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Abstract. Insulin resistance(IR) is the most primary pathological mechanism of type Ⅱ  diabetes, a 
metabolic disorder characterized by chronic hyperglycemia. Insulin transduction pathways have significant 
effects on IR, and they are mainly classified into two pathways: insulin receptor substrate-1 (IRS-
1)/phosphatidyl inositol 3 kinase (PI3K)/protein kinase (PKB) pathway and Ras/Raf/mitogen-activated 
protein kinase (MAPK) pathway. Resulted from various reasons such as obesity, oxidative stress and 
endoplasmic reticulum(ER) stress, if any site in the pathway is abnormal, IR will be caused. Therapies to IR 
is to enhance insulin sensitization, including adiponectin, endolipid and metformin. We review the 
mechanisms of IR in type Ⅱ diabetes. 

1 Introduction  
Diabetes mellitus (DM) is a metabolic disease featured 
by high blood glucose as a consequence of defective 
insulin secretion, impaired insulin functions or both. DM 
is distributed into four categories, type Ⅰ, type Ⅱ, 
gestational diabetes, and other specific types.[1] The 
feature of type I is lack of insulin resulted from damaged 
pancreatic beta cells or is autoimmune by antibodies, 
while the features of type II are not short of insulin but 
target cells are not sensitive to insulin.  

IR is the most important mechanism of type II DM. 
The abnormal insulin signalling pathway has effect on 
the occurrence and development of IR. Common insulin 
signalling pathways include the PI3K pathway and 
MAPK pathway.[2] After the combination of insulin and 
insulin receptor, the dysfunction of signal transduction 
process includes decreased activity of tyrosine kinase of 
insulin receptors, abnormal insulin signal transduction, 
reduced glucose transport, decreased glucose 
phosphorylation and decreased activity of glycogen 
synthase. The full attention and in-depth understanding 
of dysfunctional insulin signalling and IR caused by 
have important guiding significance to study the 
nosogenesis of diabetes and the progress of targeted 
hypoglycemic drugs. 

2 Two Pathways of Insulin Signalling 
Transduction  

Insulin binds to receptors on the surface of target tissues 
such as liver, adipose tissue and skeletal muscle, which 
triggers phosphorylation and excitation of receptor 
tyrosine kinase (RTK). A cascade occurs and produces 
multiple biological effects. There are two pathways, 

IRS-1/PI3K/protein kinase pathway and Ras/Raf/MAPK 
pathway.[2] 

In the first pathway, exogenous insulin or insulin 
secreted by beta cells get to target tissues, bind to insulin 
receptor α subunits and remove inhibition of β subunits. 
The activity of β subunits on PTK are activated and their 
phosphorylation abilities are increased which not only 
self-phosphorylated and also phosphorylate the tyrosine 
sites on IRS-1. [3] Activated IRS-1 binds to PI3K and 
arches to target cell membrane.[4, 5] The activated PI3K 
phosphorylates phosphatidylinositol (PI) and generates 
phosphatidylinositol 2 phosphate (PIP2) and 
phosphatidylinositol 3 phosphate (PIP3). PIP3 triggers 
multiple mechanisms to transfer signals and excites 
protein kinase B (PKB), which is also named AKT. [6] 
On the one hand, activated PKB inactivates the Ser sites 
of glycogen synthase kinase-3 (GSK-3) by 
phosphorylation and thereby activates glycogen synthase 
which promotes the synthesis of glycogen.[7] On the 
other hand, activated PKB enhances the activity of 
glucose transporter 4 (GLUT4) and thus enhancing 
glucose ingestion of liver cells, skeletal muscle cells and 
adipose cells. 

In the second pathway, after insulin activates 
receptors through the above approach, phosphorylated 
insulin receptors activate IRS-2. Activated tyrosine sites 
on IRS-2 binds to SH2 domain of growth factor 
receptor-bound protein 2 (Grb2) and consequently 
interacts with guanosine diphosphate (GDP)/guanosine-
5'-triphosphate(GTP) transfer factor, which transforms 
inactivated Ras-GDP into activated Ras-GTP and thus 
activating Ras.[8] Ras is GTP-binding protein which has 
great significance in signalling transduction. Otherwise, 
activated insulin receptors can also activate Ras through 
another way. Insulin receptors interact with signal 
protein Shc and tyrosine phosphates Shc. Activated Shc 
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transfers the signal to Grb2 and activates GDP/GTP 
transfer factor and consequently activates Ras.[9, 10] 
Activated Ras recruits and excites Raf serine kinase 
which serine phosphorylates mitogen-activated protein 
kinase kinase (MAPKK) and activates MAPK. MAPK 
activation can induce phosphorylation of many target 
protein and accordingly participate in the 
phosphorylation progress of some transcription factors, 
regulation of gene transcription and apoptosis.[11] (fig. 1) 

 
Fig. 1. Insulin transduction for insulin receptor. After insulin 
binding to receptors, cascade reactions occur and are divided 
into two pathways. In IRS-1/PI3K/PKB pathway, GSK3 and 

GLUT4 are finally activated. In Ras/Raf/MAPK pathway, 
MAPK is phosphorylated and regulates gene expression. “→” 
means simulative signalling transduction, “SOS” means son of 

sevenless. 

3 Factors for the formation of IR 

3.1 Abnormities in Insulin Signalling Pathway  

3.1.1 IRS Abnormities 

IRS family are important adaptor protein in insulin 
signalling pathway. They can be tyrosine phosphorylated 
by activated insulin receptor and then transduce signal 
downward. The abnormities of IRS mainly reflect in the 
following aspects: ①The abnormal degradation of IRS 
contributes to the decrease of its content and of the 
sensibility of the target cell to insulin.[12] ②The 
abnormal phosphorylation of IRS, including the 
abnormal increased phosphorylation level of serine or 
threonine site and the decreased phosphorylation level of 
tyrosine site.[13, 14] ③The abnormal distribution of IRS. 
IRS aggregates in the cytoplasm in excess and the 
number of correctly oriented IRS on the cytoskeleton 
decreases, which finally causes IR.[15] 

3.1.2 PI3K Abnormities 

The decrease of expression or activity of PI3K leads to 
the inability of insulin signalling transfer through PI3K 
pathway and consequently causing IR.[16, 17] 

3.1.3 PKB/AKT Abnormities 

PKB/AKT is the direct target protein of PI3K. The 
decreased expression or activity of PI3K can result in the 
formation of IR.[16, 17] 

3.1.4 GSK Abnormities 

Under the influence of insulin, GSK-3 is inactivated by 
phosphorylation and the synthesis of glycogen is 
initiated, which promotes the transportation of glucose. 
The increase of GSK-3 expression level is closely related 
to the occur and development of IR.[16, 17] 

3.1.5 GLUT4 Abnormities 

The decreased expression, transposition obstacle and 
decreased inner activity of GLUT4 bring about the 
reduction of glucose uptake and impaired metabolism 
and thus obstacle in insulin function.[16, 17] 

3.2 Adipocyte Factors  

Adipocyte factors, including tumor necrosis factor 
(TNF), resistin (RSTN) and free fatty acid (FFA), can 
induce unspecific chronic inflammation of target tissue, 
disturb insulin signalling pathway and cause IR. In 
addition, other adipocyte factors like adiponectin (ADPN) 
and visfatin (VF) can improve response state of IR 
inflammation by upregulation of related protein activity 
in insulin signalling pathway.[18] 

3.2.1 Pro-inflammatory factors  

The macrophages in adipose tissue secrete TNF-α, 
interleukin(IL)-6 and IL-1β, which activate inflammation 
signals in insulin target cells, activate C-Jun N-terminal 
kinases (JNK) and inflammation transcription factors 
activator protein 1 (AP-1) and nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-κB) and 
then induce the generation of inflammation factors. 
Among them, JNK pathway phosphorylates insulin 
receptors and IRS and results in IR.[19] TNF-α 
accelerates the degradation of fat and the number of FFA 
in blood increases; inhibits expression of GLUT4 and 
thus suppressing glucose transportation induced by 
insulin. TNFα, IL-6 and IL-1 can serine phosphorylates 
IRS-1, induces suppressor of cytokine signalling 3 
(SOCS-3) generation and decreases IRS-1 expression; 
increases protein tyrosine phosphatase 1B (PTP1B) gene 
transcription in adipocytes and promotes the expression 
and secretion of inflammation factors including IL-6、
IL-8、IL-1β.[20-23] In hepatic tissue, in the condition of 
steatohepatitis, inflammation signalling pathway is 
activated, and liver cells release cytokines to activate 
macrophage Kupffer cells and mediates IR.[24] 

3.2.2 Resistin 

Resistin is mainly secreted in white adipose tissue. 
①Resistin promoted the expression of socs-3 gene in 
adipocytes[25] and inhibits phosphorylation of tyrosine 
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residues by competition binding[26] and thus restraining 
the activity of GLUT4 protein. ②Resistin suppresses 
AMPK pathway. Insulin signal transduction is weakened, 
cyclic adenosine monophosphate (cAMP) concentration 
is increased, and AMPK starts metabolism, which 
promotes gluconeogenesis to increase blood glucose 
amount. Resistin reduces AMPK phosphorylation and 
AKT phosphorylation, which lead to IR.[27] ③Resistin 
significantly promotes the degradation of triglycerides 
into fatty acids and glycerol, and increases FFA in 
serum.[28] ④Resistin and inflammatory cytokines up-
regulate each other, relying on NF-κB pathway.[29] 
⑤Resistin and LPS competitively bind to toll-like 
receptor 4 (TLR4),[30] which activates JNK and p38, 
leads to inflammation and inhibits IRS-1 
phosphorylation.[31] ⑥Resistin increases the level of 
PTP1B, a protein that promotes IR.[31] 

3.2.3 Free fatty acid 

Plentiful studies have shown that saturated FFA reduces 
the sensitivity of target tissue cells to insulin and reduces 
their use of glucose. FFA decreases the expression and 
activity of insulin receptors on different types of muscle 
cells. Meanwhile, the phosphorylation of IRS-1, IRS-2, 
PKB and GSK3 are inhibited, which impedes the insulin 
signal transduction of PKB pathway.[32] FFA can also 
activate inhibitor of nuclear factor kappa-B kinase 
subunit beta (IKK)/NF-κB inflammatory signalling 
pathway and JNK pathway, resulting in increased 
serine/threonine phosphorylation level on IRS, decreased 
tyrosine phosphorylation and IRS activity, and promote 
the occurrence of IR.[33] Tremblay has found that FFA 
suppresses the amount of GLUT4 and reduces glucose 
transportation, leading to IR finally.[34] 

3.3 ER Stress  

Incorrect folded protein, volatile nutrients, toxins or 
virus infection can cause ER stress, which will in turn 
activate unfolded protein response (UPR) signal 
systems----mediated by inositol-requiring enzyme 
1(IRE-1), protein kinase R (PKR)-like endoplasmic 
reticulum kinase(PERK), ATF6 and cause ER adaptive 
response. Among them, IRE-1 and PERK activation can 
initiate two important inflammatory pathways, namely 
JNK and IKKβ.[35] High concentration of inflammatory 
molecules and saturated FFAs can induce ER stress and 
IR.[36] 

3.4 Oxidative Stress  

ER stress and induce mitochondrial dysfunction reduced 
nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase and inductive nitric oxide synthase (iNOS) make 
obese fat cells produce a large amount of active oxygen 
ROS, which initiates systematic oxidative stress. High 
concentrations of plasma FFAs and inflammatory 
molecules can both promote the expression and activity 
of the two oxidases in fat tissue.[37] Oxidative stress 

activates JNK and IKKβ directly which serine 
phosphorylates IRS-1,[38] and can also stimulate the 
secretion from fat tissue of inflammatory molecules such 
as IL -6 and TNFα.[39] 

3.5 Leptin  

Leptin is the expression outcome of ob gene in fat tissue, 
which mainly reduces fat deposition of the body by 
inhibiting appetite, stimulate fat decomposition and heat 
generation. High levels of leptin by exciting Janus kinase 
(JAK) - signal transducers and activators of transcription 
3 (STAT3) signal to promote the transcription of SOCS3, 
thereby inhibiting the expression of the IRS-1 in insulin 
signal. Leptin can also activate the ERK signal, serine 
phosphorylates IRS-1, and induce IR.[40] 

4 Therapies to enhance insulin 
sensitization 

4.1 Adiponectin  

Adiponectin, a kind of cytokine secreted by adipocytes, 
contributes to binding to adiponectin receptors, and has 
the functions of regulating sugar and lipid metabolism, 
increasing the oxidation of fatty acids, increasing 
glucose uptake and improving insulin sensitivity.[41] 
Adiponectin receptor 1 can enhance the regulation of 
adiponectin on AMPK[42], p38MAPK and peroxisome 
proliferator activated receptor α, promote the oxidation 
of fatty acids, increase the ingestion of glucose and 
inhibit the synthesis of glycogen, reduce the lipid content 
in cells and improve the sensitivity to insulin.[43] 
Adiponectin can inhibit the lipid hydrolysis by TNFα 
and reduce the amount of free fatty acids in blood 
system.[44] Adiponectin increases tyrosine 
phosphorylation extent of insulin receptors, IRS-1, IRS-2, 
and AKT in the PI3K/AKT pathway, which promotes 
insulin signal transduction.[45] 

4.2 Endolipid  

Endolipid can also significantly increase tyrosine 
phosphorylation level of IRS-1, IRS-2, and AKT,[46] 
up-regulate the expression of PI3K and GLUT4, increase 
glucose uptake,[47] and activate the activity of MAPK. 
Endolipid improve IR by facilitating insulin signal 
transduction in two important pathways：MAPK and 
PI3K.[48] 

4.3 Rosiglitazone  

A possible mechanism is related to the inhibition of the 
expression of TNFα. Rosiglitazone can significantly 
inhibit TNF-production in adipose tissue and promote 
the expression of GLUT4 in skeletal muscle[49], thereby 
improving the body's sensitivity to insulin. 
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4.4 Metformin   

Metformin activates AMPK pathway, inhibits 
transforming growth factor beta 1 (TGFβ1) pathway, 
inhibits fatty tissue fibrosis and finally improves IR.[50] 

5 Conclusion 
Insulin signal transduction is a process in which insulin 
signals are transmitted step by step and amplified in 
target tissue cells through a series of phosphorylation 
cascade to produce biological effects. Abnormal insulin 
signal transduction units or multiple sites caused by 
various factors, such as insulin degradation enzyme gene, 
protein tyrosine phosphatase, proteasome, fat factor, 
oxidative stress and endoplasmic reticulum stress, can all 
contribute to IR. The key point of therapy is to promote 
the sensitization of insulin to target cells. Researchers 
have found that adiponectin, endolipid, rosiglitazone and 
metformin play a significant role in this part. 

However, at present, there are many mechanisms that 
are not completely clear, such as the specific mechanism 
of signal transduction downstream of PI3K and MAPK, 
the role of pigment epithelium-derived factor (PEDF) in 
two pathways which is still controversial, and the effect 
of new found factors on insulin signal transduction 
pathways. On one hand, PEDF increases the 
phosphorylation of JNK and reduces the phosphorylation 
at active sites of IRS1 and Akt, resulting in IR.[51] On 
the other hand, some researches indicated that PEDF 
inhibits RAS-1 activity, IRS-1 tyrosine phosphorylation 
of stem cells, JNK activity and ROS production, 
improving IR.[52] The function of IL-6 in IR of 
adipocytes remains disputable. It is generally believed 
that IL-6 concentration in blood is positively related to 
obesity, glucose tolerance and IR.[53] However, studies 
have also concluded that IL-6 can enhance the glucose 
ingestion, glycogen produce and glucose oxidation of 
human skeletal muscle cells in resting state, and its 
mechanism is related to the increased phosphorylation of 
IL-6 in signal transducers and transcriptional activator 
3(STAT3), AMPK and p38 MAPK.[54] Further research 
is needed on PEDF and IL-6 in the future.  

Apart from these, microRNA is a spot worthy of 
further studying. Inhibition of mir-200 family expression 
significantly increased the levels of phosphatase and 
tensin homolog (PTEN) and Zinc finger protein 2 
(ZFPM2). ZFPM2 also called transcriptional regulator 
friend of Gata 2 (FOG2). FOG2 competitively binds 
PI3K could impede insulin signal transduction, because 
of FOG2 could reduce the activity of PI3K and inhibit 
phosphorylation of PKB and GSK. PTEN catalyzes the 
downstream of PI3K to generate PIP2, blocks the signal 
pathway of PI3K downstream, reduces PKB activity and 
produces IR. By contrast, overexpression of mir-200 
family inhibits FOG2 and PTEN, increases the 
phosphorylation level of PKB/GST, and improves IR.[55] 
It is significant to maintain high level of mir-200 family 
and scientists could develop relevant medicine. 

Recently, diabetes is one of the most vital disease 
that pose a threat to human health. The number of 

patients is rising continually, thus the understanding of 
diabetes mechanism and therapy is urgent. In addition to 
medical treatment, lifestyle changes could also control 
diabetes. For instance, doing aerobic sports can improve 
the combination ability of  insulin and insulin 
receptors.[56] Finally, there is still a long way for 
scientists and patients to go for the disease. 
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