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1. ABSTRACT 
 

Platelets function physiologically in mediating 
hemostasis, but are also associated with many pathological 
conditions, such as thrombosis, which can lead to 
myocardial infarction and/or stroke.  Therefore, the study 
of platelet regulation and signaling has been of great 
interest and is necessary for generating effective anti-
platelet therapeutics.  One platelet signaling molecule of 
particular interest is the integrin αIIbβ3, which binds Fg and 
mediates platelet cross-linking.  The integrin itself as well 
as cytoplasmic proteins that interact with αIIbβ3 have 
become potential targets for anti-platelet therapies.  One

 
 
 
 
 
 

such protein that has been shown to directly regulate 
αIIbβ3 function is calcium- and integrin-binding protein 1 
(CIB1).  CIB1 has been implicated in αIIbβ3 activation 
and outside-in signaling through the integrin.  By 
increasing our understanding of CIB1 and other proteins 
that like it, associate with integrin αIIbβ3, and the 
signaling events that result from those interactions, we 
may bring ourselves closer to more effective therapies.  
In the present work, we explore known cytoplasmic 
binding partners of the integrin αIIbβ3 and their effect on 
αIIbβ3, focusing on CIB1. 
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2. INTRODUCTION 
 
2.1.  Historical Perspective 

Platelets, small, anucleacted cells found 
circulating in the bloodstream, were first described 
anatomically and functionally by Bizzozero in the late 
1800s (1).  Bizzozero recognized the role of platelets in 
hemostasis by observing aggregation following vascular 
injury via intravital microscopy in guinea pigs.  Around the 
same time, Osler recognized that platelets also played a role 
in pathological thrombosis, which can lead to myocardial 
infarction and/or stroke (1).  The last century has witnessed 
leaps and bounds in the field of platelet science.  It is now 
known what extracellular proteins platelets can bind to and 
through which receptors these interactions take place.  It is 
understood that platelets need to become activated in order 
for adhesion to occur and that this activation causes distinct 
morphological changes.  Numerous platelet agonists have 
been identified, both autocrine and paracrine.  Our 
advanced understanding of platelet physiology and 
signaling has allowed us to postulate different treatments 
for platelet-related diseases. 
 
2.2.  Diseases Associated with Platelets 

In the early 1900s two rare diseases were 
identified that corresponded to platelet defects in surface 
receptors GPIIb/GPIIIa (integrin αIIbβ3) and GP1b that 
resulted in the bleeding disorders Glanzmann 
thrombasthenia and Bernard-Soulier syndrome, 
respectively (1, 2).  Another platelet-related disease is 
immune thrombocytopenia (ITP), which can arise naturally 
or can be drug-induced, and is a major side-effect of many 
current anti-platelet therapies (1, 3).  Patients with ITP have 
abnormally low platelet counts because they are targeted 
and removed by the immune system.  So, not only are 
diseases associated with unwanted platelet activation, heart 
attack and stroke, but also with defects in the platelet 
activation mechanism.  The knowledge gained in the past 
century has greatly contributed to our understanding of 
platelet-related diseases and advances in disease treatment 
have since ensued.  For example, aspirin is widely accepted 
as an anti-platelet therapy and can greatly lower the risk of 
heart attack and stroke.  But what happens when a patient 
on aspirin therapy experiences trauma?  The prolonged 
bleeding time associated with aspirin therapy could cause 
adverse effects.  In order to design more effective, specific 
treatments and prevention strategies for platelet associated 
diseases, platelets need to be studied in greater depth. 
 
2.3.  Physiological Perspective 

Unactivated platelets are normally circulating in a 
discoid state.  Because of their small size, platelets travel 
closely to vessel walls under the physiological conditions 
of laminar flow where they can respond rapidly to signs of 
vascular damage.    Damage to a vessel exposes 
extracellular matrix components, such as collagen, that 
interact with receptors on the discoid platelet and initiate 
platelet activation.  Endothelial cells also release platelet 
agonists, such as von Willebrand factor (vWF) (4).  
Ultimately, platelet activation elicits a morphological 
change that causes the platelet to become spherical and 
extend filopodia.  This spiky morphology enables platelets 

to spread over the area of vascular damage and initiate plug 
formation, contributing to hemostasis.  Platelets also cross-
link with neighboring platelets via the integrin αIIbβ3 which 
binds its bivalent ligand, fibrinogen (Fg).  This platelet 
cross-linking is the basis of aggregation and is implicated 
in pathological thrombosis.  Therefore, the integrin αIIbβ3 
has become a favored target for antiplatelet therapies (5, 6).  
Current αIIbβ3 inhibitors commonly cause the severe side 
effect of immune thrombocytopenia and improved 
therapies are in demand (3). 
 
3. THE PLATELET FIBRINOGEN RECEPTOR 
INTEGRIN αIIbβ3 
 
3.1.  Structure 

Integrins are a family of type I transmembrane 
proteins that exist as αβ heterodimers and function as 
adhesive and bidirectional signaling molecules (6-11).  
There are three families of integrins found on platelets:  β1, 
β2, and β3, which account for a total of six platelet 
integrins:  α2β1 (collagen receptor), α5β1 (thought to be the 
fibronectin receptor), α6β1 (thought to be the laminin 
receptor), αLβ2 (intercellular adhesion molecule-1 (ICAM-
1) receptor), αIIbβ3 (fibrinogen receptor), and αvβ3 
(vitronectin receptor) (11-13).  The most populous integrin 
on platelets (50-80,000 copies/platelet surface) is αIIbβ3, 
also known as glycoprotein GPIIb/IIIa, which is unique to 
the megakaryocytic lineage. Additional pools of integrin 
αIIbβ3 are located on the membranes of α-granules and the 
open canalicular system (14).  Integrin αIIbβ3 is a calcium-
dependent, noncovalent heterodimer.  The αIIb subunit 
consists of 1008 amino acids and the β3 subunit consists of 
762 residues (14).  Both have large, globular extracellular 
domains and short cytoplasmic tails, 20 and 47 amino acids 
for αIIb and β3 subunits, respectively (14).  Neither of these 
tails has any known enzymatic activity.  Recent advances in 
the crystal structure of αIIbβ3 have tremendously enhanced 
our understanding of how this integrin functions, and it has 
been heralded as a prototype integrin. 
 
3.2.  Activation of αIIbβ3 

On a circulating, discoid platelet the integrin 
αIIbβ3 is in a low-affinity state with a bent extracellular 
domain that is unable to bind soluble Fg.  Upon platelet 
activation via extracellular stimuli, such as ADP, αIIbβ3 
becomes activated via inside-out signaling, inducing a 
conformational change in the extracellular domain of the 
integrin, which increases its affinity for its ligand and 
allows it to bind soluble Fg (4, 15-23).  Inside-out signaling 
involves cytoplasmic proteins interacting with the 
cytoplasmic tails of the integrin and inducing 
conformational changes in the extracellular domain.  
Integrin activation also allows for integrin clustering which 
increases its ligand avidity (14).    The cytoplasmic tails of 
the integrin have a physical “hinge” or salt-bridge between 
the conserved αIIb GFFKR and β3 LLv-iHDR motifs that 
keeps them in a locked position (24, 25).  Deletion of the 
conserved GFFKR domain in αIIb converts the integrin to a 
constitutively active, ligand-binding state (26).  The β3 
aspartic acid residue (D723) is a similar displacement from 
the cytoplasmic side of the membrane as the αIIb arginine 
residue (R995), which suggests these two residues could 
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form the salt bridge (24).  In fact, mutating either of these 
residues to an alanine causes integrin activation as seen by 
binding of PAC1, a monoclonal antibody specific for 
activated αIIbβ3 (24).  Also, double reversal mutants, where 
the αIIb arginine is converted to an aspartic acid and the β3 
aspartic acid is converted to an arginine, do not induce 
PAC1 binding, suggesting that the salt bridge is restored 
(24).  Disruption of this salt bridge, however, causes 
integrin activation even in the absence of agonists, which 
suggests that cytoplasmic proteins function in inside-out 
activation of the integrin by physically disrupting the salt-
bridge.  One such cytoplasmic protein that has been 
implicated in this activation process is talin, which has been 
shown to disrupt the integrin α and β tails at the critical 
membrane-proximal region (27, 28). 
 

3.3.  Ligand Binding and Outside-in Signaling 
After activation, the extended extracellular domain of 

αIIbβ3 becomes receptive to ligand binding.  Fg has a 
bivalent structure that allows it to simultaneously bind two 
αIIbβ3 integrins with its γ chain sequence KQAGDV, and 
not the α chain RGD domains (Arg-Gly-Asp), on different 
platelets, trans, or on the same platelet, cis (29, 30).  This 
cis binding may contribute to the process of integrin 
clustering.  Activated αIIbβ3 may also bind vWF, 
fibronectin, and vitronectin via the RGD domains (10, 14, 
18).  This αIIbβ3-Fg- αIIbβ3 interaction is stabilized by the 
binding of a multivalent protein, vWF.  The binding of Fg 
to αIIbβ3 induces outside-in signaling through the integrin, 
which contributes to irreversible platelet thrombus 
formation via outside-in signaling events (17).  Such events 
include the mobilization of calcium via inositol-1,4,5-
trisphosphate (IP3) generation, the activation of protein 
tyrosine kinases such as Src and focal adhesion kinase 
(FAK), and cytoskeletal rearrangements necessary for 
platelet spreading. 
 
4. CYTOPLASMIC BINDING PARTNERS OF αIIbβ3 
 

Many cytoplasmic proteins have been identified 
that interact with either or both of the cytoplasmic tails of 
αIIbβ3.  These proteins are thought to participate in inside-
out and outside-in signaling through the integrin.  Signaling 
proteins have attracted attention because of their potential 
as targets for anti-platelet therapies.  Some proteins thought 
to play a role in αIIbβ3 activation via cytoplasmic 
interactions with the αIIb membrane-proximal sequence 
KVGFFKR include calreticulin, ancient ubiquitous protein 
1 (Aup1), filamin, talin, ICln, protein phosphatase 1 (PP1c), 
and calcium- and integrin-binding protein 1 (CIB1) (31-37).  
Talin, Src, Shc, FAK, paxillin, β3-endonexin, α-actinin, 
filamin, skelemin, integrin-linked kinase (ILK), Grb2, receptor 
for activated C-kinase (RACK1), myosin, protein kinase C 
(PKCβ) and Syk are some of the cytoplasmic proteins known 
to interact with the β3 cytoplasmic tail (19, 32, 35, 38-50).  
Some of these protein-integrin interactions have only been 
demonstrated in vitro and some that have been demonstrated in 
vivo still have yet to be demonstrated in platelets, although 
their expression has been detected. 
 
4.1.  Calreticulin 

Calreticulin is a calcium binding protein that was 
originally isolated from skeletal sarcoplasmic reticulum and 

thought to function mainly as an endoplasmic reticulum 
chaperone protein (36, 61-64).  Calreticulin contains three 
conserved domains, an N-terminal globular domain that 
binds zinc, a proline rich P-domain that binds calcium with 
high affinity, and the C-domain that binds calcium with low 
affinity (64).  In the form where it is expressed on the 
surface of platelets, calreticulin is involved in mediating 
thrombospondin-induced cytoskeletal rearrangements.  
Intracellular calreticulin is known to interact with the 
highly conserved KXGFFKR sequence in integrin α 
subunits (36).  However, it is debated whether calreticulin 
binds αIIbβ3 in platelets in vivo.  One study showed that 
calreticulin remains localized in the granulomere in 
activated human platelets and does not co-
immunoprecipitate with the integrin αIIbβ3 (61). 
 
4.2.  Ancient Ubiquitous Protein 1 

Aup1, a ubiquitously expressed protein in human 
cells, was identified as a binding partner of αIIbβ3 via the 
yeast two-hybrid analysis using the αIIb cytoplasmic tail as 
bait and the cDNA library from the thrombopoietin-
dependent acute megakaryocytic leukemia-derived cell 
line, UT7/TPO (31).  The protein-integrin interaction has a 
low affinity (Kd = 90 µM) and is postulated to be 
reversible.  Binding assays demonstrate that Aup1 binds the 
conserved integrin αIIb membrane-proximal sequence 
KVGFFKR.  Mutation or deletion of this sequence induces 
integrin activation.  The specific mutation F992A prevents 
Aup1 binding, suggesting that Aup1 may have a function in 
maintaining the low affinity state of the integrin (31). 
 
4.3.  Talin 

Talin is a 225-285 kDa cytoplasmic protein that 
comprises greater than 3% of the total platelet protein (27, 
28, 55-57, 65).  It has a suggested role in establishing a 
connection between the actin cytoskeleton and extracellular 
environment because it is a cytoskeletal protein and has the 
ability to bind the cytoplasmic tails of membrane proteins 
like αIIbβ3.  In resting platelets, talin distribution is diffuse 
in the cytoplasm, but upon activation, it becomes 
redistributed towards the periphery, most likely via a post-
translational modification, namely phosphorylation (55).  In 
fact, within 2 minutes of thrombin stimulation, the amount 
of phosphorylated talin has been shown to increase 4-fold 
over that of phosphorylated talin in resting platelets.  The 
integrin αIIbβ3 is not required for this redistribution to the 
sub-membranous location as evidenced with platelets from 
Glanzmann thrombasthenia patients.  These platelets lacked 
β3, but still showed talin redistribution upon stimulation. 
 

Talin binds both the αIIb and β3 cytoplasmic tails 
(32).  This binding is thought to induce integrin activation 
via physically disrupting the salt bridge between the 
cytoplasmic tails, thereby transducing a conformational 
change across the plasma membrane, which ultimately 
affects the integrin’s binding affinity.  Talin is believed to 
be the final step in integrin activation.  RNAi experiments 
against talin show a significant depreciation in the amount 
of integrin activation (27).  Also, Förster resonance energy 
transfer (FRET) experiments demonstrate how talin lowers 
the FRET activity between the αIIb and β3 cytoplasmic tails, 
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indicating that talin is physically separating the two and 
induces integrin activation (56). 
 
4.4.  ICln 

ICln was identified as a binding partner of αIIbβ3 
via measured interactions of a high density protein 
expression array with biotin-tagged KVGFFKR (33).  This 
protein is a 42 kDa chloride channel regulatory protein that 
is essential for regulation of cell volume.  Deletion of ICln 
results in cell death.  Interestingly, integrins have an 
implicated role in osmoregulation.  Further studies in 
platelets using acyclovir, a pharmacological inhibitor of the 
ICln chloride channel, demonstrate a dose-dependent 
inhibition of platelet aggregation and integrin activation 
detected with PAC1.  Significantly, a unique peptide 
sequence was identified that is found only in the ICln 
protein and the integrin β3 cytoplasmic tail throughout the 
entire human genome, AKFEEE.  Addition of a peptide 
corresponding to this domain to platelets induces a dose-
dependent inhibition of platelet aggregation and integrin 
activation as well (33).  However, it is unknown whether 
this affect is due to inhibition of ICln action, some other 
integrin binding protein being blocked, or some 
combination.  Regardless, it suggests that this unique 
domain is important for integrin signaling. 
 
4.5.  Protein Phosphatase 1 

The conserved membrane-proximal region of αIIb 
encompasses the consensus-binding motif of PP1c, KVGF 
(37).  It was found that PP1c, a serine/threonine protein 
phosphatase, does associate with αIIbβ3 in resting platelets.  
Ligand occupation of αIIbβ3 upon agonist stimulation causes 
PP1c to be released.  Free PP1c can then participate in 
transient dephosphorylation events, such as the 
dephosphorylation of the PP1c substrate myosin light 
chain.  Interestingly, the sequence to which PP1c binds 
overlaps the binding sequences of many other proteins that 
interact with αIIbβ3, so dissociation of PP1c may permit the 
association of other cytoplasmic proteins (37). 
 
4.6.  Shc 

Shc was identified via phospho-peptide affinity 
column purification to be the primary protein to bind the 
phosphorylated cytoplasmic tail of β3 (39).  Tyrosine 
phosphorylation of the ICY domain of β3, which contains 
two NXXY motifs separated by eleven amino acids, is 
known to be involved in outside-in signaling.  Shc has two 
phosphotyrosine binding domains, SH2 and PTB, and itself 
becomes tyrosine phosphorylated upon LIBS antibody-
induced aggregation, which further indicates that Shc is 
involved in the outside-in portion of the αIIbβ3 signaling 
pathway.  LIBS antibodies induce Fg binding to αIIbβ3 via a 
conformational change in the integrin without agonist 
stimulation.  Also, studies conducted with murine platelets 
that have a mutated β3 (Y747F, Y759F) such that the β3 
cytoplasmic tail cannot be tyrosine-phosphorylated show 
that Shc does have highly elevated levels of 
phosphorylation compared to wild-type murine platelets 
when allowed to aggregate with thrombin as the agonist 
(39).  However, the level of Shc phosphorylation in the 
aggregate lysates was 2.8-fold lower compared to the wild-
type murine platelets. 

4.7.  Focal Adhesion Kinase 
Focal adhesion kinase (FAK) is a non-receptor 

tyrosine kinase that is central to cell signaling.    FAK was 
found to bind a β3 cytoplasmic domain peptide suggesting 
that it could associate with β3 integrins in vivo (47).  FAK 
has been shown to translocate to the cytoskeleton in 
platelets in an aggregation-dependent manner (66).  Platelet 
aggregation induced by thrombin stimulation lead to FAK 
tyrosine phosphorylation.  Also, PMA-induced activation 
of protein kinase C (PKC) caused FAK phosphorylation in 
platelets exposed to Fg.  Immunoprecipitation studies show 
that FAK associates with Shc through Grb2 in thrombin 
stimulated platelets (66). 
 
4.8.  β3-Endonexin 

β3-endonexin was isolated in 1995 via the yeast 
two-hybrid screen using β3 cytoplasmic domains as bait 
(46).  It consists of 111 amino acids and binds the β3 
cytoplasmic tail of αIIbβ3, specifically requiring the N756ITY 
sequence (67).  Deletion or mutation of this sequence 
disrupts inside-out signaling through the integrin αIIbβ3 in 
both CHO cells and platelets (68).  β3-endonexin increases 
the affinity of αIIbβ3 for Fg, as seen in experiments 
measuring PAC1 binding in CHO cells expressing β3-
endonexin.  These results suggest that β3-endonexin 
binding to the cytoplasmic tail of the β3 integrin promotes 
cell adhesion and spreading on immobilized fibrinogen. 
 
4.9.  Skelemin 

Integrin association with cytoskeletal proteins is 
important for integrin-induced spreading.  Skelemin, a 210 
kDa protein belonging to a family of myosin-associated 
proteins, was identified as a binding partner of the 
cytoplasmic tail of β3 via the yeast two-hybrid screen in 
1998 (44).  HA-tagged skelemin colocalizes with αIIbβ3 
expressed in non-muscle CHO cells.  Skelemin was also 
observed to colocalize with focal complexes in 
lamellipodia, but not focal adhesions, suggesting that the 
skelemin-β3 association may be regulated and occur only in 
stages of lamellipodia extension (44). 
  
4.10.  Integrin-Linked Kinase 

Integrin-linked kinase (ILK) co-
immunoprecipitates with β3 in activated platelets (43).  
Confocal images also reveal that in resting platelets, ILK is 
in the cytoplasm, but in activated platelets, ILK translocates 
to the membrane.  An increase in ILK kinase activity and 
β3 phosphorylation have also been demonstrated in 
activated platelets.  It has also been demonstrated that 
inhibition of PI-3 kinase blocks ILK activity and decreases 
αIIbβ3 affinity.  Therefore, it is suggested that ILK’s 
association with αIIbβ3 is PI-3 kinase dependent. 
 
4.11.  Receptor for Activated C-Kinase 

Receptor for activated C-kinase, RACK1, is a 36-
kDa protein belonging to the RACK family of proteins, a 
group of PKC targeting proteins (38).  RACK1 binds 
directly to the β3 tail in vitro.  RACK1 co-
immunoprecipitates with β3 in platelets plated on BSA and 
fibrinogen, suggesting that it could be constitutively 
associated with the integrin (38).  RACK1 has also been 
shown to directly bind PKCβ (69).  These interactions 
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suggest that RACK1 modulates the PKCβ- αIIbβ3 
interaction.   
 
4.12.  Protein Kinase Cβ 

Platelets express at least eight isoforms of PKC.  
The role of PKCs in agonist-induced regulation of αIIbβ3 in 
platelets has been largely based on the fact that phorbol 
esters, like PMA, have stimulatory effects and PKC 
inhibitors have inhibitory effects on platelet aggregation.  
In 2005, it was found that out of all the PKC isoforms 
expressed in platelets, only PKCβ associates with αIIbβ3 
upon fibrinogen binding (38).  This association is directed 
through the β3 cytoplasmic tail and results in elevated PKC 
activity.  Furthermore, this association is seen to occur at 
focal complexes and lamellipodia edges, suggesting 
involvement in outside-in signaling (38). 
 
4.13.  The Src Family Kinases 

Src constitutively associates with αIIbβ3 in 
platelets (28, 41, 50, 70).  Adhesion of platelets to 
fibrinogen results in a direct association of Syk with β3, a 
dissociation of Csk from Src, and a 35-fold increase in Src 
activity.  Csk is associated with unactivated αIIbβ3 and 
functions in keeping Src inactive by phosphorylating 
tyrosine 529.  Platelet activation leads to protein-tyrosine 
phosphatase (PTP)-1B recruitment to this inhibitory 
complex to dephosphorylate tyrosine 529, and it has been 
shown to be required for Csk dissociation (70).  Src is then 
phosphorylated on tyrosine 418 which constitutes the active 
kinase.  Syk is a downstream signaling protein of Src and 
upstream of cytoskeleton regulatory proteins (41).  Platelet 
activation leads to Syk association with Src.  Inhibitors of 
Src inhibit Syk phosphorylation and result in poorly spread 
platelets.  Syk null platelets spread poorly on fibrinogen 
suggesting Syk is necessary for platelet spreading.   
 
5. CALCIUM- AND INTEGRIN-BINDING PROTEIN 1 
 

Expression of an αIIbβ3 mutant in CHO cells 
where the αIIb cytoplasmic tail was deleted resulted in a 
constitutively active integrin (26).  To identify proteins that 
interact with αIIb and possibly regulate it, a yeast-2-hybrid 
screen was conducted using the αIIb cytoplasmic tail as bait.  
In 1997, calcium- and integrin-binding protein, CIB, was 
identified via this yeast-2-hybrid screen (34).  It was later 
determined that the isolated CIB was the founding member 
of a family of CIB proteins and was termed CIB1.  RT-
PCR analysis of platelet RNA revealed the presence of 
CIB1.  CIB1 is conserved on the amino acid sequence level 
among species (71).  Since its initial isolation, CIB1 has 
been identified in many other cell types including, but not 
limited to, megakaryocytic cells, heart, pancreas, liver, 
skeletal muscle, kidney, lung, placenta, and brain (72). 
 
5.1.  Structural Insights 

CIB1 contains 191 amino acids and has a 
predicted molecular weight of 21.7 kDa (34).  CIB1 
contains 4 EF-hand motifs, the 2 EF-hands in the C-
terminal domain being functional, and is N-terminally 
myristoylated (34, 73).  Recently, the crystal structure of 
CIB1 has been solved at 2.3 Ǻ resolution by our lab and 
one other (74, 75).  When we superimpose our structure 

with the Gentry et al structure, it appears that CIB1 consists 
of 2 globular domains separated by a flexible linker region 
(74).  Since its initial isolation, CIB1’s interaction with 
αIIbβ3 has been measured with numerous techniques (51-53, 
72, 76).   
 
5.2.  Binding of CIB1 to αIIbβ3 – in vitro 

CIB1 has sequence similarity to calcineurin B 
and calmodulin, 58% and 56% respectively, which allowed 
for construction of a homology-based CIB1 structure (25, 
51).  This predicted structure reveals the αIIb binding site on 
calcium-bound CIB1 to be in the C-terminus and its ideal 
area to bind αIIb would be in the membrane-proximal region 
(25).  In vitro studies confirm these predicted results.  The 
CIB1- αIIbβ3 interaction has also been measured with 
intrinsic tryptophan fluorescence (ITF) (51).  Interestingly, 
not a single tryptophan is present in the 191 amino acids 
that comprise CIB1.  The αIIb cytoplasmic tail has a 
tryptophan residue at position 988, so CIB1 binding to αIIb 
peptides can be characterized by ITF of αIIb upon addition 
of CIB1.  The ITF of CIB1-αIIb is 75% greater than αIIb 
alone.  Various αIIb peptides have been titrated with CIB1 
and it has been demonstrated that αIIb peptides lacking the 
C-terminus have the same ITF spectra as full-length, wild 
type αIIb cytoplasmic tail.  This suggests the site of CIB1-
αIIb interaction is at the N-terminal membrane-proximal 
region of the αIIb cytoplasmic tail.  Peptide mutational 
analysis was conducted to determine the minimal sequence 
on αIIb necessary for CIB1 binding to be Leu983-Arg997.  
The interface on CIB1 that could potentially interact with 
this region was determined to be a C-terminal hydrophobic 
pocket that could become exposed in the calcium-bound 
structure, as determined by homology analysis (51).  
Peptides corresponding to the C-terminus of CIB1 inhibit 
CIB1 binding to GST-αIIb cytoplasmic tail as shown via an 
in vitro binding assay (52).  Because CIB1 preferentially 
binds to αIIb and not other α subunits or β3, it was originally 
predicted to be unlikely that CIB1 would bind to the 
conserved α subunit GFFKR membrane-proximal domain 
because this domain is necessary for αIIbβ3 dimerization, 
but this prediction seems to have been proven otherwise 
(34, 76).   
 
5.3.  Binding of CIB1 to αIIbβ3- in vivo  

The colocalization of CIB1 and αIIbβ3 has also 
been visualized with immunofluorescence (53).  In 
platelets, immunoprecipitation of CIB1 brings down αIIb in 
platelets plated on BSA and increasingly so in platelets 
plated on immobilized Fg (53).  HEL cells, full-length 
CIB1 with a C-terminal FLAG tag co-immunoprecipitates 
with the αIIb subunit (52).      A yeast 2-hybrid analysis was 
conducted using deletion fragments of CIB1 as bait to 
identify a more confined region for the CIB1- αIIbβ3 
interaction (52).  It was found that CIB1 fragments lacking 
the C-terminus failed to interact with the αIIb cytoplasmic 
tail while fragments containing this region showed an 
interaction.  This indicates that the region of CIB1 
responsible for the interaction with αIIb is in the C-terminus.   
 
5.4.  CIB1 Binds Calcium 

The CIB1- αIIbβ3 interaction was also shown to be 
calcium-dependent by isothermal titration calorimetry 
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(ITC) and calcium-dependent pull-down assays (52, 72).  
However, a GST-CIB1 fusion protein retains αIIbβ3 in 
liquid phase binding assays regardless of Ca2+ presence 
(76).  Surface plasmon resonance (SPR) showed no 
difference in αIIb peptide binding to GST-CIB1 in the 
presence or absence of Ca2+ (76).  However, Shock et al 
have argued that ITC is a more accurate technique because 
they were able to use full-length CIB1 and not a GST 
modified CIB1.  In addition, the Kd value obtained via ITC 
falls within the range of accuracy by ITC.  They suggest 
that the GST-CIB1 fusion protein may be conformationally 
altered or not be as flexible as full-length CIB1.  They also 
argue that SPR has many pitfalls (72).  It is now clear that 
CIB1 is able to bind αIIbβ3 in both the presence and absence 
of calcium, but the Kd for calcium-bound CIB1 is 
approximately 100-fold lower than for calcium-unbound 
CIB1. 
 

The structure of CIB1 suggests that it could be a 
member of the Ca2+-myristoyl switch family of proteins 
(77, 78).  In this family of proteins, the myristoyl group, in 
the absence of Ca2+, is sequestered in a deep hydrophobic 
box within the protein where it is held down by residues 
contributed by the EF hands.  Introduction of Ca2+ leads to 
unclamping of these EF hand residues and extrusion of the 
myristoyl group.  The hydrophobic acyl chain is then free 
to interact with the membrane, thereby localizing the 
protein to the membrane.  This model seems to fit for 
CIB1 because it has also been reported that CIB1 
colocalization with αIIbβ3 is Ca2+ dependent.  Ca2+ 
concentrations in an average resting platelet are in the 
order of 100 nM and increase to around 10 µM in 
activated platelets, of which local concentrations could 
be even higher (52).  So, an increase in intracellular 
Ca2+ concentration upon agonist stimulation could lead 
to an increase in CIB1 binding to αIIbβ3 by localizing 
CIB1 to the platelet membrane via the Ca2+-myristoyl 
switch mechanism.  However, this mechanism is still 
debated because some publications report a Ca2+-
independent association of CIB1 with αIIbβ3 (76, 79).  A 
recent paper suggests a novel binding mode wherein the 
C-terminus of Ca2+-bound CIB1 determines binding 
specificity to the αIIb cytoplasmic domain (79).  The C-
terminal extension binds transiently and is then 
displaced, revealing a hydrophobic pocket between the 
two C-terminal EF hands that binds αIIb.  Solving the 
structure of αIIb-bound CIB1 is ongoing and is expected 
to clear the uncertainty. 
 
6. THE PHYSIOLOGICAL ROLE OF CIB1 IN 
REGULATING αIIbβ3 FUNCTION 
 

It is well established that CIB1 and αIIbβ3 directly 
associate with each other, but what is the physiological 
relevance of this interaction between CIB1 and the integrin 
αIIbβ3?   
 
6.1. The Role of CIB1 in Megakaryocytes 

It has been argued that CIB1 is an inhibitor of 
αIIbβ3 activation (80).  In this study, however, 
megakaryocytes were utilized in lieu of platelets because 
they can be directly genetically manipulated.  A CIB1-

EGFP construct inhibited thrombin receptor activating 
peptide (TRAP) induced fibrinogen binding to 
megakaryocytes.  Since CIB1 binds p21 associated 
kinase (PAK1), a CIB1 mutant was constructed that 
retained its PAK1 binding ability, but could not bind 
αIIb, CIB1 F173A-EGFP.  The mutant failed to inhibit 
PAR4 peptide induced activation of αIIbβ3, suggesting 
that the agonist induced inhibition of αIIbβ3 via CIB1 is 
direct.  However, this data was collected completely in 
megakaryocytes and this calls into question whether or 
not megakaryocyte biology can be indicative of platelet 
biology.  Megakaryocytes, like platelets, express αIIbβ3, 
but the function of αIIbβ3 in megakaryocytes is to uptake 
fibrinogen for α-granule storage (81).  The nucleic acid 
and protein composition of megakaryocytes differs 
greatly from that of platelets and agonist stimulation 
does not reliably induce αIIbβ3 activation in this unique 
cell type.  So the behavior of the integrin in 
megakaryocytic studies may not be able to be 
generalized to how it would behave under the same 
conditions in platelets. 
 
6.2.  The Role of CIB1 in Inside-Out Signaling 

CIB1 appears to be necessary for platelet 
activation.  Addition of a palmitoylated peptide 
corresponding to the C-terminus of CIB1 (amino acids 
179-188) to intact platelets inhibited αIIbβ3 activation 
upon ADP stimulation as monitored with PAC1 binding 
(52).  Contrasting results have shown that CIB1 does not 
stimulate αIIbβ3 activation via αIIbβ3-CIB1 liquid phase 
binding assay and immunoprecipitation with PAC1 (76).  
However, Tsuboi has argued that these methods are less 
sensitive than the former and any change in integrin 
activation in the presence of CIB1 could have been 
missed.  It was also predicted that CIB1 is necessary for 
platelet aggregation (52).  Binding of radiolabeled Fg to 
αIIbβ3 increases in a dose-dependent manner following 
the addition of GST-CIB1.  A peptide corresponding to 
amino acids 179-188 in the C-terminus of CIB1 
competes with CIB1 for binding to αIIbβ3, and Fg 
binding upon addition of this peptide is decreased (52).  
Platelets incubated with a myristoylated version of this 
peptide showed no PAC1 binding when stimulated with 
ADP.  The myristoylation of the peptide allows it to 
cross the membrane and enter the platelet and this was 
confirmed by tagging the peptide with FITC.   
 

Of interest, CIB1 forms a complex with 
Wiskott-Aldrich syndrome protein (WASP) when 
platelets are activated wherein they bind N-terminal to 
N-terminal (54).  Blocking this complex formation with 
CIB1 N-terminal fragments reduces αIIbβ3 affinity for 
fibrinogen and inhibits the bent-to-extended 
conformational change of the extracellular domain of 
the integrin as determined by lack of PAC1 binding.  
These results suggest that the WASP-CIB1 interaction is 
important for platelet αIIbβ3 activation via inside-out 
signaling. 
 
6.3.  The Role of CIB1 in Outside-In Signaling 

Platelets activated with thrombin, collagen, the 
calcium ionophore A23187, or PMA under stirring
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Table 1.  Proteins that have been demonstrated to bind cytoplasmic tails of αIIbβ3 
Protein Tail it Binds Binding Site Inside-out/Outside-in Signaling Reference 
Calreticulin α KXGFFKR Outside-in 36 
Ancient Ubiquitous Protein 1 (Aup1) α KVGFFKR Possibly Inside-out 31  
ICln α KVGFFKR Possibly Inside-out 33  
Protein Phosphatase 1 (PP1c) α KVGF Outside-in 37  
Calcium- and Integrin-Binding Protein 1 
(CIB1) 

α L983-R997 Inside-out/Outside-in 34, 51-54  

Talin α and β H722-K738 β Inside-out 27, 55-57  
Filamin β NPXY Outside-in 58  
α-actinin β FAKFEEERAR Outside-in 42, 58  
Skelemin β WKLLITIHDRK Outside-in 44  
Integrin-Linked Kinase (ILK) β Not Identified Outside-in  43  
Grb2 β D740-T762 Outside-in 19  
Receptor for Activated C-Kinase 
(RACK1) 

β Membrane-proximal Outside-in 45  

Myosin β D740-T762 Outside-in 49  
Protein Kinase C (PKC β) β Not Identified Outside-in 38  
Syk β R734-T762 Outside-in 48  
Src β YRGT Outside-in 50, 59, 60  
Shc β ICY Domain Outside-in 39  

 
conditions and allowed to aggregate showed a significant 
increase in the level of CIB1 that co-sedimented with the 
actin cytoskeleton, indicating that upon platelet activation, 
CIB1 localizes to the cytoskeleton (72).  This translocation 
could be blocked by pre-incubation with a RGDW peptide 
that blocks Fg binding to αIIbβ3.  Addition of a monoclonal 
antibody against CIB1, UN7.79, halts platelet spreading by 
95% on immobilized Fg (53).  Platelets are arrested in the 
spiky morphology, suggesting CIB1 is necessary for the 
spiky to spread transition.  Addition of recombinant CIB1 
protein rescues the spread phenotype, suggesting the CIB1- 
αIIbβ3 interaction is necessary for platelet spreading on 
immobilized fibrinogen.  Also, addition of an αIIb peptide to 
compete with the binding of CIB1 to αIIb halts platelet 
spreading at the spiky morphological stage.  Addition of 
exogenous ADP to these arrested platelets recovers the 
spread morphology, suggesting that the CIB1- αIIbβ3 
interaction is necessary for the granular secretion of ADP 
that is required for platelet spreading (53).   
 
6.4 . Other CIB1 Interactions 

CIB1 has also been shown to bind many other 
cytoplasmic proteins including but not limited to 
presenilin-2, polo-like kinase 2 (Plk2), polo-like kinase 3 
(Plk3), DNA-PK, PAK1, FAK, FEZ1, Rac3, EDD, factor 
VIII, caspase 2S, Pax3, telomerase, NBR1, 6-16, and 
WASP (54, 71, 73, 82-92).  Some of these important 
protein-protein interactions will be elaborated.   
 

CIB1 has been shown to bind PAK1 and 
stimulate PAK1 autophosphorylation (84).  CIB1 
overexpression in REF52 cells plated on fibronectin 
resulted in a loss of focal adhesions, membrane ruffling, 
CIB1 localization to areas of increased actin dynamics, and 
a decrease in cell spreading.  siRNA knockdown of CIB1 
resulted in a 3-5 fold increase in cell migration.  However, 
it has also been shown via wound healing assays that 
overexpression of CIB1 in CHO cells plated on fibronectin 
increases cell migration, spreading, and focal adhesions 
(71).  Interestingly though, CIB1 does not directly interact 
with the fibronectin receptor, α5β1, and thus the CIB1 
mediated alterations in cell motility must be through some 
other downstream component.   A dominant-negative FAK,

 
FRNK, overexpressing cell culture shows the same 
migratory phenotype of control cells, but when FRNK and 
CIB1 are overexpressed together, the previously seen CIB1 
induced cell migration is inhibited (71).  This suggests that 
CIB1 modulates CHO cell migration on fibronectin via 
FAK.  In fact, CIB1 co-immumoprecipitates FAK in CHO 
cells and platelets, increasingly so in platelets when plated 
on immobilized fibrinogen.  This suggests that CIB1 and 
FAK binding results from outside-in signaling and that 
CIB1 can modulate platelet spreading on immobilized 
fibrinogen via FAK regulation. 
 

CIB1 has also been shown to interact with 
activated Rac3, but not Rac1 or Rac2 (86).  CIB1 
expression in CHO cells plated on fibrinogen resulted in 
increased spreading 130%.  The amount of CIB1 associated 
with activated Rac3 (V12Rac3) also increased.  In the 
presence of V12Rac3, the amount of CIB1 that associates 
with the cytoskeleton increased.  Also, constitutively active 
Rac3 increases adherence through αIIbβ3, while co-
expression with CIB1 further increases adhesion.  These 
results are interesting, but the expression of Rac3 in 
platelets has yet to be determined. 
 

An interesting association shown with CIB1 is 
that with the IP3 receptor (IP3R) calcium release channel, 
as reported in PC12 cells (93).  CIB1 binds the IP3R within 
the IP3 binding domain in a calcium-dependent manner.  In 
the absence of IP3, CIB1 is capable of directly activating 
the channel and causing calcium release.  However, if the 
cells were pre-exposed to CIB1, subsequent activation by 
IP3 was reduced.  Overall, overexpression of CIB1 reduces 
calcium release through the IP3R, suggesting that CIB1 
could play a role in channel gating via inhibition of IP3 
stimulation of the IP3R.  This CIB1-IP3R interaction has 
not been demonstrated in platelets as yet. 
 
7. SUMMARY 
 

Platelets function physiologically in hemostasis, 
but also pathologically in thrombosis.  The study of platelet 
regulation is necessary for generating effective anti-platelet 
therapeutics.  One platelet signaling molecule of particular 
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interest is the integrin αIIbβ3, which binds Fg and is required 
for platelet aggregation.  The integrin itself as well as 
proteins that interact with αIIbβ3 have become targets for 
anti-platelet therapies.  One such protein that has been 
shown to directly regulate αIIbβ3 function is calcium- and 
integrin-binding protein 1 (CIB1).  CIB1 has been 
implicated in αIIbβ3 activation and outside-in signaling 
through the integrin.  By increasing our understanding of 
CIB1 and other proteins that like it, associate with integrin 
αIIbβ3, and the signaling events that result from those 
interactions, we may bring ourselves closer to more 
effective therapies.  
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