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Matrix-Degrading Enzymes
in OA cartilage, including….

MMP and ADAMTS family members
Hyaluronidases

Endoglycosidases
Sulfatases
Cathepsins

Normal

OA:
Abnormal
Cell Differentiation

•Mechanotransduction
•Matrix-Cell Communication
•Inflammatory Mediators
•Oxidative Stress
•Chondrocyte ATP Bioenergy Crisis
•ATP scavenging Enzymes NPP1, TG2

TG2: Dual Enzyme/Multifunctional
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TG2 mediates phenotype of fibrotic, 
calcification, degenerative, and 

inflammatory tissue repair responses

S100A11/RAGE
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PLA2

RhoA/ROCK

Transglutaminases

• 9 characterized human enzymes
• shared transamidation function
• Chondrocytes Express TG2 and FXIIIA
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Result: Post-translational modification and Irreversible protein crosslink
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gggg glutamyl isopeptide bond

Transglutaminases (TGs): The Transamidation Reactio n

Regulation of Apoptosis
Stabilization of the ECM 
Activation of latent TGFb
Critical Mediator of Wound Healing and Tissue Repair

EXAMPLES OF TG FUNCTIONS:
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B. Lactate / PyruvateA. Chondrocyte ATP

C. Chondrocyte NO release
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*

*
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* * *
Johnson, K
et al
Arthritis 
Rheum
2004

Chondrocyte ATP depletion in Hartley guinea pig kne e OA
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TG Activity

Increasing Chondrocyte Transglutaminase 
Activity as OA Progresses with Aging in

Hartley Guinea Pig Knees



�

�

���

���

���

���

����

����

�� �� �� �� ���

��	
��	
���


��

���

���
��


���
��


�
�
�
�

���

���������	�
��
���
���
���
������ ����
������

�� ����
!"
	�

�#
 ���������	
���
����	�������
������

IL-1 increases TG activity in aging human chondrocy tes

IL-1beta

TGFbeta
Control

Synovial fluid TG2 but not FXIIIA is  
biomarker of OA severity

Huebner, J et al
OARSI 
poster 2008
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TG2

FXIIIA

r2=0.2164, p=0.014

r2=0.0269, p=0.41
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Orlandi A, et al. 
Amino Acids, 2008 , Kamekura S. et al., Arthritis 

Rheum 54: 2462-2470, 2006

Chondrocyte Hypertrophy Occurs Early  
in Mouse Knee Instability- Induced Knee OA
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TG2

GTP INHIBITS TG ACTIVITY 
AND ALTERS TG2 CONFORMATION:

Reciprocal Regulation by GTP and Ca ++
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ANTI- IgGANTI -TYPE X COLLAGEN
(160X)(160X)(63X)

MgGTP

TG2

MgGTP +
TG2

Primary bovine articular cartilage slices were treated with 1mg/ml of recombinant human TG2 (pretreated for 
30 minutes with 25mM GTP, 2.5mM MgCl2 where indicated) for 7 days in 1% FCS containing DMEM high 
glucose media.    JOHNSON ET AL. JBC, 2005

Recombinant GTP-bound TG2 induces chondrocyte hyper trophy in  
cartilage organ culture

FXIIIA also Induces Chondrocyte Hypertrophy

33um

32um

78um

100X

aaaa-Type X Collagen

Bovine Articular Cartilage (5 days)

40X

Control

sTG2

sFXIIIAJohnson, K
et al
J Cell Sci
2008

FXIIIA and aaaa1 Integrin Crosslinking both Rapidly Increase 
TG2 Movement to the Plasma Membrane

Plasma Membrane Bound TG2
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Blocking aaaa1integrin Antibody

Crosslinking aaaa1 integrin Antibody

Johnson, K
et al
J Cell Sci
2008

FXIIIA Requires TG2 to Induce Type X Collagen Expre ssion

Experiments performed with:
•TG2-/- mouse chondrocytes

•FXIIIA-/- mouse chondrocytes
•shRNAs transfected into human articular chondrocyte s

TG2

FXIIIA

Type X Collagen  
TG2

FXIIIA

FXIIIA and TG2 Expressed:

TG2

FXIIIA

Only TG2 Expressed:

Type X Collagen  
TG2

Only FXIIIA Expressed:

TG2

Type X Collagen  
FXIIIA

� FXIIIA REQUIRES TG2 TO PROMOTE HYPERTROPHY

Johnson K et al, 
J Cell Sci 2008

Several S100/Calgranulin FamilySeveral S100/Calgranulin Family
Members are Transglutaminase SubstratesMembers are Transglutaminase Substrates

Homodimers/heterodimers/Homodimers/heterodimers/
MultimersMultimers

99--13 kDa13 kDa

Schmidt, Schmidt, et.al.,et.al., J. Clin. InvestJ. Clin. Invest . 108:949. 108:949--955955

AmyloidAmyloid HMGBHMGB--11

S100/CalgranulinsS100/CalgranulinsAGEAGE

RAGERAGE

VV

CC

CC’’

RReceptor for eceptor for AAdvanced dvanced GGlycation lycation EEnd Productsnd Products

RAGE/RAGE ligands associated with chronic lowRAGE/RAGE ligands associated with chronic low --grade grade 
inflammation in vascular system, kidney, and braininflammation in vascular system, kidney, and brain

AOPPAOPP



S100A11 Signals through RAGE, MKK3 and p38 MAPK to S100A11 Signals through RAGE, MKK3 and p38 MAPK to 
Induce Chondrocyte Hypertrophy and Cartilage Induce Chondrocyte Hypertrophy and Cartilage 

DegradationDegradation

S100A11S100A11

Type X CollagenType X Collagen
GAG ReleaseGAG Release

Aggrecan Neoepitope NITEGEAggrecan Neoepitope NITEGE

p38p38

RAGERAGE

MKK3MKK3

Cecil, D et al, JI 2006, 2008

Ca Ca 2+2+

Ca Ca 2+2+

S100 MonomerS100 Monomer
Ca Ca 2+2+

Ca Ca 2+2+

Ca Ca 2+2+

Ca Ca 2+2+

S100 DimerS100 Dimer

S100 Calgranulins Exist as NonS100 Calgranulins Exist as Non --covalent Dimerscovalent Dimers

RAGE clustering is critical for RAGE clustering is critical for 
propagation of signalpropagation of signal

Moroz et.al., Moroz et.al., Acta Crystallogr D Biol CrystallogrActa Crystallogr D Biol Crystallogr . 2002 . 2002 

Multimeric S100/calgranulinMultimeric S100/calgranulin

TG2 Accelerates S100A11TG2 Accelerates S100A11 --induced Type X Collagen Expression in Mouse induced Type X Collagen Expression in Mouse 
Chondrocytes and Cartilage ExplantsChondrocytes and Cartilage Explants

K173LK173L
GTPaseGTPase

TG2
11

687687

GTPase site required for GTPase site required for 
induction of hypertrophyinduction of hypertrophy

Johnson et. al., Johnson et. al., J. Biol. ChemJ. Biol. Chem ., 2005 ., 2005 

2 days in culture2 days in culture
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Cecil
et al, JI 2008

Type X
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Immuno-
histochemistry
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Functional Characterization of S100A11 K3R/Q102N TG 2 Functional Characterization of S100A11 K3R/Q102N TG 2 
Transamidation Double Site Mutant Transamidation Double Site Mutant 

TG2 is Required for S100A11TG2 is Required for S100A11 --induced Type X Collagen Expression in induced Type X Collagen Expression in 
Mouse Chondrocytes and Femoral Head ExplantsMouse Chondrocytes and Femoral Head Explants
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TG2 is Required for S100A11TG2 is Required for S100A11 --induced Cartilage Catabolism in Mouse induced Cartilage Catabolism in Mouse 
Chondrocytes and Femoral Head ExplantsChondrocytes and Femoral Head Explants
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•Control studies:
TG2 not required for IL-1beta-
induced cartilage catabolism



TG2TG2

RAGERAGE

Covalent S100A11Covalent S100A11
MultimerMultimer

Covalent S100A11Covalent S100A11
DimersDimers

Chondrocyte HypertrophyChondrocyte Hypertrophy
Matrix CatabolismMatrix Catabolism

TG2TG2

MKK3MKK3
p38p38

Inflammation

TG2 Transforms S100A11 into a Pro-Catabolic Cytokin e

•Inflammation 
•Matrix-Cell Communication
•Oxidative Stress
•Chondrocyte ATP Bioenergy Crisis

TG2


