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Abstract
Background and Objectives—β3-deficient(−/−) megakaryocytes were modified by human
β3-lentivirus transduction and transplantation to express sufficient levels of a C560Rβ3 amino
acid substitution to investigate how an activated αIIbβ3 conformation affects platelets in vivo in
mice.

Patient/Methods—Identical to our previous report of a R560β3 mutation in a patient with
Glanzmann thrombasthenia, R560β3 murine platelets spontaneously bound antibody that only
recognizes activated αIIbβ3 bound to its ligand, fibrinogen.

Results—With this murine model, we now show that αIIb-R560β3 mutation mediated
continuous binding of fibrinogen occurs in the absence of P-selectin surface expression indicating
that the integrin was in an active conformation, although the platelets circulated in a quiescent
manner. Remarkably, only 35% of R560β3 “mutant” mice survived six months after transplant
while 87% of C560β3 “wildtype” mice remained alive. Pathological examination revealed that
R560β3 mice had enlarged spleens with extramedullary hematopoiesis and increased hemosiderin
indicating haemorrhage. R560β3 megakaryocytes and platelets displayed abnormal morphology
and irregular granule distribution. Interestingly, R560β3 washed platelets could aggregate upon
simultaneous addition of fibrinogen and physiological agonists, but aggregation failed when
platelets were exposed to fibrinogen before activation in vitro and in vivo.
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Conclusions—Thus, the results demonstrate that continuous occupancy of αIIbβ3 with
fibrinogen disrupts platelet structure and function leading to haemorrhagic death consistent with
Glanzmann thrombasthenia rather than a thrombotic state.
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Glanzmann Thrombasthenia

Introduction
Glanzmann thrombasthenia (GT) is a rare bleeding disorder resulting from ITGA2B or
ITGB3 gene defects leading to integrin αIIbβ3 abnormalities that prevent platelet
aggregation.[1] Previous reports showed that altered αIIbβ3 conformation permitted
spontaneous binding of activation-dependent monoclonal antibodies (Ab) or its principle
ligand, fibrinogen, with high-affinity. Enigmatically, this situation does not confer a
thrombotic but a prolonged bleeding phenotype and abnormal platelet morphology. For
example, activating mutations affecting transmembrane or cytoplasmic domains perturbed
the R995αIIb-D723β3 salt-bridge leading to a GT-like phenotype and/or
macrothrombocytopenia.[2–5] Genetic mutations (e.g. C542R, C549R, C560R, C560F)
disrupting disulfides within the ITGB3 extracellular EGF domains also led to reduced
expression of a constitutively active αIIbβ3 in GT patients.[6–12] The present study was
established to gain an in-depth in vivo analysis of the physiological effect of a single amino
acid substitution of C560Rβ3 that places αIIbβ3 in an active conformation with a high-
affinity for fibrinogen.

Materials and Methods
Mice

β3(−/−) mice (R.O.Hynes, Howard Hughes Medical Institute,Cambridge,MA) studies
approved by Medical College of Wisconsin’s Animal Care Committee.

Lentivirus
β3-WPTS lentivirus encoding C560β3 was described.[13] cDNA encoding R560β3 was
constructed by mutagenesis of C560β3 cDNA at g1776 T>C as described.[8]

β3(−/−) Murine Bone Marrow Isolation, Transduction and Transplantation (tx)
Each mouse received lethal irradiation prior to tx with 9.0×106 β3(−/−) bone marrow cells
untransduced (as a negative control) or transduced with β3-lentivirus.[13] Survival studies
represent observations of 23 C560β3 tx mice, 20 R560β3 tx mice and 10 β3(−/−) mice tx
with untransduced β3(−/−) bone marrow.

Blood Collection
Murine tail-vein bled into 0.13M sodium citrate anti-coagulant as described.[13] Blood cells
were counted on a Vet ABC hematology analyzer (scil animal care company, Gurnee, IL).
Platelets were isolated with Fico/Lite™ (Atlanta Biologicals, Norcross, GA) as described.
[13]

Antibodies
PE-conjugated Ab to human β3, and FITC-conjugated Ab to murine αIIb (BD Biosciences,
San Jose, CA); monoclonal Ab (D3) to the high-affinity conformation of human β3 (L.
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Jennings, University of Tennessee, Memphis, TN)[14]; FITC-rabbit anti-murine fibrinogen
Ab and FITC-rat anti-murine P-selectin (Emfret Analytics, Würzburg, Germany); FITC-
F(ab’)2 goat anti-murine IgG Fc (Jackson ImmunoResearch, West Grove, PA).

Flow Cytometry
Platelets labeled with PE-and/or FITC-conjugated Abs were analyzed as described.[13]
Some platelets were pretreated with the fibrinogen mimetic peptide, GRGDW (2mM).
Cytofix™ and PERM/WASH™ reagents (BD Biosciences) were used for intracellular
detection of fibrinogen.

Tissue Analysis
Organs were isolated from paraformaldehyde perfused mice as described.[15] Tissue
sections were stained with hematoxylin and eosin as described.[16] Bone sections were
analyzed with αIIb(1:325) or β3(1:2,000) 1°Ab (P.Newman, Blood Research
Institute,Milwaukee,WI) and biotinylated-goat-anti-rabbit 2°Ab as described.[15]

Platelet Morphology
Wright/Giemsa stained blood smears underwent microscopic analysis.

Electron Microscopy (EM)
Fixed platelet sections stained with uranyl acetate and osmium and frozen-thin sections were
prepared and analyzed by EM as described.[17] Platelets sections on collodion-coated nickel
grids were incubated with rabbit-anti-murine Ab to fibrinogen (10µg/ml, Emfret Analytics,
Würzburg, Germany) and goat-anti-rabbit 2°Ab adsorbed onto AuroProbe EM G10 gold
particles as described.[17]

Platelet Aggregation
PAP-4 platelet aggregation profile (BioData Corporation) analysis was performed as
described.[13] Fibrinogen (0.15mg/ml; Enzyme Research Laboratories, South Bend, IN)
was added alone or simultaneously with platelet activation agonist, 100µM adenosine
diphosphate (ADP) alone or in mixture with 20µM epinephrine (BioData Corporation,
Horsham, PA) and 250µM of thrombin receptor activating-peptide (PAR4,GYPGKF-NH2).

Pulmonary Thrombi
Mice were injected intravenously with 0.35mg ADP/g, sacrificed after 10 minutes, lung
tissue isolated and Gomori’s trichrome stained lung sections were analyzed for platelet
aggregation as described.[13]

Results
We previously observed restored platelet function following human β3-lentivirus
transduction and transplantation (tx) of β3(−/−) murine bone marrow into β3(−/−)
littermates.[13] Currently, β3(−/−) marrow was transduced with a C560R “activated” form
of human β3 to investigate the effect of this mutation on integrin function and platelet
survival. As shown, the lentivirus vector contained GATA-1 and Ets elements of the human
αIIb gene promoter essential for high level transcription of either form of β3 within the
megakaryocyte lineage (Fig1A). Immunocytometry (Fig1B) showed that a typical tx
recipient had platelets that expressed moderate levels of endogenous αIIb complexed with
R560β3 on murine platelets. Tx mice that expressed human C560β3 at comparable receptor
levels on their platelet surface were used as positive controls to permit objective comparison
of receptor and platelet function for this study (Fig 1B). As anticipated, platelets expressing
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C560β3 (Fig1C;Left), only bound the “D3” Ab when its epitope was exposed on activated
αIIbβ3 bound to a fibrinogen mimetic peptide (+RGD), while R560β3 spontaneously bound
“D3” (±RGD) (Fig1C;Right).[14] Identical results have been shown for human GT platelets
that naturally express moderate levels of R560β3.[8] This outcome suggests feasibility for
this murine model to uncover the pathophysiologic consequences of platelets expressing
R560β3. Immunocytometry of fixed/permeabilized platelets (Fig1D) indicated that surface
expression of C560β3 and R560β3 restored the ability of β3(−/−) tx platelets to bind
fibrinogen and execute receptor-mediated endocytosis of fibrinogen. Immunocytometry
(Fig1E;+agonist) showed that R560β3 platelets circulated normally in a quiescent
“unactivated” manner because the α-granule protein, P-selectin, appeared only on the
surface of platelets treated with agonists of platelet activation. This outcome is consistent
with the observation that outside-in signaling (e.g. FAK phosphorylation) was not
spontaneously induced by the C506R amino acid substitution within human platelets, which
retained their ability to spread on a Fibrinogen-covered surface.[8] Thus this aspect was not
studied further.

Of Significance, 87% of C560β3 mice survived at least 26 weeks after tx (Fig2A). In
contrast, 50% of R560β3 mice died by week 11 and only 35% survived until the
experimental endpoint. This remarkable result resembled the 30% survival rate at the
experimental endpoint recorded for β3(−/−) mice tx with non-transduced β3(−/−) marrow.
Note that post mortem examination was not performed on mice tx with non-transduced
marrow that died within 2 weeks after tx. These events were attributed to hemorrhage due to
the inability of β3(−/−) platelets to repair vascular injury related to intense lethal irradiation
of the pre-tx conditioning regimen. In contrast, several (≈50%) of the R560β3 tx mice
deaths occurred at a more staggered rate over the first 12 weeks after tx. This result indicates
that the initial presence of R560β3 may have conferred some ability of R560β3 platelets to
alleviate the effect of the pre-tx conditioning regimen. Since the difference in mortality
between C560β3 and R560β3 was highly significant (P=0.0002,Gehan-Breslow-Wilcoxon
Test), R560β3 mice were examined for a cause of death. Each affected R560β3 mouse
displayed a sudden onset of illness characterized by pale extremities (feet, tail, ears)
accompanied with lethargy and hunched body usually producing death within 48 hours
(Fig2B,Top Left). Autopsy was performed on nine affected R560β3 mice to detect tissue
pathology. Gut, heart, lungs, brain, liver, spleen, kidney and bone were analyzed (Top
Right). One R560β3 mice displayed gross intestinal bleeding (Gut), a finding confirmed by
positive hemoccult tests and histochemical analysis identical to results reported for β3(−/−)
mice in hemorrhagic crisis.[18] Four representative R560β3 mice demonstrated that the
spleen appeared abnormally large or necrotic (Fig2B;Bottom,#1–4). Histochemistry further
revealed that R560β3 spleen displayed extramedullary hematopoiesis (Fig2C;Top Arrows)
and activated macrophages were present (Fig2C;Bottom Arrows). This result is consistent
with spleens isolated from β3(−/−) mice affected with prolonged bleeding associated with
GT.[18]

Immunohistochemistry of bone with Ab to β3 (Fig2D) and αIIb (Fig2E) showed that
C560β3 megakaryocytes appeared normal in size and shape (Left). Yet, R560β3
megakaryocytes were morphologically abnormal and appeared as clusters within the bone
(Right Top Arrow). This analysis was not performed with the human GT patient R560β3
megakaryocytes;[8] however, the outcome is consistent with results obtained in previous
studies that expressed activating mutations of αIIbβ3 (R995WαIIb,T562Nβ3) on the surface
of tissue-cultured cells.[5] Thus, the single amino acid substitution of C560Rβ3 may have
also permitted bone marrow megakaryocytes to spontaneously bind fibrinogen and
ultimately causing a profound effect on their morphology. Emperiopoiesis of neutrophils by
R560β3 megakaryocytes was also detected frequently (Right Bottom Arrow) indicating
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that the C560Rβ3 amino acid substitution affected the function of bone marrow
megakaryocytes.[19, 20]

Platelet counts were within normal limits (140–600×103platelets/mm3) since R560β3
showed a mean platelet count of 367±109×103platelets/mm3 for nine mice and C560β3
mice had approximately 432±160×103platelets/mm3 in blood analyzed from fourteen mice.
Although, Wright/Giemsa stained peripheral blood smears revealed that R560β3 platelets
showed anisotrophy compared to C560β3 platelets (Fig3A, Arrows). Electron microscopic
(EM) analysis of platelets revealed that size measurements of ≈100 platelets collected from
each tx group suggested that most tx platelets were similar in size, although R560β3
platelets frequently had an increased length to width ratio (SupTable I). Remarkably, EM
also showed that R560β3 platelets displayed an abnormal heterogeneous distribution of
granules and increased number of vacuoles (Fig3B, Arrows). Thus, R560β3 affected
megakaryocytopoiesis and platelet genesis in vivo as is consistent with abnormalities
observed with human R560β3 platelets.[8] As anticipated, EM of frozen-thin sections
employing immunogold beads (Fig3C) revealed that fibrinogen was localized within α-
granules and internal membrane systems of C560β3 platelets (Left Arrows). In contrast, an
increased presence of fibrinogen was detected on the surface of R560β3 platelets as well as
within the internal membranes (Right Arrows).

In vitro analysis of platelet function was performed with Ficoll purified platelets washed in
PBS/EDTA to chelate calcium and cause dissociation of the integrin complex prior to
incubation in Tyrode’s buffer. The washed platelets were then placed in buffer containing
calcium to help the integrin subunits to re-associate on the platelet surface. This strategy
revealed that simultaneous treatment of washed platelets with fibrinogen and a mixture of
platelet activation agonists induced appreciable aggregation of platelets from C560β3 and
R560β3 mice compared to the β3(−/−,+/−) controls (Fig3D). However, pre-incubation of
washed platelets with fibrinogen for four minutes followed by agonist stimulation induced
R560β3 platelets to change shape but aggregation failed (Fig3E). In contrast, C560β3
platelets aggregated successfully using identical conditions (Fig3E). This outcome suggests
that R560β3’s altered conformation induced atypical occupancy of αIIbβ3 with fibrinogen
on the surface of resting platelets that prevented aggregation of agonist-activated platelets.

Platelet function was examined in vivo to determine if expression of R560β3 affected
platelet aggregation within the dynamic environment of the vasculature. ADP was injected
intravenously to induce formation of pulmonary thrombi as previously described.[13, 21]
Platelet aggregates were absent within pulmonary blood vessels of β3(−/−) and R560β3
mice (Fig.3F). Although, platelet aggregates were readily detectable within C560β3 and
β3(+/−) mice as evidenced by the presence of thrombus formation within the blood vessels
(Fig.3F, Arrows). This outcome confirms the basis for a GT phenotype in mice expressing
an activated R560 form of β3, which continuously binds fibrinogen.

Discussion
There are 56-paired cysteines clustered within the integrin epidermal growth factor domains
(IEGF) of the disulfide-rich core of β3 and these provide structural restraints to β3.[22, 23]
In early work, C457Y and C542R mutations in the EGF-1 and EGF-3 domains were shown
to prevent more than trace αIIbβ3 expression in platelets and give rise to type I GT.[24]
Transfection in COS-7 cells showed that pro-αIIbβ3 formed but failed to mature.
Significantly, the Cys560Argβ3 mutation in a French male allowed 20% of the normal
surface αIIbβ3 expression in platelets was shown to lock the integrin in a spontaneously
activated state.[8] This gain-of-function mutation allowed spontaneous binding of Fg and
MoAbs recognizing activation-dependent determinants on αIIbβ3. Despite severely
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defective platelet aggregation, the patient’s platelets bound to and spread on a fibrinogen-
covered surface. In our current murine model, β3(−/−) megakaryocytes were modified by
human β3-lentivirus transduction and transplantation to provide sufficient levels of the
C560Rβ3 in platelets to investigate how the activated αIIbβ3 conformation affected
hemostasis in vivo. In this respect, the results recall platelet-type von Willebrand disease
where spontaneous binding of VWF to GPIbα leads to a bleeding syndrome rather than
thrombosis.[25]

Mor-Cohen et al,[7] showed that a homozygous β3 C549R mutation in EGF-3 in 6
Jordanian families with severe GT led to low amounts (1–14%) of constitutively active
αIIbβ3 spontaneously binding PAC-1 in platelets or after transfection in BHK cells. This
mutation broke a conserved C549-C558 bond in EGF-3 with mutant pro-αIIbβ3 largely
retained in the ER. Other naturally occurring β3 Cysteine mutations giving rise to activated
αIIbβ3 include C374Y, C506Y, C560F and C598Y (data reviewed in reference 23). One
approach to investigate the role of β3 C residues has been to systematically mutate them to
S; alternatively, others have transfected heterologous cells with αIIb and wild-type β3 or β3
with specific single or double C substitutions in the EGF domains.[10, 12, 23]. Although
disulfide disruption mostly resulted in αIIbβ3 activation, PAC-1 binding was not always
accompanied by fibrinogen binding implying differences in the activation state.
Interestingly, disrupting the bond between C560 (EGF-3) and C583 (EGF-4) activated
αIIbβ3 only when C560 was mutated suggesting that C583 plays a unique regulatory role in
αIIbβ3 activation, possibly through a disulfide exchange-dependent mechanism.[12] A
NMR model contradicted earlier work by suggesting that the C560-C583 bond is positioned
within the EGF-4 domain although it continues to play a role in controlling the rigidity of
the EGF-3 to EGF-4 interface.[26] The fact that C560R gave the highest expression of
αIIbβ3 in human platelets and that it led to spontaneous binding of fibrinogen led us to
believe that it was the most appropriate for the study of the pathophysiological effects of
activated αIIbβ3 in our conditional mouse model.

Taken collectively, our results indicate that the altered structure of R560β3 expressed on
murine platelets contributed to a unique case of GT that adhered ultimately to the classical
definition of GT characterized by a severe bleeding phenotype.[1] Previous work showing
the ability of human R560β3 platelets to spread on fibrinogen coated plates was not repeated
in this study. The current data expands upon the functionality of the mutated integrin
receptor by providing survival plots, organ histology, platelet aggregation assays and in vivo
thrombus formation; results that mutually demonstrate that R560β3 platelets cannot form
sufficient aggregates in vivo. This outcome is consistent with the occurrence of uncontrolled
bleeding associated with Glanzmann thrombasthenia in humans and mice. Thus, the current
investigation has helped to further define a potential mechanism for GT in one of only a few
reported human cases characterized by an activating mutation of integrin αIIbβ3. Together,
our data suggests that αIIbR560β3 readily binds fibrinogen resulting in the existence of
fibrinogen coated platelets that remain in a resting state. After platelet activation with
physiological agonists, platelet-platelet aggregation cannot occur because αIIbR560β3
receptors are already occupied with fibrinogen; therefore, the thrombasthenic phenotype of
uncontrolled bleeding results. This outcome is supported by the results of Fig 3D showing
that αIIbR560β3 platelet-platelet aggregates can form in vitro when fibrinogen is first
washed off the platelets with EDTA/PBS and then the platelets are simultaneously incubated
with fibrinogen and agonist. In contrast, αIIbR560β3 washed platelets are not able to form
aggregates in vitro when treated with fibrinogen prior to activation with physiological
agonists (Fig 3E). This result is consistent with the failure of platelet aggregate to form in
vivo when mice are treated with a platelet activation agonist (ADP) as plasma has a high
concentration of fibrinogen (Fig 3F) and the occurrence of uncontrolled bleeding and low
survival rates for R560β3 mice.
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It remains to be determined why ≈30% of R560β3 tx mice managed to survive for 26 weeks
after transplantation. Admittedly, uncharacterized genetic and environmental factors may
have had an undeterminable effect on platelet function that helped the R560β3 GT patient to
reach adulthood. The ability of a heterozygote “carrier” for the R560β3 mutation to have
normal platelet function is consistent with our proposed mechanism that integrin receptor
occupancy that prevents platelet-platelet aggregates from forming in the homozygote. Since
a heterozyogote has a mixture of R560β3 “mutant” fibrinogen occupied receptors and
C560β3 “wildtype” fibrinogen unoccupied receptors on the platelet surface that are readily
available for mediating platelet-platelet aggregation upon agonist activation.

This study provides further insight for the necessity for maintaining proper integrin structure
when utilizing a recombinant lentivirus vector for hematopoietic stem cell gene therapy as
recently shown with de novo synthesis αIIbβ3 on the surface of platelets to improve
hemostatic function in a dog model of GT.[27] We also propose that the establishment of
breeding colonies of a conditional mouse model[11] may enable a comparison of
megakaryocyte or myeloid expression of β3R560 to permit a differential evaluation of the
effect of this mutation on αIIbβ3 and αvβ3 as well as further investigations on the
intriguing possibility that prolonged presence of fibrinogen on αIIbβ3 leads to a loss of
adhesive function.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. C560β3 & R560β3 tx Recipient Platelets Expressed αIIbβ3
(A) β3-WPT Diagram. Viral 3'-long terminal repeat (LTR) enhancer/promoter was removed
to self-inactivate vector (SIN) and αIIb gene promoter (nucleotides −889 to +35) directed
megakaryocyte-specific transcription of cDNA with either nucleotide C1776T encoding a
Cys (C) or Arg (R) at amino acid 560 of human β3. αIIb promoter binds GATA and Ets for
high-level gene transcription in megakaryocytes while a repressor inhibits gene transcription
in other lineages. The woodchuck hepatitis virus postregulatory element (WPRE) and
central polypurine tract (cPPT) enhance transgene expression.
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(B) αIIbβ3 was Detected on Platelets Tranduced with C560Rβ3. Left, immunocytometric
analysis showed the mean fluorescence intensity (MFI) for αIIb(+) platelets in C560Rβ3
mice (black) appeared at moderate levels compared to β3(−/− green; +/− grey; +/+ brown)
controls. Right, only C560Rβ3 tx mice displayed detectable levels of human β3 on platelets
(black) compared to MFI levels of platelet controls. Results represent 15 experiments
analyzing platelets from β3(−/−,+/−,+/+) controls and 23 C560β3 mice and 20 R560β3.
(C) αIIbR560β3 was Activated Continuously. Left, immunocytometric analysis revealed
that C560β3 platelets (shaded peak) bound an Ab “D3” (recognizing an epitope exposed on
high-affinity conformation of human β3 bound to ligand) only in the presence of a
fibrinogen mimetic peptide containing Arg-Gly-Asp (+RGD). Right, in contrast, R560β3
platelets bound “D3” in the absence (−RGD) and presence (+RGD) of the peptide
indicating that αIIbR560β3 was in an activated conformation. Negative control β3(−/−)
platelets (green) failed to bind “D3”. Results represent four experiments using platelets from
β3(−/−,+/−,+/+) controls and three C560β3 and R560β3 mice.
(D) Immunocytometric Analysis of Fixed/Permeabilized Platelets. Fibrinogen was absent
from β3(−/−) platelets, although β3(+/−;+/+) controls displayed appreciable levels of
platelet fibrinogen. C560Rβ3 platelets bound, endocytosed, and stored fibrinogen (shaded
peak). Results represent ten experiments using β3(−/−,+/−,+/+) controls and three C560β3
and R560β3 mice.
(E) Immunocytometric Analysis Detected Activation of Platelets Treated with a mixture of
ADP, epinephrine, and PAR4. The α-granule protein, P-selectin, was detected on the surface
only after activation of C560β3 and R560β3 platelets (shaded peak) demonstrating that
platelets expressing either form of β3 circulated normally in a quiescent manner. Results
represent three experiments using platelets from β3(−/−,+/−,+/+) controls and three C560β3
and R560β3 mice.
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Figure 2. R560β3 Mice had a Significantly High Mortality Rate
(A) Graph of Survival Rates for C560β3 and R560β3 tx Mice. Results demonstrate that 87%
of C560β3 mice survived for at least 26 weeks post tx (n=23), while in contrast, 50%
R560β3 animals died by 11 weeks after tx and only 35% of R560β3 mice survived until the
experimental endpoint (n=20). Results with β3(−/−) mice tx with untransduced β3(−/−)
bone marrow as a negative control (n=10) revealed that nearly 60% of β3(−/−) tx mice died
by 1.5 weeks after lethal irradiation and bone marrow tx. Although, the endpoint survival of
R560β3 mice was nearly identical to the 30% survival rate of β3(−/−) mice tx with
untransduced marrow.
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(B) Tissue Analysis Revealed R560β3 Mice in Pathological Crisis. Top Left, shown is one
of thirteen R560β3 mice that displayed pathological crisis, which usually resulted in death
48 hours after sudden onset of a hunched appearance and pale-white extremities. Top right,
intact organs were isolated from R560β3 mice in pathological crisis. Analysis showed heart,
lungs, brain, liver, and kidneys appeared normal in all mice, although gut appeared black
and necrotic in one mouse which is consistent with results from hemocrlt counts indicating
severe gastrointestinal bleeding. Tissues were fixed, sectioned, stained and analyzed as
described in methods from nine R560β3 mice in crisis, nine R560β3 mice that appeared
well, and three each of C560β3 and β3(−/−,+/−,+/+) controls. Bottom, R560β3 mice spleens
(#1–5) appeared mostly abnormal in size and shape (large and/or necrotic) compared to a
healthy spleen from a normal control (#6). Shown is spleen from five of nine R560β3
affected mice that underwent autopsy and tissue analysis.
(C) R560β3 Mice had Abnormal Spleens. Top Left, H&E staining of spleen tissue indicated
the C560β3 mice displayed normal spleen morphology at 200× magnification. In contrast
(Top Right) extramedullary hematopoiesis (arrows) was detected in spleen sections from
several R560β3 mice in crisis. Bottom Left, H&E staining indicated C560β3 mice
displayed normal spleen morphology at 400× magnification. Bottom Right, in contrast
numerous activated macrophages (arrows) were detected in the process of repair of
pathological conditions within R560β3 murine spleens.
(D) R560β3 Megakaryocytes were Shaped Abnormally within the Bone Marrow.
Immunohistochemical brown staining with Ab recognizing integirn β3 showed
megakaryocytes expressing C560Rβ3 in vivo (Magnification, 400×). Left panel shows that
C560β3 megakaryocytes appeared normal in shape and size (arrow), while in contrast, the
right panel revealed that R560β3 megakaryocytes appeared abnormal in shape and
clustered within the bone marrow (arrow). Results represent observations of bone sections
from β3(−/−,+/−,+/+) controls and three mice expressing either C560β3 or R560β3.
(E) R560β3 Megakaryocytes Were in a Pathological State. As described in Part D, an Ab to
integrin αIIb showed C560β3 megakaryocytes appeared healthy (top left arrow), while in
contrast R560β3 Megakaryocytes appeared abnormal in shape (top right arrow).
Interestingly, occasional R560β3 megakaryocytes had engulfed neutrophils by
emperiopoiesis (bottom right arrow) indicating that the megakaryocytes were activated
atypically. Result represents observations of bone sections from β3(−/−,+/−,+/+) controls
and three C560β3 or R560β3 mice. (Magnification, 400×)
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Figure 3. R560β3 Platelet Structure, Granular Content, and Function were Abnormal
(A) Light Microscopic Analysis of Wright/Giemsa Stained Peripheral Blood Smears.
C560β3 platelets were normal in shape and size (left arrow). In contrast, R560β3 mice had
some abnormally shaped platelets (right arrow). Results represent observations of six
experiments using β3(−/−,+/−,+/+) controls and C560β3 or R560β3 tx mice. (Magnification
200×).
(B) Electron Microscopy of Blood Platelets. Ultrathin sections were examined for platelet
ultrastructure and granular distribution and content. High magnification images of C560β3
platelets displayed normal size, shape, and granule distribution. In contrast, R560β3 platelets
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were abnormally shaped with uneven granule and vacuole size and distribution (right
arrows). A minimum of 100 sections were examined from each platelet sample. bar=1.0
µm.
(C) Immunogold Labeling to Detect Platelet Fibrinogen by Electron Microscopy. Ultrathin
sections of platelets were prepared and examined for surface and granular distribution of
murine fibrinogen. Sections were placed on grids that were incubated with a rabbit Ab to
murine fibrinogen and a goat anti-rabbit secondary antibody conjugated to (10nm) gold
particles (arrows). Shown are representative sections of platelets derived from C560β3 (left
panel) and R560β3 (right panel) tx mice depicting mature α-granules, vacuoles, and
vesicular canals. These high magnification images showed that platelets expressing C560β3
bound, endocytosed and stored fibrinogen within α-granule in a fairly normal distribution
pattern (left arrows). In striking contrast, R560β3 platelets show that fibrinogen was
detected in an uneven distribution pattern bound mainly to the platelet surface (right
arrows) with some endocytosis of fibrinogen present within canals and α-granules. A
minimum of 100 sections were examined from each platelet sample. Isotype-matched IgG
was used as a negative control for staining (not shown). Each sample was cut on a minimum
of 3 separate occasions with a series of ultrathin sections subjected to immunogold labeling.
bar=0.2 µm.
(D) R560β3 Washed Platelets Aggregated with the Simultaneous Addition of Fibrinogen
and a Mixture of Activation Agonists (ADP, epinephrine, and PAR4). C560β3 and R560β3
platelets aggregated appreciably in comparison to β3(−/−) negative control platelets, which
failed to aggregate. Aggregation of β3(+/−) platelets was used as a positive control using
identical conditions. The mean fluorescence intensity (MFI) of FITC-conjugated moAb to
αIIb revealed that the receptor levels were similar for tx mice C560β3 (black 7±3%) and
R560β3 (red and green 5±2%) compared to β3(−/−,+/−,+/+) controls assigned an arbitrary
value of 0%, 50%, and 100%, respectively. Results represent platelet aggregation profiles
under constant stirring from five β3(−/−,+/−) controls and eight C560β3 and six R560β3
mice. Slight variations in % aggregation profiles between R560β3 and C560 β3 samples
may be due to minor differences in receptor levels.
(E) Aggregation Failed when R560β3 Platelets were Incubated First with Fibrinogen for
Four Minutes and Then Treated with Activation Agonists (ADP, epinephrine, and PAR4).
Remarkably, with this slight change in protocol, R560β3 platelets changed shape but failed
to aggregate following addition of activation agonists. This result suggests that pre-treating
platelets with fibrinogen allowed immediate binding of the ligand to its receptor
αIIbR560β3, thus saturating them with fibrinogen and preventing platelet-platelet
aggregates from forming upon agonist simulation. As anticipated, using identical conditions,
β3(−/−) platelets failed to aggregate, while C560β3 and β3(+/−) positive control platelets
aggregated appreciably. The MFI at saturating concentrations of moAb to αIIb revealed that
the receptor levels were similar for tx mice R560β3 (red 6±1%, green 9±1%), C560β3
(black 10±1%) when compared to β3(−/−,+/−,+/+) controls assigned an arbitrary value of
(0%,50%,100%) respectively. Results represent aggregation profiles using constant stirring
of platelets in a minimum of two experiments using β3(−/−,+/−,+/+) controls and one
C560β3 and three R560β3 mice. Slight variations in % aggregation profiles between the two
R560 samples may be due to minor differences in receptor levels, although the overall result
of shape change without aggregation is consistent.
(F) In vivo platelet function was examined by light microscopic analysis of fixed lung tissue
stained with Trichrome following IV injection of a platelet agonist (ADP) into mice
(Magnification, 400×). Platelets that aggregated into a thrombus were not detected within
the pulmonary blood vessels (BV) of β3(−/−) negative control and R560β3 tx mice
following infusion with 0.35 mg ADP/g body weight. In contrast, C560β3 platelets
aggregated appreciably to form thrombi that were detected within the pulmonary blood
vessels similar in content to the prominent thrombi that formed in the pulmonary blood

Fang et al. Page 15

J Thromb Haemost. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



vessels (BV) of β3(+/−) controls (see arrows). Trichrome stain differentially displays
protein fibers (fibrotic tissue: muscle, collagen fibers, fibrin clots) and erythrocytes to allow
identification of platelet aggregates within BV among the terminal bronchiole (TB), and
alveolar ducts (AD). This result demonstrates that the single amino acid substitution of
C560Rβ3 prevented activated platelets from undergoing normal aggregation in vivo. This
result represents the outcome observed after viewing 10 sections of each lung from seven
controls (four β3(−/−), three β3(+/−) mice) as well as two C560β3 and two R560β3
experimental mice 5 weeks post tx. The MFI at saturating concentrations of moAb to αIIb
revealed that the receptor levels were similar for tx mice R560β3 (6±1%), C560β3 (8±2%)
when compared to β3(−/−,+/,+/+) controls assigned an arbitrary value of (0%,50%,100%)
respectively.
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