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Objective: The present study aims to investigate the cytokines interleukin (IL)-4, IL-6, IL- 
10, and IL-17 in the peripheral blood of patients with acute-on-chronic liver failure combined 
with sepsis, patients with acute-on-chronic liver failure, and patients with liver cirrhosis; to 
investigate the changes in the levels of inflammatory factors in cases of coagulation dysfunc-
tion in liver failure combined with sepsis; and to discover more typical inflammatory factors 
for further evaluation by functional experiments.
Methods: In the present study, 41 patients with acute-on-chronic liver failure and sepsis 
were enrolled as study subjects. These patients were compared with 20 patients with either 
acute-on-chronic liver failure and liver cirrhosis during the same period. The changes in IL- 
4, IL-6, IL-10, and IL-17 were detected in each group by enzyme-linked immunosorbent 
assay, and SPSS 17.0 software was adopted for data analysis.
Results: There were no significant changes in the levels of IL-4 in any of the groups. 
However, the levels of IL-6, IL-10, and IL-17 were significantly higher in the acute-on- 
chronic liver failure and sepsis group than in the acute-on-chronic liver failure and the liver 
cirrhosis groups.
Conclusion: The present study shows that when liver failure is accompanied by sepsis, the 
serum levels of inflammatory factors IL-6, IL-10, and IL-17 are significantly increased. This 
could be closely correlated with the occurrence and development of coagulation dysfunction 
and sepsis. These findings provide new ideas for delaying the deterioration of patients with 
liver failure in clinical practice.
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Introduction
It has been reported in the literature that inflammatory storms occur during liver 
failure and sepsis, which is currently one of the most popular research topics.1 Liver 
failure is associated with changes in the condition and prognosis of sepsis. 
Therefore, in patients with liver failure and sepsis, which is more common in the 
ICU than patients without sepsis, it is important to investigate the changes in the 
levels of the classic inflammatory factors and the role these changes play in 
the prognosis of these patients. The T helper (Th) 1/Th2 and Th17 cell dysregula-
tion are the focus of current research and frontiers of infectious and immune 
diseases. Stopping excessive inflammatory response in a timely manner and 
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restoring normal immune function has always been 
a topical and difficult research field. Previous studies 
have confirmed that the presence of Th17 is correlated 
with infectious bacterial diseases and involved in viral 
diseases and acute liver injury. We aim to detect changes 
in the levels of interleukin (IL)-4, IL-6, IL-10, and IL-17 
in the peripheral blood of patients in different populations 
and disease states to investigate changes in the levels of 
these inflammatory factors in the case of liver failure, 
coagulation dysfunction, and sepsis, with the aim of find-
ing more typical inflammatory factors for further evalua-
tion by functional experiments.

Therefore, in the present study, patients with acute-on- 
chronic liver failure and sepsis (ACLF-SP) were selected 
as subjects. They were compared with patients with acute- 
on-chronic liver failure (ACLF) and those with liver cir-
rhosis (LC) during the same period. A comprehensive 
analysis was conducted to investigate the changes in the 
levels of IL-4, IL-6, IL-10, and IL-17 in patients with 
ACLF-SP.

Materials and Methods
The Pretreatment of the Experimental 
Material
All blood samples were anticoagulated with heparin and 
treated as follows: All specimens were centrifuged at 4°C 
for 10 minutes at 2000 g. The collected plasma was 
immediately stored at −80°C. The levels of cytokines 
(IL-4, IL-6, IL-10, and IL-17) were detected by enzyme- 
linked immunosorbent assay (ELISA) (Beijing Dakwei 
Biological Company). The sensitivities for the detection 
of the cytokines were as follows: 0.5 pg/mL for IL-4 
(35–1.1 pg/mL), 2 pg/mL for IL-6 (200–6.25 pg/mL), 5 
pg/mL for IL-10 (400–12.5 pg/mL), and 31.25 pg/mL for 
IL-17 (4000–62.5 pg/mL). The data were drawn using the 
ELISA Calc V 0.5 software to obtain a standard curve, and 
the cytokine contents from each sample were analyzed. 
The cytokine standard was a freeze-dried powder. The 
freeze-dried powder was dissolved in sterile distilled 
water, according to the label instructions, and the standard 
diluents were used for multiple dilutions. The concentra-
tion of the masterbatch for IL-4 was 113 pg/mL, and the 
concentration gradient of the standard diluents was 113 pg/ 
mL, 56.5 pg/mL, 28.25 pg/mL, 14.125 pg/mL, and 7.06 
pg/mL. The concentration of the masterbatch for IL-6 was 
328 pg/mL, and the concentration gradient of the standard 
diluents was 328 pg/mL, 164 pg/mL, 82 pg/mL, 41 pg/mL, 

20.5 pg/mL, and 10.25 pg/mL. The concentration of the 
masterbatch for IL-10 was 612 pg/mL, and the concentra-
tion gradient of the standard diluents was 612 pg/mL, 306 
pg/mL, 153 pg/mL, 76.5 pg/mL, 38.25 pg/mL, and 19.125 
pg/mL. The concentration of the masterbatch for IL-17 
was 1000 pg/mL, and the concentration gradient of the 
standard was 1000 pg/mL, 500 pg/mL, 250 pg/mL, 125 
pg/mL, 62.5 pg/mL, and 31.25 pg/mL.

Method
Before use, all reagents were thoroughly mixed to avoid 
foaming. We added 100 ul of the standard with multiple 
dilutions to the standard well, 100 ul of the sample to each 
sample well, and 100 ul of standard diluents to each blank 
control well. We added 50 ul of the diluted biotinylated 
antibody to each well. These were covered with sealing 
film and incubated at room temperature (18°C–25°C) for 
two hours. Washing the plate: The liquid in the well was 
discarded, 300 ul of washing solution was added to each 
well, and the liquid in the well was discarded after 
one minute. This was repeated three times. After the 
third time, it was dried on filter paper. We added 100 ul 
streptavidin–horseradish peroxidase to each well, covered 
them with sealing film, and incubated them at room tem-
perature for 20 minutes. Washing the plate: The liquid in 
the well was discarded, 300 ul of washing solution was 
added to each well, and the liquid in the well was dis-
carded after one minute. This was repeated three times. 
After the third time, it was dried on filter paper. We added 
100 ul of TMB Chromogen Solution to each well and 
incubated these at room temperature for 10–15 minutes 
for a color reaction. After this, 100 ul of termination 
solution was quickly added to each well to terminate the 
reaction. The plate was read with a detection wavelength 
of 450 nm immediately after terminating the reaction. The 
analysis software ELISA Calc V 0.5 was used to draw 
a standard curve, and the cytokine concentrations in the 
samples were analyzed according to the optical density 
(OD) value. SPSS 17.0 software was used to test for 
normality of the experimental data. For data where this 
test resulted in P < 0.05, the experimental data were 
expressed as mean ± standard deviation. When it resulted 
in P ≥ 0.05, the experimental data were expressed as 
median and interquartile ranges. The t-test was adopted 
for comparisons between two groups, and the analysis of 
variance test was used for comparisons among multiple 
groups.
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Results
The Establishment of the Standard Curve 
of Cytokines in Each Group
(1) The standard curve of IL-4 (Figure 1A) R2 = 0.99276

The equation: y = 18.9231 x −1.68121
The residual sum of squares: 2.02103
(2) The standard curve of IL-6 (Figure 1B) R2 = 

0.99897
The equation: y = 26.6124 x −9.01857
The residual sum of squares: 0.1685
(3) The standard curve of L-10 (Figure 1C) R2 = 

0.99796
The equation: y = 67.2789 x −4.41123
The residual sum of squares: 3.02141
(4) The standard curve of IL-17 (Figure 1D) R2 = 

0.99135
The equation: y = 257.99 x −61.9874
The residual sum of squares: 950.3211

The Comparison of the Levels of Cytokines 
IL4, IL6, IL10, and IL17 in the Control 
Group, The Liver Failure Group, and Liver 
Failure Combined with Sepsis Group
There was no statistical difference in the levels of IL-4 in the 
peripheral blood among each group (P > 0.05). The level of 
IL-6 in the ACLF-SP group (61.64 ± 14.38 pg/mL) was 
higher than that in the ACLF group (33.72 ± 8.18 pg/mL, 
P < 0.01) and that in the LC group (22.36 ± 6.21 pg/mL, P = 
0.00, P < 0.01). The level of IL-6 in the ACLF group was 
higher than that in the LC group (P < 0.01). The level of IL-10 
in the ACLF-SP group (49.43 ± 8.15 pg/mL) was significantly 
higher than that in the ACLF group (34.11 ± 8.20 pg/mL, P < 
0.01) and that in the LC group (14.59 ± 5.13 pg/mL, P = 0.00, 
P < 0.01). The level of IL-10 in the ACLF group was higher 
than that in the LC group (P < 0.01). The level of IL-17 in the 
ACLF-SP group (685.27 ± 122.91 pg/mL) was significantly 

Figure 1 (A) The standard curve of IL-4 detected in the plasma. (B) The standard curve of IL-6 detected in the plasma. (C) The standard curve of IL-10 detected in the 
plasma. (D) The standard curve of IL-17 detected in the plasma.
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higher than that in the ACLF group (317.21 ± 68.13 pg/mL, 
P < 0.01) and that in the LC group (162.96 ± 25.19 pg/mL, P = 
0.00, P < 0.01). The level of IL-17 in the ACLF group was 
higher than that in the LC group (P < 0.01) (Figure 2).

Discussion
Once there exists a co-infection in patients with liver failure, 
the liver injury will be further aggravated.1 The Asian 
Pacific Liver Research Association updated the ACLF in 
2019 and pointed out that inflammatory factors, including 
sepsis, play a key role in the development of ACLF. The 
mortality of patients with ACLF admitted to ICU reaches 
21–87% within one month and 42–95% within three 
months.2,3 Among the 41 patients with co-infections in our 
study, 30 died, were voluntarily discharged, or received liver 
transplants. The fatality rate was 73.2%, which is consistent 
with the reported results. Co-infection can aggravate the 
condition of patients with liver failure. This is further con-
firmed by our study results, which show that the rate of death 

or inefficiency of the 30 patients with co-infection was much 
higher than the 20 patients without infection. A systematic 
review and meta-analysis of the impact of systemic inflam-
matory response syndrome (SIRS) and sepsis on mortality in 
alcoholic hepatitis4 showed that both SIRS and sepsis were 
significantly correlated with mortality, and the risk ratios 
were 2.7 (95% CI, 1.74–4.14) and 2.8 (95% CI, 1.58–4.93), 
respectively. A variety of toxins and cytokines, such as 
infection-induced endotoxin, are involved in liver injury, 
and the subsequent response of the body to this immune 
response might be the main cause of liver injury.

IL-4 is mainly produced by Th2 cells. Its main func-
tions are to promote the transformation of Th0 cells into 
Th2 cells; to reduce the formation of Th1 cells; and to 
downregulate the secretion of pro-inflammatory factors, 
such as tumor necrosis factor (TNF) 2α and IFN2γ, from 
monocytes by inhibiting the activity of NF2κB. This inhi-
bits the inflammatory response at the level of cellular 
immunity and humoral immunity.5 However, IL-4 can 

Figure 2 The comparison of the levels of cytokines IL4, IL6, IL10, and IL17 in the control group, the liver failure group, and the liver failure combined with sepsis group. (A) 
The level of IL-4 not significantly different between the control group, the liver failure group, and the liver failure combined with sepsis group (P>0.05). (B) The level of IL-6 
was highly increased in ACLF-SP than in ACLF group and LC group (**P<0.01, compared with ACLF and LC group, respectively), and the level of IL-6 was highly increased in 
ACLF group than LC group (**P<0.01, compared with LC group). (C) The level of IL-10 was obviously increased in ACLF-SP than in ACLF group and LC group (**P<0.01 
compared with ACLF and LC group, respectively), and the level of IL-10 was highly increased in ACLF group than LC group (**P<0.01, compared with LC group). (D) The 
level of IL-17 was significantly increased in ACLF-SP than in ACLF group and LC group (**P<0.01 compared with ACLF and LC group, respectively), and the level of IL-17 was 
highly increased in ACLF group than LC group (**P<0.01, compared with LC group).
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promote the proliferation of B cells and secrete IgA, IgE, 
and other antibodies while inhibiting inflammation and 
stimulating the production of acquired immunity by the 
body after the inflammation has dissipated.6 In the present 
study, there was no significant difference in the expression 
of IL-4 between the LC, the ACLF-SP, and the ACLF-LC 
groups. This is inconsistent with the previously inferred 
mechanisms involved in the inflammatory response and is 
worthy of further investigation.

IL-6 is produced by Th2 cells, monocytes, vascular 
endothelial cells, fibroblasts, etc. It is one of the core 
cytokines that causes liver injury. It can promote the 
synthesis of acute-phase proteins in the liver, activate 
T lymphocytes, induce the differentiation of 
B lymphocytes, act on tissue cells through the modes of 
paracrine and autocrine, stimulate cell growth, promote the 
proliferation of the extracellular matrix, and participate in 
the process of inflammation.7 IL-6 is both an immunomo-
dulatory factor and an inflammatory mediator. When IL-6 
levels are elevated, it causes tissue injury. In patients with 
hepatic disease, endotoxin may stimulate the monocytes to 
produce a large amount of IL-6, leading to massive necro-
sis of the hepatic cells as a result of infection.8 Yao et al9,10 

reported that IL-6 is highly active in patients with severe 
chronic hepatitis B, which was closely correlated with 
hepatic cell injury and the severity of liver disease. The 
results of our study showed that the level of IL-6 signifi-
cantly increased in patients with liver failure and liver 
failure with sepsis, which is consistent with results 
reported in the literature.

IL-10 is produced by Th2 cells and is an anti- 
inflammatory cytokine and immunosuppressive factor.11 

It can inhibit the differentiation of monocytes into the 
antigen-presenting cells and the dendritic cells (DCs) and 
can broadly inhibit the synthesis and expression of inflam-
matory mediators secreted by monocytes and 
macrophages.12 During the process of regulating the 
inflammatory response and limiting liver injury, IL-10 is 
mainly involved in reducing inflammatory liver injury, 
delaying liver regeneration, directly reducing collagen for-
mation, increasing collagenase, and reducing the levels of 
TNFα to prevent hepatic fibrosis. As the degree of hepatic 
fibrosis changes in chronic hepatitis, the level of IL-10 
decreases, and the magnitude of the decrease in IL-10 is 
consistent with the degree of liver injury.9 The results of 
our study show that the levels of IL-10 in the peripheral 
blood of patients with ACLF and ACLF-SP were signifi-
cantly higher than in the control group. Because the 

inflammation in ACLF and ACLF-SP was more serious, 
the level of IL-10 was increased to reduce inflammatory 
reactive liver injury.

IL-17 was cloned for the first time in 1995.10 For more 
than ten years, IL-17 has proven to be a strong inflammatory 
factor. IL-17-mediated powerful effects on stromal cells can 
lead to the production of inflammatory cytokines and the 
recruitment of white blood cells, especially neutrophils, 
thereby creating a connection between innate and adaptive 
immunity.13,14 However, in 2005, Th17 was identified. This is 
a third T-cell subgroup that can produce IL-17. This changed 
the previous understanding of many diseases.15,16 Studies 
have shown that Th17 appears to be the main regulator of 
the pathogenesis of several autoimmune and inflammatory 
diseases.17–19 The discovery of Th17 cells opened up a new 
way to study the etiology and treatment of a broad spectrum 
of diseases.20 Regarding the expression of IL-17 secreted by 
Th17 in liver failure, we observed the expression levels of IL- 
17 in the subjects in the present study and inferred that IL-17 
might play an important role in both liver injury and sepsis.

IL-17 is the most important cytokine representing Th17. 
IL-17 has a pro-inflammatory effect and can induce pro- 
inflammatory cytokines and chemokines and cause tissue 
cell infiltration and tissue destruction.21 IL-17 is also 
involved in the proliferation, maturation, and chemotaxis of 
neutrophils. It can promote the maturation of the DCs and has 
a co-stimulatory effect on the activation of T cells.22 IL-22 
can enhance the ability in anti-microbial infection and can 
cooperate with IL-17 to increase inflammation and cause 
tissue injury. IL-17 is also involved in the pathogenesis of 
and body response to many diseases.23 A recent study has 
shown that the expression of IL-17, IL-23, IL-1b, IL-6, and 
TNFα is highest at sites with the most severe inflammation.24 

Researchers have shown that IL-6 has a very important role 
in regulating the balance between IL-17-producing Th17 
cells and regulatory T cells (Treg). IL-6 induces the devel-
opment of Th17 cells from naïve T cells together with trans-
forming growth factor beta (TGF-beta). In contrast, IL-6 
inhibits TGF-beta-induced Treg differentiation.25 

Pathogenic capabilities of Th17 cells can be restrained by 
stimulating IL-10 production and transdifferentiation into IL- 
10-producing Treg type 1 cells.26 A recent study revealed an 
IL-17-dominated trait that is associated with periodontal 
disease and is inversely modified by the level of IL-10. In 
the study, IL-17 dominated an inflammatory network char-
acteristic of periodontitis, and IL-10 dampened this excessive 
IL-17-mediated periodontitis trait.27 Th17 cells are a group 
of cells that characteristically secrete IL-17. The detection of 
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the concentration of IL-17 in plasma is the most important 
evidence of the functioning of Th17 cells. In our study, the 
levels of cytokines in the peripheral blood, including IL-4, 
IL-6, IL-10, and IL-17, were detected in the above- 
mentioned populations. The results indicate that the concen-
tration of IL-17 in the peripheral blood of patients with 
ACLF is significantly higher than in both patients with LC 
and those with ACLF. The biological effects of IL-17 may 
further induce neutrophils, macrophages, etc. at the site of the 
inflammation, further aggravating liver injury. Follow-up 
research could consider conducting a comprehensive screen-
ing of protein chips to select more known or unknown 
markers with clinically significant research options.

One of the limitations of this study is the relatively small 
sample size, as liver failure combined with sepsis is rela-
tively rare in clinical practice, making it difficult to collect 
a large number of cases. For future studies, we will continue 
to collect relevant cases to further confirm the conclusions of 
this study. Another limitation is that the study design was 
relatively simple and only compared groups at each level. 
No further correlation analysis was conducted. In the next 
step, we will perform further analysis to enrich the results.

Conclusion
The present experimental study confirms that when liver 
failure is complicated by sepsis, the serum levels of 
inflammatory factors, such as IL-6, IL-10, and IL-17, are 
significantly increased. This may be correlated with the 
occurrence and development of coagulation dysfunction 
and sepsis, which will provide new directions and ideas 
for clinically delaying and intervening in the deterioration 
of patients with liver failure.
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