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ABSTRACT
We aimed to investigate whether lncRNA CYTOR could sponge miR-125b-5p to affect hepatocellular carcinoma
(HCC) cells through targeting KIAA1522. The expression of CYTOR, miR-125b-5p and KIAA1522 in HCC cells was
detected by Real-time quantitative polymerase chain reaction (RT-qPCR) analysis. KIAA1522 expression in HCC
tissues was detected by immunohistochemistry. The proliferation, cell cycle and apoptosis of HCC cells after
transfection were respectively detected by Cell Counting Kit-8 (CCK-8) assay and flow cytometry analysis, and
related protein expression was determined by Western blot analysis. As a result, The Cancer Genome Atlas
(TCGA) database indicated that expression of CYTOR and KIAA1522 was increased in HCC tissues and high
expression of CYTOR and KIAA1522 was related to worse overall survival. MiR-125b-5p expression was
decreased in HCC tissues, which was negatively correlated with the expression of CYTOR and KIAA1522. The
proliferation and cell cycle of HCC cells were suppressed by CYTOR interference while promoted by miR-125b5p interference and KIAA1522 overexpression. The apoptosis of HCC cells was promoted by CYTOR interference
while inhibited by miR-125b-5p interference and KIAA1522 overexpression. In conclusion, CYTOR interference
suppressed the proliferation and cell cycle, and promoted the apoptosis of HCC cells by regulating the miR125b-5p/KIAA1522 axis.

INTRODUCTION
Global cancer statistics show that there are about 841,000
new cases and 782,000 deaths from liver cancer every
year. Among all malignancies, liver cancer ranks sixth in
incidence and fourth in mortality [1, 2]. Hepatocellular
carcinoma (HCC) accounts for 75-85% of primary liver
cancer [1], and more than 50% of HCC cases occurs in
China [3]. As most HCC patients are diagnosed in the
middle or advanced stage, and effective treatment
methods and anti-tumor drugs are lacking, the prognosis
of HCC patients is not optimistic, with the 5-year survival
rate less than 40% [4]. Therefore, it is of great clinical
significance to search for biomarkers used for the
diagnosis and treatment of HCC.
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Long non-coding RNAs (lncRNAs) are a class of noncoding RNAs with more than 200 base sequences and no
protein-coding potentiality [5]. LncRNA CYTOR was upregulated in glioma cells and tissues, and CYTOR
overexpression partially reversed the inhibition of UPF1
on the proliferation and migration of glioma [6]. CYTOR
was highly expressed in colorectal cancer and is
associated
with
prognosis.
CYTOR/miR-36795p/MACC1 axis played an important role in
tumorigenesis [7]. CYTOR sponges miR-195 to promote
the proliferation, migration and invasion of non-small cell
lung cancer cells, and to induce cell resistance to radiation
[8]. The targeted miRNAs of CYTOR predicted by
starBase 3.0 and down-regulated miRNAs in HCC were
intersected to obtain miR-125b-5p. Studies showed that
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miR-125b-5p played the role as tumor suppressor gene
and inhibited the proliferation, migration and invasion of
multiple cancer cells [9–11]. The targeted mRNAs of
miR-125b-5p predicted by six databases (PITA, miRmap,
microT, miRanda, PicTar and TargetScan) and upregulated mRNAs in HCC were intersected to obtain
KIAA1522 and PODXL. Furthermore, KIAA1522 was
found to be significantly correlated with survival time of
HCC patients. Liu et al. found that the overall survival of
non-small-cell lung cancer (NSCLC) patients with
KIAA1522 overexpression was shorter than that of
NSCLC patients with low expression of KIAA1522 [12].
In esophageal squamous cell carcinoma (ESCC),
KIAA1522 overexpression promoted the malignant cell
proliferation and anoikis resistance of ESCC cells [13].
MiR-125b-5p expression was decreased in breast cancer
cell lines and miR-125b-5p overexpression led to declined
cell proliferation, colony formation ability, cell migration
and invasion through targeting KIAA1522 [9].
Therefore, the purpose of this study was to investigate
the role of CYTOR in HCC, and to explore whether it
could sponge miR-125b-5p to affect HCC cells through
targeting KIAA1522.

RESULTS
CYTOR expression is increased in HCC cells and
tissues
From TCGA database, CYTOR expression was
increased in HCC tissues compared with normal tissues
(Figure 1A) and CYTOR expression was also increased
in HCC tissues compared with adjacent tissues (Figure
1B). As shown in Figure 1C, CYTOR expression was
increased in HCC cells compared with HHL-5 cells.
Among all HCC cells used for this study, the expression

of CYTOR in Hep3b cells was the highest, and thus
Hep3b cells were selected for subsequent experiments.
CYTOR expression is related to the clinical
pathological characteristics and overall survival
Kaplan-Meier curves showed that high CYTOR
expression was associated with worse overall survival
(Figure 2A). Differences in CYTOR expression were
observed according to age, gender, grade, stage, T
classification, M classification and N classification
(Figure 2B). The results indicated that CYTOR
expression was the highest in stage IV of HCC, and
CYTOR expression was gradually elevated from G1 to
G4. The associations identified between CYTOR
expression and the clinical characteristics of HCC
patients were shown in Table 1. Stage (P=8.07×10-7), T
classification (P=4.73×10-7) and M classification
(P=0.023) were significantly correlated with CYTOR
expression.
CYTOR directly targets miR-125b-5p
The differentially expressed miRNAs in HCC were
predicted by TCGA database (logFC=0.8) (Figure 3A).
The Starbase 3.0 was used to predict the miRNAs that
combined with CYTOR. The intersection of miRNAs
that combined with CYTOR and miRNAs that were
decreased in HCC was miR-125b-5p (Figure 3B). From
TCGA database, miR-125b-5p expression was
decreased in HCC tissues compared with normal tissues
(Figure 3C). Cox regression analysis indicated that
CYTOR expression was negatively correlated with the
miR-125b-5p expression (Figure 3D). As shown in
Figure 3E, miR-125b-5p expression was decreased in
HCC cells compared with HHL-5 cells. The expression
of miR-125b-5p in Hep3b cells was the lowest among

Figure 1. CYTOR expression in HCC tissues and cells. (A) CYTOR expression was increased in HCC tissues compared with normal tissues.
(B) CYTOR expression was increased in HCC tissues compared with adjacent tissues. (C) CYTOR expression in HCC cells and HHL-5 cells was
analyzed by RT-qPCR analysis. ***P<0.001 vs. HHL-5 group.
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all HCC cells, therefore Hep3b cells were selected for
subsequent experiments. The binding site of CYTOR
and miR-125b-5p were shown in Figure 3F. As shown
in Figure 3G, the luciferase activity in the miR-125b-5p
mimic + CYTOR WT group was decreased compared
with the mimic-NC + CYTOR WT group. The
luciferase activity in the miR-125b-5p mimic + CYTOR
MUT group was not significantly changed compared
with the mimic-NC + CYTOR MUT group. After
Hep3b cells were transfected with shRNA-NC, shRNACYTOR-1 and shRNA-CYTOR-2, CYTOR expression
was obviously decreased in the shRNA-CYTOR-1 and
shRNA-CYTOR-2 groups compared with the control
group and shRNA-NC group. The CYTOR expression
in the shRNA-CYTOR-1 group was lower than that in
the shRNA-CYTOR-2 group, and shRNA-CYTOR-1
was chosen for the next experiments (Figure 3H). After
Hep3b cells were transfected with shRNA-NC and
shRNA-CYTOR-1, miR-125b-5p expression was
increased in Hep3b cells compared with control group
and shRNA-NC group (Figure 3I). After Hep3b cells
were transfected with mimic-NC and miR-125b-5p
mimic, miR-125b-5p expression was increased and
CYTOR expression was decreased in Hep3b cells
compared with the control group and mimic-NC group
(Figure 3J, 3K).
MiR-125b-5p directly targets KIAA1522
TCGA database predicted the differentially expressed
mRNAs in HCC (logFC=1) (Figure 4A). Six databases

(PITA, miRmap, microT, miRanda, PicTar and
TargetScan) predicted the mRNAs which were
combined with miR-125b-5p. The mRNAs that not only
combined with miR-125b-5p but also exhibited upregulated expression in HCC were KIAA1522 and
PODXL (Figure 4B). TCGA database predicted that the
expression of KIAA1522 and PODXL in HCC tissues
was increased compared with normal tissues (Figure
4C). As shown in Figure 4D, Kaplan-Meier curves
showed that high KIAA1522 expression was associated
with less survival probability while there was no
proportional relationship of PODXL expression and
survival probability. Cox regression analysis indicated
that miR-125b-5p expression was negatively correlated
with KIAA1522 expression (Figure 4E). Therefore,
KIAA1522 was chosen for the next study. From GEO
database (GSE62232 and GSE84402), KIAA1522
expression was increased in HCC tissues compared with
normal tissues (Figure 4F). As shown in Figure 4G, the
result from immunohistochemistry showed that
KIAA1522 expression was increased in HCC tissues
compared with adjacent tissues. The KIAA1522
expression was increased in HCC cells compared with
HHL-5 cells. The KIAA1522 expression in Hep3b cells
was the highest in HCC cells, and Hep3b cells were
thus used for the next study (Figure 4H). The binding
site between miR-125b-5p and KIAA1522 was shown
in Figure 4I. The luciferase activity was decreased in
the miR-125b-5p mimic + KIAA1522 WT group while
not changed in the other three groups (Figure 4J).
After Hep3b cells were transfected with mimic-NC,

Figure 2. CYTOR expression is related to the clinical pathological characteristics and overall survival. (A) Impact of CYTOR
expression on overall survival in HCC patients in TCGA cohort. (B) Association with CYTOR expression and clinicopathologic characteristics,
including a: Age, b: Gender, c: Grade, d: Stage, e: T classification, f: M classification, g: N classification.
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Table 1. Univariate and multivariate analyses of correlation between CYTOR expression and overall survival in HCC
patients.
Parameter
Age
Gender
Grade
Stage
T
M
N
CYTOR

HR
1.01
0.78
1.02
1.86
1.80
3.85
2.02
1.06

Univariate analysis
95% CI
p-Value
0.99-1.02
0.59
0.49-1.25
0.30
0.75-1.39
0.91
1.46-2.39
8.07×10-7
1.43-2.27
4.73×10-7
1.21-12.28
0.023
0.49-8.28
0.33
1.02-1.10
0.0014

HR
1.00
0.97
1.08
1.01
1.76
1.09
2.40
1.05

Multivariate analysis
95% CI
p-Value
0.99-1.02
0.67
0.58-1.62
0.90
0.77-1.50
0.66
0.38-2.70
0.98
0.73-4.26
0.21
0.29-4.10
0.90
0.39-14.88
0.34
1.01-1.09
0.022

HR, hazard ratio; CI, confidence interval.

Figure 3. CYTOR directly targets miR-125b-5p. (A) The differentially expressed miRNAs in HCC were predicted by TCGA database. (B)
The intersection of miRNAs combined with CYTOR was shown by Venn diagram. (C) miR-125b-5p expression was decreased in HCC tissues
compared with normal tissues. (D) CYTOR expression was negatively correlated with the miR-125b-5p expression. (E) miR-125b-5p expression
in HCC cells and HHL-5 cells was analyzed by RT-qPCR analysis. ***P<0.001 vs. HHL-5 group. (F) The binding site of CYTOR and miR-125b-5p
was predicted by ENCORI. (G) Luciferase reporter assay for the confirmation of direct binding relationship between CYTOR and miR-125b-5p.
***P<0.001 vs. mimic-NC+CYTOR group. (H) CYTOR expression in Hep3b cells after shRNA transfection was analyzed by RT-qPCR analysis.
***P<0.001 vs. Control group. ###P<0.001 vs. shRNA-NC group. (I) miR-125b-5p expression in Hep3b cells after shRNA transfection was
analyzed by RT-qPCR analysis. ***P<0.001 vs. Control group. ###P<0.001 vs. shRNA-NC group. (J) miR-125b-5p expression in Hep3b cells after
mimic transfection was analyzed by RT-qPCR analysis. ***P<0.001 vs. Control group. ###P<0.001 vs. mimic-NC group. (K) CYTOR expression in
Hep3b cells after mimic transfection was analyzed by RT-qPCR analysis. ***P<0.001 vs. Control group. ###P<0.001 vs. mimic-NC group.
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miR-125b-5p mimic, inhibitor-NC and miR-125b-5p
inhibitor, KIAA1522 expression was increased in the
miR-125b-5p mimic group compared with the mimic-NC
group while decreased in the miR-125b-5p inhibitor group
compared with the inhibitor-NC group (Figure 4K).

High KIAA1522 expression is associated with cell
cycle
Gene sets related to cell cycle, adherens junction, tight
junction, mTOR signaling pathway, Wnt signaling

Figure 4. MiR-125b-5p directly targets KIAA1522. (A) The differentially expressed mRNAs in HCC were predicted by TCGA database. (B)
The intersection of mRNAs combined with miR-125b-5p was shown by Venn diagram. (C) Expression of KIAA1522 and PODXL was increased
in HCC tissues compared with normal tissues. (D) Impact of expression of KIAA1522 and PODXL on overall survival in HCC patients in TCGA
cohort. (E) miR-125b-5p expression was negatively correlated with KIAA1522 expression. (F) KIAA1522 expression was increased in HCC
tissues compared with normal tissues. (G) KIAA1522 expression in HCC tissues and adjacent tissues was detected by immunohistochemistry.
(H) KIAA1522 mRNA expression in HCC cells and HHL-5 cells was analyzed by RT-qPCR analysis. ***P<0.001 vs. HHL-5 group. (I) The binding
site between miR-125b-5p and KIAA1522 was predicted by ENCORI. (J) Luciferase reporter assay for the confirmation of direct binding
relationship between miR-125b-5p and KIAA1522. ***P<0.001 vs. mimic-NC+KIAA1522 group. (K) KIAA1522 mRNA expression in Hep3b cells
after mimic or inhibitor transfection was analyzed by RT-qPCR analysis. ***P<0.001 vs. mimic-NC group. ###P<0.001 vs. inhibitor-NC group.
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pathway, MAPK signaling pathway, beta signaling
pathway, apoptosis and p53 signaling pathway were
differentially enriched with the high KIAA1522
expression phenotype (Figure 5A–5I). GSEA revealed
significant differences (NOM P-value <0.05 and FDR
q-value <0.05) in the enrichment of Molecular
Signatures Database (MSigDB) Collection, and the
details were presented as Table 2. The NES related to
cell cycle was the highest in high KIAA1522 expression
of HCC cases.

CYTOR affects proliferation, cell cycle
apoptosis of HCC cells by miR-125b-5p

and

As shown in Figure 6A, CYTOR interference
suppressed the proliferation of Hep3b cells while miR125b-5p interference promoted the proliferation of
Hep3b cells compared with that in the shRNA-NC +
inhibitor-NC group. CYTOR interference decreased the
expression of Ki-67 and PCNA in Hep3b cells, while
their expression was increased by miR-125b-5p

Figure 5. High KIAA1522 expression is associated with cell cycle. Enrichment plots from GSEA. GSEA results showing differential
enrichment of genes related to cell cycle (A), adherens junction (B), tight junction (C), mTOR signaling pathway (D), Wnt signaling pathway
(E), MAPK signaling pathway (F), beta signaling pathway (G), apoptosis (H) and p53 signaling pathway (I) in HCC cases with high KIAA1522
expression.

www.aging-us.com

2631

AGING

Table 2. Gene sets enriched in phenotype high.
Gene set name
KEGG_CELL_CYCLE
KEGG_ADHERENS_JUNCTION
KEGG_NOTCH_SIGNALING_PATHWAY
KEGG_WNT_SIGNALING_PATHWAY
KEGG_TIGHT_JUNCTION
KEGG_APOPTOSIS
KEGG_MAPK_SIGNALING_PATHWAY
KEGG_VEGF_SIGNALING_PATHWAY
KEGG_MTOR_SIGNALING_PATHWAY

NES
2.02
2.00
1.98
1.98
1.92
1.88
1.88
1.87
1.83

NOM p-Value
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.008

FDR q-Value
0.004
0.004
0.005
0.004
0.009
0.009
0.009
0.009
0.011

NES: normalized enrichment score; NOM: nominal; FDR: false discovery rate. Gene sets with NOM P-value <0.05 and FDR qvalue <0.05 were considered as significantly enriched.

interference (Figure 6B). CYTOR interference
increased the G0/G1 ratio and decreased the ratio of S
phase and G2/M phase. Moreover, miR-125b-5p
interference decreased the G0/G1 ratio and increased S
ratio (Figure 6C). CYTOR interference down-regulated
the expression of cyclinD1, CDK6, cyclinE and CDK2
and up-regulated p21 expression. Moreover, miR-125b5p interference up-regulated the expression of cyclinD1,
CDK6, cyclinE and CDK2, and down-regulated the p21
expression (Figure 6D). CYTOR interference promoted
the apoptosis of Hep3b cells while miR-125b-5p
interference inhibited the apoptosis of Hep3b cells
(Figure 6E). CYTOR interference suppressed the Bcl-2
expression and promoted the expression of Bax, cleaved
caspase 9 and cleaved caspase 3. Moreover, miR-125b5p interference promoted the Bcl-2 expression and
reduced the expression of Bax, cleaved caspase 9 and
cleaved caspase 3 (Figure 6F, 6G). The effect of
CYTOR interference on proliferation, cell cycle and
apoptosis of Hep3b cells was alleviated by miR-125b5p interference.
MiR-125b-5p/KIAA1522 axis affects proliferation,
cell cycle and apoptosis of HCC cells
KIAA1522 expression was increased in Hep3b cells
transfected with Oe-KIAA1522 compared with the
control group and Oe-NC group (Figure 7A). MiR-125b5p overexpression inhibited the proliferation of Hep3b
cells and KIAA1522 overexpression promoted the
proliferation of Hep3b cells (Figure 7B). MiR-125b-5p
overexpression reduced the expression of Ki-67 and
PCNA which was increased by KIAA1522
overexpression
(Figure
7C).
MiR-125b-5p
overexpression increased the G0/G1 ratio and decreased
the ratio of S phase and G2/M phase. Moreover,
KIAA1522 overexpression decreased the G0/G1 ratio
and increased S ratio (Figure 7D). MiR-125b-5p
overexpression reduced the expression of cyclinD1,
CDK6, cyclinE and CDK2 while promoted the p21
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expression, which was reversed by KIAA1522
overexpression (Figure 7E). The apoptosis of Hep3b cells
was increased by miR-125b-5p overexpression and
decreased by KIAA1522 overexpression. MiR-125b-5p
overexpression reduced the Bcl-2 expression and
increased the expression of Bax, cleaved caspase 9 and
cleaved caspase 3, which was reversed by KIAA1522
overexpression (Figure 7F, 7G). The effect of miR-125b5p overexpression on proliferation, cell cycle and
apoptosis of Hep3b cells was alleviated by KIAA1522
overexpression.

DISCUSSION
Here, it was shown that the expression of CYTOR and
KIAA1522 was increased and miR-125b-5p expression
was decreased in HCC cells. High CYTOR expression
was associated with high grade tumor. Kaplan-Meier
curves for OS showed that higher expression of
CYTOR and KIAA1522 was associated with worse
outcomes in HCC patients. Univariate and multivariate
Cox analyses indicated the CYTOR may be a useful
biomarker for HCC prognosis.
In recent years, more and more studies have shown that
lncRNA plays a key regulatory role in a variety of
tumors [14, 15]. Like protein targets, lncRNA can also
serve as an oncogene [16]. As a member of the lncRNA
family, CYTOR was highly expressed in non-small cell
lung cancer, gallbladder cancer and other malignant
tumor tissues [17]. In non-small cell lung cancer,
CYTOR promoted proliferation and invasion of tumor
cells and increased resistance to radiation therapy [8]. In
colorectal cancer cells, CYTOR promoted the
proliferation of tumor cells and was considered to be an
oncogene [18]. Zhu et al. found that down-regulation of
CYTOR expression could negatively regulate the
expression of miR-4775 and promote the proliferation
and invasion of glioma cells [19]. Wang et al.
demonstrated that down-regulation of CYTOR
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Figure 6. CYTOR affects proliferation, cell cycle and apoptosis of HCC cells by miR-125b-5p. (A) The proliferation of Hep3b cells
after transfection of shRNA-CYTOR-1 and miR-125b-5p inhibitor was detected by CCK-8 assay. *P<0.05 and ***P<0.001 vs. shRNANC+inhibitor-NC group. #P<0.05 and ###P<0.001 vs. shRNA-NC+miR-125b-5p inhibitor group. (B) The expression of proliferation-related
proteins in Hep3b cells after transfection of shRNA-CYTOR-1 and miR-125b-5p inhibitor was detected by Western blot analysis. *P<0.05 and
***P<0.001 vs. shRNA-NC+inhibitor-NC group. #P<0.05 and ##P<0.01 vs. shRNA-NC+miR-125b-5p inhibitor group. (C) The cell cycle of Hep3b
cells after transfection of shRNA-CYTOR-1 and miR-125b-5p inhibitor was analyzed by flow cytometry analysis. *P<0.05 and **P<0.01 vs.
shRNA-NC+inhibitor-NC group. ###P<0.001 vs. shRNA-NC+miR-125b-5p inhibitor group. (D) The apoptosis of Hep3b cells after transfection of
shRNA-CYTOR-1 and miR-125b-5p inhibitor was shown by TUNEL assay. (E) The expression of cell cycle-related proteins in Hep3b cells after
transfection of shRNA-CYTOR-1 and miR-125b-5p inhibitor was detected by Western blot analysis. ***P<0.001 vs. shRNA-NC+inhibitor-NC
group. #P<0.05, ##P<0.01 and ###P<0.001 vs. shRNA-NC+miR-125b-5p inhibitor group. (F, G) The expression of apoptosis-related proteins in
Hep3b cells after transfection of shRNA-CYTOR-1 and miR-125b-5p inhibitor was detected by Western blot analysis. ***P<0.001 vs. shRNANC+inhibitor-NC group. ##P<0.01 and ###P<0.001 vs. shRNA-NC+miR-125b-5p inhibitor group.
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Figure 7. MiR-125b-5p/KIAA1522 axis affects proliferation, cell cycle and apoptosis of HCC cells. (A) The proliferation of Hep3b
cells after transfection of miR-125b-5p mimic and Oe-KIAA1522 was detected by CCK-8 assay. **P<0.01 vs. mimic-NC+Oe-NC group. #P<0.05
vs. miR-125b-5p mimic+Oe-NC group. ∆P<0.05 vs. mimic-NC+Oe-KIAA1522 group. (B) The expression of proliferation-related proteins in
Hep3b cells after transfection of miR-125b-5p mimic and Oe-KIAA1522 was detected by Western blot analysis. *P<0.05, **P<0.01 and
***P<0.001vs. mimic-NC+Oe-NC group. ##P<0.01 and ###P<0.001 vs. miR-125b-5p mimic+Oe-NC group. ∆P<0.05 vs. mimic-NC+Oe-KIAA1522
group. (C) The cell cycle of Hep3b cells after transfection of miR-125b-5p mimic and Oe-KIAA1522 was analyzed by flow cytometry analysis.
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***P<0.001vs. mimic-NC+Oe-NC group. ###P<0.001 vs. miR-125b-5p mimic+Oe-NC group. ∆∆P<0.01 and ∆∆∆P<0.001 vs. mimic-NC+OeKIAA1522 group. (D) The apoptosis of Hep3b cells after transfection of miR-125b-5p mimic and Oe-KIAA1522 was shown by TUNEL assay. (E)
The expression of cell cycle-related proteins in Hep3b cells after transfection of miR-125b-5p mimic and Oe-KIAA1522 was detected by
Western blot analysis. *P<0.05, **P<0.01 and ***P<0.001vs. mimic-NC+Oe-NC group. ###P<0.001 vs. miR-125b-5p mimic+Oe-NC group.
∆P<0.05, ∆∆P<0.01 and ∆∆∆P<0.001 vs. mimic-NC+Oe-KIAA1522 group. (F, G) The expression of apoptosis-related proteins in Hep3b cells after
transfection of miR-125b-5p mimic and Oe-KIAA1522 was detected by Western blot analysis. *P<0.05, **P<0.01 and ***P<0.001vs. mimicNC+Oe-NC group. ###P<0.001 vs. miR-125b-5p mimic+Oe-NC group. ∆P<0.05, ∆∆P<0.01 and ∆∆∆P<0.001 vs. mimic-NC+Oe-KIAA1522 group.

expression could inhibit the progression of gastric
cancer by regulating the miR-193b-3p/ETS1 axis [20].
In this study, TCGA database indicated that CYTOR
expression was increased in HCC tissues. High CYTOR
expression was related to worse OS of HCC patients.
CYTOR expression was the highest in HCC at stage IV,
G4 and T4. In addition, CYTOR plays a similar role in
HCC compared with previous research. CYTOR
interference suppressed the proliferation and cell cycle,
and promoted apoptosis of HCC cells.
MiRNAs are small non-coding RNAs (about 21-25
nucleotides in length) in cells. MiRNAs can negatively
regulate the cell proliferation, differentiation and
survival through protein-coding genes [21]. In recent
years, several new studies have shown the abnormal
expression of miR-125b-5p in many tumors, including
laryngeal squamous cell carcinoma, esophageal
squamous cell carcinoma, and multiple myeloma [9, 22,
23]. Morelli E et al. indicated that miR-125b-5p
expression in multiple myeloma was decreased, which
damaged the growth environment of multiple myeloma
cells and decreased the survival rate of the cells [23].
Hua et al. demonstrated that miR-125b-5p expression
was decreased in HCC tissues, and lower miR-125b-5p
expression was related to the poor prognosis. Moreover,
miR-125b-5p
overexpression
suppressed
the
proliferation, migration, and invasion of HCC cells [24].
The present study indicated that miR-125b-5p
expression was also decreased in HCC cells. MiR-125b5p expression was increased by CYTOR interference.
MiR-125b-5p interference promoted proliferation and
cell cycle, and inhibited apoptosis of HCC cells. The
effect of CYTOR interference on HCC cells could be
reserved by miR-125b-5p interference.
KIAA1522 is a newly cloned coding gene whose
function is unknown [25]. Gene Expression Atlas and
EMBL-EBI database information showed that
KIAA1522 mRNA was up-regulated in lung cancer,
breast cancer and other tumor tissues. Previous
researches showed that KIAA1522 overexpression
could promote the proliferation of human non-small cell
lung cancer cells in vitro, suggesting that KIAA1522
could function as an oncogene [12, 26]. The present
study demonstrated that KIAA1522 expression was
increased in HCC cells and high KIAA1522 expression
was related to cell cycle. KIAA1522 expression was
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decreased in HCC cells transfected with miR-125b-5p
mimic and increased in HCC cells transfected with
miR-125b-5p inhibitor. In addition, KIAA1522
overexpression promoted proliferation and cell cycle,
and inhibited apoptosis of HCC cells, while these
effects were reversed by miR-125b-5p overexpression.
Above all, the roles of CYTOR, miR-125b-5p and
KIAA1522 demonstrated in HCC were consistent with
the finding of previous studies.
In conclusion, CYTOR and KIAA1522 were upregulated while miR-125b-5p was down-regulated in
HCC. CYTOR expression was related to clinical
progression, and high CYTOR expression was an
independent risk factor for worse OS in HCC patients.
In addition, CYTOR interference suppressed
proliferation and cell cycle, and promoted apoptosis of
HCC cells by sponging miR-125b-5p that targeted
KIAA1522. The present findings will provide a solid
foundation for the prevention and treatment of HCC.
However, some of limitations have existed in the
present study. Due to the limitations in vitro
experiment, the findings presented will need to be
supported by further studies in animal experiments or in
larger, independent patient cohorts.

MATERIALS AND METHODS
Bioinformatics analysis
Bioinformatics analysis was conducted using The
Cancer Genome Atlas database (TCGA, https://
cancergenome.nih.gov/). Gene expression RNAseq
dataset of TCGA derived from HCC (50 normal and
374 cancer). The corresponding clinical information
was also downloaded from TCGA. All data were
processed using R software (version 3.5.1) [27].
Cell culture
HHL-5 cells were provided from BioVector NTCC Inc.
(Beijing, China). HCC cells (SK-Hep-1, Hep3b and
Huh-7 cells) were obtained from the Cell Bank of
Chinese Academy of Science (Shanghai, China). All
cells were cultured in the 1640 medium (10% fetal
bovine serum and 1% penicillin streptomycin) (Thermo
fisher scientific, Shanghai, CN) at 37° C in a humidified
atmosphere containing 5% CO2.
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Real-time quantitative polymerase chain reaction
(RT-qPCR) analysis
TRIzol method was used to extract total RNA from
cells and determine the concentration and purity of
RNA (NanoDrop company, USA). In order to detect the
expression of CYTOR, miR-125b-5p and KIAA1522 in
cells and transfected cells, reverse transcription was
performed according to the instructions attached to the
reverse transcription test kit (Thermo fisher scientific,
Shanghai, CN), and then quantitative detection was
performed by ChamQ Universal SYBR PCR Master
Mix (Beyotime, Shanghai, CN). U6 and GAPDH were
used as internal reference. The real-time quantitative
reaction was carried out on the ABI 7900 Fast Real
Time PCR system. The 2-ΔΔCt method was used to
calculate the relative expression of CYTOR, miR-125b5p and KIAA1522, and the experiment was repeated
three times.
Cell transfection
Hep3b cells in the logarithmic phase were cultured
overnight in 6-well plates with a density of 3×10 5/well.
On the next day, shRNA-NC (20 nM), shRNACYTOR-1 (20 nM), shRNA-CYTOR-2 (20 nM),
mimic-NC (50 nM), miR-125b-5p mimic (50 nM),
inhibitor-NC (50 nM), miR-125b-5p inhibitor (50 nM),
Oe-NC (50 nM), and Oe-KIAA1522 (50 nM) were
respectively transfected into Hep3b cells with
Lipofectamine® 2000 reagent according to the
manufacturer’s protocol. Culture medium was changed
6 h after transfection, and cells were collected 36 h
after transfection to verify the transfection efficiency
for subsequent use. miR-125b-5p mimic sequence was
5′-UCCCUGAGACCCUAACUUGUCA-3′ and the
miR-NC sequence was 5′- UUCUCCGACGUGUCA
CGUTT-3′. miR-125b-5p inhibitor sequence was 5′UCACAAGUUAGGGUCUCAGGGA-3′ and the
inhibitor-NC sequence was 5′-CAGUACUUUU
GUGUAGUACAA-3′. The plasmids for shRNA-NC,
shRNA-CYTOR-1/2, Oe-NC, and Oe-KIAA1522 were
commercially synthesized by Shanghai GenePharma
Co., Ltd.
Patients and sample collection
The experimental design was approved by the Human
Ethics Committee Review Board of Peking Union
Medical College Hospital and informed consent was
obtained from each patient. Paraffin-embedded
specimens of HCC tissues and adjacent tissues were
collected from 30 cases of untreated HCC patients. All
paraffin-embedded specimens were provided from
Pathology Department of Peking Union Medical
College Hospital.
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Dual-luciferase reporter assay
To verify the prediction that CYTOR could combine
with miR-125b-5p, Hep3b cells were co-transfected
with CYTOR 3'UTR pmirGLO plasmid (containing WT
CYTOR 3'UTR or MUT CYTOR 3'UTR) and a miR125b-5p mimic or mimic-NC vector using
Lipofectamine® 2000 reagent. To verify the prediction
that miR-125b-5p could combine with KIAA1522,
Hep3b cells were co-transfected with KIAA1522 3'UTR
pmirGLO plasmid (containing WT KIAA1522 3'UTR
or MUT KIAA1522 3'UTR) and a miR-125b-5p mimic
or mimic-NC vector using Lipofectamine® 2000
reagent. Vector containing Renilla luciferase was used
as control. The relative luciferase activity was detected
by the Dual-Luciferase Reporter System (Promega
Corporation, Madison, WI, USA).
Immunohistochemistry
Paraformaldehyde (4%)-fixed and paraffin-embedded
sections (4 μm) of HCC tissues and adjacent tissues were
incubated with rabbit anti-KIAA1522 antibody (ab122203;
Abcam). After washed with phosphate buffered saline
(PBS), the sections were incubated with goat anti-rabbit
IgG H&L (HRP) (ab205718; Abcam), followed by the
treatment of 3,3′-diaminobenzidine chromogen substrate
buffer. The sections were counterstained with hematoxylin
and then mounted on slides. KIAA1522 expression was
analyzed using Image J.
Cell counting kit-8 (CCK-8) assay
The transfected Hep3b cells were prepared into
1×104/mL cell suspensions. 100 μL cell suspension was
added to each well in a 96-well plate, and wells only
added with medium were considered as blank control.
10 μL CCK-8 solution (Beyotime, Shanghai, CN) was
added to the corresponding wells at 0, 24, 48 and 72 h.
After incubation for 2 h, the absorbance value at the
wavelength of 450 nm was detected by an enzyme
marker.
Western blot analysis
After transfection, Hep3b cells were lysed with RIPA
lysate containing 1% protease inhibitor and 1%
phosphatase inhibitor (Beyotime, Shanghai, CN) to extract
the total protein. After protein concentration was
determined by BCA kit (Beyotime, Shanghai, CN),
proteins were mixed with SDS-PAGE sample loading
buffer in 100° C water bath for 5-10 min. After protein
separation by SDS-PAGE electrophoresis, proteins with
corresponding molecular weight were transferred to a
PVDF membrane (Beyotime, Shanghai, CN). Then the
membrane was sealed at room temperature with 50 g/L
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skim milk powder solution for 2 h. The primary antibodies
containing Ki-67 (ab15580, Abcam), Proliferating cell
nuclear antigen (PCNA) (ab18197, Abcam), cyclinD1
(ab40754, Abcam), CDK6 (ab124821, Abcam), cyclinE
(ab33911, Abcam), Cyclin-dependent kinase 2 (CDK2)
(ab32147, Abcam), p21 (ab109520, Abcam), B-cell
lymphoma 2 (Bcl-2) (ab32124, Abcam), Bax (ab182733,
Abcam), cleaved caspase 9 (ab2324, Abcam), cleaved
caspase 3 (ab32042, Abcam), caspase 3 (ab13847,
Abcam), and caspase 9 (ab32539, Abcam) were added to
the membrane, which was incubated at 4° C overnight.
After washing the membrane with TBST, the membrane
was incubated with goat anti-rabbit IgG-HRP secondary
antibody (ab205718, Abcam) at room temperature for 1 h.
After Tris Buffered Saline Tween (TBST) washing,
hypersensitive electrochemiluminescence (ECL) exposure
solution (Beyotime, Shanghai, CN) was added to the
membrane for analysis by gel imaging system.

and CYTOR expression was analyzed by Kaplan-Meier
survival analysis. The relationship between clinical
pathological characteristics and CYTOR expression was
analyzed with the Wilcoxon signed-rank test. Cox
regression analysis was used to analyze the relationship
of CYTOR expression with other clinical
characteristics. All experimental data were reported as
mean ± standard deviation. Multiple comparisons in
different groups were evaluated by the one-way
ANOVA. P<0.05 was considered statistically
significant.

Flow cytometry analysis

Availability of data and material

After transfection, Hep3b cells were digested with
trypsin without EDTA and centrifuged at 1 000 r/min
for 5 min after digestion. Hep3b cells were washed with
pre-cooling PBS twice and finally resuspended with 500
μL binding buffer in tubes. Each tube was added with 5
μL FITC Annexin and 5 μL PI (Beyotime, Shanghai,
CN), and incubated at room temperature for 15 min in
the dark. The cell cycle distribution was analyzed by
flow cytometry within 1 h.

Data will be available on the request.
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