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Abstract 

Sepsis, a life-threatening condition triggered by infection, poses a signiϐicant healthcare challenge 
with high mortality rates. The interplay between genetics and the immune response in sepsis, particularly 
in surgical and trauma patients, is complex and critical. Genetic polymorphisms, particularly in cytokine 
genes like TNF-α, IL-6, and IL-8, have been extensively studied for their inϐluence on sepsis susceptibility, 
severity, and outcomes. Polymorphisms can alter gene expression and cytokine production, leading 
to variations in immune responses. Studies have also explored polymorphisms concerning sepsis 
in genes encoding CD86, TLR4, and SIRT6. This review highlights the association between genetic 
polymorphisms and inϐlammatory responses, focusing on their impact on sepsis outcomes in surgical 
and trauma patients. Genetic variations play a signiϐicant role in sepsis risk, severity, and prognosis, 
with potential implications for personalized therapeutic strategies. Biomarkers such as cytokine gene 
polymorphisms may aid in predicting sepsis risk and guiding treatment decisions. Complementary 
therapies like acupuncture and novel biomarkers like microvesicles carrying mitochondrial content 
provide additional avenues for personalized sepsis management. Furthermore, multiomics approaches 
offer promise in predicting postoperative outcomes in surgical patients. Understanding the genetic 
basis of sepsis is essential for improving prevention, diagnosis, and treatment, ultimately leading to 
better clinical outcomes. Combining genomics, bioinformatics, and clinical expertise, precision medicine 
can revolutionize sepsis management by tailoring interventions to individual genetic proϐiles, thus 
enhancing patient care and outcomes.

Introduction
The interplay between genetics and the immune response 

in the context of sepsis, particularly following surgical and 
trauma events, presents a complex and critical area of study. 

Sepsis, a severe systemic response to infection leading to 
organ dysfunction, is a signiϐicant healthcare challenge with 
high morbidity and mortality rates [1-3].

Sepsis, a life-threatening condition marked by a 
dysregulated host response to infection, remains a pressing 
global healthcare challenge characterized by high mortality 
rates and signiϐicant economic consequences. Its intricate 
pathophysiology involves a complex interplay of pro-
inϐlammatory and anti-inϐlammatory mediators, cytokines, 
and genetic factors [2].

Emerging evidence suggests that genetic polymorphisms, 

especially in cytokine genes, play a signiϐicant role in 
modulating inϐlammatory responses and inϐluencing sepsis 
outcomes. This review aims to elucidate the associations 
between cytokine gene polymorphisms and inϐlammatory 
responses, focusing on their impact on sepsis outcomes in 
surgical and trauma patients [4].

Extensive investigation has been conducted into the 
genetic component of sepsis susceptibility, mainly focusing 
on cytokine gene polymorphisms. Polymorphisms in genes 
encoding cluster of differentiation 86 (CD86), interleukin-8 
(IL-8), toll-like receptor 4 (TLR4), and sirtuin 6 (SIRT6) 
have also been explored for their potential roles in sepsis 
susceptibility and associated complications [5-7].

Cytokines, small cell-signaling protein molecules, are 
pivotal in the inϐlammatory response. They orchestrate the 
body's reaction to infection and injury. An individual's genetic 
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makeup can inϐluence cytokine production and response, 
affecting the susceptibility to and severity of sepsis. Studies 
such as Baghel, et al. and Feng, et al. have highlighted the 
signiϐicance of polymorphisms in cytokine genes like TNF-α 
and IL-6 concerning postoperative sepsis [1-4,8].

Polymorphisms in cytokine genes, speciϐically single 
nucleotide polymorphisms (SNPs), have been identiϐied as 
critical factors that may alter gene expression and cytokine 
production. This genetic variability can lead to differences in 
individual immune responses, as noted in works by Sharma, 
et al. and Majetschak, et al. These variations can affect not 
only the propensity to develop sepsis but also its severity and 
outcome [7,8].

Cytokines, notably tumor necrosis factor-alpha (TNF-α), 
interleukin-6 (IL-6), and interleukin-8 (IL-8) play pivotal 
roles in the pathogenesis of sepsis, initiating and perpetuating 
the inϐlammatory response [1]. 

Genetic polymorphisms within cytokine genes have been 
associated with variable susceptibility to sepsis and variations 
in disease severity, with the TNF-α-308 G/A polymorphism 
notably linked to an elevated risk of postoperative sepsis 
[5-7].

The role of cytokine gene polymorphisms in trauma 
patients has also been a subject of interest. Trauma, 
leading to severe physical injury, can precipitate a systemic 
inϐlammatory response, escalating the risk of sepsis [8,9]. 

Wang, et al. shed light on the inϐlammatory cytokine 
expression in intensive care unit patients with sepsis, 
emphasizing the role of genetics in immune responses. 
Furthermore, Li and Yan delved into the effect of cytokine 
concentration on the immune level and survival conditions 
of elderly patients with sepsis, demonstrating the impact of 
genetic variations on sepsis outcomes [7,8,10,11].

The study by Majetschak, et al. provides insights into 
how TNF gene polymorphisms might inϐluence sepsis 
susceptibility in trauma patients. Similarly, research by He, 
et al. explores the impact of IL-27 polymorphism on sepsis-
induced inϐlammatory responses [9,12].

Moreover, the prognostic implications of these 
polymorphisms are noteworthy. Studies like Fatani, et al. 
and Hugo Montes, et al. delve into TNF-α polymorphisms' 
association with critically ill patients' sepsis outcomes 
[13,14]. These ϐindings underscore the potential of using 
cytokine gene polymorphisms as biomarkers for predicting 
sepsis risk and consequences [2].

Complementary therapeutic strategies for sepsis, 
including acupuncture, have gained attention due to their 
potential to mitigate excessive inϐlammatory responses and 
organ damage [15]. 

Additionally, microvesicles containing mitochondrial 
content have emerged as potential sepsis biomarkers, given 
their association with inϐlammatory responses. Furthermore, 
multiomics approaches to predict postoperative outcomes 
in surgical patients are being explored and may have 
implications for sepsis risk assessment [15-17].

The objective of this review is to investigate and 
synthesize the current evidence on the association between 
genetic polymorphisms in cytokine genes and inϐlammatory 
responses, with a particular focus on the impact of these 
polymorphisms on sepsis outcomes in surgical and trauma 
patients; identify how speciϐic genetic variations can 
inϐluence cytokine production and subsequent inϐlammatory 
response, thereby affecting susceptibility to sepsis, disease 
severity, and clinical outcomes. 

Understanding these genetic associations can contribute 
to developing personalized therapeutic strategies and 
improving the prevention, diagnosis, and treatment of sepsis 
in surgical and trauma populations, potentially leading to 
better clinical outcomes.

Methods
The research methodology involved a comprehensive 

search of multiple reputable databases to ensure the inclusion 
of relevant studies while minimizing the risk of bias. PubMed, 
Scopus, Scielo, Embase, and Web of Science were chosen 
due to their comprehensive coverage of peer-reviewed 
literature in the medical ϐield. Additionally, Google Scholar 
was utilized to access gray literature, which often includes 
valuable insights not found in traditional peer-reviewed 
articles. The study's selection criteria were centered on the 
study's focus, which was artiϐicial intelligence's impact on 
general surgeons' training. To reϐine the search and capture 
relevant studies, a combination of keywords was used, 
including "operative surgical procedures," "postoperative 
period," "systemic inϐlammatory response syndrome," 
"sepsis," "genetic polymorphism," and "prognostic factors." 
This approach ensured that the selected studies were 
directly related to the topic of interest. The inclusion criteria 
encompassed various studies, such as systematic reviews, 
case-control studies, cross-sectional studies, case series, 
and review articles. This broad inclusion criteria aimed to 
gather a comprehensive range of evidence and perspectives 
on the subject matter. The process of analysis, review, and 
selection of materials was conducted rigorously to maintain 
the quality and relevance of the chosen studies. It involved 
a systematic and blinded approach, with pairs of reviewers 
independently assessing the title and abstract of each study. 
In cases of disagreement between the two reviewers, a third 
reviewer was involved to reach a consensus and ensure the 
ϐinal selection of studies was based on well-founded criteria. 
This meticulous research methodology guarantees that the 
ϐindings and conclusions drawn in the article are rooted 
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in a robust and diverse body of evidence, enhancing the 
credibility and reliability of the study's outcomes.

Results and discussions
The intricate relationship between genetic polymorphisms 

and the immune response in sepsis underscores the potential 
for precision medicine to alter clinical outcomes signiϐicantly. 
Exploring genetic determinants in sepsis susceptibility and 
response reveals a nuanced interplay where individual 
genetic proϐiles could guide therapeutic approaches [3-5]. 

The studies by Dong, et al. Lee, et al., Ahmed Ali, et al. 
and others have laid a foundation for understanding how 
variations in critical genes inϐluence the pathogenesis and 
progression of sepsis, highlighting the necessity for a more 
personalized approach to managing this complex condition 
[18-20].

Genetic polymorphisms within cytokine genes have 
emerged as critical contributors to sepsis susceptibility. The 
TNF-α-308 G/A polymorphism, as highlighted by Baghel, 
et al. [1], exempliϐies the inϐluence of genetic variations on 
sepsis risk. This polymorphism has been associated with 
an elevated risk of postoperative sepsis, emphasizing the 
genetic component of sepsis predisposition [21,22].

This review explores the intricate relationship between 
genetic factors, particularly cytokine gene polymorphisms, 
and sepsis susceptibility, progression, and outcomes. 
Understanding the genetic underpinnings of sepsis is crucial 
for developing personalized therapeutic strategies and 
improved patient care [14-16].

The role of cytokines as central mediators of inϐlammation 
underscores their signiϐicance in sepsis. Identifying 
polymorphisms within genes encoding cytokines such as 
TNF-α, IL-6, and HMGB1 suggests a direct link between 
genetic predisposition and the severity of sepsis [9-11]. 

The work of Lee, et al. on HMGB1 polymorphisms, for 
instance, offers insight into how these genetic variations may 
exacerbate or mitigate the inϐlammatory response. Similarly, 
Ahmed Ali, et al. provide evidence on the prognostic potential 
of IL-17 levels, suggesting that genetic backgrounds inϐluence 
a broader array of inϐlammatory mediators, affecting sepsis 
outcomes beyond the commonly studied cytokines [19,20].

Polymorphisms within the genes encoding these 
cytokines can modulate their production and response, 
leading to variations in the intensity of the inϐlammatory 
cascade. This interplay between genetics and cytokine 
regulation underscores the signiϐicance of genetic factors in 
sepsis pathogenesis [18-21].

McDaniel, et al. emphasizes genetic proϐiling to predict 
sepsis risk post-trauma, which represents a signiϐicant stride 
toward preemptive identiϐication of at-risk individuals, 

facilitating early intervention [21]. This approach, coupled 
with ϐindings from Azeez, et al. on the interaction between 
vitamin C and genetic predispositions in modulating sepsis 
outcomes, illustrates the complex interplay between genetics, 
environmental factors, and therapeutic interventions [22].

The concept of genetic resilience against sepsis, as 
introduced by Hugo Montes, et al. opens new avenues for 
research into how speciϐic genetic polymorphisms may 
confer protection against sepsis. This understanding could 
revolutionize sepsis management by identifying individuals 
with inherent protective genetic traits, potentially guiding 
the development of novel prophylactic strategies [14].

The potential for utilizing cytokine gene polymorphisms 
as biomarkers for sepsis susceptibility, as suggested by Fang, 
et al. points towards a future where diagnostic processes are 
signiϐicantly reϐined to incorporate genetic data, enabling 
clinicians to tailor treatments to individual genetic proϐiles 
[23]. Shu, et al. further exemplify this by demonstrating how 
therapeutic strategies, such as ulinastatin, can be optimized 
based on understanding the genetic underpinnings of 
cytokine responses [24].

As Yang, et al. explored, acupuncture represents 
a complementary therapeutic approach to sepsis 
management. Acupuncture exempliϐies how interventions 
can be tailored to individual genetic proϐiles by mitigating 
excessive inϐlammatory responses and organ damage [15]. 
Additionally, microvesicles carrying mitochondrial content, 
as biomarkers highlighted by Zhang, et al. provide insights 
into potential genetic markers associated with sepsis and its 
inϐlammatory responses [16].

The use of multiomics approaches in predicting 
postoperative outcomes, as discussed by Verdonk, et al. 
reϐlects a growing interest in leveraging genetic information 
for patient risk assessment. Integrating genomics into clinical 
decision-making may allow for more personalized strategies 
to mitigate sepsis risk in surgical patients [17].

Sepsis susceptibility and outcomes are inϐluenced not only 
by cytokine gene polymorphisms but also by polymorphisms 
in genes encoding CD86, TLR4, and SIRT6 [4,5]. These studies 
expand our understanding of the multifactorial genetic 
basis of sepsis and emphasize the need for a comprehensive 
genetic assessment [3,23,24].

The prognostic implications of genetic polymorphisms 
in sepsis are of paramount importance. Studies indicate 
the potential of using cytokine gene polymorphisms as 
biomarkers for predicting sepsis risk and outcomes. These 
ϐindings highlight the promise of genetics in tailoring clinical 
interventions and predicting patient responses to sepsis 
[14-17].

The collective insights from these studies illuminate 
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the path toward a more individualized approach to sepsis 
management. By integrating genetic information with clinical 
strategies, the potential exists to improve outcomes through 
more targeted therapies and enhance our understanding of 
sepsis at a molecular level [3,25]. 

The future of sepsis research and treatment lies in 
harnessing these genetic insights, paving the way for 
precision medicine to become a cornerstone of sepsis 
management. This endeavor necessitates a multidisciplinary 
approach, combining genomics, bioinformatics, and clinical 
expertise to unravel the complex genetic landscape that 
inϐluences sepsis outcomes.

Conclusion
In conclusion, genetics plays a substantial role in sepsis 

susceptibility, progression, and outcomes. Cytokine gene 
polymorphisms and other genetic variations can signiϐicantly 
impact an individual's response to infection and sepsis. 
Complementary therapies, biomarkers, and multiomics 
approaches underscore the potential for personalized 
medicine in sepsis management. Future research should 
continue unraveling sepsis's intricate genetic underpinnings 
to improve surgical patient care and outcomes.

Acknowledgment
The authors thank the Federal University of Rio Grande 

do Norte, Potiguar University, and Liga Contra o Cancer for 
supporting this study.

References
1. Baghel K, Srivastava RN, Chandra A, Goel SK, Agrawal J, Kazmi HR, Raj 

S. TNF-α, IL-6, and IL-8 cytokines and their association with TNF-α-308 
G/A polymorphism and postoperative sepsis. J Gastrointest Surg. 2014 
Aug;18(8):1486-94. doi: 10.1007/s11605-014-2574-5. Epub 2014 Jun 
19. PMID: 24944154.

2. Feng B, Mao ZR, Pang K, Zhang SL, Li L. Association of tumor necrosis 
factor α -308G/A and interleukin-6 -174G/C gene polymorphism with 
pneumonia-induced sepsis. J Crit Care. 2015 Oct;30(5):920-3. doi: 
10.1016/j.jcrc.2015.04.123. Epub 2015 May 9. PMID: 26025100.

3. Cao L, Li Z, Ren Y, Wang M, Yang Z, Zhang W, Han X, Yao M, Sun Z, Nie S. 
Xuebijing Protects Against Septic Acute Liver Injury Based on Regulation 
of GSK-3β Pathway. Front Pharmacol. 2021 Apr 30;12:627716. doi: 
10.3389/fphar.2021.627716. PMID: 33995024; PMCID: PMC8120308.

4. Georgescu AM, Banescu C, Azamϐirei R, Hutanu A, Moldovan V, Badea I, 
Voidazan S, Dobreanu M, Chirtes IR, Azamϐirei L. Evaluation of TNF-α 
genetic polymorphisms as predictors for sepsis susceptibility and 
progression. BMC Infect Dis. 2020 Mar 14;20(1):221. doi: 10.1186/
s12879-020-4910-6. PMID: 32171247; PMCID: PMC7071754.

5. Zou X, Cai J, Li B, Wu S. Genetic association between cluster of 
differentiation 86 variations and sepsis risk: A case-control study. 
Medicine (Baltimore). 2019 Oct;98(43):e17482. doi: 10.1097/
MD.0000000000017482. PMID: 31651850; PMCID: PMC6824797.

6. Fu P, Xie S, Zhang X. IL-8 gene locus is associated with risk, severity, and 
28-day mortality of sepsis in a Chinese population. Clin Exp Med. 2019 
Nov; 19(4):571-576. doi: 10.1007/s10238-019-00584-5.

7. Sharma R, Agrawal S, Saxena A, Sharma RK. Association of IL-6, IL-10, and 
TNF-α gene polymorphism with malnutrition inϐlammation syndrome 

and survival among end stage renal disease patients. J Interferon 
Cytokine Res. 2013 Jul;33(7):384-91. doi: 10.1089/jir.2012.0109. Epub 
2013 Jun 18. PMID: 23777202.

8. Majetschak M, Obertacke U, Schade FU, Bardenheuer M, Voggenreiter G,
Bloemeke B, Heesen M. Tumor necrosis factor gene polymorphisms, 
leukocyte function, and sepsis susceptibility in blunt trauma patients. 
Clin Diagn Lab Immunol. 2002 Nov;9(6):1205-11. doi: 10.1128/
cdli.9.6.1205-1211.2002. PMID: 12414751; PMCID: PMC130126.

9. Majetschak M, Flohé S, Obertacke U, Schröder J, Staubach K, Nast-
Kolb D, Schade FU, Stüber F. Relation of a TNF gene polymorphism to 
severe sepsis in trauma patients. Ann Surg. 1999 Aug;230(2):207-14. 
doi: 10.1097/00000658-199908000-00011. PMID: 10450735; PMCID: 
PMC1420863.

10. Wang L, Zhao H, Wang D. Inϐlammatory cytokine expression in 
patients with sepsis at an intensive care unit. Exp Ther Med. 2018 
Sep;16(3):2126-2131. doi: 10.3892/etm.2018.6376. Epub 2018 Jun 29. 
PMID: 30186449; PMCID: PMC6122406.

11. Li X, Yan B. Research on the effect of cytokine concentration on the 
immune level and survival conditions of elderly patients with sepsis. 
Exp Ther Med. 2018 Aug;16(2):842-846. doi: 10.3892/etm.2018.6221. 
Epub 2018 May 24. PMID: 30112039; PMCID: PMC6090424.

12. He J, Zhang Q, Zhang W. The interleukin-27 -964A>G polymorphism 
enhances sepsis-induced inϐlammatory responses and confers 
susceptibility to the development of sepsis. Crit Care. 2018 Sep 30; 
22(1):248. doi: 10.1186/s13054-018-2180-0.

13. Fatani SH, Alkhatib KH, Badr H, ALrefai AA. Association of TNF-α-308 
(G >A) (rs1800629) Gene Polymorphism with Adverse Outcomes of 
Sepsis in Critically Ill Patients. DNA Cell Biol. 2020 Sep;39(9):1723-
1729. doi: 10.1089/dna.2020.5468. Epub 2020 Jul 17. PMID: 32700971.

14. Hugo Montes A, Valle-Garay E, Martin G, Collazos J, Alvarez V, Meana A,
Pérez-Is L, Carton JA, Taboada F, Asensi V. The TNF-α (-238 G/A) 
polymorphism could protect against development of severe sepsis. Innate 
Immun. 2021 Jul;27(5):409-420. doi: 10.1177/17534259211036186. 
PMID: 34472396; PMCID: PMC8419297.

15. Yang L, Zhou D, Cao J, Shi F, Zeng J, Zhang S, Yan G, Chen Z, Chen B, 
Guo Y, Lin X. Revealing the biological mechanism of acupuncture in 
alleviating excessive inϐlammatory responses and organ damage in 
sepsis: a systematic review. Front Immunol. 2023 Sep 11;14:1242640. 
doi: 10.3389/ϐimmu.2023.1242640. PMID: 37753078; PMCID: PMC
10518388.

16. Zhang HJ, Li JY, Wang C, Zhong GQ. Microvesicles with mitochondrial 
content are increased in patients with sepsis and associated with 
inϐlammatory responses. World J Clin Cases. 2023 Jan 16;11(2):342-356. 
doi: 10.12998/wjcc.v11.i2.342. PMID: 36686348; PMCID: PMC9850980.

17. Verdonk F, Einhaus J, Tsai AS, Hedou J, Choisy B, Gaudilliere D, Kin C, 
Aghaeepour N, Angst MS, Gaudilliere B. Measuring the human immune 
response to surgery: multiomics for the prediction of postoperative 
outcomes. Curr Opin Crit Care. 2021 Dec 1;27(6):717-725. doi: 10.1097/
MCC.0000000000000883. PMID: 34545029; PMCID: PMC8585713.

18. Dong GH, Gong JP, Li JZ, Luo YH, Li ZD, Li PZ, He K. Association between 
gene polymorphisms of IRAK-M and the susceptibility of sepsis. 
Inϐlammation. 2013 Oct;36(5):1087-93. doi: 10.1007/s10753-013-
9641-z. PMID: 23588345.

19. Lee K, Chang Y, Song K, Park YY, Huh JW, Hong SB, Lim CM, Koh Y. 
Associations between Single Nucleotide Polymorphisms of High Mobility 
Group Box 1 Protein and Clinical Outcomes in Korean Sepsis Patients. 
Yonsei Med J. 2016 Jan;57(1):111-7. doi: 10.3349/ymj.2016.57.1.111. 
PMID: 26632390; PMCID: PMC4696941.

20. Ahmed Ali M, Mikhael ES, Abdelkader A, Mansour L, El Essawy R, El 
Sayed R, Eladawy A, Mukhtar A. Interleukin-17 as a predictor of sepsis 
in polytrauma patients: a prospective cohort study. Eur J Trauma Emerg 
Surg. 2018 Aug;44(4):621-626. doi: 10.1007/s00068-017-0841-3. Epub 
2017 Sep 15. PMID: 28916848.



Association of Cytokine Gene Polymorphisms with Inϐlammatory Responses and Sepsis Outcomes in Surgical and Trauma Patients

www.clinsurgeryjournal.com 008https://doi.org/10.29328/journal.ascr.1001076

21. McDaniel DO, Hamilton J, Brock M, May W, Calcote L, Tee LY, Vick L, 
Newman DB, Vick K, Harrison S, Timberlake G, Toevs C. Molecular 
analysis of inϐlammatory markers in trauma patients at risk of postinjury 
complications. J Trauma. 2007 Jul;63(1):147-57; discussion 157-8. doi: 
10.1097/TA.0b013e31806bf0ab. PMID: 17622883.

22. Azeez OM, Amid SA, Abdulkadir ZS, Biobaku KT. Maintenance Impact 
of Large Dose of Vitamin C on Proinϐlammatory Cytokines, Insulin, 
and Electrocardiographic Parameters of Wistar Rats Following Partial 
Pancreatectomy. J Interferon Cytokine Res. 2021 May;41(5):187-194. 
doi: 10.1089/jir.2020.0261. PMID: 34003682.

23. Fang XM, Schröder S, Hoeft A, Stüber F. Comparison of two 
polymorphisms of the interleukin-1 gene family: interleukin-1 receptor 
antagonist polymorphism contributes to susceptibility to severe 

sepsis. Crit Care Med. 1999 Jul;27(7):1330-4. doi: 10.1097/00003246-
199907000-00024. PMID: 10446828.

24. Shu H, Liu K, He Q, Zhong F, Yang L, Li Q, Liu W, Ye F, Huang W. Ulinastatin, 
a protease inhibitor, may inhibit allogeneic blood transfusion-associated 
pro-inϐlammatory cytokines and systemic inϐlammatory response 
syndrome and improve postoperative recovery. Blood Transfus. 2014 
Jan;12 Suppl 1(Suppl 1):s109-18. doi: 10.2450/2013.0224-12. Epub 
2013 May 8. PMID: 23736923; PMCID: PMC3934215.

25. Beecham J, Hart A, Alexandre L, Hernon J, Kumar B, Lam S. Single 
Nucleotide Polymorphisms and Post-operative Complications Following 
Major Gastrointestinal Surgery: a Systematic Review and Meta-analysis. 
J Gastrointest Surg. 2019 Nov;23(11):2298-2306. doi: 10.1007/s11605-
019-04300-2. Epub 2019 Jul 3. PMID: 31270721; PMCID: PMC6831536.


