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Abstract: M2b monocytes commonly isolated from patients with unhealthy alcohol use (Alc) have
been described as cells that make the host susceptible to opportunistic infections. CD34+CD10+CD19−

cells are multilineage progenitors of CD19+ cells, and we show that the effect of these cells from
the peripheral blood on M2b monocyte polarization differed between healthy donors and Alc in
this study. In healthy donors, these cells consistently differentiated into high-mobility group box-1
(HMGB1)-nonproducing cells (CD19+ cells) in response to retinoic acid (RA). However, owing to
the lack of expression of RA receptor (RAR), these cells from Alc failed to differentiate into CD19+

cells under the same RA stimulation. Conditioned medium (CM) of these cells from Alc induced the
polarization of M2b monocytes, which increases the susceptibility of hosts to opportunistic infections
in Alc. When the alcoholic individuals were subjected to 2 weeks of abstinence from alcohol, these
cells from Alc recovered their RAR expression and differentiated into CD19+ cells. Moreover, the CM
of these cells from Alc after abstinence lost its ability to induce M2b monocyte polarization. These
results indicate that these cells from Alc have different properties from those of healthy donors. In Alc,
these cells without RAR stimulate M2b monocyte polarization through the production of HMGB1.

Keywords: patients with unhealthy alcohol use 2; CD34+CD10+CD19− cells 3; M2b monocytes 4; HMGB1

1. Introduction

Alcohol use usually has a variety of negative health outcomes, including morbidity,
mortality, and disability. Every year, 3 million deaths result from alcohol use, representing
5.3% of all deaths globally [1]. Many hospitalized people with unhealthy alcohol use are
diagnosed with infectious complications [2] and the majority of the causative pathogens
for infections in people with unhealthy alcohol use are the microbes normally found in
the upper and lower intestines [3]. Because such infections do not usually develop in
healthy individuals, certain immune dysfunctions related to alcohol are considered to be
the underlying causes of the increased susceptibility of people with unhealthy alcohol
use to these infections. In fact, various host antibacterial immune functions are strongly
influenced by unhealthy alcohol use [4–14]. Decreased immune function associated with
alcohol use includes granulopoiesis, tissue recruitment of neutrophils, Toll-like receptor
responsiveness of macrophages (Mϕ) [7], decreased IL-12 production [8], and increased
Th2 responses [14]. We previously showed that gut bacteria-associated sepsis is controlled
by bactericidal M1Mϕ (IL-10–IL-12+CCL1– Mϕ), which results in infections [3]. However,
M1Mϕ is not easily generated in people with unhealthy alcohol use because M2bMϕ (IL-
10+CCL1+ Mϕ), predominantly generated in people with unhealthy alcohol use, inhibits
the conversion of M1Mϕ from monocytes [15]. However, it remains unclear as to why
M2bMϕ/monocytes are generated in individuals with chronic alcohol consumption.
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CD34+ cells are multipotent somatic cells that can differentiate into various cell types
and support regeneration and restoration in vivo [16]. They affect immune regulatory
functions in both adaptive and innate immunity [17,18]. The models of human B-lineage
development suggest a single hierarchical development pathway from CD34+ stem cells to
B cells [19]. Ordered stages in the current human model are termed the “common lymphoid
progenitor (CLP)” and “Pre/Pro-B,” “Progenitor-B,” and “Precursor-B” subsets that follow
it (i.e., stem cell→ CLP→ Pre/Pro B cells→ Pro-B cells→ Pre-B cells→ B cells). Pre/Pro
B cells, which retain the expression of CD34 and CD10 but not of CD19, constitute the first
B-lineage stage, followed by Pro-B cells.

Vitamin A has a wide spectrum of actions in a developmental stage-specific manner.
Most of the actions of vitamin A are exerted through nuclear receptor-mediated gene
expression [20]. The active form of vitamin A is identified as RA, and it specifically binds
to the nuclear receptors RAR and retinoic X receptors, which belong to a gene superfamily
of nuclear steroid/thyroid hormone receptors, and act as ligand-inducible transcription
factors [21]. Although many transcriptional factors are involved in cell development and
polarization, we focused on RA.

In this study, we investigated the properties of CD34+CD10+CD19− cells in the
peripheral blood of people with unhealthy alcohol use and the effect of these cells on
M2bMϕ/monocyte polarization.

2. Patients and Methods
2.1. Ethics Statement

All procedures performed in this study were in accordance with the ethical standards
of the institution, ethical guidelines for medical and human subjects in Japan, and the
1964 Helsinki Declaration and its later amendments. The study was approved by the
Institutional Review Board of Osaka Medical and Pharmaceutical University (IRB approval
number: 2125-1). Written informed consent for blood sampling was obtained from all the
patients and all healthy donors.

2.2. Patients and Healthy Donors

The study was carried out on 18 patients (13 men and 5 women) who were diagnosed
as people with unhealthy alcohol use at Osaka Medical College from August 2016 to
December 2018. We enrolled patients who presented to our hospital for the first time
and were diagnosed with severe alcohol use disorder, according to The Diagnostic and
Statistical MI of Mental Disorders, Fifth Edition (DSM-5) from the American Psychiatric
Association. All patients had no active infections. We collected patient information using
Alcohol Use Disorders Identification Test (AUDIT) and assessed the patient’s alcohol intake
through interviews with the medical staff at every time of hospital visit. Alcohol abstinence
was defined as abstinence from alcohol for 2 weeks. The patients, on average, consumed
124.5 ± 63.6 g/day of ethanol for 8 to 49 years (26.7 ± 13.3 years) (Table 1). Patients who
had any malignancy, heart failure, chronic kidney disease, liver cirrhosis, or infection
were excluded from this study. Eligible patients provided written informed consent to
participate in the study, and the protocol was approved by the ethics committee of the
hospital. People who were diagnosed as healthy by a complete medical checkup within one
year were enrolled as healthy donors (HD). As HD, 11 non-alcoholic individuals (9 men
and 2 women; mean age, 36.1 years) were enrolled. None of the HD consumed more than
10 g/day of ethanol.
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Table 1. Patients enrolled in this study.

People with Unhealthy Alcohol Use Healthy
Donors

Total number of patients 18 11
Male/Female 13/5 9/2
Age (years), mean ± SD 55.2 ± 12.4 36.1 ± 7.4
Consumption of ethanol (g/day), mean ± SD 124.5 ± 63.6 6.6 ± 1.4
Duration of alcohol consumption (years), mean ± SD 26.7 ± 13.3 N/A
Total protein (g/dL), mean ± SD 7.2 ± 0.7 7.7 ± 0.4
Total bilirubin (mg/dL), mean ± SD 0.81 ± 0.55 0.46 ± 0.21
Aspartate aminotransferase (IU/mL), mean ± SD 41.2 ± 20.0 18.4 ± 4.8
Alanine transaminase (IU/mL), mean ± SD 29.9 ± 18.4 14.3 ± 5.4
γ-glutamyl transferase (IU/mL), mean ± SD 143.5 ± 106.2 34.5 ± 10.1
White blood cells (×103/µL), mean ± SD 5.6 ± 2.1 7.0 ± 3.1
Platelets (×104/µL), mean ± SD 24.7 ± 10.3 30.7 ± 10.9

2.3. Bacterium, Reagents, and Media

Enterococcus faecalis (29212 strain) was purchased from the American Type Culture
Collection (Manassas, VA, USA). In accordance with the guidelines for assuring the quality
of medical microbiological culture media, bacteria were grown in trypticase soy broth for
18 h at 37 ◦C under aerobic conditions before being used in infection experiments. HMGB1
ELISA kit was purchased from Qarigo Biolaboratories (Taiwan), and RA ELISA kit was
purchased from CUSABIO (Houston, TX, USA). Recombinant CCL1 was obtained from
PeproTech (San Diego, CA, USA). Anti-CCL1 mAbs for ELISA were obtained from R&D
Systems (San Diego, CA, USA). IL-12 and IL-10 ELISA kits were purchased from Biolegend
(San Diego, CA, USA). For reverse transcription PCR, RNeasy Mini Kit, QuantiTect Reverse
Transcription Kit, miRCURY LNA miRNA PCR Starter Kit, miR-27a primer, and miR-222
primer were purchased from QIAGEN KK (Tokyo, Japan). For flow cytometry, antibodies
directed against CD3, CD10, CD14, CD19, CD34, CD56, IL-10, and RA receptors were
purchased from Biolegend and United States Biological (Salem, MA, USA). Isotype control
mAbs, Cytofix/CytopermTM solution, anti-CD14 magnetic particles, and IMagTM buffer
were purchased from BD Biosciences (San Jose, CA, USA). The Lineage cell depletion
kit was purchased from Miltenyi Biotech (Tokyo, Japan). For cell cultivation, RPMI-1640
medium supplemented with 10% heat-inactivated FBS, 2 mM L-glutamine, and antibiotics
(100 U/mL penicillin and 100 µg/mL streptomycin) (complete medium) was used.

2.4. Isolation of CD14+ and CD34+CD10+CD19− Cells

Peripheral blood mononuclear cells (PBMCs) of HD, patients with unhealthy alcohol
use (Alc), and abstained patients were isolated from 20 mL of heparinized whole blood
by Ficoll-Hypaque density gradient centrifugation. In all experiments, we used freshly
isolated PBMCs. PBMCs are first labeled with a cocktail of biotin-conjugated antibodies
against lineage-specific antigens (CD2, CD3, CD11b, CD14, CD15, CD16, CD19, CD56,
CD123, and CD235a (Glycophorin A)). These cells were subsequently magnetically labeled
with Anti-Biotin MicroBeads. Lineage-negative cells were obtained by depletion of the
magnetically labeled cells. When these obtained cells were stained by anti-CD19 mAb, 96%
of them were shown to be CD19− cells. Then, these cells were stained for CD34 and CD10
by anti-CD34 and anti-CD10 mAbs, and CD34+CD10+CD19− cells were sorted from the
stained cells using FACS Aria. Finally, 3–5 × 104 cells of CD34+CD10+CD19− cells were
obtained from 20 mL of peripheral blood of HD, Alc and abstained Alc.

2.5. Experiments Using CD14+ and CD34+CD10+CD19− Cells

CD34+CD10+CD19− cells were stained with APC-conjugated anti-RA receptor mAb,
and the percentage of RA receptor-expressing cells was analyzed by flow cytometry. In
some experiments, CD34+CD10+CD19− cells (1 × 106 cells/mL) were cultured with or
without different doses of RA for 24 h. Cells differentiated into CD3+, CD14+, CD19+, or
CD56+ cells from the CD34+CD10+CD19− cell preparation were analyzed by flow cytometry.
To obtain 24 h-conditioned medium (CM) of CD34+CD10+CD19− cells (CD10+CD19−CM),
these cells (1 × 106 cells/mL) were cultured with 3 ng/mL RA for 24 h. After washing, the
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cell preparations were recultured for an additional 24 h and conditioned medium (CM)
was obtained. CM was assayed for high mobility group box-1 (HMGB1) by ELISA and
used to determine its ability to polarize monocytes (CD14+ cells).

2.6. Characterization of CD14+ Cells

Peripheral blood CD14+ cells from healthy donors (1 × 106 cells/mL) were cultured
in a medium supplemented with 10% (w/w) of CD10+CD19−CM. As a control, CD14+ cells
from HD were cultured without any stimulation. Twenty-four hours after cultivation, the
cells were washed and recultured for 24 h. The harvested culture fluids were assayed
for CCL1 using ELISA. The minimum detection limit for the abovementioned cytokines
in our assay system was 4–13 pg/mL. The obtained CD14+ cells were permeabilized
with Cytofix/Cytoperm solution at 4 ◦C for 20 min and then washed with a Perm/Wash
solution. The cells were stained with anti-IL-10 mAb and analyzed for IL-10 expressing
cells using FACS Canto and FlowJo software (BD Biosciences). IL-10 is a biomarker of M2
monocytes/Mϕ and CCL1 is a biomarker of M2b monocytes/Mϕ. M2b monocytes were
detected as IL-10+CCL1+CD14+ cells.

To determine the bactericidal activity of monocytes, CD14+ cells (1 × 106 cells/mL)
suspended in antibiotic-free RPMI-1640 medium supplemented with 10% FBS were exposed
to 2.5 × 105 CFU/mL of Enterococcus faecalis (E. faecalis). For comparison, the pathogen
was incubated alone under the same conditions in the “compared group.” Three hours
after incubation, samples were lysed in 0.1% Triton-X (Sigma), and serial 10-fold dilutions
of lysates were plated on tryptic soy agar. The number of colonies was counted after
incubation for 24 h at 37 ◦C. The following formula was applied to the results: bactericidal
activity = (1–test group CFU/compared group CFU) × 100.

2.7. Infection Mouse Model

Seven- to ten-week-old pathogen-free, male NOD.Cg-PrkcscidIl12rgtm1wjl/Szj (NSG)
mice were purchased from the Jackson Laboratory (Tokyo, Japan). NSG mice lack functional
T, B, and NK cells [22–24], and are carriers of macrophages with defective phagocytosis,
digestion, and antigen presentation [3,25]. All NSG mice were exposed to whole-body
irradiation (4 Gy) to deplete neutrophils (X-irradiated NSG mice) [15]. Neutrophils did
not recover in these mice for 4 weeks after irradiation. Monocytes (1 × 106 cells/mouse)
were inoculated into X-irradiated NSG mice. Two days after cell inoculation, the mice were
infected with E. faecalis (2 × 106 CFU/mouse, IV).

2.8. Statistical Analyses

Statistical analyses were performed using the JMP Pro software ver. 14 (Tokyo, Japan).
Quantitative values are expressed as means. Differences in quantitative values between
the two groups were analyzed using the Mann-Whitney U test. Differences in the ratio
between the two groups were analyzed using Fisher’s exact test. For survival analysis, the
Kaplan-Meier method was used to analyze the overall survival, and the log-rank test was
used for comparisons. Results were considered significant if the p-value was <0.05. The
results were corrected using the Holm method if multiple comparisons were made during
the analysis.

3. Results
3.1. CD34+CD10+CD19− Cells in the Peripheral Blood from Patients with Unhealthy Alcohol Use

Lineage-negative cells which were negative for CD2, CD3, CD11b, CD14, CD15,
CD16, CD19, CD56, CD123, and CD235a, were isolated from PBMC of patients with
unhealthy alcohol use (Alc) and health donors (HD) using a lineage-negative isolation
kit. CD34+CD10+CD19− cells were sorted from lineage-negative cells by flow cytometry
(Figure 1A). There was no difference in the number of CD34+CD10+CD19− cells in the
peripheral blood of HD and Alc (Figure 1B). Retinoic acid, metabolized from vitamin A, is
essential for both normal embryonic development and the maintenance of differentiation in
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adult organisms [20]. Therefore, the RA-responsiveness of CD34+CD10+CD19− cells from
Alc was compared to that of the same cell preparation from HD. When CD34+CD10+CD19−

cells from HD were stimulated with RA, they differentiated into CD19+ cells but not CD3+,
CD14+, or CD56+ cells (Figure 1C). The maximum differentiation (90%) of CD34+CD10+CD19− cells
into CD19+ cells was observed 1 h after RA stimulation (Figure 1D). However, CD34+CD10+CD19−

cells from Alc did not differentiate into CD3, CD14, CD19, or CD56 cells even when they
were stimulated with RA (Figure 1E). The majority of CD34+CD10+CD19− cells from HD
expressed the retinoic acid receptor (RAR), whereas the RAR expression in the same cell
preparation from Alc was significantly reduced (Figure 1F). When CD34+CD10+CD19−

cells from Alc were stimulated with RA for 24 h, they produced 97 ± 3.5 ng/mL HMGB1.
However, these cells from HD did not produce HMGB1 (Figure 1G). These results indicate
that CD34+CD10+CD19− cells from Alc, unlike those from HD, produced HMGB1 and
lacked the ability to differentiate into CD19 cells in response to RA.
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Figure 1. CD34+CD10+CD19− cells in the peripheral blood of healthy donors and patients with
unhealthy alcohol use. (A) CD34+CD10+CD19− cells were isolated from lineage-negative cells by
flow cytometry. (B) The number of CD34+CD10+CD19− cells in the peripheral blood from patients
with unhealthy alcohol use (Alc; #1–11) and healthy donors (HD; #1–11). (C–E) CD34+CD10+CD19−

cells from healthy donors (C) and Alc (E) were cultured with or without different doses of retinoic
acid (RA) for 24 h. These cells were stained with mAbs directed against CD3 (triangle), CD14 (square),
CD19 (circle), and CD56 (inverted triangle) and analyzed by flow cytometry. (D) The same cell
preparation from HD was stimulated with 3 ng/mL of RA for 1 to 24 h. These cells were stained with
CD19 mAbs. (F) CD34+CD10+CD19− cells from Alc (#8–16) and HD (#5–11) were stained with APC-
conjugated anti-retinoic acid receptor (RAR) mAb and analyzed by flow cytometry. (G) Production
of HMGB1 by CD34+CD10+CD19− cells from Alc (#13–18) and HD (#5–10) stimulated with 3 ng/mL
RA, as assessed by ELISA. Data are presented as mean ± SD. * p < 0.05.
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3.2. Conditioning Medium of CD34+CD10+CD19− Cells from Patients with Unhealthy Alcohol
Use (CD10+CD19− CM-Alc) Induces M2b Monocyte Polarization

We previously reported that antibacterial resistance in Alc is inhibited by M2b mono-
cyte polarization in the peripheral blood [3]. Therefore, we examined the influence of
CD34+CD10+CD19− cells from Alc on M2b monocyte polarization. Twenty-four hour-
conditioning medium (CM) of CD34+CD10+CD19− cells stimulated with RA (CD10+CD19−CM)
was added to normal CD14+ cells (HD monocytes). The obtained cells were then tested
for the biomarkers of M2bMϕ/monocytes. M2bMϕ/monocytes have been shown to be
IL-10+CCL1+cells with a reduced capacity to kill pathogens [26]. HD monocytes cultured
with CD10+CD19− CM from healthy donors (CD10+CD19−CM-HD) were observed to be
IL-10−CCL1−cells with killing activity against E. faecalis. However, HD monocytes cultured
with CD10+CD19−CM from Alc (CD10+CD19−CM-Alc) were IL-10+CCL1+ cells lacking
bactericidal activity (Figure 2A). Most of the X-irradiated NSG mice inoculated with HD
monocytes stimulated with CD10+CD19−CM-Alc died after E. faecalis infection. However,
the same mice inoculated with HD monocytes stimulated with CD10+CD19−CM-HD sur-
vived after infection (Figure 2B). These results indicate that CM from CD34+CD10+CD19−

cells from Alc stimulated with RA has the ability to stimulate M2b monocyte polarization.
However, CM of CD34+CD10+CD19− cells from HD stimulated with RA did not polarize
HD monocytes to M2b monocytes.
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Figure 2. Influence of conditioning medium (CM) of CD34+CD10+CD19− cells from patients with un-
healthy alcohol use (CD10+CD19−CM-Alc) on M2b monocyte polarization. (A) CD34+CD10+CD19−

cells (1 × 106 cells/mL) from Alc (#4–11) and HD (#1–8) were cultured with 3 ng/mL RA for 24 h. Af-
ter washing, these cell preparations were recultured for an additional 24 h and each CM was obtained.
Each CM was mixed with healthy donor-derived monocytes (HD monocytes) for 24 h. As a control,
the same monocytes were cultured without any stimulation. The obtained cells were tested for the
properties of M2b monocytes. (B) Monocytes from healthy donors (#1–6) were stimulated with 10%
syngeneic CD10+CD19−CM-HD for 24 h. HD monocytes were stimulated with CD10+CD19−CM-Alc
(#4–9) for 24 h. After washing, the obtained monocytes were inoculated into X-irradiated NSG mice,
which were then intravenously infected with E. faecalis (2 × 106 CFU/mice). Data are presented as
mean ± SD. * p < 0.05.

3.3. Effect of HMGB1 on M2b Monocyte Polarization

Production of HMGB1 from CD34+CD10+CD19− cells was analyzed in vitro. When
CD34+CD10+CD19− cells from HD were stimulated with 3 ng/mL RA for 24 h, these
cells did not produce HMGB1. However, the same cells from Alc produced HMGB1
under the stimulation with RA (Figure 3A). Next, to examine the effect of HMGB1 on M2b
monocyte polarization, HD monocytes were stimulated with different doses of HMGB1
for 24 h, and the production of some cytokines in culture fluids was assayed by ELISA
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(Figure 3B,C). When HD monocytes were cultured for 24 h under the stimulation of HMGB1,
they produced IL-10 and CCL1, but not IL-12.

Cells 2022, 11, x  7 of 12 
 

 

3.3. Effect of HMGB1 on M2b Monocyte Polarization 
Production of HMGB1 from CD34+CD10+CD19- cells was analyzed in vitro. When 

CD34+CD10+CD19- cells from HD were stimulated with 3 ng/mL RA for 24 h, these cells 
did not produce HMGB1. However, the same cells from Alc produced HMGB1 under the 
stimulation with RA (Figure 3A). Next, to examine the effect of HMGB1 on M2b monocyte 
polarization, HD monocytes were stimulated with different doses of HMGB1 for 24 h, and 
the production of some cytokines in culture fluids was assayed by ELISA (Figure 3B,C). 
When HD monocytes were cultured for 24 h under the stimulation of HMGB1, they pro-
duced IL-10 and CCL1, but not IL-12. 

Alcohol directly increases the expression of miR-27a and miR-222 in Mφ/monocytes 
[27] and miR-27a and miR-222 were analyzed by RT-PCR [28]. When HD monocytes were 
stimulated with 100 ng/mL HMGB1, both miR-27a and miR-222 were expressed in these 
cells (Figure 3D,E). These results indicate that HMGB1 produced by CD34+CD10+CD19- 
cells from Alc may induce M2b monocyte polarization. 

 
Figure 3. Effect of HMGB1 on M2b monocyte polarization from healthy donor-derived monocytes. 
(A) CD34+CD10+CD19- cells from healthy donors or patients with unhealthy alcohol use were stim-
ulated with 3 ng/mL retinoic acid (RA) for 24 h. HMGB1 production from these cells was assayed 
by ELISA. (B,C) Monocytes isolated from healthy donors were stimulated with different doses of 
HMGB1. Obtained culture fluids were assayed for IL-12, IL-10, and CCL1 by ELISA. (D,E) Mono-
cytes isolated from healthy donors were stimulated with 100 ng/mL HMGB1 or cultivated with an 
equal volume of PBS for 24 h. The expression levels of miR-27a and miR-222 in these cells were 
assayed by RT-PCR. Data are presented as mean ± SD. * p < 0.05. 

3.4. Effect of Alcohol Abstinence on CD34+CD10+CD19- Cells in Patients with Unhealthy 
Alcohol Use 

Abstinence from alcohol has been described as the most important treatment for al-
coholism [1]. In a previous study [15], we showed that M2b monocyte polarization in Alc 
was reduced by short-term abstinence from alcohol. Therefore, we hypothesized that 
CD34+CD10+CD19- cells in Alc 2 weeks after alcohol abstinence (AAlc) influences the dis-
appearance of M2b monocytes. Serum obtained from Alc before and 2 weeks after alcohol 
abstinence were assayed for HMGB1 by ELISA (Figure 4A). Serum HMGB1 levels signif-
icantly decreased after alcohol abstinence. In addition, CD34+CD10+CD19- cells from AAlc 
did produce HMGB1, but very few, after stimulation with RA (Figure 4B). The expression 

Figure 3. Effect of HMGB1 on M2b monocyte polarization from healthy donor-derived monocytes.
(A) CD34+CD10+CD19− cells from healthy donors or patients with unhealthy alcohol use were
stimulated with 3 ng/mL retinoic acid (RA) for 24 h. HMGB1 production from these cells was assayed
by ELISA. (B,C) Monocytes isolated from healthy donors were stimulated with different doses of
HMGB1. Obtained culture fluids were assayed for IL-12, IL-10, and CCL1 by ELISA. (D,E) Monocytes
isolated from healthy donors were stimulated with 100 ng/mL HMGB1 or cultivated with an equal
volume of PBS for 24 h. The expression levels of miR-27a and miR-222 in these cells were assayed by
RT-PCR. Data are presented as mean ± SD. * p < 0.05.

Alcohol directly increases the expression of miR-27a and miR-222 in Mϕ/monocytes [27]
and miR-27a and miR-222 were analyzed by RT-PCR [28]. When HD monocytes were
stimulated with 100 ng/mL HMGB1, both miR-27a and miR-222 were expressed in these
cells (Figure 3D,E). These results indicate that HMGB1 produced by CD34+CD10+CD19−

cells from Alc may induce M2b monocyte polarization.

3.4. Effect of Alcohol Abstinence on CD34+CD10+CD19− Cells in Patients with Unhealthy
Alcohol Use

Abstinence from alcohol has been described as the most important treatment for
alcoholism [1]. In a previous study [15], we showed that M2b monocyte polarization in
Alc was reduced by short-term abstinence from alcohol. Therefore, we hypothesized that
CD34+CD10+CD19− cells in Alc 2 weeks after alcohol abstinence (AAlc) influences the
disappearance of M2b monocytes. Serum obtained from Alc before and 2 weeks after
alcohol abstinence were assayed for HMGB1 by ELISA (Figure 4A). Serum HMGB1 levels
significantly decreased after alcohol abstinence. In addition, CD34+CD10+CD19− cells
from AAlc did produce HMGB1, but very few, after stimulation with RA (Figure 4B). The
expression of RAR on CD34+CD10+CD19− cells from AAlc was restored to 85% ± 3.5%
(Figure 4C). After stimulation with 3 ng/mL RA, most of these cells differentiated into
CD19+ cells to the levels observed in HD (Figure 4D). In addition, serum RA from Alc
2 weeks after abstinence was almost at the same level as before abstinence (Figure 4E).
These results indicate that CD34+CD10+CD19− cells from Alc recovered RAR expression
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after alcohol abstinence. These cells were differentiated into CD19+ cells after stimulation
with RA and the production of HMGB1 from these cells was reduced.
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Figure 4. Effect of alcohol abstinence on the expression of retinoic acid receptor (RAR) on
CD34+CD10+CD19− cells from patients with unhealthy alcohol use. (A) Serum from patients with
unhealthy alcohol use (Alc; #12–18) before and after 2-week alcohol abstinence (AAlc) was assayed for
HMGB1 by ELISA. (B) CD34+CD10+CD19− cells from Alc (#12–18) before and after 2-week alcohol
abstinence were cultured with or without 3 ng/mL retinoic acid (RA) for 24 h. Obtained culture
fluids were assayed for HMGB1 by ELISA. (C) CD34+CD10+CD19− cells from Alc (#12–18) before
and after 2-week alcohol abstinence were stained with APC-conjugated RAR mAb and analyzed by
flow cytometry. (D) After stimulation with 3 ng/mL RA, the obtained cells were stained for CD19
mAb and analyzed by flow cytometry. (E) Serum RA from Alc (#12–18) before and after 2-week
alcohol abstinence was assayed by ELISA. Data are presented as mean ± SD. * p < 0.05.

3.5. Effect of CD10+CD19−CM from Alcohol Abstinence on M2b Monocyte Polarization in
Patients with Unhealthy Alcohol Use

Next, we analyzed the influence of CD10+CD19−CM-AAlc on M2b monocyte polar-
ization. CD34+CD10+CD19− cells were isolated from patients with unhealthy alcohol use
before and 2 weeks after alcohol abstinence. Both the groups of cells from syngeneic patients
were stimulated with 3 ng/mL RA for 24 h, and CM was obtained (CD10+CD19−CM-Alc
and CD10+CD19−CM-AAlc). Although HD monocytes stimulated with CD10+CD19−CM-
Alc produced CCL1 and did not have bactericidal activity against E. faecalis, monocytes
stimulated with CD10+CD19−CM-Aalc reduced CCL1 production and recovered the bac-
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tericidal activity (Figure 5A,B). X-irradiated NSG mice inoculated with HD monocytes
stimulated with CD10+CD19−CM-AAlc survived E. faecalis infection. However, the same
mice inoculated with HD monocytes stimulated with CD10+CD19−CM-Alc died after in-
fection (Figure 5C). These results indicate that the influence of M2b monocyte polarization
on CD10+CD19−CM-Alc was minimal due to alcohol abstinence.
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Figure 5. Property of HD monocytes cultured with CD10+CD19−CM-AAlc. HD monocytes were
cultured with CD10+CD19−CM-Alc or CD10+CD19−CM-AAlc cells obtained from patients (#12–18).
(A) CCL1 production and (B) bactericidal activity of these cells were examined. (C) X-irradiated
NOD.Cg-PrkcscidIl12rgtm1wjl/Szj (NSG) mice were inoculated with HD monocytes that were stimu-
lated with CD10+CD19−CM-Alc or CD10+CD19−CM-AAlc cells and intravenously infected with
E. faecalis (2 × 106 CFU/mouse). Data are presented as mean ± SD. * p < 0.05.

4. Discussion

It has long been recognized that patients with unhealthy alcohol use are generally
malnourished and can suffer from vitamin A deficiency. However, in this study, serum RA
levels in Alc were found to be the same as in HD. When CD34+CD10+CD19− cells from
Alc were stimulated with RA, they were not able to differentiate into other cells because of
the deficiency of RAR. Therefore, RA replacement therapy for Alc seems insufficient for
the restoration of impaired host antibacterial resistance. This study revealed that people
with unhealthy alcohol use may have problems not only with vitamin A deficiency, but
also with a lack of RAR in the cells.

In our experiment, CD34+CD10+CD19− cells from Alc did not differentiate into B cells.
It has been reported that B cells in peripheral blood are reduced in Alc [29]. Furthermore,
the number of B cells in the peripheral blood of patients with unhealthy alcohol use were
lower than that of healthy donors in our study (Supplementary Figure S2). Alcohol causes
deranged signal transduction, transcriptional and epigenomic changes, DNA damage,
and changes in the fluidity and function of the plasma membrane. Therefore, it affects
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important aspects of stem cell biology, such as niche function, maintenance of potency, and
differentiation [30]. In particular, interference with the sequential expression of transcrip-
tion factors in early progenitor cells by alcohol exposure is a potential mechanism for the
observed decrease in B cells, and alcohol affects the differentiation of progenitor B cells [31].
Furthermore, based on our study, we suggest that alcohol abstinence may improve the
differentiation of progenitor B cells. This is the first report focusing on the mechanism by
which abstinence restores the differentiation of CD34+CD10+CD19− cells via the RA–RAR
axis and restores host antibacterial resistance.

There was no difference in the number of CD34+CD10+CD19− cells in the peripheral
blood of HD and Alc. In our study, most of the CD34+CD10+CD19− cells from HD
differentiated into CD19+ cells, but not to CD3+, CD14+, or CD56+ cells under stimulation
with RA. However, in the case of Alc, these cells were not differentiated into other cells
after the same stimulation. Although CD34+CD10+CD19− cells have the same number in
the peripheral blood, they are progenitor cells that differentiate into other cells under other
stimuli, and their number may be the same in different individuals. Further studies are
required on the role and number of these cells.

HMGB1 are actively released from hepatocytes in response to alcohol consumption [32].
It has been reported that the amount of serum HMGB1 significantly increased in Alc
with severe liver damage (serum AST > 80 U/L) However, there were only a few serum
HMGB1 increases in Alc with mild liver damage (serum AST 40 U/L) [33]. In this study,
only Alc with mild liver damage were enrolled. Therefore, HMGB1 from hepatocytes
might not be significantly affected in serum. CD3+cells, CD14+cells, CD19+cells, and
CD56+cells were isolated from peripheral blood of Alc, and these cells were cultured for
24 h, respectively. These cells produced few HMGB1 (Supplementary Figure S1). In our
condition, CD34+CD10+CD19− cells might serve as the major source of HMGB1.

HMGB1, LPS plus anti-ovalbumin (OVA) IgG/OVA immunocomplexes, anti-sheep
erythrocyte IgG/erythrocyte immunocomplexes, and α1-acid glycoprotein have been
reported to be specific inducers of M2bMϕ/monocytes [34–36]. The role of HMGB1
has been demonstrated in the pathogenesis of sepsis and septic shock; it acts as a key
“late-phase” inflammatory mediator [36]. Moreover, HMBG1 is known to upregulate
the expression of miR-222 in some human cell lines [37]. In our recent studies, miR-
222 was shown to stimulate M2bMϕ/monocyte polarization in the mesenteric lymph
nodes of γ-irradiated mice [38]. The expression of miR-222 in monocytes from Alc was
detected. HMGB1 is actively secreted by innate immune cells, including monocytes,
macrophages, and polymorphonuclear neutrophils in response to either LPS or TNF-α
stimulation, and is released from damaged and tumor cells [39]. Once released, HMGB1 acts
as a cytokine that exacerbates the inflammatory response by directly binding to TLR2 and
TLR4 advanced glycation end products and syndecans [40]. In this study, the production
of HMGB1 from CD34+CD10+CD19− cells in AAlc was low compared to that in Alc. The
reduction in the production of HMGB1 observed in our study might be enough to improve
M2bMϕ/monocyte polarization in Alc. In addition, long-term alcohol abstinence may be
required to effectively reduce HMGB1 levels in the sera of Alc. Further studies are required
in this regard.

5. Conclusions

CD34+CD10+CD19− cells express RAR in HD, and RA stimulation dramatically pro-
motes the differentiation of these cells into CD19+ cells. Because of the lack of expression
of RAR, CD34+CD10+CD19− cells from Alc fail to differentiate into CD19+ cells and these
cells maintain the production of HMGB1, which induces M2b monocytes from resident
monocytes. When the expression of RAR on CD34+CD10+CD19− cells was restored by
alcohol abstinence, these cells were differentiated into CD19+ cells. These cells did not
produce HMGB1, and M2bMϕ/monocytes, which reduce the host antibacterial resistance,
were not induced.
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in peripheral blood.
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