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Introduction

Inflammation is one of the most important mecha-

nisms in defending the body from tissue damage and

pathogen infiltration. Normal inflammation reduces the

expression of pro-inflammatory proteins, and increases

the expression of anti-inflammatory ones [1−3]. Chronic

inflammation may develop into inflammatory diseases

such as Parkinson's disease, cancer, rheumatoid arthri-

tis, and atherosclerosis, as well as allergic diseases such

as skin diseases and bronchial asthma, so appropriate

treatment is needed [4−6]. During the inflammatory pro-

cess, inducible nitric oxide synthase (iNOS) and COX-2

expression induces excessive amounts of NO and PGE2,

as well as pro-inflammatory cytokines such as IL-6, IL-

1β, and TNF-α [7−9].

Expression of pro-inflammatory cytokines is regulated

by NF-κB and MAPKs [10, 11]. NF-κB plays an import-

ant role in the expression of genes involved in immune

and inflammatory responses. In the absence of stimula-

tion, NF-κB is present in the cytoplasm in an inactive

form associated with IκB-α. However, in the case of stim-

ulation such as by LPS, IκB is phosphorylated by IκB

kinase (Ikk), and degraded by proteosome activity, and

liberated NF-κB translocates to the nucleus and induces
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the expression of target genes, such as various inflam-

matory mediators [12−14]. The three major MAPKs,

namely the extracellular signal-regulated kinases

(ERK1/2), c-Jun N-terminal kinase (JNK) and mitogen-

activated protein (MAP p38), regulate the production of

pro-inflammatory mediator phosphorylating transcrip-

tion factors, including NF-κB and AP-1 (c-Fos and c-Jun)

[15−17].

Antibiotics are antimicrobial drugs used for the treat-

ment and prevention of pathogenic bacterial infections,

which produce microorganisms and inhibit the grown of

other microorganisms. Lincomycin (Fig. 1) is a lincos-

amide antibiotic derived from the actinomycete

Streptomyces lincolnensis. It is effective against micro-

organisms, including some species of mycoplasma and

plasmodium. However, currently, it is rarely used due to

side effects and toxicity, and is only used for patients

with allergies or bacterial resistance to penicillin [18−

20]. 

Previous studies have shown that some fluoroquino-

lone and macrolide antibiotics affect monocytes and neu-

trophils, which are discussed as being associated with

immune processes [21]. In particular, Lincosamide-

based antibiotic Clindamycin is a derivative of lincomy-

cin, and previous studies have demonstrated anti-

inflammatory efficacy in monocyte THP-1 cells stimu-

lated with LPS as well as antibacterial activity [22].

However, studies on anti-inflammatory efficacy

against lincomycin have not been conducted. Therefore,

we focused on the fact that classical antibiotics such as

lincomycin are rarely utilized, and confirmed the anti-

inflammatory activity using mouse macrophages in

order to explore new approaches. In this study, we inves-

tigated the inhibitory effect of lincomycin on the inflam-

matory response in RAW 264.7 cells induced by LPS.

Furthermore, the underlying molecular mechanisms of

the anti-inflammatory activity of LIN were investigated. 

Materials and Methods

Chemicals and reagents
Lincomycin was purchased from TCI (Tokyo Chemical

Industry, Japan; Fig. 1), LPS and Griess reagent

(G4410) were purchased from Sigma-Aldrich Chemical

Co. (USA). Antibodies against iNOS were purchased

from Millipore (Temecula, USA); COX-2 was obtained

from BD Biosciences (USA); phospho-JNK, JNK and

IκB-α were supplied by Cell Signaling Technology

(USA); and β-actin was purchased from Santa Cruz

Biotechnology (USA). Ammonium pyrrolidinedithiocar-

bamate (PDTC : NF-κB inhibitor) and SP600125 (JNK

inhibitor) was purchased from Sigma-Aldrich and

Cayman Chemical (USA), respectively.

Cell line and culture 
Mouse monocyte RAW 264.7 cells were obtained from

the Korean Cell Line Bank (KCLB) and cultured in Dul-

becco’s modified Eagle’s medium (DMEM; Gibco, USA)

supplemented with 10% fetal bovine serum (FBS; Merck

Millipore, Germany) and 1% penicillin/streptomycin in

an atmosphere of 5% CO2 at 37℃.

Cell viability assay 
3-(4,5-dimethylthiazol-2yl)-, 5-diphenyltetra-zolium

bromide (MTT) was used to assess cell viability. RAW

264.7 cells were seeded in 24-well plates for 18 h,

followed by treatment with various concentrations of

lincomycin. After 24 h of incubation, MTT was added to

each well, and the formazan crystals were dissolved in

dimethyl sulfoxide (DMSO). Absorbance was measured

at 540 nm with a microplate reader (Tecan Trading AG,

Austria).

Nitric oxide (NO) assay
The culture supernatant was mixed with the same

volume of Griess reagent, incubated at room tempera-

ture (22−25℃) for 10 min, and then the optical absorbance

at 540 nm was determined with a microplate reader.

The NO concentration was measured by comparison to a

Fig. 1. Chemical structure of lincomycin (LIN). 
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standard curve generated by serial dilution of sodium

nitrite.

Measurement of PGE2 and pro-inflammatory cytokines
RAW 264.7 cells were seeded in 24-well plates and

incubated with or without LPS (1 µg/ml) in the absence

or presence of various concentrations of lincomycin (0.9,

1.4, and 1.8 mM) for 24 h. Cell culture supernatants

were assayed for PGE (Abcam, USA), IL-6, IL-1β and

TNF-α using ELISA kits (R&D Systems, USA), accord-

ing to the manufacturer’s instructions.

Western blot analysis
Western blotting was performed using the NuPAGE

electrophoresis system from Invitrogen (USA). The cells

were washed twice with cold PBS, and then lysed in

lysis buffer (RIPA buffer, 1% Nonidet P-40, 1% protease

inhibitor cocktail). The cell lysates were centrifuged at

21,055 × g at 4℃ for 15 min. Protein concentration was

determined using a BCA assay kit (Thermo Scientific,

USA). Then, 30 µg of extracted proteins was separated

on 4−12% Bis-Tris NuPAGE gels and transferred to

nitrocellulose membranes. Membranes were blocked

with 5% skim milk for 2 h, and then incubated overnight

at 4℃ with a 1:1000 dilution of the primary antibody.

After washing 4 times, the membranes were incubated

for 30 min at RT with a 1:5000 dilution of HRP-conju-

gated secondary antibody. The membrane proteins were

detected using an ECL Western Blotting Detection Sys-

tem (Biosesang, Korea).

Statistical analysis 
Cell viability and ELISA experiments were repeated

at least four times, and each experiment was performed

in quadruplicate. All data are presented as mean ±

standard deviation (SD). *p < 0.05 and **p < 0.01 were

considered statistically significant.

Results 

Effect of LIN on NO production and the viability of
RAW264.7 cells

LPS significantly induced NO and PGE2 production in

RAW 264.7 cells. Thus, we evaluated NO and PGE2

released into the culture supernatant by use of Griess

reagent and ELISA. LPS and LIN were not added to the

control (-). NO production was decreased 27.7%, 54.1%,

and 74.5% by LIN, and PGE2 production was inhibited

48.2%, 67.8%, and 82.6%, respectively, but did not

induce cytotoxicity (Figs. 2 and 3). These results also

revealed that lincomycin-based anti-inflammatory stud-

ies are appropriate at concentrations of 0.9 to 1.8 mM. 

Fig. 2. Effect of lincomycin on nitric oxide production in
LPS-stimulated RAW 264.7 cells. Cells were stimulated with
1 μg/ml of LPS only, or with LPS plus various concentrations
(0.9, 1.4, or 1.8 mM) of lincomycin for 24 h. Nitric oxide produc-
tion was determined by the Griess reagent method. Cell viabil-
ity was determined after 24 h culture of cells stimulated with
LPS in the presence of lincomycin. The data represent the mean
± SD of quadruplicate experiments. *p < 0.05, **p < 0.01 versus
LPS alone. IC50 = 1.31 mM 

Fig. 3. Effect of on lincomycin on PGE2 production in LPS-
stimulated RAW 264.7 cells. Cells were stimulated with 1 μg/
ml of LPS only, or with LPS plus various concentrations (0.9, 1.4,
or 1.8 mM) of lincomycin for 24 h. PGE2 production was deter-
mined by ELISA. The data represent the mean ± SD of quadru-
plicate experiments. *p < 0.05, **p < 0.01 versus LPS alone.
IC50= 0.93 mM 
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Effect of LIN on the iNOS and COX-2 expression in
RAW264.7 cells

Western blotting was performed to determine whether

NO and PGE2 production were related to iNOS and

COX-2 protein expression. LPS markedly induced iNOS

and COX-2 protein levels, whereas treatment with LIN

inhibited such protein expression. These results indi-

cated that the inhibition of LPS-induced NO and PGE2

production was due to reduced levels of iNOS and COX-2

(Fig. 4).

Effect of LIN on the expression of pro-inflammatory cyto-
kines in RAW264.7 cells

Pro-inflammatory cytokines play a role in the regula-

tion of immune and inflammatory responses in the body.

LPS-stimulated macrophages produce TNF-α, and

secreted TNF-α or LPS induces the production of IL-6

and IL-1β, thereby sustaining the inflammatory

response. TNF-α promotes the onset of the inflammatory

response and sustained production leads to chronic

inflammation. In addition, IL-6 acts on the acute

immune response, and IL-1β is an important cytokine in

the initiation of inflammatory response to bacterial

infection [23−25]. 

The effect of LIN on the production of pro-inflammatory

cytokines IL-6, IL-1β, and TNF-α produced by LPS-

stimulated RAW 264.7 cells was analyzed by ELISA.

LPS stimulation increased IL-6, IL-1β, and TNF-α

production. IL-6 and IL-1β secretion were significantly

decreased by LIN in a dose dependent manner, and

TNF-α was slightly decreased (Fig. 5A, 5B, 5C). In

particular, inhibition with the higher dose of 1.8 mM of

lincomycin was 71.7% for IL-6, 64.3% for IL-1β, and

36.8% for TNF-α.

Fig. 4. Effect of lincomycin on protein levels of iNOS and
COX-2 in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells
(6.0 × 105 cells/ml) were stimulated with LPS (1 μg/ml) in the
presence of lincomycin (0.9, 1.4, or 1.8 mM) for 24 h. Whole-cell
lysates (30 μg) were prepared, and the proteins were subjected
to 10% SDS-PAGE. Expression of iNOS, COX-2, and β-actin were
determined by western blotting. β-actin served as a loading
control. 

Fig. 5. Effect of lincomycin on IL-6, IL-1β, and TNF-α produc-
tion in LPS-stimulated RAW 264.7 cells. Cells were stimulated
with 1 μg/ml of LPS only, or with LPS plus various concentra-
tions (0.9, 1.4, or 1.8 mM) of lincomycin for 24 h. (A) IL-6, (B) IL-
1β, and (C) TNF-α production were determined by ELISA. The
data represent the mean ± SD of quadruplicate experiments.
*p < 0.05, **p < 0.01 versus LPS alone. IL-6 : IC50 = 1.49 mM, IL-
1β : IC50 = 1.44 mM 
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Effect of LIN on the NF-κB pathway in RAW264.7 cells
The production of pro-inflammatory cytokines and

iNOS expression is regulated by the major transcription

factor NF-κB [26]. In the present experiments, we inves-

tigated the cytoplasmic inhibition of IκB-α degradation

in order to confirm the mechanism of NF-κB and IκB-α

activity. When RAW 264.7 cells were stimulated with

LPS, cytoplasmic IκB-α decreased to a maximum at

20 min, and increased again by 30 min (data not shown).

To confirm whether LIN affects the inhibition of IκB-α

degradation, PDTC (40 μM), NF-κB inhibitor, and LIN

were pretreated for 2 h, then treated with LPS, and pro-

teins were obtained after 20 min to perform western

blotting. In the PDTC-treated group, the degradation of

IκB-α was inhibited, compared to the LPS-treated group,

and LIN also significantly inhibited the degradation of

IκB-α, as compared with the LPS-treated group (Fig. 6). 

Effect of LIN on the MAPKs pathway in RAW264.7 cells
On the other hand, activation of NF-κB is known to be

regulated by kinases such as MAPKs and PI3K/Akt

(PKB) [27]. Thus, the effect of LIN on phosphorylation of

MAPKs affecting NF-κB activity was evaluated. As

shown in Fig. 7, In RAW 264.7 cells induced by LPS,

phosphorylation of JNK decreased by LIN treatment in

a dose dependent manner. 

These results indicated that LIN exhibits anti-inflam-

matory activity by regulating phosphorylation of IκB-α,

as well as by phosphorylation of NF-κB upstream signal-

ing molecules. 

Discussion

Although the extensive use of antibiotics has caused a

variety of side effects, some of these anti-biotics may

have a further purpose in the vast field of medicine. Pre-

vious studies have confirmed that some antibiotics have

anti-inflammatory properties. Therefore we tried to con-

firm anti-inflammatory effects on classic antibiotics such

as lincomycin by studying the mechanism of inflamma-

tion at the protein level.

These results demonstrated that the production and

expression of inflammation mediators, such as NO and

PGE2, as well as pro-inflammatory cytokines, are

strongly inhibited by LIN in LPS-stimulated RAW 264.7

cells. This inhibitory effect of LIN has been shown to be

related to inactivation of the NF-κB pathway by inhibit-

ing the degradation of IκB-α. In addition, LIN was found

to affect inhibition of phosphorylation of JNK, involved

in the upstream signaling pathway of NF-κB activation

(results summarized in Fig. 8).

Based on the results of this experiment, LIN, which

has narrow utilization, can be an important tool for the

study of macrophage-mediated inflammatory responses.

In order to study the relationship between more anti-

inflammatory and antibiotics, it may be needed for eval-

uating effects by structural differences in antibiotics.

Nevertheless, these results can be presented as an effec-

tive therapeutic regimen for various kinds of acute and

chronic inflammatory diseases, including skin disorders,

and suggests the possibility of LIN being used in cosmet-

ics or medicines.

Fig. 6. Effect of lincomycin on degradation of IκB-α in LPS
stimulated RAW 264.7 cells. RAW 264.7 cells (1.0 × 106 cells/
ml) were stimulated with LPS (1 μg/ml) in the presence of lin-
comycin (0.9, 1.4, or 1.8 mM), or PDTC (40 μM) for 20 min. Whole
cell lysates (30 μg) were prepared, and proteins were separated
by 4-12% Bis-Tris NuPAGE gel electrophoresis, and expression
of IκB-α and β-actin were determined by western blotting. β-
actin served as a loading control. PDTC: NF-κB inhibitor.  

Fig. 7. Effect of lincomycin on the phosphorylation of P-JNK
in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells (1.0 × 106

cells/ml) were stimulated with LPS (1 μg/ml) in the presence of
lincomycin (0.9, 1.4, or 1.8 mM), or SP600125 (40 μM), for
20 min. Whole cell lysates (30 μg) were prepared, and proteins
separated by 4-12% Bis-Tris NuPAGE gel electrophoresis, and
expression of P-JNK and T-JNK were determined by western
blotting. SP600125: JNK inhibitor.
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