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Human αααα2ββββ1 integrin 

- a collagen receptor
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CONTRACTION

COLLAGEN

p38

Integrin αααα2ββββ1
signaling

MMPs

MATRIX
REMODELING

Integrin αααα1ββββ1
signaling

PROLIFERATION

COLLAGEN 

ERK

Structural basis of αααα2ββββ1 
integrin signaling

αααα2ββββ1 integrin:
Inactive conformation

Mikko Huhtala Mikko Huhtala

αααα2ββββ1 integrin:
Active / ααααI domain closed
conformation

αααα2ββββ1 integrin:
ααααI domain open / ligand bound 
conformation

Mikko Huhtala

QuickTime™ and a
GIF decompressor

are needed to see this picture.
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Structural basis of αααα2ββββ1 
integrin signaling

- Ligand binding to αααα2I-domain

- Conformational change in αααα2I-

domain (αααα7 helix)

- E336 interacts with ββββ1I-domain

- Conformational change in ββββ1

subunit

- αααα2 / ββββ1 tail separation

αααα2ββββ1 integrin:
Active / ααααI domain open
conformation

Mikko Huhtala

”Superactive”Active

Inside-out signaling

Inactive

?

Multivalent ligands

Change in 
conformation

Outside-in signaling

Monovalent ligands

?

Xing et al., JBC, 2004

EV1 particle may cluster up to five αααα2ββββ1 integrins 
together
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Active

Clustering

Change in 
conformationTPA

?
Question: Can integrin clustering increase
avidity to collagen without a 
change in integrin conformation?

?
”Superactive”

BeadBead--Based Cell Based Cell 
Adhesion AssayAdhesion Assay

negativenegative controlcontrol

positivepositive controlcontrol

beadsbeads

adheredadhered
cellscells

nonnon--
adheredadhered

cellscells

Connors and Heino, 

Analytical Biochemistry, 2005

”Superactive”Active

TPA

PKC
Internalization

Custering and Inside-out Signaling - Conclusions:

1° Superactivation after inside-out signaling occurs at the same time as 
α2β1 clustering and conformational change in α2I domain

2° Superactivation is possible without the conformational change in α2I domain

Question: Can multivalent ligand mediated 
clustering generate signals without a 
change in integrin conformation?

?

?

CONTRACTION

COLLAGEN

p38

Integrin αααα2 specific 
signaling pathways

MMPs

Cdc42
GROWTH 
ARREST

PP2A

p27kip1

MATRIX
REMODELING

SURVIVAL(?) Akt

Gsk-3ββββ

Ivaska, Nissinen, Immonen, 
Eriksson, Kähäri, Heino (2002) 
Mol Cell Biol 22: 1352

Ivaska, Reunanen, Westermarck, Kähäri, 
Heino (1999) J Cell Biol 147: 401
Ravanti, Heino, López-Otín, Kähäri (1999) 
J Biol Chem 274: 2446 

MKK3

Multivalent Ligand Mediated Clustering - Conclusions:

p38

Change in integrin conformation required for signaling 
mediated by αααα2 cytoplasmic domain

αααα2
β1
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Clustering of αααα2ββββ1 integrin is alone sufficient to 
induce internalization

Upla et al., MBC 2004

Clustering

Signaling

Conformational
change

Multivalent
ligand

Monovalent
ligand

?


