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Abstract Aberrant expression of miR-10b has been de-
scribed in many cancers but remains unexplored in nasopha-
ryngeal carcinoma (NPC). Therefore, we aimed to study the
miR-10b expression level in 43 NPC biopsies collected from
Tunisian patients and three NPC xenografts. Then, we inves-
tigated the correlation between miR-10b expression and its
upstream regulators LMP1/Twist1 as well as its adjacent gene
HoxD4. We showed that miR-10b was significantly up-
regulated in NPC biopsies compared to non-tumor nasopha-
ryngeal tissues (fold change 153; p=0.004) and associated
with advanced clinical stage and young age at diagnosis (p=
0.005 and p=0.011, respectively). In addition, over-
expression of miR-10b was positively associated with the
transcription factor Twist1 as well as the EBV oncoprotein
LMP1 (fold change 6.32; p=0.014, fold change 6.58; p=
0.01 respectively). Furthermore, higher level of miR-10b
was observed in tumors with simultaneous expression of
LMP1 and Twist1, compared to those expressing only Twist1
(fold change 2.49; p=0.033). Meanwhile, the analysis of the
link between miR-10b and its neighbor gene HoxD4 did not
show any significant correlation (Fisher test p=0.205; Mann–
Whitney test p=0.676). This study reports the first evidence of
miR-10b over-expression in NPC patients. Furthermore, our

findings can support hsa-miR-10b gene regulation through
LMP1/Twist1 in NPC malignancy.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor that
occurs in epithelial cells lining the nasopharynx. In most re-
gions, the age-standardized incidence of NPC is less than
1/100,000 individuals. However, higher rates are observed in
the Cantonese population of southern China, and intermediate
rates are observed in North Africa [1]. One intriguing charac-
teristic of the North African NPCs is their bimodal age distri-
bution, with a major peak of incidence occurring around 50
and a minor peak between 15 and 25 years old [2]. As a
distinct type of head and neck cancers, non-keratinizing
NPC is closely associated with Epstein–Barr Virus (EBV)
[3, 4]. It is well established that EBV infection contributes to
tumorigenesis of NPC, mainly through the expression of the
oncoprotein latent membrane protein 1 (LMP1). LMP1 acts as
a constitutive active receptor, mimicking the “receptor of tu-
mor necrosis factor (TNF)” super-family to stimulate multiple
signalling pathways, including NF-κB, JAK/STAT, p38/
MAPK, PI3K/Akt, and ERK-MAPK/JNK [5, 6]. Therefore,
LMP1 is able to achieve pleiotropic effects on cell migration,
proliferation, apoptosis, and stemness [7, 8].

MicroRNAs (miRNAs) belong to a class of short, highly
conserved non-coding RNAs that are known to regulate gene
expression at the post-transcriptional level through imperfect
base pairing with the 3′ untranslated regions of target mRNAs
[9]. Growing evidence shows that miRNAs exhibit a variety
of crucial regulatory functions related to cell growth,
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development, and differentiation [10, 11]. Therefore, alter-
ation of miRNA expression profile could contribute to the
pathogenesis of a wide range of human diseases including
neoplasia. miRNAs can act as oncogenes by repressing the
expression of target tumor suppressor genes or as tumor sup-
pressors by repressing the expression of target oncogenes.
Recently, large-scale miRNA screening has been performed
for several human cancers, including NPC [12–14]. Recently,
it has been reported that LMP1 could modulate miRNA ex-
pression pattern, such as the down-regulation of miR-203 and
miR-29b and the up-regulation of miR-155, miR-21, and
miR-10b [15–19].

The miR-10b, defined as an oncogenic miRNA, has been
reported to promote metastatic progression through targeting
the transcription factors HoxD10 in breast cancer and KLF4 in
esophageal cancer [20, 21]. Similar findings on the migration
and invasion processes were also shown for NPC cell lines
[19, 22]. In addition, the implication of miR-10b in tumor cell
proliferation was also concluded through the repression of
BCL2L11, CDKN1A, and NF1 in glioma cells and PTEN in
thyroid cancer cells [23–25]. To explore hsa-miR-10b gene
regulation, two upstream regions have been studied. In fact,
Ma et al. have found that the transcriptional factor Twist1
regulates miR-10b expression through binding to E-box se-
quence located at the putative promoter region (−460 to
−111 bp) of hsa-miR-10b [20]. Moreover, retinoic acid re-
sponsive element (RARE) boxes located at −1.5 kb upstream
of hsa-miR-10b were involved in the transcriptional regula-
tion of miR-10b as well as its 5′-adjacent gene, HoxD4 [26].
In NPC, the role of LMP1 in the up-regulation of miR-10b has
been demonstrated through Twist1 in C666.1 cell line [19].

The present work aimed to study the expression level of
miR-10b in NPC primary tumors and then to examine the
statistical correlations between miR-10b and its upstream reg-
ulators LMP1, Twist1, and its 5′-adjacent gene HoxD4.

Materials and methods

Patients and tissue samples

Primary NPC biopsies were collected with informed consent
from 43 patients, prior to any treatment, at the University
Hospital of Sfax (Tunisia). Seven cases were of the juvenile
form (patients aged less than 30 years). The clinical stage of
the disease was determined according to the tumor, node, and
metastasis (TNM) classification of the American Joint Com-
mittee on Cancer/International Union Against cancer
(AJCC/UICC, 1997) [27, 28]. The histological type of NPC
was determined on tissue sections according to the World
Health Organization (WHO, 2005) [29]. In addition, six biop-
sy samples totally devoid of malignant cells from nasopharyn-
geal tissues were used as controls. Three NPC xenografts,

C15, C17, and X666, derived from a North African primary
NPC, from a cutaneous metastasis of a European NPC, and
from a Chinese primary NPC, respectively, were used as ref-
erences (kindly provided by Professor P. Busson, Villejuif,
France).

All tissue samples were immediately frozen in liquid nitro-
gen and subsequently stored at −80 °C. Total RNAwas isolated
from the various tissues by TRIzol reagent (Invitrogen) follow-
ing the manufacturer’s instructions and then conserved at
−80 °C until use. RNA concentration and purity weremeasured
using the NanoDrop ND-1000 UV/Vis spectrophotometer.

Stem-loop RT-qPCR

miR-10b was reverse-transcribed using a stem-looped primer
(5′-CTCAACTGGTGTCGT GGAGTCGGCAATTCAGTT
GAGCACAAATT-3′) which binds to six nucleotides at the
3′ side of the mature miR-10b molecule. The small nuclear
RNA (snRNA) U6 was also reverse-transcribed using U6-R
specific primer (5′-CGCTTCACGAATTTGCGTGTCAT-3′)
and considered as an internal control. Reverse transcription
(RT) reaction was performed on 50 ng of total RNA in a final
volume of 10 μl containing 0.1 pmol of specific primer, 1×
reaction buffer, 10 nmol of dNTP, and 100 U of M-MLV
reverse transcriptase (Invitrogen). The reaction was incubated
for 30 min at 16 °C followed by 50 min at 37 °C and finally
stopped by incubation for 15 min at 70 °C. miR-10b level was
examined by quantitative PCR (qPCR) using U6 as an endog-
enous control. The qPCR reaction mix includes 1 μl of RT
product as template, 4 pmol of each primer, and 10 μl of 2×
Evagreen super-mix (Biorad). The amplification conditions
performed in Biorad-CFX96 are as follows: 95 °C for 30 s,
then 45 cycles of 94 °C 10 s and 61 °C 45 s. The specificity of
the PCR products was confirmed by melting curve analysis
from 65 to 95 °C, with a heating rate of 0.5 °C/s. In addition,
the PCR amplification efficiency of each primer pair was cal-
culated according to the standard curve method using the
equation E% = (10−1/slope − 1)×100 by serial dilutions. Stan-
dard curves from the target miR-10b and the internal control
snRNAU6were generated using the Ct value versus log input
of cDNA.

RT-PCR

Conventional RT-PCR was performed for Twist1, LMP1,
HoxD4, and the GAPDH as endogenous control. RT reaction
was performed on 1μg of total RNA in a final volume of 20μl
containing 1× reaction buffer (Invitrogen), 0.1 pmol of ran-
dom hexamer primers, 10 nmol of each dNTP, and 100 U of
M-MLVreverse transcriptase (Invitrogen). The reactions were
incubated at 37 °C for 50 min and then at 70 °C for 10 min.
Following RT, 1 μl of cDNA was used as template for each
PCR reaction in a final volume of 25 μl containing 1× PCR
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buffer, 2 mM MgCl2, 5 pmol of each appropriate primer,
200 μM of each dNTP, and 1 U of Taq DNA polymerase
(Fermentas). The primer sequences, product sizes, and anneal-
ing temperatures are shown in Table 1.

Statistical analysis

All statistical analyses were performed using GraphPad Prism
software 6.0. Gene expression ΔCt values of miRNA from
each sample were calculated by normalizing according to in-
ternal control U6 expression, and relative quantification
values were plotted. The differences between tumor and nor-
mal tissues were analyzed by Mann–Whitney test. The anal-
ysis of miR-10b levels according to clinical parameters or
expression status of LMP1, Twist1, and HoxD4 was also per-
formed using Mann–Whitney test. miR-10b expression level
differences in groups expressing or not Twist1 and/or LMP1
were determined using the ANOVA test. Fisher test was ap-
plied to determine statistical correlation between miR-10b
high or low level and HoxD4 expression status. The analysis
of miR-10b correlation with patients’ survival was determined
using Kaplan–Meier test. Statistical significance was set up to
p≤0.05 in each test.

Results

Expression of miR-10b in primary NPC tissues
and xenografts

Before the analysis of miR-10b expression in NPC tissues and
non-tumor nasopharyngeal tissues, the PCR amplification effi-
ciencies of miR-10b and the internal control snRNA U6 were
measured according to the standard curve method. As shown in
supplementary Fig. S1, the slope values of resulting plots are
approximately equal, thus implying similar amplification effi-
ciency for miR-10b and the internal control snRNA U6 (101

and 103 %, respectively). Based on these data, the analyses of
the relative fold changes in miR10b expression were then per-
formed using the 2−ΔΔCt method, as described by Livak et al.
[30]. As shown in Fig. 1a, the miR-10b level was significantly
higher in primary NPC tumors compared to control tissues. The
difference ranged from 0.028 to 2352with amedian of 153 fold
(p=0.004). In addition, C15 and C17 NPC xenografts show
high miR-10b expression compared to non-tumor tissues (fold
change=15.67 and 21.85, respectively), contrarily to X666
(fold change = 0.028) (Fig. 1b). The relationship between the
expression levels of miR-10b and the clinicopathological fea-
tures of NPC patients is shown in Table 2. There were no
statistically significant differences between miR-10b levels
and lymph node involvement (N2–N3) and distant metastasis
evolution at primary diagnosis. However, miR-10b was signif-
icantly more abundant in cases with an advanced T stage (T3–
T4) than those with T1–T2 (fold change = 3.94; p=0.038).
Regarding to TNM, high expression of miR-10b was associat-
ed with advanced TNM (III and IV) (fold change=6.77; p=
0.005). In addition, miR-10b level was correlated with patient
agewith a higher expression in the juvenile form (fold change=
5.35; p=0.011). We note also that miR-10b expression was
higher in tumors with undifferentiated type, although the dif-
ference did not reach statistical significance (fold change =
3.09; p=0.082). To evaluate the association between miR-10b
expression and patient’s outcome, Kaplan–Meier curves were
plotted. As shown in Fig. 2, when we stratified our patients
according to age of diagnosis, we showed that patients over
30 years old with high miR-10b expression had a significantly
shorter overall survival compared to those with low miR-10b
expression (p=0.048). This correlation was not observed when
all NPC patients were considered (both age groups) (p=0.88).

Correlation of miR-10b level and Twist1 and LMP1 mRNA

The positive expression of Twist1 and LMP1 was, respective-
ly, detected in 23 and 24 cases out of the 43 primary NPC
biopsies as well as in C15 and C17 NPC xenografts. In the

Table 1 Primer sequences and amplification conditions of miR10-b, U6, LMP1, Twist1, HoxD4, and GAPDH

Gene Primer sequences (5′→3′) PCR product (bp) Number of cycles Annealing T (°C)

miR10b Forward
Reverse

ACACTCCAGCTGGGTACCCTGTAGAA
GTGTCGTGGAGTCGGCAATTC

65 40 61

U6 Forward
Reverse

TTCGGCAGCACATATACTAAAATTGG
CGCTTCACGAATTTGCGTGTCAT

86 40 61

LMP1 Forward
Reverse

ACACACTGCCCTGAGGATG
TGAGCAGGAGGGTGATCA

298 35 60

Twist1 Forward
Reverse

CAAGCTGCAGCTATGTGGC
TGTCCATTTTCTCCTTCTCTGG

168 35 57

HoxD4 Forward
Reverse

TGGTCTACCCCTGGATGAAG
CGACAGACACAGGGTGTGAG

187 40 62

GAPDH Forward
Reverse

GCTCTCTGCTCCTCCTGTTC
CGCCCAATACGACCAAATCC

122 30 60
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non-tumor samples, LMP1 expression was negative in all six
cases, while Twist1 was detected in only two cases (Fig. 3).
Using Mann–Whitney test, we show that miR-10b over-ex-
pression was significantly correlated with Twist1 and LMP1
positive cases (fold change = 6.32; p=0.014 and 6.58; p=
0.010, respectively). According to the functional link reported
in NPC cell lines showing that LMP1 induces the over-
expression of Twist1 which in turn activates the transcription
of miR-10b, we subdivided our cases in three groups. The first
group (namely, group 1) encloses the 27 cases exhibiting a
negative expression of Twist1 independently of the expression
profile of LMP1. The second group (namely, group 2) in-
cludes the 11 cases showing a positive expression of Twist1
and a negative expression of LMP1. Finally, the third group

(namely, group 3) concerns the 14 cases showing simulta-
neous expression of Twist1 and LMP1. As shown in Fig. 4,
miR-10b expression was significantly different according to
the expression pattern of LMP1 and Twist1 (p=0.033). Indeed
the higher level of miR-10b was found in cases with simulta-
neous expression of LMP1 and Twist1 (group 3), compared to
those with only Twist1 positive expression (group 2; fold
change 2.49) and to those with Twist1 negative expression
(group 1; fold change 8.81).

Correlation between miR-10b and HoxD4 expression

To assess whether hsa-miR-10b gene regulation is associated
with the adjacent geneHoxD4, we examined the corresponding

Fig. 1 a The relative levels of
miR-10b (2−ΔΔCt) in each tumor
and non-tumor samples
normalized with the median of
non-tumor samples. miR-10b is
statistically over-expressed in
tumor samples with a fold
change=153 (p=0.004). b miR-
10b relative expression in C15,
C17, and X666 NPC xenografts
normalized with the median of
non-tumor samples. Data are
presented in a logarithmic scale to
better visualize over- and under-
expression. The p-value was
calculated using the non-
parametric Mann–Whitney U test

Table 2 Correlation between
miR-10b level and
clinicopathological parameters

NKC nonkeratinizing carcinoma,
UCNTundifferentiated carcinoma
of nasopharyngeal type
aMann–Whitney test; a p-value
≤0 . 05 was con s i d e r ed a s
statistically significant

Number of samples Fold change pa

Age ≥30 35 5.35 0.011
<30 7

Histological type NKC 18 3.09 0.082
UCNT 25

TNM stage I–II 5 4.95 0.005
III–IV 35

Tumor stage T1–T2 15 3.94 0.038
T3–T4 25

Lymph node metastasis N0–N1 10 1.52 0.682
N2–N3 30

Distant metastasis M0 34 4.23 0.499
M1 6
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mRNA expression in tumor and non-tumor tissues. HoxD4
expression was detected in the three NPC xenografts as well
as in ten out of 43 primary NPC biopsies. In addition, HoxD4
expression was detected in three out of the six non-tumor na-
sopharyngeal tissues. No significant correlation between miR-
10b and HoxD4 expression was found (fold change 1.04; p=
0.676). To apply Fisher test, all cases were classified into high
and lowmiR-10b levels based on themean fold relative level of
miR-10b (=201.03). In fact, a high level of miR-10b was found
in only four out of the 16 HoxD4 positive cases (three NPC
xenografts, ten NPC biopsies, and three non-tumor tissues),
showing no significant correlation between these two genes
(p=0.205).

Discussion

Our data showed significant over-expression of miR-10b
in primary NPC biopsies compared to non-tumor tissues
(fold change 153; p=0.004), which is in line with previ-
ous studies on patients with esophageal cancer [21],
breast cancer [31], and gliomas [32]. The down-
regulation of miR-10b was reported by Gee et al., using
microarray method, in patients with head and neck can-
cer excluding NPC (fold change=0.1) [33]. Besides the
technique used for miR-10b quantification, our finding
on NPC patients is in line with the general assumption

which classifies this malignancy as a distinct entity from
the other head and neck cancers, that being related to
latent EBV infection.

The functional investigation of miR-10b in NPC cells
has been firstly reported by Li et al., showing in C666.1
that the up-regulation of miR-10b increases the mobility
and promotes the migration and invasiveness in vitro as
well as the death of tumor-bearing nude mice in vivo
[19]. Later, Sun et al. reported the same in vitro observa-
tion on the CN-2Z cell line [22]. Based on these data, we
expected to find that the high levels of miR-10b would be
associated to lymph node and/or extra-nodal metastases.
However, our findings show no statistical correlation with
these clinical parameters (p=0.682 and p=0.499, respec-
tively). Meanwhile, miR-10b over-expression was corre-
lated with the advanced T3–T4 stage (fold change 3.94;
p=0.038), suggesting that the miR-10b over-expression
could be involved in cell proliferation rather than in migra-
tion and invasion processes of NPC tumors. Based on the
miROB online database (http://mirob.interactome.ru/
microRNA_databases), miR-10b appears to target different
genes and thus controls various cellular pathways (supple-
mentary Fig. S2). Among them, we note several key cell
cycle inhibitors and pro-apoptotic genes such as BCL2L11,
TFAP2C, CDKN1A, CDKN2A, TP53, CYLD, and
FOXO3. The validation of these miR-10b targets in glio-
blastoma cells [24, 34] could support our above suggestion
that remains to be verified by further functional studies.

Fig. 2 Kaplan–Meier survival
curves correlating patient’s
overall survival with miR-10b
levels in a all patients and b in
adult patients (>30 years)

Fig. 3 Representative results of RT-PCR analysis for LMP1, Twist1, and HoxD4 in three NPC xenografts, tumor biopsies (T1–T11), and non-tumors
(N1–N6). GAPDH was used as endogenous control. T- negative control (sterile distilled water), L 100-bp DNA ladder
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According to the patients’ age, our study shows that the
miR-10b expression levels tend to increase in the juvenile
form of North African NPCs. We and others have previ-
ously shown that this NPC form has specific clinical and
biological characteristics compared to adult form. In the
juvenile form, immunohistochemistry assay has shown
that the two key proteins controlling the apoptotic survival
balance p53 and Bcl2 are less abundantly expressed,
whereas the C-kit receptor and the EBV oncoprotein
LMP1 are more frequently detected [35, 36]. There are also
reports showing that IgA anti-EA and anti-VCA antibodies
are less abundant in juvenile form [37, 38]. Regarding the
clinical features, young patients have a high rate of lymph
node metastasis and are subjected to earlier recurrences;
however, their outcome is significantly better than older
patients [39, 40]. In our cohort, the seven younger patients
were classified as TNM III and IV and had prolonged over-
all survival rate reaching 124 months, with no cases of
death caused by NPC. In addition, our findings on survival
parameters show that the high level of miR-10b is signifi-
cantly related to a patient’s shortened survival, especially
in adult NPC patients. Our data showed that young NPC
patients had a high amount of miR-10b and a prolonged
overall survival rate, which support the previous data sug-
gesting a distinct oncogenic pathway of these two age
groups. Similar to our results on the NPC adult form, the
prognosis value of miR-10b has been also reported in other

cancer types such as hepatocellular, gastric, and colorectal
cancers [41–43].

In the second part of this study, we focused on the correla-
tion between miR-10b level and its upstream regulators LMP1
and Twist1. In fact, Ma et al. have defined Twist1 as the
transcription factor of miR-10b which binds to E-box se-
quence in its putative promoter region (−460, −111 bp) [20].
In addition, Horikawa et al. have shown, in NPC cells, that the
viral oncoprotein LMP1 induces the over-expression of
Twist1 via the NF-κB pathway [44]. More recently, in
C666.1 NPC cell line, the functional link between these three
molecular actors has been confirmed by Li et al., concluding
that LMP1 induces Twist1, which in turn up-regulates miR-
10b [19]. Our data showed that the over-expression of miR-
10b correlates with the expression of Twist1 (fold change
6.32; p=0.014). In addition, the higher level of miR-10b
was observed in samples expressing simultaneously LMP1
and Twist1 compared to those expressing only Twist1. This
association suggests that LMP1 improves the over-expression
of miR-10b, which is in agreement with the previous findings
on NPC cell line [19].

The hsa-miRNA-10b gene is embedded in HOXD clus-
ter on chromosome 2q31, at 1 kb upstream of HOXD4
gene [20]. Since the co-localization was conserved during
evolution, Foley et al. have proposed that these two genes
would share a common regulation region located at 1.5 kb
upstream of hsa-miR-10b, which encompasses the RARE
elements. In fact, the authors have demonstrated the effect
of a trans-retinoic acid treatment on improving the simul-
taneous expression of miR-10b and HoxD4 in neuroblas-
toma cells [26]. Furthermore, Kim et al. have concluded
that the hypermethylation of CpG islands, located at the
previous DNA control region, would exhibit a transcrip-
tional repression of these two neighbor genes in gastric
cancer cells [45]. These data led us to examine whether
miR-10b and HoxD4 expressions are correlated in NPC
biopsies, suggesting another regulation pathway of miR-
10b expression. Our results showed that the expression of
these two genes was not correlated, suggesting that proba-
bly both genes are subjected to distinct control pathways.
However, further studies are warranted on the transcrip-
tional regulation of hsa-miR-10b in NPC cell lines by an-
alyzing, for example, the effect of DNA demethylating
agent or trans-retinoic acids on miR-10b expression.

In conclusion, we present here the first evidence of
miR-10b over-expression in NPC patients which corre-
lates with the advanced clinical stages and the juvenile
form of North African NPC. In addition, our study shows
that the elevated miR-10b level was associated with the
simultaneous expression of LMP1 and Twist1, supporting
the previous in vitro data showing the impact of LMP1 on
miR-10b up-regulation through the transcription factor
Twist1.

Fig. 4 Overall results of miR-10b levels according to the expression
pattern of LMP1 and Twist1 genes. Group 1 encloses the 27 cases
exhibiting a negative expression of Twist1 independently of the
expression profile of LMP1. Group 2 includes the 11 cases showing a
positive expression of Twist1 and a negative expression of LMP1.Group
3 concerns the 14 cases showing simultaneous expression of Twist1 and
LMP1
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