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and injury have not been clearly understood. Here, we investigated the underlying mechanism by which
GF2 ameliorated alcoholic liver injury.

Methods: To induce alcoholic liver injury, C57BL/6] wild type (WT) or interleukin (IL)-10 knockout (KO)
mice were orally administered with ethanol (3 g/kg) or ethanol-containing GF2 (50 mg/kg) for 2 wk.
Liver injury and infiltration of macrophages and neutrophils were evaluated by serum biochemistry and

{féﬁgﬁjksi'n_m immunohistochemistry, respectively. The changes of hepatic immune cells were assessed by flow
Interleukin-17 cytometry and polymerase chain reaction analysis. In vitro differentiation of naive T cells was performed.
Macrophage Results: GF2 treatment significantly attenuated alcoholic liver injury, in which infiltrations of inflam-
Neutrophil matory macrophages and neutrophils were decreased. Moreover, the frequencies of Foxp3™ regulatory T
Panax ginseng cells (Tregs) increased but IL-17—producing T (Th17) cells decreased in GF2-treated mice compared to

controls. Furthermore, the mRNA expression of IL-10 and Foxp3 was significantly increased, whereas IL-

17 mRNA expression was suppressed in GF2-treated mice. However, these beneficial roles of GF2 were

not observed in GF2-treated IL-10 KO mice, suggesting a critical role of IL-10. Similarly, GF2 treatment

suppressed differentiation of naive T cells into Th17 cells by inhibiting RORyt expression and stimulating

Foxp3 expression.

Conclusion: The present study suggests that GF2 treatment attenuates alcoholic liver injury by increasing

IL-10 expression and Tregs and decreasing IL-17 expression and Th17 cells.

© 2020 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction ginseng [5]. Regardless of its scarcity, pharmacological efficacies of

GF2 on cancer, obesity, hair growth, and skin inflammation have been

Ginsenosides are major constituents of Panax ginseng [1] and have reported [6—9]. In irritable dermal inflammation, GF2 reduced the

multiple pharmacological functions on various diseases including frequencies of interleukin (IL)-17 producing cells and neutrophils in

liver disease [2—4]. Among ginsenosides, ginsenoside F2 (GF2) is a the inflamed skin [8]. However, the beneficial effects of GF2 on
minor ginsenoside that exists in very small quantities in Panax alcoholic liver disease (ALD) have not been investigated yet.
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Long-term alcohol consumption induces various injuries of
multiple organs such as brain, heart, kidney, gastrointestinal tract,
and liver [10]. Absorbed alcohol is mainly metabolized in hepato-
cytes by enzymes including alcohol dehydrogenase and cyto-
chrome P450 2E1 (CYP2E1), in which generated oxidative stress,
lipid peroxidation, and DNA damage mediate hepatocyte injury
[11]. Injured hepatocytes trigger inflammatory processes by
releasing chemokines and cytokines, by which different types of
immune cells are recruited and activated in ALD. Infiltrated im-
mune cells further exacerbate liver injury by secreting pro-in-
flammatory mediators [12,13]. Therefore, the control of immune-
related responses is a favorable therapeutic strategy for alcoholic
liver injury [14].

In ALD, various innate and adaptive immune cells such as
Kupffer cells, monocyte-derived macrophages, neutrophils, natural
killer (NK) cells, and lymphocytes contribute to the pathogenesis of
ALD [15—17]. Among T lymphocytes, T-helper 17 cells (Th17 cells)
promote hepatic inflammation through secreting IL-17A, IL-17F, IL-
21, IL-22, and tumor necrosis factor (TNF)-o. and recruiting leuko-
cytes, mainly neutrophils [18,19]. In contrast, regulatory T cells
(Tregs) attenuate inflammation by secreting anti-inflammatory
mediators such as IL-10 and transforming growth factor (TGF)-f
[20]. Lines of evidence have reported that Tregs are a potential
therapeutic target of autoimmune liver disease and they are able to
reduce lipotoxicity in hepatocytes of alcoholic liver injury [21,22].
The differentiation of Tregs and Th17 cells depends on the types of
stimulating cytokines and transcriptional factors. TGF-§ stimula-
tion differentiates naive CD4" T cells into anti-inflammatory Tregs
with stimulation of IL-21 or IL-23, whereas stimulation of TGF-§
with IL-6, IL-12, or IL-1f induces Th17 cell differentiation
[20,23,24]. Specifically, Foxp3 is a master regulator in the devel-
opment and function of Tregs, whereas RORyt is a major tran-
scription factor for Th17 cell differentiation [23]. Because Foxp3
inhibits RORYt transcriptional activity, Foxp3-expressing Th17 cells
present different function from conventional Th17 cells [24]. Thus,
the balance between Foxp3 and RORyt is critical in regulating
functions of Tregs and Th17 cells. Accordingly, the controlling he-
patic frequency of Tregs and Th17 cells by regulating Foxp3
expression is a promising therapeutic strategy for ALD.

In the present study, we tested whether GF2 treatment might
regulate the frequency of hepatic Tregs and Th17 cells in chronic-
binge ethanol-induced liver injury, and we sought to investigate
whether GF2 treatment has anti-inflammatory effects in an IL-10—
dependent manner.

2. Materials and methods
2.1. Preparation of GF2

GF2 (>95% purity) was prepared as previously described [5] and
purified using Recycling Preparative high-performance liquid
chromatography (Japan Analytical Industry Co., Ltd., Japan) with
JAIGEL-ODS-AP column (10 um, 500 x 20 mm i.d., Japan Analytical
Industry Co., Ltd.). Purified GF2 was suspended in 40% ethanol
(Merck, Darmstadt, Germany) for in vivo experiment, and dissolved
in DMSO (Sigma-Aldrich, St. Louis, MO, USA) for in vitro
experiment.

2.2. Animal

Male C57BL/6] wild type (WT) and IL-10 knockout (KO) mice (8-
week-old and 24—26 g) were purchased from the Jackson Labora-
tory (Bar Harbor, ME, USA) and bred in specific-pathogen-free an-
imal facility. All animals were maintained according to the
guidelines of the Care and Use of Laboratory Animals published by

the National Institutes of Health. The protocol for animal experi-
ment was approved by Institutional Animal Care and Use Com-
mittee of the Korea Advanced Institute of Science and Technology
(KA2013-36).

2.3. GF2 treatment and alcoholic liver injury model

To obtain the optimal dose and safety of GF2 treatment, 8-week-
old mice (24—26 g) were orally administered different dose of GF2
(0, 25, or 50 mg/kg, every day) for 2 wk. To induce chronic-binge
ethanol-induced liver injury, mice (5 mice/group) were orally
administered ethanol (3 g/kg) alone (EtOH-fed group) or adminis-
tered ethanol (3 g/kg) containing GF2 (50 mg/kg) (EtOH + GF2
group) once per day (5 PM) for 2 wk. As for controls, mice were
treated with isocaloric sugar water instead of ethanol (pair-fed
group). After 2 wk, mice were euthanized under anesthesia (Ke-
tamine, Yuhan Co., Korea). The whole blood was harvested by retro-
orbital blood collection. Collected liver specimens (5 mice/group)
were used for histological analysis and isolation of liver mono-
nuclear cells (MNCs).

2.4. Serum biochemistry

After collection, the whole blood was allowed to clot by leaving
it undisturbed at room temperature for 15 min. Serum was har-
vested from supernatant after centrifugation at 1,000g for 10 min.
Serum alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and total cholesterol, triglyceride, or albumin were measured
using VetTest Chemistry Analyzer (IDEXX Laboratory Inc., West-
brook, ME, USA) following the manufacturer’s protocol.

2.5. Histopathologic observation

We analyzed all tissue samples from in vivo experiments. Four
pm-thick tissue sections from paraffin-embedded blocks were
stained with hematoxylin and eosin (H&E). For immunohisto-
chemistry, tissue sections were incubated in 0.01M citrate buffer
(pH 6.0) at 90°C for 60 min, followed by blocking with normal
rabbit serum (1:75, Abcam, Cambridge, UK) for 20 min. Subse-
quently, tissue sections were incubated with anti-F4/80 antibody
(1:100, Abcam) and anti-Gr1 antibody (1:200, Abcam) for 2 h.
Tissue sections were then incubated with biotinylated anti-rabbit
IgE and avidin—biotin horse radish peroxidase complex (Vector
Laboratories, Burlingame, CA, USA) for 2 h and stained with DAB
(Invitrogen, Eugene, OR, USA) for 20 min. Stained tissues were
visually inspected using a model Olympus BX51 microscope
(Olympus, Tokyo, Japan) equipped with a CCD camera and
computer-assisted image analysis with DP2-BSW (Olympus, Tokyo,
Japan). The numbers of inflammatory foci, F4/80" cells, and Gr1*
cells were counted in two liver sections of each mouse or 10
hepatocytes.

2.6. Isolation of liver MNCs

Liver was mashed and filtered through 70 um nylon mesh and
suspended in phosphate-buffered saline (PBS). Debris and hepa-
tocytes were removed by centrifugation at 35g for 5 min and other
cells in supernatant were suspended in 40% Percoll (GE Healthcare
Life Sciences, Piscataway, NJ, USA). The cell suspension was
centrifuged at 120g for 30 min. After centrifugation, pelleted cells
were suspended in 1 x RBC lysis buffer (BioLegend, San Diego, CA,
USA) for 5 min, then diluted in PBS. The cell suspension was
centrifuged at 65g for 15 min. Finally, liver MNCs were counted and
subjected to flow cytometry and quantitative real-time polymerase
chain reaction (qRT-PCR).
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2.7. Flow cytometry

Liver MNCs were washed with PBS and suspended in PBS con-
taining 0.5% bovine serum albumin and 0.05% sodium azide. The
cells were stained with LIVE/DEAD™ Fixable Aqua Dead Cell Stain Kit
(Invitrogen) following the manufacturer’s protocol. After washed,
the cells were stained with fluorescence-conjugated surface anti-
bodies for 30 min at 4°C. For intracellular cytokine staining, cells
were fixed and permeabilized with Fixation/Permeabilization Solu-
tion Kit (BD Bioscience, San Jose, CA, USA). Permeabilized cells were
stained with fluorescence-conjugated surface antibodies for 30 min
at 4°C. Stained cells were analyzed using LSR II flow cytometer (BD
Bioscience). The data were analyzed using Flow]o software (TreeStar,
Ashland, OR, USA). Antibodies for flow cytometric analysis included:
FITC CD3e (145-2C11), APC CD8a (53-6.7), APC-Cy7 CD11b (M1/70),
PE Gr1 (RB6-8C5), PE IL-17A (TC11-18H10), FITC CD4 (RPA-T4), APC
IL-10 (JES5-16E3), and PE NK1.1 (PK136) (all from BD Bioscience);
eFluor® 450 CD45 (30-F11), FITC F4/80 (BM8), APC Foxp3 (FJK-16s),
and PE CD25 (PC61.5) (all from eBioscience, San Diego).

2.8. RNA isolation, cDNA synthesis, and qRT-PCR analysis

Total RNA in liver MNCs were extracted by TRIzol (Invitrogen).
¢DNA was synthesized from extracted RNA by amfiRivert cDNA
synthesis master mix (GenDEPOT, Barker, TX, USA) following the
manufacturer’s protocol. qRT-PCR was performed with SYBR Green
real-time PCR master mix (Toyobo, Osaka, Japan) using the CFX96
system (Bio-Rad, Hercules, CA, USA). The conditions were as fol-
lows: initial denaturation at 95°C for 1 min, 40 cycles of denatur-
ation at 95°C for 15 s, annealing at 60°C for 15 s, and elongation at
72°C for 45 s. The mRNA level of each gene was compared with
mRNA level of Actb and analyzed using AACt values. The primers
used for qRT-PCR were listed at Table 1.

2.9. Th17 differentiation

Mouse splenic naive CD4" T cells were isolated by naive CD4" T
Cell Isolation Kit (Miltenyi Biotec, Bergisch Gladbach, Germany)
according to manufacturer’s protocol. Naive CD4™ T cells were
differentiated into Th17 cells by CellXVivo Mouse Th17 Cell Differ-
entiation Kit (R&D systems, Minneapolis, MN, USA) following
manufacturer’s protocol. Briefly, isolated naive CD4" T cells were
suspended at 1 x 10° cells/mL in mouse Th17 differentiation media
in CD3 antibody-coated 96 well plate for 5 d.

2.10. Statistical analysis

Data are presented as the mean 4+ SEM. Differences between
groups were assessed by means of Student’s t test or analysis of
variance for comparison of multiple groups. A p value < 0.01 or 0.05
was considered to be statistically significant.

Table 1
Primers for qRT-PCR

3. Results

3.1. Administration of GF2 does not induce hepatic injury and
inflammatory response in healthy mice

To find optimal dose and avoid unexpected toxicity of GF2,
healthy mice were administered different doses of GF2 (0—50 mg/
kg) for 2 wk. During the period, there was no difference in changes
of body weights (Fig. 1A). At sacrifice, the levels of AST, cholesterol,
and triglyceride were different among mice of groups, but ALT
levels were significantly decreased in 50 mg/kg GF2-treated mice
compared to other mice (Fig. 1B). In flow cytometry analysis, fre-
quencies of F4/80"CD11b™ cells (macrophages) were tend to
decrease in GF2-treated mice compared to control mice, whereas
those of Gr1" F4/80~ cells (neutrophils) were not changed by GF2
treatment (Fig. 1C). Similarly, there were no differences of hepatic
frequencies in Tregs (CD4"CD25%Foxp3™), CD4" T cells
(CD4*CD3™"), CD8™ T cells (CD8TCD3™), NK cells (NK1.17CD3"), and
NKT cells (NK1.1*CD3") (Fig. 1D). Based on the above data, 2-week
treatments of GF2 did not induce liver injury and inflammation in
healthy mice, and in our study, we decided to use a dose of 50 mg/
kg GF2 because of mild protective effect in liver.

3.2. GF2 treatment ameliorates chronic-binge ethanol-induced liver
injury and infiltration of macrophages and neutrophils

To investigate the effects of GF2 on alcoholic liver injury, WT
mice were administered binge ethanol drinking for 2 wk. At sac-
rifice, EtOH-fed mice showed increased levels of ALT compared to
those of pair-fed control mice, whereas GF2 treatment significantly
reduced serum ALT levels in ethanol-fed mice (Fig. 2A). However,
there were no changes in serum levels of AST and albumin among
groups (Fig. 2A). In parallel, H&E staining revealed that increased
numbers of inflammatory foci by binge ethanol consumption were
reversely decreased in GF2-treated mice compared to non-treated
mice (Fig. 2B). Similarly, immunohistochemistry demonstrated
that increased infiltration of F4/80" macrophages and Gr1™ neu-
trophils were significantly decreased in GF2-treated mice (Fig. 2B,
C). These data suggest that GF2 treatment might prevent binge
ethanol consumption-mediated liver injury by decreasing inflam-
matory responses.

3.3. GF2 treatment increases hepatic frequency of Tregs in alcoholic
liver injury

Based on the above findings, we further investigated hepatic in-
flammatory responses by flow cytometry and qRT-PCR analyses. In
liver MNCs, increased frequencies of F4/80"CD11b™ cells (infiltrating
macrophages) and Gr1*CD11b™ cells (neutrophils) by binge ethanol
drinking were significantly reduced by GF2 treatment (Fig. 3A).
Although chronic-binge ethanol consumption increased CD8™" T cells

Genes Forward (5'—3') Reverse (5'—3') PCR product (base pairs)
Tnf AAGCCTGTAGCCCACGTCGTA AAGGTACAACCCATCGGCTGG 140

16 TCCATCCAGTTGCCTTCTTG TTCCACGATTTCCCAGAGAAC 166

117a GCTCCAGAAGGCCCTCAGA CTTTCCCTCCGCATTGACA 139

110 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG 105

Foxp3 CCCAGGAAAGACAGCAACCTTTT TTCTCACAACCAGGCCACTTG 88

Tgfb1 TTGCTTCAGCTCCACAGAGA TGGTTGTAGAGGGCAAGGAC 182

Ifng TAGCCAAGACTGTGATTGCGG AGACATCTCCTCCCATCAGCAG 158

Rorc TGCAAGACTCATCGACAAGG AGGGGATTCAACATCAGTGC 176

qRT-PCR = quantitative real-time polymerase chain reaction.
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Fig. 1. GF2 does not induce detrimental effects on liver of healthy mice. Wild type (WT) healthy mice were orally administered different doses (0, 25, and 50 mg/kg) of GF2 for 2
wk. (A) Changes of body weights were measured. (B) Serum levels of ALT, AST, cholesterol, and triglyceride were assessed. (C) Frequencies of infiltrated macrophages (F4/
80"CD11b") and neutrophils (Gr1* F4/80~) were compared among groups. (D) Frequencies of hepatic lymphocytes such as Tregs (CD4*CD25"Foxp3 ™), CD4" T cells, CD8" T cells, NK
cells, and NKT cells were analyzed. Data are expressed as the mean + SEM. *p < 0.05 compared to the corresponding controls. ALT = alanine aminotransferase; AST = aspartate

aminotransferase; MNCs = mononuclear cells.

and decreased both populations of NK and NKT cells in the liver, their
frequencies were not changed by GF2 treatment (Fig. 3B). Interest-
ingly, both frequencies of Tregs (CD4TCD25"Foxp3™") and Th17 cells
(CD4"IL-17%) were significantly increased after chronic-binge
ethanol consumption compared to those of pair-fed mice, whereas
GF2 treatment significantly increased frequencies of Tregs but
decreased those of Th17 cells in EtOH-fed mice (Fig. 3C). In accor-
dance with these findings, qRT-PCR analysis revealed that GF2
treatment suppressed mRNA expression of Tnf and Il17, whereas
mRNA expression of 1110 and Foxp3 was significantly increased in
liver MNCs of GF2-treated mice compared to those of EtOH-fed mice
(Fig. 3D). However, Tgfb1 mRNA expression was not changed by GF2
treatment (Fig. 3D). Based on above findings, we could hypothesize
that increased IL-10 expression of Tregs by GF2 might protect alco-
holic liver injury.

3.4. Protective effect of GF2 is abrogated in IL-10 KO mice

To confirm our hypothesis, we tested whether GF2 treatment
might have protective role in IL-10 KO mice. Alcoholic liver injury
was induced in IL-10 KO mice with or without treatment of GF2 for
2 wk. Interestingly, GF2 treatment did not attenuate alcoholic liver

injury of IL-10 KO mice, in which serum levels of ALT and AST were
not decreased by GF2 treatment compared to EtOH-fed mice
(Fig. 4A). In H&E staining, inflammatory foci were observed in the
liver sections of EtOH-fed IL-10 KO mice compared to those of pair-
fed IL-10 KO mice (Fig. 4B). Expectedly, GF2 treatment did not
reduce the extent of inflammation (Fig. 4B, C).

In flow cytometric analysis, the frequency of F4/807CD11b™
macrophages were slightly increased but there was no difference
in that of Gr1"CD11b" neutrophils in GF2-treated IL-10 KO mice
compared to those of EtOH-fed IL-10 KO mice (Fig. 5A). In
contrast to WT mice (Fig. 3B), chronic-binge ethanol consump-
tion significantly increased the frequencies of CD4" T and NKT
cells in IL-10 KO mice compared to pair-fed mice, but the fre-
quencies of CD4" T and NKT cells were decreased by GF2 treat-
ment in IL-10 KO mice (Fig. 5B). Interestingly, although GF2 did
not attenuate inflammation and alcoholic liver injury in IL-10 KO
mice, the frequency of Tregs was still increased by GF2 treatment
(Fig. 5C). However, GF2-treated IL-10 KO mice showed much
lower frequency of Tregs (~3%) than those (~6%) of GF2-treated
WT mice (Figs. 3C, 5C). In qRT-PCR analysis of liver MNCs,
mRNA expression of Tnf, 116, I117a, and Ifng was slightly increased
in EtOH-fed IL-10 KO mice compared to that of pair-fed IL-10 KO
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Fig. 2. GF2 attenuates liver injury and immune cell infiltration in chronic-binge ethanol consumption. For 2 wk, WT mice were orally administered binge ethanol (3 g/kg) only
(EtOH-fed) or binge ethanol containing 50 mg/kg GF2 (EtOH + GF2) once per day. Pair-fed group mice were treated with isocaloric sugar water. Each group contains five mice. (A)
Serum levels of ALT, AST, and albumin were measured. (B) Sections of liver tissues were stained with H&E and antibodies of anti-F4/80 and anti-Gr1. Arrow, closed arrowhead, and
open arrowhead indicate inflammatory focus, Gr1* cells, and F4/80" cells, respectively. Bar = 50pm. (C) The numbers of inflammatory foci, F4/80™ cells, and Gr1™ cells were counted
in two liver sections of each mouse or 10 hepatocytes. Data are expressed as the mean + SEM. *p < 0.05, **p < 0.01 compared to the corresponding controls. The results represent
three independent experiments. ALT = alanine aminotransferase; AST = aspartate aminotransferase; GF2 = ginsenoside F2; H&E = hematoxylin and eosin.
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Fig. 3. GF2 attenuates alcoholic inflammatory responses by increasing Tregs and decreasing IL-17 producing Th17 cells. Isolated liver mononuclear cells (MNCs) from three
groups (pair-fed, EtOH-fed, and EtOH + GF2) of WT mice were subjected to flow cytometry or quantitative real-time polymerase chain reaction (qQRT-PCR) analysis. (A) Frequencies
of infiltrated macrophages (F4/80"CD11b*) and neutrophils (Gr1*CD11b") were assessed and compared among groups. (B) Frequencies of hepatic lymphocytes such as CD4" T cells,
CD8"' T cells, NK cells, and NKT cells were analyzed. (C) Frequencies of Tregs (CD4"CD25"Foxp3™) and CD4'IL-17" cells were compared. (D) mRNA expression of diverse
inflammation-related genes was evaluated in isolated liver MNCs. Data are expressed as the mean + SEM. *p < 0.05, **p < 0.01 compared to the corresponding controls. The results
represent three independent experiments. GF2 = ginsenoside F2; IL = interleukin; NK = natural killer; NKT = natural killer T; Tregs = regulatory T cells.
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Fig. 4. Alcoholic liver injury and inflammation are not diminished by GF2 in IL-10 KO mice. For 2 wk, IL-10 KO [32] mice were orally administered binge ethanol (3 g/kg) only
(EtOH-fed) or binge ethanol containing 50 mg/kg GF2 (EtOH + GF2) once per day. Pair-fed group mice were treated with isocaloric sugar water. Each group contains five mice. (A)
Serum levels of ALT and AST were measured. (B) Sections of liver tissues were stained with H&E. Arrows indicate inflammatory foci. Bar = 50pum. (C) The numbers of inflammatory
foci were counted in two representative liver sections of each mouse. Data are expressed as the mean + SEM. *p < 0.05 compared to the corresponding controls. The results
represent three independent experiments. ALT = alanine aminotransferase; AST = aspartate aminotransferase; GF2 = ginsenoside F2; H&E = hematoxylin and eosin; IL = inter-
leukin; KO = knockout.

mice (Fig. 5D). However, its expression was more significantly was decreased by GF2 treatment (Fig. 5D). These results suggest
increased in GF2-treated IL-10 KO mice than EtOH-fed IL-10 KO that although GF2 treatment increased hepatic Tregs along with
mice although Foxp3 mRNA expression was increased in GF2- increased Foxp3 expression, it did not prevent alcoholic liver
treated IL-10 KO mice (Fig. 5D). The mRNA expression of Tgfb1 injury without IL-10.
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Fig. 5. GF2 aggravates alcoholic inflammatory response in IL-10 KO mice. Isolated liver MNCs from three groups (pair-fed, EtOH-fed, and EtOH + GF2) of IL-10 KO mice were
subjected to flow cytometry or qRT-PCR analysis. (A) Frequencies of infiltrated macrophages (F4/80"CD11b") and neutrophils (Gr1"CD11b") were compared among groups. (B)
Frequencies of hepatic lymphocytes such as CD4" T cells, CD8" T cells, NK cells, and NKT cells were assessed. (C) Frequencies of regulatory T cells (CD4*CD25*Foxp3™) were
compared. (D) mRNA expression of diverse inflammation-related genes was evaluated in isolated liver MNCs of IL-10 KO mice. Data are expressed as the mean + SEM. *p < 0.05,
**p < 0.01 compared to the corresponding controls. The results represent three independent experiments. GF2 = ginsenoside F2; IL = interleukin; KO = knockout; MNCs =
mononuclear cells; NK = natural killer; NKT = natural killer T.
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Fig. 6. GF2 inhibits Th17 differentiation of naive CD4™" T cells. Splenic naive CD4" T cells were isolated and then they were differentiated using Th17 differentiation media for 5
d in the presence of diverse doses of GF2 (0—30 uM). Naive CD4" T cells are used for negative controls. (A) Differentiated CD4™ T cells were analyzed and the frequencies of IL-17 or
IL-10 producing cells were assessed by flow cytometry. (B) Collected cells were subjected to qRT-PCR analysis. Data are expressed as the mean + SEM. *p < 0.05, **p < 0.01
compared to the corresponding controls. The results represent three independent experiments. GF2 = ginsenoside F2; IL = interleukin.

3.5. GF2 is involved in the differentiation of naive T cells into Th17
cells

Based on the above data, we could speculate that GF2 might
regulate the expression of IL-10 and IL-17 in Tregs and Th17 cells,
respectively. To prove our hypothesis, we first tested whether GF2
treatment could inhibit Th17 differentiation from naive T cells
in vitro system. In Th17 differentiation condition, 8.17 % of naive
CD4™ T cells were successfully differentiated into IL-17-producing
Th17 cells compared to negative controls (0.04 %; Fig. 6A). In
differentiated Th17 cells, the mRNA expression of Rorc and Il17a was
significantly increased, but that of Foxp3 and I110 was remarkably
suppressed compared to those of naive T cells (Fig. 6B). However,
GF2 treatment significantly inhibited Th17 differentiation in a dose-
dependent manner, whereas it gradually increased IL-10 produc-
tion of CD4" T cells (Fig. GA). Concordantly, qRT-PCR analysis
revealed that GF2 treatment decreased increased mRNA expression
of Rorc and Il17a, whereas it significantly increased 1110 mRNA
expression compared to those of Th17 cells (Fig. 6B). Although 10
uM GF2 treatment decreased Foxp3 mRNA expression in Th17 cells,
Foxp3 mRNA expression was gradually increased by high doses (20
and 30 pM) of GF2 compared to10 pM GF2 treatment (Fig. 6B).
These results suggest that GF2 might suppress not only IL-17 pro-
ducing Th17 differentiation but also stimulate IL-10 expression in
differentiating CD4™" T cells.

4. Discussion

The present study clearly demonstrated that GF2 treatment
attenuated chronic-binge ethanol-induced liver injury in an IL-10
dependent manner. Moreover, the frequency of hepatic Tregs was
increased, whereas Th17 cell frequency was decreased in the liver
of GF2-treated mice. Furthermore, direct treatment of GF2 sup-
pressed Th17 differentiation of naive CD4" T cells by inhibiting IL-
17 but enhancing IL-10 expression in vitro. Therefore, GF2 treat-
ment has a protective role against alcoholic liver injury and
inflammation.

A line of evidence has reported that diverse ginsenosides
including Rg1 have beneficial effects on ALD by upregulating hepatic
levels of glutathione and superoxide dismutase, or downregulating
the expression of CYP2E1 and NF-kB-mediated inflammatory
signaling pathways [25—27]. In our study, we demonstrated novel
anti-inflammatory mechanisms of GF2 in ALD. First, GF2 treatment
increased mRNA expression of Foxp3, a master regulator of Tregs, in
both liver MNCs of EtOH-fed WT and IL-10 KO mice (Figs. 3D, 5D),
subsequently leading to increased hepatic Tregs. Second, in vitro GF2
treatment enhanced Foxp3 mRNA expression, which resulted in the
suppression of Th17 differentiation. These findings suggested that
GF2 treatment contributed to hepatic population of Tregs through
upregulation of Foxp3 transcriptional factor. In addition, our findings
are in consistent with other studies that activation of Tregs inhibits
inflammation of liver diseases [21,28].

In Th17 differentiation, it is well known that transcription factor
Foxp3 inhibits RORyt expression [23]. In contrast, TGF-$ and other
factors suppress Foxp3 expression of naive CD4" T cells to achieve
Th17 differentiation through RORyt [23]. In our study, we also
confirmed that Foxp3 expression was decreased but RORyt
expression was increased in differentiated Th17 cells compared to
those of naive CD4" T cells (Fig. 6B). However, high dose of GF2
treatment significantly suppressed the expression of RORyt and IL-
17A (Rorc and Il17a), whereas the production and expression of IL-
10 in differentiating naive CD4" T cells were dose-dependently
increased by GF2 treatment in vitro. These data suggested that
GF2 treatment might contribute to hepatic population of Th17 cells
by suppressing RORyt expression.

It has been well known that anti-inflammatory effects of Tregs
are mainly mediated by IL-10 signaling [20]. In the present study,
GF2 treatment increased IL-10 expression in vivo and in vitro
models that might contribute to the attenuation of ALD by
decreasing infiltration of macrophages, neutrophils, and Th17 cells
and reducing expression of pro-inflammatory cytokines. However,
although Foxp3 expression was increased by GF2, its protective
effects were not observed in IL-10 KO mice. Anti-inflammatory
function of Tregs is maintained by IL-10/signal transducer and
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activator of transcription signaling, in which Tregs themselves exert
anti-inflammatory function through producing IL-10 [29]. Accord-
ingly, IL-10-deficient condition should attenuate anti-inflammatory
function of Tregs and its population in the liver. In contrast, toll-like
receptor signaling and proinflammatory cytokines adversely
induce proinflammatory cytokine production of Tregs, in which
TGF-p expression was decreased but expression of IFN-y and IL-17
was increased in Tregs [29,30]. Thus, IL-10-mediated anti-
inflammation and Treg are critical mechanisms of GF2 in alco-
holic liver injury.

Similarly, ginsenoside Rd (GRd) and ginsenoside Rp1 (GRp1)
promote differentiation of Tregs [31,32]. GRd and GRp1 increase
Foxp3 expression and production of TGF-B, IL-10, and IL-35. In
addition to GF2, these ginsenosides belong to protopanaxadiol-
type ginsenoside. Protopanaxadiol-type ginsenosides have been
considered as regulators of glucocorticoid and estrogen receptor-
mediated gene expression [3,33,34], which are also involved in
the cytokine production and upregulated Foxp3 expression in Tregs
[35,36]. Therefore, GF2-mediated anti-inflammatory function
might be related with these receptors. However, further studies are
required to elucidate the exact molecular mechanism of GF2 in this
matter.

In conclusion, the present study clearly demonstrates that GF2
treatment attenuates alcoholic liver injury by increasing IL-10
expression and modulating the frequencies of hepatic Tregs and
Th17 cells. This study might raise our attention to pharmacological
significance of GF2 in the treatment of ALD.
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