
 Current HIV Research, 2006, 4, 000-000 1 

 

 1570-162X/06 $50.00+.00 © 2006 Bentham Science Publishers Ltd. 

The Blood-Brain Barrier in NeuroAIDS 

Wiliam A. Banks
*,1,2

, Nuran Ercal
1,2,3

 and Tulin Otamis Price
4
 

1
Geriatric Research Education and Clinical Center, (GRECC), Veterans Affairs Medical Center-St. Louis, St. Louis, 

MO, USA; 
2
Division of Geriatrics, Department of Internal Medicine,Saint Louis University School of Medicine, St. 

Louis, MO, USA; 
3
Department of Chemistry, University of Missouri-Rolla, Rolla, MO, USA; 

4
Department of Biochemis-

try, Faculty of Pharmacy, Marmara University, Istanbul 81010, Turkey 

Abstract: Nearly every aspect of blood-brain barrier (BBB) function is involved in or affected by HIV-1. The disruption 

of the BBB tends to be minimal and is not likely the mechanism by which infected immune cells and virus enter the brain. 

Instead, immune cells, virus and viral proteins likely activate brain endothelial cells and enable their own passage across 

the BBB by way of highly regulated processes such as diapedesis and adsorptive endocytosis. Viral proteins and cytokines 

can enter the CNS from the blood and provide a mechanism by which HIV-1 can affect CNS function independent of viral 

transport. Brain endothelial cells can also secrete neuroimmunoactive substances when stimulated by HIV-1, gp120, and 

Tat. Efflux systems such as p-glycoprotein transport anti-virals in the brain-to-blood direction, thus hampering effective 

accumulation of drug by the CNS. Overall, the BBB plays a major role in establishing and maintaining virus within the 

CNS and neuroAIDS. 
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INTRODUCTION 

 The blood-brain barrier (BBB) is more than just a barrier 
which separates the central nervous system (CNS) from the 
blood. It is also a regulatory interface through which nutri-
ents, xenobiotics, cytokines, immune cells, and viruses pass 
into and out of the CNS [6]. All of these processes are them-
selves controlled or affected by events in the CNS and pe-
riphery. The BBB has secretory functions as well, being able 
to produce and secrete neuroactive and immunoactive sub-
stances. These diverse functions mean that not only can the 
BBB be a target of disease, it can also be a source of disease 
and so is itself a therapeutic target. 

 Almost every aspect of the BBB is involved in neu-
roAIDS. For example: HIV-1 crosses the BBB inside in-
fected immune cells and as free virus through intricate proc-
esses, not by simple leakage across a disrupted BBB; Viral 
proteins, including gp120 and Tat, can directly cross the 
BBB where they may exert direct effects on the CNS; Cyto-
kines in the blood are transported across the BBB in signifi-
cant amounts by specific, saturable transport systems and 
cytokines produced by CNS tissues and secreted into CSF 
can enter the blood as the CSF is reabsorbed; Retroviral 
drugs achieve subtherapeutic levels in the CNS because of 
saturable efflux systems located at the BBB; HIV-1 and viral 
products produced in the CNS can also find their way back 
into the periphery where they may be able to reinfect periph-
eral tissues. Additionally, the BBB itself undergoes patho-
logical changes and oxidative stress when exposed to virus 
and viral proteins. These changes may lead eventually to a 
disruption of the BBB, but more immediately induce the 
cells comprising the BBB to release neuroactive and neuro-
immune products. 
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 A picture emerges of a BBB that is greatly impacted by 
HIV-1. Many of the alterations in the BBB do not require 
productive infection or even whole virus but can be induced 
by gp120 and Tat. Interestingly, the BBB is minimally dis-
rupted in neuroAIDS [86]. In contrast to a relatively intact 
BBB, almost every other aspect of BBB function is affected 
in ways that likely encourage and sustain the neuroAIDS 
phenomena. Here, we first review normal functions of the 
BBB that are relevant to an understanding of neuroAIDS. 
We then review some of the major ways in which the BBB is 
involved in neuroAIDS. 

ESSENTIALS OF THE BBB 

The Barrier 

 Evidence for the BBB can be traced back to experiments 
conducted in Paul Erlich’s laboratory in the 1880's [25]. The 
essential observations were with dyes which could stain the 
brain when injected into the CNS but not when injected into 
the blood. These observations eventually gave way to the 
idea that some barrier must be preventing the dye from enter-
ing the CNS from the blood. The nature of that barrier, how-
ever, and even whether there was actually a physical barrier 
was hotly contested for decades. Seminal observations by 
Hugh Davson and others argued that a barrier must exist and 
that its location in adult mammals was most likely at the 
level of brain endothelium [25]. Evidence for parallel barri-
ers at the choroid plexus and at the circumventricular organs 
also accumulated [49,55]. 

 The capillary bed of the brain does not look unique 
whether examined grossly or at the light microscopy level 
and so theories competing with that of a vascular barrier 
were advanced. It wasn’t until Karnovsky and colleagues 
examined the capillary bed of the brain with electron micros-
copy in the late 1960's that a modern view of the BBB 
emerged [89]. They showed that the capillary bed of the 
brain had several modifications that prevented the produc-
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tion of a plasma ultrafiltrate typical of most capillary tissue 
beds. Chief among these modifications was the presence of 
tight junctions, structures which essentially fused together 
membranes of adjacent endothelial cells. This eliminated all 
interendothelial gaps. A lack of fenestrations and a low rate 
of pinocytosis were also found to limit leakage through indi-
vidual endothelial cells. Hence, a circulating substance is 
presented with what is essentially a continuous cell mem-
brane. 

Mechanisms of Entry 

 Because the dyes used to examine BBB integrity bind 
tightly to albumin, they assess permeability to large proteins. 
However, the element lanthanum has been extensively used 
in electron microscopy studies to show that even substances 
of extremely low molecular weight are also prevented from 
leaking across the BBB. This essentially total block of leak-
age denies the brain the ultrafiltrate derived from plasma by 
which other tissues are nourished. These and many other 
needs of the brain are still met by the vascular bed, but by 
very different mechanisms. Chief among these are mem-
brane diffusion and saturable transport. 

 Membrane diffusion involves the substance melding into 
the luminal (blood) side of the plasma membrane of the cap-
illary wall and exiting from the abluminal (brain) side [74]. 
Most substances likely partition from the luminal membrane 
into the endothelial cytoplasm, from the cytoplasm to the 
abluminal membrane, and finally, from the abluminal mem-
brane into the brain interstitial fluid. However, another 
pathway has been proposed for both endothelial and epithe-
lial barriers: that of remaining in the membrane and diffusing 
throughout the cell membrane. This pathway relies on the 
observation that the luminal and abluminal membranes are 
actually continuous and are only separated by the presence of 
tight junctions. Tight junctions serve two functions: as gates 
and as fences. By occluding and obliterating intercellular 
spaces, tight junctions block paracellular passage and so act 
as gates between the blood and brain sides of the BBB. Tight 
junctions also divide the cell membrane and so define its 
luminal and abluminal sectors. The luminal and abluminal 
membranes are distinct in their protein and lipid composi-
tions [62,105] and it is the fence-like function of the tight 
junctions which prevents the two membranes from mixing 
[27]. However, tight junctions may not completely occlude 
the inner leaflets as the inner leaflets of the luminal and ab-
luminal membranes are similar. Thus, substances may be 
able to diffuse easily between inner leaflets of the luminal 
and abluminal membranes. 

 Substances which can most readily cross the BBB by 
way of membrane diffusion are small and lipid soluble 
[20,31]. However, substances which are too lipid soluble are 
unable to diffuse from the membranes back into the endothe-
lial cytoplasm or brain interstitial fluid. Therefore, the ideal 
substances for this pathway retain some solubility in aqueous 
solutions. Molecular weight is a penalty against diffusion by 
this mechanism, but no absolute level is known. The oft 
stated cut-off of 400-600 Daltons is a misinterpretation of 
the data of Levin. Many xenobiotics and some peptides 
larger than 600 Daltons enter the CNS by way of membrane 
diffusion [12,34,46,74,108]. The largest substance shown to 

enter the brain by way of membrane diffusion is the cytokine 
CINC1 with a molecular weight of about 7800 [79]. 

 Saturable transporters are key to providing the CNS with 
all of its requirements [36]. Glucose, amino acids, free fatty 
acids, minerals, vitamins, electrolytes, peptides, and regula-
tory proteins are examples of substances transported across 
the BBB. Because these transporters adapt to the metabolic 
demands of the brain, the BBBs of developing, mature, and 
senescent brains have many important differences [35]. It is 
increasingly clear that disease also adapts or maladapts the 
BBB and that some of the influences on the BBB arise from 
peripheral tissues rather than the CNS [7,54,78,80,116]. 
Saturable transporters can be classified [112] as those requir-
ing energy (active transporters) and those not requiring en-
ergy (facilitated diffusion). Many of the saturable transport-
ers of the BBB, including Glut-1 which transports glucose 
across the BBB, are facilitated diffusion systems [36]. An-
other subset of saturable transport is that of receptor-
mediated transcytosis. The term transcytosis designates the 
involvement of vesicles and the requirement for energy in 
the transport process. Extremely large substances and viruses 
clearly use vesicular-dependent mechanisms to cross the 
BBB, whereas smaller substances such as ions or glucose use 
pore transporters. It is unclear, however, at what molecular 
weight vesicles are required. Some peptides less than1000 
Da are known to use vesicular pathways [94,100], whereas 
some larger substances do not [14]. The cytokine interleu-
kin-2, molecular weight of about 12 kDa, has been suggested 
to be a ligand for the BBB efflux transporter p-glycoprotein 
(P-gp) [39], a very specialized pore transporter [21]. 

 Adsorptive endocytosis is a mechanism by which glyco-
proteins can cross the BBB [104]. It depends on the lectin-
like interactions between the glycoprotein of interest and 
other glycoproteins on the surface of the brain endothelial 
cell [105,114]. Such glycoproteins are not specific but are 
selective so that a glycoprotein will only interact with spe-
cific sugars presented in certain confirmations. These sugars 
and their attached proteins are often distributed in a polarized 
fashion; that is, their distribution is not homogeneous on the 
luminal vs abluminal surfaces [105]. This means that trans-
port by the mechanism of adsorptive endocytosis is often 
directional; that is, it is only in the blood-to-brain or brain-
to-blood direction [26,104]. For example, the glycoprotein 
wheatgerm agglutinin binds to sialic acid. Most of the BBB 
proteins containing sialic acid are on the luminal surface of 
the BBB. Therefore, wheatgerm agglutinin injected into the 
blood binds to the luminal surface of brain endothelial cells, 
is internalized in vesicles which are exocytosed to the ablu-
minal surface, and so enters the brain interstitial fluid [9]. 
Wheatgerm agglutinin does not bind to the abluminal surface 
after injection into the CNS and so is not transcytosed across 
brain endothelial cells. 

 The kinetics of transport by adsorptive endocytosis differ 
in important ways from saturable transport, even when the 
cell surface glycoprotein is a transporter protein. Because a 
cell surface sugar can be ubiquitous, it is often difficult to 
demonstrate classical saturation kinetics for adsorptive endo-
cytosis. In fact, it may take a critical mass of binding to in-
duce adsorptive endocytosis so that excess material may 
paradoxically increase, rather than inhibit, transport. For the 
BBB, adsorptive endocytosis may in some cases be a reac-
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tion to the toxic event of binding to glycoproteins on the 
brain endothelial cell surface. Viruses use adsorptive endo-
cytosis to enter cells, including brain endothelial cells 
[32,66,93,113]. One of the best examples is binding of influ-
enza virus to sialic acid on cell surface glycoproteins. 

 Diapedesis, the process by which immune cells cross the 
BBB, has similarities to adsorptive endocytosis [64]. Glyco-
proteins on the immune cell bind to glycoproteins on the 
brain endothelial cell [43]. This initiates a series of events 
involving cytokines and other messengers in a paracrine-like 
communication between the immune and endothelial cells. 
Although it is often assumed that immune cells cross an al-
ready disrupted BBB, the best evidence shows that immune 
cells use diapedesis to tunnel through, not between, brain 
endothelial cells and can do so at healthy sections of the 
BBB [42,47,109]. 

Mechanisms of Exit 

 The BBB is a bidirectional barrier, transporting sub-
stances in the brain-to-blood direction as well as the blood-
to-brain direction. The BBB is also a polarized barrier; that 
is, some substances are transported only (or primarily) in 
either one direction or the other. Efflux, or brain-to-blood 
transport, is as important to the normal functioning of the 
CNS as is influx, or blood-to-brain transport. Some of these 
efflux systems, such as the P-gp system, transport many dif-
ferent kinds of xenobiotics out of the CNS [21]. 

 Many of the considerations outlined above for blood-to-
brain influx systems apply to the efflux systems. In fact, fa-
cilitated diffusion systems are actually bidirectional with the 
direction of flux being from the high to the low concentra-
tion. 

 Any substance in CSF will exit the CNS as the CSF is 
absorbed [98]. Two major routes for CSF reabsorption have 
been identified. The first is at the arachnoid villi and the sec-
ond is by way of nasal drainage [23,111]. The latter pathway 
leads directly to the cervical lymph nodes. Substances exit-
ing by this route have the potential to alter the immunologic 
response of the body to them [58] or can achieve substantial 
levels in blood [29,33,65]. 

Other Roles of the BBB 

 Besides roles in transport, the BBB has other functions as 
well. The choroid plexus, the brain endothelial cells, and the 
cells delimiting the circumventricular organs all have secre-
tory capacity. Brain endothelial cells, which are the best 
studied in this regard, can secret prostaglandins, nitric oxide, 
cytokines, and other substances [37,38,53,61,69,90,103]. 
This secretory capacity can be altered as exemplified by 
stimulation of cytokine release by lipopolysaccharide. 

THE BBB IN NEUROAIDS 

 Each of the features of the BBB discussed above is in-
volved or affected in neuroAIDS. Below, examples of how 
the BBB is affected are discussed. 

BBB Disruption 

 The degree to which the BBB is disrupted is often char-
acteristic for a neurological disease and ranges among them 
from minimal to massive. The BBB disruption in neuroAIDS 

is generally categorized as a minimal or low grade disruption 
[41,50,86]. It seems often misconstrued in the literature that 
first the BBB is disrupted and then virus, proteins, and im-
mune cells leak into the brain. More likely, the virus and 
viral proteins activate immune and brain endothelial cells 
and so facilitates the regulated processes, including diapede-
sis and adsorptive endocytosis, by which virus and immune 
cells enter the brain. With diapedesis and some types of ve-
sicular trafficking, serum proteins are carried along into the 
brain [42,63,106,109]. This is because when a vesicle or 
immune cell transfers through a brain endothelial cell, some 
plasma is trapped in the vesicles or tubules that allow its 
passage [85]. 

 In vitro evidence suggests that paracellular transport may 
also be increased when monolayers of brain endothelial cells 
are exposed to HIV-1 or viral proteins. However, many stud-
ies have not really determined whether the increased perme-
ability is mediated by transcytotic or paracellular pathways. 
In vivo, almost all CNS injuries, even traumatic ones, in-
crease BBB disruption through transcytotic mechanisms 
[26,63,68] and most viruses and immune cells crossing the 
BBB use transcytotic mechanisms [32,42,109]. Nevertheless, 
some tight junction proteins are reduced with in vitro expo-
sure of brain endothelial cells to virus and viral proteins 
[3,24,56]. For example, the ZO-1 and ZO-2 proteins are al-
tered whereas occludin is not [56]. Occludin is one of the 
cell-cell adhesion molecules, whereas ZO-1 links the adhe-
sion molecules to the actin cytoskeleton [27]. Decreased ZO-
1 might, therefore, be involved in the cytoskeletal rear-
rangement necessary for transcytosis as well as for increased 
paracellular permeability. 

Virus and Virus Protein Passage Across the BBB 

 HIV-1 crosses the BBB both within infected immune 
cells and as a free virus [11,59,70,73,84]. Immune cells cross 
the BBB on a regular basis, probably as part of an immune 
surveillance of the CNS. The review in this issue by 
Gendelman [44] more fully describes the mechanisms by 
which immune cells can cross the BBB. Such passage may 
account, in part, for the apparent minimal “disruption” of the 
BBB [5]. As each immune cell crosses by diapedesis, some 
plasma protein will accompany it. Thus, an increase in im-
mune cell entry into the CNS could elevate the level of 
plasma proteins in the CSF. 

 HIV-1 as a free virus can also cross the BBB [11]. Such 
passage is dependent on a viral expression of gp120 and in-
volves several regulated stages of initial binding and inter-
nalization [8]. Much of the virus taken up by brain endothe-
lial cells fuses after internalization and so, presumably, is not 
available for passage into the CNS [11,18]. Additionally, the 
majority of a virus taken up by brain endothelial cells in vi-
tro is recycled back to the blood rather than the CNS, some 
after degradation [72]. Nevertheless, some amount of the 
virus is ultimately transcytosed completely across the brain 
endothelial cells and into the CNS compartment. Interest-
ingly, uptake and transport of free virus and viral proteins 
are not species dependent. Mouse brain endothelial cells take 
up free virus and viral proteins as readily as human brain 
endothelial cells [15]. 

 Both gp120 and Tat readily cross the BBB [13,17]. Ad-
sorptive endocytosis likely mediates gp120 transport; that is, 
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it participates as a glycoprotein in a lectin-like reaction with 
glycoproteins on the brain endothelial cell surface. Free virus 
transport is dependent on gp120 for binding and internaliza-
tion [11,18]. Passage of gp120 can be greatly enhanced by 
the glycoprotein wheatgerm agglutinin, as can the transport 
of free HIV-1 virus [13]. This and studies with protamine 
sulfate and heparin demonstrate roles in uptake and passage 
for cell surface proteins containing sialic acid and involving 
the heparan sulfate proteoglycans, or sydnecans [18]. Synde-
cans are abundantly expressed on brain endothelial cells and 
can facilitate the uptake of HIV [22]. The adult BBB also 
expresses chemokine receptors other than CD4 which in 
other tissues act as co-receptors for binding HIV-1 [71]. It 
may be that the syndecans and chemokine receptors interact 
at the BBB as they do on other tissues [51,95]and so could 
be the binding and transport proteins of the BBB for HIV-1. 

 These multiple mechanisms by which infected immune 
cells, free virus, and viral proteins can enter the CNS have 
implications for the development of neuroAIDS. It is well 
known that neuroAIDS is not mediated through the direct 
infection of neurons by HIV-1. These pathways provide a 
mechanism by which events in the serum can have a direct 
effect on brain function, as well as account for the pathways 
by which virus and activated immune cells enter the CNS. 

Cytokine Transport 

 Several proinflammatory cytokines are transported across 
the BBB by unique saturable transport systems. Interleukin-
1 , -lß, and receptor antagonist are transported by either the 
same transporter or a family of transporters with overlapping 
affinities [16]. Interleukin-6, tumor necrosis factor - , brain-
derived neurotrophic factor, some of the nerve growth fac-
tors and interferons, transforming growth factor, ciliary neu-
rotrophic factor, and several other cytokines have their own 
transporters as well [75-77,81,82]. Transport of these cytoki-
nes across the BBB has been shown to affect brain functions 
[10]. 

 Proinflammatory cytokine levels are elevated in the 
blood of patients with AIDS [2,52]. Therefore, it is likely 
that these elevated blood levels are one of the mechanisms 
that produce elevated brain levels of cytokines. 

 Saturable transport in the brain-to-blood direction has 
been shown to only occur for interleukin-2 [83]. However, 
cytokines can enter the circulation from the CNS with the 
reabsorption of cerebrospinal fluid. Because of favorable 
pharmacokinetics (a relatively long half-life in serum and a 
small volume of distribution in blood) of cytokines, the CNS 
can make substantial contributions to the serum levels 
[29,30]. Therefore, the increased cytokine production within 
the CNS, induced in neuroAIDS, may contribute to enhanced 
serum levels as well. 

Endothelial Cell Secretions 

 The brain endothelial cell has itself emerged as a secre-
tory tissue. Furthermore, these secretions are clearly in-
volved in pathophysiology. For example, the increase in 
body temperature in response to lipopolysaccharide is medi-
ated by release of prostaglandins from the brain microvascu-
lature. The unique polarization of the BBB is probably espe-
cially relevant to diseases such as AIDS. Polarization likely 
occurs in two distinct ways: 1) the BBB can receive stimula-

tion from either substances in the blood or in the brain inter-
stitial fluid; 2) the BBB can secret substances into either the 
blood stream or into the CNS. 

 Both Tat and gp120 have been shown to stimulate the 
release of cytokines from the BBB [53,88,115]. HIV-1 and 
gp120, but not nonglycosylated gp120, can induce the BBB 
to express and release the cytokine endothelin-1 [37] which, 
in turn, induces release of nitric oxide. Thus, circulating vi-
rus and viral proteins have the ability to increase brain levels 
of cytokines, prostaglandins, and nitric oxide without them-
selves entering the brain. 

Efflux of Antiretrovirals 

 The p-glycoprotein (P-gp) efflux pump is a member of 
the ABC family of transporters [21]. It is inserted between 
the inner and outer leaflets of the luminal membrane of the 
brain endothelial cells which comprise the BBB. Its ligands 
include a vast number of xenobiotics seemingly unrelated 
one another, such as digoxin, vincristine, cyclosporin, vera-
pamil, ivermectin, morphine, endogenous peptides, and di-
lantin [19,40,91,92]. Depending on the affinity of P-gp for 
the ligand, this efflux system can prevent accumulation in 
the brain to the extent that the ligand does not exert a CNS 
effect. Every one of the HIV protease inhibitors is a ligand 
for P-gp [45,60]. As such, their accumulation in the brain is 
poor, being 3-14% of what it would be in the absence of P-
gp [57]. As such, the P-gp system is the main reason why 
protease inhibitors seldom reach therapeutic levels in the 
CNS. 

 Other transporters efflux other anti-viral drugs 
[48,101,107]. Best characterized in this regard is zidovudine 
which is the ligand for probenecid-sensitive organic anion 
carriers [67,96,99,110]. 

Efflux of Virus and Viral Proteins 

 One reason that neuroAIDS is of such concern is that 
HIV-1 in the brain is sheltered from circulating anti-viral 
agents. As such, the CNS may act as a reservoir of virus for 
reinfection of the body. However, few studies have con-
cerned themselves with how immune cells or viruses exit the 
CNS. One study determined whether gp120 injected into the 
lateral ventricles of the brain could reenter the peripheral 
tissues [28]. That study found that gp120 exited the CNS 
primarily with the reabsorption of the CNS via the nasal 
lymphatics. If a virus were to also take this route, it would 
mean that it can enter the lymph nodes without entering the 
blood and being exposed to circulating antivirals. The lymph 
nodes are an early site of HIV-1 replication after infection 
and before the onset of AIDS. Thus, a brain to lymphatic 
node route would provide a relatively sheltered mechanism 
by which HIV-1 could reinfect the periphery. 

Viral Proteins and Oxidative Stress in Brain Endothelial 

Cells 

 Under physiological conditions, the integrity of the BBB 
is protected from oxidative stress (i.e., a state of increased 
free radical formation and its effects on cellular constituents) 
because the brain endothelial cells have high intracellular 
levels of antioxidants such as glutathione (GSH), superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxi-
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dase (GPx). They protect cells from peroxidative damage. 
On the other hand, the BBB cells are innately loaded with 
easily peroxidizable polyunsatured fatty acids; this makes 
the BBB more vulnerable to oxidative damage and to lipid 
peroxidation in particular [97]. 

 Free radical production and the resulting oxidative stress, 
combined with activation of inflammatory processes, play a 
key role in the pathogenesis of neuroAIDS. A recent review 
discusses the mechanisms of damage to brain microvascular 
endothelial cells and alterations of the BBB’s integrity by 
oxidative stress in HIV infection [102]. Both gp120 and Tat 
cause free radical production and oxidative stress. A study of 
the HIV-1 Tat protein demonstrated that exposure of endo-
thelial cells to the HIV-1 Tat protein resulted in a dose-
dependent decrease in intracellular GSH [4]. It was shown  
 

that cerebral glutathione also plays an important role in the 
maintenance of membrane integrity and the proper function-
ing of BBB [1]. Our research demonstrated that oxidative 
stress was induced in vitro in an immortalized cell line of rat 
brain endothelial cells, RBE4 cells (as an in vitro BBB 
model), when exposed to the HIV-1 proteins gp120 and Tat. 
The HIV-1 proteins depleted intracellular GSH, increased 
lipid peroxidation, and reduced antioxidant enzyme levels 
(catalase, glutathione peroxidase, and glutathione reductase). 
Therefore, our results indicate that RBE4 cells were oxida-
tively challenged by HIV proteins [87]. 

 In this context, increased cellular oxidative stress can be, 
in part, responsible for the major mechanism causing possi-
ble HIV-1 protein-induced disruption or alteration in trans-
port systems of the BBB in neuroAIDS patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Categorization of the Mechanisms of Passage Across Brain Endothelial Cells. Saturable systems can be energy-independent (facili-

tated diffusion) or energy-requiring (active transport). Facilitated diffusion transfers a substance from the compartment of a higher concentra-

tion to the compartment of a lower concentration and is, therefore, bidirectional. Active transport is usually unidirectional and can be directed 

in either the blood-to-brain (influx) or the brain-to-blood (efflux) direction. The saturable transporters can be located on the luminal or ablu-

minal membranes or both. P-gp exemplifies an efflux system located predominately in the luminal membrane which can bind to before they 

enter the cell cytoplasm. Transcytosis is vesicular and energy dependent. It can range from highly specific systems (a subset of active trans-

port) to reactions probably designed to cleanse the membrane of toxic glycoproteins sticking to the membranes. Viruses use transcytotic 

mechanisms to invade the CNS and diapedesis likely uses much of the transcytotic machinery. Membrane diffusion is nonsaturable; small, 

lipid soluble molecules cross by this mechanism. Two pathways have been proposed for membrane diffusion: through endothelial cytoplasm 

(a) and through the inner leaflet behind tight junctions (b). 
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CONCLUSIONS 

 Many aspects of the BBB are involved in neuroAIDS. 
Surprisingly, disruption of the BBB is minimal, but many of 
the more sophisticated aspects of BBB function are recruited 
by HIV-1. Free virus and infected immune cells cross the 
BBB by the mechanisms of transcytosis and diapedesis. Un-
like many viruses, HIV-1 would probably be neurotoxic, 
even if the virus did not invade the brain. This is because 
substantial amounts of gp120 and Tat, viral proteins which 
themselves are highly neurotoxic, can cross the BBB in sub-
stantial amounts. Additionally, cytokines, many of which are 
elevated in the blood of patients with HIV-1, can cross the 
BBB to directly exert effects on the CNS. The brain endothe-
lial cells are another source of potential neurotoxins. They 
normally secrete cytokines, nitric oxide, prostaglandins, and 
other substances and the secretion of some of these sub-
stances is known to be enhanced by HIV-1, gp120, and 
proinflammatory events. 
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