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Abstract
Differential expression of long non-coding RNAs (lncRNAs) plays critical roles in
hepatocarcinogenesis. Considerable attention has focused on the antitumor effect of histone
deacetylase inhibitor (Trichostatin A, TSA) as well as the coding gene expression-induced
apoptosis of cancer cells. However, it is not known whether lncRNA has a role in TSA-induced
apoptosis of human hepatocellular carcinoma (HCC) cells. The global expression of lncRNAs and
coding genes was analyzed with the Human LncRNA Array V2.0 after 24 h treatment. Expression
was verified in cell lines and tissues by quantitative real-time PCR. The data showed that 4.8%
(959) of lncRNA and 6.1% (1849) of protein coding gene were significantly differentially
expressed. The differential expressions of lncRNA and protein coding genes had distinguishable
hierarchical clustering expression profiling pattern. Among these differentially expressed
lncRNAs, the greatest change was noted for uc002mbe.2, which had more than 300 folds
induction upon TSA treatment. TSA selectively induced uc002mbe.2 in four studied HCC cell
lines. Compared with normal human hepatocytes and adjacent noncancerous tissues, uc002mbe.2
expression level was significantly lower in the HCC cell lines and liver cancer tissues. The TSA-
induced uc002mbe.2 expression was positively correlated with the apoptotic effect of TSA in
HCC cells. In addition, knockdown the expression of uc002mbe.2 significantly reduced TSA-
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induced apoptosis of Huh7cells. Therefore, TSA-induced apoptosis of HCC cells is uc002mbe.2
dependent and reduced expression of uc002mbe.2 may be associated with liver carcinogenesis.
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1. Introduction
Hepatocellular carcinoma (HCC) is a prevalent liver malignancy with poor prognosis. It is
the third most common cause of cancer-related mortality in the world [1–3]. Extensive
research has been done in the past several decades to understand the mechanism underlying
the pathogenesis of liver cancer with a focus on protein coding genes. However, the precise
mechanisms underlying liver carcinogenesis are still not well known and the therapeutic
success of using pharmacological treatment is limited [1,3]. Therefore, there is an urgent
need to identify novel therapeutic targets in order to develop new intervention.

Histone deacetylases (HDAC) play a fundamental role in regulating gene expression and
chromatin assembly through catalyzing the removal of acetyl groups leading to chromatin
condensation and transcriptional repression. De-regulated HDAC activity is associated with
tumorigenesis and the progression of cancer [4,5]. HDAC are found overexpressed in HCC,
and aberrant HDAC activity plays an important role in HCC pathogenesis [6–8]. Thus,
targeting HDAC can be a therapeutic strategy to treat HCC. We and others have shown that
histone deacetylase inhibitors (HDACi) such as Trichostatin A (TSA) and scriptaid have
anti-tumor effect by inducing apoptosis of HCC in vitro and in vivo [9–11]. HDACi induces
apoptosis, differentiation, and/or cell-cycle arrest in different cancer cells and the anticancer
activity can be achieved by different mechanisms [12,13]. HDACi induced-transcriptional
reprogramming was seen to contribute largely to their therapeutic benefits on cancer
treatments. However, only a very low percentage of protein-coding genes are affected by the
action of HDACi, and the molecular mechanisms by which the expressions are altered are
not fully understood [12,14].

Recent studies revealed that protein-coding genes only account for less than 2% of the
human genome, whereas a much greater proportion of the human genome is transcribed into
non-coding RNAs (ncRNAs) [15–17]. Long non-coding RNAs (lncRNAs) are identified as
a new class of functional RNAs. They are transcribed molecules greater than 200
nucleotides that lack protein-coding capacity [18,19], but have many molecular functions.
LncRNAs can act as tumor oncogenes or tumor suppressors just like protein coding genes.
Growing evidences demonstrated that lncRNAs play a crucial role in the modulations of
tumor behavior through various complex mechanisms such as modulating gene transcription
and epigenetic signaling [20–22]. Recent studies indicated that aberrant expression of
lncRNAs was associated with cell cycle, apoptosis, and tumor growth in HCC, which made
it possible to use these lncRNA as new molecular diagnostic and prognostic markers as well
as therapy targets [23–26]. So far, it is not known whether lncRNA plays a role in HDACi-
induced apoptosis of HCC cells.

The goals of current study are to examine the effect of HDACi TSA on lncRNA and coding
gene expression profiles in HCC cells and to elucidate the role of lncRNAs in TSA-induced
apoptosis. We showed that 4.8% (959) of lncRNA and 6.1% (1849) of protein coding gene
were significantly differentially expressed upon TSA treatment of Huh7 cells. The
differential expressions of lncRNA and protein coding genes had a hierarchical clustering
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expression profiling pattern. The data, for the first time, provided direct evidence that a
novel lncRNA uc002mbe.2 has potential tumor suppressive effect and is involved in
mediating the apoptotic effect of TSA in human liver cancer cells.

2. Materials and methods
2.1. Reagents

All reagents and chemicals used were from Sigma–Aldrich (St. Louis, MO) unless noted
otherwise. TRIzol reagent and Lipofectamine2000 Transfection Reagent were purchased
from Invitrogen (Carlsbad, CA). The Prime Script RT Reagent Kit and SYBR Premix Ex
Taw were purchased from TaKaRa (Dalian, China). The MTT Cell Proliferation and
Cytotoxicity Detection Kit was purchased from Calbiochem (San Diego, CA). In situ Cell
Death Detection Kit were purchased from Roche Applied Science (Indianapolis, IN).

2.2. Cell cultures and treatment
Human liver cancer cell lines Huh7, Bel7402, Bel7721, and HepG2 were cultured in
Dulbecco’s Modification of Eagle’s Medium (Mediatech, Herndon, VA). The medium was
supplemented with 10% charcoal-stripped fetal bovine serum (FBS) (Atlanta Biologicals
Lawrenceville, GA) and 1% penicillin/streptomycin (Invitrogen, Carlsbad, CA). Human
hepatocytes were purchased from CellzDirect and cultured according to our previous
publications [9,10]. The cells were cultured with DMSO or TSA (1 μM) in media for each
studied time point. The final concentration of DMSO in the culture medium was 0.1% in all
treatments.

2.3. RNA preparation and microarray analysis
Total RNA from four independent DMSO or TSA treated Huh7 cells were isolated using
Trizol and treated with DNase I (Invitrogen, Carlsbad, CA). The RNA integrity was
assessed by denatured agarose gel. Human LncRNA Microarray V2.0 (Arraystar, Rocville,
MD) was used to study the global profiling of human lncRNAs and protein-coding
transcripts in the Huh7 cells. The microarray contained 33,045 lncRNAs and 30,215 coding
transcripts. Each sample was amplified and transcribed into fluorescent cRNA along with
the entire length of the transcripts without 3′ bias utilizing a random priming method. The
labeled cRNAs were hybridized onto the Human LncRNA Array V2.0 (Arraystar, Rocville,
MD). After extensive washing, the arrays were scanned by the Agilent Scanner G2505B.
The raw data were extracted as pair files using Agilent Feature Extraction software (version
10.7.3.1). The GeneSpringGXv11.5.1 software package (Agilent Technologies) offered
quantile normalization and background correction. Heat Map and Unsupervised Hierarchical
Clustering was performed based on their expression levels using Cluster_-Treeview
software (Palo Alto, CA). GO analysis from Gene Ontology (http://www.geneontology.org)
was used for analyzing the interactions between lncRNA and coding genes in TSA-induced
apoptosis of Huh7cells [27].

2.4. The defined category of lncRNA
The category of lncRNA was determined by the genomic location relative to the coding
gene [28–30]. The categories were defined as sense, intergenic, antisense, and bidirectional
lncRNA. A sense lncRNA is defined when an lncRNA exon overlaps with a coding
transcript exon on the same genomic strand. A bidirectional lncRNA is when an lncRNA is
oriented head-to-tail to a coding transcript within 1000 bp. The lncRNA that is transcribed
from the antisense strand and that is overlapped with a coding transcript is defined as
antisense lncRNA. Intergenic lncRNA is when there is no overlapping or bidirectional
coding transcripts near the lncRNA.
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2.5. Human tissue samples
Thirty HCC samples and their corresponding adjacent noncancerous liver tissues were
collected from the First Municipal’s People Hospital of Guangzhou, Guangzhou Medical
University. Human tissues were immediately frozen in liquid nitrogen and stored at −80 °C
freezer until usage. The human subject protocol was approved by the Clinical Research
Ethics Committee of Guangzhou Medical University. Written consent was obtained from
each patient.

2.6. RNA extraction and quantitative real-time PCR
Total RNA from liver specimens and cultured cells were isolated using Trizol and treated
with DNase I (Invitrogen, Carlsbad, CA). Briefly, quantitative real-time PCR was carried
out to study lncRNA expression using the Prime Script RT Reagent Kit (TaKaRa, Dalian,
China) and SYBR Premix Ex Taq (TaKaRa, Dalian, China). Real-time PCR was conducted
using the ABI Prism 7300 real-time PCR system (Applied Biosystems, Foster City, CA).
The quantification analysis for target gene expression was performed using the relative
quantification comparative CT method. Primers are listed in Table 1.

2.7. Plasmid constructs and transfection
ShRNA fragment targeting different uc002mbe.2 lncRNA site was designed according to
the human uc002mbe.2lncRNA sequence (Chromosome 19; NC_000019.9:
4769117-4772568), synthesized, and inserted into the psuperpGPU6/Neo vector
(GenePharma Co., Shanghai, China). The pGPU6/Neo-negative control vector that contains
a shRNA sequence with no homology to any other human gene was used as a negative
control. The shRNA plasmid was transformed into Escherichia coli for screening. The
identity of the recombinant plasmids was confirmed by sequencing. Cell transfection was
carried out with a Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA) with indicated shRNA-
expressing plasmids. Cells were harvested 48 h post-transfection to evaluate the efficiency
of uc002mbe.2 lncRNA knockdown by quantitative real-time PCR.

2.8. Cell viability assays
After 48 h of shRNA plasmid transfection in 96-well culture plate, cells were incubated with
or without TSA (1 μM) in medium for 24 h followed by detecting cell viability using the
MTT Cell Proliferation and Cytotoxicity Detection Kit (Calbiochem, San Diego, CA). After
treatment, 1 mg/ml of MTT was added to culture plates and incubated at 37 °C for an
additional 4 h. Then, cells were lysed in DMSO (100 μl). The absorbance at 550 nm was
measured on a plate reader. Each experiment was performed in triplicate and repeated three
times.

2.9. Terminal deoxynucleotidyltransferased UTP nick end labeling (TUNEL) assay
After 48 h of shRNA plasmid transfection, cells were incubated with or without TSA (1 μM)
in medium for 24 h followed by TUNEL staining using an in situ cell death detection kit
(Roche Applied Science, Indianapolis, IN), which was described previously [31]. TUNEL
positive cells were examined under a light microscope.

2.10. Statistical analysis
Differentially expressed lncRNAs and mRNAs with statistical significance were identified
through Volcano Plot filtering. The fold change (≥2.0, p-value ≤ 0.05) was set for up- and
down-regulated genes threshold. Data are presented as mean ± SD. Statistical analysis was
performed using Student’s t-test for two-group comparison. Significance was defined by p <
0.05.
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3. Results
3.1. Global profiling of lncRNAs and coding genes in TSA-treated Huh7 cells

In our previous study, we determined that 1 μM TSA could reduce about 20% viability of
Huh7 cell and increase histone acetylation in 24 h [9,10]. The same dose and treatment time
were used in the current study to determine the role of lncRNA in TSA-induced apoptosis of
HCC cells. To examine expression profiles of lncRNAs and coding genes, we used a custom
microarray containing 33,045 lncRNAs and 30,215 coding genes (Arraystar Human
LncRNAMicroarrayV2.0). Scatter plot and Volcano Plot analysis are shown in (Fig. 1). The
scatter plot is a visualization method that is useful for assessing the reproducibility between
chips. Data indicated that 60.5% of lncRNA and 59.4% of coding gene were expressed
above the background level (Table 2). Volcano Plots are useful tools for visualizing
differential expression between two different conditions. They are constructed using fold-
change values and p-values, and thus allow visualization of the relationship between the
magnitude of change and the statistical significance. To identify differentially expressed
lncRNAs and coding genes, Volcano Plot analysis was done to study the difference between
treatment and control groups. Data showed that 4.8% (959) of lncRNAs and 6.1% (1849) of
coding genes were significantly expressed (Table 2). These significantly expressed lncRNAs
and coding genes passed the stringent data filtration steps and Volcano Plot filtering. Cluster
analysis group samples based on their expression levels suggested relationships among
samples. To investigate the expression patterns of lncRNAs and coding genes, hierarchical
clustering was performed to analyze gene expression in TSA-induced apoptosis of Huh7
cells. The data showed a distinguishable lncRNA and coding gene expression profiling
pattern between TSA-treated and control groups (Fig. 2).

3.2. The differentially expressed lncRNAs and interacting coding genes in TSA-induced
apoptosis of Huh7cells

LncRNAs were grouped into sense, intergenic, antisense, and bidirectional lncRNA
according to their genomic relationship with coding genes (Fig. 3A). The number of up-
regulated lncRNAs was 447 including 30.4% (136 of 447) antisense, 16.8% (75 of 447)
bidirectional, 39.1% (175 of 447) intergenic, and 13.6% (61 of 447) sense lncRNA. While,
the number of down-regulated lncRNAs was 512, which included 19.1% (98 of 512)
antisense, 5.5% (28 of 512) bidirectional, 50.4% (258 of 512) intergenic, and 25% (128 of
512) sense lncRNA (Fig. 3B). Based on the coding and lncRNA gene expression profiles,
the co-expression relationship between coding-lncRNA pair was evaluated by Fisher’s
asymptotic test adjusted with the Bonferroni multiple tests. Co-expression relationships with
a p-value of 0.01 or less and within a given percentile were regarded as co-expressed. To
further annotate the functional interaction in the co-expression of lncRNA and coding genes,
two Gene Ontology (GO) analyses were performed. One analysis connected one coding
gene to at least three lncRNAs (Fig. 4A), and the other connected one lncRNA to at least
three coding genes (Fig. 4B). The bar graphs show the top ten enrichment score values of
the significant enrichment molecular function terms. GO analysis of co-expressed lncRNA
and coding genes showed preferential enrichment for genes that have catalytic activity,
oxidoreductase activity, and cyclin-dependent protein kinase inhibitor activity. To further
analyze gene expression changes induced by TSA, quantitative real-time RT-PCR was
performed to confirm the microarray data. The lncRNA genes, which showed greater than
20-fold changes in their expression level, were selected from the GO analysis of coordinated
expression between lncRNA and coding genes. The expression levels of AKO56249,
HIT000047782, NR_024274, AC009434.1, uc003klp.2, and uc002mbe.2 were significantly
increased while genes including BCO41954 and highly up-regulated in liver cancer (HULC)
were significantly decreased (Fig. 4C). Differential expression of the selected genes was
consistent with the microarray data. The functions of these lncRNA genes are mostly
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unknown. HULC is highly up-regulated in liver cancer, which is involved in HBx-related
hepatocarcinogenesis and liver cancer progression [26,32]. Additional study is needed to
understand the functions of HULC in TSA-induced Huh7 cells apoptosis. However, the
greatest change was noted for uc002mbe.2, whose expression level increased by about 300-
fold upon TSA treatment. Thus, we further studied the role of uc002mbe.2, which is an
intergenic lncRNA.

3.3. Differential effects of TSA on uc002mbe.2 expression in HCC cell lines and normal
human hepatocytes

To assess the effect of TSA on uc002mbe.2 expression in HCC cell lines and human
hepatocytes, uc002mbe.2 expression was quantitated by real-time PCR. The data
demonstrated that TSA induced uc002mbe.2 in four studied human HCC cell lines (Huh7,
Bel7402, Bel7721, and HepG2), but not in normal human hepatocytes (Fig. 5A). Among the
four HCC cell lines, Huh7 cells had the highest induction of uc002mbe.2 lncRNA levels. In
addition, the induction of uc002mbe.2 lncRNA in Huh7 cells was time dependent; it
occurred within 6 h after TSA treatment. Moreover, the fold induction of uc002mbe.2 was
not different in cells treated by TSA for 36 h and 48 h (Fig. 5B).

3.4. uc002mbe.2 is deregulated in HCC cell lines and human HCC tissues
By quantitative real-time PCR, a striking decrease in uc002mbe.2 expression was observed
in four separate HCC cell lines compared with non-malignant human hepatocytes (Fig. 6A).
We next studied the expression of uc002mbe.2 in 30 pairs of human samples that included
HCC tissues and their corresponding adjacent noncancerous liver tissues. The levels of
uc002mbe.2 were remarkably reduced in 26 HCC samples in comparison with adjacent
normal livers (Fig. 6B). These data suggested that uc002mbe.2 could be a tumor suppressor.

3.5. TSA-induced uc002mbe.2 is involved in apoptosis in Huh7 cells
In order to study the role of TSA-induced uc002mbe.2 in mediating cell death, the
expression of uc002mbe.2 was knocked down by shRNA transfection followed by cell
viability and TUNEL assay. Transfection of uc002mbe.2 shRNA caused more than 80%
reduction of uc002mbe.2 level (Fig. 7A). Down-regulation of uc002mbe.2 by shRNA
plasmid increased the number of Huh7 cells implying its role in cell survival. In addition,
inhibited expression of uc002mbe.2 also blocked TSA-induced Huh7 cell death as
demonstrated by MTT and TUNEL assay (Fig. 7B and C). After 24 h of TSA treatment,
robust DNA double-strand breaks were noted in cells transfected with control plasmid as
revealed by positive TUNEL staining; whereas, only very few DNA double-strand breaks
were seen in the cells transfected with uc002mbe.2 shRNA plasmid (Fig. 7C).

4. Discussion
Several lncRNAs have been shown to act like tumor suppressor genes or have oncogenic
abilities [20,23,33]. Although changes in lncRNA expression levels are causatively linked to
HCC development, the underlying molecular mechanism still needs to be elucidated [23,25].
The current study demonstrates the effects of TSA on lncRNA and protein coding gene
expression and the potential interactions between lncRNAs and coding genes in TSA-
induced HCC cell death. Our novel findings showed that TSA altered the expression of
many lncRNAs as well as coding RNA. In addition, TSA-induced apoptosis of HCC cells is
uc002mbe.2 dependent and that the reduction of uc002mbe.2 may be associated with liver
carcinogenesis.

Several studies have demonstrated the regulation of protein-coding gene changes in different
cancer cells treated with HDACi; however, the changes vary depending on the type of cell
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lines and HDACi [12,14]. In a previous study, the result of hierarchical clustering did not
show a clear gene separation of HepG2 cells treated with TSA (500 nM) and only about 500
genes altered their expression [34]. The present study demonstrated that 1849 coding genes
were significantly altered and showed a distinguishable protein coding gene expression
profiling by the treatment of TSA in Huh7 cells (Fig. 2). High concentration (5 μM) of TSA
could affect more gene expression [35]. Thus, coding genes respond to TSA is cell type and
dose specific. After performing functional analysis, the altered coding genes were found to
be associated with the altered lncRNAs. Moreover, those TSA-regulated coding genes have
catalytic activity, oxidoreductase activity, and cyclin-dependent protein kinase inhibitor
activity (Fig. 4A and B). Thus, lncRNAs seem to play an important role in TSA-induced
HCC cells death.

LncRNAs have a wide spectrum of molecular functions such as regulating alternative
splicing, transcriptional pattern, and protein activity. They also have epigenetic effect and
are precursors of small RNAs. LncRNAs play an important role in dosage compensation,
genomic imprinting, chromatin regulation, and many other biological processes [23,33,36].
Recent study showed that the response of lncRNAs to stress was different and was cell-type
and/ or agent-specific [37]. Our data showed that intergenic lncRNAs accounted for half of
the altered lncRNA. It is known that intergenic lncRNAs regulate gene expression through
modifying chromatin complexes or RNA binding proteins. In addition, aberrant expression
of intergenic lncRNAs is associated with cancers [38,39]. Intergenic lncRNAs are seen to be
new links in cancer progression and can be utilized for cancer diagnosis, recurrence, and
potential therapeutic targets [39]. Intergenic lncRNAs including MEG3 (maternally
expressed gene 3), H19, and MALAT1 (metastasis associated lung adenocarcinoma
transcript 1) can function as tumor suppressor or oncogene in HCC [40–42]. However, the
expression of these lncRNAs was not significantly changed after TSA treatment in Huh7
cells (our unpublished data). These findings indicated that the induction of uc002mbe.2
might be apoptotic or TSA specific.

4.1. Among the altered intergenic lncRNAs, the greatest change was noted for uc002mbe.2
Furthermore, we documented the selective induction of uc002mbe.2 in TSA-treated HCC
cells, but not in normal hepatocytes. The TSA induced expression of uc002mbe.2 and
apoptosis was time dependent in Huh7 [10]. Thus, the induction of uc002mbe.2 by TSA was
positively correlated with the apoptotic effect of TSA in Huh7. It suggests the crucial role of
uc002mbe.2 in mediating the cell death induced by TSA. The knockdown experiment firmly
established the role of uc002mbe.2 in mediating TSA-induced cell death of HCC cells.
Recent studies have also identified that lncRNAs interacted with protein coding genes that
play central roles in cell-cycle inhibition and stress-induced apoptosis in different cancer
cells [38,43]. These results suggested that particular lncRNAs have the potential to become
the surrogate indicators of a specific cell stress. The exact role of uc002mbe.2 in TSA-
induced HCC cells death is not clear. Whether uc002mbe.2 can regulate the transcriptional
regulatory networks requires detailed investigation. Another interesting finding is that
uc002mbe.2 expression is significantly reduced in HCC cell lines as well as HCC tissues
and reducing the uc002mbe.2 expression in Huh7 cells can modestly increase cell
proliferation. The anti-proliferative role of uc002mbe.2 may be due to its role in promoting
apoptosis. Additional study is needed to support the future use of uc002mbe.2 in cancer
therapy.

In summary, our data established the role of uc002mbe.2 in TSA-mediated apoptosis of
HCC cells. Intergenic uc002mbe.2 may present a potential therapeutic target in HCC
treatment. The reduction of uc002mbe.2 in HCC may promote proliferation in human liver
cancer cells.
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Abbreviations

TSA Trichostatin A

HCC hepatocellular carcinoma

lncRNA long non-coding RNA

qRT-PCR real-time quantitative reverse transcription PCR

HDAC histone deacetylases

HDACi histone deacetylase inhibitors

TUNEL Terminal deoxynucleotidyltransferasedUTP nick end labeling

shRNA short hairpin RNA

HULC highly up-regulated in liver cancer
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Fig. 1.
Profiling of TSA-regulated lncRNA and coding gene RNA. Total RNA from four
independent DMSO or TSA treated Huh7 cells (24 h) was isolated to study gene expression
by Human LncRNA Microarray V2.0. The Scatter-Plot is used for assessing lncRNA (A)
and coding gene RNA (B) expression reproducibility. The values of x and y axis in the
Scatter-Plot are the averaged normalized signal values of groups of samples (log 2 scaled).
Volcano Plot analysis of the microarray Chip data on the differentially expressed lncRNA
(C) and coding gene (D) between the TSA treated and control group. The vertical green
lines correspond to a 2.0 fold up and down regulation while the horizontal green line
represents a p-value of 0.05. The red dots to the left and to the right of the vertical green
lines indicate more than a 2.0 fold change and represent the differentially expressed genes
with statistical significance. Statistical significance was defined as fold change ≥2.0 and p-
value ≤ 0.05 between TSA treated and control (DMSO) groups.
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Fig. 2.
Heat map presentation of the expression profile of lncRNA and coding gene. Hierarchical
Clustering analyzed lncRNAs (A) and coding genes (B) in DMSO and TSA treated Huh7
cells. Each column represents a sample and each row represents a gene. High relative
expression is indicated by red color and low relative expression is indicated by blue color.
D1-4: four independent DMSO treatment, T1-4: four independent TSA treatment.
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Fig. 3.
The categorized lncRNA and distribution of the differentially expressed lncRNAs in DMSO
and TSA treated Huh7 cells. (A) A diagram of the categorized lncRNA. LncRNA was
categorized as sense, intergenic, antisense, and bidirectional transcript. (B) The number of
lncRNAs regulated by TSA in Huh7 cells.
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Fig. 4.
Gene Oncology analysis of lncRNAs-associated with coding genes.
(A) GO analysis of coding genes in which one coding gene is connected to at least three
lncRNAs. (B) GO analysis of coding genes in which an lncRNA is connected to at least
three mRNAs. The top ten significantly enriched molecular functions along with their scores
are listed as the x-axis and the y-axis, respectively, in both (A) and (B). (C) The microarray
data was further confirmed by real-time PCR. LncRNA expression level was normalized to
the level of GAPDH mRNA. The data shown were relative fold induction (TSA vs. DMSO
treatment) at 24 h treatment. Each column represents fold change between TSA and DMSO
treated groups with standard error. This experiment was repeated three times.
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Fig. 5.
Differential effects of TSA on uc002mbe.2 expression in HCC cell lines and human
hepatocytes. (A) TSA induced uc002mbe.2 level in HCC cells, but not in human
hepatocytes. (B) The induction of uc002mbe.2 level in Huh7 cells is time dependent. HCC
cells and human hepatocytes were treated with DMSO or TSA (1 μM) for indicated time
periods. Real-time PCR was used to quantify uc002mbe.2 level, which was normalized to
the level of GAPDH mRNA. The data shown were relative fold induction (TSA vs. DMSO
treatment) at each time point. This experiment was repeated three times.*p < 0.01, vs.
DMSO treatment group.
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Fig. 6.
Reduced expression of uc002mbe.2 in HCC cell lines and human HCC tissues. uc002mbe.2
expression was studied by real-time PCR and normalized to GAPDH mRNA level. (A)
RNA was extracted from HCC cell lines and human hepatocytes (HH). Each bar represents
the mean and SD from three independent experiments. *p < 0.01, relative to HH. (B) RNA
was extracted from thirty HCC samples and their corresponding adjacent noncancerous liver
tissues. The heights of the columns in the figure represent the log 2-transformed fold
changes between HCC samples and the corresponding adjacent noncancerous liver tissues.
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Fig. 7.
Knockdown the expression of uc002mbe.2 increased Huh7 cell survival and inhibited TSA-
induced apoptosis of Huh7 cells. (A) uc002mbe.2 expression level in Huh7 cells that were
transfected with either control plasmid or uc002mbe.2 shRNA plasmid for 48 h. (B)
Percentage of cell survival in transfected Huh7 cells that were treated with either DMSO or
TSA for 24 h. Data are expressed as mean ± SD from three independent experiments, *p <
0.05; #p < 0.05, vs. shRNA DMSO treatment group. (C) The expression of uc002mbe.2 was
knocked down by shRNA in Huh7 cells, and then the cells were treated with TSA (1 μM)
for 24 h followed by TUNEL assay.
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Table 1

Oligonucleotide sequences of the quantitative real-time RT-PCR Primers.

Primer name Sequence (5′ → 3′)

GAPDH F: 5-CTTTGGTATCGTGGAAGGACTC-3
R: 5-CAGTAGAGGCAGGGATGATGTT-3

uc003klp.2 F: 5-GCAAGGCAATGCTGAAGA-3
R: 5-TTCCGTGATGCAGTTTGAT-3

AK056249 F: 5-CAGGGATAAAGGAAAAGTCAA-3
R: 5-GCAAGCCATTCTTATGGATAG-3

NR_024274 F: 5-TCATCATTTTAACCGCATTTC-3
R: 5-TGTCAACATTTATTGAGCACCTAT-3

ENST00000513467 F: 5-CGGTGACTGTTTCCTTATTGG-3
R: 5-AGAGTTGAACGAAAGTGCTGG-3

HIT000047782 F: 5-TTCCGGGTTCAAGCGAGTC-3
R: 5-ATGGTGGCGGGCATCTGT-3

BC041954 F: 5-CGTGGCGCACTGAACTTG-3
R: 5-CCGGCCCACTGTTTGAAT-3

uc002mbe.2 F: 5-TTGTCTCCCTGTTACACTGTGA-3
R: 5-GGTTTATTCTTTGATGCCTTTAT-3

HULC F: 5-ACCTCCAGAACTGTGATCCAAAATG-3
R: 5-TCTTGCTTGATGCTTTGGTCTG-3
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Table 2

Summary of microarray data.

Probe class Total Expressed above background Differentially expressed

LncRNA 33,045 19,985 (60.5%) 959 (4.8%)

Coding 30,215 17,961 (59.4%) 1849 (6.1%)

Differentially expressed LncRNAs and mRNA with statistical significance that passed Volcano Plot filtering (fold change ≥2.0, p-value ≤0.05).
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