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Abstract Lincomycin is a lincosamide antibiotic isolated from

the actinomycete Streptomyces lincolnensis. Moreover, it has been

found to be effective against infections caused by Staphylococcus,

Streptococcus, and Bacteroides fragillis. To identify the melanin-

inducing properties of lincomycin, we used B16F10 melanoma

cells in this study. The melanin content and intracellular tyrosinase

activity in the cells were increased by lincomycin, without any

cytotoxicity. Western blot analysis indicated that the protein

expressions of tyrosinase, tyrosinase related protein 1 (TRP1) and

TRP2 increased after lincomycin treatment. In addition, lincomycin

enhanced the expression of master transcription regulator of

melanogenesis, a microphthalmia-associated transcription factor

(MITF). Lincomycin also increased the phosphorylation of p38

mitogen-activated protein kinase (MAPK) and decreased the AKT

phosphorylation. Moreover, the activation of tyrosinase activity by

lincomycin was inhibited by the treatment with SB203580, which

is p38 inhibitor. Furthermore, we also found that lincomycin-

induced tyrosinase expression was reduced by H-89, a specific

protein kinase A (PKA) inhibitor. These results indicate that

lincomycin stimulate melanogenesis via MITF activation via p38

MAPK, AKT, and PKA signal pathways. Thus, lincomycin can

potentially be used for treatment of hypopigmentation disorders.

Keywords AKT · Lincomycin · Melanogenesis · Mitogen-

activated protein kinase · p38 · Protein kinase A

Introduction

Melanogenesis is a defense mechanism against irritation caused

by UV radiation, environmental pollution, and other factors.

Melanin is a pigment produced by melanosomes in melanocytes.

Melanocytes are located in the basal layer of the mammalian

epidermis and deliver melanosomes to the surrounding keratinocytes,

where they play important roles in skin protection from harmful

UV radiation by scavenging free radicals or dispersing the incoming

UV light [1-6].

Well-known enzymes related to melanogenesis include tyrosinase,

tyrosinase related protein (TRP) 1, and 2. Tyrosinase is a catalytic

enzyme involved in determining the initial rate in the melanogenesis

and plays a very important role in the entire melanin synthesis

mechanism. Tyrosinase, which acts tyrosine hydroxylase or

DOPA-oxidase, binds a hydroxyl group to tyrosine and converts it

to 3,4-dihydroxyphenyl-L-alanin (L-DOPA; diphenol), and oxidizes

DOPA into dopaquinone. Dopaquinone takes intramolecular

cyclization by tyrosinase to form leucoDOPAchrome, which is

oxidized to DOPAchrome. DOPAchrome converted from

Dopaquinon is converted to 5,6-dihydroxy-2-indolylcarboxylic

acid (DHICA) by TRP2. DHICA is then transformed into indole-

5,6-quinone-carboxylic acid by TRP1 to finally produce black or

brown eumelanin [7-10].

Microphthalmia-associated transcription factor (MITF) plays an

important role in melanin synthesis via regulating expression of

melanogenic enzymes (tyrosinase, TRP1, TRP2). The main role

of MITF is to increase the expression of melanogenic enzymes by

binding to the tyrosinase promoter, which is called the M-box.

Accordingly, recent studies have indicated that hypopigmentation

is prevented by the activation of MITF expression [11,12].

Phosphorylation of mitogen-activated protein kinases (MAPK)

family, which consist of p38 MAPK, extracellular signal-regulated

kinase (ERK), and c-Jun N-terminal kinase (JNK), are closely

related to MITF regulation. Recent studies have reported that the

activation of p38 and JNK, and the inhibition of ERK phosphorylation

stimulate MITF and melanogenic enzymes expression, which up-
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regulates to melanogenesis [13-15].

In addition, it has been reported that the activation of protein

kinase A (PKA) induces MITF expression. PKA is activated via

the cyclic adenosine monophosphate (cAMP) pathway and is

transferred to the nucleus of melanocytes, increasing the

phosphorylation of cAMP response element binding protein

(CREB). This increases the expression of MITF, which results in

the activation of melanogenesis [16-18]. Other reports indicate

that the inhibition of the AKT (protein kinase B) signaling

pathway upregulates melanogenesis by increasing the MITF level,

and subsequently, melanogenic enzymes expression [19-22].

Lincomycin, isolated from Streptomyces lincolnensis, is a

lincosamide-based antibiotic. lincomycin was released for medical

use in September 1964. Lincomycin is commonly used to treat

infections caused by gram-positive bacteria, such as Staphylococcus,

Streptococcus, and Bacteroides fragilis [23,24]. Although

lincomycin has been utilized clinically for a long time, it causes

several side effects (rash, diarrhea, and vomiting due to an allergic

reaction), leading to the introduction of safer antibiotics, such as

clindamycin [25]. Therefore, we performed an experiment

focusing on new efficacy of lincomycin. Recent studies have

reported that several antibiotics isolated from Streptomyces species,

such as tobramycin, fosfomycin (melanogenesis stimulator), and

kanamycin (melanogenesis inhibitor), are related to melanogenesis

[26-28]. However, the effect of lincomycin on melanogenesis has

not yet been investigated. Therefore, in this study, mouse B16F10

melanoma cells were treated with lincomycin to examine its

effects on melanogenesis.

Materials and Methods

Chemicals and reagents

Lincomycin hydrochloride monohydrate was obtained from

Tokyo Chemical Industry Co., Ltd. (Seoul, Korea). L-DOPA, α-

melanocyte stimulating hormone, H-89 (PKA inhibitor), and

NaOH were purchased from Sigma-Aldrich (St. Louis, MO,

USA). Primary antibodies against MITF, tyrosinase, tyrosinase

related protein-1, 2, and β-actin were purchased from Santa Cruz

Biotechnology (Dallas, TX, USA). Primary antibodies against

phospho-AKT, AKT, phospho-p38, p38, and secondary antibody

of anti-rabbit and anti-mouse IgG HRP-linked were procured

from Cell Signaling Technology (Danvers, MA, USA). p38

inhibitor (SB203580) was purchased from Cayman Chemical

(Ann Arbor, MI, USA). Radioimmunoprecipitation assay (RIPA)

buffer and enhanced chemiluminescence (ECL) were purchased

from Biosesang (Seongnam, Gyeonggi-do, Korea). 2×Laemmli

sample buffer was obtained from Bio-Rad Laboratories (Hercules,

CA, USA).

Cell culture

B16F10 mouse melanoma and HaCaT human keratinocyte cells

were purchased from ATCC (The Global Bioresource Center).

Both B16F10 and HaCaT cells were cultured in Dulbecco’s

Modified Eagle Medium (DMEM) containing 10% fetal bovine

serum (FBS) and 1% penicillin/streptomycin (100 μg/mL) at 37
oC, and 5% CO2, and were sub-cultured every 3 days.

Measurement of cell viability

B16F10 melanoma cells (0.8×104 cells/well) were seeded and

pre-incubated for 24 h, and then treated with lincomycin (0.25,

0.5, 1, 2, and 4 mg/mL) for 72 h. Then, cells were treated with

MTT reagent, diluted to 0.2 mg/mL, for 4 h, after which the

formazan crystals were dissolved in diethyl sulfoxide (DMSO).

The absorbance of the each well was determined at 540 nm using

a microplate reader (Tecan, Mannedorf, Switzerland).

HaCaT cells (0.8×105 cells/well) were seeded and pre-incubated

for 24 h. The supernatant was removed and the cells were cultured

in FBS-free DMEM with lincomycin (0.5, 1, 2, and 4 mg/mL) for

24 h. Then, after treating cells with the MTT solution (0.2 mg/

mL) for 4 h, after which the formazan crystals was dissolved in

DMSO. The absorbance of the each well was determined at 540

nm using a microplate reader.

Measurement of intracellular melanin content

B16F10 melanoma cells were seeded in a 6-well plate at 0.8×105

cells/well, and incubated for 24 h. The cells were then treated with

lincomycin (0.25, 0.5, 1, and 2 mg/mL) and α-MSH (200 nM) for

72 h. α-MSH served as the positive control. After the supernatant

was removed, the cells were washed twice with phosphate

buffered saline (PBS), and then the cell pellets were collected and

dissolved in 1 M NaOH for 1 h at 70 oC. Each cell lysate was

transferred to a 96-well plate and the absorbance of the each well

was determined at 540 nm using a spectrophotometer.

Measurement of tyrosinase activity

B16F10 melanoma cells were seeded into 60-mm dishes at

0.8×105 cells/dish and pre-incubated for 24 h. Subsequently, the

B16F10 cells were treated with lincomycin (0.25, 0.5, 1, and 2

mg/mL) and α-MSH (200 nM) for 72 h at 37 oC and 5% CO2

under humidified conditions. After the media was removed, cells

were washed twice with PBS and the cell pellets were collected

and lysed in RIPA buffer containing a 1% protease inhibitor

cocktail. After centrifugation for 15 min at 13,000 rpm, the

supernatant was collected, and the protein level of each lysate was

quantified using the bicinchoninic acid (BCA) kit. Next, 20 μL of

each adjusted protein sample was mixed with 80 μL of L-DOPA

(2 mg/mL) in a 96-well plate. After incubation at 37 oC for 2 h,

the absorbance was measured at 490 nm using a microplate

reader.

Western blot analysis

B16F10 cells were seeded into 60-mm dishes and cultured in

media containing 10% FBS and 1% penicillin/streptomycin. After
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pre-incubation, the cells were treated with various concentrations

of lincomycin and α-MSH. Subsequently, the supernatant was

removed and cells were washed twice with PBS, and then the cell

pellets were collected into 1.5 mL microtubes, followed by lysis in

RIPA buffer containing a 1% protease inhibitor cocktail. After

centrifugation for 20 min at 13,000 rpm, the supernatant was

collected, and the protein level of each lysate was quantified using

the BCA kit. The adjusted lysate and 2× Laemmli sample buffer

(1:1) were mixed to obtain an equal amount of protein (20 μg) in

each sample. After heating the samples to 95 oC for 6 min, equal

volumes of the sample (20 μL) were loaded on 10% sodium

dodecyl sulfate polyacrylamide gels. The proteins, which were

separated by weight, were transferred to polyvinylidene difluoride

membranes, and the membranes were blocked using TBST

containing 5% skim milk for 2 h. Then, the membranes were

washed six times with Tris-buffered saline (20 mM Tris base,

137 mM NaCl, pH 7.6) containing 0.1% Tween 20 solution

(TBST), every 5 min, for 30 min. Afterward, the membranes were

incubated overnight at 4 oC with specific primary antibodies

diluted in TBST (1:1,000). After incubation, the membranes were

washed six times with TBST every 5 min and incubated with

HRP-linked secondary antibodies (IgG, 1:3,000) for 2 h, followed

by washing six times with TBST. The target protein expression

levels were visualized using an ECL kit.

Statistical analysis

All data are expressed as the mean ± standard deviation (SD:

n =4). Each experiment was repeated at least four times. The

statistical analyses were determined by one-way ANOVA using

SPSS (v. 22.0, SPSS Inc., Chicago, IL, USA). Values of p <0.05

(*), p <0.01 (**), p <0.001 (***), and p <0.001 (###) were

considered statistically significant difference.

Results

Effect of lincomycin on cell viability of cells

We first to determine whether lincomycin has cytotoxicity against

B16F10 cells, a MTT assay was performed. Briefly, the B16F10

cells were treated with various concentrations of lincomycin (0.25,

0.5, 1, 2, and 4 mg/mL) for 72 h. As a result, there were no

significant effects on cell viability of B16F10 cells treated with

lincomycin (concentration: 0.25 to 2 mg/mL), relative to the

untreated control cells (Fig. 1B). However, the cell viability

Fig. 1 The cell viability of lincomycin on B16F10 and HaCaT cells. (A) Structure of lincomycin. The cells were treated with lincomycin (0.25, 0.5, 1,

2, and 4 mg/mL) for 72 h, and cell viability on (B) B16F10 and (C) HaCaT cells were determined using a MTT assay. The results of all data are

expressed as the mean ± standard deviation (SD: n =4) of at least four independent experiments (n = 4). *p <0.05, ***p <0.001 vs. untreated control

cells
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decreased by 63% in the group treated with 4 mg/mL lincomycin.

Therefore, we performed subsequent experiments using only the

following lincomycin concentrations: 0.25, 0.5, 1, and 2 mg/mL.

In addition, melanocytes are dendritic cells found in the base layer

of the epidermis of the skin, producing melanosomes, and transferring

them to the surrounding keratinocytes [29-32]. Therefore, a cell

viability test was performed to confirm the toxicity of lincomycin

in HaCaT cells, which are related to melanocytes. As shown in

Fig. 1C, there were no significant effects on cell viability in

HaCaT cells treated with lincomycin (0.5 and 1 mg/mL), relative

to the untreated control cells.

Effect of lincomycin on melanin production and intracellular

tyrosinase activity

To examine the effect of lincomycin on melanin synthesis,

melanin content, and tyrosinase activity, tests were performed.

The B16F10 cells were treated with the indicated concentrations

of lincomycin for 72 h. α-melanocyte stimulating hormone (MSH)

(200 nM) was used as the positive control. As shown in Fig. 2A,

the melanin content increased in a concentration-dependent

manner. In particular, at a concentration of 2 mg/mL, the melanin

content dramatically increased to 370% compared with the

untreated control cells, and it was 132% higher than that of the

positive control group. To clarify whether lincomycin affects

melanogenesis via tyrosinase activity, we performed an intracellular

tyrosinase activity test. As shown in Fig. 2B, tyrosinase activity

was increased by lincomycin and α-MSH treatments at the

indicated concentrations compared with that of the untreated

control cells. In particular, at the highest concentration of

lincomycin, tyrosinase activity was increased by 750% compared

with the untreated control cells, and this was 214% higher than

that in the positive control group.

Effect of lincomycin on the expression of melanogenic

enzymes and MITF in B16F10 cells

To determine whether lincomycin regulates the expression of

melanogenic enzymes, such as tyrosinase and TRP1/2, B16F10

cells were treated with lincomycin (0.5, 1, and 2 mg/mL) for 43 h.

The protein expressions of the melanogenic enzymes were examined

using Western blotting. Compared with the untreated control cells,

lincomycin treatment at concentrations ranging from 0.5 to 2 mg/

mL significantly increased the melanogenic enzyme levels in a

concentration-dependent manner (Fig. 3). To clarify the transcriptional

regulation of melanogenic enzyme activation, we evaluated the

effects of lincomycin on MITF expression. MITF expression

significantly increased in a concentration-dependent manner (Fig.

4). Thus, the results suggested that lincomycin induces melanogenic

enzyme transcription by increasing the MITF expression levels.

Effect of lincomycin on MAPK phosphorylation in B16F10

cells

Recent studies have reported that MAPK phosphorylation regulates

MITF expression, thereby regulating melanogenesis [13-15].

Thus, to confirm the effect of lincomycin on phosphorylation in

the upstream pathway in melanogenesis, Western blot analysis

was performed on the B16F10 cells treated with the indicated

concentrations. In the MAPK family, lincomycin significantly

increased p38 phosphorylation (Fig. 5), but did not have a

significant effect on JNK and ERK phosphorylation (data not

shown). To determine whether p38 phosphorylation are involved

in the upregulation of tyrosinase activity, we treated the B16F10

cells with SB203580 (a specific inhibitor of p38). As shown in

Fig. 6, the tyrosinase activity induced in B16F10 cells using

lincomycin treatment was reduced by treating them with the

inhibitors, suggesting that the p38 MAPK signaling pathway is

Fig. 2 The effect of lincomycin on melanin content and tyrosinase activity in B16F10 melanoma cells. The cells were treated with various

concentrations of lincomycin for 72 h. α-MSH was used as the positive control. (A) Melanin content and (B) tyrosinase activity are expressed as

percentages compared to the untreated control cells. The results of all data are expressed as the mean ± standard deviation (SD: n =4) of at least four

independent experiments. *p <0.05, **p <0.01, ***p <0.001 vs. untreated control cells. α-MSH: positive control 
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directly involved in melanogenesis.

Effect of lincomycin on PKA signaling pathway

PKA moves into the nucleus of melanocytes to increase the

phosphorylation of CREB, and the phosphorylated CREB binds to

the CRE in the MITF promoter to induce the expression of MITF

[16-18]. To understand whether the PKA signaling pathway is

involved in lincomycin-stimulated melanogenesis, we examined

the effect of H-89 (a specific PKA inhibitor) on tyrosinase

activity. As shown in Fig. 7, the tyrosinase expression was

Fig. 3 Effect of lincomycin on the expression of melanogenic enzymes in B16F10 cells. The cells were treated with various concentrations of

lincomycin (0.5, 1, and 2 mg/mL) for 43 h. Protein levels were evaluated using Western blot analysis. (A) Results of Western blotting and protein levels

of (B) TRP-1, (C) TRP-2, and (D) tyrosinase. Results are expressed as percentages compared to the untreated control cells. The results of all data are

expressed as the mean ± standard deviation (SD: n =4) of at least four independent experiments. *p <0.05, **p <0.01, ***p <0.001 vs. untreated control

cells. TRP: tyrosinase-related protein. α-MSH: positive control

Fig. 4 Effect of lincomycin on MITF expression in B16F10 cells. The cells were treated with various concentrations of lincomycin (0.5, 1, and 2 mg/

mL) for 24 h. (A) Results of Western blotting, and (B) protein levels of MITF expression, which were quantified using image J program. Results are

expressed as a percentage of the untreated control cell. The results of all data are expressed as the mean ± standard deviation (SD: n =4) of at least four

independent experiments. ***p <0.001 vs. untreated control cells. MITF: microphthalmia-associated transcription factor, SD: standard deviation
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reduced when treated with lincomycin and H-89, compared with

the lincomycin treatment alone. These results suggest that

lincomycin may be related to the PKA signaling pathway in

inducing tyrosinase activation in the cells.

Effect of lincomycin on AKT signaling pathway

The inhibition of PI3K/AKT phosphorylation has been reported to

be involved in activating melanogenesis in human melanocytes

and B16F10 melanoma cells by reducing MITF phosphorylation,

preventing the degradation of MITF [19-22]. To determine the

effect of lincomycin on the AKT pathway in B16F10 cells, we

performed Western blot analysis. As shown in Fig. 8, AKT

phosphorylation was reduced by treating cells with lincomycin,

compared with the untreated control cells.

Discussion

Drug development by drug repositioning is a strategy for

identifying new uses of approved or developing drugs outside the

scope of their original medical indications. This strategy offers

several advantages over developing an entirely new drug for a

Fig. 6 Effect of MAPK inhibitor on lincomycin-induced tyrosinase activity in B16F10 cells. To understand the involvement of lincomycin on MAPK

signaling pathway in melanogenesis, (A) a cellular tyrosinase activity assay and (B) Western blotting were performed using the following MAPK

inhibitors: SB203580 (p38 inhibitor). (C) The protein levels of tyrosinase were quantified using image J program. The results of all data are expressed

as the mean ± standard deviation (SD: n =4) of at least four independent experiments. **p <0.01, ***p <0.001, vs. untreated control cells, and
###
p <0.001, vs. lincomycin-treated (2 mg/mL) group

Fig. 5 Effects of lincomycin on p-38 expression. The cells were treated with lincomycin at the indicated concentrations for 20 h. (A) Results of Western

blotting and protein levels of (B) p-p38. The results of all data are expressed as the mean ± standard deviation (SD: n =4) of at least four independent

experiments. *p <0.05, **p <0.01, ***p <0.001 vs. untreated control cells. P: Phosphorylated; SD: standard deviation; T: Total



J Appl Biol Chem (2021) 64(4), 323−331  329

given indication [33,34]. For several years, our research team has

studied the pathways involved in regulating pigmentation by

treating melanocytes with specific substances or old antibiotics. It

has also been suggested that these compounds or old antibiotics

may be used as therapeutic or cosmetic agents [27,28].

The most important role of melanin in the mammalian

epidermis is to prevent from skin damage against UV radiation,

toxic drugs and chemicals. In addition, the quantity of melanin

present determines the coloration of the skin, eyes, and hair.

Consequently, a lack of melanogenesis leads to hypopigmentation

and increases the risk of skin cancer and of various skin

depigmentation diseases, such as achromic naevus vitiligo, and

albinism [35,36]. In this study, we evaluated the effect of

lincomycin on the melanogenic activity and molecular mechanism

in mouse B16F10 melanoma cells. To determine the effect of

lincomycin on melanogenesis in B16F10 cells, melanin synthesis

and tyrosinase activity tests were performed. In addition, Western

blot analysis was performed to confirm the expression of

tyrosinase, TRP1, and TRP2, as well as of their regulator, MITF.

Moreover, Western blotting was used to determine the effect of

lincomycin on the phosphorylation in MAPK, PI3K/AKT and

PKA signaling pathways, which are regulators of MITF expression.

Fig. 7 Effect of PKA inhibitor on lincomycin-induced tyrosinase activity in B16F10 cells. To understand the involvement of lincomycin 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 results of all data are expressed as the

mean ± standard deviation (SD: n =4) of at least four independent experiments. *p <0.05, **p <0.01, ***p <0.001, vs. untreated control cells and
###
p <0.001, vs. lincomycin -treated (2 mg/mL) group

Fig. 8 Effects of lincomycin on phosphorylation of AKT. The cells were treated with lincomycin (0.5, 1, and 2 mg/mL) 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 results of all data are expressed as the

mean ± standard deviation (SD: n =4) of at least four independent experiments. **p <0.01 vs. untreated control cells. P: Phosphorylated; SD: standard

deviation; T: Total
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The results of our study showed that lincomycin stimulated

melanogenesis in B16F10 cells.

An MTT assay was performed to determine the concentration

of lincomycin that was not cytotoxic. The results showed that

lincomycin exerted cytotoxicity at a concentration of 4 mg/mL,

but it did not at a concentration of 0.25, 0.5, 1, and 2 mg/mL (Fig.

1). Thus, these concentrations were used for the subsequent

experiments. In addition, lincomycin treatment of B16F10 cells

increased the melanin synthesis and intracellular tyrosinase

activity in a concentration-dependent manner (Fig. 2).

Recent researches have reported that melanogenesis is controlled

by the complex enzymatic cascade of melanogenic enzymes

(TRP1, 2, and tyrosinase) that are regulated by MITF [11,12].

Therefore, the activation of MITF expression promotes melanogenic

enzyme transcription, thereby upregulating melanogenesis in

B16F10 cells. The results of our study indicated an increase in the

expression of MITF and of melanogenic enzymes in the cells after

lincomycin treatment, in a concentration-dependent manner (Figs.

3, 4). These results suggested that lincomycin stimulates MITF

expression, thereby increasing the expression of melanogenic

enzymes, and leading to an up-regulation of melanogenesis.

It has been proposed that the MAPK/AKT signaling pathways

are involved in melanogenesis in B16F10 cells [13-15, 19-22].

The stimulation of JNK and p38 phosphorylation upregulates

melanogenesis by activating MITF expression and melanogenic

enzyme transcription in the cells. However, the activation of ERK

and AKT phosphorylation increases MITF phosphorylation,

leading to its degradation, thereby downregulating melanogenesis.

In this study, lincomycin increased the phosphorylation of p38 and

decreased AKT phosphorylation but did not significantly affect

the phosphorylation of JNK and ERK (Figs. 5, 7). Thus, to

determine whether the p38 signaling pathway is involved in

melanogenesis, specific inhibitor of p38 (SB203580) were used to

treat cells. As shown in Fig. 6, tyrosinase activity was stimulated

by α-MSH and lincomycin, but due to p38 pathway inhibitory

action of the inhibitors, the tyrosinase activity was attenuated in

the inhibitors and lincomycin group, compared to the α-MSH and

lincomycin groups. These results indicate that lincomycin is

directly involved in melanogenesis by activating the expression of

tyrosinase through the p38 MAPK and PI3K/AKT signaling

pathways.

Previous researches have reported that the cAMP/PKA signaling

pathway is associated with melanogenesis. cAMP activates PKA

and this activated form moves into the nucleus of melanocytes to

increase the phosphorylation of CREB, and activates the MITF

promoter to induce the expression of MITF, resulting in melanogenesis

via an increased expression of melanogenic-related proteins [16-

18]. To understand the PKA signaling pathway, H-89 (an inhibitor

of PKA) was used for treatment and a tyrosinase activity test was

performed. Our results showed that the tyrosinase activity was

inhibited by lincomycin and H-89 treatment, compared to

lincomycin treatment alone, suggesting that lincomycin may be

related to the PKA signaling pathway in inducing tyrosinase

activation in the cells (Fig. 8).

To summarize, this work is the first to evaluate the melanogenesis

effect of lincomycin, which was found to stimulate melanogenesis

in B16F10 melanoma cells. The data of our study showed that

lincomycin induced p38 phosphorylation and suppressed the

phosphorylation of AKT via MAPK and PI3K/AKT signaling

pathways, which resulted in MITF and melanogenic enzyme

activation, thereby increasing melanogenesis. Therefore, these

results suggest that the new efficacy of lincomycin, which is not

much in used. Although further research is needed on the efficacy

and safety of lincomycin in clinical studies, lincomycin could be

used to treat hypopigmented skin diseases such as albinism and

vitiligo.
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