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Abstract: Nonalcoholic fatty liver disease (NAFLD) is one metabolic disorder that may develop into liver cirrhosis and 
liver failure. Toll like receptor 4 (TLR4) signal pathway participate in NAFLD progression. The relationship between 
single nucleotide polymorphisms (SNPs) of TLR4 and peripheral expression, and NAFLD in Han people has not been 
fully illustrated. 150 NAFLD patients were recruited in our hospital in parallel with 150 healthy individuals as con-
trol. TLR4 mRNA expression was determined by real-time PCR from peripheral blood mononuclear cells (PBMCs). 
Patient’s sex, age, BMI, wrist-hip ratio (WHR), biochemical/metabolic indexes and homeostatic insulin resistant 
index (HOMA-IR). Correlation between TLR4 expression and disease related index was analyzed. PCR-restriction 
fragment length polymorphism (RFLP) was used to test TLR4 genotype for gene polymorphism and disease cor-
relation. NAFLD patients had elevated TLR4 expression in PBMCs, whose TLR4 level was positively correlated with 
clinical indexes but not age, sex or HDL. Genotype frequency at all four loci showed no significant difference or cor-
relation with NAFLD. Locus rs41426344 and rs7873784 were correlated with NAFLD, as mutated allele increased 
NAFLD risk (OR 1.86, 95% CI, 1.17-2.97; OR 1.92, 95% CI 1.21-2.91, P<0.05). In NAFLD patients, TLR4 expression 
is elevated in PBMCs. Mutation at locus rs41426344 and rs7873784 of TLR4 gene is high risk factor of NAFLD. 
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is one 
chronic progressive liver disease and belongs 
to metabolic disorder. Aggregation of fatty acid 
in hepatocyte causes denaturation, which may 
develop into liver cirrhosis or even liver failure. 
The incidence of NAFLD is widely elevated 
across all regions of China, including Shanghai, 
Guangdong and Shaanxi, where NALFD patient 
numbers are rapidly increasing [1, 2]. NAFLD 
consists of nonalcoholic fatty hepatitis, nonal-
coholic fatty liver, fatty liver fibrosis and fatty 
liver cirrhosis [3]. Previous study indicated 
inheritance of NAFLD due to the existence of 
family history in certain patients, plus the inter-
action between genetics and environmental 
factors [4, 5]. In recent years, NAFLD patient 
number was rapidly increased, with correlation 

with country, region and ethnic groups [6]. It is 
estimated that about 20%~30% of adults in 
Western countries suffered from NAFLD, with 
relatively lower incidence in underdeveloped 
countries, which, however, show increasing 
trends of incidence [7]. NAFLD is related with 
genetic, nutrient, lipid metabolism, and insulin 
resistance factors. NAFLD susceptibility is high-
ly correlated with genetic polymorphism [8, 9].

Toll like receptor (TLR4) is one member of Toll 
like receptor family, and is the major receptor 
for lipopolysaccharide (LPS) belonging to type I 
transmembrane signal transduction receptor 
[10, 11]. TLR4 exerts a critical role in innate 
immune response, and is expressed in Kupffer 
cells, hepatocyte, adipocyte, hepatic sinusoidal 
endothelial cells (HSECs), further participating 
in occurrence and progression of NAFLD [12, 
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transcription kit were purchased from ABI (US). 
Human lymph tissue separation buffer (His- 
topaque-1077) was purchased from Sigma 
(US). DNA extraction kit was purchased from 
Qiagen (US). Electrophoresis apparatus was 
purchase from Liuyi Instrument (China). AU680 
automatic biochemical analyzer was purchased 
from Beckman (Germany). DNA amplifier equip-
ment was purchased from PE (US). Labsystem 
Version 1.3.1 microplate was purchased from 
Bio-Rad (US). ABI 7500 Real-time PCR was pur-
chased from ABI (US).

General information and sample collection

Height, body mass of research objects were 
recorded for calculating body-mass index (BMI). 
Wrist circumference and hip circumference 
were measured to obtain wrist-hip ratio (WHR). 
Patients were fasted for 12 hours, after that 
fasted venous blood were collected from test 
blood glucose, liver function and lipid levels. 
PBMCs were isolated from the whole blood, 
along with DNA extraction. Automatic biochemi-
cal analyzer was used to test levels of serum 
total cholesterol (TC), triglyceride (TG), high 
density lipoprotein (HDL), low density lipopro-
tein (LDL), alanine transaminase (ALT), aspar-
tate aminotransferase (AST), fasted blood glu-
cose (FPG). Enzyme linked immunosorbent 
assay (ELISA) was used to quantify fasted insu-
lin (FINS). Homeostatic insulin resistant index 
(HOMA-IR) = FPG X FINS/22.5.

Real-time PCR for TLR4 expression in PBMCs

Peripheral blood sample was centrifuged in 
density gradient for obtaining PBMCs by lymph 
tissue separation buffer. Trizol reagent was 
used to extract RNA from PBMCs. Following 
manual instruction of test kit, DNA reverse tran-
scription was performed. Primers were 
designed based on Primer Premier 6.0 and 
were synthesized by Invitrogen (China) as 
shown in Table 1. Real-time PCR assay was 
performed on targeting genes under the follow-
ing conditions: 55°C for 1 min, followed by 
92°C for 30 s, 58°C for 45 s and 72°C for 35 s 
in 35 cycles. Data were collected and calculat-
ed for CT values of all samples and standards 
based on relative fluorescent intensity and 
GAPDH as the internal reference. Using CT val-
ues of standard samples as the evidence, a 
standard curve was plotted for semi-quantita-
tive analysis using 2-ΔCt method.

13]. Entero-endotoxin leakage, overgrowth of 
bacterium and endotoxaemia are believed to 
be important for stimulating NAFLD occurrence. 
The cross-interaction between TLR4 and endo-
toxin are critical steps for releasing of inflam-
matory mediator after liver damage and liver 
fibrosis [14]. Genetic mutation of coding genes 
lead to various susceptibility of individuals for 
infection or disease. Single nucleotide polymor-
phisms (SNPs) of TLR4 gene is correlated with 
disease susceptibility [15]. Various SNPs of 
TLR4 gene leads to imbalance between pro-
inflammatory and anti-inflammatory factors, 
further causing disease [16]. NAFLD also has 
geographic distribution patter, which is corre-
lated with polymorphism of TLR4 gene [6]. This 
study thus investigated the correlation between 
polymorphism of TLR4 gene and peripheral 
TLR4 expression, and NAFLD in Han people of 
Shaanxi, China.

Materials and methods

Research objects

A total of 150 NAFLD patients who were diag-
nosed and admitted in Shaanxi Provincial 
People’s Hospital from October 2013 to March 
2014 were recruited. The diagnosis of NAFLD 
followed the guideline stipulated by Liver 
Disease Sub-committee, Chinese Medial 
Association [17]. There were 86 males and 64 
females in the patient group, aging between 42 
and 68 years (average age = 56±6.7 years). 
Individuals with any of those conditions were 
excluded: Long-term taking glucocorticoid hor-
mones; Alcohol abuse; abnormal thyroid func-
tion; Fatty liver disease caused by virus, drug, 
auto-immunity, genetic liver disease or bile 
duct obstruction. Another 150 healthy individu-
als were recruited in the control group, includ-
ing 82 males and 68 females, aging between 
41 and 69 years (average age = 57±6.1 years). 
No significant difference of sex ratio or age 
existed between two groups, which were thus 
comparable. All research objects were Han 
people in Shaanxi province, China. This study 
has obtained informed consents from patients 
and their families, and has been approved by 
the ethical committee of Shaanxi Provincial 
People’s Hospital.

Major reagent and equipment

Fasted insulin (FINs) ELISA kit was purchased 
from R&D (US). RNA extraction kit and reverse 
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BMI, WHR, ALT, AST, LDL, TG, TC, FBG, FINS and 
HOMA-IR in NAFLD patients than those in con-
trol group (P<0.05). HDL had no statistically sig-
nificant difference between groups (Table 3).

TLR4 mRNA expression in PBMCs of NAFLD 
patients

Real-time PCR was used to test TLR4 mRNA 
expression in PBMCs of NAFLD and control 

PCR-RFLP for detecting TLR4 gene polymor-
phism

Whole blood DNA extraction kit was used to 
purify DNA, whose quality was detected by 
spectrometry to measure absorbance (A) val-
ues at 260 nm and 280 nm. DNA was identified 
when OD260/OD280 = 1.7-1.9. Primers were 
designed by Primer Premier 6.0 based on tar-
get gene sequence, and were synthesized by 

Table 1. Primer sequences
Target gene Forward primer 5’-3’ Reverse primer 5’-3’
GAPDH GAAGCTGAAGGTCGGAGTCA GGAAGATGGTGATGGGATT
TLR4 GTGGAAGTTGAACGAATG CCTGGCTTGAGTAGATAACA

Table 2. PCR primers for SNPs of TLR4 gene
SNPs Primer Primer sequence 5’-3’
rs10759932 Forward GAAGTAGACTCTGCTGAGATGG

Reverse TATCAGTGTAGGAGGTCTGTGATG3
rs4986790 Forward GGCCTCTTTCATCACAGACC3

Reverse AGATGCAGCAAAGCCAAAGT
rs4986791 Forward GGTTGCTGTTCTCAAAGTGATTTTGGGAA

Reverse ACCTGAAGACTGGAGAGTGAGTTAATCT
rs41426344 Forward GATTAGCATACTTAGACTACTACCTCCATG

Reverse GATCAACTTCTGAAAAAGCATTCCCAC
rs11536889 Forward CCTGGCAAGTGGATCATTGAC

Reverse GGCCACTCCAGGTAGGTCTT
rs7873784 Forward GCCTACTGGGTGGAGAACCTT

Reverse CCAGTTCATACTTGCACCACTC

Table 3. Analysis of clinical information, blood glucose, blood 
lipid and liver function indexes
Index Control NAFLD
Age (year) 57±6.1 56±6.7
M/F 82/68 86/64
BMI (kg/m2) 22.2±2.1 26.7±3.8*

WHR 0.82±0.07 0.91±0.06*

AST (U/L) 20.6±7.6 24.8±11.9*

ALT (U/L) 24.0±12.5 32.1±15.4*

HDL (mmol/L) 2.02±0.91 2.04±0.98
LDL (mmol/L) 3.24±0.68 3.60±0.88*

TG (mmol/L) 2.02±1.61 3.41±2.72*

TC (mmol/L) 4.98±1.15 5.69±2.59*

FBG (mmol/L) 4.91±0.76 5.46±1.07*

FINS (mUI/L) 6.21±4.28 8.86±4.31*

HOMA-IR 1.31±0.96 2.22±1.39*

*P<0.05 compared to control group.

Invitrogen (China) as shown in Table 
2.

In a 25 μL total volume of PCR sys-
tem, we added 10 pmol primer,  
5 pmol dNTPs, 3 u TaqDNA poly-
merase, and 1 μL DNA template 
(about 300 ng). PCR amplification 
products were digested in restric-
tion endonuclease Nco I and Hinf I. 
Digestion products were separated 
by 3% agarose gel electrophoresis.

Statistics

SPSS 19.0 software was used for 
data analysis. Measurement data 
were presented by mean ± stan-
dard deviation (SD). Between-
group-comparison was performed 
by t-test. Chi square test was used 
to compare allele frequency and 
genotype frequency, and to deter-
mine if gene distribution fitted 
Hardy-Weinberg equilibrium for 
allele frequency. The correlation 
between TLR4 and other parame-
ters was analyzed by Spearman 
method. The correlation between 
TLR4 SNPs genotype and NAFLD 
was analyzed. The odd ratio (OR) 
and 95% confidence interval (CI) 
were calculated. A statistical signi- 
ficance was defined when P<0.05.

Results

Clinical information, blood glu-
cose, blood lipid and liver function 
indexes of NAFLD patients

We analyzed blood glucose, blood 
lipid and liver function indexes in 
NAFLD patients and control group. 
Results showed significantly higher 
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tively. After combining homozygous mutant of 
TLR4 SNPs and heterozygous, we found signifi-
cant difference of genotype frequency be- 
tween NAFLD and control group at locus 
rs41426344 and rs11536889, but not at  
locus rs10759932, rs4986790, rs4986791 or 
rs7873784 (Table 5).

Correlation analysis between TLR4 SNPs and 
NAFLD pathogenesis

Allele genotype at rs41426344 and rs1153- 
6889 (TC + CC or GC + CC) was correlated with 
NAFLD onset as they increased NALFD risk (OR 
1.86, 95% CI, 1.17-2.97; OR 1.92, 95% CI, 1.21-
2.91, P<0.05). The other four SNPs of TLR4 
were uncorrelated with NAFLD pathogenesis 
and had no statistical significance (Table 6).

Discussion

During NAFLD progression, TLR4 can bind with 
its ligand, LPS, to participate in liver injury and 
repair related functions [18]. This study demon-
strated that TLR4 mRNA expression was signifi-
cantly elevated in PBMCs of NAFLD patients. 
Previous studies reported higher TLR4 expres-
sion under the induction of choline-deficient 
L-amino acid in nonalcoholic hepatitis (NASH), 
causing enhanced TNF-α expression, indicating 
that TLR4 could further induce liver damage 
[19], as consistent with our results. This study 
demonstrated significantly higher BMI, WHR, 
LDL, TG, AST, ALT, FBG, FINS and HOMA-IR lev-
els in NAFLD patients, supporting the common 
factor of insulin resistance underlying obesity, 
diabetes, hypertension and NAFLD, indicating 
that NAFLD was one liver metabolic syndrome 
[20]. Further study about blood glucose and 
biochemical indexes related with NAFLD 
showed positive correlation between TLR4 and 
BMI, WHR, LDL, TG, AST, ALT, FBG, FINS and 
HOMA-IR, and negative correlation between 
TLR4 and TC, suggesting the participation of 
TLR4 in insulin resistance for further aggrava-
tion of liver dysfunction.

Among different people, TLR4 gene was found 
to have more than 10 loci of SNPs. Such SNPs 
of TLR4 gene was correlated with Gram-
negative bacterial infection and fungal infec-
tion, in addition to NAFLD onset [21]. This study 
reported no statistical significance of genotype 
frequency at locus rs10759932, rs4986790, 
rs4986791 and rs7873784, which were uncor-

groups. Results showed significantly elevated 
TLR4 mRNA in PBMCs of NAFLD patients 
(P<0.05 compared to control group, Figure 1).

Correlation analysis between TLR4 and clinical 
indexes of NALFD patients

We further analyzed the correlation between 
TLR4 expression and clinical indexes in NAFLD 
patients. TLR4 was shown to be positively cor-
related with BMI, WHR, LDL, TG, AST, ALT, FBG, 
FINS and HOMA-IR (P<0.05), and negatively 
correlated with TC (P<0.05) but not with age, 
sex or HDL (Table 4). 

TLR4 SNPs gene frequency analysis in NAFLD 
patients

PCR-RFLP was used to detect genotypes of 
TLR4 gene at various loci (rs10759932, rs- 
4986790, rs4986791, rs41426344, rs1153- 
6889, rs7873784). Results showed 99.2%  
successful rate of SNP genotyping. All six SNPs 
alleles fitted Hardy-Weinberg equilibrium. 
Homozygous mutants and heterozygous at 
rs41426344 locus were CC and TC, respective-
ly. Homozygous mutants and heterozygous at 
rs11536889 locus were CC and GC, respec-
tively. Homozygous mutants and heterozygous 
at rs7873784 locus were AA and GA, respec-
tively. Homozygous mutants and heterozygous 
at rs10759932 locus were CC and GC, respec-
tively. Homozygous mutants and heterozygous 
at rs4986790 locus were GG and GA, respec-
tively. Homozygous mutants and heterozygous 
at rs4986791 locus were GC and GG, respec-

Figure 1. TLR4 mRNA expression in PBMCs of NAFLD 
and control groups. *P<0.05 compared to control 
group.
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providing new evidences for drug 
target of NAFLD treatment.

Acknowledgements

This work was supported by 
Natural Science Basic Research 
Plan in Shaanxi province of China 
(No.2014JM4189).

Disclosure of conflict of interest

mailto:moyiqwe@163.com


Gene polymorphism and fatty liver disease

3501 Int J Clin Exp Pathol 2017;10(3):3496-3502

[14] Yao L, Lu P and Ling EA. Melatonin suppresses 
toll like receptor 4-dependent caspase-3 sig-
naling activation coupled with reduced produc-
tion of proinflammatory mediators in hypoxic 
microglia. PLoS One 2016; 11: e0166010.

[15] Yu X, Wang Y, Lin J, Hu Y, Kawai T, Taubman MA 
and Han X. Lipopolysaccharides-induced sup-
pression of innate-like b cell apoptosis is en-
hanced by cpg oligodeoxynucleotide and re-
quires toll-like receptors 2 and 4. PLoS One 
2016; 11: e0165862.

[16] Sahini N and Borlak J. Genomics of human 
fatty liver disease reveal mechanistically linked 
lipid droplet-associated gene regulations in 
bland steatosis and nonalcoholic steatohepati-
tis. Transl Res 2016; 177: 41-69.

[17] Zwolak A, Szuster-Ciesielska A, Daniluk J, Slab-
czynska O and Kandefer-Szerszen M. Hyperre-
activity of blood leukocytes in patients with 
NAFLD to ex vivo lipopolysaccharide treatment 
is modulated by metformin and phosphatidyl-
choline but not by alpha ketoglutarate. PLoS 
One 2015; 10: e0143851.

[18] Uthaya Kumar DB, Chen CL, Liu JC, Feldman 
DE, Sher LS, French S, DiNorcia J, French SW, 
Naini BV, Junrungsee S, Agopian VG, Zarrinpar 
A and Machida K. TLR4 signaling via NANOG 
cooperates with STAT3 to activate twist1 and 
promote formation of tumor-initiating stem-like 
cells in livers of mice. Gastroenterology 2016; 
150: 707-19.

[19] Lin P, Lu J, Wang Y, Gu W, Yu J and Zhao R. 
Naturally occurring stilbenoid TSG reverses 
non-alcoholic fatty liver diseases via gut-liver 
axis. PLoS One 2015; 10: e0140346.

[20] Kapil S, Duseja A, Sharma BK, Singla B, 
Chakraborti A, Das A, Ray P, Dhiman RK and 
Chawla Y. Small intestinal bacterial overgrowth 
and toll-like receptor signaling in patients with 
non-alcoholic fatty liver disease. J Gastroen-
terol Hepatol 2016; 31: 213-21.

[21] Kiziltas S, Ata P, Colak Y, Mesci B, Senates E, 
Enc F, Ulasoglu C, Tuncer I and Oguz A. TLR4 
gene polymorphism in patients with nonalco-
holic fatty liver disease in comparison to 
healthy controls. Metab Syndr Relat Disord 
2014; 12: 165-70.

[22] Zhou L, Zheng D, Wang S, Zhu J, Jia Y, Sun D, 
Xu J, Wang Q, Chen H, Xu F, Li B and Ye L. Ge-
netic association of toll-like receptor 4 gene 
and coronary artery disease in a Chinese Han 
population. Springerplus 2016; 5: 1533.

[23] Citores MJ, Perez-Pulgar S, Duca A, Crespo G, 
de la Fuente S, Vilches C, Navasa M and Cuer-
vas-Mons V. Rapidity of fibrosis progression in 
liver transplant recipients with recurrent hepa-
titis C is influenced by toll-like receptor 3 poly-
morphism. Clin Transplant 2016; 30: 810-8.

mani F. Body roundness index and waist-to-
height ratio are strongly associated with non-
alcoholic fatty liver disease: a population-bas- 
ed study. Hepat Mon 2016; 16: e39575.

[6] Di Martino M, Pacifico L, Bezzi M, Di Miscio R, 
Sacconi B, Chiesa C and Catalano C. Compari-
son of magnetic resonance spectroscopy, pro-
ton density fat fraction and histological analy-
sis in the quantification of liver steatosis in 
children and adolescents. World J Gastroen-
terol 2016; 22: 8812-8819.

[7] Ilan Y, Ben Ya’acov A, Shabbat Y, Gingis-Velitski 
S, Almon E and Shaaltiel Y. Oral administration 
of a non-absorbable plant cell-expressed re-
combinant anti-TNF fusion protein induces im-
munomodulatory effects and alleviates nonal-
coholic steatohepatitis. World J Gastroenterol 
2016; 22: 8760-8769.

[8] Le Corvec M, Allain C, Lardjane S, Cavey T, Tur-
lin B, Fautrel A, Begriche K, Monbet V, Fro- 
menty B, Leroyer P, Guggenbuhl P, Ropert  
M, Sire O and Loreal O. Mid-infrared fibre eva-
nescent wave spectroscopy of serum allows 
fingerprinting of the hepatic metabolic status 
in mice. Analyst 2016; 141: 6259-6269.

[9] Shojaee-Moradie F, Cuthbertson DJ, Barrett M, 
Jackson NC, Herring R, Thomas EL, Bell J, 
Kemp GJ, Wright J and Umpleby AM. Exercise 
training reduces liver fat and increases rates 
of VLDL clearance but not VLDL production in 
NAFLD. J Clin Endocrinol Metab 2016; 101: 
4219-4228.

[10] Li H, Zhang L, Chen L, Zhu Q, Wang W and  
Qiao J. Lactobacillus acidophilus alleviates  
the inflammatory response to enterotoxigenic 
escherichia coli K88 via inhibition of the NF-
kappaB and p38 mitogen-activated protein ki-
nase signaling pathways in piglets. BMC Micro-
biol 2016; 16: 273.

[11] Zhang J, Xia J, Zhang Y, Xiao F, Wang J, Gao H, 
Liu Y, Rong S, Yao Y, Xu G and Li J. HMGB1-
TLR4 signaling participates in renal ischemia 
reperfusion injury and could be attenuated  
by dexamethasone-mediated inhibition of the 
ERK/NF-kappaB pathway. Am J Transl Res 
2016; 8: 4054-4067.

[12] Liu DL, Zhao LX, Zhang S and Du JR. Pero- 
xiredoxin 1-mediated activation of TLR4/NF-
kappaB pathway contributes to neuroinflam-
matory injury in intracerebral hemorrhage. Int 
Immunopharmacol 2016; 41: 82-89.

[13] Oussa NA, Dahmani A, Gomis M, Richaud M, 
Andreev E, Navab-Daneshmand AR, Taillefer J, 
Carli C, Boulet S, Sabbagh L, Labrecque N, Sa-
pieha P and Delisle JS. VEGF requires the re-
ceptor NRP-1 to inhibit lipopolysaccharide-de-
pendent dendritic cell maturation. J Immunol 
2016; 197: 3927-3935.



Gene polymorphism and fatty liver disease

3502 Int J Clin Exp Pathol 2017;10(3):3496-3502

Lack of association between polymorphism 
rs4986791 in TLR4 and primary open-angle 
glaucoma in a saudi cohort. Genet Test Mol 
Biomarkers 2016; 20: 556-9.

[24] Buraczynska M, Zukowski P, Ksiazek K, Wacin-
ski P and Dragan M. The effect of toll-like re-
ceptor 4 gene polymorphism on vascular com-
plications in type 2 diabetes patients. Diabetes 
Res Clin Pract 2016; 116: 7-13.

[25] Mousa A, Kondkar AA, Al-Obeidan SA, Azad  
TA, Sultan T, Osman EA and Abu-Amero KK. 


