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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is characterized by liver 

lipid accumulation or inflammation. Also, it is one of the most 

common chronic liver diseases and can lead to the development 

of liver diseases, such as cirrhosis and hepatocellular carcinoma.1 

However, there is not yet an effective treatment method for 

NAFLD. Recently, fat-related diseases have been on the rise in as-
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microbiome in humans and the role of Lactobacillus in the progression of NAFLD in mice.
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sociation with increased consumption of westernized diet. There-

fore, future studies exploring new effective treatments for NAFLD 

are needed.

Gut microbiome plays an important role in human physiology 

with significant impacts on inflammation and disease.2 A direct 

connection between metabolic syndromes and intestinal dysbiosis 

has been previously established.3 Intestinal dysbiosis has been 

shown to be a contributing factor to obesity, insulin resistance, 

and fatty liver progression.4 A balanced microbiota is integral to 

the maintenance and change in intestinal barrier function.5 In ad-

dition, the composition of bacterial species in the gut is unique to 

the host and has an important role in bacterial translocation, im-

mune system, and vitamin production.6 Disturbances of gut micro-

biota have been associated with a number of liver diseases, in-

cluding NAFLD.7 Portal vein directly links the liver to the gut, and 

mediates the transfer of nutrients and microbial components 

along the gut-liver axis.8 Therefore, recent studies present a major 

target for designing novel therapeutics for intestinal inflammatory 

disorders.9

A previous study reported that cholesterol is a significant risk 

factor for NAFLD.10 Another study demonstrated that cholesterol 

makes the liver susceptible to fatty hepatitis induced by tumor ne-

crosis factor (TNF)-α and inflammatory pathway in rats.11 In addi-

tion, liver cholesterol synthesis was increased in NAFLD patients, 

and the regulation of cholesterol metabolism was lowered.12 

These results suggest that elevated cholesterol level is significant-

ly associated with NAFLD.

Lactobacillus has been known to be beneficial in the regulation 

of immune system and the promotion of anti-inflammatory ef-

fects.13-15 A previous study has demonstrated that probiotics-treat-

ment resulted in reduction of liver steatosis and liver enzyme in 

NAFLD animal model.16 Therefore, the modulation of the gut mi-

crobiome with probiotics can be considered a strategy for the reg-

ulation of metabolic syndrome and obesity-related comorbidities, 

which include dyslipidemia and insulin resistance. Recent studies 

are continuously adding to the evidence that supports this theo-

ry.17 In our study, we collected and compared stools from normal 

people (with body mass index [BMI] 25 kg/m2 or less) and NAFLD 

patients with elevated liver enzymes. In addition, we demonstrat-

ed the role of Lactobacillus acidophilus, L. fermentum, L. paraca-
sei , and L. plantarum strains in the progression of NAFLD in mice.

MATERIALS AND METHODS

Patients

This prospective observational study was carried out between 

April 2017 and March 2020 (Table 1). A total of 94 patients com-

prising of healthy controls (n=36) and NAFLD patients with ele-

vated liver enzyme (n=54) were enrolled and analyzed. The pa-

tients underwent standard treatment for their disease, regardless 

of their enrollment in the study. A healthy control group was col-

lected from health promotion center. Patients who had NAFLD 

with an elevated level of liver enzyme (aspartate aminotransferase 

[AST] >50 IU/L, alanine aminotransferase [ALT] >50 IU/L, and 

Table 1. Baseline characteristics of patients

Variable Normal controls (n=37) NAFLD patients with elevated liver enzyme (n=57) P-value

Sex, male 14 (39) 23 (43) NS

Age (years) 61 (8) 53 (14) 0.004

AST (IU/L) 23 (5) 52 (22) <0.001

ALT (IU/L) 19 (7) 68 (37) <0.001

Creatine (mg/dL) 0.9 (0.2) 1.6 (0.7) NS

Total cholesterol (mg/dL) 176 (36) 181 (39) NS

γGT (IU/L) 27 (18) 75 (67) <0.001

TG (mg/dL) 104 (61) 238 (280) 0.022

FBS (mg/dL) 98 (11) 126 (26) <0.001

HDL cholesterol (mg/dL) 57 (17) 47 (11) NS

BMI (kg/m2) 21 (2) 38 (20) <0.001

Values are presented as mean (standard deviation or %). 
NS, not significant; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γGT, gamma glutamyl transferase; TG, triglyceride; FBS, Fasting blood sugar; 
HDL, high density lipoprotein cholesterol; BMI, body mass index.
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BMI score ≥25 kg/m2) were enrolled as NAFLD with elevated liver 

enzyme group. The exclusion criteria were as follows: patients 

with a history of viral hepatitis, heavy alcohol drinking within 3 

months, alcoholic hepatitis, autoimmune hepatitis, pancreatitis, 

hemochromatosis, Wilson’s disease, cancer, and drug-induced liv-

er injury. This study was controlled in accordance with ethical 

guidelines from the 1975 Helsinki Declaration as reflected by prior 

approval by the institutional review notice for human research in 

a hospital participating in the trial (2016-134). Basic information 

has been registered on ClinicalTrials.gov in the public trial registry 

(NCT04339725). Informed agreement for enrollment was received 

from each participant. 

Baseline evaluation was performed on complete blood count, 

liver function test, and viral markers. Patients with NAFLD under-

went abdominal ultrasound or computed tomography. AST, ALT, 

creatine, total cholesterol, gamma glutamyl transferase (γGT), tri-

glyceride (TG), fasting blood sugar (FBS), and high density lipo-

protein cholesterol were included as serum biochemical parame-

ters. Tests for hepatitis viruses and human immunodeficiency 

were conducted in all subjects. Enrolled patients and control 

groups underwent stool sampling and clinical analysis. Clinical 

data were simultaneously matched with metagenomics data. Fe-

cal samples were obtained in a plastic collection kit at various 

times during the day. All samples were stored at −80°C. In the 

case of healthy controls, the patients collected the stool samples 

at home and kept them at −20°C in a refrigerator. The patients 

then sent the stool box to the hospital, where the samples were 

kept at −80°C in a refrigerator.

Stool analysis for the metagenomics

Metagenomic DNA was extracted using a QIAamp stool kit (cat. 

no. 51504; QIAGEN, Hilden, Germany). Barcoded universal prim-

ers were utilized in the amplification of the V3–V4 region of the 

bacterial 16S rRNA gene. Polymerase chain reaction (PCR)  has 

conducted in the following steps: denaturation at 95°C for 5 min-

utes, 20 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 

72°C for 30 seconds, followed by extension at 72°C for 10 min-

utes. Agencourt AMPure XP system (Beckman Coulter, Pasadena, 

CA, USA) was employed for the purification of amplicons. Pico-

Green and quantitative PCR was utilized for the quantification of 

the purified amplicons. Following the pooling of the barcoded 

amplicons, MiSeq sequencer on the Illumina platform (ChunLab 

Inc., Seoul, Korea) was used for sequencing according to the 

manufacturer’s specifications.

Data analysis

The 16S-based Microbial Taxonomic Profiling platform of EzBio-

Cloud Apps (ChunLab Inc.) was used for microbiome profiling. 

Following the taxonomic profiling of each sample, a comparative 

analysis of the samples was performed by a comparative of EzBio-

Cloud Apps. ChunLab’s 16S rRNA database (DB ver. PKSSU4.0)18 

was used for the taxonomic assignment of reads. Operational tax-

onomic unit picking was achieved with UCLUST19 and CDHIT using 

a 97% similarity cutoff.20 Beta-diversity, which includes principal 

coordinates analysis and unweighted pair group method with 

arithmetic mean clustering, was displayed in the comparative 

multi touch point (MTP) analyzer. All 16S rRNA were subsequently 

deposited in the ChunLab’s EzBioCloud Microbiome Database and 

National Center for Biotechnology Information (NCBI) Sequence 

Read Archive (SRA) under BioProject number PRJNA532302.

Microbial identification

Using 16S rRNA sequencing, primers were prepared according 

Table 2. Information of used probiotics strains

Strain Number of bacteria (CFU/g) Characteristics Known roles in disease

L. acidophilus 2.80E+11 Gram-positive Prevent and reduce diarrhea49

Reduce total cholesterol35

L. fermentum 1.50E+11 Gram-positive Ameliorate colitis43

Increase bile acid excretion37

L. paracasei 4.80E+11 Gram-positive Decrease body fat41

Inhibit lipid deposition41

L. plantarum 1.00E+12 Gram-positive Fortifies the intestinal barrier50

Decrease cholesterol levels42

CFU, colony forming unit.
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to the constant region, and base sequence of the variable region 

was confirmed through PCR amplification.

Strain preparation

L. acidophilus  was isolated from the feces of newborn, and L. 
fermentum was isolated from the saliva of newborn. L. paracasei  
was sourced from water kimchi and L. plantarum was isolated 

from spinach. The fecal samples were obtained and isolated via a 

voluntary donation from the members of the coauthors’ affiliated 

institutions. And the used Lactobacillus  spp. were inoculated into 

a flask which included de Man, Rogosa and Sharpe medium (MRS) 

(BD/Difco). The strains were subsequently cultured in anaerobic 

conditions at 37°C for 24 hours. Stocks of each strain were pro-

duced by mixing of the culture broth with an equivalent 20% skim 

milk solution; they were stored at −80°C until use. The seed cul-

ture grew in a flask which contained MRS broth for Lactobacillus  

spp. at 37°C for 24 hours. Each broth was inoculated in an opti-

mized medium inside a fermenter (MARADO-05D-PS; Bio Control 

& Science, Daejeon, Korea). The fermentation was performed with 

a constant pH of 5.5 to 6.0 being maintained by automatically ad-

dition of NaOH solution (25% w/v) under 120 rpm agitation at 

37°C for 18 to 20 hours. Following fermentation, the cells were 

harvested via centrifugation at 6,000 rpm for 10 minutes (Supra 

R12; Hanil, Gimpo, Korea). The lyophilization of 40X enriched cells 

was performed in accordance with the manual (Lab-Mast 10; 

Cooling & Heating System, Siheung, Korea). Following lyophiliza-

tion, colony-forming units (CFU) per gram of each strain powder 

were measured out via dilution. Strains underwent suspension in 

0.1 M phosphate-buffed saline, and were regulated to a density of 

109 CFU/mL before use. The reference characteristics of probiotics 

strains are provided in Table 2.

Animal care

Six-week old specific-pathogen-free C57BL/6J male mice were 

sourced from Doo-Yeol Biotech (Seoul, Korea). All mice were 

housed in individual steel micro isolator cages that were main-

tained at 22±2°C in a 12/12-hour light/dark cycle. Throughout 

the experiment, the mice had free access to water and food, and 

were monitored daily. The experiment design included an adapta-

tion period for all groups, during which the mice were fed a nor-

mal diet for a week, and the groups receiving a westernized diet 

were given a 3-day intake adaptation period. The mice were 

treated humanely, and all aspects of the animal study was con-

ducted in accordance with the National Institutes of Health 

Guidelines for the Care and Use of Laboratory Animals. This ex-

periment was designed by selecting a candidate for the treatment 

of liver disease among the probiotics approved by South Korea’s 

Ministry of Food and Drug Safety. All of the procedures were li-

censed by the Institutional Animal Care and Use Committee of the 

College of Medicine, Hallym University (2018–04).

Treatment protocol

The male C57BL/6J mice had free access to water and food, and 

were monitored daily (n=10 mice per each group). The mice were 

distributed into six groups: normal (n=10), Western diet (n=10), 

and Western diet with strain groups (n=10 per group). The West-

ern diet (TD88137, Seoul, Korea) was sourced from Doo-Yeol Bio-

tech, and it consisted of 42.7% carbohydrate, 42% fat, and 15% 

protein. Probiotics were suspended in distilled water maintaining 

a concentration of 109 CFU/g for 8 weeks. The strains used were L. 
acidophilus , L. fermentum, L. paracasei , and L. plantarum. The 

mice were eventually sacrificed via overdose of inhalation anes-

thesia (isoflurane, Aerane; Baxter, Deerfield, IL, USA) at the con-

clusion of treatment period. Following the weighing of the mouse 

blood, liver, feces, and small intestine were collected. Serum was 

collected via centrifugation (5 minUTES for 19,000 ×g) from 

whole blood (800 μL). The liver and feces were excised and sub-

sequently stored at –80°C.

Serum biochemistry analysis

From animal serum, the total cholesterol, AST, and ALT were 

quantified using a biochemical blood analyzer (KoneLab 20; Ther-

mo Fisher Scientific, Waltham, Finland). The AST/ALT ratio is cal-

culated as a method to elucidate the etiology of liver damage.21

Biochemical analysis

Triglyceride Quantification Kit (Sigma, St-Louis, MO, USA) was 

used to determine liver TG by colorimetric method. Liver tissue 

samples were homogenized in 5% Nonidet P 40 Substitute 

(Roche, Mannheim, Germany). The samples were heated to 100℃ 

in water bath for 5 minutes or until the Nonidet P 40 became 

cloudy, and then cooled to room temperature. Heating was re-

ported once more to solubilize all TG. The samples were centri-

fuged for 2 minutes at maximum speed to remove insoluble mate-

rial, and then diluted 100-fold with deionized water before assay.
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Pathology analysis

A 10% formalin was used in the fixation of specimens, which 

were embedded in paraffin. The tissue sections underwent stain-

ing with hematoxylin and eosin. The liver was categorized in ac-

cordance with the clinical research network scoring system for 

NAFLD, which ranges from grade 0 to 3 (0: <5%, 1: 5–33%, 2: 

34–66%, and 3: >66% of steatosis). Inflammation was catego-

rized according to grades 0 to 3 (0: none, 1: 1–2 foci per ×20 

field, 2: 2–4 foci per ×20 field, and 3: >4 foci per ×20 field). A 

hepato-pathologist (S.H.H.) analyzed all of the biopsy specimens.

Liver tissue analysis for pro-inflammatory cytokines

Liver tissue samples were homogenized in TRIzol reagent (Invit-

rogen, Gaithersburg, MD, USA). High Pure RNA Isolation Kit 

(Roche) was used to isolate RNA from liver tissue. Total RNA iso-

lation from tissue was used a cDNA reverse transcription kit (ap-

plied Biosystems, Foster City, CA, USA), and aliquots of total RNA 

(2 μg) were transformed into cDNA. The cDNA subsequently un-

derwent amplification for quantitative PCR using the Luna® Uni-

versal Probe qPCR Master Mix (New England Biolabs, Beverly, 

MA, USA) and target-specific probe-primer (applied Biosystems).

Statistical analysis

Continuous variables were expressed as means and standard 

deviations. One-way analysis of variance (ANOVA) and indepen-

dent sample T-test were performed for body weight, liver function 

test, and histological analyses. For additional statistical analysis, 

data underwent normalization based on MSTUS18, which is im-

plemented in NOREVA (http://idrblab.cn/noreva/). Multiple Experi-

ment Viewer was employed for hierarchical clustering analysis and 

ANOVA with a post hoc test. P-value <0.05 was considered sta-

tistically significant. All statistical analyses were performed using 

the SPSS software (ver. 19; SPSS Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics of patients

This study was performed between April 2017 and March 2020. 

A total of 94 patients comprising normal controls (n=37) and 

NAFLD with elevated liver enzyme (n=57) groups were classified 

according to their conditions and then analyzed (Fig. 1). The sam-

ple providers were all over the age of 19 years, the groups were 

screened by AST, ALT, and BMI scores. The mean cholesterol level 

was not significantly different between groups. However, the 

mean levels of AST, ALT, γGT, TG, and FBS were significantly low-

er in the normal group (P<0.05). Also, BMI was significantly dif-

ferent between groups (P<0.001) (Table 1).

Figure 1. Patient enrollment diagram. Ninety-four patients participated in this experiment. According to their conditions, patients were divided into 
either normal control or NAFLD with elevated liver enzyme groups. NAFLD, nonalcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, ala-
nine aminotransferase; BMI, body mass index.

Adults who submit stool and agreement
April 2017 to March 2020 (n=1,067)

Baseline examination and image study

Excluded
- Not meeting inclusion criteria (n=187)
- Exclusion criteria (n=650)
- Other reasons (n=164)

AST or ALT level <50 IU/L and BMI <25
(n=37)

Normal control

AST or ALT level >50 IU/L and BMI >25
(n=57)

NAFLD with elevated liver enzyme
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Human fecal analysis

Bacteroides and Firmicutes are major phylum of domain bacte-

ria that dominate the human gut microbiota (Fig. 2A).22 Compared 

to healthy subjects (1.6±4.3), NAFLD patients showed elevated 

Firmicutes /Bacteroidetes (F/B) ratio (25.0±29.0), and had reduced 

composition of Akkermansia and L. murinus (P<0.05). For the 

comparison of taxonomic composition at the phylum level, Fir-

micutes increased in the NAFLD with elevated liver enzyme group 

(51.8%) compared to normal controls (35.1%) (Fig. 2B). We com-

pared the relative abundance of the Lactobacillales  family in the 

normal control and NAFLD groups, and found a statistically sig-

nificant difference in the level of Aerococcaceae (P<0.001). There 

was no statistically significant difference in the level of Enterococ-
caceae, Streptococcaceae, and Lactobacillaceae between the normal 

control and NAFLD with elevated liver enzyme groups (Fig. 2C).  

Figure 2. Human gut microbiome was analyzed for 16s rRNA. (A) Phylum composition of normal controls and NAFLD patients with elevated liver en-
zymes. (B) The relative abundance of Bacteroidetes and Firmicutes. F/B ratio. (C) Composition of Lactobacillales family in normal controls and NAFLD 
patients. (D) Composition of Lactobacillus genus in normal controls and NAFLD patients. (E) Lactobacillus species composition. NAFLD, nonalcoholic 
fatty liver disease; ETC,  et cetera; F/B, Firmicutes/Bacteroidetes; NS, not significant. *P<0.05. †P<0.01. 
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In the genus level, there was a significant difference in the levels 

of Streptococcus  and Granulicatella  between the normal control 

and NAFLD with elevated liver enzyme groups (P<0.05) (Fig. 2D). 

There were differences in the ratios of L. fermentum, L. paraca-
seim, and L. plantarum between normal control and NAFLD with 

elevated liver enzyme groups, however, there was no statistical 

difference. Also, L. rogosae and L. sakei levels were increased in 

the NAFLD group (P<0.05) (Fig. 2E). 

Liver and body weight

The mice liver specimen confirmed that NAFLD was induced in 

the Western diet group (Fig. 3A, B). During 8 weeks of Western 

diet intake, L. acidophilus group had the lowest weight gain (Fig. 3C).  

In the analysis of the liver-to-body weight ratio (%), the L. aci-
dophilus  (5.5±0.4) group was related to a significant improve-

ment compared to the Western diet group. The L. plantarum 
(6.0±0.5), L. paracasei (5.7±0.4), and L. fermentum (5.9±0.6) 

groups did not show a significant difference in the liver-to-body 

weight ratio (P>0.05) (Fig. 3D).

Liver function test and pathologic findings

Several biochemical tests were performed to evaluate the liver 

function status. In the liver function test, the Western diet group 

showed remarkably increased liver enzyme (AST) levels compared 

to the normal control group (P<0.05). The mean levels of AST and 

ALT in the strain groups were lower than that of the Western diet 

group, but there is no significant difference (P>0.05). All of the 

strains except L. paracasei  caused a significant decrease in the se-

rum total cholesterol level compared to the Western diet group 

(P<0.05) (Fig. 4A). Steatosis grade in L. paracasei, L. plantarum, 

and L. acidophilus  groups were lower compared to the Western 

diet control group (P<0.05) (Fig. 4B). Regarding steatosis scores, 

all of the Western diet groups had a score of almost 3, whereas 

the strain groups generally had scores in the early 2 range. More-

over, large fat vacuoles displaced the nuclei to the edges of the 

cells, representing minimal to mild mixed macro/microvascular 
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Figure 3. Result of NAFLD model induced by Western diet. (A) Flow chart of the animal experiment. (B) Gross specimen of mice liver. (C) Effect of 
strains on body weight gain. (D) Body weight, Liver weight, and L/B ratio in each group. L/B, liver/body; NAFLD, nonalcoholic fatty liver disease. 
*P<0.05. †P<0.01. 
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Figure 4. Effects of strains on serum cholesterol level and steatosis of the liver. (A) Effect of strains on liver function test by serum biochemistry analy-
sis. (B) Hematoxylin and eosin staining showed steatosis grade. There were large fat vacuoles displacing the nuclei to the edges of the cells (Western 
diet). L. acidophilus, L. fermentum, L. paracasei, and L. plantarum groups showed minimal to mild mixed macro/microvesicular steatosis (×200). (C) Ste-
atosis grade in the liver. (D) Triglyceride level in the liver tissue. (E) mRNA expression of the liver (n=6). T-CHOL, total cholesterol; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; TNF, tumor necrosis factor; IL, interleukin. *P<0.05. †P<0.01.
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steatosis. Only L. fermentum showed no significant meaning in 

the comparison of steatosis scores (Fig. 4C).

Triglyceride level in liver tissue

Triglyceride is a type of lipid that circulate in blood. In the analy-

sis of the liver TG level (ng/μL), all of the groups with the strain  

L. acidophilus  (800.8±135.2), L. fermentum  (930.9±173.2),  

L. paracasei  (770.7±289.6), and L. plantarum (1,305.6±213.3) 

showed an improvement compared to the Western diet group 

(1,446.2±252.2). Except for L. plantarum, all of the groups 

showed statistically significant decreased levels of TG (P<0.01) 

(Fig. 4D).

Inflammatory cytokines in liver tissue

Real-time reverse transcription-polymerase chain reaction 

showed elevated mRNA expressions of TNF-α, IL-6, and IL-1β in 

the Western diet group. However, the mRNA expression levels of 

these inflammatory genes were decreased in the L. acidophilus, L. 
fermentum, L. paracasei , and L. plantarum groups. The results 

were not statistically significant, and only a decreasing trend was 

observed (Fig. 4E).

Animal stool analysis

In the phylum level, the composition of Proteobacteria , Verru-
comiccrobia , Actinobacteria , Bacteroidetes , Firmicutes , Deferrib-
acteres , and etc. was different for each group (normal control 

[3%, 1%, 1%, 52%, 40%, 0%, 0%], Western diet [10%, 6%, 3%, 

1%, 71%, 5%, 0%], and L. paracasei + Western diet [3%, 46%, 

0%, 3%, 45%, 0%, 1%]) (Fig. 5A). Bacteroidetes and Firmicutes 

are some of the major phyla of the domain bacteria that dominate 

the human gut microbiota. Bacteroidetes  were dominant in the 

normal controls (52.1±11.9%) compared with the Western diet 

group (1.5±1%), and was increased in the L. paracasei + Western diet  

Figure 5. Animal stool analysis. (A) Phylum composition of animal stool in normal control, Western diet, and L. paracasei fed with Western diet groups. 
(B) Bacteroidetes and Firmicutes ratio in each group. (C) Taxonomic compositions of MTP sets in each group (n=3). (D) Analytics for beta diversity for 
the relationship between microbiome taxonomic profiling (principal coordinates analysis, generalized UniFrac, species, include unclassified OTUs). ETC, 
et cetera; F/B, Firmicutes/Bacteroidetes; PC, principal coordinate analysis; MTP, multi tough point; OTUs, operational taxonominc unit. *P<0.05.
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group (4±3.9%). Firmicutes  was increased in the Western diet 

group (71.7±12.6%) compared to the normal controls (40.5±8%), 

and was decreased in the L. paracasei + Western diet group 

(45.2±11.3%) (Fig. 5B). The taxonomic composition of MTP set of 

all individuals in each group is shown. Bacteroidetes dominated in 

the normal control group, while Firmicutes  dominated in the 

Western diet group. Firmicutes decreased and Verrucomicroiba in-

creased when L. paracasei  was ingested. (Fig. 5C). We measured 

the differences between the groups using beta diversity for the 

relationship between microbiome taxonomic profiling, and each 

group showed a different location (Fig. 5D). 

DISCUSSION

NAFLD can progress to various liver diseases such as cirrhosis, 

liver failure, and hepatocellular carcinoma in varying proportion of 

patients.23 Due to the gut-liver axis, gut microbiome is an impor-

tant cornerstone in determining the occurrence and progression 

of chronic liver disease.24 Recently, human and animal studies 

have shown the changes of microbiome in the presence and prog-

nosis of chronic liver disease.

There is evidence that cholesterol accumulation contributes to 

NAFLD, and that lowering cholesterol can be used therapeutically. 

Also, studies have shown that cholesterol-lowering diet can im-

prove NASH, and adding cholesterol to one’s diet may cause liver 

inflammation and inflammation of extrahepatic tissue.25,26 Some 

studies have shown the effects of L. acidophilus ATCC 4962 and L. 
fermentum on cholesterol.27,28 In our study, improvements in total 

cholesterol levels were shown in the L. acidophilus , L. fermentum, 

and L. plantarum groups compared to the Western diet control 

group. Ingestion of Lactobacillus  can be a useful therapeutic op-

tion for the treatment of NAFLD with high cholesterol. However, 

there is still a lack of evidence regarding the mechanisms in low-

ering cholesterol.

In our study, there was a significant difference in the proportion 

of phylum level in stool microbes between normal and NAFLD pa-

tients. Many studies showed that various factors, including age, 

genetic, diet, antibiotics, and host immune system can modify the 

gut microbiome from the normal state.29 Each person has differ-

ent composition of gut microbes, which has been used as a health 

indicator in various situations. Many existing studies have already 

identified the differences in gut microbiota between healthy peo-

ple and patients, which are targeted as a treatment goal. Accord-

ing to the results of our clinical analysis, NAFLD patients had a 

lower rate of Bacteroidetes and a higher rate of Firmicutes com-

pared to the normal control group. As a result, F/B ratio was in-

creased in the NAFLD group.30 

Recent studies have shown the role of gut microbiome in the 

prevention and treatment of liver disease.31 The evidence of bene-

ficial role of probiotics has been suggested in the necrotizing en-

terocolitis, acute infectious diarrhea, acute respiratory infections, 

antibiotics-related diarrhea, and disorders in infants.32 A previous 

study demonstrated that the dysfunction of intestinal barrier and 

an increase in bacterial translocation to the liver through the gut-

liver axis play an important role in chronic liver disease.33 In our 

results, L. acidophilus, L. plantarum, and L. paracasei  supplemen-

tation reduced the steatosis grade of liver. Therefore, probiotics 

might improve the liver histology by modulating dysbiosis and, 

consequently, attenuate the progression of NAFLD.

Currently, some microbiota can be used as a functional raw ma-

terial for probiotics, and a total of 21 probiotic strains have been 

recognized as probiotics by South Korea’s Ministry of Food and 

Drug Safety, including Lactobacillus , Bifidobacterium, Lactococ-
cus, Enterococcus, and Streptococcus. Among these strains, L. aci-
dophilus , L. fermentum, L. paracasei,  and L. plantarum were se-

lected as a treatment option in this study. The effect of probiotics 

on liver disease has been experimented by several studies.16,34

In previous studies, L. acidophilus  NS1 significantly reduced 

obesity and liver lipid accumulation with concomitant improve-

ment in insulin sensitivity in subjects consuming a high-fat diet.35 

In the high fat-diet model, L. acidophilus ATCC 43121 intake af-

fected the total cholesterol metabolism and increased the excre-

tion of sterols in feces.36 Previous studies have indicated that L. 
acidophilus  is a beneficial probiotic for lowering cholesterol and 

improving liver lipid metabolism.37 Our animal study has also 

shown reduced fat accumulation in the liver and notably lowered 

total cholesterol and TG levels by ingestion of L. acidophilus . 

Overall, probiotics have an effective role in reducing liver steatosis 

in NAFLD.

L. fermentum MJM60397 strain has already been proposed as a 

potential probiotic that increases the excretion of bile acids from 

feces and lowers serum cholesterol levels.38 Oral administration of 

L. fermentum LA12 improves liver function and hepatic steatosis, 

and also helps restore epithelial barrier function, reducing endo-

toxin leakage from the blood.39 In our study, ingestion of L. fer-
mentum was not statistically meaningless in terms of improved 

steatosis, but total cholesterol and TG levels were significantly 

lowered. Therefore, there is a discrepancy in the effect of L. fer-
mentum, and further studies on the mechanism of L. fermentum 
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on NAFLD are required.

L. paracasei F19 was shown to control triglyceride deposition 

into adipocytes.40 B. longum BORI and L. paracsei  CH88 mixture 

suppressed weight gain and lipid deposition in the liver. The adi-

pocyte was significantly decreased from the mixture group fed 

with high fat.41 As a result of our animal experiments, L. paracasei 
lowered the TG level in liver tissue, and confirmed that it improves 

steatosis in the liver tissue. 

In a previous study, patients with hypercholesterolemia who 

consumed L. plantarum for 12 weeks significantly reduced their 

cholesterol levels by 13.6%. L. plantarum has a better effect on 

patients with high cholesterol levels in proportion to their cardio-

vascular risk.42 In the NAFLD model, L. plantarum NCU116 intake 

for 5 weeks was found to reduce the level of fat accumulation in 

the liver.43 In our study, L. plantarum also lowered the total cho-

lesterol levels and improved steatosis levels in the liver.

Previous studies have shown that the Western diet contributes 

to changes in the composition of gut microbiome.7 This study also 

confirmed that the Western diet changed the composition of ani-

mal gut microbiome by stool analysis. Bacteroidetes are known to 

be healthy gut microbes.44 In our animal study, when L. paracasei 
was administered to NAFLD animal group, the proportion of Bac-
teroidetes  increased compared to the Western diet group. This 

suggests that the intake of Lactobacillus  ameliorate to improve 

the NAFLD by modulating gut microbiota.

Overall, according to the results of our animal experiment, the 

strains decreased the body weight along with lower serum total 

cholesterol, triglyceride, and steatosis levels. Pro-inflammatory cy-

tokines were decreased and improved, but only showed a de-

creasing trend, probably as a result of not being given the West-

ern diet for a long time. It is considered a one-shot state in which 

only fat is formed among the two-shot theory of fatty liver pro-

gression. Cytokines are known to play an important role in coor-

dinating the production of many other mediators associated with 

chronic liver disease and affecting all liver cell types.45 Further re-

search is needed to determine whether to prolong the intake peri-

od of the Western diet and to strengthen the concentration of 

strains.

The purpose of this study was to analyze the intestinal bacteria 

of normal and NAFLD subjects based on the fecal results of clini-

cal patients, as well as to confirm the difference and determine 

how the strains showing the difference affect the fatty liver. In 

conclusion, this study suggests that gut-microbiota-liver interac-

tion plays an important role in NAFLD. It also showed that probi-

otics reduced liver steatosis and cholesterol in NAFLD.

Many studies are being conducted to identify the role of probi-

otics in various diseases. However, there is insufficient research 

on how probiotics affect diseases. Therefore, an analysis of ani-

mal experiments based on the human gut microbiome is needed 

to elucidate the underlying mechanisms. Microbiome identifies 

the effects of metabolic disorders in the gut microbiome on insu-

lin resistance.46 Our study was limited in that we did not consider 

this point; therefore, future studies will need to select bacteria 

that show therapeutic efficacy in diseases and perform evaluation 

of insulin resistance. Nevertheless, our results showed that L. aci-
dophilus , L. fermentum, and L. plantarum led to improvement in 

cholesterol. Also, L. acidophilus , L. paracasei , and L. plantarum 

were able to confirm efficacy in steatosis grade.

The Bacteroides species account for a much larger proportion of 

the composition in mice, and the gut microbiome population var-

ies between humans and mice.47 Moreover, differences, such as 

the propensity for rodents to eat feces, can have a significant im-

pact on studies involving gut microbiome.48 Although these limi-

tations exist in this study, it has demonstrated a trend that when 

the disease worsens, the representative beneficial bacteria de-

crease and harmful bacteria increase. Therefore, it must be com-

plemented, in terms of humanized animal research, for rapid 

progress of clinical application. Further studies are needed to ana-

lyze microbial communities in animal models using humanized or 

sterile mice. Our study suggests modulating the gut microbiome 

to affect the liver disease so that selective bacteria can be used 

for treatment, and we believe this can be used in a customized 

medical service.
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