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Abstract
The authors present a literature review using materials provided in the following databases: “MedLine”, “PubMed”, “Wiley 

Online Library”, “Web of Science”, “Oxford University Press”, “SAGE Premier”, dated 1995–2016. The paper describes the 
results of current international studies on the role of cytokine genes polymorphisms in the genesis of chronic cancer pain. We 
emphasize the role of inter-individual differences based on genetic polymorphism of cytokines and their receptors in personalized 
anesthetic care and accompanying therapy in oncology. (International Journal of Biomedicine. 2017;7(4):277-281.) 
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Abbreviations
CB2, cannabinoid receptor 2; CX3CL1, chemokine (C-X3-C motif) ligand-1; CXCR3, CXC chemokine receptor 3; ССL, 
CC chemokine ligand; COX-2, cyclooxygenase 2; ERK‒kinase, extracellular signal-regulated kinase; IL, interleukin; IFN-γ, 
interferon gamma;  МСР-1, monocytic chemotactic protein-1; NGF, nerve growth factor; NOS3, nitric oxide synthase 3; PG, 
prostaglandin;  SNPs, single nucleotide polymorphisms. TGF, transforming growth factor, XC, XC chemokines.

Introduction
A high prevalence of chronic pain syndrome in 

oncological patients represents a challenging issue of palliative 
care. The influence of different factors on chronic pain progress 
and drug resistance to analgesic therapy is associated with an 
understanding of the complex pathogenic mechanisms of this 
pain.(1) Mechanical damage to peripheral neurons by cancer 
cells activates a cascade of pathophysiological processes in the 
nociceptive system. Cancer cells are also known to produce 
algogenes.(2) Nociceptive receptors are excited in response to 

inflammatory and tumor-induced algogenes, which leads to 
an increase in pain syndrome severity.(3) Prostaglandins and a 
number of biologically active substances (endothelin, TNFα, 
IL-1, IL-6, EGF, PDGF, extracellular hydrogen ions Н+, ЕТ-1)  
ensure primary sensitization of nociceptors.(4,5) Moreover, 
cancer cell activity causes a metabolic acidosis that impairs 
sensory neurons. Therefore, excitation of nociceptive receptors 
is influenced by both mechanical and proinflammatory factors. 
Proteolytic damage to nociceptors predetermines the genesis 
of inflammatory cancer pain and the progression of cancer.(6)

Immune competent cells, glial cells and cancer cells 
produce damaged cytokines.(7,8) Proinflammatory cytokines 
(TNF-α, IL-1, IFN-γ, and IL-6) and anti-inflammatory 
cytokines (IL-10, IL-4, and TNF-β) are known as markers 
of tissue damage.(9) IFN-γ is a key modulator of CB2 
receptors.(7) Activation of CB2 receptors located in glial cells 
contributes to neuropathic pain. Cytokines might participate 
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in the proliferation and angiogenesis of cancer cells.(9) IL-1β, 
TNF-α and IL-6 are early cytokines synthesized in response 
to neuron damage and are potent COX-2 activators.(10) COX-
2 upregulation leads to tissue alteration and an increase in 
neuron sensitization.(7,11) In cases of cancer pain, cytokines 
promote pain sensitivity through direct cellular interaction 
or nociceptor activity modulation.(1,9) A total of 50 known 
cytokine ligands ensure their interaction with different cells of 
the organism. Ligands are conditionally subdivided into ССL, 
CXC, CX3С, and XC.(12,13) Cytokine receptors are widely 
represented in leukocytes, neurons and glial cells.(14) However, 
ligands are not strictly specific and might mediate pain signals 
through interaction with many types of receptors.(15)  

Therefore, cytokine regulation of receptors and ion 
channels accounts for nociceptive and neuropathic pain 
components.(12,16) The main mechanism serving as the basis for 
development of neuropathic and nociceptive pain components 
is MCP-1 cytokine induction. MCP-1 only acts through CCR2 
receptors and ensures the neuropathic pain mechanism. The 
CX3CL1 chemokine participates in the pathophysiology of 
neuropathic pain by induction of IL-1 and IL-6. The cytokine 
IL-1β participates in the genesis of neuropathic pain.(17) 

CXCR3 is of critical importance in the development of bone 
cancer pain through Akt-kinase and intracellular ERK-kinase 
signaling pathways.(18) The known spliced variants of CXCR3 
may account for phenotypic variations, but it is a subject of 
discussion at the present day.(18)

The purpose of this study was to explore the results 
of pharmacogenetic research on the association between 
cytokine gene polymorphism and chronic pain syndrome in 
oncological patients.

Materials and Methods
We have analyzed recent full-text publications in such 

international databases as MedLine, PubMed, Wiley Online 
Library, Web of Science, Oxford University Press, and SAGE 
Premier. The analyzed period comprised 10 years (from 1996 
to 2016). The search for publications was conducted using the 
following keywords: “cytokine,” “pharmacogenetics,” “single 
nucleotide polymorphisms” (SNPs) and “tumor.” 

Results and Discussion
Localization of the analyzed cytokine genes and their 

receptors is presented in Table 1. Summarized data on the 
association between SNP cytokine genes and the risk of cancer 
development are presented in Table 2.

Contemporary research shows that cytokines might exert 
influence upon inter-individual differences in the oncological 
pain syndrome by hosting different SNP interleukin genes. 
Persistent neuropathic pain is also associated with depressed 
mood and deterioration in oncological patients’ quality of 
life.(19) At the present time, studies on SNPs associations in 
cytokine-coding genes are few.(20) Thus, the following SNPs 
of the TNF-A gene, which code TNF-α, were found to be 
associated with the risk of cancer development: 1031 Т>С, 
863 С>А, 857 С>А, 851 С>Т, 419 G>C, 376 G>A,308 G>A, 

238 G>A, 162 G>A и 49 G>A.(21-23) These SNPs increase the 
risk of cancer development due to a higher level of TNF-α.(24) 

Currently, SNP 308G>A (rs1800629) of the TNF-α gene is 
known to predetermine a higher pain syndrome intensity and 
a lower response to opioids in lung cancer patients,(9,25) being 
associated with the syndrome of cancer cachexia and fatigue. 
The CC genotype (837 T>C, rs5275) of the TNF-α gene carriers 
with lung cancer have a lower risk of severe pain development 
as compared to carriers of SNP 308G>A (rs1800629) and 
50 C>T (rs8904) of the NFKBIA-EX6 gene. Moreover, a 
protective genotype carrier state reduces the risk of severe pain 
development by 38%. Therefore, investigations into the role of 
inflammatory gene polymorphism in modulating pain severity 
is critical in oncopharmacology.(26)

Polymorphism of immune response genes (PTGS2, 
TNF-A, NFKBIA, IL6, IL8) is associated with the degree of cancer 
pain intensity in lung cancer patients.(27) In particular, SNPs 
rs5277 and rs1799964 of genes LTA and PTGS2 respectively 
are associated with pain syndrome severity.(26) Polymorphism of 
the IL1β gene also predetermines differences in pain perception 
and changes in morphine consumption during the postoperative 
period,(10) and in the development of depression(28) and fatigue.
(10,28) An increase in the expression of the IL1β gene causes 
peripheral hyperalgesia, and vice versa: administration of the 
IL-1 receptor antagonist leads to suppression of the nociceptive 
reaction.(5,28,29) SNPs of the following genes are reported to be 
associated with the burden of pain and with the development of 
depression and fatigue in patients with lung malignancy NOS3 
(1474 T>A, rs1800783), IL1B (allele 31C, rs1143627), TNFR2 
(Met196Arg, rs1061622), PTGS2 (837T>C, rs5275), IL10RB 

Table 1. 
Chromosome localization of cytokine genes and their receptors (31, 12, 42, 43)

Genes Localization
Genes of cytokines 

IL-1L 2q13
IL-1B 2q13-21
ФНО-α 6р23-q12
IL-10 1q31-q32
IL-6 7р15.3
IL-4 5q23-31
IFNg 12q24.1
IL-18 11q22.2_q22.3

Genes of cytokine receptors
IFNgR1 6р23-24
IFNgR2 21q22.1
IL-6RB 17
IL-4RA 16p12.1-11.2
IL-10RA 11q23
IL-8RA
IL-8RB 2q35

Genes of cytokine receptor antagonist
IL-1RN 2q13
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(Lys47Glu, rs2834167)(30) against the background of existing 
non-genetic factors (the patient’s sex, the stage of cancer).(31,32) 
SNP 174G>C (rs1800795) of the promoter of the IL-6 gene is 
associated with alterations in the serum level of the cognominal 
cytokine IL-6. Homozygous carriers of the GG genotype have a 
higher level of IL-6 expression in comparison with homozygous 
carriers of the CC genotype. The majority of African Americans 
(83.6%) and Latin Americans (70.5%) have the homozygous 
GG genotype, and Europeans have the heterozygous GC 
genotype. Cancer patients with the G allele (genotypes CG and 
GG) tend to have a shorter life expectancy than patients with 
the CC genotype. Additionally, SNP 174G>С of the IL-6 gene 
is associated with pain syndrome severity in patients with non-
small-cell lung cancer and with daily dosage of morphine (the CC 
genotype patients require higher doses of morphine in comparison 
with the CG or GG genotype patients).(33) The homozygous GG 
genotype patients tend to have lower survivability in cases of 
sepsis, colorectal adenoma and stomach cancer.(34) Moreover, 
SNPs of IL6 (rs2069845), IL13 (rs1295686) and TNF-A 
genes (rs18800610) are reported to be associated with pain, 
fatigue, sleep disturbance and depression in patients with 
breast cancer.(19,35)

The results of the current studies show the role of IL-1 
and IL-8 in the variability of pain response, the consumption 
of postoperative morphine, and the development of depression 
and fatigue in lung cancer patients(20) as well as associations of 
severe pain with polymorphisms of genes IL1B (rs1143627),(36) 

IL8 (rs4073),(37) and TNF-A (rs1800629).(20) Research suggests 
that there are associations between polymorphisms of genes 
IL1R1 (rs2110726) and IL13 (rs1295686) and postoperative 
pain control for breast cancer patients, and that patients with 
breast cancer who are carriers of the C allele in the SNP-marker 
rs11674595 of the IL1R2 gene, have the risk of developing 
severe, persisting pain syndrome in the mammary glands.(38,39)

Associative dependencies reported in the current 
studies determine the relevance of investigations into the 
role of these genes in the genesis of chronic pain syndrome 
in oncopharmacology. Moreover, genetic polymorphism is 
described as a possible prognostic marker for the development 
of adverse reactions;(40) in particular, SNP rs1799964 of the 
TNF-A gene is a prognostic factor for the development of 
oral mucositis against the background of chemotherapy in 
esophageal cancer patients.(41)

Conclusion
The presented literature review attests to a possible 

influence exerted by the genetic polymorphism of interleukins 
on the severity and control of cancer-origin chronic pain 
(nociceptive, neuropathic). The association between interleukin 
genes polymorphism and chronic pain syndrome control, as 
well as the pattern of disease progression, is of prognostic 
value and determines the interest in exploration of targeted 
influence on the main targets in nociceptive processing: 
cytokines and their receptors. Individual differences of severe 
pain, cancer-related weakness, depression, and neurotoxicity 
of opioids in oncological patients give rise to clinical interest 
in developing a patient-specific approach to analgesics and 

accompanying therapy aimed at maintaining quality of life in 
patients with malignant tumors.

Table 2. 
Associations between genetic polymorphism of interleukins and the 
risk of cancer development

IL SNPs Functional role

TNF-α

308 G>A
(rs1800629)

Protective effect over T-cell lymphoma (44)

Lack of association between polymorphism 
and the risk of hepatocellular carcinoma 
development in people of the Asian race (25)

The risk of hepatocellular carcinoma 
development in the population of China (45)

The risk of esophageal squamous cell cancer 
and esophageal acinic cell carcinoma (21)

Homozygous (AA) and heterozygous (AG) 
subjects have a high risk of colorectal cancer 
development in the Mexican population (46)

The risk of oral cavity cancer (22)

The risk of esophageal cancer in the 
Chinese population(23)

TNF-α

308 G>A
(rs180062

857 C>T
(rs1799724)

863 C>A 
(rs1800630)

1031T>C 
(rs1799964) 
 
252 A>G

The risk of oral cavity cancer (21)

TNF-α ERCC1-
8092

The risk of hepatocellular cancer 
development in the Chinese population (45)

IL10

1082 GG
(rs1800896)

819 C>T

The protective effect in relation to T-cell 
lymphoma (44)

The risk of stomach cancer (27)

The risk of urologic cancer for the Asian 
population (47)

592 C>А The risk of colorectal and urologic cancer in 
the population of Eastern Asia (47,48,49)

1082A>G
(rs1800896)

592 C>A

No association with the risk of non-small 
cell lung cancer (24,26)

IL18
607C
(rs1946518)
251 A>T
(rs4073)

The risk of non-small cell lung cancer in the 
Chinese population (32)

The risk of pancreatic cancer (50)

IL4

IL-4R

590 C>T
(rs2243250)

rs2243228
rs2227284
rs2070874

The risk of prostate cancer (47)

The risk of pancreatic cancer and cervical 
cancer (51)

IL6 174 G>C
(rs1800795)

Decrease in survivability of homozygous 
GG genotype patients with colorectal tumor 
and stomach cancer (52)

IL-
1RN

2018 T>C
(rs419598)

The risk of colorectal cancer (46)

IL-10

CTLA4 /
CT60-AA 

CTLA4 /
A49G-AA

The risk of renal cell carcinoma (49)
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