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ABSTRACT 

Background: Long-term high-fat diet (HFD) feeding, which can induce obesity, can also 

induce nonalcoholic steatohepatitis (NASH) and liver tumorigenesis. A previous study 

reported that concentrated Kurozu (CK) supplementation reduced the incidence of 

HFD-induced hepatic steatosis in mice. It was showed that CK supplementation improved 

dyslipidemia in animal and clinical study. Small noncoding RNAs, micro RNAs (miRs), play 

crucial roles in the biology of cell functions, lipid metabolism and neoplasms. However, the 

effect of CK treatment on the relationship between HFD and expression of miRs is unclear. 

 

Objective: To evaluate changes in the expression of hepatic miRs and lipid metabolism- 

associated genes on administering a HFD for 60 weeks in C57BL6J mice. The onset of 

hepatic steatosis induced by HFD treatment was also observed. 
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Methods: The mice received a HFD, HFD with CK, or standard diet (SD) for 60 consecutive 

weeks. The effect of CK treatment on the expression levels of lipid metabolism-associated 

genes in the liver was evaluated. 

 

Results: HFD feeding significantly increased expression of Tnf, and significantly decreased 

Adipoq and Mlxipl in the liver. The ingestion of CK elevated the expression levels of Pgc-1α 

and Igfbp1 in the liver compared with the SD group. HFD feeding significantly increased the 

expression of miR-488-5p, and significantly decreased miR-29b and -122a-5p in the liver. 

The ingestion of CK elevated the expression levels of miR-34a, -149-3p, and -181a-5p in the 

liver compared with the SD group. Expression levels of miR-488-3p in the serum HFD group 

were significantly higher than in the SD group. The ingestion of CK elevated the expression 

levels of miR-181a-5p in the serum compared with the SD group. 

 

Conclusion: These results suggest that CK supplementation reduced the onset of hepatic 

hyperplasia, and increased hepatic miR-34a, -149-3p, and -181a-5p. These miRs may 

function as suppressors of tumors caused by HFD feeding. 

 

Key Words:  High-fat diet, carcinogenesis, Kurozu, microRNA, miR-34a, miR-122a-5p, 

miR-149, miR-181a, miR-488 

 

BACKGROUND: 

Black unpolished rice vinegar, Kurozu, is a traditional vinegar with a dark amber color. 

Kurozu is a widely used seasoning, and it has been commonly used as a healthcare 

supplement. Previous studies reported that concentrated Kurozu (CK) reduced the onset of 

hepatic steatosis following high-fat diet ingestion [1], improved the symptoms of 

hypertension, allergies, and hypercholesterolemia [2], enhanced carbohydrate metabolism [3], 

and inhibited tumor growth [4-6]. Tanizawa H et al. reported that Kurozu showed effects of 

decreasing serum cholesterol levels in both normal and high cholesterol diet-fed mice [7]. In 

a case study, the extract of Kurozu treatment showed significant decrease of total cholesterol 

in patients with cardiovascular disease [8]. Hamadate N et al. reported that concentrated 

Kurozu supplementation significantly decreased body weight and nearly significant 

decreased values of body mass index in healthy adults with obesity, and decreased hip 

circumference and fat-derived energy consumption increased while suppressing 

carbohydrate-derived energy consumption in obesity healthy subjects [9]. Abe A et al. 

reported that Kurozu decreased visceral fat accumulation in obese healthy subjects [10]. 

These reports suggest CK supplementation has significant effect on dyslipidemia. 
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Excessive and long-term intake of alcohol is a representative cause of fatty liver. 

Non-alcoholic fatty liver disease (NAFLD) is a hepatic manifestation of metabolic syndrome 

that develops regardless of the level of alcohol intake. NAFLD is accompanied by obesity, 

diabetes, high blood pressure, and dyslipidemia [11-13]. NAFLD often considered a 

relatively benign condition, will progress to more severe stages of liver disease including 

NASH (non-alcoholic steatohepatitis) with or without fibrosis. NAFLD is a major etiology of 

hepatocellular carcinoma, based on the rising prevalence of obesity [14]. Oxidative stress 

promotes hepatocyte cell death and activation of inflammatory pathways, including 

expression of the pro-inflammatory cytokine tumor necrosis factor (TNF), which leads to 

advanced fibrosis and cirrhosis [15, 16]. 

MicroRNAs (miRs) are short non-coding RNAs involved in post-transcriptional 

regulation of genes. miRs can bind to bind to complementary target sites in mRNA genes and 

can cause translation repression, cleavage, deadenylation, or degradation of target mRNA 

genes [17-19]. Recently, miRs have been reported to be important regulatory players in a 

variety of biological processes, including complex metabolic processes, such as energy and 

lipid metabolism in the context of diabetes and obesity. Mitochondrial function has been 

firmly linked to obesity; for example, mitochondrial dysfunction leads to a decrease in 

substrate oxidation, particularly fatty acids, resulting in lipid accumulation. miRs have been 

recognized as regulators of mitochondrial function [20]. Accumulating evidence indicates 

that miRs also play an integral role in adipose tissue formation and function [21]. It was 

reported that alteration of miR expression in response to genetic/epigenetic factors or 

environmental conditions may contribute to steatosis onset and NAFLD progression [22, 23]. 

miRs have been identified in serum, and plasma and are stable in the circulation. miRs are 

preferentially packaged and released in exosomes. Exosomes are small vesicles (30–90 nm) 

that are released from many cellular types into extracellular spaces. miRs in serum are 

emerging as non-invasive diagnostic and prognostic biomarkers [22, 24]. 

The miRs affect cancer biology, including cell proliferation, adhesion, invasion, and 

apoptosis [25]. miR-34a is recognized as a tumor suppressor and its ability to regulate the 

expression of multiple targets has been implicated in tumorigenesis and cancer progression 

[26]. miR-149 also has a potential role in cancer proliferation, apoptosis, migration, and 

invasion [27]. miR-29b, 122a, 143, 181a, 488-5p, and 543-2 also play potential roles in the 

biology of cancer and lipid metabolism. 

In the present study, the effect of CK supplementation on miR expression was evaluated 

in mice fed a high-fat diet. The effect of miR expression on tumorigenesis in high-fat diet-fed 

mice was also evaluated. 
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METHODS: 

Reagents 

Concentrated Kurozu (CK) from a jar (10-fold concentration) was obtained from Sakamoto 

Kurozu, Inc. (Kagoshima, Japan).  CK contained 1.73% lactic acid, 0.01% acetic acid, and 

17.4% of solid contents. PCR primers were obtained from Fasmac Co., Ltd. (Atsugi, Japan).  

The PCR primers are shown in Table 1. The real-time PCR master mix, THUNDERBIRD 

SYBR qPCR Mix and reverse transcriptase, ReverTra Ace, were purchased from TOYOBO 

Co., Ltd. (Osaka, Japan).  The miScript Primer Assays and miScript II RT Kit were 

purchased from Qiagen (Valencia, CA, USA). All other reagents were purchased from Wako 

Pure Chemical Industries (Osaka, Japan). 

 

Diets 

A standard-diet (SD) feed, CE-2, and high-fat diet (HFD) feed (QuickFat®) were purchased 

from CLEA Japan, Inc. (Tokyo, Japan). CE-2 contains 3.40 kcal/g, and 4.8% fat and was 

made from soy beans and wheat germ. QuickFat contains 4.06 kcal/g, and 13.9% fat and was 

made from cattle suet and wheat germ. The HFD with CK diet contained a concentration of 

0.6% CK (W/W) according to a previous report. The concentration of Kurozu in feed was 

configured to a 1-day average amount of food ingested by a mouse and the standard intake 

volume of Kurozu for humans as 30 mL per day. The ingested amount of Kurozu forage per 

mouse per day corresponded to the average intake in humans per body surface area. [1, 28].  

 

Animals 

Male C57BL6J mice (10 weeks old, Hokudo, Sapporo, Japan) were housed under standard 

conditions (21 ± 2ºC, ventilated room, 12-h light/dark cycle). The chronic treatment for 60 

weeks was performed as follows: the animals were given free access to food and water during 

the experimental period; the SD group was given CE-2, the HFD group was given QuickFat, 

and the CK group was given CK-containing QuickFat. The calorie intake was calculated 

based on the decrease in the weight of the feed once a week. Mice were terminated by 

exsanguination after blood collection. The target tissues were promptly removed and stored to 

stabilize and protect cellular RNA in RNAlater at –30°C until RT-PCR analysis. Serum 

prepared from each mouse was stored at 4°C until analysis. Hemolysate samples were 

excluded from samples for analysis. The present study was approved (approved number: 026) 

based on the criteria of Health Sciences University of Hokkaido for the use and care of 

experimental animals. The number of mice was calculated to observe significant difference 

under condition was at the 0.05 significance level (α), and at the 0.8 statistical power (β) 

according to the previous result [1]. 
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Assay and histological analysis 

Total RNA was isolated from target tissues using ISOGEN Reagent according to the 

manufacturer’s instructions. Single-stranded cDNA was synthesized by reverse-transcriptase 

(RT) using ReverTra Ace or miScript II RT Kit based on the manufacturer’s instructions. 

Real-time PCR was performed according to a previous report [1]. Beta-2-microglobulin 

(B2m) was analyzed as a reference gene for mRNA. MiR-16 was analyzed as a reference 

gene for miR [29, 30]. Biochemical analysis was performed by Oriental Yeast Co., Ltd. 

(Tokyo, Japan). The liver was fixed with 10% formalin neutral buffer solution. Paraffin 

sections were stained with hematoxylin-eosin by conventional methods. 

Table 1. The sequences of primers 

Gene Sense (5’ – 3’) Anti (5’ – 3’) 

B2m GACCGGCCTGTATGCTATCC TCAGTCTCAGTGGGGGTGAA 

Tnf GATCGGTCCCCAAAGGGATG ACAAGGTACAACCCATCGGC 

Sirt1 CCTTTCAGAACCACCAAAGCG GGCGAGCATAGATACCGTCT 

Pgc-1α AGCGGTTCTCACAGAGACAC GGTTTGGTGTGAGGAGGGTC 

Igfbp1 TCTGAGAGCCCAGAGATGACA GTAGACACACCAGCAGAGTCC 

Lpin1 GGAAAAGGAGGAGGAAGGCC TACGATGCTGACTGGGGGTA 

Adipoq ATGGCAGAGATGGCACTCCT GCCAGTGCTGCCGTCATAAT 

Mlxipl CACTCACCCACCTCTTCGAGA TCCCGGCATAGCAACTTGAGC 

RESULTS: 

Chronic treatment with Kurozu reduced the incidence of hepatic steatosis in high-fat 

diet-fed mice 

Ten-week-old C57BL6J mice were fed HFD containing CK for 60 weeks. The liver and 

blood were collected at 70 postnatal weeks. The HFD treatment significantly increased body 

weight compared with the SD group (Figure 1). Calorie intakes of the HFD with CK group 

was significantly higher than in the SD or HFD group (SD group: 10.09 ± 0.48 kcal/day, 

HFD group: 11.36 ± 0.25 kcal/day, HFD with CK group: 12.21 ± 0.37 kcal/day, standard 

error mean ± standard error. p<0.001, compared with SD group, p<0.01, compared with HFD 

group). Supplementation of CK significantly decreased body weight compared with the HFD 

group during postnatal weeks 15-19. Body weight of the HFD with CK group was higher 

than that of the HFD group, but significant differences were not observed. HFD feeding 

significantly elevated total cholesterol (T-CHO), low-density lipoprotein cholesterol (LDL-C), 

and high-density lipoprotein cholesterol (HDL-C) in the serum. No significant differences 

were noted in the values of alanine aminotransferase (ALT) or alkaline phosphatase (ALP) 

among the 3 groups. Supplementation of CK significantly increased the liver weight 

compared with the HFD group (Figure 2). HFD feeding significantly increased the incidence 
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of hepatic steatosis based on comparison among the 3 groups (p=0.021, Figure 2). 

Supplementation of CK suppressed the incidence of hepatic steatosis on HFD feeding 

(Figures 2 and 3). 

 

Figure 1. Body weight changes. The average weekly values of each group are shown. C57BL6J mice fed 

SD, HFD, or HFD with CK forage for 60 consecutive weeks. The body weight of HFD with CK group was 

significantly lower than in the HFD group during postnatal weeks 15-19. Statistical analysis was performed 

using the Tukey-Kramer test. 

 

Figure 2. Biochemical data on serum and liver weights. Each value is the mean ± standard error. *: 

p<0.05, **: p<0.01, ***: p<0.001, significantly different from the SD group, ###: p<0.001, significantly different from 



Functional Foods in Health and Disease 2020; 10(1): 1-17                             Page 7 of 17 
 

the HFD group, Tukey-Kramer test. a, T-CHO: total cholesterol; b, LDL-C: low-density lipoprotein cholesterol; 

c, HDL-C: high-density lipoprotein cholesterol; d, ALT: alanine aminotransferase; e, ALP: alkaline phosphatase; 

f, whole liver weight, CK supplementation significantly increased the liver weight compared with the SD or 

HFD group. 

 

CK treatment altered expression levels of metabolism-related genes in the liver 

To evaluate the effects of CK treatment on expression levels of metabolism-related genes. 

Expression levels of mRNA and miR were evaluated by real-time PCR analysis. HFD 

treatment significantly increased the mRNA expression levels of Tnf, but decreased Adipoq 

and Mlxipl in the liver. CK supplementation significantly increased the mRNA expression 

levels of Pgc-1α and Igfbp1 in the liver (Table 2).  

HFD treatment significantly increased the miR expression levels of miR-488-5p, but 

decreased miR-29b and miR-122a-5p in the liver. CK supplementation significantly increased 

the miR expression levels of miR-34a, miR-149-3p, and miR-181a-5p in the liver (Table 3). 

CK supplementation also increased the miR expression levels of miR-181a-5p in the serum 

(Table 4). 

 

Figure 3. Microscopic images and gross morphology of the liver. Upper images show the SD 

group. Middle image shows hepatic steatosis in the HFD group. The liver shows hyperplasia. Liver hyperplasia 

was observed in five of seven mice in the HFD group (p=0.021). It was not observed in SD and HFD with CK 

groups. Statistical analyses were performed using Fisher’s exact test. 
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Table 2. Alterations of mRNA expression in the liver relating to lipid metabolism following 

ingestion of CK in mice 

  SD HFD HFD with CK 

Tnf 1.00 ± 0.18 30.25 ± 8.70 * 24.54 ± 5.04 * 

Sirt1 1.00 ± 0.15 0.64 ± 0.11 0.66 ± 0.17 

Pgc-1α 1.00 ± 0.33 2.70 ± 0.64 5.95 ± 1.93 * 

Igfbp1 1.00 ± 0.24 1.55 ± 0.43 2.67 ± 0.47 * 

Lpin1 1.00 ± 0.24 0.65 ± 0.13 0.41 ± 0.17 

Adipoq 1.00 ± 0.16 0.05 ± 0.02 *** 0.04 ± 0.02 *** 

Mlxipl 1.00 ± 0.07 0.58 ± 0.05 ** 0.46 ± 0.07 *** 

    

C57BL6J mice received SD, HFD, or HFD with CK forage for 60 consecutive weeks. The values are ratios of 

target gene / B2m expression levels. Each value is the mean ± standard error. Statistical analyses were 

performed using the Tukey-Kramer test. Significantly different from the SD group: *: p<0.05, **: p<0.01, ***: 

p<0.001. 

 

Table 3. Alterations of miR expression in the liver related to lipid metabolism following 

ingestion of CK in mice 

  SD HFD HFD with CK 

miR-29b 1.00 ± 0.18 0.22 ± 0.02 ** 0.46 ± 0.10 * 

miR-34a-5p 1.00 ± 0.16 1.92 ± 0.42 5.01 ± 0.80 **, ## 

miR-122a-5p 1.00 ± 0.08 0.60 ± 0.06 ** 0.50 ± 0.04 ** 

miR-143 1.00 ± 0.16 0.91 ± 0.09 1.09 ± 0.31 

miR-149-3p 1.00 ± 0.15 1.14 ± 0.31 23.76 ± 9.35 *,# 

miR-181a-5p 1.00 ± 0.19 1.24 ± 0.20 3.61 ± 1.09 *, # 

miR-488-3p 1.00 ± 0.11 37.49 ± 7.57 * 43.08 ± 12.43 * 

miR-543-3p 1.00 ± 0.20 1.35 ± 0.58 1.35 ± 0.57 

C57BL6J mice received SD, HFD, or HFD with CK forage for 60 consecutive weeks. The values were 

calculated from the ratio of target gene / miR-16 expression levels. Each value is the mean ± standard error. 

Statistical analyses were performed using the Tukey-Kramer test. Significantly different from the SD group: *: 

p<0.05, **: p<0.01. Significantly different from the HFD group: #: p<0.05. 
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Table 4. Changes of miR expression in the serum related to lipid metabolism following 

ingestion of CK in mice 

  SD HFD HFD with CK 

miR-29b 1.00 ± 0.11 0.52 ± 0.11 0.68 ± 0.14 

miR-34a-5p 1.00 ± 0.15 1.02 ± 0.25 1.85 ± 0.33 

miR-122a-5p 1.00 ± 0.30 1.55 ± 0.41 1.64 ± 0.31 

miR-143 1.00 ± 0.18 0.44 ± 0.16 0.54 ± 0.11 

miR-149-3p 1.00 ± 0.20 0.94 ± 0.26 3.99 ± 2.04 

miR-181a-5p 1.00 ± 0.14 0.89 ± 0.24 9.74 ± 2.52 **, ## 

miR-488-3p 1.00 ± 0.20 21.21 ± 4.59 * 22.69 ± 6.40 * 

miR-543-3p 1.00 ± 0.18 0.84 ± 0.18 0.76 ± 0.14 

C57BL6J mice received SD, HFD, or HFD with CK forage for 60 consecutive weeks. The values were 

calculated from the ratio of target gene / miR-16 expression levels. Each value is the mean ± standard error. 

Statistical analyses were performed using the Tukey-Kramer test. Significantly different from the SD group: *: 

p<0.05, **: p<0.01. Significantly different from the HFD group: ##: p<0.01. 

 

DISCUSSION: 

In this study, mice were fed HFD with CK for 60 consecutive weeks to elucidate the 

contribution of miRs to the carcinogenicity of HFD feeding. HFD feeding significantly 

increased the body weight compared with the SD group. The body weight of the HFD with 

CK group was significantly lower than in the HFD group during postnatal weeks 15-19 

(Figure 1). A previous study reported that CK supplementation significantly suppressed body 

weight in mice [1]. Hamadate N, et al. reported that powdery concentrated Kurozu treatment 

for 12 weeks decreased the body weight of humans [8]. In old age, body weights were higher 

in the CK group than in the HFD group. A previous study also reported that CK 

supplementation reduced body weights in older age [1]. CK supplementation significantly 

increased the liver weight compared with the SD or HFD group (Figure 2f). Tong LT, et al. 

reported that CK treatment decreases the adipocyte size and the number of cells in 

subcutaneous adipose tissues of a CK-treated group was significantly increased compared 

with a control group [31]. It was estimated that the difference in liver weight may affect the 

difference in body weight. HFD feeding significantly increased the cholesterol concentration 

but not ALT or AST in the serum (Figure 2). Fukuayma N et al. reported that concentrated 

Kurozu supplementation inhibited inflammation and oxidative stress of ulcerative colitis 

induced by dextran sulfate sodium treatment at a dose of 0.32% (w/w) supplementation in 

forage [32]. Previous reports showed that CK supplementation improved cholesterol levels in 
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mice, and showed no significant differences levels of AST, ALP and T-CHO in the clinical 

study [7, 9, 11]. It was estimated that CK supplementation did not show hepatic toxicity from 

CK supplementation. 

HFD feeding significantly increased the onset of hepatic hyperplasia (Figure 3, middle 

images). Hyperplasia of the liver was only observed in the HFD group (number of site of 

hyperplasia / number of mice, HFD group, 5 / 7; HFD with CK group, 0 / 7; SD group, 0 / 7; 

p=0.021, Fisher’s exact test.). A previous study reported that CK supplementation reduced the 

onset of hepatic steatosis at 110 postnatal weeks [1]. The effect of Kurozu to prevent 

carcinogenesis has been reported in rats [6] and cell lines in vitro [6, 33]. The effect of CK to 

prevent carcinogenesis was also observed in this study. 

HFD feeding altered metabolism-associated genes in the liver. HFD feeding significantly 

increased expression levels of Tnf (TNF-α, Tumor Necrosis Factor). It was reported that HFD 

increased expression levels of Tnf [34]. Many studies have provided evidence that TNF 

derived from inflammatory liver macrophages is indispensable for NASH and steatohepatitic 

HCC development under HFD feeding [35]. HFD feeding significantly increased expression 

levels of Adipoq (Adiponectin). It was reported that HFD treatment decreased expression 

levels of Adipoq [36]. The same effects of the alteration of gene expression were observed in 

this study. CK supplementation significantly increased expression levels of Pgc-1α and 

Igfbp1. A previous study reported the same effect [1]. Alteration of expression levels of Sirt1 

and Lipin1 was not observed in this study. Mlxipl (MLX interacting protein like, also known 

as Chrebp) functions as a central metabolic coordinator in response to environmental and 

hormonal signals. Mlxipl forms a heterodimeric complex and binds and activates, in a 

glucose-dependent manner, carbohydrate response element motifs in the promoters of 

triglyceride synthesis genes [37]. In the liver in this study, Chronic treatment with a high-fat 

diet induced expression of Mlxipl. A previous study involving chronic treatment for 24 weeks 

demonstrated the same effect using microarray analysis (expression ratio: 0.13, Gene 

Expression Omnibus accession: GSE39549) [38].  

The miR-29b is known to critically affect cancer progression by functioning as a tumor 

suppressor. miR-29b induces apoptosis and inhibits metastasis in human cancer cells [39]. A 

recent study reported that within the miR-29 family, miR-29a levels in serum of NAFLD 

patients were significantly lower than in healthy controls [40]. In this study, HFD feeding 

significantly suppressed the expression of hepatic miR-29b. The effect of CK 

supplementation did not influence on the expression of miR-29b alteration. miR-34a-5p 

(previous ID: miR-34a, accession MIMAT0000542) is recognized as a tumor suppressor, and 

its ability to regulate the expression of multiple targets (e.g., Myc, P53, CDK4/6) has been 

implicated in tumorigenesis and cancer progression [26]. A previous cohort study reported 



Functional Foods in Health and Disease 2020; 10(1): 1-17                             Page 11 of 17 
 

that miR-34a was associated with NAFLD severity [24]. CK supplementation increased 

expression levels of hepatic miR-34a, resulting in a reduced incidence of hepatic steatosis 

induced by HFD. Shimoji Y, et al. reported that Kurozu contained polyphenolic compounds, 

such as dihydroferulic and dihydrosinapic acids, which exhibit antioxidative activities [41]. 

Treatment with the bioactive polyphenol Honokiol increased expression of miR-34a in breast 

cancer cells [42]. Polyphenolic compounds in CK may act as activators of miR-34a, but the 

mechanism is unclear. miR-122 (previous ID: miR-122a, accession MIMAT0000246) plays 

critical roles in liver homeostasis and hepatocarcinogenesis [43]. miR-143 was identified as a 

positive regulator of human adipocyte differentiation. miR-143 expression was increased in 

the mesenteric adipose of HFD-fed mice [44]. HFD feeding decreased hepatic miR-143 

expression, but alterations of miR-122a-5p and -143 expressions in the serum were not 

observed in this study. miR-149-3p (previous ID: miR-149*, accession MIMAT0016990) 

also has potential roles in cancer proliferation, apoptosis, migration, and invasion [23]. Shin 

CH, et al. reported that miR-149-3p inhibited clonogenicity and induced apoptotic cell death 

via Polo-like kinase 1 inhibition [45]. miR-149-3p also plays crucial roles in cell proliferation, 

migration, and invasion by inhibiting Foxm1 and S100A4 [46, 47]. The 

miR-149-3p-upregulating effect of CK may influence the development of hepatic hyperplasia. 

Recent research verified that miR-181a-5p (previous ID: miR-181a, accession 

MIMAT0000210) could modulate cell apoptosis by targeting apoptosis-related genes, 

including the Bcl-2 family, P53, ATM, PRKCD, PBX3, and RALA [48]. CK supplementation 

increased expression of hepatic miR-181a-5p, and the inhibitory effect of miR-181a-5p may 

affect the development hepatic hyperplasia. In this study, HFD feeding increased the 

expression of miR-488-3p (previous ID: miR-488, accession MIMAT0003450) in the liver. It 

is unclear whether HFD feeding affects miR-488 expression. Yu DL, et al. reported that Janus 

kinase 1 (JAK1) is a direct target of miR-488-3p [49]. Tang LY, et al. reported that 

JAK1/STAT pathways play critical roles in liver fibrosis by TGF-β signaling [50]. 

miR-488-3p expression in the liver is altered by HFD treatment. Further investigations are 

needed to understand the role of miR-488-3p in the liver. miR-543-3p (previous ID: miR-543, 

accession MIMAT0003168) suppresses cell proliferation, migration, and invasion by 

targeting SIRT1 [51]. Mantilla-Escalante DC, et al. reported that miR-543-3p expression in 

serum was upregulated after high-fat diet intake in male mice [52]. Alteration of miR-543-5p 

expression was not observed in this study. CK supplementation significantly elevated the 

expression levels of miR-181a-5p in the serum. The results suggest that expression levels of 

miR-181a-5p in the serum may be a biomarker of carcinogenicity in the presence of NAFLD. 

The miR-34a, -149-3p and -181a-5p are key regulators of carcinogenesis and lipid 

metabolism, and the upregulating effects of miR-34a, -149-3p, and -181a-5p may result from 
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CK supplementation. Taken together, our data demonstrate that upregulated expression of 

miR-34a, -149-3p, and -181a-5p may reduce the onset of hepatic hyperplasia. To illustrate the 

effects of CK on hepatic carcinogenesis, a possible signaling pathway is indicated in Figure 

4. 

 

 

Figure 4. A possible mechanism of suppressing HFD-induced carcinogenesis by CK 

supplementation. The present study indicated that CK supplementation increased expression of hepatic 

miR-34a, -149-3p, and -181a-5p. It was reported that miR-34a, -149-3p, and -181a-5p inhibited Myc, Akt, P53, 

and CDK4/6. The target genes of miRs play crucial roles in the development of neoplasms. Abbreviations: 

adipoR, adiponectin receptor; ChREBP, carbohydrate response element binding protein; ER, endoplasmic 

reticulum; FFAs, free fatty acids; GF, growth factor; INSR, insulin receptor; NO, nitric oxide; ROS, reactive 

oxygen species; RTK, receptor tyrosine kinase; SREBP, sterol regulatory element-binding protein; TNFR, TNF 

receptor. 

 

CONCLUSION: 

The results suggest that CK supplementation increases the expression levels of Tnf, and 

decreases Adipoq and Mlxipl in the liver. HFD feeding also increases expression of 

miR-488-5p, and decreases miR-29b and -122a-5p in the liver. The ingestion of CK elevated 

the expression levels of miR-34a, -149-3p, and -181a-5p in the liver. CK supplementation 

elevated the expression levels of miR-181a-5p in the serum. The results suggest that 

expression levels of miR-181a-5p in the serum may be a biomarker of carcinogenicity in the 

presence of NAFLD. 
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