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Platycodin D May Improve Acne and Prevent Scarring by
Downregulating SREBP-1 Expression Via Inhibition of

IGF-1R/PI3K/Akt Pathway and Modulating
Inflammation with an Increase in Collagen
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Background: Although many therapeutic agents have been
developed, only a few drugs are known to target multiple
pathogenic factors in the treatment of acne. Objective: The
purpose of this study was to identify a new drug candidate,
platycodin D, which is a substance extracted from the root of
Platycodon grandiflorum. Methods: Using western blotting
and Cell Counting Kit-8 assay, we studied the effects of platy-
codin D on SEB-1 sebocytes, fibroblasts, and keratinocytes.
We investigated its effects in view of lipogenesis, collagen
production, anti-inflammatory activity, and dyskeratini-
zation. Results: In SEB-1 sebocytes, platycodin D showed a
sebosuppressive effect by downregulating ERK and in-
sulin-like growth factor-1R/PI3K/Akt/sterol-regulatory ele-
ment binding protein-1 signaling pathways. In addition, adi-
ponectin, one of the adipokines responsible for sebum pro-
duction, was decreased in platycodin D-treated SEB-1
sebocytes. In fibroblasts, platycodin D increased collagen
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production and reduced inflammation by inhibiting nuclear
factor kappa B and matrix metalloproteinases. Platycodin D
also showed anti-inflammatory effects on keratinocytes. It al-
so suppressed keratin 16 expression induced by
lipopolysaccharide. Furthermore, platycodin D showed no
cytotoxicity on both SEB-1 sebocytes and fibroblasts.
Conclusion: Our data demonstrate the clinical feasibility of
platycodin D for acne treatment and the prevention of acne
scarring by sebosuppressive and anti-inflammatory effects,
as well as through an increase in collagen levels. (Ann
Dermatol 30(5) 581~587, 2018)
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INTRODUCTION

Platycodon grandiflorum is a flowering plant native to East
Asia. While its root has traditionally served culinary pur-
poses, it also has uses in oriental medicine, namely, in de-
creasing sputum production, as well as cholesterol and
blood sugar levels. Recent studies have revealed that pla-
tycodin D, a substance extracted from the root of
Platycodon grandiflorum, has pharmacological properties,
such as anti-cancer effect'”. Platycodin D also inhibits
lipogenesis in 3T3-L1 apidocytes by modulating KLF-2 and
PPAR- 7 2°. Based on the similarities of adipocytes and se-
bocytes, we investigated the effects of platycodin D on the
two major factors of acne pathogenesis: sebum production
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and inflammation.

In this research, we investigated the sebosuppressive and
anti-inflammatory effects of platycodin D by identifying
the related upstream and downstream molecules. Specifi-
cally, we hypothesized that sterol-regulatory element
binding protein (SREBP), a major transcriptional factor re-
sponsible for the regulation of cholesterol and fatty acids,
is crucial in the mechanism of the anti-lipogenic effects of
platycodin D. To identify upstream regulators responsible
for platycodin D-mediated suppression of the SREBP path-
way, we focused on the insulin-like growth factor (IGF)-
1R/PI3K/Akt pathway because platycodin D modulates the
PI3K/Akt pathway in various cell lines*’. To examine the
anti-inflammatory effects, we investigated the correlation
between the dose of platycodin D and levels of several
transcription factors that regulate the inflammatory response.

MATERIALS AND METHODS
SEB-1 sebocyte culture

Immortalized SEB-1 sebocytes were generated by trans-
fection of secondary sebocytes with SV40 large T anti-
gens’. Generated SEB-1 sebocytes were cultured and
maintained in standard culture medium with DMEM
(Invitrogen, Carlsbad, CA, USA), 5.5 mM glucose/Ham's
F-12 3:1 (Invitrogen), fetal bovine serum 2.5% (HyClone,
Logan, UT, USA), adenine 1.8x10 * M (Sigma, St Louis,
MO, USA), hydrocortisone 0.4 g ml ' (Sigma), insulin
10 ng ml ' (Sigma), epidermal growth factor 3 ng ml '
(Austral Biologicals, San Ramon, CA, USA), and cholera
toxin 1.2x10 ' M (Sigma) at 37°C in a 5% CO,
incubator.

Fibroblast and HaCaT cell culture

The Detroit 551 cells (human embryonic skin fibroblast
cell line, ATCC CCL-110) were maintained in Eagle’s min-
imum essential medium and Dulbecco’s modified Eagle’s
medium (DMEM) (Sigma) supplemented with 10% fetal
bovine serum (FBS) (Invitrogen, San Diego, CA, USA), at
37°C and in a humidified atmosphere containing 5% CO,.
The HaCaT cells were cultured as monolayers in a stand-
ard culture medium (DMEM) supplemented with 5% fetal
calf serum, 2 mM glutamine, and 100 IU/ml penicillin at
37°C in a humidified atmosphere containing 5% CO..

Western blot

Protein was extracted using cell lysis buffer (Cell Signaling
Technology, Beverly, MA, USA). Protein content in the ly-
sate was determined using the BCA Protein Assay (Pierce,
Rockford, IL, USA). Equal amounts of protein were run on
10% sodium dodecyl sulfate-polyacrylamide gel electro-
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phoresis gels and then transferred to a polyvinylidene di-
fluoride membrane. The following antibodies were used:
matrix metalloproteinase (MMP)-1, SREBP-1, and Keratin
16 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), nu-
clear factor kappa B (NF-kB) p65, interleukin (IL)-1 @, IL-8,
IL-6, collagen1, adiponectin, and phosphorylated in-
sulin-like growth factor 1 receptor (Abcam, Cambridge,
MA, USA), phospho ERK, Akt, and PI3K (Cell Signaling
Technology), MMP-7, and MMP-12 (Thermo, Pittsburgh,
PA, USA). Secondary anti-rabbit immunoglobulin G (IgG)
and anti-mouse IgG antibody (Cell Signaling Technology)
were used to detect primary antibodies. Films of blots
were analyzed and quantified using a densitometric pro-
gram (TINA, Raytest Isotopenmebgerate, Straubenhardt,
Germany). All experiments were repeated a minimum of
four times.

CCK8 assay of sebocyte, fibroblast and keratinocyte
cell viability

SEB-1 cells were seeded in each well of a 96-well tissue
culture plate at a density of 1x10* cells per well.
Fibroblasts and HaCaT keratinocytes were seeded in each
well of a 96-well tissue culture plate with confluence of
90% per well. The medium was replaced with new me-
dium containing each concentration of platycodin D
(Cayman Chemical, Ann Arbor, MI, USA). The cells were
incubated for 24, 48, and 72 hours. For the Cell Counting
Kit-8 (CCK8) assay, 10 x| of CCK8 solution (Dojindo
Molecular Technologies, Rockville, MD, USA) was added
to the wells and reacted for 3 hours at 37°C. Absorbance
at 450 nm was measured by a spectrophotometer. All ex-
periments were repeated a minimum of four times.

Statistical analysis

We compared different groups from the in vitro experi-
ments using Kruskal-Wallis test with SPSS software
(version 23, IBM Co., Armonk, NY, USA).

RESULTS

Platycodin D exhibited no cytotoxicity on sebocytes,
fibroblasts, and keratinocytes

When treated with platycodin D, no toxicity was observed
on SEB-1 sebocytes, fibroblasts and keratinocytes. Although
the number of sebocytes and fibroblasts decreased slightly
as the concentration of platycodin D used increased, the
correlation was statistically insignificant (p >0.05) (Fig. 1).

Platycodin D downregulated lipogenesis through various
pathways, including the IGF-1R/PI3K/Akt/SREBP pathway

To examine the sebosuppressive effect of platycodin D,
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Fig. 1. Cell Counting Kit-8 assay results. Platycodin D exhibited no cytotoxicity on sebocytes, fibroblasts and keratinocytes. There
was no significant decrease in cell counts. All experiments were repeated a minimum of four times.
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we focused on the IGF-1R/PI3K/Akt pathways and
SREBP-1, which is the master regulator of lipid metabo-
lism in sebocytes’. Platycodin D significantly decreased
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Fig. 2. Insulin-like growth factor (IGF)-1R, PI3K, Akt, SREBP-1,
adiponectin, and ERK levels in platycodin D-treated SEB-1
sebocytes. All precursor and mature forms of SREBP-1,
phosphorylated PI3K, phosphorylated Akt, adiponectin, and
phosphorylated ERK were decreased by platycodin D. *p<
0.05 between control and each concentration of platycodin
D-treated groups. All experiments were repeated a minimum
of four times.

the expression of precursors and the mature forms of
SREBP-1 proteins, as evidenced from western blot results
(p<0.05) (Fig. 2). Specifically, platycodin D down-
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regulated the IGF-1R/PI3K/Akt pathway in a dose-depend-
ent manner after 6 hours, and SREBP-1 protein levels were
subsequently decreased (p<0.05). In addition, platycodin
D decreased adiponectin (p<0.05), which was recently
discovered to regulate lipid production in human sebo-
cytes®. ERK was also significantly decreased by platycodin
D treatment (p <0.05).

Platycodin D increases collagen levels and modulates
inflammation in fibroblasts by inhibiting NF- « B and
MMP

Platycodin D increased the level of collagen 1, and the
maximum increase in collagen 1 levels was observed at 5
#M platycodin D (p<0.05). As inflammation plays an
important role in the pathogenesis of acne, we examined
several transcriptional factors for the regulation of the in-
flammatory response. Among them, NF-« B p65 was de-
creased in a dose-dependent manner after platycodin D
treatment in fibroblasts (p <0.05). In addition, MMP-1 and
MMP-7, which are known as collagenases, and MMP-12,
which is an elastase, were decreased in platycodin
D-treated fibroblasts (p <0.05) (Fig. 3).

Platycodin D suppresses the increase in the levels of
cytokines and keratin 16 induced by lipopolysaccharide
(LPS)

HaCaT keratinocytes were stimulated by LPS, resulting in
the production of IL-1 @, IL-6, and IL-8. Platycodin D treat-
ment suppressed the increase of 1L-6 levels significantly at
5 #Mand 10 #M (p<0.05) (Fig. 4). IL-8 also showed a
tendency to decrease with platycodin D treatment but it
was not statistically significant. IL-1 @ and keratin 16 de-
creased significantly below the baseline values following
treatment with 10 M of platycodin D (p<0.05).

DISCUSSION

Acne is one of the most commonly occurring skin
diseases. Its pathogenesis is characterized by four factors:
excessive sebum production, inflammation, follicular hy-
perkeratinization and overgrowth of Propionibacterium
acnes. Despite abundant research on the treatment of
acne, very few drugs can target the multiple pathogenic
factors listed above. In this study, we demonstrated that
platycodin D can downregulate lipogenesis, as well as
modulate inflammation.

This study was performed in line with recent research
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Fig. 3. NF-« B p65, matrix metalloproteinase (MMP)-1, 7, 12, and collagen 1 levels in platycodin D-treated fibroblasts. NF-« B p65
levels significantly decreased after treatment with 2.5 #M platycodin D. MMP-1, 7, and 12 were significantly decreased in 10 M
of platycodin D. Collagen 1 was increased by platycodin D treatment, and the expression peaked at 5 1M platycodin D. *p<0.05
between control and each concentration of platycodin D-treated groups. All experiments were repeated a minimum of four times.
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Fig. 4. Interleukin (IL)-1 @, IL-6, IL-8, and keratin 16 levels in platycodin D-treated HaCaT keratinocytes. IL-1 @, IL-6, and keratin
16 were significantly decreased by platycodin D treatment. *p<0.05 between lipopolysaccharide (LPS) treatment only and each
concentration of platycodin D-treated groups. All experiments were repeated a minimum of four times.

seeking new treatment options from natural products”'’. It

had been elucidated that activation of the IGF-1R/PI3K/Akt
pathway is related with lipogenesis in SEB-1 sebocytes”'°.
Platycodin D showed sebosuppressive effects through the
IGF-1R/PI3K/Akt/SREBP-1 pathway in SEB-1 sebocytes in
our study. Platycodin D downregulated the IGF-1R path-
way, and subsequently inhibited the PI3K/Akt pathway,
which led to the reduction of SREBP-1, for both precursor
and mature forms. This indicated that, as a result, choles-
terol and fatty acid metabolism in sebocytes may have
been decreased''. Although we were not able to perform
fatty acid analysis, changes in the concentration of free fat-
ty acids such as palmitoic acid and linoleic acid may also
lead to alleviation of inflammation’.

It should be noted that inhibition of the IGF-1R/PI3K/
Akt/SREBP-1 pathway may not be the only mechanism of
platycodin D-induced inhibition of lipogenesis. Jung et al.?
discovered that adiponectin regulates lipogenesis in hu-
man sebocytes via the APPL-AMPK/Akt/SREBP-1 pathway.
In our study, adiponectin expression was decreased in pla-
tycodin D-treated SEB-1 sebocytes. This suggests the in-
volvement of the adiponectin pathway in the platycodin
D-induced inhibition of lipogenesis. The activation of ERK
in sebocytes was known to be associated with IGF-1 stim-
ulation of sebocytes, resulting in the activation of
SREBP-1°. In our study, ERK was also significantly de-
creased by platycodin D treatment.

We also found that platycodin D modulates inflammation
through inhibition of the NF- ¥ B pathway. Many previous

studies showed that NF- « B significantly increased after P.
acnes treatment, suggesting that NF-« B induces pro-in-
flammatory cytokine production'®'?. Decreased expression
of NF-« B will lead to decreased production of pro-in-
flammatory cytokines including IL-1 @, IL-1 5, IL-6, IL-8,
and tumor necrosis factor (TNF)- @ . Previous studies have
shown that adiponectin not only suppresses the secretion
of pro-inflammatory cytokines like TNF-«, but also in-
duces expression of anti-inflammatory cytokines such as
IL-10 in keratinocytes. They also revealed that adiponectin
plays some roles in cutaneous wound healing processes'.
However, since adiponectin expression was decreased by
platycodin D treatment in our experiment, it may not have
a significant effect on the inflammatory process of acne.
Aydin et al have studied adiponectin levels in severe acne
patients'* but additional researches will be necessary to
investigate the role of adiponectin in inflammation of acne.
Acne inflammation, which involves the activation of
NF-kB and MMPs, is closely associated with acne scar
formation. Platycodin D decreased expression of MMP-1,
7, 12. As MMPs are known to play important roles in the
formation of acne scarring, decreased levels of MMPs can
reduce the probability of acne scar formation'>'®
studies showed that P. acnes augment the expression of
MMP-1, 2, 9, 13 in various cell lines'”'®. In our experi-
ment, we discovered that MMP-7, a collagenase, and
MMP-12, an elastase, were decreased by platycodin D
treatment. As elastic fiber is important for maintaining the
tension of the skin, a decrease in the expression of an elas-

. Previous
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tase may contribute to the treatment of acne scars.
Furthermore, collagen 1 was increased by platycodin D.
All of these results for fibroblasts suggest that platycodin D
may prevent the formation of acne scars.

Platycodin D suppressed the increase of IL-1 @, IL-6, and
IL-8 in keratinocytes stimulated by LPS. Although the sup-
pressive effect was not strong enough to restore IL-6 and
IL-8 to baseline values, it has some anti-inflammatory
effects. In addition, IL-1 @ is a strong inducer of hyper-
cornification of the hair follicle infundibulum and keratin
16 is a marker of abnormal differentiation in keratino-
cytes'®. The decrease of IL-1 @ and keratin 16 by platyco-
din D may suggest its ability to correct epidermal hyper-
keratinization/dyskeratinization, which is one of the path-
ogenetic factors of acne.

Concerning safety issues, we demonstrated that platycodin
D has no significant cytotoxic effects on sebocytes, fibro-
blasts and keratinocytes. Because Platycodon grandi-
florum has been used as a food material in East Asia, in-
cluding Korea, the nontoxicity of platycodin D was also
empirically tested.

In conclusion, platycodin D can affect the key pathogenic
factors of acne, including at least hyperseborrhea and
inflammation. In addition, it increases collagen and in-
hibits MMPs. These results suggest that platycodin D may
be used as an effective modality of acne treatment and
acne scar prevention.
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