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Gene-based therapies represent a promising treatment for
HIV-1 infection, as they offer the potential for sustained viral
inhibition and reduced treatment interventions. One approach
developed here involves using conditionally replicating vectors
(CR-vectors). CR-vectors utilize HIV-expressed proteins to
replicate and disseminate along with HIV into the budding
viral particles, thereby co-infecting target cellular reservoirs.
We generated and characterized several CR-vectors carrying
various therapeutic payloads of non-coding RNAs targeted to
HIV-1, both transcriptionally and post-transcriptionally.
Both virus and vector expression was followed in cell culture
systems and T cells in the presence and absence of mycophe-
nolic acid (MPA) selection. We find here that CR-vectors
functionally suppress HIV expression in a long-term stable
manner and that transcriptional targeting of and epigenetic
silencing of HIV can be passaged to newly infected cells by
the action of the CR-vector, ultimately establishing a sustained
parasitism of HIV. Our findings suggest that CR-vectors with
modulatory non-coding RNAs may be a viable approach to
achieving long-term sustained suppression of HIV-1, leading
ultimately to a functional cure.
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INTRODUCTION
For decades, HIV has ravaged human cells. The pathological effect on
viral-infected cells stems from the virus itself replicating and interact-
ing with the infected cell. Early models suggest that a 1 to 100 repres-
sion of HIV-1 can result in a non-pathogenic state of equilibrium to
occur between the virus and the host cells.1 More recent observations
support this notion, whereby an �1-log reduction in the viral set
point can prove therapeutically relevant by doubling the time it takes
for the onset of AIDS.2 One approach outlined here aims to impart
significant and sustained reduction of HIV by targeting reservoirs
of viral-infected cells using conditionally replicating vectors (CR-
vectors).3, 4

CR-vectors act as a parasite on HIV and are only functional in those
cells that are infected with the replicating virus. Once a CR-vector
enters a HIV-infected cell, it can be expressed and packaged, by the
actions of Tat and Rev already present within the infected cells,
into the budding viral particles and ultimately disseminate along
12 Molecular Therapy: Nucleic Acids Vol. 12 September 2018 ª 2018 T
This is an open access article under the CC BY license (http://creativ
with the virus to newly infected cells.5 Indeed, CR-vectors function-
ally add a negative selective pressure on HIV by acting as a defective
interfering particle such that the virus is stymied and unable to
replicate at high levels.1 Previous studies have found that CR-vectors
containing long antisense transcripts to envelope (ENV) functionally
suppress HIV, with up to a 2-log reduction in viral expression in
patients, but that compensatory A/G mutations arise quickly in
the virus.6 More recent clinical studies in HIV-infected patients
with the same CR-vectors containing long antisense RNAs demon-
strated that the vectors are safe, tolerable, and result in reductions
in viral set points in 6 out 8 patients.7 However, the virus was found
to elude the selective pressure of the CR-vectors due to A/ Gmuta-
tions, suggesting that CR-vectors containing smaller therapeutic
payloads may avoid A-G mutations and prove more fit at long-
term stable suppression of HIV,7 as has been predicted previously.1

Based on the exciting findings that CR-vectors can functionally
repress HIV in vivo,7 we developed a new class of CR-vectors that
can be selected in vivo by the action of the inosine monophosphate
to xanthosine monophosphate gene (inosine monophosphate dehy-
drogenase 2 [IMPDH2]), which is critical for deoxyguanosine
triphosphate synthesis.8 IMPDH2 is preferentially expressed in
activated lymphocytes and is 5 times more sensitive to mycophenolic
acid (MPA), an inhibitor of IMPDH2, which can be used to selectively
expand vector-containing cells.9 The CR-vectors developed here also
contain small non-coding RNA payloads targeted to silence HIV
transcriptionally and post-transcriptionally. These non-coding RNA
regulatory CR-vectors contain shRNAs targeted to the long terminal
repeat (LTR) (LTR-362), a site previously observed to be susceptible
to RNA-directed transcriptional gene silencing (TGS),5,10–14 and an
shRNA targeted to the Tat/Rev transcript, a site previously observed
to be susceptible to RNAi and post-transcriptional gene silencing
(PTGS).15–17
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Figure 1. Vector Suppression and Mobilization in HIV-Infected Jurkat Cells

(A and B) Various vectors were generated and tested containing (A) the sh362 target site in the vector LTR (pMoHIV vectors) or with (B) a deletion of the sh362 target site in the

LTR (pD362 vectors). The vectors also express either shRNA targeted to the LTR-362 locus, sh362, or to the HIV Tat-Rev transcript (shTat/Rev). (C) A workflow is presented

depicting how HIV-infected Jurkat cells were treated and assessed for HIV-1 expression and vector mobilization. Jurkat cells were infected with HIV-1 NL4-3 MOI = 0.01,

48 hr later transduced with the vectors (MOI = 5.0), and then 48 hr later treated ±MPA (1 mM every 2 or 3 days) and followed for 28 days for p24 and qRT-PCR for vector and

viral content. (D and E) The effects of vector treatment on HIV-1 p24 pg/mL in the presence (D) and absence (E) of MPA. SEMs are shown for the sh362-expressing vectors

and control HIV-1-infected Jurkat cells not treated with vector or MPA. (F andG) The relative vector to virus ratio per cell found in the supernatants at day 28 in (F) MPA-treated

and (G) untreated cells. (H) The observed repression of HIV-1 by sh362 is blocked by 50AzaC treatment where shTat/Rev is not affected, suggesting sh362 functions in a

transcriptional manner. For (D)–(H), the averages of triplicate-treated cultures are shown with the SDs. *p < 0.05 based on a 2-sided paired t test of HIV-infected versus

vector-treated cultures.
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We find here that CR-vectors alone or with shRNA payloads can, in
the presence or absence of MPA, produce stable long-term suppres-
sion of HIV-1. We also find here that small-hairpin-RNA-directed
TGS of HIV-1 represses HIV-1 long-term, can be co-packaged and
passaged from cell to cell with HIV-1, and can maintain epigenetic
silencing of HIV-1 following passage. These data presented here sug-
gest that CR-vectors with modulatory non-coding RNAs are a viable
approach to achieving long-term sustained suppression of HIV.

RESULTS
One attribute that makes CR-vectors attractive for therapeutic inter-
vention of HIV is that they are parasitic to the virus, as they act as
defective interfering particles and co-package with viral transcripts
into budding virions.18 The CR-vectors developed here contained
shRNAs targeted to silence HIV-1 either transcriptionally14,19 or
post-transcriptionally16,17,20 and an IMPDH2 gene that permits
inducible MPA selection.14 The CR-vectors generated and tested
here are based on HIV-1 and contain shRNAs targeted to the LTR-
362 site in the LTR (sh362)5,12–14 and the Tat/Rev transcript
(shTat/Rev).21 Two variants of CR-vectors were generated containing
an intact LTR and therefore the sh362 target site within the vector
(pMoHIV series of vectors; Figure 1A) and those containing a
deletion in the LTR-sh362 target site (pD362 series of vectors; Fig-
ure 1B). The LTR-362 shRNA target site is a locus in the LTR of
HIV-1 containing a unique nuclear factor kB (NF-kB) doublet, not
found elsewhere in the human genome, which has been observed
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Figure 2. CR-Vector Suppression and Mobilization in HIV-Infected Human Cells

(A) A workflow (for B–D) is presented depicting the CR-vector treatment of CD4+ T cells infected with HIV-1 NL4-3 (MOI = 0.01). (B and C) Both the (B) pMoHIV and (C) pD362

small-RNA-expressing CR-vectors repress virus in CD4+ T cells relative to controls. For (B) and (C), the averages of CR-vector-transduced CD4+ T cells infected in triplicate

are shown with the SEM and p values from a two-sided paired t test. (D) The ratio of vector to virus per supernatant particle shed into the supernatants at days 9 and 14 in

treated CD4+ T cells is shown. The ratio of vector to virus was determined by qRT-PCR and standardized to the number of particles found at days 9 and 14 based on p24

ELISA. The averages of triplicate-treated cultures are shown for each day with the SEMs and p values from a two-sided paired t test. (E) The workflow for determining the

effects of MPA on CR-vector selection in HIV-infected Jurkat cells. (F) Cultures supernatants were assessed by qRT-PCR for viral RNA 21 days’ post-supernatant passage.

The averages of triplicate-treated cultures are shown with the SDs and p values from a 2-sided paired t test. For (B)–(D) and (H), *p < 0.05.
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to be highly susceptible to both RNA-directed TGS10–14,19 and
CRISPR-targeted activation of latent HIV.22–24 Lentivirus-containing
CR-vectors expressing anti-HIV shRNAs were generated. These
lentiviruses were then transduced into HIV-1 NL4-3-infected Jurkat
cells followed by differential treatment with MPA (Figure 1C). Infec-
tion in these cultures was followed by p24 until day 28 and assessed
for relative CR-vector to virus ratios shed into the cell culture super-
natants. Notably, all the CR-vectors tested demonstrated significant
long-term suppression of HIV relative to an ongoing viral infection
in both the presence (Figure 1D) and absence (Figure 1E) of MPA.
The pMoHIV vectors, containing the sh362 target site/NF-kB doublet
in the 50 LTR, appeared to provide enhanced suppression of HIV
relative to the pD362 vectors as determined by p24 ELISA (Figures
1D, 1E, and S1). Interestingly, all the assessed CR-vectors repressed
HIV-1 at similar levels at day 28, and whereas MPA selection didn’t
appear to enhance the overall suppressive characteristics of these
vectors, it did appear to have an effect on cell viability (Figure S2).
Notably, the pMoHIV CR-vectors, containing the sh362 target site
in the LTR, appeared to exhibit an increased vector packaging
potential relative to virus compared to pD362 CR-vectors, lacking
the sh362 target site in the LTR (Figures 1F, 1G, and S3), presumably
because the 362 site is an NF-kB doublet involved in viral transcrip-
tion19 and therefore may facilitate packaging of the CR-vectors
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containing the NF-kB doublet. These observations suggest that the
increased suppression of HIV from these vectors and/or the retention
of the 362 site in the pMoHIV CR-vectors facilitates greater vector
expression and packaging into the virion (Figures 1F and 1G). Indeed,
increased packaging of vectors has been observed to limit viral
replication and infectivity.18 Interestingly, whereas MPA demon-
strated little effect on suppression of HIV-1 (Figures 1D and 1E), it
did affect the ratio of vector packaging such that pDsh362 CR-vectors
could be bolstered in their overall packaging and mobilization
potential (Figures 1F and 1G). The addition of the small RNAs,
LTR-362, or Tat/Rev-targeting shRNAs may have added a modest
enhancement of suppression, specifically with the pMoHIV vectors
(Figures 1D and 1E). This suppression with the sh362-expressing
CR-vectors appeared to be transcriptional in nature, as the observed
repression was lost following 50Aza cytidine (50 Aza-C) treatment
(Figure 1H). Collectively, these observations suggest the CR-vectors
can be packaged and spread out to 28 days post-transduction in
HIV-1-infected cell cultures and exhibit long-term silencing
capabilities.

Previous studies at clinical level have shown CR-vector-mediated
repression of HIV from infected patient CD4+ T cells.7 To determine
the functionality of those CR-vectors developed here, human CD4+



Figure 3. Serial Passage of CR-Vector-Directed

Epigenetic Gene Silencing

(A) The workflow for serial passage of CR-vectors in HIV-

1-infected Jurkat cells. HIV-1 NL4-3 chronically infected

Jurkat cells were transduced (MOI = 5.0) with pD362

(control) parent vector or pDSh362 and then stimulated

with 10 ng/mL of TNF-a to activate viral transcription. On

every third day, 10 ng/mL TNF-a containing RPMI was

added to cells. MPA selection was carried out by adding

MPA (1 mM) every third day. (B) ChIP analysis for

enrichment of H3K27me3 at the LTR was carried out on

the cells at day 10. (C) Viral RNA from culture superna-

tants was quantitated by qRT-PCR on day 5 after pas-

sage of supernatant from CR-vector-transduced cells.

(D) ChIP was performed on 1 � 106 chronically infected

Jurkat cells (cells), treated with supernatants from 8 days’

post-transduction (Figure 4A; �10 ng of p24). Superna-

tant-treated, pD362 (control) parent vector and pDSh362

were contrasted with control-virus-infected cells for

H3K27me3 and RNAPII at the HIV-1 LTR. For (B) and (D),

the averages of triplicate-treated cultures are shown with

the SDs and p values from a paired t test. *p < 0.001.
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T cells were transduced, MPA selected, and infected with HIV-1
NL4-3 (Figure 2A). Significant repression of HIV-1 was observed af-
ter 14 days in culture for both the pMoHIV1 (Figure 2B) and pD362
(Figure 2C) CR-vectors. Notably, similar dynamics of CR-vector to
virus packaging dynamics were observed in these human CD4+ cells
(Figure 2D) as were found in cell culture lines (Figures 1F and 1G).
These observations demonstrate that those CR-vectors developed
here functionally repress HIV-1 in the context of virus-infected hu-
man CD4+ T cells.

To determine to what extent the CR-vectors developed here can not
only package into budding virions but also maintain repression of
HIV, transduced and HIV-1-infected Jurkat cells were selected with
andwithoutMPA and the subsequent viral infection followed over a se-
rial passage. To determine to what extent this level of repression can be
serially passaged, a total of 100 particles per cell from day 21 of either±
MPA (Figures 1C–1E) were serially passaged to uninfected Jurkat cells
(Figure 2E). Sustained inhibition of HIV-1 was observed at 21 days’
post-serial passage (Figure 2F). Notably, MPA treatment proved useful
in selecting for all CR-vectors to exhibit similar repressive effects,
including the control vectors, which are mobilization competent but
lack small RNA inhibitory mechanisms (Figure 2F). Collectively, these
data suggest that the CR-vectors developed here are MPA selective and
mobilization competent, capable of spreading a �50% repression of
HIV-1 sustainably in human cells.
Molecular Therapy: Nucleic Acids Vol. 12 September 2018 15
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The CR-vectors containing the shRNA targeted
to LTR-362 site in the viral LTR demonstrated
potent mobilization and spread of gene repres-
sion. This form of repression has been shown
previously to be transcriptional and epigenetic
in nature.5 To determine the extent of mobiliza-
tion and spread of transcriptional silencing by sh362 vectors across
the passage, supernatant from CR-vector-transduced, chronically
HIV-1-infected cells were serially passaged on un-transduced bu
chronically infected HIV-1-infected cells (Figure 3A). A pronounced
enrichment of histone 3 lysine 27 tri-methylation (H3K27me3), a
hallmark of stable epigenetic silencing,25,26 was observed on day 10
in these cells (Figure 3B). To determine to what extent this
H3K27me3mark can be serially passaged by the action of the CR-vec-
tor, 10 ng of p24 (�1 � 106 viral particles; �104 virus particles per
picogram of p24) from day 8 was serially passaged to chronically
infected Jurkat cells. Cells receiving supernatant from sh362 CR-vec-
tor-transduced chronically infected cells demonstrated robus
repression of HIV-1 (Figure 3C). A notable enrichment of the
H3K27me3 epigenetic mark and significant loss of RNA polymerase
II (Pol II) occupancy on HIV-1 LTR promoter was observed at day 5
in these cultures (Figure 3D). These observations suggest not only
that CR-vectors can sustainably passage small-hairpin-RNA-targeted
epigenetic silencing of HIV-1 but also that the passage of epigenetic
information can be transmitted by the action of viral-like particles
parasitizing HIV.

DISCUSSION
CR-vectors have been of interest as a treatment strategy for HIV, as
they offer the ability to exhibit long-term persistence in a viral-in-
fected population. Evolutionary modeling of CR-vector and vira
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Figure 4. CR-Vector-Mediated Suppression of HIV

(A) CR-vectors are generated and used to transduce infected cells, where they (B)

integrate into the genome and (C) express small non-coding RNAs (ncRNA) that

can (D) suppress HIV transcriptionally or post-transcriptionally (not shown), resulting

in (E) suppression of HIV expression. (F) The CR-vectors can also be expressed

and co-packaged into budding virions and spread along with HIV to newly

infected cells.
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infections suggest that, whereas the CR-vectors will select for resistant
variants of HIV, they eventually over time “catch up” and continu-
ously maintain a selective pressure on wild-type HIV.27 Comparative
studies inmodeling CR-vectors indicated that an equilibrium is estab-
lished between the CR-vector and the wild-type replicating HIV.27,28

This equilibrium results in “red queen” co-evolutionary dynamics,27

such that the virus must consistently evolves around the selective
pressures of the CR-vector, but also that the CR-vector will evolve
to be packaged and spread by the actions of wild-type virus. The
red queen co-evolutionary dynamics could result in the emergence
of the prisoner’s dilemma, a phenomenon that has been observed
in nature with the phi-6 bacteriophage.29 Phi-6 is a highly mutagenic
RNA bacteriophage that has been observed to have defective non-
replicating phi-6 variants that can sweep through populations of
infected cells and impose a significant loss of fitness on the replicating
phi-6.29 Interestingly, defective phi-6 variants follow a selfish pathway
that leads to a loss of fitness on the replicating phi-6, which also
directly affects the fitness of the defective phi-6. In essence, defective
phi-629 and presumably defective HIV-127,28 evolve a selfish exis-
tence, regardless of the overall fitness of the virus population. Ulti-
mately, such selfish behavior leads to an overall loss of fitness.

The observations reported here follow the generation and testing of
CR-vectors containing the IMPDH2 gene and shRNAs targeted to
regulateHIV-1 transcriptionally and post-transcriptionally (Figure 4).
These CR-vectors were shown to be effective in suppressing virus in
cell culture and human CD4+ T cells. Further, this suppression can be
16 Molecular Therapy: Nucleic Acids Vol. 12 September 2018
manipulated by the action of MPA selection and can be passaged
along with replicating HIV-1 to new target cells (Figure 4). The
CR-vectors reported here are close to the idealized therapeutic
CR-vector, as they can be regulated by MPA selection, can passage
along with the virus to new infected cells, and continuously suppress
viral transcription in an epigenetic and potentially heritable manner.
However, CR-vector-mediated repression does not lead to 100%
inhibition of viral expression. Expression of CR-vectors during
ongoing HIV-1 infection produces mixed population of particles
with �1/3 CR-vector/CR-vector, �1/3 HIV/HIV, and �1/3 CR-vec-
tor/HIV packaged transcripts (Figure 4F). Such non-homogeneous
viral products diminish the production of infective particles that
contain the HIV/HIV transcripts. Hence, these observations suggest
that, at best calculations, the CR-vectors reported here would exhibit
a �84% reduction in overall productive infectious particles, which
may prove to be enough to sustainably repress HIV in a manner
that is refractory to viral mutation and is both persistent and parasitic
on the replicating virus.

Overall, we find that IMPDH2-containing CR-vectors, either alone or
with small non-coding RNA modes of gene regulation, are effective
modulators of HIV-1 expression and that this effect can be retained
in a long-term stable manner with MPA selection. The utility of these
vectors in a gene therapy for HIV infection has not yet been realized,
but evidence from earlier clinical studies7 suggests that the vectors
derived here could prove significant as a method to stably regulating
HIV infection in the absence of antiretroviral drugs.
MATERIALS AND METHODS
Generation of pMoHIV and pD362 Vectors

Several conditionally replicating vectors were de novo generated
(Genwiz, San Diego, CA, USA). The vectors were designed to contain
several multiple cloning sites with two series of vectors assessed. The
pMoHIV1 vectors contained an intact HIV-1 LTRwhereas the pD362
series of vectors contained a deletion of the sh362 target site to avoid
small antisense RNA targeting of the vectors (Figure 2A).
Lentiviral Vector Production, Transductions, and MPA Selection

The various CR-vectors were produced by co-transfection of 10 mg
pMDLg/pRRE, 4 mg pRSV-Rev, 5 mg pMD2.G, 5 mg pTATdsRed,
and 15 mg of the various CR-vectors into 293T cells using calcium
phosphate as previously described.30 Vectors were titered on 293T
cells and analyzed for GFP expression by flow cytometry
(FACSCalibur II, Becton Dickinson) to determine infectious particles
(IPs)/mL. Jurkat cells were transduced at an MOI of 1 IPs/cell by spi-
noculation at 1,000 � g for 30 min. Cells were placed under 1 mM
MPA (Sigma-Aldrich) selection 48 hr post-transduction. Cells were
monitored for GFP expression using flow cytometry (The Scripps
Flow cytometry and cell sorting core facility, a fee for service core
facility) and analysis with the microscope. Stimulated CD4+ HIV-in-
fected (HIV-1 NL43-wild-type [WT] MOI = 0.01) cells were
transduced at MOIs of 30 IPs/cell 2 consecutive days. 72 hr post-
transduction, cells were placed under 1 mM MPA selection.
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RNA or DNA Isolation and Analysis

Viral RNA and total cellular RNA were isolated according to manu-
facturer’s instructions using the QIAamp Viral RNAMini kit and the
RNeasy Mini kit respectively, automated by the Qiacube (QIAGEN,
Valencia, CA). Cellular DNA was isolated using the QIAamp DNA
mini kit automated by the Qiacube. All RNA samples subject to
qRT-PCR were prepared according to the following procedure.
Isolated RNA in nuclease-free water was DNase treated using Turbo
DNA-free DNase Kit (Ambion, Austin, TX) according to manufac-
turer’s instructions. Following treatment, samples were subject to
RT-PCR using Mu-MLV (Life Technologies) according to instruc-
tions. All real-time qPCR was carried out using Kapa Sybr Fast
universal qPCRmix (Kapa Biosystems, Woburn, MA) and an Eppen-
dorf Mastercycler ep Realplex. Thermal cycling parameters started
with 3 min at 95�C, followed by 40 cycles of 95�C for 3 s and 60�C
for 30 s. Specificity of the PCR products was verified by melting curve
analysis with the following primers used for vector (GFP F2/R2) and
virus (HIV_F1/R1; Table S1).
Vector Transfections

HIV-infected (NL43 MOI = 0.01) Jurkat cells were transfected with
the Neon electroporation system (Life Technologies, Carlsbad, CA,
USA). A total of 1 � 106 cells were transfected with 10 mg of DNA
using setting 22 (voltage 1,400, width 10, and pulse 3). Media was
changed 24 hr later.
qRT-PCR Analysis of Gene Expression

To determine the relative expression of the respective vectors to HIV
mRNAs qRT-PCR was carried out on cellular RNAs or viral RNA iso-
lated from treated HIV-infected (HXB2) culture supernatants. Cells
were transfected using the Neon electroporator (Life Technologies,
Carlsbad, CA, USA; �1 mg/106 cells) or transduced with lentiviral
vectors (described in Turner et al.14). The culture mRNAs were
collected at various time points post-treatment and DNase treated
(Promega Maxwell, Madison, WI, USA). The culture RNAs were
then subjected to RT conversion and qPCR using various primer
sets (Table S1). The absolute expression of each transcript was deter-
mined relative to a standard curve or relative to RPL1031 or beta actin
cellular RNAs (Table S1) when cellular transcripts were assessed. The
relative expression of GFP (vector) to HIV (virus) (Table S1) was
determined relative to one another and/or an internal RPL10 cellular
transcript.
Cell Culture

Jurkat cells were maintained in RPMI 1640, and 293T cells were
maintained in DMEM (Corning) supplemented with 10% fetal bovine
serum (FBS) (Life Technologies) and 50 U/mL Pen/Strep (Corning).
Primary CD4+ T cells were maintained in RMPI 1640 supplemented
with 10% heat-inactivated FBS (Life Technologies), 50 U/mL
Pen/Strep, and 30 U/mL human recombinant IL-2 (rIL-2). Isolate
CD4+ T cells were stimulated with T cell activation media (BioE)
immediately after isolation for 24 hr, and then normal interleukin-2
(IL-2)-containing media was added.
Serial Passage of CR-Vectors in Jurkat Cells

Transduced and HIV-1-infected Jurkat (+/�) MPA-treated cells were
plated at a density of 1 � 106 cells/mL. The cultures were washed
24 hr post-infection with Dulbecco’s PBS (DPBS) and replaced with
1 mL RPMI. The cultures were followed over a predetermined period
of time and supernatant samples collected for p24 analysis and
supernatant serial passage, and cell pellets for RNA or DNA isolation
were collected at intermediate times during the experiment as well as
the final day of the predetermined experiment. The saved superna-
tants were stored at �80�C until analyzed. Cells were split 3:10 every
3 or 4 days.

CR-Vector-Transduced CD4+ T Cells

CD4+ T cells were transduced with the CR-vectors (MOI = 15), and
MPA-selectedCD4+ cells (1mMevery 2 or 3 days) were plated at a den-
sity of 5� 105 cells/mL in 1mL of T cells activationmedia (BioE). Cells
were infected with HXB2 at an MOI of 0.001 TCID50/cell and washed
24 hr post-infection. Every 3 days, supernatant samples were collected,
and total live cells were determined by trypan blue staining using the
Countess Automated Cell Counter (Life Technologies). Cells were
then split and re-plated at a density of 5 � 105 cells/mL in 2 mL
RPMI. Flow-sorted CD4+ cells were plated at a density of 5 � 105

cells/mL in 1 mL RPMI with CD3 and CD28 beads at a ratio of
1 bead:2 cells. Experimental conditions were the same as stated above.

Serial Passage of CR-Vectors in TNF-a-Treated Chronically

Infected Jurkat Cells

Chronically HIV-1-infected Jurkat cells were activated to boost
HIV-1 production by addition of 10 ng/mL tumor necrosis factor
alpha (TNF-a). 1 � 105 activated cells were transduced with 5 MOI
of either CR-vector-derived lentivirus. These cells were subjected to
1 mM MPA selection pressure 48 hr post-transduction. After 8 days
of MPA treatment, supernatant was collected, and p24 ELISA was
done to estimate the virus output. Supernatant volume equivalent
to 10 ng of p24 was passed on 1� 106 chronically infected Jurkat cells
for each CR-vector in triplicate. These cells were cultured for 5 days,
and then supernatant was utilized for viral RNA estimation by
qRT-PCR while cells were subjected to chromatin immunoprecipita-
tion (ChIP) analysis.

p24 Analysis

Samples p24analysiswas performedby theTranslationalVirologyCore
at the UCSD Center for AIDS Research (AI36214) as a fee for service.

ChIP Analysis

ChIP was carried out as described in Lister et al.32 with anti-trimethyl
H3K27 (Upstate catalog 07-449) and anti-RNA polymerase II CTD
repeat YSPTSPS (Abcam catalog AB817) using HIV LTR primers
(Table S1).

SUPPLEMENTAL INFORMATION
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Figure S1 CR-Vector directed suppression of HIV in Jurkat cells. Jurkat cells were infected with 
HIV NL4-3 (MOI-0.01) and 48hrs later transduced with vector (MOI=5.0). The cultures were 
expanded for 48hrs and then split into 2 groups, one group treated with MPA every 2-3 days 
(panels A-B) and other group remained untreated (panels C-D). The cultures were followed for 
28 days.  
 



 

Figure S2 Cell viability in transduced differential MPA treated and serially passaged cultures. 
The cell viability was determined on day 14 for those differentially treated cells shown in Figure 
2H. Single measurements are shown from the various cell populations.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure S3 Cell numbers at day 28 CR-vector treatment. The average cells were determined 28 
days post-CR-vector treatment in HIV infected CR-vector treated Jurkat cells. 
 



 
Table S1 Oligonucleotide used in the following study.  
 
Name Sequence (5’-3’) Function (new name) 
GFP F2 GACAACCACTACCTGAGCAC GFP (vector specific) 
GFP R2 CAGGACCATGTGATCGCG GFP (vector specific) 
p128 (HIV F) AGGGATGGAAAGGATCACCAGCAA HIV specific 
p129 (HIV R) CCCACCTCAACAGATGTTGTCTCA HIV specific 
p172 (β-actin F) AGGTCATCACCATTGGCAATGAG β-actin (house keeping gene) 
p173 (β-actin R) TCTTTGCGGATGTCCACGTCA β-actin (house keeping gene) 
HIV_F1 ACG AGG ATT GTG GAA CTT CTG GGA HIV specific 
HIV_R1 TGG CAT TGA GCA AGC TAA CAG CAC HIV specific 
Surveyor LTR F GAGAACAACAGCTTGTTACACCCTATGA LTR-362 specific 
Surveyor LTR R CTGCGTCGAGAGATCTCCTCTGGCT LTR-362 specific 

 
NFκB LTR_F TTTCCGCTGGGGACTTTCCAG LTR-362 site WT sequence 

specific 
Nuc1 LTR_R ACTCAAGGCAAGCTTTATTGAGGC LTR nuc1 H3K27me3 site 
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