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Abstract
Background: Genetic variant is one of the causes of sepsis patients’ mortality. Now, many studies have identified
several SNPs related to sepsis. However, none of these studies were identified in a genome-wide way. We aimed to
detect genetic polymorphisms of sepsis patients.
Methods: The blood samples of eight normal controls and ten sepsis patients were collected for whole exome
sequencing. Then, Single Nucleotide Polymorphisms (SNPs) were selected according to quality score and number
of sepsis patients who had this variants. Synonymous mutations were removed. Genes including these remaining
variants were used for functional analyses. After analyses, the remaining SNPs and indels were validated in 149
normal controls and 156 sepsis patients. Finally, serum levels of proteins coded by genes including these SNPs were
evaluated.
Results: After whole exome sequencing, 97 SNPs and one indel site were left. Then, functional screening was
performed. Only seven SNPs were used for further validation. As a result, the rs2721068 in dominant model and
rs17446614 in recessive model were associated with sepsis, and the ORs of these two SNPs were 3.24 (95%CI, 1.25,
8.44) and 0.47 (0.026, 0.88), respectively. These two SNPs were both located in Forkhead box O1 (FOXO1) gene. For
rs2721068 (T/T, T/C-C/C) and rs17446614 (A/A-A/G, G/G), serum levels of foxo1 in sepsis patients were both
significantly lower in normal controls.
Conclusions: We firstly reported that the rs2721068 and rs17446614 were correlated to genetic predisposition to
sepsis.
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Background
Sepsis is a complex disease that can result from any type
of infection, and it involves the interplay between proand anti-inflammatory mediators and the unpredictable
host defense response [1]. Compared to the number of
studies that focused on the process of inflammatory response [2, 3], there are fewer studies that focused on
genetic predisposition, but there is a representative number. In fact, there have been multiple clinical case reports and many previous clinical retrospective studies
that have found that sepsis patients with similar
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pathogenic infections or with similarly severe conditions
often had different outcomes [4]. One of our previous
studies showed that patients with sepsis matched by
their Sequential Organ Failure Assessment (SOFA) score
and Acute Physiology and Chronic Health Evaluation
(APACHE II) score had different prognoses [5]. Detection of single nucleotide polymorphisms (SNP) has
become an effective method to determine the genetic
predisposition to many diseases, including sepsis.
Currently, there are two methods that can be used to
identify sepsis-related SNPs. First, many proteins have been
shown to be involved in sepsis, and many SNPs are located
in the genes that encode these proteins. The interleukin-10
genetic polymorphism rs2227307 and the CXCR2 polymorphism rs1126579 modulate the predisposition to septic
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shock [6]. Triggering the receptor expressed on myeloid-1
(TREM-1) results in amplifying inflammation and serves as
a critical mediator of the inflammatory response in the context of sepsis [7]. The TREM-1 genetic polymorphism
rs2234246 was shown to be significantly correlated with the
susceptibility to septic shock [8]. In addition to SNPs, insertion/deletion (indel) polymorphisms have also been correlated with sepsis. Serum angiotensin-converting enzyme
(CD143) levels are genetically regulated by an indel polymorphism in intron 16 of the CD143 gene [9]. A metaanalysis suggested that indel polymorphisms in the CD143
gene might influence the risk of sepsis, especially pediatric
sepsis [10]. In addition to these SNPs and indel sites, many
other SNPs have been shown to be related to sepsis, including SNPs located in interleukin 1 receptor antagonist
(IL1RN) [11], solute carrier family two member ten
(SLC2A10), potassium two pore domain channel subfamily
K member 9 (KCNK9) [12], and interleukin-6 (IL-6) [13].
Another method used to identify SNPs related to diseases is whole-exome sequencing. Some rare variants or
even novel variants have been identified in patients with
genetic diseases or complex diseases with a genetic predisposition. For example, Gao L et al. identified a rare
variant (rs55687265) in ATPase phospholipid transporting 8B4 (ATP8B4) as a risk factor for systemic sclerosis
using whole-exome sequencing [14]. In addition, some
novel candidate genes related to the susceptibility to
chronic obstructive pulmonary disease (COPD) were
identified using whole-exome sequencing [15].
Hence, in this study, we used whole-exome sequencing
for the initial screening of sepsis-related SNPs. After validation, SNPs located in the Forkhead box O1 (FOXO1)
gene were proven to be related to sepsis, and the serum
levels of FOXO1 in individuals with different FOXO1
genotypes were also evaluated.

Methods
Study design

In this study, there were three steps for the SNP
identification process. First, ten sepsis patients and
eight normal controls were selected for the initial
screening of SNPs or indel sites using whole-exome
sequencing, and sepsis-related SNPs and indel sites
were selected using bioinformatics analysis. Second,
the selected SNPs and indel sites were validated in
another 156 sepsis patients and 149 normal controls.
Third, the protein levels of the genes containing the
SNPs evaluated. A flow chart of this process is shown
in Fig. 1.
Ethics

All sepsis patients and normal controls provided written informed consent. This study was also approved by the
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Committee on Ethics of the Chinese PLA General Hospital
(ID: 20111013–009).
Study subjects and blood sample collection

Whole blood samples were draw from sepsis patients
who were admitted to the ICU of the Chinese PLA General Hospital within 24 h. All sepsis patients met the
third international consensus definitions for sepsis and
septic shock [16]. Sepsis patients who were older than
18 years old were included in this study. Sepsis patients
who were immunosuppressed or those who did not receive adequate treatment were excluded. The normal
controls were all recruited from the Health Screening
Center of the Chinese PLA General Hospital. All blood
samples were collected in EDTA tubes, and DNA was
isolated for further sequencing.
Whole-exome sequencing

In order to identify disease-associated genes, whole-exome
sequencing was performed using eight normal controls and
ten sepsis patients. Human DNA was extracted from peripheral whole blood samples using the TIANamp Blood
DNA Kit (Tiangen Biotech Company, Beijing, China). First,
extracted DNA was fragmented using the Covaris acoustic
system. Then, both ends of these fragments were ligated to
adapters. These DNA products were then amplified by
ligation-mediated polymerase chain reaction (LM-PCR).
After purification, the products were hybridized to the
Nimblegen SeqCap EZ Library v3.0 (Roche/NimbleGen,
Madison, WI) for enrichment [17]. In order to evaluate the
magnitude of enrichment, quantitative PCR (qPCR) was
used. These captured libraries were then loaded into a human all-in-one sequencing platform (BGI, Shenzhen,
China). High-throughput sequencing was performed to ensure that the average sequencing depth (90×) was met for
each sample. Raw reads were processed by Illumina basecalling software 1.7 to test the quality of raw reads and remove polluted reads.
Bioinformatics analysis

The clean reads were aligned to the NCBI human reference genome using SOAPaligner (soap2.21) [18]. Then,
SOAPsnp software (version 1.03) was used to assemble
the consensus sequences and call genotypes in the target
regions [19]. As for indel sites, BWA was used to map
the clean reads onto the reference [20], and we then
passed the alignment results to the Genome Analysis
Toolkit (GATK) to identify the breakpoints [21]. The
low-quality variations were filtered out using the following criteria: (i) variant quality is equal to or larger than
20; (ii) the sequencing depth is between 4 and 1,000,000;
(iii) the estimated copy number is no more than two;
and (iv) the distance between two SNPs is larger than
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Fig. 1 Flow chart of study design

five. Only mapped reads were used for the subsequent
analysis.
SNP selection

The quality score of the SNPs and indel sites had to be
higher than 95% to be included. After removing the synonymous mutations, only the remaining SNPs and indel
sites that existed in more than five sepsis patients were
selected. Then, the genes of the remaining SNPs and
indel sites were analyzed using GO analysis [22] and
KEGG analysis [23]. These genes were entered into the
GO and KEGG website to obtain enriched GO terms
and significant KEGG pathways. The genes that were
present in both the enriched GO terms and significant
KEGG pathways were used for further analysis. After
analysis, the remaining SNPs and indel sites were used
for a validation study in a larger sample size.
Validation of the SNPs

The primers for the selected SNPs were designed using
Assay Design 3.1 from the Sequenom Company. In
addition, the quality of the primers was checked by
matrix-assisted laser desorption/ionization time of flight
mass spectrometry (MALDI-TOF-MS). The genotyping
reaction was amplified using ABI GeneAmp® 9700 384
Dual (95 °C for 2 min, followed by 45 cycles of 95 °C for
30 s, 56 °C for 30 s, and 72 °C for 60 s and then 72 °C for
5 min). Then, after purification using resin, the products
were placed on a chip using a MassARRAY RS1000
nanodispenser and detected using the MassARRAY
Compact System. Finally, Typer 4.0 software was used to
analyze the data. The genotyping success rate was between 99.2 and 99.6%.
Enzyme-linked immunosorbent assay

Serum samples from the sepsis patients were also collected. The levels of the proteins encoded by the genes

in which the validated SNPs were located were evaluated
using an enzyme-linked immunosorbent assay (Elisa)
(Antibody-Online) following the manufacturer’s instructions. All assays were performed in duplicate.
Statistical analysis

The results for non-continuous variables are provided
as medians. The Mann-Whitney U-test was used to
compare means between two groups. The genotype
distributions of all groups were assessed using HardyWeinberg equilibrium testing. The frequencies of alleles and genotypes were compared using chi-squared
tests or Fisher’s exact two-tailed tests where appropriate, and p values were adjusted for the false discovery
rate using the Benjamini-Hochberg method. Different
models of inheritance were evaluated using SNPStats
software (http://bioinfo.iconcologia.net/index.php?module=Snpstats) [24]. Serum levels of FOXO1 were
compared using parametric test. Values of p < 0.05
were considered statistically significant. All statistical
analyses were performed using SPSS software version
22.0 (SPSS, Chicago, USA).

Results
Characteristic of the participants included in wholeexome sequencing

Eighteen participants (eight normal controls and ten
sepsis patients) were used for the initial whole-exome sequencing analysis, and their clinical data are shown in
Table 1. Age (p = 0.790) and sex (p = 0.681) were
matched between the eight normal controls and ten sepsis patients. The ten sepsis patients included five survivors and five non-survivors according to their 28-day
mortality rates. The survivors and non-survivors were
also matched by age (p = 0.917), sex (p = 0.738) and severity including APACHE II, SOFA, CRP, PCT.
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Table 1 Characteristics of the 8 normal controls and 10 sepsis patients used for whole-exome sequencing
Variables

Normal
controls
(n = 8)

Sepsis patients (n = 10)
Survivors (n = 5)

Non-survivors (n = 5)

P′ value

P value

Age (years)

66 (35, 78)

67 (34, 77)

73 (49, 74)

0.917

0.790

Sex (Female/Male)

4/4

2/3

3/2

0.738

0.681

Cause of sepsis (n)
Lung infection

–

2

2

–

–

Post-operative

–

1

0

–

–

Multiple trauma

–

1

2

–

–

Others

–

1

1

–

–

SOFA score

–

6 (0,7)

8 (5,18)

0.151

–

APACHE II

–

10 (5, 14)

13 (5,23)

0.548

–

CRP (mg/dl)

–

7.2 (1.3, 11.73)

9.23 (2.13, 16.78)

0.548

–

PCT (ng/ml)

–

5.92 (0.05, 9.34)

4.68 (0.1, 64.43)

0.690

–

WBC(×109/l)

–

8.25 (3.01, 35.82)

12.68 (8.8, 17.14)

0.690

–

SOFA Sequential Organ Failure Assessment, APACHE II Acute physiology and chronic health evaluation, CRP C-reactive protein, PCT Procalcitonin, WBC White
blood cells

Whole-exome sequencing

Screening of sepsis-related SNPs and indel sites

For these 18 participants, the whole-exome sequencing results showed that a mean of 41,483,912 reads mapped to
the target region, and the mean sequencing depth of the
region was 69.12×. The average numbers of SNPs and
indel sites were 109,379 and 6412, respectively. No indel
sites were detected for two sepsis patients (Table 2).

After sequencing, a total of 34,119 SNPs and indel sites
were present in the sepsis patients, and some of these
were novel. Several SNPs were present in eight of the
ten sepsis patients. After the synonymous mutations
were removed, only SNPs that existed in more than five
sepsis patients and had a quality score above 95% were

Table 2 Summary of whole exome sequencing data of 8 normal controls and 10 sepsis patients
Samples

Reads mapped
to target region

Mean depth of region(X)

Coverage of
target region(%)

Average
read length

Total number
of SNPs

Total number
of Indels

NC1

50,050,319

79.25

99.26

89.90

109,724

7309

NC2

49,779,034

78.70

99.33

89.88

110,212

7239

NC3

50,051,974

79

99.34

89.90

111,111

7432

NC4

25,687,697

40.45

99.36

89.89

105,453

6979

NC5

4,691,348

74.07

99.31

89.89

111,831

7353

NC6

45,890,953

72.54

99.19

89.90

110,199

7095

NC7

45,813,518

72.39

99.08

89.90

108,477

6929

NC8

31,627,859

49.99

99.44

89.88

107,055

7074

S1

46,780,141

73.56

99.16

89.91

111,024

7190

S2

47,293,254

74.47

99.30

89.91

112,034

0

S3

43,554,210

68.62

99.19

89.91

111,222

7235

S4

51,331,489

81.15

99.24

89.91

107,137

7394

S5

49,780,020

78.21

99.34

89.90

113,155

7264

S6

44,727,205

70.53

99.39

89.91

110,979

7370

S7

30,264,109

47.78

99.46

89.90

104,371

6983

S8

46,511,058

73.56

99.27

89.91

110,268

7231

S9

52,349,603

82.90

99.32

89.91

107,094

7350

S10

30,526,634

48.10

99.39

89.91

107,478

0

Mean

41,483,912

69.12

99.30

89.90

109,379

6412

NC Normal control, S Sepsis
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selected. Then, there were 97 SNPs and one indel
site left, and their detailed information is shown in
Additional file 1: Table S1. The genes in which these
SNPs and the indel site were located were all entered into Go website and KEGG website. After Go
analyses, results showed that there was adenyl nucleotide binding (Go:0030554), adenyl ribonucleotide
binding (GO:0032559) and other 22 functional go
terms were enrichment with corrected p value above
0.05 (Additional file 2: Table S2a). After KEGG analyses, focal adhesion (ko04510), Foxo signaling pathway
(ko07201) and other 14 KEGG pathway were enriched
(Additional file 2: Table S2b). Then, the common genes
that contained enriched GO terms and enriched KEGG
pathways were selected. Finally, there were five genes left,
including CD1a molecule (CD1A), secreted phosphoprotein
1 (SPP1), collagen type1, alpha2 (COL1A2), serpin peptidase inhibitor, clade A, member 13 (SERPINA13), and
FOXO1, and 7 SNPs (rs2269715, rs1126772, rs41317734,
rs62464631, rs56952063, rs2721068, rs17446614) were located in these genes. The basic information for these genes
and SNPs is shown in Additional file 3: Table S3.
Validation in a larger sample size

These seven selected SNPs were further validated in 149
normal controls and 156 sepsis patients matched by sex
(p = 0.567) and age (p = 0.543). The clinical data of these
participants are shown in Table 3. After validation, the
data for these SNPs were subjected to Hardy-Weinberg
equilibrium testing. The results showed that the p values
for the seven SNPs in the normal controls were all
higher than 0.05 (Table 4). Then, these seven SNPs were
used for further analysis. Comparisons of genotype frequency in different models of inheritance were performed.
The results showed that the genotype frequencies of
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Table 4 Functional information and quality control date of the
7 SNPs
SNPs

Gene name

Function

H-W P

rs1126772

CD1A

0.388

rs2269715

SPP1

0.966

rs2721068

COL1A2

0.749

rs17446614

COL1A2

0.904

rs41317734

SERPINA13

0.906

rs62464631

FOXO1

0.821

rs56952063

FOXO1

0.944

H-W P p values for Hardy-Weinberg Equilibrium Test of the 7 SNPs in
normal controls

rs2269715 (adjusted p value (ap) was 0.03) in the recessive
model; rs2721068 in the codominant model (ap = 0.03)
and dominant model (ap = 0.02); and rs17446614 in the
codominant model (ap = 0.046), recessive model (ap =
0.023), and overdominant model (ap = 0.013) were significantly different between the sepsis patients and normal
controls. The genotype frequency of rs2269715 (ap =
0.021) was significantly different between survivors
and non-survivors (Table 5). Then, the associations of
sepsis with rs2269715, rs2721068, and rs17446614 in
the different models were further evaluated using
SNPstats software. The data showed that only the p
values of rs2721068 in the codominant and dominant
models and the p values of rs17446614 in the recessive and overdominant models were below 0.05. However, The OR (95%CI) of rs2721068 in the codominant
model was 1.33 (0.78, 2.18) for C/C. Thus, only the dominant model was used for further analysis. Then, the
model of inheritance with the lowest values for Akaike’s
information criterion (AIC) and Bayesian information criterion (BIC) was selected for rs17446614. Therefore, the

Table 3 Clinical characteristic of sepsis patients and normal controls used for validation step
Variables

Normal controls (n = 149)

Sepsis patients (n = 156)

P value

Age (years)

66 (35, 78)

60 (29, 82)

0.543

Sex (Female/Male)

70/79

68/88

0.567

Lung infection

–

73 (46.79%)

–

Post-operative

–

33 (21.15%)

–

Multiple trauma

–

27 (17.31%)

–

Others

–

23 (14.75%)

–

SOFA score

–

8 (0, 16)

–

APACHE II

–

20 (8, 34)

–

CRP (mg/dl)

–

9.12 (0.7, 32)

–

PCT (ng/ml)

–

11.32 (0.05, 89.12)

–

WBC(×109/l)

–

11.90 (3.4, 30.67)

–

Mortality(%)

–

45.51%

–

SOFA Sequential Organ Failure Assessment, APACHE II Acute physiology and chronic health evaluation, CRP C-reactive protein, PCT Procalcitionin, WBC White
blood cells
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Table 5 Comparison of different models of inheritance for the 7 selected SNPs
SNP

Model

Genotype

Normal controls

Sepsis patients

rs1126772

Codominant

A/A

85 (57.05%)

90 (57.69%)

A/G

49 (32.88%)

G/G

12 (8.05%)

Dominant

Recessive

Overdominant

rs2269715

Codominant

Dominant

rs2721068

p value

P# value

47 (55.29%)

44 (61.97%)

0.654

0.658

52 (33.33%)

31 (36.47%)

21 (29.58%)

13 (8.33%)

7 (8.24%)

6 (8.45%)
0.4

0.45

0.961

0.963

0.363

0.363

0.035

0.061

0.033

0.053

0.418

0.420

0.01

0.021

0.665

0.667

0.418

0.428

0.919

0.920

0.523

0.525

0.679

0.680

0.458

0.460

0.487

0.489

0.666

0.667

0.6

0.63

0.809

0.810

0.359

0.360

85 (57.05%)

90 (57.69%)

61 (42.95%)

65 (42.31%)

A/A-A/G

134 (91.95%)

142 (91.67%)

G/G

12 (8.05%)

13 (8.33%)

A/A-G/G

97 (67.12%)

103 (66.03%)

A/G

49 (32.88%)

52 (33.33%)

C/C

59 (39.6%)

58 (37.18%)

C/G

70 (46.98%)

79 (50.64%)

G/G

19 (12.75%)

8 (5.13%)

C/C

59 (39.6%)

58 (37.18%)

0.999

0.999

0.978

0.958

0.998

0.082

0.978

0.968

0.999

0.092

47 (55.29%)

44 (61.97%)

38 (44.71%)

27 (38.03%)

7 (8.24%)

6 (8.45%)

78 (91.76%)

65 (91.55%)

54 (63.53%)

50 (70.42%)

31 (36.47%)

21 (29.58%)

38 (44.71%)

20 (28.17%)

35 (41.18%)

44 (61.98%)

12 (14.12%)

7 (9.86%)

38 (44.71%)

20 (28.17%)

0.981

0.980

47 (55.29%)

51 (71.83%)

0.03

0.03

73 (85.88%)

64 (90.14%)

12 (14.12%)

7 (9.86%)

0.219

0.219

50 (58.83%)

27 (38.02%)

35 (41.18%)

44 (61.98%)

0.03

0.03

12 (14.12%)

7 (9.86%)

C/G-G/G

89 (60.4%)

87 (55.77%)

C/C-C/G

129 (87.25%)

137 (87.82%)

G/G

19 (12.75%)

8 (5.13%)

Overdominant

C/C-G/G

78 (52.35%)

66 (42.31%)

C/G

70 (46.98%)

79 (50.64%)

T/T

7 (4.7%)

19 (12.18%)

T/C

58 (38.93%)

66 (42.31%)

34 (40.0%)

32 (45.07%)

C/C

84 (56.38%)

71 (45.51%)

39 (45.88%)

32 (45.07%)

Codominant

Recessive

Overdominant

Codominant

Dominant

rs41317734

Nonsurvivors
(n = 71)

A/A

p# value

Recessive

Dominant

rs17446614

Survivors
(n = 85)

A/G-G/G

p value

T/T

7 (4.7%)

19 (12.18%)

T/C-C/C

142 (95.3%)

137 (87.82%)

T/T-T/C

65 (43.62%)

85 (54.49%)

C/C

84 (56.38%)

71 (45.51%)

T/T-C/C

92 (61.07%)

90 (57.69%)

T/C

58 (38.93%)

66 (42.31%)

A/A

2 (1.34%)

3 (1.92%)

A/G

35 (23.49%)

20 (12.82%)

G/G

110 (73.83%)

133 (85.25%)

A/A

2 (1.34%)

3 (1.92%)

0.019

0.058

0.517

0.045

0.02

0.058

0.520

0.046

12 (14.12%)

7 (9.86%)

73 (85.88%)

64 (90.14%)

46 (54.12%)

39 (54.93%)

39 (45.88%)

32 (45.07%)

51 (60.0%)

39 (54.93%)

34 (40.0%)

32 (45.07%)

1 (1.18%)

2 (2.82%)

10 (11.76%)

10 (14.08%)

74 (87.06%)

59 (83.10%)

1 (1.18%)

2 (2.82%)

0.701

0.701

84 (98.82%)

69 (97.18%)

0.023

0.023

11 (12.94%)

12 (16.90%)

74 (87.06%)

59 (83.10%)

0.013

0.013

75 (88.24%)

61 (85.92%)

10 (11.76%)

10 (14.08%)

0.585

0.589

73 (85.88%)

60 (84.51%)

A/G-G/G

145 (97.32%)

153 (98.08%)

Recessive

A/A-A/G

37 (24.84%)

23 (14.75%)

G/G

110 (73.83%)

133 (85.25%)

Overdominant

A/A-G/G

112 (75.17%)

136 (87.18%)

A/G

35 (23.49%)

20 (12.82%)

C/C

121 (81.21%)

133 (85.25%)

C/T

26 (17.45%)

22 (14.10%)

11 (12.94%)

11 (15.49%)

T/T

2 (1.34%)

1 (0.64%)

1 (1.18%)

0 (0.00%)

Codominant

Dominant

Recessive

C/C

121 (81.21%)

133 (85.25%)

C/T-T/T

28 (18.79%)

23 (14.75%)

C/C-C/T

147 (98.66%)

155 (99.36%)

T/T

2 (1.34%)

1 (0.64%)

0.344

0.535

0.367

0.535

73 (85.88%)

60 (84.51%)

12 (14.12%)

11 (15.49%)

84 (98.82%)

71 (100%)

1 (1.18%)

0 (0.00%)
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Table 5 Comparison of different models of inheritance for the 7 selected SNPs (Continued)
SNP

rs62464631

Model

Genotype

Normal controls

Sepsis patients

Overdominant

C/C-T/T

123 (82.55%)

134 (85.90%)

C/T

26 (17.45%)

22 (14.10%)

A/A

2 (1.34%)

1 (0.64%)

A/G

26 (17.45%)

22 (14.10%)

11 (12.94%)

11 (15.49%)

G/G

119 (79.87%)

133 (85.25%)

73 (85.88%)

60 (84.51%)

A/A

2 (1.34%)

1 (0.64%)

1 (1.18%)

0 (0.00%)

A/G-G/G

145 (97.32%)

155 (99.36%)

84 (98.82%)

71 (100%)

A/A-A/G

28 (18.79%)

23 (14.75%)

12 (14.12%)

11 (15.49%)

G/G

119 (79.87%)

133 (85.25%)

73 (85.88%)

60 (84.51%)

A/A-G/G

121 (81.21%)

134 (85.90%)

74 (87.06%)

60 (84.51%)

A/G

26 (17.45%)

22 (14.10%)

11 (12.94%)

11 (15.49%)

Codominant

Dominant

Recessive

Overdominant

rs56952063

Codominant

C/C

10 (6.71%)

7 (4.49%)

C/T

54 (36.24%)

67 (42.95%)

T/T

84 (56.38%)

82 (43.10%)

Dominant

C/C

10 (6.71%)

7 (4.49%)

C/T-T/T

138 (92.62%)

149 (95.51%)

Recessive

C/C-C/T

64 (42.96%)

74 (56.90%)

T/T

84 (56.38%)

82 (43.10%)

Overdominant

C/C-T/T

94 (63.09%)

89 (57.05%)

C/T

54 (36.24%)

67 (42.95%)

p value

p# value

0.422

0.435

0.555

0.556

0.527

0.317

0.393

0.419

0.528

0.318

0.393

0.420

Survivors
(n = 85)

Nonsurvivors
(n = 71)

p value

P# value

74 (87.06%)

60 (84.51%)

0.648

0.659

11 (12.94%)

11 (15.49%)

1 (1.18%)

0 (0.00%)

0.6

0.61

0.359

0.359

0.809

0.812

0.648

0.648

0.676

0.678

0.527

0.527

0.455

0.456

0.625

0.626

3 (3.53%)

4 (5.63%)

35 (41.18%)

32 (45.07%)

47 (55.29%)

35 (49.30%)

0.389

0.389

3 (3.53%)

4 (5.63%)

82 (96.47%)

67 (94.37%)

0.463

0.470

38 (44.71%)

36 (50.70%)

47 (55.29%)

35 (49.30%)

0.25

0.26

50 (58.82%)

39 (54.93%)

35 (41.18%)

32 (45.07%)

P value: Chi-squared test or Fisher’s exact two-tailed tests; p# value: False discovery rate adjusted p value using the Benjamini-Hochberg method

dominant model for rs2721068 and recessive model for
rs17446614 were selected, and the ORs of these two SNPs
were 3.24 (95%CI, 1.25, 8.44) and 0.47 (0.026, 0.88), respectively (Table 6). Then, the association with mortality
for rs2269715 was also evaluated, and the p values for
rs2269715 were all above 0.05 in these four models of inheritance (Additional file 4: Table S4).
Foxo1 levels

According to our previous sequencing and validation results, rs2721068 in a dominant model and rs17446614 in a
recessive model were associated with sepsis. Both of these
SNPs are located in the FOXO1 gene. Next, we evaluated
the serum levels of FOXO1 in 30 normal controls and 30
sepsis patients. For rs2721068, the levels of FOXO1 in
sepsis patients with the T/T and T/C-C/C genotypes were
significantly lower than in the normal controls (p < 0.001
and p = 0.004, respectively). The serum levels of FOXO1
in sepsis patients with the T/C-C/C genotype were significantly higher than in sepsis patients with the T/T genotype (p = 0.002) (Fig. 2). For rs17446614, the levels of
FOXO1 in sepsis patients with the A/A-A/G and G/G genotypes were significantly lower than in the normal controls (p = 0.014 and p < 0.001, respectively). In addition,
there were no significant differences between the two
genotype in the two groups (Fig. 3).

Discussion
In recent years, although the methods of treatment have
been frequently updated and refined, sepsis and septic
shock have remained the most common causes of death
in intensive care units (ICUs) [25]. Hence, many studies
have focused on finding treatment targets for sepsis. In
this study, we found that rs2721068 and rs17446614 in
the FOXO1 gene were correlated with the genetic predisposition to sepsis after conducting whole-exome sequencing and validation analyses. The serum levels of
FOXO1 in sepsis patients with any genotype were significantly lower than in normal controls.
FOXO1 has been shown to be involved in muscle atrophy [26] and insulin resistance [27]. Crossland et al.
demonstrated that Akt/FOXO signaling played a role in
both protein loss and the impairment of muscle carbohydrate oxidation during sepsis in rodent skeletal muscle
[28]. Inhibition of FOXO transcriptional activity was
shown to prevent muscle fiber atrophy [29]. One of our
previous studies showed that FOXO1 was a target gene
of miR-223 and miR-15a/16, which are involved in the
pathway of lymphocyte apoptosis during sepsis (data not
shown). Another study by our group reported that the
serum levels of FOXO1 in normal controls were significantly higher than in sepsis patients, and the values of
FOXO1 were also significantly different between survivors
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Table 6 The 7 selected SNPs association with sepsis (n = 305, adjusted by sex and age)
SNP

Model

Genotype

Normal controls

Sepsis patients

OR (95% CI)

rs2269715

Codominant

C/C

59 (39.6%)

58 (37.18%)

1

C/G

70 (46.98%)

79 (50.64%)

1.08 (0.57, 2.04)

G/G

19 (12.75%)

8 (5.13%)

1.16 (0.62, 2.17)

C/C

59 (39.6%)

58 (37.18%)

1

C/G-G/G

89 (60.4%)

87 (55.77%)

0.97 (0.61, 1.56)

C/C-C/G

129 (87.25%)

137 (87.82%)

1

G/G

19 (12.75%)

8 (5.13%)

1.12 (0.63, 1.99)

C/C-G/G

78 (52.35%)

66 (42.31%)

1

C/G

70 (46.98%)

79 (50.64%)

0.94 (0.59, 1.49)

T/T

7 (4.7%)

19 (12.18%)

1

T/C

58 (38.93%)

66 (42.31%)

3.67 (1.38, 9.77)

C/C

84 (56.38%)

71 (45.51%)

1.33 (0.78, 2.18)

Dominant

Recessive

Overdominant

rs2721068

Codominant

Dominant

Recessive

Overdominant

rs17446614

Codominant

Dominant

Recessive

Overdominant

T/T

7 (4.7%)

19 (12.18%)

1

T/C-C/C

142 (95.3%)

137 (87.82%)

3.24 (1.25, 8.44)

T/T-T/C

65 (43.62%)

85 (54.49%)

1

C/C

84 (56.38%)

71 (45.51%)

1.57 (0.98, 2.50)

T/T-C/C

92 (61.07%)

90 (57.69%)

1

T/C

58 (38.93%)

66 (42.31%)

0.92 (0.58, 1.45)

A/A

2 (1.34%)

3 (1.92%)

1

A/G

35 (23.49%)

20 (12.82%)

0.41 (0.04, 4.58)

G/G

110 (73.83%)

133 (85.25%)

0.48 (0.25, 0.90)

A/A

2 (1.34%)

3 (1.92%)

1

A/G-G/G

145 (97.32%)

153 (98.08%)

0.47 (0.04, 5.33)

A/A-A/G

37 (24.84%)

23 (14.75%)

1

G/G

110 (73.83%)

133 (85.25%)

0.47 (0.026, 0.88)

A/A-G/G

112 (75.17%)

136 (87.18%)

1

A/G

35 (23.49%)

20 (12.82%)

1.86 (1.07, 3.23)

P value

AIC

BIC

0.888

− 445.35

− 429.95

0.91

−445.40

− 430.00

0.69

−445.42

−430.02

0.79

−445.50

−430.10

0.028

−451.43

− 436.03

0.016

−451.24

−435.84

0.059

− 448.12

−432.72

0.719

− 444.45

−429.05

0.061

− 452.91

− 437.51

0.545

−446.91

− 431.51

0.018

−453.18

−437.78

0.028

−452.61

−437.21

OR Odd ratio, CI Confidential interval, AIC Akaike’s Information Criterion, BIC Bayesian Information Criterion

Fig. 2 Foxo1 serum levels of rs2721068 in different genotypes. a Comparison of foxo1 serum levels between sepsis patients (n = 30) and normal
controls (n = 30) in different genotypes. b Serum levels of Foxo1 between different genotypes in sepsis patients (n = 30) and normal
controls (n = 30)
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Fig. 3 Foxo1 serum levels of rs17446614 in different genotypes. a Comparison of foxo1 serum levels between sepsis patients (n = 30) and normal
controls (n = 30) in different genotypes. b Serum levels of Foxo1 between different genotypes in sepsis patients (n = 30) and normal
controls (n = 30)

and non-survivors according to 28-day mortality [30].
Hence, FOXO1 is involved in the mechanism of sepsis
through many different pathways.
The FOXO1a haplotype [C-C-G-A-A-A] has a protective effect on the development of type two diabetes
[31]. Two FOXO1a SNPs, rs2755209 and rs2755213,
were shown to be associated with female longevity [32].
The rs10507486 and rs2297627 FOXO1 SNPs were
shown to be associated with carotid atherosclerosis [33].
The rs17592236 SNP is a target site of the human
miRNA miR-137, and the rs17592236 polymorphism is
associated with a lower hepatocellular carcinoma hereditary susceptibility likely through modulating the binding
affinity of miR-137 to the 3’UTR in FOXO1 messenger
RNA [34]. However, to date, no study has shown
whether FOXO1 SNPs are correlated with sepsis. Our
study demonstrated for the first time that the rs2721068
and rs17446614 FOXO1 SNPs are correlated with the
genetic predisposition to sepsis. However, a previous
study reported that the rs2721068 and rs17446614 SNPs
within the FOXO1 gene affected insulin secretion and
glucose tolerance and were associated with an increased
risk of type two diabetes [35].
Rs2721068 and rs17446614 are both located in intron
regions of FOXO1. We searched against expression
Quantitative Trait Loci (eQTL) [36], and no information
about the relation between the two SNPs and expression
of FOXO1 was obtained. However, there still were some

indirect evidences. For rs2721068, this SNP was located
in long interspersed repeat elements (LINE) of the genome and research reported that repeat elements can
regulate expression of gene by cis/trans regulator [37].
In addition, there were copy number variants (CNVs) in
the region where rs2721068 were located in other diseases, including autism [38], cleft palate [39]. For
rs17446614, this SNP was located in (short interspersed
repeat elements) SINE of the genome and CNVs were
also existed in this region in other disease [40].
In our study, there were several novel findings. We
first used whole-exome sequencing to screen sepsisrelated SNPs. Sepsis is a complex disease, and one or
two SNPs alone cannot depict the genetic variation of
sepsis. Thus, using a gene-wide approach seems more
reasonable. The rs2721068 and rs17446614 SNPs were
shown for the first time to correlate to sepsis, and they
were also the first SNPs in the FOXO1 gene to be associated with sepsis.
However, there were still several limitations in our
study. First, sepsis is a complex disease, and the sample
size used for whole-exome sequencing and genotyping
was relatively small. Thus, many other SNPs might have
been missed, which is the major limitation of our study.
Therefore, as a next step, a larger number of sepsis patients will be recruited for whole-exome sequencing in
future studies. Second, normal controls used in this
study were all healthy controls instead of critical care
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patients without sepsis, so many parameters like infection were not matched. Third, only a few SNPs were selected from whole exome sequencing for validation and
other SNP which were also different between these two
groups were not evaluated. There were no significant
differences of FOXO1 levels between the two genotype.
Finally, our previous study first reported that serum
FOXO1 levels were lower in sepsis patients than in normal controls [30], which is consistent with our present
results. However, no significant difference in serum
FOXO1 levels was found between survivors and nonsurvivors, indicating that other FOXO1 SNPs need to be
evaluated.
As a next step, additional SNPs in FOXO1 will be analyzed, and additional studies are needed to determine
the roles of rs2721068 and rs174466614 in the sepsis
pathway.

Conclusion
We reported for the first time that the rs2721068 in
dominant model and rs17446614 in recessive model
were correlated to sepsis and serum levels of FOXO1 in
these genotypes were all significantly higher in normal
controls than in sepsis patients.
Additional files
Additional file 1: Table S1. The detail information of sepsis special
SNPs after initial screening. After whole exome sequencing, synonymous
mutations were removed. SNPs only existed in more than 5 sepsis
patients and quality score of these SNPs were higher than 95% were
selected. The excel file of Table S1 has been submitted as a separate
supplementary dataset. (XLS 119 kb)
Additional file 2: Table S2. a. Rich terms for function ontology of
genes selected by screened SNPs. b Rich pathways of KEGG analysis of
genes selected by screened SNPs. (DOCX 17 kb)
Additional file 3: Table S3. The information of SNPs selected for
further validation. (DOCX 14 kb)
Additional file 4: Table S4. rs2269715 association with mortality of
sepsis patients (n=156, adjusted by sex and age). (DOCX 14 kb)
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