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The liver is the largest solid organ in our body responsible
for nutrient metabolism and protein synthesis. Recently,
accumulating evidence showed that the liver was not only
a major metabolic organ but also an “immunologic organ.”
Due to a strong and specific blood supply route through
the liver, it maintains a unique immune microenvironment.
Many liver-resident antigen-presenting cells also modulate
immune regulatory function. Liver-resident Kupffer cells
have an important role in phagocytosis to prevent invasion
of pathogenic organisms from the intestine. Innate lympho-
cytes, including both natural killer cells and natural killer T
cells, are enriched in the liver. The liver is also the major
organ to produce acute-phase proteins which are closely
associated inflammatory reactions.

The dysregulation of immune cells in the liver was critical
in the pathogenesis of almost all types of liver diseases includ-
ing viral hepatitis, autoimmune hepatitis, fatty liver, alcoholic
liver diseases, cirrhosis, and drug/toxin-induced injury. The
studies on liver inflammation will greatly improve the
understanding of the mechanism of how liver immune cells
interacted with hepatocytes and other cells in the liver to
cause liver damage as well as liver repair after damage. These
studies will also be very helpful in the development of a
novel effective treatment for various liver diseases in the
clinical setting.

In this special issue, we have invited a few papers that
address such issues.

The first paper of this issue analyzed the change of
etiology of liver cirrhosis patients in a hospital from 2002 to
2013 in China. They showed that the top four etiologies of
cirrhosis were HBV, HCV, ALD, and autoimmune liver
disease. The prevalence of HBV cirrhosis has decreased in
the recent 12 years, which is related with the increased
coverage of HBV vaccination in China. In contrast, alcoholic
cirrhosis has increased significantly. The study supported the
success of HBV vaccination in reducing HBV-related end-
stage liver diseases and also suggested more attention should
paid to alcoholic liver disease.

The second paper of this issue reviewed the role of IL-33,
an IL-1 cytokine family member, in the pathogenesis of liver
diseases. IL-33 functions as an alarmin that is released when
barriers are breached. IL-33 binds to its receptor ST2 and
activates NF-κB, ERK, and JNK signaling. IL-33 is upregu-
lated in fatty liver, and the treatment of IL-33 alleviated
hepatic steatosis. In hepatitis, the role of IL-33 remains
controversial. Most studies support IL-33 as protective in
hepatitis; however, one report showed that the treatment of
IL-33 exacerbated Con A-induced hepatitis. In addition,
IL-33 is considered as a cytokine that can promote liver
fibrosis in several animal models, and the levels of IL-33 are
positively correlated with the severity of fibrosis in patients.

The third paper of this issue analyzed the prognostic
value and causes of pretreatment liver injury in de novo dif-
fuse large B-cell lymphoma (DLBCL) patients. Multivariate
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analysis revealed that liver dysfunction, advanced Ann Arbor
stage, and elevated lactate dehydrogenase (LDH) were inde-
pendent adverse prognostic factors of both progression-free
survival (PFS) and overall survival (OS).

The fourth paper reviewed novel and important signaling
molecules involved in the process of liver regeneration. The
authors summarized cytokines in the priming phase; growth
factors, Wnt signaling, and exosomes in the proliferation
phase; and TGF-β/TGF-β family in the termination of liver
regeneration. These information will be very helpful in
understanding the mechanisms of liver regeneration and
promoting liver repair after injury.

The fifth paper studied the protective effects of magne-
sium isoglycyrrhizinate (MgIG) in treating alcoholic liver
disease. The authors used a novel chronic plus binge ethanol
feeding-induced liver injury to evaluate the therapeutic
effects of MgIG. MgIG significantly reduced the elevation of
liver enzymes caused by alcohol and hepatic steatosis. The
hepatoprotective effect of MgIG was associated with suppres-
sion of neutrophil ROS production as well as hepatocellular
oxidative stress.

The sixth paper identified a novel biomarker cytokeratin
18 epitope M30 (M30 CK-18), which was correlated with
liver inflammatory activity. M30 CK-18 can also discriminate
patients with mild versus moderate-advanced fibrosis. The
authors found that M30 CK-18 serum concentration had
good sensitivity and specificity in discriminating mild versus
moderate/severe fibrosis and inflammation even in patients
with normal ALT activity.

The seventh paper investigated the role of hypoxia-
inducible factor (HIF)1α in macrophage polarization. They
found that overexpression of HIF1α in myeloid cells were
in hyperinflammatory state characterized by the upregula-
tion of M1 markers. Further metabolomics studies showed
that HIF1α overexpression led to the increased glycolysis
and pentose phosphate pathway intermediates which facili-
tated the M1 phenotype shift in macrophages.

Dechun Feng
Partha Mukhopadhyay

Ju Qiu
Hua Wang
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Hypoxia-inducible factor (HIF) 1α is a metabolic regulator that plays an important role in immunologic responses. Previous
studies have demonstrated that HIF1α participates in the M1 polarization of macrophages. To clarify the mechanism of
HIF1α-induced polarization of M1 macrophage, myeloid-specific HIF1α overexpression (Lysm HIF1α lsl) mice were employed
and the bone marrow-derived and peritoneal macrophages were isolated. RT-PCR results revealed that HIF1α overexpression
macrophage had a hyperinflammatory state characterized by the upregulation of M1 markers. Cellular bioenergetics analysis
showed lower cellular oxygen consumption rates in the Lysm HIF1α lsl mice. Metabolomics studies showed that HIF1α
overexpression led to increased glycolysis and pentose phosphate pathway intermediates. Further results revealed that
macrophage M1 polarization, induced by HIF1α overexpression, was via upregulating the mRNA expression of the genes
related to the glycolysis metabolism. Our results indicate that HIF1α promoted macrophage glycolysis metabolism, which
induced M1 polarization in mice.

1. Introduction

Macrophages are the main component of innate immu-
nity and play important roles in various inflammatory
diseases, including hepatitis, vascular diseases, inflamma-
tory bowel diseases, rheumatoid arthritis, and airway
inflammation [1–5]. Activated macrophages are com-
monly divided into two polarized phenotypes, classically
activated M1 and alternatively activated M2. Macro-
phages activated by interferon γ or toll-like receptor
agonists polarize to the M1 phenotype [6], which are
proinflammatory macrophages and play a central role
in the host’s defense against infection and inflammatory
diseases [7, 8]. Macrophages activated by Th2 cytokines,
IL-4, and IL-13 are polarized to M2 phenotype, which
are associated with inflammation relief and tissue remodel-
ing [9, 10]. Macrophage activation can be altered by
disrupting cellular energy metabolism [11, 12]. Recent
studies have demonstrated that M1 macrophages demand

glycolysis, while M2 macrophages require fatty acid oxi-
dation [13, 14]. However, the metabolomics profiling
and the metabolic mechanism of macrophages polarization
remained undefined.

Hypoxia-inducible factor 1 (HIF1) has emerged as one of
the central regulators of inflammation mediated by myeloid
cells [15, 16]. HIF1 is an α and β heterodimer [15, 17].
Whereas HIF1β is constitutively expressed in cells regard-
less of O2 tension [18], HIF1α protein increases exponen-
tially in response to reduced O2 concentration [19]. HIF1
has displayed a significant role in regulating cellular ATP
concentration and myeloid cell function including cell
aggregation, motility, invasiveness, and bacterial killing
[20–22]. Importantly, it has been reported that HIF1 partici-
pates in the regulation of macrophage polarization [20]. As
glucose metabolism determines polarization of macro-
phages [23, 24], whether glucose metabolism is involved
in HIF1α-induced macrophage polarization process has
remained unclear.
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2. Materials and Methods

2.1. Chemicals and Reagents. RPMI 1640 medium was pur-
chased from Gibco. Fetal Bovine Serum (FBS), penicillin, and
streptomycin were purchased from HyClone. GM-CSF was
purchased from PeproTech. Ammonium acetate, LPS, oligo-
mycin, carbonyl cyanide p-trifluoromethoxyphenylhydrazone
(FCCP), rotenone, and antimycin A were purchased from
Sigma. BBL™ Thioglycollate Medium was purchased from BD
Biosciences, US. [5-13C]glutamine was obtained from
Cambridge Isotope Laboratories. HPLC grade ammonium
hydroxide, acetonitrile, and methanol were purchased from
Fisher Scientific. Deionized water was produced by a
Milli-Q system.

2.2. Animals. Lsl-HIF1 dPA mice were obtained as described
previously [25]. For myeloid-specific HIF1α overexpression,
Lsl-HIF1 dPA mice were crossed with mice harboring the
Cre recombinase under control of the lysozyme M (Lysm)
promoter, which is found only in myeloid lineage cells, to
obtain the Lysm HIF1α lsl mice. The wild-type (WT) and
Lysm HIF1α lsl mice were littermate and on a C57BL/6 J
background, after backcrossing with C57BL/6J mice for over
ten generations. All the animal protocols were approved by
the Animal Care and Use Committee of Peking University.

2.3. Peritoneal Macrophage. WT and Lysm HIF1α lsl mice
(6- to 8-weeks old) were injected intraperitoneally with
4% thioglycollate solution (2ml). Three days later, perito-
neal cells were harvested by injecting the peritoneal cavity
with PBS containing 10% FBS. Primary peritoneal macro-
phages were cultured with RPMI-1640 medium supple-
mented with 10% FBS. Medium was changed 2–4h later.
Thioglycollate-elicited peritoneal macrophages were attached
on plates and continued culturing for 6 to 24 h.

2.4. Bone Marrow-Derived Macrophages (BMDMs). Bone
marrow cells were collected from WT and Lysm HIF1α lsl
mice (4- to 6-weeks old). Adherent macrophages were
cultured for 3 days in RPMI-1640 supplemented with 10%
FBS and GM-CSF (10ng/mL). Then, the medium was
changed and the attached macrophages were obtained after
another 3 days. To obtain the M1 polarization, macrophages
were continued culturing for 2 days in RPMI-1640 supple-
mented with 10% FBS and LPS (10ng/mL).

2.5. Quantitative RT-PCR. Total RNA was isolated from
peritoneal macrophages or BMDMs using TRIzol reagent.
cDNA was obtained using the M-MLV reverse transcriptase
kit according to the manufacturer’s instructions. RT-PCR
amplification was performed using an Mx3000 Multiplex
Quantitative PCR System and SYBR Green I reagent. Gene
expression levels were normalized to the internal control
18S rRNA.

2.6. Extracellular Flux Analysis. An XF24 Extracellular Flux
Analyzer was used to measure the respiratory conditions of
murine peritoneal macrophages. Cells were plated at 5× 104
cells/well in 24-well XF microplates and cultured for 6 h.
RPMI-1640 medium was replaced with XF base medium

supplemented with 25mM glucose and 2mM pyruvate.
After 1 h of incubation in a CO2-free incubator at 37°C,
the oxygen consumption rate (OCR) and extracellular
acidification rates (ECAR) were measured following the
manufacturer’s instruction. Mitochondrial stress tests were
performed under basal conditions or with the treatment
of metabolic reagents, including 1mM oligomycin, 1mM
FCCP, 1mM rotenone, and 1mM antimycin A. ECAR
was calculated by Wave software.

2.7. Metabolomics Analysis. Analysis of metabolites was
performed with a liquid chromatography-tandem mass
spectrometry. For metabolite extraction, cultured cells were
washed with saline twice, lysed in 80% aqueous methanol
(v/v), and equilibrated at −80°C for 20min. [5-13C]gluta-
mine was added as an internal standard. Cells were oscillated
for 10min and centrifuged with the speed of 14,000g for
10min at 4°C. Cell supernatants of metabolite extracts were
collected, dried, and stored at −80°C before injection.

For liquid chromatography-tandem mass spectrometry
(LC-MS/MS) analysis, samples were reconstituted in water
and analyzed using a QTRAP 5500 LC-MS/MS system (AB
SCIEX) coupled with an ACQUITY UHPLC System (Waters
Corporation). An Xbridge Amide column (100× 4.6mm i.d.,
3.5 Lm; Waters Corporation) was employed for compound
separation at 30°C. The mobile phase A was 5mM ammo-
nium acetate in water with 5% acetonitrile, and mobile phase
B was acetonitrile. The linear gradient used was as follows:
0min, 90% B; 1.5min, 85% B; 5.5min, 35% B; 10min, 35%
B; 10.5min, 35% B; 14.5min, 35% B; 15min, 85% B; and
20min, 85% B. The flow rate was 0.5ml/min. MultiQuant
v3.0 software (AB SCIEX) was used to process all raw liquid
chromatography-mass spectrometry data and integrate
chromatographic peaks. Integrated peak areas corresponding
to metabolite concentrations were further analyzed using
the MetaboAnalyst website (http://www.metaboanalyst.ca).
Metabolite abundance was expressed relative to the
internal standard.

2.8. Statistical Analysis. All data are presented as the
mean± SEM. Comparisons of data sets were performed
using unpaired Student’s t-tests for comparing two
groups. Statistical analyses were performed using Graph-
Pad Prism (GraphPad Software). A P value at ∗P < 0 05
and ∗∗P < 0 01 was considered statistically significant for
all experiments.

3. Results

3.1. HIF1α Induced M1 Polarization of Macrophages. In this
study, we used Lysm HIF1α lsl mice and WT mice to testify
whether HIF1α in macrophages affects macrophage polariza-
tion as previously reported [20]. The mRNA level ofHif1α in
bone marrow-derived macrophages (BMDMs) and perito-
neal macrophages was confirmed by RT-PCR, displaying
approximately threefolds of Hif1α expression compared with
the WT mice (Figure 1(a)). Then, we examined the relative
mRNA levels of M1 and M2 markers in peritoneal macro-
phages and BMDMs. The mRNA expressions of M1markers,
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including Il6, Il1b, Inos, Tnfα, and Cd11c, were markedly
higher in peritoneal macrophages isolated from Lysm HIF1α
lsl mice, while the expressions of M2 markers, Arg1, Cd206,
and Chi313, showed little difference or even lower compared
with WT mice at 6 h (Figure 1(b)) and 24 h (Figure 1(c)). In
BMDMs, M1 markers were highly expressed in Lysm HIF1α
lsl mice, and the M2 markers were markedly less at the same
level by comparison (Figure 1(d)). These results indicate that
macrophage HIF1α overexpression induces M1 polarization
of macrophages.

3.2. HIF1αDecreasedMitochondrial Oxidation and Promoted
Glycolysis Metabolism in Macrophages. Recent studies have

indicated that the activation of macrophage polarization
was marked by their metabolic programs [23, 24]. There-
fore, mitochondrial oxidation was detected in peritoneal
macrophages isolated from WT mice and Lysm HIF1α
lsl mice. HIF1α overexpressed macrophages displayed a
marked lower mitochondrial oxygen consumption rate
(OCR) (Figure 2(a)) but a higher extracellular acidifica-
tion rates (ECAR) (Figure 2(b)), suggesting the promo-
tion of glycolysis metabolism. With the treatment of
mitochondrial oxidative inhibitors, including carbonyl cya-
nide p-trifluoromethoxyphenylhydrazone (FCCP), oligomy-
cin, antimycin A, and rotenone, the ratio of mitochondrial
oxidation to glycolysis metabolism was decreased in
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Figure 1: HIF1α inducedM1 polarization of macrophages. (a) The relative mRNA level of HIF1α in the BMDMs and peritoneal macrophages
of WT mice and Lysm Hif1α lsl mice. (b) The relative mRNA levels of M1 and M2 markers in the peritoneal macrophages isolated fromWT
mice and Lysm HIF1α lsl mice for 6 h. (c) The relative mRNA levels of M1 and M2 markers in the peritoneal macrophages isolated fromWT
mice and Lysm HIF1α lsl mice for 24 h. (d) The relative mRNA levels of M1 and M2 markers in the BMDMs isolated from the WT mice and
Lysm HIF1α lsl mice with the treatment of LPS for 48 h. For each gene, mRNA level was normalized to the level of 18S rRNA expression.
Statistical comparisons were made using two-tailed Student’s t-test (a, b, c, and d). ∗P < 0 05 and ∗∗P < 0 01, compared with WT mice. All
values were presented as mean± SEM for n = 3–5 independent experiments in each group.
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HIF1α overexpression macrophages (Figure 2(c)). These
data indicate that decreased mitochondrial oxidation and
increased glycolysis metabolism are induced by HIF1α
in macrophages.

3.3. Metabolomics Analysis Showed That HIF1α-Induced
Glycolysis Metabolism and Pentose Phosphate Pathway and
Decreased Mitochondrial Oxidation. The extracellular flux
analysis results revealed the different metabolic mode
between macrophages isolated from Lysm HIF1α lsl mice
and WT mice. To further explore the detailed changes in
metabolic profiling, metabolites were extracted from perito-
neal macrophages isolated from Lysm HIF1α lsl mice and
WT mice and analyzed using LC-MS/MS. The heatmap
generated from hierarchical clustering and a partial least
squares discriminant analysis (PLS-DA) plot of metabolites
revealed a distinct metabolic profile in macrophages isolated
from Lysm HIF1α lsl mice and WT mice (Figures 3(a), 3(b),

and 3(c)). VIP scores extracted from the PLS-DA model
demonstrated that glycolytic intermediates got relative high
VIP scores (Figure 3(d)). Enrichment analysis and pathway
analysis showed an apparent disparity in the glycolysis,
TCA cycle, and pentose phosphate pathway (Figures 3(e)
and 3(f)). Histogram analysis exhibited that the metabolite
levels were increased in the glycolysis, including lactate,
GADP, G-3-P, 3-PG, 2,3-DPG, FBP, G-6-P, F-6-P, PEP,
and BPG (Figure 3(g)), and decreased in mitochondrial
oxidation, including fumarate, succinate, citrate, and isoci-
trate (Figure 3(h)) in Lysm HIF1α lsl mice. Besides, the
pentose phosphate pathway, a shunt from the glycolytic
pathway, was also activated proved by the increase of
d-erythrose-4-phosphate, xylulose-5-phosphate, sedoheptu-
lose-7-phosphate, ribose-5-phosphate, and NADPH levels
(Figure 3(i)). The activated pentose phosphate pathway
is assumed to provide biosynthetic substrates to support
macrophage growth and activation. Thus, metabolomics
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Figure 2: HIF1α decreased mitochondrial oxidation and promotes glycolysis metabolism in macrophages. (a and b) Metabolic respiratory
parameters of peritoneal macrophages isolated from the WT mice and Lysm HIF1α lsl mice were measured with the treatment of
extracellular flux analyzer: A, oligomycin; B, carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP); C, antimycin A and rotenone.
(a) The oxygen consumption rate (OCR) value was measured at the basal level and after the treatment of A, B, and C quantitated on the
right panel. Basal OCR was measured before the injection of a, and maximal OCR was calculated by subtracting the nonmitochondrial
OCR from the peak OCR after the treatment of B. (b) The extracellular acidification rate (ECAR) value was calculated by the
software. (c) The OCR/ECAR ratio was calculated at basal level quantitated on the right panel. Statistical comparisons were made
using two-tailed Student’s t-test (a and c). ∗∗P < 0 01 compared with WT mice. All values were presented as mean± SEM for n = 9–15
independent experiments in each group.
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analysis showed an enhancement of glycolysis metabolism
and pentose phosphate pathway but a decreased mito-
chondrial oxidation in HIF1α overexpressed macrophages.

3.4. HIF1α-Modified Macrophage Glycolysis Metabolism
through Regulation of Glycolytic Gene Expression. The
mechanism of the glucose metabolic disparity in HIF1α
overexpressed macrophages was explored by analyzing gene
expression. mRNA expressions of some glycolytic genes,
including Pdk1, Pgk1, Glut1, Gck, and Pkm2, were higher in
peritoneal macrophages isolated from the Lysm HIF1α

lsl mice than in the WT mice at both 6 h and 24h
(Figures 4(a) and 4(b)). The similar results were observed
in BMDMs isolated from WT mice and Lysm HIF1α lsl
mice activated to M1 with the treatment of LPS (10 ng/mL)
for 48 h (Figure 4(c)).

4. Discussion

The liver is a site particularly enriched with innate immune
cells [26] and the largest metabolic organ in the body that
is responsible for various metabolic processes regulating
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Figure 3: Metabolomics analysis of HIF1α-modified macrophage glycolysis metabolism. (a, b, c, d, e, and f) Peritoneal macrophages were
isolated from the WT and Lysm HIF1α lsl mice. An LC-MS/MS system was used to measure the abundance of cellular metabolites.
Metabolomics data were analyzed using the MetaboAnalyst website. (a) Heatmap of the intracellular metabolites generated from
hierarchical clustering. Red series denoted relative high concentrations and blue series denoted relative low concentrations. (b) 2D
PLS-DA score plot. (c) 3D PLS-DA score plot. (d) VIP scores. (e) Overview of metabolite enrichment in HIF1α overexpressed
macrophages. (f) Metabolic pathway analysis of HIF1α overexpressed macrophages. (g, h, and i) Relative levels of metabolites in the
glycolysis metabolism (g), TCA cycle (h), and pentose phosphate pathways (i). Statistical comparisons were made using two-tailed
Student’s t-test (g, h, and i). ∗P < 0 05 and ∗∗P < 0 01, compared with WT mice. All values were presented as mean± SEM for n = 10–14
independent experiments in each group. FBP: fructose 1,6-bisphosphate; F-6-P: fructose-6-phosphate; GADP: glyceraldehyde-3-
phosphate; G-6-P: glucose-6-phosphate; PEP: phosphoenolpyruvate; 3-PG: 3-phosphoglycerate.
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Figure 4: HIF1α activated macrophage glycolysis metabolism-related genes. (a) Relative mRNA levels of Pdk1, Pgk1, Glut1, Gck, and Pkm2 in
the peritoneal macrophages isolated from the WTmice and Lysm HIF1α lsl mice for 6 h. (b) Relative mRNA levels of Pdk1, Pgk1, Glut1, Gck,
and Pkm2 in the peritoneal macrophages isolated fromWT mice and Lysm HIF1α lsl mice for 24 h. (c) Relative mRNA levels of Pdk1, Pgk1,
Glut1,Gck, and Pkm2 in the BMDMs isolated fromWTmice and LysmHIF1α lsl mice activated toM1 with the treatment of LPS for 48 h. For
each gene, mRNA level was normalized to the level of 18S rRNA expression. Statistical comparisons were made using two-tailed Student’s
t-test. ∗P < 0 05 and ∗∗P < 0 01, compared with WT mice. All values were presented as mean± SEM for n = 3–5 independent experiments
in each group.
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various functions [27, 28]. Innate immune cells modify and
disrupt critical processes implicated in metabolic disease.
Meanwhile, metabolic stress initiates a feed-forward cycle
of inflammatory responses [29]. Given that HIF1α is a
metabolic regulator playing important roles in inflammation
[30, 31], we investigated whether the regulation of cellular
metabolism by HIF1α controls macrophage polarization
and inflammation.

Our study first used HIF1α overexpression mice to
validate the previous report that HIF1α promoted the
accumulation of M1 macrophages [32–34]. Gene expres-
sion profiling of macrophages revealed an increase in
markers of M1 macrophages and decreased or unchanged
expression of M2 macrophage markers (Figure 1), sup-
porting that HIF1 triggers macrophage polarizing to the
M1 phenotype.

Recent findings suggest that cellular metabolism plays an
important role during macrophage polarization [23, 35].
Classically activated macrophages secret proinflammatory
mediators, accompanied with a shift from mitochondrial
oxidation toward glycolysis metabolism [36]. On the con-
trast, alternatively activated macrophages secrete anti-
inflammatory cytokines and declare an increased demand
of fatty-acid oxidation [37]. Consistent with these findings,
we showed that HIF1α overexpressed macrophages reduced
cellular OCR and increased ECAR (Figure 2). The OCR/
ECAR ratio was also dramatically decreased, reflecting a
preference of glycolysis metabolism compared with mito-
chondrial oxidation in HIF1α overexpressed macrophages.

Macrophages are capable of coordinating their metabolic
programs to adjust their immunological and bioenergetic
functional properties. In our study, metabolomics profiling
analysis witnessed a splendid disparation of metabolites
from peritoneal macrophages isolated from WT mice and
Lysm HIF1α lsl mice (Figure 3). Relative concentration
of metabolites further demonstrated that HIF1 induced
activation of glycolysis metabolism and pentose phosphate
pathway and inhibited mitochondrial oxidation in macro-
phages in Lysm HIF1α lsl mice (Figure 3). Pentose phos-
phate pathway utilizes glucose to generate NADPH for
nucleotide biosynthesis, supporting the production of
reduced glutathione and therefore limits oxidative stress
in M1 macrophages [38, 39]. Increased levels of pentose
phosphate pathway metabolic intermediates satisfy the
substrates need in HIF1α-prompted macrophage growth
and proliferation. These data are consistent with previous
studies [23, 24, 37] and lend further support to the notion
that glycolysis metabolism is essential to the activation of
inflammatory macrophages.

LPS-treated BMDMs were reported to tend to engage
an HIF1α-dependent transcriptional program that is
responsible for heightened glycolysis [40]. Metabolic
mechanisms in HIF1α-deficient mice were reported to be
accompanied with abolished glycolysis, decreased hepatic
glucose output, and elevated gluconeogenesis [41]. On
the contrast, in our study, HIF1α overexpression in the
macrophages was accompanied with high mRNA levels
of Pdk1, Pgk1, Glut1, Gck, and Pkm2 (Figure 4), which
was responsible for activated glycolysis. Heightened

glycolysis may guarantee a competitive bioenergetic state
and intensive energy for M1 macrophage polarization
and also provide precursors for the production and secre-
tion of proinflammatory cytokines [39, 42]. This process
indicates the role of HIF1α in potential coordination
between metabolic regulation and macrophage physiology.

5. Conclusions

In summary, we demonstrated that HIF1α activation ele-
vates glycolysis metabolism and further induces M1 polari-
zation of macrophages.
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Background. Over the last 20 years, the prevalence of hepatitis B virus (HBV) infection in China has decreased gradually due
to the application of a national HBV vaccination program. In contrast, the prevalence of alcoholic liver disease (ALD),
nonalcoholic fatty liver disease, autoimmune liver disease, and drug-induced liver injury has markedly increased. Methods.
We conducted a retrospective review of 82,562 hospitalized patients diagnosed with liver cirrhosis in Beijing 302 Hospital
from 2002 to 2013. Results. The top four etiologies of cirrhosis were HBV, HCV, ALD, and autoimmune liver disease. The
percentage of HBV cirrhosis decreased from 81.53% in 2002 to 66.0% in 2013, whereas the frequency of alcoholic cirrhosis
increased from 3.34% in 2002 to 8.40% in 2013. Females (84.34%) accounted for the majority of cirrhotic patients with
autoimmune liver diseases. Males accounted for 80.16% of HBV cirrhosis patients and 98.02% of alcoholic cirrhosis
patients. Conclusion. In Beijing 302 Hospital, the top four etiologies of cirrhosis were HBV, HCV, ALD, and autoimmune
liver disease. Over the last 12 years, the prevalence of HBV cirrhosis has decreased gradually, whereas that of alcoholic
cirrhosis has increased significantly.

1. Introduction

Recent years, viral hepatitis, especially chronic hepatitis B
(CHB), is still a main reason of liver-related morbidity and
mortality in China. While the prevalence of hepatitis B virus
(HBV) infections fell from 10% to 7% between 1992 and 2006
as a result of a national HBV vaccination program [1]. How-
ever, due to increased national production and consumption
of alcoholic beverages in China, alcoholic liver disease (ALD)
is emerging as a leading cause of chronic liver disease.
According to published studies, the point prevalence of
ALD ranges from 2.3% to 6.1%, with a median prevalence
of 4.5% in the Chinese population [2, 3]. In addition to
ALD, the prevalence of autoimmune liver disease and drug-
induced liver injury is increasing in China.

The aim of the present study was to investigate the vari-
ation in the disease spectrum of hospitalized patients

diagnosed with liver cirrhosis in Beijing 302 Hospital
between 2002 and 2013.

2. Study Population and Methods

2.1. Patients. This was a retrospective analysis of patients
admitted to Beijing 302 Hospital, which is a large tertiary
hospital specialized in liver diseases in Beijing. From 2002
to 2013, 82,562 patients diagnosed with liver cirrhosis were
admitted to Beijing 302 Hospital. The diagnosis of cirrhosis
and associated etiologies was based on clinical practice guide-
lines [4–9]. Patient data were obtained from the hospital’s
medical records. After active treatment, amelioration of
symptoms, physical findings, and complications, in addition
to improvements in abnormal liver function or coagulation
function, was considered an improvement.
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2.2. Statistical Analysis. Continuous variables with a normal
distribution were expressed as the mean± standard deviation
(mean± SD). Data that were not normally distributed were
expressed as the median (interquartile range). An analysis
of variance and SNK test were used to compare nonparamet-
ric and parametric continuous variables. Categorical vari-
ables were expressed as frequencies, with percentages. The
categorical variables were analyzed by an R×C chi-square
test or the Kruskal–Wallis test. Data were analyzed using
SPSS version 18.0 for Windows (SPSS, Chicago, IL). Tests
were two-sided, and a probability (P) value of less than 0.05
was considered statistically significant.

2.3. Ethical Approval. The study was approved by the ethics
committee of Beijing 302 Hospital, and the study conformed
to the Helsinki Declaration of 1977. Written informed con-
sent was obtained from all the patients and volunteers.

3. Results

3.1. Etiologies. The etiologies of the 82,562 hospitalized cir-
rhotic patients are shown in Table 1. The top four etiologies
of cirrhosis were HBV, HCV, ALD, and autoimmune liver
diseases. Among 4080 patients with autoimmune liver cir-
rhosis, there were 2225 cases of autoimmune hepatitis
(AIH) and 1855 cases of primary biliary cirrhosis (PBC).

3.2. Changes in Etiologies of Cirrhosis in the Last 12 Years.
The most common etiologies of cirrhosis were HBV,
HCV, ALD, and autoimmune liver disease, with a total
of 77,966 patients diagnosed with these diseases in the past
12 years. Cirrhosis caused by them accounted for 94.43%
of cases, as discussed in this paper. Supplemental Table 1 in
Supplementary Material available online at https://doi.org/
10.1155/2017/5605981 and Figure 1 show changes in the dis-
ease spectrum of cirrhosis patients in the past 12 years. The

percentage of HBV cirrhosis decreased from 81.53% in
2002 to 66.00% in 2013. Cirrhosis due to HCV, ALD, and
autoimmune liver disease increased gradually over time.
Alcoholic cirrhosis increased 2.5 times from 3.34% in 2002
to 8.40% in 2013.

3.3. Gender Distribution of the Cirrhosis Patients. Figure 2
shows the gender distribution of the cirrhosis patients.
Females accounted for the majority of patients with autoim-
mune liver cirrhosis. The percentage of female and male
patients with HCV was similar. However, males accounted
for the majority of HBV and alcoholic cirrhosis patients.
The gender distribution of the cirrhosis groups was signifi-
cantly different (P < 0 01).

3.4. Age of the Cirrhosis Groups. The ages of the different cir-
rhosis groups are indicated in Table 2. Most patients with
alcoholic cirrhosis and HBV were younger than 50 years,
whereas most patients with HCV cirrhosis and autoimmune
liver cirrhosis were older than 50 years. There was a marked
difference among groups with the P value less than 0.01.

3.5. Geographic Origin of the Patients in the Different
Cirrhosis Groups. The geographic origins were divided into
North China, East China, Central China, South China,
Northeast China, Northwest China, and Southwest China.
Figure 3 and Supplemental Table 2 show the distribution
and origins of the cirrhosis groups. Most cirrhotic patients
came from North China. Most patients with HBV cirrhosis,
HCV cirrhosis, alcoholic cirrhosis, and autoimmune liver
cirrhosis were fromNorth China and Northeast China. How-
ever, due to the selection bias in our hospital, this distribution
cannot be considered to be representative of all of China.

Table 1: The etiologies of 82,562 hospitalized cirrhotic patients
from 2002 to 2013.

Etiology of cirrhosis Cases
Constituent
ratio (%)

Rank

Hepatitis B 58,742 71.15 1

Hepatitis C 9627 11.66 2

Alcoholic liver disease 5517 6.68 3

Autoimmune liver disease 4080 4.94 4

Cryptogenic cirrhosis 2681 3.25 5

Hepatitis B overlapping C 1119 1.36 6

Drug-induced liver injury 548 0.66 7

Hepatolenticular degeneration 128 0.16 8

Vascular obstruction disease 33 0.04 9

Nonalcoholic fatty liver
disease

32 0.04 10

Bilharziasis 28 0.03 11

Cardiac cirrhosis 24 0.03 12

Malnutritional cirrhosis 3 0.00 13

Autoimmune liver cirrhosis
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Figure 1: Changes in etiologies of cirrhosis from 2002 to 2013. For
the hospitalized patients in Beijing 302 Hospital, the percentage of
HBV cirrhosis decreased from 81.53% in 2002 to 66.00% in 2013.
Cirrhosis due to HCV, ALD, and autoimmune liver disease
increased gradually over time. Alcoholic cirrhosis increased 2.5
times from 3.34% in 2002 to 8.40% in 2013.
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3.6. Prognosis of the Patients in the Different Cirrhosis
Groups. Table 3 shows the prognosis of the patients in the
different cirrhosis groups. After active treatment, more than
70% of HBV and HCV cirrhosis patients and nearly 80% of
alcoholic and autoimmune liver cirrhosis patients showed
improvements. When compared with the other cirrhosis
groups, there were significant differences (P < 0 01).

4. Discussion

Cirrhosis refers to end-stage liver disease, which is caused by
multiple factors. It is associated with various complications,
including ascites, upper gastrointestinal hemorrhage, hepatic
encephalopathy, and spontaneous peritonitis. It is a complex
disease, with a poor prognosis. Primary hepatic cancer may
occur in some cirrhosis patients. Others may require a liver
transplantation because of liver cancer or decompensation
of liver function.

The disease spectrum of cirrhosis in China differs from
that in other countries, where cirrhosis is mainly caused by
ALD and hepatitis C. For example, Moreau et al. [10]
reported that alcoholic cirrhosis accounted for 66.6% of all
cirrhosis cases in France, whereas hepatitis C cirrhosis, alco-
holic cirrhosis overlapping with viral hepatitis, and hepatitis

B cirrhosis accounted for 16%, 14.7%, and 2.7% of cases,
respectively. Haukeland et al. [11] reported that among
1264 patients diagnosed with cirrhosis from January 1999
to March 2004, 53% of cases were caused by ALD and the
remaining cases were due to hepatitis (12%), autoimmune
liver disease (12%), hemochromatosis (4%), and nonalco-
holic fatty liver disease (3%). The etiology in 16% of cases
was unknown. However, based on a high incidence of diabe-
tes mellitus, the authors concluded that cirrhosis in these
cases may have been caused by nonalcoholic steatohepatitis.
ALD was reported to be responsible for more than 50% of
cirrhosis cases in European countries. In contrast, in our
research, ALD was responsible for less than 10% of cases of
cirrhosis. However, as alcohol consumption continues to
increase in China, the incidence of alcoholic cirrhosis will
also likely increase.

There is a high incidence of HBV infection in China.
According to an epidemiological investigation of hepatitis B
in 2006, the carrying rate of HBsAg was 7.18% in the popula-
tion from 1 year to 59 years [12]. There are around 93 million
individuals with chronic HBV infection, and about 20
million of these are chronic hepatitis patients [13]. Cirrhosis
is primarily the result of HBV infection. In the present study,
71.15% of the 82,562 cirrhosis cases were caused by hepatitis
B. The HBV infection rate has fallen dramatically in Chinese
children since the introduction of the HBV vaccine inocula-
tion program, and the carrying rate of HBsAg today is only
0.96% among children under 5 years [12]. The incidence of
hepatitis B cirrhosis also continues to decrease annually as
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Figure 2: Gender distribution of the cirrhosis patients. For the
inpatients in Beijing 302 Hospital, females accounted for the
majority of patients with autoimmune liver cirrhosis. The
percentage of female and male patients with HCV was
comparative. Males accounted for the majority of HBV and
alcoholic cirrhosis patients (∗P < 0 01).

Table 2: Age of the cirrhosis groups.

Cases Mean P value

Hepatitis B cirrhosis 58,742 48.19± 11.14

0.000
Hepatitis C cirrhosis 9627 56.73± 10.12
Alcoholic cirrhosis 5517 49.62± 10.23
Autoimmune liver cirrhosis 4080 56.57± 12.21
Compared with hepatitis B cirrhosis or alcoholic cirrhosis, P < 0 01.
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Figure 3: Geographic origin of the patients in the different cirrhosis
groups. In this research, most patients with HBV cirrhosis, HCV
cirrhosis, alcoholic cirrhosis, and autoimmune liver cirrhosis were
from North China and Northeast China. North China includes
Beijing, Tianjin, Hebei, Neimenggu, and Shanxi province. East
China includes Shandong, Shanghai, Jiangsu, Anhui, Zhejiang, and
Fujian province. Henan, Hubei, Hunan, and Jiangxi province are
included in Central China. Guangdong, Guangxi, and Hainan are
classified as South China. Northeast China consists of Heilongjiang,
Jilin, and Liaoning. Northwest China comprises Ningxia, Qinghai,
Shanxi, Xinjiang, and Gansu province. Southwest China includes
Sichuan, Xizang, Yunnan, Guizhou, and Chongqing.
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a result of the availability of effective antiviral drugs, such as
nucleoside analogs and interferon. As shown in the present
study, the percentage of hepatitis B cirrhosis declined from
81.53% in 2002 to 66.00% in 2013.

Since HBV and HCV were found, several decades have
passed. This explains why most of the patients with hepatitis
B and C cirrhosis in the present study were middle aged to
old. The incidence of HCV can be expected to decrease
further as a result of strict screening of blood products and
using effective antiviral drugs.

With improvements in socioeconomic conditions, alco-
hol consumption has increased. According to one report in
China, the production of alcohol rose from 7.113 million tons
in 1984 to 30.699 million tons in 2001 [14]. There have been
no nationwide epidemiological investigations of ALD. How-
ever, a regional epidemiological study found that the drink-
ing population and incidence of ALD showed an upward
trend. A survey of North China reported that the ratio of
intemperants increased from 0.21% in the 1980s to 14.3%
in the 1990s [15]. Since the beginning of this century, in some
Chinese province, the drinking population has increased
from 26.98% to 43.4% and the incidence of ALD in adults
has increased from 4.3% to 6.5% [2, 16, 17]. A multiple-
center study indicated that from 2000 to 2004, the hospital-
ized ratio of ALD to all liver diseases was 2.7%, 2.9%, 3.0%,
3.6%, and 4.4%, respectively [18]. From 2002 to 2013, there
were 7422 hospitalized ALD patients in Beijing 302 Hospital,
with the ratio to other liver diseases rising from 1.74% in
2002 to 4.60% in 2013 [19]. This result was similar to that
of a multiple-center study in China, which will be discussed
in another paper [19]. In this study, the percentage of hospi-
talized alcoholic cirrhosis patients increased from 3.34% in
2002 to 8.40% in 2013. Alcoholic cirrhosis had become the
third most common cause of cirrhosis after hepatitis B and
C cirrhosis.

The results of this paper were in accord with the real
situation in China (i.e., the drinking population mainly con-
sisted of middle-aged males). In addition, the majority of
patients with autoimmune liver cirrhosis were middle-aged
females. In the past, due to the absence of an effective
diagnostic method, autoimmune hepatitis was difficult to
diagnose. However, in recent years, it has been paid more
and more attention. In the present study, the majority of cir-
rhosis cases were patients from North China and Northeast
China. However, due to selection bias in the hospital, this
distribution is not representative of China.

In this study, the top four etiologies of cirrhosis in Beijing
302 Hospital were HBV, HCV, ALD, and autoimmune liver
disease. Although the prevalence of hepatitis B cirrhosis has
decreased, the prevalence of alcoholic cirrhosis has increased

gradually. A nationwide multiple-center study is needed to
detect changes in etiologies of hospitalized patients with liver
cirrhosis in the whole country.
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The new member of the IL-1 family, interleukin-33 (IL-33), participates in the progression of a variety of diseases through binding
with its receptor ST2. Recently, much clinical evidence and experimental data have indicated that IL-33 is associated with various
liver diseases. This review primarily addresses the relationship between IL-33 and several hepatic diseases. IL-33 can alleviate
high-fat diet- (HFD-) induced hepatic steatosis and insulin resistance, and IL-33 acts as an alarmin, which quickly triggers the
immune system to respond to virus invasion and toxic damage to the liver. However, when liver injury is chronic, IL-33
promotes Th2 reactions and hepatic stellate cell (HSC) activity, facilitating progression to liver fibrosis. The complicated
functions of IL-33 should be considered before its clinical application.

1. Brief Introduction of IL-33

Interleukin-33 (IL-33) was originally discovered (as clone
DVS 27) in a study of canine vasospastic cerebral arteries
after subarachnoid haemorrhage and received attention due
to its highly upregulated expression [1]. IL-33 was then iden-
tified as NF-HEV expressed in human high endothelial
venules and shown to function as a nuclear factor [2]. In
2005, Schmitz and coworkers matched the sequence struc-
ture of IL-33 with the IL-1 cytokine family, and IL-33 was
successfully classified as part of the IL-1 family and named
IL-33. The IL-33 gene is located on chromosome 9p24.1 in
humans and on the syntenic chromosome 19qC1 region in
mice. IL-33 cDNA encodes 270 and 266 amino acid polypep-
tides in humans and mice, respectively, and the full-length
proteins have respective masses of 30 and 29.9 kDa.
Caspase-1 can cleave IL-33 to a mass of 18 kDa, and the
amino acid similarity between human and mouse IL-33 is
up to 55% [3]. IL-33 mRNA can be found in multiple cells
and tissues in both humans and mice; at the protein level,
IL-33 is broadly expressed in endothelial cells, epithelial cells,
smooth muscle cells, and several organs, such as the lung and
central nervous system [4–6].

The excellent work by Schmitz et al. indicated that IL-33
is the ligand of the orphan receptor ST2, which is a member
of the IL-1 receptor family [3]. ST2 protein exists in at least 3
isoforms through diverse splicing: a transmembrane form
(ST2L), a soluble form (sST2), and a novel variant [7]. ST2
is expressed by several types of haematopoietic cells [3]. In
addition, ST2 is selectively and stably expressed on the
surface of T helper 2 (TH2) cells but not on that of TH1 or
regulatory T (Treg) cells [8, 9]. IL-33 binds ST2, which then
connects with IL-1R accessory protein (IL-1RcAP) to form
a heterodimeric complex [10]. sST2 is considered a decoy
receptor [11] that competes with ST2L for IL-33 binding,
subsequently blocking the IL-33 signalling pathway [12].
Single immunoglobulin IL-1R-related molecule (SIGIRR)
associated with ST2 has the ability to inhibit IL-33/ST2-
mediated signalling [13].

Binding of IL-33 with its receptor recruits myeloid differ-
entiation primary response protein 88 (myD88), IL-1R-
associated kinase 1 (IRAK1), and IRAK4 to the receptor
through IL-1RAcP’sToll-interleukin 1 receptor (TIR) domain
[3]. Subsequently, certain downstream signalling molecules
are activated, including nuclear factor-κB (NF-κB) [14],
inhibitor of NF-κB-α (IκBα), extracellular signal-regulated
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kinase (ERK), p38, serine/threonine protein kinase Akt
(protein kinase B), and c-Jun N-terminal kinase (JNK) [15].

Based on the conserved homeodomain-like helix-turn-
helix motif in the N-terminal portion of IL-33 and on the
nuclear localization signal, IL-33 may play dual roles. First,
it behaves as a traditional cytokine activating downstream
signalling, and second, it acts as an intracellular nuclear fac-
tor with transcriptional regulatory properties [16]. Among
the numerous biological functions of IL-33, the best known
is promoting polarization of naïve T cells to TH2-type
immune response cells, and it can act directly on TH2 cells
to increase IL-5 and IL-13 production [3]. Furthermore, IL-
33 has been identified as a selective Th2 chemoattractant
[17]. In addition to TH2 cells, IL-33 also interacts with many
other immune cells. For example, IL-33 attenuates TLR4-
induced downregulation of CXCR2 and chemotaxis in
neutrophils [18], and IL-33/ST2 signalling participates in
alternatively activated M2 macrophage polarization in mac-
rophages [19]. Another well-known function of IL-33 is that
of an “alarmin”; under cell damage (necrosis) or mechanical
injury conditions, active full-length IL-33 can be released
rapidly to alter the immune system response [20].

IL-33 is associated with a variety of diseases. Whether IL-
33 promotes or inhibits disease progression depends on the
type of disease. In asthma patients, IL-33 expression was ele-
vated significantly [5, 21], and in a mouse model of asthma,
ST2−/− mice developed attenuated airway inflammation
[22]. IL-33 levels were elevated in sera and synovial fluid
samples of rheumatoid arthritis (RA) patients and were cor-
related with the activity of the disease [23]. The serum level of
IL-33 decreased after anti-TNF treatment and was correlated
with the production of IgM and RA-related autoantibodies
[24]. IL-33 expression was significantly increased in the
inflamed mucosa of inflammatory bowel disease (IBD)
patients as well as in colitis mice induced by dextran sulphate
sodium (DSS) [25, 26]. IL-33 expression in the brain was
downregulated in Alzheimer’s disease (AD) cases compared
with controls [27], and a similar conclusion was drawn by
another study [28]. Recently, it has been reported that IL-
33 can ameliorate AD-like pathology and cognitive decline,
and the authors proposed that IL-33 is a promising potential
treatment for AD [29]. As the IL-33 decoy receptor, the
sST2 level rose immediately after acute myocardial infarc-
tion [30], and the serum ST2 level was identified as a novel
biomarker for neurohormonal activation in heart failure
patients [31]. On the other hand, researchers have found
that in ischemia/reperfusion model rats, IL-33 prevented
cardiomyocyte apoptosis and enhanced cardiac function
through ST2 signalling [32].

2. IL-33 and Liver Disease

The relationship between IL-33 and liver disease, as well as
its role in the development of liver disease, has attracted
the attention of an increasing number of researchers. So
far, IL-33 has been found to be involved in a variety of liver
diseases, including fatty liver disease, hepatitis, liver fibrosis,
and cirrhosis, along with other hepatic diseases (Table 1).

2.1. IL-33 and Fatty Liver Disease.As recently as 20 years ago,
researchers realized that in many industrialized countries,
nearly a quarter of adults had excessive fat accumulation in
the liver, and fatty liver was a vital risk factor for serious liver
disease [33]. Studies regarding the role of IL-33 in fatty liver
disease have primarily focused on nonalcoholic fatty liver
disease (NAFLD). The spectrum of NAFLD ranges from fatty
liver alone to nonalcoholic steatohepatitis (NASH), which
may progress to cirrhosis and its associated complications
without a history of heavy alcohol consumption [34, 35].
NAFLD is commonly found in type 2 diabetes and obese
patients, and insulin resistance is closely related to NAFLD
development and prognosis [36]. One study showed that
in vitro administration of IL-33 into adipose tissue cultures
induced Th2 cytokine production (IL-5, IL-13, and IL-10)
and downregulated the expression of adipogenic genes.
Administration of IL-33 to genetically obese diabetic (ob/ob)
mice resulted in reduced adiposity and improved glucose
and insulin tolerance [37].

Because of the regulatory role played by IL-33 in lipid
metabolism, IL-33 may have a close relationship with fatty
liver. An NAFLD mouse model was successfully constructed
by feeding mice with a high-fat diet (HFD) [38]. The results
of a recent study showed that a HFD given to mice for 20
weeks induced upregulation of both IL-33 and ST2 mRNA
and proteins. Furthermore, treatment with IL-33 alleviated
HFD-induced hepatic steatosis, reduced serum alanine ami-
notransferase (ALT) levels, and ameliorated insulin resis-
tance and glucose intolerance. Notably, the researchers
found that the serum IL-33 levels and IL-33 mRNA levels
in the liver were higher in NAFLD patients. The group also
confirmed that IL-33 promoted a Th2 response, M2 macro-
phage activation, and fatty acid metabolism gene expression
in the liver [39]. Meanwhile, in another study, ST2−/− mice
fed with a HFD exhibited increased weight gain and visceral
adipose tissue, but the deletion of ST2 ameliorated hepatic
steatosis and inflammation [40]. Because the IL-33/ST2 axis
may have a disputably beneficial effect on fatty liver, more
studies are needed to clarify its mechanism and determine
its therapeutic value.

2.2. IL-33 and Hepatitis.Multiple aetiological factors can lead
to hepatitis, such as viral infection, alcohol abuse, toxicants,
drugs, and autoimmunity. Changes in IL-33 expression in
viral hepatitis and fulminant hepatitis triggered by toxins
have been recently reported, suggesting that IL-33 may
participate in different types of hepatitis. Approximately
70% of hepatitis C virus- (HCV-) infected patients cannot
completely clear the HCV and eventually can develop
persistent chronic infection. Cirrhosis and hepatocellular
carcinoma can develop in many of these patients [41, 42].
What is the role of IL-33 in this disease? Wang et al. drew
conclusions by comparing chronic hepatitis C (CHC)
patients, spontaneously resolved HCV (SR-HCV) patients,
and healthy controls (HCs). They found that serum IL-33
levels in CHC patients were significantly higher than those
in HC and SR-HCV patients, while IL-33 levels decreased
after treatment with interferon for 12 weeks, and this decrease
was correlated with ALT and aspartate aminotransferase
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(AST) levels in CHC patients [43]. Meanwhile, Hamdi and
coworkers obtained similar results [44]. In another study,
serum HCV RNA was also detected, and it was found that
serum IL-33 concentrations were positively correlated with
the levels of serum HCV RNA [45].

As a pathogenic factor, IL-33 plays a role not only in
CHC but also in chronic hepatitis B (CHB). Hepatitis B virus
(HBV) is another major cause of chronic liver disease. After
HBV infection, most adults can clear the virus spontane-
ously, but nearly 5% of infected adults and more than 90%
of infected infants and young children will develop chronic
infection [46]. CHB also has a risk of progressing to liver cir-
rhosis and hepatocellular carcinoma [41, 42]. One study

showed that the serum IL-33 and ST2 levels were elevated
as serum ALT concentrations increased in CHB patients
compared to HBV carriers, HCs, and CHB patients with
low ALT levels [47]. All these results suggest that IL-33 is
associated with liver damage. Therefore, IL-33 has been pro-
posed to function as an alarmin to alert the immune system
of tissue damage following infection.

To facilitate research, many researchers have explored
the relationship between IL-33 and hepatitis in animal hepa-
titis models. Arshad et al. detected IL-33 expression in
murine fulminant hepatitis induced by poly(I:C), a Toll-like
receptor (TLR3) viral mimetic, and by pathogenic mouse
hepatitis virus (L2-MHV3). Their results showed that in both

Table 1: Studies on the roles of IL-33 and ST2 in liver diseases.

Disease Result Ref

Fatty liver disease

(i) The mRNA and protein levels of both IL-33 and ST2 were increased in the mouse model
of HFD-induced hepatic steatosis, and treatment with IL-33 alleviated hepatic steatosis.

(ii) ST2−/− mice fed with HFD exhibited increased weight gain, severe hepatic steatosis, and inflammation.
(iii) The IL-33 mRNA levels in serum and liver were increased in NAFLD patients.

[39]

[40]
[39]

Hepatitis

(i) Serum IL-33 levels in CHC patients were significantly higher than those in HCs while decreased after
treatment with interferon and were correlated with the ALT and AST concentrations.

(ii) Serum IL-33 concentrations in CHC patients were positively correlated with the levels of serum
HCV RNA.

(iii) CHB patients with high serum ALT concentrations showed higher serum IL-33 and ST2 levels.
(iv) In poly(I:C)-induced murine fulminant hepatitis, the expression of IL-33 was upregulated, and in

NK-depleted poly(I:C)-treated mice, liver injury was severe while NKT-deficient mice showed
hepatoprotection against poly(I:C)-induced hepatitis accompanied by an increased number of
IL-33-expressing hepatocytes.

(v) IL-33-knockout mice infected by LCMV produced fewer IFN-γ+ γδ T and NK cells, and rIL-33
treatment facilitated IFN-γ-producing γδ T and NK cells and inhibited IL-17+ γδ T cells.

(vi) IL-33 and ST2 levels were increased in mouse liver after Ad infection. Injection of rIL-33 resulted in a
decrease in serum ALT levels and the number of Councilman bodies in the liver; meanwhile, Treg
cells were upregulated and TNF-α levels in the liver decreased.

(vii) ST2-deficient mice developed severer hepatitis induced by Con A with a higher number of
mononuclear cells and higher level of proinflammatory cytokines in the liver. IL-33 also suppressed
caspase-3 activation and BAX expression as well as enhanced Bcl-2 expression in the liver.

(viii) NKT-deficient mice performed resistant to Con A-induced hepatitis and lacked IL-33 expression
in liver cells.

(ix) IL-33 expression in hepatocytes was blocked during Con A-induced acute hepatitis in
TRAIL-deficient mice.

(x) The severity of liver injury in IL-33−/− mice was positively correlated with the levels of TNF-α and
IL-1β and the number of NK cells infiltrating into the liver.

(xi) rIL-33 exacerbated Con A-induced hepatitis, while pretreatment of an IL-33-blocking antibody
exhibited a protective effect.

[43, 44]

[45]

[47]

[48]

[49, 50]

[51]

[52]

[53]

[54]

[55]

[56]

Liver
fibrosis/cirrhosis

(i) In mouse and human fibrotic livers, IL-33 and ST2 mRNA was overexpressed and the major
sources of IL-33 were HSCs.

(ii) IL-33 led to activation and accumulation of ILC2 through ST2 signalling in the liver, and activated
ILC2 produced IL-13; then, IL-13 initiated activation and differentiation of HSCs.

(iii) In ST2-deficient mice with liver fibrosis, the activation of HSCs was decreased and in vitro HSCs
activated by rIL-33 release IL-6, TGF-β, α-SMA, and collagen.

(iv) Serum IL-33 levels of PBC patients were positively correlated with the severity of PBC.

[60]

[63]

[64]

[66]

Others

(i) A high level of IL-33 mainly produced by CD8+ CD62L− KLRG1+ CD107a+ T cells might indicate
prolonged patient survival.

(ii) A high level of serum sST2 is regarded as a negative HCC prognostic factor.
(iii) IL-33 presented a significant protective effect on liver ischemia/reperfusion mouse model with

attenuated liver damage and limited inflammatory activity.
(iv) IL-33 participated in hepatic granuloma pathology during Schistosoma japonicum infection.
(v) In Leishmania donovani-infected liver mice, the IL-33/ST2 axis suppressed Th1 response and

patients with visceral leishmaniasis showed higher serum IL-33 levels.

[68]

[69]

[72, 73]

[70]

[71]
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hepatitis mouse models, the expression of IL-33 was upregu-
lated and hepatocyte-specific IL-33 expression was downreg-
ulated in natural killer cell- (NK-) depleted poly(I:C)-treated
mice with severe liver injury, while natural killer T cell-
(NKT-) deficient mice exhibited hepatoprotection against
poly(I:C)-induced hepatitis accompanied by an increased
number of IL-33-expressing hepatocytes compared with
wild-type (WT) controls [48]. Lymphocytic choriomeningi-
tis virus- (LCMV-) infected IL-33-knockout mice were used
in another study, and the study indicated that IL-33
deficiency resulted in fewer IFN-γ+ γδ T and NK cells. In
contrast, recombinant IL-33 (rIL-33) facilitated IFN-γ-
producing γδ T and NK cells and inhibited IL-17+ γδ T cells,
revealing a role of IL-33 in regulating innate IFN-γ produc-
tion and antiviral responses in LCMV-infected hepatitis
[49, 50]. Liang et al. used another virus, adenovirus (Ad), to
induce hepatitis. During the first week of Ad infection, a con-
tinuous increase in IL-33 and ST2 expression was observed in
mouse livers. Injection of rIL-33 resulted in a decrease in
serum ALT levels and the number of Councilman bodies in
the liver. These changes were correlated with the upregulation
of Treg cells and downregulation of macrophages, dendritic
cells, and NK cells in the liver, and at the same time, TNF-α
expression was inhibited by IL-33 in hepatic T cells and
macrophages, and TNF-α levels in the liver decreased [51].

Another focus of the relationship between IL-33 and hep-
atitis is the protective role of the IL-33/ST2 axis in concanav-
alin A- (Con A-) induced hepatitis. A study researched by
Volarevic and coworkers indicated that severe hepatitis
developed in Con A-treated ST2-deficient mice, and these
mice exhibited a high number of mononuclear cells in the
liver and a high level of proinflammatory cytokines (TNF-α
and IFN-γ). In contrast, in WT mice, the number of
CD4+Foxp3+ cells was statistically higher. Furthermore,
injection of IL-33 into WT mice attenuated liver damage
and increased the number of liver CD4+Foxp3+ cells. IL-33
also suppressed caspase-3 activation and the expression of
BAX and enhanced Bcl-2 expression in the liver [52]. Inter-
estingly, NKT-deficient mice were also resistant to Con A-
induced hepatitis and no longer expressed IL-33 in liver cells
following Con A administration, while IL-33 was overex-
pressed in normal mice [53]. Meanwhile, IL-33 expression
in hepatocytes was also blocked during Con A-induced acute
hepatitis in tumour necrosis factor-related apoptosis-
inducing ligand- (TRAIL-) deficient mice, and IL-33-
deficient mice exhibited more severe Con A-induced liver
injury than WT mice [54]. Furthermore, the severity of liver
injury in IL-33−/− mice was positively correlated with TNF-α
and IL-1β levels and the number of NK cells infiltrating into
the liver [55]. The majority of studies in this area support the
view that IL-33 protects against Con A-induced hepatitis,
and this protection involves a variety of immune cells (Treg,
NK, and NKT cells) and molecules (IFN-γ and TRAIL).
However, the opposite result was obtained in one study:
treatment of rIL-33 exacerbated Con A-induced hepatitis,
but pretreatment with an IL-33-blocking antibody exhibited
a protective effect, likely by suppressing the late stage of T cell
and NKT cell activation and decreasing IFN-γ production
[56]. More studies are needed to determine whether IL-33

protects or aggravates hepatitis induced by drugs and to
elucidate the reasons for this discrepancy.

2.3. IL-33 and Liver Fibrosis (and Cirrhosis). Liver fibrosis
and its end-stage form, cirrhosis, are the common final path-
way for virtually all chronic liver diseases. Accumulation of
extracellular matrix (ECM) rich in fibrillar collagens (mainly
collagen I and collagen III) is the characteristic of advanced
fibrosis, and it is associated with liver failure, portal
hypertension, and a high risk of liver cancer [57, 58]. In the
course of chronic hepatitis and progression to cirrhosis, in
addition to persistent inflammatory infiltrate, a Th2-
polarized immune response always occurs. Th1 cytokines
lead to a rapid and intense inflammatory response while
causing little fibrosis. In contrast, Th2 cytokines, such as
IL-13, promote hepatic stellate cell (HSC) proliferation,
transforming growth factor-β (TGF-β) synthesis, and fibro-
genesis [59].

Based on the crucial role of Th2 cytokines in liver fibrosis
formation and the pro-Th2 activity of IL-33, the relationship
between IL-33 and liver fibrosis has received much attention.
One study has shown that in mouse and human fibrotic
livers, IL-33 and ST2 mRNA is overexpressed. Moreover,
IL-33 expression was correlated with collagen expression,
and the major source of IL-33 in fibrotic livers was HSCs
[60]. Another study deeply explored the mechanism of
IL-33 in promoting the pathogenesis of hepatic fibrosis;
this mechanism involved a new type of lymphocyte, innate
lymphoid cell type 2 (ILC2), which expresses IL33R-ST2.
IL-33-responsive ILC2 cells are widely distributed in the
mesenteric lymph nodes, spleen, and liver of mice and pro-
duce several Th2 cytokines, such as IL-4, IL-5, and IL-13
[61, 62]. The study also revealed that in hepatic fibrosis,
IL-33 expression was elevated, and excess ECM deposition
was sufficiently driven by IL-33 alone in the liver. Further-
more, IL-33−/− mice displayed a significant amelioration of
experimental fibrosis. IL-33 led to activation and accumula-
tion of ILC2 cells through ST2 signalling in the liver. Acti-
vated ILC2 cells produced IL-13, and then, IL-13 initiated
activation and differentiation of HSCs via the IL-4Rα-STAT6
transcription factor-dependent pathway [63]. Meanwhile,
another study showed that activation of HSCs was decreased
in ST2-deficient liver fibrosis mice and that HSCs were acti-
vated by rIL-33 in vitro, releasing IL-6, TGF-β, α-SMA, and
collagen [64].

Although earlier we introduced the idea that IL-33 could
alleviate HFD-induced hepatic steatosis and insulin resis-
tance, it has been verified that in diet-induced NASH,
IL-33-mediated aggravation of hepatic fibrosis was depen-
dent on the ST2 signalling pathway [39]. In primary biliary
cirrhosis (PBC), an autoimmune liver disease with complica-
tions such as cirrhosis, liver failure, and hepatoma carcinoma
[65], the serum IL-33 level of patients was positively corre-
lated with severity [66]. In general, IL-33 showed a potential
promotive effect on liver fibrosis.

There are also research teams studying the role of IL-33
in other liver diseases; for example, oncogenesis and progres-
sion of hepatocellular carcinoma (HCC) are associated with
aberrant IL-33 expression [67], and upregulation of IL-33,
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primarily produced by CD8+ CD62L− KLRG1+ CD107a+ T
cells, may indicate prolonged patient survival [68]. However,
high levels of serum sST2 were considered a negative HCC
prognostic factor [69]. During Schistosoma japonicum
infection, IL-33 participated in hepatic granuloma pathology
[70]; in the liver of Leishmania donovani-infected mice, the
IL-33/ST2 axis suppressed Th1 response, and patients with
visceral leishmaniasis exhibited higher serum IL-33 levels
[71]. IL-33 exhibited a significant protective effect on a liver
ischemia/reperfusion mouse model and attenuated liver
damage and limited inflammatory activity [72, 73].

3. Conclusion and Expectations

It has been nearly 30 years since the discovery of IL-33, and
many studies have been performed to determine the molecu-
lar structure, distribution, receptor, and signalling pathway
of IL-33. Knowledge regarding the molecular basis of IL-33
signalling is relatively comprehensive. Nevertheless, the role
of IL-33 is different in various liver diseases. IL-33 can atten-
uate hepatic steatosis and act as an alarmin by quickly trig-
gering the immune system to respond to virus invasion and
toxicant-induced damage, thus leading to a protective effect
on viral hepatitis and Con A-induced liver injury. However,
IL-33 promotes Th2 reactions and HSC activity, facilitating
the progression to liver fibrosis. Therefore, evidence suggests
that when acute and massive liver damage occurs, the release
of IL-33 by injured hepatocytes might be a protective mech-
anism, while in chronic injury, IL-33 plays the role of a
hepatic fibrosis-enhancing factor. Thus, it is necessary to
judge and weigh the opposing functions of IL-33 before clin-
ical application [74].

Although great progress has been made in understanding
the relationship between IL-33 and liver disease, the majority
of studies are still based on correlations between IL-33
expression and liver disease. Studies on the specific mecha-
nism are not thorough or sufficiently comprehensive, and
several experimental results suggest opposite conclusions.
Hence, more studies are required to fully understand the role
of IL-33 in the regulation of liver disease and its signalling
pathways and regulatory networks.

Moreover, we also hope to expand the study of IL-33 to
more liver diseases and findmore potential therapeutic appli-
cations of IL-33. For instance, alcoholic liver disease (ALD)
exhibits a disease progression similar to that of NAFLD
(from simple fatty liver to alcoholic hepatitis, cirrhosis, and
even HCC), and its incidence is rapidly increasing. ALD is
becoming an important cause of chronic liver disease world-
wide, while (except for abstinence) ALD lacks therapeutic
drugs with definite efficacy [75]. Therefore, it is very likely
that the role of IL-33 in ALD will be discovered and provide
a new treatment approach for ALD. Further study of IL-33, a
novel cytokine, could establish a new field of research on the
mechanisms and treatment of liver disease.
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Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous group of lymphoma, with different clinical manifestation and
prognosis. The International Prognostic Index (IPI), an index designed during the prerituximab era for aggressive lymphoma,
showed variable values in the prediction of patient clinical outcomes. The aim of this study was to analyze the prognostic value
and causes of pretreatment liver injury in 363 de novo DLBCL patients in our institution. Pretreatment liver impairment,
commonly detected in lymphoma patients, showed significant association with poor outcomes and increased serum
inflammatory cytokines in DLBCL patients but had no relation to hepatitis B virus replication nor lymphomatous hepatic
infiltration. Multivariate analysis revealed that liver dysfunction, advanced Ann Arbor stage, and elevated lactate dehydrogenase
(LDH) were independent adverse prognostic factors of both PFS and OS. Accordingly, a new liver-IPI prognostic model was
designed by adding liver injury as an important factor in determining IPI score. Based on Kaplan-Meier curves for PFS and OS,
the liver-IPI showed better stratification in DLBCL patients than either the IPI or the revised IPI in survival prediction.

1. Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
subtype of non-Hodgkin lymphoma (NHL) [1], while dis-
playing great heterogeneity in clinical manifestation, disease
course, and prognosis. The International Prognostic Index
(IPI), based on age, performance status, lactate dehydroge-
nase (LDH), Ann Arbor stage, and extranodal involvements,
was originally designed for prediction of prognosis in aggres-
sive lymphoma during the prerituximab era [2]. Although
already proven, in a cohort of 2031 patients, it is helpful to
stratify DLBCL patients into low-, low-intermediate-, high-
intermediate-, and high-risk groups, with 5-year overall

survival (OS) rates of 73%, 51%, 43%, and 26%, respectively
[2]. Recently, the revised IPI (R-IPI) and National Compre-
hensive Cancer Network IPI (NCCN-IPI) appear to better
predict prognosis in DLBCL patients. The R-IPI identifies
three distinct prognostic groups with outcomes categorized
as very good (patients with no IPI risk factors, 4-year OS
94%), good (patients with 1 or 2 risk factors, 4-year OS
79%), and poor (patients with 3–5 risk factors, 4-year OS
55%), respectively [3]. The NCCN-IPI is based on five pre-
dictors (age, LDH, extranodal sites, Ann Arbor stage, and
performance status) and 4 prognostic groups (low (score
0-1), low-intermediate (score 2-3), high-intermediate (score
4-5), and high (score 6–8)). The NCCN-IPI better separates
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low- and high-risk subgroups (5-year OS: 96% versus 33%,
resp.) than the IPI (5-year OS: 90% versus 54%, resp.) [4].

Cytokines are documented to be closely associated with
both inflammation and immune modulation while playing
a key role in the development of liver damage in a variety
of liver disease such as chronic hepatitis B virus (HBV) infec-
tion, alcoholic liver injury, nonalcoholic fatty liver disease,
and drug-induced liver injury [5–8]. It is generally believed
that cytokines are deregulated in many kinds of haematolog-
ical disorders [9, 10], while elevation of interleukin- (IL-) 6,
IL-10, tumor necrosis factor- (TNF-) α, IL-8, and IL-2 recep-
tor (IL-2R) was demonstrated valuable in the prediction of
unfavorable prognosis in lymphoma [11–14].

The aim of the present study was to determine the role
of liver inflammation, reflected by the cytokines and serum
transaminase activities, gamma-glutamyltranspeptidase (γ-
GT), and alkaline phosphatase (ALP) in the prediction of
outcome in DLBCL patients.

2. Patients and Methods

2.1. Patients. We conducted a single-center retrospective
case-control study on de novo DLBCL patients. A total of
363 patients were included, with the histological classifica-
tion confirmed according to the World Health Organization
(WHO) 2008 criteria [15]. Serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), γ-GT, and ALP
were used as markers of liver injury as recommended by
the regulatory authorities [16]. Serum cytokine tests (includ-
ing IL-1β, IL-2R, IL-6, IL-8, IL-10, and TNF-α) were system-
atically assessed before chemotherapy. Cytokines were
detected in the serum of 15 healthy volunteers as controls.
Clinical characteristics of the 363 patients are shown in
Table 1. Patients with abnormal liver function, defined as ele-
vation in any of the following four indexes: ALT, AST, γ-GT,
or ALP, were recruited into the liver dysfunction group; then,
a propensity score matching method was used to create the
matched control group [17]. Patients were matched at a ratio
of 1 : 1 using the nearest neighbor method with a caliber of
0.10. All the patients and volunteers gave their informed con-
sent, following the regulations of the Shanghai Jiao Tong
University School of Medicine Institutional Review Boards,
in accordance with the Declaration of Helsinki.

2.2. Treatment Regimens. 340 patients (93.7%) received R-
CHOP (rituximab, cyclophosphamide, doxorubicin, vincris-
tine, and prednisone), and 15 patients (4.1%) received CHOP
chemotherapy as initial treatment. The rest 8 patients (2.2%)
received only palliative care in consideration of the poor per-
formance status or insufficient organ function (Table 1).

2.3. Response Criteria. The treatment response was evalu-
ated according to the WHO response criteria [18]. Com-
plete response (CR) was defined as no evidence of residual
disease, partial response (PR) as having at least a 50%
reduction in tumor burden from the onset of treatment,
and no response as having less than a 50% reduction in
tumor burden or disease progression. Assessment of the
treatment response was evaluated by a follow-up clinical,

radiological, or laboratory study, as determined by the clini-
cian, as described previously [19, 20].

2.4. Statistical Analysis. Baseline characteristics of patients
were analyzed using Student’s t-tests for continuous vari-
ables, χ2 tests for categorical data, and Mann–Whitney U test
for the serum level of cytokines. Overall survival (OS) time
was measured from the date of diagnosis to the date of death
or to the last follow-up. Progression-free survival (PFS) was
calculated from the date when the treatment began to the
date when the disease progression was recognized or the date
of the last follow-up as described previously [19, 20]. Survival
functions were estimated using the Kaplan-Meier method
and compared by the log-rank test. Univariate hazard esti-
mates were generated with unadjusted Cox proportional haz-
ards. Multivariate survival analysis was performed using a
Cox regression model in which significant variables in the
univariate analysis were included. p < 0 05 was considered
statistically significant. All statistical analyses were carried
out using Statistical Package for the Social Sciences (SPSS)
22.0 software (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Liver Dysfunction in De Novo DLBCL Patients Was
Associated with Poor Outcome and High Cytokine Levels in
the Serum. Transaminase activities, γ-GT, and ALP were
measured before chemotherapy in 363 de novo DLBCL
patients. Liver injury was observed in 87 patients. The
median values of ALT, AST, γ-GT, and ALP for those
patients with liver dysfunction were 41.0 IU/L (range 10.0
to 577.0), 45.0 IU/L (range 7.0 to 678.0), 65.5 IU/L (range
1.0 to 707.0), and 89.0 IU/L (range 21.0 to 1013.0), respec-
tively, significantly higher than those for the 276 patients
without liver dysfunction (p < 0 001, Table 1). Patients with
liver dysfunction had no relationship with HBV replication
or lymphomatous hepatic infiltration but were significantly
associated with advanced Ann Arbor stage (p < 0 001), poor
performance status (p < 0 001), increased LDH level (p <
0 001), high IPI score (p < 0 001), presence of B symptoms
(p = 0 002), and low CR rate (p = 0 004, Table 1). Since cyto-
kines in the serum had been reported to be associated with
liver inflammation and dysfunction [5–8], patients with liver
dysfunction had significantly higher level of IL-2R, IL-6, IL-
10, and TNF-α in the serum, when compared with those
without liver dysfunction (p < 0 001, Table 1).

3.2. Liver Dysfunction Was Associated with Poor Outcome
and High Serum Cytokine Levels in Matched Case-Control
Analysis in DLBCL. To avoid the unfavorable impact of
advanced disease stage and high IPI score on the outcome
of the patients, 87 of 276 patients without liver dysfunction
were selected as case controls using 1 : 1 matching on pro-
pensity scores for sex, age, IPI score, and lymphomatous
hepatic infiltration, with a caliber of 0.10. Clinical charac-
teristics of the 174 patients selected by propensity score
matching are shown in Supplement Table 1S available online
at https://doi.org/10.1155/2017/7960907. After matching,
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elevated LDH level was still observed in patients with liver
dysfunction (Table 1S).

With a median follow-up of 11.7 months in both groups,
patients in the liver dysfunction group showed significantly
poorer outcomes than those in the matched control group
(liver dysfunction group: 2-year PFS 58.5% and 2-year OS
65.2%; matched control group: 2-year PFS 74.0% and 2-
year OS 84.9%, p = 0 019 and 0.001, resp.; Figure 1(a)).

In subgroup analysis according to IPI score, in patients
with IPI score 0–2, no significant difference was found for
PFS or OS between the matched control group and liver dys-
function group (p = 0 657 and p = 0 156, resp.; Figure 1(b)).
However, in patients with IPI score 3–5, patients in the
liver dysfunction group showed significantly shorter PFS
and OS when compared with those in the matched control
group (p < 0 001 and p = 0 002, resp.; Figure 1(c)). Of
note, patients in the liver dysfunction group retained sig-
nificantly higher levels of serum cytokines IL-2R, IL-6,

IL-10, and TNF-α, compared with those in the matched con-
trol group (p = 0 003, p = 0 022, p = 0 045, and p < 0 001,
resp.; Figure 2 and Table 1S) and healthy volunteers
(all p < 0 001; Figure 2). Interestingly, patients in the
matched control group, compared with healthy volunteers,
also showed significantly higher serum levels of IL-2R,
IL-6, IL-10, and TNF-α (p < 0 001, p < 0 001, p = 0 015, and
p < 0 001, resp.; Figure 2).

3.3. Liver Dysfunction Was an Independent Adverse
Prognostic Factor by Univariate and Multivariate Analyses
in DLBCL. As shown in Table 2, in univariate analysis,
decreased OS and PFS rates correlated with high IPI score
(both p < 0 001), advanced Ann Arbor stage (both p < 0 001),
poor performance status (both p < 0 001), and elevated
LDH level (both p < 0 001) as well as cytokines IL-2R (both
p < 0 001), IL-6 (p < 0 001 and p = 0 004, resp.), IL-10 (both
p < 0 001), and TNF-α (p = 0 003 and p = 0 005, resp.).

Table 1: Clinical characteristics of DLBCL patients (n = 363).

Characteristics Liver dysfunction group, n (%) Normal liver function group, n (%) p value

Average age (years) 56.7 55.8 0.760

Age (years)> 60 35 (40%) 140 (51%) 0.088

Sex (male) 56 (64%) 156 (57%) 0.195

IPI score <0.001
Low 26 (30%) 147 (53%)

Low-intermediate 17 (20%) 54 (19%)

High-intermediate 20 (23%) 43 (16%)

High 24 (27%) 32 (12%)

Ann Arbor stages III-IV 57 (66%) 104 (38%) <0.001
Number of extranodal sites≥ 2 35 (40%) 90 (33%) 0.192

Lymphomatous hepatic infiltration 7 (8%) 9 (3%) 0.058

LDH> normal 60 (69%) 94 (34%) <0.001
Performance status (ECOG)≥ 2 25 (29%) 27 (10%) <0.001
Presence of B symptoms 33 (38%) 59 (21%) 0.002

HBV-DNA positive 5 (6%) 8 (3%) 0.213

Hepatitis C virus 1 (1%) 4 (1%) 0.655

Liver enzyme (median values [range], IU/L)

ALT 41.0 (10.0–577.0) 16.5 (1.0–59.0) <0.001
AST 45.0 (7.0–678.0) 19.0 (9.0–39.0) <0.001
γ-GT 65.5 (1.0–707.0) 18.0 (1.0–64.0) <0.001
ALP 89.0 (21.0–1013.0) 69.0 (39.0–122.0) <0.001

Serum cytokines (median values [range])

IL-2R (U/mL) 1894.5 (232.0–7500.0) 615.5 (52.1–7500.0) <0.001
IL-6 (pg/mL) 8.9 (2.0–194.0) 3.6 (2.0–69.1) <0.001
IL-8 (pg/mL) 43.7 (6.6–3533.0) 54.0 (5.0–2849.0) 0.207

IL-10 (pg/mL) 7.1 (5.0–1000.0) 5.0 (4.0–1000.0) <0.001
TNF-α (pg/mL) 19.2 (4.0–275.0) 9.5 (4.0–151.0) <0.001

Treatment <0.001
R-CHOP 75 (86%) 265 (96%)

CHOP 4 (5%) 11 (4%)

Supportive care 8 (9%) 0 (0%)

CR (%) 70.0 85.8 0.004
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Importantly, liver dysfunction was strongly associated
with shorter PFS and OS (both p < 0 001). Multiple
extranodal involvement was of prognostic value only
for PFS (p = 0 019), and the presence of B symptoms
was of prognostic value only for OS (p = 0 036).

In multivariate analysis, after incorporating all variables
that were significant in univariate analysis, elevated ALT,
AST, γ-GT, or ALP levels (OR=1.815, 95% CI 1.075–3.064,
p = 0 026); advanced Ann Arbor stage (OR=4.013, 95% CI
2.073–7.769, p < 0 001), elevated LDH level (OR=2.460,
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Figure 1: Progression-free survival (PFS) and overall survival (OS) curves based on pretreatment liver function in (a) 174 patients selected by
propensity score matching, (b) International Prognostic Index (IPI) low- (L-) and low-intermediate- (L-I-) risk patients, and (c) IPI high-
intermediate- (H-I-) and high- (H-) risk patients.
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95% CI 1.350–4.482, p = 0 003); and IL-6 (OR=2.460, 95%
CI 1.142–5.299, p = 0 022) predicted shorter PFS. Similarly,
liver dysfunction (OR=3.352, 95% CI 1.730–6.496, p <
0 001), advanced Ann Arbor stage (OR=3.194, 95% CI
1.435–7.110, p = 0 004), and elevated LDH level
(OR=4.404, 95% CI 1.871–10.366, p < 0 001) retained their
independent prognostic impact on shorter OS (Table 3).

3.4. The New Prognostic Model Liver-IPI Was Developed in
Our DLBCL Cohort. Since liver dysfunction is an indepen-
dent prognostic factor for both PFS and OS, it was combined
with the IPI to design a new prognostic model, named as the
liver-IPI. In the liver-IPI model, elevation of ALT, AST, γ-
GT, or ALP was scored as 1 point, combined with IPI 5 scores
to reach a total score of 6. Three risk groups were formed:
low-risk (0-1 scores), intermediate-risk (2-3 scores), and
high-risk (4–6 scores). The liver-IPI showed better stratifi-
cation of patients than either the IPI or the R-IPI in OS

and PFS, since significant differences were found between
low- and intermediate-risk groups (PFS (p < 0 001) and
OS (p = 0 016); Figure 3(c)), as well as in intermediate-
versus high-risk groups (p < 0 001 for both PFS and OS;
Figure 3(c)). However, according to the IPI, no significant
difference of OS and PFS was found between the low-
intermediate-risk group and high-intermediate-risk group
(p = 0 251 and p = 0 443, resp.; Figure 3(a)). Similarly, no
difference of PFS was found between high-intermediate-
and high-risk groups (p = 0 058; Figure 3(a)). For the R-
IPI, there was no statistic difference of OS between the
very good and good groups (p = 0 114; Figure 3(b)).

4. Discussion

To our knowledge, this is the first report showing that
pretreatment liver dysfunction was associated with poor
prognosis in patients with DLBCL. Elevated serum
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Figure 2: Serum interleukin- (IL-) 2 receptor (IL-2R), IL-6, IL-10, and tumor necrosis factor- (TNF-) α levels in the liver dysfunction group,
matched control group, and healthy volunteers.
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transaminase activities, γ-GT, and ALP were significantly
associated with extended lymphoma disease (advanced
Ann Arbor stage, elevated LDH level) and alteration of
the host status (poor performance status and presence of
B symptoms). Meanwhile, it is also revealed that impaired
liver function is not directly caused by HBV replication or
lymphomatous hepatic infiltration. Of note, in the liver
dysfunction group, significant poor treatment outcome
with shorter PFS and OS was observed, particularly in
those patients of high-intermediate and high risk.

Furthermore, in multivariate Cox regression analysis,
pretreatment liver function impairment was an independent

unfavorable prognostic factor, which fully demonstrated the
prognostic value of liver injury on DLBCL. Therefore, a
new prognostic model based on liver function and IPI score,
liver-IPI, was designed. The liver-IPI showed a better
stratification of different outcomes in patients than the
IPI and R-IPI.

In the liver dysfunction group, patients had significantly
higher level of IL-2R, IL-6, IL-10, and TNF-α, when com-
pared with those in the normal liver function group. Accu-
mulating data has shown that an imbalance in cytokine
production is critically involved in the development of liver
damage in a variety of liver diseases. TNF-α, a central reg-
ulator of inflammatory and immune responses, is secreted
by activated monocytes, macrophages, and T lymphocytes
[21, 22]. Increased TNF-α production not only contributes
to chronic alcoholic liver injury [23] but also influences
the nonalcoholic fatty liver disease process [7]. Soluble
IL-2R (sIL-2R) is the soluble form of IL-2R, which is
expressed on the cell membrane of lymphocytes and plays
an important role in their activation and proliferation
[24]. It is released from activated T-cells mainly due to
the cleavage by proteinase matrix metalloproteinase-9 pro-
duced by inflammation-related cells [25]. The level of sIL-
2R reflects the extent of inflammation [26] and correlate
with fibrosis stages in patients with chronic HBV infection
[5]. Increased IL-6 and IL-10, two major inflammatory
cytokines, are reported in ethanol-induced hepatocellular
damage and concanavalin A-induced liver injury [27]. In
vivo, cytokines usually form a network to augment the
inflammation and liver impairment. As a mechanism of
action, following the induction of IL-6, IL-8, and IL-10
secretion, TNF-α could activate the nuclear factor-kappa
B pathway and enhance the adhesion molecule expression,
which in turn results in adherence of neutrophils and
monocytes to the endothelium. Accumulation and activa-
tion of inflammatory cells further generate ROS and NO
and induce liver damage [8, 28–31]. These mechanisms
partially explained the phenomena that pretreatment liver
injury was associated with high level of cytokines and poor
outcome of patients, without being related to the HBV
replication and lymphomatous hepatic infiltration.

Univariate analysis revealed that elevated serum cyto-
kines IL-2R, IL-6, IL-10, and TNF-α correlated with the
decreased OS and PFS rate. Accumulating researches have
pointed out that in lymphoma patients, TNF-α accumulation
is associated with lymphoma progression [32] and serum
sIL-2R is a predictor of poor outcome in DLBCL patients
[13, 33]. IL-6 and IL-10 belong to T-helper type 2 cell cyto-
kines, contributing to inhibition of host’s immune system
and induction of tumor progression [34, 35]. Several studies
showed that increased levels of serum IL-6 and IL-10 indi-
cated a poor therapeutic response rate and short survival
time in DLBCL [11, 12, 36–38].

5. Conclusion

Pretreatment liver injury was an independent poor prognos-
tic factor in newly diagnosed DLBCL patients, correlating
with increased serum levels of liver dysfunction-associated

Table 2: Univariate analyses on PFS and OS in DLBCL patients
(n = 363).

Variates
2-year PFS
rate (%)

p value
for PFS

2-year OS
rate (%)

p value
for OS

IPI score <0.001 <0.001
Low 91.6 94.9

Low-intermediate 68.1 85.0

High-intermediate 61.7 72.1

High 40.7 50.7

Ann Arbor stage <0.001 <0.001
I-II 90.9 93.9

III-IV 54.3 68.3

Number of extranodal sites 0.019 0.176

≤1 80.0 85.6

≥2 62.9 75.6

Performance status (ECOG) <0.001 <0.001
≤1 77.8 86.3

≥2 54.2 60.0

LDH <0.001 <0.001
Normal 87.7 94.4

>Normal 55.0 65.1

Liver enzyme <0.001 <0.001
Normal 79.8 88.0

>Normal 59.5 65.2

IL-2R <0.001 <0.001
Normal 90.9 95.1

>Normal 63.2 74.9

IL-6 <0.001 0.004

Normal 88.2 91.1

>Normal 69.2 80.1

IL-10 <0.001 <0.001
Normal 80.7 87.9

>Normal 64.0 74.5

TNF-α 0.003 0.005

Normal 88.0 96.5

>Normal 68.8 76.9

B symptoms 0.065 0.036

Present 78.0 85.8

Absent 63.9 72.1
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Figure 3: Progression-free survival (PFS) and overall survival (OS) curves according to (a) the International Prognostic Index (IPI), (b) the
revised IPI (R-IPI), and (c) the liver-IPI (L-IPI). Four risk groups for IPI score: low- (L-), low-intermediate- (L-I-), high-intermediate- (H-I-),
and high- (H-) risk groups. Three risk groups for L-IPI score: low- (L-), intermediate- (I-), and high- (H-) risk groups.

Table 3: Multivariate analyses on PFS and OS in DLBCL patients (n = 363).

Variates PFS 95% CI p value OS 95% CI p value

Liver dysfunction 1.815 1.075–3.064 0.026 3.352 1.730–6.496 <0.001
Ann Arbor stages III-IV 4.013 2.073–7.769 <0.001 3.194 1.435–7.110 0.004

LDH 2.460 1.350–4.482 0.003 4.404 1.871–10.366 <0.001
IL-6 2.460 1.142–5.299 0.022
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cytokines IL-2R, IL-6, IL-10, and TNF-α. In addition, liver-
IPI, based on liver function and IPI score, had a satisfactory
prognostic value in the risk stratification of DLBCL.
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Liver regeneration is a highly organized tissue regrowth process and is the most important reaction of the liver to injury. The overall
process of liver regeneration includes three phases: priming stage, proliferative phase, and termination phase. The initial step aims
to induce hepatocytes to be sensitive to growth factors with the aid of some cytokines, including TNF-α and IL-6. The proliferation
phase promotes hepatocytes to re-enter G1 with the stimulation of growth factors. While during the termination stage, hepatocytes
will discontinue to proliferate to maintain normal liver mass and function. Except for cytokine- and growth factor-mediated
pathways involved in regulating liver regeneration, new substances and technologies emerge to influence the regenerative
process. Here, we reviewed novel and important signaling molecules involved in the process of liver regeneration to provide a
cue for further research.

1. Introduction

The liver, composed of parenchymal cells—hepatocytes—and
nonparenchymal cells including endothelial cells, Kupffer
cells, lymphocytes, and stellate cells, has a unique capacity
to precisely regulate its growth and mass, which is partic-
ularly remarkable since hepatocytes are stable cells and
rarely divide in the normal state, as they are quiescent in
the G0 phase of the cell cycle [1]. However, their proliferative
capacity is initiated in the case of liver tissue loss. There are
two different regenerative models. Partial hepatectomy (two-
thirds of the liver is removed) initiates a unique response,
during which the remaining diploid hepatocytes enter into
the cell cycle to compensate for the loss of liver tissue, tak-
ing about a week [2]. Another pattern of the regenerative
model is established by insult, such as toxins and viral
infection, during which all hepatocytes are hurt and oval cells
are considered as potent stem cells to differentiate into
hepatocytes and biliary cells. Both of the two patterns of
liver regeneration will be involved in the review.

Findings of past several decades have revealed that liver
regeneration is a complex network regulated by various
growth factors and cytokines expressed at the site of injury
or migrated to the liver via the circulatory system. To sum

it up, the regenerative process includes three critical steps
[3]: firstly, quiescent hepatocytes convert from G0 to G1
of the cell cycle when faced with multiple stimulations
(the priming phase); secondly, with the help of mitogens,
hepatocytes progress beyond the restriction point to the
G1 phase and then the mitosis (the proliferation phase);
and then the last, cells terminate proliferation under the
control of negative factors (the termination phase), such
as transforming growth factor beta (TGF-β) and activin
(Figure 1). In these three phases, various cytokines or
growth factors exhibit a pivotal role through cell signaling
pathways of multiple biological effects. Here, we endeavor
to summarize some classical and novel signaling molecules
participating in the process.

2. The Priming Phase: The Primary Molecules
Tumor Necrosis Factor-α (TNF-α) and IL-6

Inflammation is a complex biological response and is char-
acterized by recruitment, proliferation, and activation of a
series of inflammatory cells and immune cells, and it aims
to alleviate infections, eliminate damaged cells, and initiate
tissue repair and regeneration [4]. Inflammation goes

Hindawi
Mediators of Inflammation
Volume 2017, Article ID 4256352, 9 pages
https://doi.org/10.1155/2017/4256352

https://doi.org/10.1155/2017/4256352


through the whole process of liver damage and promotes
regeneration of the injured liver. Inflammation-induced
regeneration primarily is triggered by cytokines and growth
factors released from inflammatory cells. The most widely
studied proinflammatory cytokines are TNF-α and IL-6.

Kupffer cells are known to produce a group of cytokines
and immunomodulating mediators that have stimulatory
and inhibitory effects on hepatic injury. Hepatic macro-
phages are the main source of TNF-α and IL-6 through the
NF-κB signaling pathway triggered either by Gut-derived
factor lipopolysaccharide (LPS)/Toll-like receptor4 (TLR4)
signaling or by C3a and C5a, components of the complement
system (Figure 2). They prime hepatocytes to re-enter into
the cell cycle in the first stage. Loss of either TNF-α or IL-6
could delay liver regeneration [5]. TLR4 recognizes its ligand
LPS and then recruits and activates myeloid differentiation
factor 88 (MyD88), triggering signal transduction down-
stream to promote the release of proinflammatory factors.
In the view of C3 and C5, part of innate immune response
which works in the process of liver injury to fight with multi-
ple pathogens, they exert their effects on hepatocyte prolifer-
ation by activation of the bioactive peptides C3a and C5a with
the stimulation of LPS [6] (Figure 2). C3a not only mediates
signals to the downstream C5a but also affects hepatocyte
proliferation in a C5-independent fashion [7]. Mice deficient
of either C3 or C5 showed impaired liver regeneration [8]. A
complement inhibitor, CR2-CD59, targeting the site of com-
plement activation and specially inhibiting the membrane
attack complex (MAC), was used to study the complement-
dependent balance between liver damage and regeneration
and the results showed that CR2-CD59 not only has no effect
on the production of C3a and C5a but enhances liver regen-
eration and remarkably improves the long-term survival,
partly because of the increased level of hepatic TNF-α and
IL-6 via STAT3 and Akt activation [6].

IL-6 is a pleiotropic cytokine and is secreted during
inflammatory conditions upon LPS stimulation in a TNF-
α-dependent/-independent manner (Figure 2). In response
to liver injury, IL-6 mediates the acute-phase response and
induces both cytoprotective and mitogenic functions. IL-6-

induced signaling pathways are critical to the early onset as
well as the progression and maintenance of the regenerative
process [9]. Conventionally, IL-6 binds to the interleukin-6
receptor (IL-6R) and the IL-6/IL-6R complex initiates a cor-
eceptor, glycoprotein (gp) 130, leading to JAk/STAT, MAPK,
and PI3K/AKT activation [10]. STAT3 is able to upregulate
the expression of suppressors of cytokine signaling (SOCS),
an important negative regulator of cytokine signaling, lead-
ing to the downregulation of gp130 signals [10, 11]. Surpris-
ingly, either IL-6 or IL-6R alone has no affinity to gp130 and
only when the IL-6/IL-6R complex is formed, interaction
with gp130 would occur.

Although gp130 is present in almost all cells, IL-6R is
only expressed in limited cell types, for example, hepatocyte;
thus, it seems that the effect of IL-6 is restricted to these cells.
However, a soluble form of IL-6R (sIL-6R) was found and
could still bind IL-6 to trigger intracellular signals, being
called IL-6 trans-signaling [12]. SIL-6R is mostly generated
by the proteolytic cleavage of membrane-bound receptor or
by alternative splicing of the transmembrane domain coding
exon [13]. The event of IL-6 trans-signaling not only could
occur on cells short of IL-6R but also affects hepatocytes
expressing IL-6R to prolong STAT3 phosphorylation and
enhances the effect of IL-6 in liver regeneration [14, 15].
Blockade of IL-6 trans-signaling would deteriorate CCL4-
induced liver damage [16]. It has been speculated that sIL-
6R and sgp130, a soluble form of gp130, may constitute a
buffer in the blood and once secreted, IL-6 will bind sIL-6R
and then the complex IL-6/sIL-6R will bind sgp130 with a
high affinity. Only when the concentration of IL-6 is very
high, exceeding the level of sIL-6R, IL-6 could bind to
membrane-bound IL-6R [17].

Of note, researches recently found that gp130, indepen-
dent of the gp130 effector STAT3, initiates the activation of
YAP and Notch, controlling the tissue growth and regenera-
tion in intestinal epithelial cells upon mucosal injury [18].
Besides, YAP overexpression has been found in several solid
tumors and elevated YAP levels contribute to tumor growth.
YAP-mediated induction of Jag-1 was able to activate Notch
signaling in HCC and mouse hepatocytes [19]. The role of
this novel signaling in liver injury, repair, and regeneration
remains to be charted.

3. The Proliferation Phase: Complete Mitogens
and Auxiliary Mitogens

The proliferation phase, also called the second phase or pro-
gression phase, converts cells from G1 phase to mitosis. The
molecules involved in the second phase were mainly sepa-
rated into two groups, that is, complete mitogens and auxil-
iary mitogens [20] (Table 1). The former refers to these
factors mitogenic in both primary-cultured hepatocytes
and in animal experiments, including hepatocyte growth
factor (HGF), transforming growth factor- (TGF-) α, epider-
mal growth factor (EGF), heparin-binding-EGF (HB-EGF),
and their common receptor EGFR. They could activate sec-
ondary or delayed gene responses to stimulate DNA synthe-
sis and cell proliferation. The latter, although they are not
mitogenic in hepatocytes, may contribute to the regenerative
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Figure 1: The outline of liver regeneration process.
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process partially by magnifying or accelerating the effects of
complete mitogens.

3.1. Complete Mitogens. Complete mitogens exhibit direct
hepatotrophic effects, which is defined that they could lead
DNA synthesis in serum-free media in vitro and cause liver
enlargement when injected in vivo. HGF and ligands of
EGFR, including EGF, TGF-α, and HB-EGF, acting as the
major complete mitogens for hepatocytes, could provoke
hepatocyte proliferation mainly through the Ras-MAPK sig-
naling and PI3K/AKT signaling pathway by binding to corre-
sponding receptors, c-met and EGFR [21, 22] (Figure 3).
Based on the research conducted by Huh et al. [23], mice
knockout of the c-met gene showed hypersensitivity to
Fas-mediated apoptosis and may retard the development of
the liver after injury. The similar condition was also observed
when EGFR was suppressed by silencing RNAs [24].

3.2. Auxiliary Mitogens. Auxiliary mitogens, such as bile
acids (BAs) [25], norepinephrine (NE) [26], endothelial
growth factor (VEGF) [27], insulin-like growth factor sys-
tem (IGF system) [28], estrogen [29], and serotonin [30]
(Table 1), although not mitogenic in cultured hepatocytes,
may delay liver regeneration in their absence.

Blood platelets, not just functioning in the hematologic
system, actually fulfill a wider role in health and diseases
[42]. Platelets may be part of the innate immune system
and also fight with infection, including bacteria, viruses,
and microorganisms. Mediators provided by platelets not
only recruit leukocytes to the site of vascular injury and
inflammation but also aid in tissue repair and regeneration.
Being recruited to the sinusoids after PHx and releasing mol-
ecules, such as HGF, VEGF, insulin-like growth factor-1
(IGF-1), and serotonin, platelets are described as a positive

factor involved in liver regeneration [43]. Patients suffering
from 70% PHx would improve the regenerative capacity
of the liver if provided with plasma rich in platelets
[44]. Conversely, administration of antiplatelet antibodies
would depress liver regeneration [45]. However, it does not
mean that administration of platelet concentrates and
thrombopoietin receptor agonists could be widely used on
clinical operations to support liver regeneration and alleviate
outcomes of patients with liver failure or small-for-size syn-
drome owing to the severely undesirable side effects brought
by the strategy, for example, venous or portal vein thrombo-
sis, or even fatal transfusion-related acute lung injury [46].
Thus, more works are needed to ascertain its beneficial effects
and to minimize potential side effects at the same time.

3.3. Wnt Proteins. Wnt ligands are secreted glycoproteins
and are produced primarily by hepatic nonparenchymal cell
compartment, especially Kupffer cells and endothelial cells
[47]. They are beneficial and necessary for liver regeneration.
Wnts may activate the chief downstream effector, β-catenin,
and initiate the classic wnt/β-catenin signaling cascade and
finally express target genes, such as c-myc and cyclinD1
[48]. Other than wnt proteins, β-catenin can also be stimu-
lated through a non-wnt fashion, that is, wnt-independent
signaling. β-Catenin forms the bridge between the cytoplas-
mic tail of E-cadherin and actin cytoskeleton, through which
β-catenin may act as a mediator of tyrosine kinase signaling
[49]. At the membrane, β-catenin could be phosphorylated
at tyrosine residues 654 and 670 by different kinases
including c-met, EGFR, and others [50], which induce
the dissociation of β-catenin from E-cadherin, and subse-
quently, β-catenin translocates to the nucleus to control the
expression of target genes (Figure 3). Although both classic
wnt/β-catenin signaling and wnt-independent signaling are
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Figure 2: The production of TNF-α and IL-6 in Kupffer cell through NF-κB signaling in the early phase of liver regeneration.
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advantageous to the regenerative process, the positive role
of the former is more remarkable. When knocked out of
LRP5/6, coreceptor of wnt proteins, mice showed impaired
classic wnt/β-catenin signaling and retarded regenerative
process after PHx despite that the non-wnt pathways
remained intact [51].

3.4. Exosomes. Other than hormones, cytokines, and growth
factors contributing to liver regeneration, exosomes are
found to improve the regenerative process as well. Exosomes
are membrane-enclosed nanovesicles possessing a variety
of physiological properties and function as important vesicles
involved in intercellular communication [52]. Exosomes are
released by several types of cells and carry active signals
to target cell within adjacent and remote areas. Recently,
exosomes derived from hepatocytes were reported to
improve liver regeneration owing to the production of
intracellular sphingosine-1-phosphate (S1P) [53]. S1P is
indispensable for hepatocyte exosome-induced proliferation.
Only hepatocyte-derived exosomes, not other liver cells,

contain neutral ceramidase and sphingosine kinase 2 (SK2)
required for S1P synthesis. Exosomes fuse with and deliver
synthetic machinery to target hepatocyte. And within the
target hepatocyte, sphingosine-1-phosphate (S1P) is pro-
duced to promote cell proliferation. Besides, the number of
hepatocyte-derived exosomes increased after liver injury.
Similarly, MSC-derived exosomes exert hepatoprotective
effects and relieve drug-induced liver injury through activa-
tion of proliferative and regenerative responses [54], under-
lining the tremendous potential of the exosome-based
therapies for liver disease.

4. Termination of Liver Regeneration

When the normal liver mass/body mass ratio of 2.5% has
been restored, liver regeneration would be terminated. How-
ever, mechanisms of controlling the hepatocyte apoptosis to
correct an overshooting of regenerative response have not
been well investigated. Thus far, the most well-known

Table 1: Common complete and auxiliary mitogens.

Factor Origin Target

Complete mitogens

HGF Mainly stellate cells
HGF directly regulates hepatocyte DNA synthesis and cell proliferation

by blinding to its receptor c-met.

EGF
Brunner’s gland
in the duodenum

They provoke hepatocyte proliferation mainly through the Ras-MAPK
signaling pathway by binding to their identical receptor and may

compensate for each other to some degree in the process.TGF-α Hepatocytes

Auxiliary mitogens

Bile acids
Hepatocytes and
cholangicytes

Appropriate concentration of BAs may promote liver regeneration
mainly via farnesoid X receptor (FXR) signaling pathways to stimulate
the expression of FoxM1b, a key regulator of cell cycle, to participate

in cells proliferation [31].

NE Nerve system

NE may amplify the effect of EGF and HGF by acting on the α1-adrenergic
receptor associated with Gαh, a G protein [32, 33], and besides, it could
induced the expression of Smad7 to abolish activin A-induced growth

inhibition of hepatocyte by activation of NF-κB [34].

VEGF Hepatocytes
VEGF family, particularly VEGF-A, is strongly upregulated in hepatocytes
during the regenerative process and may facilitate proliferation of sinusoidal

endothelial cells and hepatocytes 48 h following PHx [35].

Insulin Pancreatic islets

Insulin could contribute to liver regeneration despite not being a primary
mitogen and its proliferative effect mainly mediated through insulin

receptors (IRs) that shift to nucleus to activate inositol 1,4,5,-trisphosphate-
(InsP3-) dependent Ca2+ signaling pathways [36].

IGF-1 Liver

IGF-I works as a booster to liver regeneration by upregulation of
HGF and downregulation of transforming growth factor beta
1(TGF-β1), a repressor of proliferation, and decreased level of

IGF-I could impair the regenerative process [37].

Estrogen
Reproductive

system

Estrogen has been shown to promote hepatocyte proliferation mainly
through estrogen receptor alpha (ERα) [38]. Moreover, the estrogen level
could be influenced by IL-6 and there may be crosstalk between estrogen

signaling and IL-6 signaling pathways [39].

Serotonin
(5-hydroxytryptamine, 5HT)

Enterochromaffin
cells

Serotonin, via HT receptor 2 (HTR2), has been reported to contribute to liver
regeneration [40]. And it was found that liver regeneration would be arrested

when ketanserin was administrated to block 5-HT2, a subtype of 5-HT,
approximately at the G1/S transition point [41].
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antiproliferative factors are transforming growth factor beta
(TGF-β) and related TGF-β family members [55].

4.1. TGF-β-Mediated Pathways. TGF-β, especially TGF-β1,
puts a brake on liver regeneration and works as an inducer
of cell apoptosis in vitro and in vivo, being active in G1 phase
of the cell cycle [56]. TGF-β1 exerts its function mainly
through binding to its receptors type I receptor (TβRI) and
type II receptor (TβRII) to encode related protein expression.
Whereas, researchers recently have proved the lack of TGF-β
gene upregulation in the termination stage and concluded
that intact signaling by TGF-β may not be required for
the termination phase of liver regeneration [57]. They also
found that some genes were upregulated in the termina-
tion regulation and may have potential negative effect on
the cell cycle and promotion of cell apoptosis, such as
the zinc finger protein gene (ZNF490) and caspase recruit-
ment domain-containing protein 11 (CARD11) gene.
Therefore, more details are needed to verify and elucidate
molecules that participated in the termination phase and
the signaling they involved.

Apart from liver cells, TGF-β1 is also synthesized in
extrahepatic tissues, including platelet and the spleen
[58, 59]. The spleen, known as an immune organ, would
secret TGF-β1 to end the liver regeneration. Splenectomy
significantly increased the number of proliferating cells
48 h after PHx [60]. Recently, the spleen was proved to
not only increase TGF-β1and its receptor TβRII but also
downregulate HGF and its receptor c-met to exhibit

growth inhibitory effects on cell proliferation, indicating
that the spleen could remotely influence and regulate liver
regeneration [59].

4.2. Other Relevant TGF-β Family Members. Other TGF-β
family members, primarily activins and bone morphogenetic
proteins (BMPs), were revealed to be implicated in numerous
biological processes, including liver regeneration. Activin A,
an activin subtype, is increased by 12h in response to partial
hepatectomy and considered as a negative regulator of liver
regeneration and induces hepatocyte growth arrest and apo-
ptosis in vitro and in vivo [61, 62]. Administration of the
activin A antagonist follistatin enhanced DNA synthesis
and prolonged hepatocyte proliferation [63]. Apart from
the inhibitory effect on DNA synthesis, activin A also signif-
icantly affects the production of fibronectin, component of
extracellular matrix (ECM) which is essential for liver regen-
eration [64]. With regard to BMP, unlike TGF-β1 and activin
A, it is quite complicated. Major BMPs bind to their receptors
mainly to phosphorylate Smad1/5/8 rather than Smad2/3 to
exert repressive effects on liver regeneration [65]. However,
different subunits of BMPs exhibit different or even reverse
effects, for example, BMP7 that promotes hepatocyte prolif-
eration, whereas BMP4 represses proliferation in the hepa-
toma cell line Huh7 [66]. One main possible reason may be
that BMP7 and BMP4 act through pathways of opposite
effects [67]. Thus, the accurate functions of other BMPs in
the liver regeneration process remain to be undetermined.
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5. The Future Perspectives in the Fields of
Liver Regeneration

In spite of having been investigated for so many years, the
actual mechanisms of liver regeneration are still obscure and
far from practical application to solve clinical liver disease.
However, the embarrassing situation is greatly improved
by the appearance of new-fashioned technologies—cell
transplantation therapy and liver bioengineering—aimed at
alleviating the dilemma caused by insufficient liver regenera-
tion or shortage of liver donors, and they are becoming
hotspots in the research field. Cell transplantation, mainly
referring to stem cells or progenitor cells, has been exten-
sively studied on liver regeneration owing to the potential
of differentiation into hepatocytes [68]. Studies have demon-
strated that mesenchymal stem cells (MSC) [69], fetal
progenitor cell [70], and embryonic stem cells [71] could
improve liver injury to some extent. However, the source of
transplanted cells and the livability and immune rejection
after being transplanted may limit the application of cell
therapy on clinical operations. Whereas, liver bioengineer-
ing, namely, three-dimensional matrix liver scaffolds, was
first reported in 2010 and it includes two parts: decellulariza-
tion and recellularization [72]. A decellularized liver scaffold
(DLS) is characterized by retaining intact vasculature system
and a fine web of matrix, providing necessary environment
similar to a normal liver for cells to grow, proliferate, and
differentiate [73]. After that, the DLS would be repopulated
with functional human cells, mainly autologous liver pro-
genitor cells. Furthermore, perfusion of the recellularized
liver scaffold with positive molecules for cell regeneration
or differentiation, for example, granulocyte colony stimulat-
ing factor (G-CSF), may facilitate liver regeneration [74].
Taken together, cell therapy, along with liver bioengineering,
may be a new path for liver regeneration development.

6. Conclusions

Despite having been studied for so many years, the passion
and energy for liver regeneration never fade out, since the
demands for it is urgent from the past till now because of
liver transplantation or liver failure or other end-stage liver
diseases. It is a multifactor and multipath network, and the
exact mechanisms are incompletely understood. Although
the appearance of the new technologies opens our thoughts
and horizons and, together with the previous results of
researches, may drive us closer to clinical application, we still
have a long way to go as we always operated studies on ani-
mals and the conclusions we deduced could not be applied
to human directly because of species differences.
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Alcoholic liver disease (ALD) is a leading cause of liver-related morbidity and mortality worldwide. There is no effective treatment
to prevent the disease progression. Magnesium isoglycyrrhizinate (MgIG) showed potent anti-inflammatory, antioxidant, and
hepatoprotective activities and was used for treating liver diseases in Asia. In this study, we examined whether MgIG could
protect mice against alcohol-induced liver injury. The newly developed chronic plus binge ethanol feeding model was used to
study the role of MgIG in ALD. Serum liver enzyme levels, H&E staining, immunohistochemical staining, flow cytometric
analysis, and real-time PCR were used to evaluate the liver injury and inflammation. We showed that MgIG markedly
ameliorated chronic plus binge ethanol feeding liver injury, as shown by decreased serum alanine transaminase and aspartate
aminotransferase levels and reduced neutrophil infiltration. The reason may be attributed to the reduced expression of
proinflammatory cytokines and chemokines with the treatment of MgIG. The hepatoprotective effect of MgIG was associated
with suppression of neutrophil ROS production as well as hepatocellular oxidative stress. MgIG may play a critical role in
protecting against chronic plus binge ethanol feeding-induced liver injury by regulating neutrophil activity and hepatic
oxidative stress.

1. Introduction

The prevalence of chronic alcohol consumption has
increased in the last decades in the Western world as well
as in Asian countries [1]. According to the WHO report in
2011, chronic alcohol consumption resulted in approxi-
mately 2.5 million deaths each year. Among these alcoholics,
almost 20% of them developed alcoholic liver disease (ALD),
which was still a leading cause of liver-related morbidity and
mortality worldwide. The pathogenesis of ALD was a com-
plex process in both parenchymal and nonparenchymal cells
and other cell types recruited into the liver in response to
liver damage and inflammation. Hepatocytes were damaged
by increased ethanol via generation of reactive oxygen species
(ROS), endoplasmic reticulum (ER) stress, and mitochon-
drial dysfunction [2]. The damaged hepatocytes release

danger-associated molecular patterns (DAMPs), together
with pathogen-associated molecular patterns (PAMPs)
derived from gut bacteria due to the increased permeability
by ethanol, triggered liver inflammation, and recruited neu-
trophils into the liver [2, 3]. The accumulation of neutrophils
in the liver promoted further hepatocellular injury and
inflammation which was believed to be critical in the devel-
opment of ALD [4, 5]. The conventional treatment of ALD
such as corticosteroids or tumor necrosis factor alpha
(TNF-α) inhibitor therapy usually causes increased chance
of infections since these drugs were immune suppressive.
So, it is very important to explore novel strategies for treating
ALD [3].

Magnesium isoglycyrrhizinate (MgIG), a magnesium salt
of 18α-glycyrrhizic acid stereoisomer of glycyrrhizic acid, is
clinically used for the treatment of inflammatory liver
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diseases in China and Japan [6–8]. MgIG has been reported
to have strong anti-inflammatory, antioxidant, antiviral,
and hepatoprotective activities [9–11]. MgIG may inhibit
LPS-induced activation of phospholipase A2 (PLA2)/
arachidonic acid (AA) pathway. Treatment of MgIG sup-
pressed the production of AA metabolites induced by
LPS, such as prostaglandin E2 (PGE2), prostacyclin
(PGI2), thromboxane 2 (TXB2), and leukotrienes (LTB4)
in macrophages [11]. Other studies indicated that MgIG
inhibits inflammatory response through blocking STAT3
pathway activation in partial hepatectomy model and
ischemia/reperfusion liver injury model [9, 12]. MgIG also
showed hepatoprotective effects in drug-induced liver injury
[13, 14], immune-mediated liver injury [10], and fatty liver
[15]. A recent report showed that MgIG could reduce lipid
accumulation induced by ethanol in vitro [16]; however,
whether MgIG can be used for effectively treating ALD
in vivo remains unknown.

To mimic acute-on-chronic alcoholic liver injury in
patients, Bertola et al. described a novel mouse chronic plus
binge ethanol feeding model (NIAAA model) for ALD [17].
Briefly, mice were subjected by chronic ethanol feeding
(10 d ad libitum oral feeding with the Lieber-DeCarli ethanol
liquid diet) plus a single binge dose of ethanol delivered by
gavage. This model reproduced the drinking behaviors of
ALD patients with elevated serum levels of alanine amino-
transferase (ALT), steatosis, and neutrophil infiltration in
the liver and upregulated the expression of proinflammatory
cytokines. In this study, we utilized this NIAAA model to
investigate the protective effects and mechanism underlying
the effect of MgIG on ALD.

2. Materials and Methods

2.1. Materials. MgIG powder was provided by Nanjing
Zhengda Tianqing Pharmaceutical Co. Ltd., Nanjing, China.
MgIG powder was dissolved in PBS for injections.

2.2. Animals and NIAAA Model. Adult male C57BL/6 mice
weighing 20–25 g used in this study were used for ad libitum
ethanol feeding, described as the chronic plus binge alcohol
feeding [17]. Lieber-DeCarli ‘82 Shake and Pour control
liquid diet and Lieber-DeCarli ‘82 Shake and Pour ethanol
liquid diet (Bio-Serv, Frenchtown, NJ) were prepared accord-
ing to the manufacturer’s instruction. Mice were fed with
liquid control diet for 5 days and then switched either to
a liquid diet containing 5% ethanol or a control diet for
10 days. MgIG (22.5mg/kg or 45mg/kg) or PBS was admin-
istered i.p. every day during the 10-day liquid diet or 10-day
control diet. At day 11, mice were treated with MgIG or PBS;
2 hours later, all mice were gavaged with a single dose of eth-
anol (5 g/kg) or isocaloric maltodextrin. All mice were sacri-
ficed 9 hours after gavage. The experiment was carried out
with the approval of the institution animal use committee.

2.3. Histopathologic Evaluation. Liver specimens were col-
lected and fixed in 10% formalin and paraffin embedded,
then cut into 4μm slices, and stained with hematoxylin
and eosin (H&E) and immunohistochemistry for MPO,

HNE, and MDA using a rabbit ABC staining kit (Vector
Laboratories, Inc., Burlingame, CA) according to the manu-
facturer’s protocol. Primary antibodies used were listed
below: antimyeloperoxidase (MPO) (BiocareMedical, Concord,
CA), antimalonaldehyde (MDA) (Genox, Baltimore, MD),
and 4-hydroxynonenal (4-HNE) (Genox).

2.4. Biochemical Assays. Serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels were
analysed using a Catalyst Dx Chemistry Analyzer (IDEXX
Laboratories, Inc., Westbrook, ME).

2.5. Isolation of Hepatic Total Lymphocytes. The isolation of
total hepatic lymphocytes was performed as described previ-
ously [11]. In brief, mouse livers were removed and pressed
through a 70μm cell strainer. The liver cell suspension was
collected and suspended in PBS, followed by centrifugation
at 50×g for 5min. Supernatants containing total lympho-
cytes were collected. The pellets were resuspended in 40%
Percoll in PBS and centrifuged for 15min at 750×g. 3ml
ACK Lysing Buffer was added to the tubes to lyse the residual
RBCs. Then, the liver lymphocytes were washed twice with
PBS and resuspended in PBS with 1% fetal bovine serum in
PBS for flow cytometric analysis.

2.6. Flow Cytometry Analysis for Neutrophils. Liver lympho-
cytes were stained for Gr-1, CD11b, and CD62L (eBioscience,
San Diego, CA, USA). Stained cells were analyzed on Cyto-
flex flow cytometer (Beckman Coulter, Brea, CA).

2.7. Flow Cytometric Analysis of Intracellular Reactive
Oxygen Species (ROS) Production. A dihydrorhodamine 123
(DHR 123) oxidation stress assay was performed as described
previously [18]. Briefly, liver lymphocytes (1× 106) were
incubated in 1ml DMEM medium with 100μM DHR and
1000U/ml catalase in 37°C for 5 minutes, and 200 ng PMA
was added into medium and incubated for an additional 20
minutes. Cells were washed and resuspended in PBS for flow
cytometric analysis.

2.8. Real-Time Quantitative Polymerase Chain Reaction
(Real-Time PCR). Total liver RNA was extracted by using
the TRIzol reagent (Invitrogen, Carlsbad, CA), followed by
reverse transcription into cDNA using the High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA). Real-time PCR was performed using
the ABI PRISM 7500 Real-Time PCR System and SYBR
Green Master Mix (Applied Biosystems) according to the
manufacturer’s instructions. Mouse primer sequences used
are shown below:

CXCL1: Forward: TCTCCGTTACTTGGGGACAC;
Reverse: CCACACTCAAGAATGGTCGC.CXCL2: Forward:
TCCAGGTCAGTTAGCCTTGC; Reverse: CGGTCAAA
AAGTTTGCCTTG. E-Selectin: Forward: TCTATTTCCC
ACGATGCATTT; Reverse: CTGCCAAAGCCTTCAAT
CAT. IL-6: Forward: ACCAGAGGAAATTTTCAATAGGC;
Reverse: TGATGCACTTGCAGAAAACA.

TNFα: Forward: AGGGTCTGGGCCATAGAACT;
Reverse: CCACCACGCTCTTCTGTCTAC.IL-1β: Forward:
GGTCAAAGGTTTGGAAGCAG Reverse: TGTGAAATGC
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CACCTTTTGA. CD14: Forward: CAGAAGCAACAGCAA
CAAGC; Reverse: ACTGAAGCTTTTCTCGGAGC. 18s
RNA: Forward: GGCCCTGTAATTGGAATGAGTC; Reverse:
CCAAGATCCAACTACGAGCTT.

2.9. Statistical Analyses. All data are expressed as means±
SEM. Differences among groups were analyzed by one-
way analysis of variance (ANOVA), and the post hoc
Student-Newman-Keuls (SNK) method was used for multi-
ple comparisons. The p value reported was two sided, and a
value of p < 0 05 was considered statistically significant. All
analyses were performed using the SPSS software (Version
12.0, SPSS Inc., USA).

3. Results

3.1. Treatment of MgIG Protected Mice from Chronic Plus
Binge Ethanol Feeding-Induced Liver Injury and Steatosis.
To investigate the potential hepatoprotective effects of MgIG
in ALD, we used NIAAA model which can mimic major fea-
tures of early ALD patients such steatosis, liver injury, and
inflammation [17, 19]. MgIG was given to mice by i.p. injec-
tions daily at 22.5mg/kg or 45mg/kg during the course of
Lieber-DeCarli ethanol liquid diet feeding and 2 hours before
last ethanol gavage (Figure 1(a)). As shown in Figures 1(b)
and 1(c), MgIG treatment significantly attenuated the ele-
vation of serum ALT and AST levels induced by chronic
plus binge ethanol feeding in a dose-dependent manner.
It indicated that MgIG protected liver from injury caused
by ethanol. In addition, MgIG greatly improved histopath-
ological signs caused by ethanol, such as ballooning of
hepatocytes and microvesicular steatosis (Figure 1(d)).
Consistently, we observed a significant reduction of liver
triglyceride levels in MgIG-treated mice compared with
the control mice (Figure 1(e)).

3.2. Treatment of MgIG Blocked Chronic Plus Binge Ethanol
Feeding-Induced Neutrophil Infiltration and Activation in
the Liver. The presence of neutrophils in the liver paren-
chyma was a key feature of alcoholic hepatitis [5]. The
infiltration of neutrophils played critical roles in the develop-
ment of alcohol-induced liver damage [4, 20]. We analyzed
liver neutrophils in the liver by flow cytometry. Our data con-
firmed that the percentages and total number of neutrophils
greatly increased in the livers of chronic-binge-fed mice than
in pair-fed mice in a previous report [20]. The treatment of
MgIG significantly blocked the increase of both percentage
of neutrophils in the liver leucocytes (Figure 2(a)). Moreover,
the immunohistochemical staining of neutrophil marker
myeloperoxidase (MPO) also indicated a reduction of liver
neutrophils with MgIG treatment, which was consistent with
the flow cytometry data (Figure 2(b)). In addition, we com-
pared neutrophil activation marker expression by flow cyto-
metric analysis. MgIG treatments prevent the increase of
CD11b expression and the decrease of CD62L expression
(Figure 2(c)), which suggested that MgIG could inhibit the
activation of neutrophils in our chronic plus binge ethanol
feeding model.

3.3. Treatment of MgIG Prevented Inflammatory Cytokine
and Chemokine Production. To explore the mechanism on
how MgIG prevented the infiltration and activation of neu-
trophils in the liver in the chronic plus binge ethanol feeding
model, we measured several cytokines and chemokines
related to the migration and activation of neutrophils in the
liver with ALD. As shown in Figure 3, the mRNA expression
levels of proinflammatory cytokines such as IL-6, IL-1β, and
TNF-α greatly increased in the livers of chronic-binge-fed
mice than in pair-fed mice. The treatment of MgIG dose
dependently blocked the elevation of these cytokines. Simi-
larly, the increase of chemokines for neutrophil migration
CXCL1 and CXCL2 and adhesion molecule E-selectin was
also blocked by MgIG treatment. To determine whether
MgIG affected the initial response of Kupffer cells to LPS
release from gut bacterial, we checked CD14 expression
in the liver, as shown in Figure 3. CD14 expression signif-
icantly increased in chronic plus binge ethanol feeding
mice; however, MgIG did not influence the elevation of
CD14 in the liver.

3.4. MgIG Blocked Chronic Plus Binge Ethanol Feeding-
Induced Neutrophil ROS Production and Oxidative Stress in
the Liver. A recent study suggested that neutrophil-derived
ROS and oxidative stress played important roles in
alcohol-induced liver injury [18, 21]. We checked liver
neutrophil ROS production by flow cytometer. As shown in
Figures 4(a) and 4(b), the treatment of MgIG significantly
reduced the phorbol 12-myristate 13-acetate- (PMA-)
stimulated ROS levels in hepatic neutrophils. Moreover,
hepatic levels of lipid peroxide including malonaldehyde
(MDA) and 4-hydroxynonenal (4-HNE) were examined
by immunohistochemistry. Figures 5(a) and 5(b) showed
that levels of hepatic MDA and 4-HNE expression were
elevated after chronic plus binge feeding, while MgIG signif-
icantly reduced hepatic MDA and 4-HNE levels in chronic
plus binge mice.

4. Discussion

In our study, increased oxidative stress and neutrophil cell
infiltration were observed after chronic plus binge feeding
treatment. The treatment of MgIG significantly blocked the
activation and infiltration of neutrophils in the chronic plus
binge model. Moreover, the increased ROS generation and
oxidative stress induced by ethanol were attenuated by MgIG
treatment. These results suggested promising hepatoprotec-
tive effects of MgIG against ALD.

Hepatic neutrophil infiltration was considered a hall
marker of alcoholic hepatitis and played critical roles in the
development and progression of ALD [3, 5, 22, 23]. However,
the widely used chronic Lieber-DeCarli ethanol diet feeding
ALD model could only trigger very mild or no neutrophil
infiltration. The recently developed chronic plus binge feed-
ing model mimics human ALD patients drinking pattern
and triggers significant liver neutrophil infiltration and liver
damage. The role of neutrophils has been extensively studied
by using this model. Neutrophil depletion by antibody
almost completely blocked the liver injury in this model. In
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addition, the deficiency of E-selectin, a key adhesion mole-
cule for neutrophil migration, greatly reduced the severity
of chronic plus binge-induced liver injury [17, 20]. So, target-
ing neutrophil may represent an effective strategy for treating
ALD. Here, we adopted the chronic plus binge feeding model
to evaluate the hepatoprotective effects of MgIG on ALD and
possible mechanisms involved, especially how MgIG influ-
enced the behavior of neutrophils.

MgIG, a derivative of glycyrrhizic acid, was the extraction
of the plant Glycyrrhiza glabra, with potential anti-
inflammatory and antioxidant effects. The beneficial effects
of MgIG in treating liver diseases were proven in several liver
disease models including drug-induced liver damage,
immune-mediated liver injury, and fatty liver. In vitro studies
showed that MgIG might also reduce fat accumulation
induced by ethanol [8, 10–13, 15, 24–28]. The therapeutic
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Figure 1: Protective effect of MgIG treatment against chronic plus binge ethanol feeding-induced hepatic injury. (a) Experimental design of
liquid control or ethanol diet feeding and drug treatments. Mice were treated as described in (a); liver injury was assessed by measuring serum
alanine aminotransferase (ALT) levels (b) and aspartate aminotransferase (AST) levels (c). (d) Representative H&E staining. Arrows indicate
macrovesicular and microvesicular steatosis. (e) Hepatic triglyceride (TG) levels were measured. Values represent means± SEM. ∗p < 0 05;
∗∗p < 0 01; ∗∗∗p < 0 001.
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effect of MgIG on liver inflammatory inhibition was tested in
patients with viral hepatitis, alcoholic liver disease, nonalco-
holic liver disease, drug-induced liver injury, and autoim-
mune hepatitis by a randomized, double-blind, multi-center
clinical study and prospective randomized controlled study
[6]. Here, we showed that MgIG could significantly block
neutrophil infiltration and activation in the chronic plus
binge model. The suppression of cytokine and chemokine
production in the liver was observed in MgIG-treated

chronic plus binge model mice. Moreover, the production
of ROS in neutrophils and liver oxidative stress was also
reduced with MgIG treatment in chronic plus binge model
mice. Of note, neutrophil-derived ROS has been described
critical in tissue damage. So, our results supported that MgIG
reduced ROS production induced by ethanol and oxidative
stress in the liver. As a consequence, liver injury and subse-
quent liver inflammation were reduced, so that the further
recruitment of neutrophils was blocked.
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Figure 2: MgIG prevents chronic plus binge ethanol feeding-induced neutrophil infiltration in the liver. Mice were treated as described in
Figure 1. (a) Liver leucocytes were isolated and analyzed by flow cytometry. The percentage of neutrophils (Gr1 +CD11b+) in liver
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In summary, this study demonstrated markedly hepato-
protective effects of MgIG against chronic binge ethanol-
induced liver injury. The beneficial effects may attribute
reduced neutrophil ROS production, hepatic oxidative stress,
and proinflammatory cytokine production. The effects of
MgIG in treating ALD patients need to be evaluated in the
future.
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Chronic hepatitis B has highly a dynamic course with significant fluctuations of HBV-DNA and ALT impeding assessment of
disease activity. New biomarkers of inflammatory versus noninflammatory stages of HBV infection are urgently needed.
Cytokeratin 18 epitope M30 (M30 CK-18) is a sensitive marker of cell death. We aimed to investigate an association between
serum M30 CK-18 and histological activity and phase of HBV infection. 150 Caucasian patients with HBV-infection were
included in the study. Serum M30 CK-18 levels reflected phase of disease, being significantly higher in both HBeAg(+) and
HBeAg(−) hepatitis B in comparison to HBsAg(+) carrier groups. The highest serum M30 CK-18 levels were observed in
subjects with the most advanced stages of HBV. Moreover, its serum concentrations correlated with both inflammatory activity
and fibrosis advancement (ANOVA P < 0 001). Importantly, serum M30 CK-18 levels were able to discriminate patients with
mild versus moderate-advanced fibrosis (AUC: 0.86) and mild versus active liver inflammation (AUC: 0.79). M30 CK-18 serum
concentration has good sensitivity and specificity in discriminating mild versus moderate/severe fibrosis and inflammation even
in patients with normal ALT activity. This study suggests M30 CK-18 as a potential noninvasive marker of disease activity and
also a marker of phase of persistent HBV infection.

1. Introduction

Persistent HBV infection, especially following HBeAg sero-
conversion, is a highly dynamic disease with significant fluc-
tuations of HBV-DNA which may be observed in every
phase of disease [1]. This variability is a result of a complex
interplay between viral factors, mainly quantity and tran-
scriptional activity of cccDNA, and strength of HBV-
specific immune responses. It is important to note that
frequent exacerbations of chronic hepatitis B (CHB) results
in the progression of liver fibrosis which eventually leads to
liver cirrhosis [2]. The commonly used marker of inflamma-
tory activity, ALT, has significant limitations in HBeAg(−)
hepatitis. It has been shown that asmany as 44% ofHBeAg(−)
hepatitis ALT remain within normal range for the majority of
time despite of disease progression. Importantly, its increase

could only be observed once a year in almost 60% of those
patients [3]. Moreover, ALT activity does not reflect inflam-
matory activity in the liver nor extent of fibrosis in CHB.
The presence of biopsy-proven histologic damage (necroin-
flammation and fibrosis) is common even when ALT is less
than 2XULN in patients with chronic hepatitis B (CHB) [4].
Liver biopsy has been a gold standard of viral hepatitis activity;
however, this invasive procedure is associated with risk of
complications and yields variability due to the uneven distri-
bution of lesions [5]. Liver biopsy examination shows inter-
pathologist variations ranging from 10 to 20% [6]. Finally,
novel noninvasive modalities including elastography show
limited capability of differentiating between mild and moder-
ate fibrosis, which is of importance for the selection of anti-
HBV therapy candidates [7]. A potential advantage of serum
noninvasive markers of liver fibrosis is that total liver fibrosis

Hindawi
Mediators of Inflammation
Volume 2017, Article ID 3480234, 8 pages
https://doi.org/10.1155/2017/3480234

https://doi.org/10.1155/2017/3480234


is reflected consequently reducing the risk of intra- and inter-
assay variability which is known for liver biopsy and liver
elastography. Therefore, there is a strong need for new nonin-
vasive markers of liver injury, especially detecting inflamma-
tory activity not only fibrosis, particularly at less advanced
stages. Knowing that cell death by apoptosis is an important
step for the development of CHB, the integration of markers
of cell death appears to be justified [8, 9].

Apoptosis is a major cause of hepatocytes’ death in
chronic viral hepatitis. Apoptosis leads to the activation
of several cysteine-aspartate proteases, called caspases.
Caspases cleave cellular proteins, including cytokeratin-18
(CK-18). CK-18 is an intermediate filament protein of
the cytoskeleton which may be found in epithelial cells,
especially of the digestive tract. Along with cytokeratin 8,
CK-18 is the only cytokeratin found in the hepatocytes
[10]. Recently, the evaluation of CK 18 has been validated
as a marker of inflammation activity and fibrosis in
chronic hepatitis C (CHC) and nonalcoholic fatty liver
disease (NAFLD) [11–14]. During apoptosis, activated cas-
pases 3, 6, 7, and 9 are able to cleave cytokeratin-18 at
specific peptide recognition sites [12, 15]. As a result of
caspase cleavage, cytokeratin-18 is cut at position 387 to
396 and releases its fragment M30. Epitope M30 is
released into the bloodstream as a result of cell death;
therefore, it is possible to use M30 CK-18 as a circulating
biomarker of epithelium apoptosis [14, 16]. Previously,
Papatheodoridis et al. [17] demonstrated significantly higher
concentrations of M30 CK-18 in patients with active CHC-B
compared to nonactive carriers with low HBV replication. Of
importance, serum concentration of CK-18 correlated with
HBV replication in contrast to chronic hepatitis C. There
was also a significantly higher concentration of M30 CK-18
in patients with CHC-B and normal ALT activity compared
with HBsAg carriers [17, 18].

Another recent marker in CHB is serum HBsAg
quantification which reflects the phase of HBV infection
[19]. In HBV-genotype D, the combined single-time

measurement of HBV-DNA< 2000 IU/mL and HBsA-
g< 1000 IU/mL had excellent diagnostic accuracy in dis-
criminating active and inactive HBV persistent infection
in the long-term follow-up [20]. More recent data sug-
gested that HBV genotype should be included as another
factor influencing HBsAg levels in the natural course of
CHB and the correlation between phase of disease and
HBsAg levels might be weak/not present in HBV-A.
Importantly, an association between HBsAg and liver
fibrosis stage has been mainly shown in patients with
HBeAg(+) disease and its significance decreases in liver
cirrhosis, especially in HBeAg(−) [21].

The aim of study was to evaluate the clinical usefulness of
serumM30 CK-18 in the noninvasive assessment of phase of
disease, inflammatory activity, and liver fibrosis in the natu-
ral course of chronic hepatitis B in predominantly HBV
genotype A infected population.

2. Patients and Methods

150 Caucasian patients with persistent HBV infection
(median age 33, 86 males) were included in this single-
center, cross-sectional study. All patients were adults and
had HBsAg(+) for at least 6 months. The clinical charac-
teristics of the studied population is presented in
Table 1. HBeAg-negative subjects were further stratified
into low replicative carriers (LRC: normal ALT-activity
and HBV-DNA< 2000 IU/mL), high replicative carriers
(HRC: HBV-DNA between 2000 and 20,000 IU/mL, nor-
mal ALT (N ALT) and/or no inflammatory lesions in
liver biopsy), and HBeAg-negative hepatitis (ENH: HBV-
DNA> 20,000 IU/mL and increased ALT and/or inflamma-
tory lesions in liver biopsy). Liver biopsies were performed
only in patients with HBV-DNA≥ 2000 IU/mL and clinical
suspicion of active hepatitis B, as a part of the qualification
for the anti-HBV therapy. The results of liver biopsy were
available in 66 (44%) patients. Exclusion criteria included
coinfection with HCV, HIV, liver steatosis, autoimmune

Table 1: Characteristics of studied population (median, IQR). Significant differences between consecutive phases by Kruskall-Wallis ANOVA
were marked as follows: ∗P value < 0.05 and ∗∗∗P < 0 005.

Total group
(n = 150)

HBeAg(+)
hepatitis
(n = 10)

Low
replicative

carriers (n = 47)

High
replicative

carriers (n = 28)

HBeAg(−)
hepatitis
(n = 65)

Gender, M
n (%)

86 (57) 7 (70) 19 (40) 15 (53) 45 (69)

Age, years 33 (23–42) 39 (24–53) 34 (25–45) 30 (23–39) 32 (23–40)

HBeAg(+), n (%) 10 (7) 10 (100) — — —

HBV-DNA
log10 IU/mL

4.1 (2.5–5.1) 5.1 (4.7-8.0) 2.3 (2.3–2.4) 3.9 (3.5–4.3) 5.0 (4.4-5.7)∗∗∗

HBsAg log10
IU/mL

4.2 (3.6–4.6) 4.3 (3.9–5.0) 4.1 (3.3-4.6) 4.1 (3.6–4.6) 4.3 (4.1–4.6)

ALT, IU/mL 30 (22–44) 70 (43–88) 23 (18–31) 27 (23–33) 36 (26–73)∗∗∗

GGT, IU/mL 18 (11–32) 28 (22–41) 13 (10–20) 18 (13–21) 25 (12–47)∗∗∗

Platelets, 109/L 190 (157–220) 122 (110–154) 189 (155–219) 196 (171–224) 193 (166–219)

Prothrombin
ratio, %

100 (90–107) 89 (82–98) 103 (96–110) 102 (92–110) 96 (89–107)∗
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disorders, malignancies, and current alcohol abuse. The
study protocol was approved by the Bioethics Committee
of Medical University in Bialystok, and informed consent
was obtained from each participant.

2.1. Liver Morphology. Liver tissue was collected from the
right liver lobe, using the Menghini method with a disposable
set of Hepafix Luer Lock (Braun) 16G needle. Tissue was
fixed with 4% formalin and then paraffin embedded. Biop-
sies’ length was in the range of 10–30mm. Samples sections
were stained with: hematoxylin-eosin to identify liver
inflammation and Sirius Red for fibrosis assessment. Liver
biopsies from CHB patients were scored by a blinded pathol-
ogist using 5-category (grading of 0–4 and staging of 0–4)
Scheuer classification.

2.2. Serum M30 CK-18 Measurement. A total volume of
10mL peripheral venous blood was taken at the time of liver
biopsy and/or liver function test assessment and stored at
−80°C until further processing. Serum M30 CK-18 was
measured by M30-Apoptosense ELISA assay (PEVIVA AB,
Bromma, Sweden) according to the manufacturer’s recom-
mendations. Lower limit of detection and intra- and interas-
say variability were (25U/L (8.44 pg/mL), <10%, resp.).

2.3. Serum HBsAg and HBV-DNA Quantification. Serum
HBsAg levels were measured using the Abbott ARCHI-
TECT® assay (Abbott Diagnostics, Abbott Park, IL).
Dynamic range of this test was 0.05–250 IU/mL. Dilution of
samples was 1 : 20, 1 : 100, and 1 : 500, respectively. HBsAg
result less than 0.05 IU/mL was measured without dilution.
HBsAg quantification is expressed in IU/mL. Serum HBV-
DNA was measured using COBAS AmpliPrep/COBAS
TaqMan (Roche Diagnostics, Mannheim, Germany) and
TaqMan Universal Master Mix (Applied Biosystems, Foster
City, CA) with detection limits of 12 IU/mL and 50 IU/mL,
respectively. Results are given in IU/mL. HBsAg and HBV-
DNA values were log-transformed.

2.4. Statistical Analyses. Data is presented as median (IQR)
and percentage when appropriate. Nonparametric,
distribution-free tests were applied. Differences between
groups were analyzed by Mann–Whitney U test and the
Kruskall-Wallis ANOVA test. Correlation analyses were per-
formed by Spearman’s test. In order to determine the diag-
nostic accuracy (sensitivity and specificity) of M30 CK-18,
receiver operating characteristic (ROC) curves were drawn
and the area under the curve (AUC) was calculated. A
P < 0 05 was considered statistically significant. Statistical
analyses were performed by the GraphPad Prism5 (La Jolla,
CA) and Statistica 10.0 (Statsoft, Tulsa, OK).

3. Results

In this Caucasian treatment-naïve cohort, among the 150
subjects included, 93% were HBeAg-negative and 69% had
normal ALT activity. Among the HBeAg(−) patients, 47 were
low replicative carriers (LRC), 28 high replicative carriers
(HRC), and 65 HBeAg(−) hepatitis subjects (ENH). Impor-
tantly, among the ENH patients with available liver biopsies

in 11 (28%), ALT activity was within normal range although
active inflammatory lesions (G2 or more) were shown in the
liver biopsy (Table 1).

3.1. M30 CK-18 and Biochemical Activity and Phase of
Persistent HBV Infection. Serum M30 CK-18 correlated with
ALT (R = 0 28, P = 0 004), GGT activity (R = 0 24,
P = 0 005), and platelet count (R = −0 18, P = 0 05)
(Table 2). Subjects with increased ALT had significantly
higher serum M30 CK-18 compared to the group with nor-
mal ALT (267 (129–567) versus 163 (109–244) U/L,
P = 0 001). Moreover, M30 CK-18 showed a significant asso-
ciation with HBV-DNA (R=0.26, P = 0 02), which was fur-
ther proved in multivariate regression (Table 2). Serum
M30 CK-18 levels showed an association with phase of dis-
ease. The lowest values were observed in inactive CHB
(LRC: 156 (81–208) IU/mL; HRC: 177 (78–261) IU/mL),
while M30 CK-18 was significantly higher in both active
hepatitis B groups (ENH: 225 (141–438) IU/mL; HBeAg(+)
hepatitis 532 (367–759) IU/mL), Figure 1.

3.2. M30 CK-18 and Histological Activity of Hepatitis. Serum
M30 CK-18 levels were highly associated with the histologi-
cal advancement of liver fibrosis (ANOVA, P < 0 0001) and
the degree of inflammation (ANOVA, P = 0 0009)
(Figure 2, Table 3). Serum M30 CK-18 was more than trifold
higher in patients with moderate/severe (S2–S4) versus mild
(S1) fibrosis (534 (272–1345) versus 119 (67–207) IU/mL,
P < 0 0001) (Table 3). To determine the diagnostic potential
of the M30 CK-18, ROC analysis was performed. ROC
showed good a discriminatory ratio for patients with moder-
ate/severe versus mild fibrosis (AUC: 0.86, P < 0 0001), with
84% sensitivity and 80% specificity for M30 CK-18 value of
253 IU/mL (Figure 3). Similarly, M30 CK-18 was signifi-
cantly higher in subjects with active inflammation (G1-G2:
124 (74–229) versus G3-G4: 466 (229–1307) IU/mL,
P < 0 001) with AUC of 0.79 (Figure 2).

3.3. HBsAg Levels and the Phase of Persistent HBV Infection.
As reported previously, HBsAg serum levels showed only
moderate correlation with HBV-DNA (R = 0 17, P = 0 03)
and were not associated with ALT or fibrosis stage in the nat-
ural history of HBeAg(−) persistent HBV infection [19]. The

Table 2: Correlations between serum M30 CK-18 (U/L) and
liver function tests as well as HBV-DNA and HBsAg levels
(R value by Spearman’s rank test; β value by multiple regression;
∗P value < 0.05).

Parameter R value P value
Multiple regression
β value, P value

Age, years 0.13 0.09 —

HBV-DNA,
log10 IU/mL

0.26 0.02∗ B = 0 23, P = 0 05∗

HBsAg, log10 IU/mL −0.04 0.6 —

ALT, IU/mL 0.28 0.004∗ B = 0 32, P = 0 002∗

GGT, IU/mL 0.24 0.005∗ B = 0 25, P = 0 016∗

Platelets, 109/L −0.18 0.05∗ B = −0 06, P = 0 41
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highest concentrations of serum HBsAg were observed in
both phases of active hepatitis with positive HBeAg (4259
(3898–4960) log10 IU/mL) and negative HBeAg (4252
(4077–4618) log10 IU/mL). Patients with low disease activity
(HBsAg carriers) had lower HBsAg concentrations (HRC:
4093 (3623–4631) log10 IU/mL; LRC: 4085 (3277–4598)
log10 IU/mL), with statistically significant difference between
ENH and low replicative HBsAg carriers (P = 0 03). Serum
CK-18M30 did not show an association with HBsAg
concentration (R = 0 04, P = 0 61), which suggests an addi-
tional advantage of M30 CK-18 measurement in addition
to HBsAg quantification.

4. Discussion

In this study, we evaluated an association between serum
M30 CK-18 and biochemical and histological activities of
chronic hepatitis B. Establishing a more precise marker of
both disease activity and fibrosis in CHB currently unmet
the medical needs, especially in HBeAg(−) hepatitis which
is characterized by significant variations of ALT and HBV-
DNA. Such noninvasive biomarker would allow precise dis-
section between inflammatory and noninflammatory stages
of CHB but also selection of best candidates for PEG-IFN
and novel immunomodulatory therapies [22].
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Figure 1: Median (IQR) serum M30 CK-18 levels in different phases of persistent HBV infection (LRC: low replicative carriers; HRC: high
replicative carriers; ENH: HbeAg(−) hepatitis B; HBeAg(+): HBeAg(+) immune clearance phase). ∗P < 0 05 in comparison with the control
group. All comparisons by use of Mann–Whitney U test.
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Figure 2: Median (25–75% CI) serum M30 CK-18 (U/L) concentration in HBV-infected patients with subsequent grades of inflammatory
activity (a) and stages of liver fibrosis (b) in the liver histology. Comparisons by use of Mann–Whitney U test and Kruskal-Wallis ANOVA.
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Previous studies on M30 CK-18 have generally focused
on CHC and NAFLD [14]. Increase in M30 activity has been
shown in patients with CHC [13, 17, 23]. Bantel et al. [13]
proved that 27% of patients with CHC normal level of ami-
notransferases occurred despite developing liver damage.
Moreover, the authors found higher concentrations of M30
CK-18 in patients with advanced fibrosis and suggested that
M30might be more sensitive than aminotransferase for iden-
tifying liver injury in CHC [13]. In another study by
Papatheodoridis, a positive correlation between serum CK-
18 and severity of inflammatory activity and fibrosis was
found in chronic HCV infection. In this study, the concentra-
tion of CK-18 exceeding 225U/L demonstrated a positive
and negative predictive values for moderate–severe histologic
lesions in the liver biopsy of 70% and 74% [18]. Similar find-
ings by Parfieniuk-Kowerda et al. have been shown in our
center [24]. The ROC analysis revealed that serum M30
CK-18 showed 75% sensitivity and 75% specificity in differ-
entiating between mild, moderate, and severe inflammation
at a concentration of >204U/L, whereas higher concentra-
tion (>330U/L) achieved 89% sensitivity and 78% specificity
between mild and moderate to advanced liver fibrosis in
chronic hepatitis C [24].

Likewise, in NAFLD, serumM30 CK-18 was shown to be
elevated and strongly associated with ALT and AST activities.
A negative correlation between the level of M30 and AST/

ALT ratio was observed suggesting that apoptosis was more
a dominant mechanism of cell death [25]. In another study,
a novel algorithm for assessing fibrosis in NAFLD was sug-
gested, including ALT, AST, M30, M60, and HA. Impor-
tantly, the authors suggested M30 and M65 as more
important for the decision than the classic liver parameters
[9]. In further study in NAFLD, apoptosis-specific M30
CK-18 correlated with reticuloendothelial system (RES) cell
iron in the liver and nonalcoholic steatohepatitis [10]. In
their recent study, In their recent study, Bantel et al. applied
an improved ELISA for serum cytokeratin-18 fragment
detection suggesting the use of the method to evaluate the
early stages of development of NASH; it also enables distin-
guishing differences between patients with a minimal
(≤10%) and advanced (>10%) hepatic steatosis [26].

There is limited information concerning M30 CK-18
levels in CHB patients. Compared with conventional indica-
tors of the activity of liver disease, determination of caspase
activity, expressed as the concentration of CK-18 in the
serum, may be a more sensitive method for assessing the
activity of persistent HBV infection. The results of our study
show that there is a significant difference in the concentration
of M30 CK-18 between consecutive phases of CHB including
HBeAg (+), LRC, HRC, and ENH (ANOVA, P < 0 0001).
Interestingly, this marker was able to differentiate patients
with active HBeAg-negative hepatitis B and low replicative

Table 3: Serum M30 CK-18 (median± IQR) concentrations with regard to inflammatory activity and fibrosis stage in liver biopsy.

Inflammatory activity Fibrosis advancement
G0–G2 (n = 45) G3–G4 (n = 21) S0–S1 (n = 46) S2–S4 (n = 20)

Age, years 31 (25–38) 39 (21–59) 31 (25–38) 39 (23–51)

HBV-DNA, log10 IU/mL 4.46 (3.6–5.28) 4.00 (3.23–6.19) 4.46 (3.61–5.27) 4.00 (3.18–7.39)

HBsAg, log10 IU/mL 4.25 (3.94–4.59) 4.14 (3.95–4.77) 4.27 (3.99–4.61) 4.11 (3.95–4.57)

CK-18, U/L 124 (74–225) 466 (197–1268) 120 (74–201) 521 (272–1268)

ALT, IU/mL 34 (26–52) 73 (30–109) 34 (27–51) 73 (36–109)

GGT, IU/mL 19 (12–32) 38 (28–114) 19 (12–32) 38 (28–114)

Platelets, 109/L 198 (170–219) 127 (107–201) 201 (170–219) 126 (107–164)
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Figure 3: ROC curves for serum M30 CK-18 concentrations as a marker of (a) active liver inflammation (G1-G2 versus G3-G4) and (b)
advanced fibrosis (S0-S1 versus S2–S4). AUC: area under curve.
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and high replicative carriers. It is most likely a consequence
of association between M30 CK-18 and ALT activity but also
with HBV-DNA found in our study. A positive correlation
between serum M30 CK-18 and ALT-activity was found in
all previous studies in CHB [14, 17, 27], while with HBV-
DNA, only in some [17]. This might be the effect of study
group composition where all phases of CHB should be
present to allow appropriate comparisons. Importantly, also
site-specific phosphorylation of K18 correlated with the ele-
vation of both histological lesions and enzymatic activities
of alanine aminotransferase in CHB which further supports
biochemical data [28].

Definitely in the era of noninvasive methods of activity
assessment, the most important is the association between
serum M30 CK-18 and histologic advancement of lesions in
the liver in CHB. We have demonstrated that serum concen-
trations of M30 CK-18 were associated with histological
inflammatory activity (ANOVA, P = 0 0009) and advance-
ment of liver fibrosis (ANOVA, P < 0 0001). It is important
since majority of the previously available noninvasive tests,
including transient elastography, are not able to differentiate
between the degrees of inflammation in CHB, especially in
the case of the less advanced liver damage. ROC curve anal-
ysis showed that the single measurement of the concentra-
tion of M30 CK-18> 253U/L differentiates patients with
mild to moderate versus active hepatitis with 80% specificity
and 76% sensitivity. Furthermore, M30 CK-18 with the same
threshold exhibited 84% sensitivity and 80% specificity in dif-
ferentiating patients with mild versus advanced fibrosis (S1
versus S2–S4). Naturally, restricted number of patients with
histological evaluation of liver inflammation and fibrosis is
a limitation of the study. Liver biopsies, as an invasive proce-
dure, were only performed in subjects with significant HBV
viral load. On the other hand, even in this limited sample
study, statistical results suggest for a highly significant associ-
ation between serum M30 CK-18 and inflammatory activity
as well fibrosis stage. In the previous study, Sumer et al.
reported [14] that the M30 CK-18 levels are the highest in
patients with liver cirrhosis. Also, Bae et al. [27] found that
serum M30 levels are associated with the presence of signifi-
cant inflammation. In our study, by means of serum M30
CK-18, the differentiation even between mild (S1) and mod-
erate–advanced (S2–S4) fibrosis was possible. This marker
could be especially useful in subjects with normal ALT and
slightly elevated HBV-DNA as well as in HBeAg(+) highly
vireamic patients with normal ALT in which otherwise
long-term follow-up or liver biopsy would be necessary in
order to assess the activity of the disease.

Clinical usefulness of serum M30 CK-18 could poten-
tially be further increased by combining it with already estab-
lished serological markers of hepatitis B, including HBsAg
quantification. The concentration of HBsAg in serum reflects
the transcriptional activity of the cccDNA and the degree of
integration of HBV into the host genome [29]. In our previ-
ous study including 226 Caucasian patients with chronic
hepatitis B, HBsAg levels showed significant differences dur-
ing the natural course of HBV infection. Low HBsAg levels
were characteristics of inactive carriers and differentiated this
group from HBeAg(−) hepatitis B patients with normal ALT

activity and fluctuating HBV-DNA [19]. This finding was
further confirmed by Brunetto et al. who showed that single
time-point, combined measurement of HBsAg< 1000 IU/
mL and HBV-DNA< 2000 IU/mL identified inactive HBsAg
carriers with 94.3% diagnostic accuracy in HBV genotype D
infection [20]. Importantly, HBsAg levels and on-therapy
dynamics of decline depends on HBV genotype which has
to be taken into account. In the current study, again, we
showed higher HBsAg concentrations in patients with
HBeAg-negative hepatitis compared to patients with low rep-
lication (4.252 versus 4.085 log10 IU/mL, P = 0 04). The dif-
ference was less pronounced than in the previous study [19]
which most likely results from high concentrations of HBsAg
observed in the serum of patients infected with genotype A,
which dominates the population of Poland (>70%) [30].
There was no correlation between serum HBsAg and M30
CK-18 levels, which was expected since HBsAg levels do
not correlate with inflammatory activity in CHB. On the
other hand, the combined measurement of those two
markers, M30 CK-18 (inflammatory activity and fibrosis)
and HBsAg-levels (cccDNA activity and phase of disease),
could deliver precise characteristics of CHB activity.

Majority of HCC cases are related to chronically infected
HCV (75–80%) and HBV (10–15%). An important risk
factor for HCC is cirrhosis of the liver (80–90% of HCC
cases) [31]. Recent studies have shown that elevated M30
CK-18 concentrations may be a useful marker for early stages
HCC. Elalfy et al. calculated a ROC curve for the M30 CK-18
to discriminate between macrovascular invasions of HCC,
which has shown 100% sensitivity and 98% specificity for a
cutoff of 304.5 ng/mL (AUC: 0.997, P < 0 001) [32].

For noninvasive evaluation of fibrosis and necroinflam-
matory activity, several serum biomarkers can be applied,
including Fibrotest and Actitest, Hepascore MPP. Ngo et al.
[33] in a large group of 1300 patients with CHB showed
higher Fibrotest prognostic value for ALT in predicting dis-
ease progression [33]. Fibrotest and Actitest and HBV-
DNA combinations have been shown to better separation
patients with low HBV replication as compared to the mea-
surement ALT or HBV-DNA alone [33]. Despite the large
study group (1300 patients), comparing Fibrotest and Actit-
est of a liver biopsy was performed only in the group of 97
patients. Hepascore is another test evaluation for histological
changes in the liver. The comparison of Hepascore to
Fibrotest shows a similar diagnostic value with high
AUC (area under the curve) values for significant fibrosis,
advanced fibrosis, and cirrhosis [34]. The abovementioned
studies were designed primarily to assess the degree of
fibrosis in hepatitis C, and their utility in evaluating fibro-
sis in CHB was often not validated. Another study which
noninvasively assessed fibrosis shows that the overall rate
was significantly lower in patients with CHB compared
to patients with CHC in the early stages of fibrosis
(F≤ 2) [8]. It is also important to underline that panels
of biomarkers like Fibrotest and Actitest which are com-
posed of several complex measures (e.g., alpha-2 macro-
globulin, haptoglobin, apolipoprotein A1, total bilirubin,
GGT, ALT, and age) and are also patented which increases
their costs in routine clinical practices.
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Another noninvasive marker of liver fibrosis may be
MMPs which are the main enzyme-degrading proteins of
extracellular matrix and play an important role in tissue
reconstruction and repair in physiological and pathological
conditions. Previous studies have shown that serum MMP-
2 levels were statistically higher in CHB patients compared
to controls (P = 0 001) [14]. Researchers have shown that
M30 CK-18 and MMP-2 concentrations were higher in
patients with CHB compared to healthy controls (P = 0 001
and P = 0 001, resp.) and were associated with significant
liver fibrosis. What is worth emphasizing is that the assess-
ment of MMP-2 levels did not show the difference between
stages 1 and 2 as well stages 2 and 3 of liver fibrosis, highlight-
ing the importance of labeling M30 CK-18 as a more sensi-
tive marker than MMP-2 in predicting liver fibrosis [14]. In
our study, we have shown not only the importance of the role
of M30 CK-18 as a fibrosis marker but also the importance of
M30 CK-18 as a good marker for inflammatory activity,
which is of clinical importance for anti-HBV therapy indica-
tion, for example, in patients with high activity but with low
fibrosis.

It is worth emphasizing that the determination of serum
M30 CK-18 is more selective for the measurement of total
CK-18 concentration. The measurement of the M30 CK-18
fragment reflects the hepatocytes apoptosis, which is a key
process for the removal of infected cells in CHB. There are
also other CK-18 fragments, such as the M65 epitope. In
the study of Joka et al. [35], it was found that M65 was an
additional indicator of a complementary M30, since it reflects
the processes of necrosis. Reis et al. [36] in a study involving
76 patients with CHC after OLTx (orthotopic liver transplan-
tation) measured M30S, M30H CK-18, and M65 CK-18 con-
centrations and found that these markers were able to
discriminate between acute reinfection and acute transplant
rejection (P = 0 048, P = 0 001, and P = 0 010). Only few
studies have evaluated both fragments of M30 and M65-CK
18 in CHB. Zheng et al. found that the M30/M65 CK-18 ratio
was statistically significantly higher in the CHB compared to
that of the control group and highest in patients with acute
chronic liver failure. The combination of these two markers
had an AUC of ≥0.80 in the identification of liver failure in
patients with CHB, which underlines the markedly marked
M65 as a marker for hepatic necrosis [37]. Further work is
needed to assess the usefulness of the measurement of CK-
18 M56 patients with CHB hepatic failure.

The assessments of liver fibrosis and inflammatory activ-
ity are equally important for the clinical evaluation of liver
function in chronic HBV infection. Since there are many
ultrasound-based and serological noninvasive techniques
that allow to evaluate liver fibrosis, there is an obvious need
for noninvasive markers of inflammatory activity in the liver,
especially in chronic HBV infection. According to EASL
guidelines, the active inflammation in the liver in HBeAg(−)
patients with HBV-DNA> 2000U/L is an indication for the
antiviral treatment. EASL 2017 Clinical Practice Guidelines
allow the use of noninvasive biomarker markers, while do
not specify which of them could be used [38]. In our study,
we show that serum M30 CK-18 has better accuracy for the
evaluation of liver inflammatory activity compared to ALT,

while it is simple to use, does not require complex calculation
algorithms, and is cheaper compared to commercial ones.

In conclusion, our study showed that serum concentration
of M30 CK-18 reflects not only the advancement of fibrosis
but also activity of disease. Serum M30 CK-18>253U/L has
good sensitivity and specificity in discriminating mild versus
moderate/severe fibrosis but also active liver inflammation
even in patients with normal ALT activity. This study sug-
gests M30 CK-18 as a potential noninvasive marker of CHB
activity with clinical advantage compared with ALT activity
but also facilitating the recognition the phase of disease.
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