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HtrA1: Introduction

� Evolutionarily conserved, secreted serine proteinase

� high homology to a bacterial enzyme: High 

Temperature Requirement

� Three other family members: HtrA2, HtrA3 & HtrA4

� Disease-associated roles in:

� Macular degeneration

� Tumor growth

� Osteoarthritis

HtrA1: Domain Structure

HtrA1: alias PRSS11

PDZSerine ProteinaseKIIGFBP

154 384

� 154 -384 construct: catalytically active + retains 
antagonism of signaling via TGFββββ family members

� C. Oka et al Development, 2004

NH2 COOH

HtrA1 and Osteoarthritis

� Direct proteolytic activity vs. several matrix proteins

� Z. Yang et al., ORS, 2006; A. Tsuchiya et al., Bone, 2005.

� Activity enhanced by PDZ-binding peptides.
� Murwantoko et al., Biochem J., 2004.

� Upregulated expression in OA vs. normal cartilage
� S.-I. Hu et al., JBC 1998

� Generation of catabolically active protein fragments
� S. Grau et al, JBC, 2005.

� Antagonism of TGFβ family signaling pathways.
� C. Oka et al, Development, 2004.

� Induced chondrocyte phenotypic changes.
� S. Grau et al., JBC, 2005; Z. Yang et al., ORS, 2006.

Objectives

� Understand potential of HtrA1 to 
contribute to chondrocyte phenotype & to 

depletion of extracellular GAG

� direct addition of recombinant HtrA1

� overexpression of hHtrA1

� siRNA knockdown of HtrA1 in human OA 
chondrocytes

� Determine HtrA1 substrates & cleavage 
sites in cartilage proteins

� identify small peptide substrates

Normal bovine 

chondrocytes

Methods

� Normal bovine cartilage

� Human cartilage

� OA: Total joint replacement

� Normal: Organ donor

� HtrA1 overexpression via electroporation: Amaxa

� Transfection of siRNA’s using Dharmafect 4

� GAG synthesis/content via S35 incorporation

� chondrocyte monolayers plated on collagen 
films in Cytostar-T plates

� quantitation via scintillation counting

� Gene expression via Taqman

� LC/MS analysis of peptides

Sequential collagenase/trypsin

���� monolayer cultures



Disease-Associated Expression 

of HtrA1 mRNA

HTRA1 Taqman data
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���� Upregulated HtrA1 expression in 

human OA cartilage consistent with 
previous reports

Human Cartilage Rat cartilage: Meniscal Tear (MCT)

HTRA1 Affymetrix Array

3, 7 and 21 days post-surgery
CTL = no surgery

S = sham MCT surgery
M = MCT surgery
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HtrA1 Degradation of Prelabeled 

Chondrocyte Extracellular Matrix

• Bovine chondrocyte monolayers
• Cytostar T Plates + collagen film

• 3 days in 10% Serum + S35 Sulfate
• S35 Sulfate removed, cells washed

• Recombinant HtrA1 added in 10% serum

¤ ¤ ¤

4 20 44hr

¤ Matrix Scintillation Count

Count
media

Total CPM in Cell Matrix Percent CPM in Cell Matrix @ 44 h

HtrA1: Cell Viability

Cell Viability @ 48 Hours Post HtrA1 Treatment
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HtrA1 Treatment Bovine Chondrocytes     

���� Suppression of GAG Synthesis

S35 + HtrA1 or 

BSA @ 5µµµµg/ml

Hours 0 24 48 72 120

¤ Scintillation Count
Remove HtrA1, 
wash + fresh S35
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Expression of hHtrA1 in Chondrocytes ����

Suppression of Matrix GAG Accumulation
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Expression of hHtrA1 in Bovine 

Chondrocytes: 96 Hrs Post-Electroporation

Hours:  -24 0 96

Electroporate

HtrA1 DNA (3, 5, 7.5 µµµµg)
Vector DNA (3, 5, 7.5 µµµµg)

mRNA:TaqMan

Protein: Western

10% Serum
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hHtrA1: mRNA hHtrA1: Protein



Expression of hHtrA1 in Bovine 

Chondrocytes Regulates Gene Expression

0

5

10

15

20

25

7.5 ug

Vector

3 5 7.5

HtrA1 DNA (ug)

m
R

N
A

 E
x

p
re

s
s

io
n

 

(r
e
la

ti
v
e

 t
o

 v
e
c

to
r)

ADAMTS-5

Cat K

0.00

0.20

0.40

0.60

0.80

1.00

1.20

7.5 ug

Vector

3 5 7.5

HtrA1 DNA (ug)
m

R
N

A
 E

x
p

re
s

s
io

n
 

(R
e

la
ti

v
e

 t
o

 v
e

c
to

r)

Aggrecan

Type II Coll
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iNOS

� ↑↑↑↑ expression genes associated with 
degradation and inflammation

� ADAMTS-5, Cathepsin K & iNOS

� ↓↓↓↓ expression of matrix genes
� Aggrecan & Type II Collagen

siRNA Knock-Down of HtrA1 in Human OA 
Chondrocytes ���� Increased GAG Synthesis
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Hours: 0 48 144

¤ Scintillation CountHtrA1 mRNA via TaqMan
S35 +/- BMP-7

¤

Relative Expression hHtrA1 mRNAMatrix GAG

Human OA Cartilage

+ 4 µg/ml
HtrA1

1, 7, 14 and 21 days

LC/MS Analysis

Peptide ID

Collect

media

Type II Collagen

� 6 peptides/4 non-overlapping
Biglycan

� 1 peptide
Fibronectin

� 6 peptides

HtrA1: Human Cartilage Degradation

Global Proteomics

Mascot Database Search

Type II Collagen: Triple Helical Domain
113  QMAGGFDE  KAGGAQLGVM  QGPMGPMGPR GPPGPAGAPG PQGFQGNPGE PGEPGVSGPM 
171  GPRGPPGPPG KPGDDGEAGK PGKAGERGPP GPQGARGFPG TPGLPGVKGH RGYPGLDGAK 
231  GEAGAPGVKG  ESGSPGENGS PGPMGPRGLP GERGRTGPAG AAGARGNDGQ PGPAGPPGPV 
291  GPAGGPGFPG APGAKGEAGP TGARGPEGAQ GPRGEPGTPG SPGPAGASGN  PGTDGIPGAK  
351  GSAGAPGIAG   APGFPGPRGP PGPQGATGPL GPKGQTGEPG IAGFKGEQGP KGEPGPAGPQ 
411  GAPGPAGEEG KRGARGEPGG VGPIGPPGER  GAPGNRGFPG QDGLAGPKGA PGERGPSGLA 
471  GPKGANGDPG RPGEPGLPGA RGLTGRPGDA GPQGKVGPSG APGEDGRPGP PGPQGARGQP 
531  GVMGFPGPKG ANGEPGKAGE KGLPGAPGLR GLPGKDGETG AAGPPGPAGP AGERGEQGAP
591  GPSGFQGLPG PPGPPGEGGK PGDQGVPGEA GAPGLVGPRG ERGFPGERGS PGAQGLQGPR 
651  GLPGTPGTDG PKGASGPAGP PGAQGPPGLQ GMPGERGAAG IAGPKGDRGD VGEKGPEGAP 
711  GKDGGRGLTG PIGPPGPAGA NGEKGEVGPP GPAGSAGARG APGERGETGP PGPAGFAGPP 
771  GADGQPGAKG EQGEAGQKGD AGAPGPQGPS GAPGPQGPTG VTGPKGARGA QGPPGATGFP 
831  GAAGRVGPPG  SNGNPGPPGP PGPSGKDGPK GARGDSGPPG RAGEPGLQGP AGPPGEKGE P
891  GDDGPSGAEG PPGPQGLAGQ RGIVGLPGQR GERGFPGLPG PSGEPGKQGA PGASGDRGPP 
951  GPVGPPGLTG PAGEPGREGS PGADGPPGRD GAAGVKGDRG ETGAVGAPGA PGPPGSPGPA 
1011 GPTGKQGDRG EAGAQGPMGP SGPAGARGIQ GPQGPRGDKG EAGEPGERGL KGHRGFTGLQ  

1071 GLPGPPGPSG DQSGASGPAGP SGPRGPPGPPV GPSGKDGANG IPGPIGPPGP  RGRSGETGPA 

1131 GPPGNPGPPG PPGPP

HtrA1 ���� Peptides from within Collagen 

Type II αααα1 Triple Helical Domain

A  GAAGARGNDGQPGPA G

T  GAAGPPGPAGPAGERGEQGAPGPS G
S  GFQGLPG PPGPPGEGGK PGDQGVPGEAGAPGLVGPR G

G  DRGPPGPVGPPGLTG P

HtrA1: Degradation of Human Aggrecan

Human Aggrecan

+ 4 µg/ml
HtrA1

LC/MS Analysis

31 Peptides/8 non-overlapping
� two non-overlapping peptides from 

each of the G1, G2, CS2, & G3 domains

EGRVRVNSAYQDKVSLPNYPAIPSDATLEVQSLRSNDSGV
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MALDI MS/MS

HtrA1 Summary
� HtrAa1 mRNA expression in cartilage is related to pathology

� rHtrA1 treatment of chondrocytes;  

→ loss of chondrocyte matrix GAGs
→ chronic down regulation of GAG accumulation

� overexpression of HtrA1 in chondrocytes:

→ suppression of matrix GAG accumulation

→ ↑↑↑↑ expression of catabolic/inflammatory genes

→→→→ ↓↓↓↓ expression of cartilage matrix genes
� siRNA KD of HtrA1 → increased matrix synthesis: basal & BMP-7 

� rHtrA1 treatment of human OA cartilage → peptides from type II 

collagen, fibronectin and biglycan
� rHtrA1 treatment of human aggrecan → peptides from 8 non-overlapping 

regions in G1, G2, CS2 & G3 domains

Upregulated Expression of HtrA1 in OA Cartilage 
���� Potential Role in the Progression of Osteoarthritis


