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ABSTRACT HIV-1 persistence in different cell types presents the main obstacle to an HIV-1
cure. We have previously shown that the renal epithelium is a site of HIV-1 infection and
that the kidney represents a separate viral compartment from blood. Whether renal cells
can harbor latent virus that can be reactivated upon treatment with latency reversing
agents (LRAs) is unknown. To address this question, we developed an in vitro HIV-1 latency
model in renal tubule epithelial (RTE) cells using a dual color HIV-1 reporter virus, R7/E-/
GFP/EF1a-mCherry (R7GEmC), and evaluated the effect of LRAs, both as single agents and
in combination, on viral reactivation. Our data show that HIV-1 can establish latency in
RTE cells early postinfection. While the pool of latently infected cells expanded overtime,
the percentage of productively infected cells declined. Following LRA treatment only a
small fraction of latently infected cells, both T cells and RTE cells, could be reactivated,
and the drug combinations more effective in reactivating HIV transcription in RTE cells
differed from those more active in T cells. Our study demonstrates that HIV can establish
latency in RTE cells and that current LRAs are only marginally effective in inducing HIV-1
reactivation. This suggests that further study of LRA dynamics in non-T cells may be war-
ranted to assess the suitability of LRAs as a sterilizing cure strategy.

IMPORTANCE Anti-retroviral therapy (ART) has dramatically reduced HIV-related morbidity
and mortality. Despite this success, a number of challenges remain, including the long-term
persistence of multiple, clinically latent viral reservoirs capable of reactivation in the absence
of ART. As efforts proceed toward HIV eradication or functional cure, further understanding
of the dynamics of HIV-1 replication, establishment of latency and mechanisms of reactiva-
tion in reservoirs harboring the virus throughout the body is necessary. HIV-1 can infect
renal epithelial cells and the expression of viral genes in those cells contributes to the devel-
opment of HIV associated nephropathy (HIVAN) in untreated individuals. The significance of
our work is in developing the first model of HIV-1 latency in renal epithelial cells. This model
enhances our understanding of HIV-1 latency and persistence in the kidney and can be
used to screen candidate latency reversing agents.

KEYWORDS HIV-1, latency, renal epithelial cells, LRAs, reservoir

Despite the profound successes of antiretroviral therapy (ART), HIV-1 remains both a
significant health risk to infected individuals and a global disease burden. The use of

antiretroviral drugs as the cornerstone of HIV-1 treatment presents clinical and public health
challenges, including drug intolerance, development of resistance, high cost, and lack of
access to health care and medication (1). In consideration of these issues, there remains
a pressing need for the development of an effective HIV-1 cure. Though current drug thera-
pies are capable of reducing viral load to undetectable levels, they fail to clear latently infected
cells (2). The establishment of a latent infection allows lifelong persistence of HIV-1 in infected
individuals that enables viral load to rebound upon cessation of therapy (3). A sterilizing cure
would require the elimination of every latently infected cell from the body, a challenging
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proposition compounded by the fact that no high-specificity method exists to identify or
target latently infected cells in vivo (4).

Prominent among potential HIV-1 cure strategies is the “shock-and-kill” approach. This
method relies upon transcription-activating drugs to stimulate latently infected cells to emerge
from quiescence and initiate HIV-1 gene expression, which renders them susceptible to the
host immune response and vulnerable to the direct cytotoxic effects of HIV-1 transcription
(5). Though significant progress is being made in the optimization of latency reversing
agents (LRAs), the majority of research efforts investigate reactivation only in the peripheral
CD41 T-cell population. While CD41 T cells represent the main viral reservoir, HIV can infect
several tissues, including the gut-associated lymphoid tissues, genital tract, lymph nodes,
central nervous system, spleen, liver, lungs, and kidney (3, 6). In fact, the source of reacti-
vating virus is often not found within the circulating CD41 pool (7–9). A sterilizing cure will
require that these secondary HIV-1 compartments also be purged of latently infected cells.
Given the functional and anatomic diversity among these compartments and their local T
cell subsets, it is likely that LRAs will exhibit similarly diverse pharmacodynamic and kinetic
profiles across compartments (6).

We have previously shown that the renal epithelium is a site of HIV-1 infection (10, 11)
and that the kidney represents a separate viral compartment from blood (12). HIV-1 gains
access to renal tubule epithelial (RTE) cells through cell-to-cell contact with infected T cells (13)
or macrophages (14), and infected RTE cells support the full HIV-1 life cycle (15). Furthermore,
HIV-1 can be found in the urine of infected individuals (16) and as previously observed
through the phylogenetic analysis of viral quasispecies in renal biopsy specimens (12),
the urine derived viruses cluster separately from blood (16) but are closely related to viral
sequences from urine-derived renal epithelial cells (17), suggesting autonomous replication
in the kidney of HIV-1 positive subjects.

Whether RTE cells can harbor latent virus that can be reactivated upon LRAs treatment
is not known. To assess whether HIV-1 can establish latency in RTE cells we used a previously
described dual color HIV-1 reporter virus, R7/E-/GFP/EF1a-mCherry (R7GEmC) (18). The R7GEmC
virus allows the separation of latently infected cells (those expressing only mCherry) from
productively infected cells (those expressing GFP) (18). We found that HIV-1 can establish
latency in RTE cells early postinfection and that following LRA treatment only a small frac-
tion of latently infected cells can be reactivated. Furthermore, we observed that while the
percentage of productively infected RTE cells declined over time, the pool of latently
infected cells continued to expand in culture and persisted for up to 12 weeks. Our model
provides additional understanding of the dynamics of renal cell infection by HIV-1 and can
be used to further advance the study of HIV-1 latency and reactivation in this unique cell
type.

RESULTS
HIV-1 establishes latency in renal tubule epithelial cells. To determine whether

HIV-1 can establish latency in RTE cells we infected the Hpt1-b RTE cell line with the
VSV-G pseudotyped R7GEmCh virus at MOI 1. In parallel we also infected Jurkat T cells
as a positive control. Productive infection (GFP1 and mCherry1/GFP1 cells) and latent
infection (GFP2/mCherry1 cells) were monitored by fluorescence microscopy and
flow cytometry for 14 days following virus inoculation. As shown in Fig. 1a, both pro-
ductive and latent infections were detected early in RTE cells and persisted over time.
While a small enrichment of the latent population (GFP2/mCherry1 cells) was observed
between day 3 and 7 postinfection, the percentage of productively infected cells declined
overtime (up to day 14 p.i.), likely due to the cytotoxic effects of HIV transcription (Fig. 1b).
We also observed a decline in the percentage of latently infected cells (GFP2/mCherry1 cells)
between day 7 and 14 p.i., suggesting silencing of the internal promoter.

Latently infected renal tubule epithelial cells expand in culture and persist for
a prolonged period of time.We next used the same virus to infect primary RTE cells (HRCEp
cells) and performed flow cytometry sort (Fig. 2a) at 3 weeks postinfection to separate
latently infected RTE cells (GFP2/mCherry1 cells) from productively infected RTE cells (GFP1
andmCherry1/GFP1 cells). The two different cell populations were then replated in separate
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wells and monitored overtime. In contrast to the productively infected HRCEp cells, we
observed efficient expansion of the latent cell pool at 2 weeks post-sort (Fig. 2). Interestingly,
spontaneous HIV-1 reactivation was also observed in some of the latent cells (Fig. 2b).

To determine whether latent cells can persist in culture for a prolonged period of time
we repeated the infection and flow cytometry sort on R7GEmC infected Hpt1-b cells and
followed the latent cell population for a total of 12 weeks. As shown in Fig. 2c, the latent
cell pool continued to expand in culture. We did not observe spontaneous reactivation of HIV-1

FIG 2 Long term persistence of HIV-1 latency in renal epithelial cells. Gating strategy for flow cytometry sort of latently infected and actively infected
Hpt1-b renal epithelial cells (day 5 postinfection). Uninfected cells were used as negative control. Positive controls include Hpt1-b cells stably transduced
with a lentiviral vector expressing either GFP or mCherry. (b) Flow-sorted primary renal cells (HRCEp cells) were reseeded and the expression of mCherry
and GFP was analyzed at 2 weeks post-sort in both the latent (top panel) and active cells (bottom panel). (c) Flow-sorted mCherry only (latent) Hpt1-b cells
were cultured for 12 weeks postinfection. mCherry expression could be detected in about half of the cells, while the other half did not express any
fluorescent marker. No GFP expression (active infection) was detected at this late time point. Each panel represents a separate experiment. (d) The
presence of the HIV-R7GEmC construct DNA was assessed in the four populations of flow-sorted Hpt1-b cells: GFP only, GFP/mCherry double positive (DP),
latently infected (mCherry only) and double negative (DN). Serial dilutions of genomic DNA extracted from Hpt-1b cells stably transduced with a lentiviral
vector expressing mCherry were used to generate a standard curve. The amount of DNA and the corresponding number of cells used to generate the standard
curve are indicated. Uninfected Hpt1-b cells were included as negative control. NTC = no template control.

FIG 1 HIV-1 Latency is established early in renal cells. (a) The renal tubule epithelial Hpt1-b and the Jurkat T cell lines were infected with 1 multiplicity of
infection (MOI) of the VSV-G pseudotyped R7GEmC construct and followed over time by fluorescence microscopy. (b) Time course FACS analysis of Hpt1-b cells infected
with 0.1 or 0.5 MOI of R7GEmC. Expression of GFP and mCherry was analyzed at day 3, 7 and 14 postinfection. Representative of 3 independent experiments.
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after such a prolonged time in culture, suggesting that the latent state of HIV-1 in these cells is
stable. We observed two distinct phenotypes among the latently infected cell population, RTE
cells GFP2/mCherry1 and cells that lost the expression of mCherry in addition to not express-
ing GFP (GFP2/mCherry2). To determine whether this GFP/mCherry double negative cell pop-
ulation comprised latent cells in which the R7GEmCh construct was completely silenced, as pre-
viously shown for T cells (19), we performed a semiquantitative PCR using a primer set specific
for the mCherry gene. As shown in Fig. 2d, the DN population comprised both uninfected and
R7GEmCh infected cells (;1/3 of the entire population based on similar intensity of the 10 ng
band in the DN population and the 3.75 ng band in the standard curve), suggesting that cells
in which both the LTR (driving GFP expression) and the internal promoter (driving mCherry
expression) were transcriptionally silent were flow-sorted together with uninfected cells.

Moderate HIV-1 reactivation in latently infected renal cells following LRA treatment.
One approach currently under clinical evaluation for eradicating HIV-1 includes the use of
pharmacologic agents known as latency-reversing agents (LRA) to reactivate viral gene expres-
sion and induce the elimination of these cells either through virus-induced apoptosis or by
immune-mediated cytotoxic killing (20–22). The ability of several LRAs to reactivate HIV has
been tested primarily on infected CD41 T cells, therefore the effects of these compounds on
viral gene expression reactivation in other cell types harboring the virus is not known.

We therefore tested a panel of LRAs reported to reactivate latent HIV-1 both as single
agents or in combination in our RTE cell latency model. Flow-sorted GFP2/mCherry1 Hpt1-
b cells (Fig. 2a) were kept in culture for 1 week to expand the pool of latently infected cells
and then treated either once or twice with the LRAs indicated in Fig. 3 (a to d) for 24 h. We

FIG 3 Moderate HIV-1 reactivation following LRAs treatment of latently infected Hpt1-b renal cells. Latently infected renal cells were flow
sorted 2 weeks postinfection and cultured for an additional week before LRAs treatment. Cells were then treated for 24 h with the indicated
LRAs or DMSO either once (a) or twice (b). FACS analyses of representative single and double treatments are shown. Histograms represent
the fold change in GFP expression compared to untreated controls for the single (c) or double treatments (d). Bars represent mean1SD of the
percentage of GFP1 population in three independent experiments. Asterisks indicate a significant difference (P value ,0.05; nonparametric Kruskall-
Wallis test) between LRA treated cells and DMSO.
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performed the same experiment on latently infected Jurkat T cells for comparison (Fig. 4a
to d). At the time of LRAs administration, approximately 5% of the mCherry1/GFP2 sorted
Hpt1-b cells expressed only the mCherry marker, while 2% of these cells, likely spontane-
ously reactivated cells, expressed only GFP (Fig. 3a). In the mCherry1/GFP2 sorted Jurkat
T cells, approximately 8% continued to express only the mCherry marker and 2% expressed
only GFP (Fig. 4a). In RTE cells, a five to 7-fold increase in the number of GFP-expressing cells
compared to the DMSO treated control was observed after one LRA treatment with JQ1
alone (5.5-fold – P value.0.05, nonparametric Kruskall-Wallis test), JQ1 in combination with
either Bryostatin (6.5-fold), SAHA (;7-fold) or Prostratin (;7-fold) (Fig. 3c). A single treat-
ment with the HDACi SAHA induced a 3.5-fold increase in GFP1 cells, while the combina-
tion of Prostratin and SAHA and Bryostatin and SAHA induced a 5.9 and a 4-fold increase in
GFP1 cells, respectively (Fig. 3c). No reactivation was observed following a single treatment
with either Prostratin or Bryostatin alone (Fig. 3a, c). A second LRA administration induced a
;7-fold reactivation in both the SAHA and SAHA/Bryostatin treated cells, suggesting that
multiple treatments with SAHA can increase HIV-1 reactivation in RTE cells (Fig. 3b, d).
Following a second treatment with either Prostratin or Bryostatin a # 2-fold increase in
GFP1 cells was observed (Fig. 3b, d), suggesting that PKC agonists are only minimally effec-
tive at inducing HIV-1 reactivation in RTE cells. On the other hand, when these two drugs
were administered to latent Jurkat T cells, they induced a 3 to 6-fold increase in GFP1 cells
(Fig. 4c–d). In contrast to RTE cells, a single treatment with the BET-inhibitor JQ1, did not
induce measurable HIV-1 reactivation in Jurkat T cells (Fig. 4a, c), suggesting that different
mechanisms might be involved in HIV-1 latency persistence in renal cells versus T cells. For
both cell types, although significantly more pronounced in T cells, we observed a shift from
double negative to mCherry only expressing cells after the second LRA treatment, indicating
that a good proportion of the cells, originally sorted based on the expression of the latent

FIG 4 Moderate HIV-1 reactivation following LRAs treatment of latently infected Jurkat T cells. Latently infected Jurkat T cells were flow sorted 2 weeks postinfection
and cultured for an additional week before LRAs treatment. Cells were then treated for 24 h with the indicated LRAs or DMSO either once (a) or twice (b). FACS
analyses of representative single and double treatments are shown. Histograms represent the fold change in GFP expression compared to untreated controls for
the single (c) or double treatments (d). (e) Heatmap comparing fold change in GFP expression for both Hpt1-b and Jurkat cells. Bars represent mean1SD of the
percentage of GFP1 population in three independent experiments. Asterisks indicate a significant difference (P value ,0.05; nonparametric Kruskall-Wallis test) between
LRA treated cells and DMSO.
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marker mCherry, had silencing of both the HIV and EF1a promoters, probably due to the inte-
gration site of the provirus and/or the cell state. These results are in line with the microscopy
data in Fig. 2c and the PCR data shown in Fig. 2d. While the second LRAs treatment induced
a shift in the mCherry1/GFP2 cell population, no further increase in the percentage of
GFP1 and GFP1/mCherry1 cells was observed (Fig. 4b).

We next tested the ability of JQ1 to reactivate latent HIV-1 in primary HRCEp cells. Flow-
sorted GFP2/mCherry1 HRCEp cells (Fig. 5a) were kept in culture for 1 week to expand the
pool of latently infected cells and then treated either once or twice with JQ1 for 24 h.
Treated cells were then imaged at 24 h after the first treatment and 24 and 48 h after the
second treatment. As shown in Figure 5b, both the first and second treatment with JQ1
induced HIV reactivation in these cells, and the number of GFP positive cells was higher
at 48 h after the second JQ1 treatment.

Recently, mimetics of the second mitochondrial-derived activator of caspases (SMAC)
have gained attention for their potential to act as LRAs (23) with a lower chance of off-target
effects and toxicity, relative to traditional LRAs (24, 25). AZD5582, is one such SMAC mimetic
and has been reported to successfully reverse HIV latency in vitro as well as in vivo in human-
ized mice and rhesus macaques (25). As with most standard LRAs, these newer SMAC mimetic
compounds have not been evaluated for their reactivation effects in renal cells. To investigate
this new class of molecule we tested AZD5582 in our RTE latency model. Flow-sorted GFP2/
mCherry1 Hpt1-b cells and Jurkat T cells were treated either once or twice with escalating

FIG 5 HIV-1 reactivation following JQ1 treatment of latently infected primary HRCEp cells. Latently infected primary HRCEp cells were flow sorted 11 days
postinfection and cultured for an additional 8 days before treatment with JQ1. (a) Gating strategy for flow cytometry sort of latently infected HRCEp cells
(day 11 postinfection). (b) Latently infected (mCherry only) flow-sorted HRCEp cells were reseeded and the expression of mCherry and GFP was analyzed
at 8 days post-sort. Cells were then treated twice with JQ1 for 24 h and imaged 24 h after the first treatment, and 24 and 48 h after the second treatment. (b) Shown
are images of mCherry and GFP positive HRCEp cells from eight separate fields taken at the indicated time points from untreated and JQ1 treated cells. Number
of GFP1 cells present in each field are indicated in the top left corner of each image. (c) Fold change in number of GFP1 cells in untreated and JQ1 treated cells
at the indicated time points.
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doses of AZD5582, ranging from 50 to 200 nM, for 24 h. In line with previous reports in T
cells (25), treatment with AZD5582 resulted in increased GFP expression in RTE cells
(Fig. 6). We found that the 100 nM dose was slightly more effective at reversing latency in
RTE cells (Fig. 6a) while the 200 nM dose was more effective in Jurkat T cells (Fig. 6c). Similar
to what we observed with other LRAs, a second treatment with AZD5582 resulted in higher
levels of reactivation compared to a single treatment (Fig. 6b, d). We compared the latency
reversal activity of AZD5582 to that of the BET-inhibitor JQ1, which as shown in Fig. 3c was
the most effective agent at reversing latency in RTE when administered alone. As shown in
Fig. 6a, b, JQ1 was more efficient at reversing latency in RTE cells compared to AZD5582.

DISCUSSION

Reducing the persistent HIV reservoir remains an important goal for the development
of a functional cure for HIV-1. This goal has been hindered by the challenge of identifying
cells that harbor persistent replication-competent virus, as well as their anatomic location.
Several cell populations have been proposed as HIV-1 reservoirs, including renal epithelial
cells; however, the only population yet convincingly shown to be a long-term reservoir for
HIV-1 are resting memory CD41 T cells harboring latent but replication-competent HIV-1
(26). Due to the scarcity of HIV-1 latently infected cells in patients, in vitro latency models
represent a good tool to study the HIV-1 reservoir in different cell types.

Here, we developed an HIV-1 latency model in renal tubule epithelial (RTE) cells and
evaluated the dynamics of viral infection, latency, and reactivation in this unique cell
type. As previously reported for T cells (19), we observed the establishment of latent
infection as early as 3 days postinfection. The percentage of latently infected RTE cells

FIG 6 Moderate HIV-1 reactivation following SMACm treatment of latently infected Hpt1-b renal cells
and Jurkat T cells. Latently infected Hpt-1b renal cells or Jurkat T cells were flow sorted 2 weeks postinfection
and cultured for an additional week before SMACm treatment. Cells were then treated for 24 h with SMACm,
JQ1 or DMSO either once (a–c) or twice (b–d). Bars represent mean1SD of the percentage of GFP1 population
in three independent experiments. Asterisks indicate a significant difference (P value ,0.05; nonparametric
Kruskall-Wallis test) between LRA treated cells and DMSO.
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was significantly lower than those harboring active virus. Actively infected RTE cells showed
a hypertrophic phenotype, a cellular abnormality also observed in HIVAN biopsy specimens
(27) as a result of viral gene expression, and did not efficiently expand in culture, while the
latent cell pool demonstrated a phenotype more similar to uninfected cells and appeared to
retain their proliferation capacity. These observations are in agreement with recent studies
highlighting the possibility that proliferation of latently infected cells may be a major con-
tributor in determining the composition and stability of the latent reservoir (28). Notably,
we recently demonstrated that RTE cells that acquired HIV following cell-to-cell contact with
infected macrophages can undergo multiple rounds of proliferation, with or without transcrip-
tional silencing, providing a mechanism for HIV-1 persistence in the kidney (14). Furthermore,
the proliferation of infected RTE cells might explain the pattern of renal tubule infection
observed in HIVAN biopsy specimens, where all cells of a single tubule appear to be infected
(10, 12, 29).

Spontaneous HIV-1 reactivation was also observed in some of the latent cells. This phe-
nomenon has also been previously observed in T cell models of latency by a number of
groups (30–32). Clonal populations of infected cells are not static and demonstrate sponta-
neous reactivation and transcriptional shutdown. Fluctuations in HIV-1 Tat expression, due
to proviral integration into genomic positions that support a low basal expression rate,
have been associated with spontaneous HIV reactivation (31, 33).

The possibility that part of the latent reservoir arises from the proliferation of a smaller
number of infected cells renders the development of an HIV-1 cure even more challenging.
A potential strategy to cure HIV-1-infection is the use of latency reversing agents (LRAs) to
reactivate and eliminate infected cells. Here, we tested the ability of several LRAs, both as
single agent or in combination to reactivate latent HIV-1 in both immortalized and primary
RTE cells. In line with data from several T cell models of latency, the tested drugs were
only marginally effective at viral reactivation in renal cells. Several possibilities have been
proposed to explain the lack of viral reactivation by LRAs, including provirus integration
into regions non permissive for viral gene expression (34, 35), transcriptional interference
(36–38), or epigenetic modifications (39). Finally, stochastic features of the Tat transactivation
mechanism may prevent induction of all intact proviruses (33). Identification of successful la-
tency-reversing strategies requires a deeper understanding of these issues.

In summary, our in vitro model demonstrates that HIV-1 can establish latency in renal
tubule epithelial cells and that latently infected RTE cells are stable over time. Because
kidney samples are not readily available from HIV-1 individuals, unless there is a clinical
indication for the biopsy specimen, it has been difficult to definitely conclude that RTE
cells are a true reservoir for HIV-1 according to the reservoir definition of cells that harbor per-
sistent, replication-competent HIV-1 (26) that can seed reactivation. Despite the inherent limi-
tations of in vitro models relaying on cell lines and reporter viruses, the study presented here
complements previous in vitro and in vivo studies from our group and others (13–17, 40), and
provides additional evidence that the kidney might serve as a reservoir for HIV-1. Future stud-
ies will be focused on determining the reactivation potential of HIV-1 infected renal epithelial
cells isolated from urine samples or kidney biopsy specimens of people with HIV-1, as well as
mechanistic studies of HIV-latency in RTE cells. As novel cure strategies are developed, it will
be important to understand their impact in both lymphoid and nonlymphoid reservoirs.

MATERIALS ANDMETHODS
Primary cells and cell lines. The previously described human proximal tubular epithelial cell line

Hpt1-b (13, 41) and the primary human renal cortical epithelial cells (HRCEp cells) were cultured in Lonza Renal
Cell Growth Medium supplemented with Lonza SingleQuot Supplement and Growth Factors (catalog number
CC-3190). Primary HRCEp cells were obtained from Promocell (catalog number C-12660). Jurkat, Clone E6-1
cells (ATCC TIB-152) were cultured in RPMI 1640 supplemented with 10% FBS, 100 mg/mL penicillin/streptomy-
cin. To generate the Hpt-1b-mCherry and Hpt-1b-GFP cell line, constitutively expressing the mCherry or the GFP
genes, Hpt-1b cells were transduced with 1 multiplicity of infection (MOI) of the SIV-based lentiviral vector (42)
expressing both the mCherry and neomycin resistance gene (GAE-CMV-mCh-IRES-Neo) or the GFP and neomycin
resistance gene under the CMV promoter (GAE-CMV-GFP-IRES-Neo). Stably transduced cells were selected by
treatment with 800mg/mL of G418 sulfate (Corning) for 2 weeks.

Virus preparation and cells infection. The reporter HIV-1 construct R7/E-/GFP/EF1a-mCherry (pR7GEmC)
was kindly provided by Eric Verdin (University of San Francisco, CA, USA). To generate viral particles pseudotyped
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with the vesicular stomatitis virus glycoprotein (VSV-G), 293T Lenti-X cells (Clontech) were transiently transfected
with 10mg of R7GEmC, and 2mg pHCMV-VSV-G as previously described (42, 43) using the JetPRIME transfection
kit from PolyPlus (cat number 114-75), according to the manufacturer’s instruction. Transduction efficiency for
each virus stock was assessed on infected Hpt1-b and Jurkat T cells by flow cytometry as previously described
(42, 43). RTE cells and Jurkat T cells were inoculated overnight with 1 multiplicity of infection (MOI) of VSV-G pseu-
dotyped R7GEmCh.

Flow cytometry and cell sorting. At 5, 9, 11, or 14 days postinfection, infected cells were analyzed
by flow cytometry (Fluorescence-activated cell sorting [FACS] Calibur, BD Biosciences, Franklin Lakes, NJ) to
determine the percentage of latent (mCherry only) versus active (GFP positive) cells. RTE cells were flow sorted
into 4 populations based on mCherry and GFP expression (double Negative, mCherry-only, GFP-only, and dou-
ble positive) and returned to culture for further analysis. Sorts were performed using a BD FACSAriaII (BD
Biosciences, Franklin Lakes, NJ). All data were analyzed using FlowJo, LLC (Treestar, Ashland, OR).

PCR detection of HIV-1 construct in flow-sorted renal epithelial cell populations. Genomic DNA
was extracted from flow sorted populations of R7GEmC-infected Hpt1-b cells using QiAmp DNA micro-kit
(Qiagen Cat number: 56304). The following primers, mCh_For: 59-GAGGAGGATAACATGGCCAT-39 and mCh_Rev:
59-GGTGGTCTTGACCTCAGCGT-39, were used to detect the presence of viral DNA using the following cycling
conditions: 94°C for 3 min, 40 cycles of 94°C for 20 sec, 61°C for 30 sec, 72°C for 45 sec; followed by 72°C
for 3 min. Amplicons of 540 bp were visualized on 2% agarose gel stained with SYBR safe. Serial dilutions
of genomic DNA extracted from Hpt-1b cells stably transduced with a lentiviral vector expressing mCherry
were used to generate the standard curve.

Latency-reversing agent assays. Flow sorted R7GEmC-infected cells were expanded in culture for
up to 21 days until a sufficient number of cells for each of the 4 populations was obtained. Double negative,
mCherry-only, GFP-only, and double positive cells were seeded on 12-well plates at a density of 5 � 104 cells/
well. All latency-reversing agents (LRAs) tested were obtained from Sigma-Aldrich (MilliporeSigma, St. Louis, MO,
USA) and dissolved in dimethyl sulfoxide (DMSO). LRAs were diluted in culture media and applied to the cells at
24 and 48 h after plating, at the following concentrations: 5 mM Prostratin; 2.5 mM SAHA; 100 nM Bryostatin;
1 mM JQ1; 50 nM, 100 nM and 200 nM AZD5582. 24 h after final LRA treatment, cells were imaged via fluores-
cence microscopy and then collected and fixed in 1% paraformaldehyde for FACS analysis. Latently infected pri-
mary HRCEp cells were treated only with 1mM JQ1 due to a low number of cells recovered after flow-cytometry
sorting and were imaged via fluorescence microscopy at 24 and 48 h after final LRA treatment.

Fluorescence microscopy. Fluorescence microscopy images were collected on a Nikon TE2000-E
microscope and a Zeiss Axiovert A1 microscope.

Statistics. Statistical analyses were performed using GraphPad Prism version 7.0 (GraphPad, La Jolla, CA).
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