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ABSTRACT

Insulin-like growth factor (IGF) has a chemical structure that is similar to proinsulin, which is a single-chain 
polypeptide. They have same source and be synthesized primarily in liver cells but are also produced in 
small amounts in other tissues and cells. In recent years, an increasing body of research has found a certain 
correlation between IGF and pain. However, there is a lack of comprehensive reviews and evaluations of such 
studies in the world. This article introduces the research progress on IGF-1 in pain, aiming to contribute to 
further studies in this field.
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Introduction
The 2020 revised definition of pain by the International Associ-

ation for the Study of Pain (IASP) characterizes it as an unpleasant 
sensory and emotional experience associated with actual or potential 
tissue damage or described in terms of such damage. Pain is a specific 
physiological response to noxious stimuli and it is also considered a 
disease in itself, categorized by its etiology into traumatic pain, in-
flammatory pain, neuropathic pain, cancer pain and psychological 
pain. When the body experiences noxious stimuli, pain receptors de-
tect signals generated by tissue damage. Action potentials are then 
generated and transmitted via nerve fibers to the central nervous sys-
tem, resulting in the perception of pain. Insulin-Like Growth Factor 
(IGF) is a polypeptide that exerts physiological effects when it binds 
to its receptors. While it plays a significant role in various physiologi-
cal processes such as cell proliferation, growth, metabolism and so on, 
there are a limited number of reviews and reports on the role of IGF 
in pain. This article briefly summarizes existing research on IGF-1 in 
pain-related conditions, providing potential insights for future pain 
diagnosis and treatment.

IGF Family

Discovered in 1957, the IGF family comprises IGF-1, IGF-2, IGF-1 
receptors (IGF-1R), IGF-2 receptors (IGF-2R), and insulin-like growth 
factor binding proteins (IGFBPs). Due to its high genetic similarity to 
insulin and similar functions, the IGF was named “insulin-like growth 
factor.” The primary ligands for IGF are IGF-1 and IGF-2, which exert 
physiological effects by binding to their respective receptors. IGF1 is 
synthesized in multiple tissues including liver, skeletal muscle, bone 
and cartilage. The changes in blood concentrations of IGF1 reflect 
changes in its synthesis and secretion from the liver, which accounts 
for 80% of the total serum IGF1 in experimental animals. The remain-
der of the IGF1 is synthesized in the periphery, usually by connective 
tissue cell types, such as stromal cells that are present in most tis-
sues [1]. IGF-1 is a member of the insulin gene family. It is a 70 amino 
acid long growth factor hormone with potent anabolic effects during 
development. The hypothesis that IGF-1 is not only implicated in the 
regulation of cell growth, differentiation, and apoptosis, but it is also a 
potential and useful marker of malnutrition status, by defect or by ex-
cess, is supported by the U-shape relationship existing between IGF-1 
serum concentrations and body mass index. [2,3].
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The liver is the main source of circulating insulin-Like Growth 
Factor-1 (IGF-1) (more than 75%). The variety of IGF-1 activities can 
be partly summarized as cell proliferation and differentiation; tissue 
growth and development; insulin-like activity; anti-inflammatory; 
and antioxidant, mitochondrial protection, and prosuivival/antiaging. 
On the other hand, a specific and not well-understood IGF-1 activity 
might consist of contributing to cell polarity, acting on cytoskeleton 
[4,5]. As a key cytokine in the nervous system, IGF-1 produced in the 
tissue in response to injury sensitizes the primary afferent neurons 
via IGF1R and produces tissue injury-induced pain hypersensitivi-
ty [6,7]. Several studies have suggested that IGF-1 enhances T-type 
channel currents through the activation of IGF-1R that is coupled to 
a G protein–dependent PKCα pathway, thereby increasing the excit-
ability of DRG neurons and the sensitivity to pain [8]. The research 
findings by Lin and colleagues provided morphological evidence that 
T-type Cav3.2 channel, at least partially, mediates the pain facilitation 
of IGF-1/IGF-1R signaling in chronic inflammatory pain condition [9]. 

Given the association of IGF-1 with pain, numerous studies have 
been conducted both domestically and internationally. Miura et al. 
proposed that IGF-1 produced in the tissue in response to injury sen-
sitizes the primary afferent neurons via IGF1R and produces tissue 
injury-induced pain hypersensitivity [10]. Some studies have indicat-
ed a relationship between the hypothalamus-pituitary-target organ 
secretion axis and pain generation. Bálint et al. found that retrograde 
endocannabinoid is involved in the effect of IGF-1, the endocannabi-
noid 2-AG, tonically secreted from the GnRH neuron, decreases the 
excitatory GABA release from the presynaptic axon terminals and 
thus, suppression of the endocannabinoid production results in an 
increased GABA release and fine-tuning the hypothalamus-pitu-
itary-gonadal axis [11]. In conclusion, IGF-1 is closely associated with 
neuropathic pain, inflammatory pain, and cancer pain.

IGF Family and Pain

IGF Family and Neuropathic Pain: Neuropathic pain refers to 
pain caused by nerve damage and lesions occurring anywhere in the 
nervous system, including peripheral nerves and the central nervous 
system. Chen et al. found that IGF1 (derived from astrocytes) in the 
lumbar cord increased along with the neuropathic pain induced by 
CCI. IGF1R was predominantly expressed on neurons. IGF1R antag-
onism or IGF1 neutralization attenuated pain behaviors induced by 
CCI, relieved mTOR-related suppression of autophagy, and mitigated 
neuroinflammation in the spinal cord. These findings reveal that the 
abnormal IGF1/IGF1R signaling contributes to neuropathic pain by 
exacerbating autophagy dysfunction and neuroinflammation [12]. 
Elevated IGF-1 expression is closely related to neuropathic pain, and 
it enhances T-type channel currents through the activation of IGF-1R 
that is coupled to a G protein–dependent PKCα pathway, thereby in-
creasing the excitability of DRG neurons and the sensitivity to pain 
[13]. Several studies provide practical evidence for the treatment of 
neuropathic pain with IGF-1R antagonists.

IGF Family and Inflammatory Pain: Inflammatory pain results 
from biological or chemical inflammation in peripheral tissues, elicit-
ing discomfort associated with sensory receptors and signaling path-
ways. There has been extensive research on inflammatory pain, both 
domestically and internationally, focusing on receptors, ion channels, 
growth factors, neurotrophic factors, prostaglandins, and more. Ma-
yumi Miura suggested that increased tissue IGF-1 production sensi-
tizes primary afferent neurons via the IGF1R/Akt pathway to facili-
tate pain hypersensitivity after tissue damage [14].

IGF Family and Cancer Pain: Cancer pain arises from tumor-in-
duced tissue ischemia, tumor infiltration of surrounding organs, or 
nerve compression. It has a severe impact on patients’ daily life, self-
care abilities, and overall quality of life. Tas et al. found that elevated 
serum level of IGF-1 is associated with favorable progression-free and 
overall survivals in EOC patients [15]. In breast cancer, the adjuvant 
hormonal treatment of choice for postmenopausal estrogen-recep-
tor-positive breast cancer, and (原文 although) the pain is usually at-
tributed to the estrogen depletion associated with Ais. Gallicchio et al. 
suggested the IGF axis in the development of AI-associated musculo-
skeletal pain, a first step in developing effective interventions [16]. In 
cancer-related bone pain, Wan proposed that when the cancer cells 
metastasized into bone marrow, the elevated endogenous formalde-
hyde induced bone cancer pain through activation on the transient 
receptor potential vanilloid subfamily member 1 (TRPV1) in the pe-
ripheral nerve fibers. More interestingly, TRPV1 expressions in the 
peripheral fibers were upregulated by the local insulin-like growth 
factor I (IGF-I) produced by the activated osteoblasts [17]. Similarly, 
in a rat breast cancer model, Li and colleagues found that TRPV1 cur-
rent density was significantly increased in the acutely isolated DRG 
neurons from bone cancer pain rats. At the same time, there was an 
increase in the expression of insulin-like growth factor 1 (IGF-1) in 
the tibial cavity [18]. This suggests that in cancer pain, IGF-1 produc-
tion is mediated through the expression of TRPV1.

Conclusion and Outlook
As the fifth vital sign, pain is increasingly receiving attention and 

insulin-like growth factor 1 (IGF-1) plays a crucial role in the develop-
ment and manifestation of pain. Given the significant impact of pain 
on patients’ quality of life, further elucidating the mechanisms and 
pathophysiological processes of IGF-1 in pain is crucial. Exploring 
therapeutic approaches targeting the mechanisms of IGF-1 in pain 
management will be a focal point in research, with the aim of improv-
ing the quality of life for individuals experiencing pain.
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