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PGD2 is a major prostanoid produced in mast 
cells and a variety of inflammatory cells. 

Hematopoietic PGD synthase (HPGDS) is 
induced in activated microglial cells  and 
involved in neuroinflammation. 

HPGDS is induced in the necrotic muscle fibers 
of patients with Duchenne muscular dystrophy. 

(Okinaga et al., Acta Neuropathol  2002) 
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Expression of hematopoietic PGD 
synthase (HPGDS) in DMD patients

50 µm

HE H-PGDS

Okinaga et al., Acta Neuropathol, 104:377 (2002) 



�The most common form of 
muscular dystrophy that occurs in 

1 out of 3,500 boys.

�DMD is caused by mutations of 
the dystrophin gene leading to 

low or no production of the 
cytoskeletal protein “dystrophin”.

Duchenne muscular dystrophy (DMD) 

Courtesy of  Dr. Ikuya Nonaka, National Center of  Neurology and Psychiatry



Resolution

Rat HPGDS 2.3 Å
(Kanaoka et al., Cell 1997)

X-ray crystallographic structures of 

HPGDS

Human HPGDS/HQL-79  1.45 Å
(Aritake et al., J Biol Chem. 2006)

Human HPGDS 1.7 Å
(Inoue et al., Nat Struct Biol.

2003)



Protein crystallization under microgravity 
condition on the ISS

Japan Experimental Module

�for 2.5 months�

SPring-8

X-ray diffraction data
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Protein Crystallization



Effects of microgravity on crystal growth

Suppression of density-
driven convective flow

Depletion zones of 
protein and impurity

Lower super-saturation 
growth

Suppression of  cluster 
formation

High-quality  protein 
crystal growth
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HQL-79 TC-1

Purified enzyme(IC50) 6 µM 0.04 µM

PGD2

inhibition

Cells(IC50) 100 µM 0.03 µM

Rat (ED50) 100 mg/kg 1 mg/kg

Acute toxicity

Chronic toxicity

Genetic toxicity

Reproductive toxicity

Not tested Negative

Administration Oral Oral

Potentiation of HPGDS inhibitor



Treatment of DMD dog with HPGDS inhibitor

InhibitorVehicle



During therapy
(4 months)

Post therapy 
(2 months)
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PGD2

Tetranor PGDM

(Song WL, et al., JBC 2008)

Reduction of PGD2 metabolite in DMD dog
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Development of HPGDS inhibitor

�Acute toxicity

�Chronic toxicity

�Synthesis of GLP grade

Phase I study



Tetranor-PGDM in muscular dystrophy patients
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HPGDS inhibitors are good candidates 

for drug therapy of DMD.

Summary

HPGDS inhibitors reduced muscular 

necrosis of DMD beagle.



What’s Next?

• Molecular mechanism of HPGDS 

induction in DMD muscle

• Clinical trial of HPGDS inhibitors

• New HPGDS inhibitors of different 

structures

• Other application of HPGDS inhibitors
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To be continued



O O

N

NN

N

NH
2

O

O Prazosin

(IC50 = 10 µM)
O

N

NH

N

N
N

HQL-79

(early lead compound)

O

N

N

N
H

O

N

N

O

O

TFC-007

Development of HPGDS inhibitors

IC50 = 6 µM

TC-2

IC50 = 0.04 µM



Day 4            Day21

   inhibitor A

W
T

W
T

 

+
 i
n
h
ib

it
o
r

H
P

G
D

S
-/

-
Rapid recovery from injury by HPGDS inhibitor
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Plenary 7: 
ISS Research – A 
Decade of 
Progress and a 
Decade of Promise
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Biosynthesis of prostaglandins (PGs)



HQL-79

(2006)

TC-1

(2007)

TC-2

(2009)

H-PGDS (IC50) 6 µM 0.04 µM 0.023 µM

PGD2

inhibition

Cells (IC50) 100 µM 0.03 µM 0.043 µM

Rat (ED50) 100 mg/kg 1 mg/kg 10 mg/kg

Toxicity tests Not tested Negative Negative

Absorption Not tested good excellent

Potentiation of H-PGDS inhibitors
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DPR-/-
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HQL-79-
treated
twi/twi

(Mohri et al., J Neurosci 2006)
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JAXA PCG in JAXA PCG in JAXA PCG in JAXA PCG in JAXA PCG in JAXA PCG in JAXA PCG in JAXA PCG in ‘‘‘‘‘‘‘‘KiboKiboKiboKiboKiboKiboKiboKibo’’’’’’’’

Protein solution
3mg/ml Protein, 12%(w/v) PEG6000

2mM GSH, 1mM MgCl2, 50mM Tris-HCl pH8.5

Reservoir Solution
35%(w/v) PEG6000

2mM GSH, 2mM MgCl2, 50mM Tris-HCl pH8.5
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Space Experiment : Space Experiment : 1.05����Ground Control: Ground Control: 1.50����

J. Synchrotron Radiation (2010), 18, 88-91.
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Ground Control: 0.53Ground Control: 0.53 Space Experiment: 0.21Space Experiment: 0.21
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GSH

Inhibitor: TC-1


