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ABSTRACT

Lincomycin hydrochloride monohydrate (L.H.M), isolated from Streptomyces
lincolnensiss, is a lincosamide—based antibiotic in the form of a hydrochlorid
base. L.HM was usually used to treat staphylococcus, streptococcus and
Bacteroides fragilis infections. Although L.H.M has been utilized in clinical
treatment for a long time, it has exhibited several side effects, leading to
the introduction of more effective antibiotics, such as clindamycin.
Therefore, we conducted an experiment focusing on new possibilities for
clinical use of L.HM. How L.H.M roles in skin melanin production has not
been investigated. In this study we used the B16F10 melanoma cell to
identify the melanin inducting properties of L.H.M. Melanin contents and
tyrosinase activity in the cells were increased by L.H.M without any
cytotoxicitly. Western blot analysis indicated that the protein level of
tyrosinase, tyrosinase—related—protenin—1 (TRP-1), and
tyrosinase—related—protenin—2 (TRP—2) were Iincreased after L.H.M
treatment. In addition, L.H.M enhanced the microphthalmia—associated
transmission factor (MITF) expression. Moreover, L.HM increased
phosphorylation of c¢—Jun N-—terminal kinases (JNKs) and p38
mitogen—activated protein kinases in MAPK. Furthermore, the inhibition of
tyrosinase activity by L.H.M was stimulated by treatment with SP600125 (a
specific JNK inhibitor) and SB203580 (p38 inhibitor). We also found that
L.H.M—induced melanogenesis was reversed by HS89, which is a specific
protein kinase an inhibitor. Finally, using MTT assay, the cell viability of
L.HM in HaCaT cell was confirmed. These results suggested that L.HM
may be used to treat or prevent hypopigmentation disorders or hair
depigmentation.

Key words : L.HM, B16F10 melanoma cells, Melanogenesis, JNK, p38
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<Lincosamide 7| &-A Al >
opn|= Aghs 8 A4 pyrrolidine aE]= €
° Lincomycin hydrochloride monohydrate (L.H.M) (Figure 8.)&
streptomyces lincolnensis®l Al -2 8+ lincosamide A #|o1™, (57)
1962\ E<F Hle| 2] o} (streptomyces lincolnensis)ol Al &2 & 1t}
aEar 1964 99l HUAR e dHl2717F AY whH g obrt o
dol B el Al AbEStE R8O 2 FAVE HAAR, FAEI
= w71 ARgshAl Al Atk ol g BAE o RE A
oo} I B 8t 22 A7t vERATE(58) 18]38}e] licosamide
A 5 dAollA o] &% & clindamycing U o] ALg&A FH AL}
(59) Clindamycine Lincomycin®] W3} 3 #&o] Fow ZHH HF
of A Sk Zdn. 7 A BF AT F2 AT AlsEa

gl o} lincomycin® A& #A3= FA o)t

SCH,

(a) (b)

Figure 8. (a) Structure of Lincomycin hydrochloride monohydrate (LHM),

(b) Structure of Clindamycin hydrochloride monohydrate
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<Aminoglycoside A &>
2—deoxystreotamide & aminocyclitol ringol 270 ©]%+¢ amino sugar”’}

glycosidic bond= ZA3F HoIJqtH.(60)

° Paromomycin sulfate (Figure 9.)& 1950¢)| streptomyces®l
A RAENeH, 1960 oFm g0 AFEEH T WHO AAIRZA

3T

el B oJpE =] glom sbY ehdstn EdpHQl o oRE

ojt}.(61)

Figure 9. Structure of Paromomycin
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Macrolide #l¢} Lincosamide 7l FAAE= T4 oz &3t} 505 theke] Ao
ZA3etslo] aminoacyl tRNA ZAdS Wal3kt}. Aminoglycoside Al A= 30s

A Ao B2sle] 1 7]% S whellslel. 30s ribosomal proteinel B 7} A o

2 AT E 4T FAAE THAAL o]5Y HE a5 3] fal deal

th. 7z} Al&E B16F10 melanoma Ao A2jstle of debd e ofd o
T A=A AR BT 2 FrE o Abghe] Al el M o] 574
7He A sl

_’|7_



II. Az ¢ #

O~
i

L ANg 2 Ao

H o Ao AFE3¥ Lincomycin Hydrochloride Monohydrate, Paromomycin
sulfate, Azithromycin, Roxithromycine Tokyo Chemical Industry Co.,

Ltd.(Chuo—ku, Tokyo, Japan)oll A T3} t}.

Dulbecco’s modifiedEagle medium(DMEM) 18] 3l penicillin/streptomycin and
fetal bovine serum(FBS), 0.5% Trypsin—ethylenediaminetetraacetic acid
(10X), Bicinchoninic aicd(BCA) kit Thermo Fisher Scientific (Waltham,
MA, USA)elA T3kl

A gxTtoer  AFgH a—MSHe NaOH, L-Dopa_(phenyl—d3)+=
Sigma—Aldrich (St. Louis, MO, USA)el A G433t}

3—(4,5—dimethylthiazol—2—yl)—2,5—diphenyltetrazolium bromide(MTT)+
VWR(Radnor, Pennsylvania U.S.A)o A <13} T}

Antibodies Tyrosinase, Tyrosinase—related protein 1(TRP—-1),
Tyrosinase—related protein 2(TRP—-2), Microphthalmia—associated
transcription factor(MITF), fG—actin ¥ 12} &A= santa Cruz Biotechnology

(Dallas, TX, USA)ollA G918t}

p—p38, p38, p—JINK, JNK, p—ERK(1/2), ERK(1/2), p—AKT, T—AKT 1x}&
¢}t anti—mouse IgG HRP-—linked Antibody, anti—rabbit IgG HRP-—linked
Antibody 2%}&A]+= Cell signaling Technology(Danvers, MA, USA)olA <
saie.

LY294002(AKT inhibitor)+= Cell signaling Technology(Danvers, MA, USA)d]
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A st

SP600125(JNK inhibitor)s= Cayman chemical (Ann Arbor, MI, USA)olA

S EES

SB203580(p38 inhibitor)+= Calbiochem (Sam Diego, CA, USA)°l|A U435}
=

PD98059(ERK inhibitor)¥ Thermo Fisher Scientific (Waltham, MA, USA)dl
A Th skl

Radioimmunoprecipitation assay (RIPA) buffer, dimethyl sulfoxide (DMSO)
and 5X Sodium Dodecyl Sulfate(5X SDS) sample buffer? 2 x Laemmli
sample buffer, Enhanced chemiluminesecence (ECL) + Biosesang (Sungnam,

Gyeonggi—do, Korea)oll A T+ 35Tt

_19_



2. Ay W

2.1 AxaF

B16F10 mouse melanoma cell2 ATCC®(The Global Bioresource Center)ol
4], HaCaT human keratinocyte cell® CLS cell Lines Service GmbH
Baden—Wurttemberg, Germany) ol A A3, 10 % FBS®F 1 %

penicillin/streptomycin< X383 DMEM iAol A 37 C, 5 % CO,Z7 4 #j
oFatdth. 100m dishell 3 X 10°2.& 3Y F7|& A hslich.
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2.2 AL 54 Hr}

A z7E detds AEe mAl= 545 H7kshr] fs MTTA e A skdit.
MTT AEE v &4 AlE dAtgss B7kete Aot doldle AlE W
nEZ=g oo NAD (P) H— dependent cellular oxidoreductase &zl 2]3f
M A =8 MTT Aleks Aelshd AFA-rwede] B84 formazan
o7 3kgo] Hr} o] w Y formazand Y-S SAHFIA ANETE=AS HUtet

iy

B

o

rr

Holth, formazan EE7F =S4 AFMo] A FFE7F ol

(62)

B16F10 melanoma cell & 24 well plateo] 0.8 X 10%cells/wellsE® Y a1,
10 % FBS® 1 % penicillin/streptomycine ¥ 38sk DMEM s Aol 4] 24 AJ7E
S AEE 4 FEE AEg $ 72 AP ¥ 5 mg/mL solutiong HIA|Z 34
Foure A AL, gl AEas

AAsE] DMSOE ¥o] 30% &< formazans 595 5 96 well plate ¢ 100

5
Sk 0.2 mg/mL MTT AleFS A glste] 4A17F &<t

uL® 27 o} microplate reader (Tecan, Mannedorf, Swizerland)Z A}-& 3}

540 nm FFo A TF-E =AHA )

HaCaT cell & 24 well plateo] 0.8 X 10°cells/wells =2 i, 10 % FBS%}
1 % penicillin/streptomycine 3233 DMEM #HjX|o] 24A|ZF wjFst & free
media FBS #A1& Ab&etod A 85 24 sEHE A3t 24417 & m

solutionS WA 2 343k 0.2 mg/mL MTT AlFS A 2late] 4417 FoF uh-g-A
Zoh., aga ASHE AASe DMSOE Yol 30% &< formazan
T 96 well plate o 100 ulL® 7 9o} microplate reader (Tecan,

Mannedorf, Swizerland)Z A}g3Fe] 540 nm WFoNA SF =S SH )
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A
£
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2.3 dgd IF 54

B16F10 melanoma cell& 6 well dishol] 0.5 X 10°F=2 ¥, 10 % FBS$}
1 % penicillin/streptomycing ¥33k DMEM Bl Ao A 24 A|7F Fof] A 8EE A
gotil a-MSHE Tz ARESIAT. A& Aestar 72 AZF Fol 4
sNe AARL F 1 X PBS = 28 A sj& F RIPA buffer(1 % inhibitor
cocktai) & 200 pL ¥al 4 ColA 30%7F W3 F 1.5 mL e—tubeo] AEXE
AQ}. AEE= deep freezer centrifuge 15,000 rpm, —8 TollA 2087 44
w2 & st A5 HS AAT F pellet?t 2o Yo 1 N NaOH(10 % DMSO)
5 500 uL Wi 70 Colld 1 AZF &&A5. 2 &allE pellet> 96 well
plateol 100 uL#® ¥

&3ko] 405 nm oA FHE=E ST

microplate reader (Tecan, Mannedorf, Swizerland)E A}

11]

2.4 Tyrosinase activity

B16F10 melanoma cell & 60n dish plated] 0.8 X 10°®%==2 23, 10 %
FBS® 1 % penicillin/streptomycings ¥ 385 DMEM Bl Aol 4] 24 AJZF oo A
22 Agsta, FANETES a-MSHE A&t A18E Agsta 72 A7t
Holl AFAg s 5 1 X PBS & 291 AF sE F RIPA buffer(l %
inhibitor cocktail)S 200 pul 23l 4 TolA 30F7F ¥83F 5 1.5 mL e—tube

“H

o M¥E AUt AXEE= deep freezer centrifuge 15,000 rpm, —8 T4 20

7 YA BE Sl ASs do] Wl H WA s+ BCA protein assay

247y TN 1 ug/mLZ 8|A8a 96 well plated] ©¥ld I N &AL 20
ul, L—Dopa_(phenyl—d3) (2 mg/mL) 80 uLE ¥ir 37 ColA 1 A7t 30

Fol ¥k2-3}3tt. 71 % microplate reader (Tecan, Mannedorf, Swizerland)<

AHE-3E] 490 nmell Al S A8 T
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2.5 Western blot

B16F10 melanoma cell & 60n dishel 0.8 X 10°cells/wells =2 FHE3
10 % FBS® 1 % penicillin/streptomycing 3233 DMEMu) X o] vl &3} 91t}
a2 % HAE AAG 7 s HE2 5405, 1, 2 mg/mL)E 3]Aste] 20 h,
24 h, 43 h B¢t Asith. 2 Fol 1 X PBS 2 2 A &F F RIPA
buffer(1 % inhibitor cocktail)S 200 ul. @il 4 ColA 30837+ &3k 5 1.5
mL e—tube°l] MXE AT} AEE deep freezer centrifuge 15,000 rpm, —8
CollA 207 A4 #EE sto] AFAS EEait. ¢id s+ BCA

protein assay kitE AREslo] g7 313}

Z}zbo] A=zl o guld 20 pg =52 3Aste] 2 x Laemmli sample buffers
1:1 v&2 AZxs 5 100 C o 5% &<t 7193} loding sample = #|Z3}$1
t}. loding samples sodium dodecyl sulfate—polyacrylamide gel o 7] 3}
ol gldg F7] H& £ & PVDF membrane® $AFU3L, 5 % skim
milkoll 2 Azt ‘&<t blocking 27 F 0.1 % tween 20 o FFHE 1 X
2] 1443
AZE 1% albumino] ¥ 1 X TBST o HA3 Fx2 345+ overnight

(

o~

TBSTZ 5202 6¥ MAsd. 18 SAsaA}; st &

.|:|:

Wk th wkEol £ 12k FAE 2ol Wl F 1 X TBSTE 537F 61 A1 H
stal HRP7F AE 22k &AlZ 1:1000 (in 1 X TBST)E 3|4 ate] 2417t &
oF Wh-S-A171 F mpxjuto g 1 X TBSTE 5%#3F 6W Ax3§ 5 ECL &3 w
S A7 chemidoc ( Fusionsolo 6S.WL, VILBER LOURMAT, France)& A}&3}

o gl W=D AEH,
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2.6 SA A

RE Ade Axes Hy £ FF¥EA (SDin o= 3 or )2 EHIACH
Student™s T—testE AREslY FAZ4 94 % p S EISUL * p <

0.05, *x p < 0.01, *x* p < 0.001 vs. control. # p < 0.05, ## p < 0.01,
### p < 0.001 vs. Lincomycin treatment = YERHAS5Y T}
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Figure 11. Principle of western blot
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Figure 12. Cell viability of Azithromycin on B16F10 melanoma cell.

Azithromycin (pg/mL)

The cells were treated with 4, 8, 15, 30, 60 wg/mL concentrations of
azithromycin for 72 h. and cell viability was determined by
3—(4,5—cimethylthiazol—2—yl)—2,5—diphenyl tetrazolium bromide (MTT)
assay. Data are presented as mean * standard deviation (SD) of at least
four independent experiments (n=4). Indicates “p < 0.01, ™p < 0.001 vs

untreated control cells.
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Figure 13. Cell viability of Roxithromycin on B16F10 melanoma cell.

The cells were treated with 15.63, 31.25, 62.5, 125, 250 ug/mL
concentrations of roxithromycin for 72 h. and cell viability was determined
by 3—(4,5—cimethylthiazol—2—yl)—2,5—diphenyl tetrazolium bromide (MTT)
assay. Data are presented as mean * standard deviation (SD) of at least

four independent experiments (n=4). Indicates “"p< 0.001 vs untreated

control cells.
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Figure 14. Cell viability of paromomycin on B16F10 melanoma cell.

The cells were treated with 0.25, 0.5, 1, 2, 4 mg/mL concentrations of
paromomycin for 72 h. and cell viability was determined by 3—(4,
5—cimethylthiazol—2—yl)—2, 5—diphenyl tetrazolium bromide (MTT) assay.
Data are presented as mean * standard deviation (SD) of at least four
independent experiments (n=4). Indicates “p < 0.01 vs untreated control

cells.
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Figure 15. Cell viability of L.H.M on B16F10 melanoma cell.

0.5

N

The cells were treated with 0.5, 1, 2, 4 mg/mL concentrations of
lincomycin hydrochloride monohydrate(L.H.M) for 72 h. and cell viability
was determined by 3—(4,5—cimethylthiazol—2—yl)—2,5—diphenyl tetrazolium
bromide (MTT) assay. Data are presented as mean % standard deviation
(SD) of at least four independent experiments (n=4). Indicates "p < 0.05

sk

*p < 0.001 vs untreated control cells.
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2. B16F10 melanoma AlX oA detd Ao A S| v X= & H7}
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Figure 16. Melanin contents of Azithromycin on B16F10 melanoma cell.

The cells were treated with 0.5, 1, 2, 4 pg/mL concentrations of
azithromycin for 72 h. a—MSH or arbutin were used as the positive control.
Melanin contents are expressed as percentages compared to the respective
values obtained for the control cells. Data are presented as mean =
standard deviation (SD) of at least four independent experiments (n=4).

Indicates “p<0.05, “p<0.01, " p<0.001 vs untreated control cells.
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Figure 17. Melanin contents of Roxithromycin on B16F10 melanoma cell.

The cells were treated with 4, 8, 15, 30 pg/mL concentrations of
roxithromycin for 72 h. a—MSH or arbutin were used as the positive
control. Melanin contents are expressed as percentages compared to the
respective values obtained for the control cells. Data are presented as mean
+ standard deviation (SD) of at least four independent experiments (n=4).

Indicates “p < 0.05, “p < 0.001 vs untreated control cells.

_33_



250 r

200 r

Relative melanin content(% of control)
— b
wn = n
S =3 =)

0
a-MSH (200 nM) . + + + + +
Arbutin (200 pM) - - - - - +
Paromomycin (mg/mL) - - 0.25 0.5 1 +

160
140 r
120
100 |
80
60
40

20

Relative melanin content(% of control)

0

a-MSH (200 nM)
Paromomycin mpg/mL)

_ - 0125 025 (1) 1

Figure 18. Melanin contents of Paromomycin on B16F10 melanoma cell.

The cells were treated with 0.125, 0.25, 0.5, 1 mg/mL concentrations of
paromomycin for 72 h. a—MSH or arbutin were used as the positive control.
Melanin contents are expressed as percentages compared to the respective
values obtained for the control cells. Data are presented as mean =+
standard deviation (SD) of at least four independent experiments (n=4).

Indicates “p < 0.05, “p < 0.01, ™p < 0.001 untreated control cells.
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Figure 19. Melanin contents of L.H.M on B16F10 melanoma cell.

The cells were treated with 0.25, 0.5, 1, 2 mg/mL concentrations of L.H.M
for 72 h. a—MSH or arbutin were used as the positive control. Melanin
contents are expressed as percentages compared to the respective values
obtained for the control cells. Data are presented as mean =+ standard
deviation (SD) of at least four independent experiments (n=4). Indicates “p

< 0.05, ¥p < 0.01, ™p < 0.001 vs untreated control cells.

_35_



3. B16F10 melanoma AX Wo]A] L.HM® Tyrosinase A w| X+ g3t
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Figure 20. Tyrosinase activity of L.H.M on B16F10 melanoma cell.

The cells were treated with 0.25, 0.5, 1, 2 mg/mL concentrations of L.H.M
for 72 h. a—MSH (200 nM) was used as the positive control. Data are
presented as mean * standard deviation (SD) of at least four independent

*

experiments (n=4). Indicates “"p < 0.001 vs untreated control cells.

_37_



A3} tyrosinase &S

1

%

Az

Ao A tyrosinase, TRP—1, TRP—2
wl

1

R

R

1

.
H

4. Western ¥4
g2} o]

)
=

%

0

¢+

B

pa—

B

tyrosinase “L&]al

=

L

of u}

sk ar, A3dS western

B

| a4 (TRP—1, TRP-2)

!

TRP—-1,

wl
=

tyrosinase

el
00

3

=

e

I L.H.Mo] MITF & 7

SIKE

S

3

t o]

1=

of wz} MITF9

1
=

7}+s

[e)

=

A3 LHMS =7}

btk

A}

%
R

¢+

B

o
o
o
1)
fite)

N
Nlo

o A MITF<]

hya
-

_38_

g L.HME B16F10 Al

[¢)

=

[}

eh

=

Avte
™

el

T
vl
=

}o] tyrosinase

weha oo 2
A,

9



(b)

43h @ & w
=
oMSHQOWM) . + . . . 3 0 oo
*k
LEM@gml) _ _ 05 | 2 s -
TRP-1 | == a=n GED 0 D =100
- —
TRP-2 0l
Tyrosinase | ™ "= = o — 0
. a-MSH(200nM) + - - -
f-actin | e em— = e o— LHM @gnl) - - 0.5 1 2
© (@
8 i " g 20 "
g 1200 %
'é 1000 | i 200 ™ ' '
3 P =
2 & 150 |
:
200 |
*k
50 L
0
\SH 00 i + ) . . a-MSH (200 nM) - + - - -
:l-l,\l(( y::’) 0.8 1 2 LHM (mgnL) - 0.5 1 2
LM (my

Figure 21. Effect of L.H.M on TRP—1, TRP—2, Tyrosinase in B16F10 cells.
Cells were treated with 0.5, 1, 2 mg/mL concentration of L.HM for 43h.
protein levels were examined by western blotting. (a)result of western blot,
protein levels (b)TRP—1, (¢)TRP—2, (d)Tyrosinase. Result are expressed
as a percentage of the positive control. Data are presented as mean =
standard deviation (SD) of at least four independent experiments (n=3).

Indicates “p < 0.01 vs untreated control cells.
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Figure 22. Effect of L.LHM on MITF in B16F10 cells.

(b)

Cells were treated with 0.5, 1, 2 mg/mL concentration of L.H.M for 24h.

protein levels were examined by western blotting.

(a) result of western

blot, protein levels (b) MITF. Result are expressed as a percentage of the

positive control. Data are presented as mean * standard deviation (SD) of

at least four independent experiments (n=3). Indicates ™p < 0.001 vs

untreated control cells.
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Figure 23.Effects of LHM on p—ERK, p—JNK, and p—38 expression.
The cells were treated with LHM at the indicated concentrations for 20h.
(a)Results of Western blotting and protein levels of (b)p—ERK, (c¢)p—JNK,
and (d)p—p38. The data are presented as mean = SD of at least four
independent experiments (n = 4). * p < 0.05, ** p < 0.01, *** p < 0.001
vs. untreated control cells. ERK: extracellular signal—regulated kinase; JNK:
c—Jun N-—terminal kinase; P: Phosphorylated; SD: standard deviation; T:

Total.
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Figure 24. Effect of MAPK inhibitor on LHM—induced tyrosinase activity in
B16F10 cells.

To understand the involvement of LHM on MAPK signaling pathway in
melanogenesis, (a)a cellular tyrosinase activity assay and (b)Western
blotting were performed using the following MAPK inhibitors: SP600125
(JNK inhibitor) and SB203580 (p38 inhibitor). (c)The protein levels of
tyrosinase were quantified using image J program. The data are presented
as mean £ SD of at least four independent experiments (n = 4). Indicate
“p < 0.01, ™p < 0.001, vs. untreated control cells, and **#p < 0.001, vs.

LHM—treated (2 mg/mlL) group.
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Figure 25. Effects of LHM on phosphorylation of AKT.

B16F10 cells were treated with 0.5, 1, 2 mg/mL concentrations of LHM
for 24 h. (a)Results of Western blotting and protein levels of (b)p—AKT.
Results are expressed as a percentage of the control. The data are
presented as mean £ SD of at least four independent experiments (n = 4).
"*p < 0.001 vs. untreated control cells. P: Phosphorylated; SD: standard

deviation; T: Total.
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Figure 26. Effect of PKA inhibitor on LHM—induced tyrosinase activity in
B16F10 cells.

To wunderstand the involvement of LHM on PKA signaling pathway in
melanogenesis, (a) a cellular tyrosinase activity and (b) Western blotting
were performed using the following PKA inhibitor: H—89 (PKA inhibitor).
(c) The protein levels of tyrosinase were quantified using image J program.
The data are presented as mean £ SD of at least four independent
experiments (n = 4). "p < 0.05, “p < 0.01, ™p < 0.001, vs. untreated

control cells and *##p < 0.001, vs. LHM—treated (2 mg/mL) group.
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Figure 27. The cell viability of human keratinocytes treated with LHM.

L.HM (mg/mL) - 0.5

The cells were treated with 0.5, 1, 2, 4 mg/mL concentrations of LHM for
24 h, and cell viability was determined using a
3—(4,5—cimethylthiazol—2—yl)—2,5—diphenyl tetrazolium bromide (MTT)
assay. Data are presented as mean T standard deviation (SD) of at least

four independent experiments (n = 4).

“p<0.01,""p<0.001vs.untreatedcontrolcells.
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