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ROLE OF NF«B IN TOLL-LIKE RECEPTOR 9-MEDIATED MATRIX
METALLOPROTEINASE-9 EXPRESSION

Sang-Hoon Lee, Byung-Rho Chin, Suk-Hwan Baek*
Department of Dentistry and *Biochemistry & Molecular Biology, College of Medicine, Yeungnam University, Daegu, Korea

Background: CpG DNA plays an important role in immune cell function. This study examined whether the temporal control of toll-like receptor
(TLR)9 by CpG DNA can regulate the expression of matrix metalloproteinase-9 (MMP-9).

Methods and materials. Macrophages were cultured in the presence of 10% FBS. For the various MMP genes anadysis, RT-PCR and real-time
PCR were performed. In addition, zymography assay performed for the MMP activity. The phosphorylation assay did for the ERK1/2 and NF«B acti-

vation, and luciferase promoter assay was for the NF«B activity.

Results: CpG DNA induced the mRNA expression of MMP-2, MMP-9, and MMP-13, but not of MMP-7, MMP-8, and MMP-12, in a time-depen-
dent manner. Especialy, the mRNA expression of MMP-9 was strongly induced by CpG DNA using real-time RT-PCR. The TLR9 inhibitor, chloro-
quine, suppressed CpG DNA-induced MMP-9 expression and its activity. Moreover, CpG DNA induced the phosphorylation of ERK and the inhibi-
tion of ERK by U0126 suppressed CpG DNA-induced MMP-9 expression and its activity. CpG DNA stimulated |#B-a degradation and luciferase
activity. In addition, pretreatment of SN-50, the inhibitor of NF«B, strongly blocked the CpG DNA-induced MMP-9 expression and activity.

Conclusion: These observations suggest that CpG DNA may play important roles in the activation of macrophages by regulating the production of

MMP-9 viathe sequential TLR9-ERK-NF«B signaling pathway.
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Fig. 1. Effect of CpG DNA in mRNA expression of various
MMPs of macrophages. A, Following overnight serum
starvation, cells were treated with 1T #M of CpG DNA for the
indicated times and total RNA was isolated from cells and
then subjected to RT-PCR using specific primer. B, Cells
were treated with 1 #M of CpG DNA for the indicated times
and total RNA was isolated from cells and then subjected
to real-time RT-PCR using MMP-9 primer. Real-time PCR
was performed by SYBR Green | using LightCycler 1.5.
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Fig. 2. Effect of CpG DNA in MMP-9 expression and activity
of macrophages. Following overnight serum starvation,
cells were treated with 1 #M of CpG DNA for the indicated
times (A), or cells were treated with the indicated
concentrations of CpG DNA for 24 hr (B). Conditioned
media were collected and the expression and activity of
MMP-9 were determined by Western blot or Zymography
analysis, respectivey.
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Fig. 3. TLR9 activation mediated CpG DNA-induced MMP-9
expression and activity. Cells were treated with 1 #M CpG
DNA in the absence or presence of the indicated doses of
chloroquine. After 24 hr, conditioned media were collected
and analyzed for MMP-9 expression and activity using
Western blot or Zymography.
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Fig. 4. CpG DNA phosphorylates ERK of macrophages. A,
Cells were treated with 1 #M CpG DNA for the indicated
times (0-70 min). To detect ERK phosphorylation, equal
amounts of cell extracts were analyzed by Western blotting
using phospho- specific ERK antibody. As a loading
control, the same blots were reprobed with anti-ERK
antibody. B and C, Cells were treated with 1 #M CpG DNA
in the absence or presence of indicated doses of U0126.
After 24 hr, conditioned media were collected and
analyzed for MMP-9 expression and activity using Western
blot or Zymography. D, Cells were treated with 1 #M CpG
DNA in the absence or presence of chloroguine for 30 min.
To detect ERK phosphorylation, equal amounts of cell
extracts were analyzed by Western blotting using phospho-
specific ERK antibody. As a loading control, the same
blots were reprobed with anti-ERK antibody.

5 2 %7447} (Fig 5B). CoG DNAC <3|
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Fig. 5. NF«B is a transcription factor of CpG DNA response.
A, Cells were treated with 1 #M CpG DNA for the indicated
times (0-60 min). Whole cell lysates were used for the
Western blot analysis of 1kB-a, NF¥B, and f-actin, as
indicated. B, Cells were treated with promoter DNA of NF#x
B combined with Lipofectamine 2000. After 18 hr, cells
were treated with CpG DNA at the indicated doses for 6 hr
and then assayed luciferase activity using luminometer. C,
Cells were pretreated with 10 ug/ml SN-50 for 1 hr and
treated with 1 #gM CpG DNA for 24 hr. After 24 hr,
conditioned media were collected and analyzed for MMP-9
expression and activity using Western blot or Zymography.

s Epo] = A NFkB 28} 4 91 SN-50 4 #] 2] = CpG DNA 7} &
SFMMPO - 9 &A1& 73 A A 315 o (Fig. 50).
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