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Abstract

Kaposi's sarcoma-associated herpesvirus (KSHV) infection is required for the development
of several AIDS-related malignancies, including Kaposi's sarcoma (KS) and primary
effusion lymphoma (PEL). The high incidence of AIDS-KS has been ascribed to the
interaction of KSHV and HIV-1. We have previously shown that HIV-1 secreted proteins, Tat
and Nef, regulate KSHV lifecycle, and synergize with KSHV oncogenes to promote
angiogenesis and tumorigenesis. Here, we examined the regulation of KSHV latency by
HIV-1 viral protein R (Vpr). We found that soluble Vpr inhibits the expression of KSHV lytic
transcripts and proteins, as well as viral particle production by activating NF-«xB signaling
following internalization into PEL cells. By analyzing the expression profiles of microRNAs
combined with target search by bioinformatics and luciferase reporter analyses, we
identified a Vpr-upregulated cellular microRNA (miRNA), miR-942-5p, that directly targeted
IkBa. Suppression of miR-942-5p relieved the expression of [kBa and reduced Vpr inhibition
of KSHV lytic replication while overexpression of miR-942-5p enhanced Vpr inhibition of
KSHYV lytic replication. Our findings collectively illustrate that, by activating NF-xB signaling
through upregulating a cellular miRNA to target IxBa, internalized HIV-1 Vpr inhibits KSHV
lytic replication. These results have demonstrated an essential role of Vpr in the lifecycle of

KSHV.
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Importance

Co-infection by HIV-1 promotes the aggressive growth of Kaposi's sarcoma-associated
herpesvirus (KSHV)-related malignancies, including Kaposi’'s sarcoma (KS) and primary
effusion lymphoma (PEL). In this study, we have shown that soluble HIV-1 Vpr inhibits
KSHYV lytic replication by activating NF-«B signaling following internalization into PEL cells.
Mechanistic studies revealed that a cellular microRNA upregulated by Vpr, miR-942-5p,
directly targeted IxkBa. Suppression of miR-942-5p relieved IxBa expression and reduced
Vpr inhibition of KSHV replication while overexpression of miR-942-5p enhanced Vpr
inhibition of KSHV replication. These results indicate that, by activating NF-xB signaling
through upregulating a cellular miRNA to target IxBa, internalized Vpr inhibits KSHV lytic
replication. This work illustrates a molecular mechanism by which HIV-1 secreted
regulatory protein Vpr regulates KSHV latency and pathogenesis of AIDS-related

malignancies.
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Introduction

Kaposi’s sarcoma-associated herpesvirus (KSHV), also known as human herpesvirus
8 (HHV-8), is the causative agent of Kaposi’s sarcoma (KS). AIDS-associated Kaposi's
sarcoma (AIDS-KS) remains a clinical challenge in sub-Saharan Africa and United States
including a subset of AIDS patients receiving highly active antiretroviral therapy
(HAART)(1-4). KSHYV infection is also linked to two B-cell lymphoproliferative disorders
associated with AIDS including primary effusion lymphoma (PEL) and a subset of
multicentric Castleman’s disease (MCD)(5, 6).

KSHV displays two distinct replication phases: a latent phase and a productive lytic
phase. Following acute infection, KSHV in general establishes lifetime persistence in the
infected individuals. During the latent phase, only a limited number of viral genes are
expressed, which serve to maintain the persistence of viral genome, restrict host immune
responses and enhance cell survival. KSHV latently infected cells can be reactivated into
Iytic replication by several intracellular or extracellular stimuli, such as hypoxia, oxidative
stress, and certain cytokines (7-10). Activation of viral Iytic replication results in the
expression of viral lytic genes and production of infectious virions (11). Both latent and lytic
replication phases are crucial for the long-term persistence of KSHV in the host, and their
gene products play critical roles in the pathogenesis of KSHV-associated disease.

Like other human oncogenic viruses, KSHV infection alone is not sufficient to cause
KSHV-associated malignancy (1, 12). Previously, we and others have demonstrated that

other co-factors, such as human herpesvirus 6 (HHV-6), herpes simplex virus type 1
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(HSV-1), human immunodeficiency virus type 1 (HIV-1) and human cytomegalovirus
(HCMV) regulate the lifecycle of KSHV and cell proliferation and survival, thus might
contribute to the development of these malignancies (13-17). Among these co-factors,
HIV-1 infection increases KS incidence in HIV-infected individuals (3). However, HIV-1 and
KSHYV do not infect the same cell type (18), implying an indirect role of HIV-1 in AIDS-KS.
Current evidence strongly supports that HIV-1 might promote the initiation and progression
of KS by inducing inflammatory cytokines and producing secreted regulatory proteins in
addition to inducing immunosuppression. HIV-1 transactivator of transcription (Tat) and
negative factor (Nef) are released into the bloodstream from HIV infected cells, which
contribute to the pathogenesis of AIDS-related malignancies (19, 20). Recently, we and
others have demonstrated that Tat can not only trigger KSHV reactivation from latency (21)
but also accelerate tumor progression induced by KSHV-encoded oncoproteins, including
the viral G protein-coupled receptor (vVGPCR), Kaposin A, viral interleukin-6 (vIL-6) and
ORF K1 (22-25). Moreover, we have found that soluble Nef can be readily internalized by
PEL cells and endothelial cells, and both soluble and ectopic expression of Nef promote
KSHYV latency by inhibiting viral replication, and induce angiogenesis and oncogenesis by
cooperating with KSHV vIL-6 or ORF K1 (26-28).

Besides Tat and Nef, viral protein R (Vpr) is another HIV-1 accessory protein, which is
a virion-associated nuclear protein of ~15 kDa (29). Vpr exhibits a variety of biological
functions including nuclear localization of pre-integration complex (PIC) (30), G2/M cell
cycle arrest (31, 32), transactivation of HIV-1 long terminal repeat (LTR) (33) and induction
of apoptosis (34). Importantly, Vpr can be found in vivo in an extracellular soluble form.

Indeed, despite it is an intracellular or intravirion protein, Vpr has been detected as a
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soluble protein in the sera and cerebrospinal fluid (CSF) of HIV-1-infected patients (35-37),
as well as in the extracellular medium of virus-producing cells in vitro (38).

In this study, we have demonstrated a role of HIV-1 Vpr in controlling the balance
between KSHV lytic replication and latency. We found that soluble Vpr regulates KSHV
latency via activation of the nuclear factor-kappaB (NF-xB) signaling following
internalization into the PEL cells. Furthermore, a cellular microRNA (miRNA), miR-942-5p,
was identified to mediate Vpr inhibition of KSHV replication by directly targeting the inhibitor
of NF-xB (IxBa). This work reveals the involvement of Vpr in KSHV life cycle and the
molecular mechanisms of regulation of KSHV replication program and pathogenesis of

AIDS-related malignancies by HIV-1 secreted regulatory proteins.
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Materials and Methods

Cells Culture, Plasmids and Transfection: EBV-negative and KSHV-positive PEL cell
lines (BC3 cells and BCBL-1 cells) and HEK293T cells were cultured in RPMI-1640 and
Dulbecco’s Modified Eagle’s Medium (DMEM), respectively, both of which contained 10%
inactivated fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin, and 100 pg/ml
streptomycin at 37°C in a humidified, 5% CO, atmosphere.

The NF-«kB reporter plasmid containing three tandem repeats of consensus NF-«xB
binding sites, IxB dominant negative plasmid (IxB-DN) obtained by cloning into lentiviral
pCDH vectors with Flag tag, and the wild type pGL-3-1xB-3'UTR (WT IxB) plasmid obtained
by cloning IkB 3'UTR into the downstream of pGL-3 Control luciferase reporter vector were
prepared as described previously (39). HIV-1 LTR luciferase reporter construct was kindly
provided by Zan Huang (Wuhan University, China). Target prediction software PITA,
RNAhybrid and RNA22 were used to analyze the binding sites of miR-942-5p in IkB 3'UTR.
The pGL-3-1kB-3’'UTR mutant plasmid (mut 1xB) with mutated binding sites was made by
site-directed mutagenesis. Lipofectamine™ 2000 transfection reagent (Invitrogen, Carlsbad,

CA, USA) was utilized according to manufacturer’s instructions.

Preparation of Soluble Vpr Protein (sVpr): The HIV-1 Vpr gene was ligated into the Nde |
and Xba | sites of the pColdll vector (TaKaRa Biotechnology Co. Ltd, Dalian, China) with
the 6XHis tag sequence fused at the N-terminus. The Vpr protein was produced in the
Escherichia coli BL21 (DE3) Codon (+) RIL strain (TIANGEN Biotech Co. Ltd, Beijing,
China) by induction with isopropyl-p-D-thiogalactopyranoside (IPTG; Nacalai Tesque, Inc.,

Kyoto, Japan) and was purified as described previously (40). Endotoxin was removed from
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eluted proteins with the ToxinEraser Endotoxin Removal procedure (GenScript) (41). The
cells producing the Vpr protein were suspended in phosphate buffer saline (PBS) and
disrupted by sonication. The cell debris was removed by centrifugation for 15 min at 12,000
g, and the lysate containing the soluble Vpr protein was mixed gently with Ni-NTA beads
(Invitrogen Corp., Carlsbad, CA) for affinity chromatography purification and stained with
Coomassie Brilliant Blue R-250. The concentration of the purified Vpr protein was
determined with a BCA protein assay kit (Bio-Rad Laboratories, Hercules, CA) using bovine

serum albumin (BSA) as the standard.

Antibodies: Anti-KSHVY ORF65 mouse monoclonal antibody (MAb) were described
previously (42). Anti-lkBa rabbit MAb and anti-Flag M2 rabbit MAb were from Cell Signaling
Technology (Beverly, MA). Anti-KSHV vIL-6 rabbit polyclonal antibody (PAb) and anti-KSHV
LANA ORF73 rat MAb were from Advanced Biotechnologies, Inc. (Columbia, MD).
Anti-NF-xB p65 rabbit PAb was obtained from Abcam (Cambridge, MA, USA). Anti-Vpr goat
PAb, normal goat IgG, horseradish peroxidase (HRP)-conjugated goat anti-mouse and
anti-rabbit 1IgG, and mouse MAb against a-tubulin used to monitor sample loading, were

purchased from Santa Cruz Biotechnology (Santa Cruz, Calif.).

Western Blot Analysis: The procedure of Western blot was previously described (14).
Densitometry analysis of protein expression levels were determined by Scion Image

software (Scion Corporation, Frederick, MD).

Real-Time Quantitative Reverse Transcription-PCR (RT-qPCR): Total RNA was isolated
9
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with Trizol reagent (Invitrogen) for RT-gPCR using SYBR Premix Ex Taq™ Kit (TaKaRa
Biotechnology Co. Ltd, Dalian, China) according to the manufacturer’s instructions. The
sequences of specific primers for KSHV lytic transcripts were listed in Table 1 while the
Bulge-Loop miR-942-5p primers were synthesized by Ribo Biotechnology (Guangzhou,
China). Stem-loop RT-qPCR was performed as previously described for the quantification

of MiRNAs (43, 44).

Confocal Microscopy: PEL cells (10*) smeared on chamber slides were incubated with
the indicated primary antibodies and the corresponding secondary antibodies-conjugated
with Alexa Fluor of fluorescent dyes (Invitrogen). Cellular nucleus was stained with 4’
6’-diamidino-2-phenylindole (DAPI) purchased from Beyotime Institute of Biotechnology
(China). The stained cells were observed and photographed with a Zeiss Axiovert 200 M

epifluorescence microscope (Carl Zeiss, Freistaat Thuringen, Germany).

Real-Time PCR Analysis for Viral Copy Number: Supernatants of PEL cells were
collected to detect viral DNA using the High Pure Viral Nucleic Acid Kit (Roche, Germany)
according to the manufacturer’s instructions. Purified viral DNA was used for real-time
DNA-PCR as described previously (45). Primers designed to detect KSHV lytic genes were

listed in Table 1.

Luciferase Reporter Assay: In the NF-kB activity assay, the NF-xB reporter plasmid and
Renilla vector pRL-TK (Promega) were co-transfected into BC3 cells and BCBL-1 cells. In

the IkB 3'UTR luciferase reporter assay, miRNA mimics, IkB 3'UTR luciferase reporter

10
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plasmid (400 ng) and pRL-TK (20 ng) were co-transfected into HEK293T cells for
experiments related to miRNAs. In the HIV-1 LTR activity assay, HIV-1 LTR luciferase report
plasmid or pGL3 basic construct was co-transfected with pRL-TK into 293T cells incubated
with PBS or soluble Vpr at 50, 100 and 200 ng/mL, respectively. Relative luciferase activity

was detected by Promega dual-luciferase reporter assay system.

ELISA-based NF-kB/p65 DNA-binding Activity Assay: Active Motif nuclear extraction kit
(Carlsbad, CA, USA) was utilized to extract nuclear protein of PEL cells for the detection of
NF-xB p65 DNA binding activity by TransFactor NF-xB p65 ELISA Kit (Clontech
Laboratories, Mountain View, CA, USA), where competitor oligonucleotides were used as
the negative controls to ensure the assay specificity. The absorbance was measured at 630

nm using a microplate reader as previously described (16, 25, 46, 47).

Apoptosis assay: Apoptotic cells were detected by propidium iodide (PI) staining and with
a fluorescein isothiocyanate (FITC)-Annexin V (AV) Apoptosis Detection Kit (BD

Biosciences, San Jose, CA) according to the manufacturer's instructions.

MiRNA Microarray Analysis: Total RNA from BC3 cells incubated with PBS or soluble Vpr
for 72 h was isolated with Trizol reagent (Invitrogen) for miRNA microarray analysis as

previously described (26, 27).

MiRNA Mimic and Inhibitor: Synthetic miRNAs mimics and inhibitor as well as their

negative controls were purchased from Shanghai GenePharma Company (Shanghai,

11
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China). The sequences designed for the miR-942-5p mimic and a negative-control were
(5’-UCU UCU CUG UUU UGG CCA UGU G-3’) and (5-UUC UCC GAA CGU GUC ACG

UTT-3’), respectively.

Statistical Analysis: SPSS version 18.0 was used for the statistical analysis of
experimental data. Data are presented as mean * standard error of mean (SEM).
Differences with P < 0.05 were considered statistically significant. All the experiments were
repeated three times and each experiment contained at least three replicates, unless

otherwise stated.

Results
Internalized soluble Vpr protein inhibits KSHV lytic replication in PEL cells

As a HIV accessory protein that can be released from HIV-1 infected cells, Vpr might
be involved in the regulation of KSHV latency as Tat and Nef do (21, 26). The recombinant
Vpr (soluble Vpr) was purified by affinity chromatography (Fig. 1A). The purified soluble Vpr
activated HIV-1 long terminal repeat (LTR)-driven luciferase activity at as low as 50 ng/ml as
previously described (Fig. 1B) (48), indicating that it was functional with the expected
biological activity. We treated BC3 cells with 0, 1, 10, 100, 200, and 500 ng/ml of purified
soluble Vpr. As shown in Fig. 1C and 1D, soluble Vpr protein did not induce apoptosis in

BC3 cells until 500 ng/ml, a concentration 50-fold greater than those found in serum

12
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samples from HIV infected patients (1 to 10 ng/mL) (37). Since soluble Vpr protein can be
taken up by multiple cell types (36, 49-52), immunofluorescent assay was performed to
determine whether it can also be internalized by BC3 cells and BCBL-1 cells following
incubation of these cells with soluble Vpr protein at 1, 10, 50, 100, and 200 ng/mL. We
found that Vpr was efficiently internalized by BC3 and BCBL-1 cells (Fig. 1E and data not
shown).

Uninduced PEL cells are latently infected by KSHV, however, they often have low level
of spontaneous viral lytic replication (8). To determine the effect of soluble Vpr protein on
KSHV lytic replication, we examined extracellular viral genome copy numbers, which
reflected the production of viral particles, upon exposure of the uninduced PEL cells to
soluble Vpr. As shown in Fig. 2A, the production of viral particles upon exposure of the
uninduced PEL cells to soluble Vpr was decreased in a dose-dependent manner. Moreover,
the maximum decrease of viral particles was observed when 50 ng/ml soluble Vpr was used
(Fig. 2A). Based on the above results and previous studies (36, 50, 51, 53-56), we chose 50
ng/ml soluble Vpr for the subsequent experiments. Western blots showed that Vpr not only
decreased the levels of KSHV lytic proteins including RTA (ORF50), viL-6 (ORF-K2) and
ORF65 in BC3 cells and BCBL-1 cells incubated with soluble Vpr protein from 6 h to 72 h,
but also increased the expression level of latency-associated nuclear antigen (LANA)
encoded by ORF73 in BCBL-1 cells (Fig. 2B). Results of RT-gPCR showed that soluble Vpr
decreased the expression of KSHV lytic transcripts examined including ORF21, ORF57,
ORF59, polyadenylated nuclear (PAN), and ORF-K9 while increased the expression level of
LANA transcript (Fig. 2C). Collectively, these results indicated that soluble Vpr was

efficiently internalized into PEL cells, and the internalized Vpr likely inhibited the reactivation

13
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of KSHV lytic replication program.

Internalized Vpr protein activates NF-kB signaling to inhibit KSHV replication in PEL
cells

The NF-xB pathway, which is activated by HIV-1 infection, inhibits KSHV reactivation in
BCBL-1 cells (16, 57). The IkBa acts as the major upstream inhibitor of NF-xB complex. To
determine if Vpr might regulate the NF-xB pathway, we examined the expression level of
IkBa in BC3 cells and BCBL-1 cells exposed to soluble Vpr for 24, 48 and 72 h. Soluble Vpr
not only inhibited the expression of KSHV lytic protein vIL-6 but also repressed the level of
IkBo protein, suggesting Vpr might activate the NF-xB pathway (Fig. 3A).
Immunofluorescence staining showed that more nuclear translocation of p65 was observed
in BC3 cells following incubation with soluble Vpr (Fig. 3B). In addition, ELISA-based NF-kB
activity assay demonstrated that the transcriptional activity of NF-xB p65 in BC3 cells and
BCBL-1 cells incubated with soluble Vpr was significantly higher than that of the control
cells treated with PBS (Fig. 3C). Moreover, Vpr also increased the NF-«B luciferase reporter
activity in BC3 and BCBL-1 cells (Fig. 3D).

To confirm that the activated NF-xB pathway mediated soluble Vpr inhibition of KSHV
lytic replication, BC3 cells and BCBL-1 cells were transduced with lentiviral viruses
expressing a constitutively active 1kBa construct, 1kB-DN, to inhibit the NF-xB pathway, and
then incubated with soluble Vpr for 72 h. Expression of IkB-DN reversed the suppression of
viL-6 by Vpr (Fig. 4A). As expected, the expression of I[kB-DN also reversed the

Vpr-induced p65 nuclear translocation (Fig. 4B), p65 binding to the NF-xB consensus site
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(Fig. 4C), and the NF-xB reporter activity (Fig. 4D). In agreement with the inhibition of
NF-«B activity by IxB-DN, we observed reduced inhibitory effects of Vpr on the production
of viral particles and expression of KSHV lytic transcripts (Fig. 4E and 4F). To explore
whether the inhibitory effect of soluble Vpr protein on KSHV lytic replication could be
neutralized by an anti-Vpr antibody, BC3 and BCBL-1 cells were incubated with soluble Vpr
in the absence or presence of an anti-Vpr antibody for 24 and 72 h. As shown in Fig. 4G,
Vpr inhibition of KSHV virion production was blocked by treatment with an anti-Vpr antibody
but was not affected by the goat IgG antibody control, thus confirming that Vpr inhibition of
KSHV lytic replication was directly due to the presence of extracellular Vpr in the
conditioned medium. Taken together, these results indicated that internalized Vpr protein
activated NF-«B signaling pathway in PEL cells, which mediated the inhibition of KSHV lytic

replication by Vpr.

IkBa 3’UTR is directly targeted by cellular miR-942-5p

We have previously shown that cellular miR-891a-5p mediates Tat and K1 synergistic
induction of angiogenesis by targeting IkBa to activate the NF-«xB pathway (39). To
determine if miRNA(s) was involved in Vpr downregulation of IkBa, we examined the
expression profiles of mMiRNAs by microarray analysis of BC3 cells following incubation with
soluble Vpr or PBS control for 72 h. Among hundreds of miRNAs altered by Vpr, six of
upregulated miRNAs had putative targeting sites in IkBo 3'UTR based on the results of
miRNA target prediction software, including PITA, RNAhybrid and RNA22 (Fig. 5A). IxBa
3'UTR luciferase reporter assay indicated that five of them suppressed the activity of IkBa

3'UTR reporter (Fig. 5B); however, only cellular miR-942-5p reproducibly inhibited the

15

1sanb Aq 2T0Z ‘ST AInc uo /Blo wse’IAl//:dny wouy papeojumoq


http://jvi.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Journal of Virology

Journal of Virology

380

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

endogenous IkBa protein expression in BC3 cells (Fig. 5C), which was chosen for further
validation. Indeed, miR-942-5p repressed the activity of IkBa 3'UTR reporter but not the
control reporter pGL3 (Fig. 5D). Incubation with soluble Vpr for 72 h increased the
expression level of miR-942-5p in BC3 and BCBL-1 cells (Fig. 5E). miR-942-5p inhibited
the IkBa 3'UTR reporter activity and endogenous IkBa protein level in BC3 cells in a
dose-dependent manner (Figs. 5F and 5G). On the contrary, an inhibitor of miR-942-5p
increased the endogenous IkBa protein level in BC3 cells (Fig. 5H). Based on the
bioinformatics predicted miR-942-5p targeting site in the IkBo 3'UTR, we performed
mutagenesis with the [kBa 3'UTR reporter and miR-942-5p (Fig. 5lI). Mutation of the
targeting site in the IkBa 3'UTR reporter abolished the inhibitory effect of miR-942-5p.
Similarly, mutation of the miR-942-5p rendered it ineffective in inhibiting the IkBo 3’'UTR
reporter activity (Fig. 5J). The mutant miR-942-5p mimic also failed to inhibit the IxBa
protein expression (Fig. 5K). These results demonstrated that IkBa 3'UTR was directly

targeted by the soluble Vpr-upregulated miR-942-5p.

miR-942-5p mediates soluble Vpr inhibition of KSHV lytic replication by targeting
IkBa to activate the NF-kB pathway

To examine the role of miR-942-5p in soluble Vpr inhibition of IkBo and in KSHV lytic
replication, we transfected an inhibitor of miR-942-5p or a scramble control into BC3 and
BCBL-1 cells followed by incubation with soluble Vpr. Western blot analysis showed that the

expression of IkBa and ORF65 were elevated in Vpr-treated cells transfected with the

inhibitor of miR-942-5p compared with cells transfected with the scrambled control (Fig. 6A).

Accordingly, the level of NF-xB p65 nuclear translocation (Fig. 6B) and the NF-«xB reporter
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activity (Fig. 6C) were reduced in Vpr-treated cells transfected with the miR-942-5p inhibitor.
Furthermore, the inhibitory effect of soluble Vpr on the production of viral particles and
KSHV lytic transcripts was relieved by the miR-942-5p inhibitor (Figs. 6D and 6E).
Consistent with these results, transfection of a synthetic mimic of miR-942-5p inhibited the
expression of lkBa and ORF65 proteins in BC3 cells (Fig. 7A). MiR-942-5p mimic further
increased the NF-«xB luciferase reporter activity (Fig. 7B), inhibited the production of viral
particles (Fig. 7C) and reduced the expression levels of KSHV lytic transcripts (Fig. 7D)
exerted by soluble Vpr. Furthermore, transfection of the miR-942-5p inhibitor alone was
sufficient to significantly increase the expression of IkBa and ORF65 proteins as well as the
production of viral particles (Figs. 8A and 8B). In contrast, overexpression of miR-942-5p in
BC3 cells and BCBL-1 cells without Vpr protein was sufficient to inhibit the expression of
IkBa and ORF65 proteins as well as the production of viral particles (Figs. 8C and 8D).
Collectively, these results indicated that soluble Vpr upregulated cellular miR-942-5p, which

then directly targeted IxBa to activate the NF-«xB pathway and inhibit KSHYV lytic replication.

Discussion

Like other herpesviruses, KSHV exhibits a biphasic lifecycle consisting of a reversible
latent phase and a transient lytic replication phase. KSHV latent infection evades host
immune surveillance and facilitates the establishment of a lifelong persistent infection. As

KSHV is a necessary but not sufficient etiological factor for KS, understanding of the
17
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mechanisms of KSHV latency and reactivation in the context of cofactors such as HIV-1
infection is critical for delineating the pathogenesis of KSHV-associated diseases. Although
KS tumor cells are not directly infected by HIV-1, they are exposed to free HIV-1 viral
particles and circulating soluble HIV proteins, which may dysregulate KSHV lifecycle.
Interestingly, we have previously revealed that Tat produced by HIV-1-infected cells can
trigger KSHV reactivation from latency, resulting in the release of progeny virions (21) while
HIV-1 Nef delivered in the form of soluble protein or by transfection with an expression
plasmid inhibits KSHV replication by regulating cellular miR-1258 (26).

Importantly, similar to secreted Tat and Nef proteins, Vpr, an accessory gene product
of HIV-1, is detected in the serum and CSF of HIV-positive individuals at a concentration as
high as 10 ng/ml (35, 51). Whether the extracellular form of Vpr is secreted from the HIV-1
infected cells or derived from the breakdown of infected cells or virus particles remains
elusive. However, purified Vpr (synthetic or expressed through baculovirus) has been
shown to enter the cells (36, 49-52), suggesting that Vpr may use receptors present on the
cell surface for its internalization or may contain signal sequences that enable its entry into
cells independent of the receptor pathway. In this study, we have revealed, for the first time,
that soluble Vpr can be internalized by B cells in vitro and that, similar to HIV-1 Tat and Nef,
respectively, the internalized Vpr is functional in a HIV-1 LTR reporter assay and can inhibit
the expression of KSHV lytic genes and production of viral particles. The diverse functions
of HIV-1 secreted proteins in controlling the balance between KSHV latency and lytic
replication might reflect a delicate role of HIV-1 infection in KSHV persistent infection,
evasion of host immune response, and induction of KSHV-associated malignancies.

The NF-«xB family and the related transcription factors regulate the tumorigenesis of
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oncogenic viruses, including KSHV (57-59). HIV-1 Vpr has been shown to regulate the
NF-kB activity with controversial subsequences. Numerous studies have shown that
virion-derived Vpr and extracellular Vpr can activate the NF-xB pathway in various cell
types and enhance the transcription from the HIV-1 LTR promoter (53, 60-62). The
underlying mechanisms may include the interaction with IKKa/f to induce phosphorylation
of p65 and p100 (63), and/or the activation of transforming growth factor-p-activated kinase
1 (TAK1) to modulate the production of proinflammatory cytokines expression which are
beneficial for virus replication (64). It has also been reported that the synthetic Vpr activates
NF-kB pathway and stimulates HIV-1 transcription in U937 and primary macrophages (53).
In contrast, Vpr derived from an adenoviral vector exhibits inhibitory effects on the NF-xB
pathway activated by tumor necrosis factor-a. (TNF-0) but not lipopolysaccharides (LPS)
(65). Indeed, David B. Weiner et al. have previously reported that recombinant HIV-1 pNL43
Vpr protein diminishes the NF-«xB activity by upregulating IkBa transcription (66). In spite of
conflicting stimulatory and inhibitory effects of Vpr on NF-«xB pathway depending on cellular
context or expression manner of Vpr, our findings have identified a novel role of a cellular
miRNA in Vpr activation of the NF-xB pathway in KSHV-infected cells.

MiRNAs are a class of small single-stranded noncoding RNAs of approximately 22
nucleotides that modulates the expression of a network of mMRNAs by binding to imperfect
sequences. Dysregulation of miRNA-mediated posttranscriptional regulatory activity
appears to critically influence the “latent to Iytic” switch in KSHV lifecycle and contribute to
KS progression, through either direct targeting of the viral switch protein, RTA (67, 68), or
via indirect mechanisms including targeting host factors such as IkBa, nuclear factor 1/B

(NFIB), retinoblastoma-like 2 (Rbl2), Bcl-2 associated factor 1 (BCLAF1), and IKKe (44,
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69-72). For example, we have previously shown that soluble and ectopic expression of
HIV-1-encoded Nef protein could suppress the expression of KSHV lytic proteins and the
production of viral particles through regulation of cellular miR-1258 that directly targets the
3'UTR of KSHV RTA (26).

Three cellular miRNAs (miR-126, miR-30e* and miR-196a) target IxBa 3'UTR, which
increase the occurrence of ulcer disease, glioma, and pancreatic cancer, respectively
(73-75). miR-K1 encoded by KSHV has also been found to regulate the I1xBa protein level to
inhibit viral lytic replication and enhance cell proliferation, survival and cellular
transformation (44, 76). Interestingly, we have recently revealed that HIV-1 Tat synergized
with KSHV ORF-K1 to increase the expression of miR-891a-5p, which directly targeted
IkBa, leading to enhanced angiogenesis in endothelial cells (39). In this study, cellular
miR-942-5p upregulated by HIV-1 Vpr is shown to directly target a seed sequence in the
3'UTR of IkBa and is involved in Vpr inhibition of KSHV lytic replication. A number of KSHV
miRNAs also indirectly regulate IkBa and NF-kB pathway to promote KSHV-induced cellular
transformation and tumorigenesis (76). Therefore, there are complex interactions among
miRNAs and IkBa during NF-kB activation and subsequent cancer development.
Importantly, miR-942 up-regulates matrix metalloproteinase-9 (MMP-9) and vascular
endothelial growth factor (VEGF) secretion contributing to endothelial migration and
sunitinib resistance in metastatic renal-cell-carcinoma (MRCC) cells (77). Moreover,
miR-942 is inversely correlated with the expression of interferon-stimulated gene 12a
(ISG12a) and modulates tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)
sensitivity in cancer tissues and cells (78). Recently, miR-942 is shown to be upregulated in

esophageal squamous cell carcinoma (ESCC) and to promote the stem cell-like traits by

20

1sanb Aq 2T0Z ‘ST AInc uo /Blo wse’IAl//:dny wouy papeojumoq


http://jvi.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Journal of Virology

Journal of Virology

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

inhibiting three negative regulators of the Wnt/B-catenin pathway including secreted
Frizzled-related protein 4 (sFRP4), glycogen synthase kinase 3B (GSK3p) and
transducin-like enhancer of split 1 (TLE1) (79). In addition, the high expression levels of
miR-942 have been detected in nephrotic syndrome patients and lung cancer cases (80,
81). Thus, miR-942 is an Onco-miR that might be a potential therapeutic target for some
types of cancers.

In summary, our results demonstrate that as a soluble protein, internalized HIV-1 Vpr
can activate the NF-kB pathway by upregulating the expression of cellular miR-942-5p to
target IxBa. The Vpr activated NF-xB pathway promotes viral latency by inhibiting KSHV
lytic replication and enhances tumor development. Thus, HIV-1-encoded secreted proteins
play essential roles in KSHV lifecycle. Further studies will be needed to better understand
the mechanism by which Vpr regulates the expression of miR-942-5p, and the possible
involvement of other miRNAs in this process. Due to the significant functions of miRNAs in
the pathogenesis of KSHV-related malignancies, miRNA-based gene therapy may be an

attractive approach for the treatment of AIDS-KS.
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Figure Legends

Figure 1. Soluble Vpr is internalized by PEL cells but does not induce apoptosis.

(A). Purified Vpr protein was stained with Coomassie Brilliant Blue R-250. Lane 1, Purified
soluble Vpr protein. Lane 2, molecular weight marker. KD, kilodalton.

(B). Effect of soluble Vpr on HIV-1 LTR transactivation detected by luciferase reporter assay
in 293T cells transfected with a HIV-1 LTR luciferase reporter or a pGL3 basic construct in
the absence (PBS) or presence of soluble Vpr at 50, 100 and 200 ng/mL, respectively. Data
represent mean + SEM from three independent experiments (n = 3), each with four
technical replicates.

(C). Effect of soluble Vpr on apoptosis in BC3 cells. BC3 cells were treated with Vpr at 0, 1,
10, 100, 200 and 500 ng/mL for 24 h and examined for apoptosis. x and y axes indicated
annexin V (AV) and propidium iodide (PI) staining intensities, respectively.

(D). Quantification of early, late, and total apoptotic cells in BC3 cells treated with Vpr as
described in (C).

(E). Confocal microscopy of BC3 cells and BCBL-1 cells incubated with 50 ng/ml soluble
Vpr (tagged with 6XHis) for 24 h and then stained for KSHV LANA (green) and Vpr (red)
with an anti-LANA MAb and an anti-His MAb, respectively. Nuclei were stained with DAPI

(blue).

Figure 2. Soluble Vpr inhibits KSHV lytic replication in PEL cells.
(A). Effect of soluble Vpr on the production of KSHV virions. Supernatants from BC3 cells
and BCBL-1 cells incubated with PBS or 0, 1, 10, 50, 100, and 200 ng/ml soluble Vpr for 24

h were treated with DNase to eliminate unspecific attachment of DNA. Virion DNA was
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extracted and quantified by real-time DNA-PCR. The viral copy number was normalized to
the PBS group as control. Results shown are a representative experiment of three
independent experiments with similar results. Each experiment contains four technical
replicates. * P <0.05 and ** P <0.01 by Student’s t test. n.s, not significant.

(B). Effect of soluble Vpr on the expression of KSHV lytic proteins. Western blot was
performed to detect the expression of KSHV lytic proteins RTA, ORF65 and vIL-6, and
latent protein LANA in BC3 or BCBL-1 cells incubated with PBS or 50 ng/ml soluble Vpr for
6, 24, 48 and 72 h. The relative intensities of the bands were quantified and normalized to
house-keeping protein B-tubulin. The values are labeled under the protein bands. The
relative values of proteins in the PBS group was set as “1” for comparison.

(C). Effect of soluble Vpr on the expression of KSHV mRNAs. RT-gPCRs were performed to
detect the expression of KSHV Iytic transcripts ORF21, ORF57, ORF59, PAN and ORF-K9,
and latent transcript LANA in BC3 cells (left panel) and BCBL-1 cells (right panel) treated as
described in (B). Results shown are from a representative experiment of three independent

experiments with similar results, each experiment containing four technical replicates.

Figure 3. Soluble Vpr activates the NF-kB signaling pathway in PEL cells.

(A). Effect of soluble Vpr on the expression of [kBo and KSHV lytic protein vIL-6 in PEL cells.

Western blot was performed to detect the expression of [kBa and KSHV vIL-6 in BC3 cells
and BCBL-1 cells incubated with PBS or soluble Vpr for 24, 48 and 72 h.

(B). Effect of soluble Vpr on the expression and nuclear translocation of NF-kB p65 in BC3
cells observed by confocal microscopy. BC3 cells were incubated with PBS or soluble Vpr

for 72 h and then stained for NF-xB p65 (red) and nuclei (blue) with an anti-p65 MAb and
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DAPI, respectively.

(C). Effect of soluble Vpr on NF-kB p65-DNA binding activity detected by ELISA in PEL cells.

Nuclear proteins extracted from BC3 cells and BCBL-1 cells incubated with PBS or soluble
Vpr for 72 h were examined in ELISA. Competitive oligonucleotide (Comp.) was used as a
negative control. Data represent mean *+ SEM determined from three independent
experiments (n = 3), each with three technical replicates. *** P < 0.001 by Student’s t test
versus the PBS group, while # P < 0.01 and ** P < 0.001 by Student’s t test versus the
Soluble Vpr group, respectively.

(D). Effect of soluble Vpr on NF-xB activity detected by luciferase reporter assay in PEL
cells treated as described in (C). Data represent mean + SEM determined from three
independent experiments (n = 3), each with four technical replicates. * P < 0.05 and ** P <

0.01 by Student’s t test.

Figure 4. The NF-kB signaling pathway mediates soluble Vpr inhibition of in KSHV
lytic replication.

(A). Effect of lentiviral IkBa-DN transduction on Vpr inhibition of KSHYV lytic protein vIL-6 in
PEL cells. Western blot was performed to detect the expression of [kBa and KSHV vIL-6 in
BC3 cells and BCBL-1 cells incubated with PBS (PBS) or soluble Vpr (soluble Vpr) and
transduced with lentiviral IkBo-DN (IkBa-DN) or the empty control (pCDH) for 72 h.

(B). Effect of lentiviral IxBa-DN transduction on the expression and nuclear translocation of
NF-kB p65 in Vpr treated BC3 cells observed by confocal microscopy. BC3 cells treated as
described in (A) were stained for NF-kB p65 (red) and nuclei (blue) with anti-p65 MAb and

DAPI, respectively.
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(C). Effect of lentiviral 1xBa-DN transduction on NF-xkB p65-DNA binding activity in Vpr
treated PEL cells detected by ELISA. Nuclear proteins extracted from BC3 cells and

BCBL-1 cells treated as described in (A) were examined by ELISA. Data represent mean +

SEM determined from three independent experiments (n = 3), each with three technical

replicates. ** P < 0.01 and *** P < 0.001 by Student’s t test versus the PBS + pCDH group,

# P <0.01 and " P < 0.001 by Student’s t test versus the Soluble Vpr + pCDH group, and

% p < 0.01 by Student's t test versus the PBS + pCDH group, respectively.

(D). Effect of lentiviral 1kBa-DN transduction on NF-xB activity detected by luciferase
reporter assay in PEL cells treated as described in (A). Data represent mean + SEM

determined from three independent experiments (n = 3), each with four technical replicates.

* P < 0.01 and # P < 0.01 by Student’s t test versus the PBS + pCDH group and the
Soluble Vpr + pCDH group, respectively.

(E). Effect of lentiviral IkBa-DN transduction on the production of KSHV virions in Vpr
treated PEL cells. Supernatants from BC3 cells and BCBL-1 cells treated as described in (A)
for 24, 48 and 72 h were extracted for virion DNA quantification by real-time DNA-PCR.

Results shown are a representative experiment of three independent experiments with

similar results, each with four technical replicates. * P < 0.05, ** P < 0.01 and *** P < 0.001

by Student’s t test versus the PBS + pCDH group, while # P < 0.01 and ** P < 0.001 by
Student’s t test versus the Soluble Vpr + pCDH group, respectively.

(F). Effect of lentiviral IkBa-DN transduction on the expression of KSHV Iytic mRNAs in Vpr
treated PEL cells. RT-gPCRs were performed to detect the expression of KSHV lytic
transcripts ORF21, ORF57, ORF59, PAN and ORF-K9 in BC3 cells treated as described in

(E). Results shown are a representative experiment of three independent experiments with
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similar results, each with four technical replicates. * P < 0.05 and ** P < 0.01 by Student’s t
test versus the PBS + pCDH group, while # P < 0.05, *# P < 0.01 and " P < 0.001 by
Student’s t test versus the Soluble Vpr + pCDH group, respectively.

(G). Effect of an anti-Vpr antibody on soluble Vpr inhibition of KSHV virion production in
BC-3 and BCBL-1 cells incubated with PBS or soluble Vpr in the presence of goat IgG
(Contr. IgG) or an anti-Vpr antibody (pAb-Vpr), respectively. Supernatants from BC3 cells
and BCBL-1 cells treated for 24 and 72 h were extracted for virion DNA quantification by
real-time DNA-PCR. Results shown are a representative experiment of three independent
experiments with similar results, each with four technical replicates. ** P < 0.01 and *** P <
0.001 by Student's t test versus the PBS + Contr. IgG group, while * P < 0.01 and *#* p <

0.001 by Student’s t test versus the Soluble Vpr + Contr. IgG group, respectively.

Figure 5. Identification of miR-942-5p that targets IxBa 3’UTR.

(A). Heat map representation of six microRNAs differentially induced in BC3 cells incubated
with PBS (PBS) or soluble Vpr (sVpr) for 72 h. The expression levels of miRNAs were
examined with miRNA microarrays. The experiments were performed with two technical
replicates and data represented as means. The color scale from green to red represents
low to high expression intensity of miRNAs.

(B). Verification of six microRNAs identified by miRNA microarray screen by luciferase
reporter assay. Mimics of miRNAs (10 nM) as predicted in (A) or miRNA negative control
(Neg. Ctrl.) were co-transfected with pGL3-l1kBa 3'UTR luciferase reporter into HEK293T
cells for luciferase reporter assay. Data represent the mean + SEM from three independent

experiments (n = 3), each with three technical replicates. * P < 0.05 and ** P < 0.01 by
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Student’s t test; n.s, not significant.

(C). Effect of six microRNAs identified by miRNA microarray screen on the expression of
endogenous IkBa in BC3 cells transfected with mimics of miRNAs (20 nM) as predicted in
(A) or miRNA negative control (Neg. Ctrl.) for 24 h.

(D). Effect of miR-942-5p on the reporter activity of the pGL-3-IkBa 3'UTR and the control
reporter pGL3-Control. HEK293T cells were transfected with miR-942-5p (miR-942-5p)
mimics (10 nM) or miRNA negative control (Neg. Ctrl.) along with pGL3-Control or pGL-3-
IkBa 3'UTR reporter plasmid for 24 h. Data represent the mean + SEM from three
independent experiments (n = 3), each with four technical replicates. * P < 0.05 by
Student’s t test versus the Neg. Ctrl. group. n.s, not significant.

(E). Expression of miR-942-5p detected by RT-gPCR in BC3 cells and BCBL-1 cells
incubated with PBS or soluble Vpr for 24 h. Data represent the mean + SEM from three
independent experiments (n = 3), each with four technical replicates. * P <0.05 by Student’s
t test versus the PBS group.

(F). Dose-dependent luciferase reporter assay in HEK293T cells transfected with
miR-942-5p mimics (10, 20 and 50 nM) or a negative control (Neg. Ctrl.) along with
pGL-3-IkBa 3'UTR reporter plasmid for 24 h. Data represent the mean + SEM from three
independent experiments (n = 3), each with three technical replicates. * P < 0.05, ** P <
0.01 and *** P < 0.001 by Student’s t test versus the Neg. Ctrl. group.

(G). Dose-dependent Western blot for endogenous IkBo in BC3 cells transfected with
miR-942-5p mimics (10 and 20 nM) or a negative control (Neg. Ctrl.) for 24 h.

(H). Dose-dependent Western blot for endogenous IkBa in BC3 cells transfected with

miR-942-5p inhibitor (10 and 20 nM) or a negative control (Scr. Ctrl.) for 24 h.
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(). Schematic illustration of the putative seed sequences of miR-942-5p target in the 1xBa
3'UTR. Binding sites are marked in red, while mutated nucleotides are marked in blue.

(J). Effect of seed mutation in miR-942-5p or the putative miR-942-5p binding site in the
IkBa 3'UTR on the reporter activity. IxBa 3'UTR wild type (WT IxBa) was co-transfected with
miRNA mimic negative control (Neg. Ctrl.), natural (miR-942) or mutant miR-942-5p (mut
miR-942) into HEK293T cells for 24 h, while mutant IkBa 3'UTR construct (mut IkBa) was
also co-transfected with miRNA mimic negative control (Neg. Ctrl.), natural (miR-942) or
mutant miR-942-5p (mut miR-942). Data represent the mean + SEM from three
independent experiments (n = 3), each with four technical replicates. * P < 0.05 by
Student’s t-test versus the Neg. Ctrl. plus WT IkBa group. n.s, not significant.

(K). Effect of natural and mutant miR-942-5p on the expression of endogenous IkBa in BC3
cells transfected with miR-891a-5p mimics (20 nM), miR-891a-5p mutant and a negative

control (Neg. Ctrl.) for 24 h.

Figure 6. Inhibition of miR-942-5p inactivates the NF-kB signaling pathway and
disrupts KSHV latency in PEL cells.

(A). Effect of the miR-942-5p inhibitor on the expression of 1kBa and KSHV lytic protein
ORF65 in Vpr treated PEL cells. Western blot was performed to detect the expression of
IkBa and KSHV ORF65 in BC3 cells and BCBL-1 cells incubated with PBS (PBS) or soluble
Vpr (Soluble Vpr) and transfected with miR-942-5p inhibitor (miR-942-5p inhibitor) or a
negative control (Scr. Ctrl.) for 72 h. The relative values of proteins in the PBS plus Scr.
Ctrl. group was set as “1” for comparison.

(B). Effect of the miR-942-5p inhibitor on the expression and nuclear translocation of NF-xB
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p65 in Vpr-treated PEL cells observed by confocal microscopy. BC3 cells treated as
described in (A) were stained for NF-xB p65 (red) and nuclei (blue) with an anti-p65 MAb
and DAPI, respectively.

(C). Effect of the miR-942-5p inhibitor on NF-xB activity detected by luciferase reporter
assay in PEL cells treated as described in (A). Data represent mean + SEM determined
from three independent experiments (n = 3), each with four technical replicates. ** P < 0.01
by Student’s t test versus the PBS + Scr. Ctrl. group, while * P < 0.05 and # P < 0.01 by
Student’s t test versus the sVpr + Scr. Ctrl. group, respectively.

(D). Effect of the miR-942-5p inhibitor on the production of KSHV virions in Vpr-treated PEL
cells. Supernatants from BC3 cells and BCBL-1 cells treated as described in (A) for 24, 48
and 72 h were extracted for virion DNA quantification by real-time DNA-PCR. Results
shown are a representative experiment of three independent experiments with similar
results, each with four technical replicates. ** P < 0.01 and *** P < 0.001 by Student’s t test
versus the PBS + Scr. Ctrl. group, while # P < 0.05, ¥ P < 0.01 and * P < 0.001 by
Student’s t test versus the sVpr + Scr. Ctrl. group, respectively.

(E). Effect of the miR-942-5p inhibitor on the expression of KSHV Ilytic mRNAs in
Vpr-treated PEL cells. RT-gPCRs were performed to detect the expression of KSHV Iytic
transcripts, ORF21, ORF57, ORF59, PAN and K9 in BC3 cells treated as described in (D).
Results shown are a representative experiment of three independent experiments with
similar results, each with four technical replicates. * P < 0.05 and ** P < 0.01 by Student’s t
test versus the PBS + Scr. Ctrl. group, while * P < 0.05, # P < 0.01 and ** P < 0.001 by

Student’s t test versus the sVpr + Scr. Ctrl. group, respectively.
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Figure 7. Overexpression of miR-942-5p activates the NF-kB signaling pathway and
inhibits KSHV lytic replication in PEL cells.

(A). Effect of miR-942-5p mimic on the expression of IkBa and KSHYV Iytic protein ORF65 in
Vpr-treated PEL cells. Western blot was performed to detect the expression of IkBa and
KSHV ORF65 in BC3 cells and BCBL-1 cells incubated with PBS (PBS) or soluble Vpr
(Soluble Vpr) and transfected with miR-942-5p mimic (miR-942-5p mimic) or a negative
control (Neg. Ctrl.) for 72 h. The relative values of proteins in the PBS plus Neg. Ctrl. group
was set as “1” for comparison.

(B). Effect of miR-942-5p mimic on NF-«xB activity detected by luciferase reporter assay in
PEL cells treated as described in (A). Data represent mean + SEM determined from three
independent experiments (n = 3), each with four technical replicates. ** P < 0.01 and *** P <
0.001 by Student’s t test versus the PBS + Neg. Ctrl. group, while # P < 0.05 by Student’s t
test versus the sVpr + Neg. Ctrl. group, respectively.

(C). Effect of miR-942-5p mimic on the production of KSHV virions in Vpr-treated PEL cells.
Supernatants from BC3 cells and BCBL-1 cells treated as described in (A) for 24, 48 and 72
h were extracted for virion DNA quantification by real-time DNA-PCR. Results shown are a
representative experiment of three independent experiments with similar results, each with
four technical replicates. ** P < 0.01 and *** P < 0.001 by Student’s t test versus the PBS +
Neg. Ctrl. group, while * P < 0.05 by Student’s t test versus the sVpr + Neg. Ctrl. group,
respectively.

(D). Effect of miR-942-5p mimic on the expression of KSHV lytic mMRNAs in Vpr-treated PEL
cells. RT-gPCRs were performed to detect the expression of KSHV lytic transcripts ORF21,

ORF57, ORF59, PAN and ORF-K9 in BC3 cells treated as described in (C). Results shown
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are a representative experiment of three independent experiments with similar results, each
with four technical replicates. * P < 0.05 and ** P < 0.01 by Student’s t test versus the PBS
+ Neg. Ctrl. group, while * P < 0.05 and # P < 0.01 by Student’s t test versus the sVpr +

Neg. Ctrl. group, respectively.

Figure 8. MiR-942-5p inhibits KSHV lytic replication by targeting IxBa.

(A). Effect of the miR-942-5p inhibitor on the expression of IkBo and KSHV lytic protein
ORF65 in PEL cells. Western blot was performed to detect the expression of IkBa and
KSHV ORF65 in BC3 cells and BCBL-1 cells transfected with miR-942-5p inhibitor
(miR-942-5p inhibitor) or a negative control (Scr. Ctrl.) for 72 h. The relative values of
proteins in the Scr. Ctrl. group was set as “1” for comparison.

(B). Effect of the miR-942-5p inhibitor on the production of KSHV virions in PEL cells.
Supernatants from BC3 cells and BCBL-1 cells treated as described in (A) for 24 and 72 h
were extracted for virion DNA quantification by real-time DNA-PCR. Results shown are a
representative experiment of three independent experiments with similar results, each with
four technical replicates. ** P < 0.01 and *** P < 0.001 by Student’s t test versus the Scr.
Ctrl. group.

(C). Effect of miR-942-5p mimic on the expression of IkBa and KSHV lytic protein ORF65 in
PEL cells. Western blot was performed to detect the expression of IkBa and KSHV ORF65
in BC3 cells and BCBL-1 cells transfected with miR-942-5p mimic (miR-942-5p mimic) or a
negative control (Neg. Ctrl.) for 72 h. The relative values of proteins in the Neg. Ctrl. group
was set as “1” for comparison.

(D). Effect of miR-942-5p mimic on the production of KSHV virions in PEL cells.
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Supernatants from BC3 cells and BCBL-1 cells treated as described in (C) for 24 and 72 h
were extracted for virion DNA quantification by real-time DNA-PCR. Results shown are a
representative experiment of three independent experiments with similar results, each with
four technical replicates. * P < 0.05, ** P < 0.01 and *** P < 0.001 by Student’s t test versus

the Neg. Ctrl. group.
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1021

1022 Table 1. Primers for RT-gPCR detection of KSHV genes

Gene Primer

KSHV ORF21 F, 5- CGT AGC CGA CGC GGA TAA -3

R, 5-TGC CTG TAG ATT TCG GTC CAC -3’

KSHV ORF57 F,5-TGG CGA GGT CAAGCT TAACTT C -3’
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R, 5-CCC CTG GCC TGT AGT ATT CCA -3

KSHV ORF59 F,5-TTG GCA CTC CAA CGA AAT ATT AGAA -3

R, 5-CGG GAACCT TTT GCG AAG A -3

KSHV PAN F,5-GCC GCT TCT GGT TTT CAT TG -8
R, 5-TTG CCA AAA GCG ACG CA -3
KSHV K9 F,5-GTC TCT GCG CCATTC AAAAC -3

R, 5- CCG GAC ACG ACA ACT AAG AA -3

KSHV LANA F,5- CCGAGGACGAAATGGAAG TG -3
R, 5- GGT GAT GTT CTG AGT ACATAG CGG -3
B-actin F,5-TTG CCG ACA GGATGC AGAAGGA -3

R, 5- AGG TGG ACA GCG AGG CCAGGAT -3

Journal of Virology

1023 F, forward; R, reverse.
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