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Effect of tranilast on matrix metalloproteinase 
production from neutrophils in-vitro 

Toshiyuki Shimizu, Ken-Ichi Kanai, Yoshiyuki Kyo, Kazuhito Asano,

Tadashi Hisamitsu and Harumi Suzaki 

Abstract 

Tranilast is an anti-allergic agent that blocks the release of chemical mediators, such as histamine
and leukotrienes from mast cells, and has been reported to suppress keloid and hypertrophic scar
formation. Since matrix metalloproteinases (MMPs) play an essential role in tissue remodelling, this
study was undertaken to determine whether tranilast suppresses MMP production from neutrophils
after lipopolysaccharide (LPS) stimulation in-vitro. Neutrophils from five healthy donors (1 × 105

cells/mL) were stimulated with 1.0 �g mL−1 LPS in the presence or absence of various concentrations
of tranilast for 24 h. MMP-7, MMP-8, MMP-9 and tissue inhibitor of metalloproteinase (TIMP)-1 lev-
els in the culture supernatants were assayed by ELISA. In addition, the influence of tranilast on MMP
mRNA expression and transcriptional factor activation in cells cultured for 12 h and 4 h was also
evaluated by reverse transcriptase–polymerase chain reaction (RT-PCR) and enzyme-linked immuno-
sorbent assay (ELISA), respectively. Tranilast inhibited MMP and TIMP-1 production from neutrophils
when cells were treated with the agent at more than 5.0 × 10−5 M. It also suppressed MMP mRNA
expression and transcriptional factor activation induced in neutrophils by LPS stimulation. The
results suggest that tranilast inhibits the formation of keloid scarring through the suppression of
factors such as MMPs and TIMP, which are essential for tissue remodelling, from inflammatory cells. 

Tranilast (N-(3,4-dimethoxycinnamoyl) anthranilic acid) is used clinically in Japan for the
treatment of allergic disorders, such as atopic dermatitis, bronchial asthma and pollinosis,
with remarkable success (Azuma et al 1976; Ukai et al 1993). The clinical efficacy of trani-
last has been found to depend on inhibition of the release of chemical mediators and inhibi-
tion of hypersensitivity reactions (Azuma et al 1976; Isaji et al 1997). In addition to its anti-
allergic effect, several studies have shown that tranilast can prevent, or act to improve, kel-
oid and hypertrophic scars (Isaji et al 1994; Suzawa et al 1992a). Although it has been spec-
ulated that these inhibitory effects of tranilast are, in part, attributable to its suppressive
action on proliferation and collagen biosynthesis by fibroblasts (Isaji et al 1994, 1997;
Suzawa et al 1992a), which are responsible for keloid formation and hypertrophic scars, the
precise mechanisms are not well understood (Maita et al 2004). 

The process by which tissue repair takes place is referred to as the wound healing period,
and it comprises a continuous sequence of inflammation and repair, in which several types of
cells (e.g., epithelial cells, inflammatory cells, fibroblasts, etc.) briefly come together outside
their normal domains, interact to restore a semblance of their usual discipline and having
done so resume their normal function. Wound healing has been arbitrarily divided into three
phases: inflammation, proliferation and maturation (Redd et al 2004; Richardson 2004).
Within 6 h after an injury, circulating immune cells start to appear in the wound. Polymor-
phonuclear leucocytes, especially neutrophils, are the first blood leucocytes to enter the
wound site. Their numbers increase steadily and peak at 24–48 h. In the absence of infection
at the wound site, their numbers decrease rapidly after the third day. The next cellular
immune element to enter the wound is macrophages. These cells first appear within 48–96 h
post-injury, and their numbers reach a peak at about the third day. These macrophages have a
longer life span than other inflammatory cells, and they persist in the wound until healing is
complete. Their appearance is followed by T cells, which appear in significant numbers at
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about the fifth to the seventh day post-injury. The recruitment
of circulating immune cells into inflammatory sites involves
traversing both the postcapillary venule walls and the intersti-
tium. To traverse these barriers, immune cells adhere to
endothelial cells and degrade extracellular matrix proteins
(Hashimoto et al 2001; Kanai et al 2004a). The degradation of
extracellular matrix proteins, including basement membrane
proteins, is regulated by matrix metalloproteinases (MMP)
and their inhibitors (tissue inhibitors of metalloproteinase;
TIMP), which are secreted by a wide variety of cells, includ-
ing immune cells (Hashimoto et al 2001; Kanai et al 2004a).
Previous reports clearly show the suppression of MMP
(MMP-1, -2 and -9) production from both gingival (Maita et al
2004) and nasal fibroblasts (Shimizu et al 2005) by tranilast,
suggesting that this suppressive activity may contribute to
inhibition of keloid formation and hypertrophic scars. How-
ever, the influence of tranilast on MMP production from
inflammatory immune cells, such as macrophages and neu-
trophils, which are important for wound healing, is not well
defined. This study, therefore, was undertaken to investigate
the effect of tranilast on MMP production from neutrophils in
response to lipopolysaccharide (LPS) stimulation in-vitro. 

Agents 

Tranilast (N-(3,4-dimethoxycinnamoyl) anthranilic acid) was
kindly donated by Kissei Pharmaceutical Co. Ltd (Matsumoto,
Japan) as a preservative-free pure powder. This was dissolved
in antibiotic-free RPMI-1640 medium (Sigma Chemicals, Co.
Ltd, St Louis, MO, USA) supplemented with 10% heat-
inactivated fetal calf serum (RPMI-FCS; Flow Laboratories,
North Ride, Australia) at 10−2 M. This solution was sterilized
by passing through a 0.22-�m filter and stored at 4°C as a
stock solution. All dilutions of tranilast used in this study were
prepared from this stock solution. LPS (Sigma Chemical Co.
Ltd) was dissolved in RPMI-FCS at 2.0 �g mL−1. Monoclonal
antibodies against human MMP-7, -8 and -9 were purchased
from R & D Systems Inc. (Minneapolis, MN, USA). LPS
extracted from Klebsiella pneumoniae was purchased from
Sigma Chemical Co. Ltd and dissolved in RPMI-FCS. Base-
ment membrane matrix (Matrigel) was purchased from Becton
Dickinson Labware (Bedford, MA, USA). 

Cell preparation 

Heparinized human venous blood was obtained from five
healthy subjects (all male, 25–52 years) after obtaining their
written informed consent. The blood was diluted twice with
phosphate-buffered saline (PBS) and layered onto Mon-Poly
Resolving Medium (Flow Laboratories, Inc., MacLean, VA,
USA). After centrifugation at 1000g for 30min at 25°C, periph-
eral blood leucocytes (PBLs) were collected from the plasma–
medium interface and washed three times with PBS. CD16+

cells, neutrophils, were separated from PBL using a magnetic
cell separator (Milteny Biotec, Bergisch Gladbach, Germany).
PBLs were labelled with human CD16 monoclonal antibody-
coated magnetic beads (Milteny Biotec) and then applied to a

column placed in the separator. After removing unlabelled cells
by washing with PBS, the column was removed from the separa-
tor and rinsed with PBS. The entire eluted cells were washed
twice with RPMI-FCS, resuspended at a concentration of 1×106

cells/mL, and used as neutrophils. The purity of neutrophils was
more than 97% as judged by Giemsa’s stain. 

Cell culture 

Neutrophils (1 × 105 cells/mL) were introduced into each well
of 24-well plates, which contained 1.0 �g mL−1 LPS and vari-
ous concentrations of tranilast in a final volume of 2.0 mL.
The plates were then maintained at 37°C in a humidified
atmosphere with 5% CO2. The supernatant was collected 24 h
later and stored at −40°C until assayed for the levels of both
MMP and TIMP. To prepare cells to be examined for tran-
scription factor activity and mRNA expression, neutrophils
were cultured in a similar manner for 4 h and 12 h, respec-
tively. In all experiments, tranilast treatment was started 1 h
before LPS stimulation. 

Transmigration assay 

Neutrophil migration activity was assessed by Transwell plates
as described previously with some modifications (Hashimoto
et al 2001; Kanai et al 2004b). Transwell chambers fitted with
polyvinylpyrolidine-free polycarbonate filters with 3.0-�m
pore size were used (Corning Coster Corp., Cambridge, MA,
USA). Each filter was coated with 50 �L of Matrigel (200 �g)
in RPMI-1640 medium without FCS and incubated for 1 h at
37°C to create a thin continuous barrier on the top of the filter.
To assess the influence of MMP-7, -8 and -9 on neutrophil
migration, cells were seeded onto the coated membrane in the
upper chamber of the Transwell at 1× 106 cells in 500 �L of
RPMI-FCS, and stimulated with 1.0�g mL−1 LPS in the
absence or presence of antibodies to MMP-7, −8 and −9
(5.0 �g mL−1 each). The lower chamber was filled with 1.0 mL
of RPMI-FCS containing the same concentration of both LPS
and monoclonal antibodies as the upper chamber. The cells
were then cultured for 24 h, and the medium was harvested
from the lower chamber. The number of cells in the medium
was counted under a microscope. The number of cells that had
adhered to the bottom of the lower chamber and the lower sur-
face of membrane was also counted. To examine the influence
of tranilast on neutrophil migration, cells (1× 106) seeded onto
a Matrigel-uncoated membrane in the upper chamber were cul-
tured in the presence of various concentrations of tranilast in a
total volume of 500�L of RPMI-FCS. The lower chamber was
filled with 1.0 mL of RPMI-FCS containing the same concen-
tration of tranilast as the corresponding culture wells (the upper
chamber) and cells that had migrated after 24 h were counted in
a similar manner. The results were expressed as % of migration
calculated as follows:

(number of cells migrated/1 × 106 cells) × 100. 

Assay for MMPs and TIMP-1 

MMP and TIMP-1 levels in culture supernatants were
measured in duplicate with commercially available MMP-7,
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MMP-8, MMP-9 and TIMP-1 ELISA test kits (Amersham
Biosciences Corp., Piscataway, NJ, USA) according to the man-
ufacturer’s recommendation. The sensitivity of the ELISA kits
for MMP-7, MMP-8, MMP-9 and TIMP-1 was 0.16ngmL−1,
1.7ngmL−1, 0.6ngmL−1 and 3.0ngmL−1, respectively. 

Assay for mRNA expression 

mRNA expression was assessed by means of the reverse
transcriptase–polymerase chain reaction (RT-PCR). Poly A+

mRNA was extracted from neutrophils with �MACS mRNA
isolation kits (Milteny Biotec) according to the manufacturer’s
instructions. The first-strand cDNA was synthesized from
1.0 �g mRNA with a Superscript cDNA synthesis kit (Invitro-
gen Corp., Carlsbad, CA, USA). Amplification of cDNA
(1.0 �L) was performed with a Takara PCR Amplification kit
(Takara Shuzo, Co. Ltd., Shiga, Japan) using specific primers
for MMP and �-actin in a final volume of 30�L. The primers
used for RT-PCR were 5′-AGCCAAACTCAAGGAGATGC-3′
(sense) and 5′-ACTCCACATCTGGGCTTCTG-3′ (antisense)
for MMP-7 (Barille etal 1999), 5′-ATGGCACAACACCTC
CGCAA-3′ (sense) and 5′-GTCAATTGCTTGGACGCTGC-3′
(antisense) for MMP-8 (Arechavaleta-Velasco etal 2004), 5′-
CCCACATTTGACGTCCAGAGAAGAA-3′ (sense) and
5′-GTTTTTGATGCTATTGGCTGAGATCCA-3′ (anti-sense)
for MMP-9 and 5′-CGGAACCGCTCATTGCC-3′ (sense) and
5′-ACCCACACTGTGCCCATCTA-3′ (antisense) for �-actin
(Kanai etal 2004b). The PCR conditions for MMP-9 and �-actin
were: 4min at 94°C, followed by 30 cycles of 30s at 95°C, 30s
at 50°C and 30s at 70°C (Kanai etal 2004b). The conditions for
MMP-7 (Barille etal 1999) were: 15min at 95°C, followed by
40 cycles of 15s at 94°C, 30s at 56°C and 60s at 72°C, and
for MMP-8 (Arechavaleta-Velasco etal 2004) 4min at 94°C,
followed by 30 cycles of 30 s at 94°C, 30 s at 56°C and 45 s
at 72°C. After cycling, there was a DNA extension period of
2 min at 70°C (Barille et al 1999; Arechavaleta-Velasco et al
2004; Kanai et al 2004b). Each PCR product (10 �L) was run
on 3% agarose gels, visualized with a UV illuminator after
SYBR Green (BioWhittaker Molecular Applications,
Rockland, ME, USA) staining and photographed. Intensity of
mRNA level was corrected by �-actin transcripts calculated
by a densitometer. 

Assay for nuclear factor-�B (NF-�B) and 
transcription factor AP-1 activity 

NF-�B activity was analysed with a commercially available
ELISA test kit (Active Motif, Carlsbad, CA, USA) containing
sufficient reagents and monoclonal antibodies against P50
and P65 by following the manufacturer’s recommended pro-
cedure. In brief, nuclear extract (5.0 �g protein) from neu-
trophils was introduced into each well of 96-well microtitre
plates pre-coated with oligonucleotide containing the NF-�B
consensus site (5′-GGGACTTTCC-3′) in a volume of
20.0 �L, and incubated for 1 h at 25°C. After washing three
times, 100 �L of monoclonal antibody to P50 or P65 was
added to the appropriate wells and incubated for a further 1 h
at 25°C. Anti-IgG HRP-conjugate in a volume of 100 �L was
then added and incubation was continued for another 1 h at
25°C. Absorbance at 450 nm was measured after the addition

of tetramethylbenzine solution. AP-1 activity was also
assessed in a similar manner by using a commercially avail-
able ELISA test kit (Active Motif) that contains sufficient
reagents and monoclonal antibodies to Fra 1 and Jun B. 

Statistical analysis 

The statistical significance of the difference between the con-
trol and experimental data was analysed using analysis of var-
iance followed by Fisher’s PLSD test. P < 0.05 was
considered significant. 

Influence of tranilast on neutrophil migration 

The first set of experiments was undertaken to determine
whether neutrophils are capable of degrading Matrigel, which
resembles basement membrane, and migrate through it, and to
determine whether tranilast is capable of inhibiting neutrophil
migration. The influence of tranilast on neutrophil migration
was first examined with a transwell filter that was not coated
with Matrigel. Tranilast did not prevent spontaneous neu-
trophil migration even when the cells were treated with a con-
centration of 5.0 × 10−5 M (Figure 1A). We then examined the
influence of tranilast on neutrophil migration through a
Matrigel transwell filter, when the cells were stimulated with
LPS in the presence of various concentrations of tranilast. LPS
stimulation caused a significant increase in migration of
neutrophils through the Matrigel transwell filter (Figure 1B;
LPS alone), and this effect was significantly inhibited by the
addition of anti-MMP to the culture medium (Figure 1B;
LPS + anti-MMP). The data in Figure 1B clearly show that
neutrophil migration, which was induced by LPS stimulation,
was suppressed by the addition of tranilast into the culture
medium and that the minimum concentration of tranilast that
caused significant suppression was 5.0 × 10−5 M. 

Influence of tranilast on MMP and TIMP-1 
production from neutrophils in response to LPS 
stimulation in-vitro 

The second set of experiments was undertaken to assess the
effect of tranilast on MMP and TIMP-1 production by neu-
trophils in response to LPS stimulation in-vitro. Neutrophils
were stimulated with 1.0 �g mL−1 LPS for 24 h in the pres-
ence or absence of various concentrations of tranilast. The
MMP and TIMP-1 levels were analysed by ELISA. Lower
concentrations of tranilast (0.5–2.5 × 10−5 M) did not suppress
MMP-7 production from neutrophils, which was increased by
LPS stimulation (Figure 2A): experimental culture superna-
tants contained nearly identical (not significant) levels of
MMP-7 to that in control supernatants collected from cells
stimulated with LPS alone. However, tranilast at a concentra-
tion of 5.0 × 10−5 M and higher caused significant suppression
of MMP-7 production. We then investigated whether tranilast
is also capable of suppressing the ability of neutrophils to
produce MMP-8 in response to LPS stimulation. The data in

Results 
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Figure 2B clearly show that tranilast could suppress the pro-
duction of MMP-8 from neutrophils when the cells were
stimulated with LPS in the presence of tranilast at more than
5.0 × 10−5 M. Tranilast suppressed MMP-9 production as in
the case of MMP-8 (Figure 2C). Since MMP production from
cells in response to several types of stimulation has been
reported to be associated with production of TIMP, we inves-
tigated the influence of tranilast on TIMP production from
neutrophils in response to LPS stimulation. The data in Fig-
ure 2D clearly show that tranilast suppressed TIMP-1 produc-
tion from neutrophils stimulated by LPS. The minimum
concentration of tranilast that caused significant suppression
of TIMP-1 production was 5.0 × 10−5 M. 

Influence of tranilast on mRNA expression for 
MMP and TIMP-1 in neutrophils 

The third set of experiments was carried out to examine
whether tranilast could suppress mRNA expression for MMP
and TIMP-1 and result in protein production. As shown in
photographs in Figure 3, the addition of tranilast into the cell
culture caused significant suppression of the mRNA expres-
sion examined. This suppression by tranilast was confirmed
by graphs showing the ratios of target/�-actin. 

Influence of tranilast on transcriptional factor 
activation in neutrophils 

The final set of experiments was designed to examine the
possible mechanisms by which tranilast suppresses MMP
and TIMP-1 mRNA expression. To do this, we examined

transcriptional factor, NF-�B and AP-1, activation induced
by LPS stimulation. As shown in Figure 4, tranilast sup-
pressed LPS-stimulated NF-�B activation. This was dose
dependent, and the minimum concentration of tranilast for
suppression of P50 and P65 was 5.0 × 10−5 M and 2.5 × 10−5 M,
respectively. The data in Figure 5 also show the suppressive
activity of tranilast at 5.0 × 10−5 M on AP-1 (Jun B and Fra-1)
activation enhanced by LPS stimulation. 

The wound inflammatory response, the so-called inflammatory
phase, can be divided into early inflammation, in which neu-
trophil infiltration predominates, and late inflammation, which is
characterized by a mononuclear cell infiltration consisting of
macrophages and lymphocytes (Redd etal 2004; Richardson
2004). After the clearing of devitalized and unwanted materials,
including macroorganisms, at inflammatory phase it gives way
to the proliferative phase of healing characterized by the forma-
tion of granulation tissue in the wound (Redd etal 2004;
Richardson 2004). Granulation tissue consists of a combination
of cellular elements, including fibroblasts and inflammatory
cells, along with new capillaries embedded in a loose extracellu-
lar matrix of collagen, fibronectin and hyaluronic acid (Redd etal
2004; Richardson 2004). These morphological changes are now
called tissue remodelling and are important in the development
of inflammatory diseases, such as arthritis and bronchial asthma,
as well as wound repair (Hashimoto etal 2001; Salib & Howarth
2003; Kanai etal 2004a). Tissue remodelling has also been
linked to alterations in the activity of both MMPs and TIMP. The
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MMPs are a family of Ca2+-activated, Zn2+-dependent
endopeptidases that can degrade various components of the
extracellular matrix and basement membrane (Birkedal-Hansen
1995). More than 20 members of MMP have been identified to
date, and they have been classified into several groups based on
their substrate specificity and structure (Nagase & Woessner
1999). MMP-8 is secreted mainly by neutrophils and preferen-
tially degrades type I, II, III and X collagen (Arechavaleta-
Velasco etal 2004), whereas MMP-9 specifically degrades type
IV and V collagen, denatured collagen and elastin (Hashimoto
etal 2001; Kanai etal 2004a, b), which are the most important
components of the extracellular matrix and basement membrane.
MMP may also be implicated in microvascular permeability,
leading to oedema and enhancement of cell migration (Ohno etal
1997; Hoshino etal 1998). Taken together, our results may be
interpreted that the suppressive effect of tranilast on MMP pro-
duction at 5.0×10−5 M, which is lower than therapeutic blood
levels (3×10−4 M) (Suzawa etal 1992b), constitutes the therapeu-
tic mode of action of tranilast on inflammatory diseases, includ-
ing wound repair. 

Most MMPs are secreted in an inactive proenzyme form and
are subsequently activated in the pericellular and extracellular

environment by plasminogen and elastase, among others
(Birkedal-Hansen 1995; Nagase & Woessner 1999). Secreted
pro-MMP is also activated by various proteinases belonging to
the MMP family: membrane-type MMPs (MT-MMPs) can acti-
vate pro-MMP-2, and MMP-7 has been described as a potent
MMP-1 and -9 activator (Birkedal-Hansen 1995; Nagase &
Woessner 1999). From these reports, it is reasonable to speculate
that the suppressive action of tranilast on MMP-7 production is
partially responsible for the attenuating effect of tranilast on the
development of remodelling in inflammatory tissues. In contrast
to the MMP-inhibitory action of TIMPs, they have been shown
to have a mitogenic action on a number of cell types and to
enhance cells growth (Gomez etal 1997). TIMPs also exert an
inhibitory effect on the growth of fibroblasts (Herbst etal 1997;
Kim etal 2005), which are the most important component of
granuloma observed in inflammatory sites. In addition to these
TIMP functions as a controller of cell growth, TIMPs inhibit
TNF-�-converting enzyme activation and IL-6 receptor shed-
ding (Amour etal 1998), suggesting that the suppressive activity
of tranilast on TIMP-1 production may be partially responsible
for its anti-inflammatory action and inhibition of hypertrophic
scarring and keloid formation. 
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The mechanisms and signal transduction pathway
involved in the production of MMPs and TIMP in neutrophils
are not well defined. Prostaglandins (PGs), especially PGE1
and PGE2, however, have been reported to up-regulate the
production of MMPs and TIMP-1 in various human cells
after inflammatory stimulation in-vitro (DiBattista et al 1994;
Domeij et al 2002). The involvement of PGs is also reported
in the production of MMPs in human pulp cells (Huang et al
2004) and prostate epithelial cells (Attiga et al 2000). Our
results clearly show the suppressive effect of tranilast on the

production of MMPs and TIMP-1, and that the minimum
concentration of the agent that causes significant suppression
was 5.0 × 10−5 M. These findings suggest that PG-independent
mechanism(s) may be implicated in MMP and TIMP-1
production from neutrophils in response to LPS stimulation,
since tranilast at 1 × 10−6 M is reported to significantly sup-
press the production and secretion of PGE2 from human
peripheral blood monocytes in response to LPS stimulation
in-vitro (Capper et al 2000). The signal transduction pathway
involved in MMP production from several types of cells after
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in the nucleus was assayed by ELISA. The data are expressed as mean optical density (OD) at 450 nm ± s.e.m. of five different subjects. *P < 0.05, vs
LPS alone. 

Fra-1Jun B

O
p

ti
ca

l d
en

si
ty

 a
t 

45
0 

n
m

0

0.25

0.5

0.75

1.0

0

0.5

1.0

1.5

*

*

Med
alone

LPS
alone LPS + TR (x 10–5 M)

0.5 2.5 5.0 Med
alone

LPS
alone LPS + TR (x 10–5

 M)

0.5 2.5 5.0

Figure 5 Influence of tranilast (TR) on AP-1 activation in neutrophils by LPS stimulation. Neutrophils prepared from human peripheral blood
(1 ×105 cells/mL) were stimulated with 1.0�gmL−1 LPS in the presence of various concentrations of tranilast for 4h. AP-1 (Fra 1 and Jun B) activity in the
nucleus was assayed by ELISA. The data are expressed as mean optical density (OD) at 450nm± s.e.m. of five different subjects. *P< 0.05, vs LPS alone. 
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inflammatory stimulation was studied using tyrosine kinase
and p38 mitogen-activated protein kinase (MAPK) inhibitor,
and showed that these kinases are essential factors in the sig-
nal pathway for MMP production (Domeij et al 2002; Huang
et al 2004). The p38 MAPK pathway also plays an essential
role in the production of chemokines such as monocyte chem-
oattractant protein (MCP)-1 and IL-8 (Matsuyama et al 2004;
Lavigne & Eppihimer 2005). Extracellular signal-regulated
kinases and Jun N-terminal kinases (JNK) are reported to be
implicated in the expression of collagenase and chemokine
(IL-8) genes in response to inflammatory stimulation in cul-
tured cells (Chikaraishi et al 2001; Pillinger et at 2003). All of
these kinases are recognized to contribute to the activation of
transcriptional factors, such as NF-�B and AP-1, which are
essential for MMP production (Sato & Seiki 1993; Okamoto
et al 1994). From these reports, our results may suggest that
tranilast at more than 5.0 × 10−5 M (but not less than 2.5 × 10−
5 M) inhibits the activation of NF-�B and AP-1 through the
inhibition of several types of kinase activation induced by
LPS stimulation and results in suppression of MMP and
TIMP-1 production. This suggestion may be supported, in
part, by the observation that tranilast could suppress IL-8
release from LPS-stimulated human monocytes by the inhibi-
tion of MAPK activation, when the cells were treated with the
agent at more than 8.4 × 10−5 M in-vitro (Capper et al 2000).
Different from MMPs, which contain binding sites for NF-�B
and AP-1, TIMPs have PEA3, a protooncogene-related tran-
scription factor, binding sites in their promoters in addition to
AP-1 binding sites and the transcription of TIMPs is depend-
ent on PEA3 and AP-1, which are activated by MAPK
(Edward et al 1992). Tranilast at more than 3.0 × 10−5 M is
reported to be able to suppress MCP-1 production induced by
interleukin-1� stimulation in mesangial cells (Chikaraishi
et al 2001), and this inhibitory action of tranilast is owing to
its suppressive effect on the activation of JNK, a member of
the MAPK family (Chikaraishi et al 2001). These reports may
further strengthen our speculation that tranilast could sup-
press MMP and TIMP-1 production through inhibition of
MAPK activation. 

In-vitro treatment of neutrophils with tranilast at 5.0×10−5 M

caused significant, but not complete, suppression of the pro-
duction of MMPs and TIMP-1 in response to LPS stimula-
tion, whereas the same treatment of cells almost completely
inhibited the expression of mRNA for MMPs and TIMP-1.
The reason for this discrepancy is not clear at present. It is
possible that important events, such as the induction of a cer-
tain level of activation of transcription factor and specific
mRNA expression, may occur at 0–12 h in neutrophils by
LPS stimulation in the presence of 5.0 × 10−5 M tranilast.
Then, lower levels of proteins will be secreted and stored in
culture medium without degradation for 24 h after stimula-
tion. This may be responsible for the difference between the
protein levels measured and mRNA expression. Further
experiments are needed to clarify these points. 

In conclusion, these results indicate that the therapeutic
mode of action of tranilast on neutrophil-derived inflamma-
tory responses may be due to its suppressive action on MMP
and TIMP production. Thus, tranilast may reduce the extra-
cellular spread of inflammation through the inhibition of
tissue remodelling. 

Amour, A., Slocombe, P. M., Webster, A., Butler, M., Knight, C. G.,
Smith, B. J., Stephens, P. E., Shelley, C., Hutton, M., Knauper, V.,
Docherty, A. J. P., Murphy, G. (1998) TNF-� converting enzyme
(TACE) is inhibited by TIMP-3. FEBS Lett. 435: 39–44 

Arechavaleta-Velasco, F., Marciano, D., Diaz-Cueto, L., Parry, S.
(2004) Matrix metalloproteinase-8 is expressed in human chorion
during labor. Am. J. Obstet. Gynecol. 190: 843–850 

Attiga, F. A., Fernandez, P. M., Weeraratna, A. T. Manyak, M. J.,
Patierno, S. R. (2000) Inhibitors of prostaglandin synthesis inhibit
human prostate tumor cell invasiveness and reduce the release of
matrix metalloproteinases. Cancer Res. 60: 4629–4637 

Azuma, H., Banno, K., Yoshimura, T. (1976) Pharmacological prop-
erties of N-(3′, 4-dimetoxycinnamoyl) antharanilic acid (N-5′), a
new anti-atopic agent. Br. J. Pharmacol. 58: 483–488 

Barille, S., Bataille, R., Rapp, M. J., Harusseau, J. L., Amiot, M.
(1999) Production of metalloproteinase-7 (matrilysin) by human
myeloma cells and its potential involvement in metalloproteinase-
2 activation. J. Immunol. 163: 5723–5728 

Birkedal-Hansen, H. (1995) Proteolytic remodeling of extracellular
matrix. Curr. Opin. Cell Biol. 7: 728–735 

Capper, E. A., Roshak, A. K., Bolognes, B. J., Podolin, P. L., Smith,
T., Dewitt, D. L., Anderson, K. M., Marshall, L. A. (2000) Modu-
lation of human monocytes activities by tranilast, SB252218, a
compound demonstrating efficacy in restenosis. J. Pharmacol.
Exp. Ther. 295: 1061–1069 

Chikaraishi, A., Hirahashi, J., Takase, O., Marumo, T., Hishikawa,
K., Hayashi, M., Saruta, T. (2001) Tranilast inhibits interleukin-
1�-induced monocytes chemoattractants protein-1 expression in
rat mesangial cells. Eur. J. Pharmacol. 427: 151–158 

DiBattista, J. A., Martel-Pelletier, J., Fujimoto, N., Obata, K.,
Zafarullah, M., Pelletier, J. P. (1994) Prostaglandins E2 and E1
inhibit cytokine-induced metalloproteinase expression in human
synovial fibroblasts. Mediation by cyclic-AMP signaling pathway.
Lab. Invest. 71: 270–278 

Domeiji, H., Yucel-Lindberg, T., Modeer, T. (2002) Signal pathways
involved in the production of MMP-1 and MMP-3 in human gin-
gival fibroblasts. Eur. J. Oral Sci. 110: 302–306 

Edward, D. R., Rocheleau, H., Sharma, R. R. Willis, A. J., Cowie,
A., Hassell, J. A., Heath, J. K. (1992) Involvement of AP-1 and
PEA3 binding sites in the regulation of murine tissue inhibitor of
metalloproteinase-1 (TIMP-1) transcription. Biochim. Biophys.
Acta 1171: 41–55 

Gomez, D. E., Alonso, D. F., Yoshiji, H., Thorgeirsson, U. P. (1997)
Tissue inhibitors of metalloproteinases: structure, regulation and
biological functions. Eur. J. Cell Biol. 74: 111–122 

Hashimoto, N., Kawabe, T., Hara, T., Imaizumi, K., Wakayama, H.,
Saito, H., Shimokata, K., Hasegawa, Y. (2001) Effect of erythro-
mycin on matrix metalloproteinase-9 and cell migration. J. Lab.
Clin. Med. 137: 176–183 

Herbst, H., Wege, T., Milani, S., Pellegrini, G., Orzechowski, H. D.,
Bechstein, W. O., Neuhause, P., Gressner, A. M., Schuppan, D.
(1997) Tissue inhibitor of metalloproteinase-1 and -2 RNA expres-
sion in rat and human liver fibrosis. Am. J. Pathol 150: 1647–1659 

Hoshino, M., Nakamura, Y., Sim, J. J., Shimojo, J., Isogai, S. (1998)
Bronchial subepithelial fibrosis and expression of matrix metallo-
proteinase-9 in asthmatic airway inflammation. J. Allergy Clin.
Immunol. 102: 783–788 

Huang, F. M., Yang, S. F., Hsieh, Y. S. Liu, C. M., Yang, L. C.,
Chang, Y. C. (2004) Examination of the signal transduction pathway
involved in matrix metalloproteinase-2 in human pulp cells. Oral
Surg. Oral Med. Oral Pathol. Oral Radiol. Endot. 97: 398–403 

Isaji, M., Aruga, N., Naito, J., Miyata, H. (1994) Inhibition by trani-
last of collagen accumulation in hypersensitive granulomatous

References 

JPP58(1).book  Page 98  Tuesday, December 13, 2005  9:51 AM



Tranilast suppresses MMP production from neutrophils in-vitro 99

inflammation in vivo and of morphological changes and functions
of fibroblasts in vitro. Life Sci. 55: PL287–PL292 

Isaji, M., Miyata, H., Ajisawa, Y., Takehana, Y., Yoshimura, N.
(1997) Tranilast inhibits the proliferation, chemotaxis and tube
formation of human microvascular endothelial cells in vitro and
angiogenesis in vivo. Br. J. Pharmacol. 122: 1061–1066 

Kanai, K., Asano, K., Hisamitsu, T., Suzaki, H. (2004a) Suppression
of matrix metalloproteinase production from nasal fibroblasts by
macrolide antibiotics in vitro. Eur. Respir. J. 23: 671–678 

Kanai, K., Asano, K., Hisamitsu, H., Suzaki, K. (2004b) Suppression
of matrix metalloproteinase-9 production from neutrophils by a
macrolide antibiotic, roxithromycin in vitro. Med. Inflamm. 14:
313–320 

Kim, K. H., Burkhart, K., Chen, P., Frevert, C. W., Randorph-
Habecker, J., Hackman, R. C., Soloway, P. D., Madtes, D. K.
(2005) Tissue inhibitor of metalloproteinase-1 deficiency ampli-
fies acute lung injury in bleomycin-exposed mice. Am. J. Respir.
Cell Mol. Biol. 33: 271–279 

Lavigne, M. C., Eppihimer, M. J. (2005) Cigarette smoke condensate
induces MMP-12 gene expression in airway-like epithelia. Bio-
chem. Biophys. Res. Commun. 330: 194–203 

Maita, E., Sato, M., Yamaki, K. (2004) Effect of tranilast on matrix
metalloproteinase-1 secretion from human gingival fibroblasts in
vitro. J. Periodontol. 75: 1054–1060 

Matsuyama, W., Wang, L., Farrar, W. L., Faure, M., Yoshimura, T.
(2005) Activation of discoidin domain receptor 1 isoform b with
collagen up-regulates chemokine production in human macro-
phages: Role of p38 mitogen-activated protein kinase and NF-�B.
J. Immunol. 172: 2332–2340 

Nagase, H., Woessner, J. F. (1999) Matrix metalloproteinases. J.
Biol. Chem. 31: 21491–21494 

Okamoto, S. I., Mukaida, N., Yasumoto, K., Rice, N., Ishikawa, Y.,
Horiguchi, H., Murakami, S., Matsushima, K. (1994) The inter-
leukin-8 AP-1 and �B-like sites are genetic end targets of FK-506-
sensitive pathway accompanied by calcium mobilization. J. Biol.
Chem. 269: 8582–8589 

Ohno, I., Ohtani, H., Nitta, Y. (1997) Eosinophils as a source of
matrix metalloproteinase-9 in asthmatic airway inflammation. Am.
J. Respir. Cell Mol. Biol. 16: 212–219 

Pillinger, M. H., Rosenthal, P. B., Tolani, S. N., Apsel, B., Dinsell, V.,
Greenberg, J., Chan, E. S., Gomez, P. F., Abramson, S. B. (2003)
Cyclooxygenase-2-derived E prostaglandins down-regulate matrix
metalloproteinase-1 expression in fibroblast-like synoviocytes
via inhibition of extracellular signal-regulated kinase activation.
J. Immunol. 171: 6080–6089 

Redd, M. J., Cooper, L., Wood, W., Stramer, B., Martin, P.
(2004) Wound healing and inflammation: embryos reveal the
way to perfect repair. Phil. Trans R. Soc. Lond. B Biol. Sci.
359: 777–784 

Richardson, M. (2004) Acute wounds: an overview of the physiolog-
ical healing process. Nurs. Times 100: 50–53 

Salib, R. J., Howarth, P. H. (2003) Remodelling of the upper airways
in allergic rhinitis: is it a feature of the disease? Clin. Exp. Allergy
33: 1629–1633 

Sato, H., Seiki, M. (1993) Regulatory mechanism of 92 kDa type IV
collagenase gene expression, which is associated with invasive-
ness of tumor cells. Oncogene 8: 395–405 

Shimizu, T., Kanai, K., Asano, K., Hisamitsu, T., Suzaki, H. (2005)
Suppression of matrix metalloproteinase production in nasal
fibroblasts by tranilast, an antiallergic agent, in vitro. Mediators
Inflamm. 2005: 150–159 

Suzawa, H., Kikuchi, S., Arai, N., Koda, A. (1992a) The mechanism
involved in the inhibitory action of tranilast on collagen biosyn-
thesis of keloid fibroblasts. Jpn. J. Pharmacol. 60: 91–96 

Suzawa, H., Kikuchi, S., Ichikawa, K., Arai N., Tazawa, S., Tsuch-
iya, O., Momose, Y., Shibata, N., Sugimoto, C., Hamano, S.
(1992b) Effect of tranilast, an anti-allergic drug, on the keloid tis-
sues. Nippon Yakugaku Zasshi 99: 231–239 

Ukai, K., Masuda, S., Shinoki, J., Mayumi, H., Sakakura Y. (1993)
Clinical and pathophysiological evaluation of tranilast in patients
with pollinosis: the effects of pre-seasonal treatment. Auris Nasus
Larynx 20: 275–284 

JPP58(1).book  Page 99  Tuesday, December 13, 2005  9:51 AM


