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1. Introduction

Since the discovery of the human immunodeficiency virus 1 (HIV-1),
tremendous progress has been made in the management of HIV-1 infec-
tion. HIV-1 pharmacotherapy in the form of highly active antiretroviral
therapy (HAART) or combined antiretroviral therapy (cART) has been
effective in suppressing plasma viral load, delaying the onset of viral
resistance, and significantly reducing HIV-associated mortality [1].
However, the use of HAART does not lead to complete eradication of
the virus and treatment can fail due to several contributing factors
including: i) adverse effects and non-adherence in patients, ii) drug-
drug interactions from multiple drugs undergoing similar pharmacoki-
netic pathways, iii) viral persistence in latently infected cell reservoirs,
and iv) sub-optimal antiretroviral drug (ARV) concentrations in viral
sanctuaries, all of which can cause drug resistance and viral rebound
[2-4]. The distribution and efficacy of ARVs at specific sites of infection
may be influenced not only by drug metabolism and protein binding,
but also by the presence and function of members of the ATP-binding
cassette (ABC) and solute carrier (SLC) transporter superfamilies [4].
This review will discuss the challenges facing current HIV-1 pharmaco-
therapy, involvement of ABC and SLC transporters in ARV transport and
disposition, and the regulation of these transporters by pathological
processes as well as by ARV therapy itself.

2. Human immunodeficiency virus type-1 (HIV-1) infection
2.1. Epidemiology

The Joint United Nations Program on HIV/AIDS (UNAIDS) and World
Health Organization (WHO) reported that 36.9 million people globally
were living with HIV-1 in 2014, 2 million of which were new infections
[5,6]. In that same year, an additional 1.2 million people died from
complications related to the acquired immunodeficiency syndrome
(AIDS) [5]. Sub-Saharan Africa remains the epicenter of the pandemic
with 25.8 million people infected with HIV-1. This region is responsible
for 66% of new infections and 790,000 AIDS-related deaths in 2014
alone. The number of people infected by the virus is also considerably
high in other regions such as Asia and the Pacific (5.0 million),
Latin America (1.7 million), as well as Eastern Europe and Central Asia
(1.5 million) [5]. North America and Western and Central Europe
account for 2.4 million of the HIV-1 infected population and 85,000
new infections, with more than half of the new infections reported in
the region originating from the United States of America [5]. Though
the rate of new infections has declined over the past 15 years, the
total number of people living with HIV continues to rise, indicating
the need for more effective treatment approaches.

2.2. HIV-1 life cycle
HIV is a lentivirus from the Retroviridae family that targets the

immune system and causes AIDS. Two variants of the virus have
been identified to date (HIV-1 and HIV-2), with HIV-1 being the most

prevalent and leading cause of HIV infection worldwide, while HIV-2
is predominantly found in West Africa [7]. HIV-1 is a spherical virus
with a 9 kb genome encoding nine genes: gag, pol, env, vif, vpu, vpr,
tat, rev, and nef [7]. It is known to primarily infect cells expressing the
cluster of differentiation-4 (CD4) receptor (i.e.,, CD4™ T lymphocytes
and mononuclear phagocytes), however HIV-1 viral isolates have been
identified that do not require CD4 for target cell entry. These non-CD4
using viral strains are highly sensitive to neutralization by host
antibodies and may occur at sites such as the central nervous system
(CNS), where circulating neutralizing antibodies are low [8,9].

Cellular infection of CD4™" cells by HIV-1 involves a complex series of
events that facilitate viral entry, integration of viral DNA into host cell
genome, and subsequent release of viral particles from newly infected
cells (Fig. 1). HIV-1 entry is initiated by the binding of viral envelope
spike, a protein complex comprised of glycoprotein (gp) 120 and 41,
to the CD4 receptor that triggers a conformational change and allows
the subsequent interaction of gp120 to chemokine co-receptors, cyste-
ine-cysteine receptor 5 (CCR5) or cysteine-X-cysteine receptor 4
(CXCR4) [10,11]. Binding of gp120 to the co-receptor causes the fusion
of viral and cell membranes, allowing the insertion of viral RNA into
the cytoplasm of the target cell. Inmediate reverse transcription of
HIV-1 RNA into double-stranded DNA by viral reverse transcriptase,
followed by its translocation into the nuclear envelope, enables the inte-
gration of viral genetic material into the host cell genome via HIV-1 pro-
tein integrase and host DNA repair enzymes [7,10]. Subsequent
expression of viral genes by the host cell leads to the production of pre-
cursor proteins essential for the assembly of new virions. The final step
of HIV-1 infection involves viral maturation and secretion, which is
characterized by a viral envelope containing the gp120-gp41 complex,
and cleavage of precursor viral proteins by HIV-1 protease to yield a ma-
ture virus that can infect other target cells. Inhibition of the HIV-1 pro-
tease enzyme can result in the production of non-infectious viral
particles that are unable to initiate the replication cycle in susceptible
cells. Additionally, gp120-gp41 may also be shed from infected cells
as soluble proteins [12].

2.3. HIV-1 persistence: tissue sanctuaries and cellular reservoirs

Exposure to HIV-1 occurs primarily through reproductive or gastro-
intestinal (GI) mucosal routes, therefore initial replication of the virus
occurs within target cells of the mucosal tissue [13]. Viral transmission
is facilitated by several potential pathways, including endocytosis,
transcytosis, and virus attachment to mannose C-type lectin receptors
(i.e., DC-SIGN) located on dendritic cells and macrophages [14]. Initial
replication takes place in regional lymph organs, leading to modest
primary amplification. Migration of infected T lymphocytes or virions
into the bloodstream results in secondary amplification and massive
infection of susceptible cells in the GI tract, spleen, and bone marrow
[10]. Infection is divided into two phases: acute and chronic. During
acute infection, the virus rapidly multiplies in host cells while the
immune system is able to respond effectively and decrease viral load
[10,13]. The virus can then accumulate to levels high enough to form
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