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Abstract. Non-alcoholic fatty liver disease (NAFLD) is a 
common liver disease associated with an increased risk of 
type 2 diabetes and cardiovascular disease. Many factors 
may contribute to NAFLD development and progression, but 
the exact mechanisms are still not fully understood. In this 
study, Sprague-Dawley rats were fed either a standard diet 
(control group), a high-fat diet for 8 weeks (the HFD-8 group) 
or a high-fat diet for 16 weeks (the HFD-16 group). The HFD 
animals showed high levels of aspartate aminotransferase 
(AST), alanine aminotransferase (ALT) and insulin resistance 
index (Homa-IR). Mild and severe steatosis was found in 
both the HFD-8 and HFD-16 groups, respectively. Compared 
with the controls, mRNA levels of mTOR, S6K1, IL-1α, IL-6 
and TNFα were significantly increased in the HFD-8 and 
HFD-16 groups. IRS-1 mRNA was significantly increased in 
the HFD-8 group, but not in the HFD-16 group. The protein 
levels of mTOR, pmTOR(Ser2448), S6K1, pIRS-1(Ser307), 
IL-1α and IL-6 were significantly increased in the HFD-8 and 
HFD-16 groups. The protein levels of pmTOR(Ser2448) and 
IL-1α were significantly higher in the HFD-16 group compared 
to those in the HFD-8 group. However, the protein expression 
level of mTOR did not differ significantly between the HFD-8 
and HFD-16 groups. The pIRS-1(Tyr102) level was signifi-
cantly lower in both the HFD-8 and HFD-16 groups when 
compared to that in the control group, and the pIRS-1(Tyr102) 
level was significantly lower in the HFD-16 group compared 
to that of the HFD-8 group. pmTOR(Ser2448) was positively 
correlated with the TNFα mRNA level, and pIRS-1(Ser307) 
was positively correlated with pmTOR(Ser2448), TNFα, 
S6K1 and mTOR. pIRS-1(Tyr102) was negatively correlated 
with pmTOR(Ser2448), TNFα, S6K1 and mTOR. These data 
indicate that mTOR contributes to insulin resistance and 
chronic liver inflammation, and may play an important role in 
the development and progression of NAFLD.

Introduction

Non-alcoholic fatty liver disease (NAFLD) affects between 
10 and 24% of the general population in many countries 
and has become an important public health concern (1). 
NAFLD is associated with type 2 diabetes mellitus, meta-
bolic syndrome and coronary heart disease (2). However, the 
pathogenesis of NAFLD is not yet fully understood. Insulin 
resistance (IR) is the most reproducible factor in the devel-
opment of NAFLD (3). 

Mammalian target of rapamycin (mTOR) is involved in 
the occurrence of IR and the transmission of insulin signals 
(4,5). mTOR is a highly conserved serine/threonine kinase 
that controls cell growth and metabolism in response to 
nutrients, growth factors, cellular energy and stress (6). Thus, 
it is hypothesized that mTOR is also involved in the develop-
ment of NAFLD. Recent studies have revealed that ribosomal 
protein S6 kinase 1, S6K1, which is an effector of mTOR, 
is sensitive to both insulin and nutrients. Insulin receptor 
substrate-1 (IRS-1) is a signaling protein which couples the 
insulin receptor to the phosphoinositide-3-kinase (PI3K) 
signaling cascade (7). Serine phosphorylation of IRS-1 disas-
sociates coupling of IRS-1 signal transduction to PI3K and 
results in IR. 

In the present study, a high-fat diet-induced rat NAFLD 
model was used to investigate the relationship between mTOR 
and S6K1, IRS-1 and other inflammatory cytokines, including 
IL-1α, IL-6 and TNFα.

Materials and methods

Reagents. MMLV reverse transcriptase, Trizol and SYBR 
Green I were purchased from Invitrogen (Carlsbad, CA). 
The Prime Script™ RT reagent kit was from Takara 
(Dalian, China). The Pierce® BCA Protein Assay kit and 
Super Signal® West Femto Maximum Sensitivity substrate 
were from Thermo Scientific (Waltham, MA). ECL Plus 
Western blotting detection reagents were from GE Healthcare 
(Piscataway, NJ). Phospho-mTOR (Ser2448), phospho-IRS-1 
(Ser307) and phospho-tyrosine mouse mAb (pTyr102) were 
from Cell Signaling (Beverly, MA). Ribosomal protein S6 
kinase (P70-S6K; RPS6KB1) rabbit polyclonal antibody 
was from Bionity (Deutschland, Germany). Monoclonal 
anti-GAPDH antibody was from Sigma (St. Louis, MO). IL-1 
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antibody was from AbD Serotec (Kidlington, UK), and IL-6 
antibody was from Santa Cruz (Santa Cruz, CA). Taq poly-
merase and random primers were from Sangon (Shanghai, 
China). RNAase inhibitor, dNTP, M-MLV and TEMED were 
from Promega (Madison, WI). All of the other chemicals used 
were analytical reagents.

Animal model and groups. Male Sprague-Dawley (SD) rats, 
weighing 150-180 g, were purchased from Shanghai SLAC 
Laboratory Animals Co., Ltd. (Shanghai, China) and were 
housed under standardized conditions (18-23̊C), with 12-h 
light/12-h darkness, 60% humidity and free access to food 
and tap water. The animals were randomly divided into 
three groups (n=30/group): the control group rats were fed 
a standard diet; the HFD-8 group received a high-fat diet 
(standard diet plus 10% lard, 5% yolk and 2% cholesterol) for 
8 weeks, and the HFD-16 group recieved a high-fat diet for 
16 weeks. All of the studies were performed with the approval 
of the Experimental Animal Committee of Tongji University, 
Shanghai, China. After the rats were sacrificed under deep 
anesthesia, the liver was promptly excised and removed. 
One portion of the liver was fixed in 10% formalin, and the 
remaining liver was stored in liquid nitrogen.

Histological examinations. The liver samples were processed 
in a series of stages including alcohol dehydration, transpar-
ency by xylene, soaking in organic solution and longitudinal 
embedding in paraffin. The paraffin blocks were cut into 4-µm 
tissue sections for staining with hematoxylin and eosin (H&E) 
under a light microscope (Olympus, Tokyo, Japan).

Biochemical assays. One day before sacrifice, the animals 
were fasted. Before the animals were sacrificed, peripheral 
blood was harvested from the tail veins, and the serum was 
harvested by centrifugation. AST, ALT and fasting blood 
glucose (FBG) were measured using an auto-analyzer 
(Beckman LX-20, Palo Alto, CA). Rat insulin levels (FINS)
were detected with the use of the Rat Insulin RIA kit (Linco 
Research Inc., St. Charles, MO) according to the manufac-
turer's instructions. HOMA-IR was calculated by using the 
following equation: HOMA-IR = (FBG x FINS)/22.5. 

Real-time PCR. For real-time PCR, RNA samples were 
extracted from the liver tissues using Trizol according to the 

manufacturer's instructions (Invitrogen). cDNA was immedi-
ately reverse transcribed using 2 µg RNA. Real-time PCR was 
undertaken using the SYBR Green method conducted on the 
7300 Real-time PCR system (ABI, Foster City, CA) according 
to the manufacturer's instructions. The primers were designed 
using Primer Express™ 1.5 software (ABI) on the basis of 
sequence data obtained from the NCBI database and were 
synthesized by Sangon (Table I). The following cycling condi-
tions were used: 95̊C for 30 sec followed by 42 cycles at 95̊C 
for 5 sec and 56̊C for 30 sec. Real-time PCR assays were 
conducted in triplicate for each sample. The amount of target 
gene expression was calculated using the respective standard 
curves, and the quantitative expression was normalized using 
rat GAPDH. 

Western blot analysis. Liver samples were homogenized in a 
tissue lysis buffer (50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 1% 
Nonidet P-40) on ice and centrifuged at 3,000 x g for 15 min 
at 4̊C to remove nuclear and particulate matter. The superna-
tants were collected and centrifuged at 40,000 x g for 30 min 
at 4̊C, and the remaining pellet was resuspended in 1 ml of 
lysis buffer. The amount of total protein in the samples was 
determined using the Lowry method. Protein samples (50 µg) 
were resolved on a 12% SDS-PAGE and then electroblotted on 
PVDF membranes (Bio-Rad). The membranes were incubated 
with antibodies of mTOR, pmTOR(Ser2448), S6K1, pIRS-1 
(Ser307), pIRS-1(Tyr102), IL-1α or IL-6 (1:1000) overnight 
at 4̊C, followed by incubation with horseradish peroxidase-
conjugated anti-rabbit antibody (1:5000) for 2 h; ECL was 
used to visualize the bands. The expression of GADPH was 
used as an internal control to normalize the expression of the 
other proteins. The bands were quantified using a GIS-2008 
image-processing system (Shanghai Tianneng Tech, Shanghai, 
China). 

Statistical analysis. All values were expressed as the mean 
± SD. A statistical package SPSS11.0 (SPSS Inc., Chicago, 
IL, USA) was used for all analyses. A one-way ANOVA was 
used to analyze the mean of each group. The least significant 
difference (LSD) method was used to evaluate the differ-
ence between the means of the groups. Pearson's correlation 
was used to investigate the possible correlations between 
variables. A value of P<0.05 was considered statistically 
significant.

Table I. Primer sequences.

Primers	 Forward primer	R everse primer	 Size	NC BI reference
			   (bp)	 sequence

IRS-1	A GCTATGCTGACATGCGGACA	C GGCCCCTTGAGGTGTAA	 124	N M_012969.1
mTOR	C TTATGCCAACCTCCTAGCTG	 GTTAAGTCCAAACCCGTAT	 165	N M_019906.1
S6K1	 GCACCTGCGGATGAATCTAT	 TTTTCCTCCATCGAAAGCAT	 165	N M_031985.1
IL1a	C TCAAACTTGCTTTATTTAATTATGA	 TAACTGTGACAACCACATCCC	 167	N M_017019.1
IL6	 TGGAGTCACAGAAGGAGTGGCTAAG	 TCTGACCACAGTGAGGAATGTCCAC	 154	N M_012589.1
TNFα 	CACCCACACC GTCAGCCGATT	A GTAGACCTGCCCGGACTC	 227	 X66539.1
GAPDH	 TCCTGCACCACCAACTGCTTAGCC	 TAGCCCAGGATGCCCTTTAGTGGG	 377
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Results

Effect of a high-fat diet on biochemical indices. As shown in 
Table II, ALT and AST levels were significantly higher in the 
HFD-8 and HFD-16 groups compared to the control group 
(P<0.01), and ALT and AST levels were significantly higher 
in the HFD-16 group than those in the HFD-8 group. This 
indicates that a high-fat diet increases ALT and AST levels in 
a time-dependent manner. Although there was no significant 
difference in FBG between the HDT groups and the control 
group (P>0.05), FINS and HOMA-IR in the HFD groups 
were significantly higher than the levels in the control group 
(P<0.05). FINS and HOMA-IR were significantly higher in 
the HFD-16 group than those in the HFD-8 group (P<0.05), 
indicating that a high-fat diet increases FINS and HOMA-IR 
levels in a time-dependent manner. 

Histopathological lesions. Administration of a high-fat diet 
for eight weeks caused mild (fat present in 30-50% of hepa-

tocytes) or moderate (fat present in 50-75% of hepatocytes) 
steatosis (Fig. 1A and B). Administration of a high-fat diet 
for 16 weeks caused severe steatosis (fat present in more than 
75% of hepatocytes) (Fig. 1C). Large numbers of inflamma-
tory cells, such as lymphocytes and neutrophils, were found to 
have infiltrated the portal area. Some inflammatory cells had 
destroyed the limiting plate and had infiltrated into the liver 
lobules and around the hepatocytes (Fig. 1D). 

Changes in mTOR, IRS-1, S6K1, IL-1α, IL-6 and TNFα mRNA 
levels. Compared to the control groups, mTOR, S6K1, IL-1α, 
IL-6, and TNFα mRNA levels were significantly increased 
(P<0.01) in the HFD-8 and HFD-16 groups. The IRS-1 
mRNA level was significantly higher in the HFD-8 group 
comapred with that in the control group, but no differences 
were observed between the HFD-16 group and the control 
group (P>0.05; Fig. 2). These data were in accordance with the 
histopathological findings. Along with the prolonging of the 
high-fat diet, the accumulation and infiltration of inflamma-

Table II. Changes in biochemical indices.

Group	N o.	AL T (U/l)	A ST (U/l)	 FBG (mmol/l) 	 FINS (mU/l)	 HOMA-IR

Control	 10	 53.55±11.12	 178.21±9.93	 5.53±0.95	 15.33±3.38	 3.86±1.35
HFD-8	 10	  66.49±10.15d	     198.67±12.12a	 5.68±0.93 	  22.32±4.37a	  5.79±2.04d

HFD-16	 10	    85.12±11.41a,b	       223.51±21.98a,b	 6.11±1.24 	    28.17±3.96a,b	    7.77±2.42a,c

Index values are represented as the mean ± SD. aP<0.01 vs. control group; bP<0.01 vs. HFD-8 group; cP<0.05 vs. HFD-8 group; dP<0.05 vs. 
control group. ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBG, fasting blood glucose; FINS, fasting serum insulin; 
Homa-IR, insulin resistance index.

Figure 1. Histopathology of rats fed a high-fat diet for 8 or 16 weeks. Sections were stained with H&E. (A) Mild steatosis, fat present in 30-50% of hepatocytes; 
(B) moderate steatosis, fat present in 50-75% of hepatocytes; (C) severe steatosis, fat present in >75% of hepatocytes; and (D) a large number of inflammatory 
cells infiltrated at the portal area. 
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tory cells in the liver increased. Therefore, the mTOR/S6K1 
signaling pathway appears to be mediated by the biological 
effects of a high-fat diet. 

Changes in mTOR, pmTOR(Ser2448), S6K1, pIRS-1 
(Ser307), pIRS-1(Tyr102), IL-1α and IL-6 protein levels. 
As shown in Fig. 3, compared with the control group, 
mTOR, pmTOR(Ser2448), S6K1, pIRS-1(Ser307), IL-1α 
and IL-6 protein expression levels were significantly 
increased (P<0.01) in the HFD-8 and HFD-16 groups. 
pmTOR(Ser2448) and IL-1α protein expression levels were 
significantly higher in the HFD-16 group than those in the 
HFD-8 group. The pIRS-1(Tyr102) protein expression level 
was significantly lower in both the HFD-8 and HFD-16 
groups compared to that of the control group (P<0.01), and 
the pIRS-1(Tyr102) protein expression level was significantly 
lower in the HFD-16 group compared to that of the HFD-8 
group (P<0.05), but no significant differences in mTOR 
protein expression were observed between the HFD-16 
and the HFD-8 group (P>0.05). These data indicate that a 
high-fat diet leads to an increase in the phosphorylation of 
mTOR and an increase in S6K1 expression, resulting in the 
activation of the mTOR/S6K1 signaling pathway. A high-fat 
diet decreased the phosphorylation of pIRS-1, indicating that 
a high-fat diet decreases the sensitivity to insulin. The effect 
of a high-fat diet on mTOR and pIRS occurred in a time-
dependent manner. 

Correlation analysis. In order to understand the relation-
ships among the mTOR/S6K1 signaling pathway, IRS-1 and 
inflammatory cytokines, a Pearson's correlation analysis was 
performed. We found that pmTOR(Ser2448) was positively 
correlated with TNFα mRNA (r=0.892, P<0.001). pIRS-1 
(Ser307) was positively correlated with pmTOR(Ser2448) 
(r=0.752, P<0.001), TNFα mRNA (r=0.604, P=0.019), S6K1 
(r=0.530, P<0.001) and mTOR (r=0.904, P<0.001). pIRS-1 
(Tyr102) was negatively correlated with pmTOR(Ser2448) 
(r=-0.888, P<0.001), TNFα mRNA (r=-0.828, P<0.001), S6K1 
(r=-0.631, P<0.001) and mTOR (r=-0.904, P<0.001).

Discussion

In the present study, a high-fat diet-induced NAFLD rat model 
was used to investigate the role of mTOR in the expression 
of inflammatory cytokines, insulin resistance and steatosis. In 
recent years, there has been an increase in the incidence of 
NAFLD (8,9). The pathogenesis of NAFLD is well-described 
and involves both genetic susceptibility and the development 
of a multifactorial metabolic disorder. The pathophysiological 
basis of the disease consists largely of insulin resistance and 
oxidative stress. However, to date, there is no complete theory 
that fully explains all the clinical signs of NAFLD (10,11). 
Currently, IR with hepatocyte steatosis (12,13) and inflamma-
tory attacks, caused by oxidative stress and activation of TNFα 
and NF-κB, are widely recognized as significant factors that 

Figure 2. mRNA level of IL-1α (a), IL-6 (b), IRS-1 (c), mTOR (d), TNFα (e) and S6K1 (f). GADPH was used as an internal control. Values are the means ± 
SD. A, control group; B, HFD-8 group; C, HFD-16 group. *A compared with B or C, P<0.05. **B compared with C, P<0.05. A representative real-time PCR 
image is shown (g).

  a   b   c   d

  e

  f

  g
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influence the incidence and development of NAFLD (10,14). 
Various factors that may affect both IR and chronic liver 
inflammation appear to play important roles in the develop-
ment of NAFLD.

Interfered or impaired insulin signaling has been reported 
to be responsible for IR (15). mTOR has a wide variety of 
biological functions and is involved in the occurrence of 
insulin resistance and the transmission of insulin signals 
(5,16). To assess the role of mTOR in the occurrence and 
development of NAFLD, SD rats were used as models in this 
study. The establishment of an SD rat model of NAFLD by 
feeding the rats a high-fat diet was considered to be successful, 
as steatotic liver tissues were identified in the rats by means 
of pathological examination. The metabolic features of this 
model included IR, fasting hyperinsulinemia and increased 
serum transaminase. It was found that mTOR mRNA expres-
sion tended to increase progressively and significantly with 
the progression in pathological morphology from simple fatty 
liver (in the HFD-8 group) to fatty hepatitis (in the HFD-16 
group), which suggests the involvement of mTOR in the 
etiology and development of NAFLD.

IRS-1 protein is crucial for insulin signaling and may 
cause IR in the peripheral target tissues of insulin, as it is a 
mediating factor in insulin signaling disorder (17,18). The 
function of IRS-1 may be regulated either by IRS-1(Ser307) 
phosphorylation or by the IRS-1 degradation pathway. 
Following the stimulation of insulin, tyrosine phosphoryla-
tion is a prerequisite for IRS-1 to function as a transducer of 

signals (i.e., positive regulation). Stimulation by insulin may 
also lead to IRS-1 serine phosphorylation, which inhibits 
the signaling function of IRS-1 (i.e., negative regulation). A 
balance between positive and negative regulation is important 
in modulating the function of IRS-1. Previous studies have 
found that IRS-1(Ser307) overphosphorylation may prevent 
the interconnection between IRS-1 and insulin receptors 
and, therefore, may decrease IRS-1 tyrosine phosphorylation 
(19,20). In line with previous findings, the results of this study 
showed significantly increased pIRS-1(Ser307) and consider-
ably decreased pIRS-1(Tyr102) levels in rat liver tissues when 
there was a pathomorphological progression from simple fatty 
liver (the HFD-8 group) to fatty hepatitis (the HFD-16 group). 
These results suggest that upregulation of IRS-1(Ser307) 
phosphorylation may induce additional IR by causing an 
insulin signaling disorder via inhibition of the interconnection 
between IRS-1 and insulin receptors, decreasing IRS-1(Tyr102) 
phosphorylation and affecting the function of IRS-1.

mTOR is a downstream component of the IRS/PI3K/Akt 
signaling pathway and the nutrient signaling pathway in islet 
cells (21). Recent studies have found the following: growth 
factor signals may downregulate the activation of PI3K via 
mTOR and S6K (22); the mid- and downstream signals of the 
insulin signaling pathway may also induce insulin resistance 
by inhibiting the upstream signals through a negative feedback 
regulation mechanism (23); S6K may cause phosphorylation of 
IRS-1 serine and IR may be induced by decreased Akt phos-
phorylation due to a disconnection between IRS and insulin 

Figure 3. Protein level of IL-1α (a), IL-6 (b), pIRS-1(Ser307) (c), pIRS-1(Tyr102) (d), mTOR (e) pmTOR(Ser2448)  (f) and S6K1 (g). GADPH was used as an 
internal control. Values are the means ± SD. A, control group; B, HFD-8 group; C, HFD-16 group. *A compared with B or C, P<0.05. **B compared with C, 
P<0.05. A representative Western blot image is shown (h).

  a   b   c
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receptors (24-26). Briaud et al (27) reported that glucose or 
insulin-like growth factors in islet β cells may cause increased 
IRS Ser/Thr phosphorylation, decreased IRS expression 
and increased apoptosis of islet β cells by chronic activation 
of mTOR. Overactivation of the mTOR/S6K1 cascade may 
inhibit insulin signaling, prompt the occurrence and develop-
ment of IR and cause metabolic disease and type 2 diabetes 
(28). Since phosphorylation represents the activation of mTOR, 
and as total mTOR may not fully reflect the activation of the 
mTOR signaling pathway (29), phosphorylated mTOR was 
used in this study as a detection index to investigate the asso-
ciation between the activation of the mTOR signaling pathway 
and NAFLD. The results of this study revealed significantly 
increased pmTOR(Ser2448) and S6K1 expression with the 
pathomorphological progression from simple fatty liver 
(HFD-8 group) to fatty hepatitis (HFD-16 group), suggesting 
that overactivation of the mTOR cascade in the liver occurs 
during the development of NAFLD. Moreover, the expres-
sion of pIRS-1(Ser307) was significantly positively correlated 
with that of mTOR, pmTOR and S6K1, while a significantly 
negative association was observed between the expression of 
pIRS-1(Tyr102) and that of mTOR, pmTOR and S6K1. This 
indicates that overactivation of mTOR may induce IR by 
causing IRS-1(Ser307) overphosphorylation and decreasing 
IRS-1(Tyr102) phosphorylation via activating S6K1.

TNFα, IL-1 and IL-6 may induce IR by interfering with 
insulin signaling. IRS is a key site at which inflammatory 
factors cause IR. TNFα is not only involved in inflammatory 
reactions, but also plays an important role in fat metabolism as 
an adipocytokine (30,31). TNFα may induce IR by impairing 
insulin sensitivity via inhibition of PI3K activity, decreasing 
expression of glucose transporter 4 (GLUT4) and downregu-
lating PPAR-α, adiponectin and IRS-1 (31,32). In addition, 
IL-6 is an important modulator for energy metabolism balance, 
and may significantly inhibit insulin-dependent activation of 
AKT and suppress the expression of IRS-1, GLUT4 and PI3K, 
thereby affecting post-insulin receptor signaling and causing 
IR (31). IL-6 mRNA is highly expressed in blood and liver 
tissues in patients with non-alcoholic steatohepatitis (NASH) 
(33). Blood cell cultures of NAFLD patients have shown that 
IL-lα production is increased and positively correlated with 
fatty hepatitis and IR (34). Insulin tolerance tests revealed 
lower fasting blood glucose and insulin levels and improved 
insulin sensitivity in IL-lα-/- mice compared with wild-type 
mice (35). Consistent with the results mentioned above, this 
study found that the expression of IL-1α, IL-6 and TNFα 
mRNA was significantly higher in the HFD-8 and HFD-16 
groups than that in the control group. The protein expres-
sion of IL-1α and IL-6 was also markedly increased in the 
HFD-8 and HFD-16 groups compared with the control group, 
suggesting the involvement of inflammatory factors in the 
incidence and development of NAFLD.

One of the most important characteristics of cell signaling 
is the construction of a complicated signaling network system 
in which there is crosstalk between various pathways, with 
convergence or divergence. This is also underpinned by studies 
of the mTOR singling pathway. Cytokines such as TNFα may 
activate mTOR through the PI3K-Akt pathway (36,37), and 
mTOR may also influence the activity of NF-κB (38). mTOR 
phosphorylation is necessary for the activation of NF-κB p65 

(39), and the activation of NF-κB may induce high expression 
of TNFα (40,41), suggesting a complex interaction between 
TNF-α, NF-κB and mTOR. This interaction is associated 
with IKKβ/TSC: in tumor cells and breast cancer with a 
TSC mutation, activated NF-κB activity may increase mTOR 
activity, and in esophageal adenocarcinoma, activated IKKβ 
may lead to increased expression of S6K, a downstream gene 
of mTOR (41). Lee  et  al (42) confirmed a close association 
between IKKβ and TSC1 by demonstrating that IKKβ acti-
vated mTORC1 by phosphorylating the S487 and S511 sites of 
TSC1 and inhibiting the activity of TSC1/2.

The results of the present study showed a significant posi-
tive correlation between pmTOR(Ser2448) and TNFα mRNA. 
pIRS-1(Ser307) was also found to be significantly positively 
related to pmTOR(Ser2448), TNFα mRNA, S6K1 and mTOR 
and that pIRS-1(Tyr102) was significantly negatively associ-
ated with pmTOR(Ser2448), TNFα mRNA, S6K1 and mTOR. 
This demonstrates that both the mTOR/S6K1 and TNFα/
NF-κB signaling pathways play a role in the generation of 
NAFLD. Therefore, the streaming between these pathways 
apparently has a great significance for the targeted treatment 
of NAFLD, and warrants further investigation.

Based on the findings of this study, mTOR appears to 
be an important influential factor in the occurrence and 
development of NAFLD, as it is involved in the induction of 
insulin resistance and chronic hepatitis. This study provides 
an experimental basis for future investigations of the role of 
mTOR in NAFLD. Regulation of the expression of mTOR in 
the liver may be a novel treatment option for NAFLD.
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