
Sulforaphane suppresses lipopolysaccharide- and
Pam3CysSerLys4-mediated inflammation in chronic
obstructive pulmonary disease via toll-like receptors
Xiaoli Zeng , Xiaoju Liu and Hairong Bao

Department of Gerontal Respiratory Medicine, The First Hospital of Lanzhou University, China

Keywords

chronic obstructive pulmonary disease;

inflammation; myeloid differentiation factor

88; sulforaphane; toll-like receptors

Correspondence

X. Liu, Department of Gerontal Respiratory

Medicine, The First Hospital of Lanzhou

University, No. 1 Donggang west Road,

Lanzhou, Gansu 730000, China

Tel: +86 13919360884

E-mail: liuxj@lzu.edu.cn

(Received 19 September 2020, (revised 17

January 2021, accepted 15 February 2021)

doi:10.1002/2211-5463.13118

Edited by Antonio Castrillo Viguera

Chronic obstructive pulmonary disease (COPD) is a progressive inflamma-

tory disease of the airway that represents a large global disease burden.

Inflammation is a prominent feature of COPD and represents an important

target for treatment. Toll-like receptors (TLRs) are pattern recognition

receptors that detect invading microorganisms and nonmicrobial endoge-

nous molecules to trigger inflammatory responses during host defense and

tissue repair. The TLR signaling pathway is closely linked to the pathogen-

esis of COPD. Sulforaphane (SFN), an isothiocyanate derived from crucif-

erous vegetables, is well known for its anti-inflammatory activities.

However, the molecular function of SFN in inhibition of COPD inflamma-

tion has yet to be fully elucidated. In this study, we investigated the effects

of SFN on lipopolysaccharide (LPS)- or Pam3CysSerLys4 (Pam3CSK4)-in-

duced inflammation in monocyte-derived macrophages (MDMs) from

patients with COPD. MDMs from patients with COPD showed higher

expression levels of TLR2, TLR4 and downstream myeloid differentiation

factor 88 (MyD88) than healthy controls, along with increased secretion of

interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) (P < 0.05). Stim-

ulation with TLR ligands (Pam3CSK4 and LPS) up-regulated the levels of

TLR2, TLR4 and MyD88 in MDMs from patients with COPD and

induced the release of IL-6 and TNF-α (P < 0.05). Pretreatment of MDMs

from patients with COPD with SFN significantly suppressed Pam3CSK4-

or LPS-induced TLR2, TLR4 and MyD88 expression, along with a reduc-

tion in the production of IL-6 and TNF-α (P < 0.05). Collectively, these

data indicate that SFN exerts its anti-inflammatory activity in COPD by

modulating the TLR pathway. SFN may represent a potential therapeutic

agent for the treatment of COPD.

Chronic obstructive pulmonary disease (COPD) is a

common respiratory disease that is characterized by

chronic inflammation of the lungs in response to nox-

ious particles or gases, primarily smoking [1]. COPD is

one of the leading causes of disability, morbidity and

mortality worldwide. At present, there are approxi-

mately 210 million people suffering from some degree

of COPD. This disease causes at least 3 million deaths

Abbreviations

AM, alveolar macrophage; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; GM-CSF, granulocyte-

macrophage colony-stimulating factor; IL, interleukin; LPS, lipopolysaccharide; MDM, monocyte-derived macrophage; MyD88, myeloid

differentiation factor 88; NF-κB, nuclear factor-κB; Nrf2, nuclear factor erythroid 2 related factor 2; Pam3CSK4, Pam3CysSerLys4; PAMP,

pathogen-associated molecular pattern; SD, standard deviation; SFN, sulforaphane; TLR, toll-like receptor; TNF-α, tumor necrosis factor-α.

1313FEBS Open Bio 11 (2021) 1313–1321 ª 2021 The Authors. FEBS Open Bio published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use,

distribution and reproduction in any medium, provided the original work is properly cited.

https://orcid.org/0000-0002-2725-0777
https://orcid.org/0000-0002-2725-0777
https://orcid.org/0000-0002-2725-0777
mailto:


each year, corresponding to 5% total global mortality

[2]. Current treatments involving the combination of

bronchodilators and corticosteroids relieve symptoms

only temporarily but cannot delay or cure the disease

[1]. Therefore, it is imperative to identify other effec-

tive therapeutic targets and strategies.

Inflammation is a critical feature in the development

of COPD. Inflammatory cells and mediators have been

implicated in the progression of COPD [3]. Of these

inflammatory cells, macrophages play an important

role. Cigarette smoke and noxious particles can stimu-

late macrophages in the airways. Once activated, these

macrophages release inflammatory mediators and

chemokines, including interleukin (IL)-6, IL-8, tumor

necrosis factor-α (TNF-α), monocyte chemotactic pro-

tein-1 and proteolytic enzymes; these mediators con-

tribute to the formation of pulmonary emphysema [4].

Toll-like receptors (TLRs) are a class of conservative

pattern recognition receptors that play important roles

in the regulation of immune and inflammatory pro-

cesses. TLR2 and TLR4 have been regarded as the

main sensors for recognizing pathogen-associated

molecular patterns (PAMPs) from Gram-positive and

Gram-negative bacteria, respectively [5]. After ligand

binding, both TLR2 and TLR4 function in the mye-

loid differentiation factor 88 (MyD88)-dependent path-

way [6]. MyD88 is the central adaptor protein for

signal transduction of TLRs and interacts with TLRs,

leading to activation of the mitogen-activated protein

kinase cascade and nuclear factor-κB (NF-κB), causing
expression of proinflammatory mediators [7]. Several

studies have confirmed that a significant proportion of

patients with COPD exhibit bacterial colonization in

the lower airway involving a wide spectrum of patho-

gens, including Streptococcus pneumoniae, Moraxella

catarrhalis and Haemophilus influenzae [8,9]. The bac-

terial PAMPs, lipopolysaccharide (LPS) and lipopep-

tide, are transduced by TLR4 and TLR2, respectively,

thus promoting the secretion of proinflammatory

mediators.

Sulforaphane (SFN) is a naturally occurring isothio-

cyanate obtained from cruciferous vegetables, such as

broccoli or cabbages, that exhibits anti-inflammatory,

antioxidation and anticancer properties [10]. SFN can

reduce inflammatory biomarkers in multiple signaling

pathways and provide probable protection for human

health against chronic diseases [11]. Harvey et al. [12]

showed that SFN treatment restored bacteria recogni-

tion and phagocytosis in alveolar macrophages (AMs)

from patients with COPD through activating nuclear

factor erythroid 2 related factor 2 (Nrf2), to prevent

exacerbation of COPD caused by bacterial infection.

Starrett and Blake [13] demonstrated that SFN

inhibited cigarette smoke extract-induced IL-8 and

monocyte chemotactic protein-1 production in human

epithelial cells. Our previous study found that SFN

could inhibit the expressions of TLR4 and MyD88

and exert an anti-inflammatory effect in COPD [14].

However, the contribution of the TLR2/MyD88 path-

way to the inflammation, how TLR2 and TLR4 simul-

taneously affect inflammation, and the effect of SFN

on it remain to be studied. Therefore, in this study, we

investigated the effect of SFN on inflammation in

COPD and attempted to provide assistance in finding

new drugs with fewer side effects.

Materials and methods

Subjects

This study was approved by the ethics committee of the

First Hospital of Lanzhou University and was carried out

in accordance with the Declaration of Helsinki. All subjects

provided written informed consent. We recruited 25

patients diagnosed with COPD at the Department of Ger-

ontal Respiratory Medicine, The First Hospital of Lanzhou

University. COPD diagnosis was based on the 2017 global

initiative for chronic obstructive lung disease (GOLD)

Guidelines [1]; forced expiratory volume in 1 s (FEV1)/

forced vital capacity of every patient with COPD was lower

than 70% (the standard set by the GOLD Guidelines). We

also recruited 25 healthy control subjects with normal

spirometry. The characteristics of our subjects are given in

Table 1. Subjects with a history of asthma, other pul-

monary diseases or allergic diseases were excluded from the

study.

Table 1. Characteristics of the study subjects. F, female; FVC,

forced vital capacity; ICS, inhaled corticosteroid; LABA, long-acting

beta 2-agonist; LAMA, long-acting muscarinic antagonist; M, male.

Healthy control

subjects

Patients with

COPD

Subjects (n) 25 25

Age (years) (range) 68 � 2 (53–76) 70 � 8 (53–89)
Sex (M/F) 20/5 16/9

Smoker (former/never) 14/11 15/10

Smoking (pack-years) 30 � 14 34 � 19

Inhaled medication (n) 25

LAMA 15

LAMA+LABA 6

LAMA+LABA+ICS 4

FEV1 % predicted 89 � 10 50 � 17a

FEV1/FVC 87 � 7 53 � 12a

aP < 0.01 versus healthy control subjects. Data were compared by

two-tailed Student’s t-test and chi-square test.
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Preparation of monocyte-derived macrophages

Blood samples (20 mL) were collected from patients with

COPD and healthy control subjects by antecubital

venipuncture into heparinized tubes. Peripheral blood was

then diluted with PBS (1 : 1), loaded on Ficoll–Hypaque

gradient (Solarbio, Beijing, China) and centrifuged for 400 g

for 15 min at room temperature. Peripheral blood mononu-

clear cells were then collected and resuspended in complete

RPMI 1640 medium (Gibco, Grand Island, NY, USA)

containing 10% fetal calf serum (HyClone, GE Healthcare,

Chicago, IL, USA), 2 mM L-glutamine, 100 IU�mol−1

penicillin and 100 IU�mol−1 streptomycin. Next, cells were

seeded into 24-well plates (2.0–2.5 × 106 cells/well). After

2 h, nonadherent cells were removed, and adherent

monocytes were cultured in the presence of 2 ng�mL−1

granulocyte-macrophage colony-stimulating factor

(GM-CSF; R&D Systems, Minneapolis, MN, USA) at

37 °C in a 5% CO2 incubator for 12 days to generate

monocyte-derived macrophages (MDMs) as Taylor et al.

[15] described.

Cell treatments with Pam3CysSerLys4, LPS or

SFN

MDMs were treated with a TLR4 agonist (LPS; Sigma-

Aldrich, St. Louis, MO, USA) or TLR2 agonist (Pam3Cys-

SerLys4 [Pam3CSK4]; InvivoGen, Carlsbad, CA, USA)

and/or SFN (Sigma-Aldrich). To investigate the optimal

intervention concentrations, we treated MDMs with 1, 10,

100 and 1000 ng�mL−1 LPS; 1, 10, 100 and 1000 ng�mL−1

Pam3CSK4; or 2.5, 5, 10 and 20 μmol�L−1 SFN for 6 h.

Subsequently, cells were harvested and used for quantita-

tive real-time PCR. According to the PCR results, we then

selected Pam3CSK4 (1000 ng�mL−1), LPS (1000 ng�mL−1)

and SFN (20 μmol�L−1) for all subsequent experiments. To

evaluate the effects of SFN on the TLR/MyD88 pathway,

we pretreated MDMs with SFN (20 μmol�L−1) for 1 h and

then challenged these cells with Pam3CSK4 or LPS

(1000 ng�mL−1). After 6 h of incubation, the cells were har-

vested for gene analysis; protein measurements were taken

at 24 h.

Quantitative real-time PCR assay

Total RNA was extracted from MDMs using the RNAiso

Plus reagent (Takara, Tokyo, Japan) in accordance with

the manufacturer’s instructions. Isolated total RNA was

then reverse transcribed into cDNA using PrimeScript™

Reverse Transcriptase (Takara). Quantitative real-time

PCR was performed on a Rotor-gene 6000 Real-Time

Thermal Cycler (Corbett, Sydney, NSW, Australia), using

SYBR® Premix Ex Taq™ II kit (Takara). The PCR cycle

was as follows: 95 °C for 30 s, 95 °C for 5 s and 60 °C for

30 s; these conditions were repeated for 40 cycles. The

expression levels of genes were then calculated according to

the Livak method (2�ΔΔCT ) and normalized to the GAPDH

housekeeping gene. Primer sequences are as follows: TLR2:

50-CAGG AGCTCTTAGTGACCAAGTGAA-30 (for-

ward), 50-CACAAAGTATGTGGCATTG TCCAG-30 (re-

verse), TLR4: 50-AGGATGATGCCAGGATGATGTC-30

(forward), 50-TCAGGTCCAGGTTCTTGGTTGAG-30 (re-
verse), MyD88: 50-AGCCAGGCTG GAGCAAGGTA-30

(forward), 50-GGCAGCTAAATGCCTCAACAAGA-30

(reverse), GAPDH: 50-GCACCGTCAAGGCTGAGAAC-

30 (forward), and 50-TGGTGA AGACGCCAGTGGA-30

(reverse).

Western blotting analysis

The radioimmunoprecipitation assay method was used to

extract total protein from cells. Protein samples (40 μg)
were separated by 10% SDS-PAGE and transferred to

polyvinylidene fluoride membrane using a wet transfer cell

(Bio-Rad, Hercules, CA, USA). Blots were blocked with

Tris-buffered saline Tween buffer containing 5% skimmed

milk for 60 min at room temperature and then incubated

overnight with primary antibodies, including anti-TLR2,

anti-TLR4, anti-MyD88 and anti-β-actin IgG (Santa Cruz,

Inc., Dallas, TX, USA) at 4 °C. After washing with Tris-

buffered saline Tween buffer, the blots were incubated with

a secondary antibody (goat anti-mouse IgG or goat anti-

rabbit IgG) for 2 h at room temperature. The membranes

were then rewashed, and antibody binding was detected by

an enhanced chemiluminescence kit. β-Actin expression was

used as an internal control to demonstrate equal loading of

protein samples.

Cytokine measurements

Twenty-four hours after the stimulation of TLRs, we

measured the concentrations of IL-6 and TNF-α in cell

supernatants using ELISA kits (R&D Systems); these kits

were used in accordance with the manufacturer’s instruc-

tions.

Statistical analysis

SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) was

used for all statistical analyses. Data were expressed as

means � standard deviation (SD). First, homogeneity of

variance was analyzed by Levene’s test, then Student’s t-

test was used for comparison between two groups, and

one-way ANOVAs for comparison between more than

two groups were performed (P > 0.05 by Levene’s test).

Categorical data were analyzed by the chi-square test,

and the correlation coefficients were obtained by Pearson

test. A P value <0.05 was accepted as statistically signifi-

cant.
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Results

TLRs agonists and SFN affected the expression

of TLRs in a dose-dependent manner

To investigate whether TLR agonists and SFN can influ-

ence the expression of TLR2 and TLR4 in MDMs from

patients with COPD, we performed quantitative real-time

PCR on RNA extracts. We added increasing concentra-

tions (1–1000 ng�mL−1) of Pam3CSK4 or LPS to the cells

for 6 h. The expression levels of TLR2 and TLR4 mRNA

increased in a dose-dependent manner (Fig. 1). We there-

fore selected a higher concentration of TLR agonists

(1000 ng�mL−1 Pam3CSK4, 1000 ng�mL−1 LPS) for

MDM treatments in all subsequent experiments.

To determine the effects of SFN on the expression

of TLRs, we treated MDMs with increasing concentra-

tions of SFN for 6 h. As shown in Fig. 1, SFN down-

regulated the expression of TLR2 and TLR4 mRNA

in a concentration-dependent manner. Because

20 μm�L−1 of SFN exposure showed maximal TLR2

and TLR4 inhibition, we selected this dose for all sub-

sequent experiments.

SFN down-regulated the Pam3CSK4- or LPS-

induced expression of TLR2 and TLR4 in MDMs

As shown in Fig. 2, patients with COPD had higher

baseline expression levels of TLR2 and TLR4 compared

with healthy control subjects. We examined the effect of

SFN on Pam3CSK4- or LPS-induced TLR2 and TLR4

Fig. 1. The expression levels of TLR2 and TLR4 in the MDMs of patients with COPD. MDMs were treated with agonist stimulation at the

indicated concentrations for 6 h. (A) The relative expression of TLR2 was determined by quantitative real-time PCR in MDMs treated with 0,

1, 10, 100 and 1000 ng�mL−1 Pam3CSK4. (B) The relative expression of TLR4 was determined by quantitative real-time PCR in MDMs

treated with 0, 1, 10, 100 and 1000 ng�mL−1 LPS. (C) The relative expression of TLR2 was measured by quantitative real-time PCR in

MDMs treated with 0, 2.5, 5, 10 and 20 μmol�mL−1 SFN. (D) The relative expression of TLR4 was measured by quantitative real-time PCR

in MDMs treated with 0, 2.5, 5, 10 and 20 μmol�mL−1 SFN. Data are presented as means � SD of five independent experiments.

Differences were assessed by one-way ANOVA test. **P < 0.01, *P < 0.05.
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expression by quantitative real-time PCR for mRNA

expression and by western blot analysis for protein

expression. Results showed that both Pam3CSK4 and

LPS increased the expression levels of TLR2 and TLR4

mRNA and protein compared with the COPD nontreat-

ment group (P < 0.01). In contrast, SFN down-regu-

lated the mRNA and protein levels of TLR2 and TLR4.

Pretreatment with SFN reduced the Pam3CSK4- or

LPS-induced expression of TLR2 and TLR4 (P < 0.05).

SFN inhibited Pam3CSK4- or LPS-induced MyD88

expression in MDMs

Next, we then examined whether SFN and TLRs ago-

nists were able to influence the transcript expression of

the TLRs signaling downstream adaptor (MyD88). As

shown in Fig. 2, baseline MyD88 expression level was

higher in patients with COPD than in healthy control

subjects (P < 0.05). After incubation with Pam3CSK4 or

LPS, respectively, we found that the mRNA and protein

levels of MyD88 in MDMs from patients with COPD

were up-regulated (P < 0.05). Stimulation with SFN sig-

nificantly reduced the expression of MyD88 in patients

with COPD; SFN also inhibited the Pam3CSK4- or

LPS-induced expression ofMyD88 (P < 0.01).

SFN ameliorated Pam3CSK4- or LPS-mediated

cytokine production

Finally, MDMs were challenged with Pam3CSK4 or

LPS in the presence or absence of SFN for 24 h. Then

we measured the concentrations of IL-6 and TNF-α in

Fig. 2. The inhibitory effect of SFN on TLR2, TLR4 and MyD88 mRNA and protein expression induced by Pam3CSK4 or LPS. Cells from the

healthy control and COPD groups were cultured with RPMI 1640 medium. Cells in the other groups were stimulated with 1000 ng�mL−1

LPS, 1000 ng�mL−1 Pam3CSK4 (Pam), 20 μmol�L−1 SFN or cocultured with SFN and TLR agonists. Cells were cultured for 6 h for mRNA

expression and for 24 h for protein expression. (A, B) The mRNA and protein levels of TLR2 were determined by quantitative real-time PCR

and western blot analysis. (C, D) The mRNA and protein levels of TLR4 were determined by quantitative real-time PCR and western blot

analysis. (E, F) The mRNA and protein levels of MyD88 were determined by quantitative real-time PCR and western blot analysis. Data are

presented as means � SD. Differences were assessed by one-way ANOVA test. **P < 0.01, *P < 0.05.
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the cell supernatants. As shown in Fig. 3, the levels of

IL-6 and TNF-α were higher in the COPD group than

in the healthy group (P < 0.01). After Pam3CSK4 or

LPS stimulation alone, there were tendencies for the

higher secretion of IL-6 and TNF-α in patients with

COPD. SFN suppressed the release of cytokines from

MDMs in patients with COPD (P < 0.01). Simultane-

ously, SFN significantly reduced Pam3CSK4- or LPS-

induced IL-6 and TNF-α compared with Pam3CSK4

or LPS treatment groups (P < 0.01).

Correlation analysis

The protein expression levels of TLR2, TLR4 and

MyD88 were positively correlated with that of IL-6

and TNF-α in each group (P < 0.05 or P < 0.01)

(Table 2).

Discussion

COPD is a heterogeneous disease that is characterized

by chronic inflammation and significant airflow

obstruction that is incompletely reversible. AM plays

an important role in chronic inflammation in patients

with COPD. Activated AMs release more inflamma-

tory mediators and chemokines. However, AMs are

poorly available in humans to perform in vitro studies

because of limited access to bronchoalveolar lavage. In

addition, previous studies have shown the phenotype

and functions of GM-CSF-induced MDMs closely

resemble that of human AMs, indicating that GM-

CSF-induced MDMs are useful to clarify the molecu-

lar mechanisms of human AMs [16,17]. Therefore,

MDM is often used as a cell model of AM in in vitro

studies. This study also used an MDM model to inves-

tigate inflammatory mechanisms in patients with

COPD.

Bacterial colonization of the airways in COPD is an

important factor in disease progression, and some

patients with COPD are colonized by bacteria during

both the stable phase and exacerbations, which may

lead to persistent inflammation in the airway [18]. It is

generally known that the airways of patients with

COPD are colonized by S. pneumoniae, Hae-

mophilus influenza, M. catarrhalis and, in patients with

Fig. 3. The effects of SFN on concentrations of inflammatory mediators in cell supernatants induced by Pam3CSK4 (Pam) or LPS. The

levels of IL-6 (A) and TNF-α (B) in culture supernatants were measured by ELISA. These results are representative of 10 independent

experiments. Data are presented as means � SD. Differences were assessed by one-way ANOVA test. **P < 0.01.

Table 2. Analysis of the correlation between protein expression

levels of TLR2, TLR4, MyD88, IL-8 and TNF-α in each group (r

value). The correlation coefficients were obtained by the Pearson

test.

TLR2 TLR4 MyD88

IL-6

Control 0.780a 0.764b 0.790a

COPD 0.743b 0.680b 0.735b

SFN 0.768b 0.801a 0.735b

Pam3CSK4 0.783a 0.792a

SFN+Pam3CSK4 0.803a 0.815a

LPS 0.831a 0.801a

SFN+LPS 0.870a 0.815a

TNF-α
Control 0.759b 0.712b 0.755b

COPD 0.790a 0.801a 0.786a

SFN 0.801a 0.820a 0.805a

Pam3CSK4 0.820a 0.813a

SFN+Pam3CSK4 0.825a 0.863a

LPS 0.880a 0.820a

SFN+LPS 0.851a 0.830a

aP < 0.01; bP < 0.05.
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severe COPD, Pseudomonas aeruginosa [19]. The bacte-

rial PAMPs, LPS (a Gram-negative bacterial cell wall

component) and lipoprotein (a Gram-positive bacterial

cell wall component) are transduced through TLR4

and TLR2, respectively, thus promoting the activation

of downstream MyD88 signaling pathways and

increasing the secretion of proinflammatory mediators.

In a previous study, Pons et al. [20] found that the

expression of TLR-2 was up-regulated in peripheral

blood monocytes of patients with COPD, either when

clinically stable or during an exacerbation of the dis-

ease, as compared with people with normal lung func-

tion. Another study demonstrated that TLR4

expression was increased in the bronchial mucosa of

patients with severe stable COPD compared with con-

trol subjects [21]. Consistent with these previous obser-

vations, we observed higher expression levels of TLR2

and TLR4 in the MDMs of patients with COPD com-

pared with healthy subjects. In addition, the down-

stream expression of MyD88 and inflammatory

cytokines in the MDMs of patients with COPD were

also higher compared with healthy control subjects.

These findings indicated that persistent inflammation

may be related to the TLRs/MyD88 pathway activated

by bacterial colonization.

Pam3CSK4, a synthetic bacterial lipoprotein, has

been shown to induce TLR2 expression at both the

mRNA and the protein levels and can also increase

the expression levels of IL-1β, IL-6 and TNF-α in

monocytes [22]. Similarly, LPS, a main component of

the cell wall of Gram-negative bacteria, is usually rec-

ognized by TLR4 and induces proinflammatory reac-

tions in numerous cell types. After recognizing specific

ligands, TLR2 and TLR4 initiate intracellular signal-

ing that is dependent on adaptor protein MyD88. In

this study, we demonstrated that Pam3CSK4 or LPS

up-regulated the expression of TLR2 and TLR4,

respectively, in MDMs from COPD, along with the

increased expression of MyD88 and the subsequent

increase of inflammatory mediators.

As a critical role in sensing PAMPs, reducing TLR2

and TLR4 can help to inhibit inflammation. Hoth

et al. [23,24] reported that TLR2 and TLR4 gene

knockout mice both have reduced local and systemic

inflammation in pulmonary contusion. Dasu et al. [22]

showed that decreasing TLR2 and TLR4 expression

inhibited the release of inflammatory factors in mono-

cytes. In recent years, dietary phytochemicals have

become the advantageous agents in the prevention and

therapy of chronic diseases. We hypothesized that

Fig. 4. Sulforaphane inhibited inflammation

via the TLR2, TLR4/MyD88 pathway in

macrophage. AP1, activator protein 1;

ERK 1/2, extracellular signal regulated

kinase 1/2; JUK, c-jun N-terminal kinase;

IKK, IκB kinase; IRAK, interleukin-1

receptor-associated kinases; TAK1,

transforming growth factor beta-activated

kinase 1.
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SFN could inhibit the inflammation of COPD in a

TLR/MyD88 manner (Fig. 4). SFN, an aliphatic

isothiocyanate derived primarily from broccoli, has

emerged as a phytochemical with comparatively high

bioavailability because of its low molecular weight

[25]. SFN is a highly promising agent that has been

studied extensively in cells and animals with regard to

preventive and therapeutic effects. Previous research

showed that SFN had multiple molecular targets to

exert its anti-inflammatory, antioxidant or anticancer

activities [26]. In a previous study, Cho et al. [27]

reported that SFN significantly reduced the magnitude

of hyperoxia-increased lung protein oxidation and

lipid peroxidation in Nrf2+/+ mice, alleviating acute

lung injury in an Nrf2-dependent manner. Qin et al.

[28] reported that SFN significantly blocked the phos-

phorylation of mitogen-activated protein kinases and

NF-κB p65 and down-regulated the expressions of

proinflammatory mediators, including TNF-α, IL-1β,
IL-6, and inducible nitric oxide synthase in a mouse

microglial cell line. Ruhee et al. [29] showed that SFN

inhibited LPS-induced inflammation in macrophages

through the Nrf2/heme oxygenase-1 signal pathway.

Our results demonstrated that SFN suppressed the

expression of TLR2 and TLR4 both at the mRNA

and the protein levels, thus suggesting potential clini-

cal applications against inflammation in COPD.

Simultaneously, SFN exhibited more significant down-

regulation of MyD88 and the expression of the down-

stream cytokines, TNF-α and IL-6. Furthermore, SFN

pretreatment on MDMs significantly reduced LPS- or

Pam3CSK4-induced expression of TLR2, TLR4,

MyD88 and cytokines, thus conferring anti-inflamma-

tory activity in agonist-stimulated macrophages.

In summary, SFN, a dietary isothiocyanate derived

from cruciferous vegetables, displays a variety of bene-

ficial bioactivities through multiple mechanisms. Our

study has demonstrated that SFN inhibited the pro-

duction of cytokines via the TLRs pathway in MDMs

from patients with COPD. These targets manipulated

by SFN may provide its extensive perspective in clini-

cal application of COPD.
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