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ABSTRACT
Hepatocellular carcinoma (HCC) is one of the most death-related cancers worldwide. Identifying cancerassociated genes and uncovering the vital molecular mechanisms of HCC progression contribute greatly to
the prognosis and novel therapeutic strategies for HCC patients. Although lncRNAs have been proved to be
critical modulators of various cellular processes, the functions of lncRNAs in HCC progression are just
emerging. Here, we found that a long non-coding RNA (lncRNA) named LINC02362, whose biological effects
have yet been unveiled in cancers, was associated with a better prognosis in patients with HCC. Gain-offunction analyses showed that LINC02362 inhibited the survival, migration, invasion and epithelial-tomesenchymal transition (EMT) of HCC cells. Moreover, miR-516b-5p was enriched as a target of LINC02362,
which functioned as a sponge to regulate the endogenous levels of miR-516b-5p. Furthermore, we confirmed
that SOSC2 served as a downstream target gene which was negatively controlled by miR-516b-5p.
Importantly, a series of rescue experiments indicated that the tumor-suppressive effects of LINC02362 were
achieved through the modulation of the miR-516b-5p/SOSC2 axis. In summary, we identified LINC02362 as a
candidate tumor-inhibitory lncRNA that might serve as a biomarker for the prognosis of HCC and a promising
therapeutic agent for patients with HCC.

Less than 2% of the human genome can be transcribed
into protein-coding mRNAs, while more than 75% is
actively transcribed into non-coding RNAs, such as
microRNAs (miRNAs), long non-coding RNAs
(lncRNAs), and circular RNAs (circRNAs) [3].
LncRNAs are a family of non-coding RNAs that are
longer than 200 nucleotides (nts) in length and unable to
be translated into proteins [4, 5]. LncRNAs have been
found to affect multitudes of cellular processes via
numerous mechanisms [6]. Nuclear lncRNAs modulate
the transcription of target genes by interacting with
transcription factors or chromatin modifiers. In addition,

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fourth leading
cause of cancer-related deaths [1]. HCC is usually
initiated by hepatitis B (HBV) infection and chronic
liver diseases, resulting in the genetic aberrations of key
driver genes, such as p53 and CTNNB [2]. Although
systematic treatments have significantly increased the
five-year survival rate of patients with HCC, exploring
the underlying molecular mechanisms of HCC is highly
required for aiding to the development of more effective
therapeutic strategies.
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mRNA splicing and chromatin interaction were also
proved to be mediated by lncRNAs that are localized in
the nucleus [7]. When localized in the cytosol, lncRNAs
have been shown to directly bind to mRNAs or proteins
through base-pairing or specific secondary structures,
leading to the stability or/and activity alterations of
these macromolecules [6]. Another well-known
mechanism of cytoplasmic lncRNAs is functioning as
sponges for miRNAs [8].

HCC. To this end, we checked the levels of LINC02362
in non-tumor and HCC samples. Interestingly, we
observed that LINC02362 was expressed at significantly
lower levels in HCC samples than those in non-tumor
liver samples (Figure 1A). Next, we performed data
analysis in the TCGA-LIHC database which includes the
clinical parameters of HCC patients. As shown in the
Kaplan-Meier plots in Figure 1B, 1C, low expression of
LINC02362 was correlated with a poor prognosis in
terms of overall survival (OS) and disease-free interval
(DFI). It is of note that, between the two groups, i.e.
LINC02362-low and LINC02362-high, the OS trend was
reversed after six years and there was almost no
significant difference in terms of DFI (Figure 1B, 1C).
We supposed that many patients might die before six
years or they developed metastases at this time point,
resulting in only a few patients (with seven patients in
Figure 1B and four patients in Figure 1C) were still alive
after this time point and the trend after six years may not
be representative due to the low amount of patients. In
addition, LINC02362 was less expressed in serum alphafetoprotein (AFP)-positive HCC patients whose
prognosis is more favorable (Figure 1D) [17].
Nevertheless, we noticed that LINC02362 was higher
expressed in stage C than in stages A and B in terms of
Child-Pugh classification, which was not as expected and
will be discussed in the discussion section (Figure 1E).
Furthermore, we found that LINC02362 was significantly
decreased in the later histologic or TNM grades in
comparison with the early benign grade G1 or stage I,
respectively (Figure 1F, 1I). Moreover, LINC02362 was
downregulated in dead HCC patients than that in
survivors (Figure 1G). Since vascular invasion is a
hallmark of HCC progression [18], we analyzed
LINC02362 levels in HCC patients with or without
vascular invasion. Surprisingly, LINC02362 was
expressed at lower levels in patients with microvascular
or macrovascular invasion than that in those without
vascular invasion (Figure 1H). Lower LINC02362 level
was observed in TNM stage II and III than in their
corresponding controls. Correlation between LINC02362
expression and clinicopathological variables was
summarized in Supplementary Table 3. Collectively,
LINC02362 is correlated with a better prognosis in HCC
patients.

MiRNAs are 22-nt small non-coding RNAs that enhance
the degradation or/and translation of mRNAs by binding
to the 3’ untranslated regions (UTRs) [9]. Thus, through
sponging miRNAs, lncRNAs are capable to indirectly
enhance the levels of target mRNAs. Multitudes of
lncRNAs such as lnc-ATB [10], lncRNA-LALR1 [11], and
lncHAND2 [12] have been found to aberrantly expressed
and serve as modulators during the progression of HCC.
Suppressors of cytokine signalling 2 (SOCS2) has been
shown to correlate with various inflammatory diseases
and cancer [13]. In HCC patients, low expression of
SOCS2 is associated with advanced TNM staging and is a
promising prognostic marker [14].
Although lncRNAs such as MIAT and PCNAP1 have
been shown to promote the HCC progression, the
functions and underlying mechanisms of lncRNAs in
HCC still need to be explored [15, 16]. As long
intergenic non-protein coding RNA 2362 (LINC02362)
is a lncRNA whose biological functions are illinvestigated, we aimed to check whether LINC02362 is
involved in the progression of HCC. Through online
datamining, we observed that LINC02362 was lower
expressed in HCC patient samples and was correlated
with favorable outcomes of HCC patients. Depletion of
LINC02362 in HCC cells resulted in the enhanced
survival, migratory and invasive properties as well as
the induction of epithelial-to-mesenchymal transition
(EMT). In addition, miR-516b-5p was enriched as a
target miRNA of LINC02362. Furthermore, LINC02362
promoted the expression of SOSC2 via sponging miR516b-5p, leading to the alleviation of HCC cell survival,
migration, invasion and EMT. In summary, we shed
light on the mechanism by which LINC02362 exerts its
novel negative regulatory functions during HCC
progression, which may provide HCC treatments with a
new therapeutic agent.

LINC02362 mitigates HCC cell survival, migration,
invasion and EMT

RESULTS
Based on the fact that LINC02362 was associated with
better outcomes in patients with HCC, we
hypothesized that LINC02362 might function as a
tumor-suppressive lncRNA. To test our assumption,
LINC02362 was ectopically expressed in Hep3B and
PLC/PRF/5 cells, both of which are commonly used
cell lines for HCC research (Figure 2A). The MTT

LINC02362 is associated with a better prognosis of
HCC patients
As LINC02362 is an annotated lncRNA whose biological
roles have not been well studied, it is worth investigating
whether LINC02362 is involved in the progression of
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assay showed that overexpression of LINC02362
mitigated the proliferation of these two HCC cell lines
(Figure 2B). This conclusion was further confirmed by
the EdU labeling experiments (Figure 2C, 2D). We
then investigated whether the cell cycle was altered
upon LINC02362 misexpression. As expected, overexpressing LINC02362 potentiated the cell cycle arrest
in HCC cell lines (Figure 2E, 2F). As apoptosis might
contribute to the change of cell survival, we evaluated
the apoptotic ability of HCC cells. We found that
LINC02362 ectopic expression enhanced the apoptosis
of HCC cells (Figure 2G, 2H). Moreover, we observed
that LINC02362 suppressed the migratory and invasive
abilities of HCC cells (Figure 3A, 3B). Since the gain
of cell migratory and cell invasive abilities is tightly
correlate with the induction of EMT [19], we detected
the changes of EMT markers in Hep3B cells. Upon the
ectopic expression of LINC02362, the levels of
epithelial marker E-cadherin was enhanced while the
levels of two mesenchymal markers N-cadherin and

Vimentin were significantly decreased (Figure 3C),
indicating the EMT process was attenuated by
LINC02362. Taken together, overexpression of
LINC02362 decreases the survival abilities by
inhibiting cell proliferation, improving cell apoptosis,
and alleviating the migration, invasion and EMT in
HCC cells, suggesting that LINC02362 is a lncRNA
that attenuates HCC progression.
miR-516b-5p is a target miRNA of LINC02362
Since the biological function of a lncRNA is highly
dependent on its localization in cells [20], we first
checked where LINC02362 is localized. Subcellular
fractionation experiments, in which cytosolic RNA 18S
and nuclear RNA U6 were used as positive controls,
showed that LINC02362 was mainly localized in the
cytoplasm (Figure 4A), which was confirmed by the
Fluorescent in situ Hybridization (FISH; Supplementary
Figure 1) and in silico prediction data from an online

Figure 1. LINC02362 is correlated with a favorable prognosis of HCC patients. (A) Differential analyses of LINC02362 levels in nontumor (NT; n=50) or HCC tissues (n=369). (B, C) Kaplan-Meier plots showing the overall survival (OS; B) or disease-free interval (DFI; C) of HCC
patients stratified by LINC02362 levels. (D–I) The analyses of expression of LINC02362 in HCC patients with serum alpha feto-protein (AFP)negative or positive (D), different Child-Pugh grades (E), histological grades (F), living status (G), vascular invasion (H) or TNM stages (I).
*0.01 < P < 0.05, **0.001 < P < 0.01, ***0.0001 < P < 0.001. NS, not significant.
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database (Supplementary Figure 2). Because a common
mechanism of cytoplasmic lncRNAs is functioning as
competitive endogenous RNAs (ceRNAs) to regulate the
levels of target miRNAs [21], we checked the potential
miRNA targets of LINC02362 by in silico prediction.
After overlapping the miRNAs upregulated in the TCGALIHC dataset with miRNAs that were predicted as
LINC02362 candidate targets in two databases, we
enriched miR-516b-5p as the only miRNA in the intersection of these three datasets (Figure 4B). As lncRNAmiRNA interaction leads to the downregulation of both
lncRNA and miRNA, we then performed a luciferase
reporter assay to test the effects of miR-516b-5p on
LINC02362. Relative luciferase activity indicated that
miR-516b-5p overexpression caused a decrease in the
reporter consisting of the interacting fragment of
LINC02362, while mutating the nucleotides responsible
for miR-516b-5p binding on LINC02362 released the
inhibitory effect (Figure 4C, 4D). In addition, ectopic

expression of LINC02362 suppressed miR-516b-5p levels
while depletion of LINC02362 enhanced the miR-516b-5p
expression (Figure 4E). Furthermore, we showed that
miR-516b-5p was highly expressed in HCC tumor
samples compared with the non-tumor specimens (Figure
4F). In addition, although there was an inverse correlation
between LINC02362 and miR-516b-5p, the association
was insignificant (Figure 4G). However, we did observed
that high miR-516b-5p levels were correlated with poor
prognosis of HCC patients (Figure 4H, 4I). Taken
together, we validated miR-516b-5p as a downstream
target of LINC02362.
LINC02362 sponges miR-516b-5p to mitigate HCC
progression
Next, we asked whether the biological effects of miR516b-5p on HCC cells can be attenuated by LINC02362
as we showed that these two RNAs interact with each

Figure 2. LINC02362 suppresses HCC cell survival. (A) RT-qPCR quantification (n=3) of LINC02362 expression in Hep3B or PLC/PRF/5
cells with LINC02362 ectopic expression. (B) MTT assay (n=3) for measuring the proliferative abilities of HCC cells with LINC02362
overexpression. (C, D) EdU labeling to detect the percentage of dividing cells in LINC02362-overexpressing HCC cells and the corresponding
quantification (D; n=3). (E, F) Measurement (E) and quantification (F; n=3) of cell cycle of HCC cells by flow cytometry. (G, H) Detection (G)
and quantification (H; n=3) of apoptotic cells in HCC cells overexpressing LINC02362. *0.01 < P < 0.05, **0.001 < P < 0.01, ***0.0001 < P <
0.001, ****P < 0.0001.
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other (Figure 4C, 4D). First, RT-qPCR results suggested
that the levels of exogenously expressed miR-516b-5p
could be inhibited upon LINC02362 ectopic expression
(Figure 5A). Vice versa, endogenous or exogenous
LINC02362 was suppressed by the overexpression of

miR-516b-5p (Figure 5B), suggesting that these two
RNA molecules modulate the levels of each other in a
negative manner. Furthermore, MTT data showed that
the proliferation-supporting effect imposed by miR516b-5p was significantly mitigated upon the ectopic

Figure 3. LINC02362 inhibits HCC cell migration, invasion and EMT. (A) Transwell assays to test the effects of LINC02362
overexpression on HCC cell migration. Representative pictures (upper) and quantification (lower; n=3) are shown. (B) Transwell assays to test
the effects of LINC02362 overexpression on HCC cell invasion. Representative pictures (upper) and quantification (lower; n=3) are shown. (C)
Representative images (left) and quantification (right; n=3) of western blotting analysis for detecting the levels of EMT markers in Hep3B
cells. **0.001 < P < 0.01, ***0.0001 < P < 0.001, ****P < 0.0001.
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expression of LINC02362 (Figure 5C). Similarly, the
EdU signal and cell cycle progression improved by
miR-516b-5p was attenuated by LINC02362 (Figure
5D–5G). Moreover, the cell apoptosis decreased by

miR-516b-5p could be significantly alleviated by
LINC02362 (Figure 5H, 5I). Furthermore, LINC02362
rescued the migration- and invasion-enhancing effects
as well as the induction of EMT imposed by miR-516b-

Figure 4. LINC02362 functions as a sponge for miR-516b-5p. (A) Subcellular fractionation (n=3) for quantifying the localization of
LINC02362 in HCC cells. (B) Venn diagram showing the overlap between the indicated three databases. (C) Schematic plot indicating the
putative binding site between LINC02362 and miR-516b-5p and the sequences upon mutagenesis. (D) Dual luciferase assays (n=3) for
checking the effects of miR-516b-5p on the indicated 3’UTR constructs. (E) RT-qPCR detection (n=3) of the miR-516b-5p expression upon
misexpression of LINC02362. (F) Datamining to check the levels of miR-516b-5p in non-tumor (NT; n=50) or HCC tissues (n=370). (G) Scatter
plot showing the correlation between LINC02362 and miR-516b-5p. (H, I) Kaplan-Meier plots showing the overall survival (OS, H) or diseasefree survival (DFS, I) of HCC patients stratified by miR-516b-5p levels. **0.001 < P < 0.01, *** or ### 0.0001 < P < 0.001. NS, not significant.
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Figure 5. LINC02362 sponges miR-516b-5p to mitigate the enhancement of HCC cell survival. (A, B) RT-qPCR quantification of miR516b-5p (A) and LINC02362 (B) expression in Hep3B and PLC/PRF/5 cells (n=3). (C) MTT assay (n=3) for measuring the proliferative abilities of
HCC cells overexpressing miR-516b-5p and/or LINC02362. (D, E) EdU labeling to detect the percentage of dividing cells in LINC02362 and miR516b-5p-overexpressing HCC cells (D) and the corresponding quantification (E; n=3). Bar=100μm. (F, G) Measurement (F) and quantification (G;
n=3) of the cell cycle in HCC cells by flow cytometry. (H, I) Detection (H) and quantification (I; n=3) of apoptotic cells in HCC cells overexpressing
LINC02362 and miR-516b-5p. * or # 0.01 < P < 0.05, ** or ## 0.001 < P < 0.01, *** or ### 0.0001 < P < 0.001, **** or #### P < 0.0001.

www.aging-us.com

374

AGING

5p (Figure 6A–6C). Collectively, our data demonstrated
that LINC02362 sponges miR-516b-5p to mitigate the
tumor-promoting effects exerted by miR-516b-5p.

expressed miR-516b-5p in HCC cells with LINC02362
overexpression. Interestingly, we observed that the
inhibition of cell proliferation, migration, invasion and
EMT as well as the promotion of cell cycle arrest
and apoptosis imposed by LINC02362 were restored
when miR-516b-5p was re-expressed (Figures 7, 8).
Collectively, we confirmed that the tumor-suppressive
roles of LINC02362 on HCC cells is highly dependent
on the inhibition of miR-516b-5p.

The effects of LINC02362 on HCC cells are
dependent on miR-516b-5p
To examine whether miR-516b-5p is critical for the
effects of LINC02362 on HCC cells, we ectopically

Figure 6. LINC02362 sponges miR-516b-5p to attenuate the augment of HCC cell migration and invasion. (A) Transwell assays to
test the effects of LINC02362 and miR-516b-5p overexpression on HCC cell migration. Representative images (left) and quantification (right;
n=3) are shown. (B) Transwell assays to test the effects of LINC02362 and miR-516b-5p overexpression on HCC cell invasion. Representative
images (left) and quantification (right; n=3) are shown. (C) Representative images (left) and quantification (right; n=3) of western blotting
analysis for detecting the levels of EMT markers in Hep3B cells. # 0.01 < P < 0.05, ** or ## 0.001 < P < 0.01, *** or ### 0.0001 < P < 0.001,
**** or #### P < 0.0001.
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SOCS2 is a downstream gene of miR-516b-5p

(Figure 9B, 9C). RT-qPCR and western blotting analysis
further validated the inhibition of miR-516b-5p on SOCS2
at both mRNA and protein levels (Figure 9D, 9E).
Moreover, data from patients with HCC revealed a
negative correlation between miR-516b-5p and SOCS2
levels, which supported the reversely regulatory
relationship between these two molecules (Figure 9F).
Since we have proved that miR-516b-5p is a downstream
effector of LINC02362 (Figures 4, 5), the expression of
SOCS2, a target mRNA of miR-516b-5p, might be

Since miRNAs exert their functions by binding to and
inhibiting the stability of specific mRNAs [22], we then
predicted candidate target mRNAs of miR-516b-5p. Upon
performing overlap analysis based on five databases,
SOCS2 was enriched as the sole potential hit downstream
of miR-516b-5p (Figure 9A). The following reporter assay
indicated that miR-516b-5p suppressed the activity of
wild-type but not the mutant SOCS2 3’UTR element

Figure 7. miR-516b-5p is critical for the effects of LINC02362 on HCC cell survival. (A) RT-qPCR quantification of miR-516b-5p (left)
and LINC02362 (right) expression in Hep3B and PLC/PRF/5 cells (n=3). (B) MTT assay (n=3) for measuring the proliferative abilities of HCC cells
overexpressing miR-516b-5p and/or LINC02362. (C) EdU labeling to detect the percentage of dividing cells in LINC02362 and miR-516b-5poverexpressing HCC cells (left) and the corresponding quantification (right; n=3). Bar=100μm. (D) Measurement (left) and quantification
(right; n=3) of the cell cycle in HCC cells by flow cytometry. (E) Detection (left) and quantification (right; n=3) of apoptotic cells in HCC cells
overexpressing LINC02362 and miR-516b-5p. ** 0.001 < P < 0.01, *** or ### 0.0001 < P < 0.001, **** or #### P < 0.0001.
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indirectly regulated by LINC02362. As expected, both
mRNA and protein of SOCS2 were upregulated by
LINC02362 ectopic expression and downregulated by
LINC02362 depletion (Figure 9G, 9H). The positive
correlation between LINC02362 and SOCS2 was
confirmed in the HCC patients as well (Figure 9I).
Furthermore, the data also showed that SOCS2 mRNA
levels were decreased in HCC samples compared with
non-tumor samples (Figure 9J). Interestingly, low levels
of SOCS2 were shown to be associated with worse
outcomes in HCC patients (Figure 9K, 9L). In summary,
we identified SOCS2 as a direct target gene of miR-516b5p and as an indirect target gene of LINC02362.

SOCS2 contributes to
function of LINC02362

the

tumor-suppressive

To determine whether SOCS2 is a key indirect target of
LINC02362 during the mitigation of HCC progression, we
performed a series of rescue experiments. Results from
RT-qPCR indicated that knockdown of SOCS2 did not
change the expression of LINC02362, suggesting that
LINC02362 could not be regulated by SOCS2 (Figure
10A). However, when SOCS2 was depleted, the inhibitory
effects of LINC02362 on HCC cell proliferation and cell
cycle progression were attenuated, as demonstrated by
MTT and EdU staining (Figure 10B–10H). On the

Figure 8. miR-516b-5p is pivotal for the effects of LINC02362 on the migration, invasion and EMT of HCC cells. (A) Transwell assays
to test the effects of LINC02362 and miR-516b-5p overexpression on HCC cell migration. Representative images (left) and quantification (right;
n=3) are shown. (B) Transwell assays to test the effects of LINC02362 and miR-516b-5p overexpression on HCC cell invasion. Representative
images (left) and quantification (right; n=3) are shown. (C) Representative images (left) and quantification (right; n=3) of western blotting analysis
for detecting the levels of EMT markers in Hep3B cells. ** or ## 0.001 < P < 0.01, *** or ### 0.0001 < P < 0.001, **** P < 0.0001.
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Figure 9. SOCS2 is a downstream target gene of miR-516b-5p. (A) Venn diagram indicating the overlap between the indicated 5
databases. (B) Schematic plot expressing the putative binding site between miR-516b-5p and SOCS2 and the sequences upon mutagenesis.
(C) Dual luciferase assays (n=3) for checking the effects of miR-516b-5p on the indicated 3’UTR constructs. (D, E) RT-qPCR (D) and western
blotting (E) detection (n=3) of the SOCS2 expression upon misexpression of miR-516b-5p. (F) Scatter plot showing the correlation between
miR-516b-5p and SOCS2. (G, H) RT-qPCR (G) and western blotting (H) detection (n=3) of the SOCS2 expression upon misexpression of
LINC02362. (I) Scatter plot showing the correlation between LINC02362 and SOCS2. (J) Data mining to check the levels of SOCS2 in non-tumor
(NT; n=50) or HCC tissues (n=369). (K, L) Kaplan-Meier plots showing the overall survival (OS, K) or disease-free survival (DFS, L) of HCC
patients stratified by SOCS expression. ## 0.001 < P < 0.01, *** 0.0001 < P < 0.001, **** P < 0.0001. NS, not significant.

www.aging-us.com

378

AGING

Figure 10. SOCS2 mediates the inhibitory effects of LINC02362 on HCC cell survival. (A, B) RT-qPCR quantification (n=3) of
LINC02362 (A) and SOCS2 (B) expression in Hep3B and PLC/PRF/5 cells. (C) Quantification of SOCS2 levels by western blotting (n=3) with
LINC02362 and SOCS2 misexpression. (D) MTT assay (n=3) for measuring the proliferative abilities of HCC cells with LINC02362 and SOCS2
misexpression. (E, F) EdU labeling to detect the percentage of dividing cells in LINC02362 and SOCS2 misexpressing HCC cells (E) and the
corresponding quantification (F; n=3). Bar=100μm. (G, H) Measurement (G) and quantification (H; n=3) of the cell cycle in HCC cells by flow
cytometry. (I, J) Detection (I) and quantification (J; n=3) of apoptotic cells in HCC cells misexpressing LINC02362 and SOCS2. # 0.01 < P < 0.05,
** or ## 0.001 < P < 0.01, *** or ### 0.0001 < P < 0.001, **** P < 0.0001. NS, not significant.
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DISCUSSION

contrary, the promotion of cell apoptosis by LINC02362
was rescued upon the knockdown of SOCS2 (Figure
10I, 10J). Moreover, SOCS2 depletion also mitigated
the suppressive effects of LINC02362 on HCC cell
migration, invasion and EMT (Figure 11A–11C). In
conclusion, our data revealed that SOCS2 is an indirect
downstream target gene of LINC02362 that inhibits
HCC progression.

In the present study, we unveil LINC02362 as a novel
tumor-inhibitory lncRNA by directly sponging miR516b-5p and indirectly increasing the levels of SOCS2,
leading to the attenuation of proliferation and metastasis
as well as the augment of apoptosis in HCC cells
(Figure 12). Datamining analyses are first exploited to

Figure 11. SOCS2 is critical for the suppressive effects of LINC02362 on HCC cell migration, invasion and EMT. (A)
Transwell assays for testing the effects of LINC02362 and SOCS2 misexpression on HCC cell migration. Representative pictures (left) and
quantification (right; n=3) are shown. (B) Transwell assays for testing the effects of LINC02362 and SOCS2 misexpression on HCC cell
invasion. Representative pictures (left) and quantification (right; n=3) are shown. (C) Representative images (left) and quantification
(right; n=3) of western blotting analysis for detecting the levels of EMT markers in Hep3B cells. ## 0.001 < P < 0.01, *** or ### 0.0001 <
P < 0.001, **** P < 0.0001.
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assess the clinical significance of LINC02362 in HCC.
In Figure 1E, we find that the levels of LINC02362 are
upregulated in Child-Pugh grade C subgroup compared
with stage A and B, which seems to be conflicted with
our hypothesis. However, this might be because that
only one patient is included in the grade C subclass,
which cannot provide strong evidence of the clinical
significance of LINC02362. To better understand the
clinical value of LINC02362, we will generate our own
cohort of HCC patients and apply the clinical

information for further checking the correlation between
LINC02362 and HCC patient survival to determine
whether it can be used as a prognostic biomarker.
The clinical significance of LINC02362 is demonstrated
in details by data mining, which provides an ideal
candidate lncRNA for HCC prognosis. However,
further investigations are required to better understand
whether this lncRNA is eligible to serve as a biomarker.
For example, it is of great significance to study the

Figure 12. Schematic working model of LINC02362/miR-516b-5p/SOCS2 axis on HCC progression. Schematic model showing the
mechanism how the LINC02362/miR-516b-5p/SOCS2 axis regulate the HCC progression. Upon the upregulation of LINC02362, downstream
target miRNA miR-516b-5p is sponged and the levels are decreased in the HCC cells. As miR-516b-5p is a negative regulator of SOCS2, the
SOCS2 mRNA and protein levels are enhanced by LINC02362, resulting in the mitigation of cell proliferation and metastasis and augment of
cell apoptosis of HCC cells.
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prognostic value of LINC02362 in different subgroups
of HCC in order to get more hints on which subset of
patients can benefit from the therapeutic applications
based on LINC02362.

The miR-516b-5p/SOCS2 axis is uncovered as the
mechanism by which LINC02362 regulate HCC
progression, which offers a paradigm for investigating
the regulatory mechanisms of lncRNAs in biological
processes.

LINC02362 is a 766 nt lncRNA whose biological
function has not been well-investigated. Here, we
confirmed its cytoplasmic localization and the ceRNA
mechanism. Many studies have shown that the
interacting proteins are pivotal partners of one specific
lncRNA in the regulation of cellular processes as well
[23–26]. For instance, NKILA was proved to interact
with the NF-κB complex in the cytosol to regulate the
progression of breast cancer cells [23]. To fully mine
the partners of LINC02362, systematic and unbiased
approaches are required. For example, mass spectrum
analysis can be exploited to screen the interacting
proteins of LINC02362 upon the RNA pull-down by
LINC02362 probes. In addition, RNA sequencing can
be applied to uncover the downstream genes of
LINC02362, which can be further used to enrich the
pathways modulated by LINC02362.

MATERIALS AND METHODS
Datamining
RNA sequencing data of HCC patients (n=369) and
non-tumor tissues (n=50) were downloaded from the
TCGA-LIHC database (https://portal.gdc.cancer.gov/).
The clinical survival data, parameters, and mRNA and
miRNA sequencing data of HCC patients were obtained
from the UCSC Xena platform (https://tcga.xen
ahubs.net). The normalization of all sequencing data
and differentially expressed genes were analyzed by R
edgeR package (version 3.30.3). The threshold was
|log2FC(fold change)| > 1 and FDR < 0.05. Patient
survival analyses were performed using the KaplanMeier curve R survival package (Version 3.1 12). The p
value was calculated by Log Rand test.

Importantly, despite one lncRNA may have multiple
miRNA targets, we enrich miR-516b-5p as a target
miRNA of LINC02362 via an unbiased method in
which we take three independent databases into
consideration. Although no significant association is
observed between miR-516b-5p and LINC02362, there
is indeed an inverse correlation trend between these two
molecules (Figure 4G). Moreover, we validate that miR516b-5p is a tumor-supporting miRNA in Figures 5, 6.
To further ask the correlation between miR-516b-5p and
LINC02362, it is worthy to test their expression in more
HCC samples and preferably in our own cohort.
Moreover, although the tumor-suppressive effects of
LINC02362 and the tumor-promoting effects of miR516b-5p were determined by in vitro assays, we believe
that extra results from in vivo models such as mice
xenograft models may further confirm our conclusion.

Cell culture
HEK293T, Hep3B, and PLC/PRF/5 cells were
purchased from the American Type Culture Collection
(ATCC). All the cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM; Thermo Fisher;
41966029) supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher; 26140079) and kept in a
humidified incubator with 5% CO2 at 37° C, and were
routinely checked for mycoplasma free.
Real-time quantitative PCR (RT-qPCR)
Total RNA was extracted using TRIzol reagent
(Invitrogen; 15596026). After measuring the RNA
levels, the same amount of RNA (100 ng-1 µg) was
reversely transcribed into cDNA using the RevertAid
First Strand cDNA Synthesis Kit (Thermo Fisher;
K1621). Subsequently, cDNAs were diluted five times
with H2O and applied for qPCR together with the
corresponding primers and SYBR Green PCR Master
Mix (Thermo Fisher; 4309155) in the CFX-96 machine
(Bio-Rad). All primers used in this study are listed in
Supplementary Table 1. 18S RNA was set as a reference
transcript to calibrate the relative expression of each
gene according to the 2 -ΔΔCt formula.

We show that LINC02362 inhibits HCC progression via
enhancing the level of SOCS2, which is accomplished
by sponging miR-516b-5p. SOCS2 has been proved to
act as a pivotal tumor suppressor in various types of
cancer. SOCS2 was confirmed to suppresses HCC cell
proliferation, migration, and stemness recently [27].
However, the expression pattern and biological
functions of SOCS2 remains investigated. In this study,
we link the underlying mechanism of LINC02362 and
miR-516-5p with SOCS2, which adds another layer of
regulation to the alteration of SOCS2 expression.

5-ethnyl-2 deoxyuridine (EdU) incorporation assays

In summary, we identify LINC02362 as an HCCsuppressive lncRNA that may be developed as a
biomarker for HCC prognosis and a therapeutic agent.
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EdU experiments were performed by applying an EdU
Apollo 488 kit (RiboBio; C10310-1). Briefly, cells were
seeded in wells of 24-well plate. The next day, cells
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were treated with EdU (50 µM) and kept in the
incubator for 4 h. Subsequently, cells were fixed and
treated with glycine, followed by permeabilization with
0.5% Triton X-100 in PBS for 5 min, and stained
according to the manufacturer’s instructions.

cytosolic compartments were obtained using the
PARIS™ Kit (Thermo Fisher; AM1921) according to
the manufacturer’s instructions. The same amount of
RNA was subjected to cDNA synthesis and RT-qPCR
analyses.

Lentiviral infection and transfection

RNA fluorescent in situ hybridization (FISH)

Plasmids encoding cDNAs for shRNAs were transfected
with the third generation of the packaging system (VSV,
gag, and Rev) into HEK293T cells by the PEI solution
(Sigma; 49553-93-7). The medium was changed after 24
h of transfection and collected at 48 h post-transfection.
The virus-containing medium was filtered and added to
target cells in 10% density at a 1:1 ratio with a fresh
medium. Cells were changed into the fresh medium after
24 h of infection and subjected to puromycin selection (1
µg/mL) for 3-4 days. For transfection, Lipofectamine 300
(Thermo Fisher; L3000008) was used according to the
manufacturer’s instructions. RNA and protein were
collected 2 days after transfection.

To check the localization of circ0007360, we applied
the RNA FISH method. The whole procedure was done
based on the instructions from the Fluorescent in situ
Hybridization Kit (Rabobio; C10910). The probes were
also ordered from Rabobio as follows: FISH Probe Mix
(Red; Rabobio; C10920), h-U6 FISH Probe Mix (Red)
(Rabobio; LNC110101), h-18S FISH Probe Mix (Red;
Rabobio; LNC110201).
Dual luciferase reporter assays
Before the day of transfection, 1 x 105 Hep3B or
PLC/PRF/5 cells were seeded in wells of a 24-well
plate. The next day, luciferase containing plasmids
encoding the indicated 3’UTR regions or miRNA
mimics were transfected into the cells using
Lipofectamine 3000. Two days post-transfection, cells
were lysed using passive lysis buffer, and the lysates
were used to measure Firefly and Renilla luciferase
activities using the Dual-Luciferase® Reporter Assay
kit (Promega; E1910). Renilla luciferase activity was
used for the normalization of relative luciferase activity.

Flow cytometry analyses
For cell cycle analyses, 70% ethanol was applied to fix
cells at 4° C overnight. Cells were then washed and
treated with propidium iodide (Sigma; P4170; 50
µg/mL) and RNase A (Thermo Fisher; R1253) for 30
min at 37° C. Finally, at least 1 × 104 cells were
captured using a flow cytometer (BD Biosciences). For
apoptosis detection, the Annexin V-FITC/PI Apoptosis
Detection Kit (Sigma; APOAF-60TST). The signal cells
were collected and washed twice with PBS. Afterwards,
cells were then stained with Annexin V-FITC and PI
according to the manufacturer’s instructions for 15 min
at RT in the dark. The aforementioned flow cytometer
was used to capture the signals from cells, and all data
were quantified using the Flowjo software.

MTT analyses
MTT assays were performed to determine the viability
of HCC cells. Briefly, 1 × 103 Hep3B or PLC/PRF/5
cells were seeded in wells of 96-well plates in six
replicates. At each time point, 10 µL MTT reagent (0.5
mg/ml at final concentration) was added to each well.
After incubating the plates at 37° C for 4 h, the
remaining medium was replaced with 100 µL DMSO to
dissolve the cell contents. The absorbance values were
measured using a plate reader at 490 nm wavelength.

Transwell assays
Cell migration and invasion were performed based on
the Corning® Transwell® polycarbonate membrane cell
culture inserts with 8.0 μm pore size (Merck; CLS342248EA). Briefly, 5 × 104 Hep3B and PLC/PRF/5 cells
were seeded in the top insert after 48 h of transfection
with the indicated plasmids or miRNA mimics. At 48 h
post-seeding, cells on the top flat were removed using a
swab, while cells on the bottom flat were fixed with 4%
PFA and stained with 0.1% crystal violet. Stained cells
were photographed and counted under a microscope.

Western blotting
In brief, cells were lysed in RIPA buffer (Beyotime;
P0013B) on ice for 20 min, followed by centrifugation.
Total protein levels were quantified using a Pierce™
BCA Protein Assay Kit (Thermo Fisher; 23225). Next,
the same amount of protein was separated by SDSPAGE and transferred to a PVDF membrane. The
membranes were then blocked with 5% milk in TBST,
followed by incubation with primary antibodies
(Supplementary Table 2) at 4° C overnight. After
washing with TBST, the blots were incubated with the
corresponding secondary antibodies. Finally, ECL

Subcellular fractionation
Hep3B or PLC/PRF/5 cells (1 × 106 cells) were
collected after trypsinization. Subsequently, nuclear or
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substrate (Thermo Fisher; 32209) was used to expose
the blots, and the films were subjected to signal capture.
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Statistical analyses
All data are expressed as the mean ± standard deviation.
Student’s t test was used to analyze the statistical
significance using GraphPad software. P < 0.05 was
considered statistically significant (*0.01 < P < 0.05,
**0.001 < P < 0.01, ***0.0001 < P < 0.001, ****P <
0.0001). NS, not significant.
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SUPPLEMENTARY MATERIALS
Supplementary Figures

Supplementary Figure 1. LINC02362 is mainly localized in the cytoplasm by database mining. Results from lncLocator
(http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/) for predicting the localization of LINC02362.

Supplementary Figure 2. LINC02362 is localized in the cytoplasm. Representative images from RNA fluorescent in situ hybridization
(FISH) for detecting LINC02362, 18S or U6 RNA. DAPI was applied to stain the nucleus.
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Supplementary Tables
Supplementary Table 1. Primers for plasmid construction and RT-qPCR.
Primers
ShSOCS2
ShLINC02362

U6

miR-516b-5p

18S
SOCS2
LINC02362
mimic NC
miR-516b-5p mimic
Inhibitor NC
miR-516b-5p inhibitor

F
R
F
R
RT
QF
QR
RT
QF
QR
F
R
F
R
F
R
F
R
F
R

Sequence (5’-3’)
CCGGCATTCAGACTACCTACTAACACTCGAGTGTTAGTAGGTAGTCTGAATGTTTTT
AATTAAAAACATTCAGACTACCTACTAACACTCGAGTGTTAGTAGGTAGTCTGAATG
CCGGGGATGTCTGTCACACCTCAGGCTCGAGCCTGAGGTGTGACAGACATCCTTTTT
AATTAAAAAGGATGTCTGTCACACCTCAGGCTCGAGCCTGAGGTGTGACAGACATCC
AACGCTTCACGAATTTGCGT
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAGTG
GCGCGATCTGGAGGTAAGAAG
AGTGCAGGGTCCGAGGTATT
AGGCGCGCAAATTACCCAATCC
GCCCTCCAATTGTTCCTCGTTAAG
GGTCGGCGGAGGAGCCATCC
GAAAGTTCCTTCTGGTGCCTCTT
TGGAGGATACTGGTCTGA
TGCTGCCTTATCTGGAAT
UUCUCCGAACGUGUCACGUTT
ACGUGACACGUUCGGAGAATT
AGUGCUUCUUACCUCCAGAUUU
AUCUGGAGGUAAGAAGCACUUU
CAGUACUUUUGUGUAGUACAA
AGUGCUUCUUACCUCCAGAUUU

Supplementary Table 2. Antibodies for western blotting.
Antibodies
GAPDH
SOCS2
E-cadherin
N-cadherin
Vimentin
HRP Goat Anti-mouse IgG(H+L)
HRP Goat Anti-Rabbit IgG(H+L)

Provider
Proteintech, Wuhan, China
Abcam, Shanghai, China
Proteintech, Wuhan, China
Proteintech, Wuhan, China
Proteintech, Wuhan, China
Proteintech, Wuhan, China
Proteintech, Wuhan, China

Catalog no.
10494-1-AP
ab109245
20874-1-AP
22018-1-AP
10366-1-AP
SA00001-1
SA00001-2

Dilution
1:3000
1:2000
1:6000
1:3000
1:3000
1:10000
1:10000

Supplementary Table 3. Correlation between clinicopathological variables and LINC02362
expression in HCC.
Total
(N=339)
Age (year)
< 65
≥ 65
Gender
Male
Female
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LINC02362 Expression
High
Low
(N=144)
(N=195)

P-value

208 (61.4%)
131 (38.6%)

76 (52.8%)
68 (47.2%)

132 (67.7%)
63 (32.3%)

0.0074

231 (68.1%)
108 (31.9%)

109 (75.7%)
35 (24.3%)

122 (62.6%)
73 (37.4%)

0.0144
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Family history of cancer
NO
YES
Unknown
TNM stage
I
II
III
IV
Histologic grade
G1–G2
G3–G4
Unknown
Ishak score
0-4
5-6
Unknown
Child–Pugh grade
A
B-C
Unknown
Vascular invasion
None
Micro
Macro
Unknown
Alpha fetoprotein
Negative
Positive
Unknown
Residual tumor
R0
R1-R2
Unknown
Living status
Alive
Dead
Disease status
NO
YES
Unknown
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196 (57.8%)
98 (28.9%)
45 (13.3%)

72 (50.0%)
51 (35.4%)
21 (14.6%)

124 (63.6%)
47 (24.1%)
24 (12.3%)

0.0362

170 (50.1%)
84 (24.8%)
81 (23.9%)
4 (1.2%)

81 (56.2%)
34 (23.6%)
27 (18.8%)
2 (1.4%)

89 (45.6%)
50 (25.6%)
54 (27.7%)
2 (1.0%)

0.182

212 (62.5%)
125 (36.9%)
2 (0.6%)

105 (72.9%)
38 (26.4%)
1 (0.7%)

107 (54.9%)
87 (44.6%)
1 (0.5%)

0.0027

124 (36.6%)
74 (21.8%)
141 (41.6%)

63 (43.8%)
36 (25.0%)
45 (31.2%)

61 (31.3%)
38 (19.5%)
96 (49.2%)

0.0038

207 (61.1%)
21 (6.2%)
111 (32.7%)

98 (68.1%)
8 (5.6%)
38 (26.4%)

109 (55.9%)
13 (6.7%)
73 (37.4%)

0.0722

193 (56.9%)
84 (24.8%)
14 (4.1%)
48 (14.2%)

94 (65.3%)
30 (20.8%)
3 (2.1%)
17 (11.8%)

99 (50.8%)
54 (27.7%)
11 (5.6%)
31 (15.9%)

0.0429

143 (42.2%)
120 (35.4%)
76 (22.4%)

86 (59.7%)
30 (20.8%)
28 (19.4%)

57 (29.2%)
90 (46.2%)
48 (24.6%)

<0.001

301 (88.8%)
12 (3.5%)
26 (7.7%)

127 (88.2%)
5 (3.5%)
12 (8.3%)

174 (89.2%)
7 (3.6%)
14 (7.2%)

0.924

224 (66.1%)
115 (33.9%)

106 (73.6%)
38 (26.4%)

118 (60.5%)
77 (39.5%)

0.0163

163 (48.1%)
132 (38.9%)
44 (13.0%)

65 (45.1%)
61 (42.4%)
18 (12.5%)

98 (50.3%)
71 (36.4%)
26 (13.3%)

0.536
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