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Abstract
AIM: To investigate T helper 17/regulatory T cell altera-
tions in early severe hepatitis B and the effect of gluco-
corticoids.

METHODS: The study included 20 patients in the early 
stage of severe hepatitis B (SHB) and 11 healthy con-
trols. All patients had elevated T helper 17 (Th17) levels, 
decreased regulatory T (Treg) cell levels, and significant 
Th17/Treg ratios.

RESULTS: After glucocorticoid treatment, 16 patients 
showed improvement with significant decreases in 
Th17 levels, increases in Treg, and rebalanced Th17/
Treg ratios. The four patients who showed no improve-
ment had increases in both Th17 and Treg levels and 

an even higher Th17/Treg ratio than before.

CONCLUSION: Glucocorticoid treatment can rectify 
Th17/Treg dysregulation in patients with SHB.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Severe hepatitis B (SHB) is a fast progress-
ing form of hepatitis infection with a low eradication 
rate. Patients with SHB have dysregulated ratios of T 
helper cells, observed as elevated levels of T helper 
17 cells and reduced regulatory T cells. This study 
demonstrates that these levels can be rebalanced with 
glucocorticoid treatment. However, failure to rectify the 
imbalance likely will results in the progression of SHB 
and eventually cause death.
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INTRODUCTION
Hepatitis B is an infectious disease caused by the hepatitis 
B virus (HBV) that affects global health and becomes an 
important medical problem. Severe hepatitis B (SHB), 
also known as HBV-related liver failure, is the most detri-
mental type of  Hepatitis B due to its fast progression and 
low eradication rate, with a mortality rate that can exceed 
60%. Patients in the early stage of  SHB are commonly 
seen in clinics. If  SHB is not correctly treated, it can eas-
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ily progress to a more severe stage with a higher death 
rate[1,2]. Glucocorticoids are a type of  steroid hormone, 
which can be secreted by the zona fasciculata of  the ad-
renal gland cortex. In SHB patients, glucocorticoids can 
suppress strong immune and inflammatory responses, 
decrease capillary blood vessel permeability, prevent the 
formation of  bile bolt, rapidly diminish jaundice, promote 
appetite, improve mental state, shorten the disease course, 
relieve pain, decrease medical costs, and reduce the overall 
death rate. Therefore, glucocorticoids have become a fo-
cus in the current research concerning SHB, especially in 
the treatment of  patients in the early stage.

T helper 17 (Th17) cells, a subtype of  CD4+ T cells 
that have been identified in recent years, differ from tradi-
tional T helper cells such as Th1 and Th2 subtypes, as their 
secreted cytokines [mainly interleukin (IL)-17] can pro-
mote the mobilization, recruitment, and activation of  neu-
trophils and mediate pro-inflammatory responses[3]. Th17 
cells play an important role in the pathology of  infectious 
diseases, autoimmune diseases, and cancers. Regulatory T 
(Treg) cells were confirmed as a subtype of  T cells with 
in vivo immune-suppressive function in 1995. It has been 
reported that Th17 and Treg cells antagonize each other 
during differentiation. Under normal circumstances, a bal-
ance between the two subtypes maintains immune system 
stability. However, once the balance is broken, a series of  
immunopathological responses occurs[4,5].

Treatment for patients in the early stage of  SHB should 
be standardized to prevent progression to the mid- and 
late stages of  SHB[6,7]. There are currently very few reports 
concerning Th17/Treg alterations during SHB initiation, 
progression, and outcome. This study observed Th17/
Treg in the sera of  patients in the early stage of  SHB be-
fore and after glucocorticoid treatment to provide more 
immunological evidence for the immune regulation and 
treatment of  SHB. Therefore, treatment for patients in the 
early stage of  SHB can be standardized to prevent pro-
gression to the mid- and late stages of  SHB[6,7].

MATERIALS AND METHODS
Patients and sample collection
Twenty hospitalized patients in the early stage of  SHB 
from The First Affiliated Hospital of  Soochow University 
and Wuxi No. 5 People’s Hospital were included in this 
study. A total of  11 healthy people were recruited as con-
trols. The patients met the following inclusion criteria: ex-
treme fatigue with severe gastrointestinal symptoms such 
as anorexia, vomiting, and bloating; elevated jaundice level 
[total bilirubin (TBil): 51-171 μmol/L, and daily increases 
> 17 μmol/L]; bleeding tendency [plasma thromboplastin 
antecedent (PTA): 40%-50% or international normal-
ized ratio (INR): 1.5-1.6]; and positive markers for HBV. 
Fasting peripheral venous blood (2 mL) was drawn from 
patients and healthy controls in the morning. The col-
lected blood was put into test tubes with sodium heparin 
inverted five times to ensure thorough mixing for the de-
tection of  specific immune cells (before, during, and after 

treatment) by intracellular cytokine identification using in 
vitro stimulation and fixation/permeabilization followed 
by flow cytometry. The research plan was approved by the 
ethics committees of  both hospitals. Written consent was 
obtained from all participants.

Reagents
For these studies, a Beckman Coulter XL AT09010 (Beck-
man Coulter Inc., Pasadena, CA, United States) was used. 
The monoclonal anti-CD279(PD-1)/IL-17A antibody con-
jugated with phycoerythrin (PE), and Leukocyte Activation 
Cocktail with BD GolgiPlug™ were purchased from Bec-
ton Dickenson and Co. (Franklin Lakes, NJ, United States). 
Fluorescein isothiocyanate (FITC)-conjugated anti-CD4, 
PE-conjugated anti-CD127, ECD-conjugated anti-CD3, 
and PC5-conjugated anti-CD25 and anti-CD8 monoclonal 
antibodies and IntraPrep permeabilization reagents (in-
cluding sheath fluid and wash buffer) were obtained from 
Beckman Coulter Inc.

Th17 detection
The Th17 detection protocol is as follows: add 30 μL of  
stimulant (1:50 dilution of  BD Pharmingen™ into 1640 
Media with 10% heat-inactivated fetal bovine serum) 
to 50 μL of  whole blood. Vortex and then incubate the 
sample for 4-6 h in the incubator at 37 ℃ with 5% CO2. 
Add 5 μL of  anti-CD3-ECD and anti-CD8-PC5. Vortex 
and keep the sample away from light for 15 min. Add 
100 μL of  IntraPrep Permeabilization Reagent 1. Vortex 
and keep the sample away from light for 10 min. Add 1 
mL of  phosphate buffered saline (PBS). Vortex and cen-
trifuge the mixture at 1500 rpm for 5 min. Discard the 
supernatant. Add 100 μL of  IntraPrep Permeabilization 
Reagent 2. Vortex and incubate the sample for 15 min in 
an incubator at 37 ℃ with 5% CO2. Add 5 μL of  anti-IL-
17A-PE. Vortex and keep the sample away from light for 
15 min. Add 2 mL of  PBS. Vortex and then centrifuge at 
1500 rpm for 5 min. Discard the supernatant and repeat 
twice. Re-suspend the sample in 500 μL of  PBS and load 
the sample in a flow cytometry column. Set the gate using 
CD3-ECD and analyze 3000-5000 cells.

Treg detection
The Treg detection protocol is as follows: add 5 μL of  an-
ti-CD4-FITC, anti-CD25-PC5, and CD127-PE to 50 μL 
of  whole blood. Vortex and keep the sample away from 
light for 15 min. Add 600 μL of  homemade red cell lysis 
buffer A. Vortex until the lysate becomes clear and then 
add 265 μL of  buffer B. Vortex and centrifuge at 1500 
rpm for 5 min. Discard the supernatant. Add 2 mL of  
PBS. Vortex and centrifuge the mixture at 1500 rpm for 
5 min. Discard the supernatant and repeat twice. Re-sus-
pend the sample in 500 μL of  PBS and load the sample in 
a flow cytometry column. Analyze 3000-5000 cells[8].

Treatment procedure and data collection
Patients were administered methylprednisolone (40-60 
mg/d) in addition to the routine treatment involving liver 
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protection, jaundice reversal, and anti-virus therapy. The 
dosage was reduced when gastrointestinal symptoms 
were alleviated or TBil was reduced by 25%. The dosage 
was initially reduced 5-10 mg/7 d until it reached 20 mg/
d, and then reduced 5 mg/7 d until it reached 10 mg/d, 
and reduced 2.5 mg/7 d until it reached 2.5 mg/d. The 
final dosage was then maintained for one month. Fasting 
blood was collected in the morning before treatment was 
initiated, and again at 4, 8, and 15 d after treatment for 
flow cytometry analysis. Data from samples collected at 
15 d are presented.

Study endpoint
The primary endpoint was the survival rate at weeks 4, 12, 
24, and 48. Secondary endpoints included improvement 
in clinical symptoms and signs such as fatigue, anorexia, 
bloating, oliguria, bleeding tendency, infection, and ascites 
and reflected by decreases in TBil, recovery of  PTA (INR) 
values, and increases in serum albumin in blood biochemi-
cal tests.

Clinical standards for cure include: (1) disappearance 
of  symptoms such as fatigue, anorexia, bloating, oliguria, 
bleeding tendency, and hepatic encephalopathy; (2) sub-
siding jaundice and the liver returning to its normal size; 
(3) recovery of  liver function markers; and (4) recovery 
of  PTA values. Clinical standards for improvement in-
clude: (1) significant improvement in symptoms such as 
fatigue, anorexia, bloating, and bleeding tendency; (2) 
significant improvement in jaundice and ascites; and (3) 
significantly improved liver function (TBil < 51 μmol/L). 
The clinical standard for uncured disease was deteriora-
tion leading to death despite active rescue. Of  the 20 pa-
tients included here, 16 were cured or showed improve-
ment and were labeled as improved after treatment, while 
the other four died due to disease deterioration and were 
labeled as uncured after treatment.

Statistical analysis
All data were processed by SPSS 17.0.1 (SPSS, Chicago, 
IL, United States). Comparisons were made with Students 
t-tests: (1) between controls and all patients before treat-
ment; (2) in the improved group before and after treat-
ment; (3) in the uncured group before and after treatment; 
(4) between the improved and uncured groups before 
treatment; (5) between the improved and uncured groups 
after treatment; (6) between controls and the improved 
groups after treatment; and (7) between controls and the 
uncured group after treatment. Values of  P < 0.05 were 
considered to be statistically significant.

RESULTS
Comparison of  all patients (n = 20) and controls (n = 
11) before treatment showed that patients in the early 
stage of  SHB had significantly higher levels of  Th17 (P 
= 0.042), lower levels of  Treg (P = 0.037), and elevated 
Th17/Treg ratios (P = 0.026) compared to controls (Fig-
ure 1A).

The patients in the improved group (n = 16) showed 

significant decreases in Th17 levels (P = 0.036) and Th17/
Treg ratios (P = 0.037) after glucocorticoid treatment 
(Figure 1B). However, the increase in Treg levels was not 
statistically significant.

The patients in uncured group (n = 4) showed elevated 
Th17/Treg ratios after treatment (Figure 1C). Similarly, 
Th17 and Treg levels were slightly increased but not statis-
tically significant.

Comparison between the improved (n = 16) and un-
cured (n = 4) groups before treatment showed that there 
were no significant differences in Th17 or Treg levels or 
Th17/Treg ratios (Figure 1D).

Compared with the uncured group (n = 4), patients in 
the improved group (n = 16) showed significant decreases 
in Th17 levels (P = 0.001) and Th17/Treg ratios (P = 
0.003), but not Treg levels after treatment (Figure 1E).

There were no significant differences in Th17 or Treg 
levels, or their ratio, between controls (n = 11) and the im-
proved group (n = 16) after treatment (Figure 1F).

Following glucocorticoid treatment, patients in the 
uncured group (n = 4) had significantly higher Th17 levels 
(P = 0.017) and Th17/Treg ratios (P = 0.006) compared 
to healthy controls (n = 11) (Figure 1G). However, Treg 
levels were not significantly different between the groups.

DISCUSSION
Patients with SHB suffer immensely. The fast progression, 
poorly understood pathological mechanisms, and lack of  
effective medications are fundamental reasons for its low 
cure rate and high death rate[9,10]. Ye et al[11] have identi-
fied four stages within the development and progression 
of  SHB: early rising, rising, plateau, and recovery stages. 
During early rising stage, the body mainly suffers from 
immune injury. In the early phase of  the rising stage, the 
body primarily bears the burden of  immune and hypoxic-
ischemic injury. During the mid- to late-phase of  the ris-
ing stage, endotoxemia begins to contribute to the attack 
on the body. When it comes to the mid/late phase of  the 
plateau and early phase of  the recovery stage, the body is 
under an immunosuppression state and bears the pressure 
of  endotoxemia[12,13]. Therefore, early treatment of  SHB is 
critical. Because of  the strong immune responses during 
the early rising stage and rising stage, glucocorticoids are 
currently the best treatment option.

Th17 and Treg cells are two recently discovered sub-
types of  CD4+ T cells that are distinct from Th1 and Th2 
cells and have independent differentiation and regulatory 
mechanisms. Th17 cells mainly secret cytokines such as 
IL-17[14,15]. Treg cells are a subtype of  T lymphocytes that 
express CD4, CD25, and Foxp3 and play a major role in 
immune suppression. Recent studies have revealed that 
dysregulation of  the Th17/Treg ratio is closely associated 
with the development and treatment of  various major 
human diseases such as autoimmune disease, infectious 
disease, allergies, malignant tumors, and transplant rejec-
tion. Tuncer et al[16] Park et al[17] and Barbi et al[18] were the 
first to hypothesize that IL-17 is a new marker for severe 
acute liver damage.
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Figure 1  Effects of glucocorticoid treatment on T cell regulation in patients with severe hepatitis B. Comparisons between A: All patients (n = 20) before treat-
ment and control groups (n = 11); B: Within the improved group (n = 16) before and after treatment; C: Within the uncured group (n = 4) before and after treatment; D: 
Between improved (n = 16) and uncured (n = 4) groups before treatment; E: Between improved (n = 16) and uncured (n = 4) groups after treatment; F: Between control (n 
= 11) and improved (n = 16) groups after treatment; G: Between control (n = 11) and uncured (n = 4)  groups after treatment. Th17: T helper 17 cell; Treg: Regulatory 
T cell. aP < 0.05 vs control group.
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Recent research has revealed that Th17/Treg ratios 
are dysregulated in the peripheral blood and liver tis-
sues of  patients with chronic hepatitis B, cirrhosis, and 
liver cancers compared to healthy controls[19,20]. How-
ever, there are few reports concerning the alterations of  
Th17/Treg ratios during SHB initiation, progression, and 
outcome. Glucocorticoids can suppress Th17 cell differ-
entiation and proliferation and reduce IL-17 production. 
Meanwhile, glucocorticoids can upregulate the expression 
of  Foxp3, a key transcription factor in Treg cell devel-
opment, at the mRNA and protein levels, and activate 
STAT5 pathways to increase the number of  Treg cells[21,22]. 
Moreover, glucocorticoids are able to promote the repair 
of  damaged Treg cells, allowing for recovery of  their sup-
pressive functions[23,24].

We recently discovered Th17/Treg dysregulation at 
the early stage of  SHB regardless of  disease subtype (acute, 
subacute, acute on chronic, or chronic). First, we found 
that before glucocorticoid treatment, Th17 elevations and 
Treg decreases were present in all patients in the early 
stage of  SHB. The severe imbalance of  Th17/Treg in 
these patients was higher than was found in the healthy 
population. After glucocorticoid treatment, 16 of  20 pa-
tients showed improvement, demonstrating significant 
Th17 decreases and slight Treg increases that were not 
significantly different from before treatment. The Th17/
Treg dysregulation was corrected after treatment and the 
ratio did not differ from that of  healthy people. The four 
uncured cases showed Th17 and Treg upregulation and 
an even higher Th17/Treg ratio, which was statistically 
significant compared to normal controls. Patients in the 
improved group showed significant Th17 and Th17/Treg 
decreases and Treg increases after treatment. Therefore, 
Th17/Treg dysregulation (or Th17 upregulation and Treg 
downregulation) is at least partially involved in the patho-
logical mechanisms of  SHB. If  glucocorticoid treatment 
results in Th17 decreases and Treg increases, i.e., Th17/
Treg rebalance, then it is very likely that the patient’s con-
dition can be cured. If  rebalance of  Th17/Treg fails to be 
established after glucocorticoid treatment, it is more likely 
that SHB will progress and eventually lead to death. In 
this study, we chose 15 d after glucocorticoid treatment as 
the observation point because the glucocorticoids would 
have taken effect by that time and a longer observation 
period would probably delay treatment. Therefore, our 
study provides some insight in the selection of  subjects 
who require liver transplantation. Patients in the early 
stage of  SHB in whom the Th17/Treg balance is not re-
established after glucocorticoid treatment can be consid-
ered good candidates for liver transplantation[25,26].
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