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Platelets research paper

Low platelet counts alone do not cause bleeding in an experimental model
of immune thrombocytopenic purpura in mice
VICTORIA DOMÍNGUEZ, TZIPE GOVEZENSKY, GOAR GEVORKIAN, CARLOS LARRALDE

Background and Objectives. The physiopathogenesis
of hemorrhagic phenomena in patients with autoimmune
thrombocytopenic purpura is associated with low platelet
levels. In the present work the relation between throm-
bocytopenia and bleeding was examined. The possible
participation of endothelial cells in bleeding was also
investigated.

Design and Methods. Immune thrombocytopenia and
bleeding were studied in mice injected with anti-mouse
and anti-human platelet polyclonal rabbit IgG. Platelet
levels were measured at different times and bleeding
signs were systematically recorded. ANOVA tests were
used to compare platelet levels. Binding of anti-platelet
antibodies to vascular endothelial cells was analyzed by
immunohistochemistry.

Results. Three different doses of anti-platelet IgG
caused the same low platelet levels, but bleeding
occurred only with high doses of anti-platelet IgG irre-
spective of the platelet levels. No inflammation around
blood vessels was observed in paraffin-embedded tissue
sections of organs. Immunohistochemistry demonstrat-
ed anti-platelet antibodies bound to vascular endotheli-
um.

Interpretation and Conclusions. We showed lack of
correlation between platelet counts and bleeding in a
murine model. The binding of anti-platelet IgG to endothe-
lial cells of small vessels is an indication that antibody-
mediated endothelial activation, in addition to thrombo-
cytopenia, could be participating in bleeding.
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Autoimmune thrombocytopenic purpura (AITP) is a
hemorrhagic disorder widely thought to be caused
by excessive destruction of anti-platelet autoanti-

body-coated platelets by macrophages of the reticu-
loendothelial system, occurring mainly in the spleen and
in the liver.1-4

The platelet membrane glycoproteins gpIIb-IIIa (α IIbβ3,
classical fibrinogen receptor) and gpIb-V-IX (classical
von Willebrand factor receptor)5-9 are the main targets
of autoantibodies in patients with AITP (16.7-83.3% and
13.3-83%, respectively).10 Kosugi et al.11 demonstrated
that 29% of AITP patients also have specific autoanti-
bodies to αVβ3 (classical vitronectin receptor). There are
also reports that other membrane proteins have epitopes
recognized by anti-platelet autoantibodies, for example
gpIa-IIa (classical collagen receptor) and CD62.12,13 Our
previous studies, using a phage display library, as well as
those of other groups, have shown that the sera of
patients with AITP contain a complex mixture of anti-
platelet autoantibodies with a wide range of specificities
for a number of different epitopes, some of them corre-
sponding to autoantigens.14-16 There is, therefore, the
possibility that these autoantibodies may react with oth-
er cells and add to the pathogenesis of AITP.

There is evidence that platelet and endothelial cells
have a common origin. Hematopoietic and vascular cells
have a common progenitor stem cell in embryonic
stages17 and, in adult life, CD34+ stem cells from bone
marrow can form new blood vessels.18 Platelets bear
many membrane proteins also found in endothelial cells:
a) gpIIb-IIIa (αIIbβ3) complex is an integrin receptor found
exclusively in megakaryocytes and platelets, but shares
the β3 chain with integrin αVβ3 present in megakary-
ocytes, platelets, endothelial cells and other cells;19,20 b)
gpIb-V-IX, a leucine rich-receptor, is also found in
endothelial cells;21,22 c) E-selectin, P-selectin, CD40 and
ICAM-1 are receptors that participate in platelet rolling
and are found in both cellular types.23-25 Moreover, the
vascular endothelium is constantly in contact with
platelets and actively participates in many hemostatic
mechanisms such as platelet rolling, platelet activation
and inactivation, thrombus formation and regulation,
etc.26,27 However, the possible participation of endothe-
lial cells in the pathophysiology of AITP has received lit-
tle attention.

Experimental animal models of AITP have been used to
study mechanisms of platelet destruction,28 treatment
schemes,29-31 the role of immunoglobulin receptors in
different reactions32-35 and to characterize antiplatelet
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antibodies interfering with normal platelet func-
tion.36 In the present study we describe the influence
of different doses of anti-platelet antibodies on
thrombocytopenia and bleeding, a point that has
not been extensively explored.37,38 BALB/c mice
received rabbit immune polyclonal anti-human and
anti-mouse platelet IgG and the kinetics of throm-
bocytopenia and hemorrhagic signs were recorded.
Furthermore, binding of anti-platelet antibodies to
vascular endothelial cells was analyzed by immuno-
histochemistry.

Design and Methods

Mice and platelet counts
Eight-week old BALB/c male mice were used. Mice

were originally purchased from Jackson Laboratories
(Bar, Harbor Maine, USA) in 1982, and have been
maintained in controlled conditions through b × s
mating at our animal facilities for more than 20 gen-
erations. Fifty microliters of whole blood were
obtained from the retro-orbital plexus by puncture,
under ether anesthesia, and collected in 1 mL
polypropylene tubes (Eppendorf; Marsh Biochemical
Products, Rochester, NY, USA) containing 0.5 mL of
phosphate-buffered saline (PBS) with 2% ethylene-
diaminetetra-acetic acid disodium (EDTA). The
platelets were counted in an automatic cell counter
(Coulter Electronics, Hialeah, FL, USA).

Preparation of human platelets to use as
immunogen

Three outdated O Rh+ platelet concentrates, kind-
ly provided by the Banco Central de Sangre, Centro
Médico Nacional Siglo XXI, México, were cen-
trifuged at 800 g for 10 minutes. The pellet of
platelets was washed three times with PBS (pH 7.4)
containing 10 mM-EDTA and 0.02%-BSA (bovine
serum albumin), and then 0.6×109 platelets/mL were
frozen at –70°C overnight. Platelets were thawed
and washed five times in PBS. Aliquots of 1mL of
platelets were frozen at -20°C.39

Preparation of mouse platelets to use as
immunogen

Blood from forty mice was harvested from the
retro-orbital venous plexus by puncture and col-
lected in polypropylene tubes containing 0.1 mL of
acid-citrate-dextrose (ACD, 38 mM citric acid, 75
mM trisodium citrate, and 100 mM dextrose).
Platelet-rich plasma was obtained by centrifuga-
tion at 320 g for 10 minutes.

After a second centrifugation at 800 g for 10 min-
utes platelets were prepared as described above.

Rabbit anti-mouse and anti-human platelet
antiserum

Six New Zealand female rabbits were immunized
by the platelet preparations to produce anti-human

and anti-mouse platelet polyclonal antibodies. One
milliliter (0.6×109 platelets) of each platelet prepa-
ration was thawed and injected subcutaneously into
the rabbits on days 1, 15, 30 and 45. The first dose
was injected in a mixture with 1mL of complete Fre-
und’s adjuvant, the subsequent doses were injected
with 1 mL of incomplete Freund’s adjuvant. Animals
were bled two weeks after the last injection. IgG
anti-platelet antibodies were purified using a Pro-
tein A-Sepharose column (Sigma Chemical Co, St
Louis, MO, USA). A control antibody was prepared
from the sera of 2 rabbits injected only with PBS and
adjuvant.

Preparation of human platelet proteins to
use as antigen in the ELISA

The platelet pellets of 30 (O Rh+) outdated platelet
concentrates, kindly provided by the Banco Central
de Sangre, Centro Médico Nacional Siglo XXI, Méx-
ico, were obtained by centrifugation at 320 g for 10
minutes and then pooled and washed 3 times with
TBS-EDTA, pH 7.4 (Tris-HCl 20 mM, NaCl 150 mM,
EDTA 1 mM ). The pellets were then treated with
lysis buffer TBS-1% triton, pH 7.4 (Tris-HCl 20 mM,
NaCl 150 mM, CaCl2 1 mM, triton 1%, leupeptin 10-

5M, phenylmethylsulphonyl fluoride (PMSF 1 mM)
(Boehringer Mannheim GmBh, Germany) for 30 min,
centrifuged at 1800 g for 30 min and the super-
natant collected and frozen at -70°C.

Enzyme-linked immunosorbent assay (ELISA)
Each well of a 96-well microtiter plate (Maxisorp,

Nunc, Roskilde, Denmark) was coated with 100 µL
of 100 µg/mL platelet proteins in carbonate buffer
(50 mM sodium carbonate, pH 9.8) at 37°C for 60
min and washed five times with PBS-0.3% Tween
(pH 7.4), followed by blocking with PBS-1% BSA-
0.3% Tween (pH 7.4) at 37°C for 30 min. After five
washes plates were incubated with 100 µL of rab-
bit sera diluted 1:100 in PBS-1% BSA-0.3% Tween
(pH 7.4) at 37°C for 60 min. The plates were washed
again and incubated at 37°C for 60 min with 100 µL
of phosphatase-conjugated goat anti-rabbit IgG
(Sigma Chemical Co., St Louis, MO, USA) diluted
1:5000. Then p-nitrophenylphosphate in
diethanolamine buffer (pH 9.8) was added, and after
incubation of the plates at 37°C for 30 min, the
absorbance was measured at 405 nm.

Immune thrombocytopenia in Balb/c mice
In the first experiment mice were bled under ether

anesthesia as mentioned above and injected
intraperitoneally (ip) with a single dose of purified
anti-mouse or anti-human platelet IgG or control
IgG (0.1, 0.5 and 1.0 mg/mouse in 100 µL sterile PBS).
The intraperitoneal route was selected to avoid the
possibility of intravascular clogging by instantaneous
exposure of platelets to high concentrations of the
anti-platelet IgGs. Three mice were used in each
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experimental group. Blood samples were drawn every
24 hours and the external bleeding signs (ecchy-
moses, petechiae, blood in stools) were recorded. In
a second experiment mice were bled (as above) and
injected with 0.1 and 1.0 mg/mouse of anti-mouse
platelet IgG every 24 hours, over 4 days (2
mice/group) and their external bleeding signs (ecchy-
moses, petechiae, blood in stools) were recorded. In
a third experiment mice were bled (as above) and
injected with 1.0 mg of purified anti-mouse platelet
IgG or purified control IgG or PBS only. Mice were
bled for platelet counts and sacrificed 0, 2, 4, 8, or
24 hours after injection (3 mice per each experi-
mental group). The mice was sacrificed by exposure
to a CO2 atmosphere. Signs of external and internal
bleeding were recorded and the organs (liver, kidney,
small intestine, gut, spleen, lungs, heart, and skin)
were collected in PBS-10% formalin for microscop-
ic examination. Three additional mice (1 control, 2
injected with 0.1 mg/mouse or 1 mg/mouse of puri-
fied anti-mouse platelet IgG) were killed 4 hrs after
injection by cervical dislocation to avoid congestion
caused by the CO2 atmosphere.

Histopathology and immunohistochemistry
Organs collected in PBS-formalin were embedded

in paraffin, sectioned (6 mm thickness) and stained
with hematoxylin-eosin. Histologic sections were
examined by light microscopy. Cryostat sections (5
µm) of fresh-frozen tissue were post-fixed in ace-
tone. Sections were treated with 3% hydrogen per-
oxide. Blank sections were then incubated with PBS,
negative control sections with control IgG and test
sections with rabbit anti- mouse platelet IgG (1
mg/100 µL). After incubation for 30 min, the sec-
tions were treated with goat anti-rabbit IgG conju-
gated with horseradish peroxidase (Zymed, San
Francisco, CA, USA) diluted 1:40 (30 minutes). After
three washes with PBS, the sections were treated for
1 to 2 minutes with freshly prepared 3’3’-
diaminobenzidine (Sigma Chemical Co., St Louis,
MO, USA). The slides were counterstained with
hematoxylin. Sections were mounted on glass slides
with cytosel mounting medium (Stephen Scientific,
Riverdale, NJ, USA).

Statistical analysis
Intergroup differences of platelet counts were

compared with analysis of variance (ANOVA) fol-
lowed by Tukey's studentized range analysis; a
repeated measurements design was used when
needed. Statistical analysis was performed using the
SAS (SAS Institute Inc., Cary, NC27511, USA, 6.02)
statistical software program.

Image processing
Color photographs were digitalized (200 dpi) and

processed as a whole image using Adobe Photo-
shopTM 5.5. The images were filtered isolating the

red channel and setting its source components as
follows: red +76, green +36, blue -72, constant 20.
Afterwards the whole image was monochromized. A
high resolution (1200 × 1200 dpi) output device was
used for printing.

Results

Specificity of rabbit anti-platelet antiserum
Platelets have activation receptors pertaining to

highly conserved protein families; for example, there
is a 79% homology between human and mouse gpI-
IIa,40 and a 70% homology between human and
mouse E-selectin,41 We, therefore, decided to test
the capacity of the anti-mouse-platelet IgGs to
react with human platelets in vitro, and the poten-
tial of heterologous antibodies to produce throm-
bocytopenia and bleeding in vivo. Anti-human-
platelet and anti-mouse-platelet rabbit sera were
tested by ELISA using human platelet proteins as
antigen. Although anti-human-platelet rabbit serum
showed a higher reactivity (O.D. = 2.470), anti-
mouse-platelet rabbit serum also showed high reac-
tivity (O.D. = 1.485); pre-immune serum did not
react (O.D. = 0.161).

Immune thrombocytopenia in Balb/c mice
To induce immune thrombocytopenia, anti-human

and anti-mouse platelet immunoglobulins were
injected intraperitoneally into male mice. Polyclon-
al antibodies were used since AITP patients are
known to have a mixture of autoantibodies with
different reactivities.14 When anti-mouse-platelet
IgG were injected, at the three different doses used,
thrombocytopenia was detected in all mice 1 day
after injection, and all mice recovered normal
platelet counts after 3 days (Figure 1A). Thrombo-
cytopenia was also induced when anti-human-
platelet IgG was injected (Figure 1B) but only with
the higher doses, the low dose (0.1 mg/mouse) hav-
ing no effect. No statistically significant differences
(p>0.05) were obtained for platelet counts among
mice injected with anti-mouse-platelet IgG (0.1, 0.5
or 1.0 mg/mouse) and mice injected with anti-
human-platelet IgG (0.5 or 1.0 mg) on the first day
after treatment. In contrast, control IgG did not
cause thrombocytopenia but a slight thrombocyto-
sis was observed in all mice: platelet counts
increased 29% on the first day, and 52% (p<0.05)
by the third day after treatment (Figure 1C). Out-
standingly, there was no correlation between
platelet levels and hemorrhagic signs: bleeding
depended on antibody dose used regardless of
platelet level. Mice injected with 0.1 mg anti-
human-platelet IgG had neither thrombocytopenia
nor bleeding signs. Mice injected with 0.1 mg anti-
mouse-platelet IgG or 0.5 mg anti-human-platelet
IgG had severe thrombocytopenia but did not show
any signs of bleeding. In contrast, mice injected with

Immune purpura and anti-platelet antibodies 
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0.5 mg anti-mouse-platelet IgG or 1.0 mg anti-
human-platelet IgG showed thrombocytopenia plus
moderate hemorrhagic signs: petechiae in ears and
feet. Furthermore, mice injected with 1.0 mg anti-
mouse-platelet IgG showed platelet count drops and
intestinal bleeding was evident (blood in feces), as
were ecchymoses on the head and ears, and
hematomas in the retro-orbital plexus (at the site of

puncture). On the 3rd day after injection, bleeding
stopped in all mice. At all times studied, the pro-
thrombin time42 and activated partial thromboplas-
tin time43 were normal in all mice (data not shown).

Since injection of anti-platelet IgG caused throm-
bocytopenia on day 1 and mice were shown to
recover by day 3, repeated injections of antibodies
were applied every 24 hours for 4 consecutive days

Figure 1. Thrombocytopenia development caused by a sin-
gle dose of rabbit anti-platelet purified IgG. Mice received
0.1, 0.5 or 1.0 mg/mouse of purified IgG intraperitoneally
in 100 mL sterile PBS. Platelet counts were determined at
the indicated times, using an automatic cell counter. (A)
Anti-mouse platelet IgG. (B) Anti-human platelet IgG. (C)
Control IgG. Results are shown as mean platelet count ±
standard error for groups of 3 mice each; in all cases when
the mean platelet count was low the 3 mice in the corre-
sponding group presented thrombocytopenia. Empty sym-
bols correspond to groups of mice without bleeding signs;
filled symbols correspond to groups of mice presenting
signs of bleeding.

Figure 2. Thrombocytopenia development caused by repeat-
ed injections of antibody. Mice received 4 injections of 0.1
or 1.0 mg/mouse intraperitoneally in 100 mL sterile PBS,
at the times indicated by vertical arrows. Platelets counts
were determined at the indicated times, using an automat-
ic cell counter. Results are shown as mean platelet counts
± standard error for groups of 2 mice each. Empty symbols
correspond to groups of mice without bleeding signs; filled
symbols correspond to groups of mice presenting signs of
bleeding. 

Figure 3. Early development of thrombocytopenia caused by a
single dose of rabbit anti-mouse platelet purified IgG. Mice
received 1.0 mg/mouse purified IgG intraperitoneally in 100 µµL
sterile PBS. Negative control mice were injected with 1.0
mg/mouse of control IgG in 100 µµL sterile PBS or 100 µµL ster-
ile PBS alone. Platelet counts were determined at the indicat-
ed times, using an automatic cell counter. Results are shown
as mean platelet counts ± standard error for groups of 3 mice
each; in all cases when the mean platelet count was low the 3
mice in the corresponding group presented thrombocytopenia.
Empty symbols correspond to groups of mice without bleeding
signs; filled symbols correspond to groups of mice presenting
signs of bleeding.
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to maintain low platelet counts. Two doses of anti-
mouse-platelet antibodies were used (0.1 and 1.0
mg/ mouse). Both doses produced thrombocytope-
nia. Platelet counts were kept low during the first 3
days, but even though mice received the last injec-
tion on the 3rd day, platelet counts recovered to
normal levels on day 4 (p<0.10)  (Figure 2). Mice
injected with 0.1 mg/mouse of anti-mouse platelet
IgG did not present any external signs of hemor-
rhage while mice injected with the 1.0 mg/mouse
dose presented severe bleeding on the first day:
hematomas, petechiae and ecchymoses. On the 2nd

day, petechiae and ecchymoses disappeared, hema-
tomas were smaller but external signs of intestinal
bleeding appeared. On the 3rd day, only blood in
feces was observed, and by the 4th and 7th days no
signs of further bleeding were observed. As in the
previous experiment, there was no correlation
between platelet counts and hemorrhagic signs.

Detailed thrombocytopenia kinetics,
external and internal hemorrhagic signs

To examine the relation between thrombocytope-
nia and bleeding more closely, mice received 1.0

mg/mouse of purified anti-mouse-platelet IgG;
platelet counts and external and internal examina-
tions of the mice were performed 0, 2, 4, 8, and 24
hrs after injection. The number of circulating platelets
decreased within the first 2 hrs, and remained at an
average of 6% of the normal level for 24 hrs after
anti-platelet IgG injection (Figure 3). Circulating
platelets in mice injected with the same amount of
control IgG also decreased but only an average 31.5
%. The same reduction in platelet levels was observed
in mice injected with PBS. Mice injected with anti-
platelet IgG had similar external signs of bleeding as
those described above, as soon as 4 hrs after injec-
tion, and these signs were more apparent at 8 and 24
hrs after IgG injection (Figure 4A). External signs of
intestinal bleeding were observed in one out of 3
mice examined 4 hrs after IgG injection, and in all six
mice examined 8 and 24 hrs after anti-platelet injec-
tion. Internal signs of bleeding (Figure 4B) were also
evident 4 and 8 hrs after IgG injection: hematomas
were observed in several organs (intestine, lungs,
heart, liver, and kidney) of some mice. Internal hem-
orrhagic signs persisted 24 hrs after anti-platelet IgG
injection (Table 1).

Figure 4. External and internal bleeding signs. Mice received a single dose of 1 mg/mouse of anti-mouse platelet IgG and were exam-
ined 4 hrs after IgG injection. A) Ear with external petechiae and ecchymoses. B) Ecchymoses in stomach, gut and small intestine. C)
Histologic section of intestine, 4 hrs after anti-mouse-platelet IgG injection. Note vascular congestion without extravasation (40××). D)
Histologic section of an ear, 4 hrs after anti-mouse-platelet IgG injection. Note congestion and extravasation (10××).
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Histopathology 
Microscopic evaluation of paraffin-embedded  tis-

sue sections of organs revealed incipient conges-
tion 2 hrs after treatment, and moderate to severe
congestion at later times. Skin, kidney, liver, gut,
small intestine, lungs and stomach presented hem-
orrhagic foci 4, 8 and 24 hours after IgG injection
(Figures 4C, D). No inflammation around blood ves-
sels was observed at any time in any section stud-
ied. Sections from mice injected with control IgG
did not show anomalies.

Evidence of anti-platelet IgG binding to
endothelial cells

The hypothesis that the binding of anti-platelet
antibodies to endothelial cells is involved in bleed-
ing was tested by immunohistochemistry because:
1) there was no correlation between platelet counts
and hemorrhage, 2) animals treated with higher
doses of anti-platelet antibodies showed more
bleeding manifestations, and 3) no perivascular
inflammatory response was observed. Besides, it is
well known that endothelial cells bear glycoprotein
molecules on their surface membrane similar to
some glycoproteins on platelet membranes; thus,
anti-platelet IgG could contain antibodies that bind
to endothelium. Cryostat sections of fresh frozen
liver incubated with anti-mouse-platelet IgG
showed that anti-platelet IgG did in fact bind only
to endothelial cells, while hepatic cells did not react
with this IgG. Control IgG did not bind to endothe-
lial cells or to hepatic cells (Figure 5).

Discussion

Our results demonstrate immunologic cross-reac-
tivity between anti-mouse-platelet IgG and human

platelets in vitro. Moreover anti-human-platelet IgG
caused thrombocytopenia and moderate bleeding
in mice in vivo, this possibly as a result of the known
similarities between mouse and human gpIIb-IIIa,40

gpIb-V-IX, and between other proteins such as
CD40, P-selectin and E-selectin.41 Both in vitro and
in vivo the amount of anti-platelet IgG (Figure 1)
required to react with the homologous platelet anti-
gens was less than the quantity required to react
with the heterologous platelet antigens, as expect-
ed for non-identical proteins and/or because of the
presence of non-shared proteins in human and
mouse platelets.

This experimental murine model also reproduced
the external hemorrhagic signs observed in AITP
patients. Internal bleeding was detected in many
organs and external signs of intestinal bleeding
occurred in mice injected with the highest dose of
homologous anti-platelet IgG. A delay was observed
between thrombocytopenia, which occurred 2 hrs
after anti-mouse platelet IgG injection, and exter-
nal or internal bleeding, which took place only 4 hrs
after anti-platelet IgG injection.

Interestingly, external signs of hemorrhage
appeared only in thrombocytopenic mice injected
with the medium or high doses of anti-platelet IgG,
but not in similarly thrombocytopenic mice inject-
ed with a low dose. This lack of correlation shows
that low platelet counts by themselves do not
explain bleeding, and suggests an additional mech-
anism involving high doses of anti-platelet IgG. Giv-
en the possibility that antibody excess could form
soluble immune complexes, as suggested by
Nieswandt et al.,37 we microscopically examined his-
tologic sections but did not find any inflammatory
reactions in or around the blood vessels at 4, 8 or 24
hrs after antibody injection.

Table 1. Early kinetics of bleeding in the mice.

External bleeding Internal bleeding
Head Legs Ears Tail Liver Kidney Gut Small Heart Lung Fat Abdominal Stomach

intestine tissue (sc) tissue (sc)

4 hrs
Petechiae 1* 2
Ecchymoses 1
Hematoma 1 2 1 1 1 1

8 hrs
Petechiae 1 1 1 1 1
Ecchymoses 1 1
Hematoma 1 3 3 1 1 1 1

24 hrs
Petechiae 1 2 2 1 1 2
Ecchymoses 2 1 1
Hematoma 2 2 1

*Number of mice out of 3 in each experimental group presenting the corresponding bleeding sign in the referred site.
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Traditionally, AITP has been classified as an organ-
specific autoimmune disease, and thrombocytope-
nia has been considered sufficient to explain bleed-
ing.1,2 However, we found that the anti-platelet IgG
employed also bind to endothelial cells, as expect-
ed because platelets and endothelium share many
proteins.19-25 Nakajima et al.44 also demonstrated
that an anti-gpIIb-IIIa monoclonal antibody specif-
ically binds to human umbilical vein endothelial

cells with a high dissociation constant (Kd 40.2 nM).
On the other hand, Rodríguez-Calvillo et al.45

obtained a monoclonal antibody against a single
endothelial protein of 35 kDa which produced
thrombocytopenia and bleeding in mice. Excess
anti-platelet antibodies bound to endothelial cells
could activate the cytoskeleton, disrupting endothe-
lial junctions and allowing extravasation, and could
also interfere with the anticoagulant-procoagulant
hemostatic equilibrium.46,47 Further investigation is
required to elucidate the precise participation of
these mechanisms in AITP. Our hypothesis is in
accordance with other previous suggestions and
information. Koenig et al.48 found that one of three
patients with immune thrombocytopenic purpura
had autoantibodies reacting with a cryptic endothe-
lial antigen. In systemic lupus erythematosus, anti-
endothelial autoantibodies have been described as
possible mediators of antibody-dependent endothe-
lial cell damage.49-51 Endothelial activation and
damage by anti-platelet antibodies reacting with
protein targets of endothelial cells has also been
described by Hashemi et al.52 and Glynne et al.53

AITP is often a chronic disease1-3 because of a con-
tinuous production of autoantibody, but in our mod-
el all mice receiving a single anti-platelet injection
recovered normal platelet counts and no external
hemorrhagic signs were observed three days after
treatment. Nieswandt et al.36 produced thrombocy-
topenia that lasted 3-4 days, using a single dose of
monoclonal antibodies; when this single dose was
divided to simulate a continuous process, the
thrombocytopenia lasted the same time. In our
study, in an attempt to mimic the chronic disease,
mice were injected every 24 hours for 4 consecutive
days. Although thrombocytopenia was extended for
2 days more, unexpectedly, one day after the last
boost, platelet counts returned to normal and every
sign of hemorrhage disappeared (Figure 2). The pos-
sible explanations for this remission of thrombocy-
topenia and bleeding could be: a) increased platelet
destruction is accompanied by a compensatory
increase in platelet production by megakaryocytes,
as observed in AITP patients;54 b) xenoantibodies
bound to platelets are being removed from blood
circulation;28 c) anti-platelet IgG clearance inter-
rupts activation of endothelial cells. On the other
hand, the total IgG fraction used in the experiment
contains, in addition to the anti-platelet antibodies
responsible for the thrombocytopenia, non-specific
IgG that is known to prevent platelet phagocytosis
by macrophages, thus inducing remission in AITP
patients.2,34,35 In fact, we observed thrombocytosis
when control IgG was used, and also following the
thrombocytopenic episode 7 days after the mice had
received 1 or 4 doses of anti-mouse-platelet IgG.
This set of observations is in agreement with the
clinical success of infusion of high-dose intravenous
immune globulin G (IVIgG).2

Figure 5. Immunohistochemistry showing anti-platelet anti-
bodies bound to endothelial cells in fresh-frozen liver sec-
tions using as the second antibody, anti-rabbit IgG conju-
gated with horseradish peroxidase, developed with
diaminobinzidine. A) Anti-mouse platelet IgG. B) Control IgG.
C) PBS. Asterisk indicates vessel lumen.
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