
1. Natarajan, V. et al. HIV-1 replication in patients with
undetectable plasma virus receiving HAART. The
Lancet 353, 119-120 (1999).

2. Buzon, M. et al. Deep molecular characterization of
HIV-1 dynamics under suppressive HAART. PLoS
Pathog 7, e1002314 (2011).

3. Horiike, M. et al. Lymph nodes harbor viral reservoirs
that cause rebound of plasma viremia in SIV-infected
macaques upon cessation of combined antiretroviral
therapy. Virology 423, 107-118 (2012).

4. Fletcher, CV. et al. Persistent HIV-1 replication is
associated with lower antiretroviral drug concentrations
in lymphatic tissues. Proc Natl Acad Sci USA 111,
2307-2312 (2014).

Effect of Sex, SHIV, and Drug Transporters on Lymph Node Antiretroviral Penetration

Background
 Antiretroviral (ARV) therapy interruption can lead to
rebound viral replication and disease progression,
which may be caused by actively-replicating HIV within
the body’s tissues, even during suppressive ARV
therapy in plasma.1,2

 Inadequate ARV penetration into tissues such as the
lymph node may create pharmacologic sanctuaries
where HIV is never fully eradicated, and from which
HIV recrudescence can occur.3,4 However, little is
known about ARV concentrations/distribution within
lymph node tissue.

 In this study, we investigated the influence of drug
transporters, sex, and infection status on ARV and
active metabolite concentrations in lymph nodes from
rhesus macaques.

Non-Human Primates (NHPs)

 Nine NHPs (6 male, 3 female) were infected with RT-
SHIV for 4 weeks. Nine NHPs (6 male, 3 female)
remained uninfected.

 All NHPs were dosed to steady-state with the following
6 ARVs: emtricitabine (FTC, 16 mg/kg), tenofovir (TFV,
30 mg/kg), efavirenz (EFV, 200 mg/day), raltegravir
(RAL, 200 mg/day), maraviroc (MVC, 150 mg/day), and
atazanavir (ATZ, 270 mg/kg).

 NHPs were euthanized, and plasma and 4 lymph nodes
per animal (mesenteric, axillary, inguinal, iliac) were
collected.

ARV Concentrations in Lymph Nodes

 ARV and active metabolite (emtricitabine triphosphate,
FTCtp; tenofovir diphosphate, TFVdp) concentrations
were measured in homogenized lymph node tissue by
LC/MS-MS. Concentrations were converted from ng/ml
to ng/g using a tissue density of 1.06 g/ml (Lower limit
of quantitation, LLOQ: 0.002-0.01 ng/ml (ARVs), 0.22
ng/ml (metabolites)).

Transporter Protein Concentrations in Lymph Nodes

 Concentrations of 5 efflux (MRP1, MRP2, MRP4, PGP,
BCRP) and 3 uptake (OATP2A1, ENT1, OCT3) drug
transporters were measured in homogenized lymph
node tissue using Quantitative Targeted Absolute
Proteomics (QTAP) (Lower limit of detection, LLOD: 0.1
pmol/mg protein).

Statistical Analysis

 Data from all four lymph nodes were pooled to calculate
median ARV and protein concentrations per animal.
Medians were used in Kruskal-Wallis ANOVA on Ranks
and Spearman Correlation tests.

 ARV concentrations trended higher in SHIV- NHPs for 6
of 8 ARVs, with uninfected:infected GMRs ranging from
1.1-2.8 (Figure 1, Table 1). ARV concentrations were
also higher in female NHPs for 3 of 8 ARVs, with
female:male GMRs ranging from 1.2-3.3 (Figure 2,
Table 1).

 One efflux (BCRP) and two uptake (ENT1, OCT3)
transporters were consistently expressed in all NHPs.
Protein concentrations were below LLOD for 5 of 8 drug
transporters (Table 2).

 ENT1 concentrations were significantly greater than
BCRP and OCT3 across infection status (p<0.01 and
p<0.001, Figure 3) and sex (p<0.001, Figure 4).

 Drug transporter expression was not correlated with
ARV or active metabolite concentrations overall, nor
when analyzed by infection status or sex.

 Low drug transporter expression and lack of correlation
between protein and ARV concentrations may indicate
that lymph node ARV penetration occurs by passive
mechanisms.
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Figure 1. ARV GMRs by infection status. Data are
GMR (95% CI).

Figure 2. ARV GMRs by sex. Data are GMR (95% CI).

Figure 3. Quantifiable drug transporter protein
concentrations (pmol/mg protein) by infection status.
Boxes show median and 10th, 25th, 75th, 95th
percentiles.

Table 2. Drug transporter protein
concentrations and percentage of
measurements greater than or equal
to LLOD. Data are median (range).

Figure 4. Quantifiable drug transporter protein
concentrations (pmol/mg protein) by sex. Boxes show
median and 10th, 25th, 75th, 95th percentiles.

Table 1. ARV concentrations (ng/g) and
geometric mean ratios (GMRs) by infection
status and sex. ARV data are geometric
mean (geometric SD), and GMR (95% CI).
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