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ABSTRACT

Long non-coding RNAs (IncRNAs) were found to play roles in various cancers, including nasopharyngeal
carcinoma. In this study, we focused on the biological function of the IncRNA FAM133B-2 in the radio-resistance
of nasopharyngeal carcinoma. The RNA-seq and qRT-PCR analysis showed that FAM133B-2 is highly expressed
in the radio-resistant nasopharyngeal carcinoma cells. The following biochemical assays showed that FAM133B-
2 represses the nasopharyngeal carcinoma radio-resistance and also affects the apoptosis and proliferation of
nasopharyngeal carcinoma cells. Further investigations suggested that miR-34a-5p targets FAM133B-2 and also
regulates the cyclin-dependent kinase 6 (CDK6). All these results suggested that the IncRNA FAM133B-2 might
function as a competitive endogenous RNA (ceRNA) for miR-34a-5p in nasopharyngeal carcinoma radio-
resistance, thus it may be regarded as a novel prognostic biomarker and therapeutic target in nasopharyngeal
carcinoma diagnosis and treatment.

INTRODUCTION

Nasopharyngeal carcinoma (NPC), which commonly
occurs in the epithelial lining of the nasopharynx, is one
of the most common types of head and neck tumors [1,
2]. Currently, radio/chemo-therapy and radiotherapy are
the primary methods for the treatment of NPC, but they
are less efficient due to the high sensitivity of NPC [3].
Moreover, despite extensive studies on the radio-
resistance of cancers, the molecular mechanism for
NPC radio-resistance remains largely unknown. Hence,
further investigations are needed to elucidate the

molecular mechanism of NPC radio-resistance and
more valid therapeutic strategies are authoritatively
required.

Long non-coding RNAs (IncRNAS) are a group of RNA
transcripts of more than 200 nucleotides that generally
do not encode proteins [4]. Evidence has suggested that
IncRNAs have diverse functions, such as the regulators
of transcription; modulators of mMRNA processing, post-
transcriptional control; and organization of nuclear
domains [5, 6]. Moreover, given their sophisticated
nature, IncCRNAs have been implicated in the
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development of diseases. Specifically, in cancer,
numerous studies have shown that many IncRNAs are
closely associated with the development of various
cancers [7-10]. To date, several IncRNAs, including
EWSAT1 [11], LOC100129148 [12], PCAT7 [13],
CCAT1 [14], NCK1-AS1 [15], and LINCO00460 [16]
are found to involve in NPC tumorigenesis, and some of
them have been identified as alternative therapeutic
targets and biomarkers for NPC. Notably, the
INcRNA THOR was found to attenuate cisplatin
sensitivity of NPC cells [17]. However, the fine
molecular mechanism of IncRNA-regulated radio-
resistance of NPC remains unclear.

In this study, we identified a new IncRNA, termed
FAM133B-2, which was significantly upregulated in
the radio-resistant NPC cells. We also found that the
forced reversal of FAM133B-2 level is closely related
to the NPC radio-resistance. Moreover, our data
revealed that FAM133B-2 is a target of miR-34a-5p,
which in return negatively regulates the expression of
CDK6 gene. All these results suggested that the
InNcRNA FAM133B-2 might function as a competitive
endogenous RNA (ceRNA) for miR-34a-5p in NPC
radio-resistance, thus it may represent a feasible
biomarker for diagnosis and treatment of NPC radio-
resistance.

RESULTS

Identification and characteristics of radio-resistant
NPC cells of CNE-2R and 6-10BR

To set up a platform for investigating the mechanism of
NPC radio-resistance, we first screened the radio-
resistant NPC cells by radio treatment. The parental
cells CNE-2 and 6-10B were subjected to X-ray
radiation at increasing doses. After several rounds of
screening against X-ray challenge, we successfully
obtained two mutated NPC strains that are radio-
resistant compared to the parental strains. They can
tolerate the X-ray radiation at a dose up to 80 and 76Gy,
respectively. We thus termed them as CNE-2R and 6-
10BR respectively. During the X-ray challenge, the
morphology of the cell lines was obviously altered
(Figure 1A). Compared to the parental cells, the shape
of CNE-2R cells became irregular, whereas the size of
6-10BR cells were much smaller due to shrinking.

We then compared the features of these two new cell
lines to their parental cells by a series of biochemical
assays. The sphere formation assays showed that the
CNE-2R and 6-10BR cells possess only half number of
the colonies compared to their parental cells (Figure 1B
and 1C). Next, we detected the radio-sensitivity of
CNE-2R and 6-10BR cells. Upon radio treatment at

2Gy and 8Gy, respectively, both CNE-2R and 6-10BR
cells showed an increased survival fraction, compared
to their parental cells (Figure 1D and 1E). The results
showed that CNE-2R and 6-10BR cells indeed confer
the capability of radio-resistance, and thus has a lower
sensitivity against radio treatment. Moreover, the cell
proliferation assays showed that CNE-2R and 6-10BR
cells have a lower proliferation rate compared to their
parental cells (Figure 1F and 1G). All these results
clearly demonstrated that the radio-resistant cells CNE-
2R and 6-10BR showed a substantial difference
compared to the parental cells.

FAM133B-2 represses the radio-resistance of NPC
cells

To find the molecular insights that involve in the radio-
resistance of NPC cells, we performed the INCRNA-seq
analysis of radio-sensitive CNE-2 and radio-resistant
CNE-2R cells, and compared the differentially
expressed genes. The results gave several InCRNAs that
differ at least 2-folds of the expression in the two cells.
Among them, FAM133B-2 is one of the most
significantly differentially expressed genes, which has a
6-fold higher expression in CNE-2R compared to CNE-
2 cells (Figure 2A and 2B Supplementary Figures 1, 3).
Moreover, the qRT-PCR analysis showed that the
expression of FAM133B-2 is much higher in the radio-
resistant CNE-2R and 6-10BR cells, which are 15.21-
and 2.82-folds compared to CNE-2 and 6-10B,
respectively (Figure 2A and 2B).

Next, we reversely changed the FAM133B-2 level in
the NPC cell lines to check the effect on NPC radio-
resistance. First, we down-regulated the FAM133B-2
level in either CNE-2R or 6-10BR cells by transfecting
sh-FAM133B-2 in the cells. Accompanied by the
decrease of FAM133B-2 level in either CNE-2R or 6-
10BR cells, the cell survival rate was slightly increased
upon the radio treatment at 2, 4, 6, and 8Gy (Figure 2C
and 2D). In contrast, we up-regulated the FAM133B-2
level in either CNE-2 or 6-10B cells by over-expressing
FAM133B-2 in the cells. The results showed a lower
survival rate upon the up-regulation of FAM133B-2 in
either CNE-2 or 6-10B cells (Figure 2E and 2F). The
results clearly demonstrated that FAM133B-2 represses
the radio-resistance of NPC cells.

To further investigate the effects of a forced reversal of
FAM133B-2 in CNE-2R and 6-10BR cells, we detected
the apoptosis rate by FACS analysis. Upon the decrease of
FAM133B-2 in either CNE-2R or 6-10BR cells, the
number of apoptotic cells significantly decreased, with the
apoptosis rate decreased from 36.57% to 16.80% in CNE-
2R cells, and from 48.50% to 21.80% in 6-10BR cells
(Figure 2G). Furthermore, the colony formation assays
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revealed that down-regulation of FAM133B-2 in CNE-2R
and 6-10BR cells in return significantly increased the
number of colonies to over 2-folds (Figure 2H). The
results are also in agreement with the notion that a lower
level of FAM133B-2 promotes the radio-resistance of
NPC cells, which has a much higher proliferation rate, as
shown by the colony formation assays.

FAM133B-2 is a target of miR-34a-5p in NPC cells

Previous reports suggested that IncRNAs could act as
competing endogenous RNAs (ceRNAs) to sponge
miRNAs and thus regulate cancer progression [18, 19].
We proposed that FAM133B-2 might be a ceRNA to
sponge MiRNA. Moreover, we previously found that
the miRNA miR-34a-5p involves in the radio- or drug-
resistance of cancers [20, 21]. To test whether miR-34a-
5p involves in the NPC radio-resistance, we first tested
the expression of miR-34a-5p in the NPC cells by
RNA-seq and qRT-PCR analysis Supplementary Figure
3. The results showed that the miR-34a-5p level is much
higher in the radio-sensitive CNE-2 and 6-10B cells,
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compared to the radio-resistant CNE-2R and 6-10BR
cells (Figure 3A and 3B). The expression of miR-34a-
5p is negatively correlated with the FAM133B-2 level
in the NPC cells, indicating FAM133B-2 might be a
target of miR-34a-5p. Sequence analysis showed that
the 3’-UTR region of FAM133B-2 has a sequence motif
that is complementary with miR-34a-5p (Figure 3C).
We thus performed the luciferase reporter assays by
constructing the wild-type or miR-34a-5p binding-site
mutant of FAM133B-2 in the plasmid. We then tested
the luciferase activity by transfecting the miR-34a-5p
mimic in the CNE-2R cells or the miR-34a-5p
antagomiR in the CNE-2 cells. Upon the up-regulation
of miR-34a-5p in the CNE-2R cells, the luciferase
activity was reduced to about half of the level in the
wild-type cells, indicating a reduced expression of
FAM133B-2 (Figure 3D). However, mutation of the
miR-34a-5p binding site in FAM133B-2 almost
abolished the reducing effect, which showed a
comparable luciferase activity (Figure 3D). In contrast,
down-regulation of miR-34a-5p in the CNE-2 cells
increased the expression of FAM133B-2 to 1.5 folds
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Figure 1. Establishment, identification and biological characteristics of radiotherapy resistant strains of nasopharyngeal
cancer cells. (A) Cell morphology identification. CNE-2R and 6-10BR cell lines were established from CNE-2 and 6-10B, respectively. The
cumulative dose of radiation of CNE-2R and 6-10BR reached to 80 and 76Gy, respectively. Under the optical microscope, the morphology of
the cell line was obviously changed. (B and C) CNE-2R, 6-10BR and their parental cells were subjected to a sphere formation assay. The
sphere numbers were determined after seven days for the first generation (G1) and seven days after seeding for G2. Treatment with SCF was
repeated when the cells were passaged. The data are meanSD of two independent experiments. (D and E) Radiosensitivity detection assay
showed that the sensitivity of CNE-2R and 6-10BR cells was lower than that of parental cells. (F and G) Cell proliferation assay showed that
the proliferation of CNE-2R and 6-10BR cells was slower than that of parental cells.
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compared to the control. As expected, mutation of the
miR-34a-5p binding site in FAM133B-2 also has a
minor effect on the FAM133B-2 expression in CNE-2
cells (Figure 3E). All these results suggested that
FAM133B-2 is a target of miR-34a-5p in NPC cells,

which negatively regulates the expression of CNE-2 or 6-10B cells. Accompanied by the increase of
FAM133B-2. miR-34a-5p in the CNE-2R or 6-10BR cells, the cell
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Next, we tested whether the reversal change of miR-
34a-5p level may affect the radio-resistance of NPC
cells. We tested the radio-resistance capability by
transfecting the miR-34a-5p mimic in either the CNE-
2R or 6-10BR cells, or miR-34a-5p antagomiR in either
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Figure 2. Effects of a forced reversal of FAM133B-2 level on the nasopharyngeal cancer cells. The relative FAM133B-2 level (fold)
in CNE-2R and 6-10BR cells versus CNE-2 and 6-10B cells measured by both miR-omic and qRT-PCR analyses is shown in a table (A) and those
measured by gqRT-PCR are shown in a plot (B). “-” indicates no detection in the omic analysis. sh-FAM133B-2-transfected CNE-2R (C) and 6-
10BR (D) cells survival fraction versus the negative control (NC) cells for 24h, then cells were digested and counted according to 500 (0Gy),
1000 (2Gy), 2000 (4Gy), 5000 (6Gy), 8000 (8Gy) cells/well and was inoculated in a 6-well plate in triplicate, the corresponding dose was
irradiated after 24h, using a 6-MV x-ray generated by a linear accelerator Varian trilogy at a dose rate of 2Gy/min (Varian trilogy at a dose
rate of 2Gy/min). CNE-2 (E) and 6-10B (F) cells infected with FAM133B-2-O/E versus the negative control (NC-O/E), then were digested and
counted according to 500 (0Gy), 1000 (2Gy), 2000 (4Gy), 5000 (6Gy), 8000 (8Gy) cells/well and was inoculated in a 6-well plate in triplicate,
the corresponding dose was irradiated after 24h, using a 6-MV x-ray generated by a linear accelerator Varian trilogy at a dose rate of 2Gy/min
(Varian trilogy at a dose rate of 2Gy/min). (G) The effects of the forced reversal of FAM133B-2 level on the apoptosis of CNE-2R and 6-10BR
cells by FACS analysis in plot and in the original with a graph of the analyzed data and plots of the original FACS data. (H) The effects of the
forced reversal of FAM133B-2 level on the sphere numbers of CNE-2Rand 6-10BR cells. The sphere numbers were determined after seven
days for the first generation (G1) and seven days after seeding for G2. Treatment with SCF was repeated when the cells were passaged.
Colony formation numbers, relative sphere formation are shown. The sphere formation assays showed that the sphere numbers of CNE-2R
and 6-10BR cells was fewer than that of parental cells. The data are meantSD of two independent experiments. The surviving fraction was
calculated using the multitarget single-hit model: Y=1-(1-exp(-k*x))"N. The data are presented as the meantstandard deviation of results
from 3 independent experiments, and two way Anova was used to calculate statistical significance.
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survival rate largely increased, indicating a lower
sensitivity against the radio treatment (Figure 3F and
3G). In contrast, the cell survival rate is somewhat
decreased upon down-regulation of miR-34a-5p in either
CNE-2 or 6-10B cells (Figure 3H and 3I). The results
also negatively correlate with the effect of a forced
change of FAM133B-2 in NPC cells. Accordingly, miR-
34a-5p negatively regulates the FAM133B-2 level in
NPC cells, which might be a ceRNA to sponge miR-34a-
5p function on NPC radio-resistance.

The cyclin-dependent kinase 6 is a target of miR-
34a-5p in NPC cells

The cyclin-dependent kinase 6 (CDK6) was found to
involve in the drug resistance [22-24]. Moreover, we
found that CDK6 mRNA level is higher in the radio-
resistant CNE-2R and 6-10BR cells, compared to the
radio-sensitive CNE-2 or 6-10B cells (Figure 4A and

4B Supplementary Figure 3). The western blot analysis
also showed a higher protein level in CNE-2R or 6-
10BR cells (Figure 4C). The CDK®6 level is negatively
correlated with the miR-34a-5p level, indicating CDK6
might be a target of miR-34a-5p. To further validate this
hypothesis, we tested the CDK6 protein expression by
transfecting the miR-34a-5p antagomiR in the CNE-2R
and 6-10BR cells, or the miR-34a-5p mimic in the
CNE-2 and 6-10B cells. As a result, miR-34a-5p
knockdown increased the CDKG6 protein level by 2.78-
and 1.58-folds in CNE-2R and 6-10BR cells,
respectively (Figure 4D). Moreover, up-regulation of
miR-34a-5p decreased the CDKG6 protein level to 74%
and 41% in CNE-2 and 6-10B cells, respectively
(Figure 4E).

Sequence analysis showed that the 3’-UTR regions of
CDK6 and miR-34a-5p share a complementary
sequence (Figure 4F). To further test whether CDKG6 is
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Figure 3. FAM133B-2 is a target of miR-34a-5p in nasopharyngeal cancer cells. The relative miR-34a-5p level (fold) in CNE-2R and 6-
10BR cells versus CNE-2 and 6-10B cells measured by both miR-omic and gqRT-PCR analyses is shown in a table (A) and those measured by

731}

gRT-PCR are shown in a plot (B).

indicates no detection in the omic analysis. (C) Luciferase reporter constructs: WT and MUT FAM133B-2

in the miR-34a-5p-binding sites were inserted into psiCHECK-2 vector. The red region is the binding site. The FAM133B-2 site is predicted to
be a target of miR-34a-5p. One seed sequence mutant of miR-34a-5p was shown below. (D and E)The relative luciferase activities (fold) of the
reporter with the wild-type (WT) or mutant-type (MUT) FAM133B-2-UTR or without the UTR (NC) were determined in the nasopharyngeal
cancer cells transfected with the miR-34a-5p mimic (in CNE-2R) or antagomiR (in CNE-2). (F and G) MiR-34a-5p mimic (5PM)-transfected CNE-
2R and 6-10BR increases survival fraction versus the negative control (NC) cells. (H and I) MiR-34a-5p antagomiR (5PA)-transfected CNE-2 and
6-10B decreases NC cells survival fraction versus the negative control (NC) cells.
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a target of miR-34a-5p in NPC cells, we performed the
luciferase reporter assays by constructing the wild-type
or miR-34a-5p binding-site mutated CDK6 into the
psiCHECK-2 vector. As a result, the wild-type
construct, but not the mutant showed a much lower
luciferase activity upon the increase of miR-34a-5p in
CNE-2R cells, compared to the control (Figure 4G). In
contrast, miR-34a-5p knockdown in CNE-2 cells
increased the luciferase activity of the wild-type
construct, but not the mutant (Figure 4F). These results
demonstrated that CDKG6 is a target of miR-34a-5p in
NPC cells.

FAM133B-2 represses the NPC radio-resistance via
regulating miR-34a-5p/CDKG6 axis

As CDKG6 is a target of miR-34a-5p, we thus tested
whether CDKG6 is the functional target that involves in
the NPC radio-resistance. Similarly, we performed the
apoptosis assays by the reversal changes of CDK®6 level
in NPC cells. The results showed that CDK6 knock-
down in CNE-2R and 6-10BR cells significantly
increased the cell survival rate, indicating a lower
sensitivity against radio radiation (Figure 5A and 5B).
Moreover, up-regulation of CDK6 in CNE-2 and 6-10B
cells decreased the cell survival rate (Figure 5C and
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5D). The results confirmed the inhibition effect of
CDK®6 on NPC radio-resistance, similar to the effect of
FAM133B-2. These data also indicated that miR-34a-5p
facilitates the NPC radio-resistance via targeting CDK6
and FAM133B-2.

Furthermore, we analyzed the cell cycle distribution by
CDK®6 knockdown in CNE-2R and 6-10BR cells. Most
of the control cells are in the mitotic period, whereas
CDK knockdown triggers half of the cells
synchronized in the S phase (Figure 5E and 5F). The
results indicated that CDK6 affects the cell cycle,
which eventually might associate with the NPC radio-
resistance.

DISCUSSION

Increasing studies have reported that IncRNAs play
integral and crucial roles in a variety of biological
processes [25]. Additionally, accumulating evidences
revealed that a dozen of IncRNAs involve in
tumorigenesis via regulating many target genes [26-29].
Several InNcRNAs were also found to be involved in the
NPC tumorigenesis. For example, MALAT1 was found
to be upregulated and to modulate the activity of cancer
stem cells and radio-resistance by regulating the
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Figure 4. CDK6 is a target of miR-34a-5p in nasopharyngeal cancer cells. The relative CDK6 level (fold) in CNE-2R and 6-10BR cells
versus CNE-2 and 6-10B cells measured by miR-omic shown in a table (A), gRT-PCR shown in a plot (B) and western analyses shown in (C). “-”
indicates no detection in the omic analysis. CDK6 protein levels determined western blot analyses in the miR-34a-5p antagomiR (5PA) -
transfected CNE-2R and 6-10BR cells (D) and the miR-34a-5p mimic (5PM)-transfected CNE-2 and 6-10B cells (E) versus the negative control
(NC). (F) Luciferase reporter constructs: WT and MUT CDK6 in the miR-34a-5p-binding sites were inserted into psiCHECK-2 vector. The blue
region is the binding site. The CDK6 site is predicted to be a target of miR-34a-5p. One seed sequence mutant of miR-34a-5p was shown
below. The relative luciferase activities (fold) of the reporter with the wild-type (WT) or mutant-type (MUT) CDK6-UTR or without the UTR
(NC) were determined in the nasopharyngeal cancer cells transfected with the miR-34a-5p mimic (in CNE-2R) (G) or antagomiR (in CNE-2) (H).
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miR-1/slug axis in NPC [30]. HOTAIR knockdown was
shown to repress cell proliferation and invasion in NPC
cells, providing an available therapeutic agent for NPC
[31, 32]. However, the roles and mechanisms of INCRNAs
in NPC radio-resistance remain primarily unknown. Here,
we showed that the level of FAM133B-2 was higher in the
radio-resistant NPC cells than corresponding parental cells.
We also confirmed that silencing of FAM133B-2
repressed NPC cell apoptosis but facilitated NPC cell

proliferation. Mechanistically, we showed that the 3’-UTR
of FAM133B-2 directly interacts with miR-34a-5p. This is
reminiscent of the competing endogenous RNA (ceRNA)
hypothesis that IncRNA might function as a molecular
sponge of mMiRNAs to regulate target gene expression [33].
We propose that FAM133B-2 exerts its inhibition function
on NPC radio-resistance probably via functioning as a
ceRNA for miR-34a-5p, and subsequently initiating CDK6
signaling pathway.
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Figure 5. (A and B) si-CDK6-transfected CNE-2R and 6-10BR increases survival fraction versus the negative control (NC) cells. (C and D) GFP-

CDK6-transfected CNE-2 and 6-10B decreases

NC cells survival fraction versus the negative control (NC) cells. The effects of the forced

reversal of CDK6 level on the cell cycle distribution of CNE-2R and 6-10BR cells by FACS analysis in plot and in the original (E and F).
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It has been reported that miR-34a-5p also involves in
the tumorigenesis of various cancers [20, 34, 35].
Moreover, miR-34a-5p was also found to be associated
with IncRNAs to exert their functions. For example,
miR-34a-5p expression was reduced by the IncRNA
XIST, which functions as an oncogene in NPC [36].
The IncRNA NEAT1 targets miR-34a-5p at least
partially to drive NPC progression via Wnt/pB-Catenin
Signaling [37]. Notably, the INcRNA NEAT1 promotes
docetaxel resistance in prostate cancer by regulating
ACSL4 via sponging miR-34a-5p and miR-204-5p [34].
Our results together with previous findings supported
the ceRNA mechanism for miRNA and IncRNA co-
regulated tumorigenesis.

The cyclin-dependent kinase -4 and -6 (CDKA4/6) are
serine/threonine kinases bound to Cyclin D1, that
function as master integrators of G1-S transition of the
cell cycle [38-40]. Aberrant regulation of cell cycle is a
hallmark of cancer [41, 42]. The CDK4/6 activity is
deregulated through various genetic alterations in many
human tumors. In agreement with previous findings, our
results showed that miR-34a-5p-regulated CDKG6
represses the NPC radio-resistance. Moreover, CDK6
knockdown mostly arrested the CNE-2R and 6-10BR
cells in the S phase, further confirming the role of
CDKG in cell cycle transition.

In conclusion, our study demonstrated that FAM133B-2
is up-regulated in the radio-resistant NPC cells.
Furthermore, we found that FAM133B-2 is targeted by
miR-34a-5p, which also negatively regulates the CDK6
expression. All these results provide new insights into
NPC radio-resistance, and thus FAM133B-2 might be a
potential prognostic and diagnostic marker for NPC
treatment.

MATERIALS AND METHODS
Cells and culture

The human nasopharyngeal carcinoma cells lines CNE-
2 and 6-10B were kindly provided by the Cancer Center
of Sun Yat-sen University. CNE-2R and 6-10BR were
obtained from their parental strains of CNE-2 and 6-
10B, respectively. Four cells were cultured and
maintained in RPMI medium 1640 (BI) supplemented
with 10% fetal bovine serum (PAN), 1% glutamine
(WISENT), 100U/ml penicillin  (WISENT), and
100mg/ml streptomycin (WISENT) in humidified air at
37°C with 5% CO..

Radiation exposure and clonogenic assays

All cells were pretreated by NC, miR-34a-5p mimic,
antagomiR, sh-FAM133B-2, FAM133B-2-O/E and si-

CDKG6 for 24h, then were digested and counted
according to 500 (0Gy), 1000 (2Gy), 2000 (4Gy), 5000
(6Gy), 8000 (8Gy) cells/well and was inoculated in a 6-
well plate in triplicate, the corresponding dose was
irradiated after 24h, using a 6-MV x-ray generated by a
linear accelerator (Varian trilogy at a dose rate of
2Gy/min). And the 1640 medium was continued for 15
days, then washed and fixed with 10% formaldehyde,
and stained with Giemsa. Only clones with more than
50 cells can be used as the cloned spheres. The number
of cloned spheres with>50 cells was counted, and the
number of cells inoculated with 50 to 200 cloned
spheres was selected as the appropriate number of
colonies for colony formation experiments, all
experiment repeated 3 times and taken the mean.
Calculate the cell clone formation rate and cell survival
fraction, using the multi-target click model of GraphPad
Prism 6 software.

Transient transfection assays

The Homo sapiens miR-34a-5p mimic, antagomiR, sh-
FAM133B-2, si-CDK6 and corresponding scrambled
negative control (NC) were obtained from Guangzhou
Ribobio, China. All the transfection experiments were
performed using riboFECT CP transfection kit were
supplied by Guangzhou Ribobio, China. qRT-PCR and
western blot assays were performed to confirm the
effect of transfection.

Lentivirus production and infection

HEK293T cells, lentivirus packaging cells or
comparable cells were examined and plated so that the
cells are 70-80% confluent at the moment of
transfection. 2.5ug of lentiviral expression plasmid and
5.0ul of Lenti-Pac HIV were mixed into 200ul of Opti-
MEM® 1 (Invitrogen). 15ul of EndoFectin Lenti was
diluted into 200ul of Opti-MEM 1. The diluted
EndoFectin Lenti reagent was added drop wise to the
DNA solution while gently vortexing the DNA-
containing tube. The mixture was then incubated for
15min at room temperature to allow DNA-EndoFectin
complexes to form. The DNA-EndoFectin Lenti
complexes were added directly to each dish, which was
gently swirled to distribute the complexes.

Cell proliferation assay

The capacity for cellular proliferation was measured by
CCK8-based cell proliferation assay. Cells were seeded
in 96-well plates at a density of 5x10° cells per well,
and cell proliferation assays were performed every 24h
using CCK8. The number of viable cells was measured
by their absorbance at 450nm at the indicated time
points.
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Transient transfection assays and reagents

siRNA and scrambled (negative control, NC) sequences
as well as a riboFECT CP transfection kit were supplied
by Guangzhou RiboBio, China. Transfections of the
above mentioned ribonucleic acid reagents were
performed according to the manufacturer’s instructions.

RNA analysis

Total RNA was isolated from the cultured cells with the
Trizol (Tiangen). For mRNA analysis, a cDNA primed
by an oligo-dT was constructed using HiScript® RII 1st
Strand cDNA Synthesis Kit (Vazyme). The RNA level
was quantified using duplex-gRT-PCR analysis, Either
U6 small nuclear RNA (HmiRQP9001) or B-actin
(ShingGene) was used as an internal control used in a
FTC-3000P PCR instrument (Funglyn). Using the 2
AACt method, target gene expression levels were
normalized to the B-actin expression level before the
relative levels of the target genes were compared.

Flow cytometry cell apoptosis and cycle analysis

The CNE-2R and 6-10BR cells transfected with sh-
FAM133B-2 or control siRNA were seeded into 6-well
plates, harvested after 48h and rinsed with PBS twice.
Cells were treated with 200pl binding buffer, Sul Annexin
V-FITC and 5ul propidium iodide (PI). After incubation
in the dark for 30min at room temperature, the cell
apoptotic rate was measured. The CNE-2R and 6-10BR
cells transfected with CDK6 siRNA or control siRNA
were seeded into 6-well plates, harvested after 48h and
rinsed with PBS twice. Cells were treated with 200ul
propidium iodide (PI). After incubation in the dark for
30min at room temperature, the cell apoptotic rate was
measured by flow cytometry (Beckman) and analyzed by
Flowjo Software. The experiments were performed
independently three times, and a representative is shown.

The experiments were performed independently three
times, and a representative is shown.

Western blot protein analysis

Cells were lysed and heated at 95°C for 10min before
electrophoresis/western blot analysis. The primary anti-
CDK®6 (14052-1-AP, Proteintech) antibodies and anti-
GAPDH (60004-1-lg, Proteintech) antibodies were
purchased from Proteintech and were recognized with anti-
rabbit 1gG peroxidase-conjugated antibody (10285-1-AP,
Proteintech), followed by an enhanced chemiluminescence
reaction (Thermo). Relative levels of proteins were
quantified using densitometry with a Gel-Pro Analyzer
(Media). The target bands over the GAPDH band were
densitometrically quantified, as indicated under each band.

All full-length unprocessed gels of immunoblots were
provided in Supplementary Figure 2.

Luciferase reporter assay

Luciferase reporters were generated based on the
psiCHECK2 vector. To construct psiCHECK-
FAM133B-2 or CDK6-WT or MUT, the part-length
sequences of FAM133B-2 or CDK6-WT or MUT
containing the putative miR-34a-5p binding site, were
synthetized and cloned into the psiCHECK?2 vector. The
luciferase reporter was co-transfected with miR-34a-5p
mimic, miR-34a-5p-MUT  mimic,  miR-34a-5p
antagomiR, miR-34a-5p-MUT antagomiR or miR-NC
into NPC cells by Lipofectamine 2000 according to the
manufacturer’s guidelines. The relative luciferase
activity was measured with the Dual-Luciferase
Reporter Assay System (Promega) using Promega
GloMax 20/20 luminometer. The relative luciferase
activities were analyzed as reported previously.

Statistical analysis

Quantitative RT-PCR, cell viability and luciferase
reporter assays were performed in triplicate, the data are
presented as the means, and the error bars indicate the
S.D. Excel was used to process the data. Two way
Anova was used to calculate statistical significance.
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SUPPLEMENTARY MATERIALS

Supplementary Figures

log2 Up-
genelD geneLength/ CNE-2-FPKM |CNE-2R-FPKM|Ratio(CNE- [Down|P-value (FDR gene name
2R/CNE-2)
NONHSAG001973.2 402 0.01 177  7.46760355(Up  |2.80E-03| 0.00015|lnc-WDR63-3
NONHSAG011558.2 34622 0.01 1.56 7.285402219(Up  |2.11E-07|1.37E-06|lnc-MSRB3-3
NONHSAG0301492 115474 0.01 131] 7.033423002|Up 3.50E-15|5.89E-14 |Inc-CCDC150-1
NONHSAG0339512 592 0.01 127 6.988684687(Up  |8.53E-07(5.22E-06|Inc-APOBEC3G-1
NONHSAG0374972 510.06 0.01 127 6.988684687(Up | 1.39E-05(7.53E-05|lnc-DRDS5-10
NONHSAGD04933.2 463 0.01 123 6.942514505(Up 0.00011 0.00055|Inc-PGBD2-1
NONHSAG011555.2 731.15 0.01 12| 6.006890396|Up  |2.60E-08|1.81E-07|lnc-WIF1-6
NONHSAG038165.2 457 0.01 1.19| 6.894817763|Up 0.00011| 0.00055|nc-ALB-7
NONHSAG050058.2 902.36 0.01 093] 6.539158811|Up  |2.60E-08)1.81E-07 [Inc-ZMAT4-3
NONHSAG002120.2 592 0.01 0.89| 6.475733431|Up  |5.64E-05| 0.00028 |inc-ARHGAP29-1
NONHSAG003214.2 75432 0.09 747 6375039431|Up | 1.19E-47(3.55E-46|lnc-USPGNL-T
NONHSAG037523.2 1408.73 0.01 0.77] 6.266786341|Up  |2.40E-11|2.08E-10(Inc-CPEB2-18
NONHSAG0327532 1491 0.01 0.77] 6266786541|Up 5.94E-12|537E-11|RUNXI1-IT1
NONHSAG045008.2 3977 0.01 0.73| 6.189824559|Up  |6.24E-28| 1.13E-26Inc-GIEI-2
NONHSAG036367.2 2883.15 0.02 136 6.087462841(Up  |3.11E-34(6.80E-33|LINC01322
NONHSAGD021842 1151 0.01 0.64 6|Up [1.05E-07)|6.96E-07|LINCO177,
NONHSAG035379.2 1174.11 0.03 1.88| 5.969626351|Up  |4.22E-20(5.78E-19|LINC00973
NONHSAG005153.2 3370.89 034 2.57] 2.918161708|Up  |3.69E-47|1.09E45|LINC00707
NONHSAG043007.2 119331 0.16 12| 2.006890396|Up  |3.36E-10|2.85E-09|Inc-GJE1-3
NONHSAG030940.2 1511 0.06 043 2.841302234|Up 0.00014( 0.00067|inc-PER2-4
NONHSAG0132242 1980 0.11 0.78 2.8259706|Up 1.07E-09| 8 28E-09|nc-SOHLH2-1
NONHSAG0440132 30482 042 295 2.812253721(Up | 1.35E-05(7.28E-05|Inc-FKBP1C-6
NONHSAG045053.2 4094 0.01 0.07| 2.807354922|Up 0.00011| 0.00055|HYMAI
NONHSAG041795.2 381.8 03 195 2.700439718(Up  |6.11E-03( 0.00031|lnc- ARHGAP26-4
NONHSAG0488172 1013.77 259 16.75) 2.693137093|Up | 6.50E-65)2.72E-63 [LINC00513
NONHSAG0136982 844 028 1.75 2.64385619|Up 9.93E-08|6.61E-07 | Inc-PCDH9-1
NONHSAG0482072 457 114 701| 2.62038062|Up  |2.18E-87|1.26E-85 Inc-FAMI133B-2
NONHSAG036067.2 908 0.33 198 2.584962501(Up  |4.80E-09(3.53E-08|lnc-PLXNDI-3
NONHSAG007698.2 1776.06 0.07 041| 2.550197083|Up  [7.08E-07)4.38E-06|Inc-BTBD10-7
NONHSAGD06784.2 2026.69 041 237] 2.331191244|Up  |3.33E-24|5.36E-23|SH3PXD2A-ASI
gene IncRNA eRNA mRNA CNE-IR- CNE-2- . LOG2(CNE-
FPKM mRN| FPKM mRN 5
SPINKG NONHSAG041876.2 [ NONHSAT104439.2| NM_001195290 3.01 34.57 -3.52
SPINKG NONHSAG041876.2 [ NONHSAT104439.2| NM_205841 2.56 23.68 -3.21
SLPI NONHSAG081984.1  NONHSATI189715.1 NM_003064 282.37 1314.53 222
WISP2 NONHSAG031843.2 | NONHSAT188799.1 NM_003881 6.74 50.35 -2.90
MXLOC_017622 LXLOC 017622 |LTCONS_00036084| MTCONS_00036082 4.11 18.71 -2.19
NR4Al LXLOC 017622 |LTCONS_00036084 NM_173157 2.24 20.25 -3.18
SLC43A2 NONHSAG020465.2 | NONHSAT175813.1 NM_152346 1.06 493 -2.22
MXLOC _015576 | NONHSAG009098.2 NONHSATI160518.1] MTCONS_00032302 243 6.63 -1.45
RAB26 NONHSAG071429.1 [NONHSAT172548.1 NM_014353 5.96 2039 -1.77
CDYL2 NONHSAG020081.2 [NONHSAT143903.2| NM_152342 1.51 7.56 -2.32
CDs5 NONHSAG004121.2 | NONHSAT150390.1 NM_000574 99.11 320.6 -1.69
CD55 NONHSAG004121.2 | NONHSAT150390.1 NM_001114752 3.77 8.18 -1.12
Cllorf86 NONHSAG062896.1 [ NONHSAT159286.1 NM_001136485 16.2 68.43 -2.08
CASPY NONHSAG057532.1 [NONHSATI151163.1 NM_001229 4.54 15.84 -1.80
MGST3 NONHSAG003338.2 | NONHSAT150002.1 NM_004528 16.86 37.43 -1.15
KRT17 NONHSAG073663.1  NONHSAT176199.1 NM_000422 130.53 368.51 -1.50
VWA7 NONHSAG096054.1 [ NONHSAT211500.1 NM_025258 1.49 5.38 -1.85
NCOA3 NONHSAG)81565.1  NONHSAT188832.1 NM_001174088 101 1.9 -0.91
NCOA3 NONHSAG081565.1 [NONHSAT188832.1 NM_006534 28 4.79 -0.77
ADAMTSL4 NONHSAG002860.2 | NONHSAT149788.1 NM_01%032 248 11.62 -2.23
KRT17 NONHSAG021159.2 [NONHSAT146577.2| NM_000422 130.53 368.51 -1.50
PANK3 NONHSAG42176.2 [ NONHSAT104991.2| NM_024594 25.96 64.19 -1.31
RABIIFIP3 NONHSAG018177.2 [NONHSAT051779.2| NM_001142272 3.18 5.73 -0.85
RABIIFIP3 NONHSAG018177.2 [ NONHSAT051779.2| NM_014700 2 4.92 -1.30
PANK3 NONHSAG042176.2 [ NONHSAT104992.2| NM_0245%4 25.96 64.19 -1.31
MXLOC_041548 [ NONHSAG024566.2 | NONHSATI80116.1] MTCONS_00084440 5.03 13.74 -1.45
ITGA2 NONHSAG40369.2 [ NONHSAT204144.1 NM_002203 13.36 627 1.09
VIM NONHSAG005322.2 | NONHSATI155167.1 NM_003380 257.69 58.36 2.14
MXLOC_091728 LXLOC 091728 |LTCONS 00185489| MTCONS_00185490 4.99 1.61 1.63
ADI1 NONHSAG)78385.1  NONHSAT184043.1 NM_018269 32.16 9.97 1.69
MXLOC_088284 LXLOC_088284 |LTCONS_00178956| MTCONS_00178957 5.06 2.05 1.30
KRT81 NONHSAG011192.2 [ NONHSAT028360.2| NM_002281 14.69 3.08 225
ANTXR2 NONHSAG038301.2 [ NONHSAT097124.2| NM_0358172 2.63 1.07 1.30
ANTXR2 NONHSAG038301.2 [ NONHSAT097124.2| NM_001145794 10.33 3.19 170
SLC4A7 NONHSAG034638.2 | NONHSAT195513.1 NM_001258379 2232 5.87 1.93
CDK6 NONHSAG048207.2 [ NONHSATI121988.2| NM_001145306 18.86 1.04 4.18
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miRNA id TPM(CNE-2) TPM(CNE-2R) P-value FDR  |CNE-2/CNE-2R
hsa-miR-29¢-3p 273.93 7.17 1.65E-07 8.84E-07 | 38.20502092
hsa-miR-203a-3p 472.96 12.57 0.0506482 | 0.1119336 | 37.62609387
hsa-miR-6511a-3p 12.23 1.22 1.75E-30 1.67E-29 10.02459016
hsa-miR-34a-5p 52.035 542 2.29E-16 1.77E-15 [ 9.600553506
hsa-miR-6888-3p 0.68 0.08 0.0085548 | 0.02227902 8.5
hsa-miR-190a-3p 9.11 2.38 2.96E-23 2.61E-22 | 3.827731092
hsa-miR-203a-3p 0.68 0.18 0.0085548 | 0.02230704 [ 3.777777778
hsa-miR-4792 0.96 0.26 0.00218972 [ 0.00620122 | 3.692307692
hsa-miR-576-3p 4.24 1.15 3.27E-11 2.20E-10 | 3.686956522
hsa-miR-193b-3p 4552.42 1238.45 0.438656 | 0.62929681 | 3.675901328
hsa-miR-3646 0.8 0.22 0.00540266 | 0.01445124 | 3.636363636
hsa-miR-210-5p 13.15 3.66 6.33E-31 6.07E-30 | 3.592896175
hsa-miR-6735-5p 0.92 0.26 0.00340782 | 0.00934446 | 3.538461538
hsa-miR-5196-3p 0.92 0.26 0.00340782 | 0.00933211 | 3.538461538
hsa-miR-6796-5p 0.44 0.13 0.0548188 | 0.11974644 | 3.384615385
hsa-miR-642a-5p 3.88 1.15 1.49E-09 9.21E-09 | 3.373913043
hsa-miR-346 37.81 11.23 6.76E-80 9.94E-79 | 3.366874443
hsa-miR-2116-5p 3.04 0.92 1.53E-07 8.32E-07 | 3.304347826
hsa-miR-6810-3p 1.88 0.57 4.05E-05 | 0.00016541 | 3.298245614
hsa-miR-629-5p 118.18 35.99 7.78E-239 | 1.90E-237 | 3.283689914
hsa-miR-30a-5p 786.29 74.54 0.438656 | 0.62973261 | 10.54856453
hsa-miR-200a-3p 71.82 22.07 2.21E-144 | 4.24E-143 3.25419121
hsa-miR-497-5p 72.74 22.51 5.40E-145 | 1.05E-143 | 3.231452688
novel_mir503 1.68 0.53 0.000144786 | 0.00052657 | 3.169811321
hsa-miR-3065-5p 50.6 16.25 5.92E-97 9.30E-96 | 3.113846154
hsa-miR-7641 0.28 0.09 0.1478852 | 0.28048126 | 3.111111111
hsa-miR-1225-5p 0.28 0.09 0.1478852 | 0.28022488 [ 3.111111111
hsa-miR-5004-3p 0.4 0.13 0.0854916 [0.17793583 | 3.076923077
hsa-miR-6813-5p 0.4 0.13 0.0854916 | 0.17775736 | 3.076923077
hsa-miR-4284 0.4 0.13 0.0854916 | 0.17757925 | 3.076923077
hsa-miR-1228-3p 2.96 0.97 741E-07 3.78E-06 | 3.051546392
hsa-miR-99a-5p 6983.19 2306.09 0 0 3.028151547
hsa-miR-9%9a-3p 11.07 3.66 9.15E-22 7.93E-21 3.024590164
hsa-miR-708-5p 0.12 0.04 0.438656 | 0.63148187 3
hsa-miR-5583-3p 0.12 0.04 0.438656 | 0.63104364 3

Supplementary Figure 1. The RNA-seq data of Inc-FAM133B-2, miR-34a-5p and CDK6.
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Supplementary Figure 2. The full-length gels of the Figure 4C western analyses used in the revised manuscript. The full-length
gels of the Figure 4D western analyses used in the revised manuscript. The full-length gels of the Figure 4E western analyses used in the
revised manuscript.

Gene cell lines |qQRT-PCR| RNA-seq

CNE-2 1.00£0.302 1.00
CNE-2R | 15.21%0.621 6.15

6-10B 2.57+0.520 —
6-10BR 7.25+0.911 —
CNE-2 5.25+0.612 9.60
CNE-2R 1.00=0.767 1.00

Inc-FAMI133B-2

- 6-10B__ | 1.21:0.592 —
6-10BR__ | 0.54z1.211 —
CNE2 | 1.00:1.254 | 3.70
2 2 2
—— CNE2R | 102121578 |  23.93

6-10B 1.25£2.015 —
6-10BR 7.55+£2.205 —

Supplementary Figure 3. The expression data of Inc-FAM133B-2, miR-34a-5p and CDK6.
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