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Abstract
Background:Mitogen-inducible gene 6 (Mig-6) is a tumor suppressor gene that plays an important role in
many types of cancers by interacting with EGFR. Thus far, little is known about the molecular mechanism
of Mig-6 in hepatocellular carcinoma (HCC). Also, the relationship between Mig-6 and miRNAs needs to
be elucidated. Therefore, this study �rst aimed to �nd whether Mig-6 could promote apoptosis and
inhibition of the �ux of autophagy by its downstream miRNA in HCC cell lines.

Methods: Two cell lines, HepG2and HLE, were used in this study. Mig-6 overexpression and knockdown
models , miR-193a mimics and inhibitors models,were established. MiRNA microarray pro�ling were used
to veri�ed Mig-6 regulated- miRNA. Real-time PCR, Western blot analysis were carried out to detect RNA
and protein expression.Evaluation of �uorescent LC3 puncta and cell fow cytometer assay were used to
test the autophagy and apoptosis respectively.

Results: Mig-6 induced the apoptosis and reduced the autophagy of HCC cell lines. MiR-193a-3p is a Mig-
6-regulated miRNA in Mig-6

overexpression model, and miR-193a-3p affected the apoptosis and autophagy of HCC cells by regulating
the expression of TGF-β2. Additionally, the relationship between Mig-6 and transforming growth factor
TGF-β2 was explored in depth for the �rst time.

Conclusion:These �ndings revealed an important regulatory axis Mig-6/miR-193a-3p/TGF-β2 in the
apoptosis and autophagy of HCC cells, providing a novel insight into the therapeutic target in HCC.

Background
Hepatocellular carcinoma (HCC) is the most prevalent type of primary liver cancer accounting for
approximately 70–90% of liver cancer cases. In terms of morbidity, it ranks the second most dominating
reason for cancer-related deaths globally[1, 2]. HCC is associated with high morbidity and mortality.
Chronic hepatitis, especially infection induced by hepatitis, is closely related to the occurrence of HCC.
Elucidating the pathogenesis of HCC can help in the early diagnosis and treatment of this disease. The
mitogen-inducible gene 6 (Mig-6), also known as ERBB receptor feedback inhibitor 1, is a transcriptionally
induced EGFR inhibitor that is also a tumor suppressor[3, 4] .Mig-6 is a cytoplasmic protein that binds to
the EGFR dimer interface, locking it into a catalytically inactive conformation, as well as inducing
internalization and degradation of EGFR via a lysosomal mechanism[5] .The expression of Mig-6 has
been demonstrated to be suppressed in liver cancer tissues, leading to increased EGFR-AKT signaling and
enhanced cell migration [6].Mig-6 has also been reported to regulate the proliferation of liver cancer cells
through the classic EGFR pathway. However, some of the regulatory effects of Mig-6 on HCC cells, such
as the effect on HCC autophagy, cannot be explained by the classic EGFR pathway, forcing the
exploration of new functions of Mig-6.
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MicroRNAs (miRNAs) are small noncoding RNA molecules with 19–22 nucleotides that regulate the
protein expression[7] They regulate the gene expression at the posttranscriptional level by decreasing the
stability or inhibition of translation of messenger RNAs (mRNAs) through targeting the 3′-untranslated
region of mRNAs[8].

Increasing or decreasing the levels of speci�c miRNAs can result in aberrant protein expression, leading
to the critical change in cell functions; for example, proliferation, cell cycle, apoptosis, and invasion. Many
studies showed that miRNAs participated in the biological behavior of HCC. For instance, miR-139-5p
in�uenced HCC cell invasion and proliferation capacities by decreasing the expression of SLITRK4[9].
MiR-133b promotes cell proliferation and metastasis in HCC by regulating SF3B4[10]. The downregulated
expression of miR-193a‐3p was reported in many types of cancers, including non-small-cell lung cancer
(NSCLC)[11],colorectal cancer[12]and breast cancer[13]. MiR‐193a‐3p was also related to the
proliferation, migration, invasion, and apoptosis of liver cancer cells[14–16]. Therefore, the potential
mechanism of miR‐193a‐3p in HCC needs to be explored.

In this study, the enhanced expression of Mig-6 in vitro was found to not only weaken the �ux of
autophagy but also promote the apoptosis of HCC cells. The miRNA expression pro�ling chips were
adequately applied, and three bioinformatics algorithms were used to screen out its potential
downstream target miR-193a-3p and transforming growth factor (TGF)-β2. Afterward, the impact of miR-
193a-3p on the apoptosis and autophagy of HCC was studied and evaluated. Finally, the indirect control
of Mig-6 and TGF-β2 was studied in depth for the �rst time, providing a novel insight into the Mig-6-based
therapeutic approach to treat human HCC.

Materials And Methods

Cell lines
Human hepatocellular cancer cell lines HepG2, Hep3B, PLC/PRF/5, HLE, and HuH7were maintained in
Dulbecco’s modi�ed Eagle’s medium (Biological Industries) supplemented with 10% fetal calf serum
(Biological Industries), 10 IU/mL penicillin (Sigma, St.Louis, MO), and 100 mg/mL streptomycin
(Sigma).Cells were grown on sterile T25 cell culture �ask (Corning) and were passaged every 2–3 d using
0.25% trypsin (Biological Industries).

Transfecton of expression plasmids,RNAi, miRNA
mimics,and

inhibitors
The cells were seeded in 6-well plates 24 h prior to the experiment. Plasmids control vector (pcDNA3) and
Mig-6 overexpression vector ( Takara Biotechnology, Dalian, China),(TGF-β2over expression vector
(OriGene Technologies Inc Rockville, MD USA),RNAi for Mig-6 and non-targeting siRNA (GenePharma,
Shanghai, China), miR-193a mimics, miR-193a inhibitors,mimic control,and inhibitor
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control RIBOBIO,Guangzhou, China) were all using Lipofectamine 3000(Invitrogen, Carlsbad, CA,
USA).according to the manufacturer's protocol. The mRNA and protein levels were assessed 48 h
following transfection.

Quantitative real-time PCR
Assays to quantify miR-193a-3p were performed using TaqMan miRNA probes and TaqMan® MicroRNA
Assays (Applied Biosystems, Foster City, CA, USA) according to the manufacturer’s instructions.The
reactions as follows:95 °C for 5 min, 40 cycles of 95 °C for 15 s,60 °C for 1 min.Quantitative theTGF-β2
mRNA levels was performed using SsoFastTMEvaGreen ®Supermix (Bio-rad). The reactions as
follows:95℃ for 30 s, 40 cycles of 95℃ for 5 s, 60℃ for 20 s. Light Cycler®480 (Roche) was used to
perform the real-time PCR.The primer sequences are provided below:

TGF-β2 (forward)CATCCCGCCCACTTTCTAC;

TGF-β2(reverse) TCCGTTGTTCAGGCACTCT;

Actin (forward) ATAGCACAGCCTGGATAGCAACGTAC;

Actin (reverse)CACCTTCTACAATGAGCTGCGTGTG.

Experiments were repeated in triplicate.

Western blot analysis.

Total proteins from cell lines were extracted in a lysis buffer (CAT.78510) (Thermo Fisher Scienti�c,
Rockford, IL) and quanti�ed using Bradford method (CAT.23226) (Thermo Fisher Scienti�c). Sixty
micrograms of protein were separatedby 12% SDS-PAGE (Bio-Rad, USA). After transferring by Trans-Blo ®
Turbo™ (Bio-Rad, USA), the polyvinylidene �uoride (PVDF) membranes (Millipore, Billerica, MA, USA) were
incubated overnight at 4 °C with the following antibodies Mig-6 (1: 1000, CAT.11630-1-AP) (protein tech),
anti-P62 (1:1000,CAT.55274-1-AP) (protein tech), anti-LC3b (1:2000, CAT.NB100-2220) (Novus Biologicals
USA),anti-TGF-β2 (1:1000,CAT.ab36495) (Abcam), β-actin (1:1000, CAT.20536-1-AP) (protein tech). After
incubation with peroxidase-coupled anti-mouse or rabbit IgG (Zhongshan jinqiao,China) at 37 °C for 2
hours. An enhanced chemiluminescence (ECL) detection system (Bio-Rad, USA) was used to visualize
signals following standard protocols. β-actin served as an endogenous protein control for normalization.

Cell apoptosis experiments.

Apoptosis was detected using an Annexin V-FITC/PI double staining kit (Dojindo, Gaithersburg, MD, USA).
Cells that incubated in 12-well plates were collected by Accutase(Multi sciences,China) after 48 h
transfection and washed twice with cold phosphate-buffered saline (PBS) by gentle shaking. Cells were
then resuspended and added to binding buffer (1X); cell density was adjusted to 1 × 106cells /ml. In the
dark, 5 µl Annexin V-FITC and 5 µl PI Solution were added to the cell suspension volume of 100 µl and
incubated for 15 min at room temperature before the addition of 400 µl binding buffer (1X). Ten thousand
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events per sample were acquired using a FACScan �ow cytometer and the percentage of cell apoptosis
was analyzed using BD AccuriTMsoftware (both from Becton-Dickinson, San Jose, CA, USA).

Evaluation of �uorescent LC3 puncta
LC3 puncta were indicated by mRFP-GFP-LC3 adenovirus (Gene Chem, Shanghai, China) Brie�y, cells
were transfected with mRFP-GFP-LC3 for 48 h before receiving Transfection treatments. After 24-hours
Transfection treatment, cells were observed under a �uorescence microscopy (Nikon). Ten views were
examined per slide and the images were acquired.

miRNA microarray pro�ling and analysis.

Total RNA was extracted with the use of TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Human miRNA
Microarray(GeneChip miRNA 4.0,Affymetrix)was used for microRNA pro�ling. The quality of total RNA
was evaluated by measuring the ratio of A260/A280 on an ultraviolet pectrophotometer (NanoDrop
2000 Thermo) and by Checking the integrity and purity with a nucleic acid electrophoresis analyzer
(Agilent 2100 Bioanalyzer )Biotin-labeled complementary RNA (cRNA) generated by in vitrotranscription
reactions(Affymetrix, USA) was fragmented and hybridized with GeneChip Hybridization Oven
645(Affymetrix, USA) at 45 °C for 16 h.After hybridization, the arrays were washed, stained with
GeneChip™ Hybridization, Wash, and Stain Kit (Thermo Fisher Scienti�c) and scanned using an
Affymetrix GeneChip Scanner 3000 .After normalization and background �ltration, the differentially
expressed genes were analyzed.Using TargetScan,microRNA.ORG and miRDB software for target gene
prediction.

Result
Mig-6 induced the apoptosis and reduced the autophagy of HCC cell lines.

To validate the role of Mig-6 in HCC cell lines,we examined the impact exerted by increasing Mig-6 on
HCC cell apoptosis and autophagy with Mig-6 plasmid.HepG-2 and HLE cells were transfected with Mig-6
plasmid, respectively. As expected, two cell lines transfected with Mig-6 showed the enhanced percentage
of apoptosis(Fig. 1a) .In the meanwhile western blotting were using for evaluated the expression levels of
autophagy-associated protein (Fig. 1b). The expression levels of p62, which is mainly degraded by
autophagy pathway, is greatly induced in the Mig-6 plasmid groups compared with those of the PC
groups. But microtubule associated protein 1 light chain 3β (LC3b), following transfection with Mig-6
plasmid were signi�cantly decreased. Autophagic �ux experiment showed that in two cell lines, Mig-6
plasmid weakened the �ux of autophagy, with a less number of autophagosomes (yellow) and
autolysosomes (red) in two celllines(Fig. 1c).

Identi�cation of Mig-6-regulated miRNAs

Several underlying mechanisms of Mig-6 were hypothesized; the regulation of miRNAs by Mig-6 was an
area that had never been studied. Mig-6-regulated miRNAs were identi�ed by transducing 293T with
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lentiviruses encoding control virus or lentivirus-mediated Mig-6 (Gene Chem, Shanghai, China). After
transduction for 48 h, the cells were treated with puromycin for 48 h to remove the nontransduced cells.
Successful transduction was examined by �uorescence microscopy of GFP-expressing cells (Fig. 2a),
which was further con�rmed by western blot analysis (Fig. 2b). The GFP-positive cell population was
used immediately for analysis using the GeneChip assay. The results showed that a total of 44 Mig-6-
regulated miRNAs were identi�ed, of which 11 were upregulated and 33 downregulated (Fig. 2c).Among
them the expression of 4 and 16 miRNAs in Mig-6 overexpressed cells was increased or inhibited by more
than 2.5-fold, respectively (Table 1). Among all the miRNAs, miR-193a-3p is the most potent, with
downregulated expression reported in many types of cancers. The HepG-2 and HLE cells were transfected
with Mig-6 plasmid and siRNA to further verify the relationship between Mig-6 and miR-193a-3p. The
transfection e�ciency was measured using Western blot analysis (Fig. 3a). When the expression of Mig-6
was promoted, the miR-193a-3p level correspondingly increased in each cell line, and when the
expression of Mig-6 was suppressed, the decrease in the miR-193a-3p was observed (Fig. 3b).
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Table 1
Expression changes of Mig6-regulated miRNAs

miRNA Regulation Control virus or LV-Mig-6

Fold change

hsa-miR-1269a up 3.663214041

hsa-miR-193a-3p up 2.960149418

hsa-miR-1244 up 2.512778203

hsa-miR-371b-5p up 2.503430956

hsa-miR-5093 down -5.363445158

hsa-miR-297 down -4.571560354

hsa-miR-4793-3p down -4.556744037

hsa-miR-610 down -4.539741026

hsa-miR-4440 down -4.535851264

hsa-miR-195-3p down -4.458473988

hsa-miR-6877-3p down -4.173369522

hsa-miR-3148 down -3.956889197

hsa-miR-8071 down -3.647623099

hsa-miR-185-3p down -3.48629987

hsa-miR-3064-5p down -3.347459653

hsa-miR-595 down -3.344313283

hsa-miR-3907 down -3.319532324

hsa-miR-7844-5p down -2.856073948

hsa-miR-4455 down -2.736743073

hsa-mir-297 down -2.606974853

MiR-193a-3p induced the apoptosis and reduced the autophagy of HCC cell lines.

MiR-193a-3p is reported to relate to various pathological processes of liver cancer, including proliferation,
migration, invasion, apoptosis, radioresistance, and chemotherapeutic tolerance. However, the
relationship between miR-193a-3p and autophagy has not been reported to date. This study attempted to
clarify the impact exerted by miR-193a-3p. First, the HepG-2 and HLE cells were transfected with miR-
193a-3p mimics or miR-193a-3p inhibitors, and the transfection e�ciency was measured by reverse
transcription-polymerase chain reaction (Fig. 4a). Then, apoptosis was inspected in the HepG-2 and HLE
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cells with �ow cytometric analysis. A larger percentage of apoptotic cells were presented in the cells
transfected with miR-193a-3p mimics; however, miR-193a-3p inhibitors decreased the apoptotic rate
(Fig. 4b ,c). Finally, the effect of miR-193a-3p on the autophagy capacity of HepG-2 and HLE cells was
veri�ed using western blot analysis and autophagic �ux experiment. As anticipated, miR-193a-3p mimics
increased the expression of p62 but reduced the expression of LC3b, as well as weakened the �ux of
autophagy. The reverse consequence was also observed in the miR-193a-3p inhibitor group (Fig. 4d,e).

MiR-193a-3p affected the apoptosis and autophagy of HCC cells by regulating the expression of TGF-β2.

The miR-193a-3p target predicted by all three target gene prediction software was regarded with high
con�dence (Table S1). Thus, 62 nominated target genes were hit by miR-193a-3p. Among them, the TGF-
β2 gene gained attention. Previous studies reported that TGF-β2 was regulated by multiple miRNAs and
associated with apoptosis and autophagy in certain cell lines. In this study, the expression of TGF-β2
protein in both HepG-2 and HLE cells decreased after the transfection of miR-193a-3p mimics, whereas
treatment with miR-193a-3p inhibitors increased the expression of TGF-β2 (Fig. 5a). TGF-β2 mRNA was
also quanti�ed after transfecting miR-193a-3p mimics or inhibitors into HCC cells, but no statistically
signi�cance difference was found at the mRNA level (Fig. 5b). Next, the apoptosis and autophagy were
applied to assess the impact of miR-193a-3p and TGF-β2 on HCC. The HepG-2 and HLE cells transfected
with miR-193a-3p mimics showed an increased percentage of apoptotic cells and weakened �ux of
autophagy. However, TGF-β2 plasmid could not only inhibit apoptosis and enhance the �ux of autophagy
but also weaken the effects exerted by miR-193a-3p mimics (Fig. 5c,d,e). These results substantiated that
miR-193a-3p affected the apoptosis and autophagy of HCC cells by controlling the expression of TGF-β2.

Mig-6 modulated apoptosis and autophagy of HCC cells through the miR-193a-3p/TGF-β2 pathway.

The relationship between Mig-6 and TGF-β2 has not been reported to date. Therefore, the correlation
between Mig-6 and TGF-β2 protein level was analyzed in �ve HCC cell lines. An inverse relationship was
observed between the expression of Mig-6 and TGF-β2. High expression of Mig-6 was found in Huh7 and
PLC/PRF/5 cells; both of them showed low levels of TGF-β2. On the contrary, the HepB3 and HLE cells
with the low level expression of Mig-6 had high expression of TGF-β2 (Fig. 6a). A series of function
experiments were performed in HepG-2 and HLE cells to assess further impacts of overexpression of Mig-
6. As indicated by western blot analysis, the level of TGF-β2 protein decreased after HCC cells were
transfected with Mig-6 plasmid (Fig. 6b,c), without any mRNA alteration (data not show). Meanwhile,
miR-193a-3p reversed the decrease in TGF-β2 induced by the Mig-6 plasmid (Fig. 6b,c). As presented in
Fig. 1A, a larger percentage of apoptotic cells were present in the cells transfected with Mig-6 plasmid
compared with the control group, whereas they were rescued by miR-193a-3p inhibitors (Fig. 6d). The
autophagy of HCC cells was tested by western blot analysis and autophagic �ux assay. Weakened
autophagy due to the overexpression of Mig-6 was reversed by miR-193a-3p inhibitors (Fig. 6b,c,e).

Discussion
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Autophagy is a tightly regulated and highly conserved lysosomal degradation pathway for the
degradation of long-lived proteins and cytoplasmic organelles. Recent accumulating data point to
autophagy as a key player in various human diseases, such as cancer[17] .Apoptosis is the process by
which a cell ceases to grow and divide, resulting in the controlled death of the cell. The initiation of
apoptosis depends on the activation of a series of cysteine-aspartic proteases known as caspases [18].
Autophagy correlates with apoptosis. For example, the autophagy of damaged organelles can repair the
injury to a small number of mitochondria; however, if a su�ciently large number of mitochondria are
damaged, the intrinsic pathway of apoptosis is activated following the high levels of released
cytochrome C[19]. This study demonstrated that Mig-6 promoted the apoptosis of HCC cells, combined
with the inhibition of the �ux of autophagy. Therefore, Mig-6 might exert its role by regulating the
dynamic balance between apoptosis and autophagy in HCC cells.

As reported, Mig-6 could be regulated by certain miRNAs[20–23], Especially miR-589-5p and miR-374a,
regulated the proliferation of HCC cells by targeting Mig-6[24, 25]. These studies stimulated the interest in
exploring whether Mig-6 could affect the changes in miRNAs. The miRNA microarray pro�ling was used
to identify miRNAs speci�cally regulated by Mig-6. A total of 44 Mig-6-regulated miRNAs were identi�ed,
of which 11 were upregulated and 33 downregulated (Figure S1). Among these miRNAs, four miRNAs
were upregulated more than 2.5 times by Mig-6, and miR-193a‐3p was one of them.

MiR-193a‐3p is reported as a tumor suppressor in many types of cancers. It inhibits the migration and
invasiveness of NSCLC[26]. In colorectal cancer, miR‐193a‐3p inhibited cell proliferation and promoted
the apoptosis[27]. MiR-193a-3p suppressed ovarian cancer cell growth and migratory/invasive
capacities[28]. MiR-193a-3p had also been proven to be related to the migration and invasion[14],
proliferation and apoptosis [15, 16], radioresistance, and chemotherapeutic tolerance in HCC[29, 30]. In
addition, the expression of miR‐193a‐3p was identi�ed as a predictor of HCC progression-free
survival[31]. These results demonstrated the important role of miR-193a-3p in HCC. In this study, miR-
193a-3p mimics induced a high level of apoptosis in HCC cell lines; however, miR-193a-3p inhibitors
decreased the apoptotic rate, which was consistent with the previous �ndings. Also, the autophagy
capacity of HCC cell lines was found to be weakened by miR-193a-3p mimics, whereas miR-193a-3p
inhibitor could enhance the �ux of autophagy. All these �ndings con�rmed that miR-193a-3p had an anti-
cancer effect on HCC by in�uencing cell autophagy and apoptosis in vitro.

Numerous targets of miR-193a-3p have been reported[26, 28, 32, 33]. In this study, the TargetScan,
miRNA.ORG, and miRDB software were used for the prediction of target genes. Finally, TGF-β2 was
selected, which might play an important role in HCC as the target of miR-193a-3p. TGF-β has three
different isoforms: TGF-β1, TGF-β2, and TGF-β3, with similar but not identical biologic activities[34]. The
role of TGF-β signaling in HCC progression is not completely understood. Immunosuppression induced by
TGF-β2 was assumed to be the main mechanism through which tumor cells could escape from immune
surveillance[35]. TGF-β2 was upregulated in liver disease, suggesting it to be a promising therapeutic
target for tackling �brosis and HCC[36]. Exogenous TGF-β2 resulted in a signi�cant elevation of the
epithelial to mesenchymal transition by enhancing autophagic �ux in HCC[37]. This study eventually
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concluded that the upregulation of TGF-β2 could inhibit apoptosis and promote the autophagic �ow of
HCC cells. It also con�rmed the inverse correlation between Mig-6 and TGF-β2.

This study had certain limitations. First, the clinical signi�cance of the interaction among Mig-6, miR-
193a-3p, and TGF-β2 in HCC needed to be analyzed, which could increase the value of Mig-6, miR-193a-
3p, and TGF-β2 in the diagnosis. Second, the overexpression of Mig-6 or Mig-6 gene knockout mice could
be applied to verify the Mig-6/miR-193a-3p/TGF-β2 axis in vivo. Third, many miRNAs regulated by Mig-6
were also found in this study, but their mechanism was not studied. Subsequent experiments need to
explore the new functions of Mig-6-regulated miRNAs in HCC and provide new perspectives on the
treatment of HCC.

Conclusion
Taken together, our data veri�ed that Mig-6 and miR-193a-3p as the tumor suppressors in HCC, which can
promote the apoptosis and inhibition of the �ux of autophagy by targeting TGF-β2. The Mig-6 regulated
miRNAs and the correlation between Mig-6 and TGF-β2 were also con�rmed in HCC for the �rst time. This
article provided clues for an important Mig-6/miR-193a-3p/TGF-β2 regulatory axis, providing more
perspectives on the treatment of HCC.
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Figures

Figure 1

Effect of Mig-6 plasmid on the apoptosis and autophagy of HCC cell lines. a The apoptosis assay after
48h transfected with plasmid control and Mig-6 plasmid in HepG-2 and HLE cells, the percentage of
apoptosis cells was quanti�ed. b Western blotting and quantitative analysis of Mig-6, LC3b and p62
protein levels in HepG-2 and HLE cells. c Each group was transfected with a tandem mRFP-GFP-LC3
adenovirus for 24 h. Autophagosomes and autolysosomes were, respectively, visualized as yellow- and
red-only punctas under a �uorescence microscope. (*P<0.05, **P < 0.01, ***P < 0.001).



Page 15/20

Figure 2

Prediction and con�rmation of Mig-6 regulated miRNAs. a Visualization of GFP expression in Control
virus and LV-Mig-6 group(100×) after 72h. b Western bloting and quantitative analysis of transduction
e�ciency of LV-Mig-6 in 293T cell lines. c Hierarchical cluster analysis of Mig-6-regulated miRNAs. The
horizontal axis shows comparison groups of expression change of miRNAs.The left vertical axis shows
clusters of Mig-6-regulated miRNAs whose fold change is listed in the right-hand table. Red indicates
upregulated and green downregulated miRNAs.
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Figure 3

Con�rmation of Mig-6 regulated miRNAs. a Western bloting and quantitative analysis of transfection
e�ciency of Mig-6 plasmid and siMig-6 in HepG-2 and HLE cell lines. b Quantitative RT-PCR analysis of
the expression levels of miR-193a-3p in Mig-6 up-regulate and down-regulate groups. (**P < 0.01, ***P <
0.001).
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Figure 4

Effect of miR-193a-3p on the apoptosis and autophagy of HCC cell line. a Quantitative RT‐PCR analysis
of the expression levels of miR‐193a‐3p in HepG-2 and HLE cells transfected with miR‐193a‐3p mimics,
inhibitors, and negative control. b , c The apoptosis assay 48h after four groups of HepG-2 and HLE cells
transfected with equal doses of mimic control, miR-193a-3p mimics,inhibitor control and miR-193a-3p
inhibitors,the percentage of apoptosis cells was quanti�ed . d Western blotting and quantitative analysis
for Mig-6, LC3b and p62 expression 48 h after aforementioned four groups’ transfection.in HepG-2 and
HLE cells. e Each group was transfected with a tandem mRFP-GFP-LC3 adenovirus for 24 h.
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Autophagosomes and autolysosomes were, respectively, visualized as yellow- and red-only punctas under
a �uorescence microscope. (*P<0.05, **P < 0.01, ***P < 0.001).

Figure 5

Effect of miR-193a-3p and TGF-β2 plasmid on the HCC cell lines. a Western blotting and the quantitative
analysis of TGF-β2 protein levels in HepG-2 and HLE cells after transfected with equal doses of the miR‐
193a‐3p mimics, inhibitors, and negative control. b Quantitative RT‐PCR analysis of the expression levels
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of TGF-β2 mRNA in HepG-2 and HLE cells transfected with miR‐193a‐3p mimics, inhibitors, and negative
control. c The apoptosis assay 48h after four groups of HepG-2 and HLE cells transfected with equal
doses of mimic control plus plasmid control, miR-193a-3p mimics plus plasmid control,mimic control
plus TGF-β2 plasmid and miR-193a-3p mimics plus TGF-β2 plasmid , the percentage of apoptosis cells
was quanti�ed. d Western blotting and quantitative analysis for TGF-β2, LC3b and p62 expression 48 h
after aforementioned four groups’ transfection in HepG-2 and HLE cells. e Each group was transfected
with a tandem mRFP-GFP-LC3 adenovirus for 24 h. Autophagosomes and autolysosomes were,
respectively, visualized as yellow- and red-only punctas under a �uorescence microscope. (*P<0.05,**P <
0.01, ***P < 0.001).
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Figure 6

Relationship between miR-193a-3p and TGF-β2 , and the effect of Mig-6 plasmid and miR‐193a‐3p
inhibitors on TGF-β2. a The correlation of Mig-6 and TGF-β2 in HCC cell lines. b,c, The apoptosis assay
48h after forementioned four groups’ transfection in HLE cells. d Western blotting and quantitative
analysis for Mig-6,TGF-β2, LC3b and p62 expression 48h after four groups of HLE cells transfected with
equal doses of inhibitor control plus plasmid control, miR-193a-3p inhibitors plus plasmid control,
inhibitor control plus Mig-6 plasmid , and miR-193a-3p inhibitors plus Mig-6 plasmid. e Each group was
transfected with a tandem mRFP-GFP-LC3 adenovirus for 24 h. Autophagosomes and autolysosomes
were, respectively, visualized as yellow- and red-only punctas under a �uorescence microscope.
(*P<0.05,**P < 0.01, ***P < 0.001).
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