
Anti-inflammatory effects of phosphophoryn 



2019 3  



144
(2016  6 9, 10 ) 

147  
(2017  10  26, 27 ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

1 1 
 

2  3 

1  Phosphophoryn (PP)     3 

1    3 

2    3 

1)  PP  

2) SDS-PAGE  Stains-all  

3  4 

 

2 in vitro  PP    6 

1    6 

2    6 

1) 

2) THP-1  

3)  (IL-1β, IL-8, TNF-α)  

        4)  TNF-α  

        5) LPS  TNF-α  TLR 4  

 NF- B  

6)  PP  

7)  PP  LPS  

8)  



 

3  9 

 

3 in vivo  PP   11 

1 11 

2 11 

1)  

2)  

3)  

4)  

3 13 

 

4    PP  15 

1   15 

2   15 

1)  PP  

2)  PP  in vitro  

  3)  PP  in vivo  

3 16 

 

3   18 

 

4   22 

 



  24 

 

  30 

 

  31 

 

  39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1  

 

 [ 1 ] 

 

 Matrix Metalloproteinase-3 

 

Lipopolysaccharide (LPS) 

 [ 2, 3 ]  

70 %  20 % 

 10 %  Type I collagen

 90 %  [ 4 ] 

 Phosphophoryn (PP)  

50 %  [ 5 10 ]  PP 4q21 Dentin 

Sialophosphoprotein (DSPP)  DSPP 



 DSPP  Small Integrin-Binding Ligand N-linked Glycoprotein 

(SIBLING)  [ 11 ]  

SIBLING DSPP  Dentin matrix protein 1 (DMP-1) 

SIBLING

 [ 12 ]  PP 

 NIH3T3  MC3T3-E1 

 [ 13, 14 ]  

 PP 

 [ 15 ] 

 PP 

 [ 16  18 ] 
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 PP  in vitro  in vivo  

PP  

 

 

 

 

 

 

 

 



2  

 

1  PP  

 

1  

 

 6xHis 

 

 

2  

1)  PP  

 PP  

[ 19 ]  cDNA  

PP 

 PP (rPP)  

 Q Sepharose Fast Flow (GE Healthcare UK 

Ltd., Buckinghamshire, England) 

 PP  Hi Trap 

Q HP Column (GE Healthcare UK Ltd.) 

 PP  His 

Trap HP Column (GE Healthcare UK Ltd.)  His 

 Hi Trap Q HP Column 

His Trap HP Column 



 (AKTA explorer 10S GE Healthcare UK Ltd.) 

PP  PP  C 

 PP  (  PP ) [ 19 ] 

 PP 

 Stains-all  (Sigma Aldrich, St. Louis, MO) 

 BCA assay kit (Nacalai Tesque, Kyoto, Japan)  

 

2) SDS-PAGE Stains-all  

 PP  dithiothreitol  NuPAGE® Bis-Tris 

4-12% gel (Life Technologies, Carlsbad, CA), MOPS buffer (Life 

technologies)   25 % 

 Stains-all  

PVDF  PP  PP  

 

3  

  Q Sepharose Fast Flow  PP 

 AKTA 10S 

 0.375 M NaCl  0.430 M NaCl  ( 8 11) 

 PP 

 (  1)  His binding 

buffer  His  AKTA 10S 

 His 



 PP  (  2) 

 PP  

( 3)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2 in vitro  PP  

 

1  

 

 PP  LPS 

 in vitro  LPS 

 Interleukin-1 β (IL-1β), Interleukin-8 (IL-8), Tumor 

Necrosis Factor-α (TNF-α) 

 TNF- PP 

 LPS LPS  Toll-like receptor 4 

(TLR 4)  PP 

 PP 

LPS  PP 

2

1)

 (THP-1 )  THP-1 

10 % fetal bovine serum (FBS) (Nichirei Biosciences Inc., Tokyo, 

Japan)  1 % penicillin-streptomycin (PS) (Life Technologies)  1 % L-

glutamine (L-Gln) (Life Technologies)  1mM Sodium Pyruvate (Life 

Technologies)  RPMI 1640 medium (Life Technologies) 

 5 % CO , 37   

2) THP-1  



THP-1  24 well  1 

well  1×10⁶ / ml  50.8 nM  Phorbol 12-

myristate 13-acetate (PMA) (Sigma Aldrich)  24

 

 

3)  (IL-1β, IL-8, TNF-α)  

THP-1  RPMI 1640

 RPMI 1640  

 PP (0.01 ~ 1 μM)  LPS (10 ng / ml) (Sigma Aldrich) 

 24  RNAiso Plus (TAKARA BIO Inc., Otsu, Japan) 

 total RNA  total RNA 

 ReverTra Ace® qPCR RT Master Mix (TOYOBO Co., Ltd, Osaka, 

Japan)  cDNA  cDNA 

 quantitative polymerase chain reaction 

(qPCR)  (IL-1β, IL-8, TNF-α) 

 Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) 

 (  1)  

 

4)  TNF-α  

 3) 

 TNF-α  Human TNF-α Quantikine ELISA Kit  (R&D 

systems Inc., Minneapolis, MN)  



5) LPS  TNF-α  TLR 4  

NF- B  

 LPS  (  3))  PP 

 TAK242 (Sigma Aldrich) (TLR 4 inhibitor: 10 μM), parthenolide (Sigma 

Aldrich) (NF- B signal: 1 μM), BAY (Sigma Aldrich) (NF- B signal: 10 μM), 

JSH-23 (Sigma Aldrich) (NF- B signal: 10 μM)  TNF-α 

 qPCR  

 

6)  PP  

 LPS  PP (1 μM)  

0.5  12 

 PP 

 lysate  PP 

 PP  TLR 4 

 24  4 % 

 Triton X-100 (Sigma Aldrich) 

 PP  TLR 4  (abcam, 

Cambridge, England)  

 

7)  PP  LPS  

 PP (0 ~ 100 pmol)  96 well  16 

 PP  PBS  Pierce Protein-Free 

(PBS) Blocking Buffer (Thermo Scientific, Waltham, MA)  1 

 1ng  LPS 



(InvivoGen, an Diego, CA)  well  PP 

 LPS  streptavidin-HRP (Sigma Aldrich) TMB 

 (Nacalai Tesque)  

 

8)  

   (SD)  (ANOVA)  

Tukey  p<0.05  
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 PP  LPS 

 TNF-α  (  4)  LPS 

 IL-1β, IL-8  TNF-α  PP 

 (  5)  LPS 

 TNF-α  PP 

 TNF-α  (  6)  

 PP  LPS 

TNF-α  TLR 4 

 NF- B 

 PP  LPS  TNF-α 

 (  7)  

 PP 

 0.5  12  lysate 

 PP  1  PP



 12  (  8) 

 PP  24 

 PP 

 TLR 4 

 PP  (  9)  

 PP  LPS 

 LPS  TLR4  LPS 

 PP  LPS 

 PP  96 

 LPS  LPS 

 PP  PP 

 (  10)  

 

 

 

 

 

 

 

 

 

 

 

 



3 in vivo  PP  

 

1  

 

D-galactosamine (D-GalN)  LPS 

LPS  10  LPS 

D-GalN 

 [ 20 ]  LPS  PP 

 in vivo  PP  D-GalN / LPS 

 High mobility group box 1 (HMGB1)  [ 21 ] 

 

 

2  

 

1)  

 C57/BL6 JJcl  (6 ~ 8  20 ~ 25g) 

 D-

GalN (800 mg / kg)  LPS (1 μg / kg) 

 PP  PP (0.1 μmol / kg)  



30  5  0.1 

μmol / kg  DMP-1  

 

2)  

1)  D-GalN / LPS  PP  

DMP-1  7.5 

 4 % 

1  4  1  70 ~ 90 % 

 O.C.T.  (Sakura Finetek Japan 

Co.Ltd., Tokyo, Japan) 

 (6 μm)  H-E 

 HMGB 1  (GeneTex, Inc, Irvine, 

CA)  

 

3)  

1)  D-GalN / LPS  PP  

DMP-1  7.5 

 RNAiso Plus  

total RNA  total RNA  ReverTra Ace® qPCR RT 

Master Mix  cDNA 

qPCR  (IL-6, IL-1β, TNF-α ) 

 GAPDH 

 (  2)  

 



4)  

 log - rank (  P<0.05) 

   (SD)  

(ANOVA)  Tukey  P<0.05 

 

 

3  

LPS  (n=18)  30 

 7 %  (  11)  PP  (n=15) 

 30  66%  (  

11)  DMP-1  (  

11)  

 LPS  7.5 

 LPS /  PP 

 (  12)  LPS /  

DMP-1  (  12)  H-E 

 LPS 

 LPS /  PP  (

13)  LPS /  DMP-1  LPS 

/  PP  (

13)  HMGB-1 

 LPS  LPS /  PP  HMGB-1

 (  14) 

 (IL- , IL-1β, TNF-α)  LPS 



 PP 

 DMP-1  (  15)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 PP  

 

1  

 

PP  200 

 (SDrr)  (RGD) 

 [ 22 ] 

 SDrr  PP 

 SDrr 

 PP  SDrr  PP 

 

 

2  

1)  PP  

 PP  (  3) 

 PP (  PP, PP-full)  SDrr  63.5% 

 PP-middle  SDrr 

 PP-short  [ 23 ]  PP 

 

 

2)  PP  in vitro  

 PP  TNF-  

 LPS  2  2  3), 4), 7) 

 SDrr  (  4)  SDrr 



 LPS  TNF-α 

 

 

3)   PP  in vivo  

  PP  in vivo 

 3  2  1)  

 

3  

in vitro  PP-middle  PP-

short  PP (  PP-full )  LPS 

TNF-α  (  16)  (  17)  LPS 

 LPS /  PP, LPS /  PP-

middle, LPS /  PP-short  (  

16, 17)  PP  LPS 

 (  18)  PP-full  PP-short 

 (  18)  SDrr 

 LPS  TNF-  

 (  19)  PP  in vitro  SDrr 

 

 PP  in vivo  LPS 

 LPS  (n=18)  30  7% 

 LPS /  PP-full  (n=15)  66%  LPS 

/  PP-middle  (n=10)  50% 

 LPS /  PP-short  (n=10)  



20%  LPS 

 (  20)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3  

 

 PP  (  1, 

2, 3)  PP  LPS 

 (  4, 5, 6 ) 

 LPS 

 [ 24 ] 

 [ 25  27 ] 

 [ 28  31 ]  TLR 4 

 LPS 

 LPS  TLR4 

 TNF-α 

 PP  LPS  (  10) 

 in vitro  PP 

 TLR 4  PP  TLR 

4  NF- B 

 (  7, 8, 9) 

 PP  LPS  TLR4 

 NF- B  

 PP  D-GalN / LPS 

 (  11)  D-GalN / LPS 



 D-GalN 

 LPS 

 TNF- [ 32 

 34 ] 

 PP 

 D-GalN / LPS 

 (  12, 13, 14, 15)  in vitro 

 PP 

 PP 

 LPS 

 Kupffer 

 LPS  

PP  LPS 

 PP  N-  

Alexa-488  PP  PP 

 PP 

 PP  LPS 

 

 PP  PP  SDrr 

 in vitro  SDrr 

 PP  SDrr  

LPS  (  16, 17, 18)  SDrr 



 SDrr  (  19)  

in vivo  SDrr  PP 

 SDrr  SDrr 

 PP-short  (  20) 

 PP  in vitro  SDrr 

 in vivo  SDrr 

 

in vivo  SDrr 

 PP  SDrr 

 D-GalN / LPS 

 LPS / TLR 4 

 [ 35  

37 ]  acteoside human epidermal growth factor 

TNF- TNF-

 PP  

SDrr 

 LPS / TLR 4 

 

PP  RGD  SDrr 

 [ 22 ] 

 PP  DSPP 

bone morphogenetic protein-1 (BMP1)  N-  Dentin 

sialoprotein (DSP)  C- PP 2  



[ 38 ]  PP  RGD  

SDrr 

 PP 

 [ 39  44 ]  PP 

 DSPP 

 [ 45 ]  DSPP  PP 

 

 PP 

 PP 

 PP  

[ 46  48 ]  PP 
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vitro  in vivo  PP 

 

 

1.  PP  

2.   PP  LPS  

 LPS  TNF-

 DMP-1  

 PP  

 solid phase binding assay  PP  LPS 

 PP  THP-1 

 TLR 4  

3,  PP  D-GalN / LPS 

 PP  D-GalN / LPS 

 H-E 

 PP  D-GalN / LPS 

 

4.  SDrr  in vitro  

 SDrr  

 

 PP 

 PP 



 PP 

 PP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1. Jontell M, Okiji T, Dahlgren U, Bergenholtz G. Immune defense 
mechanisms of the dental pulp., Crit Rev Oral Biol Med. 9: 179-200, 1998. 
 
2. Eba H, Murasawa Y, Iohara K, Isogai Z, Nakamura H, Nakamura H, 
Nakashima M. The anti-inflammatory effects of matrix metalloproteinase-3 
on irreversible pulpitis of mature erupted teeth., PLoS One. 7 (12), 2012. 
 
3. Kim DS, Shin MR, Kim YS, Bae WJ, Roh DH, Hwang YS, Kim EC. Anti-
inflammatory effects of glutamine on LPS-stimulated human dental pulp 
cells correlate with activation of MKP-1 and attenuation of the MAPK and 
NF-κB pathways., Int Endod J. 48: 220-228, 2015. 
 
4. Antonio N. Ten Cate’s Oral Histology: development, structure, and 
function 7th ed, 2008. 
 
5. MacDougall M, Zeichner-David M, Slavkin HC. Production and 
characterization of antibodies against murine dentine phosphoprotein., 
Biochem J. 232: 493-500, 1985. 
 
6. Jontell M, Linde A, Lundvik L. Comparative studies of phosphoprotein 
preparations from rat incisor dentin., Prep Biochem. 10: 235-253, 1980. 
 
7. Termine JD, Belcourt AB, Christner PJ, Conn KM, Nylen MU. Properties 
of dissociatively extracted fetal tooth matrix protein., J Biol Chem. 255: 
9760-9768, 1980. 
 
8. Lyaruu DM, Belcourt A, Fincham AG, Termine JD. Neonatal hamster 
molar tooth development: Extraction and characterization of amelogenins, 
enamelins and soluble dentin proteins., Calcif Tissue Int. 34: 86-96, 1982. 
 
9. Butler WT, Mikulski A, Urist MR, Bridges G, Uyeno S. Noncollagenous 
proteins of a rat dentin matrix possessing bone morphogenetic activity., J 
Dent Res. 56: 228-232, 1977. 
 



10. Butler WT, Bhown M, Dimuzio MT, Linde A. Noncollagenous proteins of 
dentin. Isolation and partial characterization of rat dentin proteins and 
proteoglycans using a three-step preparative method., Coll Relat Res. 1: 
187-199, 1981. 
 
11. Bellahcène A, Castronovo V, Ogbureke KU, Fisher LW, Fedarko NS. 
Small integrin-binding ligand N-linked glycoproteins (SIBLINGs): 
multifunctional proteins in cancer., Nat Rev Cancer. 8: 212-226, 2008. 
 
12. Butler WT, Ritchie H. The nature and functional significance of dentin 
extracellular matrix proteins., Int J Dev Biol. 39: 169-179, 1995. 
 
13. Jadlowiec JA, Zhang X, Li J, Campbell PG, Sfeir C. Extracellular 
matrix-mediated signaling by dentin phosphophoryn involves activation of 
the Smad pathway independent of bone morphogenetic protein., J Biol 
Chem. 281: 5341-5347, 2006. 
 
14. Jadlowiec J, Koch H, Zhang X, Campbell PG, Seyedain M, Sfeir C. 
Phosphophoryn regulates the gene expression and differentiation of 
NIH3T3, MC3T3-E1, and human mesenchymal stem cells via the 
integrin/MAPK signaling pathway., J Biol Chem. 279: 53323-53330, 2004. 
 
15. Chen Y, Zhang Y, Ramachandran A, George A. DSPP is Essential for 
normal development of the dental-craniofacial complex., J Dent Res. 95: 
302-310, 2016. 
 
16. Widbiller M, Eidt A, Wölflick M, Lindner SR, Schweikl H, Hiller KA, 
Buchalla W, Galler KM. Interactive effects of LPS and dentine matrix 
proteins on human dental pulp stem cells., Int Endod J. 51: 877-888, 2018. 
 
17. Yamakoshi Y, Lu Y, Hu JC, Kim JW, Iwata T, Kobayashi K, Nagano T, 
Yamakoshi F, Hu Y, Fukae M, Simmer JP. Porcine dentin 
sialophosphoprotein: length polymorphisms, glycosylation, phosphorylation, 
and stability., J Biol Chem. 283: 14835-14844, 2008. 
 
18. Niwa T, Yamakoshi Y, Yamazaki H, Karakida T, Chiba R, Hu JC, Nagano 



T, Yamamoto R, Simmer JP, Margolis HC, Gomi K. The dynamics of TGF-β 
in dental pulp, odontoblasts and dentin., Sci Rep. 8(1): 4450, 2018. 
 
19. Suzuki S, Kobuke S, Haruyama N, Hoshino H, Kulkarni AB, Nishimura 
F. Adhesive and migratory effects of phosphophoryn are modulated by 
flanking peptides of the integrin binding motif., PLoS One. 9(11), 2014. 
 
20. Decjer K, Keppler D. Galactosamine induced liver injury., Prog Liver 
Dis. 4: 183-199, 1972. 
 
21. Scaffidi P, Misteli T, Bianchi ME. Release of chromatin protein HMGB1 
by necrotic cells triggers inflammation., Nature 418: 191-195, 2002. 
 
22. McKnight DA, Fisher LW. Molecular evolution of dentin phosphoprotein 
among toothed and toothless animals., BMC Evol Biol. 9: 299, 2009. 
 
23. Kobuke S, Suzuki S, Hoshino H, Haruyama N, Nishimura F, Shiba H. 
Relationship between length variations in Ser/Asp-rich repeats in 
phosphophoryn and in vitro precipitation of calcium phosphate., Arch Oral 
Biol. 60: 1263-1272, 2015. 
 
24. Haversen L, Ohlsson BG, Hahn-Zoric M, Hanson LA, Mattsby-Baltzer I. 
Lactoferrin down-regulates the LPS-induced cytokine production in 
monocytic cells via NF- B., Cell Immunol. 220: 83-95, 2002. 
 
25. Nagasawa T, Kiyosawa I, Takase M. Lactoferrin and serum albumin of 
human casein in colostrum and milk., J Dairy Sci. 57: 1159-1163, 1974. 
 
26. Masson PL, Heremans JF, Dive CH. An iron-binding protein common to 
many external secretions., Clin Chim Acta. 14: 735-739, 1966. 
 
27. Okubo K, Kamiya M, Urano Y, Nishi H, Herter JM, Mayadas T, 
Hirohama D, Suzuki K, Kawakami H, Tanaka M, Kurosawa M, Kagaya S, 
Hishikawa K, Nangaku M, Fujita T, Hayashi M, Hirahashi J. Lactoferrin 
suppresses neutrophil extracellular traps release in inflammation., E Bio 
Medicine. 10: 204-215, 2016. 



 
28. Elass-Rochard E, Legrand D, Salmon V, Roseanu A, Trif M, Tobias PS, 
Mazurier J, Spik G. Lactoferrin inhibits the endotoxin interaction with CD14 
by competition with the lipopolysaccharide-binding protein., Infect Immun. 
66: 486-491, 1998. 
 
29. Caccavo D, Pellegrino NM, Altamura M, Rigon A, Amati L, Amoroso A, 
Jirillo E. Antimicrobial and immunoregulatory functions of lactoferrin and its 
potential therapeutic application., J Endotoxin Res. 8: 403-417, 2002. 
 
30. Ando K, Hasegawa K, Shindo K, Furusawa T, Fujino T, Kikugawa K, 
Nakano H, Takeuchi O, Akira S, Akiyama T, Gohda J, Inoue J, Hayakawa 
M. Human lactoferrin activates NF- B through the Toll-like receptor 4 
pathway while it interferes with the lipopolysaccharide-stimulated TLR4 
signaling., FEBS J. 277: 2051–2066, 2010. 
 
31. Drago-Serrano ME, de la Garza-Amaya M, Luna JS, Campos-Rodríguez 
R. Lactoferrin-lipopolysaccharide (LPS) binding as key to antibacterial and 
antiendotoxic effects., Int Immunopharmacol 12: 1-9, 2012. 
 
32. Bohlinger I, Leist M, Gantner F, Angermüller S, Tiegs G, Wendel A. DNA 
fragmentation in mouse organs during endotoxic shock., Am J Pathol. 149: 
1381-1393, 1996. 
 
33. Galanos C, Freudenberg MA. Mechanisms of endotoxin shock and 
endotoxin hypersensitivity., Immunobiology. 187: 346-356, 1993. 
 
34. Morikawa A, Sugiyama T, Kato Y, Koide N, Jiang GZ, Takahashi K, 
Tamada Y, Yokochi T. Apoptotic cell death in the response of D-
galactosamine-sensitized mice to lipopolysaccharide as an experimental 
endotoxic shock model., Infect Immun. 64: 734-738, 1996. 
 
35. Xiong Q, Hase K, Tezuka Y, Namba T, Kadota S. Acteoside inhibits 
apoptosis in D-Galactosamine and lipopolysaccharide-induced liver injury., 
Life Sci. 65: 421-430, 1999. 
 



36. Car BD, Eng VM, Schnyder B, Ozmen L, Huang S, Gallay P, Heumann 
D, Aguet M, Ryffel B. Interferon gamma receptor deficient mice are 
resistant to endotoxic shock., J Exp Med. 179: 1437-1444, 1994. 
 
37. Cho JY, Yeon JD, Kim JY, Yoo ES, Yu YH, Park MH. Hepatoprotection by 
human epidermal growth factor (hEGF) against experimental hepatitis 
induced by D-Galactosamine (D-GalN) or D-GalN/Lipopolysaccharide., Biol 
Pharm Bull. 23: 1243-1246, 2000. 
 
38. von Marschall Z, Fisher LW. Dentin sialophosphoprotein (DSPP) is 
cleaved into its two natural dentin matrix products by three isoforms of 
bone morphogenetic protein-1 (BMP1)., Matrix Biol. 29: 295-303, 2010. 
 
39. Stetler-Stevenson WG, Veis A. Bovine dentin phosphophoryn calcium ion 
binding properties of a high molecular weight preparation., Calcif Tissue 
Int. 40: 97-102, 1987. 
 
40. Zanetti M, de Bernard B, Jontell M, Linde A. Ca2⁺-Binding studies of the 
phosphoprotein from rat- incisor Dentine., Eur J Biochem. 113: 541-545, 
1981. 
 
41. He G, Ramachandran A, Dahl T, George S, Schultz D, Cookson D, Veis A, 
George A. Phosphorylation of phosphophoryn is crucial for its function as a 
mediator of biomineralization., J Biol Chem. 280: 33109-33114, 2005. 
 
42. Suzuki S, Sreenath T, Haruyama N, Honeycutt C, Terse A, Cho A, 
Kohler T, Müller R, Goldberg M, Kulkarni AB. Dentin sialoprotein and 
dentin phosphoprotein have distinct roles in dentin mineralization., Matrix 
Biol. 28: 221-229, 2009 
 
43. Polan MA, Handa K, Saito T. Dentin phosphophoryn promotes 
odontoblast differentiation in vitro and induction of mineralized tissue-like 
matrix in vivo., J Oral Tissue Engin. 11: 201-212, 2014. 
 
44. Yasuda Y, Izumikawa M, Okamoto K, Tsukuba T, Saito T. Dentin 
phosphophoryn promotes cellular migration of human dental pulp cells., J 



Endod. 34: 575-578, 2008. 
 
45. Prasad M, Zhu Q, Sun Y, Wang X, Kulkarni A, Boskey A, Feng JQ, Qin C. 
Expression of dentin sialophosphoprotein in non-mineralized tissues., J 
Histochem Cytochem. 59: 1009-10021, 2011. 
 
46. Saito T, Arsenault AL, Yamauchi M, Kuboki Y, Crenshaw MA. Mineral 
induction by immobilized phosphoproteins., Bone. 21: 305-311, 1997. 
 
47. Saito T, Yamauchi M, Crenshaw MA. Apatite induction by insoluble 
dentin collagen., J Bone Miner Res. 13: 265-270, 1998. 
 
48. Saito T, Yamauchi M, Abiko Y, Matsuda K, Crenshaw MA. In vitro 
apatite induction by phosphophoryn immobilized on modified collagen 
fibrils., J Bone Miner Res. 15: 1615-1619, 2000. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 1.  

 

 2.  

 

 3. PP  

 
 4. SDrr  

 

Genes Forward primer Reverse primer
GAPDH TCGTGGAAGGACTCATGACC GAGGCAGGGATGATGTTCTG
TNF- TGCTTGTTCCTCAGCCTCTT TGGGGAACTCTTCCCTCTG
IL-8 TCTGCAGCTCTGTGTGAAGG ATTTGGGGTGGAAAGGTTTG
IL-1 TCCAGGAGAATGACCTGAGC GTGATCGTACAGGTGCATCG

Genes Forward primer Reverse primer
GAPDH AATGTGTCCGTCGTGGATCTGA GATGCCTGCTTCACCACCTTCT
TNF- CCCCAAAGGGATGAGAAGTT TGGGCTACAGGCTTGTCACT
IL-6 ACAAGTCCGGAGAGGAGAC TCCACGATTTCCCAGAGAAC
IL-1 GGATGAGGACATGAGCACCT TAATGGGAACGTCACACACC



 

 

1.  

 

  Q Sepharose Fast Flow  0.6 M NaCl 0.3 M NaCl 

 0.3 M NaCl  Hi Trap Q HP 

Column  AKTA 10 S  0.25 M NaCl  0.5 

M NaCl  1  1ml  50ml  Q 

Sepharose Fast Flow  PP 

 PP  0.375 

M NaCl  0.430 M NaCl 

 

1: Q Sepharose Fast Flow , 2: Hi Trap Q , 3: 

0.25 M NaCl, 4: 0.275 M NaCl, 5: 0.300 M NaCl, 6: 0.325 M NaCl, 7: 0.350 

M NaCl, 8: 0.375 M NaCl, 9: 0.400 M NaCl, 10: 0.420 M NaCl, 11: 0.430 M 

NaCl, 12: 0.440 M NaCl, 13: 0.460 M NaCl, 14: 0.480 M NaCl, 15: 0.500 M 

NaCl. 

 

 2. His  

 

  AKTA 10S 

  PP  His Trap HP Column  AKTA 10S 

 0 mM Imidazole  250 mM Imidazole  1  

1ml  50ml  40 mM Imidazole  70 mM Imidazole 



 BCA assay kit  300 ng 

 

 

 3.  PP     

 PP  

 PP (anion exchange (+), his-tag affinity 

putification (+), AKTA 10S system (-): ) 

 PP 

 PP 

 

 

 4. LPS  TNF-α  

 PP  

LPS TNF-  PP  (0.01~1 μM) 

n = 3,  

 SD. * * p 0.01, Tukey’s test. LPS  

 

 5. LPS  

 IL-8, IL-1β  PP  

LPS  IL-8  IL-1-   PP  (0.5, 1 

μM) n = 



3,   SD.  * * p 0.01, Tukey’s test  

 

 6. LPS  TNF-a 

 PP  

 LPS  TNF-   PP 

 (0.5 1 μM) 

n = 3,   SD. * p 0.05, * * p 0.01, Tukey’s test. LPS 

 

 

 7. LPS  TNF-α TLR 4  

NF- B  

LPS  TNF-   PP (1 μM), JSH 23 (10 μM), 

BAY (10 μM), TAK 242 (10 μM), parthenolide (1 μM) 

n = 3,   SD. * p 0.05, * * p

0.01, Tukey’s test. LPS  

 

 8.  PP  lysate  

 PP  

 PP 0.5  

12  PP  PP 

1 

 PP 

 GAPDH 

 



 9.  PP  

 PP  24  PP 

 TLR 4  2 

 PP 

 TLR 4  

LPS : 10 ng / ml 

rPP : 1 μM 

 

 10.  PP  LPS  

96 well  PP (25  100 pmol) 

 LPS solid phase binding assay 

 TMB 450nm 

 PP  LPS 

n = 3,   SD. * * p 0.01, Tukey’s test.  PP 

 

 

 11. LPS  PP  

LPS  (n=18)  7.5  30

 7 %  PP  (n=15) 

 66%  DMP-

1  (n=5)  0 %  3  D-GalN 

(800mg / kg)  * p 0.05, log-rank test LPS 

 

 



 12.  PP  LPS  

LPS  7.5 

 PP 

 DMP-1 4  D-GalN 

(800mg / kg)  

 

 13.  PP  LPS H-E  

D-GalN / LPS  7.5 

 PP 

 

DMP-1 4  D-

GalN (800mg / kg)   : 50 μm 

 

 14.  PP  LPS HMGB 1  

 

D-GalN / LPS  7.5  HMGB1 

 PP 3 

 D-GalN (800mg / kg)  

 

 15.  PP  LPS  

 

LPS  7.5 



 PP 

 DMP-1 

n = 3,   SD. * p 0.05, * * p 0.01, Tukey’s test. 

LPS 4  D-GalN (800mg / kg)  

 

 16. LPS  TNF-α  

 PP  

LPS TNF-  PP  (0.5, 1 

μM) 

 PP  n = 3, 

  SD. * * p 0.01, Tukey’s test. LPS  
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