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Abbreviations
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TUNEL: TdT-mediated Dutp nick end labeling

CCK-8: Cell Counting kit-8
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Abstract

OTA can induce hepatotoxicity. Our previous research has shown that miRNAs play important

roles in the OTA-induced hepatotoxicity. And miR-122 is the most abundant miRNA in the liver

and involved in diverse biological processes. This study was performed to clarify the role of

miR-122 in OTA-induced hepatotoxicity. The expression levels of miR-122 and the target genes

were quantified by real-time PCR. The OTA-induced apoptosis of hepatocyte and HepG2 cells

was evaluated using TUNEL kit, CCK-8 kit, flow cytometer and Hoechst 33342. miR-122 was

inhibited in HepG2 cell. The results revealed that OTA affected rat hepatocyte apoptosis. miR-122

decreased at 4 weeks but increased at 13 weeks in OTA-treatment livers, and increased in

OTA-treatment HepG2 cells; And the mRNA levels of CCNGI and Bcl-w increased at 4 weeks

and decreased at 13 weeks in the high-dose OTA-treatment groups and decreased in HepG2 cells.

The apoptosis of HepG2 cells displayed a dose-related increase with OTA. However, the

inhibition of miR-122 greatly reduced OTA-induced apoptosis. p53 decreased in vivo and in vitro.

miR-122 is a primary effector of OTA-induced hepatocyte apoptosis through the CCNGI/p53

pathway and Bcl-w/caspase-3 pathway in vivo and in vitro. And miR-122 plays an important role

in OTA-induced hepatotoxicity.

Key words: miR-122; Ochratoxin A; Hepatotoxicity; Cell apoptosis; In vivo; In vitro
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Introduction

Ochratoxin A (OTA) is a secondary fungal metabolite produced by molds." OTA displays
extensive toxicity, including hepatotoxicity, nephrotoxicity, genotoxicity, and teratogenicity.’
Previous studies have shown that the liver is one of the major target organs of OTA-induced
toxicity. The liver is a vital metabolic regulation organ.3 The mechanisms of OTA action in the
liver are controversial and thus warrant further study.

miRNAs are a type of endogenous, conserved, non-coding small RNAs. The length is 20~25
nucleotides. miRNAs are involved in many biological processes. miRNAs can regulate the target
genes via post-transcriptional regulation of mRNA translation and stability. Studies have
suggested that some fungal toxins resulted in toxicities based on the regulation of miRNAs
expression, such as OTA and AFB1.*” A new avenue to understand OTA-induced hepatotoxicity is
worthy to study.

In our previous studies, we treated F344 male rats with OTA and analyzed the expression levels
of miRNAs using multiple omics profiling technologies. We found an abnormal expression of
some miRNAs.% ® Among them, miR-122 is the most abundant miRNA in the liver, which
expressed in the developing liver and at high level in the adult liver. miR-122 constitutes
approximately 70% of all of the miRNAs in the liver,” which appears to correlate with a key role
in various functions in normal and diseased livers. The most well-known function of miR-122 in
the mammalian liver is to regulate lipid and cholesterol metabolism.'® miR-122 is involved in
cancer cell metabolism, apoptosis, and transfer and also considered to be a tumor suppressor in the
liver."" Previous research indicated that miR-122 was significantly downregulated in 70% of

human and mouse hepatocellular carcinomas. Furthermore, another investigation showed that
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miR-122 may be a biomarker for the liver toxicity of AFB1,* one of the well-known hepatotoxic
mycotoxins. Additionally, miR-122 was shown to regulate the target gene CCNGI, and an inverse
relationship between miR-122 and CCNGI was observed in HCC."? The regulation of p53 by
CCNGI results in cell survival."> Also, a target gene of miR-122, Bcl-w, promotes cell survival in
HCV."* ' Until now, few studies have reported how OTA regulates miRNAs and results in
hepatotoxicity. And the relationship between miR-122 and hepatotoxicity induced by OTA also has
not been reported.

Therefore, our study aimed to investigate the relationship between the OT A-induced
hepatotoxicity and the aberrant expression of miR-122 using in vivo and in vitro models.
Results and Discussion
OTA affected rat hepatocyte apoptosis

In our previous study, we reported that the serum biochemical indexes were higher at 13 weeks
in the low- and high-dose livers compared to the controls.'® LDH and AST mRNA levels at 13
weeks were lower in the high-dose compared to control rats, while at 4 weeks, LDH and AST
were not significantly different. Because LDH and AST could reflect liver damage, this result
suggests that liver damage was more severe in the high-dose group at 13 weeks compared to the
animals OTA-treated for 4 weeks.'® Based on the changes of physicochemical indexes, we
selected 4 weeks and 13 weeks as the critical time points to analyze OTA-induced hepatotoxicity
in vivo.

In low- and high-doses groups, hepatocyte apoptosis had a dose-dependent with OTA. A
significant decrease of hepatocyte apoptosis at 4 weeks compared to the control group (Fig. 1A).

At 13 weeks, hepatocyte apoptosis significantly increased in a dose-dependent manner. The green

Page 6 of 31



Page 7 of 31

Toxicology Research

fluorescent signal indicated the positions of apoptotic cells (Fig. 1B). The results indicated that the

hepatocyte apoptosis had a different relationship with the OTA-treatment doses at different time

points.

Dose-dependent OTA-induced HepG2 cell apoptosis

HepG2 cell viability was detected using the CCK-8. The treatment with different doses of OTA

leads to a decrease in HepG?2 cell viability (Fig.2A). The cell survival rates appeared significantly

reduced with the treatment of 5 UM OTA (p < 0.05). The ICso of OTA for a 24 h treatment of

HepG?2 cells was approximately 50 uM (Fig. 2A).

Previous reports suggested that OTA can trigger programmed cell death (apoptosis) and

influence the apoptotic signaling pathways.”’19

In our research, HepG2 cell apoptosis was
detected using flow cytometry. The result clearly showed that the percentage of apoptotic cells
increased with OTA treatment in a dose-dependent manner. The significant difference was at 20
uM OTA (p < 0.05) (Fig. 2B).

To further reflect the cytotoxicity of OTA, the nucleus and apoptotic body formation was
detected. The results revealed that HepG2 cells treated with 20 uM OTA stained deep blue
compared to the untreated cells. Additionally, the OTA-treated cells displayed a shriveled nucleus,
a marker of apoptosis, while the control group did not. Moreover, we can clearly observe the
condensation, chromatin marginalization and fragmentation of nuclear chromatin (Fig. 2C). These
results all suggest that treatment with 20 pM OTA leads to significant apoptosis in HepG2 cells (p
< 0.05).

OTA induced changes in the expression of miR-122 in the liver and in HepG2 cells

In recent studies, to the research of the mechanisms of toxication, microRNAs provided a new
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perspective. Our laboratory has previously used transcriptomic and proteomic in vivo analysis to
explore the roles of miRNAs in OTA-induced early hepatotoxicity.® There are sufficient evidences
supporting that the aberrant expression of miR-122 was found in many hepatic diseases.”*** Based
on these findings, we chose to explore the role of miR-122 in the OTA-induced hepatotoxicity.

The expression of miR-122 in the livers of rats treated with OTA at 4 weeks and 13 weeks were
detected. At 4 weeks, miR-122 was lower in both the low-and high-dose animals compared to the
controls (p < 0.05) (Fig. 3A). In contrast, miR-122 was significantly higher in both the low-and
high-dose groups compared to the controls at 13 weeks (p < 0.05) (Fig. 3A). The results identified
that the expression of miR-122 at different time and dose points were different in vivo.

In HepG2 cells, we discovered that 20 pM OTA can lead to the significant apoptosis of HepG2
cell; however, the treatment affected the signaling pathway. After the treatment of HepG2 cells
with 20 uM OTA, the expression of miR-122 was significantly upregulated (p < 0.05) compared
to the control group (Fig. 3B).

miR-122 was downregulated at 4 weeks and upregulated at 13 weeks in vivo. Additionally,
miR-122 was upregulated in vitro. The apoptosis increased with the upregulation of miR-122
induced by OTA in vivo and in vitro. Some studies have reported that the upregulation of miR-122
can inhibit cell proliferation and promote apoptosis. In cancer cells, the antitumor activity of
Ad-miR-122 was most likely due to the induction of apoptosis.”> And in Pax-8-/- mice, the
upregulation of miR-122 influenced cell viability and regulated the expression of apoptotic
genes.24 The overexpression of miR-122 can induce cell cycle arrest and result in tumorigenicity.25
Lian et al. reported that in the carcinogenesis of renal cancer, miR-122 was upregulated by the

P13K/Akt signaling pathway.*®
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OTA induced changes in the expression of CCNG1/p53 in the liver and in HepG2 cells

In the liver, CCNGI, a target gene of miR-122, was detected. CCNGI was discovered as a
member of the cyclin family, a protein family that regulates the cell cycle. CCNGI was potently
elevated in the high-dose group (p < 0.05) compared to the control group at 4 weeks, while its
level significantly declined (p < 0.05) in the high-dose group at 13 weeks (Fig. 4A). p53 is
regarded as one of the most important tumor suppressor genes and the downstream genes of
CCNG]. In our study, p53 was significantly decreased at 4 weeks and 13 weeks in the high-dose
group compared to the control groups (p < 0.05) (Fig. 4B).

In HepG2 cells, the results indicated the downregulation of CCNG (Fig. 4C). The reduced
levels of CCNGI reflected the altered functional levels of cellular miR-122. To verify the
signaling pathway, p53 was determined respectively. p53 was significantly upregulated in the
treatment group compared to the control group (p < 0.05) (Fig. 4D). These results are in
agreement with the group treated in vivo partly.

OTA treatment affected the expression of CCNGI. In the current study, CCNGI was higher
after 4 weeks and lower after 13 weeks of treatment in the high-dose group in vivo. Additionally,
CCNG1 was decreased in HepG2 cells after OTA-treatment. Consistent with the previous report,
acute alcohol treatment induced miR-122 up-regulated and decreased CCNG1 in Huh-7.5 cells.”’
In our study, p53 was lower in the high-dose group after 4 weeks and 13 weeks of treatment in
vivo, and also was increased in vitro. CCNG1 and p53 display a feedback relationship.28 In HCC,
miR-122 influenced the activity of p53 through the regulation of CCNGI, resulting in a lower
survival of HCC-derived cell lines."* miR-122 can interrupt the interaction between CCNG/ and

P33, which can favor carcinogenesis.”’ Studies also have indicated that p53 can inhibit tumor cell
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proliferation via the induction of DNA damage and cell cycle arrest that then induces the
production of CCNGI.® Kato et al. found that in a murine erythroleukemic cell line,
p53-CCNGI-COX Il involved in inducing cell apoptosis.’' In our study, at 13 weeks, OTA leads
to the downregulation of p53, which may not occur through the miR-122/CCNG1 pathway alone,
as an increase in the level of p53 via miR-122 regulation of p53/A4kt signaling can induce apoptosis
in cutaneous T-cell lymphoma.’” In human gastric epithelium GES-1 cells, OTA treatment can
increase p53 expression. This finding is in agreement with our results in vitro. Because
hepatocarcinogenesis always follows hepatocyte apoptosis and regeneration.34 These results may
also indicate that OTA may induce hepatocellular carcinoma after long-time treatment by
regulating the expression of miR-122 and affecting the CCNG1/p53 pathway.

OTA induced changes in the expression of Bcl-w/Caspase-3 in the liver and in HepG2 cells

In vivo, the expression of Bcl-w, miR-122 target gene, was significantly increased at 4 weeks
and decreased at 13 weeks (p < 0.05) in the high-dose OTA group (Fig. 4A). Caspase-3, a
member of caspase family, is a predictor of apoptosis. We detected caspase-3 increased at 4 weeks
and decreased at 13 weeks in the high-dose animals (Fig. 4B).

In HepG2 cells, Bcl-w, was also determined. The expression level of Bcl-w decreased after
OTA treatment (p < 0.05) (Fig. 4C). And caspase-3, the downstream genes of Bcl-w, decreased
significantly in the treatment group compared to the control group (p < 0.05) (Fig. 4D). These
results are also in agreement with the group treated for 13 weeks.

Bcl-w is an anti-apoptotic gene of the Bcl-2 family. And caspase-3 is a key protein that is
involved in the apoptosis. They all existed in mitochondria. OTA can induce apoptosis via

regulating the mitochondrial pathway.”> And miR-122 is also a regulator of the mitochondrial

10

Page 10 of 31



Page 11 of 31

Toxicology Research

metabolic gene network.”' The mitochondrial pathway is regulated by the Bcl-2 family.*® miR-122
can downregulate the expression of Bcl-w in HepG2 cells and result in the apoptosis of the
HCC-derived cell lines by downregulating the Bcl-w/Bax ratio."”> The treatment with miR-122
mimetics or miR-122 inhibitor affects the activity of caspase-3 in H9C2 myocytes.24 And OTA can
induce the activities caspase-3 and result in the apoptosis of neuronal cells accompanied by the
disappearance of the MMP.>” When the MMP collapses, cytochrome c is released into the cytosol
and binds to Apaf-1, resulting in the recruitment of pro-caspases, which further activates the
effector caspases. In our study, Bel-w and caspase-3 were significantly downregulated at 13 weeks
in high-dose group in vivo and in vitro. While the apoptosis is induced compared to the control
group. Consistent with this result, OTA can affect apoptosis by influencing caspase-3 and Bcl-2 in
HKC cells.” Caspase-3 was decreased in HEK293 cells after the OTA treatment.”” In agreement
with our result, the inhibition of caspase-3 may be affected by the inhibitor-of-apoptosis (IAP)
family of genes, which regulate apoptosis, block the activity of procaspase-9 induced by
cytochrome ¢, and further prevent the activity of caspase-3; however, IAPs cannot prevent the

.. 40,41
activity of caspase-8.

These findings suggest that the OTA-induced apoptosis in the liver and
HepG2 cells resulted from the abnormal expression of miR-122 and the disturbance of the
mitochondrial pathway, which resulted in the hepatotoxicity.
miR-122 inhibitor relieved HepG2 cell apoptosis induced by OTA

The inhibition efficiency of the miR-122 inhibitor was detected. There was no difference
between the control group (CK) and the inhibitor-negative control group (NC). However, the
expression of miR-122 was decreased with an increase in the concentration of the miR-122

inhibitor. According to the results, 50 nM inhibitor was confirmed to be the optimal concentration.

11
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Compared to the negative control, there was a significance difference (p < 0.05) (Fig. 5A). The
inhibition efficiency was approximately 41% compared to the inhibitor-negative group.

After the HepG2 cells were transfected with 50 nM inhibitor, the cells were analyzed for the
presence of apoptosis after OTA treatment. The results showed that cell apoptosis was
significantly reduced in the inhibitor group compared to the negative group (p < 0.05) both treated
with 20 uM OTA. Apoptosis in the cells treated only with the inhibitor did not significantly differ
compared to the negative group (Fig. 5B). Additionally, in the group transfected with the inhibitor
and also treated with OTA, the apoptotic cells were significantly decreased compared to the
inhibitor-negative group (p < 0.05).

Hoechst 33342 was used to further observe the apoptosis of HepG2 cells. In Figure 5C, we can
clearly observe that the cells, which were only treated with OTA, were markedly more apoptosis
than the other groups. Moreover, after OTA treatment, the apoptotic cells were significantly
decreased with inhibitor treatment than by inhibitor-negative treatment (p < 0.05). The deep blue
staining appeared in the group treated with OTA and revealed the fragmentation, condensation,
and chromatin marginalization of nuclear chromatin, and the shriveled nucleus and chromatin
condensation decreased in the inhibitor group compared to the inhibitor-negative group both
treated with OTA (Fig. 5C).

These results clearly revealed that the inhibition of miR-722 can relieve HepG2 cell apoptosis
induced by OTA. Consistent with this, the cellular apoptosis of Huh-7 cells transfected with
anti-miR-122 was significantly decreased.”

The inhibitor of miR-122 downregulated the expression of miR-122 and elevated CCNG1 and

Bcl-w in HepG2 cells treated with OTA

12
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To assess the role of miR-122 in promoting OTA-induced apoptosis in HepG2 cells, we
detected miR-122 and its target genes after transfecting cells with the miR-122 inhibitor. We found
that the inhibitor caused potent downregulation of miR-122 (Fig. 6A) (p < 0.05). Importantly, the
mRNA levels of CCNGI and Bcl-w were upregulated after the transfection with the inhibitor (Fig.
6B) (p < 0.05). Furthermore, the mRNA levels of p53 and caspase-3 were both significantly
downregulated after the transfection with the inhibitor (Fig. 6C) (p < 0.05).

Further, these results showed that CCNG1/p53 and Bcl-w/caspase-3 were regulated by miR-122
to induce the apoptosis of HepG2 cells after OTA treatment.

Experimental

Animals

Male F344 rats (6-7 weeks old) were purchased from Vitalriver (Beijing, China). All of the
experimental procedures involving animals were approved by the Ethics Committee of China
Agricultural University (permission number: 120020). The rats were fed at the Supervision and
Testing Center for GMOs Food Safety, Ministry of Agriculture (Beijing, China). The rats were
gavaged with OTA dissolved in corn oil (Aladin, Shanghai, China) at the respective dosage (0, 70
or 210 pg/kg body weight (b.w.), denoted as C, L, H groups) for 4 or 13 weeks.'®
Cell culture and treatment

HepG2 cells were cultured in high glucose Dulbecco’s Modified Eagle’s Medium (DMEM),
10% (v/v) fetal bovine serum, 100 U/ml penicillin, 100 U/ml streptomycin at 37 °C in a
humidified 5% CO, and 95% saturated atmospheric humidity incubator. After HepG2 cells were
seeded into plates for 24 h, the cells were treated with OTA. HepG2 cells treated with serum-free

medium as a control. After 24 h, the cells were collected for various experiments.

13
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TUNEL assay

TUNEL (Roche, USA) is used to detect apoptotic cells. The liver sections were deparaffinized,

rehydrated, washed in PBS and antigen retrieval. The sections were incubated with 0.1 M

Tris-HCI (pH 7.5) buffer containing 3% BSA and 20% fetal bovine serum. The TUNEL reaction

mixture and the negative control were added. After that, the sections were incubated with DAPI.

Digital photographs were taken using a fluorescence microscope.

CCKS assay

CCK-8 (Beyotime, China) was used to detect HepG2 cell viability. The kit is based on

dehydrogenases within the cell that reduce WST-8 to a soluble formazan dye, the accumulation of

which was used to analyze cell proliferation and toxicity. The cells were seeded in a 96-well plate.

After 24 h, the cells were treated with different concentrations of OTA, then CCK8 was added for

incubating. The fluorescence intensity at 450 nm was determined using a microplate reader

(thermo, USA).

Hoechst 33342 assay

Hoechst 33342 was used to detect apoptotic HepG2 cells. Hoechst 33342 can combine with the

DNA of apoptotic cells. Apoptotic cells appear dark blue. After the cells were seeded for 24 h, the

cells were treated with 20 uM OTA for 24 h and the control cells were treated with serum-free

medium. The cells were incubated with Hoechst 33342 in an incubator and kept in the dark. A

fluorescence microscope was used to observe the cells.

Flow cytometry analyses of HepG2 cell apoptosis

The apoptosis of HepG2 cells was examined using a FITC-Annexin V/Propidium Iodide (PI)

Apoptosis Detection Kit (Kaiji, China). HepG2 cells were seeded into a 6-well plate. Then, they

14
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were treated with OTA. A control was treated with serum-free medium. For flow cytometric

analysis, the cells were stained with FITC-Annexin V and PI in the dark. The cells were analyzed

using a FACSCalibur flow cytometer (BD Biosciences, USA). For statistical analysis, 20000 total

cells per sample were counted.

Real-time PCR analyses of miR-122 and the target genes

miR-122 was measured using a quantitative real-time PCR Takara Kit. First, total RNA was

extracted from the liver tissue and the sample cells using the RNAiso Plus kit (TaKaRa, Dalian,

China). U6 was selected as a control gene for miRNAs expression. The RNA was reversed

transcribed into cDNA. The reverse transcription was performed in a DNA Thermal Cycler 4800.

[-actin was used as a control gene for mRNA expression. The cDNA of target genes was

synthesized using an oligo(dT) primer. The reaction was carried out in a water bath kettle.

Real-time PCR was performed using an Applied Biosystems 7500 Real-time PCR System

(Applied Biosystems, CA). The primers are listed in Table 1, Table 2 and Table 3. The relative

: -AACT
expression of each target gene was expressed as 2

. All of the experiments were performed in
at least triplicate.
miR-122 inhibitor transfection

A hsa-miR-122 inhibitor (5'-UCAAACACCAUUGUCACACUCCA-3") was synthesized by
GenePharma (Shanghai, China). NC-inhibitor (5'-CAGUACUUU UGUGUAGUACAA-3') was
used as a negative control. HepG2 cells were seeded into plates. Transfection was carried out
using HTF (Nuolanxin, China). After 6 h, OTA was added into plates. Then, the cells were
harvested for various experiments.

Statistical analysis

15
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The results are expressed as the means + standard deviation (SD). The experiments were
repeated at least twice, and each experiment was conducted in at least triplicate. The data were
subjected to an analysis of variance (ANOVA) or T-test, and the significance was analyzed using
the SPSS16.0 software. Differences were considered to be significant when p < 0.05.

Conclusion

Our results suggest that OTA induces apoptosis via regulating the expression of miR-122 and its
target genes (Fig. 7). By regulating the expression of miR-122, OTA may result in hepatocyte
apoptosis through the mitochondrial pathway; Another, OTA induces the hepatocellular carcinoma
after long periods of treatment. These findings imply that cell apoptosis is the primary mode of
action for OTA-induced hepatotoxicity.
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Figure legends

Fig. 1 Hepatocyte apoptosis. (A) The liver sections of rats treated with OTA for 4 weeks. (B) The
liver sections of rats treated with OTA for 13 weeks. Arrowheads indicate hepatocyte apoptosis. N:
negative group; C: control group; L: low-dose group; H: high-dose group. Original magnification

=200 x.
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Fig. 2 Cytotoxicity of OTA. (A) The effect of various concentrations of OTA on cell viability was

measured using a CCK-8 assay. (B) The apoptosis of cells treated with different concentrations of

OTA was measured using flow cytometry. (C) Hoechst 33342 nuclear staining showed the

acceleration of chromatin condensation in HepG2 cells. Arrowheads indicate chromatin

condensation consistent with the occurrence of apoptosis. Original magnification = 200 x. The

data are presented as the mean + SD of three independent experiments. *p < 0.05 compared with

control group.
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Fig. 3 Changes in the expression levels of miR-122 in the livers of male rats and HepG2 cells
treated with OTA. C: control group; L: low-dose group; H: high-dose group. The data are
presented as the mean + SD of n=6 in vivo and three independent experiments in vitro. *p < 0.05

compared with control group.
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Fig. 4 The expression of the mRNAs of CCNG1, Bcl-w, p53 and caspase-3 in the liver and HepG2
cells treated with OTA. C: control group; L: low-dose group; H: high-dose group. The data are
presented as the mean £+ SD of n=6 in vivo and three independent experiments in vitro. *p < 0.05

compared with control group.
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Fig. 5 Mitigation of the cytotoxicity of OTA. HepG2 cells were incubated with OTA or serum-free
medium after being transfected with an NC-inhibitor or Asa-miR-122 inhibitor. (A) The inhibition
effect of various concentrations of zsa-miR-122 inhibitor was measured using real-time PCR. *p <
0.05 compared with control group. (B) The apoptosis of HepG2 cells were measured using flow
cytometry. *p < 0.05 compared with NC+OTA group. (C) The changes in the acceleration of
chromatin condensation in HepG2 cells were detected using Hoechst 33342 staining. The

arrowheads indicate chromatin condensation. Original magnification = 200 x. The data are

presented as the mean + SD of three independent experiments. *p < 0.05 compared with NC+OTA

group.
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Fig. 6 The expression of miR-122 and the mRNAs of CCNGI, Bcl-w, p53 and caspase-3 in

HepG2 cells treated with 20 uM OTA or serum-free medium after being transfected with an

NC-inhibitor or Asa-miR-122. The data are presented as the mean = SD of three independent

experiments. (A) The first *p < 0.05 compared with control group. The second *p < 0.05

compared with OTA group. (B) *» < 0.05 compared with NC+OTA group. (C) *» < 0.05

compared with NC+ OTA group.
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Fig. 7 A model for the role of miR-122 in Ochratoxin A-induced hepatocyte apoptosis in vivo and

in vitro.
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Table 1 Primer sequences of genes used for qRT-PCR.

Gene name RT-primer

miR-122-RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCAAACACC

U6-RT AACGCTTCACGAATTTGCGT
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Table 2 Primer sequences of miRNAs used for qRT-PCR

Gene name Forward primer Reverse primer
miR-122 ATCGACATCTGGAGTGTGACAAT CTCAACTGGTGTCGTGGAGTC
G

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
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Table 3 Primer sequences of genes used for qRT-PCR.

Gene name Forward primer Reverse primer
rat-CCNG1 CTCTGTGGCAGTTGGGCTAA AACAGCTAACGTGGTGAGGG
rat-p53 GTCGGCTCCGACTATACCACTATC CTCTCTTTGCACTCCCTGGGGG
rat-Bel-w CACCCAGGTCTCCGATGAAC TTGTTGACACTCTCAGCACAC
rat-Caspase3 ~ CTGGACTGCGGTATTGAGAC CCGGGTGCGGTAGAGTAAGC
hsa-CCNG1 AGCTGCAGTCTCTGTCAAG ATGTCTCTGTGTCAAAGCCA
AGGACAGGCACAAACACGCA
hsa-p53 TAACAGTTCCTGCATGGGCGGC
cC
hsa-Bcl-w CACCCAGGTCTCCGATGAAC TTGTTGACACTCTCAGCACAC
hsa-Caspase3 ~ CTCCTTCCATCAAATAGAAC AATTAACAATCATTGCCTCT
rat-p-actin CCCATCTATGAGGGTTACGC TTTAATGTCACGCACGATTTC
hsa-p-actin TCGTGCGTGACATTAAGGAG AGGAAGGAAGGCTGGAAGAG
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