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Abstract
Effects of a-M SH on Intracellular Calcium Concentration in
Immortalized Sebocytes
Sung Won Whang
Department of Medicine
The Graduate Schooal, Yonsel University

(Directed by Professor Seung Hun Lee)

Excessive sebum secretion is known as the mostriamtoof the four
traditional factors in the pathogenesis of acnee fie famous sebum
controlling factors are androgen/estrogen, IGF/@iin, PPAR,
retinoid, and melanocortin; we focused on melanatoa stress related
peptide.

Many other studies have suggested the pathogeoksisess induced
sebum secretion, that is melanocortins, stresscadipituitary peptide
hormones such as ACTH 1-17, ACTH1-10,-MSH bind MC5R in
differentiated sebocyte and it could stimulated osgte to secrete
sebum. Recently, a study using HEK293 cells transfe with mouse
MC5R showed that melanocortin peptides stimulatedapid and
transient increase in [€%, and the increase in [€3 was of
intracellular origin. Other recent studies showdttboth human
primary cultured sebocytes and immortalized humeabosytes have
MC1R, but MC5R was only found in differentiated ramprimary
cultured sebocytes.

| proposed that differentiated immortalized humabayte could also
have MC5R and the increase in fGacould be a signaling molecule to
increase sebum in immortalized human sebocytes5)SZ8ur results



showed that differentiated SzZ95 cells express MCER;MSH
increases in [C4];, the increase in [G§; were of intracellular origin, it

might be mediated by inositol triphosphate pathwagd a -MSH
stimulation increase sebum.

Key Words : calciuma-MSH, sebocyte, sebum



Effects ofa-MSH on Intracellular
Calcium Concentration in
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Sung Won Whang

Department of Medicine
The Graduate School, Yonsal University

(Directed by Professor Seung Hun Lee)

. INTRODUCTION

Classical acne pathogenesis has four key factgcgssive sebum secretion,
abnormal keratinization of follicleqropionibacterium acne overgrowth, and
perifollicular inflammation. Of the above four facs, authors have focused
on excessive sebum secretion, which is an impoftator in stress-related
acne pathogenesisMany studies have shown that androgen/estrogen,
IGF(insulin  like growth factor)/GF(growth factomAulin, PPAR
(peroxisome proliferators-activated receptor gammagtinoid, and
melanocortin are five important sebum controlliagtbrs

Melanocortins, the products of the proopiomelantico{POMC) gene,
include adrenocorticotrophin hormone (ACTH), anmd -, B-, and y-
melanocyte-stimulating hormone (MSH). They regulae variety of
physiological processes such as steroidogenediseiradrenal cortex, body
weight, sexual behavior, inflammation, pain, andiroeal regeneration. In



skin, melanocortins are involved mainly in moduwatiof pigmentation,
immune responses, and secretion from exocrine gldidlanocortin peptides
elicit their functions by binding to and activatitigeir receptors. Thus far, five
melanocortin receptors (MCRs), MC1R-MC5R, have beemntified. They
are all seven-transmembrane G-protein coupled texepwhich stimulate
cyclic adenosine monophosphate (CAMP) upon actiudti

Only MC1R and MC5R have been identified in humam.siMCI1R is
detected mainly in hair follicle epithelia, melagtes, some periadnexal
mesenchymal cells, sebaceous glands, and secitdrygluctal epithelia of
sweat gland$.lt is also detected in the immortalized human sgteocell line
SZ95°MCS5R is localized to sebaceous glands, eccrinedglahair follicles,
and epidermis in human skin, as well as in culturathan sebocytes. It is
detected only in differentiated, lipid-laden hunskm, and in cultured human
sebocytes but not in basal, undifferentiated sehaceells’

Recently, a great deal of attention has focusedadcium ionmobilization
mechanisms responsible for responding to changteeicellular redox state.
calcium ionplays a role in the regulation of a diverse randecalular
functions, such as muscle contraction, secretigmapic plasticity, cell
proliferation, and cell deathMany hormones and neurotransmitters increase
intracellular calcium iorconcentration ([C&];) by mobilizing calcium ion
from intracellular stores and by inducing an inflitom the extracellular
spacée”®

Melanocortins initiate intracellular signaling binting to and activating G-
protein coupled MCRs, resulting in increased prt¢idnc of cAMP and
protein kinase A (PKA) activity. Moreover, recentidence indicates that
stimulation of all murine melanocortin receptorghwi-MSH also elevates
[Ca®.*° In HEK 293 cells transfected with mouse MC5®RMSH and
ACTH peptides increased the production of cCAMP als stimulated a rapid
and transient increase in [Ch.(Fig 1)

| propose that differentiated immortalized humaloosgtes could also express



MC5R and thati-MSH stimulation could increase both f¢Ja and sebum
production in immortalized human sebocytes(SZ95¢ ko attempted to
find the pathway of [Cd]; in SZ95 sebocytes.

POMC

/\

ACTH1-17
ACTH1-10
oa-MSH

\/

MC5R
/ \
(cAMP (caze

Sebum production
Sebaceous gland size
Lipid Composition

Fig 1. The effects of melanocortins on sebocytes and their effected
pathways



1. Materialsand Methods

1. Methods
A. Cell Culture

Immortalized human sebocyte cell line 5Z%hich show the major

characteristics of normal sebocytes were maintaim&iilbecco’s modified
Eagle medium(DMEM)/F-12 supplemented with 2 mM agfoax |, 10
ug/ml gentamicin, 50 ng/ml human epidermal growahtér(hEGF), 10%
fetal bovine serum, 10 mM HEPES (Gibco BRL).

B. Measurement of [C4; 2

Vi.

10° ~ 1¢ number of SZ95 cells were cultured ind88ish for 2 days
and all the culture medium was removed at 70-8®féleency.

The cell attached dish was loaded with 1 mL regsddution (5L NaCl
40.99, HEPES 11.99g, Glucose 10g, KCI 25 mL, Mg&mL CaC} 5
mL, pH 7.4, 310 mOsm) with Fura-2, AM @ and Pluronic F-127
20% solution in DMSO L for 40 min at 37°C in the dark. In €a
free solutions, Ca€was omitted, and 1 mM EGTA was added.

The cells were then washed twice and rested fl@ast 20 min before
use.

The fura-2-loaded cells were mounted on the stdganoinverted
microscope (Nikon, Tokyo, Japan) for imaging.

The cells were superfused at a constant perfusinwith the regular
solution.

The excitation wavelength was alternated betweé@ad4 380 nm, and
the emission fluorescence was monitored at 510 rith & CCD
camera using MetaFluor system (Universal Imaging Downingtown,
PA). Fluorescence images were obtained at 4-sviiterBackground
fluorescence was subtracted from the raw signalsaah excitation
wavelength, and the values of fQa were calculated from
Grynkiewicz equation.



C. [C&']; measurement afterMSH stimulation

SZ95 sebocytes cultured in 10mM testosterone foiays were stimulated

with 500mM ofa-MSH. [C&*]; was measured by the method described in B.

D. [C&"]; measurement aften-MSH stimulation without extracellular
calcium

SZ95 sebocytes cultured in 10mM testosterone foiays were stimulated

with 50QuM of a-MSH. [C&*]; was measured by the method described in

with calcium-free regular solution.

E. [Ca™]; measurement after thapsigargin treatmentoahtBH stimulation

SZ95 sebocytes cultured in 10mM testosterone fdays were treated with

thapsigargin iM and then stimulated with 500 of a-MSH. [C&"]; was

measured by the method described in B.

F. [C&"]; measurement after caffeine treatment @hdSH stimulation

SZ95 sebocytes cultured in 10mM testosterone fdays were treated with

caffeine 10mM and then stimulated with 500 of a-MSH. [C&']; was

measured by the method described in B.

G. [C&"]; measurement after 2-aminoethoxydiphenyl borate?B)A
treatment and-MSH stimulation

SZ95 sebocytes cultured in 10mM testosterone ftay® were treated with 2-

APB 75uM and then stimulated with 50M of a-MSH. [C&*]; was measured

by the method described in B.

H. [C&"]; measurement after high concentration ryanodirgrtrent andh-
MSH stimulation

SZ95 sebocytes cultured in 10mM testosterone fdays were treated with

ryanodine 10GM and then stimulated with 500 of a-MSH. [C&']; was

measured by the method described in B.

l. [C&®"]; measurement after phospholipase C (PLC) inhib(te73122),
PLC control (u-73343) treatment andMSH stimulation

SZ95 sebocytes cultured in 10mM testosterone fiay® were treated with u-

73122 1M and u-73343 1M and then stimulated with 5¢M of a-MSH.



[Ca®]; was measured by the method described in B.

J. Immunohistochemical stain of MC5R in immortalizedntan sebocyte

(SZ295) after 2 days testosterone treatment

SZ95 sebocytes were plated in wells of Lab-Tek dnuber slides and
cultured as described above. The cells were fix@d30 min with 10%
buffered formalin (Poly Scientific R&D Corp.) andhet slides were then
washed three times with 1x PBS.

The nonspecific binding was blocked with DakoCyttiora Protein Block
Serum-Free Ready-to-Use(DakoCytomation, CarpinteZid, USA) for 15
min. Then, cells were incubated with the MC1R aydip (10 ug/mL) and
MC5R (4pg/mL) antibody(Santa Cruz Biotechnology, Santa C@&k, USA)
for 30 min at RT, respectively. Slides were washatth PBS and incubated
with a donkey anti-goat antibody conjugated withdRmine (1:100, Santa
Cruz) for 30 min at RT. After washing, the slideserey mounted in
Vectashield (Vector Laboratories, Burlingame, CAA) and stored until use.
Cells were examined and imaged with confocal mwope(Zeiss LSM 510
meta, Carl Zeiss Microscope Systems, Jena, GermBRey) fluoroscence was
excited at 540 nm and emission was measured atrb80

K. Nile red stain after 2 days testosterone @hdSH treatment

SZ95 sebocytes were cultured in 96-well tissueuoelplates at a density of
2,500 cells per well for 2 days. The wells werentieashed with PBS, and
Sebomed Complete Medium was added. After 2 days, ntledium was
harvested, and fresh medium wittMSH 250 — 15.62%M and testosterone
10 — 0.625M was given to the cells. The supernatants wereessed 48 hr
later, the wells were washed twice with PBS, and (lO of a 10pg/mL nile
red solution in PBS was added to each well. Theeplarere then incubated at
37°C for 30 min, and the released fluorescence iwad on a HTS Multi-
Label Reader(Perkin Elmer LAS, Wellesley, MA, USA)he results are
presented as percentages of the absolute fluo@saanits in comparison
with the controls, using 485 nm excitation and 568 emission filters for



neutral lipids and 540 nm excitation and 620 nmssion filters for polar
lipids. Experiments were performed in triplicatathv10 wells evaluated for
each data point in each experiment.

3. Statistical analysis

Statistical analysis using Student’s t-test, midtipyear regression analysis
and ANOVA were completed using Statistical Produatl Service Solutions
software (SPSS Inc, Chicago, lll) for Windows (vens12). A p value of less
than 0.05 was considered significant.



1. RESULTS

1. MC5R expression in differentiated immortalized humaebocyte
(SZ95)
SZ95 sebocytes were stimulated to differentiate tegtoserone.
Expression of MC5R, visualized as punctate fluegase surrounding the
cell membrane, was observed in differentiated S&&iocytes only (Fig 2).

B. Testosterone treated for 2 days (Confodatagraphs, X400)

Figure 2. Visualization of M C5R immunor eactivity on the surface of
differentiated SZ95 sebocytes(B) and control(A)
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2. Sebotropic effect ofu-MSH in differentiated immortalized human
sebocytes(SZ95)

Nile red, a fluorescent probe for lipids, was usedlemonstrate the
lipids in SZ95 sebocytes. After a 2 day treatmeith westosteroneg-
MSH, or a mixture of both, results showed a promirgid increase in
SZ95 sebocytes in the testosterone antMSH treatment groups
compared to the control and a more prominent lipicrease in the
mixed group than in the testosteronetviSH group alone (Fig 3).

A. Control B. Testaisine

C.a-MSH D. Mixture




Figure 3. . Nilered stain after control(A), testoster one(B), a-M SH(C),
and mixed(D) treatment. After a 2-day treatment of testosterone (B)uer
MSH(C) lipid depositions were more prominent thantcol (A) and stronger
intensities were also seen after the mixed 2-dzatnent (D).

a-MSH and testosterone up-regulate the lipids imseddependent manner (
< 0.05) (Fig 4).
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Figure 4. o-MSH(A), testosterong(B), and mixed(C)
sebaceous lipogenesisin a dose dependent manner (P < 0.05)
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3. [C&"); aftera-MSH stimulation
a-MSH produced an immediate increase inGan testosterone pre-
treated SZ95 sebocytas£ 4 ; Fig 5)

0.7 o-MSH 500 ;M

0.6 4
0.5 4
0.4 4

0.3 4

Ratio(340/380)

0.2 4

0.1 4

0.0 . 1 . 1 x 1 i 1 i 1 & 1 * 1 ¥ 1 ¥ 1
-200 0 200 400 600 800 1000 1200 1400 1600
Time(sec)
Figure 5. [Ca’"]; after a-M SH stimulation. Immediateincrease in [CE];
in response to-MSH
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4. [C&"]; aftera-MSH stimulation without extracellular €a

It was then examined whether the increases iA'Jda response to the-
MSH were dependent upon an influx of extracell@at’. In the absence of
extracellular C&, the immediate increase in € in response ta-MSH
was observed which then returned to its initial elevsuggesting that
intracellular C&" stores were the main source #©MSH -induced [C&];
increase.r{ = 4 ; Fig. 6).

2.0 - [Caz+],=0mM
1.8 &MSH 500 uM
1.6 -
& 144
[
a8 J
= 1.2 4
<+
g -
2 1.04
® -
e 0.8 4
0.6 4
0.4 1 v 1 v ] v | v 1 v 1 v 1 v 1
0 100 200 300 400 500 600 700
Time(sec)

Figure 6. [Ca®]; after a-M SH stimulation without extracellular calcium.
Transient increase in [€% in response toa-MSH in absence of
extracellular C&
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5. [Ca™]; after thapsigargin treatmenta-MSH stimulation and
thapsigargin control
Depletion of the intracellular Gastores with thapsigargin, a specific
inhibitor of endoplasmic reticulum (ER), preventeMSH induced [C&];
increase, indicating that the intracellular®Catores responsible for the
[C&a®™]; increase were thapsigargin-sensitine=(5 ; Fig 7).

2.0+ [Ca2+] = 0 mM

1.8 4

Thapsigargin 1 pM  «-MSH 500 pM

1.6 4
1.4 4
1.2 4

1.0

Ratio(340/380)

0.8

0.6

0.4 ] 1 ] 1 ] 1 ] 1 J 1 ] 1 ] 1 ] 1 ] 1
-100 0 100 200 300 400 600 600 700 800

Time(sec)
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20 [Caz+]=0mM

1.8 Thapsigargin 1 pM

1.6
1.4 o
1.2

1.0 4

Ratio(340/380)

0.8 4

0.6

0.4

T T T T T T T T
0 200 400 600 800

Time(sec)

Figure 7. [Ca®"; after thapsigargin treatment, a-M SH stimulation(A) and
thapsigargin control(B). [Ca’]; does not increase in responseat®MSH
stimulation and thapsigargin. [ increase after regular solution infusion.
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6. [Ca’"]; after caffeine treatment aneMSH stimulation

To examine whether the thapsigargin-sensitive ¢eltalar C&* store was

releasable by IP3 receptors, cells were exposetDtonM caffeine (IP3

receptor antagonists). Caffeine completely prevkttie increase of [G;
evoked byr-MSH (n = 3 ; Fig 8).

1.6 -

1.4 <

1.2 o

1.0 4

0.8

Ratio(340/380)

0.6 4

0.4

Caffeine 10mM

o-MSH 500 pm o-MSH 500 pM

T d T T T v T T T T T T 1
0 200 400 600 800 1000 1200

Time(sec)

Figure 8. [Ca’]; after caffeine treatment and a-MSH stimulation.
Caffeine prevented the increase of {Qiavoked bya-MSH
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7. [Ca™; after 2-APB treatment andMSH stimulation

To examine whether the thapsigargin-sensitive ¢eltalar C&" store was
releasable by IP3 receptors, cells were exposedi/8-APB (IP3 receptor
antagonist). 2-APB completely prevented the’{f;ancrease evoked by
MSH (n=5 ; Fig 9).

1.6 -
1.4 J 2-APB 75 uM
a-MSH 500 pM o-MSH 500 pM
- 124
=
(==
Ly
o
S 1.04
)
2
s 0.8
™
0.6
0.4 | u 1 " 1 ® 1 v | ® 1 "
0 200 400 600 800 1000

Time(sec])

Figure 9. [Ca®"]; after 2-APB treatment and a-MSH stimulation. 2-APB
prevented the [C; increase evoked lyMSH.
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8. [Ca™]; after high concentration ryanodine treatment antSH
stimulation
Ryanodine failed to inhibit the-MSH -induced [C&]; increase. These
results suggest that thapsigargin-releasable, ¢éR8itive C&' stores are
responsible for-MSH -induced C& mobilization = 4 ; Fig 10).

1.6 -
Ryanodine 100 pM

1.4 o-MSH 500 M

1.2 o

1.0

Ratio(340/380)

0.8 4

0.6 4

0.4

d 1 W 1 v 1 v 1 v I v 1 v 1 ' 1
0 200 400 600 800 1000 1200 1400 1600

Time(sec)

Figure 10. [Ca™]; after high concentration ryanodine treatment and a-
MSH stimulation. Ryanodine failed to inhibit the-MSH-induced [C&];
increase.

9. [C&); after PLC inhibitor (u-73122), PLC control (u-7&34reatment
anda-MSH stimulation
To further clarify the involvement of PLC in thergeation of the [C4];
increase, we used the PLC inhibitor u-73122 andhastive analogue u-
73343 as control. u-73122, but not u-73343(M), prevented the-MSH-
evoked [C&Y; increaser{= 4 ; Fig 11An = 4 ; Fig 11B).

19
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1.4 - u-73122 10 uM
o-MSH 500 UM
- 1.2
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B
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=
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Figure 11. [Ca™]; after PLC inhibitor(u-73122)(A), PLC control(u-
73343)(B) treatment and a-MSH stimulation. PLC inhibitor(u-73122)
blocked [C&']; increase.
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V. DISCUSSION

Author expected that SZ95 sebocytes could expre&SRMand clearly
showed the MC5R expression in differentiated SZ8bosytes, because
human sebocytes and primary cultured sebocyteesxC1R and MC5R
according to their cell differentiation state; ufelientiated SZ95 sebocytes
express MC1R In human skin, MC5R was detected only in difféiaing,
lipid-laden sebaceous cells but not in basal, Gedihtiated sebaceous cells.
Similarly, in cultured human sebocytes, MC5R wagdy atetectable at the
onset of differentiation and in fully differentiateells, displaying prominent
lipid granules. MC5R is a regulator of sebum séanetontrol and a marker
of human sebocyte differentiatidn

The HEK 293 cells transfected with mouse MC5R stibvaeMSH-
stimulated [C&]; increase and suggested the possible intracelbakmium
increase channét.** Authors experiments showegtMSH-stimulated [C&];
increase, and this suggests the possibility that Gauld also be a possible
signaling molecule in SZ95 sebocytes.

Whereas the production of cAMP via Gs-protein statian of adenylate
cyclase is a well established pathway for the ME5Re mechanisms
involved with the elevation of [C§; are less understood.

In most cells, Cd has its major signaling function when its concetitrais
elevated in the cytosolic compartmétit’ From there it can also diffuse into
the nucleu¥ or be sequestered by mitochondfidhe C&" concentration
inside cells is regulated by the simultaneous piégr of multiple
counteracting processes, which can be divided @& ‘on’ and ‘off
mechanisms, depending on whether they serve tceaser or decrease
cytosolic C4".*"*°

In the present study, author demonstrate that-dSH-induced [C&];
increase was sustained in the absence of extriselll#®, indicating that
intracellular C&" stores were primarily responsible for the generatof

21



[Ca®"]; increase. The two main intracellular organellesitaiming large
amounts of C& are the endoplasmic reticulum and mitochon@fri@ur data
showed that depletion of intracellular‘Cstores with thapsigargin completely
prevented the generation afMSH-stimulated [C&]; increase, suggesting
that the thapsigargin-sensitive endoplasmic ratioulC&" store was the
source of [C4]; increase.

In the present study, a high concentration of rgam® (100uM) failed to
prevent thex-MSH-stimulated [C&]; increase. Instead, 2-APB and caffeine,
both IP3-sensitive G4 channel inhibitors, blocked the-MSH-stimulated
[Ca™]; increase. 2-APB and caffeine have several celltdagets. 2-APB
blocks IP3-sensitive Gachannels, sarcoendoplasmic reticuluni'@er Pase
(SERCA) activity, and capacitative €aentry channels. Caffeine can
stimulate ryanodine receptors, inhibit both cAMPgmelation and PLC
activation, and prevent IP3-sensitive’Cahannel opening. However, the
only feature that caffeine and 2-APB share is théility to antagonize 1P3-
mediated CH release. Therefore, although neither 2-APB nofeasd are
solely selective for IP3-sensitive £ahannels, when used judiciously these
pharmacological agents can reveal the specifichievoent of IP3 signaling.
The results obtained using 2-APB and caffeine supgpe hypothesis that-
MSH-stimulated [C#&]; increase through the activation of IP3-sensitie’ C
channels. The above results differ from the HEK 268s transfected with
mouse MC5R experiments, which had suggested thatl#vations in [Cd];
were mediated via ryanodine recepttirs.

PLC is known to be recruited to the plasma membfalewing activation
of tyrosine kinase receptors and is activated byeghanism that relies on
tyrosine phosphorylatioff. The phosphorylated PLC catalyzes the hydrolysis
of phosphatidylinositol 4,5-bisphosphate to proddaecylglycerol and IP3,
leading to the activation of protein kinase C amdiacrease in [C4];,
respectively’® U73122 almost completely preventegtMSH-stimulated
[C&a®™]; increase but U73343 did not. These results sughasthe production
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of IP3 following the activation of PLC is essentiai the generation of am
MSH-stimulated [C&]; increase in SZ95 sebocytes.

The sebaceous gland has long been recognized aaget fora-MSH.2* ?°
Removal of the posterior pituitary reduces thedlipécretion rates in the rat.
The lipotrophic substance responsible for this @ffeas identified as:-
MSH.? " Further studies have revealed that daily treatrwétht a-MSH
resulted in a dose-dependent increase in seburetieecof intact rat$®
Our nile red staining results correspond with prasireports and also showed
sebaceous lipogenesis with testosterone @hdiSH in a dose dependent
manner.

In this study, | demonstrated testosterone-indMESR expression in SZ95
sebocytes and showed thatMSH stimulation in differentiated SZ95
sebocytes induced PLC activation and4{Gaelevation. To our knowledge,
this is the first report to show the involvement @MSH-stimulation-
produced PLC-activated Eaignaling in differentiated SZ95 sebocytes.

Although other authors have suggested that lipagjsmroduced by-MSH
stimulation could be caused by“Csignaling, the casual relationship between
[Ca’™]; elevation and lipogenesis needs more investiga@95 sebocytes
have morphologic, functional, and phenotypic chimscof human sebocytes,
but we expect that another Tsignaling investigation using primary cultured
human sebocytes would give us more information.

| also suggest further investigations intoGagnaling of other hormones
and neurotransmitters stimulating MC5R, the refetiop between cAMP and
the C4"signaling pathway, and whether signaling is a real lipogenesis
pathway or not.
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V.CONCLUSION

Differentiated sebocytes induced by testosteroress MC5R.a-MSH
stimulation induces an immediate increase in*[gm SZ95 sebocytes with
or without extracellular G4 Thapsigargin, a specific inhibitor of
endoplasmic reticulum(ER), preventeeMSH induced [C&]; increase. 2-
APB and caffeine, both IP3-sensitive’Cahannel inhibitors, blocked the
MSH-stimulated [C&];increase, but a high concentration of ryanodiniedai
to prevent thax-MSH-stimulated [C&]; increasen-MSH-stimulated [C&];
increase was almost completely prevented by PL®itan, U73122, but not
by control U73343. We therefore conclude thaiSH-stimulated [C&];
increase is caused by activating PLC, through tlyapgin-releasable, IP3-

sensitive C& channels and might be a signal of lipogenesis.
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Abstract (In Korean)

a-MSH F9] A] immortalized sebocyt]

intracellular calciums%9] 3}

F4d
=g WAL T 7MY S83% Zol FJAAMA FEH|H=
o] HFHE dHA Ut dATMA B ATl o5t 9F
THE ZHE3sl= A= androgen/estrogen, IGF/GF/insulin, PPAR,
|

retinoid, melanocorting-©] <& <At}.
o] ATl stresgt #HH HAX BTV} AHE T|Ho=®
POMCo <9l&llA A" ACTH 1-17, ACTH1-10, a-MSH E09]
73lH sebocytel =A3H= MC5ROl ZAdste] IR EH| SIS
frste zlo] HE Aok E=d #HZol mouse MC5R geng
FYsled MC5RE X dsIE HEK293 celblAl  melanocorti®. 2
MC5RE activation A2 dl intracellular calciurf} cAMP7}
=78t AL #AFZSte] calcium  iore] A EH|E719)
A ERES] Aadd E49ds AT B HE AL
ATFol = #3tH  sebocytel 47+ MC5R7F 2@ E o] MC5RO]
sebocyte differentiation markér 31312 sebocyte®3}o] cAMP7}
Jasttts A% A
Ag& 3ol differentiated SZ95 sebocylr] MC5Ro] T B &
&35t9al o-MSH Fojo <8 [C&'], $7F= PLC activation}
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A= o] endoplasmic reticulumsel A F¥ Ca'o] IP3-sensitive
C& channe® E3] Er|HE 7]Ho| 98 o]Fo]FS HolFT).
T3k a-MSHY} testosterong =g35le] Sz95 sebocytd FoIdtA S
W Zhzhe] Fol Fol Hldste] AP o] FHEE HoFAT
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