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Summary of background data: The association between tumor necrosis factor o (TNFo)
-308G/A polymorphism and susceptibility to posttraumatic sepsis has been studied
extensively. But the results have not remained very clear.

Purpose: We carried out this meta-analysis to explore the influence of TNF on susceptibility
to posttraumatic sepsis.

Methods: Relevant studies were identified from PubMed, Web of Science, Embase, and
China National Knowledge Internet without language limitation, following the inclusion
and exclusion criteria. Statistical analyses were implemented with the STATA 12.0 statistical
software.

Results: Seven case-control studies were included in the meta-analyses on the association of
TNFa -308 G/A genetic polymorphism and risk of posttraumatic sepsis. TNFo. -308 G/A
genetic polymorphism was significantly associated with susceptibility to posttraumatic
sepsis in the dominant model [odds ratio (OR), 2.17; 95% confidence interval (95% CI), 1.19-
3.95; P = 0.011] and allelic model (OR, 1.72; 95% CI, 1.23-2.39; P = 0.001), but not in the
heterozygous model (OR, 1.38; 95% CI, 0.58-3.39; P = 0.489). There was no significant
publication bias for these 3 models. However, marked heterogeneity existed in the
dominant model (I* = 68.9%, P = 0.004) and the heterozygous model (I* = 68.9%, P = 0.022).

Conclusions: TNF -308 G/A genetic polymorphism may have an influence on
susceptibility to posttraumatic sepsis. Further studies with large sample sizes and well-
designed studies are needed to confirm these results.
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rauma is reported to be one of the leading
Tcauses of death and disabilities." Recently, the
early mortality of trauma patients has been reduced
by the development of prehospital and hospital
managements. Severe traumatic injury can lead to
immune dysfunction that may result in increased
susceptibility to sepsis after traumatic injury. De-
spite the advanced antibiotics and critical care
taken, patients after traumatic injury were at high
risk of sepsis. Posttraumatic sepsis—associated mor-
tality was also very high. Thus, researchers made an
effort to identify sepsis early after traumatic injury
and improve the outcome.

Cytokines and chemokines play important roles in
host immune regulation. Genetic polymorphisms in
the genes encoding these chemokines and cytokines
play an important role in inflammatory activation and
susceptibility to sepsis. Proinflammatory cytokine
tumor necrosis factor (TNF) plays a pivotal role in
the regulation of immune response, with multiple
functions. In the setting of posttrauma infection, TNFa
causes further inflammation, and even tissue damage
and organ dysfunction.” The encoding gene of TNFa is
located on chromosome 6p21.3, and there are several
single-nucleotide polymorphisms that exist in the
region of TNFo promoter, among which the -308G/A
genetic polymorphism was of special interest for its
role in influencing TNFa promoter activity and
production.”> TNFa -308G/A polymorphism was
demonstrated to be obviously related to the suscep-
tibility and outcome of sepsis using meta-analysis.*®
To date, the relationship between TNFo -308G/A
polymorphism and susceptibility to posttraumatic
sepsis has been studied extensively. But the results
do not remain very clear. Therefore, we performed this
meta-analysis to clarify whether this polymorphism is
related to the risk of posttraumatic sepsis.

Methods

Literature search strategy

We searched the literature in Embase, Web of
Science, PubMed, and China National Knowledge
Internet (CNKI), according to these key words:
“TNF” or “tumor necrosis factor,” “polymorphism”
or “variation” or “SNP” or “single nucleotide
polymorphism,” “sepsis” or “infection” or “septic
shock,” and “trauma.”

Inclusion and exclusion criteria

We used the following criteria to screen studies in
the present study: (1) original case-control studies;
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(2) sepsis occurred after trauma; (3) reported the
association between TNFa -308 genetic polymor-
phism and the susceptibility to sepsis after trauma.
If more than 1 article used the same series of
patients, the most complete and latest study would
be included.

Data extraction

Two authors independently selected all searched
publications and extracted the following informa-
tion from all eligible studies: published year, the first
author, country, the Injury Severity Score (ISS),
numbers of controls and cases, and gene distribu-
tions in each group. When any discrepancies
occurred, there was a discussion to reach an
agreement.

Statistical analysis

Our meta-analysis was conducted following the
PRISMA statement, and the Newcastle-Ottawa Scale
(NOS) criteria were used to evaluate the quality of
each study. If NOS >5, the study was considered to
be high quality. We used pooled odds ratios (ORs) to
access the association of TNFa -308 polymorphism
with the susceptibility to sepsis after trauma. The y*-
based Q test was performed to measure heteroge-
neity, and the fixed effects model was conducted
when I? < 50% and P > 0.05. The funnel plot and
Egger test were used to investigate the publication
bias. All analyses in this study were conducted by
STATA 12.0 software (Stata Corporation, College
Station, Texas). P < 0.05 was considered as statistical
significance.

Results

All relevant publications were searched from Embase,
Web of Science, PubMed, and CNKI and then
preliminarily screened. There were 210 articles, of
which 51 duplicated studies and 136 irrelevant
citations were excluded (Fig. 1). Then 23 articles
remained, of which 1 original article lacking a sepsis
group, 1 without gene distribution, 3 reference
articles, 7 reviews, and 1 comment were excluded.
The same case series were used in 4 articles,7’10 so the
most complete and latest study was included.'
Finally, this meta-analysis included 7 case-control
publications, all of which were written in English.'*"®
As shown in Table 1, the detailed data, including
published year, the first author, country, ISS, numbers
of cases and controls, the Hardy-Weinberg Equilibri-
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210 citations identified

from four databases: 51 citations excluded

- — — — 5

Pubmed: 35 due to duplication
Embase: 32
Web of science:112
CNKI: 31
l 136 citations excluded

159 citations remaining
for further review

|

23 potentially relevant
articles identified for
full-text review

based on screening
titles and abstracts

—

16 articles excluded
after full-text review:
No sepsis group:1

No gene distribution: 1

l Reference article: 3
Review: 7

Comment: 1

The same case series: 3

7 articles meeting
criteria

b =

Fig. 1 Flow diagram of the search strategy and study selection.

um of the control group, and gene distributions for
each study were presented.

Seven articles studied the relationship of TNFa
-308 genetic polymorphism and susceptibility to
posttraumatic sepsis; they included 345 trauma
patients with sepsis and 677 without sepsis. Two
of these studies were conducted in Asia,'*! 3 in
America,">'*'® and 2 in Europe.'*'® Significant
heterogeneities existed in the dominant model
(AA+AG versus GG: I* = 68.9%, P = 0.004; Fig. 2A)
and the heterozygous model (AG versus GG: I* =
68.9%, P = 0.022; Fig. 4A), but not in the allelic
model (A versus G: I = 56.8%, P = 0.074; Fig. 3A).
This heterogeneity may come from ethnicity, type
and degree of trauma, type of control, and so on.
Therefore, subgroup analysis and metaregression
should be performed to find the sources of this
heterogeneity. But we did not perform these
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analyses, for only 7 studies were enrolled in this
meta-analysis.

The results of meta-analysis showed a significant
relationship between TNF -308 genetic polymor-
phism and susceptibility to posttraumatic sepsis in
the dominant model [odds ratio (OR), 2.17; 95%
confidence interval [95% CI], 1.19-3.95; P = 0.011;
Fig. 2A) and in the allelic model (OR, 1.72; 95% ClI,
1.23-2.39; P = 0.001; Fig. 3A), but not in the
heterozygous model (OR, 1.38; 95% CI, 0.58-3.39; P
= 0.489; Fig. 4A). In this study we did not perform
the analysis for the recessive model (AA versus
AGH+GG), and homozygous model (AA versus GG),
because only 4 studies described the gene distribu-
tion of AA, GG, and AG, and the frequency of AA is
very rare.

In order to determine publication bias, Beggar
test and funnel plot were performed. The results
suggested that there was no significant publication
bias in the dominant model (z =—0.45, P =0.652; Fig.
2B), the allelic model (z = 0.34, P = 0.734; Fig. 3B),
and the heterozygous model (z=0.34, P =0.734; Fig.
4B).

Discussion

Previous studies have reported the relationship
between TNFa -308G/A polymorphism and sus-
ceptibility to posttraumatic sepsis, with inconsistent
results. In 2002 O’Keefe et al'® showed that the
genotype frequency of GA in sepsis (29.8%) was
higher than nonsepsis (19.0%). However, in 2015
Gupta et al'* showed that the genotype frequencies
of GA were 4% and 19.1% in sepsis and nonsepsis.
Therefore, we performed this meta-analysis to
determine the relationship of TNFa
-308G/ A polymorphism to the risk for posttraumat-

Table 1~ Characteristics of studies and TNFo -308 gene distributions in the meta-analysis

TNFa genotype TNFa allele

Case Control Case  Control
Number of HWE
Source, year Country  cases/controls ISS AA AG GG AA AG GG A G A G (Pvalue)
Gupta et al,"! 2015 India 25/89 212+68/18+88 2 1 22 3 17 69 5 45 23 155 >0.05
Duan et al,'° 2011 China 131/174 NA 6 39 8 3 33 138 51 211 39 309 >0.05
Menges et al,*? 2008 Germany 71/83 18 (7-63)/17 (5-56) 33% 38 9 74 — — — — >0.05
McDaniel et al,'® 2007  America 31/37 NM 9 22 8 29 — — — —  >005
Barber et al,** 2004 America 36/123 NM 164 20 23 100 — — — —  >005
Majetschak et al,'® 2002 Netherlands 14/56 NA 4 10 0 20 36 4 24 20 92 >005
O’Keefe et al,'® 2002 America 37/115 NA 1 15 21 0 19 96 17 63 19 211  >0.05

HWE, Hardy-Weinberg Equilibrium; NA, not available; NM, not mentioned.

AA+AG.
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Fig. 2 (A) TNFa -308G/A polymorphism was significantly associated with susceptibility to posttraumatic sepsis for the dominant

model (AA+AG versus GG); (B) there was no obvious publication bias test for this model by Egger test.

ic sepsis. The results showed that TNFa -308G/A
polymorphism was significantly related to suscep-
tibility to posttraumatic sepsis for the dominant and
allelic models. These results were in accordance
with the results of the meta-analysis on the
relationship between TNFa -308G/A polymorphism
and the risk of sepsis.

With the development of clinical care, the
outcome of trauma patients became better, with a
shift from mortality to sepsis and multiple organ
dysfunction.'”'® After traumatic injury, the immune
system responds rapidly, with both myeloid and
lymphoid cells activated, leading persistent inflam-
mation,” and then a process to immunosuppression,
which results in infection. TNFa -308G/A polymor-
phism can influence TNFo promoter activity and
production, which play important roles in immune
regulation. In our study, the results suggested that

patients with AA/AG genotypes or A allele were
more susceptible to sepsis. TNFo-308 genetic poly-
morphism may have a significant effect on the risk
of posttraumatic sepsis.

It is necessary to perform this meta-analysis on
the relationship between TNFa -308 variations and
the susceptibility of posttraumatic sepsis because a
single study is not powerful enough to demonstrate
this relationship. However, there were some limita-
tions to our study. First, only 7 studies were enrolled
in this study. Second, there were significant hetero-
geneities in our meta-analysis, but neither metare-
gression nor subgroup analysis was conducted for
the small study number. Third, this meta-analysis
only included published articles; thus, publication
bias may exist. Therefore, large sample, preferable
studies were needed to demonstrate the results.
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Fig. 3 (A) TNFa -308G/A polymorphism was not associated with the risk for posttraumatic sepsis for the heterozygous model (AG

versus GG); (B) there was no obvious publication bias test for this model by Egger test.
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A
Study ID OR (95% Cl)
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Fig. 4 (A) TNFa -308G/A polymorphism was significantly associated with the risk for posttraumatic sepsis for the allelic model (A

versus G); (B) there was no obvious publication bias test for this model by Egger test.

Conclusions

In conclusion, the overall data suggested the associ-
ation of TNFa-308 variations and risk of posttrau-
matic sepsis; the variant A allele and AA+AG
genotypes of TNFa-308 polymorphism may have an
influence on the susceptibility of sepsis after trauma.
Studies with large samples, as well as more specified
designs, are needed to demonstrate the results of this
study more clearly and definitively.

Acknowledgments

This research was supported by the National
Natural Science Foundation of China (No.
81701962) and Hunan Provincial Natural Science
Foundation of China (No. 2017]J3404). All authors
declare that there were no potential conflicts of
interest. Please contact author for data requests.
Author contributions were as follows: design:
Chenfang Wu, Yanjun Zhong; search: Chenfang
Wu, Siye Zhang, Diling Wu; data collection: Chen-
fang Wu, Siye Zhang, Diling Wu; data analyses:
Chenfang Wu, Yanjun Zhong; write: Chenfang Wu,
Yanjun Zhong. We state that the submission is not
under consideration by any other journal or pub-
lished previously. We thank all authors of included
publications in this study.

References

1. Lord JM, Midwinter M], Chen YF, Belli A, Brohi K, Kovacs EJ
et al. The systemic immune response to trauma: an overview of
pathophysiology and treatment. Lancet 2014;384:1455-1465

Int Surg 2019;104

2. Namas RA, Mi Q, Namas R, Almahmoud K, Zaaqoq AM,
Abdul-Malak O et al. Insights into the role of chemokines,
damage-associated molecular patterns, and lymphocyte-de-
rived mediators from computational models of trauma-
induced inflammation. Antioxid Redox Signal 2015;23(17):
1370-1387

3. Kroeger KM, Carville KS, Abraham LJ. The -308 tumor
necrosis factor-alpha promoter polymorphism effects tran-
scription. Mol Immunol 1997;34(5):391-399

4. Zhang M, Zhao Y, Liu Q. Tumor necrosis factor-alpha -308G/
A and -238G/ A polymorphisms are associated with increased
risks of sepsis: evidence from an updated meta-analysis.
APMIS 2017;125(5):459-467

5. Wang H, Guo S, Wan C, Yang T, Zeng N, Wu Y et al. Tumor
necrosis factor-alpha -308 G/A polymorphism and risk of
sepsis, septic shock, and mortality: an updated meta-analysis.
Oncotarget 2017;8:94910-94919

6. Zhang Y, Cui X, Ning L, Wei D. The effects of tumor necrosis
factor-alpha (TNF-alpha) rs1800629 and rs361525 polymor-
phisms on sepsis risk. Oncotarget 2017,8:111456-111469

7. GuW, Zeng L, Zhou J, Jiang DP, Zhang L, Du DY et al. Clinical
relevance of 13 cytokine gene polymorphisms in Chinese
major trauma patients. Intensive Care Med 2010;36(7):1261-1265

8. Gao W. Epidemiological and clinical relevance study on
relationship between genetic factors and sepsis risk in
posttraumatic patients. 2016.

9. Gu W. Association of some key single nucleotide polymor-
phisms with risk of development of complications in patients
with major trauma. 2008.

10. Duan ZX, Gu W, Zhang LY, Jiang DP, Zhou ], Du DY et al.
Tumor necrosis factor alpha gene polymorphism is associated
with the outcome of trauma patients in Chinese Han
population. | Trauma 2011;70(4):954-958

11. Gupta DL, Nagar PK, Kamal VK, Bhoi S, Rao DN. Clinical

relevance of single nucleotide polymorphisms within the 13

295

$S900E 93l) BIA /0-20-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



WU

12.

13.

14.

15.

296

cytokine genes in North Indian trauma hemorrhagic shock
patients. Scand | Trauma Resusc Emerg Med 2015;23:96

Menges T, Konig IR, Hossain H, Little S, Tchatalbachev S,
Thierer F et al. Sepsis syndrome and death in trauma patients
are associated with variation in the gene encoding tumor
necrosis factor. Crit Care Med 2008;36:1456-1462

McDaniel DO, Hamilton J, Brock M, May W, Calcote L, Tee LY
et al. Molecular analysis of inflammatory markers in trauma
patients at risk of postinjury complications. | Trauma 2007;
63(1):147-157

Barber RC, Aragaki CC, Rivera-Chavez FA, Purdue GF, Hunt
JL, Horton JW. TLR4 and TNF-alpha polymorphisms are
associated with an increased risk for severe sepsis following
burn injury. ] Med Genet 2004;41(11):808-813

Majetschak M, Obertacke U, Schade FU, Bardenheuer M,
Voggenreiter G, Bloemeke B et al. Tumor necrosis factor gene

16.

17.

18.

TNFo GENETIC POLYMORPHISM IN POSTTRAUMATIC SEPSIS

polymorphisms, leukocyte function, and sepsis susceptibility
in blunt trauma patients. Clin Diagn Lab Immunol 2002;9(6):
1205-1211

O’Keefe GE, Hybki DL, Munford RS. The G->A single
nucleotide polymorphism at the -308 position in the tumor
necrosis factor-alpha promoter increases the risk for severe
sepsis after trauma. | Trauma 2002;52(5):817-825

Namas RA, Vodovotz Y, Almahmoud K, Abdul-Malak O,
Zaaqoq A, Namas R, et al. Temporal patterns of circulating
inflammation biomarker networks differentiate susceptibility
to nosocomial infection following blunt trauma in humans.
Ann Surg 2016;263(1):191-198

Berg RJ], Okoye O, Teixeira PG, Inaba K, Demetriades D. The
double jeopardy of blunt thoracoabdominal trauma. Arch Surg
2012;147(6):498-504

Int Surg 2019;104

$S900E 93l) BIA /0-20-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



