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Purpose: Long non-coding RNA (IncRNA) DNAJC3 antisense RNA 1 (head to head)
(DNAJC3-AS1) plays a key role in the progression of several cancers. However, its
biological role in hepatocellular carcinoma (HCC) is still unclear. We aimed to investi-
gate the role of DNAJC3-AS1 in the development of HCC and reveal the potential
mechanisms.

Materials and Methods: Expression analysis of DNAJC3-AS1 and microRNA-27b (miR-
27b) at both mature and premature levels was determined by RT-qPCR. HCC patients were
followed up for 5 years to analyze the prognostic value of DNAJC3-AS1 for HCC. The
direct interaction between DNAJC3-AS1 and premature miR-27b was analyzed with RNA
pull-down assay. Subcellular analysis of DNAJC3-AS1 was explored by subcellular fractio-
nation assay. DNAJC3-AS1 overexpression and knockdown were carried out to analyze the
role of DNAJC3-AS1 in miR-27b maturation. Cell proliferation was analyzed by BrdU
assay.

Results: DNAJC3-AS1 was overexpressed in HCC and predicts the poor survival. MiR-27b
was downregulated at mature miRNA level, but upregulated at premature level. DNAJC3-
AS1 directly interacted with premature miR-27b and was localized to both nuclear and
cytoplasm. DNAJC3-AS1 overexpression upregulated premature miR-27b and downregu-
lated mature miR-27b, while DNAJC3-AS1 knockdown led to the opposite results.
DNAJC3-AS1 suppressed the role of miR-27b in inhibiting cell proliferation.

Conclusion: DNAJC3-AS1 promotes HCC by sponging premature miR-27b and might be
a biomarker and therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC), also referred to as hepatoma, is a type of malig-
nant neoplasm that originates from hepatocytes in the liver."> Although HCC is the
fifth most common cancer in males and seventh in females, it is the second leading
causes of cancer deaths in both genders, mainly owing to its extremely aggressive
nature and poor prognosis.® According to the latest global statistics, the median
survival time of HCC is only about 620 months, and only less than 10% of HCC
patients can survive 5 years after initial diagnosis.*> More than 90% of HCC cases
occur in cirrhosis patients, and the major cause is alcohol.® However, molecular
mechanism of HCC remains unclear, which limits the development of novel
diagnostic and treatment approaches for HCC.”
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Although current treatment approaches for HCC,
such as surgeries (liver transplantation, cryoablation
and resections) and nonsurgical strategies (such as exter-
nal beam radiation therapy, percutancous ethanol injec-
tion, and chemotherapy), have significantly improved the
survival of HCC patients in the past centuries, especially
the survival condition of advanced HCC patients,® no
significant advances have been achieved in recent
years.”! Focusing on regulating gene expression
involved in cancer biology, targeted therapy is an emer-
ging novel approach for cancer treatment.'""'? However,
more effective targets with high safety remain needed.
The major role of long non-coding RNAs (IncRNAs) is
to regulate gene expression rather than coding proteins,
suggesting that IncRNAs are promising targets for anti-
cancer therapy.'>'* DNAJC3 antisense RNA 1 (head to
head) (DNAJC3-AS1) accelerates the progression of sev-
eral cancers,'>'” but the participation of this IncRNA in
HCC is unclear. We predicted that DNAJC3-AS1 may
interact with miR-27b, which is a cancer-related miRNA
in cancers.'® The function of miR-27b in cancers and the
molecular mechanisms that mediate its function have
been widely studies,'® while the upstream regulators of
miR-25b in cancer biology are unclear. We therefore
speculated that DNAJC3-AS1 could interact with miR-
27b to participate in cancer biology. This study aimed to
explore the involvement of DNAJC3-AS1 in HCC, with
a focus on its interaction with miR-27b.

Materials and Methods

Patients and Cell Lines
Paired HCC and non-tumor tissues were donated by a total
of 66 HCC patients at Edong Healthcare City Hospital of
Traditional Chinese Medicine, Infection Disease Hospital
(Ethics Committee approved this study). All patients under-
went surgical resection of the primary tumors. Tumor tis-
sues were dissected by histopathologists to separate paired
tissue samples, which were immediately transferred to
liquid nitrogen for storage. Patients’ clinical data are pre-
sented in Table 1. All patients signed informed consent.
Two human HCC cell lines HepG2 and Huh7 (ATCC)
were used to perform cell transfections and other cell
experiments. These HCC cell lines were cultured in
DMEM medium supplemented with 10% fetal bovine
serum (FBS), 100 units/mL penicillin and 100 pg/mL
streptomycin. All cells were cultured in an atmosphere at
37°C with 5% CO..

Follow-Up Analysis

Since the day of discharge, all 66 patients were visited in
a monthly manner for a total of 5 years to study the
prognostic value of DNAJC3-AS1 for HCC. Follow-up
was carried out through telephone or outpatient visit in
rare cases. No patient died of cases other than HCC during
follow-up. No patient was lost during the follow-up
periods.

Cell Transfections

HepG2 and Huh7 cells were transfected with DNAJC3-
AS1, si-DNAJC3-AS1, or miR-27b mimic using Neon
Electroporation Transfection device (Thermo Fisher
Scientific) according to the manufacturer’s protocol.
Cells cultured in fresh medium without transfections
until the end of experiment were served as the control
(C). The sequence of MiR-27b mimics was (5'-
TTCACAGTGGCTAAGTTCTGCAA-3'), and the target
sequences of DNAJC3-AS1 siRNA were ggugcugaaugug-
gaguaatt (F) and uuacuccacauucagcacctt (R).

NucleoSpin RNA Plus XS (Takara Bio) was used to
isolate total RNA from paired tissues and cells of HepG2
and Huh7 cell lines. To reduce DNA contamination, all
RNA samples were incubated with DNase I (NEB) to
achieve a ratio of OD260/280 above 1.8. Bioanalyzer
was used to make sure all RNA samples were with
a RIN value higher than 8.0.

RT-qPCRs
Total RNA (3500 ng) was used as template to prepare
With
cDNA samples as template, qPCRs were performed to
determine the expression of DNAJC3-AS1 and miR-27b
with 18S rRNA and U6 as endogenous control, respec-

cDNA samples through reverse transcriptions.

tively. Comparative Ct method was used to analyze Ct
values and normalize gene expression levels. The primer
sequences were DNAJC3-AS1 forward 5-AGCGA
TTGTGGAAGA CCCT-3' and reverse 5'-TTTCCCCTGG
TAAGCGCAA-3', premature miR-27b forward 5'-ACCTC
TCUAACAAGGTGCAG-3' and 5'-CACCTTCTCTTC
AGGTGC-3, ué6 forward 5'-CTCGCTTCG
GCAGCACA-3" and reverse 5'-AACGCTTCACGAA
TTTGCGT-3', 18S rRNA  forward 5-TAACC
CGTTGAACCCCATT-3" and reverse 5'-CCATCCAATCG
GTAGTAGCG-3', and mature miR-27b forward 5'-
GAGCTTAGCTGATTGGTG-3'
primer.

and universal reverse
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Table | Clinical Data of Patients

Parameters No. of Patients
Gender

Male 46

Female 20
Age (years)

<50 25

>50 41
HBsAg

Negative 16

Positive 50
Size (cm)

<5 40

>5 26
AFP (ng/mL)

<20 31

>20 35
Liver cirrhosis

No 27

Yes 39
ALB (g/L)

<35 6

>35 60
Tumor number

Single 48

Multiple 18
T stage

1+l 30

H+1vV 36
N stage

Negative 43

Positive 23
Lymph node metastasis

No 50

Yes 16
Vascular invasion

Negative 48

Positive 18
Distant metastasis

No 55

Yes Il
Differentiation

Well 10

Moderate 50

Poor 6

RNA Pull-Down Assay

Both DNAJC3-AS1 and negative control (NC) RNA in vitro
transcripts were prepared using T7 RNA polymerase (NEB).
DNAJC3-AS1 mutant, which was named DNAJC3-AS1
(mut), was prepared through site directed mutagenesis.
Biotin-labeling was performed with Pierce™ RNA 3’ End
Biotinylation Kit (Thermo Fisher Scientific), and the labeled
RNAs were named Bio-DNAJC3-AS1 and Bio-NC, respec-
tively. HepG2 and Huh?7 cells were transfected with the two
labeled RNAs, and cell lysis was performed 48h later on ice.
Streptavidin Magnetic Beads (Thermo Scientific, USA) were
used to pull down RNA complex. RNA isolation and RT-
qPCRs were performed following the aforementioned
method to determine the expression of premature miR-27b.

Subcellular Localization

Both nucleus and cytoplasm samples of both HepG2 and
Huh7 cells were prepared using Nuclear/Cytosol
Fractionation Kit (Biovision). Cytoplasm sample was
directly used for RNA isolation, while nucleus sample
was further subjected to nucleus lysis, followed by RNA
isolation. DNAJC3-AS1 expression in two samples were
determined using RT-PCRs. PCR products were separated
on 2% agarose gels, stained with ethidium bromide, and
photographed and analyzed using MyECL imager.

BrdU Assay

Cell proliferation was evaluated by BrdU incorporation. In
brief, cells were cultured in a 24-well plate for 24h after
transfections, incubated with 10 puM BrdU (Sigma-
Aldrich) for another 2h, and fixed in 4% paraformalde-
hyde. Cells were then treated with 2 N HCI, washed with
phosphate buffered saline (PBS), and incubation in turn
with peroxidase-coupled anti-BrdU-antibody (Sigma-—
Aldrich) and peroxidase substrate. The OD values at 450
nm were determined using a plate reader.

Statistical Analysis

Paired #-test was used to compare paired tissue samples.
Multiple (>2) independent groups and two independent
groups were compared by ANOVA Tukey’s test and unpaired
t-test, respectively. The 66 HCC patients were grouped into
high and low DNAJC3-AS1 level groups (n = 33, cutoff value
= median level of DNAJC3-AS1 in HCC tissues). Follow-up
data were used to plot survival curves, which were compared
by log-rank #-test. P<0.05 was statistical analysis.
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Figure | DNAJC3-AS| expression was upregulated in HCC and correlated with patients’ prognosis. DNAJC3-AS| expression in 66 pairs of tissue samples donated by the
66 patients was analyzed with RT-qPCRs (A). Survival curve analysis was performed to analyze the prognostic value of DNAJC3-ASI| for HCC (B). **p < 0.01.

Results

DNAJC3-AS| Expression Was
Upregulated in HCC and Correlated with
Patients’ Prognosis

DNAJC3-AS1 expression in 66 pairs of tissue samples
donated by the 66 patients was analyzed with RT-qPCRs.
Our data analysis illustrated the increased expression of
DNAIJC3-AS1 in HCC tissues compared to non-tumor

tissues, and the increase is about 1.82-fold (Figure 1A,

A
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Relative premature miR-27b level

24 R square = 0.6229
P value < 0.0001
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Relative DNAJC3-AS1 level
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p < 0.01). Survival curve analysis showed that high levels
of DNAJC3-AS1 expression were closely correlated with
the poor survival of HCC patients (Figure 1B). Therefore,
DNAJC3-AS1 is likely a prognostic biomarker for HCC.

Expression of Premature and Mature
miR-27b Were Correlated with
DNAJC3-ASI in HCC

MiR-27b expression at both premature and mature levels in
66 pairs of tissue samples donated by the 66 patients was

*%*

Relative mature miR-27b level

T
Non-tumor

R square = 0.6000
P value < 0.0001
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Relative DNAJC3-AS1 level

Relative mature miR-27b level

0

Figure 2 Expression of premature and mature miR-27b were correlated with DNAJC3-AS| in HCC. MiR-27b expression at both premature (A) and mature (B) levels in 66
pairs of tissue samples donated by the 66 patients was analyzed with RT-qPCRs. Correlations of premature (C) and mature miR-27b (D) with DNAJC3-AS| across HCC

tissues were analyzed with Pearson’s correlation coefficient. **p < 0.01.
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analyzed with RT-qPCRs. Our data analysis showed that
miR-27b was downregulated at mature miRNA level (1.99-
fold. Figure 2A, p <0.01), but upregulated at premature level
(1.72-fold, Figure 2B, p < 0.01). Correlations of premature
and mature miR-27b with DNAJC3-AS1 across HCC tissues
were analyzed with Pearson’s correlation coefficient, which
showed that miR-27 was positively correlated with
DNAIJC3-ASI1 at premature level (Figure 2C), but inversely
correlated with DNAJC3-AS1 at mature level (Figure 2D).

DNAJC3-AS| Was Associated Positively

with Premature miR-27b in HCC Cells

HepG2 and Huh7 cells were used to analyze the subcellular
location of DNAJC3-AS1 through subcellular fractionation
assay, which showed that DNAJC3-AS1 could be detected in
both nucleus and cytoplasm samples (Figure 3A). The
uncropped images are shown in Supplemental Figure 1.
Analysis using IntaRNA 2.0 showed that DNAJC3-AS1
could form base pairs with premature miR-27b (Figure 3B).
A DNAJC3-AS1 (mut), which was predicted unable to form
base pairs with premature miR-27b, was prepared (indicated

A C

Huh7
DNAJC3-AS1 _ GAPDH

HepG2

DNAJC3-AS1 GAPDH

© © © ©
RO I ARt TC U P\ 4
e of** xx“"\e of** $°°\° o** e A

Relative premature miR-27b level

by the black letters in Figure 3A). RNA pull-down analysis
showed that, compared to Bio-NC group, Bio-DNAJC3-AS1
group showed significantly higher level of premature miR-
27b, them
(Figure 3C, p < 0.01). In contrast, no significant difference

suggesting a direct interaction between
in premature miR-27b level was observed between Bio-
DNAJC3-AS1 (mut) and Bio-NC groups (Figure 3D).

DNAJC3-AS| Regulated miR-27b

Maturation

HepG2 and Huh7 cells were transfected with DNAJC3-AS1
or miR-27b, and their expression was confirmed every 24h
until 72h. The results showed that their expression were
increased more than 4-fold at 72h (Figure 4A, p < 0.05;
Figure 4B, p < 0.05). In both cell lines, DNAJC3-ASI
overexpression increased premature miR-27b expression
(Figure 4C, p < 0.05) and decreased mature miR-27b expres-
sion (Figure 4D, p < 0.05), while DNAJC3-AS1 knockdown
by transfecting cells with siDNAJC3-AS1 (Figure 4E,
p <0.05) downregulated premature miR-27b expression
(Figure 4F, p < 0.05) and upregulated mature miR-27b
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Figure 3 DNAJC3-AS| was associated positively with premature miR-27b in HCC cells. HepG2 and Huh7 cells were used to analyze the subcellular location of DNAJC3-
ASI through subcellular fractionation assay (A). IntaRNA 2.0 was used to predict the direct interaction between DNAJC3-AS| and premature miR-27b (B), which was
confirmed by RNA pull-down assay (C). The interaction between premature miR-27b and Bio-DNAJC3-AS| (mut) was also analyzed by performing RNA-RNA pull-down

assay (D). *p < 0.01.
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Figure 4 DNAJC3-AS| regulated miR-27b maturation. HepG2 and Huh7 cells were overexpressed with DNAJC3-AS| (A) or miR-27b (B). Their overexpression were
confirmed every 24h until 72h. The effect of DNAJC3-AS| overexpression on premature miR-27b (C) and mature miR-27b expression (D) and the effect of DNAJC3-AS|I

downregulation (E) on premature miR-27b (F) and mature miR-27b expression (G) were detected by RT-qPCRs.

expression (Figure 4G, p < 0.05). Therefore, DNAJC3-AS1
inhibited miR-27b maturation.

DNAJC3-ASI/miR-27b Axis Affected Cell

Proliferation

BrdU that DNAJC3-ASI
increased cell proliferation, miR-27b decreased cell
proliferation, and DNAJC3-AS1 suppressed the inhibi-
tory effect of miR-27b on cell proliferation (Figure 5A,
p < 0.05). The role of DNAJC3-AS1(mut) in cell pro-
liferation was also analyzed with BrdU assay. It was
observed that DNAJC3-AS1(mut) failed to affect cell
proliferation and the role of miR-27b in cell prolifera-
tion (Figure 5B). Therefore, the role of DNAJC3-AS1
in cell proliferation is likely mediated by miR-27b.

assay results revealed

*p < 0.05.

Discussion
The present study explored the interaction between DNAJC3-
AS1 and miR-27b in HCC. We observed the altered DNAJC3-
AS1 expression and miR-27b maturation in HCC. Moreover,
our data suggested the involvement of DNAJC3-AS1 in miR-
27b maturation, and the regulation of miR-27b maturation by
DNAIJC3-AS1 participates in HCC cell proliferation.
DNAJC3-AS1 is an oncogenic IncRNA characterized in
several types of cancers.'>"!” In colorectal cancer, its expres-
sion is increased. DNAJC3-AS1 overexpression interacts
with epidermal growth factor receptor (EGFR) pathway to
regulate fatty acid synthase, thereby promoting cancer
progression.'> DNAJC3-AS1 expression is also increased
in renal cell carcinoma, and it sponges miR-27a-3p to upre-
gulate PRDM 14, thereby accelerating cancer development.'
DNAJC3-AS1 with its

interacts sense-cognate gene
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Figure 5 DNAJC3-AS|/miR-27b axis affected HCC cell proliferation. HepG2 and Huh7 cell proliferation after DNAJC3-AS| and/or miR-27b expression was analyzed with

BrdU assays (A). The role of DNAJC3-ASI(mut) in cell proliferation was also analyzed with BrdU assay (B).

DNAJC3 to participate in osteosarcoma.'” In the present
study, we observed the upregulation of DNAJC3-ASI1 in
HCC and its role in enhancing cell proliferation. Therefore,
DNAIJC3-ASI is likely an oncogenic IncRNA in HCC.
Moreover, the present study also showed that high levels of
DNAIJC3-AS1 expression were closely correlated with the
poor survival of HCC patients. Therefore, DNAJC3-AS1
upregulation may serve as a prognostic marker for HCC.
MiR-27b plays different roles in different types of
cancers.'®!” For instance, miR-27b is lowly expressed in
lung cancer and its overexpression targets snail 1 to inhibit

18

lung cancer  epithelial-mesenchymal  transition,

#p < 0.05.

indicating its tumor suppressive roles. In contrast,
a CRISPR/Cas9 deletion study revealed the oncogenic
roles of miR-27b in cancer biology.'® However, the role
of miR-27b in HCC is unclear. The present study revealed
the downregulation of miR-27b in HCC and its inhibitory
effect on HCC cell proliferation. Therefore, miR-27b is
a tumor suppressor in HCC.

The key finding of the present study is that premature
miR-27b in the nuclei of HCC cells could be sponged by
DNAIJC3-AS1, which were detected in both nuclear and
cytoplasm fractions. In addition, DNAJC3-AS1 upregulated

premature miR-27b and downregulated mature miR-27b.
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Therefore, DNAJC3-AS1 may sponge miR-27b in the
nucleus to suppress its maturation, which requires the trans-
portation of premature miR-27b from the nucleus to cyto-
plasm, thereby playing an oncogenic role in cell proliferation.
This conclusion was supported by the experiments performed
with mutated ASDNAJC3-AS1. DNAJC3-AS1 (mut) failed
to bind premature miR-27b and showed no effect on cell
proliferation. DNAJC3-AS1 (mut) also failed to significantly
affect the role of miR-27b in cell proliferation.

This study reported a novel interaction between
IncRNAs and miRNAs. DNAJC3-AS1 could sponge
premature miR-27b to reduce the production of mature
miR-27b. Although many approaches have been devel-
oped to treat HCC,?2¢
is still poor. The novel interaction between these two

the prognosis of HCC patients

types of non-coding RNAs may provide novel insights
to the studies of related human diseases. However, this
study is limited by the small sample size. Conclusions
from this study should be further verified. The interac-
tion between DNAJC3-AS1 and premature miR-27b
should also be verified by in vivo animal model
experiments.

In conclusion, DNAJC3-AS1 is overexpressed in HCC
and suppresses miR-27b maturation to promote HCC cell
proliferation.
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