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ABSTRACT 

Cytokines are small secreted proteins released by cells have a specific effect on the interactions and communications 

between cells. Cytokine is a general name; other names include lymphokine (cytokines made by lymphocytes), monokine 

(cytokines made by monocytes), chemokine (cytokines with chemotactic activities), and interleukin (cytokines made by one 

leukocyte and acting on other leukocytes). Cytokines may act on the cells that secrete them (autocrine action), on nearby cells 

(paracrine action), or in some instances on distant cells (endocrine action). There are both pro-inflammatory cytokines and anti-

inflammatory cytokines. There is significant evidence showing that certain cytokines/chemokines are involved in not only the 

initiation but also the persistence of pathologic pain by directly activating nociceptive sensory neurons. Certain inflammatory 

cytokines are also involved in nerve-injury/inflammation-induced central sensitization, and are related to the development of 

contralateral hyperalgesia/allodynia. The discussion presented in this chapter describes several key pro-inflammatory 

cytokines/chemokines and anti-inflammatory cytokines, their relation with pathological pain in animals and human patients, and 

possible underlying mechanisms. 
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INTRODUCTION  

Cytokines are a class of small molecule proteins or 

polypeptides that are stimulated, synthesized or secreted by 

immune cells (such as monocytes, macrophages, T cells, B 

cells, NK cells, etc.) and some non-immune cells 

(endothelial cells, epidermal cells, fibers mother cells, 

etc.).  Cytokines can transmit information between 

cells.  Cytokines have immune regulation and effector 

functions including the regulation of innate immunity, 

adaptive immunity, hematopoiesis, repair of damaged 

tissues, cell growth, and differentiation. Cytokines play an 

important role in the immune system by regulating the 

intensity and duration of immune responses [1]. 

Types of Cytokines 

Cytokines include different types of proteins that direct 

immune cells, 

where to go and what to do to keep your immune system 

functioning correctly [2,3]. 

Chemokines 

Chemokines direct immune cells toward places in 

your body where they can fight infection. 

Interferons  

Interferons signal cells to put up their defenses 

against viruses invading your body. In this way, interferons 

“interfere” in the process that allows viruses to replicate, or 

make more viruses once they’ve invaded a healthy cell. 

Interleukins 

Interleukins get their name from “inter” which 

means between and “leukocyte,” which is another name for 

a white blood cell. Originally, scientists thought that 

leukocytes alone released interleukins and only relayed 

messages to other leukocytes. But now we know that cells 
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other than leukocytes release these proteins. Also, 

interleukins can relay messages between cells that aren’t 

leukocytes. 

Tumor necrosis factor (TNF) 

TNF helps regulate inflammation in your body. 

TNF also signals to immune cells that kill tumor cells. 

Colony-stimulating factors (CSF) 

CSF signals hematopoietic stem cells to develop 

into specific cell types. Hematopoietic stem cells (HSC) are 

precursor cells that give rise to all blood cell types: white 

blood cells, red blood cells and platelets. These changes take 

place during a process called hematopoiesis. For 

example, granulocyte-colony stimulating factor (G-

CSF) signals an HSC to become a white blood cell called a 

neutrophil. Neutrophils help fight infection. 

Some cytokines get their names from the type of cell that 

makes them, including: 

 Lymphokines 

Produced by lymphocytes, a type of white blood 

cell. 

Monokines  

Produced by monocytes, a type of white blood cell. 

Nomenclature of the cytokines 

Nomenclature has been a problem because these 

molecules were originally named after the activity that they 

described, or cell types they derived from. This results in a 

large number of 3 or 4 letter acronyms. Names such as 

interleukines, chemokines, monokines, interferons, colony-

growth factors are the general terms to describe cytokines 

fallen into different categories. Cytokines are small secreted 

proteins that mediate and regulate immunity, inflammation, 

and hematopoiesis. However, it has been shown that 

membrane bound forms of cytokines, such as membrane 

bound TNF alpha (mTNF), also exhibit biological activities. 

Cytokines are produced de novo in response to an immune 

stimulus. They generally (although not always) act over 

short distances and short time spans and at very low 

concentration. They act by binding to specific cell surface 

receptors, which then signal the cell via kinase cascades, 

often tyrosine kinases, to modulate gene expression. The 

gene products (proteins) participate in the cell proliferation, 

differentiation, migration, and apoptosis activities. 

Properties of Cytokines  

Pleiotropy affects multiple cell types Redundancy 

Multiple cytokines affects cells of the same type Synergy 

Cytokines acting in concert on the same cell Antagonism 

Competing actions Cascading Cytokines acting sequentially 

Mechanisms underlying cytokines-mediated pathological 

pain  

There is evidence that pro-inflammatory cytokines 

(e.g., IL-1β, TNF-α) [4, 5, 6] and chemokines (e.g., MCP-1) 

[7,9] may directly modulate neuronal activity in various 

classes of neurons in the peripheral and central nervous 

system. In the peripheral nervous system, abnormal 

spontaneous activity can be evoked from nociceptive 

neurons by topical application of TNF-α to the peripheral 

axons in vivo [10], or to the somata of the DRG neurons in 

vitro [11]. Large, myelinated fast conducting Aβ neurons can 

also be excited by topical application of TNF-α to the DRG 

[12] or by an autologous HNP extract [13]. TNF-α can enhance 

the sensitivity of sensory neurons to the excitation produced 

by capsaicin and this enhancement likely is mediated by the 

neuronal production of prostaglandins [14, 15, 16]. It was found 

that TNF-α-induced neuronal excitation is mediated by 

cAMP-dependent protein kinase (PKA) pathway [17, 18, and 19]. 

The p38 mitogen-activated protein kinase (MAPK) is also 

involved in TNF-α-induced cutaneous hypersensitivity to 

mechanical or thermal stimulation [20, 21]. Results obtained 

from IL-6 knockout mice indicates that IL-6 plays a 

facilitating role in sympathetic sprouting induced by nerve 

injury and that its effect on pain behavior is indirectly 

mediated through sympathetic sprouting in the DRG [22]. 

Most recently, it is reported that localized inflammation of 

the DRG up-regulates a number of pro-inflammatory 

cytokines including IL-6 and induces abnormal sympathetic 

sprouting in the absence of peripheral nerve injury [23, 24]. It 

suggests a possible correlation between inflammatory 

responses and sympathetic sprouting, which are two well-

known mechanisms implicated in various chronic pain 

states. In summary, proinflammatory cytokines are involved 

in the development of inflammatory and neuropathic pain. 

Just as specific cytokines and their neutralizing antibodies 

have been introduced into clinical trials for the treatment of 

stroke, Alzheimer’s disease, autoimmune diseases, wound 

healing, and amyotrophic lateral sclerosis, one could utilize 

local or systemic delivery of anti-inflammatory cytokines or 

inflammatory cytokine antagonists for the treatment of 

chronic pain. These specific cytokines or antagonists would 

act to disrupt the hyperexcitability cycle taking place in the 
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sensory neurons, providing a new, non-opioid therapeutic 

approach for the treatment of pathological pain due to 

inflammation or peripheral nerve injury. 

CONCLUSIONS  

Cytokine is a highly active field of study and can 

provide comprehensive insights for disease diagnosis and 

treatment. The current techniques have successfully 

demonstrated their potential to provide highly sensitive and 

time-efficient detection with various signal readouts either 

for in vitro or in vivo applications. In this review, we 

summarized various cytokine functions in immune and 

inflammatory responses and reviewed the stability of 

cytokines under different processing and storage conditions 

which is critical for accurate and reliable cytokine 

quantification.  
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