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Abstract. Itgb3‑integrin‑deficient (Itgb3‑/‑) mice have been 
reported as a Glanzmann thrombasthenia (GT) model and have 
been used for platelet research. However, it remains unclear 
whether this mouse model can fully simulate patients with GT 
or whether it has different characteristics from these patients. 
The present study aimed to answer this question. Itgb3‑/‑ mice 
were tested for platelet function, tail bleeding, whole‑blood 
count, bone marrow hematopoiesis and organ enlarge‑
ment. Itgb3‑/‑ platelets showed impaired functions, including 
fibrinogen binding, aggregation, adhesion or spreading. Itgb3‑/‑ 
mice demonstrated decreased platelet count and microcytic 
hypochromic anemia. Reduced iron staining of bone marrow 
and decreased plasma ferritin level confirmed the diagnosis of 
iron deficiency anemia. Evident splenomegaly was observed in 
Itgb3‑/‑ mice. Immunohistochemical analysis of spleen biopsy 
revealed normal expression of CD3 and CD19, but elevated 
expression of CD71, which suggested that the splenomegaly 
in Itgb3‑/‑ mice may be associated with extramedullary hema‑
topoiesis. In conclusion, Itgb3‑/‑ mice exhibited some unique 
characteristics that differed from those of human patients with 
GT and thus cannot completely simulate patients with GT.

Introduction

Platelet integrin αIIbβ3, also known as glycoprotein IIb/IIIa 
or CD41/CD61, is the most abundant membrane receptor on 
platelets (1,2) and serves an important role in platelet function. 
There are ~80,000‑100,000 receptors present on the surface of 
a resting platelet (3). An additional 20,000‑40,000 receptors 
are found inside platelets, mainly in α‑granule membranes, 
but are also present in dense granules and the membranes 
lining the open canalicular system; platelet integrins are 
transported to the plasma membrane when platelets are acti‑
vated and undergo release reaction (4‑6). Allosteric changes 
in the αIIbβ3 ectodomain are regulated by agonist‑induced 
intracellular signals (known as inside‑out signaling/activa‑
tion), which enable platelets to bind to fibrinogen with high 
affinity (7). Upon binding to fibrinogen, αIIbβ3 transduces 
signals in an outside‑in direction, mediating platelet spreading 
and stable adhesion (8). Some agonists, such as adenosine 
diphosphate (ADP), thrombin and collagen, can also activate 
αIIbβ3 by binding to their respective receptors (9). During 
this process, intracellular αIIbβ3 on α‑granule membrane is 
transferred to the membrane and its expression on the platelet 
surface will increase by 20‑50% (10).

Qualitative or quantitative abnormalities of platelet inte‑
grin Itga2b (αIIb) and/or Itgb3 (β3) can cause Glanzmann 
thrombasthenia (GT), which is an inherited autosomal reces‑
sive hemorrhagic disorder characterized by a severe reduction 
in platelet aggregation in response to multiple physiologic 
agonists (11,12). Itgb3 knockout homozygous (Itgb3‑/‑) mice 
have been reported as a GT model and used for platelet research 
in past decades (11,13), but their hematological characteristics 
and whether they can fully simulate patients with GT have not 
been fully elucidated. The present study aimed to answer these 
questions.

Materials and methods

Reagents. Phycoerythrin (PE)‑conjugated hamster anti‑CD61 
(Itgb3) monoclonal antibody (cat. no. 553347) and PE/cyanine7 
(CY7)‑conjugated mouse anti‑CD41 (Itga2b) antibody 
(cat. no.  133916) were purchased from BD  Pharmingen 
(BD Biosciences) and Biolegend, Inc., respectively. Rabbit 
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anti‑CD3 monoclonal antibody (cat. no.  MAB4841) was 
purchased from R&D  Systems China  Co., Ltd. and rat 
anti‑transferrin R  (CD71) monoclonal antibody (8D3; cat. 
no.  NB  100‑64979‑0.05mg) was purchased from Novus 
Biologicals, LLC. Rabbit anti‑CD3ε monoclonal antibody (cat. 
no. 99940S) was purchased from Cell Signaling Technology, 
Inc. Rat anti‑CD19 antibody (1D3; cat. no.  ARG55048) 
was purchased from Arigo Biolaboratories. Goat anti‑rat 
IgG  (H+L) HRP (cat. no.  FMS‑Rt01) for immunohisto‑
chemistry was purchased from Fcmacs Biotech Co., Ltd. 
Goat anti‑rabbit  IgG (H+L) HRP and DAB buffer kit (cat. 
no. RQ7100) for immunohistochemistry was purchased from 
Quanhui Imp and Exp Int'l Co., Ltd. Alexa‑Fluor 647‑conju‑
gated human fibrinogen (cat. no.  F35200) was purchased 
from Molecular Probes (Thermo Fisher Scientific, Inc.). 
Tetramethyl rhodamine isothiocyanate (TRITC)‑conjugated 
phalloidin (cat. no. P1951) was purchased from Sigma‑Aldrich 
(Merck KGaA). Rabbit anti‑Itgb3 polyclonal antibody (cat. 
no.  4702) for western blotting was purchased from Cell 
Signaling Technology, Inc. Rabbit anti‑β‑actin polyclonal 
antibody (cat. no.  4968) for western blot was purchased 
from Cell Signaling Technology, Inc. HRP‑conjugated goat 
anti‑rabbit IgG secondary antibodies (cat. no. 5196‑2504) was 
purchased from Bio‑Rad, Laboratories, Inc. RIPA buffer (cat. 
no. 89900) and protease inhibitor mixture (cat. no. 87786) were 
purchased from Thermo Fisher Scientific, Inc. The 2X SDS 
Laemmli sample buffer (cat. no. S3401) was purchased from 
Sigma‑Aldrich. ECL (cat. no. 1705070) was purchased from 
Bio‑Rad, Laboratories, Inc. Collagen type  I (cat. no. 385) 
and ADP (cat. no. 384) were purchased from Chrono‑Log 
Corporation. Purified human fibrinogen (cat. no. FIB1) was 
purchased from Enzyme Research Labs Inc. Multimer purified 
human von Willebrand Factor (vWF; cat. no. HCVWF‑0190) 
was purchased from Hematologic Technologies, Inc. 
Calcein AM (cat. no. C1430) was purchased from Thermo 
Fisher Scientific,  Inc. D‑phenylalanyl‑L‑prolyl‑L‑arginine 
chloromethyl ketone dihydrochloride (PPACK; cat. 
no. BML‑P1117‑0025) was purchased from Enzo Life Sciences, 
Inc. Arg‑Gly‑Asp‑Ser (RGDS) peptide and the protease acti‑
vated receptors 4 (PAR4)‑thrombin receptor activating peptide, 
AF [Ala‑Tyr‑Pro‑Gly‑Lys‑Phe (AYPGKF)], were synthesized 
at GL Biochem (Shanghai) Ltd. Mouse plasma ferritin (cat. 
no. JL11908) and mouse fecal occult blood test ELISA test 
kits (cat. no. JL50073) were purchased from Shanghai Jianglai 
Biological Technology Co., Ltd. All other biochemical reagents 
were obtained from Sigma‑Aldrich (Merck KGaA).

Experimental animals. The Itgb3‑/‑ C57BL/6 mice were 
received as a generous gift from Professor J. Liu (Shanghai 
Jiao Tong University School of Medicine, Shanghai, China). 
Wild‑type (Itgb3+/+) C57BL/6 mice were obtained from the 
Animal Experiment Center of Jiangsu University (Jiangsu, 
China). A total of 2  Itgb3‑/‑ male mice were mated with 
2 Itgb3+/+ female mice to obtain Itgb3 heterozygous (Itgb3+/‑) 
mice. Subsequently, Itgb3‑/‑ male mice were mated with Itgb3+/‑ 
female mice to obtain continuous offspring Itgb3‑/‑ mice. A 
total of 50 mice per group were used. The mice were housed 
(5 mice per cage) under a 12‑h light/dark cycle at 23˚C in a 
specific‑pathogen‑free environment with ad libitum access to 
autoclaved food and water. The cages were changed each week. 

Routine sanitation and environmental controls, including 
temperature, humidity  (40‑70%), ventilation, illumination 
and light schedule and noise abatement, were performed by 
the animal care staff. Mice (age, 6‑8 weeks; 1:1 male/female 
ratio) were used for each procedure with 3‑10 mice/group. The 
animal study protocol was approved by the Jiangsu University 
Institutional Animal Care  &  Use Committee (approval 
no. UJS‑IACUC‑AP‑20190307021).

Blood collection and platelet preparation. Itgb3‑/‑ mice 
(offspring) were identified by PCR according to previously 
published methods  (11,14). Whole blood containing the 
anticoagulant sodium citrate was collected by cardiac punc‑
ture from Itgb3‑/‑ mice following anesthetization with an 
intraperitoneal injection of 60 mg/kg pentobarbital sodium. 
Subsequently, 20 µl of the blood was put aside for measurement 
of whole‑blood count. The anesthetized mice were sacrificed 
by cervical dislocation after whole blood collection. Platelets 
were separated from whole blood by sequential centrifuga‑
tion as previously described (14). The platelet suspensions 
were rested at room temperature for 1 h before being used 
for spreading assay, fibrinogen binding assay, adhesion assay 
and other experiments. Itgb3+/+ and/or Itgb3+/‑ mice served as 
controls.

Analysis of Itgb3 expression of Itgb3‑/‑ platelets using flow 
cytometry. Briefly, 10 µl whole blood containing the anticoagu‑
lant sodium citrate was collected from the Itgb3+/+, Itgb3+/‑ and 
Itgb3‑/‑ mice by tail cutting. The whole blood diluted in PBS 
was incubated with PE‑conjugated hamster anti‑CD61 (Itgb3) 
monoclonal antibody (1:100) and PE/CY7‑conjugated mouse 
anti‑CD41 (Itga2b) antibody (1:50) at room temperature for 
30 min. The expressions of Itga2b and Itgb3 in platelets were 
tested using flow cytometry (n=3 mice/group).

Analysis of Itgb3 expression of Itgb3‑/‑ platelets using western 
blotting. Itgb3‑/‑ platelets (1x108) were lysed for 30 min at 
4˚C in ice‑cold using RIPA buffer containing the protease 
inhibitor mixture to obtain proteins. Following centrifuga‑
tion of the platelet lysate at 13,800 x g for 15 min at 4˚C, 
the supernatant was added to an equal volume of 2X SDS 
Laemmli sample buffer. The proteins from 1x108 platelets per 
mouse were dissolved in 200 µl buffer, 10 µl of which was 
loaded per lane. The proteins, after being boiled at 100˚C 
for 5 min, were separated by SDS‑PAGE using 12% gels and 
transferred to PVDF membranes. Membranes were blocked 
with 3% BSA for 1 h at room temperature, then incubated with 
rabbit β3 polyclonal antibody (1:1,000) or rabbit anti‑β‑actin 
polyclonal antibody (1:1,000) overnight at 4˚C followed by 
HRP‑conjugated goat anti‑rabbit IgG secondary antibodies 
(1:10,000). Immunoreactive bands were detected by ECL. The 
Itgb3+/‑ and Itgb3+/+ mice served as controls (n=3 mice/group).

Analysis of soluble fibrinogen binding of Itgb3‑/‑ platelets 
using flow cytometry. Soluble fibrinogen binding assay 
was performed as previously described  (14). Brief ly, 
(1x106/ml) washed platelets from Itgb3‑/‑ mice resuspended in 
HEPES‑Tyrode's buffer (137.0 mM NaCl, 2.0 mM KCl, 12.0 
mM NaHCO3, 0.3 mM NaH2PO4, 1.0 mM CaCl2, 1.0 mM 
MgCl2, 5.5 mM glucose, 5.0 mM HEPES, 0.1% BSA, pH 7.4) 
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were divided into several groups and treated at 37˚C for 
30 min with agonists alone or co‑treated with antagonists 
as follow: Mn2+ (presented by formation of MnCl2), Mn2+ + 
RGDS, ADP, ADP + RGDS, AF and AF + RGDS. The final 
concentration was 0.5 mM for Mn2+, 50 µM for ADP, 0.5 mM 
for AF peptide and 2 mM for RGDS. Following stimulation, 
the platelets were incubated with 100 µg/ml of Alexa‑Fluor 
647‑conjugated fibrinogen for 30 min at 37˚C in the dark. The 
reaction was then stopped by fixation with 4% formaldehyde 
for 15  min at room temperature. Then the platelets were 
washed with PBS and centrifuged at 600 x g for 5 min at room 
temperature. The Itgb3+/+ and Itgb3+/‑ platelets were used as 
controls. Fibrinogen binding of platelets was tested using a flow 
cytometer (Beckman Coulter, Inc.) and the data were analyzed 
with FlowJo 7.6 software (FlowJo LLC). Specific fibrinogen 
binding was calculated by total binding minus nonspecific 
binding in the absence of any agonists (n=3 mice/group).

Aggregation of Itgb3‑/‑ platelets. The assay was performed 
according to the instruction manual of the Chrono‑log whole 
blood lumi‑aggregometer (Chrono‑log Corporation). Briefly, 
blood containing 3.8%  sodium citrate from Itgb3‑/‑ mice 
by cardiac puncture was collected and diluted 1:1 in physi‑
ological saline. Platelet aggregation was measured at 37˚C in 
whole blood lumi‑aggregometer (Chrono‑log Corporation) 
using electrical impedance following the addition of 2 U/ml 
thrombin, 6 µg/ml collagen or 12 µg/ml collagen. An AC 
voltage in the millivolt range is applied to the probe circuit. 
During a brief period of equilibration, a monolayer of platelets 
forms on the exposed portions of the wires, resulting in a 
stable baseline of impedance which is assigned a value of zero 
ohms of resistance. Then, 20.0±0.2 ohms were added to the 
impedance baseline and the gain was adjusted, so that 20 ohms 
equals 50% of scale. Aggregation was recorded for 14 min. 
Itgb3+/‑ and Itgb3+/+ mice served as controls (n=3 mice/group).

Thrombus formation of Itgb3‑/‑ platelets under flow. Thrombus 
formation of Itgb3‑/‑ platelets under flow was performed as 
previously described (14). Briefly, 100 µg/ml collagen was 
perfused at a shear rate of 125 s‑1 (5 dynes/cm2 for shear stress) 
for 2 min through the Bioflux 200 microfluidic channels 
(Fluxion Biosciences, Inc.) to coat the channels at 4˚C over‑
night, followed by blocking with 2% BSA at room temperature 
for 1 h. The PPACK‑ anticoagulant whole blood (without 
sodium citrate) collected from Itgb3‑/‑ mice through cardiac 
puncture was labeled with the fluorescence dye, Calcein AM, 
and perfused at a shear rate of 1,500 s‑1 for 10 min through the 
microfluidic channels. The process of thrombus formation was 
recorded by a video using NIS D image software version 3.1 
(Nikon Corporation) and Bioflux 200 software. Itgb3+/‑ and 
Itgb3+/+ mice served as controls (n=3 mice/group).

Adhesion and spreading of Itgb3‑/‑ platelets. For the adhesion 
assays, a 96‑well plate was coated with 20 µg/ml fibrinogen, 
4  µg/ml collagen, or 4  µg/ml vWF at 4˚C overnight and 
then blocked with 2%  BSA at room temperature for 1  h. 
Washed platelets (1x106/ml) from Itgb3‑/‑ mice were allowed 
to adhere for 1 h at 37˚C. Next, the wells were rinsed with 
PBS to remove non‑adherent or unstable adherent platelets. 
4‑Nitrophenylphosphate  (PNPP) was used to quantify the 
adherent platelets. In detail, the buffer (1% Triton X‑100, 

3 mg/ml PNPP, 100 mM sodium acetate, pH 5.0) was added 
and incubated at 37˚C for 1 h. Then, sodium hydroxide (0.5 M) 
was added to stop the reaction. The optical density (OD) value 
was read at a wavelength of 405 nm using a microplate reader. 
Washed Itgb3+/+ platelets were used as a control.

Platelet spreading assays were performed as previously 
described (14). Briefly, the chamber slides were coated with 
20  µg/ml fibrinogen overnight at 4˚C and then blocked 
with 2% BSA. Washed platelets (2x105/ml) resuspended in 
HEPES‑Tyrode's buffer were allowed to adhere and spread on 
fibrinogen‑coated slides at 37˚C for 2 h. After washing three 
times with PBS, the attached platelets were fixed with 4% para‑
formaldehyde for 15 min at room temperature, permeabilized 
with 0.2% Triton X‑100 and stained with TRITC‑conjugated 
phalloidin as previously described  (15). Itgb3+/+ platelets 
were used as a control. The coverage area of spreading was 
measured using ImageJ software version 1.4.3.67 (National 
Institutes of Health). A total of five randomly selected fields 
from different tests were used for statistical analysis (n=3 mice 
analyzed from each group).

Tail bleeding time. Itgb3‑/‑ mice were anesthetized with 
intraperitoneal injection of 60 mg/kg pentobarbital sodium. 
A 3‑mm section was cut from the tail tip in 6‑week‑old 
mice and then the bleeding time was counted. Every 30 sec 
the wounded tails were touched to a filter paper to confirm 
whether the bleeding had stopped or not. The maximum time 
for counting was 30 min. Itgb3+/‑ and Itgb3+/+ mice served as 
controls. Simultaneously, blood smear slides were made from 
the cut tail followed by Wright's staining at room temperature 
for 15 min (n=10 mice/group).

Establishment of chronic hemorrhagic model (CHM) mice. 
A total of 3 8‑week‑old male Itgb3+/+ mice were anesthetized 
with intraperitoneal injection of 60  mg/kg pentobarbital 
sodium in accordance with animal welfare standards. Mice 
were restrained and the neck gently pressed to cause head vein 
congestion. A sterilized capillary pipette was gently pressed 
into the posterior orbital venous plexus. The blood was natu‑
rally sucked into the tube. After the required blood had been 
obtained, the pressure on the neck was removed and the blood 
collection tube was pulled out at the same time to prevent post‑
operative bleeding from the puncture hole and sterile gauze or 
cotton ball was used to compress the eyeball to stop bleeding. 
During the operation, a veterinarian was nearby to observe 
the breathing and palpate heart rate. Following the operation, 
0.4 ml of 0.9% sodium chloride was given through gavage 
twice to add fluid to prevent shock in accordance with animal 
welfare standards. The animal was covered with insulation 
blanket to keep it warm. The animal was placed in a cage 
in warm environment after awakening. Blood (0.5 ml) was 
collected every time and twice a week. After 1 month, CHM 
mice were established successfully, and three CHM mouse 
models were established. A total of 3 8‑week‑old male Itgb3+/+ 
mice without treatment served as controls. The animals were 
kept individually, as aforementioned, and monitored daily 
during the CHM induction for animal welfare.

Bone marrow smear and spleen biopsy of Itgb3‑/‑ mice. Itgb3‑/‑ 
mice were sacrificed after anesthetization with pentobarbital 
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sodium injection by cervical dislocation and their organs, 
including the spleen, heart, kidneys and liver were collected 
and weighed. Mouse femurs were dissected with a scissor. 
Muscles and connective tissues were removed as thoroughly as 
possible. The cartilages on both end of the femur were removed. 
The marrow of femurs was leaked out and prepared for bone 
marrow smear. Wright staining and iron staining (Prussian 
Blue) at room temperature for 20 min were performed on bone 
marrow smears. Itgb3+/+, Itgb3+/‑ and CHM mice served as 
controls (n=10 mice/group).

Immunohistochemistry of spleen biopsies from Itgb3‑/‑ mice. 
Half of the spleens collected from Itgb3+/+ and Itgb3‑/‑ mice 
were fixed in 10% formalin overnight at room temperature 
and subsequently embedded in paraffin. The other half of 
the spleens were embedded in optimal cutting temperature 
compound and sectioned (1 mm) at low temperatures and fixed 
with precooled acetone to make the frozen section. The spleen 
tissue sections were stained sequentially with hematoxylin and 
eosin at room temperature for 2‑3 min. The immunohistochem‑
ical procedure was performed on paraffin sections or frozen 
sections according to a previous study (16). The slides were 
incubated with monoclonal anti‑CD3 (1:50), anti‑CD19 (1:200) 
or anti‑CD71 (1:100) antibodies at 4˚C overnight followed by 
goat anti‑rat IgG (H+L) HRP (1:1,000) or goat anti‑rabbit IgG 
(H+L) HRP (1:1,000) at 37˚C for 1 h and diaminobenzidine 
substrate with hematoxylin counterstaining (n=3  mice/
group). The slides were observed under a light microscope 
(Olympus BX53F; Olympus Corporation) with Smart V digital 
camera and analyzed using JD‑801 Image analysis system 
(JEDA Science‑Technology Development Co., Ltd.).

The concentration of plasma ferritin from Itgb3‑/‑ mice. 
Whole blood containing the anticoagulant sodium citrate was 
collected by cardiac puncture from Itgb3‑/‑ mice after anes‑
thetization as aforementioned. Then plasma was obtained by 
centrifugation at 1,000 x g for 30 min at room temperature. 
Plasma ferritin was tested using a ferritin ELISA test kit 
following the manufacturer's protocol. Itgb3+/+ mice served as 
controls (n=8 mice/group).

Fecal occult blood test of Itgb3‑/‑ mice. Feces from Itgb3‑/‑ mice 
were collected then were tested using fecal occult blood ELISA 
test kit (Shanghai Jianglai Biological Technology Co., Ltd.) 
following the manufacturer's protocol. Itgb3+/+ mice served as 
controls (n=8 mice/group).

Statistical analysis. SPSS version 18 (SPSS, Inc.) was used 
for statistical analysis. Quantitative data were expressed as the 
mean ± standard deviation. Differences between two groups 
were assessed using Student's t‑test. For datasets containing 
three or more groups, one‑way ANOVA followed by Tukey's 
test was used. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Genotyping and platelet Itgb3 expression of Itgb3‑/‑ mice. DNA 
was extracted from the tail tissue of Itgb3+/+, Itgb3+/‑ and Itgb3‑/‑ 
mice and then genotyped by PCR. A band of 538 bp was observed 

for Itgb3‑/‑ mice, 446 bp for Itgb3+/+ mice and double bands for 
Itgb3+/‑ mice (Fig. S1A). Western blotting results showed no 
Itgb3 protein expression in washed Itgb3‑/‑ platelets (Fig. S1B). 
Whole‑blood from Itgb3+/+, Itgb3+/‑ and Itgb3‑/‑ mice were 
incubated with PE‑conjugated anti‑CD61 (Itgb3) antibody and 
PE/CY7‑conjugated anti‑CD41 (Itga2b) antibody and then 
subjected to flow cytometry. Almost no Itga2b and Itgb3 was 
expressed on the Itgb3‑/‑ platelet surface, compared with that 
on the Itgb3+/‑ and Itgb3‑/‑ platelet surface (Fig. S1C‑E).

Soluble fibrinogen binding of Itgb3‑/‑ platelets. The washed 
Itgb3+/+ platelets can bind to soluble fibrinogen under the 
stimulation of Mn2+, ADP or AF peptide, which can be 
partially inhibited by co‑treatment with the antagonist RGDS 
peptide (Fig. 1A). The fibrinogen binding of Itgb3+/‑ plate‑
lets was similar to that of Itgb3+/+ platelets. However, the 
Itgb3‑/‑ platelets did not bind to soluble fibrinogen under the 
stimulation of any agonists.

Aggregation of Itgb3‑/‑ platelets. Electronic resistance mediated 
by platelet aggregation from Itgb3+/+ mice was 8 ohms induced 
by 2 U/ml thrombin, 10 ohms induced by 6 µg/ml collagen 
and 11 ohms induced by 12 µg/ml collagen, whereas that from 
Itgb3‑/‑ mice was 2, 0 and 2 ohms, respectively (Fig. 1B).

Thrombus formation of Itgb3‑/‑ platelets under flow. On 
a collagen‑coated surface at shear rates of 1,500  s‑1, the 
thrombus formed from Itgb3+/+ mice was large and thick, 
showing strip‑shaped distribution along the direction of blood 
flow (Fig. 1C and D). By contrast, the thrombus formed from 
Itgb3‑/‑ mice was scattered, thin and easily washed off.

Adhesion and spreading of Itgb3‑/‑ platelets. The adhesion of 
washed Itgb3‑/‑ platelets was notably lower on the fibrinogen 
or collagen‑coated surface compared with that of washed 
Itgb3+/+ platelets, no difference was observed in the adhesion 
on the vWF‑coated surface  (Fig.  2A  and  B). The Itgb3+/+ 
platelets spread well on the fibrinogen‑coated surface with the 
regular actin arrangement. On the surface without any matrix 
(control), Itgb3+/+ platelets also spread, but the actin arrange‑
ment was disordered and diffuse. However, the spreading of 
Itgb3‑/‑ platelets on fibrinogen‑coated surface and control was 
notably impaired (Fig. 2C and D).

Spontaneous hemorrhage and anemia in Itgb3‑/‑ mice. Itgb3‑/‑ 
mice exhibited prolonged bleeding time  (Fig.  3A  and  B) 
after tail cutting and they were more prone to subcutaneous 
hemorrhage  (Fig.  3C) at birth compared with Itgb3+/+ 
mice. Itgb3‑/‑ mice had a mean red blood cell count of 
6.38±2.02x1012 cells/l, hemoglobin of 89.38±25.73 g/l and a 
platelet count of 536.18±195.58x109 cells/l, which were lower 
compared with Itgb3+/+ mice (Table I). Wright staining showed 
increased microcytic hypochromic erythrocytes in peripheral 
blood smear from Itgb3‑/‑ mice compared with that from 
Itgb3+/+ mice (Fig. 3D).

Increased erythroblasts and extramedullary hematopoiesis in 
Itgb3‑/‑ mice. The bone marrow smears of Itgb3‑/‑ mice exhibited 
significantly more early erythroblasts compared with Itgb3+/+ 
mice (Fig. 4A and B), and the Itgb3‑/‑ mice exhibited a relatively 
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lower amounts of iron granules compared with Itgb3+/+ mice, 
indicating iron deficiency in Itgb3‑/‑ mice (Fig. 4C). Enlarged 
spleens were observed in Itgb3‑/‑ mice (Fig. 4D). The ratio 
of spleen to whole body weight was higher in Itgb3‑/‑ mice 
than in Itgb3+/+ mice suggesting a splenomegaly in Itgb3‑/‑ 
mice  (Fig.  5A). CHM mice were established to confirm 
whether CHM also exhibits splenomegaly and to determine 
whether the splenomegaly in Itgb3‑/‑ mice is a result of 
chronic bleeding (Fig. 5B). Immunohistochemical staining 
of spleen biopsies from Itgb3‑/‑ mice showed no change in 
the expression of CD3 and CD19, which are the markers of 
T lymphocytes and B lymphocytes, respectively, whereas 

the expression of CD71, which is a marker of erythrocytes, 
increased compared with Itgb3+/+ mice (Fig. 5C and D).

Decreased level of plasma ferritin in in Itgb3‑/‑ mice. Itgb3‑/‑ 
mice had significantly lower level of plasma ferritin compared 
with Itgb3‑/‑ mice (Fig. 5E). There was no difference of fecal 
occult blood between Itgb3+/+ mice and Itgb3‑/‑ mice (Fig. 5F).

Discussion

Platelet integrin Itgb3 subunit is a cell‑surface receptor that 
mediates cell‑cell and cell‑matrix interactions (17). Integrin 

Figure 1. Fibrinogen binding and aggregation of Itgb3-/- platelets. (A) Fibrinogen binding of washed platelets from three types of mice (Itgb3+/+, Itgb3+/- and 
Itgb3-/- mice) under stimulation by agonists, including ADP, AF, or Mn2+, with or without the inhibitor RGDS. (B) Whole blood aggregation of Itgb3+/+ and 
Itgb3-/- mice under stimulation of 2 µg/ml thrombin, 6 µg/ml collagen or 12 µg/ml collagen. Calcein AM-labeled whole blood from Itgb3+/+ mice and Itgb3-/- 
mice was perfused over a collagen-coated surface at shear rates of 1,500 s-1 and images were captured under (C) bright-field at the indicated time points and 
(D) fluorescence microscope at 4.5 min. Arrows indicated the adhered platelets. ADP, adenosine diphosphate; AF, Ala-Tyr-Pro-Gly-Lys-Phe (AYPGKF); 
Itgb3, integrin β3; RGDS, Arg-Gly-Asp-Ser.
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Figure 2. Adhesion and spreading of Itgb3-/- platelets. (A) Adhesion of washed Itgb3+/+ and Itgb3-/- platelets on the surfaces coated with Col, Fib, vWF or 
blank control. (B) Quantification of adhered platelets in (A). (C) Spreading of washed Itgb3+/+ and Itgb3-/- platelets on immobilized fibrinogen or control. 
TRITC‑conjugated phalloidin was used to label actin (red). (D) Area coverage of spreading of washed Itgb3+/+ and Itgb3-/- platelets on immobilized fibrinogen 
in (C). *P<0.05 vs. Itgb3+/+. Col, collagen; Fib, fibrinogen; Itgb3, integrin β3; vWF, von Willebrand Factor.

Figure 3. Bleeding time and blood smear of Itgb3-/- mice. (A) Bleeding of Itgb3+/+ and Itgb3-/- mice 8 min after tail cutting. Note the blood stains on the bottom 
of cage in Itgb3-/- mouse group. (B) Bleeding time of different types of mice, *P<0.05 vs. Itgb3+/+ mice; ✩P<0.05 vs. Itgb3+/- mice. (C) Subcutaneous hemorrhage 
in a Itgb3-/- newborn pup. Arrow indicates the site of bleeding). (D) Wright staining of peripheral blood smear of Itgb3-/- mice and Itgb3+/+ mice. Note the 
microcytic hypochromic erythrocytes from Itgb3-/- mice.
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Itgb3 (β3) subunit binds with Itga2b (αIIb) to form integrin 
αIIbβ3, which is the most abundant receptor on the platelet 
surface (2). Qualitative or quantitative abnormalities of the 
platelet integrin αIIb and Itgb3 can cause GT (18), an inherited 
hemorrhagic disorder (19). The incidence is ~1 in 1,000,000; 
the highest incidence rate is 6 in 700 in the Iraqi‑Jewish popu‑
lation where consanguineous mating is common (20). Patients 
with GT show defects in platelet aggregation and clot retrac‑
tion, as well as prolonged bleeding times (21,22). Thus far, ~50 
specific gene mutations in Itgb3 or αIIb are known (23). Itgb3‑/‑ 
mice were generated as a GT model in 1999 (11) and have been 
used widely in recent decades on platelet research. However, 
it is unclear whether this mouse model can fully simulate 
patients with GT; moreover, the hematological characteristics 
of this model have not been fully described. Therefore, the 
present study investigated the characteristics of Itgb3‑/‑ mice.

Platelets from Itgb3‑/‑ mice did not express Itgb3 and αIIb. 
Integrin Itgb3 and αIIb can form a complex that protects 

glycoproteins from proteolytic digestion; thus, if either 
integrin αIIb or Itgb3 is absent or unable to form a normal 
complex, the other subunit will be rapidly degraded (24). The 
inability of Itgb3‑/‑ platelets to bind to fibrinogen under the 
stimulation of agonists, including Mn2+ (which directly acts 
on the extracellular segment of αIIbβ3), ADP (which binds 
to P2Y12 or P2Y1 receptors), or AF peptide (which binds to 
thrombin receptor) (25‑27), confirmed the important role of 
αIIbβ3 in fibrinogen binding. The aggregation of platelets is the 
connection of a platelet to another platelet through its αIIbβ3 
receptor binding to fibrinogen. Therefore, Itgb3‑/‑ platelets 
rarely aggregate under the stimulation of collagen or thrombin, 
nor on a collagen‑coated surface under flow. The adhesion of 
Itgb3‑/‑ platelets was impaired on the fibrinogen‑coated surface 
and partially inhibited on the collagen‑coated surface. The 
adhesion of platelets to collagen is complex. α2β1 and GPⅥ 
on the surface of platelets can bind to collagen, which triggers 
the inside out signaling pathway leading to the activation of 

Table I. Whole blood count of different groups of mice.

Group	 Wbc, x1012/l	 Rbc, x1012/l	 Hb, g/l	 Plt, x109/l

Itgb3+/+	 5.86±5.17	 9.38±1.54	 123.1±24.86	 1031.27±418.26
Itgb3+/-	 7.73±7.80	 10.44±2.40	 140.35±33.69	 1112.58±356.91
Itgb3-/-	 4.40±3.58	 6.38±2.02a,b	 89.38±25.73a,b	 536.18±195.28a,b

aP<0.05 vs. Itgb3+/+ mice; bP<0.05 vs. Itgb3+/- mice. Wbc, white cell count; Rbc, red blood count; Hb, hemoglobin; Plt, platelet count; 
Itgb3, integrin β3.

Figure 4. Bone marrow and spleen of Itgb3-/- mice. (A) Clustered erythroblasts are shown in bone marrow smear (Wright staining) from Itgb3-/- mice (arrows). 
Magnification, x1,000. (B) The number of erythroblasts increased in Itgb3-/- compared with those in Itgb3+/+ mouse bone marrow. Average number of eryth‑
roblasts in every 5 fields. n=3; *P<0.05 vs. Itgb3+/+ mice. (C) Prussian blue staining shows decreased iron granules (arrows) in Itgb3-/- bone marrow vs. Itgb3+/+ 
bone marrow. Magnification, x1,000. (D) Itgb3-/- mice exhibited larger spleens compared with Itgb3+/+ mice. Itgb3, integrin β3.
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αIIbβ3 (28,29). This may occur because adhesion on fibrinogen 
wholly depends on αIIbβ3, whereas adhesion on collagen 
depends on not only αIIbβ3 but also α2β1 and GPIV. There was 
no significant difference in platelet adhesion to the vWF‑coated 
surface between Itgb3‑/‑ mice and Itgb3+/+ mice, probably 
because vWF mainly binds to GPIbα (30). The bleeding time 
of Itgb3‑/‑ mice was prolonged and subcutaneous bleeding was 
found in newborn pups

The whole blood test showed that the number of red blood 
cells and hemoglobin in blood from Itgb3‑/‑ mice decreased 
compared with that in blood from Itgb3+/+ mice or Itgb3+/‑ mice, 
in accordance with a previous finding (11). The peripheral blood 
smear from Itgb3‑/‑ mice showed microcytic hypochromic 
erythrocytes. Further bone marrow smear and iron staining 
confirmed the proliferation of erythroblasts and iron deficiency, 
suggesting occurrence of iron deficiency anemia (IDA). In addi‑
tion to morphology and iron staining of bone marrow, IDA has 

several diagnostic criteria (31), including the decreased level of 
ferritin and/or gastrointestinal bleeding. The plasma ferritin was 
tested, and it was found that the concentration of plasma ferritin 
in Itgb3‑/‑ mice was lower compared with Itgb3+/+ mice, which 
fulfilled the diagnostic criteria of IDA. However, fecal occult 
blood test demonstrated no difference between Itgb3‑/‑ mice and 
Itgb3+/+ mice, probably due to the intermittent characteristics of 
gastrointestinal bleeding of Itgb3‑/‑ mice. In patients with GT, 
gastrointestinal bleeding is usually intermittent (21).

Platelet count in Itgb3‑/‑ mice was decreased compared with 
Itgb3+/+ mice or Itgb3+/‑ mice, although a previous study reported 
no significant difference in platelet count between Itgb3‑/‑ and 
Itgb3+/+ mice (11). The hemorrhagic diathesis may be due to not 
only the damaged platelet function but also to the decreased 
platelet count. Patients with GT have normal platelet counts (32). 
However, although Itgb3‑/‑ mice are regarded as a model for 
GT, the present study found that platelet count was decreased 

Figure 5. Spleen extramedullary hematopoiesis and iron deficiency of Itgb3-/- mice. (A) Relative ratio of each organ to whole body weight in different geno‑
type mice. *P<0.01 vs. Itgb3+/+ mice; ✩P<0.01 vs. Itgb3+/- mice. (B) Relative ratio of spleen to whole body weight in Itgb3-/-, Itgb3+/-, Itgb3+/+ and CHM mice. 
*P<0.01 vs. Itgb3+/+ mice; ✩P<0.01 vs. Itgb3+/- mice. Immunohistochemical study of spleen biopsy from Itgb3+/+, Itgb3-/- mice. Anti-CD3 antibody was used 
to label T lymphocytes, anti-CD19 antibody to label B lymphocytes and anti-CD71 antibody to label erythrocytes. Magnification (C) x100 and (D) x600. 
(E) Concentration of plasma ferritin in Itgb3-/- mice. (F) OD value of fecal occult blood in Itgb3-/- mice using ELISA. CHM, chronic hemorrhagic model; 
H&E, hematoxylin and eosin; Itgb3, integrin β3; OD, optical density; ns, not significant.
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in Itgb3‑/‑ mice. This finding suggested that Itgb3‑/‑ mice differ 
markedly from patients with GT.

Another difference that the present study found was 
splenomegaly, which is absent in patients with GT, even in 
those with IDA (32). At first, it was hypothesized that there 
might be an abnormality in the lymphatic immune system 
of Itgb3‑/‑ compared with that of Itgb3+/+ mice. However, 
immunohistochemical analysis of spleen biopsy showed that 
the expression of CD3, a marker on the T cell surface and 
CD19, a marker on the B cell surface, did not differ between 
Itgb3‑/‑ and Itgb3+/+ mice. Furthermore, immunohistochemical 
analysis of spleen biopsy showed increased expression of the 
erythrocyte marker, CD71, suggesting that the splenomegaly 
in Itgb3‑/‑ mice may be associated with extramedullary hema‑
topoiesis. Furthermore, to identify whether extramedullary 
hematopoiesis is a result of bleeding‑induced anemia, CHM 
mice were established by regular phlebotomy of Itgb3+/+ mice. 
Evident enlargement of the spleen was observed in CHM mice 
suggesting that the splenomegaly was a result of compensatory 
extramedullary hematopoiesis due to chronic blood loss (33,34). 
These discrepancies following blood loss between humans and 
mice may result from species‑specific differences. Additionally, 
there is a wide spectrum of phenotypes of patients with GT and 
environmental factors also contribute to these variations (32), 
whereas the genotype of Itgb3‑/‑ mice is homogeneous and the 
breeding environment of mice was also unified and standard‑
ized.

Despite possessing a number of characteristics that mimic 
GT, such as the absence of Itgb3 and αIIb, damage of platelet 
function, bleeding trend and IDA, Itgb3‑/‑ mice also displayed 
a number of characteristics that are absent in patients with GT, 
such as decreased platelet count, splenomegaly and extramedul‑
lary hematopoiesis. Therefore, as Itgb3‑/‑ mice possessed special 
characteristics that differed from those found in human patients 
with GT, and they cannot completely simulate patients with GT.
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