macrophages 

traffic to the dorsal root ganglia (DRG) and inflict damage during HIV and SIV infection 

[42,44–46]. These studies used CD68+ or Iba-1 to characterize resident macrophages in the 

DRG [42,46,47]. We recently expanded on these phenotypes and used CD68 as a marker for 

resident macrophages and CD163 to label M2 perivascular macrophages. In addition, we 

used MAC387+ M1 cells and BrdU pulse to measure cells trafficking from bone marrow to 

the DRGs. In uninfected DRG, we characterized macrophage phenotypes surrounding the 

DRG neurons. Few macrophages (0.8 to 3%) were MAC387+ M1 cells inflammatory cells 

and less than 1% of cells were BrdU+ macrophages that are recent emigrants from BM 

(Figure 1). In contrast, CD68+ resident cells made up 12–15%, and CD163+ M2 macrophage 

made up 3–12% of the cells. CD3+ T lymphocytes comprised less than 10% of the cell 

population. In SIV-infected animals, resident CD68+ and CD163+ M2 macrophages were 

significantly increased. The traffic of monocyte/macrophages was increased with SIV 

infection and MAC387+ M1 and BrdU+ macrophages accumulated in DRGs (Figure 1). In 

this study we found that ~80% of all newly recruited BrdU+ monocytes in the DRGs were 

MAC387+, similar to that seen in the brain of SIV infected monkeys. Interestingly the 

number of M1-like MAC387+BrdU+ monocytes correlated with more severe DRG 

histopathology and loss of intraepidermal nerve fibers [14] (Figure 1). These findings 

regarding the association of cell traffic to DRG pathology is consistent with previously 

published data demonstrating a correlation between monocyte traffic and severity of SIV 

encephalitic brain lesions in the same model system [16].

In addition to traffic and accumulation of macrophages in the brain, a recent study showed 

macrophage invasion into visceral tissues (kidney, spleen, and lymph node) in patients with 

HIV encephalitis (HIVE) [41]. They demonstrated an altered monocyte/macrophage 

homeostasis in HIV infection, which may contribute to comorbid conditions during AIDS 

[41]. The notion that macrophage accumulation in parenchymal tissues in HIV infection is a 
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global phenomenon is further supported by data presented below in the DRGs and hearts of 

SIV-infected macaques [13,14,42].

In SIV-infected CD8-depleted macaques, the ratio of M2 (CD163+) to M1 (MAC387+) 

macrophages in DRGs decreased with more severe DRG pathology (Burdo, unpublished). It 

appears the numbers of anti-inflammatory M2 macrophages (CD163+) remained elevated 

across all pathology subgroups (mild, moderate and severe), but numbers of the pro-

inflammatory M1 macrophages (MAC387+) increased, resulting in a decreased M2/M1 ratio 

in this rapid model. Because SIV-infected CD8-depleted macaques progress rapidly (3–4 

months) to AIDS it is possible that with chronic SIV, where disease progression is slower, 

there may be a shift from M1 to M2 macrophages in the DRG. This hypothesis is consistent 

with our observation that rapid progressors (<6 months to AIDS) have an accumulation of 

M1-like MAC387+ macrophages in SIVE brain lesions in contrast to conventional 

progressors (>6 months to AIDS), which had more M2-like macrophages than M1-like 

macrophages [15]. This is likely due to MAC387+ cells being recruited to active sites of 

infection and inflammation that occurs with acute disease. In contrast, M2-like cell 

activation is more likely to be elevated in chronic disease where anti-inflammatory 

properties would be beneficial.

To determine whether ongoing monocyte/macrophage traffic is required for SIV-associated 

DRG damage, we used using natalizumab to block traffic (as discussed above). Natalizumab 

treated animals had less severe DRG pathology, decreased numbers of recently recruited M1 

MAC387+BrdU+, and fewer productively SIV-infected macrophages compared to non CD8-

depleted SIV infected animals (Burdo, unpublished). Overall, these results suggest a role of 

monocyte traffic in DRG histopathology and demonstrate a potential benefit of drugs that 

directly target monocyte traffic to inhibit HIV peripheral neuropathy.

Macrophage Infiltration and Pathology in the Heart during SIV/HIV Infection

HIV infection with stable ART is characterized by a state of chronic inflammation that is 

recognized as a risk factor for cardiovascular disease (CVD) in both HIV-infected and 

uninfected individuals, where monocyte/macrophages are involved in the development of 

fibrosis [48,49] atherosclerosis [50,51], and ongoing inflammation. Immune activation in the 

HIV-infected population plays a role in CVD development. Levels of sCD14 correlate with 

coronary artery calcification [52], and plasma sCD163 correlates with non-calcified, 

vulnerable coronary plaques [53] and correlate with the number of inflammatory 

macrophages in the ascending aorta of HIV infected individuals, as shown by FDG-PET 

imaging [54]. More recent studies have shown that acute/early macrophage inflammation in 

vessel walls precedes calcification [55], supporting the role of inflammation in the 

development of cardiovascular disease.

The simian immunodeficiency virus (SIV) infection of rhesus macaques that closely mimics 

the progression of HIV in humans has been used to study CVD [13,56–58]. Acutely SIV-

infected rhesus macaques, infected with different strains of SIV (<6 weeks infection) have 

no cardiac pathology [59]. However, in chronic infection two thirds of animals whom 

succumb to AIDS developed myocarditis, vessel occlusion and inflammation [59]. In these 
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animals, the inflammatory infiltrate, most often studied in the in the left ventricle, consists of 

scattered CD3+ T-lymphocytes and CD68+ macrophages [59]. An early study in monkeys 

found increased numbers of M2 CD163+ macrophages in uninflammed hearts of SIV-

infected rhesus macaques compared to SIV-infected animals with myocarditis, and 

suggested that the M2 CD163+ macrophages may play an anti-inflammatory or protective 

role [60]. More recent studies have found increased numbers of CD163 inflammatory 

macrophages with SIV infection and AIDS [13,61], but increased numbers of CD163+ 

macrophages did not correlate with functional decline of the heart [61] (Figure 1).

We used a SIV-infected, CD8-depletion model, in which macaques undergo rapid 

progression to AIDS (3–4 months), to study macrophage activation and traffic to the heart in 

AIDS [13,14,16,42,62]. In this study of twenty-three rhesus macaques, seventeen animals 

were SIV-infected and twelve were also CD8-lymphocyte depleted. We found few scattered 

macrophages in the heart tissues of uninfected controls [13] (Figure 1). These data were 

similar to reports of normal human heart where low numbers of resident CD68+ 

macrophages were found in different heart regions usually in proximity to blood vessels 

[63]. In the CD8-lymphocyte depleted, SIV-infected monkeys, we found significant 

increases in the number M2 CD163+, resident CD68+, and M1-like MAC387+ macrophages 

compared to non-CD8-lymphocyte, SIV-infected animals [13] (Figure 1). The incidence of 

cardiac fibrosis, measured by collagen deposition, was also increased in CD8-depleted 

animals compared to SIV-infected non-CD8 lymphocyte depleted animals, suggesting that 

macrophages play a role in cardiac fibrosis [13]. Moreover, with increased numbers of M2 

CD163+, resident CD68+, and M1-like MAC387+ macrophages, we found increased 

percentage of cardiac fibrosis, and a statistically significant positive correlation with the 

number of inflammatory macrophages and cardiac fibrosis (Figure 1). In the same study, 

using BrdU to examine traffic of newly released monocyte/macrophages from the bone 

marrow (BM) we found that the majority of BrdU+ macrophages trafficked to the heart late 

in infection. These BrdU+ cells were predominantly M1-like MAC387+ recently recruited 

macrophages (79.5 ± 5.0%) [13]. We have previously demonstrated and discussed that these 

cells are early players in what is likely anti-viral responses [15]. During the early phase of 

cardiac inflammation, it is likely that the M1 macrophages are recruited to and infiltrate the 

heart expressing pro-inflammatory cytokines and mediate cardiac fibrosis [64]. The 

microenvironment of the heart may cause differentiation of M1 and/or M2 macrophages in 

the development of fibrosis [65]. In the context of our study described above M1 MAC387+ 

macrophages traffic to the heart with the development of AIDS as potential anti-viral agents 

that initiate the inflammatory process, while CD163+ M2 macrophages are recruited from 

the monocyte pool that differentiate and may begin the process of fibrosis.

A follow up study examining the effects of directly blocking monocyte/macrophage traffic 

to the heart using natalizumab (as described for studies in the CNS and DRG) was done to 

determine if decreased recruitment of monocyte/macrophages resulted in a decrease in 

cardiac fibrosis. We found few M1 or M2 macrophages in cardiac tissues of animals 

sacrificed early, adding evidence in this infection model that cardiac inflammation occurs 

later during infection with progression to AIDS (Walker, in press JAHA 2015). Natalizumab 

treatment resulted in a significant decrease in the numbers M2 CD163+ and resident CD68+ 

macrophages present in the heart, along with a trend of decreased numbers of M1-like 
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MAC387+ macrophages. Additionally, blocking macrophage traffic to the heart reduced the 

frequency and severity of cardiac fibrosis (Walker, in press JAHA 2015). This suggests that 

blocking traffic of macrophages directly can decrease the number of M1 macrophages that 

begin the inflammatory process, as well as decrease M2 macrophages that play a role in 

cardiac fibrosis [65].

A range of macrophage phenotypes exist within atherosclerotic plaques including CD68+, 

CD163+, HAM56+, MAC387+ cells, all of which likely play a role in plaque stability and 

rupture [66]. Inflammatory M1 macrophages are thought to play a role in the progression 

and instability of atherosclerotic plaques [67], while M2 macrophages are thought to be anti-

inflammatory and athero-protective [68] (Figure 1). However M2 macrophages take up 

lipids more readily and become foam cells more easily [69] than M1 macrophages. 

Additionally, M2 macrophages secrete matrix metalloproteinases (MMPs) that are found in 

human atherosclerotic plaques [70,71] leading to the breakdown of collagen and 

compromise of the fibrous cap region, which provides structure and strength, ultimately 

leading to plaque rupture [72]. Overall, whether M2 macrophages are athero-protective is 

not well-defined. In sections of normal aorta, HAM56+ macrophages were rare and scattered 

in the intima of the aortic wall. As atherosclerotic plaques progress, the number of HAM56+ 

macrophages increased and were scattered throughout the lesion [73]. A recent study 

examining twenty human atherosclerotic plaques from carotid arteries found both M1 and 

M2 macrophages present throughout plaques within the core and cap regions (Figure 1). 

Numbers of CD64+ and CD86+ macrophages (M1) negatively correlated with cap thickness 

of atherosclerotic plaques, while numbers of CD163+ macrophages (M2) did not [74]. Other 

studies have shown that both M1 and M2 polarized macrophages are present in 

atherosclerotic plaques and there is increased accumulation with disease severity [75]. 

Spatial differences between macrophage subsets with M1 macrophages were predominant in 

shoulder regions of atherosclerotic plaques, which are prone to rupture, providing evidence 

these M1 macrophages play a role in plaque destabilization [75]. Additional reports 

underscore the role of macrophages in plaque destabilization specifically that ruptured cap 

regions have an increased in macrophage density [76]. Additionally, using Optical 

Coherence Tomography (OCT) it was shown that stable plaques have fewer macrophages 

compared to unstable, ruptured plaques within the same individual [77]. Pleotropic effects of 

statins further support this notion; it has been shown that treatment resulting in the reduction 

of macrophages in plaques leads to stabilization [78,79]. Recently, statin use has been 

effective in decreasing the volume of high-risk plaques and the number of high-risk features 

(positive remodeling and low attenuation) in HIV-infected patients [80].

Data from our lab investigating macrophage accumulation in the aorta of HIV-infected 

individuals shows there is a significant increase in the numbers of both M1 and M2 

macrophages compared to uninfected individuals (Walker, unpublished). Numbers of 

CD68+ and M1-like MAC387+ macrophages are significantly increased in the intima of the 

aorta and positively correlate with an increase in intima-media thickness, as well as numbers 

of CD163+ and CD206+ macrophages (Walker, unpublished). It is possible that MAC387+ 

macrophages enter the vessel wall during acute inflammation and recruit other macrophages 

during the inflammatory process resulting in an increase in intima thickness of the aorta. 

While the M1 and M2 categories might represent extreme ends of the spectrum, it appears 
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that macrophages in general, and inflammation, play a role in the development of HIV-

associated CVD.

Targeting Macrophages in HIV Infection

Evidence that chronic immune activation in HIV-infected patients on ART is associated 

with comorbities, including neurologic and cardiac complications, underscores the need for 

development of adjunctive therapies targeting macrophages. Such therapies could target 

blocking monocyte traffic, inhibiting macrophage function at the tissue site or switching 

macrophage phenotype. Here, we have described our proof-of-concept studies using anti-

VLA-4 antibody to block traffic of monocyte/macrophages. Use of natalizumab in SIV-

infected rhesus macaques we blocked traffic of M1-like MAC387+ macrophage and BrdU+ 

monocytes migrating from the bone marrow and stopped M2 CD163+ activation. 

Natalizumab is effective in blocking cell traffic but it is not selective to M1 or M2 

macrophages.

Because macrophage are a heterogeneous population with M1 inflammatory and M2 anti-

inflammatory properties, altering macrophage phenotype may function to diminish the tissue 

specific inflammatory milieu. Studies targeting macrophage polarization with the goal of 

switching from the classically activated, pro-inflammatory M1 subtype to alternatively 

activated, anti-inflammatory M2 phenotype are currently being examined in numerous 

diseases. Fasudil, a Rho-kinase inhibitor, has been used successfully to alleviate symptoms 

of experimental autoimmune encephalomyelitis (EAE) that is a model for Multiple Sclerosis 

(MS) [81]. Fasudil treatment inhibited expression of M1 markers and increased expression 

of M2 markers on macrophages. Polarization of macrophages toward an M2 phenotype also 

decreased expression of pro-inflammatory cytokines IL-1β. TNF-α, and MCP-1 may suggest 

that the benefits of fasudil in EAE mice might be due to switching the macrophage 

phenotype from M1 to M2 [81]. Also in mice, small interfering RNAs (siRNA) have been 

delivered orally to target TNF-α produced by macrophages [82]. TNF-α and IL-1β 

production was inhibited in mice receiving the siRNA and challenged with 

Lipopolysaccharide (LPS), suggesting that an oral delivery of siRNA could be beneficial in 

treating inflammatory disease in humans.

Statins, which are traditionally used to treat dyslipidemia by targeting cholesterol, have also 

been shown to exert anti-inflammatory effects and are associated with clinical benefit. Statin 

use has recently been found to be beneficial in the treatment and prevention of CVD in HIV-

infected patients [83,84]. Statins may help minimize chronic monocyte activation and 

subsequent arterial inflammation, as well as the development of inflammatory plaques, and 

in fact have been shown to shrink active plaques [83]. Previous data has shown that statins 

effect the composition of atherosclerotic plaques in monkeys by decreasing the total number 

of macrophages present [85]. In rats, in a model of glomerulonephritis, atorvastatin 

increased M2 macrophages and production of IL-10 [86]. Thus, statins may be useful in 

increasing M2 anti-inflammatory macrophage and aid in lesion resolution.

In summary, M1 and M2 macrophages clearly play a role in early, late and chronic HIV and 

SIV function and tissue pathology associated with infection. Directly targeting macrophages 
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by either blocking their traffic to sites of inflammation, or skewing M1 to M2 phenotypes 

holds clinical promise in HIV infection. Caveats exist of course and in the case of HIV these 

would include accounting for the global effects of such treatments on off target tissues. 

Likely, the best future approaches will be ones that chemically push macrophages to non-

disease appropriate phenotypes specific for the target tissues that are specific for the tissue 

microenvironment. Regardless, the biology of these interesting cells provides the exciting 

opportunity for future therapeutic work.
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Figure 1. 
M1 and M2 macrophages in HIV/SIV pathogenesis of brain, dorsal root ganglia, aorta and 

ventricle tissues. M1 and M2 monocytes are not well defined in blood vessels, but in tissues 

are defined as inflammatory M1 and anti-inflammatory M2 macrophages. In brain, the 

correlates of neuronal damage include: activated and infected macrophages and 

parenchymal microglia, M1 (MAC387)/M2 (CD163) ratio, monocyte/macrophage (MΦ) 

accumulation, and perivascular (PV) cuffs. In DRGs, few M1 monocytes are in uninfected 

DRGs. M1 macrophages correlate with severe DRG histopathology and loss of 

intraepidermal nerve fibers. M2 macrophages are elevated in DRGs, but do not correlate 

with severity of pathology. In heart, there are low to no M1 macrophages in uninfected 

tissue. The numbers of M1 and M2 macrophages increase with HIV infection and M2 

macrophages correlates with cardiac fibrosis. Pathways of cardiac pathogenesis in aorta 

include the development of M2 foam cells, M1 and M2 macrophage accumulation in the 

intima, reduced reversed cholesterol transport and thickening of the intima-media. MNGC: 

Multi-Nucleated Giant Cell.
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