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Background and Aim: Acute-on-chronic liver failure (ACLF) has a high mortality rate. The
role of granulocyte colony-stimulating factor (G-CSF) in ACLF remains controversial.
Monocytes/macrophages are core immune cells, which are involved in the initiation and
progression of liver failure; however, the effect of G-CSF on monocytes/macrophages is
unclear. The study aimed to verify the clinical efficacy of G-CSF and explore the effect of it
on monocytes in hepatitis B virus (HBV)-related ACLF (HBV-ACLF) paitents.

Methods: We performed a large randomized controlled clinical trial for the treatment of
HBV-ACLF using G-CSF. A total of 111 patients with HBV-ACLF were prospectively
randomized into the G-CSF group (5 mg/kg G-CSF every day for 6 days, then every other
day until day 18) or the control group (standard therapy). All participants were followed up
for at least 180 days. The relationship between monocyte count and mortality risk was
analyzed. The effect of G-CSF on the phenotype and function of monocytes from patients
with HBV-ACLF was evaluated using flow cytometry in vivo and in vitro experiments.

Results: The survival probability of the G-CSF group at 180 days was higher than that of the
control group (72.2% vs. 53.8%, P = 0.0142). In the G-CSF-treated group, the monocyte
counts on days 0 and 7 were independently associated with an evaluated mortality risk in the
fully adjusted model (Model 3) [at day 0: hazard ratio (HR) 95% confidence interval (CI): 15.48
(3.60, 66.66), P = 0.0002; at day 7: HR (95% CI): 1.10 (0.50, 2.43), P=0.8080]. Further
analysis showed that after treatment with G-CSF in HBV-ACLF patients, the expression of
M1-like markers (HLA-DR and CD86) in monocytes decreased (HLA-DR: P = 0.0148; CD86:
P = 0.0764). The expression of MerTK (M2-likemarker) increased (P = 0.0002). The secretion
of TNF-a, IL-6, and IL-10 from monocytes decreased without lipopolysaccharide (LPS)
org May 2022 | Volume 13 | Article 8858291
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stimulation (TNF-a: P < 0.0001; IL-6: P= 0.0025; IL-10: P = 0.0004) or with LPS stimulation
(TNF-a: P = 0.0439; P = 0.0611; IL-10: P = 0.0099). Similar effects were observed
in vitro experiments.

Conclusion: G-CSF therapy confers a survival benefit to patients with HBV-ACLF. G-CSF
can promote the anti-inflammatory/pro-restorative phenotype (M2-like) transition of
monocytes, which may contribute to the recovery of ACLF.

Clinical Trial Registration Number: ClinicalTrials.gov, identifier (NCT02331745).
Keywords: acute-on-chronic liver failure, granulocyte colony stimulating factor, monocytes, hepatitis B virus,
inflammation, prognosis, cytokine
INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a clinical syndrome
characterized by severe hepatic dysfunction resulting from acute
injury to an underlying chronic liver disease and a substantially
high short-term mortality rate (1, 2). The hallmark of ACLF is
the large-area necrosis of liver tissue and severe inflammation.
However, current treatment for ACLF focuses on targeting the
triggering insult and optimizing the clinical management of
complications (3). Efficacious therapeutic strategies, aimed at
promoting liver regeneration and restricting inflammation,
remain limited. Currently, liver transplantation is the only
effective therapy to prevent ACLF; however, its application
may not be generalizable because of its cost prohibitive nature
and the insufficiency of donors (4). Therefore, there is an unmet
need for novel treatment approaches.

Although traditionally considered a hematopoietic regulator,
granulocyte colony stimulating factor (G-CSF) has been regarded
as a candidate treatment for ACLF recently. Several studies have
established the efficacy and safety of G-CSF in the management
of ACLF (5–9). However, a recent study showed no
significant survival benefit of G-CSF in individuals with ACLF
(10). Therefore, more well-conducted investigations
are required.

The role of G-CSF in liver tissue regeneration and in
regulation of the immune response has been shown. Studies in
animals and humans indicate that G-CSF can promote the
migration of hematopoietic stem cells as well as the
proliferation and differentiation of hepatic progenitor cells
during liver failure (5, 11, 12). Other studies have
demonstrated the useful effects of G-CSF on dendritic cells and
neutrophils in ACLF (13, 14). However, as the core immune cells
involved in the development and progression of liver failure (15–
17), the effects of G-CSF on monocytes/macrophages in ACLF
patients remain unexplored. Monocytes/macrophages are
c liver failure; G-CSF, granulocyte colony-
tis B virus (HBV)-related ACLF; APASL,
y of the Liver; PBMCs, peripheral blood
aride; MELD, Model for End-Stage Liver
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characterized by high diversity and plasticity (18). Monocytes
are classically categorized into three subgroups: CD14++CD16−

(classical), CD14++CD16+ (intermediate), and CD14+CD16++

(non-classical) (19, 20). Monocytes can also be classified into
M1 (pro-inflammatory) and M2 (anti-inflammatory/pro-
restorative) subtypes, based on their differentiation status. M1
monocytes highly express HLA-DR and CD86 on their surface,
and secrete pro-inflammatory TNF-a and IL-6 as the dominant
cytokines, whereas M2 monocytes overexpress CD163 and
MerTK and mainly secrete anti-inflammatory factors such as
IL-10 (17). Therefore, monocyte plasticity could be a potential
therapeutic target for immune regulation in ACLF. Nonetheless,
the effect of G-CSF on monocytes in ACLF patients warrants
further investigation.

In Asia, the main etiology of ACLF is chronic hepatitis B virus
(HBV) infection (21–23). The purpose of our study was to
provide new data on the treatment of HBV-related ACLF
(HBV-ACLF) using G-CSF. Here, we discuss the efficacy and
safety of G-CSF, investigate the effect of G-CSF on monocytes in
HBV-ACLF patients, and explore the underlying mechanisms of
action of G-CSF.
PATIENTS AND METHODS

The current study includes a clinical trial and basic experiments. The
former was a randomized, controlled, open-label trial to
evaluate the efficacy of G-CSF for HBV-ACLF. Then, we
evaluated the effect of G-CSF on the phenotype and function of
monocytes from patients with HBV-ACLF.

Patients
In the clinical trial, all participants were recruited from the Fifth
Medical Center of the People’s Liberation Army (PLA) General
Hospital for screening from June 2014 to September 2016.
Eligible patients met the diagnostic criteria for ACLF,
suggested by the Asian Pacific Association for the Study of the
Liver (APASL) (1, 24), which are: (i) pre-existing diagnosed or
undiagnosed chronic liver disease; (ii) acute deterioration with
exacerbating jaundice (serum total bilirubin ≥ 5 mg/dL); (iii)
international standard ratio (INR) ≥ 1.5 or plasma prothrombin
activity (PTA; <40%); and (iv) comply with ascite and/or
encephalopathy within 4 weeks. The inclusion criteria were as
May 2022 | Volume 13 | Article 885829
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follows: (i) 18–70-year-old male or female; and (ii) serum
hepatitis B surface antigen or HBV DNA was detected for at
least 6 months. The exclusion criteria were as follows: (i) super-
infection or co-infection with other hepatotropic and non-
hepatotropic virus; (ii) a previous application of any immune
modulator or cytotoxic/immunosuppressive therapy within the
previous 12 months; (iii) hepatocellular carcinoma or
extrahepatic malignancy; (iv) co-existence of severe renal, lung,
brain,or heart disease or other liver disease such as alcoholic liver
disease, Wilson disease, drug-induced liver injury, or
autoimmune hepatitis; (v) presence of sepsis; (vi) malignant
jaundice leaded by obstructive or hemolytic jaundice; and (vii)
prolonged prothrombin time due to hematologic system disease.

Ascites was identified by clinical manifestations, diagnostic
paracentesis, and abdominal imaging examination; Acute kidney
injury was diagnosed according to the International Club of
Ascites (ICA) corresponding standard (25); A West
Haven classification was applied in the diagnosis of hepatic
encephalopathy (26); Corresponding formulas were applied for
calculation of the model for end-stage liver disease (MELD),
MELD-sodium (MELD-Na), and chronic liver failure-sequential
organ failure assessment (CLIF-SOFA) scores (3, 27, 28).

Diagnosis of infection was made based on clinical
presentation, laboratory values and imaging examination. (i)
spontaneous bacterial peritonitis: polymorphonuclear cell
count in ascitic fluid ≥250/mm3. (ii) pneumonia: pulmonary
imaging changes (infiltration, consolidation, or cavitation) plus
at least 1 of the following presentation (fever ≥38°C, leucocyte
count >12,000/mm3 or <4,000/mm3) plus at least 1 of the
following symptoms or signs (new cough, sputum production,
dyspnea, rales or bronchial breath sounds, etc.) and/or etiological
evidence. (iii) urinary tract infection: Patient had at least 1of the
following clinical presentations (fever, urinary tract irritation or
suprapubic tenderness, etc.) and positive urine culture; or at least
2 of the above presentations and more than 10 leukocytes/mL in
urine. (iv)bacteremia: positive blood culture (29, 30).

Study Design and Follow-Up of the Clinical
Trial
PASS 11.0 software (NCSS, Kaysville, UT, USA) was used to
calculate the sample size. Based on our previous study, we
expected that G-CSF therapy could improve the survival rate at
180 days by approximately 20% in the G-CSF group compared to
that in the control group. With a statistical power of 80%, we
required 52 patients in each group to detect this meaningful
difference at a significance level of 5%. Considering the possible
loss of patients to follow-up (10%), 114 patients were included in
this study. The computer-generated randomization number code
was prepared for each patient. The patients were randomly
allocated to the G-CSF group (receive G-CSF therapy plus
standard medical therapy) or control group (only receive
standard medical therapy).

G-CSF (SL Pharm, Beijing, China) was injected subcutaneously
at a dose of 5 mg/kg every day for 6 days and then every other day
until day 18 (total 12 doses) in G-CSF group patients; thereafter,
physical examination and laboratory tests were conducted.
Frontiers in Immunology | www.frontiersin.org 3
All patients received standard medical therapy, including
intensive care monitoring, antiviral therapy, supportive therapy,
and prevention and treatment for complications. All patients with
infection were treated with antibiotics. Patients received albumin,
terlipressin, and so on if required.

A total of 114 patients meeting the inclusion and exclusion
criteria were enrolled in the study (Figure 1). Of these, 56
patients received both standard medical therapy and G-CSF
treatment (G-CSF group), and 58 patients received standard
medical therapy only (control group). All patients were followed
up for at least 180 days after treatment commencement. During
the follow-up period, one patient in the G-CSF group
discontinued treatment, and one patient each in the G-CSF
group and control group underwent liver transplantation.
Thus, 111 patients were included in the final analysis.

Peripheral blood samples were obtained from the
enrolled patients and loaded into 10 mL heparin anticoagulant
tubes for the following experiments.

Phenotyping of Monocytes and
Measurement of Cytokine Expression in
G-CSF-Treated Patients
Peripheral blood mononuclear cells (PBMCs) were obtained
from patients with HBV-ACLF (n = 12), before and after G-
CSF treatment, to evaluate the effect of G-CSF on monocytes.
Surface markers and intracellular cytokine expression in
monocytes, expressed as frequency or mean fluorescence
intensity (MFI), were measured using flow cytometry on
the BD FACSymphony A5 analyzer (BD Biosciences, UK).
Data were analyzed using the FlowJo software (Tristar, San
Carlos, CA, USA).

For surface marker staining, APC-Cy7-conjugated anti-CD45
(BD Biosciences), PerCP-Cy5.5-conjugated anti-CD14 (BD
Biosciences), APC-conjugated anti-CD16 (BD Biosciences),
BV711-conjugated anti-HLA-DR (BD Biosciences), PE-
conjugated anti-MerTK (R&D Systems), PE-Cy7-conjugated
anti-CD163 (eBioscience), BV421-conjugated anti-CCR2
(BioLegend), FITC-conjugated anti-CX3CR1 (BioLegend), and
BUV-737-conjugated anti-CD86 (BD Biosciences) antibodies
were used. For intracellular cytokine staining (ICCS), BV-421-
conjugated anti-IL-6 (BD Biosciences), PE-CF594-conjugated
anti-IL-10 (BD Biosciences), and BV-510-conjugated anti-
TNF-a (BioLegend) were used. Dead cells were excluded using
Fixable Viability Stain 440UV (BD Bioscience).

For surface marker labeling, PBMCs were incubated with
surface fluorescent-labeled monoclonal antibodies. For
intracellular staining, PBMCs were incubated with or without
100 ng/mL lipopolysaccharide (LPS) and protein transport
inhibitor (1mL/mL, BD GolgiPlug) for 6 h, followed by staining
with surface markers, and fixation, permeabilization, and staining
with the corresponding fluorescent intracellular antibodies.

Effect of G-CSF on Monocyte Phenotype
and Cytokine Secretion In Vitro
PBMCs were obtained from patients with HBV-ACLF who did
not receive G-CSF therapy. CD14+ monocytes were further
May 2022 | Volume 13 | Article 885829
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isolated using magnetic bead separation (Miltenyi, Bergisch
Gladbach, Germany). The purity of monocyte separation was
examined using flow cytometry, and CD14+ monocytes with a
purity >95% were used in vitro experiments. Isolated monocytes
were incubated in complete media with 20 ng/mL G-CSF or an
equivalent volume of PBS (control) for 24 h for surface staining.
For intracellular staining, the isolated CD14+ monocytes were
stimulated with G-CSF (20 ng/ml) for 18 h. After 18 h
incubation, LPS (100 ng/ml) and protein transport inhibitor
(1mL/mL, BD GolgiPlug) was added and continue to incubation
for 6 h, followed by staining with surface markers, and fixation,
permeabilization, and staining with the corresponding
fluorescent intracellular antibodies. After all the above steps,
the monocytes were harvested and analyzed for their surface
phenotype and intracellular cytokine levels using flow cytometry.
Staining was performed as previously described.

Phagocytosis and Oxidative Burst Assays
The effect of G-CSF therapy on monocyte phagocytosis and the
oxidative burst capacity of patients with HBV-ACLF was
evaluated. Monocyte phagocytosis and oxidative burst
capacity were tested using the PHAGOTEST kit (CELONIC,
Germany) and PHAGOBURST kit (CELONIC, Germany)
following the manufacturer’s protocol, respectively, and then
assessed by flow cytometry.

Ethics
The study protocol and informed consent form were approved
by the Human Ethics Committee of the Fifth Medical Center
of the PLA General Hospital. All the procedures were in
accordance with the ethical guidelines of Declaration of
Helsinki. Written informed consent was obtained from
Frontiers in Immunology | www.frontiersin.org 4
patients or their guardians before enrollment. This trial was
registered at ClinicalTrials.gov (NCT02331745).

Statistical Analysis
In the clinical trial, continuous variables with normal distribution
and skewed distribution were expressed as mean ± standard
deviation (SD) and median [interquartile range (IQR)],
respectively. Categorical variables were expressed as numbers and
percentages. The chi-square test (for categorical variables) and
Student’s t-test (for continuous variables, normal distribution) or
Mann–Whitney U test (for continuous variables, skewed
distribution) were used to compare differences between the two
groups. Patients lost to follow-up contributed to the censored data.
Survival rates were calculated using the Kaplan–Meiermethod and
compared using the Log-Rank test. In the crude model and three
multivariate adjustedmodels, Cox proportional hazardsmodel was
used for multivariate regression analysis to estimate the hazard
ratios (Hazard Ratio, HRs) and 95% confidence intervals
(Confidence Interval, CIs) for the risk of 180-day mortality.
Statistical analyses and graphing were conducted using the
statistical packages R version 3.4.3 (The R Foundation, Vienna,
Austria), EmpowerStats (X&Y Solutions, Inc., Boston, MA, USA)
and the MedCalc 15.2.2 (Ostend, Belgium). Statistical significance
was set at P < 0.05.

In the Experimental section, statistical analysis was
performed using GraphPad Prism 7.00 (GraphPad Software Inc.,
La Jolla, CA, USA). Data are presented as median (IQR). Non-
parametric analyses, such as Kruskal–Wallis and Mann–Whitney
U tests, were applied to comparisons across the different groups.
Comparisons within the same individual were performed
using Wilcoxon’s matched-pair test. Statistical significance was
set at P < 0.05.
FIGURE 1 | Flowchart of screening and recruitment of patients with HBV-ACLF.
May 2022 | Volume 13 | Article 885829
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RESULTS

Baseline Clinical Characteristics of
Enrolled Patients
As shown in Table 1, the median age was 43.9 years [n = 91 men
(82.0%) and 20 women (18.0%)]. Seventy patients (63.1%)
patients had liver cirrhosis. MELD, MELD-Na and CLIF-SOFA
scores were 23.7 (21.0–26.4), 22.9 (17.6–29.2), and 7.2 ± 1.0,
respectively. The most common complication was ascites (88.3%),
followed by infection (36.9%). Serum bilirubin and CRP in the G-
CSF group were higher than those in the control group, but the
differences were not statistically significant (P = 0.066 and 0.051,
respectively). Meanwhile, the serum creatinine level in the control
group was slightly higher than that in the G-CSF group, but both
were within the normal range, and no statistical difference was
detected (P = 0.090). Table 1 shows that there were no significant
differences in the patients’ demographic and clinical
characteristics between the control and G-CSF groups.

Adverse Effects and Main Complications
During the First Month Follow-Up
The patients tolerated the treatment well, and no severe side effects
were observed.One of the patients developed amild rashduring the
follow-up and discontinued all drugs, including G-CSF. However,
no evidence was shown that the rash was induced by G-CSF. The
results showed that the G-CSF treatment protocol was safe.

During the first month, the main new-onset complications
were infection, hepatic encephalopathy, and acute kidney injury
Frontiers in Immunology | www.frontiersin.org 5
(Supplementary Table 1). The frequency of complications was
not significantly different (P > 0.05) between the control and G-
CSF groups.

Kaplan–Meier Comparative Survival
Analysis of the Control and G-CSF Group
Of the 111 patients, 66 survived, 40 died, and 5 lost to 180 days of
follow-up; thus, the survival probability at day 180 was 62.6%. In
the G-CSF group, 36 patients survived, 14 patients died, and 4
patients lost to follow-up; hence, the survival probability at day
180 was 72.2%. In the control group, 30 patients survived, 26
patients died, and 1 patient lost to follow-up, with a survival
probability of 53.8%. The differences between the two groups
were statistically significant (P = 0.0242; Figure 2).

Association Between Monocyte Count and
180-Day Mortality in HBV-ACLF Patients
Treated With or Without G-CSF
We further explored the association between baseline and day 7
monocyte count and 180-day mortality in HBV-ACLF patients
treated with or without G-CSF. As shown in Table 2, in both the
crude and adjusted models (Models 1, 2, and 3), the baseline
monocyte count was positively correlated with the 180-day
mortality risk of HBV-ACLF [HR: 2.90 (1.41, 5.93), P = 0.0036
in Model 3], and the stratification analyses showed that this
positive correlation was mainly contributed by patients in the G-
CSF group [HR: 15.48 (3.60, 66.66), P = 0.0002 in Model 3].
However, after six consecutive days of treatment, the control
TABLE 1 | Demographical and clinical characteristic of patients in control and G-CSF Group.

Variable Total G-CSF group Control group p-value

No. of patients 111 54 57
Age (year) 43.9 ± 10.4 42.5 ± 10.2 45.3 ± 10.6 0.154
Male, n (%) 91 (82.0%) 44 (81.5%) 47 (82.5%) 0.894
Liver Cirrhosis, n (%) 70 (63.1%) 33 (61.1%) 37 (64.9%) 0.678
White Blood Cells (109/L) 6.0 (4.3-8.3) 5.9 (4.1-8.3) 6.4 (4.5-8.3) 0.439
Neutrophile (109/L) 3.6 (2.5-5.6) 3.5(2.5-4.9) 4.0(2.6-5.9) 0.221
Monocyte (109/L) 0.6 (0.4-0.9) 0.5 (0.4-0.9) 0.6 (0.4-0.8) 0.779
Platelets(109/L) 85.0 (53.0-123.5) 90.0 (55.2-133.5) 85.0 (46.0-121.0) 0.362
Albumin (g/L) 29.0 (26.0-31.0) 29.0 (27.0-33.0) 28.0 (26.0-31.0) 0.123
Alanine aminotransferase (IU/L) 125.0 (64.0-314.5) 111.0 (62.5-300.0) 143.0 (75.0-316.0) 0.440
Aspartate transaminase (IU/L) 149.5 (90.2-285.8) 150.0 (94.0-250.0) 149.0 (89.0-288.0) 0.928
Total bilirubin (mmol/L) 291.0 (214.5-391.2) 324.4 (244.9-395.1) 273.0 (190.3-377.5) 0.066
Creatinine (mmol/L) 84.0 (72.0-97.5) 83.0 (69.2-92.0) 85.0 (74.0-108.0) 0.090
Triglycerides (mmol/L) 1.0 (0.6-1.4) 1.2 (0.7-1.6) 0.8 (0.6-1.3) 0.124
Sodium (mmol/L) 135.1 ± 4.3 135.4 ± 4.3 134.7 ± 4.3 0.373
Prothrombin activity (%) 37.2 (30.5-43.3) 38.0 (29.3-43.3) 36.4 (30.9-43.3) 0.786
International normalized ratio 1.9 (1.6-2.1) 1.8 (1.6-2.1) 1.9 (1.7-2.2) 0.263
C- reactive protein (mg/L) 12.8 (8.0-20.6) 15.6 (8.6-22.5) 10.0 (8.1-14.2) 0.051
HBV DNA (Log10 IU/mL) 4.0 (2.0-5.2) 3.8 (1.9-5.5) 4.0 (2.4-4.9) 0.674
Ascites, n (%) 98 (88.3%) 45 (83.3%) 53 (93.0%) 0.114
Infection, n (%) 41 (36.9%) 18 (33.3%) 23 (40.4%) 0.444
Acute kidney injury, n (%) 13 (11.7%) 5 (9.3%) 8 (14.0%) 0.434
Hepatic encephalopathy, n (%) 18 (16.2%) 8 (14.8%) 10 (17.5%) 0.697
MELD 23.7 (21.0-26.4) 22.8 (20.7-26.0) 24.1 (21.6-27.1) 0.261
MELD Na 22.9 (17.6-29.2) 21.8 (16.8-25.6) 23.7 (17.8-31.2) 0.152
CLIF-SOFA 7.2 ± 1.0 7.1 ± 0.9 7.3 ± 1.1 0.335
May 2022 | Volume 13 | Article
All data were present as mean ± SD, median (IQR) or number (%). G-CSF, Granulocyte-colony stimulating factor; MELD, model for end-stage liver disease; MELD-Na, MELD-sodium;
CLIF-SOFA, chronic liver failure-sequential organ failure assessment.
885829

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Tong et al. G-CSF for managing HBV-ACLF
group did not demonstrate significant changes, whereas the
positive association between monocyte count on day 7, and the
risk of death was significantly weakened in the G-CSF-treated
group [HR: 1.10 (0.50, 2.43), P = 0.8080 in Model 3]. Similar
relationship was observed between monocyte count and 90-day
mortality (Supplementary Table 2). Therefore, we speculate that
G-CSF may benefit patients with HBV-ACLF by altering the
number or function of monocytes.

Shift in the Monocyte Subpopulations
After G-CSF Treatment
According to traditional gating, monocyte subtypes can be
identified by the expression of CD14 and CD16 (Figure 3A).
We evaluated the frequencies of the three monocyte subsets
(described above). As shown in Figure 3B, although there was no
significant difference in the proportion of classic, intermediate,
Frontiers in Immunology | www.frontiersin.org 6
and non-classical monocytes before (day 0) and after G-CSF
treatment (P = 0.8981, 0.7113 and 0.9953, respectively), the
intermediate and non-classical monocytes demonstrated a
decreasing trend, whereas classical monocytes demonstrated an
increasing trend. Thus, a shift in monocyte subpopulations was
detected after G-CSF treatment.

G-CSF Therapy Induces an Anti-
Inflammatory/Pro-Restorative (M2-Like)
Monocyte Phenotype in HBV-ACLF
Patients
To fully evaluate the effect of G-CSF on monocytes in HBV-
ACLF, we designed detailed immunophenotypic analyses to
detect the levels of activation/inflammation markers (HLA-DR,
CD86, MerTK, and CD163) and tissue-homing markers (CCR2
and CX3CR1) before (day 0) and after the administration of G-
TABLE 2 | Association between monocyte count and 180-day mortality in HBV-ACLF patients.

Model Total G-CSF group Control group

Monocytes on day 0 (×109/L)
Crude model 2.42 (1.38, 4.24) 0.0020 5.19 (2.10, 12.82) 0.0004 1.72 (0.81, 3.65) 0.1599
Model 1 2.83 (1.58, 5.07) 0.0005 5.41 (2.10, 13.89) 0.0005 2.13 (0.94, 4.83) 0.0690
Model 2 2.86 (1.59, 5.12) 0.0004 5.25 (2.05, 13.46) 0.0006 2.32 (1.05, 5.12) 0.0365
Model 3 2.90 (1.41, 5.93) 0.0036 15.48 (3.60, 66.66) 0.0002 2.43 (0.72, 8.20) 0.1531

Monocytes on day 7 (×109/L)
Crude model 1.79 (1.11, 2.90) 0.0180 1.30 (0.69, 2.45) 0.4117 3.09 (1.42, 6.71) 0.0044
Model 1 1.93 (1.17, 3.19) 0.0106 1.27 (0.64, 2.51) 0.4972 3.36 (1.44, 7.85) 0.0051
Model 2 1.96 (1.17, 3.26) 0.0102 1.25 (0.63, 2.47) 0.5177 3.73 (1.58, 8.82) 0.0027
Model 3 1.42 (0.77, 2.61) 0.2590 1.10 (0.50, 2.43) 0.8080 2.57 (0.79, 8.44) 0.1184
May 2022 | Vol
Data are presented as HR (95% CI) and P value. Model 1 was adjusted for age and sex; Model 2 was adjusted for Model 1+ liver cirrhosis; Model 3 was adjusted for Model 2+ total bilirubin
and international normalized ratio, and infection, acute kidney injury, and hepatic encephalopathy presence. G-CSF, Granulocyte-colony stimulating factor.
FIGURE 2 | Kaplan–Meier curve showing the 180-day survival in G-CSF group, compared with the control group. G-CSF, Granulocyte-colony stimulating factor.
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CSF (n = 12). As shown in Figure 4, after treatment with G-CSF,
the expression of M1-like markers (HLA-DR and CD86) in
monocytes decreased (HLA-DR: day 0 vs. day 3 vs. day 7 vs.
day 14 vs. day 28 = 94.9% vs. 78.5% vs. 80.1% vs. 82.1% vs. 92.6%,
respectively; P = 0.0148; CD86: day 0 vs. day 3 vs. day 7 vs. day 14
vs. day 28 = 57.1% vs. 30.5% vs. 28.6% vs. 43% vs. 40.3%,
respectively; P = 0.0764), whereas the expression of M2-like
marker (MerTK) increased (day 0 vs. day 3 vs. day 7 vs. day 14 vs.
day 28 = 39.3% vs. 71.5% vs. 56.3% vs. 55.4% vs. 37.5%,
respectively; P = 0.0002). There was no significant change in
the expression of CCR2 and CX3CR1 in monocytes according to
MFI before and after G-CSF treatment (P = 0.1074 and 0.8889,
respectively). The above results indicate that circulating
monocytes after G-CSF therapy showed an anti-inflammatory/
pro-restorative phenotype in patients with HBV-ACLF.

G-CSF Therapy AttenuatedCytokine Secretion
inMonocytes Obtained FromHBV-ACLF
PatientsWith orWithout LPS Stimulation
We evaluated whether G-CSF treatment in patients with HBV-
ACLFmodulated the ability ofmonocytes to produce IL-6, TNF-a,
and IL-10 following LPS challenge or not.As shown inFigure 5, the
Frontiers in Immunology | www.frontiersin.org 7
secretion of TNF-a, IL-6, and IL-10 by monocytes decreased after
G-CSF therapywithout LPS stimulation (TNF-a: day 0 vs. day 3 vs.
day7vs. day14vs. day28=6.6%vs. 1.6%vs. 2.0%vs. 1.6%vs. 12.5%,
respectively; P < 0.0001; IL-6: day 0 vs. day 3 vs. day 7 vs. day 14 vs.
day 28 = 24.0% vs. 7.5% vs. 10.9% vs. 8.4% vs. 44.6%, respectively;
P=0.0025; IL-10: day0vs. day3vs. day7vs. day14vs. day28=0.9%
vs. 0.5% vs. 0.2% vs. 0.5% vs. 1.6%, respectively; P = 0.0004). In
contrast to pre-treatment (day 0), cytokine secretion in monocytes
showed a decreased response to LPS stimulation after G-CSF
treatment (TNF-a: day 0 vs. day 3 vs. day 7 vs. day 14 vs. day 28
= 30.8% vs. 18.8% vs. 21.0% vs. 23.6% vs. 26.3%, respectively; P =
0.0439; IL-6: day 0 vs. day 3 vs. day 7 vs. day14 vs. day 28= 69.4%vs.
64.5% vs. 61.8% vs. 72.3% vs. 74.7%, respectively; P = 0.0611; IL-10:
day 0 vs. day 3 vs. day 7 vs. day 14 vs. day 28= 4.2% vs. 2.7% vs. 3.0%
vs. 4.5% vs. 4.6%, respectively; P = 0.0099). Hence, G-CSF reduces
the inflammatory response of monocytes in HBV-ACLF patients.

G-CSF Induces M2-Like Phenotype and
Functional Transition of Monocytes From
HBV-ACLF Patients In Vitro
We performed in vitro experiments to further clarify the effect of
G-CSF on the phenotype and function of monocytes in patients
A

B

FIGURE 3 | Gating of monocytes and effect of G-CSF on monocyte subtypes in patients with HBV-ACLF. (A) Flow cytometry analysis and gating strategy used to
determine monocytes and their subsets. (B) Effect of G-CSF on monocyte subtypes in patients with HBV-ACLF (n=12). Non-parametric (Wilcoxon’s matched-pair
test) statistical analysis was used. Data presented as median with interquartile range. ns represents P >0.05; G-CSF, Granulocyte-colony stimulating factor; HBV-
ACLF, hepatitis B virus-related acute-on -chronic liver failure.
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A

B C

FIGURE 4 | Phenotype of circulating monocytes in HBV-ACLF patients (n=12) before (day 0) and after G-CSF treatment. (A) Expression of CD86、HLA-DR、MerTK,
and CD163 on monocytes in HBV-ACLF before and after G-CSF treatment. (B) Phenotypic alterations on monocytes after treated with G-CSF. (C) Expression of
tissue-homing receptors on monocytes after treated with G-CSF. Non-parametric (Wilcoxon’s matched-pair test) statistical analysis was used. Data presented as
median with interquartile range. Compared with day 0, *P < 0.05, **P < 0.01, ***P < 0.001. ns represents P >0.05. G-CSF, Granulocyte-colony stimulating factor; HBV-
ACLF, hepatitis B virus-related acute-on -chronic liver failure; FSC, forward scatter.
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with HBV-ACLF. As shown in Figure 6, after exogenous
addition of G-CSF to monocytes from HBV-ACLF patients,
the expression of M1-type markers (HLA-DR and CD86)
decreased, whereas the expression of M2-type markers (CD163
and MerTK) increased (P < 0.01). There was no significant
difference in the expression of homing receptors CCR2 and
CX3CR1 between the two groups (P > 0.05; Figure 6C).
Concurrently, although no statistically significant difference
was detected, G-CSF decreased the secretion of pro-
inflammatory factors (IL-6 and TNF-a) after LPS stimulation,
whereas IL-10 secretion was slightly increased (Figure 6D).
Except for the secretion of IL-10, these results were consistent
with those observed in vivo. G-CSF tend to promote the
transition of monocytes to M2 type in HBV-ACLF patient.

Influence of G-CSF on Phagocytosis and
Oxidative Burst Function of Monocytes in
HBV-ACLF
We tested and compared phagocytosis (Figure 7A)
and oxidative burst (Figure 7B) of monocytes freshly isolated
from HBV-ACLF patients before (day 0) and after G-CSF
treatment. It was observed that phagocytosis of monocytes
showed an upward trend, whereas oxidative burst showed a
downward trend after the administration of G-CSF; however, the
discrepancies were not statistically significant in view
of the small numbers (P all <0.05).
Frontiers in Immunology | www.frontiersin.org 9
DISCUSSION

In the present study, we conducted a randomized clinical trial to
treat HBV-ACLF patients with G-CSF. We showed that G-CSF
significantly improved the survival of HBV-ACLF patients. In
addition, Cox regression analysis showed that G-CSF treatment
attenuated the positive correlation coefficient between monocyte
count and 180-day mortality risk in patients with HBV-ACLF.
Further analyses demonstrated that after treatment with G-CSF,
the phenotype and function of monocytes in HBV-ACLF tended
to an anti-inflammatory/pro-restorative (M2-like) phenotype,
which may contribute to the attenuation of liver injury and
promote recovery of ACLF. These novel findings expand our
knowledge of the role of G-CSF in the treatment of liver failure
and provide new evidence that G-CSF may contribute to
protection against liver damage.

In the current study, we observed a survival benefit in patients
with HBV-ACLF after G-CSF therapy. This result was in
agreement with those of several previous studies (5, 6). A study
performed by Garg et al. (6) showed that the 60-day survival rate
was significantly higher in ACLF patients treated with G-CSF
than in the placebo group (69.6% vs. 29.2%; P = 0.001). Another
study also revealed superior 90-day survival (5) of HBV-ACLF
patients treated with G-CSF compared to those treated with the
placebo (64.3% vs. 28.6%; P = 0.04). In addition, these two
studies showed improvement in liver function, as indicated by
A

B

FIGURE 5 | G-CSF therapy attenuated cytokine secretion in monocytes with or without LPS stimulation in HBV-ACLF patients (n=12). (A) Cytokine secretion in
monocytes without LPS stimulation. (B) Cytokine secretion in monocytes with LPS stimulation. Non-parametric (Wilcoxon’s matched-pair test) statistical analysis was
used. Data presented as median with interquartile range. Compared with day 0, *P < 0.05, **P < 0.01, ***P < 0.001. G-CSF, Granulocyte-colony stimulating factor;
HBV-ACLF, hepatitis B virus-related acute-on-chronic liver failure; LPS, lipopolysaccharide.
May 2022 | Volume 13 | Article 885829

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Tong et al. G-CSF for managing HBV-ACLF
the MELD and Child-Turcotte-Pugh (CTP) scores. However, a
European study by Engelmann et al. (10) failed to demonstrate
better efficacy of G-CSF than standard medical therapy in ACLF
patients (90-day transplant-free survival rates: 34.1% vs. 37.5%;
P = 0.805). The liver function scores also did not improve in the
G-CSF treatment group. The positive effect of G-CSF has only
been confirmed in Asian studies, and not in the European study.

A major potential factor that may have contributed to this
discrepancy is that the inclusion criteria were different. In the
studies conducted by Gerg and Duan (5, 6), ACLF was defined
according to the APASL criteria, in which patients with pre-
exiting decompensated cirrhosis and sepsis were not included.
The European study enrol led pat ients wi th acute
Frontiers in Immunology | www.frontiersin.org 10
decompensation of cirrhosis, utilizing the European
Association for the Study of the Liver -Chronic Liver Failure
(EASL-CLIF) criteria. APASL criteria focuses on liver failure,
and severe liver necroinflammation is regarded as the core
feature of ACLF. However, organ failure, whether hepatic or
extrahepatic, was the predominant feature according to the
EASL-CLIF criteria (31). ACLF patients, who meet EASL-CLIF
criteria, are typically and more irreversibly at the “end-stage.” G-
CSF is regarded as a growth factor in hepatic regeneration and an
immunomodulatory agent in ACLF (2). Garg et al. (6) showed
that the number of CD34+ cells markedly increased in the liver
tissue after G-CSF therapy in patients with ACLF. Subsequently,
they demonstrated that G-CSF enhanced the mobilization of
A B

FIGURE 7 | Influence of G-CSF on phagocytosis and oxidative burst function of monocytes in HBV-ACLF. (A) Effect of G-CSF on phagocytosis function of
monocytes (n=5). (B) Effect of G-CSF on oxidative burst function of monocytes (n=3). ns represents P >0.05; G-CSF, Granulocyte-colony stimulating factor; HBV-
ACLF, hepatitis B virus-related acute-on -chronic liver failure.
A B

DC

FIGURE 6 | G-CSF induces M2-like phenotype and functional transition of monocytes from HBV-ACLF patients in vitro. (A) G-CSF decreased the expression of
pro-inflammatory markers on monocytes (n=9). (B) G-CSF elevated the expression of anti-inflammatory/pro-restorative markers on monocytes (n=9). (C) Effect of G-
CSF on the expression of homing receptors on monocytes (n=9). (D) G-CSF attenuated pro-inflammatory cytokine secretion in monocytes (n=5). Non-parametric
(Wilcoxon’s matched-pair test) statistical analysis was used. Data presented as median with interquartile range. ** represents compared with day 0, P<0.01; ns
represents P >0.05; G-CSF, Granulocyte-colony stimulating factor; HBV-ACLF, hepatitis B virus-related acute-on -chronic liver failure.
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bonemarrowhematopoietic stem cells and promoted their homing
in the hepatic parenchyma. G-CSF therapy was also shown to
enhance dendritic cell recruitment to the liver and suppress
interferon-g secretion by CD8+ T cells to attenuate hepatocellular
injury (13). The purpose of G-CSF in patients with ACLF
is to enhance liver regeneration and regulate the immune and
inflammatory responses. Hence, G-CSF should be used in patients
with early stage ACLF, where it can offer excellent
regenerative potential. However, in the study by Engelmann (10),
all G-CSF-treated ACLF patients had a poor pre-existing liver base
(liver cirrhosis), more than 65.9% suffered from extrahepatic organ
failure, and up to 56.8% had bacterial infection at baseline. Thus, it
may have been too late for G-CSF to exert a therapeutic effect. In a
comment on this study, Sarin (32) offers a similar opinion.
Therefore, the differences in the definition of ACLF between the
East and the West also directly led to the discrepancy in
understanding the pathophysiological process, therapeutic
strategies, and treatment effects in ACLF.

Our study also showed that the baseline monocyte count was
positively associatedwith the 180-daymortality risk ofHBV-ACLF
patients, while the stratified analysis showed that this positive
correlation was mainly contributed by the patients in the G-CSF
group. Interestingly, after 6 days of continuous treatment, the
control group did not demonstrate significant changes, whereas
the positive association between monocyte count on day 7 and the
risk of death was significantly weakened in the G-CSF-treated
group. Therefore, we speculate that G-CSF may benefit HBV-
ACLF patients by altering the number or function of monocytes.

Monocyte/macrophage dysfunction plays a core role in the
progression of ACLF (17). These cells have plastic phenotypes
and diverse roles in ACLF, from pro-inflammatory (M1-like)
to anti-inflammatory/pro-restorative (M2-like), depending on the
microenvironment. To better understand the mechanism of action
ofG-CSF,we investigated its effectonthephenotype and functionof
monocytes in ACLF patients. Our study demonstrated that after
treatment with G-CSF, the expression of M1-like markers (HLA-
DR and CD86) in monocytes decreased, whereas expression of
MerTK (M2-like marker) increased. Weise et al. (33) detected a
similar phenomenon in mouse models of ischemic stroke. After
administration ofG-CSF, the expression of Ly6c+ (M1-likemarker)
in monocytes was markedly suppressed (33). Similarly, in another
study performed by Fadini, circulating M2-like phenotype
monocytes were evaluated after G-CSF treatment (34). Our study
also showed that the secretion of TNF-a, IL-6, and IL-10 by
monocytes decreased after G-CSF therapy with or without LPS
stimulation in patients withACLF. This indicates that G-CSF could
attenuate the monocyte immune response in the basal state in
ACLF. Moreover, the response to further LPS stimuli was reduced,
which indicated LPS tolerance. Interestingly, in vitro experiments,
we found that the IL-10 level was slightly increased by G-CSF after
LPS stimulation. Weise et al. also found that G-CSF may promote
the production of IL-10 (an M2-like cytokine) in monocytes in
animal models of ischemic stroke (33). This discrepancy may be
related to the methodological limitations of the studies. The
microenvironment is also different in vivo vs. in vitro, and
monocytes in patients may also be affected by other stimuli. What
Frontiers in Immunology | www.frontiersin.org 11
ismore, several studies have detected an anti-inflammatory effect of
monocytes mediated by G-CSF, which is characterized by the
reduction of LPS-induced TNF-a (M1-like cytokine) production
(35, 36). These findings appear to be compatible with our results. It
means that G-CSF appears to impair antimicrobial defenses while
attenuatingmonocyte inflammatory responses in ACLF. However,
our study also found that after G-CSF treatment, the phagocytic
function of monocytes in patients tended to be elevated, while the
oxidative burst capacity decreased. Due to the small sample size,
these differenceswere not statistically significant. Therefore, further
studies may be required to assess whether G-CSF has a negative
effect on the antimicrobial defense capacity of monocytes.
Collectively, these results indicate that G-CSF seems to induce
monocytes to exert immunosuppressive effects. From this
perspective, it supports the argument that G-CSF should be used
in the early phase of ACLF, when the pro-inflammatory/injury
response is dominant (37).

Our study had several limitations. Firstly, this was a single-
center study, and a larger multicenter trial should be conducted.
Secondly, the relatively small sample size in the experimental study
may have led to statistical fluctuations. Finally, because liver tissues
were unavailable, we only investigated the effect of G-CSF on
circulating monocytes in ACLF patients, and lacked macrophages.
This issue will be resolved in future animal experiments.

In summary, our study validated the efficacy of G-CSF in
patients with HBV-ACLF. In addition, the effects of G-CSF on
monocytes in ACLF were explored. G-CSF can promote the anti-
inflammatory/pro-restorative phenotype (M2-like) transition of
monocytes, which may contribute to the recovery of ACLF.
However, owing to heterogeneity, monocytes play distinct roles
in ACLF, from pro-inflammatory to pro-resolution, depending
on the microenvironment. Therefore, a full understanding of the
pathophysiological processes and developmental stages of ACLF
may help to select the right patients for appropriate therapy.
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Cirrhosis. J Hepatol (2020) 73(1):186–201. doi: 10.1016/j.jhep.2020.03.027

21. You S, Rong Y, Zhu B, Zhang A, Zang H, Liu H, et al. Changing Etiology of
Liver Failure in 3,916 Patients From Northern China: A 10–Year Survey.
Hepatol Int (2013) 7(2):714–20. doi: 10.1007/s12072-013-9424-5

22. Matsushita M, Freigang S, Schneider C, Conrad M, Bornkamm GW, Kopf M.
T Cell Lipid Peroxidation Induces Ferroptosis and Prevents Immunity to
Infection. J Exp Med (2015) 212(4):555–68. doi: 10.1084/jem.20140857

23. Yu Z, Li J, Ren Z, Sun R, Zhou Y, Zhang Q, et al. Switching From Fatty Acid
Oxidation to Glycolysis Improves the Outcome of Acute–On–Chronic Liver
Failure. Adv Sci (Weinheim Baden–Wurttemberg Germany) (2020) 7
(7):1902996. doi: 10.1002/advs.201902996

24. Sarin SK, Kumar A, Almeida JA, Chawla YK, Fan ST, Garg H, et al. Acute–
On–Chronic Liver Failure: Consensus Recommendations of the Asian Pacific
Association for the Study of the Liver (APASL). Hepatol Int (2009) 3(1):269–
82. doi: 10.1007/s12072-008-9106-x

25. Angeli P, Ginès P, Wong F, Bernardi M, Boyer TD, Gerbes A, et al. Diagnosis
and Management of Acute Kidney Injury in Patients With Cirrhosis: Revised
Consensus Recommendations of the International Club of Ascites. J Hepatol
(2015) 62(4):968–74. doi: 10.1016/j.jhep.2014.12.029

26. Patidar KR, Bajaj JS. Covert and Overt Hepatic Encephalopathy: Diagnosis
and Management. Clin Gastroenterol Hepatol (2015) 13(12):2048–61.
doi: 10.1016/j.cgh.2015.06.039

27. Kamath PS, Kim WR. The Model for End–Stage Liver Disease (MELD).
Hepatol (Baltimore Md) (2007) 45(3):797–805. doi: 10.1002/hep.21563

28. Kim WR, Biggins SW, Kremers WK, Wiesner RH, Kamath PS, Benson JT,
et al. Hyponatremia and Mortality Among Patients on the Liver–Transplant
May 2022 | Volume 13 | Article 885829

https://www.frontiersin.org/articles/10.3389/fimmu.2022.885829/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.885829/full#supplementary-material
https://doi.org/10.1007/s12072-019-09946-3
https://doi.org/10.1038/nrgastro.2015.219
https://doi.org/:10.1053/j.gastro.2013.02.042
https://doi.org/10.1016/S0140-6736(15)00309-8
https://doi.org/10.3748/wjg.v19.i7.1104
https://doi.org/10.1053/j.gastro.2011.11.027
https://doi.org/10.1038/ajg.2014.154
https://doi.org/10.1016/j.dld.2007.08.006
https://doi.org/10.1016/j.dld.2007.08.006
https://doi.org/10.1007/s12072-017-9814-1
https://doi.org/10.1016/j.jhep.2021.07.033
https://doi.org/10.1023/a:1025463532521
https://doi.org/10.1002/hep.22317
https://doi.org/10.1111/liv.12415
https://doi.org/10.1038/ajg.2014.250
https://doi.org/10.1038/nri.2017.11
https://doi.org/10.1038/nrgastro.2015.200
https://doi.org/10.1038/nrgastro.2015.200
https://doi.org/10.3389/fimmu.2018.02948
https://doi.org/10.3389/fimmu.2018.02948
https://doi.org/10.1038/ni.2526
https://doi.org/10.1038/nri.2017.28
https://doi.org/10.1016/j.jhep.2020.03.027
https://doi.org/10.1007/s12072-013-9424-5
https://doi.org/10.1084/jem.20140857
https://doi.org/10.1002/advs.201902996
https://doi.org/10.1007/s12072-008-9106-x
https://doi.org/10.1016/j.jhep.2014.12.029
https://doi.org/10.1016/j.cgh.2015.06.039
https://doi.org/10.1002/hep.21563
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Tong et al. G-CSF for managing HBV-ACLF
Waiting List. N Engl J Med (2008) 359(10):1018–26. doi: 10.1056/
NEJMoa0801209

29. Piano S, Singh V, Caraceni P, Maiwall R, Alessandria C, Fernandez J, et al.
Epidemiology and Effects of Bacterial Infections in Patients With Cirrhosis
Worldwide. Gastroenterol (2019) 156(5):1368–80.e1310. doi: 10.1053/
j.gastro.2018.12.005

30. Zhang Z, Yang Z, Cheng Q, Hu X, Liu M, Liu Y, et al. Establishment and
Validation of a Prognostic Model for Hepatitis B Virus−Related Acute–on–
Chronic Liver Failure Patients With Bacterial Infection. Hepatol Int (2022) 16
(1):38–47. doi: 10.1007/s12072-021-10268-6

31. Bajaj JS. Defining Acute–on–Chronic Liver Failure: Will East and West Ever
Meet? Gastroenterol (2013) 144(7):1337–9. doi: 10.1053/j.gastro.2013.04.024

32. Jindal A, Sarin SK. G–CSF in Acute–on–Chronic Liver Failure – Art of
'Patient Selection' is Paramount! J Hepatol (2022) 76(2):472–3. doi: 10.1016/
j.jhep.2021.08.022

33. Weise G, Pösel C, Möller K, Kranz A, Didwischus N, Boltze J, et al. High–
Dosage Granulocyte Colony Stimulating Factor Treatment Alters Monocyte
Trafficking to the Brain After Experimental Stroke. Brain Behav Immun
(2017) 60:15–26. doi: 10.1016/j.bbi.2016.08.008

34. Fadini GP, De Kreutzenberg SV, Boscaro E, Albiero M, Cappellari R, Kränkel
N, et al. An Unbalanced Monocyte Polarisation in Peripheral Blood and Bone
Marrow of Patients With Type 2 Diabetes has an Impact on Microangiopathy.
Diabetologia (2013) 56(8):1856–66. doi: 10.1007/s00125-013-2918-9

35. Boneberg EM, Hareng L, Gantner F, Wendel A, Hartung T. Human Monocytes
Express Functional Receptors for Granulocyte Colony–Stimulating Factor That
Mediate Suppression of Monokines and Interferon–Gamma. Blood (2000) 95
(1):270–6. doi: 10.1182/blood.V95.1.270.001k39_270_276
Frontiers in Immunology | www.frontiersin.org 13
36. Nishiki S, Hato F, Kamata N, Sakamoto E, Hasegawa T, Kimura-Eto A, et al.
Selective Activation of STAT3 in Human Monocytes Stimulated by G–CSF:
Implication in Inhibition of LPS–Induced TNF–Alpha Production. Am J
Physiol Cell Physiol (2004) 286(6):C1302–1311. doi: 10.1152/ajpcell.
00387.2003

37. Chen P, Wang YY, Chen C, Guan J, Zhu HH, Chen Z. The Immunological
Roles in Acute–on–Chronic Liver Failure: An Update. Hepatobil Pancreat Dis
Int: HBPD Int (2019) 18(5):403–11. doi: 10.1016/j.hbpd.2019.07.003
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Tong, Wang, Xu, Wan, Fang, Chen, Mu, Liu, Chen, Su, Liu, Li,
Huang and Hu. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
May 2022 | Volume 13 | Article 885829

https://doi.org/10.1056/NEJMoa0801209
https://doi.org/10.1056/NEJMoa0801209
https://doi.org/10.1053/j.gastro.2018.12.005
https://doi.org/10.1053/j.gastro.2018.12.005
https://doi.org/10.1007/s12072-021-10268-6
https://doi.org/10.1053/j.gastro.2013.04.024
https://doi.org/10.1016/j.jhep.2021.08.022
https://doi.org/10.1016/j.jhep.2021.08.022
https://doi.org/10.1016/j.bbi.2016.08.008
https://doi.org/10.1007/s00125-013-2918-9
https://doi.org/10.1182/blood.V95.1.270.001k39_270_276
https://doi.org/10.1152/ajpcell.00387.2003
https://doi.org/10.1152/ajpcell.00387.2003
https://doi.org/10.1016/j.hbpd.2019.07.003
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Granulocyte Colony-Stimulating Factor Accelerates the Recovery of Hepatitis B Virus-Related Acute-on-Chronic Liver Failure by Promoting M2-Like Transition of Monocytes
	Introduction
	Patients and Methods
	Patients
	Study Design and Follow-Up of the Clinical Trial
	Phenotyping of Monocytes and Measurement of Cytokine Expression in G-CSF-Treated Patients
	Effect of G-CSF on Monocyte Phenotype and Cytokine&nbsp;Secretion In Vitro
	Phagocytosis and Oxidative&nbsp;Burst&nbsp;Assays
	Ethics
	Statistical Analysis

	Results
	Baseline Clinical Characteristics of Enrolled Patients
	Adverse Effects and Main Complications During the First Month Follow-Up
	Kaplan–Meier Comparative&nbsp;Survival&nbsp;Analysis&nbsp;of&nbsp;the Control and G-CSF Group
	Association Between Monocyte&nbsp;Count and 180-Day Mortality in HBV-ACLF Patients Treated With or Without G-CSF
	Shift in the&nbsp;Monocyte&nbsp;Subpopulations After G-CSF Treatment
	G-CSF Therapy Induces an Anti-Inflammatory/Pro-Restorative (M2-Like) Monocyte Phenotype in HBV-ACLF Patients
	G-CSF Therapy Attenuated Cytokine Secretion in Monocytes Obtained From HBV-ACLF Patients With or Without&nbsp;LPS Stimulation
	G-CSF Induces M2-Like Phenotype and Functional&nbsp;Transition of Monocytes From HBV-ACLF Patients In Vitro
	Influence of G-CSF on Phagocytosis and Oxidative Burst Function of Monocytes in HBV-ACLF

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


