
Brief Report

394 Ann Dermatol

Received June 16, 2017, Accepted for publication August 4, 2017

Corresponding author: Chang Deok Kim, Department of Dermatology, Chungnam National University School of Medicine, 266 Munhwa-ro, Jung-gu, Daejeon 
35015, Korea. Tel: 82-42-280-6704, Fax: 82-42-255- 5098, E-mail: cdkimd@cnu.ac.kr
ORCID: https://orcid.org/0000-0001-9341-6491

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly 
cited.

Copyright © The Korean Dermatological Association and The Korean Society for Investigative Dermatology

https://doi.org/10.5021/ad.2018.30.3.394

Isoginkgetin Inhibits Insulin-Like Growth 
Factor-1-Induced Sebum Production in Cultured Human 
Sebocytes

Yul-Lye Hwang1, Min-Ho Lee2, Hyun-In Oh3, Hyung-Jin Kim3, Cho-Ah Lim1, Jeung-Hoon Lee1,4, 
Chang Deok Kim1

1Department of Dermatology, Chungnam National University School of Medicine, Daejeon, 2GF-Herb Co., Nonsan, 3Picostech Co., 
Pyeongtaek, 4Skin Med Co., Daejeon, Korea

Dear Editor:
Sebaceous glands are skin appendages that provide lipid 
complex, the sebum, to the surface of skin. The sebocytes 
are the major cells comprising sebaceous glands, con-
tributing to the production of sebum. At puberty, sebum 
production is increased by the multiple factors including 
androgens, corticotropin-releasing hormone, vitamin D 
and insulin-like growth factor-1 (IGF-1)1. The increase of 
sebum production often relates with the inflammatory skin 
diseases, of which most prevalent is acne. The excess se-
bum production is the primary event, followed by hyper-
keratinization of pilosebaceous duct, hyperproliferation of 
commensal Propionibacterium acnes, and perifollicular 
inflammation2,3. For treatment of acne, many drugs have 
been developed targeting multiple action points. Examples 
include antibiotics targeting commensal bacteria (tetracy-
cline, doxycycline and minocycline), drugs targeting hy-
perkeratinization (adapalene, isotretinoin and tazarotene), 
and anti-inflammatory drugs (corticosteroids and non-
steroidal anti-inflammatory drugs)4. Since sebum hyper-
secretion is believed to be the starting event for acne, 
there is still high clinical need for new and better treat-
ments targeting the sebum production in sebocytes.
In a preliminary study, we screened anti-lipogenic materi-
als using cultured human sebocytes. We first evaluated 
the effect of various medicinal plants, and found that the 

extract of Ginkgo biloba L. leaves had strong inhibitory 
potential on IGF-1-induced sebum production in sebo-
cytes. We further delineated the active ingredients and 
identified isoginkgetin as one powerful compound. In this 
study, we demonstrated that isoginkgetin inhibited IGF-1- 
induced sebum production, providing evidence that iso-
ginkgetin can be developed for acne treatment.
Normal human scalp specimens were obtained under the 
written informed consent, and the present study was ap-
proved from the ethical committee of the Institutional 
Review Board of Chungnam National University School of 
Medicine. The sebaceous glands were dissected under the 
stereomicroscope. Isolated sebaceous glands were attached 
to the culture dish, and incubated in SebomedⓇ medium 
(Biochrom, Berlin, Germany) supplemented with 10% fe-
tal bovine serum and 5 ng/ml recombinant human epi-
dermal growth factor (Life Technologies Corporation, 
Grand Island, NY, USA). Generally, sebocytes were out-
grown from explanted sebaceous gland tissues in 1 week. 
Sebocytes at 3rd∼7th passage were used for all experi-
ments. Isoginkgetin was purchased from Merck Millipore 
(Darmstadt, Germany), and dissolved in dimethyl sulf-
oxide (DMSO), then diluted with culture medium (final 
concentrations of DMSO is 0.1%).
Isoginkgetin is a biflavonoid in which two flavone groups 
are linked covalently (Fig. 1A). We first checked the cyto-
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Fig. 1. (A) Structure of isoginkgetin. 
(B) Cytotoxicity of isoginkgetin. 
Sebocytes were treated with iso-
ginkgetin at the indicated concen-
trations for 2 days. Cell viability 
was measured by MTT assay. The 
mean values±standard deviation 
are averages of triplicate measure-
ments. (C) Effect of isoginkgetin on 
lipogenesis in sebocytes. Cells were 
treated with insulin-like growth 
factor-1 (IGF-1) and isoginkgetin at 
the indicated concentrations for 2 
days. Effect of isoginkgetin on IGF- 
1-induced lipid production was 
determined by thin layer chroma-
tography. Production of squalene 
and wax ester was significantly 
inhibited by isoginkgetin.

Fig. 2. (A) Effect of isoginkgetin on intracellular signaling. Sebocytes were pretreated with isoginkgetin at the indicated concentrations 
for 30 minutes, then insulin-like growth factor-1 (IGF-1) was added to the culture and incubated for a further 30 minutes. Cellular 
proteins were prepared and phosphorylation of signaling molecules was evaluated by Western blot. (B) Effect of isoginkgetin on the 
protein level for lipogenic transcription factors. Cells were treated with IGF-1 and isoginkgetin at the indicated concentrations for 
2 days. Protein level for sterol response element-binding protein-1 (SREBP)-1 and peroxisome proliferator-activated receptor-γ (PPAR-γ) 
was evaluated by Western blot. Actin was used as a loading control.
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toxicity of isoginkgetin on sebocytes. As a result, isogink-
getin showed no cytotoxicity up to the concentration of 
20 μM (Fig. 1B). We then determined the effect of iso-
ginkgetin on sebum production using a well-established 
IGF-1-induced lipogenesis model3,5. Thin layer chromatog-
raphy analysis showed that isoginkgetin dramatically in-
hibited IGF-1-induced squalene synthesis. In addition, pro-
duction of wax ester was also remarkably inhibited by iso-
ginkgetin (Fig. 1C). Since the squalene and wax ester are 
the unique components of sebum1, this result suggested 
that isoginkgetin specifically inhibited sebum production 
in sebocytes.
To investigate whether isoginkgetin influences intracel-
lular signaling related to lipogenesis, we examined the 
phosphorylation of AKT1 and ERK1/2. When sebocytes 
were activated by IGF-1, the phosphorylation of AKT1 and 
ERK1/2 was remarkably increased. Pretreatment with iso-
ginkgetin significantly inhibited the IGF-1-induced phos-
phorylation of AKT1 and ERK1/2 (Fig. 2A). Next, we ex-
amined whether isoginkgetin affected the expression of 
sterol response element-binding protein-1 (SREBP-1) and 
peroxisome proliferator-activated receptor-γ (PPAR-γ), 
the important transcription factors for lipid production in 
human sebocytes6,7. Consistent with previous reports, 
IGF-1 increased SREBP-1 and PPAR-γ. And, isoginkgetin 
significantly inhibited IGF-1-induced increase of SREBP-1 
and PPAR-γ (Fig. 2B). 
Isoginkgetin is one of biflavonoids found in Ginkgo biloba 
L. leaves, which possesses a variety of biological activities. 
For example, isoginkgetin shows the suppressive activity 
against lymphocyte proliferation induced by concanavalin 
A or lipopolysaccharides8. In other example, isoginkgetin 
is a general inhibitor for pre-mRNA splicing9. It has been 
also demonstrated that isoginkgetin inhibits tumor cell in-
vasion by regulating PI3K/AKT1-dependent matrix metal-
loproteinase-9 expression10. In this study, we demonstrated 
that isoginkgetin inhibited IGF-1-induced sebum pro-
duction in sebocytes. In addition, isoginkgetin significantly 
inhibited IGF-1 induced increase of SREBP-1 and PPAR-γ. 
Consistent with previous study in other system10, isogink-
getin significantly blocked the IGF-1-induced AKT1 and 
ERK1/2 signaling in sebocytes. These results suggest that 
isoginkgetin exerts its inhibitory role on sebum production 
via the inhibition of IGF-1 signaling. As notified, IGF-1 is 
one of important factors to affect the pathogenesis of 
acne1, thus efficient blockage of this signaling is a good 
strategy in the treatment of acne. In this regard, isogink-
getin can be applied as therapeutics for acne treatment.
In summary, we demonstrated that isoginkgetin inhibited 
IGF-1-induced sebum production in sebocytes, providing 

a novel candidate for acne drug.
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