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This study was designed to explore the molecular mechanism underlying the effect of cellular miRNAs and
EBV miRNA upon the expression of targets such as PTEN, and their involvement in the pathogenesis of Burkitt
lymphoma.

In this study, we examined several differentially expressed cellular miRNAs in EBV-positive versus EBV-negative
Burkett lymphoma tissue samples, and confirmed PTEN as targets of cellular miR-142 by using a bioinformat-
ics tool, luciferase reporter system, oligo transfection, real-time PCR, and Western blot analysis.

We further confirmed the binding site of miR-142 in the 3'UTR of the target genes, and established the nega-
tive regulatory relationship between miRNA and mRNAs with luciferase activity assay. To verify the regulatory
relationship between the miRNAs and PTEN, we evaluated the expression of PTEN in the tissue samples, and
found that PTEN was downregulated in EBV- positive Burkett lymphoma. Additionally, lymphoma cells were
transfected with EBV-BART-6-3p and miR-142 and we found that EBV-BART-6-3p and miR-142 synergistically
reduced expression of IL-6R and PTEN. Furthermore, we also examined viability of the cells in each treatment
group, and showed that EBV-BART-6-3p and miR-142 synergistically promoted proliferation of the cells.
These findings improve our knowledge about the role of miR-142/EBV-BART-6-3p and their target, PTEN, in the
development of Burkett lymphoma; they could be novel therapeutic targets for the treatment of EBV-positive
Burkett lymphoma.
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Background

Burkett lymphoma (BL) is a key model for understanding multi-
stage tumorigenesis [1]. It was the first tumor for which the as-
sociation with an infectious agent was demonstrated [2]. The
discovery of its association with the Epstein-Barr virus (EBV) in
the 1960s became a cornerstone of human tumor virology [3].
Later, in the 1980s, the identification of c-MYC/Ig fusion at the
site of t [4,5] translocation has set a path that has led to the
findings of molecular oncogenic changes in many other tumor
contexts [6,7]. The World Health Organization (WHO) classi-
fication has listed BL that originated from lymphoid and he-
matopoietic tissues as an aggressive B-cell non-Hodgkin lym-
phoma with 3 subsets: immunodeficiency-associated (ID-BL),
sporadic (sBL), and endemic (eBL) [8].

MicroRNAs (miRNAs), a group of noncoding small RNAs con-
sisting of 19 to 25 nucleotides, are highly conserved, and tis-
sue-specific, playing important roles in posttranscriptional gene
regulation (Kim and Lim 2014). Additionally, a synergistic ef-
fect was shown by several miRNAs targeting the same mRNA
(Nam et al. 2014). miRNAs are crucial in the development of
cell differentiation, apoptosis, and proliferation and are closely
related to tumorigenesis in human disease (Huang et al. 2014).
There are 44 different mature miRNAs generated by EBV, which
are categorized into BamHI-A rightward transcript (BART) miR-
NAs and BamHI fragment H rightward open reading frame 1
(BHRF1) miRNAs [9-12]. The EBV lytic cycle has been reported
to be regulated by viral miRNAs by several studies. The levels
of BRLF1 and BZLF1 increased remarkably in Mutu and C666-
1 cells transfected with a miR-BART6-3p antagomir [13]. The
expression of early genes mediated by EVB is suppressed by
miR-BART6-3p via silencing of Dicer. Substantial down-regula-
tion of BRLF1 andBZLF1 in these cells with Dicer silencing were
observed [13]. Some other studies reported that the accumula-
tion of lytic proteins (early antigen diffuse component [Ea-D]),
BMRF1, and BZLF1, led to over-expression of miR-BHRF1-1 in
SUNE1, a nasopharyngeal carcinoma (NPC) cell line, and con-
sequently the EBV copy number increased [14].

Ambrosio et al. reported that EBV-BART-6-3P functions as an
oncogene (or oncomiR) by promoting the proliferation of BL
cells via targeting PTEN, and play an active role in Burkitt lym-
phomagenesis [15]. Simultaneously, they identified some cellu-
lar miRNAs that are differentially expressed between the EBV-
positive and EBV-negative BL samples, while no further study
was carried out to explore the roles of those cellular miRNAs
in the development of BL. In the present study, we examined
and compared the expression of those cellular miRNAs in the
samples we collected, and found miR-142 was aberrantly up-
regulated in the EBV-positive BL samples. Interestingly, we fur-
ther identified PTEN as virtual targets of miR-142 by perform-
ing computational analysis, and the EBV-coded miRNA and
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cellular miRNA work synergistically on the biological behav-
iors of the EBV-positive BL cells.

Material and Methods

Cases collection

We collected 34 BL cases at the Department of Hematology,
The First People’s Hospital of Jining. A pathologist reviewed the
cases and diagnoses were confirmed according to the WHO
criteria. Among the 34 BL cases, 18 were EBV-positive and
16 were EBV-negative. Our study was approved by the Ethics
Committee at The First People’s Hospital of Jining, and writ-
ten informed consent was obtained from all study participants.

Reverse transcriptase (RT) quantitative polymerase chain
reaction (qPCR)

RNAzol reagent (Invitrogen, Carlsbad, CA) was used to extract
total RNA in accordance with the manufacturer’s protocol.
Moloney murine leukemia virus (M-MLV) reverse transcrip-
tase (Invitrogen, Carlshad, CA), oligo (dT) primers (Macrogen,
Seoul, South Korea) and 3 pg total RNA were used to synthe-
size cDNA. The cDNA was then amplified using quantitative
PCR performed with SYBR green quantitative PCR (qPCR) kit
(TaKaRa, Tokyo, Japan) on an ABI 7900 real-time PCR sys-
tem (Applied Biosystems, Foster City, USA). MiR-181, -197,
-574, -501, -142, -7, and -609 and mRNA of PTEN were mea-
sured. The cycler protocol was 10 min at 95°C, 40 cycles of
30 s at 95°C, 30 s at 60°C, and 30 s at 72°C. Dissociation
curves were checked routinely to confirm specific amplifica-
tion of the PCR product. The incubating temperature of re-
action mixtures ramped from 60°C to 95°C at a heating rate
of 0.1°C/s, and maintained at 95°C for 60 s. Fluorescence
measure was performed continuously. The 222t method was
used to calculate relative gene expression with U6 as an in-
ternal standard.

Western blotting

Whole cell extracts were prepared with a cell lysis reagent
(0.1% SDS, 1% Triton X-100, 130 mM NacCl, 50 nM Tris—HCl pH
8.0) containing protease inhibitor cocktail (Sigma-Aldrich, St.
Louis, MO) according to the manufacturer’s instructions. Cell
lysates were separated by 10% SDS-PAGE gel and transferred
to Hybond ECL nitrocellulose membrane (Millipore, Billerica,
MA). The blots were then incubated by anti-PTEN antibody
and anti-B-actin (all diluted at 1:1000, purchased from SCBT,
Santa Cruz, CA). Secondary antibody conjugated to HRP and
the ECL Western Blotting Kit (Applygen, Beijing, China) were
used for detection according to the manufacturer’s protocol.
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Determination of expression of cellular microRNAs
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Figure 1. Expression of several miRNAs
(miR-181, miR-197, miR-510, miR-501,
miR-574 miR-7, miR-609, and
miR-142) was measured using real-
time PCR, and miR-181, miR-197,
miR-510, and miR-142 were found to
be differentially expressed.

hsa-

Cell culture

Ramos cell line (Cell Bank of the Chinese Academy of Sciences,
Shanghai, China) was used for in vitro studies. All cells were
routinely cultured in RPMI 1640 medium supplemented with
100 pg/ml streptomycin, 100 U/ml penicillin, 2 mM glutamine,
and 10% fetal bovine serum (FBS) (all from Lonza, Switzerland).

Oligonucleotide transfection

Ramos cells were incubated in a 6-well plate (Greiner, Bahlingen,
Germany) at 1x10° cells/well in 2 ml RPMI 1640 containing
antibiotics (Wisent, Quebec City, Canada) and 10% fetal bo-
vine serum (Gibco, Grand Island, NY). Mimics of miR-142 and
EBV-BART-6-3p were purchased from Shanghai GenePharma
(Shanghai, China). After reaching 80% confluence, the oligos
were transfected into Ramos cells with FUGENE HD (Roche,
Mannheim, Germany) in accordance with the manufacturer’s
protocol. Cells transfected with 25 nM of a stability-enhanced
non-targeting small RNA oligonucleotide were used as a neg-
ative control (NC).

Cell proliferation assay

Ramos cells were incubated in serum-free RPMI for 48 h, and
then 10 pl of MTT (3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphe-
nyltetrazolium bromide) (Millipore, Billerica, MA, USA) were
added, followed by incubation for 4 h. The formazan product
was dissolved by addition of 100 pl acidic isopropanol, and
the absorbance was determined at 570 nm (reference wave-
length 630 nm).

Luciferase reporter assay

We amplified the full-length 3’ UTRs of PTEN and subcloned
them into the multiple restrictive sites between the poly (A)
site of the psiCHECK-2 plasmid (Promega, Madison, WI) and the
firefly luciferase-coding sequence. An EZ change site-directed
mutagenesis kit (Enzynomics, Daejeon, South Korea) was used

to introduce mutations into the seed sequences of PTEN. We
seeded Ramos cells in a plate of 96 wells (5x10° cells/well) to
investigate the influence of miR-142 and miR-BART-6-3p on
the expression of PTEN. After 24 h, the cells were cotransfect-
ed with a psiCHECK reporter vector containing PTEN and miR-
142 or EBV-BART-6-3p. At 48 h after transfection, the cells were
assayed for luciferase activity using the Dual-Glo luciferase re-
porter assay system (Promega). Firefly luciferase activity was
used to normalize renilla luciferase activity for each sample.

Statistical analysis

The t test was used to analyze data. Curve fit and analysis were
conducted by GraphPad Prism software (GraphPad Software,
San Diego, CA). P value <0.05 was considered to indicate sta-
tistical significance. All results are shown as mean + standard
deviations (SD).

Results

MiR-142 was differentially expressed in EBV-positive cells

Several cellular microRNAs were reported to be differentially ex-
pressed in EBV-infected cells in previous studies. To study the
underlying molecular mechanism of EBV infection involved in
the tumorigenesis of BL, we explored the expression of these
microRNAs (including miR-181, miR-197, miR-574, miR-501,
miR-501, miR-142, miR-7, and miR-609) among EBV-positive
cells compared with EBV-negative cells. As shown in Figure 1,
significant overexpression of miR-197, miR-510, and miR-
142 and relatively evident downregulation of miR-181 were
detected among EBV-positive samples compared with EBV-
negative samples.

PTEN were targets of miR-142 and EBV-BART-6-3p

To identify the targets of the differentially expressed miR-
NAs in our study, we searched an online miRNA database
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Figure 2. PTEN is a shared target of miR-142 and EBV-BART-6-3p.
(A) miR-142 binds to PTEN gene on its putative binding
site on 3'UTR (2427-2434). (B) EBV miRNA EBV-BART-6-
3p binds to PTEN gene on a different site.

(www.mirdb.org) for genes with seed sequence in the 3’'UTR
that matched the miRNAs. We found the putative target
binding sites of miR-142 within the 3'UTR of PTEN mRNAs.
As shown in Figure 2, miR-142 and EBV-BART-6-3p matched
with 3’UTR of PTEN.

Overexpression of cellular/EBV miRNA inhibited the
expression of PTEN

To verify the relationship between the cellular/EBV miRNA and
PTEN, we conducted luciferase reporter assay with constructs
containing wild-type and mutant PTEN 3’UTR segments in
Ramos cells overexpressing miR-142 or miR-BART6-3p, respec-
tively. As shown in Figure 3, relative luciferase activity of wild-
type PTEN 3’UTR was significantly downregulated compared
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with mutant IL-6R 3’'UTR and the negative controls in miR-142
overexpressing Ramos cells. However, in the Ramos cells over-
expressing miR-BART6-3p, both the wild-type and mutant PTEN
3'UTR treatment groups showed obvious underexpression com-
pared with the negative controls (Figure 3), which indicated
that 2427-2434 bp in the 3'UTR of PTEN is the binding site of
miR-142, which excluded the possibility that 2444-2450 bp
is the binding site of EBV-BART-6-3p.

PTEN was downregulated in EBV-positive BL cells

To verify the regulatory relationship between miRNAs and PTEN,
we also examined the mRNA and protein expression levels of
PTEN in the EBV-positive BL cells where EBV-BART6-3p and
miR-142 were overexpressed using Western blot analysis and
real-time PCR. As shown in Figure 4A, the relative density of
Western blot of PTEN in EBV-positive cells was clearly lower
than in the EBV-negative cells. Similarly, as shown in Figure 4B,
PTEN mRNA expression in EBV-positive cells was clearly inhib-
ited compared with EBV-negative cells, indicating the down-
regulation of PTEN protein expression in EBV-positive cells

Synergistic effect of EBV-BART6-3p and miR-142 on the
expression of PTEN

To clarify the relationship between cellular miRNA, EBV miR-
NA, and PTEN, we explored the mRNA and protein expres-
sion level of PTEN when cell groups were treated with cellular
miRNA mimics, EBV miRNA mimics, and both cellular miRNA
and EBV miRNA, as compared with the negative controls. As
shown in Figure 5, the mRNA and protein expression of PTEN
was slightly decreased in the Ramos cells individually treated
with miR-142 and EBV-BART-6-3p compared with the negative
controls, while in the Ramos cells co-transfected with miR-142
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Figure 3. Luciferase assay was used to evaluate the regulatory association between miR-142/EBV-BART-6-3p and PTEN. (A) Relative
luciferase activity of miR-142 overexpressing cells transfected with constructs containing wild-type PTEN 3’UTR was clearly
lower than in cells transfected with mutant PTEN 3’UTR and the negative controls. (B) Relative luciferase activity of EBV-
BART6-3p-overexpressing cells transfected with constructs containing wild-type/mutant PTEN 3’UTR was clearly lower than

in the negative controls.
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Figure 4. Expression of PTEN was evaluated in EBV-positive and EBV-negative BL samples. (A) mRNA expression level of PTEN is
notably reduced in EBV-positive cell samples compared with EBV-negative cell samples. (B) Protein expression level of PTEN
is notably reduced in EBV-positive cell samples compared with EBV-negative cell samples.
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Figure 5. mRNA and protein expression of PTEN were determined in Ramos cells transfected with miR-142 or miR-BART6-3p mimics.
(A) Expression level of PTEN protein showed a slight decrease in cells transfected with miR-142 mimics or miR-BART6-
3p mimics individually when compared with the negative controls, while cells treated with both miR-142 mimics and miR-
BART6-3p mimics exhibited a dramatic decrease as compared with the negative controls. (B) Expression level of PTEN mRNA
showed a slight decrease in cells transfected with miR-142 mimics or miR-BART6-3p mimics individually when compared
with the negative controls, while cells treated with both miR-142 mimics and miR-BART6-3p mimics exhibited a dramatic

decrease as compared with the negative controls.

and EBV-BART-6-3p, the expression of PTEN was dramatical-
ly reduced, indicating the synergistic effect of EBV-BART6-3p
and miR-142 on the expression of PTEN.

Synergistic effect EBV-BART6-3p and miR-142 upon the
viability of Ramos cells

Because PTEN was reported to accelerate the process of cell
apoptosis, we also examined cell viability of sample groups
treated with miR-142 mimics, EBV-BART6-3p mimics, and miR-
142 mimics together with miR-BART6-3p mimics compared
with the negative controls. As shown in Figure 6, cells treat-
ed with both cellular and EBV miRNAs showed a significantly
higher trend of viability, while cells treated with miR-142 mim-
ics and miR-BART6-3p mimics showed equally low viability, all

compared with the negative controls, clearly indicating the syn-
ergistic effect of miR-142 and EBV-BART6-3p upon the prolif-
eration of Ramos cells via targeting PTEN.

Discussion

Epstein-Barr virus (EBV) is associated with a variety of ma-
lignancies, such as Burkitt lymphoma, gastric carcinoma, na-
sal natural killer/T-cell lymphoma (NNL), and Hodgkin’s dis-
ease [16], but the underlying molecular mechanism remains
largely unknown. In this study, we identified 1 cellular miRNA
(miR-142) that functions together with EBV-BART-6-3p as on-
cogenes to suppress the expression of PTEN, a known tumor
suppressor, and inhibit the proliferation of BL cells.
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Figure 6. Viability in Ramos cells transfected with miR-142
mimics or miR-BART6-3p mimics individually was
slightly higher than in the controls, while the cells
treated with both miR-142 mimics and miR-BART6-
3p mimics exhibited dramatically increased viability as
compared with the negative controls.

miR-142 was initially identified as a hematopoietic-specific
miRNA [17] expressed in numerous hematopoietic cell lineag-
es [18]. Recently, it was reported that miR-142 is abnormally
expressed in human T-cell lymphotropic virus type-1 (HTLV-1)
adult T-cell leukemia [19]. Another study showed that miR-142
reduces cyclic adenosine monophosphate (cAMP) generation
in conventional CD4T cells through modulating the mRNA ex-
pression level of adenylyl cyclase 9 [20], which is a major en-
zyme catalyzing the generation of cCAMP from ATP; as a result,
cAMP activates protein kinase A (PKA) by directing binding.
In this way, CAMP not only inhibits normal T-cell proliferation
but also negatively regulate T-leukemia cells through the PKA
pathway [21,22]. The data indicated that underexpression of
miR-142 might be responsible for the abnormally enhanced pro-
liferation of T-leukemic cells and leukemogenesis by decreasing
cAMP levels. In addition, the miR-142 gene has been found to
be located within the breakpoint junction of a t (9: 14) translo-
cation [23-25], suggesting a potential association between the
dysregulation of miR-142 and leukemogenesis. Lv et al. showed
that miR-142 functions as an oncogene in tumorigenesis of
T-cell acute lymphoblastic leukemia (T-ALL) as evidenced as
its ability to promote the proliferation of leukemic cell growth
and decrease the sensitivity to the treatment with glucocorti-
coid (GC) [26]. In this study, we examined several differentially
expressed cellular miRNAs, including miR-181, miR-197, miR-
574, miR-501, miR-501, miR-142, miR-7, and miR-609, in EBV-
positive versus EBV-negative BL tissue samples, and identified
the differential expression of miR-142 in the BL samples com-
pared with controls. In addition, we confirmed PTEN as shared
targets of cellular miR-142 and EBV miRNA by using bioin-
formatics tools, and we further confirmed the binding site of
miR-142 in the 3'UTR of the target genes, and established the
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negative regulatory relationship between miRNAs (miR-142 and
EBV-BART-6-3p) and mRNA (PTEN) with luciferase activity assay.
We also determined the mRNA and protein expression levels
of PTEN in EBV-positive and EBV-negative BL samples, and we
found that the expression level of PTEN in EBV-positive cells
was clearly lower than in the EBV-negative cells.

Phosphatase and tensin homolog (PTEN) is a protein encoded by
the PTEN gene. It is one of the most frequently mutated genes in
human cancer [27,28] with identified cancer-related mutations
scattered over the entire PTEN gene [29]. PTEN is characterized
by the presence of a tensin-like domain and a catalytic domain
resembling the dual-specificity protein tyrosine phosphatas-
es [30]. It negatively regulates intracellular levels of phospha-
tidylinositol-3,4,5-trisphosphate in cells, the primary signaling
pathway for cell survival and proliferation, and functions as a tu-
mor suppressor [30]. Most of the PTEN mutations are identified
in the C-terminus of the protein, suggesting that the elements
in this region may play a critical role in tumor suppression [31].
The C-terminal sequence of PTEN is critical for its nuclear local-
ization [32], control of anchorage-independent proliferation [33],
and the migratory and invasive ability of the cells [34]. In this
study, we transfected the Ramos cells with miR-142 mimics and
EBV-BART-6-3p, and determined the expression of PTEN, find-
ing that the mRNA and protein expression of PTEN was slight-
ly decreased in the Ramos cells individually treated with miR-
142 and EBV-BART-6-3p compared with the negative controls,
while in the Ramos cells co-transfected with miR-142 and EBV-
BART-6-3p the expression of PTEN was dramatically reduced, in-
dicating the synergistic effect of EBV-BART6-3p and miR-142 on
the expression of PTEN. Moreover, we investigated the viability
of the Ramos cells transfected with miR-142 mimics and EBV-
BART-6-3p, individually or in combination, and we found that
cells treated with both cellular and EBV miRNAs showed a sig-
nificantly higher trend of viability, while cells treated with miR-
142 mimics and miR-BART6-3p mimics both showed low viabil-
ity, all compared with the negative controls, clearly indicating
the synergistic effect of miR-142 and EBV-BART6-3p upon the
proliferation of the Ramos cells via targeting PTEN.

Conclusions

In the present study we demonstrated that overexpressed miR-
142 in EBV-positive BL is critical in the control of cell prolifera-
tion of BL in collaboration with EBV-BART-6-3p and functions
as a pro-oncogenic gene. Both the EBV-coded miRNA and cel-
lular miR-142 regulate the initiation and progression of BL, at
least in part, by targeting PTEN.
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