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Background: Acne vulgaris has been linked to the Western 
diet. Hyperglycemic diet increases insulin and insulin-like 
growth factor (IGF)-1. Deeper insights into IGF-1-mediated 
signal pathway are critical importance to understand the im-
pact of Western diet. Objective: We investigated the effect of 
IGF-1 on the expression of inflammatory biomarkers and se-
bum production in cultured sebocytes. Methods: Polymerase 
chain reaction and enzyme-linked immunosorbent assay 
were performed to measure changes in the expression of in-
flammatory biomarkers including interleukin (IL)-1β, IL-6, 
IL-8, tumor necrosis factor (TNF)-α, nuclear factor kap-
pa-light-chain-enhancer of activated B cells (NF-κB), IGF1R, 
IGFBP2, sterol response element-binding protein (SREBP), 
and phosphatidylinositol-4,5-bisphosphate 3-kinase, cata-
lytic subunit alpha (PI3KCA) after the treatment of cultured 
sebocytes with 10−7 M or 10−5 M IGF-1. Sebum production 
was evaluated after the treatment of cultured sebocytes with 
10−7 M or 10−5 M IGF-1 using lipid analysis. Results: The ex-
pression levels of IL-1β, IL-6, IL-8, and TNF-α in cultured 
sebocytes after treatment with 10−7 M or 10−5 M IGF-1 were 
increased. Increased gene expression levels of NF-κB in cul-
tured sebocytes were also shown after 10−7 M or 10−5 M 

IGF-1 treatments. Gene expression of these inflammatory bi-
omarkers was decreased after 10−7 M or 10−5 M IGF-1 treat-
ment in the presence of 100 nM NF-κB inhibitor. Treatment 
with 10−7 M or 10−5 M IGF-1 increased the gene expression 
levels of IGF1R, IGFBP2, SREBP and PI3KCA in cultured 
sebocytes. Sebum production from cultured sebocytes 
treated with 10−7 M or 10−5 M IGF-1 was also increased. 
Conclusion: It is suggestive that IGF-1 might be involved in 
the pathogenesis of acne by increasing both expression of in-
flammatory biomarkers and also sebum production in 
sebocytes. (Ann Dermatol 29(1) 20∼25, 2017)
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INTRODUCTION

Acne is caused by multiple factors such as increased se-
bum secretion, inflammation, follicular keratinization, and 
Propionibacterium acnes1. Excessive sebum production, 
abnormal sebum composition, sebum peroxidation, and 
inflammatory lipid production contribute to the formation 
of primary acne lesions2. Furthermore, sebaceous glands 
also produce inflammatory biomarkers and antimicrobial 
peptides and play an important role in the formation and 
aggravation of acne lesions3. Production of inflammatory 
cytokines is induced by the activation of nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB) 
through the Toll-like receptors (TLR)-2 or TLR-4. Upregulation 
of inflammatory cytokines, such as interleukin (IL)-1α, 
IL-6, and IL-8, is present in acne lesions4.
Diet is considered to be one of the main factors influenc-
ing the induction and aggravation of acne, though this is 
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still debatable5. Recent research interests have focused on 
glycemic load, and hyperinsulinemia resulting from a high 
glycemic load has been linked to an increase in the con-
centration of insulin-like growth factor (IGF)-1, which has 
been reported to affect androgen metabolism and lipo-
genesis6,7. Additionally, IGF-1 has been shown to upregu-
late inflammatory cytokines in various cells including im-
mortalized sebocytes8-11. A correlation between the se-
verity of acne and the level of serum IGF-1 has also been 
reported12. A recent clinical study showed that a low gly-
cemic diet can decrease both the size of the sebaceous 
gland and the number of inflammatory lesions6. 
So far, increasing number of evidence demonstrating the 
relation between diet and acne is supporting the likelihood. 
However, the effect of IGF-1 on cultured sebocyte was not 
revealed enough yet and, thus, it is necessary to make 
clear the cellular effect of IGF-1.
This study was undertaken to evaluate the effect of IGF-1 
on the expression of inflammatory biomarkers as well as 
on lipogenesis in cultured sebocytes.

MATERIALS AND METHODS
Sebocyte culture

Primary sebocyte cultures were prepared from occipital 
hair follicle sebaceous glands. The sebaceous glands were 
isolated from hair follicles under a binocular microscope 
and transferred to a tissue culture dish. The cells were 
maintained in Dulbecco’s modified Eagle medium (DMEM; 
Hyclone Laboratories, Logan, UT, USA) at 37oC in a hu-
midified atmosphere of 5% CO2. Explants were left for a 
period of 4 days, and the medium was then changed to 
Epilife (MEPI500CA; Gibco BRL, Grand Island, NY, USA). 
The medium was changed every 2 or 3 days. DMEM was 
supplemented with penicillin (100 U/ml), streptomycin 
(100 μg /ml), and 20% heat-inactivated bovine serum 
(Hyclone Laboratories), while Epilife was supplemented 
with penicillin (100 U/ml), streptomycin (100 μg/ml), and 
fungizone (0.25 μg /ml).
Once the outgrowth cells became subconfluent, the cells 
were harvested using 0.25% trypsin and 10 mM ethyl-
enediamine tetraacetic acid in Hank’s balanced salt sol-
ution, followed by subculturing. The cells obtained after 
the second passage were used in this study after identify-
ing the cultured sebocytes using Oil Red O (Sigma, St. 
Louis, MO, USA) staining and immunocytofluorescence 
against cytokeratins 1 and 7 (Chemicon, Billerica, MA, 
USA).

The treatment of cultured sebocytes with IGF-1 and/or 
NF-κB inhibitor

IGF-1 (R&D Systems, Minneapolis, MN, USA) was added 
to the cultured sebocytes at concentrations ranging from 
10−11 to 10−5 M for the Cell Counting Kit-8 assay. As a re-
sult, cultured sebocytes was treated with IGF-1 10−7 M or 
10−5 M for 3 days in this study. IGF-1 10−7 M or 10−5 M 
was also added to NF-κB 100 nM (Selleckchem, Houston, 
TX, USA) inhibitor-pretreated sebocytes for 2 days. 

Real-time polymerase chain reaction 

For real-time polymerase chain reaction (PCR) of cultured 
sebocytes following treatment with IGF-1 and/or the NF-
κB inhibitor, the Maxima SYBR Green/Fluorescein qPCR 
Master Mix (2×) (Thermo Scientific, Vilnius, Lithuania) 
was used in triplicate reactions following the manu-
facturer’s protocol. Real-time PCR was performed using a 
LightCycler (Roche Diagnostics, Indianapolis, IN, USA) 
under the following conditions: one cycle of 2 min at 
50oC, followed by 10 min at 95oC for one cycle, 55 cycles 
of 10 s at 95oC, and finally 30 s at an annealing temperature. 
Analysis of variance (ANOVA) was used for statistical 
analysis of the data. A probability (p)-value of less than 
0.05 was considered statistically significant. All statistical 
analyses were performed using SPSS ver. 18.0 (SPSS Inc., 
Chicago, IL, USA).

Enzyme-linked immunosorbent assay 

Analysis of IL-1β, IL-6, IL-8 and tumor necrosis factor 
(TNF)-α (R&D Systems, Shanghai, China) protein expression 
using enzyme-linked immunosorbent assay (ELISA) was 
conducted according to the manufacturer’s instructions. 
Briefly, 50∼200 μl samples were added to each well in 
triplicate. Next, 200 μl prepared streptavidin-horseradish 
peroxidase (conjugate) and 200 μl premixed 3,3’,5,5’-tet-
ramethylbenzidine substrate solution were added to each 
well, in that order. The plates were developed in the dark 
at room temperature for approximately 20∼30 min, and 
the reaction was halted by adding 50 μl of a stop solution 
to each well. Finally, the absorbance was measured on a 
VERSAMax microplate ELISA reader (Molecular Devices, 
Sunnyvale, CA, USA). ANOVA was used for statistical 
analysis of the data. A p-value of less than 0.05 was con-
sidered statistically significant.

Quantification of lipid production

IGF-1-treated sebocytes were homogenized in an e-tube 
with 50 μl 0.9% NaCl plus 1% triton ×100 followed by 
vortex agitation. After incubation at 4oC for 30 min, the 
solution was centrifuged at 13,000 rpm for 15 min. The 
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Fig. 1. The increased expression of inflammatory cytokines in cultured sebocytes after treatment with insulin-like growth factor (IGF)-1. 
(A) The treatment of cultured sebocytes with 10−7 M or 10−5 M IGF-1 showed increased gene expression of interleukin (IL)-1β, 
IL-6, IL-8 and tumor necrosis factor (TNF)-α. *p＜0.05. (B) The treatment of cultured sebocytes with 10−7 M or 10−5 M IGF-1 increased 
protein expression of IL-1β, IL-6, IL-8 and TNF-α. 

supernatant was collected in a clean 1.5 ml e-tube and 
stored at −20oC until required. The TG-S reaction kit 
(Asan Pharm. Co., Seoul, Korea) was used for the detec-
tion of neutral lipids, according to the manufacturer’s 
protocol. 

RESULTS
The increased expression of IL-1β, IL-6, IL-8, and TNF-α 

in cultured sebocytes after treatment with IGF-1 

The treatment of cultured sebocytes with 10−7 M IGF-1 
showed significantly increased gene expression of IL-1β, 
IL-6, IL-8 and TNF-α (p＜0.05). The treatment of cultured 
sebocytes with 10−5 M IGF-1 also showed increased gene 
expression (p＞0.05; Fig. 1A). In addition, the treatment of 
cultured sebocytes with 10−7 M or 10−5 M IGF-1 in-
creased protein expression of IL-1β, IL-6, IL-8 and TNF-α 
(p＞0.05; Fig. 1B). 

The decreased expression of IL-1β, IL-6, IL-8, and 
TNF-α after treatment of NF-κB-inhibitor pretreated 
sebocytes with IGF-1

The treatment of cultured sebocytes with 10−7 M IGF-1 
showed an increase in the gene expression of NF-κB 
compared with the untreated control. The treatment of 
100 nM NF-κB inhibitor-pretreated sebocytes with 10−7 
M IGF-1 showed a significant decrease in the gene ex-
pression of NF-κB, IL-1β, IL-6, IL-8, and TNF-α com-
pared with the treatment of cultured sebocytes with 10−7 

M IGF-1 (p＜0.05; Fig. 2A). The treatment of cultured se-
bocytes with 10−5 M IGF-1 also showed an increase in the 
gene expression of NF-κB compared with the untreated 
control. In addition, the treatment of 100 nM NF-κB in-
hibitor-pretreated sebocytes with 10−5 M IGF-1 showed a 
significant decrease in the gene expression of NF-κB, 
IL-1β, IL-6, IL-8, and TNF-α compared with the treat-
ment of cultured sebocytes with 10−5 M IGF-1 (p＜0.05). 

The increased expression of IGF1R and IGFBP-2 in 
cultured sebocytes after treatment with IGF-1 

The treatment of cultured sebocytes with 10−7 M or 10−5 
M IGF-1 showed increased gene expression of IGF1R and 
IGRBP-2 (p＞0.05; Fig. 3). 

The increased lipid production after treatment of 
cultured sebocytes with IGF-1 

The treatment of cultured sebocytes with 10−7 M or 10−5 
M IGF-1 increased the gene expression of sterol response 
element-binding protein (SREBP) (p＞0.05; Fig. 3). The 
treatment of cultured sebocytes with 10−7 M or 10−5 M 
IGF-1 revealed an increase in the gene expression of phos-
phatidylinositol-4,5-bisphosphate 3-kinase, catalytic sub-
unit alpha (PI3KCA) compared with the untreated control 
(p＞0.05; Fig. 3). Lipid production was significantly in-
creased following the treatment of the cultured sebocytes 
with 10−7 M IGF-1 (p＜0.05) and increased following the 
treatment of the cultured sebocytes with 10−5 M IGF-1 
(p＞0.05; Fig. 4). 
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Fig. 2. The decreased expression of inflammatory cytokines after treatment of nuclear factor kappa-light-chain-enhancer of activated 
B cells (NF-κB) inhibitor-pretreated sebocytes with insulin-like growth factor (IGF)-1. (A) The treatment of cultured sebocytes with 
10−7 M IGF-1 showed an increase in the gene expression of NF-κB. The treatment of 100 nM NF-κB inhibitor-pretreated sebocytes 
with 10−7 M IGF-1 showed a significant decrease in the gene expression of NF-κB, interleukin (IL)-1β, IL-6, IL-8, and tumor necrosis 
factor (TNF)-α. *p＜0.05. (B) The treatment of cultured sebocytes with 10−5 M IGF-1 showed an increase in the gene expression 
of NF-κB. The treatment of 100 nM NF-κB inhibitor-pretreated sebocytes with 10−5 M IGF-1 showed a significant decrease in the 
gene expression of NF-κB, IL-1β, IL-6, IL-8, and TNF-α. *p＜0.05. 

Fig. 4. The increased lipid production after treatment of cultured 
sebocytes with insulin-like growth factor (IGF)-1. Lipid production 
was increased following the treatment of the cultured sebocytes 
with 10−7 M or 10−5 M IGF-1. *p＜0.05.

Fig. 3. The increased expression of insulin-like growth factor 
(IGF)1R and IGFBP2 in cultured sebocytes after treatment with 
IGF-1. In addition, the increased gene expression of sterol res-
ponse element-binding protein (SREBP) and phosphatidylino-
sitol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PI3KCA) 
after treatment of cultured sebocytes with IGF-1.

DISCUSSION

Acne is a complex, chronic and common skin disorder of 
pilosebaceous units. Current research has shown the in-
duction of inflammatory signaling in the pilosebaceous 
unit to be a major process in the initiation of acne le-
sions2,13,14.
Inflammation is a key component of acne pathogenesis15. 

The pilosebaceous unit is an immunocompetent organ, 
and sebocytes and follicular keratinocytes, the major com-
ponents of the pilosebaceous unit, may act as im-
mune-active cells. Sebocytes can recognize microbia and 
abnormal lipid presentation, followed by the production 
of inflammatory cytokines4. Genes involved in the path-
ways that regulate inflammation are upregulated in acne 
lesions compared with normal skin, and NF-κB, a tran-
scription factor critical for the upregulation of several in-
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flammatory cytokine genes, has been shown to be acti-
vated in acne lesions16.
Recent research suggests that diet may influence the de-
velopment of acne17-19. A diet with a high glycemic load 
may have a potentiating effect on the levels of serum in-
sulin and IGF-1, thereby promoting the development of 
acne5. Clinical research has demonstrated a correlation 
between the severity of acne and IGF-1 levels in female 
acne patients12. In contrast, patients with a low glycemic 
load showed significant increases in both IGFBP-1 and 
IGFBP-3, suggesting reduced IGF-1 activity and bioavail-
ability20. 
IGF-1 has a direct influence on androgen regulation in the 
skin and potentiates androgen signaling by the activation 
of 5α-reductase and the androgen receptor5. In vitro, 
IGF-1 upregulated the expression of SREBP-1 through the 
PI3K/Akt signaling pathway, resulting in increased lipo-
genesis in SEB-1 sebocytes7. 
Cytokines are present in normal sebaceous glands and are 
affected by many factors21. Cytokine regulation of sebo-
cytes is an important aspect in acne pathophysiology and 
can be modulated by various factors. While IL-1, TNF-α, 
IL-6, and IL-8 are released into the supernatant in un-
stressed sebocyte cultures, cytokine released is increased 
significantly in a stressed environment22. In a previous re-
port, we showed that well-known factors such as sub-
stance P and dihydrotestosterone play key roles in the reg-
ulation of inflammatory cytokines in sebocytes23-25. 
In this study, we investigated the effect of IGF-1 on in-
flammatory gene and protein profiles in cultured 
sebocytes. IGF-1 induced upregulation of inflammatory 
cytokines in several cell lines. Im et al.11 demonstrated in-
creased release of inflammatory cytokines in SZ-95 cells 
treated with IGF-1. This study showed that IGF-1 induced 
the dose-related upregulation of inflammatory biomarker 
gene and protein expression in cultured sebocytes. 
This study suggested that IGF-1 might be involved in acne 
induction or aggravation through upregulation of in-
flammatory biomarkers in sebaceous glands. Increased 
gene expression of NF-κB was observed in cultured sebo-
cytes treated with 10−7 M or 10−5 M IGF-1. Moreover, the 
gene expression levels of IL-1β, IL-6, IL-8 and TNF-α in 
cultured sebocytes were significantly decreased after treat-
ment with 10−7 M or 10−5 M IGF-1 in the presence of the 
NF-κB inhibitor, indicating that the upregulation of in-
flammatory biomarkers by IGF-1 might be mediated via 
the NF-κB signaling pathway.
IFG-1 binds to IGF1R to activate its effects. IGF-1 revealed 
an increase in IGF1R gene expression. IGFBPs are also in-
volved in the regulation to IGF bioactivity, acting to en-
hance or attenuate IGF signaling. Although IGFBP-3 is the 

most abundant protein among IGFBPs, IGFBP-2 was eval-
uated in this study. IGF-1 showed an increase in IGFBP-2 
gene expression.
In addition, IGF-1 resulted in increased sebum production 
in cultured sebocytes. SREBP, a transcription factor regu-
lating fatty acid synthesis, was upregulated by 10−7 M or 
10−5 M IGF-1 in cultured sebocytes. The inverse dose-re-
lated effect in sebum production could be a result from 
the earlier suppression of sebocytes proliferation26. Increased 
gene expression of PI3KCA was also demonstrated. Taken 
together, the effect of IGF-1 on lipogenesis in cultured se-
bocytes was in accordance with that reported in SEB-1 se-
bocytes in a previous study7.
Here, we showed that the NF-κB signaling pathway trans-
duces the IGF-1 signal, resulting in increased in-
flammatory biomarkers in cultured sebocytes and IGF-1 
increases lipogenesis in sebocytes, mediated by increased 
SREBP through PI3K. As IGF-1 is related to a high glyce-
mic index, it is plausible that a strict diet may be helpful 
for controlling acne, possibly through the inhibition of se-
bum production and inflammation in sebocytes. 
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