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Abstract

Introduction
The treatment with shikonin (SKN) suppresses the expression of miR-106 and miR-34a.
Furthermore, SIRT1 and MCL1 are targets of miR-34a and miR-106, respectively. In this study, we
treated an animal model of ALF with high dose (1.0 mg/kg) and low dose (0.5 mg/kg) of SKN to
investigate its effect on liver functions and signaling pathways of SKN/miR-106/MCL1 and
SKN/miR-34a/SIRT1/TP53.

Material and methods
ALF animal model was established and the serum levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were analyzed to evaluate the effects of different doses of SKN.
TUNNEL was performed to assess hepatocyte apoptosis. Luciferase assay, RT-qPCR and Western
blot analysis were performed to measure the relationship between miR-106, miR-34a, SIRT1 and
MCL1.

Results
In the ALF mice models, the administration of SKN decreased the levels of ALT and AST in a dose-
dependent manner, along with a significantly decreased number of apoptotic hepatocytes. And SKN
may protect liver during ALF via reducing the level of inflammation. Luciferase assay showed that the
co-transfection of wild-type MCL1/SIRT1 and miR-106/miR-34a significantly decreased the luciferase
activity of LO2 cells, thus indicating that MCL1 and SIRT1 are identified as targets of miR-106 and
miR-34a, respectively, while SIRT1 could act as a regulator of TP53. Moreover, the expression of
miR-106, miR-34a and TP53 was decreased over an increasing concentration of SKN, along with the
increasing mRNA and protein levels of MCL1 and SIRT1.

Conclusions
In this study, we showed that SKN alleviated ALF in a dose-dependent manner via regulating the
signaling pathways of SKN/miR-106/MCL1 and SKN/miR-34a/SIRT1/TP53.
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Abstract  16 

Introduction: The treatment with shikonin (SKN) suppresses the expression of miR-106 17 

and miR-34a. Furthermore, SIRT1 and MCL1 are targets of miR-34a and miR-106, 18 

respectively. In this study, we treated an animal model of ALF with high dose (1.0 mg/kg) 19 

and low dose (0.5 mg/kg) of SKN to investigate its effect on liver functions and signaling 20 

pathways of SKN/miR-106/MCL1 and SKN/miR-34a/SIRT1/TP53. Material and 21 

methods: ALF animal model was established and the serum levels of alanine 22 

aminotransferase (ALT) and aspartate aminotransferase (AST) were analyzed to evaluate 23 

the effects of different doses of SKN. TUNNEL was performed to assess hepatocyte 24 

apoptosis. Luciferase assay, RT-qPCR and Western blot analysis were performed to 25 

measure the relationship between miR-106, miR-34a, SIRT1 and MCL1. Results: In the 26 

ALF mice models, the administration of SKN decreased the levels of ALT and AST in a 27 
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dose-dependent manner, along with a significantly decreased number of apoptotic 28 

hepatocytes. And SKN may protect liver during ALF via reducing the level of 29 

inflammation. Luciferase assay showed that the co-transfection of wild-type 30 

MCL1/SIRT1 and miR-106/miR-34a significantly decreased the luciferase activity of 31 

LO2 cells, thus indicating that MCL1 and SIRT1 are identified as targets of miR-106 and 32 

miR-34a, respectively, while SIRT1 could act as a regulator of TP53. Moreover, the 33 

expression of miR-106, miR-34a and TP53 was decreased over an increasing 34 

concentration of SKN, along with the increasing mRNA and protein levels of MCL1 and 35 

SIRT1. Conclusions: In this study, we showed that SKN alleviated ALF in a dose-36 

dependent manner via regulating the signaling pathways of SKN/miR-106/MCL1 and 37 

SKN/miR-34a/SIRT1/TP53. 38 

Running title: Shikonin reduces the risk of acute liver failure 39 

Key words:  miR-106, miR-34a, ALF, SKN, SIRT1, p53, MCL1 40 

Introduction 41 

Featured by severe and sudden hepatic damages that may be induced by the exposure to 42 

toxins, alcohol, viruses, bacteria, or chemicals, acute liver failure (ALF) can lead to 43 

severe infection, hepatic encephalopathy, as well as multiple organ failures [1]. Currently, 44 

artificial livers and orthotopic liver transplantation (OLT) have been used as the two 45 

major modalities of treatment for clinical intervention of ALF. Nevertheless, the lack of 46 

liver donors as well as the tendency for the onset of complications after liver 47 

transplantation operations have significantly limited the clinical applications of OLT [2]. 48 

As a naphthoquinone compound derived from the roots of Lithospermum erythrorhizon, a 49 

herbal medicine frequently used in the treatments with traditional Chinese medicine, 50 

shikonin, whose chemical formula is C16H1605, shows significant efficacy in the 51 

treatments of skin diseases, sore throat, as well as burns [3, 4]. In addition, growing 52 

evidence demonstrated that SKN can be used as an anti-cancer agent to induce the 53 

programmed death of a wide range of tumor cells [5, 6]. 54 

As a type of small non-coding RNA transcripts, microRNAs (miRNAs) have been shown 55 

to affect post-transcriptional regulation of target genes [7, 8]. In addition, it is suspected 56 
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that miRNAs can regulate the expression of up to 70% of genes in the human genome [9]. 57 

Furthermore, miRNA dysfunction is discovered in a wide range of diseases and disorders 58 

such as type 2 diabetes, malignant tumor, as well as cardiovascular disorders [10-12]. 59 

Specifically speaking, miR-106b can promote the occurrence of tumor metastasis in liver 60 

cancer as well as in colorectal cancer [13, 14]. The altered expression of miR-106b 61 

induced migration, invasion and proliferation in breast cancer [13]. And miR-106b was 62 

correlated with higher tumor grade and was reported to promote cell migration, stress 63 

fiber formation and HCC metastasis [14]. MiR-106b has also been implicated in the 64 

regulation of tumor cell invasion as well as in the migration of different types of tumor 65 

cells [15, 16]. And it was proved that miR-106 could inhibit LPS-induced increase in 66 

TNF-α secretion by targeting IL-1 receptor-associated kinase 4 (IRAK4) in LPS-treated 67 

mice, indicating that the miR-106 signaling is involved in the pathogenesis of ALF [17]. 68 

Meanwhile, miR-34a which is located in human chromosome 1p36.23 frequently shows 69 

aberrant expression in a wide range of cellular activities including the induction of 70 

apoptosis, cell cycle arrest, and differentiation or reduces migration [18]. And previous 71 

report also showed that the miR-34 family are direct p53 targets, and their up- regulation 72 

induces apoptosis and cell-cycle arrest [18]. The ectopic miR-34a induces apoptosis when 73 

reintroduced into the neuroblastoma cell lines [18]. Furthermore, quite a few genes, such 74 

as MET, CDK6, CDK4, CCNE2, CCND1, NMYC, as well as SIRT1, have been 75 

identified as targets of miR-34a [19]. 76 

As an important anti-apoptotic factor in the BCL-2 family, MCL1 is inhibited by S63845, 77 

a molecule with significant effects on the treatment of blood cancers but limited effects 78 

on the treatment of solid tumors [20, 21]. Although MCL1 can be stabilized by USP9X as 79 

well as USP13, the expression of USP9X is primarily limited in the immune system and 80 

the brain although it can act as a tumour suppressor [22-25]. 81 

Mutations in the TP53 gene can be found in many human malignancies and usually lead 82 

to a poorer prognosis [26, 27]. By encoding a transcription factor whose expression is 83 

normally low in normal tissues, TP53 can be activated upon DNA damages or in the 84 

presence of other types of intracellular stress, so as to stabilize the activity of p53 as well 85 

as to promote cell apoptosis and senescence by inducing the arrest in cell cycle 86 
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progression [28-31]. In fact, most mutations in the TP53 gene can be found in its DNA 87 

binding domain to disrupt the transcriptional activity of TP53, thus inducing the 88 

abnormal proliferation as well as uncontrolled growth of mutant cells [32]. 89 

The treatment with SKN suppresses the expression of miR-34a. SKN was reported to 90 

inhibit adipogenic differentiation by regulating the expression of miR-34a [33] while 91 

miR-34a could in trun enhance the anti-tumor activity of SKN [34]. Also, SIRT1, a 92 

regulator of TP53, is demonstrated to be a target of miR-106 [35]. Meanwhile, SIRT1 is a 93 

target gene of miR-34a [36, 37]. In this study, we treated an animal model of ALF with 94 

high and low doses of SKN to investigate the effect of SKN on liver functions and the 95 

SKN/miR-106/MCL1 and SKN/miR-34a/SIRT1/TP53 signaling pathways. 96 

Materials and Methods 97 

Animal model 98 

In this study, C57BL/6J mice aged 5 to 6 weeks old were used as research objects. These 99 

mice were randomly divided into four groups: a SHAM group (injected with a negative 100 

control using PBS as vehicle); an ALF group (used as the positive control); a group of 101 

ALF + low dose of SKN (ALF mice treated with a low dose of SKN); and a group of 102 

ALF + high dose of SKN (ALF mice treated with a high dose of SKN). SKN was 103 

extracted from Boraginaceous plants and the purity was 99.3%. To establish the ALF 104 

mouse model, the mice were given intraperitoneal injections of 10 μg/kg of LPS (Sigma-105 

Aldrich, St Louis, MO) and 400 mg/kg of D-GalN (Sigma-Aldrich, St Louis, MO). In 106 

addition, the mice in the SKN groups were administered with 1.0 mg/kg (high dose group 107 

of SKN) and 0.5 mg/kg (low dose group of SKN) SKN via the tail vein injection 108 

immediately after stimulation with LPS and GalN. During the experiment, LPS 109 

intraperitoneal injections were given for 3 days once a day, followed by another 7 110 

consecutive days of SKN injection for the ALF + low/high dose of SKN, as described 111 

previously with slight modification [38]. By the end of the 10-day drug administration, 112 

the animals were euthanized via cervical dislocation and their serum as well as liver 113 

tissue samples were harvested to evaluate the status of liver damages as well as the 114 

expression of various target genes to be analyzed in this study. 115 
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RNA isolation and real-time PCR 116 

In this paper, a miRNeasy Mini assay kit (Qiagen, Germantown, MD) was used to isolate 117 

miRNA content from collected serum, tissue and cell samples (<200 nt) in accordance 118 

with the instructions of the kit manufacturer. In addition, total RNA content in all 119 

samples was isolated using a Trizol reagent (Invitrogen, Carlsbad, CA). In the next step, 120 

isolated miRNA or total RNA samples were reversely transcribed into cDNA using a 121 

SuperScript III reverse transcription assay kit (Invitrogen, Carlsbad, CA) in conjunction 122 

with random primers based on the protocol suggested by the manufacturer. Subsequently, 123 

real-time PCR was carried out using a SYBR Green Master Mix (Toyobo, Osaka, Japan) 124 

to determine the relative expression of miR-106, miR-34a, MCL1, SIRT1 as well as 125 

TP53 in various samples. During the calculation of relative expression of target genes 126 

using the ΔCt method, the expression of U6 (for miRNAs) and GAPDH (for mRNAs) 127 

served as the internal control. 128 

Cell culture and treatment 129 

LO2 cells were acquired from the Cell Bank of the Chinese Academy of Sciences 130 

(Shanghai, China) and maintaining in an environment of 37 oC, 5% CO2, 95% air, and 131 

saturated humidity. The culture medium was ordinary DMEM (Gibco, Thermo Fisher 132 

Scientific, Waltham, MA) added with 10% fetal bovine serum and appropriate antibiotics. 133 

When the cells reached more than 60% confluency, they were divided into three groups, 134 

i.e., a negative control group, a 1 mM SKN group as well as a 5 mM SKN group. The 135 

cells in the negative control group were treated with PBS, while the cells in the SKN 136 

groups were treated with the corresponding concentrations of SKN. The cells were 137 

treated for 48 h in the presence of PBS or SKN, and were then harvested to assay their 138 

expression of different target genes. 139 

Vector construction, mutagenesis and luciferase assay 140 

Since miR-34a and miR-106 were shown previously to regulate the expression of SIRT1 141 

and MCL1, respectively, a luciferase assay was carried out in this study to determine the 142 

regulatory relationship between miR-34a and SIRT1 as well as the regulatory relationship 143 

between miR-106 and MCL1. In brief, the promoters of MCL1 and SIRT1 containing 144 
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binding sites for miR-106 and miR-34a, respectively, were amplified and cloned into 145 

pcDNA vectors (Promega, Madison, WI) to generate wild type vectors of  MCL1 and 146 

SIRT1, respectively. Then, site-directed mutagenesis was carried out using a Quick 147 

Change II mutagenesis assay kit (Stratagene, San Diego, CA) following the standard 148 

protocol contained in kit manual. LO2 cells were then cultured to reach the logarithmic 149 

growth before they were co-transfected with vectors carrying miR-34a and SIRT1, or 150 

with vectors carrying miR-106 and MCL1. The transfection was carried out using 151 

Lipofectamine 3000. Forty eight hours after the start of transfection, the luciferase 152 

activity of transfected cells was measured with a Light Switch luciferase assay kit 153 

(Switchgear Genomics, Menlo Park, CA) following kit instructions. 154 

TUNNEL staining 155 

The apoptotic status of hepatocytes in collected liver tissue samples was evaluated using 156 

a TUNNEL staining kit (Thermo Fisher Scientific, Waltham, MA) in accordance with the 157 

instructions provided by the manufacturer. 158 

Western blot analysis 159 

Western blot was carried out to determine the protein expression of MCL1, SIRT1 as 160 

well as TP53 in collected samples. In brief, the samples were lysed in a RIPA buffer 161 

(Beyotime, Wuhan, China) and centrifuged to collect the supernatant, which was used as 162 

the protein sample and loaded onto the 10% SDS-PAGE gel. After being resolved by the 163 

10% SDS-PAGE gel, the resolved proteins were blotted onto a PVDF membrane 164 

(Millipore, Burlington, MA), washed with PBS, blocked with 5% skim milk, incubated 165 

consecutively with primary anti-MCL1 (dilution 1:1000, Abcam, Cambridge, MA), anti-166 

SIRT1 (dilution 1:1000, Abcam, Cambridge, MA) as well as anti-TP53 antibodies 167 

(dilution 1:1000, Abcam, Cambridge, MA) and secondary HRP-conjugated antibodies 168 

(dilution 1:2000, Abcam, Cambridge, MA). Finally, after colorization with an enhanced 169 

chemiluminescence reagent, the protein bands of MCL1, SIRT1 as well as TP53 were 170 

analyzed under a Bio-Rad imager (Bio-Rad Laboratories, Hercules, CA). The protein 171 

expression of β-actin was used as the internal control to calculate the relative expression 172 

of MCL1, SIRT1 as well as TP53 in various samples. 173 
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Statistical analysis 174 

The analysis of experimental results was carried out using the version 17.0 SPSS 175 

software (SPSS, IBM, Chicago, IL) in conjunction with version 8.0 Prism software 176 

(Graphpad Software, La Jolla, CA). Student's t-test was applied to compare the data 177 

between two groups following the normal distribution, while the non-parametric Mann–178 

Whitney U-test was applied to compare the data between two groups not following the 179 

normal distribution. The Spearman’s correlation coefficient was utilized to evaluate the 180 

regulatory correlation between a miRNA and its target mRNA. A P value of 0.05 181 

indicated statistical significance. 182 

Results 183 

Shikonin reduced liver inflammation in a dose-dependent manner 184 

In this study, an ALF mouse model was established with C57BL/6J mice. As shown in 185 

Fig. 1, the serum levels of ALT and AST were the lowest in the control group and the 186 

highest in the ALF group. Treatment with SKN decreased the levels of ALT and AST to 187 

a certain extent, while the effect of SKN increased as its dose increased. Moreover, to 188 

quantify the status of hepatocyte apoptosis of the animal groups, TUNEL staining results 189 

showed that the treatment with SKN could significantly decrease the number of apoptotic 190 

hepatocytes in a dose-dependent manner (Fig.2). These results suggested that SKN may 191 

protect liver during ALF via reducing the level of inflammation. 192 

Expression level of miR-106 and miR-34a in liver tissues among various groups of 193 

the mice model 194 

It was shown that the treatment with SKN suppresses the expression of miR-106 and 195 

miR-34a. Subsequently, the liver tissues of mice in various groups were collected for RT-196 

qPCR to test the expression levels of miR-106 and miR-34a. As shown in Fig.3, miR-106 197 

and miR-34a expression was reduced by SKN in a dose-dependent manner. 198 

Furthermore, MCL1 and SIRT1 have been identified as targets of miR-106 and miR-34a, 199 

respectively, while SIRT1 acts as a regulator of TP53. Thus, we conducted RT-qPCR and 200 

Western-blot analyses to compare the mRNA/protein levels of MCL1, SIRT1 and TP53 201 
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among the four groups. The mRNA and protein levels of MCL1(Fig.4A, Fig.5A and B) 202 

decreased in the ALF mouse model, while the treatment with SKN reversed the effects of 203 

ALF in a dose-dependent manner. The same tendency was observed in the 204 

mRNA/protein levels of SIRT1 and TP53 (Fig.4B, Fig.4C, Fig.5A, Fig.5C, and Fig.5D).  205 

Verification of the miR-106/MCL1 and miR-34a/SIRT1 signaling pathways 206 

TargetScan, Pictar-Vert, and Microrna.Org were employed to predict the potential targets 207 

of miR-106 and miR-34a. MiR-106 contains a binding site for MCL1 (Figure 6A) while 208 

miR-34a contains a binding site for SIRT1 (Figure 6C). To confirm the prediction, we 209 

constructed vectors containing wild-type or mutant MCL1/SIRT1 and co-transfected 210 

them into LO2 cells with miR-106/miR-34a or miR-106/miR-34a NC. As shown in 211 

Figures 6B and 6D, co-transfection of wild type MCL1 and miR-106, or co-transfection 212 

of wild-type SIRT1 and miR-34a significantly decreased the relative luciferase activity in 213 

LO2 cells, confirming the binding of miR-106 and miR-34a to MCL1 and SIRT1, 214 

respectively.  215 

SKN plays its role in a dose-dependent manner 216 

The effects of SKN on miR-106/miR-34a promotors were assessed. LO2 cells were 217 

treated with 1mM or 5mM of SKN before the relative luciferase activity of miR-218 

106/miR-34a was measured. As shown in Fig.7, the luciferase activity which indicated 219 

the expression of miR-106 (Fig.7A) and miR-34a (Fig.7B) was decreased over a higher 220 

dose of SKN.  221 

In addition, the mRNA levels of miR-106 and miR-34a were analyzed using RT-qPCR. 222 

Compared with the control, the expression levels of miR-106 (Fig.8A) and miR-34a 223 

(Fig.8B) decreased over a higher dose of SKN. The expression levels of downstream 224 

genes of miR-106 and miR-34a were also detected. The mRNA and protein levels of 225 

MCL1 (Fig8C, F and G) and SIRT1 (Fig8D, F and H) increased as the SKN 226 

concentration increased, while the mRNA and protein levels of TP53(Fig8E, F and I) 227 

decreased as the SKN concentration increased. Taken together, SKN slowed down ALF 228 

in a dose-dependent manner by reducing the activity of miR-106 and miR34a promoters 229 

while inhibiting the expression of their downstream genes (MCL1, SIRT1 and TP53).  230 
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Discussion 231 

As a natural compound isolated from the root of Lithospermum erythrorhizon, shikonin 232 

(SHK) can exert various pharmacological effects, such as anti-bacterial, anti-233 

inflammatory, as well as anti-cancer effects [39]. SHK also plays an essential role in the 234 

regulation of inflammation by exerting a potent anti-inflammatory effect. In addition, 235 

SHK effectively suppresses the inflammation in the airways by inhibiting the maturation 236 

of bone marrow derived dendritic cells (BM-DC) [40].  In this study, a mouse model of 237 

ALF was treated with high and low doses of SKN. We found that the serum levels of 238 

ALT and AST were the lowest in the control group and the highest in the ALF group. 239 

Treatment with SKN decreased the levels of ALT and AST in a dose-dependent manner. 240 

In addition, the treatment with SKN also significantly decreased the number of apoptotic 241 

hepatocytes. Meanwhile, miR-106 and miR-34a levels in ALF mice were reduced by 242 

treatment with SKN in a dose-dependent manner. 243 

The down-regulation of miR-106b induced by SHK can modulate the PTEN/AKT/Mtor 244 

signaling pathway in EEC cells. Moreover, the treatment by SHK obviously increased the 245 

expression of PTEN while decreasing the expression of p-AKT as well as p-mTOR , 246 

although the effects of SHK can be significantly blocked by the over-expression of miR-247 

106b (P < 0.01). These data suggested that SHK is able to repress the PTEN/AKT/mTOR 248 

signaling pathway in human EEC cells, but its activity is impaired by the over-expression 249 

of miR-106b. In this study, bioinformatic methods showed that miR-106 contained a 250 

binding site for MCL1 while miR-34a contained a binding site for SIRT1. Luciferase 251 

assay revealed that the wild type MCL1/SIRT1 significantly decreased the relative 252 

luciferase activity of miR-106/miR-34a. In addition, the luciferase activity of miR-106 253 

and miR-34a decreased by SKN in a dose-dependent manner along with the mRNA 254 

levels of miR-106 and miR-34a. The mRNA and protein levels of MCL1 (Fig8C, F and 255 

G) and SIRT1 (Fig8D, F and H) increased as the SKN concentration increased, while the 256 

mRNA and protein levels of TP53(Fig8E, F and I) decreased as the SKN concentration 257 

increased.  258 

MCL1 expression is often elevated in human cancers, including NSCLC, breast cancer, 259 

as well as AML. An anti-apoptotic factor in the BCL2 family, MCL1 acts as a crucial 260 
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target in cancer therapies [41, 42]. In addition, MCL1 exerts certain anti-apoptotic effects 261 

by inhibiting the expression of pro-apoptotic proteins BAX and BAK [43]. After the 262 

treatment with demethylzeylasteral, the expression of MCL1 is reduced while the 263 

apoptosis of melanoma cells is promoted. Since Mcl-1 plays a protective role while JNK 264 

functions as the mediator in a wide range of stimuli, the combination of JNK and Mcl-1 265 

can play a critical role in the survival of cells [44, 45]. 266 

The expression of miR-34a is elevated upon the induction of adipogenesis, while the 267 

expression of miR-34a is inhibited by SHK. Furthermore, the expression level of 268 

FKBP1B mRNA is reduced during the process of adipogenesis, while the treatment with 269 

SHK can increase the expression level of FKBP1B mRNA by suppressing the expression 270 

of mir-34a [33]. Pterostilbene can recover the expression of Sirt1 by inhibiting the 271 

expression of miR-34a, thus attenuating the EMT of hepatocytes [37]. Pterostilbene can 272 

also suppress the activation of the TGF-β1/Smads and miR-34a/Sirt1/p53 signaling 273 

pathways in cultured hepatocytes upon stimulation with fructose [37]. 274 

P53 regulates the expression of miR-34a and modulates the expression of various 275 

proteins involved in cell cycle progression, cell apoptosis, and cell differentiation [46, 47]. 276 

The activation of the signaling pathway of miR-34a/Sirt1/p53 in liver cells can induce 277 

apoptosis and subsequently promote liver fibrosis by activating the stellate cells in the 278 

liver [48]. In this study, RT-qPCR and Western-blot analyses showed that the mRNA and 279 

protein levels of MCL1 and SIRT1 decreased in the ALF mouse model, while the 280 

treatment with SKN reversed the effects of ALF by increasing the mRNA/protein levels 281 

of MCL1 and SIRT1 while reducing the mRNA and protein levels of TP53. 282 

Resveratrol can play a cyto-protective role in hepatocytes through different routes [49]. 283 

In addition, the expression of SIRT1 can be regulated by resveratrol, which can bind to 284 

the N-terminal of SIRT1 proteins to suppress the activation of various transcription 285 

factors including NF-κB [50]. The expression of KLF6 is elevated in liver tissues 286 

undergoing regeneration to activate the autophagy in these cells. In addition, KLF6 acts 287 

as a potent inhibitor of hepatocyte growth after autophagy is activated in hepatocytes [51]. 288 

The wild type p53 gene can induce apoptosis by inducing the arrest of cell cycle while 289 

promoting apoptosis [52]. In addition, as a key mediator in the transduction of apoptotic 290 
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signals, P53 proteins are involved in determining the integrity of DNA in cells. In fact, in 291 

the presence of DNA damages, the expression of p53 is elevated to terminate ongoing 292 

cell proliferation and to promote the repair of DNA damages. On the other hand, in the 293 

presence of severe DNA damages that cannot be fully repaired, the level of p53 protein 294 

expression continues to rise to promote cell apoptosis [53].  295 

Conclusion 296 

In summary, miR-106 helped to prevent acute liver failure by direct targeting MCL1, a 297 

negative regulator of acute liver failure, while miR-34a helped to prevent acute liver 298 

failure by direct targeting SIRT, a negative regulator of TP53. In addition, SKN 299 

modulates acute liver failure by regulating miR-106/MCL1 and miR-34a/SIRT1/TP53 300 

signaling. Therefore, SKN may be used as a potential agent in the prevention of acute 301 

liver failure. 302 
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Figure legends 305 

Figure 1 306 

SKN decreased serum levels of ALT and AST in a dose-dependent manner (* P value < 307 

0.05 vs. SHAM group; ** P value < 0.05 vs. ALF group). 308 

A: serum levels of ALT in SHAM, ALF, ALF+SKN (low dose group) and ALF+SKN 309 

(high dose group) groups; 310 

B: serum levels of AST in SHAM, ALF, ALF+SKN (low dose group) and ALF+SKN 311 

(high dose group) groups; 312 

Figure 2 313 

Detection of hepatocyte apoptosis by TUNEL staining in SHAM, ALF, ALF+SKN (low 314 

dose group) and ALF+SKN (high dose group) groups (Magnification: ×200). 315 

Figure 3 316 
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Expression levels of miR-106 and miR-34a among mice liver tissues of SHAM, ALF, 317 

ALF+SKN (low dose group) and ALF+SKN (high dose group) groups. 318 

A: Expression levels of miR-106 in mice liver tissues among SHAM, ALF, ALF+SKN 319 

(low dose group) and ALF+SKN (high dose group) groups; 320 

B: Expression levels of miR-34a in mice liver tissues among SHAM, ALF, ALF+SKN 321 

(low dose group) and ALF+SKN (high dose group) groups. 322 

Figure 4 323 

mRNA levels of MCL1, SIRT1and TP53 in mice liver tissues among SHAM, ALF, 324 

ALF+SKN (low dose group) and ALF+SKN (high dose group) groups (* P value < 0.05 325 

vs. SHAM group; ** P value < 0.05 vs. ALF group). 326 

A: mRNA levels of MCL1 in mice liver tissues among SHAM, ALF, ALF+SKN (low 327 

dose group) and ALF+SKN (high dose group) groups; 328 

B: mRNA levels of SIRT1 in mice liver tissues among SHAM, ALF, ALF+SKN (low 329 

dose group) and ALF+SKN (high dose group) groups; 330 

C: mRNA levels of TP53 in mice liver tissues among SHAM, ALF, ALF+SKN (low 331 

dose group) and ALF+SKN (high dose group) groups. 332 

Figure 5 333 

protein levels of MCL1, SIRT1and TP53 in mice liver tissues among SHAM, ALF, 334 

ALF+SKN (low dose group) and ALF+SKN (high dose group) groups (* P value < 0.05 335 

vs. SHAM group; ** P value < 0.05 vs. ALF group). 336 

A: protein levels of MCL1, SIRT1and TP53 in mice liver tissues among SHAM, ALF, 337 

ALF+SKN (low dose group) and ALF+SKN (high dose group) groups; 338 

B: relative density of MCL1 proteins in mice liver tissues among SHAM, ALF, 339 

ALF+SKN (low dose group) and ALF+SKN (high dose group) groups; 340 

C: relative density of SIRT1 proteins in mice liver tissues among SHAM, ALF, 341 

ALF+SKN (low dose group) and ALF+SKN (high dose group) groups; 342 
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D: relative density of TP53 proteins in mice liver tissues among SHAM, ALF, 343 

ALF+SKN (low dose group) and ALF+SKN (high dose group) groups; 344 

Figure 6 345 

Luciferase assay carried out to verify the targets of MCL1, miR-106, miR-34a and SIRT1 346 

(* P value < 0.05 vs. miR-NC group) 347 

A: predicted bind sites between MCL1 and miR-106 348 

B: luciferase activity of miR-106 in LO2 cells co-transfected with wild-type/ mutant 349 

MCL1 and miR-106 or miR-106 NC. 350 

C: predicted bind sites between SIRT1 and miR-34a 351 

D: luciferase activity of miR-34a in LO2 cells co-transfected with wild-type/ mutant 352 

SIRT1 and miR-34a or miR-34a NC. 353 

Figure 7 354 

The effects of SKN on miR-106/miR-34a promotors in LO2 cells treated with 1mM or 355 

5mM of SKN  (* P value < 0.05 vs. control group). 356 

A: luciferase activity of miR-106 in LO2 cells treated with control and 1mM or 5mM of 357 

SKN; 358 

B: luciferase activity of miR-34a in LO2 cells treated with control and 1mM or 5mM of 359 

SKN. 360 

Figure 8 361 

The effects of SKN on the expression of miR-106, miR-34a, MCL1, SIRT1and TP53 in 362 

LO2 cells treated with 1mM or 5mM of SKN (* P value < 0.05 vs. control group). 363 

A: Expression levels of miR-106 in LO2 cells treated with control and 1mM or 5mM of 364 

SKN; 365 

B: Expression levels of miR-34a in LO2 cells treated with control and 1mM or 5mM of 366 

SKN; 367 
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C: mRNA levels of MCL1 in LO2 cells treated with control and 1mM or 5mM of SKN; 368 

D: mRNA levels of SIRT1 in LO2 cells treated with control and 1mM or 5mM of SKN; 369 

E: mRNA levels of TP53 in LO2 cells treated with control and 1mM or 5mM of SKN; 370 

F: protein levels of MCL1, SIRT1and TP53 in LO2 cells treated with control and 1mM or 371 

5mM of SKN; 372 

G: relative density of MCL1 proteins in LO2 cells treated with control and 1mM or 5mM 373 

of SKN; 374 

H: relative density of SIRT1 proteins in LO2 cells treated with control and 1mM or 5mM 375 

of SKN; 376 

I: relative density of TP53 proteins in LO2 cells treated with control and 1mM or 5mM of 377 

SKN; 378 
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Figure 1
SKN decreased serum levels of ALT and AST in a dose-dependent manner (* P value <
0.05 vs. SHAM group; ** P value < 0.05 vs. ALF group).
A: serum levels of ALT in SHAM, ALF, ALF+SKN (low dose group) and ALF+SKN (high
dose group) groups;
B: serum levels of AST in SHAM, ALF, ALF+SKN (low dose group) and ALF+SKN (high
dose group) groups.
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Figure 2
Detection of hepatocyte apoptosis by TUNEL staining in SHAM, ALF, ALF+SKN (low dose
group) and ALF+SKN (high dose group) groups (Magnification: ×200).
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Figure 3
Expression levels of miR-106 and miR-34a among mice liver tissues of SHAM, ALF,
ALF+SKN (low dose group) and ALF+SKN (high dose group) groups.
A: Expression levels of miR-106 in mice liver tissues among SHAM, ALF, ALF+SKN (low
dose group) and ALF+SKN (high dose group) groups;
B: Expression levels of miR-34a in mice liver tissues among SHAM, ALF, ALF+SKN (low
dose group) and ALF+SKN (high dose group) groups.
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Figure 4
mRNA levels of MCL1, SIRT1and TP53 in mice liver tissues among SHAM, ALF, ALF+SKN
(low dose group) and ALF+SKN (high dose group) groups (* P value < 0.05 vs. SHAM
group; ** P value < 0.05 vs. ALF group).
A: mRNA levels of MCL1 in mice liver tissues among SHAM, ALF, ALF+SKN (low dose
group) and ALF+SKN (high dose group) groups;
B: mRNA levels of SIRT1 in mice liver tissues among SHAM, ALF, ALF+SKN (low dose
group) and ALF+SKN (high dose group) groups;
C: mRNA levels of TP53 in mice liver tissues among SHAM, ALF, ALF+SKN (low dose
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group) and ALF+SKN (high dose group) groups.

Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Figure 5
protein levels of MCL1, SIRT1and TP53 in mice liver tissues among SHAM, ALF, ALF+SKN
(low dose group) and ALF+SKN (high dose group) groups (* P value < 0.05 vs. SHAM
group; ** P value < 0.05 vs. ALF group).
A: protein levels of MCL1, SIRT1and TP53 in mice liver tissues among SHAM, ALF,
ALF+SKN (low dose group) and ALF+SKN (high dose group) groups;
B: relative density of MCL1 proteins in mice liver tissues among SHAM, ALF, ALF+SKN
(low dose group) and ALF+SKN (high dose group) groups;
C: relative density of SIRT1 proteins in mice liver tissues among SHAM, ALF, ALF+SKN
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(low dose group) and ALF+SKN (high dose group) groups;
D: relative density of TP53 proteins in mice liver tissues among SHAM, ALF, ALF+SKN (low
dose group) and ALF+SKN (high dose group) groups.
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Figure 6
Luciferase assay carried out to verify the targets of MCL1, miR-106, miR-34a and SIRT1 (*
P value < 0.05 vs. miR-NC group)
A: predicted bind sites between MCL1 and miR-106
B: luciferase activity of miR-106 in LO2 cells co-transfected with wild-type/ mutant MCL1
and miR-106 or miR-106 NC.
C: predicted bind sites between SIRT1 and miR-34a
D: luciferase activity of miR-34a in LO2 cells co-transfected with wild-type/ mutant SIRT1
and miR-34a or miR-34a NC.
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Figure 7
The effects of SKN on miR-106/miR-34a promotors in LO2 cells treated with 1mM or 5mM
of SKN  (* P value < 0.05 vs. control group).
A: luciferase activity of miR-106 in LO2 cells treated with control and 1mM or 5mM of SKN;
B: luciferase activity of miR-34a in LO2 cells treated with control and 1mM or 5mM of SKN.
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Figure 8
The effects of SKN on the expression of miR-106, miR-34a, MCL1, SIRT1and TP53 in LO2
cells treated with 1mM or 5mM of SKN (* P value < 0.05 vs. control group).
A: Expression levels of miR-106 in LO2 cells treated with control and 1mM or 5mM of SKN;
B: Expression levels of miR-34a in LO2 cells treated with control and 1mM or 5mM of SKN;
C: mRNA levels of MCL1 in LO2 cells treated with control and 1mM or 5mM of SKN;
D: mRNA levels of SIRT1 in LO2 cells treated with control and 1mM or 5mM of SKN;
E: mRNA levels of TP53 in LO2 cells treated with control and 1mM or 5mM of SKN;
F: protein levels of MCL1, SIRT1and TP53 in LO2 cells treated with control and 1mM or
5mM of SKN;
G: relative density of MCL1 proteins in LO2 cells treated with control and 1mM or 5mM of
SKN;
H: relative density of SIRT1 proteins in LO2 cells treated with control and 1mM or 5mM of
SKN;
I: relative density of TP53 proteins in LO2 cells treated with control and 1mM or 5mM of
SKN.
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