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Red Ginseng Acidic Polysaccharides Promote the
Expression of Acne-Related Inflammatory Biomarkers in
Lipopolysaccharide-Treated Sebocytes and Outer Root
Sheath Cells and Cutibacterium acnes-Injected Mice

Hyun Ji Lee, Mi Hee Kwack', Weon Ju Lee
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Background: Although ginseng has beneficial effects largely
related to their constituent ginsenosides, pharmacological
effects of non-ginsenosides have been reported. Acidic poly-
saccharides of red ginseng (RGAP) are among the non-ginse-
noside constituents that have characterized antioxidant
properties. Objective: We investigated the impact of RGAP
on sebocytes and outer root sheath (ORS) cells treated with
lipopolysaccharide (LPS) and in mice with Cutibacterium
acnes (C. acnes)-induced inflammatory nodules. Methods:
Sebocytes and ORS cells were cultured and treated with ei-
ther 0.1% dimethyl sulfoxide, 5 1 g/ml LPS, 50 1 g/ml RGAP
or 5 ug/ml LPS+50 xg/ml RGAP for 6 and 24 hours.
Real-time polymerase chain reaction, ELISA, Western blot
analysis, and immunofluorescence staining were among the
methods used to detect and quantify inflammatory cytokine
production. Mice infected with C. acnes were treated with 2
weeks of RGAP provided in drinking water followed by im-
munohistochemical evaluation of inflammatory nodules.
Results: Administration of RGAP to LPS-treated sebocytes
and ORS cell cultures resulted in increased expression of in-
flammatory cytokines like interleukin (IL)-1 £, IL-6, IL-8, and
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tumor necrosis factor- @, toll-like receptor 2, p-c-jun, p-JNK
and p-iKB (p<0.05). Administration of RGAP also resulted in
increased expression of LL37 in LPS-treated sebocytes and
ORS cells, and increased production of sebum in LPS-treated
sebocytes (p<0.05). RGAP also promoted increased ex-
pression of inflammatory biomarkers in C. acnes-associated
inflammatory nodules in mice (p <0.05). Conclusion: RGAP
may exacerbate inflammatory pathology associated with acne
vulgaris. Ginseng supplements may be contraindicated in
patients diagnosed with inflammatory acne. (Ann Dermatol
33(5) 409~418, 2021)
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INTRODUCTION

Acne is an inflammatory follicular disease that frequently
develops on the face and trunk during puberty. The patho-
genesis of this disorder includes increased sebum pro-
duction, folliculoinfundibular hyperkeratosis, and inflam-
mation associated with proliferation of the gram-positive
bacteria, Cultibacterium ances (C. acnes)'. Acne can be
exacerbated by psychological stress, hormone levels, and
poor nutrition. Adverse events associated with acne include
atrophic or hypertrophic scarring, hyperpigmentation, and
post-inflammatory erythema. Intensive treatment should be
applied at the early stages when lesions first appear to pre-
vent adverse events’. There are a variety of therapeutic op-
tions used to treat acne, including topical and oral medi-
cations as well as surgical devices. Additional therapeutic
options are needed for safe and effective treatment of this
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problem®*. Toward this end, modalities introduced from
complementary and alternative medicine have become
important therapeutic options for acne patients.

Ginseng is among the most popular of the herbal medicines.
Ginseng has been reported to improve general health, no-
tably with respect to immunity and memory. Ginsenosides,
which consists the main portion of ginseng, have been the
target of a lot of studies showing potential health effects
including immunomodulatory, anti-inflammatory, and an-
tioxidant properties®®. The unique pharmacological prop-
erties of non-ginsenoside constituents have also been
reported. Among these, acidic polysaccharides of red gin-
seng (RGAP) which represent 4.5% ~7.5% of the net
weight of red ginseng, have profound actions in combat-
ing the negative sequelae of oxidative stress’'°. Acidic
polysaccharides have an immunomodulating properties
via their interactions with nuclear factor kappa-light-chain-
enhancer of activated B cells (NF- # B), activator protein-1
(AP-1), cJJun-N-terminal kinase (JNK), and toll-like receptor
(TLR) 2"". RGAP induce splenocyte proliferation, limit the
antibody-mediated generation of sheep red blood cell ro-
settes and stimulate nitric oxide (NO) production in mur-
ine peritoneal macrophages'*"”. Nevertheless, they are not
advantageous to certain conditions. Therefore, we inves-
tigated the impact of RGAP on primary cell cultures and
C. acnes-injected mouse model.

MATERIALS AND METHODS

Sebocytes and outer root sheath cell culture

Sebaceous glands within occipital hairs were kept in Dul-
becco’s modified Eagle medium (Hyclone Laboratories,
Logan, UT, USA) and Epilife (Gibco, Grand Island, NY,
USA) at 37°C under 5% CO; atmosphere. Outer root
sheath (ORS) cells from hair shafts were kept in DMEM
and Epilife. Following the second passage, sebocytes and
ORS cells were used in these experiments. Written informed
consent form was obtained from patients, and this study
was approved by Institutional Review Board of the Kyung-
pook National University Hospital (No. 2018-0155).

Acidic polysaccharides of red ginseng preparation

RGAP (64.3 mg/g ginseng) were prepared from College of
Veterinary Medicine of Kyungpook National University.

MTT assay

We seeded sebocytes and ORS cells in 96-well plates
(5,000 cells in each well; Corning, Inc., New York, NY,
USA). After 24 hours, sebocytes and ORS cells were trans-
ferred to supplement-free medium and were added RGAP
or not for 3 days. We kept MTT (3-(4,5-Dimethylthiazol-2-yl)-
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2,5-diphenyltetrazolium bromide) solution at a dose of 70
1 g in each well for 3 hours. Optical density for formazan
product was evaluated at 570 nm.

Reverse transcriptase-polymerase chain reaction (RT-PCR)
and real-time PCR

We treated cells in triplicate with 0.1% DMSO, 5 «g/ml
LPS (Sigma-Aldrich, St. Louis, MO, USA) or 50 rg/ml
RGAP for 6 and 24 hours. A RNeasy Mini Kit (Qiagen,
Hilden, Germany) was used for total RNA and a cDNA
synthesis kit (Promega, Madison, WI, USA) for cDNA. We
amplified One microliter of cDNA using forward and re-
verse primers of TLR2, TLR4 and LL37. Electrophoresis
was done on a 1% agarose gel.

Real-time PCR was conducted in triplicate with Power
SYBR Green premix (Applied Biosystems, Waltham, MA,
USA) using 50 ng cDNA and 10 pM interleukin (IL)-1 8
(Qiagen; Hs-IL1B-SG), IL-6 (Qiagen; Hs-IL6-SG), IL-8 (Qiagen;
Hs-1L8-SG), and tumor necrosis factor (TNF)- @ specific oli-
gonucleotide primers (Qiagen; Hs-TNF-SG). Cycling con-
ditions for amplification were as follows: 95°C for 10 mi-
nutes, 40 cycles at 95°C for 15 seconds, and 60°C for 60
seconds. The products of PCR were evaluated with a re-
al-time PCR analysis software, the Step one Plus (Applied
Biosystems).

Enzyme-linked immunosorbent assay (ELISA)

We conducted ELISA in triplicate for levels of IL-1 8, IL-6,
IL-8, and TNF-@ (R&D Systems, Minneapolis, MN, USA),
following recommendation of the manufacturer. For meas-
urement of protein levels in the conditioned media of se-
bocytes and ORS cells, we seeded them overnight as
30,000 cells/24-well culture dish. We treated cells with
various concentrations of RGAP in serum-free medium for
6 or 24 hours to examine induction by RGAP in cells, and
specific protein concentrations were measured.

Cell death ELISA

This analysis was conducted in triplicate with a cell death
ELISA kit (Roche, Mannheim, Germany), based on the rec-
ommendation by the manufacturer. Briefly, after treatment
with 5 z2g/ml LPS or 50 1 g/ml RGAP for 24 hours, cyto-
plasmic extracts were prepared from 20,000 passage-2 se-
bocytes or ORS cells. The assay detects DNA-histone com-
plexes resulting from apoptotic nucleosomes measured by
reading at optical density at 405 nm using a microplate
reader.

Western blot analysis

We treated cells in triplicate with 0.1% DMSO, 5 «g/ml
LPS (Sigma-Aldrich) or 50 «g/ml RGAP for 6 hours. After



electrophoresis of extracted proteins (10 «g/lane), they
were transferred to nitrocellulose membranes, which were
blocked by 1 hour preparation with 5% skim milk. Rabbit
polyclonal antibodies against p-c-jun (1:1,000 dilution;
Cell Signaling, Beverly, MA, USA), p-JNK (1:1,000 dilution;
Cell Signaling) or p-iKB (1:1,000 dilution; Cell Signaling)
were used. The secondary antibody was Horseradish per-
oxidase-conjugated donkey anti-rabbit Ig (1:7,000; Jackson
ImmunoResearch, West Grove, PA, USA). Super signal
West Femto (Thermo Scientific, Rockford, IL, USA) pre-
sented the bands. Mouse monoclonal antibody of 3 -actin
(1:5,000; Chemicon, Temecula, CA, USA) was used.

Quantification of lipid production

The supernatants of RGAP-treated sebocytes for 24 hours
were transferred to a clean 1.5 ml e-tubes and kept at
—20°C. Neutral lipids were measured in triplicate using the
TG-S reaction kit (Asan Pharm. Co., Seoul, Korea) by the
manufacturer protocol.

Immunofluorescence staining

For immunofluorescence staining of p-c-jun, we cultured
cells in the presence of 5 rg/ml LPS (Sigma-Aldrich) or
RGAP for 6 hours, fixed, blocked as above, and main-
tained at 4°C overnight with rabbit polyclonal p-c-jun anti-
body (1:100; Cell Signaling) and incubated using a secon-
dary antibody (Molecular Probes, Eugene, OR, USA). Lastly,
cells were counterstained with DAPI for 10 minutes. The
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images were taken by fluorescence microscopy (Olympus
BX51; Olympus, Tokyo, Japan).

Animal study

C. acnes was prepared from the pustules of Korean moder-
ate acne patients. C. acnes suspensions were made as 10°
colony forming units /20 x| and intradermally injected in
20- 11 aliquots at 4 points on the back of 6-week-old fe-
male HR-1 mice (SLC Inc., Hamamatsu, Japan). Two mice
were treated with RGAP in water for 2 weeks starting on
day 1 after the C. acnes injection. The other 2 mice were
not treated with RGAP in water as a control group. The
sizes of inflammatory nodules were monitored and mea-
sured. Specific mice within this cohort were euthanized
after 2, 4, and 8 weeks and the injected back skin were
stained with H&E. This study was approved by Institutional
Animal Care and Use Committee of Kyungpook National
University (No. 2018-0167).

Immunohistochemistry

Tissue samples were obtained from the inflammatory nod-
ules, and put in cryomolds with embedding medium, fro-
zen at —80°C. Samples were sliced (7 «m thick), fixed
with 4% paraformaldehyde and 0.1% Triton X-100 for 10
minutes. After 1 hour preparation with 5% normal donkey
serum (Jackson ImmunoResearch), they were incubated at
4°C overnight with antibodies (Abcam, Cambridge, UK)
for integrin @ 6 (1:200), CD4 (1:300), CD8 (1:100), neu-
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Fig. 1. RGAP promoted expression of transcripts encoding proinflammatory cytokines in the LPS-treated sebocytes (A) and ORS cell
cultures (B). RGAP promoted synthesis of proinflammatory cytokines in the LPS-treated sebocytes and ORS cell cultures. Values are
presented as mean + standard deviation. RGAP: acidic polysaccharides of red ginseng, LPS: lipopolysaccharide, ORS: outer root sheath.

*Statistically significance (p<0.05).
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trophil (1:80), myeloperoxidase (MPO) (1:200), IL-1/5
(1:150), matrix metalloproteinase (MMP)-2 (1:300), MMP-3
(1:100), MMP-9 (1:250), TLR2 (1:500), and LL37 (1:300)
and with secondary antibody (1:100; Molecular Probes)
for 1 hour. The slides counterstained with DAPI for 10
minutes. Histological evaluation was done in triplicate for
the degree of inflammation. The images were taken by flu-
orescence microscopy.
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Statistical analysis

Our data were shown as mean +standard deviation (SD).
ANOVA was done and p-value less than 0.05 was re-
garded to have statistical significance.
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RESULTS

Acidic polysaccharides of red ginseng increased inflam-
matory cytokines expression in the lipopolysaccharide-
treated sebocytes and outer root sheath cell cultures

Expression of transcripts encoding IL-1 3, IL-6, IL-8, and
TNF-@ was elevated in sebocyte cultures after 6 and 24
hours of treatment with LPS and RGAP compared to re-
sults from sebocyte cultures treated with LPS alone (Fig.
1A). In addition, expression of transcripts encoding IL-1 3,
IL-6, IL-8, and TNF-a was increased in ORS cell cultures
after 6 and 24 hours of treatment with LPS and RGAP
compared to results from ORS cell cultures treated with
LPS alone (Fig. 1B).

Immunoreactive IL-1 8 (p < 0.05), IL-6 (p<0.05), IL-8, and
TNF-a levels in sebocytes and ORS cell cultures after 24
hours of treatment with RGAP were lower than those de-
tected in response to the diluent control (Fig. 2A~D).
However, immunoreactive IL-1 5 (p<0.05), IL-6 (p<0.05),
IL-8 (p<0.05), and TNF-a levels in sebocytes and ORS
cell cultures were elevated after 24 hours of treatment
with LPS (Fig. 2A~ D). In addition, immunoreactive IL-1 8
(p<0.05), IL-8, and TNF- @ levels were elevated in both se-
bocytes and ORS cell cultures after 6 or 24 hours of treat-
ment with both LPS and RGAP; elevated levels of im-
munoreactive IL-6 were detected after 24 hours but not af-
ter 6 hours of treatment with LPS and RGAP (Fig. 2E ~ H).

Acidic polysaccharides of red ginseng induced apoptosis
of lipopolysaccharide-treated sebocytes and outer root
sheath cells

The fraction of apoptotic cells in sebocytes and ORS cell
cultures after treatment with RGAP alone was similar to
that detected in cultures treated with the diluent control.
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Elevated levels of apoptosis were detected in LPS-treated
sebocytes and ORS cell cultures (p<0.05) (Fig. 3A). More-
over, apoptosis was elevated in LPS and RGAP-treated se-
bocytes and ORS cell cultures compared to those with LPS
alone (p<0.05) (Fig. 3B).

Acidic polysaccharides of red ginseng promoted expres-
sion of TLR2, p-c-jun, p-JNK and p-iKB in lipopolysac-
charide-treated sebocytes and outer root sheath cell
cultures

Expression of p-c-jun in the LPS and RGAP-treated sebo-
cytes and ORS cell cultures was elevated compared to that
detected in response to LPS alone in Western blot analysis
(p<0.05; Fig. 4A, B). Expression of p-JNK was also ele-
vated in LPS and RGAP-treated sebocyte cultures (p<
0.05) and in ORS cells than those with LPS alone (Fig. 4A,
B). A small increase in p-iKB was detected in the LPS and
RGAP-treated sebocyte cultures compared to those treated
with LPS alone, although it was not statistically significant
(Fig. 4A, B). By immunofluorescence staining, expression
of p-c-jun was elevated in the LPS and RGAP-treated sebo-
cytes and ORS cell cultures than those with LPS alone
(Fig. 4C). Via RT-PCR, we found that expression of tran-
scripts encoding TLR2 (p<0.05) and TLR4 was elevated in
LPS and RGAP-treated sebocyte cultures than those with
LPS alone (Fig. 4D, E).

Acidic polysaccharides of red ginseng promoted the
expression of LL37 in the lipopolysaccharide-treated sebo-
cytes and outer root sheath cell cultures and the produc-
tion of sebum in lipopolysaccharide-treated sebocytes

As shown in our RT-PCR experiments, expression of tran-
script encoding LL37 was elevated in LPS and RGAP-treat-
ed sebocytes and ORS cell cultures compared to those
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Fig. 3. (A, B) LPS promoted apoptosis in sebocytes and ORS cell cultures. RGAP alone did not promote apoptosis, but RGAP promoted
apoptosis after 24 hours in LPS-treated sebocytes and ORS cell cultures Values are presented as mean +standard deviation. RGAP:
acidic polysaccharides of red ginseng, LPS: lipopolysaccharide, ORS: outer root sheath. *Statistically significance (p<0.05).
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treated with LPS alone (Fig. 5A). Production of sebum was
also elevated in LPS and RGAP-treated sebocyte cultures
compared to those treated with LPS alone (p<0.05; Fig. 5B).

Acidic polysaccharides of red ginseng aggravated inflam-
matory nodules in mice

Inflammatory nodules developed on the back of Hos:HR-1
mice inoculated intradermally with C. acnes. The inflam-
matory nodules were larger in the RGAP-treated mice at 1
to 8 weeks compared to controls (Fig. 6A, B). H&E stain-
ing revealed more prominent and severe inflammation at
the nodules of RGAP-treated mice compared to controls at
weeks 2, 4, and 8 (Fig. 6C). Inflammatory nodules included
both neutrophils and T cells. In addition, immunohistoche-
mistry revealed elevated expression of inflammatory bio-
markers, including integrin @ 6, neutrophil (p<0.05), MPO
(p<0.05), MMP-2, MMP-3 (p<0.05), MMP-9 (p<0.05),
IL-1 8 (p<0.05), TLR2 (p<0.05), and LL37 (p<0.05), in
RGAP-treated mice compared to controls at week 2 (Fig.
6D, E).

DISCUSSION

Acidic polysaccharides derived from red ginseng (RGAP)
promote a variety of effects due to their innate immuno-
modulatory and anti-oxidative activities'*'*. The immuno-
modulatory impact of RGAP is achieved via their inter-
actions with the NF- # B and AP-1 pathways and also with
JNK and TLR2''. RGAP are recognized by TLR2, expres-
sed on monocytes, macrophages, neutrophils, B and T cells.
As such, RGAP may be capable of stimulating a wide vari-
ety of host immune cells via interactions with the TLR2-
mediated signaling pathway, transcription factors includ-
ing NF-« B and AP-1, and upstream signaling enzymes,
including extracellular signal-regulated kinase and JNK'®.
Red ginseng has 3 times higher content of acidic poly-

RGAP Promote Acne-Related Inflammatory Biomarkers

saccharides than white ginseng; this may result from differ-
ential activation of metabolic processing pathways. There-
fore, red ginseng is considered to be a more effective in
modulating host immune responses than is white ginseng.
In earlier studies, ginseng S-IIA was found to induce IL-8
production from the human monocytic THP-1 cell line;
this was by increased expression of transcript encoding
IL-8"°. Likewise, RGAP treatment resulted in increased bi-
osynthesis of IL-1, 1L-6, and NO by macrophages, whereas
levels of TNF-@ and reactive oxygen species (ROS) re-
mained unchanged. But the treatment of macrophages
combined with RGAP and recombinant interferon-7 re-
sulted in activated NF- « B signaling pathway and marked
upregulation of IL-1, IL-6, TNF- @ , and NO production'’
Our study showed RGAP increased proinflammatory cyto-
kines like IL-1 8, IL-6, I1L-8, and TNF-a, in both sebocytes
and ORS cell cultures after treatment with LPS. In the skin,
TLRs can be found on keratinocytes and sebaceous glands.
The combination of RGAP and LPS might stimulate sebo-
cytes and ORS cells via a TLR-mediated pathway and ulti-
mately activate nuclear transcription factors. Expression of
transcripts encoding TLR2 and TLR4 was increased in se-
bocyte cultures in response to LPS and elevated levels
were detected in response to the combination of RGAP
and LPS. Furthermore, the combination of RGAP and LPS
activated the NF-« B/AP-1 pathway in sebocyte and ORS
cell cultures; expression of p-c-jun, p-iKB, and p-JNK was
increased by RGAP treatment of the LPS-treated sebocyte
and ORS cell cultures. Interestingly, there was no response
(i.e., no proinflammatory cytokine production) to RGAP
alone in sebocytes or ORS cell cultures.

LPS enhances apoptosis of target cells. In this study, LPS
alone resulted in an elevated level of apoptosis in sebo-
cytes and ORS cell cultures. RGAP alone did not promote
apoptosis, but addition of RGAP to these cell cultures
treated with LPS resulted in a substantial increase in apop-

Fig. 5. (A) RGAP promoted expres-
* sion of LL37 in the LPS-treated
sebocytes and ORS cell cultures.
(B) RGAP promoted the production
of sebum in LPS-treated sebocyte
cultures. Values are presented as
mean + standard deviation. RGAP:
acidic polysaccharides of red gin-
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terleukin, TLR: toll-like receptor.



tosis of sebocytes and ORS cells over that observed in re-
sponse to LPS alone. Apoptosis is critical in normal growth,
aging, and maintaining homeostasis and is also a defense
mechanism for eliminating cells damaged by disease or
noxious agents'®. Although numerous stimuli and condi-
tions are capable of triggering apoptosis, not all cells re-
spond to the same stimulus in the same fashion. Interest-
ingly, RGAP also enhanced the expression of LL37 in the
LPS-treated sebocytes and ORS cell cultures. LL37 (cathe-
licidin) is important in development of acne vulgaris and
especially of unique types of acne'’. RGAP also promoted
the production of sebum from LPS-pretreated sebocytes.
This is an interesting finding given that the hydrophobic
fraction in a red ginseng ethanol extract was reported to
reduce oxidized sebum contents and eliminate erythema®.
The relationship between RGAP and production of sebum
should be investigated further.

Finally, RGAP increased the severity of C. acnes-induced
inflammatory nodules in Hos:HR-1 mice and immunohisto-
chemical analysis revealed an increasingly expressed in-
flammatory biomarkers in RGAP-treated mice compared with
control. These findings are consistent with the results ob-
tained in sebocytes and ORS cell cultures.

In  conclusion, RGAP promotes expression of in-
flammatory biomarkers in sebocytes and ORS cell cultures
after challenge with LPS and inflammatory nodules gen-
erated in response to C. acnes were more severe in mice
treated with RGAP. Therefore, we conclude that RGAP
may exacerbate inflammatory acne. As such, patients with
active acne or history of acne should be advised to avoid
intake of and therapies that include red ginseng.
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