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Abstract

Lentiviral vectors are widely used for the stable expression of genes and shRNA-mediated

knockdown and are currently under development for clinical use in gene therapy. Pseudotyping of

the vectors with VSV-G allows them to infect a wide range of cell-types. However, myeloid cells,

such as dendritic cells and macrophages are relatively refractory to lentiviral vector transduction

as a result of the myeloid-specific restriction factor, SAMHD1. SIVmac/HIV-2 and related viruses

relieve the SAMHD1-mediated restriction by encoding Vpx, a virion-packaged accessory protein

that induces the degradation of SAMHD1 upon infection. HIV-1 does not encode Vpx and cannot

package the protein. We report the development of an HIV-1-based lentiviral vector in which the

Vpx packaging motif has been placed in the p6 region of the Gag/Pol expression vector that is

used to generate the lentiviral vector virions. The virions package Vpx in high copy number and

infect myeloid cells with a two-log increase in titer. Transduction of dentritic cells with an shRNA

against transportin-3 resulted in >90% knock-down of the encoding mRNA. The system can be

applied to any HIV-based lentiviral vector and is useful for laboratory and clinical applications

where the efficient transduction of myeloid cells is required.
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Introduction

Lentiviral vectors are widely used for the expression of proteins in mammalian cells in

culture and in transgenic animals1. The vectors are currently being developed clinically to

achieve stable long-term expression in vivo for the treatment of conditions including HIV-1

infection2, 3, human beta-thalassaemia4, X-linked adrenoleukodystrophy (ALD)5, 6, and B-

cell malignancies7. Lentiviral vectors provide stable expression of transduced genes; they do

not express any viral proteins; and, unlike murine leukemia virus-based gamma retroviral

vectors, they can infect non-dividing cells. The vectors are resistant to silencing by Krüppel-

associated box (KRAB) proteins8 and, as a result, are expressed in stem cells and have been
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useful in the generation of transgenic mice9. Lentiviral vector stocks are typically produced

by cotransfection of 293T cells with a Gag/Pol expression vector and a lentiviral genome

that contains both a packaging site and cDNA that encodes a protein of interest or an

shRNA10. Inclusion of VSV-G expression vector in the transfection results in pseudotypes

with titers >1 × 106 that can transduce a broad range of cultured and primary cell types11, 12.

Unlike the majority of cell-types, myeloid lineage cells, such as monocyte-derived

macrophages (MDM) and monocyte-derived dendritic cells (DC), are relatively refractory to

infection by VSV-G pseudotyped HIV-1, making transduction of these cells with HIV-1-

based lentiviral vectors of limited use. The failure to efficiently infect these cells is caused

by the myeloid-specific restriction factor, SAMHD1, that blocks infection at early reverse

transcription 13, 14. SAMHD1 belongs to a family of related HD domain-containing DNA

hydrolases and nucleases. The protein is a GTP-activated triphospho-deoxynucleoside

hydrolase that dephosphorylates cellular dNTPs, decreasing their level to below that

required to support reverse transcription15–17.

HIV-2 and viruses of the SIVsm lineage encode Vpx, an accessory protein that counteracts

SAMHD113, 14, 18–21. Vpx is packaged into the virions as they assemble via an interaction

with an amino acid motif in the p6 domain of Pr55gag22, 23. In the newly infected cell,

virion-packaged Vpx binds to SAMHD1, inducing its degradation13, 14. The dNTP pool is

then restored, and the block to reverse transcription is removed17. HIV-1 and HIV-1-based

lentiviral vectors do not encode Vpx, but have Vpr, an accessory protein that is related in

sequence to Vpx. However, Vpr does not have activity against SAMHD1 and only has a

modest effect on myeloid cell infection24.

Despite the absence of Vpx in HIV-1, the virus is sensitive to SAMHD1-mediated

restriction. If Vpx is provided to DC by pretreatment of the cells with virus-like particles

(VLP) that contain Vpx, subsequent infection with HIV-1 or lentiviral vectors is markedly

increased 19–21, 25. We previously reported on the production of chimeric HIV-1 virions that

package Vpx. These were generated by transferring the p6 Vpx packaging motif (amino

acids 17–26) of SIVmac239 to the corresponding position in HIV-1 Gag p6. Production of

virions in cells cotransfected with Vpx expression vector and the modified Gag/Pol provirus

resulted in the production of virions that contained Vpx in high copy numbers. The resulting

virus was nearly 100-fold more infectious on DC than control virions that lacked Vpx 22.

Here, we used the chimeric p6 principle to generate Vpx-containing HIV-1 based lentiviral

vector virions. We introduced the Vpx packaging motif of SIVmac239 p6 at amino acids 17–

26 into an HIV-1 Gag/Pol packaging vector and used the modified plasmid to produce

lentiviral vector virus stocks. The resulting virus was significantly more infectious on DC

compared to the controls and induced stable production of vector-encoded protein.

Additionally, the Vpx-containing virus allowed for efficient knockdown of an shRNA-

targeted mRNA. The system can be used for any HIV-1 based lentiviral vector and could be

applied to other lentiviruses to produce Vpx-containing virions, as diagrammed in Figure

1A.

Bobadilla et al. Page 2

Gene Ther. Author manuscript; available in PMC 2014 July 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Results

A lentiviral vector system harboring chimeric Gag p6 efficiently packages Vpx into virions

We previously reported that transfer of the DNA sequence encoding Gag p6 amino acids

17–26 from SIVmac239 into the corresponding site in HIV-1 allowed for the production of

virions that packaged SIV Vpx expressed in trans in transfected 293T cells22. The resulting

virions counteract SAMHD1-mediated restriction and are able to efficiently transduce MDM

and DC. Location of the Vpx packaging motif was chosen such that it did not disturb the

neighboring PTAPP late domain motif and ALIX binding site and was not within the

overlapping Gag open reading frame. Insertion of the Vpx packaging motif did not

adversely affect Gag processing, virion production, or virus titer22. To establish an HIV-1

based lentiviral vector system that allows for the efficient transduction of myeloid cells, we

introduced the Vpx packaging motif into the Gag p6 in the lentiviral packaging vector,

pMDL26. The resulting plasmid, pMDL-X, encodes an NL4-3 derived Gag/Pol protein

identical to the one we previously reported22.

To characterize the virions produced by the modified vector, we cotransfected 293T cells

with either the wild-type or chimeric p6 Gag/Pol expression vector and the lentiviral vector

plasmid pPGK-GFP that contains a GFP gene driven by the PGK promoter. Also included in

the transfection were the myc-tagged SIVmac239 Vpx expression vector pcVpx.myc, VSV-

G expression vector, and HIV-1 Rev expression vector. Rev was required for Rev-mediated

enhancement of the gag/pol mRNA expression. After 48 h, cell culture supernatants were

harvested and the virions were pelleted by ultracentrifugation. The cell and virion lysates

were then analyzed on an immunoblot (Fig. 1B). Analysis of the cell lysates showed that

Vpx was expressed at similar levels in each of the transfections. Analysis of the amount of

capsid (CA) present in the virion lysates showed that the chimeric and wild-type Gag/Pol

viruses were produced at comparable levels. As expected, the chimeric virus efficiently

packaged Vpx while only a small amount of Vpx was present in lysate of the wild-type

virus. Vpx was not detected in the supernatant of cells transfected with pcVpx.Myc lacking

pMDL-X, demonstrating that Vpx detected in the virus-containing supernatant was virion-

associated.

To determine the efficiency with which Vpx was packaged by the chimeric virions, we

cotransfected 293T cells with decreasing amounts of pcVpx.myc and a constant amount of

wild-type or chimeric Gag/Pol expression vector. Immunoblot analysis of the virions

showed that wild-type virus packaged only a small amount of Vpx and that this did not

increase much with the amount of transfected pcVpx.myc (Fig. 1C). In contrast, the

chimeric virions packaged Vpx in an amount that correlated with the amount of pcVpx.myc

transfected. Vpx packaging appeared to be efficient as cells that expressed Vpx at a level

that could not be detected on the immunoblot produced virions that contained a readily

detectable amount of Vpx. The amount of CA detected was similar for all of the viruses,

demonstrating that Vpx did not affect virus production.
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Vpx-containing lentiviral vectors efficiently infect DC

To test the ability of the Vpx-containing lentiviral vectors to transduce DC, we prepared

VSV-G pseudotyped chimeric and wild-type lentiviral vector virions in which the lentiviral

vector genome expressed a CMV-driven EGFP. To determine the effect of the amount of

packaged Vpx on infectivity, virions were prepared from 293T cells transfected with a

constant amount of pMDL-X and a decreasing amount of pcVpx.myc at a Gag/Pol:Vpx ratio

of 1:1, 1:0.33, 1:0.11 and 1:0.037. We normalized the infectious titer of the viruses on 293T

cells by determining the number of GFP transducing units per milliliter and then infected

donor-derived DC at an MOI of 2. Three days later, the number of GFP+ cells was

determined by flow cytometry (Fig. 2A). The results showed that wild-type viruses were

poorly infectious on the DC, regardless of whether they had been produced in cells

transfected with a large amount of pcVpx.myc. In contrast, the chimeric viruses that

contained Vpx were significantly more infectious on the DC. Viruses that contained a low or

intermediate amount of Vpx were the most infectious, having a titer about 30-fold higher

than virus lacking Vpx. A further increase in the Vpx content reduced the titer by about

50%. Infection of DC derived from two additional donors further corroborated these

findings (Fig. 2B).

We next determined the extent to which the DC population could be infected with Vpx-

containing lentiviral vector by varying the amount of viral inoculum. For this, we infected

DC at an MOI of 0.5, 1, 2 and 3 with the wild-type or chimeric lentiviruses that contained

the optimal amount of Vpx (produced at Gag/Pol:Vpx ratio of 1:0.3). Wild-type lentivirus

cotransfected with Vpx did not detectably infect the cells (Fig. 2C). In contrast, chimeric

lentivirus that contained Vpx infected the cells to an extent proportional to the MOI. Similar

results were obtained with DC from a second donor (Fig. 2C). Parallel infection of 293T

cells resulted in infections of 65%–84% transduction efficiency at MOI of 3. Infection of the

DC by the Vpx-containing lentivirus nearly reached the infectivity on 293T, a cell-line that

is highly permissive to VSV-G pseudotyped HIV-1. Of note, the chimeric virus containing

Vpx was reproducibly less infectious on 293T cells than virus without Vpx, suggesting that

in the absence of host restriction, Vpx interferes slightly with virus infectivity. This finding

is similar to what we previously found for HIV-1 Vif, where in the absence of APOBEC3G,

wild-type virus was slightly less infectious than Δvif virus 27.

Packaged Vpx is as effective as Vpx provided in VLP

The ability of Vpx to enhance lentiviral transduction of DC was first shown in cells

pretreated with Vpx-containing VLP and then infected with a lentiviral vector19–21, 25. This

delivery differs from that of the chimeric lentiviral vector in which Vpx is introduced into

the target cells directly through the Vpx-containing lentivirus. To determine whether

delivery of Vpx by the virion itself was as effective as delivery by VLP, we compared the

infection of DC by these two strategies. To do this, we pretreated DC with Vpx-containing

VLP and, after two hours, infected the cells with Vpx-containing chimeric lentivirus. The

amount of VLP corresponded to 5- or 10-fold more CA than that of the lentiviral vector. The

results showed that pretreatment of the DC with 5X and 10X VLP increased the number of

infected cells 188- and 131-fold, respectively, while transduction with Vpx-containing

chimeric virus increased the number of infected cells 129-fold (Fig. 3). Introduction of Vpx
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into the cell by both VLP treatment and infection with Vpx-containing chimeric lentiviral

virions did not further increase the number of infected cells. Instead, this combination

caused a small reduction in the number of cells infected. Analysis of DC from two

additional donors showed similar results (Fig. 3, lower right). Overall, these findings

demonstrated that the chimeric lentivirus was comparable to VLP in providing enhanced DC

infection. Furthermore, taking into account the fact that the VLP were used in large excess,

the Vpx in the lentiviral vector virions was quite effective at promoting infection as it

resulted in maximal infection with many fewer virions.

Efficient shRNA knock-down in DC by transduction with Vpx-containing lentiviral vector

mRNA knock-down in DC and MDM is technically challenging because of the low

transfection efficiency of siRNA and low infectability by retrovirus and lentiviral vectors-

expressing shRNA. Because of their ability to overcome the restriction to infection of

myeloid cells, Vpx-containing chimeric lentiviral vectors might provide a means to achieve

effective knock-down in these cells. As a proof-of-principle, we prepared a Vpx-containing

lentiviral vector that expressed an shRNA targeting the mRNA that encodes transportin 3

(TNPO3). TNPO3 shRNA and a control scrambled shRNA in the pLKO.1-pgk-GFP

lentiviral vector were packaged in Vpx-containing virions and then normalized for

infectivity on 293T cells. We then infected DC from two donors with each virus. Analysis of

the number of GFP+ cells by flow cytometry three days post-infection showed that these

cells had been efficiently infected (Fig. 4 left). RNA was prepared from duplicate cultures,

and the TNPO3 mRNA was quantified by quantitative real-time RT-PCR. The analysis

showed that the TNPO3 mRNA levels were reduced to 25.4 % and 38.2 % when DC were

transduced with the specific shRNA (Fig. 4, right) Considering that the lentiviral vectors had

infected about 80% of the cells, the efficiency of knock-down per infected cell was 95% and

82%, respectively.

Discussion

We report here on a modified lentiviral packaging vector that packages the SIV Vpx

accessory protein, thereby allowing for improved transduction of myeloid cells. This

strategy is similar to that developed by Goujon et al., who used Vpx-containing VLP to treat

DC prior to infection with lentiviral vector19–21, 25, 28. In our approach, Vpx is packaged in

the lentiviral vector virions themselves, obviating the need for pretreatment with Vpx-

containing VLP. This approach would allow the use of Vpx-boosted lentiviral vectors in

vivo where VLP would not be feasible or desirable. Comparison of the two strategies

showed that they achieved a comparable efficiency of transduction. The current system

requires transfection of 293T cells with five different plasmids. However, it may be possible

to streamline the system by establishing a packaging cell line that stably expresses some of

the components.

The infectivity of the virions on myeloid cells was dependent on the amount of Vpx

packaged. Virions that contained a relatively small amount of Vpx were the most infectious

on DC, demonstrating the effectiveness with which Vpx counteracts SAMHD1-mediated

restriction in myeloid cells. Moreover, the effect is likely boosted by the fact that when a
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cell becomes productively infected, it has been exposed to many virions, each of which can

deliver its content of Vpx into the cytoplasm to contribute to the depletion of SAMHD1. It

might have been expected that VLP treatment would be more effective than direct packaging

of Vpx because the VLP are added prior to the virus. This would cause the effective

depletion of SAMHD1 and an increase in the dNTP level upon infection. However,

providing Vpx to the cell by pretreatment with Vpx-containing VLP did not further augment

infection of the Vpx-containing virus. This finding suggests that the packaged Vpx was

sufficient to fully relieve the SAMHD1-mediated block.

The Vpx-containing lentiviral vectors used in this report were VSV-G pseudotypes. As such,

they infect DC and MDM cells but do not specifically target them. The vectors could be

made more specific by pseudotyping with CCR5-tropic HIV-1 envelope glycoprotein,

focusing them on CD4/CCR5+ cells. In addition, the Vpx-packaging lentiviral vectors

reported here are based on HIV-1 but the approach could be applied to vectors based on

other lentiviruses by introducing the Vpx packaging motif into their respective Gag protein.

Vpx-containing lentiviral vectors have potential applications for research and clinical use. In

the laboratory, they offer the ability to efficiently knock-down a gene of interest or to stably

transduce the expression of an exogenous protein in myeloid cells. In addition, the vectors

offer the possibility of genome-wide shRNA screening of primary myeloid cells or cell-lines

for viral dependency genes. Large-scale screens have not been feasible in these cells because

of the difficulty of introducing shRNA or siRNA into them. The high transduction efficiency

of Vpx-containing shRNA lentiviruses may be sufficient to make such screening possible.

Clinically, Vpx-containing lentiviral vectors could be useful for vaccine strategies that

require antigen expression in myeloid cells. DC are professional antigen presenting cells that

play a central role in triggering adaptive and innate immune responses. They are relatively

long-lived, offering the potential for sustained expression of transduced antigenic genes. A

recent report in the vesicular stomatitis mouse model suggested that targeting of a subset of

MDM is crucial for inducing a protective response to the infection 29. DC-based vaccines

that are currently being evaluated in clinical trials are based on ex vivo pulsing of DC with

tumor antigen peptide 30–32. Stable transduction of the cells using Vpx-containing lentivirus

vectors might provide improved immunogenicity by stimulating a class I-restricted T cell

response to the encoded antigen.

Materials and Methods

Cells and cell culture

293T cells were cultured in Dulbecco’s modified Eagle’s Medium (DMEM) supplemented

with 10% fetal bovine serum (FBS), penicillin, and streptomycin. DC were cultured in

RPMI 1640/5% human AB serum and antibiotics. Peripheral blood mononuclear cells

(PBMC) were purified from normal human donor blood by Ficoll density gradient

centrifugation. Monocytes were purified from healthy donor PBMC by positive selection on

anti-CD14-coated magnetic beads (Miltenyi Biotec Inc.) according to the manufacturer’s

instruction. Bead purified monocytes were typically >98% CD14+. Monocytes were

differentiated to DC by culturing for 5–6 days with 50 ng/ml GM-CSF (Invitrogen Inc.) and

100 ng/ml IL-4 (R&D Systems).
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Plasmids

The codon-optimized SIVmac239 Vpx expression vector pcVpx.myc has been described

previously22. The plasmid SIV3+ was used to produce SIV virus-like particles (VLP) and

was described previously 21. The Gag/Pol p6 chimeric plasmid (pMDL-X) was generated by

cloning the p6 region of the 17–26 HIV-1 p6 chimera we reported on previously into the

AgeI and MfeI sites of pMDL22. pLenti (pLenti CMV GFP Puro33), pRSV-Rev, pMDL

(wild-type p6 Gag/pol), and pVSV-G (pMD2.G) have been previously described34. The

lentiviral vector pPGK.GFP (pCCL.PPT.hPGK.IRES.eGFP.Wpre) has been described

previously 35. The pLKO.1-puro shRNA lentiviral vector that targets nucleotides 1956 to

1977 of TNPO336 was modified to replace the puror EGFP coding sequence taken from

pEGFP-N1 (Clontech). To construct this plasmid, a DNA fragment containing the EGFP

coding sequence was isolated by cleaving pEGFP-N1 with NotI, blunting with T4 DNA

polymerase and then cleaving with BamHI. The EGFP fragment was then ligated to pLKO.

1-shRNA DNA that had been cleaved with KpnI, blunted with T4 DNA polymerase and

cleaved with BamHI to excise the puror.

Virus preparation and infection

Vpx-containing lentiviral vector stocks were produced by trans-complementation. Briefly, 5

× 106 293T cells in a 10 cm plate were cotransfected by the calcium phosphate method with

14 μg pLenti, 2.5 μg pRSV-Rev, 3.5 μg pVSV-G and 5 μg pMDL or pMDL-X. PcVpx.myc

or pcDNA were added at a mass ratio of 3:1 to the Gag/Pol packing plasmid or as indicated.

To generate VSV-G-pseudotyped shRNA knock-down virus, 293T cells were transfected

with pRSV-Rev, pLKO.1 harboring the transportin 3 (TNPO3) specific shRNA or a

scrambled shRNA, and pMDL-X and pcVpx.myc. To produce VLP, 293T cells were

cotransfected with pSIV3+ and pVSV-G at a mass ratio of 2:1. The viral supernatants were

harvested 48 h post-transfection, passed through a 0.45 μm pore-size filter, aliquoted, and

frozen at −80°C. To determine the infectious titer, 1 × 105 293T cells were infected with 5

μl, 10 μl, or 20 μl of virus-containing supernatant. Two days later, the number of GFP+ cells

was determined by flow cytometry. Virus titers were typically 3 × 106/ml with a p24

concentration of >300 ng/ml. VLP-containing supernatants were normalized for p27.

To infect the DC, the cells were seeded at 1.25 × 105 cells per well in a 96-well plate in 200

μL, in duplicate. The cells were infected the next day with virus normalized for infectious

titer on 293T cells. After 20 h, the virus was removed. Two days later, the cells were

removed from the plate using phosphate-buffered saline (PBS) containing 5 mM EDTA and

fixed in 1% paraformaldehyde. The number of infected cells was quantified by flow

cytometry.

Quantitative Real-time PCR (qRT-PCR)

To determine the efficiency of shRNA knock-down, 2.5 × 106 DC were infected with the

shRNA vector at an MOI of 5. The cells were harvested 72 h post-infection and total RNA

was prepared using TRIzol (Invitrogen Inc.). The RNA (250 ng) was reverse transcribed

using the Roche high fidelity reverse transcription system and poly-dA primer. TNPO3

cDNA was quantified by qRT-PCR with an ABI Prism 7300 using SYBR green detection

(Applied Biosystems) and TNPO3 forward (5′ CTGCTGCAGCCAAAGCCATTCATA) and
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TNPO3 reverse (5′ AGCAGCTTCTGGAGACAACAGGAA) primers. TNPO3 mRNA

levels were compared in DC infected with the TNPO3-specific or scrambled shRNA vector.

Glucose-6-phosphate dehydrogenase (G6PDH) was used as a reference gene.

Immunoblot analysis

293T cells were cotransfected with PGK.GFP, pRSV-Rev, pMDL or pMDL-X, and

pcVpx.myc or pcDNA using lipofectamine 2000. Two days post-transfection, culture

supernatants were filtered, pelleted through 20% sucrose at 100,000 × G for 20 min. at 4° C,

and lysed in buffer containing 0.5% NP40. Cellular and viral proteins were detected by

immunoblot analysis as previously described 24. The filters were probed with anti-myc MAb

9E10 (Covance), anti-p24 MAb #183-H12-SC (AIDS Research and Reference Reagent

Program, NIH), and anti-α-tubulin (Sigma). The filters were hybridized with biotinylated

goat anti-mouse immunoglobulin and Streptavidin DyLight 800 conjugate (Pierce) and

imaged on an Odyssey Infrared Imaging System (LiCOR) at 800 nm.
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Fig. 1. Modified HIV-1 Gag/Pol expression vector generates virions that package SIV Vpx
(A) To generate Vpx-cotaining lentiviral vector stock, 293T cells are transfected with a

lentiviral vector plasmid, pMDL-X chimeric p6 HIV-1 Gag/pol expression vector and

expression vectors for Vpx, VSV-G and HIV-1 Rev. The virus is normalized by infectious

titer on 293T cells and used to infect DC differentiated with GM-CSF and IL-4.

Approximate location of the inserted Vpx packaging motif is indicated in the Gag/Pol vector

as cross-hatched (B) 293T cells were cotransfected with pMDL or pMDL-X containing

wild-type (WT) or chimeric p6SIV(17–26), respectively and pcVpx.myc (+) or pcDNA (−).

Two days later, cell lysates and virions were analyzed by immunoblotting. The immunoblot

was probed with an antibody to myc-tagged Vpx, HIV-1 p24 CA, or tubulin. Transfection

with pcVpx-myc.His alone was included in order to rule out nonspecific release of Vpx. (C)

Cotransfection of 293T cells with pMDL or pMDL-X and decreasing amounts of

pcVpx.myc. The amount of packaging plasmid harboring p6 remained constant, whereas the

amount of pcVpx.myc decreased.
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Fig. 2. Effect of Vpx packaging on infection of DC by pLenti-CMV-GFP
(A) DC were infected at an MOI of 2 with the GFP reporter virus produced with pMDL or

pMDL-X and decreasing amounts of pcVpx.myc. Whereas the amount of the packaging

plasmid containing p6 remained constant, the amount of pcVpx.myc was decreased stepwise

3-fold (1/3, 1/9, 1/27). Three days post-infection, cells were collected and analyzed for GFP

expression by FACS. (B) The graph represents the average result of two independent

infections of DC derived from PBMCs of two different donors. (C) DC were infected at

MOIs of 0.5, 1, 2 or 3 with a GFP reporter virus produced with pMDL-X and either

pcVpx.myc or pcDNA. Three days post-infection, cells were collected and analyzed for GFP

expression by FACS. The data shown are representative of four independent experiments
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with different donor DC. The panel on the right depicts 293T cells infected an MOI of 3 to

assess the general infectivity of the viruses.
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Fig. 3. Lentiviral vector that packages Vpx bypasses the need for VLP pre-treatment
DC were infected at an MOI of 2 with the GFP reporter virus produced with pMDL-X and

pcVpx.myc or pcDNA at a plasmid mass ratio of pMDL:pcVpx.myc 1:0.33 (1/3) and 1:01

(1/9), respectively. Where indicated, DC were treated with VLP for 2 h prior to infection

with the virus at 5X or 10X p27 to p24, respectively. Three days post-infection, cells were

collected and analyzed for GFP expression by FACS. The experiment was done in triplicate

and the graphs depict the results of two experiments conducted with DC obtained from two

different donors.
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Fig. 4. Use of chimeric p6 lentiviral vector system for shRNA mediated knock-down of
transportin 3 in DC
DC were infected at an MOI of 5 with pLKO.1-pGK-GFP, harboring an shRNA specific for

TNPO3 or a nonspecific, scrambled shRNA control, as well as pMDL-X and pcVpx.myc.

Three days post-infection, cells were collected and either analyzed for GFP expression by

FACS (A) or for mRNA expression levels of TNPO3 (B). For the latter, RNA was prepared

and the reverse transcripts were quantified by qRT-PCR using primers specific for TNPO3.

The results were normalized to G6PDH and compared to DC infected with the control

shRNA.
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