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Cryptotanshinone inhibits chemotactic migration
in macrophages through negative regulation
of the PI3K signaling pathway
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1National Research Institute of Chinese Medicine, Taipei, Taiwan, Republic of China; 2Institute of Pharmacology,
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Background and purpose: Cryptotanshinone, the major tanshinone isolated from Salvia miltiorrhiza Bunge, exhibits anti-
inflammatory activity. However, there is no report on the effect of cryptotanshinone on recruitment of leukocytes to
inflammatory sites. We therefore assessed the effects of cryptotanshinone on macrophage chemotaxis.
Experimental approach: Macrophage migration induced by complement 5a (C5a) or macrophage inflammatory protein-1a
(MIP-1a) was measured in vitro. Intracellular kinase translocation and phosphorylation was assessed by Western blotting.
Key results: RAW264.7 cell migration towards C5a (1mg ml�1) was significantly inhibited by cryptotanshinone (1, 3, 10 and 30
mM) in a concentration-dependent manner. Primary human macrophages stimulated by C5a were similarly inhibited. C5a-
evoked migration in RAW264.7 cells was significantly suppressed by wortmannin (phosphatidylinositol 3-kinase (PI3K)
inhibitor), PD98059 (MEK1/2 inhibitor) and SB203580 (p38 mitogen-activated protein kinase (MAPK) inhibitor), but not by
SP600125 (c-Jun N-terminal kinase (JNK) inhibitor), suggesting that activation of PI3K, ERK1/2 and p38 MAPK signal pathways
was involved in responses to C5a. Western blotting revealed that cryptotanshinone significantly inhibited PI3K-p110g
membrane translocation and phosphorylation of Akt (PI3K downstream effector protein) and ERK1/2 induced by C5a.
However, neither p38 MAPK nor JNK phosphorylation was affected by cryptotanshinone. Wortmannin significantly attenuated
C5a-induced PI3K-p110g translocation, Akt and ERK1/2 phosphorylation. PD98059 suppressed ERK1/2 phosphorylation but
failed to modify PI3K-p110g translocation by C5a stimulation. Furthermore, MIP-1a-induced cell migration and PI3K-p110g
translocation were also inhibited by cryptotanshinone in a concentration-dependent manner.
Conclusions and implications: Inhibition of macrophage migration by cryptotanshinone involved inhibition of PI3K activation
with consequent reduction of phosphorylation of Akt and ERK1/2.
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Introduction

Mononuclear phagocytes (macrophages) are ubiquitous cells

which reside in the majority of tissues and accumulate in

areas of inflammation in response to the secretion of

appropriate chemotactic signals (Baggiolini and Loetscher,

2002). A variety of products present at the site of inflamma-

tion can act as chemotactic agents, including formylmethio-

nyl peptides, platelet activating factor, anaphylatoxin

complement 5a (C5a), and chemotactic cytokines (Taub

and Oppenheim, 1994). In response to stimuli, activated

macrophages display cytoskeletal rearrangement and subse-

quent chemotaxis. It has been shown that chemotactic

activation is mediated by a seven-transmembrane-spanning

receptor coupled to heterotrimeric G protein, resulting in

transduction of signals to the interior of cells and phosphory-

lation of multiple proteins (Jacobs et al., 1995; Haribabu

et al., 1999). Phosphatidylinositol 3-kinase (PI3K) activity

plays a central role in cell signaling. One important role for

PI3K in innate immunity is to respond to chemoattractants

(Fruman and Cantley, 2002; Stephens et al., 2002). The

activation of mitogen-activated protein kinase (MAPK)
Received 2 March 2007; accepted 7 March 2007; published online 30 April

2007

Correspondence: Professor W-F Chiou, National Research Institute of Chinese

Medicine, No.155-1, Section 2, Li-Nung Street, Shih-Pai, Peitou, Taipei,

Taiwan 112, Republic of China

E-mail: wfchiou@nricm.edu.tw or wfchiou@cma23.nricm.edu.tw

British Journal of Pharmacology (2007) 151, 638–646
& 2007 Nature Publishing Group All rights reserved 0007–1188/07 $30.00

www.brjpharmacol.org



seems to be another key component in signal transduction

associated with cell migration (English et al., 1999). Three

distinct mammalian MAPKs have been identified, including

extracellular signal-regulated kinase (ERK1/2 or p42/44

MAPK), p38 MAPK and c-Jun N-terminal kinase (JNK).

MAPKs are a family of serine/threonine kinases that are

themselves activated by a cascade of protein kinase reactions

(Widmann et al., 1999).

Dried roots of Salvia miltiorrhiza Bunge (Danshen) have

been used in traditional Chinese medicine for the treatment

of several pathologies including coronary heart disease,

hepatitis and chronic renal failure (Lu and Foo, 2002).

Cryptotanshinone (Figure 1) and tanshinone IIA are two

major tanshinones in this plant. Tanshinone was reported to

show a variety of biological activities including anti-

inflammation (Kim et al., 2002) and cytotoxicity against

human tumor cell lines (Ryu et al., 1997; Lin and Chang,

2000; Yuan et al., 2003). For example, tanshinone IIA

exhibited an inhibitory effect on leukocyte chemotactic

migration (Gao, 1985; Zhou et al., 1997). Cryptotanshinone

was also observed to possess diverse biological activities,

such as anti-inflammatory, anti-oxidative, anti-mutagenic,

anti-platelet aggregation, anti-cyclooxygenase II activities

and displayed the most powerful antibacterial activity

among tanshinones (Wang et al., 1989; Cao et al., 1996;

Ryu et al., 1997; Lee et al., 1999; Mosaddik, 2003; Jin et al.,

2006). Furthermore, Suh et al. (2006) pointed out that

cryptotanshinone had anti-atherosclerosis and anti-neointi-

mal formation activity through inhibition of smooth muscle

cell migration. However, there is no related report about the

effect of cryptotanshinone on inflammatory cell infiltration.

The importance of C5a in several inflammatory diseases is

demonstrated by the fact that agents that block the action of

C5a also suppress inflammatory pathologies (such as multi-

ple sclerosis and organ failure) in several animal models

(Czermak et al., 1999; Heller et al., 1999). We hypothesized

that cryptotanshinone may be one of the active components

accounting for the anti-inflammatory activity of Salvia

miltiorrhiza Bunge Danshen and suggested that a putative

beneficial effect of this herb for the treatment of hepatitis

and chronic renal failure might be mediated by interference

with C5a-evoked, inappropriate recruitment of inflamma-

tory cells. To evaluate this suggestion, C5a-induced chemo-

tactic migration in RAW264.7 macrophages was used as an

in vitro model to evaluate the anti-inflammatory property of

cryptotanshinone. Furthermore, we also attempted to char-

acterize whether interfering with protein kinase phosphor-

ylation contributed to cryptotanshinone’s effects on

macrophage chemotaxis.

Methods

Cell culture conditions

RAW264.7 (American Type Culture Collection, TIB 71,

Rockville, MD, USA) macrophage-like cells were cultured in

Dulbecco’s modified Eagle’s medium (DMEM, Gibco BRL,

Grand Island, NY, USA) supplemented with 10% heat-

inactivated fetal calf serum (FCS) (Biological Industries,

Kibbutz Beit, Haemek, Israel), penicillin and streptomycin

(Sigma Chemicals Co., St Louis, MO, USA) at 371C in a

humidified atmosphere in the presence of 5% CO2 (Chiou

et al., 2003a, b).

Primary human macrophages were prepared from healthy

volunteers. In brief, peripheral blood mononuclear cells

(PBMC) were isolated from heparinized blood by centrifuga-

tion over Ficoll–Hypaque gradients. PBMC at the interface

were aspirated, diluted to 50 ml volume with phosphate-

buffered saline (PBS), washed three times and centrifuged at

400 g for 10 min. After the final wash, PBMC were suspended

in RPMI 1640 (Gibco BRL) containing 10% FCS, streptomy-

cin and penicillin. The total number of viable PBMC in the

suspension was determined by trypan blue dye exclusion.

Then PBMC were plated onto 35-mm culture dishes and

incubated overnight at 371C, 5% CO2, in a humidified

atmosphere to allow monocytes to adhere to the plate.

Nonadherent cells were removed by gentle washing and the

adherent monocytes were cultured in RPMI 1640 containing

10% FCS for 7 days before being used for migration

experiments to allow differentiation to macrophages. The

total number of macrophages was quantitated by detaching

the macrophages by the addition of ice-cold 1 mM EDTA in

PBS. Viable detached macrophages were counted by trypan

blue dye exclusion.

Isolation and identification of cryptotanshinone

Cryptotanshinone was isolated by our laboratory (Sun et al.,

2006). The dried roots of S. miltiorrhiza were purchased from

a local herbal drug store in Taipei. The plant materials were

identified by Mr Jun-Chih Ou, a former research fellow of

National Research Institute of the Chinese Medicine

(NRICM). A voucher specimen was deposited in the herbar-

ium of NRICM. Briefly, slices of the dried roots of

S. miltiorrhiza (5 kg) were extracted with ethanol (3�10 l)

at room temperature. The combined ethanol extracts were

concentrated in vacuo. The residue was then partitioned

between ethyl acetate and H2O. The concentrated ethyl

acetate extract was subjected to chromatography over silica

gel and eluted with n-hexane/ethyl acetate (4:1), n-hexane/

ethyl acetate (1:1) and ethyl acetate, successively. The

first fraction was rechromatographed on silica gel using

mixtures of n-hexane/ethyl acetate under gradient condition

(10:1–2:1) to yield cryptotanshinone. The purity of crypto-

tanshinone and tanshinone IIA were 498% as judged by

HPLC and 1H-NMR (Sun et al., 2006).

Figure 1 Chemical structure of cryptotanshinone.
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Chemotactic migration

Cell migration was assessed using a 24-well chemotaxis

chamber with a membrane pore size of 5mm (Transwell,

Corning Costar, Lowell, MA, USA). Cell suspensions (90 ml;

2�107 cells ml�1) were added to each of the upper wells in

the presence of 10 ml PBS or drugs (cryptotanshinone and

protein kinase inhibitors) for 30 min, respectively. C5a

(1 mg ml�1; Calbiochem, Darmstadt, Germany) or the che-

mokine, macrophage-inflammatory protein-1a (MIP-1a,

(0.5 mg ml�1; Sigma) were added to the lower well of the

chamber to assess chemoattractic activity. The entire cham-

ber was then incubated at 371C for 4 h to initiate migration.

Nonmigrated cells were wiped off with a cotton swab and the

filter was then fixed and stained with hematoxylin (Sigma)

to define the cell nuclei. Chemotaxis was assessed by

counting the number of migrated cells in five (at �400

magnification) random microscopy fields per well (Chiou

et al., 2003b). All experiments were performed in triplicate.

Chemoattractant-induced cell migration was designated as

100% for each experiment.

Cell viability

Cell viability was monitored by Alamar Blue Assay. It is a

nonisotopic colorimetric assay used to measure quantita-

tively the viable cells in culture. After incubation with or

without cryptotanshinone or various protein kinase inhibi-

tors for 24 h, Alamar Blue growth indicator dye (10% (v/v))

was added for another 4 h incubation at 371C. The change in

color was monitored with an ELISA reader at 620 nm. Cell

viability correlates with optical density. Wells containing

medium and Alamar Blue dye without cells were used as

blanks. In each case, the experiments were performed in

duplicate. All experiments were repeated at least twice with

similar results. The mean absorbance for the duplicate

cultures of each drug was calculated and the mean blank

value was subtracted from these. Cell viability in control

medium without any treatment was represented as 100%.

Preparation of membrane extracts for PI3K-p110g translocation

analysis

Cells were plated in T25 culture flasks and made quiescent at

confluence by incubation in fresh DMEM for 24 h, which

were then further stimulated with chemoattractants at 371C

for 10–15 min according to our previous findings (Tsai et al.,

2004). When cryptotanshinone or inhibitors were used, they

were applied 30 min before the addition of chemoattrac-

tants. After incubation, the cells were rapidly washed with

ice-cold PBS, scraped and collected. Cell pellets were lysed

with ice-cold solubilization buffer (0.5 ml) (20 mM Tris-HCl

(pH 7.5), 150 mM NaCl, 5 mM EDTA, 1 mM sodium vanadate,

1 mM phenylmethylsulfonyl fluoride (PMSF), and 0.1%

aprotinin). The nuclear pellet was removed by centrifugation

at 403 g for 5 min at 41C. The postnuclear supernatant was

centrifuged at 242 000 g for 30 min at 41C to separate the

cytosolic and membrane fraction. The membrane pellet was

resuspended in radioimmunoprecipitation buffer (solubiliza-

tion buffer with 1% NP-40) and lysed for 30 min at 41C. The

soluble proteins were separated by centrifugation at 10 000 g

for 30 min and used as the membrane fraction. Protein

(40 mg) was separated on 8% sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) and immu-

noblotted with antibody against p110g (Santa Cruz Biotech-

nology, Delaware, CA, USA).

Preparation of cell extracts and Western blot analysis

After incubation, the cells were rapidly washed with ice-cold

PBS, scraped and collected. Cell pellets were lysed with ice-

cold lysis buffer containing 25 mM Tris-HCl at pH 7.4, 25 mM

NaCl, 25 mM NaF, 25 mM sodium pyrophosphate, 1 mM

sodium vanadate, 2.5 mM EDTA, 2.5 mM EGTA, 1 mM PMSF,

0.05% Triton X-100, 0.5% lauryl sulfate sodium salt (SDS),

0.5% deoxycholate, 0.5% nonylphenoxy polyethoxy ethanol

(NP-40), 5 mg ml�1 leupeptin, and 5 mg ml�1 aprotinin (all

from Sigma). The lysates were centrifuged at 45 000 g for 1 h

at 41C to yield the whole-cell extract in the supernatants.

Protein concentration was determined using BCA reagents

(Pierce; Rockford, IL, USA) according to the manufacturer’s

manual.

Protein (40 mg) was separated using 8% SDS-PAGE and

transferred to a nitrocellulose membrane. Nonspecific bind-

ing sites were blocked by incubating the membrane in TBS-T

(20 mM Tris (pH 7.2); 150 mM NaCl; 0.1% Tween 20) with 5%

bovine serum albumin for 1 h at room temperature. The

membrane was incubated (overnight at 41C) with rabbit

polyclonal antibodies that specifically detect the total (that

is, inactivated) and the phosphorylated (that is, activated)

forms of p38 MAPK (1:1000), ERK1/2 (1:1000), JNK (1:1000)

and Akt (1:10 000) (all purchased from Cell Signaling

Technology, Beverly, MA, USA) at the indicated dilution,

respectively. Then it was incubated with HRP anti-rabbit

(Amersham, Buckinghamshire, UK) antibody and detected

by ECL (Amersham). The results were evaluated by densito-

metry analysis.

Statistical analysis

All values in the text and figures represent mean7s.e.m. The

data were analyzed by one-way analysis of variance (ANOVA)

followed by post-hoc Dunnett’s t-test for multiple compar-

isons. Values of Po0.05 were considered significant.

Results

Effect of cryptotanshinone on C5a-induced chemotactic migration

The standard chemotactic stimulus of C5a (1 mg ml�1) was

chosen on the basis of our previous findings (Chiou et al.,

2003a; Tsai et al., 2004). Nonstimulated control macrophages

displayed a spontaneous migration with a total of

72716 cells. The concentration gradient generated by

1 mg ml�1 of C5a induced an eightfold increase in cell

migration, as compared with nonstimulated control and is

represented as 100% in Figure 2. At noncytotoxic doses

(0.01–10 mg ml�1), an ethanolic extract of Danshen exerted a

consistent inhibitory effect on C5a-stimulated cell migra-

tion (Figure 2a). Cryptotanshinone (the major tanshinone

isolated from Danshen) alone did not influence the sponta-

neous transmigration (data not shown), but significantly
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reduced the chemotactic migration in response to C5a in a

concentration-dependent manner (IC50: 6.571.9 mM)

(Figure 2b). We also compared the effect of cryptotanshinone

on C5a-induced migration in human primary macrophages

isolated from peripheral blood. Result showed that crypto-

tanshinone also has the ability to inhibit C5a-evoked

chemotactic migration in primary macrophage cultures with

an IC50 of 3.870.5 mM (four experiments performed in

duplicate). It was important to establish whether exposure

of cells to cryptotanshinone resulted in loss of viability. Both

RAW264.7 cells and human primary macrophages were

treated with cryptotanshinone for up to 24 h and the extent

of cell death was monitored by Alamar Blue Assay. Results

showed that none of the concentrations used for cryptotan-

shinone displayed significant cytotoxicity: cell viability in

the presence of 30 mM cryptotanshinone in RAW264.7 cells

and human primary macrophages were greater than 95%

and 92%, respectively. As our results showed that the murine

macrophage-like cell line and human primary macrophage

cultures displayed the same sensitivity to cryptotanshinone,

the RAW264.7 macrophages were used in all subsequent

studies.

Roles of PI3K and MAPKs in C5a-evoked chemotactic migration

We found that RAW264.7 macrophage migration to C5a was

significantly inhibited from 100% to 81.1711.2%,

42.379.5% and 23.6710.1% by treatment with 0.01, 0.03

and 0.1 mM wortmannin, respectively. Furthermore, pre-

incubation with a mouse embryonic kidney 1/2 (MEK1/2)

inhibitor PD98059 (3 and 10 mM) or a p38 MAPK inhibitor

SB203580 (3 and 10 mM) also caused a concentration-

dependent inhibition of C5a-induced cell migration from

100% to 62.574.6% and 32.977.2%, and from 100% to

51.375.7% and 27.277.3%, respectively. In contrast, the

JNK inhibitor SP600125 failed to decrease the response of

C5a at the concentrations used (3, 10 and 20 mM). The

concentrations used for all protein kinase inhibitors were

non-cytotoxic to cells, cell viability after drug treatment

were all greater than 95% as measured by Alamar Blue Assay.

These results were consistent with our previous report (Tsai

et al., 2004) and suggested that activation of PI3K, ERK1/2

and p38 MAPK signal pathways might be the main

participants in the response to C5a.

Effects of cryptotanshinone on C5a-induced PI3K-p110g
translocation and protein kinases phosphorylation

Figure 3 shows five representative immunoblot and pooled

data from at least four independent experiments examining

the membrane translocation of PI3K-p110g and the phos-

phorylation of protein kinases by C5a stimulation, before

and after cryptotanshinone treatment, respectively. First, we

found the membrane distribution of PI3K-p110g was mark-

edly increased after stimulation of the cells with C5a for

15 min. Compared with unstimulated condition, C5a was

able to induce significant phosphorylation of Akt, a down-

stream effector protein of PI3K. In the presence of crypto-

tanshinone (3 and 10 mM), both PI3K-p110g membrane

translocation and Akt phosphorylation were significantly

attenuated. On the other hand, three MAPK phosphoryla-

tions were also significantly triggered by C5a stimulation. As

shown in Figure 3 (middle trace), the ERK1/2 antibody

recognized the two isoforms at 44 and 42 kDa and their

phosphorylation were upregulated by C5a stimulation.

Stimulation of RAW264.7 macrophages with C5a also

activated p38 MAPK, as revealed by increased phosphoryla-

tion. Immunoblots analyzed for JNK in cells treated with C5a

for 15 min showed expression of 45-kDa JNK2 and 54-kDa

JNK1 isoforms and a cleavage product (immediately below

JNK1). However, treating the cells with cryptotanshinone

selectively interfered with phosphorylation of ERK1/2, but

not that of p38 MAPK or JNK.

To elucidate the mechanism(s) of action of cryptotanshi-

none, we further investigated the signaling links between

phosphorylation of protein kinases and cell migration,

both mediated by C5a. Western blot analysis revealed
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that wortmannin significantly attenuated C5a-induced

PI3K-p110g translocation as well as Akt and ERK1/2 phos-

phorylation (Figure 4), whereas PD98059 only suppressed

C5a-induced ERK1/2 phosphorylation. These findings

demonstrated that C5a-stimulated phosphorylation of Akt

and ERK1/2 might be mediated through upstream activation

of PI3K-p110g, suggesting that C5a may transduce the signal

to PI3K through an undefined mechanism and subsequently

phosphorylation of Akt and ERK1/2 for chemotaxis.

Effect of cryptotanshinone on MIP-1a-induced chemotactic

migration, PI3K activation and MAPK phosphorylation

We also examined whether cryptotanshinone could affect

the response of macrophages to agonists from different

classes of chemotactic agents. Results shown in Figure 5

demonstrated that the chemokine, MIP-1a, at a concentra-

tion of 0.5 mg ml�1, could induce significant migration of

RAW264.7 cells, to a total of 374721 migrated cells

(represented as 100%) during the 4-h migration period. In

the presence of cryptotanshinone (1–30 mM), cell migration

toward MIP-1a was concentration dependently inhibited

from 100% to 92.475.6%, 80.373.5%, 55.476.7% and

21.273.3%, respectively (IC50: 11.372.4 mM). We also eval-

uated if cryptotanshinone could interfere with MIP-1a-

induced PI3K translocation as well as Akt and ERK1/2

phosphorylation. Figure 6 showed that no significant band

was seen in unstimulated cells, but stimulating the cells with

MIP-1a for 15 min resulted in an increase in the membrane

distribution of PI3K-p110g (upper trace) and also upregula-

tion of Akt and ERK1/2 phosphorylation. Both PI3K-p110g
translocation and protein kinase phosphorylation were

clearly attenuated by cryptotanshinone.

Discussion

Cryptotanshinone was previously observed to possess potent

antibacterial activity and had been used against inflamma-

tion (Lee et al., 1999). We report here that cryptotanshinone

could inhibit chemotactic migration of macrophage, a

crucial indicator of leukocyte trafficking in inflammation.

Indeed, our results indicated that cryptotanshinone not only

inhibited C5a-induced migration, but also inhibited cell

migration in response to MIP-1a. These results suggested that

cryptotanshinone may be one of the active components

from S. miltiorrhiza and acts as an inhibitor to block a variety

of inflammatory stimulation. Lee et al. (1999) had evaluated

the antibacterial activity of cryptotanshinone and dihydro-

tanshinone I. They found that cryptotanshinone and di-

hydrotanshinone I generated superoxide radicals in Bacillus

subtilis lysate and suggested that superoxide radical are

important in the antibacterial actions of the agents. Never-

theless, Sato et al. (2001) had evaluated the direct effect of
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superoxide on fibronectin-induced fibroblast migration and

found that superoxide generation did not significantly affect

fibronectin-induced fibroblast migration. Based on these

reports, we suggest that the anti-chemotactic effects of

cryptotanshinone may be independent of its ability to

generate superoxide radicals.

PI3K has been implicated as a signaling enzyme activated

by chemoattractant receptors (Siddiqui and English, 2000).

This pathway leads to activation of Akt (also known as PKB),

a cytosolic serine/threonine kinase that acts downstream of

PI3K (Matsui et al., 2003). Previous reports revealed that

agonist binding to the C5a receptor can activate multiple

signaling proteins including PI3K (Monsinjon et al., 2003).

Some of the earliest studies of wortmannin and LY294002

(PI3K inhibitors) described inhibition of chemotaxis in

macrophages treated with chemoattractants (Okada et al.,

1994; Vlahos et al., 1995). There are two types of class I PI3Ks,

both of which are heterodimeric molecules composed of a

p110 catalytic subunit and a regulatory subunit (Hawkins

et al., 2006). Class IA enzymes contain a p110a, b or d
catalytic subunit and an SH2 domain-containing adaptor

subunit, p85a, p85b or p55g. Class IB enzymes contain only

one member PI3Kg, which is composed of a p101 regulatory

subunit and a p110g catalytic subunit (Fruman and Cantley,

2002). PI3Kg is a key player in the regulation of leukocyte

functions such as chemotaxis and superoxide production

(Katso et al., 2001). This enzyme is regulated by Gbg subunits

liberated upon activation of heterotrimeric G proteins. A

great variety of stimuli activate PI3K, leading to the

recruitment of p110g to the cell membrane (Brock et al.,

2003). In vivo migration of inflammatory cells was also

impaired in the absence of p110g. Studies of mice lacking

PI3K-p110g have shown that this isoform is essential for

phosphatidylinositol (3,4,5)-trisphosphate (PtdIns(3,4,5)P3)

production and downstream Akt/PKB activation in macro-

phages exposed to C5a or IL-8 (Hirsch et al., 2000; Sasaki

et al., 2000). Naccache et al. (2000) further observed that in

resting cells, PI3Kg is predominantly localized in the cytosol,

whereas activation of G-protein-coupled receptors (GPCRs)

induced an increase of PI3Kg in the membrane fraction. This

work has established p110g as a critical PI3 K isoform linking

ligands for GPCRs to chemotaxis.

In this experiment, the possible involvement of PI3K in

C5a-induced chemotactic migration in RAW264.7 macro-

phage was first established. We identified that C5a can
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Figure 4 Effects of PD98059 and wortmannin on PI3K-p110g
translocation and protein phosphorylation of Akt and p38 MAPK in
response to C5a, respectively. Western blot analysis was performed
as described in Methods. Similar results were obtained in four
independent experiments. Bands were visualized by an ECL method
and quantified with a densitometer. *Po0.05 and **Po0.01,
indicate significance of difference as compared with samples
receiving C5a alone. C5a, complement 5a; p38 MAPK, p38
mitogen-activated protein kinase; PI3K, phosphatidylinositol
3-kinase.
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Figure 5 Effects of cryptotanshinone on MIP-1a-induced chemo-
tactic migration in RAW264.7 macrophages. Cells pre-incubated
with cryptotanshinone for 30 min were plated onto the upper wells
of the chamber. MIP-1a (0.5mg ml�1) was added to the lower wells
for 4 h to induce cell migration. Migration was assessed by counting
the number of migrated cells in five microscopic fields per well at
�400 magnification. C5a-induced cell migration was designated as
100%. Data reported are mean7s.e.m. of six independent experi-
ments, each performed in triplicate. *Po0.05 and **Po0.01,
indicate significance of difference as compared with samples
receiving MIP-1a alone. C5a, complement 5a; MIP-1a, macro-
phage-inflammatory protein-1a.
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activate PI3K-110g membrane translocation and Akt phos-

phorylation in RAW264.7 cells. We demonstrated that

wortmannin, a specific PI3K inhibitor, significantly sup-

pressed cell migration in response to C5a, emphasizing the

importance of this enzyme as part of the C5a receptor-

activated signal cascade leading to chemotactic migration of

macrophages. Our results showed that cryptotanshinone

significantly attenuated not only C5a-induced migration,

but also C5a-stimulated PI3K-p110g translocation and Akt

phosphorylation. This finding suggested that interfering

with PI3K pathway may contribute to cryptotanshinone’s

antagonism of the chemotactic response induced by C5a.

The chemotactic process appears to be also highly

regulated by MAPKs (ERK1/2, JNK and p38 MAPK) and each

with a unique signaling pathway. Previous studies also

showed that MAPK inhibitors decrease cell migration in

response to chemoattractants (Boehme et al., 1999; Ayala

et al., 2000). Although the chemotaxis process is the result of

multiple signaling pathways (Wenzel-Seifert and Seifert,

2001), it is likely that activation of ERK1/2 and p38 MAPK

pathways, but not JNK, contributes mainly to the chemo-

tactic migration evoked by C5a in RAW264.7 macrophages,

as the MEK1/2 inhibitor (PD98059) and a p38 MAPK

inhibitor (SB203580), but not the JNK inhibitor

(SP600125), clearly suppressed the chemotactic response.

MAPKs were among the first kinases to be implicated in the

synthesis of pro-inflammatory cytokines and several inhibi-

tors of cytokine production exert their activity by blocking

MAPKs activation (Mantovani et al., 2000). Thus, MAPK

inhibitors have been shown to be of significant therapeutic

benefit in a number of models of inflammation, including

endotoxin shock, arthritis and pulmonary inflammation

(Badger et al., 1996; Nick et al., 2000). Results obtained from

this study demonstrated that cryptotanshinone selectively

abolished C5a-stimulated ERK1/2 phosphorylation, suggest-

ing that cryptotanshinone acts by blocking this pathway to

suppress cell recruitment. Suh et al. (2006) reported that

cryptotanshinone significantly attenuated TNF-a-induced

migration of human aortic smooth muscle cells by inhibiting

ERK1/2, p38 and JNK MAPK phosphorylation. We suggest

that there is no real discrepancy between these and our

results for at least two reasons. First, two very different cell

types were used. Second, Suh et al. (2006) used a higher

concentration (10 mg ml�1) of cryptotanshinone, equal to

about 33 mM (MW of cryptotanshinone is 296.4). At such a

higher concentration, a nonselective effect of cryptotanshi-

none on phosphorylation of MAPKs may be more likely.

Whether the phosphorylation of ERK1/2 by C5a is linked

to PI3K activation was not clear. We further characterized the

interaction between these two signaling molecules. Western

blot analysis showed that wortmannin pre-treatment clearly

blocked not only C5a-induced PI3K-110g translocation, but

also ERK1/2 phosphorylation. In contrast, PD98059 (an

MEK1/2 inhibitor) affected only ERK phosphorylation. It

was postulated that C5a-mediated activation of PI3K is

necessary for ERK1/2 activation and that C5a promoted the

phosphorylation of ERK downstream of PI3K pathway.

Nevertheless, our results did not show if there is crosstalk

between ERK1/2 and Akt signaling. According to the above

observation, we speculated that cryptotanshinone might

inhibit C5a-induced cell migration by interfering with P13K

activation and subsequently ERK1/2 phosphorylation.

Chemoattractants (such as C5a) and chemokines (such as

MIP-1a), although act through different receptors (such as

C5a receptor and C-C chemokine receptors), can activate

intracellular protein kinase cascades to mediate cell migra-

tion (Mukherjee and Pasinetti, 2001; Lentzsch et al., 2003).

Our results confirmed that exposure of macrophages to MIP-

1a increased the translocation levels of PI3K-110g. Migration

assays with the selective PI3K inhibitor wortmannin further

revealed that PI3K also plays a pivotal, but possibly not an

essential, role in mediating MIP-1a-induced migration.
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Figure 6 Effects of cryptotanshinone on MIP-1a-induced PI3K-
p110g translocation and protein phosphorylation of Akt and ERK1/2
in RAW264.7 macrophages, respectively. Western blot analysis was
performed as described in Methods. Similar results were obtained in
four independent experiments. Bands were visualized by an ECL
method and quantified with a densitometer. *Po0.05 and
**Po0.01, indicate significance of difference as compared with
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Hence, it is not surprising that cryptotanshinone simulta-

neously exerts its inhibitory activity against the cell

response to C5a and MIP-1a. In summary, it is concluded

that interfering with PI3K activation and thus reducing

the phosphorylation of Akt and ERK1/2 may account for the

antagonism of cell migration shown by cryptotanshinone,

suggesting that cryptotanshinone may be used as an

effective antimigratory drug against inflammatory disorders

by limiting the early phases of macrophage infiltration.
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