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Introduction

Acute liver failure (ALF) is a rare but life-threatening 
medical condition associated with a high mortality rate (1). 
The annual incidence of ALF in the USA is around 1–6 cases  
per million persons, and the disease is responsible for 6% of 
liver-related deaths (2). The causes of ALF are varied and 
include drugs (such as paracetamol), viral and autoimmune 
hepatitis, and hepatic ischemia (3,4). The characteristic 
pathological features of ALF are large-scale hepatic 
necrosis, substantial loss of hepatocytes, inflammation, and 

proliferation of bile duct structures (3). ALF is associated 
with numerous complications such as encephalopathy, 
coagulopathy, infection, hemodynamic instability, and 
kidney damage (2). Although a variety of treatment options 
are available, such as supportive medical therapy and 
artificial liver assist devices, liver transplantation is often the 
only hope of cure and is performed in almost 30% of ALF 
cases (4-6). 

The prophase of liver failure (PLF) is associated with 
similar symptoms to those of ALF, including extreme fatigue 
and severe gastrointestinal symptoms such as anorexia, 
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vomiting, and bloating. PLF is a critical stage, with some 
patients developing liver failure and others recovering 
rapidly. There is great interest in identifying biomarkers 
that would help to identify patients at risk of a poor 
prognosis. Numerous factors that predict the prognosis of 
liver failure have been identified, including several factors 
related to inflammation and the immune system (7-12).

Interleukin (IL)-35 is a recently discovered member 
of the IL-12 family of heterodimeric cytokines that is 
comprised of an IL-12 p35 subunit and an IL-27 β subunit 
encoded by the Epstein-Barr virus induced-3 (EBI3) gene 
(13,14). IL-35 is secreted by regulatory T (Treg) cells and 
other lymphocytes, and acts to suppress immune responses 
by inhibiting the differentiation of T-helper type-17 (Th17) 
cells and promoting the proliferation of Treg cells (13,14). 
IL-35 has been implicated in a wide range of disorders 
including cancer, autoimmune diseases, inflammatory 
processes, infections, and sepsis (15). Furthermore, IL-35  
has also been proposed to play an important role in liver 
injury. For example, preclinical and clinical research has 
suggested that IL-35 is involved in endotoxin-induced 
hepatitis (16), liver inflammation caused by infection 
with hepatitis B virus (HBV) or hepatitis C virus (HCV)  
(17-21), and hepatocellular carcinoma (22-24). However, 
little is known about the level of IL-35 during PLF and its 
relevance to prognosis. Therefore, the aim of the present 
study was to determine whether the IL-35 level in patients 
with PLF is associated with prognosis.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1680).

Methods

Study design and study participants 

This retrospective study enrolled 42 consecutive patients 
diagnosed with PLF at the Department of Infection, First 
Affiliated Hospital of Soochow University, Suzhou, Jiangsu, 
China between 1 January 2016 and 30 December 2018. 
The diagnostic criteria for PLF were as follows: extreme 
fatigue with severe gastrointestinal symptoms such as 
anorexia, vomiting, and bloating; elevated total bilirubin 
(TBil) level (51 µmol/L ≤ TBil ≤171 µmol/L) or a daily 
increase in TBil >17 µmol/L; bleeding tendency indicated 
from measurements of plasma thromboplastin antecedent 
(PTA: 40%≤ PTA ≤50%) or international normalized ratio 
(INR: 1.5≤ INR ≤1.6). A further 30 patients with hepatitis 

but without liver failure were also recruited. In addition, 30 
age- and sex-matched healthy control subjects were selected 
from the Medical Examination Center of the First Affiliated 
Hospital of Soochow University. 

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
Medical ethics committee of the First Affiliated Hospital of 
Soochow University [No.: 175(2021)] and informed consent 
was taken from all the patients.

Grouping

PLF patients were divided into PLF with improvement 
and PLF with deterioration. Improvement was defined as 
reduced jaundice and shortened prothrombin time, while 
deterioration was progression to overt liver failure, which 
was defined as TBil >171 µmol/L and either PTA <40% or 
INR <1.5. 

Clinical data obtained at enrollment

The following clinical parameters were measured at the 
time of enrollment: alanine transaminase (ALT) level, TBil 
level, PTA level, IL-35 level, Th17 cell count, and Treg cell 
count.

Measurement of serum IL-35 level

Serum IL-35 levels were determined in our institution’s 
Clinical Laboratory Department by enzyme-linked 
immunosorbent assay (ELISA). Serum was obtained from 
peripheral venous blood samples and stored at −70 ℃ 
until the time of the assay. The IL-35 level in each sample 
was measured using an ELISA kit (Xitang Biological 
Technology, Shanghai, China), in accordance with the 
manufacturer’s instructions. Standards or samples were 
added to the microtiter plate, which had been pre-coated 
with an antibody specific for IL-35. Then, avidin conjugated 
to horseradish peroxidase was added to each microplate 
well, with incubation for 5 hours. Next, TMB (3,3',5,5'-te
tramethylbenzidine) substrate solution was added to each 
well. The enzyme-substrate reaction was terminated by the 
addition of a sulfuric acid solution, and the color change 
was measured spectrophotometrically at a wavelength of 
450±2 nm. The concentration of IL-35 in the samples was 
then determined by comparing the optical density of the 
samples to a standard curve.

https://dx.doi.org/10.21037/apm-21-1680
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Analysis of Th17 cells

Th17 cells were analyzed by flow cytometry. Fasting 
peripheral venous blood (2 mL) was drawn from each study 
participant in the morning. Peripheral blood mononuclear 
cells (PBMCs) were isolated by Ficoll density gradient 
centrifugation. A 2 mL volume of the PBMC suspension 
was added to each well of a 6-well plate and cultured for 
4–6 hours at 37 ℃ in an atmosphere containing 5% CO2. 
The cells were collected and divided into test and control 
samples (100 µL per tube), which were incubated at room 
temperature for 15 minutes with 10 µL R-phycoerythrin-
cyanin 5.1 (PC5)-conjugated anti-CD3 monoclonal antibody 
and 20 µL R-phycoerythrin (PE)-conjugated anti-CD8 
monoclonal antibody (BD Biosciences, San Jose, CA, USA). 
After 15 minutes of incubation with 100 µL fixative solution 
(liquid A) at room temperature, 3 mL phosphate-buffered 
saline (PBS) was added. The mixture was centrifuged, and 
the supernatant was discarded. Cell perforation with 100 µL 
membrane breaker (solution B) was used to enhance cytokine 
staining. Next, 20 µL PE-labeled IL-17A (BD Biosciences, 
San Jose, CA, USA) was added to the test samples, and 20 µL 
homologous control was added to the control samples. After 
incubation at room temperature for 20 minutes, 2 mL PBS 
was added, the mixture was centrifuged at 300 g/min for  
5 minutes, and the supernatant was discarded (repeated 
twice). The cells were resuspended with 500 µL PBS 
and subjected to flow cytometry, and 3,000–5,000 CD3-
extracellular domain-gated cells were counted. Thl7 cells 
(CD3+, CD8−, IL-17+ T cells) were detected using a flow 
cytometer (Epics XL, Beckman Coulter, Brea, CA, USA; 
FACSCalibur, BD Biosciences) and FlowJo 8.6.2 software 
(Tree Star, Ashland, OR, USA). 

Analysis of Treg cells

Treg cells were also detected by flow cytometry. A 50 µL 
sample of fasting peripheral venous blood was incubated 
with 5 µL fluorescein isothiocyanate (FITC)-labelled anti-
CD4 monoclonal antibody, 5 µL PC5-conjugated anti-
CD25 monoclonal antibody, and 5 µL PE-conjugated anti-
CD127 monoclonal antibody (Beyotime Biotechnology, 
Wuhan, China), with gentle shaking to ensure adequate 
mixing. Next, 600 µL of a self-made erythrocyte lysis 
solution A was added, and the mixture was shaken until 
it clarified. Then, 265 µL solution B was added, and the 
mixture was shaken. Subsequently, 2 mL PBS was added, 
and the supernatant was discarded after centrifugation for  

5 minutes at 300 g/min (repeated twice). After resuspension 
in 500 µL PBS, 3,000–5,000 cells were counted by flow 
cytometry for analysis of Treg cells (Epics XL, Beckman 
Coulter; FACSCalibur, BD Biosciences; FlowJo 8.6.2 
software, Tree Star).

Statistical analysis

Continuous measurement data are expressed as mean ± 
standard deviation (SD), and enumeration data are presented 
as n (%). Comparisons between groups were made using the 
rank-sum test and independent-samples t-test, as appropriate. 
Correlations between parameters were evaluated using 
Pearson and partial correlation analyses. A two-sided P value 
<0.05 was considered significant. Analyses were conducted 
using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics of the study participants

The final analysis included 42 patients with PLF,  
30 patients with hepatitis (but without liver failure), and 30 
healthy control subjects. Among the 42 patients with PLF, 
33 subsequently showed an improvement in their condition 
while 9 exhibited deterioration to overt liver failure. The 
baseline clinical characteristics of the study participants are 
summarized in Table 1. Patients with PLF had markedly 
higher ALT and TBil levels and lower PTA than patients 
with hepatitis or healthy controls.

Comparison of serum IL-35 levels at enrollment between 
patients with PLF, patients with hepatitis, and healthy 
control subjects

As shown in Figure 1 ,  the serum level of IL-35 at 
enrollment was significantly higher in patients with PLF  
(594.6±192.6 pg/mL, n=42) than in patients with hepatitis 
(143.2±47.4 pg/mL, n=30; P<0.001) or healthy controls 
(60.7±18.2 pg/mL, n=30; P<0.001). 

Comparison of serum IL-35 level and Treg/Th17 ratio at 
enrollment between patients with PLF who recovered and 
patients with PLF who deteriorated to overt liver failure

For further analysis of the serum IL-35 level and Treg/
Th17 ratio, patients with PLF were divided into 2 groups 
according to whether they showed an improvement in their 
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condition or deterioration to overt liver failure. The serum 
level of IL-35 at enrollment was significantly higher in 
patients with PLF who showed subsequent improvement 
than in patients with PLF who showed subsequent 
deterioration (656.6±165.2 pg/mL vs. 367.2±82.9 pg/mL;  
P<0.001; Figure 2). Treg and Th17 were tested by flow 
cytometry between the above 2 groups (Figures 3,4). 
The results showed that there was no difference in the 
percentage of Treg cells between the 2 groups, but the 
ratio of Treg/Th17 was significantly higher in patients with 

PLF who showed improvement than in patients with PLF 
who developed overt liver failure (3.41±0.42 vs. 2.49±0.41; 
P<0.001; Figure 5).

Correlation between serum IL-35 level and Treg/Th17 
ratio in patients with PLF

The serum IL-35 level and Treg/Th17 ratio were 
significantly positively correlated in patients with PLF 

Table 1 Baseline clinical characteristics of the study participants 

Parameter PLF with improvement (n=33) PLF with deterioration (n=9) Hepatitis (n=30) Healthy controls (n=30)

Male sex# 26 (78.8%) 7 (77.8%) 22 (73.3%) 23 (76.7%)

Age (years)# 43±11 44±10 44±14 44±12

ALT (U/L)* 2,554±2,066 2,644±2,334 363±319 24±8

TBil (µmol/L)* 133±25 128±22 41±18 14±3

PTA (%)* 45±2 44±3 85±10 95±3

Cr (μmol/L)* 55.27±16.61 61.1±18.55 54.03±17.46 56.97±15.82

AFP (ug/L)* 29.17±19.53 13.57±9.61 6.93±5.66 5.64±2.13

* represents P<0.05; # represents P>0.05. PLF, prophase of liver failure; ALT, alanine aminotransferase; TBil, total bilirubin; PTA, 
prothrombin time activity; AFP, alpha fetoprotein.
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Figure 1 Comparison of serum interleukin-35 levels at enrollment 
between patients with prophase of liver failure (n=42), patients 
with hepatitis (n=30), and healthy control subjects (n=30). Data 
are presented as mean ± standard deviation. IL-35, interleukin-35; 
PLF, prophase of liver failure. ****, P<0.001.

Figure 2 Comparison of serum interleukin-35 levels at enrollment 
between patients with prophase of liver failure who recovered 
(improvement group, n=33) and patients with prophase of liver 
failure who deteriorated to overt liver failure (deteriorate group, 
n=9). Data are presented as mean ± standard deviation. IL-35, 
interleukin-35. ****, P<0.001.
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(r2=0.65; P<0.001; Figure 6). 

Discussion

A notable finding of this study was that the serum IL-35 
level at enrollment was significantly higher in patients with 
PLF than in patients with hepatitis or healthy controls. 
Furthermore, the serum IL-35 level was significantly higher 

in patients with PLF who showed subsequent improvement 
than in patients with PLF who showed deterioration 
to overt liver failure. The Treg/Th17 ratio was also 
significantly higher in patients with PLF who showed 
improvement than in patients with PLF who developed 
overt liver failure. In addition, the serum IL-35 level and 
Treg/Th17 ratio were positively correlated in patients with 
PLF. Our data indicate that although the serum IL-35 level 
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Figure 3 Treg cells between PLF improvement group and PLF deteriorate group. (A) Flow cytometry analysis of Treg cells in peripheral 
blood samples from PLF improvement and PLF deteriorate patients. Whole blood was centrifuged to remove plasma. The lower cells 
were lysed to remove red blood cells for further FACS analysis. In the FACS analysis, we first gated CD4+SSClow cells and then analyzed 
CD25+CD127low cells; (B) the comparison of Treg cells between the two groups. PLF, prophase of liver failure; FACS, fluorescence 
activating cell sorter.
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is elevated in patients with PLF, a higher level of IL-35 is 
associated with a better prognosis. This finding may reflect 
a beneficial, anti-inflammatory effect of IL-35 that acts to 
limit the extent of immune-mediated liver injury. 

ALF arises as a consequence of a rapid decompensation 
of liver function and leads to clinical manifestations 
that include coagulation dysfunction, jaundice, hepatic 

encephalopathy, and ascites. The mortality rate of liver 
failure can be as high as 60–80%, illustrating the life-
threatening nature of this disease (25). Although the 
pathogenesis of liver failure has yet to be fully characterized, 
it is generally acknowledged that immune imbalance plays 
an important role (26). Although the immune system 
functions as a complex network of cells and cytokines, Treg 
cells play key roles in the maintenance of immune balance 
through the secretion of cytokines such as IL-35 (27).

IL-35 belongs to the IL-12 cytokine family that also 
includes IL-12, IL-23, and IL-27 (28). IL-35 is secreted 
mainly by CD4+ FOXP3+ Treg cells and iTr35 Treg 
cells, a Treg cell population induced by IL-35. IL-35 
may be the only member of the IL-12 cytokine family in 
humans to have the capacity to upregulate upon activation 
in vivo (29,30). IL-35 may be a major contributor to 
immunological, inflammatory, and infectious diseases, as 
well as tumor progression (31-34). IL-35 has 2 known 
biological effects in vitro and in vivo: (I) suppression of the 
proliferation of conventional T (Tconv) cells; and (II) the 
conversion of naive Tconv cells into a strongly suppressive 
induced Treg cell population (iTr35 cells), which function 
via IL-35 (17,35). The physiological effects of IL-35 result 
mainly from the induction of Treg cell proliferation and 
expansion and the inhibition of Th17 cell differentiation, 
but IL-35 can also suppress CD4+ effector T cell activation 
leading to a reduction in all reactive T-cell responses (36). 
Furthermore, IL-35 overexpression results in a selective 
decrease in the frequency of Th1 cells and an increase 
in IL-10-producing CD4+ T cells. In the setting of 
HBV infection, serum levels of tumor necrosis factor-α, 
interferon-γ, IL-6, IL-22, and IL-23 decrease while IL-10 
increases in response to IL-35 (37-39). 

Several studies have shown that both murine and human 
IL-35 can mediate infectious tolerance that may contribute 
to the development of chronic HBV and HCV infection 
(18,20,40,41). This may explain previous reports that a 
higher level of IL-35 is associated with increased viral load, 
more severe disease, and poorer survival in patients with 
chronic hepatitis B (19,21,42). On the other hand, IL-35 
can help to maintain immune balance when an excessive 
immune response occurs in response to HBV infection 
(43-45), and this may be one mechanism by which Treg 
cells inhibit the progression of liver failure (46). Although 
overt liver failure is difficult to treat, not all patients with 
PLF progress to overt liver failure. Since immune balance 
is an important factor influencing the progression of liver 
failure, and because IL-35 is the most important cytokine 
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Figure 5 Comparison of the ratio of regulatory T cells to T-helper 
type-17 cells between patients with prophase of liver failure who 
recovered (improvement group, n=33) and patients with prophase 
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secreted by Treg cells to maintain immune balance during 
HBV infection (47,48), we evaluated whether serum levels 
of IL-35 were elevated in patients hospitalized with PLF. 
We found that the level of IL-35 was markedly higher in 
patients with PLF than in patients with hepatitis or healthy 
controls, in agreement with a previous study (49). To 
further examine the potential role of IL-35 in the prognosis 
of PLF, patients were divided into 2 groups according to 
their outcomes, i.e., an improvement in disease condition 
or progression to overt liver failure. Interestingly, the 
serum IL-35 level was significantly higher in patients with 
PLF who showed recovery than in patients with PLF who 
deteriorated. Based on this finding, we speculate that IL-35 
is beneficial in patients with PLF, which is consistent with 
the conclusions of a previous study (20).

The Treg/Th17 ratio plays an important role in 
maintaining the balance of the immune system, and 
disorders of both cellular and humoral immunity are found 
in patients with chronic hepatitis or liver failure. Treg cells 
express low levels of CD127 and high levels of CD25 and 
the transcription factor FOXP3, and a serious imbalance of 
the Treg/Th17 ratio has been reported for liver failure (50). 
However, there is little published research regarding the 
changes in the Treg/Th17 ratio during PLF. We speculated 
that an imbalance between populations of Treg and Th17 
cells also exists in patients with PLF and that IL-35 might 
play an important role in the regulation of the Treg/Th17 
ratio in these patients. We found that the Treg/Th17 
ratio was significantly higher in patients with PLF who 
subsequently improved than in patients who progressed to 
overt liver failure. Furthermore, the Treg/Th17 ratio and 
serum level of IL-35 were significantly positively correlated 
(r2=0.65; P<0.001). We propose that a high serum level 
of IL-35 is beneficial for the prognosis of patients with 
PLF because it shifts the Treg/Th17 cell ratio to suppress 
inflammation and the progression of hepatocyte necrosis, 
thereby protecting patients with PLF from developing liver 
failure (36,51,52). 

This study has some limitations. Our sample size was 
quite small, so the study may have been underpowered to 
detect real differences between groups, and the potential 
of IL-35 to be used as a biomarker for prognosis was not 
evaluated. In addition, the mechanisms underlying the 
association between IL-35 level and prognosis were not 
directly investigated. Additional studies are needed to 
confirm our results and validate serum IL-35 level as a 
prognostic marker.

Conclusions

In conclusion, serum IL-35 level is elevated in patients 
with PLF, but a higher level is associated with a better 
prognosis (i.e., recovery rather than progression to overt 
liver failure). We suggest that IL-35 may exert a beneficial, 
anti-inflammatory action that limits the extent of immune-
mediated liver injury. Additional prospective studies with 
serial measurements of the serum IL-35 level are warranted 
to compare changes in IL-35 over time between patients 
with PLF that recover and those that develop overt liver 
failure. Furthermore, regression analyses and receiver 
operating characteristic curve analyses are needed to 
validate serum IL-35 level as a prognostic biomarker. An 
additional objective for future research will be to establish 
whether IL-35 might be a new therapeutic target for the 
design of novel treatments that suppress the progression of 
PLF to overt liver failure.
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