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Introduction
The Third International Consensus Definitions for Sepsis and 
Septic shock (Sepsis-3.0) has defined sepsis as life-threatening 
organ dysfunction resulted from a dysregulated host response to 
infection.1 As a major public health concern, sepsis accounts for 
an estimated number of 50 million incident cases worldwide with 
a mounting rate of occurrence in elderly patients.2 The mortality 
rate of sepsis rises with increased age, especially for those over 
60 years.3 Septic patients experience an initial death period char-
acterized by a cytokine storm mediated by hyperinflammation 
and enter an immunosuppressive state which is prone to new sec-
ondary infections.4 Animal model studies have indicated the 
apoptosis-induced loss of immune cells as a defining feature and 

vital pathophysiologic factor for the immunosuppression state 
and subsequent mortality of sepsis.5-7

Another significant characteristic of sepsis is the elevated 
levels of lactate as a result of increased catecholamine secretion, 
impaired pyruvate dehydrogenase activity, tissue hypoperfu-
sion, and increased immune cell activation.8 Several studies 
have found that increased serum level and impaired clearance 
of lactate are independently associated with elevated mortality 
in patients with sepsis.9,10 Although many studies have revealed 
the role of lactate in immune cell activation within one specific 
disease context, it is not entirely understood for the fact that 
the concurrent inflammatory effects and anti-inflammatory 
effects were both reported.8,11,12 Also, role of lactate in sepsis is 
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not clear for its immunomodulatory aspects during the immu-
nosuppressive phase of the disease, especially in human studies. 
Exact understanding of the immunoregulatory mechanisms as 
well as therapeutics aiming at the relative targets may facilitate 
treatment of sepsis and improvement of the high mortality.

The cytokine-based immunostimulating therapies, which 
aim at restoration of immune-homeostasis by stimulating the 
innate or adaptive immunity, have been studied for years.13,14 
Recombinant human IL-7 (rhIL-7) administration has also 
been performed in patients with septic shock and induced an 
increase in the number of T lymphocyte and the proliferative 
capacity of both CD4 and CD8 T cells.15 As potent antiapop-
totic cyokines essential for the lymphocyte survival and expan-
sion, IL-7 and IL-15 can similarly enhance function of multiple 
diverse immune effector cells and block cell apoptosis.16-18 In 
our previous studies, IL-7 and IL-15 have been identified as 
prognostic biomarkers for short-term mortality in elderly septic 
patients.19,20 Despite the above studies, little is known about the 
link between the serum levels of IL-7, IL-15, and lactate as well 
as their potential roles in the regulation of inflammation in 
elderly septic patients which are essential for the improvement 
of mortality in a context of precision medicine in sepsis. This 
study aimed to study on the expression patterns as well as cor-
relations between serum levels of IL-7, IL-15, lactate, and other 
cytokines. Knowledge of the regulation networks may provide 
insights into the potential mechanisms in the modulation of 
inflammation in elderly septic patients and facilitate more 
prompt and accurate treatment to reduce the mortality rate.

Methods and Materials
Ethics

This study was in compliance with the Declaration of Helsinki 
and all methods were performed in accordance with the rele-
vant guidelines and regulations. And the protocol was approved 
by the Ethics Committee of Beijing Chaoyang Hospital 
(approval number: 2021-ke-636). All patients have given their 
informed consent to participate in this study.

Study design and inclusion criteria

Among the patients admitted to the emergency department of 
Beijing Chaoyang Hospital in Beijing between November 2021 
and May 2022, a total of 129 septic patients with the Sequential 
Organ Failure Assessment (SOFA) score ⩾2 points were included 
in this single-center retrospective study according to the Sepsis-3 
criteria.1 Based on the clinical outcome at the 28 day interval, the 
patients were classified into the survival group (N = 34) and non-
survival group (N = 95). The survival group was then divided into 
the survival group with high Acute Physiology and Chronic 
Health Evaluation II (APACHE II) scores (⩾16, N = 18) and the 
survival group with low APACHE II scores (<16, N = 16). The 
nonsurvival group was divided into the nonsurvival group with 

high APACHE II scores (⩾23, N = 45) and the nonsurvival group 
with low APACHE II scores (<23, N = 50).

Exclusion criteria

Patients below the age of 60 and patients with missing data or 
abnormal data, and those with hematological diseases, malig-
nant tumors, or connective tissue diseases, and those who were 
receiving immunosuppressive therapy were excluded.

Clinical parameters

The baseline data of the patients, such as sex, age, blood pres-
sure, were collected upon admission. Values of APACHE II 
and SOFA were calculated and documented for all patients 
enrolled. The blood samples of the patients were also collected 
within 24 h upon admission to the emergency department for 
the analysis of the following laboratory results: platelet (PLT), 
albumin (ALB), lactate (LAC).

Measurement of the serum levels of IL-7, IL-15, 
and other cytokines

Blood samples of the patients were drawn by venous puncture 
and added into the serum separator tubes on admission. The 
tubes were put at room temperature for 30 minutes to clot. The 
serum was then centrifuged at 1000g for 15 minutes and ali-
quots were stored at −80℃ until analysis.

Serum levels of PDGF-AA, TNF-α, IL-6, IL-7, IL-15 
were quantified by using Human XL Cytokine Luminex 
Performance Assay 46-plex Fixed Panel (Cat. No. LKTM014B, 
R&D Systems, Minneapolis, USA) according to the manufac-
turer’s instructions.

Statistical analysis

The SPSS software was used to perform the statistical analyses. 
The Kolmogorov-Smirnov goodness of fit test was performed 
to ensure the parametric distribution of the data. The results 
were demonstrated as medians and interquatile ranges. 
Removal of the outliers was made for those individual values 
over the third quartile + 1.5* interquartile range. The unpaired 
Student’s t test or the Mann-Whitney U test was performed 
for analysis of the data, respectively. Categorical data were ana-
lyzed by the χ2 test. For the correlation analysis, Spearman cor-
relation analysis was performed. P < .05 was considered 
statistically significant.

Results
Baseline characteristics

As shown in Table 1, this study enrolled 73 male and 56 female 
patients, with 95 patients died after the follow-up period. A 
flow chart of the patients was shown in Figure 1. The survival 
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group (N = 34) consisted of 21 male and 13 female patients 
while the nonsurvival group (N = 95) consisted of 52 male and 
43 female patients. The median ages of the survival group and 
the nonsurvival group was 74.0 (69.0, 84.0) and 79.0 (70.0, 
84.0). And no significant differences in either sex or age were 
shown between the 2 groups (P > .05).

Comparison of the clinical parameters

The SOFA and APACHE II scores in the nonsurvival group 
were significantly higher than those of the survival group 

(median value: 8.0 vs 4.4, 22.0 vs 16.0, both P < .05). The sys-
tolic pressure (SBP) in the nonsurvival group were significantly 
lower than those of the survival group (median value: 
131.0 mmHg vs 145.0 mmHg, P < .05). The serum levels of 
PLT and those of ALB were not significantly different but 
trended lower in the nonsurvival group (median value: 
173.0 × 109/l vs 201.0 × 109/l, 32.6 g/l vs 36.3 g/l, both P > .05). 
There were no significant differences in the total counts of 
lymphocytes, monocytes, neutrophils and the serum levels of 
lactate between the 2 groups (P > .05).

Expression patterns of the cytokines

There was an increased trend in the serum levels of PDGF-AA 
in the nonsurvival group (median value: 4546.7 pg/ml vs 
3295.0 pg/ml, P > .05). And the levels of TNF-α and IL-6 in 
the nonsurvival group were significantly higher than those in 
the survival group (median value: 8.1 vs 4.3, 125.9 pg/ml vs 
10.2 pg/ml, both P < .001). IL-7 and IL-15 were both signifi-
cantly higher in the nonsurvival group (median value = 6.7 and 
1.6 pg/ml) compared with the survival group (median 
value = 3.7 and 0.9 pg/ml) (P < .01) (Table 1).

Table 1. Baseline data of the patients.

VARIABLE SURVIVAL GRoUp (N = 34) NoN-SURVIVAL GRoUp (N = 95) P

Sex (%)

 Male 21 (61.8%) 52 (54.7% ) .548

 Female 13 (38.2%) 43 (45.3%)  

Age (y) 74.0 (69.0, 84.0) 79.0 (70.0, 84.0) .685

SoFA scores 4.4 (3.0, 5.0) 8.0 (6.0, 10.0) .012

ApACHE Ⅱ scores 16.0 (11.5, 18.5) 22.0 (17.0, 27.0) .026

SBp (mmHg) 145.0 (131.3, 153.3) 131.0 (115.0, 143.0) .004

pLT (×109/l) 201.0 (150.0, 289.0) 173.0 (136.0, 241.0) .194

ALB (g/L) 36.3 (28.5, 40.3) 32.6 (24.6, 36.5) .071

Lymphocyte (×109/l) 0.97 (0.61, 1.49) 1.19 (0.77, 1.77) .201

Monocyte (×109/l) 0.45 (0.37, 0.72) 0.50 (0.37, 1.02) .856

Neutrophil (×109/l) 5.38 (3.84, 12.66) 6.29 (4.67, 9.94) .976

Lactate (mmol/l) 1.20 (1.00, 1.65) 1.20 (1.00, 1.60) .633

pDGF-AA (pg/ml) 3295.0 (2363.2, 5099.3) 4546.7 (2946.2, 6823.9) .062

TNF-α (pg/ml) 4.3 (3.3, 4.9) 8.1 (6.1, 15.2) <.001

IL-6 (pg/ml) 10.2 (5.4, 16.8) 125.9 (18.2, 265.0) <.001

IL-7 (pg/ml) 3.7 (3.1, 6.8) 6.7 (4.0, 9.9) .003

IL-15 (pg/ml) 0.9 (0.6, 1.2) 1.6 (1.0, 2.8) <.001

Abbreviations: ALB, albumin; ApACHE Ⅱ, the acute physiology and chronic health evaluation Ⅱ score; pLT, thrombocyte count; SBp, systolic pressure; SoFA, the 
sequential organ failure assessment score; TNF-α, tumor necrosis factor-α.
N, number of patients; results were demonstrated as medians and interquartile ranges.

Figure 1. Flow chart of the patients in the study.
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Correlation analyses between the risk factors, 
cytokines, and immune cells between the survival 
and nonsurvival group of patients

There were correlations between IL-15 and IL-6 (r = .582, 
P < .001) and correlations between IL-15 and TNF-α (0.428, 
P < .001) in the nonsurvival group (Table 2). The correlations 
between IL-7 and PDGF-AA were demonstrated both in the 
survival group (r = .534, P < .001) and in the nonsurvival group 
(r = .710, P < .001). There was correlation between IL-7 and 
IL-15 in the nonsurvival group (r = .210, P = .041) while no 
correlation was shown in the survival group (r = .034, P = .851) 
(Table 2). No correlations were shown between serum levels of 
lactate and other factors in both groups (Table 3).

Comparison of lactate, IL-7, IL-15, and other 
factors in the survival and nonsurvival subgroups 
based on the APACHE II scores

The median serum levels of lactate were slightly higher in the 
survival group with APACHE II ⩾ 16 (N = 22) than those with 
APACHE II < 16 (N = 22) (median value: 1.40 vs 1.10, 
P = .341) and the same in the nonsurvival group with APACHE 
II ⩾ 23 (N = 45) than those with APACHE II < 23 (N = 50) 
(median value: 1.20 vs 1.20, P = .920) (Table 4). The median 
serum levels of IL-7, IL-15, and TNF-α were all higher in the 
nonsurvival groups either with APACHE II ⩾ 23 (N = 45) 
(median value: 6.7, 1.9, and 8.6 pg/ml) or with APACHE 

II < 23 (N = 50) (median value: 6.9, 1.4, and 8.1 pg/ml) com-
pared with their survival counterparts (P > .05) (Table 4).

Correlation analyses between lactate, IL-7, IL-15, 
and other factors in the survival and nonsurvival 
subgroups based on the APACHE II scores

Correlations between IL-7 and PDGF-AA were demonstrated 
in the survival group with APACHE II < 16 (N = 16) (r = .802, 
P < .001), in the nonsurvival group with APACHE II ⩾ 23 
(N = 45) (r = .752, P < .001) and in the nonsurvival group with 
APACHE II < 23 (N = 50) (r = .667, P < .001) (Table 5). 
Correlations between IL-15 and IL-6 were found in the non-
survival subgroups divided by the APACHE II scores (all 
P < .01) (Table 5). Correlations between IL-15 and TNF-α 
were both shown in the nonsurvival groups either with 
APACHE II ⩾ 23 (N = 45) and with APACHE II < 23 (N = 50) 
(both P < .05) (Table 5). Serum levels of IL-7 were correlated 
with those of IL-15 in the nonsurvival group with APACHE 
II < 23 (N = 50) (P < .05) (Table 5). Total counts of monocytes 
were correlated with serum levels of IL-7 in the nonsurvival 
group with APACHE II ⩾ 23 (N = 45) and correlated with 
those of IL-15 in the nonsurvival group with APACHE II < 23 
(N = 50) (P < .05) (Table 5). Serum levels of lactate were corre-
lated with APACHE II scores in the nonsurvival group with 
APACHE II < 23 (N = 50) (P < .05) (Table 6). The number of 
PLT was correlated with serum levels of IL-15 (r = −.541, 

Table 2. Correlation analysis of IL-7, IL-15 and other biomarkers for patients in the survival and nonsurvival group.

VARIABLE SURVIVAL GRoUp (N = 34) NoNSURVIVAL GRoUp (N = 95)

IL-7 IL-15 IL-7 IL-15

r P r P r P r P

SoFA scores −.214 .224 −.065 .721 .142 .170 −.005 .960

ApACHE II scores −.208 .238 −.067 .712 −.094 .366 .117 .261

pLT (×109/l) −.142 .430 −.076 .679 −.114 .271 .031 .769

ALB(g/l) .033 .854 .146 .425 −.089 .390 −.069 .507

pDGF-AA (pg/ml) .534 <.001 −.023 .898 .710 <.001 −.079 .446

TNF-α (pg/ml) .044 .803 −.156 .386 .066 .528 .428 <.001

IL-6 (pg/ml) .130 .464 .198 .268 .141 .173 .582 <.001

IL-7 (pg/ml) / / .034 .851 / / .210 .041

IL-15 (pg/ml) .034 .851 / / .210 .041 / /

Lymphocyte(×109/l) .013 .953 .138 .541 −.068 .534 −.033 .764

Monocyte (×109/l) −0.201 .357 −.183 .414 .143 .188 −.209 .053

Neutrophil (×109/l) .099 .652 −.154 .493 .018 .867 −.075 .488

Abbreviations: ALB, albumin; ApACHE Ⅱ, the acute physiology and chronic health evaluation Ⅱ score; SoFA, the sequential organ failure assessment score; IL, 
interleukin; pDGF-AA, platelet-derived growth factor-AA; pLT, thrombocyte count; TNF-α, tumor necrosis factor-α.
P < .05 was considered statistically significant.
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P =.030) and correlated with serum levels of lactate (r = −.553, 
P = .026) in the nonsurvival group with APACHE II < 16 
(N = 16) (Table 6). The possible links between the cytokines and 
lactate were demonstrated as shown in Figure 2.

Discussion
Sepsis, which occurs more frequently in elderly patients with 
higher mortality, has been regarded as a major cause of death as 
well as a life-threatening health crisis in the geriatric 

population.2 Approximately 58% to 65% septic patients were 
reported to be elderly patients with a mortality rate of 26% for 
patients between the age of 60 to 64 and the mortality rate of 
38% for patients over 85 years.21,22 Thus, it is necessary to give 
early diagnosis as well as accurate prediction of the clinical out-
comes for elderly patients with sepsis.

Septic patients first enter a hyperinflammation phase char-
acterized by a cytokine storm and a prolonged immunosup-
pression state accompanied by a persistent T cell exhaustion 

Table 3. Correlation analysis of lactate and other biomarkers for patients in the survival and nonsurvival group.

VARIABLE SURVIVAL GRoUp (N = 34) NoNSURVIVAL GRoUp (N = 95)

LACTATE LACTATE

r P r P

SoFA scores .024 .895 −.009 .933

ApACHE II scores .289 .097 .097 .350

pLT (×109/l) −.133 .461 .048 .645

ALB(g/l) .230 .198 −.063 .545

pDGF-AA (pg/ml) .226 .198 .089 .390

TNF-α (pg/ml) −.082 .643 −.041 .690

IL-6 (pg/ml) .025 .888 −.070 .500

IL-7 (pg/ml) .238 .175 .012 .908

IL-15 (pg/ml) .203 .257 −.120 .246

Lymphocyte(×109/l) −.005 .982 .027 .804

Monocyte (×109/l) −.096 .664 −.050 .644

Neutrophil (×109/l) .241 .268 .108 .319

Abbreviations: ALB, albumin; ApACHE Ⅱ, the acute physiology and chronic health evaluation Ⅱ score; SoFA, the sequential organ failure assessment score; IL, 
interleukin; pDGF-AA, platelet-derived growth factor-AA; pLT, thrombocyte count; TNF-α, tumor necrosis factor-α.
P < .05 was considered statistically significant.

Table 4. Comparison of the serum levels of lactate, IL-7, IL-15, and other factors for patients in the survival and nonsurvival group with different 
ApACHE II scores.

GRoUp/VARIABLE SURVIVAL GRoUp SURVIVAL GRoUp P NoNSURVIVAL GRoUp NoNSURVIVAL GRoUp P

ApACHE II ⩾ 16 ApACHE II < 16 ApACHE II ⩾ 23 ApACHE II < 23

(N = 18) (N = 16) (N = 45) (N = 50)

Lactate (mmol/L) 1.40 (0.85, 2.20) 1.10 (1.00, 1.22) .341 1.20 (0.95, 1.75) 1.20 (0.98, 1.63) .920

IL-7 (pg/mL) 3.3 (3.1, 5.3) 4.5 (3.1, 9.3) .316 6.7 (4.2, 9.7) 6.9 (3.6, 10.3) .817

IL-15 (pg/mL) 0.9 (0.5, 1.1) 0.9 (0.6, 1.4) .471 1.9 (1.1, 3.0) 1.4 (0.8, 2.3) .125

TNF-α (pg/mL) 4.3 (3.2, 4.6) 4.4 (4.1, 5.5) .212 8.6 (6.2, 15.0) 8.1 (6.1, 15.5) .808

Lymphocyte (×109/L) 1.11 (0.54, 2.05) 0.93 (0.56, 1.21) .352 1.19 (0.73, 1.77) 1.18 (0.79, 1.79) .966

Monocyte (×109/L) 0.45 (0.39, 0.77) 0.45 (0.31, 0.62) .495 0.54 (0.32, 1.20) 0.48 (0.37, 0.90) .677

Neutrophil (×109/L) 5.38 (4.47, 16.17) 5.48 (3.67, 12.05) .215 7.13 (4.89, 11.08) 5.55 (4.28, 8.84) .314

Abbreviations: ApACHE Ⅱ, the acute physiology and chronic health evaluation Ⅱ score; IL, interleukin; SoFA, the sequential organ failure assessment score; TNF-α, 
tumor necrosis factor-α.
N, number of patients; results were demonstrated as medians and interquartile ranges.
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phenotype characterized by reduced number of T cells, 
impaired T lymphocyte function, and increased proportion of 
regulatory T cells (Tregs) and increased expression of co-inhib-
itory molecule.23,24 In the clinical set, the persistent T cell 
exhaustion is mainly responsible for the high mortality in 
elderly septic patients. As potent antiapoptotic cyokines essen-
tial for the lymphocyte survival and expansion, IL-7 and IL-15 
can similarly enhance function of multiple diverse immune 
effector cells and block cell apoptosis.25-29 Our previous 
research have demonstrated that IL-7 and IL-15 can be both 
used as prognostic biomarkers for short-term mortality in 

elderly septic patients.19,20 Despite the above findings, little is 
known about the link between the serum levels of IL-7, IL-15, 
and other cytokines as well as their potential roles in the regu-
lation of inflammation in elderly septic patients.

In this study, we examined the routine indices, such as plate-
lets and albumin, which have been shown to be indicators of 
the outcome for septic patients. Changes in platelet function 
and impairment of blood rheology might play a role in the 
pathogenesis of multiple organ dysfunction syndrome (MODS) 
by reducing microvascular blood flow followed by hypoperfu-
sion.30 Albumin plays vital regulatory roles in acid‒base 

Table 5. Correlation analysis of IL-7, IL-15, and other biomarkers for patients in the nonsurvival group with different ApACHE II scores.

VARIABLE NoNSURVIVAL GRoUp WITH ApACHE II ⩾ 23 (N = 45) NoNSURVIVAL GRoUp WITH ApACHE II < 23 (N = 50)

IL-7 IL-15 IL-7 IL-15

r P r P r P r P

pLT (×109/l) −0.120 .432 .038 .802 −0.096 .509 .006 .966

ALB (g/l) −0.039 .800 −0.192 .205 −0.158 .273 .116 .424

pDGF-AA (pg/ml) .752 <.001 −0.285 .058 .667 <.001 .114 .429

TNF-α (pg/ml) −0.108 .479 .338 .023 .170 .238 .474 .001

IL-6 (pg/ml) −0.034 .825 .480 .001 .285 .045 .628 <.001

IL-7 (pg/ml) / / −0.118 .441 / / .435 .002

IL-15 (pg/ml) −0.118 .441 / / .435 .002 / /

Lymphocyte (×109/l) .061 .699 .023 .883 −0.197 .199 −0.074 .632

Monocyte (×109/l) .443 .003 −0.100 .525 −0.149 .333 −0.363 .015

Neutrophil (×109/l) −0.068 .667 .027 .863 .115 .457 −0.154 .318

VARIABLE SURVIVAL GRoUp WITH ApACHE II ⩾ 16 (N = 18) SURVIVAL GRoUp WITH ApACHE II < 16 (N = 16)

IL-7 IL-15 IL-7 IL-15

r P r P r P r P

pLT (×109/l) −.025 .925 .384 .142 −.258 .335 −.541 .030

ALB (g/l) .042 .872 .232 .388 −.062 .821 −.119 .660

pDGF-AA (pg/ml) .383 .116 .055 .833 .802 <.001 −.052 .849

TNF-α (pg/ml) −0.205 .416 −.273 .290 .182 .500 −.007 .978

IL-6 (pg/ml) −0.001 .998 .401 .110 .090 .739 −.037 .892

IL-7 (pg/ml) / / .264 .306 / / −.099 .715

IL-15 (pg/ml) .264 .306 / / −.099 .715 / /

Lymphocyte (×109/l) .201 .509 .095 .770 −.095 .794 .261 .466

Monocyte (×109/l) −.088 .774 −.218 .497 −.199 .582 −.116 .751

Neutrophil (×109/l) .055 .858 .329 .296 .193 .594 −.809 .005

Abbreviations: ALB, albumin; ApACHE Ⅱ, the acute physiology and chronic health evaluation Ⅱ score; SoFA, the sequential organ failure assessment score; IL, 
interleukin; pDGF-AA, platelet-derived growth factor-AA; pLT, thrombocyte count; TNF-α, tumor necrosis factor-α.
P < .05 was considered statistically significant.
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physiology and fluid distribution and lower plasma albumin 
levels were found in septic patients than in nonseptic 
patients.31,32 We also analyzed the SBP variation which has 
been used as a guide to fluid therapy in patients with sepsis-
induced hypotension.33 Our data showed that PLT, ALB, and 
SBP in the nonsurvival group were lower than those of the 
survival group of elderly septic patients. Next, we investigated 
the expression patterns as well as the correlations between 
serum levels of IL-7, IL-15, lactate, and other cytokines. Our 
results showed that the nonsurvival group possessed signifi-
cantly higher serum levels of IL-7, IL-15, TNF-α, and IL-6 

when compared with the survival group. Comparisons between 
the subgroups based on the APACHE II scores did not show 
significant differences or similar trends in the mean value 
changes of serum IL-7, IL-15, TNF-α. Actions of IL-15 on 
memory cell persistence and inhibition on the immunological 
checkpoint or activation-induced cell death enable the mainte-
nance of long-lasting immune responses to vaccines.34 Also, 
IL-15 has been shown to induce the inflammatory factors 
TNF-α and IL-1β.35 Our data confirmed the correlations 
between IL-15 and IL-6 as well as the correlations between 
IL-15 and TNF-α in different subgroups indicating the pro-
inflammatory roles of IL-15 in elderly septic patients. We also 
found that IL-7 correlated with PDGF-AA, a factor partici-
pating in enhanced angiogenesis, vascularization, differentia-
tion and tissue remodeling.36 This reflects a potential protective 
role of IL-7 in the feedback regulation of the excessive inflam-
mation during sepsis through the action of PDGF-AA. Our 
results also confirmed the positive correlation between IL-7 
and IL-15 in the nonsurvival group. As IL-7 and IL-15 share 
the common cytokine receptor γ-chain as part of the receptor 
and can be secreted by some common cell types, such as the 
epithelial cells, we conclude a common stimulating pathway 
exists for this simultaneous upregulation of IL-7 and IL-15 in 
elderly patients with sepsis. A previous study has shown that 
IL-7 and IL-15 can differentially regulate CD8 T cell subsets 
defined by KLRG1 and CD127 expression during the specific 
phase of the immune response.37 Our study showed the 

Table 6. Correlation analysis of lactate and other biomarkers for patients in the survival and nonsurvival group with different ApACHE II scores.

GRoUp/VARIABLE SURVIVAL GRoUp SURVIVAL GRoUp NoNSURVIVAL GRoUp NoNSURVIVAL GRoUp

ApACHE II ⩾ 16 (N = 18) ApACHE II < 16 (N = 16) ApACHE II ⩾ 23 (N = 45) ApACHE II < 23 (N = 50)

LACTATE

r P r P r P r P

ApACHE Ⅱ scores .212 .399 .476 .063 .142 .353 .281 .048

pLT (×109/l) .159 .542 −.553 .026 −.037 .808 .162 .261

ALB (g/l) .350 .168 .089 .743 −.184 .227 .090 .536

pDGF-AA (pg/ml) .022 .932 .427 .099 −.005 .975 .158 .273

TNF-α (pg/ml) −.027 .915 −.063 .818 .001 .999 −0.069 .632

IL-6 (pg/ml) .171 .497 .021 .939 −.084 .583 −0.047 .746

IL-7 (pg/ml) .260 .298 .358 .174 −.028 .855 .049 .733

IL-15 (pg/ml) .366 .149 .125 .644 −.113 .459 −.147 .309

Lymphocyte (×109/l) −.280 .354 .088 .809 .078 .620 −.019 .904

Monocyte (×109/l) −.041 .894 −.151 .677 −.149 .341 .049 .751

Neutrophil (×109/l) .308 .306 −.063 .863 .095 .546 .127 .410

Abbreviations: ALB, albumin; ApACHE Ⅱ, the acute physiology and chronic health evaluation Ⅱ score; SoFA, the sequential organ failure assessment score; IL, 
interleukin; pDGF-AA, platelet-derived growth factor-AA; pLT, thrombocyte count; TNF-α: tumor necrosis factor-α.
P < .05 was considered statistically significant.

Figure 2. The correlation network between the cytokines and lactate in 

the patients of this study.
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differences in which IL-7 was correlated with PDGF-AA 
while IL-15 was correlated with IL-6 and TNF-α, which may 
provide insights about different roles of IL-7 and IL-15 in the 
regulation of inflammation in elderly septic patients.

Another significant characteristic of sepsis is increased lev-
els of lactate. The serum lactate levels ranged from 2 to 10 mM 
during sepsis which can even reached 20 mM in different cir-
cumstances.38-41 Several studies have shown that elevated 
serum lactate (⩾4 mM) and impaired clearance are indepen-
dently associated with increased mortality in septic patients.9,10 
Our data showed that patients with higher APACHE II scores 
possessed relatively higher serum levels of lactate which corre-
lated with the APACHE II scores in the nonsurvival subgroup 
with low APACHE II scores. As APACHE II scores reflect 
disease severity in septic patients, these results suggested that 
serum levels of lactate can indicate disease severity to some 
extent in the nonsurvival subgroup. Several animal models have 
investigated the relationship between lactate and sepsis. Lactate 
has been shown to suppress LPS-induced cell metabolism, 
immune cell function, and cytokine production in mice.42,43 
Similarly, sodium lactate suppressed cytokine production in a 
rat model of sepsis.44 Intratracheal acidic aspiration has also 
been shown to impair clearance of S. pneumoniae and E. coli.45 
Despite the above findings, the effects of lactate in different 
stages of sepsis are not fully understood. And the roles of lac-
tate in sepsis is not clear especially for its immunomodulatory 
aspects during the immunosuppressive phase of the disease, for 
the fact that the inflammatory effects and anti-inflammatory 
effects of lactate were both reported.8 A recent study by Leśnik 
et al46 investigated IL-7 and IL-15 as prognostic biomarkers in 
patients with sepsis and septic shock, and the correlation 
between the serum levels of lactate and IL-15 was also demon-
strated. Although we did not find a direct correlation between 
serum levels of lactate and IL-15, the correlations between lac-
tate and PLT as well as correlations between IL-15 and PLT 
were demonstrated in the survival group with APACHE 
II < 16 but not in other subgroups in our study. Also, our data 
showed that total counts of monocytes correlated with the 
serum levels of IL-7 in the nonsurvival group with APACHE 
II ⩾ 23 and correlated with the serum levels of IL-15 in non-
survival group with APACHE II < 23. Extracellular lactate has 
been shown to induce metabolic reprograming in innate 
immune cells, as evidenced by reduced glycolytic and increased 
oxidative rates of monocytes immediately after exposure to lac-
tate.47 Thus, it is probable that lactate can exert different 
immunomodulatory roles through PLT or monocyte which 
may involve the actions of IL-15 or IL-7 under different con-
ditions and may together contribute to the varying outcomes 
for individual septic patient. Our results in this study depict a 
network of cytokines in which IL-7, IL-15 and lactate are at 
the center and may provide insights into their potential roles in 
the regulation of inflammation as well as in a novel immu-
nomodulatory pathway of lactate in elderly patients with 

sepsis. This is meaningful for the possible intervention of the 
inflammation response in sepsis and improvement of mortality 
in a context of precision medicine.

Limitations
This study has limitations, such as the small sample size, lack of 
healthy and elderly controls and the fact that it was a single-
center study. Also, sample size calculation was not conducted 
for the lack of an expected estimate of Spearman correlation 
coefficient either from previous similar research or expert opin-
ion. Further multi-center studies with larger sample sizes as 
well as determination of the baseline levels in healthy controls 
are still needed. And the dynamic monitoring in septic patients 
should also be investigated. Future research should verify these 
immunoregulatory mechanisms in in vitro human immune 
cells or in vivo animal models.

Conclusion
Knowledge of the regulation networks between serum levels of 
IL-7, IL-15, lactate, other cytokines may provide insights into 
the potential mechanisms in the modulation of inflammation 
in elderly septic patients and facilitate more prompt and accu-
rate treatment to reduce the mortality rate.
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