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Analysis of molecular mechanisms for vascular endothelial perlecan synthesis by
the strategy of bio-organometallices

YAMAMOTO, Chika

3,800,000

0-Phen Zn-Phen Rh-Phen PHD2
HIF-1a /B -4

Bio-orgaometallics is a research strategy in which organic-inorganic hybrid
molecules are used as a tool to analyze biological systems. Based on this strategy, we got hybrid
molecules (1,10-phenanthroline with or without zinc or rhodium) from a library of organic-inorganic
hybrid molecules. It was found that the expression of syndecan-4, a small heparan sulfate
proteoglycan, is induced via the hypoxia-inducible factor-la /3 pathway when prolyl hydroxylase
domain-containing protein 2 is inhibited.



Grignard  Wittig
cell type
von Willebrand
PGs
PGs
PGs HSPGs
-1
-2 -3 -4
PGs
DSPGs
PGs CSPGs
DSPGs
HSPG
HSPGs

VEGF Biochim. Biophys. Acta, 1760:
1465-1474,2006  TGF-B J. Biol. Chem,, 275:
1463-1470, 2000

HSPGs

HSPG

100
HSPG

HSPG

1,10-phenanthroline Phen
2,9-dimethyl-1,10-phenanthroline DMP

o-Phen Zn-Phen Cu-Phen Rh-Phen DMP
Zn-DMP Cu-DMP Rh-DMP

inductively coupled plasma mass spectrometry
(ICP-MS; Nexion 300S, PerkinElmer, Waltham,
MA, USA)

o-Phen Zn-Phen
-4

Rh-Phen

Phen Zn-Phen Rh-Phen
PG
MRNA
RT-PCR -4
Western blot
Hypoxia-inducible factor
HIF-1B RNA
o-Phen Zn-Phen
Rh-Phen -4

(HIF)-1 o, HIF-20,

MRNA

o-Phen, Zn-Phen, Rh-Phen

Cu-Phen

Phen

Cu-Phen



A B C
o-Phen Zn-Phen Rh-Phen
Perlecan [} Perlecan | ] Perlecan [
Syndecan-1 ] Syndecan-1 j Syndecan-1 :
Syndecan-2 [ ¥ Syndecan-2 [] Syndecan-2 [ ]
Syndecan-3 [ Syndecan-3 [1] Syndecan-3 [
Syndecan-4 ¢ Syndecan-4 Ik Syndecan-4 [ 1
Glypican-1 [} Glypican-1 1] Glypican-1
Biglycan [ Biglycan | | Biglycan |
Decorin [} Decorin [} Decorin |_!

01234567
mRNA expression

01234567
mRNA expression

Figure 1. Effects of o-Phen, Zn-Phen, and Rh-Phen on
proteoglycan expression in vascular endothelial cells. Bovine
aortic endothelial cells were treated with o-Phen (A); Zn-Phen
(B); or Rh-Phen (C) at 5 pM each at 37 °C for 24 h and
proteoglycan mRNA levels were analyzed by real-time
RT-PCR. Values are means = S.E.M. of four samples. **p <
0.01 vs. the corresponding control.
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Figure 2. Effects of o-Phen, Zn-Phen, Rh-Phen, ZnCl2, and
RhCI3 on syndecan-4 expression in vascular endothelial cells.
Bovine aortic endothdlial cells were treated with Zn-Phen,
o-Phen, or ZnCI2 (A,B) and Rh-Phen, o-Phen, or RhCI3
(C,D) at 5 uM each at 37 °C for 24 h (A,C) or for 12, 24, 36,
and 48 h (B,D). Syndecan-4 core protein and mRNA were
analyzed by Western blot and real time RT-PCR, respectively.
Values are means = S.E.M. of four samples. * p < 0.05; ** p
< 0.01 vs. control.
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Figure 3. Involvement of hypoxiainducible factor (HIF)-1a,
HIF-20, and HIF-1B in the induction of syndecan-4
expression by o-Phen, Zn-Phen, and Rh-Phen in vascular
endothelia cells. (A) Bovine aortic endothelial cells were
treated with o-Phen, Zn-Phen, Rh-Phen, ZnClI2, or RhCI3 at 5
uM each at 37 °C for 1 h, and HIF-lo expression was
detected by Western blot andysis; (B) Effects of
siRNAmediated knockdown of HIF-1a on syndecan-4 mRNA
levels. Bovine aortic endothelia cells were transfected with
siHIF-1a at 37 °C for 12 h and treated with o-Phen, Zn-Phen,
or Rh-Phen at 5 uM each at 37 °C for 8 h; (C) Effects of
siRNA-mediated knockdown of HIF-2a on syndecan-4
mRNA levels. Bovine aortic endothelial cells were transfected
with siHIF-20 at 37 °C for 12 h and treated with o-Phen,
Zn-Phen, or Rh-Phen at 5 pM each at 37 °C for 8 h; (D)
Effects of SRNA-mediated knockdown of HIF-1p on
syndecan-4 mRNA levels. Bovine aortic endothelial cells
were transfected with SHIF-1p at 37 °C for 12 h and treated
with o-Phen, Zn-Phen, or Rh-Phen at 5 uM each at 37 °C for
8 h. Syndecan- 4 mRNA was analyzed by real-time RT-PCR.
Values are means + S.E.M. of four samples. ** p < 0.01 vs.
the corresponding siContral.
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Figure 4. Effects of o-Phen, Zn-Phen, and Rh-Phen on prolyl
hydroxylase domain-containing protein 2 (PHD2) activity in
vascular endothelia cells. (A) Bovine aortic endothelia cells
were transfected with pcDNA-Luc or pcDNA-ODD-Luc at
37 °C for 24 h. Amplified DNA products were separated by
agarose gel eectrophoresis and stained using ethidium
bromide; (B) Bovine aortic endothelial cells were transfected
with pcDNA-ODD-Luc at 37 °C for 12 h, treated with o-Phen,
Zn-Phen, or Rh-Phen at 5 uM each at 37 °C for 24 h, and
PHD?2 activity was subsequently analyzed by luciferase assay.
Values are means = S.E.M. of five samples. ** p < 0.01 vs.
control; (C) Bovine aortic endothelial cells were treated with
o-Phen, Zn-Phen, or Rh-Phen at 5 uM each at 37 °C for 4, 8,
and 12 h, and levels of ubiquitinated proteins were detected by
Western blot analysis.
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