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Abstract: Kaposi’s Sarcoma-associated Herpesvirus (KSHV) is the etiologic agent of several human cancers, in-
cluding Kaposi’'s Sarcoma (KS) and Primary Effusion Lymphoma (PEL), which preferentially arise in immunocom-
promised patients and lack of effective therapeutic options. Increasing evidence has supported that many natural
products from plants or other resources display anticancer activities, whereas only limited data reported them in the
treatment of KSHV-related malignancies. In the current study, we identified 7 natural compounds displaying promi-
nent anti-KS and anti-PEL activities after high-throughput screening of a natural compound library on TIVE-LTC and
BCBL-1 cell lines, respectively. Remarkably, most of these compounds showed much less or no toxicity on normal
cells. Some of these natural compounds effectively repress PEL expansion in vivo. RNA-Sequencing and functional
validation assays revealed the anticancer mechanisms of these new compounds, and identified new cellular factors
such as FN1 which is required for PEL survival and growth. Taken together, our study provides promising new direc-
tions for fighting these virus-associated malignancies.
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Introduction

Approximately 20% of human cancers have
been attributed to viral infections, such
as Kaposi’s Sarcoma-associated Herpesvirus
(KSHYV, also named as Human Herpesvirus 8,
HHV-8) [1]. Like other herpesviruses, KSHV can
also establish lifetime infection in host cells.
KSHV has two life-phases: a latent phase with a
limited number of genes expressed and a lytic
phase with most viral genes expressed that
ultimately produces infectious virions [1]. In
more than 90% of KSHV-infected host cells, the
virus exists in the latency stage. However, no
drugs are currently available to prevent KSHV
infection, and current antiviral drugs are inef-
fective on viral latent infection. KSHV repre-
sents a principal causative agent of several
cancers arising in patients with compromised
immune systems, especially Kaposi's Sarcoma
(KS) and Primary Effusion Lymphoma (PEL) [2,
3]. KS consist of spindle cells (the tumor cell
with endothelial derivatives), a proliferation of
abnormal and leaky vessels and extravasated

red blood cells with hemosiderin deposits [2]. A
prominent inflammatory infiltrate is also pres-
ent early in the development of these lesions.
Clinically, lesions have been described as
patch, plaque, nodule and tumor stages, with
individual patients often displaying different
types of lesions. AIDS-associated KS (AIDS-KS)
can present as an aggressive disseminated dis-
ease affecting skin, lymph nodes and visceral
organs. Despite the reduced incidence of KS in
the era of combined Antiretroviral Therapy
(cART) for HIV infection, KS still remains the
most common AlDS-associated tumor and a
leading cause of morbidity and mortality in this
setting [4, B]. Further, a longitudinal study con-
ducted among solid organ transplant recipients
in US reported 15% of KSHV seropositivity in
this population [6]. Transplant recipients who
develop primary KSHV infection after transplan-
tation have a relatively high probability of devel-
oping KSHV-related malignancies, especially
KS [7], which is likely associated with the inten-
sity of immunosuppressive treatment post-
transplantation [8]. Another KSHV-caused ma-
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lignancy, PEL, comprises transformed B cells
harboring KSHV and arises preferentially within
the pleural or peritoneal cavities of immuno-
suppressed patients [3]. PEL is a rapidly pro-
gressing malignancy with a median survival
time of approximately 6 months, even under
combinational chemotherapy [9]. Therefore,
KSHV-induced malignancies still represent a
serious threat to immunosuppressed patients
due to the lack of effective therapies.

Currently, the combinational chemotherapy
represents standard treatment of patients
with KSHV-related malignancies. However, the
myelosuppressive effects of systemic cytotoxic
chemotherapy synergize with those caused by
antiretroviral therapy or immune suppression
[10, 11]. For example, the doxorubicin-induced
cardiotoxicity has now become a serious th-
reat to many cancer patients including KS or
PEL patients [12-14]. Moreover, KSHV-infected
tumor cells also have developed varied strate-
gies for multidrug chemoresistance, discovered
by us and other groups [15-17].

Increasing evidence has supported that many
natural products from plants or other resou-
rces display anticancer activities, or enhance
the efficacy of chemotherapy and other treat-
ments while not affecting normal cells [18-20].
Additionally, many natural products display
good antiviral activities as well. In contrast,
there are few data reported natural products
against KSHV-related malignancies especially
the studies from high-throughput screening. In
the current study, we identified 7 natural com-
pounds displaying prominent anti-KS and anti-
PEL activities after high-throughput screening
of a Selleck compound library containing 756
natural compounds on TIVE-LTC and BCBL-1
cell lines, respectively. Remarkably, most of
these compounds showed much less or no tox-
icity on normal cells. Some of these new natu-
ral compounds dramatically repressed PEL
expansion in xenograft mice models. RNA-
Sequencing and functional validation assays
revealed the anticancer mechanisms of these
new compounds, and identified new cellular
factors such as Fibronectin 1 (FN1) which is
required for PEL survival and growth. Taken
together, our study provides promising new
directions for fighting these virus-associated
malignancies.
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Materials and methods
Cell culture and reagents

BCBL-1 cells were kindly provided by Dr. Ping-
hui Feng (University of Southern California).
KSHV long-term-infected telomerase-immortal-
ized endothelial cells (TIVE-LTC) were kindly pro-
vided by Dr. Rolf Renne (University of Florida).
Primary human umbilical vein endothelial cells
(HUVEC) were purchased from American Type
Culture Collection (ATCC), and cultured as rec-
ommended by the manufacturer. All experi-
ments were carried out using cells harvested at
low (< 20) passages. A compound library con-
sisting of 756 natural products was purchased
from Selleck Chemicals, USA.

High-throughput screening

BCBL-1 or TIVE-LTC (1 x 10* cells/well) were
seeded into 96-well plates for 24 h, then the
natural product compounds were added into
the wells at a final concentration of 10 uyM for
an additional 72-h treatment. The cytotoxicity
against tumor cells was measured using the
WST-1 cell proliferation assays (Roche). Briefly,
after the period of treatment of cells, 10 uL/
well of cell proliferation reagent, WST-1 (4-[3-
(4-lodophenyl)-2-(4-nitro-phenyl)-2H-5-tetrazo-
lio]-1,3-benzene disulfonate), was added and
incubated for 3 h at 37°C in 5% CO,,. The absor-
bance of samples was measured by using a
microplate reader at 490 nm. Data was normal-
ized as the inhibition relative to the DMSO
control.

Cell cycle assay

For cell cycle analysis, PEL cell pellets were
fixed in 70% ethanol, and incubated at 4°C
overnight. Cell pellets were re-suspended in
0.5 mL of 0.05 mg/mL PI plus 0.2 mg/mL
RNaseA and incubated at 37°C for 30 min prior
to FACS analysis.

Soft agar assays

Anchorage-independent growth of the tumor
cells was assessed using soft agar assays.
Briefly, a base layer containing 0.5% agar medi-
um and 10% FBS was poured into six-well
plates. Then, 2,000 cells were mixed with com-
pounds and 0.35% agarose in medium contain-
ing 10% FBS to form a single-cell suspension.
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After being seeded, the plates were incubated
for 4-5 weeks. Colonies were stained with
0.005% crystal violet and photographed under
a ChemiDoc Imaging system (Bio-Rad).

PEL xenograft models

NOD/SCID mice, 6-8-week old, male (Jackson
Laboratory), 1 x 107 BCBL-1 cells in 200 uL
RMPI-1640 without FBS were injected intraper-
itoneally (i.p.) and then mice were randomized
into treatment groups of 6 mice as described
previously [21]. Fangchinoline (25 mg/kg),
Mycophenolic acid (25 mg/kg), 4-Demethyl-
podophyllotoxin (20 mg/kg) or vehicle were
administered i.p. initially at 48 h after BCBL-1
injections, twice a week for ~4 weeks. Weights
were recorded weekly as a surrogate measure
of tumor progression. All protocols were app-
roved by the University of Arkansas for Medical
Sciences Animal Care and Use Committee (No.
3960) in accordance with national guidelines.

RNA-sequencing and enrichment analysis

RNA-Sequencing of triplicate samples was per-
formed by BGI Americas Corporation using their
unique DNBSEQ™ sequencing technology. Raw
sequencing reads were analyzed using the
RSEM software (version 1.3.0; human GRCh38
genome sequence and annotation) and gene
expression was quantified as previously des-
cribed [22]. The EBSeq software was utilized to
call differentially expressed genes that were
statistically significant using a false discovery
rate (FDR) less than 0.05. Differentially ex-
pressed genes between natural compounds-
and vehicle-treated PEL cells were used as
input for the GO_enrichment analyses.

RNA interference (RNAi)

For RNAi assays, FN1 On-Target plus SMARTpool
small interfering RNA (siRNA; Dharmacon) or
negative control siRNA were delivered using the
DharmaFECT transfection reagent as recom-
mended by the manufacturer.

Western blot

Total cell lysates (20 pg) were resolved by
10% SDS-PAGE, transferred to nitrocellulose
membranes, and immunoblotted with antibod-
ies to phosphor (p)-PI3K/total (t)-PI3K, p-Akt/t-
Akt and Tubulin as a loading control (Cell
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Signaling). Immunoreactive bands were identi-
fied using an enhanced chemiluminescence
reaction (Perkin-Elmer), and visualized by
autoradiography.

RT-gPCR

Total RNA was isolated by using the RNeasy
Mini kit (Qiagen), and cDNA was synthesized
using a SuperScript Il First-Strand Synthesis
SuperMix Kit (Invitrogen). Specific primers used
for amplification of individual target gene were
listed in Table S1. The amplification was carried
out using an iCycler IQ Real-Time PCR Detection
System, and cycle threshold (Ct) values were
tabulated in triplicate for each gene of interest
in each experiment. “No template” (water) con-
trols were used to ensure minimal background
contamination. Using mean Ct values tabulated
for each gene, and the paired Ct values for
B-actin gene as a loading control, the fold
changes for experimental groups relative to
assigned control groups were calculated by
using automated iQ5 2.0 software (Bio-rad).

Statistical analysis

Significant differences between experimental
and control groups were determined using the
two-tailed Student’s t-test. The 50% Cytotoxicity
Concentrations (CC, ) were calculated from the
dose-response curves using GraphPad Prism
10.

Results

High-throughput screening and identification
of new natural compounds displaying anti-PEL
and anti-KS activities

Two KSHV+ tumor cell lines, BCBL-1 and TIVE-
LTC, were used for our initial screening assays.
After screening a chemical library containing
756 natural products, we found 36 (on BCBL-1)
and 32 (on TIVE-LTC) compounds induced
prominent cytotoxicity (> 60%) at 10 uM con-
centration (Figure 1A, 1B). After searching pub-
lished literature, we excluded those compounds
with known anticancer activities. After calculat-
ing the 50% Cytotoxicity Concentrations (CC, )
using drug-killing curves on KSHV+ tumor cell
lines and cross-analysis, we identified 15 com-
pounds with CC_, < 5 pM on both BCBL-1 and
TIVE-LTC (Figure 1C). After calculating selective
index (SI, CC,, of HUVEC normal cells/CC_, of
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Figure 1. High-throughput screening and identification of new natural compounds against KSHV+ tumor cells. A
and B. Primary screening results of 756 natural compounds against BCBL-1 or TIVE-LTC, which were arranged in
order of inhibition rate. The natural compounds in source plates were delivered at 10 uM (final concentration) to
96-well plates seeded with BCBL-1 or TIVE-LTC for 72 h treatment, then cell proliferation was examined using the
WST-1 cell proliferation assays (Roche). C. Diagrams of high-throughput drug screening and identification of final

hits compounds.

Table 1. Final 7 hits natural compounds displaying effective anti-KSHV related malignancies activities

CCy (M)’ .
Compounds CAS Putative Targets
BCBL-1 TIVE-LTC HUVEC
Mycophenolic acid 24280-93-1 0.2763 2.319 247 A potent IMPDH inhibitor used to prevent rejection in organ
transplantation.
Combretastatin A4 117048-59-6 < 0.0046 <0.0046 >10 A microtubule-targeting agent that binds B-tubulin.
4’-Demethylpodophyllotoxin 40505-27-9  0.1093 0.1062 >30 Unknown, remarkable cytotoxic potential in diverse cancer cell.
4’-Demethylepipodophyllotoxin ~ 6559-91-7 1.5 0.195 >30 A potent inhibitor of microtubule assembly.
Fangchinoline 33889-68-8 4.037 6.65 >30 A HIV-1inhibitor, inhibiting autophagosomes-lysosomes fusion
and PI3K.
Protodioscin 55056-80-9 2.846 2.571 20 Targeting the testosterone receptors to induce testosterone
production.
Chaetocin 28097-03-2 <0.0046 <0.0046 0.024 A histone methyltransferase inhibitor.

® CC,, represents the 50% cytotoxic concentration determined by the WST-1 cell proliferation assay (Roche).

KSHV+ tumor cells), we ultimately identified 7
hits compounds whose Sl is above 5. These
compounds include Mycophenolic acid, Com-
bretastatin A4, 4’-Demethylepipodophylloto-
xin, 4’-Demethylpodophyllotoxin, Fangchinoline,
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Protodioscin and Chaetocin. Notably, all of the
7 natural compounds showed low or no cytotox-
icity on HUVEC, making them highly selective
towards KSHV+ tumor cells and suitable for
drug development (Table 1).
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Figure 2. The new natural compounds effectively inhibit anchorage-independent growth of KSHV+ tumor cells. The
inhibition of BCBL-1 and TIVE-LTC anchorage-independent growth by new natural compounds at their 0050 concen-
trations was tested using soft agar assays as described in Methods.
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Figure 3. The new natural compounds treatments effectively repress PEL tumor progression in vivo. A. NOD/SCID
mice (6 mice for each group) were injected i.p. with BCBL-1 cells. 48 h later, the Fangchinoline (25 mg/kg), Mycophe-
nolic acid (25 mg/kg), 4’-Demethylpodophyllotoxin (20 mg/kg) or vehicle were administered i.p., twice a week for
~4 weeks, and weights were recorded weekly. B and C. At the end of the treatment period, the mice were sacrificed
and spleens were collected for comparison. Error bars represent SEM for 6 mice from the same group, ** = P <

0.01 (vs the vehicle control).

By using the soft agar assays, we observed
all of the 7 natural compounds treatments
dramatically inhibited anchorage-independent
growth of BCBL-1 and TIVE-LTC, respectively, at
their CC,, concentrations. Compared to the
vehicle control, these natural compounds treat-
ments caused much smaller and fewer colony
formation, some only having cell debris left
after treatments (Figure 2).

The new natural compounds effectively re-
press PEL cell growth in vivo

To assess in vivo efficacy of our new natu-
ral compounds, we tested 3 of these com-
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pounds, Fangchinoline, Mycophenolic acid and
4’-Demethylpodophyllotoxin in an established
PEL xenograft model wherein BCBL-1 cells were
introduced into the peritoneal cavity of NOD/
SCID mice [21]. We administered the natural
compounds or vehicle i.p. within 48 hours of
BCBL-1 injection and for about 4 weeks of treat-
ment. All of the 3 natural compounds treat-
ments dramatically suppressed PEL tumor pro-
gression over this timeframe when compared
to the vehicle treated group (Figure 3A). The
splenomegaly represents one of major indica-
tors for lymphoma expansion in mice. After col-
lecting spleens from sacrificed mice at the end
of experiments, we found that all of the 3 natu-
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Figure 4. Transcriptome analysis of new natural compounds treated PEL cells. A. RNA-Sequencing was used to
investigate changes in the transcriptome between natural compounds (Fangchinoline, Mycophenolic acid, 4’-De-
methylpodophyllotoxin) and vehicle treated BCBL-1 cells. The significantly changed genes (FDR < 0.05) were shown
in the Volcano plot panels. B and C. The heat maps showed commonly changed cellular genes by all of the 3 natural
compounds in BCBL-1. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of commonly changed

cellular genes in BCBL-1.

ral compounds treated mice had much smaller
spleen than those vehicle treated mice (Figure
3B, 3C). In addition, we almost do not observe
ascites formation in all of the 3 natural com-
pounds treated mice when compared to the
vehicle treated group. These data together
demonstrate satisfied in vivo efficacy of our
new natural compounds against KSHV-related
malignancies.

Transcriptomic analysis of gene profiling in PEL
cells altered by new natural compounds

To determine the global cellular changes
induced by these natural compounds, we com-
pared the gene profiles of vehicle- to natural
compound-treated BCBL-1 cells (Fangchinoline,
Mycophenolic acid and 4’-Demethylpodophyllo-
toxin, respectively) by using RNA-Sequencing
analyses. The volcano plots showed the scat-
tering of genes which were significantly up-
regulated or downregulated (FDR < 0.05) in
natural compounds treated BCBL-1: 156 upreg-
ulated and 19 downregulated by Fangchinoline;
77 upregulated and 82 downregulated by
Mycophenolic acid; 336 upregulated and 210
downregulated by 4’-Demethylpodophyllotoxin
(Figure 4A and Supplemental Data). After inter-
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section analysis, the heat map indicated total 6
genes commonly changed (CHAC1, DDIT3, FN1,
JUN, MALATZ1, SCD) in BCBL-1 treated by all of
the 3 natural compounds (Figure 4B). The Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway analysis of these “common” genes
indicated that the top 5 pathways were affect-
ed, especially the pathways about Apoptosis
and Focal adhesion (Figure 4C), implying that
these “common” genes may have close asso-
ciation with PEL cell survival and patho-
genesis.

FN1 is required for the survival of KSHV+ tu-
mor cells

We hypothesize that certain gene candidates
(especially those changed by multiple natural
compounds) identified from RNA-Sequencing
analysis are potentially related to KSHV+ tumor
cell survival and pathogenesis. Here we select-
ed Fibronectin 1 (FN1), one of “common” genes
downregulated by all of the 3 natural com-
pounds for understanding its role in PEL cell
survival. As a member of the FN family, FN1 is
involved in a variety of cellular processes and in
diseases such as cancer, arthritis and athero-
sclerosis [23]. Furthermore, one recent study
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Figure 5. FN1 is required for the survival of KSHV+ tumor cells. A-D. BCBL-1 cells were transfected with FN1-siRNA
or non-target control siRNA (n-siRNA) for 72 h, then the cell proliferation, gene transcription, cell cycle and protein
expression were measured by using the WST-1 assays, RT-qPCR, flow cytometry and Western blot analysis, respec-
tively. Error bars represent S.D. for 3 independent experiments, * = P < 0.05, ** = P < 0.01 (vs the n-siRNA control).

reported that silencing of the FN1 gene in
human glioma cells inhibited cell proliferation,
promoted cell apoptosis and senescence, and
reduced cell migration and invasion through
the disruption of the PI3K-Akt signaling path-
way [24]. Our data demonstrated that direct
knockdown of FN1 by RNAi dramatically
reduced cell viability of BCBL-1 (Figure 5A, 5B),
through causing cell cycle arrest especially at
G2/M phase (Figure 5C). To further explore the
downstream signaling of FN1 in PEL cells, we
found that silencing FN1 downregulated the
activity of PI3K-Akt signaling (Figure 5D), which
is closely related to PEL cell survival and prolif-
eration [25]. Interestingly, we also found that
silencing FN1 partially reduced viral latent gene
(e.g., LANA) expression while increasing lytic
gene (e.g., RTA, ORF59) expression from BCBL-
1 cells (Figure S1).
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Discussion

Currently, KSHV-related malignancies are still
lacking of effective treatment options, while
our data indicate that natural compounds
may represent a promising strategy. Here we
have identified 7 natural compounds displaying
prominent anti-KS and anti-PEL activities after
high-throughput screening of a natural com-
pound library, which have never been reported
before. Remarkably, most of these compounds
show much less or no toxicity on normal cells.
Three of them, Fangchinoline, Mycophenolic
acid and 4’-Demethylpodophyllotoxin, also dis-
play satisfied efficacy in PEL xenograft models.
One of these natural compounds, Fangchino-
line, a bis-benzylisoquinoline alkaloid, has
recently been reported with anticancer acti-
vities in hepatocellular carcinoma, through

Am J Cancer Res 2025;15(5):2170-2179
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reducing inflammation-induced epithelial-mes-
enchymal transition (EMT) while inducing reac-
tive oxygen species (ROS) accumulation [26,
27]. Interestingly, another recent study has
reported that Fangchinoline effectively impedes
the replication of vesicular stomatitis virus
(VSV), encephalomyocarditis virus (EMCV),
influenza A virus (H1N1), and herpes simplex
virus-1 (HSV-1) in vitro [28]. Mechanistically,
Fangchinoline activates the antiviral response
in a STING (stimulator of interferon genes)-
dependent manner, leading to increased ex-
pression of interferon (IFN) and interferon-stim-
ulated genes (ISGs) for potent antiviral effects.
Therefore, we will examine whether Fangchino-
line treatment may also affect KSHV replication
in future study. Ma et al have identified six
KSHV-encoded proteins that inhibit the cGMP-
AMP synthase (cGAS)-STING DNA sensing path-
way including viral interferon regulatory factor 1
(VIRF1), which targets STING by preventing it
from interacting with TANK binding kinase 1
(TBK1), thereby inhibiting STING’s phosphoryla-
tion and concomitant activation [29].

The other two natural compounds we tested in
vivo, Mycophenolic acid and 4’-Demethylpo-
dophyllotoxin, also have been tried in cancer
treatment. For example, one recent study has
reported that Mycophenolic acid and its syn-
thesized analogues show potent anticancer
activities on a panel of osteosarcoma cancer
cell lines [30]. Another very recent study has
found that 4’-Demethylpodophyllotoxin exhibits
time- and dose-dependent growth inhibition on
colorectal cancer cell lines and tumor organ-
oids derived from patients, through targeting
the PI3K-Akt pathway [31]. However, in the cur-
rent study only three natural compounds were
validated in vivo, so the clinical potential of the
remaining natural compounds needs to be
explored in future study.

By using RNA-Sequencing analyses, we have
identified a subset of gene candidates which
are commonly changed by multiple natural
compounds in BCBL-1 cells. One of them,
Metastasis associated lung adenocarcinoma
transcript 1 (MALAT1), is upregulated in natural
compounds treated BCBL-1 cells. As one of the
first cancer-associated long non-coding RNAs
(IncRNAs) discovered, the aberrant expression
of MALAT1 has been found in different types of
cancers [32]. Although most studies report that
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upregulation of MALAT1 is related to cancer cell
malignant behaviors, there are a few studies
report that MALAT1 can act as a tumor sup-
pressor in some types of cancer. For example,
overexpression of MALAT1 suppresses breast
cancer metastasis in transgenic, xenograft,
and syngeneic models, through inactivation of
the prometastatic transcription factor TEAD,
preventing TEAD from associating with its co-
activator YAP and target gene promoters [33].
Han et al report that MALAT1 can suppress
the invasion and proliferation of the glioma
cells via downregulation of matrix metallopro-
teinase 2 (MMP2) and inactivation of mitogen-
activated protein kinase/extracellular signal-
regulated kinase (MAPK/ERK) signaling activi-
ties [34]. Therefore, we are interested to deter-
mine whether MALAT1 may have tumor-sup-
pressive functions in KSHV+ tumor cells, too.

Another gene candidate, FN1, is downregulated
in natural compounds treated BCBL-1 cells.
However, the functions of FN1 in KSHV+ tu-
mor cells remain almost unknown. Here we
found that silencing FN1 reduced BCBL-1 cell
viability but induced cell cycle arrest through
downregulation of PI3K-Akt signaling activities.
Interestingly, Ma et al have reported that FN1
overexpression is associated with EBV-encoded
latent membrane protein 1 (LMP1) expression
in tumor tissues, which has independent prog-
nostic value for nasopharyngeal carcinoma
(NPC), one of major EBV-related malignancies
[35]. Therefore, future studies will focus on
exploring FN1 immunoexpression status, and
its associations with clinicopathological vari-
ables and survival in the cohort of patients with
KSHV-related malignancies.
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Table S1. Primer sequences for RT-gPCR

Gene Sequences (5'—3’)

LANA Sense TCCCTCTACACTAAACCCAATA
Antisense TTGCTAATCTCGTTGTCCC

RTA Sense CACAAAAATGGCGCAAGATGA
Antisense TGGTAGAGTTGGGCCTTCAGTT

ORF59 Sense CGAGTCTTCGCAAAAGGTTC
Antisense AAGGGACCAACTGGTGTGAG

FN1 Sense ACAGGACGGACATCTTTG
Antisense TTCTGGTCGGCATCATAG

B-actin Sense GGAAATCGTGCGTGACATT

Antisense GACTCGTCATACTCCTGCTTG
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Figure S1. Targeting FN1 affects viral gene expression in KSHV+ tumor cells. BCBL-1 cells were transfected with
FN1-siRNA or non-target control siRNA (n-siRNA) for 72 h, then viral gene transcription was measured and quantified
by using the RT-gPCR assay. Error bars represent S.D. for 3 independent experiments, * = P < 0.05, ** = P < 0.01
(vs the n-siRNA control).



