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ABSTRACT

Aims: To determine the effect of cytokines, namely transforming growth factor-beta one
(TGF-B1), and interleukin-6 (IL-6) on the expression of 88 cancer-related microRNAs
(miRNAs) in TWO01 nasopharyngeal carcinoma (NPC) cells with or without the presence
of Epstein-Barr virus latent membrane protein 1 (LMP1).

Methodology: TW01 and TWO01-LMP1 cells were treated with cytokines. MicroRNAs
were isolated from treated and untreated TW01/TWO01-LMP1 cells and were subjected
to RT-PCR array of 88 cancer-related microRNAs. The threshold cycle (Ct) data were
analysed and fold-change in the level of gene expression was calculated based on
AACt using two endogenous controls, SNORD 47 and SNORD 44. Data obtained from
each treatment were compared with the data obtained from the respective control group
(untreated TWO01/ TW01-LMP1).
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Results: TGF-1 down-regulated miR-143 in TW01 NPC cells. In TWO01 cells that
expressed the EBV LMP1 gene (TWO01-LMP1), approximately 97% of the 88 miRNAs
were up-regulated by TGF-B1. Among them was miR-181c a well-known repressor of
NOTCH2/4 and KRAS and has important role in cell differentiation. IL-6 up-regulated
approximately 65% of the miRNAs in TWO01 cells but in less than four-fold. In TWO-
LMP1 cells, eight miRNAs; namely, miR-15b, miR-155, miR-16, miR-215, miR-23b,
miR-25, miR-9 and miR-98 were significantly up-regulated by IL-6. Among these, miR-
15b, miR-155 and miR-25 had been reported to be elevated in NPC tissues.
Conclusion: This study provides a preliminary perspective on the effects of cytokines
on the expression of miRNAs in TW01 NPC cells.

Keywords: microRNA; cytokines; nasopharyngeal carcinoma; Epstein-Barr; latent
membrane protein one.

1. INTRODUCTION

MicroRNAs (miRNAs) are small non-coding protein RNAs, which are approximately 22
nucleotides in length. They can either bind to their target mRNAs by complete base pairing
which subsequently leads to mRNA cleavage, or they can bind to their targets’ 3’'UTR
partially to cause translational repression [1]. MicroRNAs are believed to play significant
roles in cancer development because most reported human miRNAs are located within the
cancer-associated regions [2]. Down-regulation of twenty four miRNAs (including miR-143,
miR-145, miR-187, miR-195, miR-204, miR-34c-3p and miR449a) in nasopharyngeal
carcinoma (NPC) tissues was associated with several oncogenic pathways such as VEGF
signalling, Inositol 1, 4, 5-triphosphate (IP3) signalling and TGF-Wnt pathways [3]. Up-
regulation of miR-141 in NPC reduced the level of its target mMRNAs (BRD3, UBAP1 and
PTEN) and eventually led to NPC development [4].

In NPC, increased expression of cytokines was correlated with advanced stage and adverse
prognosis. Interleukin-6 (IL-6), a pro-inflammatory cytokine which mediates Epstein-Barr
virus (EBV) latent infection in NPC [5] was activated by NF-kB activity [6]. Transforming
growth factor beta-one (TGF-1) is a multifunctional cytokine which plays a dualistic role in
carcinogenesis [7]. High level of TGF-B1 disrupted the EBV latency and induced its
replication [8]. In addition, TGF-B1 induced production of EBV-specific IgA which is involved
in the pathogenesis of NPC [9].

EBV infection has been associated with the progression of NPC although it is predominantly
latent [10]. EBV associated NPC cells suppressed immunogenic response by releasing
exosomes containing LMP1 which inhibited the activity of T-cells [11]. LMP1 also induced
the expression of Snail which may play a role in epithelial-mesenchymal transition (EMT) of
NPC leading to metastasis [12]. In addition, angiogenesis is induced by LMP1 via the
expression of cyclooxygenase-2 (COX-2) which is associated with the production of vascular
endothelial growth factor (VEGF) [13]. Although LMP1 may play a prime role in driving the
development of NPC, it was expressed variably in NPC tissues [14].

MicroRNAs were reported to be associated with cytokines leading to the progression of
cancer. Overexpression of miR-106b-25 and miR-17-92 clusters inactivated the TGF-B
signalling in several tumours leading to resistance to TGF- tumour suppression [15]. TGF-
B1 induced expression of miR-21 which targets tumour suppressor genes [16]. It activated
Akt kinase by targeting phosphatase and tensin homologue (PTEN) via the induction of miR-
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216a and miR-217 [17]. Reduced miR-23b may activate the TGF-B1/Smad3 signalling
pathway during termination stage of liver regeneration [18]. In addition, TGF/Smad pathway
could regulate miRNA-155 and resulted in epithelial cell plasticity by targeting RhoA [19]. In
rheumatoid arthritis, miR-155 could be involved in posttranscriptional control of the
inflammatory pathways by increasing production of IL-6 [10]. It was also reported that latent
membrane protein 1 (LMP1) activated NF-kB pathway resulted in induced expression of
miR-155 which may be involved in EBV-mediated transformation of B cells [21]. The
objectives of this study are to determine the expression of 88 cancer related miRNAs in
TWO01/TWO01-LMP1 cells in the presence of TGF-1 and IL-6.

2. MATERIALS AND METHODS

NPC cell line, TWO01 was an established cell line derived from an EBV-negative, moderately
differentiated keratinising NPC tissues. TWO01 cells were cultured with DMEM/F12
(Invitrogen, USA) supplemented with 10% v/v fetal bovine serum (FBS). TWO01 cells that
transiently expressed the EBV LMP1 gene (TWO1-LMP1 cells) were established via
transfection of TW01 with LMP1 gene using the LipofectamineTM 2000 (Invitrogen, USA) as
described by Chew et al. [22]. Transient expression of LMP1 gene was confirmed by
conducting RT-PCR analysis via SuperscriptTM |l One-Step RT-PCR System (Invitrogen,
USA). Total RNA was extracted using RNeasy Mini Kit (Qiagen, Germany) and RT-PCR
analysis was performed using LMP1 gene specific primers: 5'-
CACCATGATGGAACACGACCTTGAG-3 and 5-GACAGTGTGGCTAAGGGA-3'.
Untransfected TWO01 cells were used as control. Protein expression was further verified by
performing western blot analysis with monoclonal mouse anti-EBV LMP1 CS. 1-4 (Dako,
Denmark). Transient expression of LMP1 in TW01-LMP1 cells was confirmed via RT-PCR
and western blot analysis (Fig.1). The transcription of LMP1 gene was indicated by the
detection of a fragment of 1373bp in the RT-PCR product. No bands were detected in the
RT-PCR products of untransfected TWO01 cells. The genomic control (PCR product of
total RNA isolated from transfected TWO01 cells) also produced negative results. Presence of
LMP1 protein was further confirmed by western blot which detected a band of 57 kDa

(Fig. 1).

A total of 1.5 x 10° TW01/ TWO01-LMP1 cells were plated into a culture flask 24 hours prior to
treatment with cytokines (1000 pg/mL TGF-B1 or 100 pg/ml IL-6) for 48 hours. Untreated
cells were also cultured for 48 hours. miRNAs were then isolated using mirVana™ miRNA
Isolation Kit (Ambion, UK). The concentration and quality of miRNAs were determined using
the Infinite 200 (TECAN, Switzerland). The integrity of miRNAs was also analysed by
BioAnalyzer 2100 (Agilent Technologies, USA) using both Agilent Small RNA kit as well as
Agilent RNA 6000 Nano Kit. miRNAs with A260/A280 ratio of 1.9 — 2.1, A260/A230 ratio of
1.7 — 2.1 and RNA integrity number (RIN) = 9 were subjected to the RT2 miRNA PCR Array
of 88 cancer-related miRNAs (MAH102A, SABiosciences, USA). A total of 100 ng miRNAs
were converted into cDNA using the RT2 miRNA first strand kit and the quantitative RT-PCR
was performed via the iQ5 real-time PCR system (Bio-Rad Laboratories, USA). The PCR
condition was set to 95°C for 10 min, followed by 40 cycles of 95°C for 15s, 60°C for 30s and
72°C for 30s. The threshold cycle (Ct) data were analysed using integrated web-based
software (SABioscience RT2 Profiler PCR Array Data Analysis version 3.4). Fold-change
was calculated based on AACt using two endogenous controls, SNORD 47 and SNORD 44
for normalisation. Data obtained from each treatment were compared with the data obtained
from the respective control group (untreated TWO01/ untreated TW01-LMP1).
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Fig. 1. Transient expression of LMP1 gene in TW01-LMP1 cells was confirmed by RT-
PCR and Western blot analysis
(A) The transcription of LMP1 in transfected TWO01 (T) was indicated by the presence of RT-PCR
product of 1373 bp. No bands were found with the genomic control (GC) and untransfected TWO01
cells (UT). (B) Expression of LMP1 was verified by the presence of 57kDa protein via Western Blotting.

3. RESULTS AND DISCUSSION

Results from the RT-PCR array showed 54% of the 88 cancer related miRNAs were down-
regulated by TGF-B1 in TWO01 when compared with untreated TWO01 cells (Fig.2). A group of
eight miRNAs was significantly down-regulated. Among them were tumour suppressors such
as miR-122 [23], miR-142-5p [24], miR-143 [25] and miR-206 [26]. Down-regulation of these
miRNAs was reported to either increase cell proliferation or reduce apoptosis. Three
miRNAs (miR-143, miR-142-5p and miR-372) were down-regulated more than ten-fold.
However, there was limited information on the roles of these miRNAs in NPC. Down-
regulation of miR-143 was observed in NPC [3], cervical cancer [27] and B-cell malignancies
[28]. The down-regulation of miR-143 has been suggested to activate the mitogen-activated
protein kinase (MAPK) pathway via extracellular signal-regulated kinase 5 (ERKS5), which is
a miR-143 target [29]. It is also possible that miR-143 is associated with TGF-B1 in the
activation of ERK5/MAPK. Down-regulation of miR-372 has been reported in cervical cancer.
miR-372 is known to target cyclin-dependent kinase 2 (CDK2) and Cyclin A1 and its
overexpression had been shown to suppress cell growth by inducing cell-cycle arrest [30].
Oncogenic activity of miR-372 was observed in human testicular germ cell tumours where it
targeted the p53 pathway [31] and in human gastric cancer cell line where it down-regulated
the tumour-suppressor gene LATS2 [32]. However, the effect of miR-372 in NPC has not
been documented. In order to predict cellular pathways that are associated with the down-
regulation of the eight miRNAs, we conducted multiple microRNA analysis using the DIANA-
mirPath based on TargetScan 5 [33]. Through these analyses, the eight miRNAs were
predicted to target genes involved in intercellular and cell-matrix adhesions which have
important roles in cell motility, cell proliferation and cell differentiation. In addition, these
miRNAs were also predicted to modulate TGF- and MAPK signalling pathways.
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Fig. 2. Volcano plot of 88 cancer related miRNAs expressed in TWO01 cells treated with
TGF-$1.

Extracted miRNAs were converted to cDNA and profiled using the RT2 miRNA PCR Array System.
The fold-change was obtained through SABiosciences web-based PCR array data analysis. Fold-
change of more than four was used as a threshold limit, with green circle indicating <-4 and red circle
indicating >4. * indicates P value <.05 as compared to the untreated TWO01 cells. All experiments were
performed in triplicates.

As shown in Fig.3, expression of EBV LMP1 gene in TWO01 cells down-regulated
approximately 32% of the 88 miRNAs as compared to control TWO01 cells (without EBV
LMP1 gene). Two miRNAs were significantly down-regulated with more than four-fold,
namely miR-142-5p (-5.30) and miR-181c (-37.66). It was interesting to observe that TGF-
B1 up-regulated approximately 97% of the studied miRNAs in TWO0-LMP1 cells as compared
to the untreated TWO-LMP1 control (Fig.4). Four miRNAs; namely, miR-127-5p, miR-181b,
miR-181c and miR-181d were significantly up-regulated with miR-181c achieving
approximately 56-fold (P=.001). It was noted that EBV LMP1 down-regulated miR-181c in
TWO01 cells but in the presence of TGF- 1, miR-181¢c was up-regulated. Members of the
miR-181 family including miR-181c were induced in hepatic stem cell-like hepatocellular
carcinomas. However, they were repressed in mature hepatocyte-like carcinomas and thus
implicating their roles in the regulation of cell differentiation [34, 35]. Down-regulation of miR-
181c by LMP1 might be associated with its role in cell differentiation. It was reported that
LMP1 inhibited tumour cell differentiation in the early-stage of non-keratinizing NPC via
down-regulation of y-catenin [36] and LMP1 increased the rate of keratinocyte proliferation
but repressed the expression of genes involved in epithelial differentiation [37, 38]. miR-181¢
is known to repress NOTCH2/4 and KRAS in gastric cancer [39]. Thus, down-regulation of
miR-181c might lead to the derepression of Notch that would lead to the progression of NPC
and an increase of the cancer stem-like side population cells [40]. Further studies would be
needed to clarify the roles of miR-181c in NPC.
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Fig. 3. Volcano plot of 88 cancer related miRNAs expressed in TWO01 cells expressing
LMP1 gene
Extracted miRNAs were converted to cDNA and profiled using the RT2 miRNA PCR Array System.
The fold-change was obtained through SABiosciences web-based PCR array data analysis. Fold-
change of more than four was used as a threshold limit, with green circle indicating <-4 and red circle
indicating >4. * indicates P value <.05 and ** indicates P value <.01 as compared to the untreated
TWO1 cells. All experiments were performed in triplicates.

Approximately 65% of the miRNAs were up-regulated by IL-6 in TWO01 cells. However, the
fold-change was less than four. Nevertheless, the deregulation of these miRNAs might be
important as fold-change of less than two-fold could be as significant as those with more
than 10 to 20-fold differences [41]. Therefore, fold-change of more than two was used as a
threshold limit for data analysis of this treatment. Three miRNAs; namely, miR-146a, miR-
335 and miR-98 were up-regulated significantly (Fig.5A). miR-355 targets Rb1 and thus,
plays an important role in controlling proliferation by the induction of p53-dependent cell
cycle arrest [42]. Down-regulation of miR-98 was observed in relapsed NPC patients and
miR-98 was involved in the regulation of enhancer of Zeste homolog 2 (EZH2) [43].
Interestingly, IL-6 was reported to induce expression of EZH2 in growth factor-dependent
cell lines, but during terminal differentiation induced by IL-6, the B lymphoblastoid cell line
(CESS) lost EZH2 expression [44]. Induction of miR-146a inhibited the invasive capacity via
reduction of EGFR and the NF-kB regulatory kinase interleukin 1 receptor—associated kinase
1 (IRAK-1) [458]. Interestingly, the presence of IL-6 induced the expression of tumour
suppressors in TWO01. In addition, miR-222 that is known to target tumour suppressor p27K'p1
[46], was down-regulated in the presence of IL-6. This was consistent with the growth
inhibitory effect of IL-6 by preventing the degradation of p27"*" [47].
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Fig. 4. Volcano plot of 88 cancer related miRNAs expressed in TW01-LMP1 cells

treated with TGF-1

Extracted miRNAs were converted to cDNA, profiled using the RT2 miRNA PCR Array System and
analysed as described in Material and Methods. Fold-change of more than four was used as a
threshold limit, with green circle indicating <-4 and red circle indicating >4. * indicates P value <.05, **
indicates P value <.01 and *** indicates P value <.001 as compared to the untreated TWO01-LMP1

cells. All experiments were performed in triplicates.

549



British Journal of Medicine & Medical Research, 3(3): 543-554, 2013

Presence of IL-6 caused up-regulation of 67% miRNAs in TWO01-LMP1 as compared to
control. Eight miRNAs; namely, miR-15b, miR-155, miR-16, miR-215, miR-23b, miR-25,
miR-9 and miR-98 were significantly up-regulated with fold-change more than four (Fig.5B).
miR-15b, miR-155 and miR-25 were found to be elevated in NPC tissues [3] and miR-155 is
an activator of the NF-kB signalling pathway in many cancers [48]. In NPC, LMP1 was
reported to up-regulate miR-155 that targets Jumonji domain 1A (JMJD1) and is associated
with poor prognosis [49]. miR-16 was reported to target the tumour suppressor BRCA-1 in
NPC leading to tumour growth [50]. It was noted that treatment of IL-6 in TWO01 cells that
expressed EBV LMP1 resulted in the up-regulation of oncogenes that are associated with
cancer progression. Although miR-98 was up-regulated by IL-6 in both TW01 and TWO-
LMP1 cells, it is important to note that miR-98 was also speculated to target tumour
suppressor gene, FUS1 [51]. To date, the role of miR-98 in NPC development and its
association with IL-6 or LMP-1 has not been reported.
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Fig. 5. Volcano plot of 88 cancer related miRNAs expressed in (A) TW01 cells and (B)
TWO01-LMP1 cells treated with IL-6
Extracted miRNAs were converted to cDNA, profiled using the RT2 miRNA PCR Array System and
analysed as described in Material and Methods. Fold-change >2 was used as a threshold limit in (A)
while fold-change >4 was used in (B). Green circle indicating <-4 and red circle indicating >4. *
indicates P value <.05, ** indicates P value <.01 and *** indicates P value <.001 as compared to the
respective control (untreated TW01/TWO01-LMP1 cells). All experiments were performed in triplicates.
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4. CONCLUSION

In summary, the present study showed that the EBV LMP1 gene affected the expression of
miRNAs in TWO01 cells in response to cytokines such as TGF-B1 and IL-6. TGF-B1 caused
down-regulation of eight miRNAs, namely, miR-122, miR-142-5p, miR-143, miR-184, miR-
206, miR-212, miR-372 and miR-373. However, when LMP1 was expressed, treatment with
TGF-B1 resulted in the up-regulation of approximately 97% of the miRNAs considered in this
study. These included miR-127-5p, miR-181b, miR-181c and miR-181d. Finally, treatment
with IL6 induced the up-regulation of 65% miRNAs with none of these, reaching fold-change
above four. In TWO01-LMP1 cells, eight miRNAs (miR-15b, miR-155, miR-16, miR-215, miR-
23b, miR-25, miR-9 and miR-98) were up-regulated more than four-fold.
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