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Abstract: Objective: To screen clinically significant potential drug targets in liver cancer and to study the function and
potential molecular mechanisms of this target protein in the development of liver cancer. Methods: By using the clinical
database GEPIA to find genes that are differentially expressed in liver cancer compared to normal tissues, we further screened
the genes that are highly expressed in hepatocellular carcinoma and have clinical prognostic relevance. Heat maps were used
to sort these genes according to their clinical prognostic relevance, so as to screen for the target gene of interest. The
characteristics of target gene expression and clinical prognosis in hepatocellular carcinoma were studied. The target gene was
knocked down through siRNA, and cell proliferation experiments and apoptosis experiments were used to verify the
importance of the target gene in the occurrence and development of liver cancer. Finally, we elucidated the potential molecular
mechanism of the target gene’s function in liver cancer based on the mutual regulatory relationship between the target gene
and key apoptosis genes. Results: 1482 genes were significantly underexpressed in liver cancer, and 725 genes were
significantly overexpressed in liver cancer, of which RNaseH2A was significantly overexpressed in liver cancer and had a
significant clinical prognosis. Knockdown of RNaseH2A inhibited the proliferation of hepatocellular carcinoma cells and
induced apoptosis. Knockdown of RNaseH2A induced the high expression of Fas, a key gene for apoptosis, and liver cancer
usually features low expression of Fas. After hepatocellular carcinoma cells that were knocked down of RNaseH2A continued
were subject to Fas knockdown, hepatocellular carcinoma cell proliferation and apoptosis returned to normal levels.
Conclusion: The high expression of RNaseH2A regulates the low expression of Fas, a key gene for apoptosis, thereby
inhibiting apoptosis, promoting cell proliferation, and participating in the development of liver cancer.
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1. Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer in adults with high malignancy
and poor prognosis 1. Treatment options and prognosis for HCC depend on many factors, such as tumor
size and tumor malignancy. Surgical treatment does not produce obvious therapeutic effect on liver cancer,
because only 10-20% of patients are amenable to treatment by surgical resection 2. Chemotherapy is one
of the currently available options for treating HCC but its therapeutic effect is limited. Therefore, the current
focus of HCC research is to identify alternative therapeutic drugs with favorable pharmacological effects
and low normal cytotoxicity F1.

RNaseH2A is also known as AGS4, JUNB, RNHL, RNIAA and RNaseHI. RNaseH2A gene (1148 bp)
is located on chromosome 19 ®*and is a component of ribonuclease H2 (RNaseH2), mainly responsible
for its endoribonuclease activity %, RNaseH was discovered and isolated from calf thymus 1% and is
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widely distributed in mammalian cells, yeast, prokaryotes and viruses. It catalyzes the nuclear degradation
of RNA in DNA-RNA hybrids, participates in the reverse transcription activity of multifunctional enzymes
in retroviruses, and plays an important role in all stages of viral genome transcription 1121, In eubacteria,
RNaseH is required for several processes, including removal of RNA primers from Okazaki fragments,
transcription of primers required for DNA polymerase | to initiate DNA synthesis, and removal of R loops
to provide for irregular DNA synthesis conditional start site %1, In eukaryotes, RNaseH may play a similar
role M. Recent studies have shown that RNaseH2A mutations cause autosomal recessive neurological
dysfunction, Aicardi-Goutieres syndrome, mainly causing microcephaly, mental retardation, brain
calcification, increased IF-o and leukocytes in cerebrospinal fluid, fever, thrombocytopenia, and hepatitis
(15171 RNaseH2A is considered a possible cancer target. Consistently, logistic regression analysis showed
that, among other genes, the expression level of RNaseH2A was positively correlated with aggressive
prostate cancer (8. However, the role of RNaseH2A in liver cancer has not been reported. Therefore, in
this study, we aimed to evaluate the role of RNaseH2A in liver cancer and explore its underlying mechanism.

2. Materials and methods

2.1. Cell culture

Human hepatoma HepG2 cells were purchased from the ATCC cell bank in the United States, and were
cultured in RPMI-1640 medium containing 10% fetal bovine serum, supplemented with 100 pg/mL
streptomycin and 100 1U/ml penicillin. Cell culture flasks were placed in a 37°C incubator with 5% CO2
and 95% humidity.

2.2. Clinical data screening

In the clinical database GEPIA (Gene Expression Profiling Interactive Analysis) [°], the proteins that are
highly expressed in liver cancer were identified (tumor/normal>2) , and the proteins closely related to the
clinical prognosis of liver cancer were found in the GEPIA database. Differential expression sorting was
performed to screen for the target protein.

2.3. Real-time fluorescent quantitative PCR experiment (RT-gPCR )

Primer3 (http://frodo.wi.mit.edu/primer3/) was used to design specific gPCR primers. cDNA was diluted
with sterilized pure water to an appropriate concentration, usually 20x dilution, according to the following
recipe: qPCR mix 5 pL , primer 1 pL, and cDNA 4 pL. The reagent mixture was then added to a 96-well
PCR plate with the film attached. The plate was centrifuged at 2500 rpm for 1 min, and the sample was put
into the gPCR instrument for experimentation. After the reaction was completed, the data was copied for
analysis.

2.4. Transfection

Six-well plate was used for transfection of siRNA. Two parts of reagent mixture were prepared: 1 pL siRNA
mixed with 250 pLL Opti-MEM, and 1 pL Lipo2000 mixed with 250 uLL. Opti-MEM. The reagents mixture
parts were left at room temperature for 5 min, and then combined, mixed well, and let stand for 15 minutes.

2.5. Cell proliferation experiment

The overgrown cells were digested, resuspended in 1 ml fresh medium, and then plated with 20 ul at a
density that can be plated in a 96- well plate. Each experimental group needed 3 biological replicates, and
the required number of experimental wells were plated. The cells were incubated at 37°C with 5% CO..
siRNA was transfected after cell adherence, and absorbance measurement was conducted after 48 h. The
MTS reaction solution was prepared, and the reaction solution was prepared according to the ratio of
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MTS:culture solution = 1:20. 100 ul of MTS reaction solution was added to each well, and the culture was
continued at 37°C Absorbance was measured every half an hour. The petri dish was shaken at low speed
for 10 s on a shaker to fully dissolve the crystals. The absorbance of each well was measured at 490 nm.
The daily absorbance values were converted into parameters representing daily cell growth, and cell
proliferation curves were plotted.

2.6. Apoptosis experiment

Apoptosis kits (BDscience, New Jersey, USA) were used to detect the apoptosis levels of cells in each
group. Cells transfected with sSIRNA were digested and centrifuged at 1000 rpm for 5 min, washed with
phosphate-buffered saline, centrifuged twice, and resuspended in 100ul of 1x Binding buffer. 5 ul of
propidium iodide (PI) and 5 ul of Anexin V were added. The cells were incubated at room temperature for
15 min in the dark, and then sent to the scientific research center of a hospital within 1 h for on-machine
testing.

2.7. Western blot experiment

The cells were collected for protein quantification and sample preparation. Electrophoresis, electrotransfer
device, electrophoresis solution and electrotransfer solution were prepared as per standard procedures. The
samples were loaded into the gel, and electrophoresis was conducted at 100 V. The electrophoresis process
was terminated as soon as the blue band ran out. The electrotransfer process was carried out at 100 V for 2
h, and the protein was transferred. The membrane was blocked in milk for 1 h, incubated with primary
antibody overnight at 4°C, washed 4 times with 5 min each time, incubated with secondary antibody at
room temperature for 1 h, washed 4 times with 5 min each time, and eventually developed in the dark room.

3. Result

3.1. Screening of clinically significant target genes in liver cancer

In order to find the target genes with significant clinical significance in liver cancer, we used the GEPIA
database to find genes with significant differential expression in liver cancer and adjacent normal tissues,
of which 725 were overexpressed and 1482 were underexpressed in liver cancer (as shown in Figure 1A).
The 725 genes that were overexpressed in liver cancer were ranked according to their clinical prognosis.
We looked for genes in liver cancer according to the principle of high gene expression and poor prognosis,
combined with the differential expression folds between liver cancer and normal tissues (Figure 1B). We
found that RNaseH2A has clinical significance.

3.2. Expression characteristics of RNaseH2A in liver cancer

We found a clinically significant target gene RNaseH2A in liver cancer. First, we found that the expression
of RNaseH2A was indeed significantly higher in liver cancer than in normal tissues through the GEPIA
database (as shown in Figure 2A). At the same time, we found that RNaseH2A has a significant prognosis
in liver cancer. As shown in Figure 2B, the expression of RNaseH2A also increased with the increase of
the malignancy degree of liver cancer (Figure 2C), which was significantly higher than that of normal
tissues. These characteristics indicate that RNaseH2A has an important role in liver cancer.

3.3. Knockdown of RNaseH2A expression can significantly slow down the proliferation of hepatoma
cells and induce apoptosis

In order to verify the important role of RNaseH2A in liver cancer, we used SiRNA interference to reduce
the expression of RNaseH?2A in liver cancer cells (as shown in Figure 3A). Apoptosis experiments showed
that knocking down the expression of RNaseH2A significantly induced apoptosis (Figures 3C and 3D).
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Figure 1. Screening of target genes with significant clinical significance in liver cancer; A. The number of differentially
expressed genes in liver cancer compared with adjacent normal tissues through GEPIA database; B. Heat map analysis of the
fold ranking of highly expressed genes in liver cancer
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Figure 2. Expression characteristics of RNaseH2A in liver cancer; A. The GEPIA database shows the expression of RNaseH2A
in liver cancer and adjacent normal tissues; B. The correlation between RNaseH2A and the clinical prognosis of liver cancer; C.
The expression of RNaseH2A with the increase of the malignant degree of liver cancer; D. The expression of RNaseH2A in the
sample
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Figure 3. Knockdown of RNaseH2A expression can significantly slow down the proliferation of hepatoma cells and induce
apoptosis; A. The knockdown efficiency of RNaseH2A expression by siRNA interference; B. The effect of knockdown of
RNaseH2A expression on cell proliferation rate; C and D. The effect of knockdown of RNaseH2A expression on apoptosis

3.4. Knockdown of RNaseH2A can significantly induce the expression of Fas

Since the knockdown of RNaseH2A expression can significantly induce apoptosis, we tested the effect on
the key gene Fas in apoptosis of liver cancer cells which were knocked down of RNaseH2A expression.
We found that the knockdown of RNaseH2A expression significantly increased Fas RNA level and Fas
protein level (Figures 4A and 4B), showing a negative correlation between RNaseH2A and Fas. Consistent
with this result, RNaseH2A was significantly overexpressed in HCC, while Fas was significantly
underexpressed (Figure 4C), and this shows a significant negative correlation with the expression of
RNaseH2A (Figure 4D).

3.5. RNaseH2A promotes cell proliferation and attenuates apoptosis by negatively regulating Fas
Because of the negative correlation between RNaseH2A and Fas, knockdown of RNaseH2A would induce
high expression of Fas, thereby promoting apoptosis. Therefore, in order to verify that RNaseH2A directly
plays an important role in liver cancer through Fas, we knocked down RNaseH2A expression in liver cancer
cells. The knockdown of Fas expression (as shown in Figure 5A) caused the cell proliferation rate returned
to the normal level (as shown in Figure 5B), and at the same time, abrogated the apoptosis caused by the
knockdown of RNaseH2A (as shown in Figure 5C). These findings all point to the notion that RNaseH2A
is a direct negative regulator of Fas, and it can promote the proliferation of liver cancer cells and slow down
the apoptosis of cells to promote the development of liver cancer.
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4. Discussion

Gene dysregulation is a hallmark of tumorigenesis and progression [2°!, and post-transcriptional regulation
of MRNA is a key step. Ribonucleases catalyze the breakdown of RNA, thereby affecting mRNA turnover
and gene expression; their dysfunction is associated with various types of tumors. For example, a failure to
recruit poly(A)-specific ribonuclease (PARN), a polyribonuclease, has been observed in malignant gliomas
211 1n addition, primary osteosarcoma and its derived cell lines also have reduced expression in XRN1, a
5°-3” exonuclease that initiates MRNA degradation 22, Furthermore, genes encoding RNase L truncations
are positively associated with hereditary prostate cancer 2%l while modest reductions in enzymatic activity
are associated with a higher risk of prostate and colorectal cancer 4 and pancreatic cancer %1, Inositol-
requiring enzyme 1 (IRE1) is a transmembrane endoribonuclease found in the endoplasmic reticulum 28],
which acts as a tumor suppressor and determines the fate of cancer cells 1. Ribonucleases from miRNA
pathways, including Drosha, Dicer and Ago2, have also been implicated in tumor biology. For example,
Drosha expression was found to be elevated in esophageal cancer 281, and its inhibitory effect resulted in a
reduction in cancer cell proliferation. In addition, elevated mRNA levels and genome copy number of
Drosha were found in clinical cervical squamous cell carcinoma samples and derived cell lines °1. Studies
report that Dicer is significantly overexpressed in a variety of cancers, including salivary gland, lung,
prostate and ovarian cancers as well as Burkitt lymphoma. Ago2 overexpression was also detected in these
cancers 9,
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Figure 4. Knockdown of RNaseH2A can significantly induce the expression of Fas; A. Effect of knockdown of RNaseH2A
expression on Fas RNA level; B. Effect of knockdown of RNaseH2A expression on FAS protein level; C. Expression of Fas in
19 groups of liver cancer clinical samples; D. RNaseH2A correlation with Fas expression in group 19 of the liver cancer clinical
samples
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Figure 5. RNaseH2A promotes cell proliferation and attenuates apoptosis by negatively regulating Fas; A. The knockdown
efficiency of siRNA interference to knock down Fas expression; B. The effect of simultaneous knockdown of RNaseH2A and
Fas on the proliferation rate of liver cancer cells; C. The effect of simultaneous knockdown of RNaseH2A and Fas on the
apoptosis of liver cancer cells

This article mainly explains the function and molecular mechanism of RNaseH2A in promoting the
development of liver cancer. First, we screened RNaseH2A based on the fold difference of gene expression
between liver cancer and clinically normal tissues in combination with the correlation with clinical
prognosis, and further analyzed the database and we found from the clinical samples that RNaseH2A was
significantly highly expressed in liver cancer, and had a significant clinical prognosis correlation. At the
same time, with the increase of the malignancy degree of liver cancer, the expression of RNaseH2A
increased, and then the expression of RNaseH2A was knocked down in liver cancer cells. It was found that
it can inhibit cell proliferation and induce cell apoptosis, and cell apoptosis is mainly induced by knocking
down the expression of RNaseH2A, which can induce the expression of Fas, a key gene of apoptosis. This
suggests a negative correlation between RNaseH2A and Fas. RNaseH2A is highly expressed in liver cancer,
while the expression of Fas is significantly lower in liver cancer. In order to further verify the direct
regulatory relationship between RNaseH2A and Fas in liver cancer, we conducted a series of rescue assays
and found that knockdown of RNaseH2A leads to increased Fas expression in liver cancer cells. With
further knockdown of Fas, the cell proliferation rate and apoptosis returned to normal levels.

5. Conclusion

In conclusion, RNaseH2A promotes cell proliferation and slows down cell apoptosis, thereby promoting
the progression of liver cancer mainly by negatively regulating the expression of the key apoptosis gene
Fas.
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