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FIGURE 1 | LINC01134 is highly expressed and correlated with poor prognosis of HCC patients. (A) The expression of LINC01134 in HCC tissues (n = 369) versus
normal liver tissues (n = 50) from TCGA LIHC dataset. (B) Kaplan–Meier survival analysis of the correlation between LINC01134 expression levels and overall survival
of HCC patients from TCGA LIHC dataset. (C) Kaplan–Meier survival analysis of the correlation between LINC01134 expression levels and disease-free survival of
HCC patients from TCGA LIHC dataset. (D) The expression of LINC01134 in 84 pairs of HCC tissues and paired adjacent noncancerous liver tissues and 20 PVTT
tissues was detected by qRT-PCR. ****p < 0.0001. The comparison between liver tissues and HCC tissues was calculated by Wilcoxon matched-pairs signed-rank
test. The comparison between HCC tissues and PVTT tissues was calculated by Mann–Whitney test. (E) Kaplan–Meier survival analysis of the correlation between
LINC01134 expression level and overall survival of these 84 HCC patients. p = 0.0118, HR = 2.164 by log-rank test. (F) Kaplan–Meier survival analysis of the
correlation between LINC01134 expression level and disease-free survival of these 84 HCC patients. p = 0.0085, HR = 2.059 by log-rank test.

we next investigated whether LINC01134 regulates EMT in
HCC cells. Epithelial and mesenchymal markers E-cadherin
and vimentin, respectively, were assayed in LINC01134-
overexpressing SK-HEP-1 and LINC01134-silenced HCCLM3
cells, by qRT-PCR. The results showed that neither LINC01134
overexpression nor LINC01134 silencing modulates EMT
marker expression (Supplementary Figures 2A,B), which
suggested that LINC01134 did not modulate EMT in HCC cells.
Collectively, these data demonstrated that LINC01134 promotes
HCC cell migration and invasion.

LINC01134 Promotes HCC Liver
Metastasis and Lung Metastasis in vivo
To investigate the effects of LINC01134 in HCC liver metastasis
in vivo, LINC01134-stably-overexpressed and control HCCLM3
cells were intrasplenically injected into nude mice. At the 28th
day after injection, the liver metastatic nodules were detected

by HE staining. As shown in Figures 3A–C, LINC01134-
overexpressed HCCLM3 cells form more and larger liver
metastatic nodules compared to control cells. LINC01134-stably-
silenced and control HCCLM3 cells were also intrasplenically
injected into nude mice. At the 28th day after injection, the liver
metastatic nodules were detected by HE staining. As shown in
Figures 3D–F, LINC01134-silenced HCCLM3 cells form less and
smaller liver metastatic nodules compared to control cells. Next,
the effects of LINC01134 on HCC lung metastasis were explored.
Luciferase-labeled LINC01134-stably-overexpressed and control
HCCLM3 cells were injected into the tail veins of nude mice. At
the 28th day after injection, LINC01134-overexpressed HCCLM3
cells form more lung metastasis compared to control cells
(Figure 3G). Luciferase-labeled LINC01134-stably-silenced and
control HCCLM3 cells were also injected into the tail veins
of nude mice. At the 28th day after injection, LINC01134-
silenced HCCLM3 cells form less lung metastasis compared to
control cells (Figure 3H). Therefore, these data suggested that
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FIGURE 2 | LINC01134 promotes migration and invasion of HCC cells. (A) The expression of LINC01134 in LINC01134-stably-overexpressed and control
SK-HEP-1 and HCCLM3 cells was detected by qRT-PCR. (B) Transwell migration assays were conducted to assess the migration ability of
LINC01134-stably-overexpressed and control SK-HEP-1 and HCCLM3 cells. Representative images of migratory cells were shown. Scale bar = 100 µm.
(C) Transwell invasion assays were conducted to assess the invasion ability of LINC01134-stably-overexpressed and control SK-HEP-1 and HCCLM3 cells.
Representative images of invasive cells were shown. Scale bar = 100 µm. (D) The expression of LINC01134 in LINC01134-stably-silenced and control HCCLM3
and Huh7 cells was detected by qRT-PCR. (E) Transwell migration assays were conducted to assess the migration ability of LINC01134-stably-silenced and control
HCCLM3 and Huh7 cells. Representative images of migratory cells were shown. Scale bar = 100 µm. (F) Transwell invasion assays were conducted to assess the
invasion ability of LINC01134-stably-silenced and control HCCLM3 and Huh7 cells. Representative images of invasive cells were shown. Scale bar = 100 µm.
Results are shown as the mean ± SD of three independent experiments. **p < 0.01, ***p < 0.001, ****p < 0.0001 by unpaired two-sided Student’s t-test (A–C) or
one-way ANOVA followed by Dunnett’s multiple comparisons test (D–F).

Frontiers in Cell and Developmental Biology | www.frontiersin.org 7 June 2020 | Volume 8 | Article 429

https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles


fcell-08-00429 June 10, 2020 Time: 20:52 # 8

Wang et al. LINC01134 Promotes HCC Metastasis

FIGURE 3 | LINC01134 promotes HCC liver metastasis and lung metastasis in vivo. (A–C) LINC01134-stably-overexpressed and control HCCLM3 cells were
intrasplenically injected into nude mice. At the 28th day after injection, the number (A) and size (B) of liver metastatic nodules were detected by HE staining (C).
(D–F) LINC01134-stably-silenced and control HCCLM3 cells were intrasplenically injected into nude mice. At the 28th day after injection, the number (D) and size
(E) of liver metastatic nodules were detected by HE staining (F). (G) Luciferase-labeled LINC01134-stably-overexpressed and control HCCLM3 cells were injected
into the tail veins of nude mice. At the 28th day after injection, lung metastasis was assessed via detecting luciferase signal intensities. (H) Luciferase-labeled
LINC01134-stably-silenced and control HCCLM3 cells were injected into the tail veins of nude mice. At the 28th day after injection, lung metastasis was assessed
via detecting luciferase signal intensities. Results are shown as the mean ± SD of n = 6 mice in each group. **p < 0.01 by Mann–Whitney test (A–C,G) or
Kruskal–Wallis test followed by Dunn’s multiple comparisons test (D–F,H).

LINC01134 promotes HCC liver metastasis and lung metastasis
in vivo.

The Expression of AKT1S1 Is Positively
Correlated With That of LINC01134 in
HCC Tissues
To explore the potential molecular mechanisms mediating
the roles of LINC01134 in HCC, we searched the genes
whose expressions are correlated with those of LINC01134 in

TCGA LIHC dataset using the online tool R23 (Supplementary
Table 2). Among the genes most significantly correlated with
LINC01134, we noted AKT1S1, which has been reported to be
a critical oncogene in several cancers, including HCC (Malla
et al., 2015; Lv et al., 2017; Qi et al., 2020). The correlation
between LINC01134 and AKT1S1 expression intensities based
on TCGA LIHC dataset is shown in Figure 4A. Analyzing
TCGA LIHC dataset, we found that in line with LINC01134,

3https://hgserver1.amc.nl/cgi-bin/r2/main.cgi
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FIGURE 4 | The positive correlation between AKT1S1 and LINC01134 expressions in HCC tissues. (A) The correlation between AKT1S1 and LINC01134 expression
intensities from TCGA LIHC dataset. r = 0.3876, p < 0.0001 by Spearman correlation analysis. (B) The expression of AKT1S1 in HCC tissues (n = 369) versus
normal liver tissues (n = 50) from TCGA LIHC dataset. (C) Kaplan–Meier survival analysis of the correlation between AKT1S1 expression levels and overall survival of
HCC patients from TCGA LIHC dataset. (D) The expression of AKT1S1 in 84 pairs of HCC tissues and paired adjacent noncancerous liver tissues and 20 PVTT
tissues was detected by qRT-PCR. ****p < 0.0001. The comparison between liver tissues and HCC tissues was calculated by Wilcoxon matched-pairs signed-rank
test. The comparison between HCC tissues and PVTT tissues was calculated by Mann–Whitney test. (E) The correlation between LINC01134 expression level and
AKT1S1 expression level in these 84 HCC tissues. r = 0.583, p < 0.0001 by Spearman correlation analysis. (F) Kaplan–Meier analyses of the correlation between
AKT1S1 expression level and overall survival of these 84 HCC patients. p = 0.0037, HR = 2.444 by log-rank test.

AKT1S1 is also significantly highly expressed in HCC tissues
(n = 369) compared with normal liver tissues (n = 50)
(Figure 4B). Reanalyzing TCGA LIHC dataset with available
survival data, we found that in line with LINC01134, high levels
of AKT1S1 indicate shorter overall survival time (Figure 4C).
In our cohort containing 84 pairs of HCC tissues and paired
adjacent noncancerous liver tissues and additional 20 PVTT
tissues, we further confirmed that AKT1S1 is highly expressed
in HCC tissues compared with noncancerous liver tissues
and further highly expressed in PVTT tissues compared with
HCC tissues (Figure 4D). The expression of AKT1S1 is also
significantly positively correlated with that of LINC01134 in
these 84 HCC tissues (Figure 4E). AKT1S1-highly-expressed
HCC patients had significantly shorter overall survival compared
to AKT1S1-lowly-expressed HCC patients (Figure 4F). The
correlation between the expressions of LINC01134, AKT1S1,
and EMT markers in TCGA LIHC dataset was further
analyzed using R2. The results showed that the expressions
of LINC01134 and AKT1S1 are not consistently correlated
with EMT markers in TCGA LIHC dataset (Supplementary

Figures 2C–F), which supported that LINC01134 and AKT1S1
did not modulate EMT in HCC.

LINC01134 Activates AKT1S1
Transcription via Directly Binding the
Promoter of AKT1S1
Due to the significantly positive correlation between LINC01134
and AKT1S1 expressions in HCC tissues, we next investigated
whether LINC01134 regulates AKT1S1 in HCC. AKT1S1 mRNA
and protein levels in LINC01134-stably-overexpressed and
LINC01134-silenced HCCLM3 cells were detected by qRT-PCR
and western blot. As shown in Figures 5A–D, LINC01134-
overexpressed HCCLM3 cells have significantly higher mRNA
and protein expression of AKT1S1 compared to control cells,
while LINC01134-silenced HCCLM3 cells have significantly
lower mRNA and protein expression of AKT1S1 compared to
control cells. These data suggested that LINC01134 activates
AKT1S1 expression. To investigate the potential mechanisms
underlying the modulation of AKT1S1 by LINC01134, we
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FIGURE 5 | LINC01134 directly binds the AKT1S1 promoter and activates AKT1S1 expression. (A) AKT1S1 mRNA levels in LINC01134-stably-overexpressed and
control HCCLM3 cells were detected by qRT-PCR. (B) AKT1S1 mRNA levels in LINC01134-stably-silenced and control HCCLM3 cells were detected by qRT-PCR.
(C) AKT1S1 protein levels in LINC01134-stably-overexpressed and control HCCLM3 cells were detected by western blot. (D) AKT1S1 protein levels in
LINC01134-stably-silenced and control HCCLM3 cells were detected by western blot. (E) Subcellular localization of LINC01134 and control transcripts was
analyzed by qRT-PCR in biochemically fractionated HCCLM3 cells. NEAT1 was used as a chromatin-associated lncRNA control. MALAT1 was used as a
nucleoplasm-localized lncRNA control. GAPDH mRNA was used as a cytoplasmic control. (F) The highly adversely complementary region between LINC01134
(464–753 nt) and AKT1S1 promoter (−1,802 to −1,498 bp). (G) ChIRP assays with LINC01134 capture probes were conducted in HCCLM3 cells. The enrichment
of the AKT1S1 promoter and GAPDH promoter was detected by qRT-PCR. (H) After transient co-transfection of wild-type or complementary region mutated
LINC01134 overexpression plasmids with firefly luciferase reporter containing the AKT1S1 promoter and pRL-TK (encoding renilla luciferase) into HCCLM3 cells,
dual luciferase reporter assays were conducted to assess AKT1S1 promoter activity. Results are shown as the relative ratio of firefly luciferase activity to renilla
luciferase activity. (I) After transient co-transfection of LINC01134-specific shRNAs with firefly luciferase reporter containing the AKT1S1 promoter and pRL-TK into
HCCLM3 cells, dual luciferase reporter assays were conducted to assess AKT1S1 promoter activity. Results are shown as the relative ratio of firefly luciferase activity
to renilla luciferase activity. Results are shown as the mean ± SD of three independent experiments. **p < 0.01, ***p < 0.001, ns, not significant, by unpaired
two-sided Student’s t-test (A) or one-way ANOVA followed by Dunnett’s multiple comparisons test (B,G–I).
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first assessed the subcellular localization of LINC01134 via
biochemical fractionation. The results revealed that LINC01134
is mainly localized in the chromatin (Figure 5E), suggesting a
potential role of LINC01134 in regulating gene transcription.
Intriguingly, we identified a highly adversely complementary
region between LINC01134 (464–753 nt) and the promoter
of AKT1S1 (−1,802 to −1,498 bp) (Figure 5F). To explore
whether LINC01134 directly binds the AKT1S1 promoter via
this complementary region, ChIRP assays were conducted with
biotinylated LINC01134 capture probes. As shown in Figure 5G,
the AKT1S1 promoter is specifically enriched in the LINC01134
probe group, but not in the control probe group (LacZ
probe). To investigate whether the binding of LINC01134 to
the AKT1S1 promoter modulates AKT1S1 transcription, the
promoter of AKT1S1 containing the LINC01134 binding site
was cloned into the firefly luciferase reporter. Dual luciferase
reporter assays showed that concurrent overexpression of
LINC01134 significantly increased the luciferase activity of the
AKT1S1 promoter, which was abrogated by the mutation of
the complementary sequences on LINC01134 (Figure 5H).
Conversely, LINC01134 knockdown significantly decreased
the luciferase activity of the AKT1S1 promoter (Figure 5I).
Collectively, these data suggested that LINC01134 activates
AKT1S1 transcription via directly binding the AKT1S1 promoter.

AKT1S1 Silencing Reverses the Roles of
LINC01134 in Promoting HCC Migration,
Invasion, and Metastasis
To explore whether the activation of AKT1S1 mediates the
roles of LINC01134 in promoting HCC migration, invasion,
and metastasis, AKT1S1 was stably silenced in LINC01134-
stably-overexpressed SK-HEP-1 and HCCLM3 cells via stable
transfection of AKT1S1-specific shRNAs (Figures 6A,B).
Transwell migration assays revealed that the pro-migratory
roles of LINC01134 are abolished by AKT1S1 silencing
(Figure 6C). Transwell invasion assays revealed that the pro-
invasive roles of LINC01134 are also abolished by AKT1S1
silencing (Figure 6D). LINC01134-stably-overexpressed and
AKT1S1-stably-silenced HCCLM3 cells were intrasplenically
injected into nude mice. At the 28th day after injection,
the liver metastatic nodules were detected. As shown in
Figures 6E–G, the increased number and size of liver metastatic
nodules caused by LINC01134 overexpression are abolished
by AKT1S1 silencing. Luciferase-labeled LINC01134-stably-
overexpressed and AKT1S1-stably-silenced HCCLM3 cells
were also injected into the tail veins of nude mice. At the 28th
day after injection, the increased lung metastasis caused by
LINC01134 overexpression is abolished by AKT1S1 silencing
(Figure 6H). Rapamycin, a known mammalian target of
rapamycin (mTOR) pathway inhibitor, is reported to inhibit
AKT1S1 (Hu et al., 2015). We then treated LINC01134-stably-
overexpressed SK-HEP-1 and HCCLM3 cells with rapamycin
to repress AKT1S1 (Supplementary Figures 3A,B). Rapamycin
treatment suppressed cell viability of HCC cells (Supplementary
Figures 3C,D). Transwell migration assays showed that the
pro-migratory roles of LINC01134 are abolished by rapamycin

(Supplementary Figure 3E). Transwell invasion assays showed
that the pro-invasive roles of LINC01134 are also abolished by
rapamycin (Supplementary Figure 3F). These data supported
the concept that LINC01134 promotes HCC migration and
invasion via activation of AKT1S1.

LINC01134 Enhances NF-κB
Transcriptional Activity in HCC
Previous report has shown that AKT1S1 enhances NF-κB
transcriptional activity via associating with p65 (Zhu et al., 2017).
Thus, we further investigated whether LINC01134 modulates
NF-κB signaling via the activation of AKT1S1. Dual luciferase
reporter assays showed that overexpression of LINC01134
significantly increases NF-κB transcriptional activity, which is
abrogated by the mutation of the complementary sequences on
LINC01134 (Figure 7A). Conversely, knockdown of LINC01134
significantly reduces NF-κB transcriptional activity (Figure 7B).
The effects of LINC01134 on p65-DNA binding activity were
further investigated. As shown in Figure 7C, overexpression
of LINC01134 significantly increases p65-DNA binding activity,
which is abrogated by the mutation of the complementary
sequences on LINC01134. Conversely, knockdown of LINC01134
reduces p65-DNA binding activity (Figure 7D). To further
investigate whether the roles of LINC01134 in promoting HCC
cell migration and invasion are dependent on the regulation of
AKT1S1-NF-κB signaling, LINC01134-stably-overexpressed SK-
HEP-1 and HCCLM3 cells were treated with NF-κB signaling
inhibitor JSH-23, which repressed p65 nuclear translocation
(Supplementary Figure 4). Transwell migration assays showed
that treatment with JSH-23 abrogated the pro-migratory roles
of LINC01134 (Figure 7E). Transwell invasion assays showed
that treatment with JSH-23 abrogated the pro-invasive roles
of LINC01134 (Figure 7F). Thus, these data suggested that
the activation of AKT1S1-NF-κB transcriptional activity at least
partially mediates the roles of LINC01134 in promoting HCC cell
migration and invasion.

DISCUSSION

Recent advances in high-throughput sequencings have
discovered more and more lncRNAs in diverse types of cancers
(Iyer et al., 2015; Berger et al., 2018). Growing studies suggest the
important clinical significances and roles of lncRNAs in many
cancers, including HCC (Yuan et al., 2014). In this study, we
provide another evidence for the implication of lncRNA in HCC.

In this study, we identified a relative novel lncRNA
LINC01134. Although this lncRNA has been included in the
National Center for Biotechnology Information (NCBI), the
expression and roles of LINC01134 in human diseases have
not been reported. To our knowledge, we first found that
LINC01134 is significantly highly expressed in HCC tissues
compared to noncancerous liver tissues. Increased expression of
LINC01134 is positively correlated with microvascular invasion
and macrovascular invasion but not correlated with age, gender,
hepatitis B surface antigen (HBs antigen), liver cirrhosis, alpha-
fetoprotein (AFP), tumor size, and encapsulation. Furthermore,
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FIGURE 6 | Inhibition of AKT1S1 reverses the roles of LINC01134 in HCC. (A) AKT1S1 mRNA and protein levels in LINC01134-stably-overexpressed and
concurrently AKT1S1-stably-silenced SK-HEP-1 cells were detected by qRT-PCR and western blot. (B) AKT1S1 mRNA and protein levels in
LINC01134-stably-overexpressed and concurrently AKT1S1-stably-silenced HCCLM3 cells were detected by qRT-PCR and western blot. (C) Transwell migration
assays were conducted to assess the migration ability of LINC01134-stably-overexpressed and concurrently AKT1S1-stably-silenced SK-HEP-1 and HCCLM3 cells.
Representative images of migratory cells were shown. Scale bar = 100 µm. (D) Transwell invasion assays were conducted to assess invasion ability of
LINC01134-stably-overexpressed and concurrently AKT1S1-stably-silenced SK-HEP-1 and HCCLM3 cells. Representative images of invasive cells were shown.
Scale bar = 100 µm. (E–G) LINC01134-stably-overexpressed and concurrently AKT1S1-stably-silenced HCCLM3 cells were intrasplenically injected into nude mice.
At the 28th day after injection, the number (E) and size (F) of liver metastatic nodules were detected by HE staining (G). (H) Luciferase-labeled
LINC01134-stably-overexpressed and concurrently AKT1S1-stably-silenced HCCLM3 cells were injected into the tail veins of nude mice. At the 28th day after
injection, lung metastasis was assessed via detecting luciferase signal intensities. Results are shown as the mean ± SD of three independent experiments (A–D) or
n = 6 mice in each group (E–H). *p < 0.05, **p < 0.01, ***p < 0.001, ns, not significant, by one-way ANOVA followed by Tukey’s multiple comparisons test (A–D) or
Kruskal–Wallis test followed by Dunn’s multiple comparisons test (E,F,H).
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FIGURE 7 | LINC01134 enhances NF-κB transcriptional activity. (A) After transient co-transfection of wild-type or complementary region mutated LINC01134
overexpression plasmids with firefly luciferase reporter containing NF-κB binding sites (pNFκB-luc) and pRL-TK into HCCLM3 cells, dual luciferase reporter assays
were conducted to assess NF-κB transcriptional activity. Results are shown as the relative ratio of firefly luciferase activity to renilla luciferase activity. (B) After
transient co-transfection of LINC01134-specific shRNAs with firefly luciferase reporter containing NF-κB binding sites (pNFκB-luc) and pRL-TK into HCCLM3 cells,
dual luciferase reporter assays were conducted to assess NF-κB transcriptional activity. Results are shown as the relative ratio of firefly luciferase activity to renilla
luciferase activity. (C) After transient transfection of wild-type or complementary region mutated LINC01134 overexpression plasmids into HCCLM3 cells, the
p65-DNA binding activity was detected using an NF-κB p65 Transcription Factor Assay Kit. (D) After transient transfection of LINC01134-specific shRNAs into
HCCLM3 cells, the p65-DNA binding activity was detected using an NF-κB p65 Transcription Factor Assay Kit. (E) LINC01134-stably-overexpressed and control
SK-HEP-1 and HCCLM3 cells were treated with 5 µM JSH-23. Then, the migration ability of treated cells was assessed by Transwell migration assays.
Representative images of migratory cells were shown. Scale bar = 100 µm. (F) LINC01134-stably-overexpressed and control SK-HEP-1 and HCCLM3 cells were
treated with 5 µM JSH-23. Then, the invasion ability of treated cells was assessed by Transwell invasion assays. Representative images of invasive cells were shown.
Scale bar = 100 µm. Results are shown as the mean ± SD of three independent experiments. **p < 0.01, ***p < 0.001, ns, not significant, by one-way ANOVA
followed by Dunnett’s multiple comparisons test (A–D) or one-way ANOVA followed by Tukey’s multiple comparisons test (E,F).

high expression of LINC01134 is correlated with poor disease-
free survival and overall survival. Our findings identified
LINC01134 as an indicator of HCC recurrence and prognosis.

The best cutoff values of LINC01134 could be obtained from
larger and multicenter cohorts to predict patients’ survival.
LINC01134 is 1,965 nt in length, and the gene encoding
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LINC01134 is located at chromosome 1p36.32. Analyzing TCGA
dataset, we found that LINC01134 is also highly expressed
in stomach cancer, prostate cancer, lung cancer, esophageal
cancer, and bladder cancer and correlated with poor survival of
adrenocortical carcinoma, kidney cancer, lung cancer, and glioma
patients. These data suggest that LINC01134 may be a cancer-
correlated lncRNA. The expressions and clinical significances of
LINC01134 in other cancers need further detection.

Gain- and loss-of-function experiments showed that enhanced
expression of LINC01134 promotes HCC cell migration and
invasion in vitro and HCC liver metastasis and lung metastasis
in vivo. Silencing of LINC01134 represses HCC cell migration
and invasion in vitro and HCC liver metastasis and lung
metastasis in vivo. Our findings identified LINC01134 as a
lncRNA regulating HCC metastasis and suggested LINC01134
as a potential therapeutic target for HCC metastasis. Whether
LINC01134 regulates the metastasis of other cancers need
further investigation.

Different subcellular distributions of lncRNAs influence the
different mechanisms of action of lncRNAs. For cytoplasmic
lncRNAs, they could directly bind microRNAs and relieve the
repressive roles of microRNAs on their genuine targets (Yuan
et al., 2014). Furthermore, the cytoplasmic lncRNAs could
bind proteins and change the posttranslational modification
and/or stability of the interacted proteins (Wang et al., 2014).
For nuclear lncRNAs, they often directly bind epigenetic
modification enzymes, such as EZH2, and epigenetically regulate
the transcription of target genes (Sun et al., 2016). Nuclear
lncRNAs may also directly bind DNA, change the architecture
of chromatin, and further modulate the transcription of target
genes (Ding et al., 2016). In this study, we identified LINC01134
as a chromatin-binding lncRNA and found that LINC01134
directly binds the promoter of AKT1S1. AKT1S1, also known
as PRAS40, is a substrate of Akt and a component of the
mTOR complex 1 (Volkers and Sussman, 2013). The oncogenic
roles of AKT1S1 have been reported in colon cancer, liver
cancer, lung cancer, prostate cancer, breast cancer, and so on via
regulating PI3K/Akt, mTOR, and/or NF-κB signaling pathways
(Malla et al., 2015; Lv et al., 2017). In this study, we found
a significantly positive correlation between LINC01134 and
AKT1S1 expressions in HCC tissues. In line with LINC01134,
AKT1S1 is also highly expressed in HCC and correlated with poor
survival of HCC patients. Via binding the promoter of AKT1S1,
LINC01134 activates AKT1S1 expression and further activates
NF-κB signaling. Functional rescue experiments revealed that
silencing AKT1S1 or blocking NF-κB signaling reversed the
roles of LINC01134. Thus, our findings identified the activation
of AKT1S1-NF-κB signaling as the critical mediators of the
roles of LINC01134 in HCC. AKT1S1 could be phosphorylated
by Akt and mTOR (Lv et al., 2017). Phosphorylated AKT1S1
was reported to promote HCC metastasis (Hu et al., 2015).
In this study, we found that LINC01134 upregulates the total
AKT1S1 protein level and also phospho-AKT1S1 level. The
further downstream mechanisms after AKT1S1 phosphorylation
in HCC metastasis need further investigation. Nevertheless,
our findings identified AKT1S1 as a critical mediator of the
roles of LINC01134 in promoting HCC metastasis. The effects

FIGURE 8 | A schematic model of LINC01134 in promoting HCC metastasis
via activating AKT1S1-NF-κB signaling.

of LINC01134–AKT1S1 promoter binding on the chromatin
architecture of the AKT1S1 promoter need further investigation
to elucidate AKT1S1 activation mechanisms. NF-κB signaling
pathways are involved in various cancers, including HCC. NF-
κB signaling modulates many biological behaviors of cancer
cells, including proliferation, apoptosis, migration, invasion, and
metastasis (Xu et al., 2013; Wang et al., 2015; Duan et al.,
2018; Rodrigues et al., 2018). In this study, we mainly focused
on their roles in HCC metastasis. Through regulating NF-κB
signaling, the effects of LINC01134 and AKT1S1 on HCC cell
proliferation and apoptosis need further investigation. During
our revision, another group reported that LINC01134 promotes
EMT and metastasis of HCC through the LINC01134/miR-324-
5p/IGF3BP1/YY1 axis (Rong et al., 2020). We both reported
the pro-metastatic roles of LINC01134 in HCC. But we
identified different molecular mechanisms mediating the roles of
LINC01134 in HCC, which reflect the diversity and complexity
of lncRNAs’ roles and mechanisms in different cellular contexts.
Nonetheless, we both identified LINC01134 as a potential
therapeutic target for HCC.

CONCLUSION

Taken together, in this study, we identified a novel lncRNA,
LINC01134, which is highly expressed in HCC tissues compared
to noncancerous liver tissues. The expression of LINC01134
is positively correlated with microvascular invasion and
macrovascular invasion. Furthermore, LINC01134 indicates
recurrence and poor overall survival of HCC patients.
LINC01134 was identified as a chromatin-binding lncRNA
and directly binds the promoter of AKT1S1 and subsequently
activates AKT1S1 transcription. Via activating AKT1S1,
LINC01134 further activates NF-κB signaling. Via activating
AKT1S1-NF-κB signaling, LINC01134 promotes HCC cell
migration and invasion in vitro and metastasis in vivo (Figure 8).
Our findings suggested LINC01134 as a potential prognostic
biomarker and therapeutic target for HCC.
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