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Abstract: Polygonum cuspidatum is widely used as a medicinal herb in Asia. In this study,
we examined the ethyl acetate subfraction F3 obtained from P. cuspidatum root and its
major component, emodin, for their capacity to inhibit the Epstein-Barr virus (EBV) lytic
cycle. The cell viability was determined by the MTT [3-(4,5-dimethyldiazol-2-yl)-2,5diphenyltetrazolium bromide] method. The expression of EBV lytic proteins was analyzed
by immunoblot, indirect immunofluorescence and flow cytometric assays. Real-time
quantitative PCR was used to assess the EBV DNA replication and the transcription of
lytic genes, including BRLF1 and BZLF1. Results showed that the F3 and its major
component emodin inhibit the transcription of EBV immediate early genes, the expression
of EBV lytic proteins, including Rta, Zta, and EA-D and reduces EBV DNA replication,
showing that F3 and emodin are potentially useful as an anti-EBV drug.
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1. Introduction
Epstein-Barr virus (EBV) is an oncogenic human herpesvirus, which infects lymphoid cells and
epithelial cells [1]. Although the infection is often asymptomatic, it causes infectious mononucleosis
and is associated with a number of human cancers, including Burkitt’s lymphoma [2], nasopharyngeal
carcinoma (NPC) [3], Hodgkin’s disease [4] and gastric carcinoma [5]. There are two stages of the
virus life cycle, the latent and lytic cycles. The reactivation of EBV from latency to the lytic cycle is
necessary for the virus to produce virions and establish infections [6,7]. At onset of the lytic cycle,
EBV expresses two transcription factors, Rta and Zta, which are transcribed from BRLF1 and BZLF1,
respectively [8]. These two proteins trigger an ordered cascade of the expression of viral lytic genes,
including that of BMRF1 and BALF5, which encoded diffused early antigen (EA-D) and DNA
polymerase [9]. After EBV DNA replication, late genes, such as those encoding virus capsid antigens
and membrane proteins, are expressed, followed by the production mature virions [10]. Some studies
have suggested that the EBV lytic cycle causes tumorigenesis by the induction of cytokines [11].
Moreover, EBV lytic proteins have been shown to contribute to human pathology, such as Zta, suggested
to induce the production of several oncogenic and inflammatory cytokines production [12,13]. Therefore,
an effective strategy to block the viral lytic cycle is of value to prevent or treat EBV-associated disease
and to improve the clinical outcome. The nucleoside analogs, such as acyclovir and ganciclovir, are
frequently used to treat EBV infection, and have reported to be effective in infectious mononucleosis [14],
post-transplant lymphoproliferative disorder [15], HIV-relative lymphoma and hairy leukoplakia [16].
Earlier studies have established that lytic EBV replication is inhibited by acyclovir and ganciclovir,
which inhibit specifically the function of viral-encoded DNA polymerase [17], but not the expression of
immediate-early or early lytic proteins. In addition to chemicals, epigallocatechin gallate (EGCG) [18],
resveratrol [19], ethanolic extract from Andrographis paniculata and andrograpolide [20] are also
suggested to be effective in inhibiting the EBV lytic cycle through suppressing the expression of the EBV
immediate-early genes transcription and the expression of lytic proteins, including Rta, Zta and EA-D.
Polygonum cuspidatum is a herbal medicine commonly used for the treatment of atherosclerosis, as
well as other medical ailments including cancers, asthma, hypertension and coughs [21]. The methanolic
extract of P. cuspidatum root contains anthraglycoside B, physcion, piceid, emodin and resveratrol [22].
Previous studies showed that the ethanolic extract of P. cuspidatum inhibits hepatitis B virus
replication [23] and EBV lytic cycle [24]. However, no study has reported on the inhibition of EBV
immediate-early gene expression and DNA replication by emodin. Thus, the purpose of our study was
to evaluate the ethyl acetate emodin-containing subfraction F3 separated from P. cuspidatum root and
its major component, emodin, on the inhibition of the transcription of EBV immediate early genes, the
expression of EBV lytic proteins, including Rta, Zta, and EA-D and DNA replication.
2. Results and Discussion
2.1. Analysis of Components in the Ethyl Acetate Subfraction F3 Isolated from Polygonum cuspidatum
The ethyl acetate subfraction F3 was obtained from the ethanolic extract of Polygonum cuspidatum
root through partition with hexane and ethyl acetate and separation by semi-preparative high pressure
liquid chromatography. Its components were analyzed by high liquid pressure chromatography and the
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identification of target compounds in F3 was based on their retention time and UV spectra, compared
against a pure standard of emodin. We found that the peak eluting at 33.01 min could be ascribed to
emodin (Figure 1). The amount of emodin in F3 was 68.2%.
Figure 1. HPLC chromatograms and UV spectra of the ethylacetate subfraction F3 isolated
from Polygonum cuspidatum root (A) and pure standard of emodin (B). Mobile phase:
methanol–water (methanol: 0–15 min, 30%–50%; 15–35 min, 50%–90%; 35–45 min,
95%); flow rate: 1.0 mL/min; detection wavelength: 280 nm.

2.2. Effect of F3 and Emodin on the Viability of P3HR1 Cells
To address the question of whether F3 and emodin can inhibit the EBV lytic cycle, first, we sought
to determine the cytotoxicity of F3 and emodin to P3HR1 cells. F3 or emodin were added to P3HR1
cells (1 × 105 cells/mL), and after 24 h treatment, the cell viability was determined by the MTT
method. Results showed that F3 and emodin slightly affected the viability of P3HR1 cells. When cells
treated with 12.5 μg/mL of F3 and 8.5 μg/mL of emodin, the cell viability showed a significant
decrease by 28.4% and 24.3%, respectively (Figure 2). However, this study indicated that F3 and
emodin did not influence the cell viability at concentrations below 6.3 μg/mL and 4.2 μg/mL,
respectively (Figure 2).
2.3. Inhibition of EBV Lytic Proteins Expression by F3
The immediate early proteins, Rta and Zta transcription factors, are involved in lytic cycle, where
they activate the expression of numerous early and late proteins, such as BMRF1 gene, EA-D. EA-D
enhances the effectiveness of viral DNA polymerase and promotes EBV DNA replication, with the
subsequent release of infectious virions. The detection of lytic proteins is a useful tool to examine the
status of EBV lytic reactivation. The purpose of this study is to explore F3 and emodin whether
inhibited the expression of EBV lytic proteins. P3HR1cells (3 × 106) were seeded for 24 h then treated
with various concentration of F3 or emodin before sodium butyrate. After 24 h, cell extracts were
harvested and the EBV lytic proteins, Rta, Zta and EA-D were analyzed by immunoblot analysis.
These results showed that F3 and emodin significantly inhibited the expression of Rta, Zta and EA-D
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at the concentration of 3.1 μg/mL and 2.1 μg/mL, respectively. At 6.3 μg/mL of F3 and 4.2 μg/mL of
emodin completely inhibited the expression of Rta, Zta and EA-D (Figure 3).
Figure 2. Effects of F3 and emodin on cell viability. P3HR1 cells (1 × 105 cells/mL) were
treated with F3 (A) or emodin (Em) (B). Cell numbers and viability were monitored by
MTT assay after 24 h of treatment.

Figure 3. Inhibitory effects on the expression of EBV lytic proteins, including Rta, Zta and
EA-D by F3 and emodin. The F3 (A) or emodin (Em) (B) was added to P3HR1 cells
induced by sodium butyrate (SB). Syntheses of Rta, Zta and EA-D by EBV were studied
by immunoblot analysis at 24 h after lytic induction with anti-Rta, anti-Zta, anti-EA-D and
anti-β-actin antibodies.

2.4. Indirect Immunofluorescence Analysis of EBV Lytic Proteins Expression
To further examine the inhibitory effects of F3 and emodin on the expression of EBV lytic proteins,
we assessed the expression of Rta, Zta and EA-D by indirect immunofluorescence analysis. The
staining results showed that 60% P3HR1 cells express Rta, Zta and EA-D at 24 h after SB treatment
(Figure 4). Meanwhile, the percentages of Rta, Zta, EA-D positive cells were gradually reduced in a
dose-dependent manner after treatment with F3 and emodin, following 24 h lytic induction by SB
(Figure 4). These results strengthened the evidence that F3 and emodin inhibited the expression of
EBV lytic proteins induced by sodium butyrate in EBV-positive cells.
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Figure 4. Indirect immunofluorescence analysis of inhibition of the expressions of EBV
lytic genes by F3 and emodin. P3HR1 cells were pre-treated with F3 (0.8, 1.6, 3.1 and
6.3 μg/mL) (A) or emodin (1.1, 2.1 and 4.2 μg/mL) (B) before lytic induction for 24 h.
Cells were then harvested and the expressions of the lytic EBV proteins were assessed by
immunofluorescence. P3HR1 cells untreated with sodium butyrate (SB), F3 and emodin
were used as a negative control (Latent). The following primary antibodies were used:
mouse monoclonal anti-Rta, anti-Zta, and anti-EA-D antibodies. The secondary antibodies
were used: Alexa Fluor 488-conjugated goat anti-mouse IgG. DNA was visualized by
DAPI staining; cells were examined under a fluorescence microscope.

2.5. Quantitative Flow Cytometry Analysis of the Inhibitory Effects of F3 on EBV Lytic Proteins Expression
After demonstration by immunoblot and immunofluorescence analysis, we quantified the the
inhibitory effects of F3 and emodin using flow cytometric analysis. The percentages of Rta, Zta, and
EA-D expressing cells were estimated for determination of EBV lytic reactivation. For F3 treatment,
the P3HR1 cells untreated with SB, the percentages of cells population expressing Rta, Zta and EA-D
were 4.24%, 0.57% and 3.09%, respectively (Figure 5A). The population that expressed the three
proteins after SB treatment increased to 51.40%, 50.59% and 48.73%, respectively. When 6.3 μg/mL
of F3 was added before lytic induction, the population that expressed Rta, Zta and EA-D decreased to
27.86%, 31.20% and 30.99%, respectively (Figure 5A). The population that expressed Rta, Zta, and
EA-D further decreased when the concentration of F3 increased to 12.5 μg/mL. At 12.5 μg/mL, the
population that expressed Rta, Zta, and EA-D decreased to 15.28%, 12.26% and 9.24%, respectively

Molecules 2014, 19

1263

(Figure 5A). For emodin treatment, the P3HR1 cells untreated with SB, the percentages of the cell
population expressing Rta, Zta and EA-D were 4.13%, 1.44% and 3.27%, respectively (Figure 5B).
The population that expressed the three proteins after SB treatment increased to 54.94%, 59.03% and
57.96%, respectively. When 4.2 μg/mL of emodin was added before lytic induction, the population
that expressed Rta, Zta and EA-D decreased to 23.40%, 30.64% and 28.07%, respectively (Figure 5B).
The population that expressed Rta, Zta, and EA-D further decreased when the concentration of emodin
was increased to 8.5 μg/mL. At 8.5 μg/mL, the population that expressed Rta, Zta, and EA-D decreased
to 7.32%, 2.91%, and 5.53%, respectively (Figure 5B). These results showed that F3 and emodin
inhibited the expression of Rta, Zta and EA-D in a dose-dependent manner (Figure 5C,D).
Figure 5. Inhibition effects of F3 and emodin on the number of cells expressing EBV lytic
proteins by flow cytometric analysis. Various concentrations of F3 (0.8, 1.6, 3.1, 6.3 and
12.5 μg/mL) or emodin (Em) (1.1, 2.1, 4.2, 8.5 μg/mL) pre-treated P3HR1 cells, then SB
(3 mM) co-treated cells for EBV induction. At 24 h after treatment, cells were stained with
primary mouse monoclonal antibodies (anti-Rta, anti-Zta or anti-EA-D) and Alexa Fluor
488-conjugated goat anti-mouse IgG and then analyzed by flow cytometry. In histogram,
M2 represented fluorescence stained cells (A, B). The number of cells expressing EBV
lytic proteins was quantified by averaging the results from three independent experiments
(C, D). The data were presented as means with standard deviation.
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Figure 5. Cont.

The concentrations of F3 required to inhibit EBV immediate-early protein expression, Rta, Zta and
EA-D, by 50% (EC50) were 6.19, 5.9 and 5.73 μg/mL, respectively. The EC50s for emodin to inhibit
EBV immediate-early protein expression, Rta, Zta and EA-D, were 5.2, 4.5 and 4.8 μg/mL,
respectively. Although these inhibitory efficacies were inconsistent with immunoblot and
immunofluorescence analyses, they provided evidence that F3 and emodin inhibited an early step of
the EBV lytic cycle.
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2.6. Inhibiting the Transcription of EBV Immediate-Early Genes
The expressions of the BRLF1 and BZLF1 mRNA in P3HR1 cells were analyzed by RT-real-time
PCR assay. The results showed that 3.1, 6.3 and 12.5 μg/mL of F3 inhibited the SB-induced BRLF1
mRNA expression by 43.87%, 65.75% and 95.29%, respectively. At these concentrations, F3 also
inhibited SB-induced BZLF1 mRNA expression by 68.51%, 72.16% and 95.31%, respectively
(Figure 6A). Moreover, the treatment with 2.1 μg/mL of emdoin prior to lytic induction significantly
inhibited the BRLF1 and BZLF1 mRNA expression by 70.22% and 64.2%, respectively. Adding
4.2 μg/mL of emodin before lytic induction into the culture medium, entirely suppressed the BRLF1
and BZLF1 mRNA expression (Figure 6B).
Figure 6. Effects of F3 and emodin on the EBV BZLF1 and BRLF1 mRNA expression. F3
(3.1, 6.3 and 12.5 μg/mL) or emodin (Em) (2.1 and 4.2 μg/mL) was added to P3HR1 cells
before SB induction for 24 h. The expressions of BZLF1 (A, C) and BRLF1 (B, D) mRNA
were detected using RT-real-time PCR.

2.7. Inhibition of the EBV DNA Replication
P3HR1 cells were treated with 1.6–6.3 μg/mL of F3 or 1.1–4.2 μg/mL of emodin before lytic
induction. After culturing for two days, EBV DNA in P3HR1 cells was isolated. Real-time qPCR was
used to determine the amount of EBV DNA purified from the P3HR1 cells. These results showed that
F3 and emodin at a concentration of 3.1 μg/mL and 1.1 μg/mL, respectively, decreased significantly
EBV DNA replication (Figure 7). The effective concentration of F3 and emodin that inhibited EBV
genome copy numbers by 50% (EC50) were 2.52 μg/mL and 1.2 μg/mL, respectively (Figure 7).
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Figure 7. Effects of F3 and emodin on EBV DNA replication. F3 (1.6, 3.1 and 6.3 μg/mL)
or emodin (Em) (1.1, 2.1 and 4.2 μg/mL) was added to P3HR1 cells before SB induction
for 48 h. The expression of EBV DNA was studied by real-time PCR analysis.

2.8. Discussion
Previous studies showed that lytic EBV proteins actually induce the expression of B-cell growth
factor, IL-6, cellular IL-10 and viral IL-10, allowing B cells to grow more efficiently [25,26].
Lytically-infected cells also produce VEGF and thus contribute to angiogenesis in both B-cell and
epithelial-cell malignancies [26]. Therefore, new treatment strategies aimed at completely suppressing
the expression of all lytic viral proteins are useful in controlling early EBV-associated malignancies.
In this study, we found that the ethyl acetate subfraction F3 separated from Polygonum cuspidatum
and emodin, its main component, significantly reduce the expression of EBV immediate-early
proteins, Rta, Zta and EA-D in a dose-dependent manner (Figures 3–5). In other words, F3 and emodin
interfere with an early step of the EBV replication cycle. The concentrations of F3 and emodin
required for inhibiting EBV immediate-early proteins expression by 50% (EC50) are approximately
5.94 μg/mL and 4.83 μg/mL (17.87 μM), respectively. Our study also demonstrates that F3 and
emodin inhibit the BRLF1 and BZLF1 mRNA expression, which in turn, affects viral lytic proteins
expression. In addition, the inhibition actually decreases the EBV DNA replication. Real-time qPCR
indicates that the effective concentrations of F3 and emodin that inhibit EBV genome copy numbers
by 50% (EC50) are 2.52 μg/mL and 1.2 μg/mL, respectively (Figure 7), inconsistent with EC50 for
inhibiting EBV immediate-early proteins expression obtained by flow cytometry (5.94 μg/mL and
4.83 μg/mL, respectively). Previous studies have showed that besides Rta and Zta proteins, the activation
of EBV lytic cycle also requires other factors, such as the MBD1-containing chromatin-associated
factor 1 (MCAF1) [11]. Therefore, these data implied that F3 and emodin might inhibit other lytic
genes involved in EBV lytic cycle.
Earlier studies showed that epigallocatechin gallate (EGCG) [18], resveratrol [19] and
andrograpolide [20] inhibit the EBV lytic cycle by suppressing the expression of the EBV immediate-early
genes transcription and the expression of lytic proteins, including Rta, Zta and EA-D. The concentration of
resveratrol inhibited EBV immediate-early proteins expression by 50% that obtained from flow
cytometry is approximately 24 μM; EGCG inhibits the expression of EBV lytic proteins at a 50 μM
concentration, which are substantially higher than the dose of emodin that effectively inhibits the EBV
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immediate-early proteins expression by 50%, 17.87 μM. Moreover, andrographolide effectively
inhibits the EBV lytic cycle at 14 μM, while 1.2 μg/mL (4.4 μM) of emodin inhibits EBV DNA
replication by 50%, suggesting that emodin is more effective than EGCG, resveratrol and
andrograpolide in inhibiting EBV reactivation.
The molecular mechanism underlying the inhibition of EBV early gene expression by the ethyl
acetate subfraction F3 separated from Polygonum cuspidatum is unclear. Results showed that the ethyl
acetate subfraction F3 contains 68.2% of emodin (Figure 1). Comparison of the EC50 values of F3 and
emodin that inhibit the expression of EBV immediate-early proteins and DNA replication
(5.94 μg/mL and 4.83 μg/mL, 2.52 μg/mL and 1.2 μg/mL, respectively), suggests that emodin is a
major bioactive compound responsible for the EBV lytic cycle suppressing activity of the ethyl acetate
subfraction F3 separated from Polygonum cuspidatum. Our previous studies showed that the ethanolic
extract of P. cuspidatum (PcE) inhibits the EBV lytic cycle [24]. Results showed that PcE contains 5%
of emodin and the concentration of PcE required to inhibit EBV immediate-early protein expression by
50% is approximately 29 μg/mL. Moreover, this study showed the concentration of emodin required
for inhibiting EBV immediate-early proteins expression by 50% is approximately 4.83 μg/mL,
implying that in addition to emodin other bioactive compounds such as resveratrol may also be
involved in the PcE suppression of EBV immediate-early proteins [19]. Previous studies have reported
that emodin inhibits the activation of p38 MAPK, ERK and JNK signaling [27] and affects the
activation of the promoters that are activated by AP-1 [28] and ATF2 [29], as both the BRLF1 and
BZLF1 promoters are strongly activated by AP-1 and ATF1 [30]. Therefore, the inhibition of emodin
on activation of signaling pathways may be involved in the inhibition of F3 and emodin on the EBV
lytic cycle.
3. Experimental
3.1. Material
P. cuspidatum was collected from the San-Dei-Men area in Pingtung County, Taiwan and verified
by Prof. C. S. Kuoh. The specimen was deposited in the herbarium of the National Cheng Kung
University, Tainan, Taiwan. Emodin was purchased from Sigma Chemical Co. (St. Louis, MO, USA).
3.2. Sample Preparation
Ten grams of dried powder from the P. cuspidatum root was extracted three times in 100 mL of
ethanol by refluxing at 85 °C for 2 h. After each extraction, the ethanol fraction was collected by
filtration. The ethanol fractions were partitioned twice with hexane and water (10:10:1). The aqueous
fractions were collected, concentrated under reduced pressure, and called PcE(H). Dried PcE(H) (1 g)
dissolved in 100 mL distilled water was partitioned with an equal volume of ethyl acetate (EtOAc).
The EtOAc fractions were collected, concentrated under reduced pressure, and called PcE(H)E. The
PcE(H)E soluble fraction was subjected to semi-preparative HPLC using a HYPERPREP C18 (150 ×
10 mm i.d., 8 μm) column (Thermo Fisher, Waltham, MA, USA) and eluted with a mobile phase
consisting of (A) water and (B) methanol. Gradient elution was performed as follows: 30%–50% B in
0–15 min, 50%–90% B in 15–35 min, and 95% B in 35–45 min. An ethyl acetate subfraction F3 and a
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yield of 0.31% were obtained. The resulting residues were finally dissolved in dimethyl
sulfoxide (DMSO).
3.3. HPLC Analysis
The components in the ethyl acetate subfraction F3 were analyzed by high performance liquid
chromatography (HPLC) using a LiChrospher 100 RP-18e (250 × 4.6 mm i.d., 5 μm) column (Merck,
Darmstadt, Germany). The mobile phase consisted of (A) water and (B) methanol. Gradient elution
was performed as follows: 30%–50% B in 0–15 min, 50%–90% B in 15–35 min, and 95% B in
35–45 min. The flow rate was set at 1 mL/min. The effluent was monitored from 210 to 500 nm using
a diode array detector.
3.4. Cell Culture and Lytic Induction of EBV
P3HR1, a Burkitt’s lymphoma cell line that was latently infected by EBV, was cultured in RPMI
1640 medium containing 10% fetal calf serum (Biological Industries, Kibbutz Beit HaEmek, Israel).
Cells were treated with 3 mM of sodium butyrate (SB) to induce the EBV lytic cycle [31].
3.5. Cell Viability Assay
A 1 mg/mL solution of [3-(4,5-dimethyldiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) in
RPMI 1640 medium was added into 1 × 105 P3HR1 cells. The dehydrogenase activity of the viable
cells was measured using the method of Carmichael et al. [32].
3.6. Immunoblot Analysis
Cell lysate was prepared from 3 × 106 P3HR1 cells with 100 μL of lysis buffer that contained
50 mM Tris-HCl, pH 7.8, 150 mM NaCl, 5 mM EDTA, 0.5% Triton X-100 and 0.5% NP40 using a
method described elsewhere [18]. SDS-polyacrylamide gel electrophoresis and immunoblot analysis
with anti-Rta, anti-Zta and anti-EA-D antibodies, which were purchased from Argene (Varilhes,
France), were performed using methods described previously [33].
3.7. Indirect Immunofluorescence Staining
P3HR1 cells were plated on poly-L-lysine-coated overslips and fixed with 4% paraformaldehyde at
4 °C for 15 min, followed by treatment with PBS containing with 0.5% Triton X-100 for 10 min at
room temperature. After blocking with 1% BSA in PBS at room temperature for 30 min, monoclonal
anti-Rta, anti-Zta, and anti-EA-D antibodies were applied at a dilution of 1:200 and 1:1000,
respectively and incubated at room temperature for 1 h. Next, the cells were washed with PBS and
incubated with the Alexa Fluor 488-conjugated goat anti-mouse IgG for 1 h. DNA was visualized by
staining with 4',6'-diamidio-2-phenylindole (DAPI). Cells were examined under the Axioskop 2 plus
fluorescence microscope (Zeiss, Thornwood, NY, USA).
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3.8. Flow Cytometric Analysis
To determine the number of cells expressing EBV lytic proteins, cells were treated and harvested,
fixed in 4% paraformaldehyde. The fixed cells were permeabilized with 0.5% Triton X-100 in PBS
and incubated with mouse monoclonal anti-Rta (dilution 1:250), anti-Zta (dilution 1:250) (Argene),
and anti-EA-D antibodies (dilution 1:2500) (Chemicon, Temecula, CA, USA). Secondary antibodies
used in the study included Alexa Fluor 488-conjugated goat anti-mouse IgG from Invitrogen
(Carlsbad, CA, USA). Finally, the cells were resuspended in 1% paraformaldehyde and analyzed using
a flow cytometer (Model FACScanTO, BD Biosciences, San Jose, CA, USA).
3.9. RNA and DNA Extraction
For the real-time quantitative PCR assay, RNA was extracted from 3 × 106 cells using a
conventional Trizol-chloroform method (Invitrogen). RNase-Free DNase Set (Promega, Madison, WI)
performed DNA removal. Total RNA was added to High capacity cDNA reverse transcription kit
(Applied Biosystems, Foster, CA, USA) to produce cDNA. Briefly, 10 μL of treated RNA (2 μg) was
mixed with 0.8 μL 25 × dNTP mix (100 mM) and 2 μL 10 × RT Random Primers, followed by adding
2 mL 10 × RT buffer, 4.2 μL 0.1% DEPC water and 1 μL MultiScribe™ Reverse Transcriptase
(50 U/μL). The components in tube were mixed gently and incubated for 10 min at 25 °C, for
120 min at 37 °C and 5 min at 85 °C. DNA was extracted using Quick-gDNA miniPrep kit (Zymo
Research, Irvine, CA, USA).
3.10. Real-Time Quantitative PCR
For mRNA analysis, quantitative PCR (qPCR) was performed with the use of SYBR green
(Applied Biosystems), for DNA analysis was performed with Taqman probe (5'-6-FAMGGAGACACATCTGGACCAG-MGBNFQ-3') on an ABI StepOne™ real-time PCR system with
StepOne™ software v 2.1. All reactions were run in triplicate. Mean cycle threshold (CT) values were
normalized to β-actin, yielding a normalized CT (ΔCT). The ΔΔCT value was calculated by subtracting
respective control from the ΔCT, and expression level was then calculated by 2 raised to the power of
the respective −ΔΔCT value. Relative mRNA (DNA) level (%) = 2−ΔΔCT (SB and F3 treatment)/2−ΔΔCT
(SB treatment) × 100. Primers for mRNA analysis include the following: BRLF1 forward (5'TCACTACACAAACAGACGCAGCCA-3') and reverse (5'-AATCTCCACACTCCCGGCTGTAA-3');
BZLF1 forward (5'-AGAAGCACCTCAACCTGGAGACAA-3') and reverse (5'-CAGCGATTCTG
GCTGTTGTGGTTT-3'); and β-actin forward (5'-CGTCTTCCCCTCCATCG) and reverse (5'-CTCG
TTAATGTCACGCAC-3'). Primers for DNA analysis, EBNA1 forward (5'-TACAAGACCTGGAAA
GGCC-3') and reverse (5'-TCTTTGAGGTCCACTGCC -3').
3.11. Statistical Analysis
Data were analyzed statistically by one-way analysis of variance (ANOVA) followed by Dunnett’s
post hoc test using the SAS JMP 8.0 software package. Values are expressed as mean ± SD of three
replicates and a p value of <0.05 was regarded as significant.
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4. Conclusions
The results of this study clearly demonstrated that F3 and emodin inhibit the transcription of lytic
genes and the lytic cycle of EBV to reduce viral DNA replication. Thus, F3 and emodin could
potentially be used for the development of anti-EBV drugs.
Acknowledgments
This work was supported by research grants NSC100-2320-B-041-004-MY3 from the National
Science Council, Taiwan, and CLFHR9909 from Chi Mei Medical Center, Liouying, Taiwan.
Author Contributions
Ching-Yi Yiu contributed in the data obtaining, analysis and interpretation. Shih-Ying Chen
contributed in the data analysis and interpretation. Tsai-Hsiu Yang contributed to interpretation of
analysis. Che-Jung Chang contributed in the execution and data analysis. Dong-Bor Yeh contributed in
the data analysis and interpretation. Yi-Jie Chen contributed in the execution and data analysis.
Tsuey-Pin Lin contributed to the study design, data analysis, interpretation and manuscript writing.
Conflicts of Interest
The authors declare no conflicts of interest.
References
1.

2.
3.

4.
5.
6.
7.

Roizman, B.; Carmichael, L.E.; Deinhardt, F.; de-The, G.; Nahmias, A.J.; Plowright, W.; Rapp, F.;
Sheldrick, P.; Takahashi, M.; Wolf, K. Herpesviridae. Definition, provisional nomenclature, and
taxonomy. Intervirology 1981, 16, 201–217.
Magrath, I.; Jain, V.; Bhatia, K. Epstein-Barr virus and Burkitt's lymphoma. Semin. Cancer Biol.
1992, 3, 285–295.
Zur Hausen, H.; Schulte-Holthausen, H.; Klein, G.; Henle, W.; Henle, G.; Clifford, P.; Santesson, L.
EBV DNA in biopsies of Burkitt tumours and anaplastic carcinomas of the nasopharynx. Nature
1970, 228, 1056–1058.
Weiss, L.M.; Movahed, L.A.; Warnke, R.A.; Sklar, J. Detection of Epstein-Barr viral genomes in
Reed-Sternberg cells of Hodgkin’s disease. N. Engl. J. Med. 1989, 320, 502–506.
Shibata, D.; Weiss, L.M. Epstein-Barr virus-associated gastric adenocarcinoma. Am. J. Pathol.
1992, 140, 769–774.
Schwarzmann, F.; Jager, M.; Prang, N.; Wolf, H. The control of lytic replication of Epstein-Barr
virus in B lymphocytes (Review). Int. J. Mol. Med. 1998, 1, 137–142.
Hopwood, P.A.; Brooks, L.; Parratt, R.; Hunt, B.J.; Bokhari, M.; Thomas, J.A.; Yacoub, M.;
Crawford, D.H. Persistent Epstein-Barr virus infection: Unrestricted latent and lytic viral gene
expression in healthy immunosuppressed transplant recipients. Transplantation 2002, 74, 194–202.

Molecules 2014, 19
8.

9.
10.

11.

12.

13.

14.
15.

16.
17.

18.

19.
20.
21.
22.

23.

1271

Giot, J.F.; Mikaelian, I.; Buisson, M.; Manet, E.; Joab, I.; Nicolas, J.C.; Sergeant, A.
Transcriptional interference between the EBV transcription factors EB1 and R: Both DNA-binding
and activation domains of EB1 are required. Nucleic Acids Res. 1991, 19, 1251–1258.
Fixman, E.D.; Hayward, G.S.; Hayward, S.D. Trans-acting requirements for replication of
Epstein-Barr virus ori-Lyt. J. Virol. 1992, 66, 5030–5039.
Hislop, A.D.; Gudgeon, N.H.; Callan, M.F.; Fazou, C.; Hasegawa, H.; Salmon, M.; Rickinson, A.B.
EBV-specific CD8+ T cell memory: Relationships between epitope specificity, cell phenotype,
and immediate effector function. J. Immunol. 2001, 167, 2019–2029.
Chang, L.K.; Chung, J.Y.; Hong, Y.R.; Ichimura, T.; Nakao, M.; Liu, S.T. Activation of
Sp1-mediated transcription by Rta of Epstein-Barr virus via an interaction with MCAF1.
Nucleic Acids Res. 2005, 33, 6528–6539.
Hsu, M.; Wu, S.Y.; Chang, S.S.; Su, I.J.; Tsai, C.H.; Lai, S.J.; Shiau, A.L.; Takada, K.; Chang, Y.
Epstein-Barr virus lytic transactivator Zta enhances chemotactic activity through induction of
interleukin-8 in nasopharyngeal carcinoma cells. J. Virol. 2008, 82, 3679–3688.
Tsai, S.C.; Lin, S.J.; Chen, P.W.; Luo, W.Y.; Yeh, T.H.; Wang, H.W.; Chen, C.J.; Tsai, C.H.
EBV Zta protein induces the expression of interleukin-13, promoting the proliferation of
EBV-infected B cells and lymphoblastoid cell lines. Blood 2009, 114, 109–118.
Ernberg, I.; Andersson, J. Acyclovir efficiently inhibits oropharyngeal excretion of Epstein-Barr
virus in patients with acute infectious mononucleosis. J. Gen. Virol. 1986, 67, 2267–2272.
Funch, D.P.; Walker, A.M.; Schneider, G.; Ziyadeh, N.J.; Pescovitz, M.D. Ganciclovir and
acyclovir reduce the risk of post-transplant lymphoproliferative disorder in renal transplant
recipients. Am. J. Transplant. 2005, 5, 2894–2900.
Triantos, D.; Porter, S.R.; Scully, C.; Teo, C.G. Oral hairy leukoplakia: Clinicopathologic features,
Pathogenesis, Diagnosis, and clinical significance. Clin. Infect. Dis. 1997, 25, 1392–1396.
Meerbach, A.; Holy, A.; Wutzler, P.; de Clercq, E.; Neyts, J. Inhibitory effects of novel
nucleoside and nucleotide analogues on Epstein-Barr virus replication. Antivir. Chem. Chemother.
1998, 9, 275–282.
Chang, L.K.; Wei, T.T.; Chiu, Y.F.; Tung, C.P.; Chuang, J.Y.; Hung, S.K.; Li, C.; Liu, S.T.
Inhibition of Epstein-Barr virus lytic cycle by (−)-epigallocatechin gallate. Biochem. Biophys.
Res. Commun. 2003, 301, 1062–1068.
Yiu, C.Y.; Chen, S.Y.; Chang, L.K.; Chiu, Y.F.; Lin, T.P. Inhibitory effects of resveratrol on the
Epstein-Barr virus lytic cycle. Molecules 2010, 15, 7115–7124.
Lin, T.P.; Chen, S.Y.; Duh, P.D.; Chang, L.K.; Liu, Y.N. Inhibition of the epstein-barr virus lytic
cycle by andrographolide. Biol. Pharm. Bull. 2008, 31, 2018–2023.
Yi, T.; Zhang, H.; Cai, Z. Analysis of rhizoma polygoni cuspidati by HPLC and HPLC-ESI/MS.
Phytochem. Anal. 2007, 18, 387–392.
Chu, X.; Sun, A.; Liu, R. Preparative isolation and purification of five compounds from the
Chinese medicinal herb Polygonum cuspidatum Sieb. et Zucc by high-speed counter-current
chromatography. J. Chromatogr. A 2005, 1097, 33–39.
Chang, J.S.; Liu, H.W.; Wang, K.C.; Chen, M.C.; Chiang, L.C.; Hua, Y.C.; Lin, C.C. Ethanol
extract of Polygonum cuspidatum inhibits hepatitis B virus in a stable HBV-producing cell line.
Antiviral Res. 2005, 66, 29–34.

Molecules 2014, 19

1272

24. Yiu, C.Y.; Chen, S.Y.; Huang, C.W.; Yeh, D.B.; Lin, T.P. Inhibitory effects of Polygonum
cuspidatum on the epstein-barr virus lytic cycle. J. Food Drug Anal. 2011, 19, 107–113.
25. Jones, R.J.; Seaman, W.T.; Feng, W.H.; Barlow, E.; Dickerson, S.; Delecluse, H.J.; Kenney, S.C.
Roles of lytic viral infection and IL-6 in early versus late passage lymphoblastoid cell lines and
EBV-associated lymphoproliferative disease. Int. J. Cancer 2007, 121, 1274–1281.
26. Hong, G.K.; Kumar, P.; Wang, L.; Damania, B.; Gulley, M.L.; Delecluse, H.J.; Polverini, P.J.;
Kenney, S.C. Epstein-Barr virus lytic infection is required for efficient production of the
angiogenesis factor vascular endothelial growth factor in lymphoblastoid cell lines. J. Virol. 2005,
79, 13984–13992.
27. Li, D.; Zhang, N.; Cao, Y.; Zhang, W.; Su, G.; Sun, Y.; Liu, Z.; Li, F.; Liang, D.; Liu, B.; et al.
Emodin ameliorates lipopolysaccharide-induced mastitis in mice by inhibiting activation of
NF-kappaB and MAPKs signal pathways. Eur. J. Pharmacol. 2013, 705, 79–85.
28. Lee, J.; Jung, E.; Lee, J.; Huh, S.; Hwang, C.H.; Lee, H.Y.; Kim, E.J.; Cheon, J.M.; Hyun, C.G.;
Kim, Y.S.; et al. Emodin inhibits TNF alpha-induced MMP-1 expression through suppression of
activator protein-1 (AP-1). Life Sci. 2006, 79, 2480–2485.
29. Chan, T.M.; Leung, J.K.; Tsang, R.C.; Liu, Z.H.; Li, L.S.; Yung, S. Emodin ameliorates
glucose-induced matrix synthesis in human peritoneal mesothelial cells. Kidney Int. 2003, 64,
519–533.
30. Liu, P.; Liu, S.; Speck, S.H. Identification of a negative cis element within the ZII domain of the
Epstein-Barr virus lytic switch BZLF1 gene promoter. J. Virol. 1998, 72, 8230–8239.
31. Luka, J.; Kallin, B.; Klein, G. Induction of the Epstein-Barr virus (EBV) cycle in latently infected
cells by n-butyrate. Virology 1979, 94, 228–231.
32. Carmichael, J.; DeGraff, W.G.; Gazdar, A.F.; Minna, J.D.; Mitchell, J.B. Evaluation of a
tetrazolium-based semiautomated colorimetric assay: Assessment of radiosensitivity. Cancer Res.
1987, 47, 943–946.
33. Laemmli, U.K. Cleavage of structural proteins during the assembly of the head of bacteriophage
T4. Nature 1970, 227, 680–685.
Sample Availability: Not available.
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

