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Background: We aimed to determine whether the methylation status of thymosin β4 (Tβ4) promoter reflects
the severity of acute-on-chronic hepatitis B liver failure (ACHBLF) and whether glucocorticoids affect this status.

Methods: Fifty-six patients with ACHBLF, 45 with chronic hepatitis B (CHB) and 32 healthy controls (HCs), were
retrospectively enrolled. Methylation-specific PCR and real-time PCR were used to detect Tβ4 methylation fre-
quency and mRNA level. The expression of Tβ4 was measured before and after glucocorticoid treatment in pa-
tients with ACHBLF. Clinical and laboratory parameters were obtained.

Results: Tβ4 mRNA expression of patients with ACHBLF was lower than in patients with CHB or HCs, but the
methylation frequency was higher. Tβ4 promoter methylation frequency was correlated with serum total biliru-
bin, prothrombin activity and model for end-stage liver disease score. Moreover, Tβ4 promoter methylation fre-
quency decreased and demethylation occurred during glucocorticoid therapy. After glucocorticoid therapy, Tβ4
mRNA expression and liver function were better in patients with low levels of methylation than in those with
higher levels. After 90 d, the survival of patients with low levels of methylation was significantly higher than
those with high levels.

Conclusions: Patientswith ACHBLFwho have low levels of Tβ4methylationmay showamore favorable response
to glucocorticoid treatment.

Keywords: acute-on-chronic hepatitis B liver failure, glucocorticoid therapy, methylation, thymosin β4 promoter.

Introduction
Acute-on-chronic hepatitis B liver failure (ACHBLF) is a clinical syn-
drome that is characterized by acute, rapid deterioration of liver
function in patients with chronic liver disease associated with
hepatitis B virus (HBV) infection. HBV-induced liver failure is an
immune-mediated process that is caused by a variety of cells and
inflammatory molecules.1 ACHBLF progresses rapidly and has a
high mortality rate of 50 to 90%.2–4 It has been reported that the
prognosis of ACHBLF is poor, and its 3-mo mortality rate is >50%
if liver transplantation (LT) is not performed.5 Therefore, it is es-
sential to develop more effective therapies for liver failure. LT is
recognized as the primary rescue therapy, but organ shortages
limit its applicability.6 At present, many fundamental and clinical
studies are exploring the feasibility of using glucocorticoids for the

therapy of liver failure.7 Glucocorticoid therapy is recommended
as a first-line treatment strategy for severe alcoholic hepatitis and
hepatic encephalopathy,8 and it is attracting attention as a pos-
sible therapy for ACHBLF because of its rapid beneficial effect.9,10
Thymosin β4 (Tβ4) is an important G-actin sequestering pro-

tein that contains 43 amino acids and was first isolated from
bovine thymus.11,12 Recently, a variety of biological functions of
Tβ4 have been reported, such as the promotion ofwoundhealing,
inflammation, tumor metastasis, angiogenesis and tissue regen-
eration.13–17 In addition, studies have shown that Tβ4 protects
against acute CCl4-induced liver injury in mice.18 Some clinical
studies have also shown that in patients with liver disease, the
serum Tβ4 level positively correlates with liver function19,20 and
negatively correlates with the oxidation status of the liver.21 Han
et al.22 found that reductions in serum Tβ4 are related to the
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severity of liver failure, but up to now there has been little quan-
titative assessment of the relationship between the expression
of Tβ4 and the severity of ACHBLF in patients. Furthermore, the
changes in Tβ4 expression that accompany glucocorticoid ther-
apy have not been characterized.
DNA methylation plays a significant role in genome regula-

tion,23 occurring predominantly at CpG islands, and it is the most
studied human epigenetic modification. Emerging evidence sug-
gests that methylation plays a vital role in immune regulation.
Our previous studies have shown that ACHBLF is associated with
aberrant methylation of several genes.24–27 Aberrant methyla-
tion of Tβ4 has been found to be frequent in patients with chon-
drosarcoma or hepatocellular carcinoma (HCC).28,29 In addition,
previous studies have shown that changes to the DNA, includ-
ing demethylation, occur following glucocorticoid treatment.30–32
Therefore, we hypothesized that glucocorticoid therapymight af-
fect Tβ4 promoter methylation, and therefore the assessment of
methylation may be useful for screening the efficacy for those
patients with ACHBLF who undergo glucocorticoid therapy.
To test this hypothesis, we assessed the Tβ4 promoter methy-

lation status and the expression of Tβ4mRNA in peripheral blood
mononuclear cells (PBMCs) from patients with ACHBLF or chronic
hepatitis B (CHB) and healthy controls (HCs), and then measured
the change in Tβ4 methylation and Tβ4 mRNA expression before
and after glucocorticoid therapy in patients with ACHBLF. In this
way, we assessed the relationship between Tβ4 promotermethy-
lation status and the efficacy of glucocorticoid treatment.

Materials and Methods
Participants
Fifty-six patients with ACHBLF were recruited at the Department
of Hepatology, Qilu Hospital of Shandong University from March
2017 to May 2020, as were 45 patients with CHB and 32 HCs.
Patients with ACHBLF were selected using the following criteria,
which were based on those of the Asia-Pacific Association for
the Study of the Liver33: (1) a history of chronic hepatitis, with
the presence of serum hepatitis B surface antigen (HBsAg) for
>6 mo; (2) progressive jaundice (serum total bilirubin [TBIL]≥
170 μmol/L); (3) an international normalized ratio (INR)≥1.5;
and (4) a prothrombin activity (PTA)<40%. The exclusion criteria
were as follows: (1) coinfection with hepatitis A, C, D or E virus;
(2) pregnancy; (3) another liver disease, such as alcoholic liver
disease, drug-induced hepatitis, Wilson disease or autoimmune
hepatitis; (4) infection with cytomegalovirus, HIV or Epstein-Barr
virus; (5) liver tumor; or (6) a history of diabetes, cardiac disease
or nephrosis.
None of the participants had used glucocorticoids for at

least 6 mo prior to the study, but had undergone conserva-
tive treatment, such as with other hepatoprotective medication,
nutritional support and other non-specific therapy. Nucleoside
analogs were administered to inhibit viral replication in partici-
pants when their serum HBV-DNA levels were high. These were
entecavir (29 participants; 0.5 mg daily) and tenofovir (27 partic-
ipants; 300 mg daily).
Once a diagnosis of ACHBLF had been confirmed, the partici-

pants began administering glucocorticoids (methylprednisolone
or prednisolone). To ensure that the effects would be compa-

rable, the dose of methylprednisolone (MSPL) was converted
to the equivalent dose of prednisone (PSL) on the basis of its
anti-inflammatory potency. A dose of 1 mg/kg/d MSPL (average:
80 mg/d) or 0.75 mg/kg/d PSL (average: 60 mg/d) was admin-
istered for the first 3 d. Then the dose was gradually tapered
off by 0.25 mg/kg/d during the remaining three 3-d cycles. MSPL
0.75 mg/kg/d (average: 60 mg/d) or PSL 0.5 mg/kg/d (average:
40mg/d) was administered for the second 3 d. MSPL 0.5mg/kg/d
(average: 40 mg/d) or PSL 0.25 mg/kg/d (average: 20 mg/d) was
given for the third 3 d. According to the improvement of liver func-
tion, the total dose of MSPL or PSL was gradually reduced by 5 or
10 mg at least every 4 d, and then was completely withdrawn
until the end of the 28th day. The patients with ACHBLF were fol-
lowed for at least 90 d and the primary outcome was defined as
survival at the end of this period.

DNA extraction from PBMCs and sodium bisulfite
modification
Whole blood (5ml) was obtained from each participant and anti-
coagulated using EDTA. Gradient centrifugation on Ficoll-Paque
(Pharmacia Diagnostics, Uppsala, Sweden) was used to isolate
PBMCs. A QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany)
was then used to extract genomic DNA from the PBMCs. Twenty
microliters of genomic DNA per participant were stored at −20°C
for later use.
The amount of hydrogen sulfite required to modify the DNA

was calculated on the basis of the concentration of each ge-
nomic DNA sample. Approximately 20 μl of the extracted DNA
was modified using sodium bisulfite and an EZ DNA Methylation-
Gold Kit (Zymo Research, Irvine, CA, USA), according to the
manufacturer’s instructions. Then 20 μl of modified DNA was
immediately used as a template for methylation-specific PCR
(MSP) or stored at −20°C for further study. Methylated cytosines
are unaffected by bisulfite, whereas unmethylated cytosines are
converted to uracil.

MSP
MSP primers for Tβ4were obtained from the previous study.28 The
primer sequences were as follows: MF: 5′-GTT TTC GGA TGT CGT
TTC GAG AC-3′ and MR: 5′-ACG ACG AAC GCA ACT TTA TAA ACG-3′;
UF: 5′-TAG GTT TTT GGA TGT TUTT TTT GAG AT-3′ and UR: 5′-AAA
TAC AAC AAA CAC AAC TTT ATA AAC A-3′. The reaction mixture
comprised 1 μl of modified DNA, 0.5 μl of each primer (10 μM),
12.5 μl of Premix Taq (Zymo Research) and 10.5 μl of nuclease-
free water (total 25 μl).
The PCR protocol comprised an initial denaturation at 95°C for

10 min, followed by 35 cycles of denaturation at 94°C for 30 s,
annealing at 58°C for 30 s and extension at 72°C for 60 s, then a
final extension at 72°C for 7 min. The Tβ4 amplicons were elec-
trophoresed on a 2% agarose gel, stained with Gel Red (Biotium,
CA, USA) and visualized under UV illumination.Water was used as
a negative control and each reaction was repeated three times.

RNA isolation from PBMCs and RT-qPCR
RNA was extracted from PBMCs using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA), according to the manufacturer’s protocol.
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The concentrations of the RNA samples were measured using an
Eppendorf Biophotometer (Brinkmann Instruments, Westbury,
NY, USA), 1 μg of RNA was reverse transcribed to cDNA using a
First-strand cDNA synthesis kit (Fermentas, Vilnius, Lithuania) and
20 μl aliquots of cDNA were stored at −20°C. The mRNA expres-
sion of Tβ4 was measured using RT-qPCR. PCR was performed
on a Light Cycler (Roche Diagnostics, Mannheim, Germany) using
SYBR Green PCR mix (Takara, Japan). The primer sequences were
as follows: Tβ4 F: 5-AAA CCC GAT ATG GCT GAGAT-3′, R: 5′-TGC TTC
TCC TGT TCA ATC GT-3′; β-actin F: 5′-ATG GGT CAG AAG GAT TCC
TAT GTG T-3′, R: 5′-CTT CAT GAG GTA GTC AGT CAG GTC-3′. The PCR
reaction conditions were as follows: initial denaturation at 95°C
for 30 s, followed by 45 cycles of denaturation at 95°C for 5 s and
annealing at 60°C for 30 s, then a final extension at 72°C for 30 s.
The reaction mixture contained 1 μl of cDNA, 0.4 μmol of each
specific primer, 10 μl of SYBR Green premix and 8.2 μl of ddH2O
(20 μl total). Each PCR reaction was repeated three times and
the expression of Tβ4 was determined using the 2−��Ct method.

Measurement of laboratory parameters
Serum biochemical markers of liver damage and function were
measured using an automatic biochemical analyzer (Cobas c311,
Roche Diagnostics Ltd) and comprised alanine aminotransferase
(ALT), TBIL, albumin (ALB), cholinesterase (CHE), pre-albumin
(pre-ALB) and creatinine (Cr). PTA was measured using an ACL
TOP 700 (Instrumentation Laboratory, Bedford, MA, USA). Hep-
atitis B s Antigen (HBsAg) and hepatitis B e Antigen (HBeAg) were
measured using an electrochemiluminescence assay (Roche Di-
agnostics Ltd). HBV-DNA load was measured using ABI 7300
PCR System (Applied Biosystems, Foster City, CA, USA), accord-
ing to the manufacturer’s protocol. In addition, the model for
end-stage liver disease (MELD) score was calculated to estimate
the severity of ACHBLF as follows: MELD score=3.78×ln (bilirubin
[mg/dl])+11.2×ln (INR)+9.57×ln (Cr [mg/dl])+6.43 (etiology:0 if
cholestatic or alcoholic, 1 otherwise).

ELISA
The plasma level of Tβ4 was measured using an ELISA kit (Leng-
ton Bioscience Co. Ltd, Shanghai, China), according to the man-
ufacturer’s protocol. The concentration of Tβ4 in each sample
was calculated using the standard curve and ELISA Calc (R&D San
Diego, CA, USA).

Statistical analysis
PASS software 15.0 (NCSS statistical software, Kaysville, UT, USA)
was used to estimate the group size. A sample size of 89 achieves
90% power to detect an effect size (W) of 0.3787 using α-2 de-
grees, of freedom χ2 test with a significance level (alpha) of 0.05.
Considering 20% of the cases of loss of follow-up and rejection, a
total of at least 112 subjects was needed. Therefore, we enrolled
133 patients (32 HCs, 45 CHB, 56 ACHBLF) to participate in this
study.
The results were analyzed using SPSS 22.0 (IBM, Inc., Armonk,

NY, USA). Continuous variables are presented as median (cen-
tile 25; centile 75) and categorical variables are expressed as
number (%). Differences between groups were analyzed using
the Mann–Whitney U-test, Kruskal–Wallis test or χ2 test, as
appropriate. The relationships between variables were evaluated

using Pearson’s or Spearman’s correlation. All the statistical
analyses were two-sided and p<0.05 was considered to indicate
statistical significance.

Results
General characteristics of the participants
A total of 168 participants were collected for the study, but 20
patients with ACHBLF and 15 patients with CHB were excluded
because they had hepatocellular carcinoma, pregnancy or an-
other liver diseases. Finally, 56 patients with ACHBLF, 45 patients
with CHB and 32 HCs were studied. The selection process of all
participants is shown in Figure 1. The clinical characteristics of all
the participants are shown in Table 1. There were no differences
between the participants with ACHBLF or CHB and HCs with re-
gard to gender distribution (p=0.55) or age (p=0.607). However,
significant differences existed with regard to TBIL, ALT, ALB, PTA,
CHE, pre-ALB, Cr, blood urea nitrogen and β2M (all p<0.01). There
were no significant relationships of ACHBLF and CHB with HBeAg
(p=0.80; χ2 test) or HBV-DNA load (p=0.30; χ2 test). The enrolled
patients with CHBwere divided into four groups according to their
ALT levels, and their detailed clinical characteristics are shown in
Table S1.

PBMC expression and the plasma concentration of Tβ4
in participants with ACHBLF or CHB and HCs
The frequency ofmethylation of the Tβ4 promoterwasmeasured
in the PBMCs of participants with ACHBLF or CHB and HCs before
glucocorticoid treatment. As shown in Figure 2A, the methyla-
tion frequency in participants with ACHBLF (36/56; 64%) was sig-
nificantly higher than that in participants with CHB (14/45; 31%;
χ2=10.99; p=0.001) and HCs (0/31). Furthermore, the frequency
of methylation was higher in participants with CHB than in HCs
(χ2=11.82, p<0.001). Representative results of agarose gel elec-
trophoresis are shown in Figure 2D.
To measure the Tβ4 mRNA expression in the PBMCs of the

participants, RT-qPCR was performed using ACTB as the refer-
ence gene (Figure 2B). We found that the mean relative Tβ4
mRNA expression was much lower in participants with ACHBLF
than in those with CHB (Z=−4.79, p<0.001) or in HCs (Z=−5.99,
p<0.001). In addition, the Tβ4 mRNA expression in the PBMCs of
participants with CHB was also lower than that in HCs (Z=−3.15,
p<0.001).
The plasma levels of Tβ4 were measured by ELISA. In the

plasma of participants with ACHBLF or CHB and HCs, the con-
centrations of Tβ4 were 7.14 (5.50–9.37), 14.00 (11.39–15.30)
and 26.33 (22.14–29.95) μg/ml, respectively. As shown in
Figure 2C, these concentrations significantly differed (ACHBLF vs
CHB, Z=−7.124, p<0.001; CHB vs HCs, Z=−6.956, p<0.001; and
ACHBLF vs HCs, Z=−7.763, p<0.001).

Relationships of Tβ4 promoter methylation and mRNA
expression with the clinicopathological characteristics
of participants with ACHBLF
The relationships between Tβ4 promoter methylation and the
clinical characteristics of participants with ACHBLF were assessed
using the Mann–Whitney U and χ2 tests. As shown in Table 2, the
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Figure 1. Flowchart depicting the selection process of the participants.

frequency of methylation of the Tβ4 promoter was significantly
correlated with TBIL (Z=−2.907, p=0.004), PTA (Z=−4.933,
p<0.001) and the MELD score (Z=−2.454, p=0.014). However,
there were no correlations between Tβ4 promoter methylation
and age, gender, ALT, ALB, Cr, CHE, pre-ALB, HBeAg or HBV-DNA
(p>0.05). Moreover, Tβ4 promotermethylation had no significant
correlation with encephalopathy, ascites, hepatorenal syndrome
(HRS) and spontaneous bacterial peritonitis (SBP) (p>0.05).
Table 3 shows the results ofmultivariate logistic regression analy-
sis, which shows that TBIL (r=1.009, p=0.048) and PTA (r=0.671,
p=0.024) were associated with higher Tβ4 promoter methyla-
tion, but that HBeAg, DNA, ALB, MELD, encephalopathy, ascites,
HRS and SBP were not.
In addition, there was an inverse relationship between

the methylation of Tβ4 and its mRNA expression (r=−0.649,
p<0.001). To identify possible contributors to the severity of
ACHBLF, we analyzed the relationships between Tβ4 mRNA
expression and the clinical characteristics of participants with
ACHBLF. The results showed that Tβ4 mRNA expression was sig-
nificantly negatively correlated with TBIL (r=−0.341, p=0.010)
and the MELD score (r=−0.271, p=0.043). In addition, there was
a positive correlation between Tβ4 mRNA expression and PTA
(r=0.416, p=0.001). However, there were no significant correla-
tions between Tβ4 mRNA expression and gender, age, ALT, ALB,
CHE, pre-ALB, Cr, HBeAg, HBV-DNA, encephalopathy, ascites, HRS
and SBP in participants with ACHBLF (p>0.05).

Effects of glucocorticoid treatment in participants
with ACHBLF
On the basis of the above findings, TBIL, PTA andMELD scorewere
used to evaluate the effects of glucocorticoid treatment in partic-
ipants with ACHBLF. We compared the data for each of these pa-

rameters at various time points during the treatment. Figure 3A–C
show that there were no differences in TBIL, PTA or MELD score
from day 0 to day 7 of the treatment. However, on day 28 of
the treatment, TBIL and MELD score were lower than on day 7,
whereas PTA was higher (Z=14.02, p<0.001; Z=82.95, p<0.001;
and Z=19.07, p<0.001; respectively).
Therewas a gradual increase of the Tβ4mRNA expression dur-

ing treatment (0.76±0.46, 0.95±0.57 and 1.73±1.20 on day 0,
7 and 28, respectively), and it was significantly higher on day
28 than on day 7 (Z=17.53, p<0.001) (Figure 3D). However, the
overall methylation frequency of the Tβ4 promoter showed an
opposing trend (64.3, 57.13 and 37.5%, respectively; χ2=8.650,
p=0.013) (Figure 3E). After day 7 of treatment, Tβ4 promoter
demethylation was detected in four of the participants with
ACHBLF. On day 28, when the glucocorticoid therapy ended, there
were 11 further participants with ACHBLF who showed demethy-
lation. As shown in Figure 3E, the methylation frequency of the
Tβ4 promoter on day 28 (37.5%) was lower than that on day 7.
The plasma concentration of Tβ4 was significantly higher on

day 28 than on day 7 of the treatment (Z=−5.549, p<0.001), but
there was no difference between baseline and day 7 (Z=−1.874,
p=0.061) (Figure 3F).

Effect of Tβ4 promoter methylation status on the
prognosis of participants with ACHBLF
The participants with ACHBLF were allocated to two groups on
the basis of their DNA methylation status at baseline. The clin-
icopathological features of the two groups are compared in
Table 2. The methylation status of Tβ4 was significantly corre-
lated with TBIL, PTA and MELD score. The MELD score is widely
used to assess the prognosis of patientswith ACHBLF. Ninety days
after the start of glucocorticoid treatment, the survival ratio for
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Table 1. Clinical characteristics of the enrolled participants

Parameter ACHBLF (n=56) CHB (n=45) HCs (n=32) p-value

Gender (male/female) 29/27 24/21 18/14 0.92‡

Age (y) 50.5 (39.3–58.5) 47.0 (49.0–55.5) 45.5 (39.0–56.0) 0.607†

TBIL (μmol/L) 352.0 2(284.42–454.91) 30.11 (26.12–42.43) 16.52 (12.81–18.35) <0.001†

ALT (U/L) 680.71 (530.82–886.34) 176.6 3(106.90–233.23) 18.92 (14.13–26.43) <0.001†

ALB (g/L) 25.71 (22.43–28.72) 36.52(33.72–39.51) 40.32 (38.62–43.60) <0.001†

pre-ALB (mg/L) 110.52 (90.21–131.72) 240.33 (210.51–298.22) 294.64 (268.80–320.20) <0.001†

PTA (%) 30.02 (28.42–34.24) 75.63 (69.93–79.22) 98.45 (91.41–112.52) <0.001†

Cr (μmol/L) 59.23(67.01–70.61) 59.31 (56.83–62.92) 53.45 (50.14–56.20) <0.001†

BUN(mmol/L) 7.35 (6.23–9.04) 7.04 (6.15–8.06) 5.65 (4.52–6.56) <0.001†

β2M (mg/L) 2.71 (2.37–3.17) 2.32 (1.93–2.61) 2.29 (1.94–2.53) <0.001†

CHE (U/L) 1998 (1304–2540) 4898 (4027–5265) 6216 (5622–6762) <0.001†

HBeAg (+/−) 35/21 27/18 NA 0.80†

HBV-DNA (+/−) 38/18 26/19 NA 0.30†

Encephalopathy 19 NA NA —
Ascites 40 NA NA —
HRS 13 NA NA —
SBP 32 NA NA —
MELD score 20.2 (19.0–21.9) NA NA —

Abbreviations: ACHBLF, acute-on-chronic hepatitis B liver failure; ALB, albumin; ALT, alanine aminotransferase; β2M, β2 microglobulin; BUN,
blood urea nitrogen; CHB, chronic hepatitis B; CHE, cholinesterase; Cr, creatinine; HBeAg, hepatitis B e antigen; HC, healthy control; HRS, hepa-
torenal syndrome;MELD,model for end-stage liver disease; NA, not available; pre-ALB, pre-albumin; PTA, prothrombin activity; SBP, spontaneous
bacterial peritonitis; TBIL, total bilirubin. Data are expressed as median (IQR) or N. †, Kruskal–Wallis H test; ‡, χ2 test.

participants with low methylation was 16/20 (80%), which was
significantly higher than that for participants with higher levels
of methylation (18/36, 50%, p=0.026). The mean survival time
(calculated from hospital admission) of methylated patients was
60.43 d (SE 5.547; 95% CI 49.56 to 71.33) and for unmethy-
lated patients it was 79.10 d (SE 5.403; 95% CI 68.51 to 89.69,
p=0.026) (Figure 4).
ROC curves were used to measure the predictive values of Tβ4

promoter methylation and MELD score for the 3-mo mortality of
patients with ACHBLF. At the end of the 90-d follow-up period,
the AUCs of Tβ4 methylation were significant higher than those
of MELD score (AUC 0.857, SE 0.0586, CI 0.738 to 0.936 vs AUC
0.648, SE 0.0801, CI 0.509 to 0.771, p<0.05) (Figure 5).

Discussion
In the present study, we have demonstrated that the methyla-
tion of the Tβ4 promoter closely correlates with the severity of
ACHBLF and that glucocorticoids affect the Tβ4 promoter methy-
lation status in patients with ACHBLF. To evaluate the utility of
Tβ4 as a biomarker, we first performed RT-qPCR and MSP tomea-
sure the mRNA expression of Tβ4 and the frequency of methyla-
tion of its promoter in PBMCs from patients with ACHBLF or CHB
and HCs. Next, we measured Tβ4 expression before and after
glucocorticoid treatment in patients with ACHBLF, and assessed
the change in Tβ4 promoter methylation status and demethyla-

tion during glucocorticoid treatment. The results show that the
frequency of methylation of the Tβ4 promoter positively corre-
lates with the severity of ACHBLF. In addition, the changes in
Tβ4 methylation status during the glucocorticoid treatment of
patients with ACHBLF imply that glucocorticoids may affect this
parameter. Therefore, Tβ4 promoter methylation can act as a
biomarker for predicting disease severity and provide a better op-
tion for glucocorticoids therapy in ACHBLF patients.
ACHBLF is characterized by complex pathophysiology, but it

is caused by HBV infection and systemic inflammation is an im-
portant driver.34 Acute hepatitis caused by HBV infection directly
or indirectly activates Kupffer cells, which results in greater re-
lease of pro-inflammatory mediators, regulatory cytokines and
eicosanoids, as well as lysosomal and proteolytic enzymes. This
alteredmilieu causes immune cells, endotoxins and Lipopolysac-
charide (LPS) to accumulate in the liver. Furthermore, the release
of nitric oxide, reactive oxygen species (ROS) and inflammatory
cytokines (tumor necrosis factor [TNF]-α, interleukin (IL)-6, IL-8,
IL-10, IL-12 and interferon-γ ) leads to inflammation and hepato-
cyte death. Subsequently, persistent hepatocyte injury and sep-
sis leads to multiple organ dysfunction syndrome and organ fail-
ure.3,35–37
Tβ4 is a thymic hormone that controls cell morphogenesis

and motility by regulating the dynamics of the actin cytoskele-
ton. It also plays an anti-inflammatory role by downregulat-
ing the expression of nuclear factor-kappa B and IL-8, which is
induced by TNF-α.38 Shah et al.39 demonstrated that Tβ4 has an
anti-inflammatory effect by inhibiting ethanol- and LPS-induced
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Figure 2. PBMC expression and the plasma concentration of thymosin β4 (Tβ4) in participants with ACHBLF or CHB and HCs. (A) The frequency of
methylation of the Tβ4 promoter in peripheral bloodmononuclear cells (PBMCs) in participants with acute-on-chronic hepatitis B liver failure (ACHBLF)
or chronic hepatitis B (CHB) and healthy controls (HCs). (B) Tβ4mRNA expression in the PBMCs of each group of participants. (C) Plasma Tβ4 concentra-
tion in participants in each group. (D) Representative Tβ4 methylation obtained using methylation-specific PCR. A 50 bp DNA ladder marker is shown.
M, methylated sequence; NC, negative control; PC, positive control; U, unmethylated sequence.

pro-inflammatory cytokine release. Furthermore, Tβ4 treatment
has been shown to reduce the release of ROS and inflamma-
tion.40 In addition, growing evidence shows that Tβ4 is involved
in antioxidant, anti-inflammatory and antifibrotic responses to
liver injury.18,39,41,42 It has also been reported that the serum
Tβ4 concentration is closely related to the severity of hepatic
injury.22,43 To the best of our knowledge, the serum Tβ4 con-
centration alone has been measured in patients with ACHBLF.
However, the relationship between the methylation status of
the Tβ4 promoter and the severity of ACHBLF has not been
studied.
Using a relatively quantitative means of analysis, we have

shown that Tβ4 mRNA expression is higher in patients with
ACHBLF than in those with CHB or in HCs, whereas the op-
posite trend was identified with respect to methylation fre-
quency. Spearman correlation showed that Tβ4 promotermethy-
lation negatively correlates with mRNA expression (r=−0.649,
p<0.001). DNA methylation, which is one of the most important
epigenetic modifications in eukaryotes, is an area of substan-
tial research interest.44 Methylation can silence gene expression
and may therefore play a role in aberrant gene expression in dis-

ease.45 In the present study, we have shown that hypermethy-
lation of the Tβ4 gene promoter is linked to low expression of
the gene in PBMCs in patients with ACHBLF, and this is consis-
tent with aberrant methylation of the promoter leading to gene
silencing, which might promote disease progression. These find-
ings are consistent with those reported by Ohata et al.,28 who
demonstrated that alterations in DNA methylation induce aber-
rant expression of Tβ4. More importantly, we observed that the
frequency of Tβ4 promoter methylation significantly correlates
with TBIL, PTA and the MELD score, which reflect liver function.46
Therefore, Tβ4 methylation status may reflect the severity of
ACHBLF.
Glucocorticoids have been used for the treatment of liver

failure for many years.7,47 Glucocorticoids are immunomodula-
tors that can rapidly suppress excessive inflammatory reactions
and immune responses, and thereby prevent or delay primary
liver injury.48 Previous studies have shown that glucocorticoids
reduce inflammation in the liver and prevent liver cell necro-
sis, especially in the early stages of severe hepatitis.10,49 During
mammalian development, changes in DNA methylation pat-
terns are frequent, and involve both de novo methylation and
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Table 2. Baseline characteristics of participants with ACHBLF who had high and low levels of Tβ4 promoter methylation

Tβ4 methylation status

Parameter Methylated (n=36) Unmethylated (n=20) Statistic p-value

Age (y) 49.5 (37.3–55.0) 53.0 (42.5–63.5) Z=−1.412 0.158†

Gender (male/female) 17/19 12/8 χ2=0.841 0.359‡

TBIL (μmol/L) 398.41 (322.92–486.75) 288.14 (205.82–371.66) Z=−2.091 0.004†

ALT (U/L) 701.02 (568.4–887.4) 599.20 (434.03–866.72) Z=−1.026 0.305 †

ALB (g/L) 25.32 (21.46–28.51) 27.31 (25.46–29.13) Z=−1.411 0.158†

PTA (%) 28.94 (23.02–30.35) 35.46 (32.43–37.25) Z=−4.933 0.000†

Cr (μmol/L) 64.45 (58.87–70.32) 68.55 (60.81–71.12) Z=−1.248 0.212†

pre-ALB (mg/L) 105.12 (90.64–123.72) 121.21 (89.23–135.91) Z=−0.761 0.447†

CHE (U/L) 2047 (1307–2550) 1989 (1293–2568) Z=−0.205 0.837†

HBeAg (+/−) 23/13 12/8 χ2=0.083 0.773‡

HBV-DNA (+/−) 25/11 13/7 χ2=0.116 0.733‡

MELD score 21.1 (19.12–23.01) 19.22 (18.36–20.43) Z=−2.454 0.014†

Encephalopathy 11/25 8/12 χ2=0.512 0.561‡

Ascites 27/9 13/7 χ2=0.630 0.540‡

HRS 9/27 4/16 χ2=0.180 0.752‡

SBP 23/13 9/11 χ2=1.873 0.260‡

mRNA 0.58 (0.33–0.75) 1.06 (0.81–1.33) Z=−4.814 0.000†

Abbreviations: ACHBLF, acute-on-chronic hepatitis B liver failure; ALB, albumin; ALT, alanine aminotransferase; CHB, chronic hepatitis B; CHE,
cholinesterase; Cr, creatinine; HC, healthy control; HRS, hepatorenal syndrome; HBeAg, hepatitis B e antigen; MELD, model for end-stage liver
disease;mRNA,messenger RNA; pre-ALB, pre-albumin; PTA, prothrombin activity; SBP, spontaneous bacterial peritonitis; Tβ4, thymosin β4; TBIL,
total bilirubin. Data are expressed as median (IQR) or N. †Mann–Whitney U-test; ‡χ2 test.

Table 3. Results of multivariate logistic regression analysis of the
relationships of clinicopathological parameters with Tβ4 promoter
methylation in participants with ACHBLF

Parameter Coefficient OR 95% CI p-value

TBIL (μmol/L) 0.009 1.009 1.000 to 1.019 0.048
ALB (g/L) −0.202 0.817 0.560 to 1.192 0.294
PTA (%) −0.399 0.671 0.475 to 0.948 0.024
HBeAg (+/−) 0.571 1.77 0.182 to 17.232 0.623
HBV-DNA (+/−) 1.695 5.444 0.459 to 64.526 0.179
MELD score 0.196 1.217 0.806 to 1.836 0.351
Encephalopathy 0.364 1.439 0.453 to 4.569 0.537
Ascites −0.432 0.649 0.195 to 2.159 0.481
HRS −0.785 0.456 0.149 to 1.395 0.169
SBP −0.333 0.717 0.185 to 2.780 0.631

Abbreviations: ALB, albumin; HBeAg, hepatitis B e antigen; HRS,
hepatorenal syndrome; MELD, model for end-stage liver disease;
PTA, prothrombin activity; SBP, spontaneous bacterial peritonitis;
TBIL, total bilirubin.

demethylation.45 Previous studies have suggested that glucocor-
ticoids affect DNA, and in particular can cause gene demethyla-
tion.30 Hamm et al.29 demonstrated that the tumor microenvi-
ronment induces changes in the Tβ4 DNA methylation pattern.
Given the role of Tβ4 in hepatocytes, we speculated that gluco-

corticoids may have a direct effect on Tβ4 methylation status in
patients with ACHBLF.
In the present study, we determined the effect of glucocorti-

coid on Tβ4 in patients with ACHBLF, and found that Tβ4 mRNA
expression in PBMCs gradually increased with treatment, which
was accompanied by an improvement in liver function and a
reduction in the frequency of promoter methylation, as well as
demethylation. In addition, the change in serum Tβ4 concentra-
tion was consistent with that in mRNA expression. This implies
that glucocorticoid therapy may upregulate Tβ4 mRNA expres-
sion in PBMCs and alter the Tβ4 promoter methylation status. To
further characterize the relationship between methylation sta-
tus and glucocorticoid treatment, the patients with ACHBLF were
allocated to a highly methylated group and a less methylated
group. On days 7 and 28 of glucocorticoid therapy, the Tβ4mRNA
expression was higher and the liver function was superior in pa-
tients from the lowmethylation group than in patients in the high
methylation group. In addition, 90 d after the start of glucocor-
ticoid treatment, the survival ratio of the low methylation group
was significantly higher than that of the high methylation group.
The results indicate that there is a more favorable response to
glucocorticoid treatment in patientswith ACHBLFwho display low
Tβ4 promoter methylation.
Although there are almost 20 scores to predict the severity

of Acute-on-chronic liver failure (ACLF), the MELD score is still
a widely used tool due to its feasibility in the real world.50,51
Coagulation and TBIL were the main laboratory indicators of
MELD score,51 and they are also the main reference indicators for
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Figure 3. Effect of glucocorticoid treatment on liver function and the thymosin β4 (Tβ4) promoter methylation status andmRNA expression in periph-
eral blood mononuclear cells (PBMCs) of participants with acute-on-chronic hepatitis B liver failure (ACHBLF). (A–C) Liver function of the participants
after 0, 7 and 28 d of glucocorticoid therapy. (D and E) Tβ4 mRNA expression and methylation frequency in PBMCs at each time point. (F) Plasma Tβ4
concentration of patients at each time point. *p<0.05.

the diagnosis and staging of ACHBLF.35,46 However, there are ap-
proximately 15–20% of patients whose survival cannot be accu-
rately predicted.46,51 It has been reported that Tβ4 level is a novel
and reliable indicator of the prognosis of patients with ACHBLF.52
Nevertheless, studies about Tβ4 methylation and prognosis of
liver failure are rarely reported. Our preliminary results suggest
that Tβ4 methylation status was associated with the 3-mo mor-
tality of patientswith ACHBLF. ROC curve analysis further revealed
that the predictive value of Tβ4methylationwas higher than that
of theMELD score for the 3-momortality of patients with ACHBLF.
Therefore, it is considered that Tβ4 methylation was superior to
the MELD score for predicting the prognosis of ACHBLF.
There are several limitations to the present study. First, it was

relatively small, but the number of participants satisfied the ba-
sic need for statistical analysis. Therefore, the patients should be
followed for longer and amulticenter cohort study should be per-
formed to confirm our findings in future. Second, the use of glu-
cocorticoids remains controversial because of the potential ad-
verse effects, which include poor coagulation, hemorrhage and
hepatic encephalopathy. A number of studies have indicated that
glucocorticoids can effectively inhibit the inflammatory response.
Hence, the use of glucocorticoids for patients with ACHBLF may

be appropriate. Third, the coagulopathy and consequent high risk
of hemorrhage in the present participants discouraged us from
performing liver biopsy, and therefore we could not analyze liver
histology. However, the alterations of Tβ4 level in PBMCs might
reflect its changes in the liver tissue. Therefore, future studies
should investigate the effects of altering Tβ4 expression and pro-
moter methylation in animal models and cells in vitro. Moreover,
we did not sequence the Tβ4 genes of the patients, but this would
provide more comprehensive information than MSP.
In conclusion, the present findings indicate that Tβ4 methy-

lation might represent a biomarker of the severity of ACHBLF
and that glucocorticoids affect the methylation status of Tβ4 in
patients with ACHBLF. Therefore, the methylation status of the
Tβ4 promoter could be used to screen patients with ACHBLF for
their potential responsiveness to glucocorticoid therapy in order
to target the treatment more effectively. The relationship be-
tween the frequency of Tβ4 promoter methylation and survival
suggests that the aberrant methylation of Tβ4 might also be
used as a marker of the prognosis of patients with ACHBLF. How-
ever, further investigation into the relationship between aberrant
methylation of the Tβ4 promoter and the prognosis of patients
with ACHBLF is required.
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Figure 4. (A) Kaplan–Meier survival curves for the high and low methylation groups. The log-rank test was used to compare these. (B) 90-d survival of
the two groups, compared using the χ2 test. *p<0.05.

Figure 5. ROC curve for Tβ4methylation and theMELD score for predicting
the 3-mo mortality of patients with ACHBLF.

Supplementary data
Supplementary data are available at International Health online.

Authors’ contributions: HW: conceptualization, data collection,
methodology, investigation, statistical analysis and writing (original
draft, review and editing); YQ: data collection, investigation, resources
and formal analysis; J-WW: methodology, formal analysis and inves-
tigation; YF: resources, formal analysis and investigation; Y-CF: formal
analysis, methodology and writing (review and editing); H-HL: data
collection and methodology; and KW: supervision, conceptualization and
project administration.

Funding: This work was supported by the Key Project of the Chinese Min-
istry of Science and Technology [2017ZX102022022], the National Nat-
ural Science Foundation of China [81970522] and the Key Research and
Development Project of Shandong Province [2019GSF108023].

Competing interests: None declared.

Ethical approval: Ethical approval was obtained from the Ethics Commit-
tee of Qilu Hospital of Shandong University and the study was conducted
according to the principles of the Declaration of Helsinki (Hellmann and
others, 2014).

Data availability: Data available on request from the authors.

References
1 SetoWK, Lai CL, YuenMF. Acute-on-chronic liver failure in chronic hep-
atitis B. J Gastroenterol Hepatol. 2012;27(4):662–9.

2 Rahimi RS, Rockey DC. Acute on chronic liver failure: definitions, treat-
ments and outcomes. Curr Opin Gastroenterol. 2016;32(3):172–81.

3 Sarin SK, Choudhury A. Acute-on-chronic liver failure: terminology,
mechanisms and management. Nat Rev Gastroenterol Hepatol.
2016;13(3):131–49.

4 Jalan R, Gines P, Olson JC, et al. Acute-on chronic liver failure. J Hep-
atol. 2012;57(6):1336–48.

5 Li H, Chen LY, ZhangNN, et al. Characteristics, diagnosis and prognosis
of acute-on-chronic liver failure in cirrhosis associated to hepatitis B.
Sci Rep. 2016;6:25487.

6 Lin S, Chen J, Wang M, et al. Prognostic nomogram for acute-on-
chronic hepatitis B liver failure. Oncotarget. 2017;8(65):109772–82.

7 Xue R, Meng Q. The management of glucocorticoid therapy in liver
failure. Front Immunol. 2019;10:2490.

8 Wang F, Wang BY. Corticosteroids or non-corticosteroids: a fresh per-
spective on alcoholic hepatitis treatment. Hepatobiliary Pancreat Dis
Int. 2011;10(5):458–64.

27

https://academic.oup.com/inthealth/article-lookup/doi/10.1093/inthealth/ihac003#supplementary-data


H. Wang et al.

9 Kim H, Kwon JH, Kim YH, et al. Favorable effect of corticosteroids in
treating acute-on-chronic liver failure underlying chronic hepatitis B.
Clin Mol Hepatol. 2018;24(4):430–5.

10 Bockmann JH, Dandri M, Luth S, et al. Combined glucocorticoid and
antiviral therapy of hepatitis B virus-related liver failure. World J Gas-
troenterol. 2015;21(7):2214–9.

11 Goldstein AL, Hannappel E, Kleinman HK. Thymosin beta4: actin-
sequestering protein moonlights to repair injured tissues. Trends Mol
Med. 2005;11(9):421–9.

12 Marx J. Biomedicine. Thymosins: clinical promise after a decades-long
search. Science. 2007;316(5825):682–3.

13 KimS, Kwon J. Thymosin beta4 has amajor role in dermal burnwound
healing that involves actin cytoskeletal remodelling via heat-shock
protein 70. J Tissue Eng Regen Med. 2017;11(4):1262–73.

14 Kleinman HK, Sosne G. Thymosin beta4 Promotes Dermal Healing. Vi-
tam Horm. 2016;102:251–75.

15 Renga G, Oikonomou V, Stincardini C, et al. Thymosin beta4
limits inflammation through autophagy. Expert Opin Biol Ther.
2018;18(sup1):171–5.

16 Morita T, Hayashi K. Tumor progression is mediated by thymosin-
beta4 through a TGFbeta/MRTF signaling axis. Mol Cancer Res.
2018;16(5):880–93.

17 Dube KN, Smart N. Thymosin beta4 and the vasculature: multiple
roles in development, repair and protection against disease. Expert
Opin Biol Ther. 2018;18(sup1):131–9.

18 Li X, Wang L, Chen C. Effects of exogenous thymosin beta4
on carbon tetrachloride-induced liver injury and fibrosis. Sci Rep.
2017;7(1):5872.

19 Kim J, Jung Y. Thymosin beta 4 is a potential regulator of hepatic stel-
late cells. Vitam Horm. 2016;102:121–49.

20 Jiang Y, Han T, Zhang ZG, et al. Potential role of thymosin beta 4 in the
treatment of nonalcoholic fatty liver disease. Chronic Dis Transl Med.
2017;3(3):165–8.

21 Jiang Y, Han T, Zhang ZG, et al. Serum thymosin beta4 as a noninva-
sive biomarker in patients with nonalcoholic steatohepatitis. Rev Esp
Enferm Dig. 2018;110(1):19–24.

22 Han T, Liu Y, Liu H, et al. Serum thymosin beta4 levels in patients
with hepatitis B virus-related liver failure. World J Gastroenterol.
2010;16(5):625–30.

23 Bestor TH, Coxon A. Cytosine methylation: the pros and cons of DNA
methylation. Curr Biol. 1993;3(6):384–6.

24 Zhang JJ, Fan YC, Zhao ZH, et al. Prognoses of patients with acute-
on-chronic hepatitis B liver failure are closely associated with altered
SOCS1mRNA expression and cytokine production following glucocor-
ticoid treatment. Cell Mol Immunol. 2014;11(4):396–404.

25 Sun FK, Gao S, Fan YC, et al. High promoter methylation levels of
glutathione-S-transferase M3 predict poor prognosis of acute-on-
chronic hepatitis B liver failure. Hepatol Res. 2017;47(6):566–73.

26 Zhao J, Fan YC, Liu XY, et al. Hypermethylation of the galectin-3 pro-
moter is associatedwith poor prognosis of acute-on-chronic hepatitis
B liver failure. Dig Liver Dis. 2017;49(6):664–71.

27 Fan XP, Dou CY, Fan YC, et al. Methylation status of the estrogen recep-
tor 1 promoter predicts poor prognosis of acute-on-chronic hepatitis
B liver failure. Rev Esp Enferm Dig. 2017;109(12):818–27.

28 Ohata Y, Shimada S, Akiyama Y, et al. Acquired resistance with epige-
netic alterations under long-term antiangiogenic therapy for hepato-
cellular carcinoma. Mol Cancer Ther. 2017;16(6):1155–65.

29 Hamm CA, Stevens JW, Xie H, et al. Microenvironment alters epige-
netic and gene expression profiles in Swarm rat chondrosarcoma tu-
mors. BMC Cancer. 2010;10:471.

30 Thomassin H, Flavin M, Espinas ML, et al. Glucocorticoid-induced
DNA demethylation and gene memory during development. EMBO
J. 2001;20(8):1974–83.

31 Yang X, Ewald ER, Huo Y, et al. Glucocorticoid-induced loss of DNA
methylation in non-neuronal cells and potential involvement of
DNMT1 in epigenetic regulation of Fkbp5. Biochem Biophys Res Com-
mun. 2012;420(3):570–5.

32 Cox OH, Song HY, Garrison-Desany HM, et al. Characteriza-
tion of glucocorticoid-induced loss of DNA methylation of
the stress-response gene Fkbp5 in neuronal cells. Epigenetics.
2020;16(12):1377–97.

33 Sarin SK, Kedarisetty CK, Abbas Z, et al. Acute-on-chronic liver failure:
consensus recommendations of the Asian Pacific Association for the
Study of the Liver (APASL) 2014. Hepatol Int. 2014;8(4):453–71.

34 Wu W, Yan H, Zhao H, et al. Characteristics of systemic inflammation
in hepatitis B-precipitated ACLF: differentiate it from No-ACLF. Liver
Int. 2018;38(2):248–57.

35 Zhao RH, Shi Y, Zhao H, et al. Acute-on-chronic liver failure in
chronic hepatitis B: an update. Expert Rev Gastroenterol Hepatol.
2018;12(4):341–50.

36 Ren Y, Liu L, Li Y, et al. Development and validation of a scoring sys-
tem to predict progression to acute-on-chronic liver failure in pa-
tients with acute exacerbation of chronic hepatitis B. Hepatol Res.
2018;48(9):692–700.

37 Sarin SK, Choudhury A. Acute-on-chronic liver failure. Curr Gastroen-
terol Rep. 2016;18(12):61.

38 Liang J, Cai W, Han T, et al. The expression of thymosin beta4
in chronic hepatitis B combined nonalcoholic fatty liver disease
Medicine. 2016;95(52):e5763.

39 Shah R, Reyes-Gordillo K, Cheng Y, et al. Thymosin beta4 prevents ox-
idative stress, inflammation, and fibrosis in ethanol- and LPS-induced
liver injury in mice. Oxid Med Cell Longev. 2018;2018:9630175.

40 Choi BD, Lim DS, Lee SY, et al. Thymosin beta4 reduces H(2)O(2)
induced oxidative stress in MC3T3-E1 cells on titanium surface. J
Nanosci Nanotechnol. 2018;18(2):893–7.

41 Chen C, Li X, Wang L. Thymosinbeta4 alleviates cholestatic liver fibro-
sis in mice through downregulating PDGF/PDGFR and TGFbeta/Smad
pathways. Dig Liver Dis. 2020;52(3):324–30.

42 Xiao Y, Qu C, Ge W, et al. Depletion of thymosin beta4 promotes
the proliferation, migration, and activation of human hepatic stellate
cells. Cell Physiol Biochem. 2014;34(2):356–67.

43 Dhaked GK, Kumar S, Kar P. Vitamin D3 and thymosin β4 level as a
biomarker of prognosis in acute on chronic liver failure. J Clin Exp Hep-
atol. 2017;7:S8.

44 Fraga MF, Esteller M. DNA methylation: a profile of methods and ap-
plications. Biotechniques. 2002;33(3):632–49.

45 Moore LD, Le T, Fan G. DNA methylation and its basic function. Neu-
ropsychopharmacology. 2013;38(1):23–38.

46 Sarin SK, Choudhury A, Sharma MK, et al. Acute-on-chronic liver
failure: consensus recommendations of the Asian Pacific associa-
tion for the study of the liver (APASL): an update. Hepatol Int.
2019;13(4):353–90.

47 Gao R, Li Y, Cao Y, et al. Glucocorticoid versus traditional therapy for
hepatitis B virus-related acute-on-chronic liver failure: a systematic
review and meta-analysis. Medicine. 2020;99(25):e20604.

48 Jaeschke H, McGill MR, Ramachandran A. Oxidant stress, mito-
chondria, and cell death mechanisms in drug-induced liver injury:
lessons learned fromacetaminophenhepatotoxicity. DrugMetab Rev.
2012;44(1):88–106.

49 Fujiwara K, Yokosuka O, Kojima H, et al. Importance of ade-
quate immunosuppressive therapy for the recovery of patients with

28



International Health

“life-threatening” severe exacerbation of chronic hepatitis B. World J
Gastroenterol. 2005;11(8):1109–14.

50 Acharya G, Kaushik RM, Gupta R, et al. Child-Turcotte-Pugh score,
MELD score and MELD-Na score as predictors of short-termmortality
among patients with end-stage liver disease in Northern India. In-
flamm Intest Dis. 2020;5(1):1–10.

51 Kamath PS, Kim WR, Advanced Liver Disease Study Group. The
model for end-stage liver disease (MELD). Hepatology. 2007;45(3):
797–805.

52 Liu Y, Han T, Zhu ZY, et al. Thymosinbeta4: a novel assessed biomarker
of the prognosis of acute-on-chronic liver failure patient? Clin Res
Hepatol Gastroenterol. 2014;38(3):310–7.

29


