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Abstract: Microcystin-LR is a cyclic heptapeptide hepatotoxin produced by harmful cyanobacteria.
A panel of microRNAs containing miR-451a were found to be significantly changed in normal human
liver cells HL7702 after exposure to microcystin-LR (MC-LR) in our previous study. However, the
functions of miR-451a in hepatotoxicity induced by MC-LR remained unclear. The study aimed to
investigate the impacts of miR-451a in HL7702 cells following treatment with 5 or 10 µM MC-LR.
The comet assay indicated that MC-LR can influence Olive tail moment (OTM) in HL7702 cells.
Furthermore, increase of miR-451a significantly repressed DNA damage and the protein expression
level of γ-H2AX induced by MC-LR. Moreover, over-expression of miR-451a inhibited the expression
level of p-AKT1 protein in cells following treatment by MC-LR. These results showed that miR-451a
may protect from MC-LR-induced DNA damage by down-regulating the expression of p-AKT1,
which provides new clues for the diagnosis and therapy policies for liver damage induced by MC-LR.
Keywords: microcystin-LR; miR-451a; DNA damage; AKT1
Key Contribution: (1) miR-451a down-regulated the expression of γ-H2AX in HL7702 cells. (2)
miR-451a down-regulated the expression of p-AKT1 in HL7702 cells. (3) miR-451a preventing the
MC-LR-mediated DNA damage. (4) MC-LR induced DNA damage in HL7702 cells.

1. Introduction
Microcystins (MCs) are a series of cyclic heptapeptide toxins generated by cyanobacteria that
pose serious threats to the ecological system and public health. More than 100 species of MCs isomers
have been ensured, out of which microcystin-LR (MC-LR) is the most popularly studied and most
hazardous [1]. To ensure the safety of drinking water for residents, the World Health Organization
(WHO) suggested the concentration of MC-LR should not exceed 1 µg/L in drinking water [2,3].
Humans can absorb MC-LR by drinking water, aquatic products as well as recreational water and
affect many organs including the liver, brain, heart, intestine, kidneys and reproductive organs [3].
It is reported that MC-LR is an effective liver cancer promoter and was divided into as a Group
2B carcinogen by the International Agency for Research on Cancer (IARC) [4]. Earlier studies have
showed that MC-LR depressed the activity of protein phosphatase 1 and 2A and then induced
cytoskeleton disruption, autophagy, apoptosis and DNA damage [5–9]. Some previous studies showed
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Figure 1. Microcystin-LR (MC-LR) induced DNA damage in HL7702 cells. HL7702 cells were exposed
Figure 1. Microcystin-LR (MC-LR) induced DNA damage in HL7702 cells. HL7702 cells were exposed
to MC-LR
for 24 h. (A,B) DNA damage was detected by comet assay. (C) The protein expression of
to MC-LR for 24 h. (A,B) DNA damage was detected by comet assay. (C) The protein expression of γγ-H2AX was detected by Western blot. (* p < 0.05, experiments were performed in triplicate).
H2AX was detected by Western blot. (* p < 0.05, experiments were performed in triplicate).
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γ-H2AX is a biomarker of DNA damage. Compared with the control group, the expression of
γ-H2AX protein was significantly increased after a 24 h following 5 and 10 µM MC-LR and the level of
γ-H2AX protein in the 10 µM MC-LR cells was statistically significant (Figure 1C).
Gaudin et al. found that DNA lesions were mainly induced in the liver, the kidney, the
intestine and the colon after an intra-peritoneal injection. Furthermore, DNA damage rose after
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Figure 3. Protection of HL7702 cells from MC-LR-induced toxicity by miR-451a. HL7702 cells
Figure 3. Protection of HL7702 cells from MC-LR-induced toxicity by miR-451a. HL7702 cells
transfected with miR-451a-mimic, negative control were treated with MC-LR for 24 h (A,B). The mRNA
transfected with miR-451a-mimic, negative control were treated with MC-LR for 24 h (A,B). The
levels of miR-451a (A) and AKT1 (B) were determined in HL7702 cells following transfection. (C) The
mRNA levels of miR-451a (A) and AKT1 (B) were determined in HL7702 cells following transfection.
protein levels of AKT1 and p-AKT1 were measured in HL7702 cells following transfection by Western
(C) The protein levels of AKT1 and p-AKT1 were measured in HL7702 cells following transfection by
blot. (* p < 0.05, experiments were performed in triplicate).
Western blot. (* p < 0.05, experiments were performed in triplicate).
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4.2. The Comet Assay
After exposure to MC-LR, 10 µL of cell suspension was mixed with 65 µL of 0.5% LMP agarose and
added to fully frosted slides precoated with 1% NMP agarose. After solidification, the slides were lysed
(2.5 M NaCl, 100 mM EDTA-Na2 , 10 mM Tris, 1% sodium sarcosinate, 1% Triton X-100, 10% dimethyl
sulfoxide, pH 10) 2 h at 4 ◦ C. After the lysis, the lysed slides were immersed in the neutralizing solution
(0.4 M Tris, pH 7.5) for 15 min. Then the slides were placed in the alkaline solution (300 mM NaOH,
1 mM EDTA-Na2 , pH 13) for 20 min to allow DNA unwinding and subsequently electrophoresed for
30 min at 25 V, 300 mA. Finally, the slides were neutralized in 0.4 M Tris buffer (pH 7.5)-three times for
5 min, stained with propidium iodide (50 µg/mL) and photographed at 400× magnification using
a fluorescence microscope. The comet pictures were analysed with CASP comet analysis software
and the Olive tail moment of DNA was used to evaluate the level of DNA damage and a total of 50
randomly captured nuclei were examined from each slide in two independent experiments.
4.3. Cell Transfection
miR-mimics (control mimic and miR-451a-mimic) were purchased from Ribo Biological Company
(Guangzhou, China). HL7702 cells were seeded in 6-well plates and allowed to reach 70% confluence
after 24 h. Lipofectamine™ 3000 (Invitrogen, Waltham, MA, USA) was used to transfect cells with
DNA complexes according to manufacturer’s instruction and the cells were incubated at 37 ◦ C for 24 h.
Cells were grown with or without 5, 10 µM MC-LR for 24 h.
4.4. Quantitative RT-PCR (qRT-PCR)
Reverse transcription was conducted using the RevertAid First Strand cDNA Synthesis Kit
(Thermo, Waltham, MA, USA) on S1000TM Thermal Cycler (Bio-Rad, Hercules, CA, USA). Quantitative
PCR was performed using ChamQ SYBR qPCR Master Mix (Vazyme, NanJing, China) on a
LightCycler96 Real-Time PCR System (Roche, Switzerland). All the procedures were repeated three
times. The relative quantification values for each miRNA and mRNA were calculated by the 2−∆∆Ct
method using U6 and GAPDH as an internal reference, respectively. The sequences of mRNA primer
pairs used were in Table 1.
Table 1. qRT-PCR Primers in this study.
miRNA/mRNA

Forward Primer

Reverse Primer

miR-451a
U6
AKT1
GAPDH

50 -CGGCGAAACCGTTACCATTAC-30
50 -CTCGCTTCGGCAGCACATATACT-30
50 -CCATCACACCACCTGACCAA-30
50 -TCGGAGTCAACGGATTTGGT-30

50 -GTCGTATCCAGTGCAGGGTCCGAGGT-30
50 -ACGCTTCACGAATTTGCGTGTC-30
50 -TCCCTCCAAGCTATCGTCCA-30
50 -TGGAATTTGCCATGGGTGGA-30

4.5. Western Blot
After various treatments, total protein was extracted from the cells. Briefly, cells were lysed
in an ice-cold extraction buffer (RIPA extraction buffer, 1 mM PMSF and 1× protease inhibitor
cocktail). The concentration was monitored by the BCA method. Proteins were separated using
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and electroblotted onto
a polyvinylidene fluoride (PVDF) membrane (Life Sciences, Waltham, MA, USA). Membranes were
incubated with antibodies including primary rabbit anti-AKT1 (1:1000) (Abclonal, China), rabbit
anti-phospho-AKT1 (1:1000) (Abclonal, China), mouse anti-phospho-γ-H2AX (1:1000) (Abcam, UK),
mouse anti-GAPDH (1:1000) (Abclonal, Wuhan, China) at 4 ◦ C overnight, followed by the addition of
horseradish peroxidase-linked anti-mouse/rabbit IgG secondary antibodies (1:10,000) (Thermo) and
ECL visualization of the bands.

Toxins 2019, 11, 164

7 of 8

4.6. Statistical Analysis
All calculations and statistical analyses were analysed by one-way analysis of variance (ANOVA),
followed by the Dunnett’s t test with SPSS 13.0 (SPSS, Chicago, IL, USA). p < 0.05 is regarded as
statistically significant.
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