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ARTICLE INFO ABSTRACT

Keywords: Background: The expression level of Ribonuclease H2, subunit A (RNASEH2A) in hepatocellular
Hepatocellular carcinomas carcinoma (HCC) has been reported, but the function of RNASEH2A on HCC cells development
Proliferation

and the related molecular mechanisms remain unclear. Herein, we intend to explore the upstream

E:isaizzn regulator of RNASEH2A and its role in the HCC progression.
EN?T Methods: GEPIA website was employed to determine the level of RNASEH2A in HCC tissues and

get a survival analysis. After reducing RNASEH2A expression by RNA interference, cell counting
kit-8, colony formation, Western blot, Transwell and wound healing assays were performed to
estimate the malignant properties of HCC cells. The transcriptional factor of RNASEH2A was
predicted by UCSC and JASPAR database and confirmed by dual luciferase assay and Ch-IP assay.
The expression level of EMT pathway related molecules was determined by western blotting.
Results: An increased expression of RNASEH2A was presented in HCC and predicted worse
prognosis of HCC patients. Functionally, the results demonstrated that depletion of RNASEH2A
suppressed HCC cell proliferation, cell cycle, migration and invasion. Moreover, we illustrated
that SP1 targeted to the promoter of RNASEH2A and modulated its expression in HCC cell lines.
RNASEH2A knockdown counteracted the function of SP1 overexpression in modulating HCC cell
growth, cell cycle, and mobility. Then, our data showed that the SP1/RNASEH2A axis affected the
malignant behaviors of HCC cells by regulating EMT process.

Conclusions: In summary, these results demonstrated that RNASEH2A promoted HCC cells
development through regulating EMT process and was transcriptionally modulated by SP1.

1. Introduction

Globally, liver cancer is the most common fatal malignancy [1]. Patients with liver cancer are often diagnosed at advanced stages,
resulting in its worse prognosis. Liver cancer is the only deadly cancer whose incidence is increasing year by year [2]. Of all liver cancer
cases, greater than 90% are hepatocellular carcinomas (HCC). For patients with advanced HCC, treatment options include: trans--
arterial chemoembolization, which improves 2-year survival by 23% in patients with advanced HCC compared to conservative
treatment; oral sorafenib is the most accepted option in advanced cases. However, less than 1/3 patients benefited from the treatment,
and resistance is evident within 6 months of starting the programme [3]. Long-term use of chemotherapeutic agents may also cause
other problems, such as toxicity and/or drug ineffectiveness. Therefore, neither ablation nor chemotherapy can significantly improve
the prognosis of this devastating disease at present. Further research is necessary to find a better treatment for HCC.
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Ribonuclease H2, subunit A (RNASEH2A), a part of RNASEH2, affects the activity of endoribonuclease [4,5]. Previously, several
reports showed that RNASEH2A mutations resulted in hepatitis [6,7]. Additionally, logistic regression analysis presented that RNA-
SEH2A gene expression was closely related to invasive prostate cancer [8]. RNASEH2A, as a highly significant RNA-binding protein,
was identified as a targetable putative oncogene in neuroblastoma [9]. Through integrated bioinformatics analysis, a study reported
that RNASEH2A was highly expressed in HCC [10]. Moreover, in HCC, hypoxia-induced RNASEH2A limited the activation of
cGAS-STING signaling and predicted worse prognosis [11]. Previously, a report revealed that RNASEH2A was an underlying
anti-tumor drug target in transformed stem cells [12]. However, how RNASEH2A is implicated in the occurrence and progression of
HCC is still unknown.

Specificity protein 1 (SP1), as a transcription factor, expressed throughout the body that drives the activation of oncogenes
necessary for tumor progression, metastasis, and survival [13,14]. Analysis from GEPIA website showed that SP1 expression was
highly expressed in liver cancer tissues, and high expression SP1 resulted in poor outcome of liver cancer patients. However, the
detailed function of SP1 in HCC cells remains to be further studied.

Epithelial-mesenchymal transition (EMT) usually occurs in the initiation of tumor invasion and metastasis [15]. During EMT
process, epithelial cells lose polarity and gain invasive abilities to become mesenchymal stem cells [16]. Moreover, mesenchymal
markers such as N-cadherin is upregulated. These gene expression changes are regulated by EMT-induced transcription factors such as
Snail, Slug, and Twist [17]. Twist and Snail independently regulate and synergistically promote EMT in hepatocellular carcinoma
(HCC) [18]. Analysis from GEPIA website demonstrated that RNASEH2A expression was associated to N-cadherin and Snail2. How-
ever, the detailed relationship between RNASEH2A and EMT needs to be further explored.

Herein, analysis from GEPIA website demonstrated that RNASEH2A expression was significantly increased in HCC samples, and its
overexpression was positively related to the adverse outcomes of HCC patients. Moreover, knockdown of RNASEH2A limited the
growth, cell cycle, and mobility of HCC cells, and SP1 (specificity protein 1) was identified as a specific transcription factor of
RNASEH2A.

2. Materials and methods
2.1. Gene expression profiling interactive analysis (GEPIA)

GEPIA website was used to evaluate the mRNA expression of the genes, which from the TCGA and the GTEx projects (http://gepia.
cancer-pku.cn/). In our study, GEPIA was used to explore the expression level of RNASEH2A in liver cancer tissues and to get a survival
analysis, as well as to evaluate the relationship between RNASEH2A and related genes.

2.2. Cell culture

Human normal hepatocyte (L-02) and hepatocarcinoma cell lines (Huh7, HepG2, Hep3B, and BEL-7402) were got from Cell Bank of
the Chinese Academy of Sciences (Shanghai, China) and cultured in Dulbecco’s modified Eagle’s medium (DMEM) including with 10%
fetal bovine serum (FBS), 1% antibiotics (penicillin/streptomycin, Gibco, USA). All cells were routinely cultured in a 5% CO3 hu-
midified incubator at 37 °C.

2.3. RNA extraction and gPCR

The whole RNA was generated from cultured cells using a TRIzol Kit, based on the specification of the manufacturers (Invitrogen,
USA). Then, 2 pg RNA was used to reverse transcribed into cDNA by using Reverse Transcription Kit (TaKaRa, Dalian, China). qPCR
was performed on the ABI 7500 PCR System using SYBR qPCR Mix (TaKaRa). The housekeeping gene GAPDH was used for an internal
control, and relative mRNA expression was calculated using 2-22% method. The primers were listed as below:

2.4. RNASEHZ2A sense: 5-AATGGAGGACACGGACTTTG-3'

Antisense: 5-GACAGGGAGTTCAGGTTGTATT-3.
GAPDH sense: 5-CCCTTCATTGACCTCAACTACA-3,
Antisense: 5-ATGACAAGCTTCCCGTTCTC-3".

2.5. Cell transfection

Small interfering RNA (siRNA) was employed to knockdown the corresponding genes. Briefly, siRNA targeting RNASEH2A (si-
RNASEH2A-1, 5'- GCGGGTCAAATACAACCTGAA-3' or si-RNASEH2A-2, 5-ACATCCTACTTCCTCAATGAA-3), SP1 (si-SP1) and siRNA
negative control (si-con, 5-TTCTCCGAACGTGTCACGT-3') were established by Sangon Biotech (Shanghai, China). For overexpression,
SP1 overexpression plasmid was constructed and validated by Sangon Biotech. pcDNA3.1-SP1 was applied to establish HCC cells with
SP1 upregulation. The procedures were listed as follows. First, the complete medium was removed, and cells were rinsed and put into 1
mL of Opti-MEM medium. Then, plasmid (1 pg) and lipofectamine 2000 were put in 100 pL Opti-MEM medium.

For transient transfection, cells were implanted in 6-, 24- and 96-well plates. The next day, transfection was performed by using
Lipofectamine 2000 (Thermo Fisher Scientific), followed by cultivation at 37 °C for one day.
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2.6. Measuring cell viability by cell counting Kit-8 (CCK-8) assay

Transfected cells were implanted in 96-well plates with the density of 3 x 10> cells/well. Subsequently, 10 pL of CCK-8 solution
(Beyotime, China) was filled into per well. After cultivation at 37 °C for 1.5 h, the optical density was measured at 450 nm wave length.

2.7. Measuring cell proliferation by clone formation assay

HepG2 and Hep3B cells were seeded in 6-well plates (3000 cells/well) and cultivated overnight to make them adherent. Then, cells
were treated with si-RNASEH2A/SP1-OE and incubated for 2 weeks. Next, cells were rinsed with PBS, fixed with methanol, and stained
with crystal violet. Finally, the colonies were imaged. The assay was performed with 3 replicates.

2.8. Western blotting

The same amounts of protein extracts (25 pg) were isolated by SDS-PAGE, and electroblotted to PVDF membranes. The membranes
were blotted with the primary antibodies including RNASEH2A (1:1000, ab83943, Abcam), SP1 (1:2000, ab227383, Abcam), CDK1
(1:10000, ab133327, Abcam), CDK2 (1:3000, ab235941, Abcam), N-cadherin (1:1000, ab245117, Abcam), Snail2 (1:1000, ab180714,
Abcam), Vimentin (1:1000, ab45939, Abcam) and GAPDH (1:5000, ab8245, Abcam), and then with the corresponding secondary
antibody. Enhanced chemilum inescence (ECL) was applied to detect chemiluminescence signals.

2.9. Measuring cell invasion by Transwell assay

Cell invasion ability was estimated by using Transwell chamber. First, Matrigel was pre-coated into the upper chamber, cells were
cultured without serum for 12 h and were digested with trypsin. Then, mixture was put into the upper chamber, and the complete
culture medium was put into the lower chamber. After 24 h, cells were stained, and the number of invaded cells in random 5 fields was
measured by microscope.

2.10. Measuring cell migration by wound healing assay

Migration of HepG2 and Hep3B cells was analyzed by using 24-well wound healing assay kit basing on supplier’s direction. Briefly,
cells were implanted and a sterile 20 pL plastic pipette tip was applied to make a wound. Each well was added serum-free DMEM
including si-RNASEH2A/SP1-OE and was incubated for 24 h. The wounds were imaged and Image-J software was applied to measure
the wound healing areas.

2.11. Dual-luciferase reporter assay

Wild type (WT) of RNASEH2A promoter sequences including two SP1 targeting sequences were amplified or mutated (MUT-1 and
MUT-2) and then inserted into pGL3-basic vector. Then, the cells were transfected with WT or mutant luciferase reporter vector with
control vector or SP1 overexpression plasmid. After 48 h, the cells were tested by using the Dual-luciferase Assay System from
Promega.

2.12. Chromatin immunoprecipitation (ChIP) assay

To explore whether SP1 could bind to the promoter of RNASEH2A, a ChIP assay was performed based on the ChIP assay kit
procedures. In brief, the treated cells were gathered and lysed. Antibody against RNASEH2A and IgG were used for immunoprecip-
itation. PCR amplification of the precipitated DNA was carried out.

2.13. Statistical analysis

All experimental data were processed with SPSS 22.0 and GraphPad Prism 8.0 software, and were expressed as mean =+ standard
deviation (SD). For two-group comparison, Student’s t-test was applied. One-way ANOVA followed by Bonferroni’s post hoc test was
applied for analyzing difference among three or more groups. A p < 0.05 was deemed as statistical significant.

3. Results

RNASEH2A overexpression was occurred in HCC samples and RNASEH2A knockdown suppressed the growth and mobility in HCC
cells.

Analysis from GEPIA website demonstrated that RNASEH2A was over expressed in HCC tissues relative to that in the control tissues
(Fig. S1A). Simultaneously, the expression level of RNASEH2A in Huh7, HepG2, Hep3B, and BEL-7402 was significantly increased than
that in normal L-02 cells (Fig. 1A-B). HepG2 and Hep3B cells with high RNASEH2A expression were selected for the subsequent
functional studies. Survival analysis showed that RNASEH2A overexpression resulted in a shorter survival time in HCC patients
(Fig. S1B).
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Given the importance of RNASEH2A in HCC, we conducted several biological assays to detect the function of RNASEH2A in HCC
cells. To explore whether RNASEH2A served as a carcinogenic factor in HCC progression, gene knockdown experiments were carried
out. In brief, si-con, si-RNASEH2A-1 or si-RNASEH2A-2 was transfected into HepG2 and Hep3B cells, and the interfering efficiency of
si-RNASEH2A was examined by qPCR and western blotting assays (Fig. 1C-D). Analysis from GEPIA website showed that RNASEH2A
expression was positively connected to the proliferative marker genes Ki67 and PCNA (Figs. S1C-D). Data from CCK-8 assay showed
that si-RNASEH2A-1 or si-RNASEH2A-2 transfection resulted in obviously decreasing proliferative ability in HepG2 and Hep3B cells
(Fig. 1E-F). Colony formation assay demonstrated that transfection with si-RNASEH2A-1 or si-RNASEH2A-2 significantly decreased
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Fig. 1. RNASEH2A was highly expressed in HCC cell lines and promoted the proliferation of HCC cells. A-B. The mRNA and protein levels of
RNASEH2A were significantly increased in HCC cell lines, **p < 0.01 vs. L-02. C-D. In HepG2 and Hep3B cells, transfection with si-RNASEH2A-1 or
si-RNASEH2A-2 significantly decreased the mRNA and protein levels of RNASEH2A. E-F. Transfection with si-RNASEH2A-1 or si-RNASEH2A-2
obviously reduced the viability in HepG2 and Hep3B cells. G. In HepG2 and Hep3B cells, treatment with si-RNASEH2A-1 or si-RNASEH2A-2
obviously decreased the number of cell clones. *p < 0.05, **p < 0.01 vs. si-con.
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Fig. 2. Depletion of RNASEH2A significantly blocked the cell cycle, invasion and migration in HepG2 and Hep3B cells. A. In HepG2 and Hep3B
cells, si-RNASEH2A-1 or si-RNASEH2A-2 stimulation obviously decreased the protein levels of CDK1 and CDK2. B. In HepG2 and Hep3B cells, si-
RNASEH2A-1 or si-RNASEH2A-2 stimulation obviously reduced the number of cell invaded. C. In HepG2 and Hep3B cells, si-RNASEH2A-1 or si-

RNASEH2A-2 stimulation obviously reduced the cell migration distance. **p < 0.01 vs. si-con. Scale bar = 50 pm.
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the number of cell clones (Fig. 1G). Moreover, analysis from GEPIA website showed that RNASEH2A expression was positively con-
nected to the cell cycle marker genes CDK1 and CDK2 (Figs. S1IE-F). And data from the western blotting assay suggested that the
protein patterns of cell cycle-related genes CDK1 and CDK2 in transfected HepG2 and Hep3B cells were obviously suppressed after si-
RNASEH2A-1 or si-RNASEH2A-2 transfection (Fig. 2A). Besides, Transwell assay showed that transfection with si-RNASEH2A-1 or si-
RNASEH2A-2 obviously diminished the invasion ability of HCC cells (Fig. 2B). Data from wound healing assay showed that si-
RNASEH2A-1 or si-RNASEH2A-2 treatment obviously reduced the migratory distance of HepG2 and Hep3B cells (Fig. 2C). Collec-
tively, the findings insinuated that RNASEH2A depletion suppressed the malignant properties of HCC cells.

Transcription factor SP1 directly bound to the promoter of RNASEH2A and modulated the expression of RNASEH2A in HCC cells.

To explore the regulatory mechanism of RNASEH2A in HCC, bioinformatics analysis was performed (UCSC, https://genome.ucsc.
edu/), and the two binding sites between SP1 and RNASEH2A were presented (Fig. 3A). The results presented that SP1-OE treatment
increased the luciferase activity, while transfection either MUT-1 or MUT-2 reduced the luciferase activity (Fig. 3B). Subsequently,
data from Ch-IP assay showed that SP1 depletion diminished RNASEH2A (Fig. 3C). Furthermore, we also discovered that SP1 depletion
remarkably inhibited the protein level of RNASEH2A in HepG2 or Hep3B cells, whereas overexpression of SP1 increased RNASEH2A
expression (Fig. 3D). Besides that, analysis from GEPIA website indicated that SP1 was upregulated in HCC samples, and SP1 over-
expression led to an unfavorable prognosis in HCC patients (Figs. S1G-H). Collectively, these results illustrated that SP1 bound to
promoter region of RNASEH2A gene and regulated RNASEH2A expression.

RNASEH2A knockdown counteracted the effect of SP1 overexpression in regulated HCC cell proliferation, invasion, migration and
cell cycle by regulating EMT process.
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Fig. 3. SP1 was conformed as a transcriptional factor of RNASEH2A and modulate RNASEH2A expression. A. The targeting sequences between SP1
and RNASEH2A were presented. B. Overexpression of SP1 promoted luciferase activity, while mutated MUT-1 or MUT-2 resulted in diminished
luciferase activity, **p < 0.01 vs. WT group. C. After si-con or si-SP1 treatment, Ch-IP assay was carried out, and RNASEH2A was detected by qPCR.
D. The interference efficiency of si-SP1 and overexpression efficiency of SP1-OE were presented, knocked down of SP1 reduced RNASEH2A
expression, while overexpression of SP1 increased RNASEH2A expression, **p < 0.01 vs. si-con, ##p < 0.01 vs. vector. E-F. The promoting effects
of SP1-OE on the OD values of HepG2 and Hep3B cells were reduced after co-treatment of SP1-OE and si-RNASEH2A. *p < 0.05, **p < 0.01 vs. con,

#p < 0.05, ##p < 0.01 vs. SP1-OE.
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Fig. 4. Depletion of RNASEH2A antagonized the effect of SP1-OE in modulating HCC cell proliferation, invasion and migration. A. The protein
levels of RNASEH2A and SP1 were measured in HepG2 and Hep3B cells. B. The promoting effects of SP1-OE on the colony number of HCC cells were
diminished after co-treatment of SP1-OE and si-RNASEH2A. C. Upregulation of SP1 elevated the invasion number of HCC cells, while the function of
SP1-OE was suppressed by si-RNASEH2A treatment. D. Overexpression of SP1 increased the migrated distance of HepG2 and Hep3B cells, while the
effect of SP1-OE was diminished by si-RNASEH2A treatment. **p < 0.01 vs. con, ##p < 0.01 vs. SP1-OE. Scale bar = 50 pm.
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Subsequently, HepG2 or Hep3B cells were transfected with SP1 overexpression plasmid, or SP1 overexpression plasmid & si-
RNASEH2A. Analysis from CCK-8 demonstrated that SP1 overexpression obviously promoted the proliferation ability in HepG2 and
Hep3B cells (Fig. 3E-F). However, the facilitation of SP1-OE on HCC cells growth was suppressed by si-RNASEH2A transfection. We
measured the protein levels of RNASEH2A and SP1 in HepG2 and Hep3B cells after SP1-OE or SP1-OE + si-RNASEH2A treatment

A
RNASEH2A '* 2.0 RNASEH2A ) 3
5 % w W si-con - N SP1 .
sPEEN—. = SP1-OE 3 = sicon
S CcoK1| - — § == SP1-OE+si-RNASEH2A § 2] == SP1-OE
k3 —— = 3 =5 SP1-OE+si-RNASEH2A
CDK2 > 5 1.0 5 #
3 3
GAPDH swwmsm st c e 1
'S 0.5 k3
o 2
o o
0.0- 0-
HepG2 Hep3B HepG2 Hep3B
RNASEHZA wmie . .
SP1| S, i - CDK1 mu si-con % CDK2 ,, ™ si-con
g CDK1 = 2 .. ™ SP1-0E 3 2.0 = SP1-OE
§' m 8 " SP1-OE+si-RNASEH2A § = SP1-OE+si-RNASEH2A
e e " 7 154 "
: g g
Qo o
GAPDH #Sbwmms s X 1.0- 3 1.0
S & xov £ £
SN PR 7} (]
N g | 2 .
& QN Q,\p%d‘ 5 05 8 05
RY o o
& 0.0 0.0-
HepG2 Hep3B HepG2 Hep3B
B
rRnaseH2a S 259 RNESEHZA 2.0 SP1 e si-con
K] ° - g = si-RNASEH2A
3 2.0+ o - 3
SP1 S —— D 2 2 s " " = SP1-OE
) x S S #“ # B SP1-OE+si-RNASEH2A
E-cadherin ’. @ 1.5 s s g
= i H £ 1o
Q| Vimentin| s« s oams X q0- X
[-%
o £ £ - **
= Snaill s == e == S = b £ 057
— ERERE I o
-cadherin A
— “ 0.0 0.0-
Snail2 M HepG2 Hep3B HepG2 Hep3B
nai
c e E-cadherin
d 2.5 n 2.0 . .
GAPDH _ - _ Vimentin =
- o g *k
§ 207 2 154
RNASEH2A s -- s s a& e
- 4 ##
- g 1.5 a8 = 3 ##
SP1| S s S g " pin g 1.0
< p— % 1.0 3
E-cadherin ‘. 2 g a5
o 2 N 2 0.5 I
2 Vimentin o 0.5 ** 5
() o o
I
Snaill S ——— 0.0- 0.0-
= — HepG2 Hep3B HepG2 Hep3B
N-cadherin P
- "—_——— _ Snail1 - .
== 20 25 N-cadherin 2.5 Snail2
Snail2 | wew - memses T o - = " - - o
— 3 3 2.0 3 2.0 z
< 1.5 s w s
) Py = Ex il &8 &&
@ @ 1.5+ 1 # @ 1.5 i i
£ 1] g ¢
3 3 1.0 X 1.0
£ = £ c
2 0.5 *% 2 *% ** K ox i
o ° 0.5 % 0.5
[ o o
0.0- 0.0- 0.0-
HepG2 Hep3B HepG2 Hep3B HepG2 Hep3B

Fig. 5. The key genes related to cell cycle and EMT process were regulated by SP1/RNASEH2A. A. Overexpression of SP1 strengthened the level of
CDK1 and CDK2, whereas the addition of si-RNASEH2A diminished the effect of SP1-OE. B. Upregulation of SP1 increased the level of N-cadherin,
Snaill, Snail2, Vimentin, and decreased E-cadherin, whereas the administration of si-RNASEH2A inhibited the effect of SP1-OE on N-cadherin,
Snaill, Snail2, Vimentin and E-cadherin expression. **p < 0.01 vs. si-con, ##p < 0.01 vs. si-RNASEH2A, &&p < 0.01 vs. SP1-OE.
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(Fig. 4A). Knockdown of RNASEH2A reversed the promotion of cell colony caused by SP1 overexpression (Fig. 4B). Moreover, SP1
upregulation increased the number of HepG2 and Hep3B cells that invaded and migrated, while knockdown of RNASEH2A together
with SP1 overexpression counteracted the enhancement of cell invasion and migration (Fig. 4C-D). Additionally, SP1 upregulation
remarkably elevated the protein levels of CDK1 and CDK2, whilst, the promoting effect of SP1 overexpression on CDK1 and CDK2
expression was suppressed by si-RNASEH2A transfection (Fig. 5A).

Considering the influence of RNASEH2A on HCC cell invasion and migration, GEPIA website was applied to explore the connection
between RNASEH2A and EMT-related genes. Analysis from GEPIA website demonstrated that RNASEH2A level was positively con-
nected to N-cadherin, Snail2 and Vimentin (Figs. S1I-K). Data from western blotting assay demonstrated that transfection with si-
RNASEH2A significantly reduced N-cadherin, Snaill, Snail2 and Vimentin levels, as well as elevated E-cadherin. Whereas SP1
upregulation obviously elevated the protein levels of N-cadherin, Snaill, Snail2 and Vimentin, as well as reduced E-cadherin. How-
ever, RNASEH2A knockdown together with SP1 overexpression counteracted the effect of si-RNASEH2A or SP1-OE on N-cadherin,
Snaill, Snail2, Vimentin and E-cadherin expression (Fig. 5B).

4. Discussion

In our study, bioinformatics and biological assays were combined to detect the malignant properties of RNASEH2A in HCC cell
lines. First, RNASEH2A expression was obviously elevated both in HCC tissues and cell lines. Then, RNASEH2A knockdown led to
decreased growth ability of HCC cells. Moreover, cell invasion and migration abilities were obviously reduced after RNASEH2A
knockdown. SP1 was confirmed as a specific transcription factor and bound to the promoter region of RNASEH2A. Moreover, SP1
upregulation contributed to the growth, cell cycle, and mobility of HCC cells.

RNASEH2A has been predicted to be an important target gene in a variety of cancers by bioinformatics analysis, including HCC.
However, the specific role and regulatory mechanism of RNASEH2A in HCC are still unclear. Analysis from GEPIA website suggested
that RNASEH2A expression was positively correlated with PCNA and Ki67 expression. Therefore, we detected the relationship between
RNASEH2A and cell growth in HCC cells. Our data exhibited that depletion of RNASEH2A reduced the viability and proliferation of
HCC cells. Then, analysis from GEPIA website suggested that RNASEH2A expression was positively correlated with CDK1 and CDK2
expression, and western blotting experiment was employed to identify the hypothesis, which exhibited that the protein levels of CDK1
and CDK2 were obviously diminished after RNASEH2A knockdown. Moreover, analysis from GEPIA website demonstrated that
RNASEH2A was positively connected to EMT markers (N-cadherin, Snail2 and Vimentin), and our results exhibited that knockdown of
RNASEH2A suppressed the movement of HCC cells.

SP1, a well-known member of the transcription factor family, is involved in numerous important physiological processes and plays
significant roles in cell proliferation, apoptosis and carcinogenesis [19]. SP1 is often overexpressed in some tumors, whereas the
suppression or knockdown of SP1 can reduce tumor formation, growth and metastasis [20,21]. In our study, analysis from GEPIA
website exhibited that SP1 level was significantly increased in HCC samples, and its overexpression resulted in worse prognosis of HCC
patients. SP1 was confirmed as a specific transcription factor and bound to the promoter region of RNASEH2A. Another study reported
that SP1 was considered to be a primary modulator of genes implicated in the development of pancreatic cancer [22]. Besides, sup-
pression of SP1 by siRNA can limit the proliferative ability of colon cancer stem cells, thereby contributing to apoptosis of cultured and
xenografts cells [23]. Depletion of SP1 inhibited cell proliferation, clonogenicity and the expression of stem cell markers in naso-
pharyngeal carcinoma [24]. Increasing studies revealed that transcription factors are important factors in nearly all kinds of tumor,
whereas SP1 downregulation suppressed the expression of genes implicated in driving the cancer development [25]. In this study,
overexpression of SP1 increased the malignant properties of HCC cells. Besides, knockdown of SP1 also suppressed RNASEH2A
expression, whereas RNASEH2A expression was significantly increased after SP1 overexpression. Furthermore, RNASEH2A knock-
down counteracted the function of SP1 overexpression in modulating HCC cell viability, growth, invasion and migration.

It is well known that EMT is implicated in the migration and invasion of tumor cells and performs a critical function in tumor
metastasis, including HCC [26,27]. A marked augmentation of N-cadherin, Snail2 and Vimentin expression is significant indicators of
EMT process [28]. In this study, analysis from GEPIA website demonstrated that RNASEH2A expression was positively connected to
N-cadherin, Snail2 and Vimentin. Moreover, RNASEH2A knockdown resulted in decreased protein levels of N-cadherin, Snaill, Snail2,
Vimentin and increased E-cadherin, whereas the phenomena were reversed after SP1 overexpression. The above information insin-
uated that function of SP1/RNASEH2A in HCC cells was achieved by regulating EMT process.

Several shortcomings should be listed out. First, the effects of SP1/RNASEH2A were merely verified in vitro. Second, the down-
stream target of SP1/RNASEH2A has not been reported. Third, other pathways that may be implicated in the function of SP1/RNA-
SEH2A on malignant properties of HCC cells have not been revealed.

Taken together, the whole data insinuated that RNASEH2A promoted the growth and mobility of HCC cells via regulating EMT
process and was transcriptionally modulated by SP1. These results also afford new perspectives to consider SP1 and RNASEH2A in
targeted therapeutic treatments to suppress HCC cells growth, invasion and migration.
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Supplementary figure: Fig. S1. Analysis from GEPIA website showed the expression of RNASEH2A and SP1 in HCC samples and
the corresponding survival curve, and showed the correlation between RNASEH2A and related genes. A. RNASEH2A was highly
expressed in HCC samples, *p < 0.05. B. High expression of RNASEH2A resulted in unfavorable prognosis in HCC patients, p = 0.038.
C-F. RNASEH2A expression was positively related to Ki67, PCNA, CDK1 and CDK2. G. SP1 was highly expressed in HCC samples. H.
High expression of SP1 resulted in unfavorable prognosis in HCC patients, p = 0.03. I-K. RNASEH2A expression was positively related
to N-cadherin, Snail2 and Vimentin.
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