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Abstract

Background and aims: Inorder to stop the progression of the pro-
phase of liver faiure. We determined appropriate dosages for mice 
models in the prophase of liver failure. We aims to explore the levels 
of IL-35 and relevant cytokines in mice during the prophase of liver 
failure induced by concanavalin, in order to elucidate potential immu-
nomodulatory mechanisms of IL-35 and glucocorticoids in these mice. 
Furthermore, the study sets out to investigate alterations in the Treg/
Th17 ratio, IL-35, and IL-17 in the serum of patients during the prophase 
of liver failure precipitated by hepatitis B virus infection prior to and 
post-treatment.

Methods: In the present investigation, we induced the prophase of 
liver failure in mice via administration of different doses of concanavalin 
and assessed the severity of liver injury by evaluating serum biochem-
istry and pathology. Mice were subsequently allocated into five groups, 
including control, model, IL-35 plasmid, anti-IL-35, and dexametha-
sone. Biochemical and pathological examinations were performed, and 
the expression of IL-35 and IL-17 in mouse liver tissue was evaluated 
through immunohistochemistry, fluorescence staining, ELISA. The Treg/
Th17 ratio, as well as levels of IL-35 and IL-17 in the peripheral blood 
of patients with the prophase of liver failure, both prior to and post-
treatment with glucocorticoids, were measured using flow cytometry 
and ELISA. Additionally, a comparison was performed between these 
patients and a cohort of 22 healthy individuals. Correlations between 
IL-35 and the Treg/Th17 ratio were also examined.

Results: Our study revealed that the optimal dose for the prophase 
of liver failure model was 20 ug/kg concanavalin Based on serum bio-
chemistry and pathology. The IL-35 plasmid group and dexamethasone 
group showed significantly lower levels of serum TBil, ALT, AST, IL-4, IL-
17, TNF-α and histopathological score of the liver tissue when compared 
to the model group, while the anti-IL-35 antibody group demonstrated 
significantly high levels compared to all other groups (P<0.05). In the 
HBV-PLF group, we observed that after one week following glucocor-
ticoid treatment, TBil, ALT, and AST significantly decreased, while PTA 
increased (P<0.05). Furthermore, the Treg/Th17 ratio of peripheral 
blood was significantly lower in the HBV-PLF group in comparison to 
the healthy group (P<0.05). Meanwhile, the levels of IL-35 and IL-17 
were significantly higher in the HBV-PLF group (P<0.05). One week after 
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Introduction

Liver failure is a clinical syndrome characterized by extensive 
degeneration and necrosis of hepatocytes within a short time 
due to viral infections, drug exposure, or other toxins [1,2]. The 
mortality rate associated with liver failure is high, exceeding 
60%, While liver transplantation remains the only viable option 
for many patients, the availability of suitable donors is limited, 
and the procedure can be costly, making it a realistic option for 
a select few patients only [3]. Therefore, it is crucial to identify 
effective interventions to prevent the progression of liver failure 
during the prophase of liver failure (PLF) [4]. Regulatory T cells 
perform a vital function in maintaining immune homeostasis 
within the body by reducing both the innate and adaptive im-
mune responses. IL-35plays a crucial role in mediating the im-
munosuppressive activities of Treg cells [5,7]. Our previous find-
ings revealed that overexpression of IL-35 in patients with liver 
failure increased the risk of developing secondary infections, 
while a deficiency in the expression of IL-35 was associated with 
poor prognosis [8,10]. Therefore, in our study, we want to know 
more about the role of IL-35 in the progression of prophase of 
liver failure.

Methods

Mouse models: We used female BALB/c mice weighing 20-
25 g and aged between eight to twelve weeks, purchased from 
Zhaoyan (Suzhou) New Drug Research Center Co., Ltd, for our 
study. After inducing the liver failure model, mice from each 
experimental group were humanely euthanized using cervical 
dislocation, and blood was collected by orbital blood collection. 
The liver of each mouse was quickly removed, and the left lobe 
was set aside for use while the rest of the liver tissues were cut 
into approximately 2 mm thick pieces with a size of about 1 cm. 
These pieces of liver tissue were then soaked and fixed in pre-
pared formalin solution for 48 hours. The remaining liver tissue 
was stored at a temperature of -80°C in the refrigerator for fur-
ther research. All animal procedures were conducted following 
the guidelines established by the National Institutes of Health 
for the care and use of laboratory animals and were approved 
by the institutional review committee of Soochow University.

Biochemical assessments: In the mice, we measured serum 
total bilirubin, alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST) levels. To do this, we allowed the sam-
ples to stand at room temperature for 1 hour and then centri-

fuged them at 3000 R/min for 20 minutes at 4OC. The result-
ing serum was sent to our hospital for biochemical detection 
of TBIL, ALT, and AST using a Hitachi 7500 automatic analyzer 
(Hitachi, Tokyo, Japan). The results were expressed in U/L.

HE staining of mouse liver tissue: The liver samples were 
fixed in 10% neutral buffered formalin, processed, and embed-
ded in paraffin. The embedded samples were then sliced into 
5μm sections and stained with hematoxylin and eosin (H&E) to 
visualize the histological changes in the liver tissue.

Immunohistochemistry and immunofluorescence for IL-35, 
IL-17, Treg : To evaluate changes in inflammatory mediators in 
the liver tissue, we stained paraffin-embedded liver tissue sec-
tions using antibodies against Anti-IL-12A (Abcam, USA), anti-
IL-17A (Abcam, USA), and anti-FOXP3 (Affinity, USA). The stain-
ing process was performed using a polymer detection system 
for double immunohistology staining (Zhong Shan Gold Bridge 
Biotechnology, Beijing, China). We employed a semiquantita-
tive scoring system to assess the histological changes after the 
application of HRP-labeled broad-spectrum secondary antibody 
(or fluorescent secondary antibody) on the sample slides, which 
were then incubated in a wet box.

Flow cytometry for Th17 and treg: To assess the phenotype 
of immune cells in the liver tissue, we harvested cells and trans-
ferred them to FACS tubes. The cells were then stained with an-
ti-CD4-PerCP (BD Bioscience, San Jose, CA, USA), anti-CD25-APC 
(BD Bioscience), and anti-CD127-FITC (BD Bioscience) for 20 
minutes in the dark at 4°C. Afterward, they were stained with 
anti-IL-17-PE (BD Bioscience) for 30 minutes in the dark at 4°C. 
Isotype antibodies were used to separate positive and negative 
cells in the PerCP, APC, FITC, and PE fluorescence channels. The 
samples were analyzed using an FACS Calibur analyzer (BD Bio-
science), and data was acquired and analyzed using Cell Quest 
Pro Software (BD Bioscience) and FlowJo software version 8.6 
(Tree Star Inc., Ashland, OR USA), respectively.

ELISA for IL-35, IL-17, IL-4, TNF-α: To quantify cytokine pro-
duction, we collected cell-free supernatants from cell cultures, 
and we used commercial ELISA kits (CusaBio, Wuhan, Hubei 
Province, China) to measure the concentration of cytokines ac-
cording to the manufacturer’s instructions.

Statistical analysis: Continuous measurement data are re-
ported as mean ± standard deviation (SD), while enumeration 

glucocorticoid treatment, Treg in peripheral blood of the HBV-PLF 
group significantly increased, while Th17 decreased significantly. 
In addition, both IL-17 and Treg/Th17 ratio increased significantly, 
while IL-35 displayed the opposite trend (P<0.05). We discovered 
a positive correlation between IL-35 and Treg/Th17 ratio but no 
significant correlation between IL-17 and Treg/Th17 ratio.

Conclusions: The proper dose for the model of the prophase of 
liver failure in mice is a 20 ug/kg concanavalin injection. IL-35 may 
play a protective role in the prophase of liver failure. Glucocorti-
coids may help maintain cellular and humoral immune balance, 
prevent the occurrence of liver failure, and increase the Treg/Th17 
ratio and IL-35 levels in patients with HBV-PLF. The elevation of IL-
35 is closely related to the Treg/Th17 balance.
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data are presented as n (%). To evaluate differences between 
groups, we used the rank-sum test and independent-samples 
t-test as appropriate. Additionally, we conducted Pearson and 
partial correlation analyses to evaluate correlations between 
parameters. A two-sided P-value less than 0.05 was considered 
statistically significant. All data analyses were performed using 
SPSS version 22.0 (SPSS Inc., Chicago, IL, USA).

Results

Serum biochemical indices (Table 1): The study results in-
dicated a significant increase in the serum levels of TBIL, ALT, 
and AST 48 hours after modeling in both the model group and 
the treatment groups compared to the control group (P<0.05). 
Additionally, the levels of TBIL, ALT, and AST in the IL-35 plasmid 
group and dexamethasone group were significantly lower com-
pared to the model group, while those in the anti-IL-35 antibody 
group were significantly higher than the model group (P<0.05). 
However, no significant difference was observed between the 
IL-35 plasmid group and the dexamethasone group (P>0.05)

HE staining of mouse liver tissue (Figures A-G): The control 
group exhibited the normal morphology of hepatocytes and he-
patic lobule structure. In the low-dose group, we observed mild 
edema-like degeneration of some hepatocytes in the central 
vein of hepatic lobules with a small amount of monocytes and 
lymphocytes infiltrating around them, but no obvious necrosis 
was found. In the middle-dose group, we observed plate-like and 
debris-like necrotic lesions on the microscope. There was seri-
ous infiltration of lymphocytes and mononuclear macrophages 
in the portal area, consistent with the pathological changes in 
the early stage of liver failure. In the high-dose group, we ob-
served diffuse degeneration and necrosis of hepatocytes with 
massive necrotic lesions on the microscope, consistent with 
the pathological diagnosis of liver failure. In the IL-35 plasmid 
group and dexamethasone group, we observed a small amount 
of lymphocyte infiltration around the central vein of the hepatic 
lobule with mild degeneration and edema of hepatocytes. How-
ever, we did not observe any obvious necrotic changes. The de-
gree of inflammation and necrosis in these groups was signifi-
cantly less than that in the model group and anti-IL-35 antibody 
group. In the anti-IL-35 antibody group, we observed more local 
hepatocyte degeneration and necrosis on the microscope, and 
the degree of necrosis was significantly higher than that in the 
other groups. Lymphocyte infiltration was also obvious. 

Liver pathological index score (PI) (Table 2): Compared 
to the control group, we observed a significant increase in 
the pathological index in the early stage of liver failure in the 
model group and every treatment group (P<0.05). However, 
when compared to the model group, we found a significant 
decrease in the pathological index of the IL-35 plasmid group 
and dexamethasone group whereas there was a significant in-
crease in the pathological index of the anti-IL-35 antibody group 
(P<0.05). Nevertheless, no significant difference was observed 
in the pathological index between the IL-35 plasmid group and 
the dexamethasone group (P>0.05). These results suggest that 
IL-35 and dexamethasone may have protective effects on liver 
injury.

Serum IL-4, IL-17, IL-35 and TNF-α (Table 3 and Figure 2): We 
observed significantly higher levels of IL-35 in the IL-35 plasmid 
group and dexamethasone group when compared to the blank 
control group. When compared to the model group, we ob-
served significantly lower levels of serum IL-4, IL-17, and TNF in 
the IL-35 plasmid group and dexamethasone group, while IL-35 

levels were significantly higher than those in the model group 
and anti-IL-35 group. However, there was no significant differ-
ence between the IL-35 plasmid group and the dexamethasone 
group in terms of the levels of IL-4, IL-17, and TNF (P>0.05).

Comparison of immunohistochemical and immunofluores-
cence results of IL-35 and IL-17 in liver tissue of mice (Figures 
3A-J, Figures 4A1-E2): The results of the immunohistochemistry 
analysis revealed clear structures of positive cells, with IL-12a 
(IL-35 subunit) and IL-17 appearing as brown-yellow particles 
showing good positioning, and the degree of staining was sig-
nificantly higher than the background color. Further analysis 
through fluorescence staining showed that Foxp3 was the char-
acteristic staining of regulatory T cells with a green fluorescence 
staining color, and IL-12a (IL-35) appeared as red fluorescence. 
Our results confirmed that IL-35 is mainly secreted by regulato-
ry T cells and that there was higher expression of IL-35 observed 
in Foxp3 positive regulatory T cells.

The positive areas of IL-17 and IL-35 in the liver tissue of 
mice (Tables 4 and Figures 5-6): We observed significantly high-
er positive areas of IL-17 and IL-35 in the liver tissue of mice in 
the PLF model group and each treatment group compared to 
the control group. However, we found that the positive areas 
of IL-17 in the IL-35 plasmid group and dexamethasone group 
were significantly lower, while IL-35 was higher than that in the 
PLF model group. Conversely, in the anti-IL-35 antibody group, 
we observed a significantly higher positive area of IL-17 while 
IL-35 was lower than that in the PLF model group. Additionally, 
we observed a significantly lower positive area of IL-17 in the 
IL-35 plasmid group, while IL-35 was higher than that in the 
dexamethasone group (P<0.05). However, we did not observe 
any significant differences between the IL-35 plasmid group and 
dexamethasone group in the peripheral serum (ELISA) (P>0.05).
Laboratory examination of patients with HBV-PLF at baseline 
after admission and one week after glucocorticoid treatment 
(Table 5). 

After one week of methylprednisolone (1 mg/kg) pulse ther-
apy, we observed that 18 out of 22 patients showed improve-
ment while 4 patients still progressed to liver failure. Among 
these, 3 patients showed improvement after receiving active 
symptomatic support and plasma exchange treatment, while 
one patient was transferred to another hospital for liver trans-
plantation due to liver cirrhosis and hepatic encephalopathy. 
Our analysis showed that there was no significant difference 
in age and gender between the patient group and the healthy 
control group. Additionally, we found that the activities of total 
bilirubin, alanine aminotransferase, aspartate aminotransfer-
ase, and prothrombin were significantly lower than those be-
fore glucocorticoid treatment, both at admission and one week 
after glucocorticoid treatment. Based on these findings, we can 
conclude that the liver injury of the patients was relieved after 
glucocorticoid treatment.

Treg and Th17 of HBV-PLF patients were detected by Flow 
cytometry at baseline and one week after glucocorticoid treat-
ment (Table 6). Our analysis showed that before glucocorticoid 
treatment, Tregs, especially Th17 in HBV-PLF patients, were sig-
nificantly higher than those in the healthy group. This resulted 
in a significantly lower Treg/Th17 ratio. However, after one 
week of glucocorticoid treatment, we found that Tregs were sig-
nificantly higher while Th17 were significantly lower, and Treg/
Th17 was significantly higher than that before treatment. These 
findings suggest that glucocorticoid treatment may contribute 
to restoring an appropriate balance between Tregs and Th17 
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in HBV-PLF patients. Serum IL-35 and IL-17 in HBV-PLF patients 
by ELISA and healthy control group before and one week after 
glucocorticoid treatment (Table 7).

Our analysis showed that the levels of IL-35 and IL-17 were 
significantly higher in HBV-PLF patients than those in the 
healthy group before glucocorticoid treatment. However, after 
one week of glucocorticoid treatment, we observed that the 
level of IL-35 was significantly higher, while IL-17 was signifi-
cantly lower than that before the intervention. These changes 
were consistent with the alterations observed in Treg and Th17 
as determined by flow cytometry. These results suggest that the 
immunomodulatory effects of glucocorticoid treatment may 
contribute to the regulation of IL-35 and IL-17 levels in HBV-PLF 
patients. Correlation between serum IL-35 level and Treg / Th17 
ratio in HBV-PLF patients (Figures 7-8). The findings suggest that 
there was a significant positive correlation between IL-35 and 
Treg/Th17 (r=0.69). However, no significant correlation was ob-
served between IL-17 and Treg/Th17.

Figure 1: HE staining of liver tissue in control group, different dos-
es of concanavalin and different intervention groups. (A) control 
group. (B) DonA (10ug/kg) group. (C) DonA (20 ug/kg) group. (D) 
DonA (30 ug/kg) group. (E) IL-35plasmid group. (F) Dexametha-
sone group. (G) anti-IL-35antibody group.

Figure 2: Serum IL-4, IL-17, IL-35 and TNF-αin blank control group, 
model group and each treatment group.

Figure 3: (A-J): Comparison of immunohistochemical results of 
IL-35 and IL-17 in liver tissue of mice in control group, PLF model 
group and each treatment group. (A) IL-17 in liver of control group 
mice. (B) IL-17 in liver of model group mice. (C) IL-17 in liver of IL-
35 plasmid group mice. (D) IL-17 in liver of antiIL-35 group mice. 
(E) IL-17 in liver of dexamethasone group mice. (F) IL-35 in liver of 
control group mice. (G) IL-35 in liver of model group mice. (H) IL-
35 in liver of IL-35 plasmid group mice. (I) IL-35 in liver of antiIL-35 

group mice. (J) IL-35 in liver of dexamethasone group mice.

Figure 4: (A1-E2): (A1) FOXP3 in liver of control group mice. (A2) IL-
35 in liver of control group mice. (B1) FOXP3 in liver of model group 
mice. (B2) IL-35 in liver of model group mice. (C1) FOXP3 in liver of 
IL-35 plasmid group mice. (C2) IL-35 in liver of IL-35 plasmid group 
mice. (D1) FOXP3 in liver of antiIL-35 group mice. (D2) IL-35 in liver 
of antiIL-35 group mice (E1).

Figure 5: Positive area of IL-17 immunohistochemistry in liver tis-
sue of mice.

Figure 6: Positive area of IL-35 immunohistochemistry in liver tis-
sue of micae. 

Figure 7: Correlation between serum IL-35 and Treg/Th17 ratio in 
HBV-PLF Patients with pre hepatitis B related liver failure.
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Figure 8: Correlation between serum IL-17 and Treg/Th17 ratio in 
HBV-PLF patients with pre hepatitis B related liver failure.

Table 1: Levels and comparison of serum TBIL, ALT and AST of 
mice in each group. 

Group (N=10) Tbil (umol/L) ALT (U/L) ALT (U/L)

Control 4.5±1.4 21±8 21±9

DonA (10ug/kg) group 28.6±7.8 582±173 582±174

DonA (20ug/kg) (Model group) 34.1±10.5 891±280 891±281

DonA (30ug/kg) group 48.9±12.3 1029±204 1029±205

IL-35plasmid group 23.6±11.4*#& 407±254*#& 407±255*#&

IL-35 antibody group 48.9±12.3*# 1029±204*# 1029±205*#

Dexamethasone group 25.7±14.9*& 463±197*& 463±198*&

F 4.23 45.96 46.96

* It represents the comparison between each treatment group and 
model group (P<0.05).
# It represents the comparison of TBIL, ALT and AST between IL-35 
plasmid group and anti-IL-35 antibody group (P<0.05).
& It represents the comparison of TBIL, ALT and AST between IL-35 
plasmid group and dexamethasone group (P>0.05). 

Table 2: Levels and comparison of liver histopathological index 
(PI) of mice in each group.

Group (N=10) PI

Control 0.0±0.0*

DonA (10 ug/kg) group 1.26±0.50*

DonA (20 ug/kg) (Model group) 2.91±0.72*

DonA (30 ug/kg) group 4.15±1.03*

IL-35 plasmid group 2.11±0.65*#&

IL-35 antibody group 3.75±1.28*#

Dexamethasone group 2.15±0.96*&

F 4.79

*It represents the comparison between each treatment group and 
model group (P<0.05)
# It represents the comparison of pathological index between IL-35 
plasmid group and anti-il-35 antibody group (P<0.05) & amp; It rep-
resents the comparison of pathological index between IL-35 plasmid 
group and dexamethasone group (P>0.05).

Table 3: Serum IL-4, IL-17, il35 and TNF-α in blank control group, 
model group and each treatment group.

Group (n=15) IL-4 (pg/ml) IL-17(pg/ml) TNF-α(ng/L) IL-35 (pg/ml)

Control 31.17±4.96 36.24±7.71 120.18±22.57 100.39±10.54

Model group 60.21±7.04 89.74±10.52 241.14±33.41 199.78±26.15

IL-35 plasmid group 49.60±9.00 73.67±10.36 206.55±21.08 223.91±30.21

IL-35 antibody group 84.77±14.86 99.2±10.11 267.83±50.49 173.23±16.53

Dexamethasone group 52.33±13.13 76.86±11.72 200.27±15.21 221.34±31.44

t1 3.54* 4.43* 3.48* -2.65*

t2 -5.50* -2.30* -2.10* 3.29*

t3 2.18* 2.79* 3.54* -2.26*

t4 -8.15* -6.46* -4.38* 4.87*

t5 0.58# 0.84# 0.86# 0.27#

T1 represents the comparison between IL-35 plasmid group 
and model group, T2 represents the comparison between dexa-
methasone group and model group, T3 represents the com-
parison between anti-il-35 antibody group and model group, T4 
represents the comparison between IL-35 plasmid group and 
anti-il-35 antibody group, T5 represents the comparison be-
tween IL-35 plasmid group and dexamethasone group, *repre-
sents P<0.05# Represents P>0.05.

Table 4: Comparison of positive expression areas of IL-17 and 
IL-35 in liver tissue of mice in blank control group, model group 
and each treatment group.

Group (n=15) IL-17 (pg/ml) IL-35 (pg/ml)

Control 28.07±8.96 14.26±5.86

Model group 39.12±6.13 24.95±7.48

IL-35 plasmid group 25.43±8.28 42.63±12.18

IL-35 antibody group 49.31±7.5 19.39±6.59

Dexamethasone group 32.43±6.28 31.67±7.81

t1 5.22* 4.79*

t2 3.46* 2.49*

t3 2.58* 2.28*

t4 2.45* 2.54*

T1 represents the comparison between IL-35 plasmid group 
and model group, T2 represents the comparison between an-
ti-il-35 antibody and model group, dexamethasone group and 
model group, T3 represents the comparison between dexa-
methasone group and model group, and T4 represents the 
comparison between IL-35 plasmid group and dexamethasone 
group * Represents P<0.05.
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*There was significant difference between the treatment group and 
the healthy control group before and after treatment (P<0.05).

# It represents that the treatment group before and after treatment 
has no statistical significance compared with the healthy control group 
(P>0.05).

** Represents that there is significant difference between before 
and after glucocorticoid treatment (P<0.05).

Table 6: Treg and Th17 of HBV-PLF patients were detected by 
Flow cytometry at baseline and one week after glucocorticoid 
treatment.

Group Treg (%) Th17 (%) Treg/Th17

HBV-PLF (before) 5.38±0.82 2.29±0.50 2.50±0.88

HBV-PLF (after) 5.86±0.90 1.80±0.50 3.65±1.80

control 4.03±0.71 0.33±1.0 13.18±4.61

t1 6.09* 7.37* 4.59*

t2 6.28* 18.95* 10.54*

t1 represents paired t-test before and after treatment.
t2 represents paired t-test compared with healthy control group be-

fore treatment.
* Represents P<0.01.

Table 7: Serum IL-35 and IL-17 in HBV-PLF patiens by ELISA and 
healthy control group before and one week after glucocorticoid 
treatment. 

Group IL-35 (pg/ml) IL-17 (pg/ml)

HBV-PLF (before) 632.59±73.26 68.18±11.39

HBV-PLF (after) 701.95±81.83 59.05±8.74

control 61.32±7.79 33.14±4.78

t1 6.39* 7.63*

t2 34.72* 12.83*
t1 represents paired t-test before and after treatment.
t2 represents paired t-test compared with healthy control group be-

fore treatment.
* Represents P<0.01.

Discussion

In summary, Hepatitis B virus (HBV) is a common cause of 
severe hepatitis in China, and immune disorder and liver cell 
necrosis are key mechanisms responsible for hepatitis B-related 
liver failure. Cellular immunity, including T cells, Th17 cells, NK/
NK T cells, monocyte macrophages, etc., is primarily responsi-

ble for causing hepatocyte necrosis. The proportion and func-
tional changes of Treg/Th17 and the levels of related cytokines, 
including IL-35 and IL-17, have been confirmed in numerous 
studies. IL-35 is mainly secreted by regulatory T cells (Treg cells) 
and plays a crucial role in regulating immune balance by altering 
the ratio of Th17/Treg and suppressing the positive immunity 
of Th17. Glucocorticoids (GCS) can act as immunomodulatory 
agents by regulating the balance of Treg/Th17 and related cyto-
kines. Additionally, studies have shown that glucocorticoids can 
stimulate the production of IL-35 and boost the number of Treg 
cells by activating related signaling pathways. Glucocorticoids 
have been found to help regulate the Treg/Th17 balance, pre-
venting the progression from early liver failure to liver failure in 
studies conducted in China.

The treatment of liver failure is a significant challenge in 
clinical practice. Early intervention and control of the condition 
may be key to successful treatment. Therefore, this study fo-
cuses on animal models and patients in the early stage of liver 
failure. Mice were divided into several groups, including blank, 
model, IL-35 plasmid, anti-IL-35 antibody, and dexamethasone 
groups. Our preliminary results suggest that the total bilirubin, 
ALT, and AST levels of mice in the plasmid and hormone groups 
were significantly lower than those in the anti-IL-35 antibody 
group, indicating that IL-35 and glucocorticoids provide a cer-
tain protective effect on hepatocytes in the prophase of liver 
failure. Furthermore, the ELISA results revealed that following 
the intervention of IL-35 plasmid, hormone, and anti-IL-35 an-
tibody, the levels of IL-4, IL-17, and TNF-α in the plasmid and 
hormone groups were significantly lower than those observed 
in the model group. This finding further confirms the inhibitory 
effects of IL-35 and glucocorticoids on positive inflammatory 
factors in the model group.

To further validate our findings, we examined the pathologi-
cal changes in the liver, which is considered the gold standard 
for assessing liver injury. Our results indicate that the liver dam-
age area and pathological index in the IL-35 plasmid and dexa-
methasone groups are significantly lower than in the model 
and anti-IL-35 groups. This finding further confirms that IL-35 
is involved in liver protection, which is consistent with research 
conclusions on IL-35 in HBV-related liver diseases [29]. The ob-
served inhibitory effects of IL-35 and glucocorticoids on posi-
tive inflammatory factors and their protective effects on hepa-
tocytes in the prophase of liver failure suggest that IL-35 and 
glucocorticoid-based treatments may be potential therapeutic 
approaches for treating early liver failure. However, further 
studies are needed to determine the safety and effectiveness 
of these treatments.

In addition to assessing the pathological changes, we also 
used immunohistochemistry and fluorescence staining to vali-
date our findings. Our results indicate that under the interven-
tion of IL-35 and dexamethasone, the expression of negative 
immune regulatory cells and cytokines, such as Treg cells and 
IL-35, was up-regulated, while positive immune cells and cyto-
kines, such as Th17 cells and IL-17, were effectively controlled. 
Interestingly, when comparing the immunohistochemical posi-
tive areas of IL-17 and the negative immune inflammatory fac-
tor IL-35 in each group, we found that the positive area of IL-35 
in the IL-35 plasmid group was significantly higher and IL-17 was 
lower than in the dexamethasone group. This suggests that IL-
35 may have more advantages than glucocorticoids in inhibiting 
the expression of IL-17 in liver tissue. However, there was no 
significant difference in the level of IL-35 between the plasmid 

Table 5: Laboratory examination of patients with HBV-PLF at 
baseline after admission and one week after glucocorticoid treat-
ment.

Index
HBV-PLF group before 

treatment (n=22)
HBV-PLF group after 

treatment (n=22)
Control  
(n = 22)

Male (%) 17 (77%) # 17 (77%) # 16 (76.7%) #

age (year) 45.28±17.63# 45.28±17.63# 48.41±8.42#

ALT(U/L) 2036± 749**    1526± 383** 25± 9

AST (U/L) 2219± 892** 1392±401** 20±7 

TBil (µmol/L) 138 ± 37** 94 ± 22** 12 ± 5

PTA (%) 44.27± 6.28** 51.82±11.21** 90 ± 14

Cr (umol/L) 52.24±19.31# 57.57±13.52# 56.9±15.82#

AFP (ug/L) 23.26±14.59* 19.45±4.73* 5.26±2.42*
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and dexamethasone groups in peripheral serum. This may indi-
cate the existence of differences between peripheral immunity 
and local immunity in the liver tissues of mice in the prophase 
of liver failure. In conclusion, our findings confirm the inhibi-
tory effects of IL-35 and glucocorticoids on positive immune 
factors and the enhancement of negative immune factors in 
liver injury, especially in the prophase of liver failure. Th17 cells 
play a crucial role in HBV-related hepatocyte immune injury 
by primarily secreting cytokines such as IL-17, IL-22, and IL-23. 
There is a positive correlation between Th17 cells and hepato-
cyte immune injury caused by HBV infection. At the same time, 
Treg cells inhibit the immune inflammatory reaction that has 
occurred. The Treg/Th17 ratio is relatively balanced in thriving 
immune states. However, once this balance is disrupted, it may 
cause severe liver immune injury and even liver failure [30-33].

We also conducted a clinical study to evaluate the effect of 
glucocorticoids on immune regulation in patients in the pro-
phase of liver failure. Our findings indicate that one week after 
glucocorticoid treatment, the levels of IL-35 and Treg cells in 
patients significantly increased compared with before treat-
ment. In contrast, Th17 cells and IL-17 decreased significantly 
compared with before treatment. More importantly, the Treg/
Th17 ratio increased significantly compared with before treat-
ment, although it remained slightly lower than that in healthy 
individuals. These results confirm the clinical significance of glu-
cocorticoids in immune regulation in patients in the prophase 
of liver failure and in maintaining the stability of the Treg/Th17 
ratio, which is consistent with the research findings of domestic 
scholars. Our results suggest that glucocorticoids may help to 
maintain the cellular and humoral immune balance and prevent 
the occurrence of liver failure in patients with early-stage hepa-
titis B-related liver failure by increasing the Treg/Th17 ratio and 
levels of IL-35.

It is important to note that our clinical study has some limi-
tations. Firstly, due to the clinical treatment needs of patients, 
we could not establish a control group that received non-gluco-
corticoid treatment, and the study design may not have been 
rigorous enough. Secondly, the study time was relatively short, 
and the number of patients in the prophase of HBV-related liver 
failure was relatively small. Additionally, the number of cases 
with poor treatment outcomes after glucocorticoid treatment 
was also very few, which made it unsuitable to compare statisti-
cally between the hormone effective group and the ineffective 
group. Therefore, more long-term, randomized, controlled clini-
cal trials with a larger sample size are needed to further explore 
the clinical value of glucocorticoids in immune regulation in pa-
tients with early-stage liver failure.

Absolutely, expanding the sample size and conducting more 
long-term, randomized, controlled clinical trials with a more 
rigorous study design will be critical in future research to es-
tablish more robust conclusions and better guide the immuno-
modulatory treatment of patients with early-stage liver failure. 
These efforts will ultimately help improve clinical outcomes for 
patients suffering from liver failure, which is a significant public 
health concern globally.
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