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One of the steps in angiogenesis is the degradation of the underlying basement membrane via proteases. Endothelial cells
release proteinases to degrade the extracellular matrix for their sprouting in vivo. In this study, we examined the effect of
water extracts of Phellinus linteusis (Phellinus extracts) and combination of Phellinus extracts and fibroblast growth factor
(FGF-2) on cultured porcine pulmonary artery endothelial cells (PPAECs). Phellinus extracts induced sprouting of PPAECs,
which was inhibited by MMPs and plasmin inhibitors, and induced the secretion of matrix metalloproteinase-3 (MMP-3) and

plasmin. At high concentration of Phellinus extracts (200~400 ug/mL), the active MMP-2 secretion was induced.

It is

therefore, suggested that Phellinus extracts induces the sprouting of cultured endothelial cells by means of increased active
MMP-2 and plasmin secretion. Also, combination with Phellinus extracts and FGF-2 produced an enhanced effect on
sprouting and secretion of active MMP-2, and MMP-3 and plasmin from PPAECs.
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aprotinin, 10 g/mL leupeptin, 1 mM phenylmethylsulfonyl
fluoride, 200 mM Na;VOs, and 100 mM NaF)7} 38 £
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Fi igure 1. Effect of Phellinus extracts on sprouting activity in PPAECs.
Cells grown on microcarrier beads were placed in fibrin gels containing
control buffer (C), Phellinus extracts (10, 25, 50, 100, 200, 400, 800 ug/mL.,
respectively), FGF-2 (10 ng/mL) plus Phellinus extracts (50 pg/mL)
(F+P50) or FGF-2 plus Phellinus extracts (400 ug/mL) (F+P400) and were
incubated with daily supplementation with the same amounts of indicated
reagents. Number of endothelial sprouts with length exceeding the diameter
of the microcarrier beads (175 pm) per 50 microcarrier beads was counted
after 3 days. Data are mean = SD from three independent experiments.
Statistical significance was tested using one-way ANOVA followed by the
Students £ test. "P < 0.05 vs control buffer; *P < 0.05 vs Phellinus extracts
(50 ug/mL); " P < vs Phellinus extracts (400 pg/mL).
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Figure 2. Effect of Phellinus extracts on the secretion of MMPS (A) and
plasmin (B) in PPAECs. Cells were incubated in serum- and phenol
red-free DMEM for 12 h. Then, the cells were incubated for 12 h after
addition of a control buffer (C) and various amounts of Phellinus extracts
(25 to 400 pg/mL), and media were quantitatively assayed by enzyme
immunoassay. Bars represent the mean £ SD from three independent
experiments. Statistical significance was tested using one-way ANOVA
followed by the Students ¢ test. P < 0.05 vs control buffer.
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Figure 3. Gelatin zymography of MMP-2 and MMP-9 in culture medium
of PPAECs treated with Phellinus extracts. Cells were incubated in serum-
and phenol red-free DMEM for 12 h. Then, the cells were incubated for 12
h after addition of control buffer (C) and various amounts of Phellinus
extracts (50, 100, 200, 400, 800 pg/mL, respectively). Equal amounts of
proteins (10 pg/lane) from supernatants were loaded into each lane. Lane S
contains standards of MMP-9 and MMP-2. A representative gelatin
zymography from three experiments is shown.
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Figure 4. Effect of Phellinus extracts and FGF-2 on the expression of
MMP-2 and MMP-9 in PPAECs. (A) Cells were incubated in serum- and
phenol red-free DMEM for 12 h. Then, the cells were incubated for 12 h
after addition of a control buffer (C) and various amounts of Phellinus
extracts (50, 100 pg/mL, respectively) or FGE-2 (10 ng/mL) plus Phellinus
extracts (400 pg/mL) (F+P100). Fifteen microgram of protein was used for
western blot. The protein was separated by SDS-PAGE, transferred to
nitrocellulose, and probed with MMP-2 and MMP-9 specific antibodies.
Protein expression levels of B-actin in cell lysates were used as a control.
(B) Densitometric analyses of the blots are presented as the relative
ratio of induction of the MMP-2 or MMP-9 by addition of Phellinus
extracts. The MMP-2 or MMP-9 expression by addition of control
buffer for 12 h is arbitrarily presented as 1. Data are meanSD from
three independent experiments. *P < 0.05 vs control buffer.
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Figure 5. Effect of MMPs and plasmln inhibitors on Phellinus
extracts-induced endothelial cell sprouting. PPAECs were grown to
confluence on microcarrier beads, which were then placed in gelatinized
24-well plates in medium containing 2.0% FBS with addition of buffer,
BB-94 (20 ng/mL) (BB), az-antiplasmin (100 mU) (AP), alone or with
Phellinus extracts (400 ug/mL). Cells were incubated with daily
supplementation with the same amounts of indicated reagents. Number of
endothelial sprouts with length exceeding the diameter of the microcarrier
beads (175 pm) per 50 microcarrier beads was counted after 3 days. Data
are mean+SD from three independent experiments. Statistical significance
was tested using one-way ANOVA followed by the Students ¢ test. P <
0.05 vs control buffer.
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