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Human/BALB radiation chimera engrafted with splenocytes from patients with
idiopathic thrombocytopenic purpura produce human platelet antibodies
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SUMMARY

We have previously shown that lethally irradiated normal strains of mice, radioprotected with
severe combined immunodeficient (SCID) bone marrow, can be engrafted with human peripheral
blood mononuclear cells (PBMC). The human/mouse radiation chimera can mount marked
humoral and cellular responses to recall antigens, as well as primary responses. In the present

study, we adoptively transferred splenocytes from patients with chronic immune thrombocytopenic
purpura (ITP) into lethally irradiated BALB/c mice, radioprotected with SCID bone marrow.

High titres of total human immunoglobulin appeared as early as 2 weeks post-transplant and
declined after 6 weeks, while human anti-human platelet antibodies were detected 2-8 weeks after
the transfer of splenocytes. The immunoglobulin G (IgG) fraction contained antibodies against
glycoprotein (GP) IIb/IIIa (CD41) or GPIb/IX (CD42). The human platelet antibodies showed
a low level of cross-reactivity with mouse platelets, and thrombocytopenia in the animals was not
observed. Splenocytes from individual ITP patients differed in their capacity to produce either
human platelet antibodies or total human immunoglobulin. Furthermore, antibodies produced in
the murine system were not always identical to the original antibodies present in the serum of the
patients. The study of the serological aspects of autoantibodies against human platelets in an

animal model might be useful for the investigation of potential therapeutics in ITP.

INTRODUCTION

Immune thrombocytopenic purpura (ITP) is principally a
disorder of increased platelet destruction mediated by autoanti-
bodies directed against platelet-membrane antigens.' The
hypothesis that autoantibodies have a pathogenic role and are
of paramount importance is supported by early observations
that infusions of plasma from patients with ITP caused acute
thrombocytopenia in normal subjects.2 Autoantibodies against
the major membrane glycoproteins (GP) can be identified in
about 80% of patients with ITP.3'4 The majority of these
antibodies target epitopes on either GPIIb/IIIa (CD41) or the
GPIb/IX/V (CD42) complex.5 First-line treatment options
consist mainly of glucocorticoid therapy and high doses of
intravenous gamma globulin, and splenectomy is a typical
second-line treatment.6 Recently, antibody concentrations on
patients' platelets have been shown to diminish in response to
effective treatment or to increase upon relapse.3'6 In the past
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few years, human/mouse chimera based on Mosier's periph-
eral blood lymphocyte-severe combined immunodeficient
(PBL-SCID) model7 have proved to be useful for studies of
autoimmune disease. Lymphocytes from humans with several
autoimmune diseases, such as primary biliary cirhosis, rheuma-
toid arthritis, autoimmune thyroid disease and systemic lupus
erythematosus, were injected into SCID mice, thus 'trans-
ferring' these human diseases to the mice, and allowing the
study of autoantibody production and other pathogenic
mechanisms.81'

Recently, Lubin et al. 12"13 described a new approach
enabling engraftment of human peripheral blood mononuclear
cells (PBMC) in normal strains of mice and rats following
split-dose lethal irradiation. Irradiated animals are initially
converted into SCID-like animals by means of bone marrow
transplantation from SCID donors and subsequently are
infused with 50-100 x 106 human PBMC. These chimeric
animals allow an effective and rapid engraftment of human
cells, enabling their functional study early after transplan-
tation. Unlike the hu-PBL-SCID mouse model described by
Mosier,7 dissemination of engrafted lymphocytes is very rapid
and both T and B lymphocytes are found in significant
numbers in the lymphoid tissues as early as 24 hr following
transplantation,'2"14 enabling their functional study early after
transplantation. High levels of human immunoglobulin were
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found as early as 10 days post-transplant of human PBMC in
conditioned mice and the human/BALB chimera were capable
of mounting a significant memory as well as primary response
against different antigens.'5 The apparent activity of the human
B cells in the former chimeric mice was explained, in part, by
their ability to migrate readily from the peritoneum into the
spleen and lymph nodes (LN), where the establishment of
structures similar to germinal centres were found to be
formed.14 Moreover, in contrast to human SCID mice,
human/BALB chimera do not develop Epstein-Barr virus
lymphono.'6

A vigorous anti-allogeneic human cytotoxic T-lymphocyte
(CTL) response also could be generated in these mice, by
immunizing them with foreign antigens or with allogeneic
cells, respectively.'7 In addition, models of human disease,
including those for human B-chronic lymphocytic leukaemia
(CLL)'8 and human renal allograft rejection19'20 have been
established in these chimeras. In the present study we

attempted to generate a human/BALB radiation chimera with
splenocytes from ITP patients. We further investigated, in such
radiation chimera, the extent of human anti-platelet antibody
production, including specific immunoglobulin G (IgG)
autoantibodies, and the relative autoantibody production
potential of splenocytes from ITP patients at different stages
of disease activity.

MATERIALS AND METHODS

Mice
Animals used were 6-10 weeks old. BALB/c mice were

obtained from Olac Farms (Bicester, UK), and SCID mice
from the Weizmann Institute Animal Breeding Centre
(Rehovot, Israel). All mice were kept in small cages (five
animals in each cage) and fed sterile food and acid water
containing ciprofloxacin (20 jg/ml).

Conditioning regimen
BALB/c mice were exposed to split-dose (4 Gy followed 3 days
later by 10 Gy) total body irradiation (TBI), from a gamma

beam 150-A60Co source (produced by the Atomic Energy of
Canada, Kanata, Ontario) with focal skin distance (FSD) of
75 cm and a dose rate of 0 7 Gy/min.

Preparation and transplantation ofT cell-depleted bone marrow
cells
Bone marrow cells were collected into phosphate-buffered
saline (PBS) by flushing the shafts of the femur and tibia
obtained from non-obese diabetic (NOD)/SCID mice
(4-6 weeks old), and were fractionated by differential aggluti-
nation with soybean agglutinin (to remove T lymphocytes that
may be present in occasional 'leaky' SCID mice), according
to Reisner et al.21 with minor modifications.22 Recipient mice
were injected (intravenously in 0-2 ml PBS) with 2-3 x 106
T-cell-depleted SCID bone marrow cells or non-depleted SCID
bone marrow in some of the experiments 1 day after
irradiation.

ITP patients
The patient group included five patients treated in the Sheba
Medical Centre Haematology Institute, Tel Hashomer, Israel,
and the Kaplan Hospital Haematology Institute, Rehovot,

Israel. Diagnosis of ITP was based on low platelet count, bone
marrow with hyperactive megakaryopoiesis, antibodies to
platelets and the absence of other causes of thrombocytopenia.
Splenectomy was required in all of the patients for either a
relapse of their disease, after an initial response to glucocortico-
ids, or unresponsiveness to steroid therapy and inability to
attain remission. Patient's charts were reviewed for age, disease
duration, platelet count, levels and types of anti-platelet anti-
bodies and treatment before the splenectomy.

Preparation and transplantation ofhuman splenocytes and
PBMC
Spleens were cut into pieces and pressed through stainless steel
sieves to make a cell suspension in PBS. Cell suspensions and
buffy coats from normal volunteers were layered onto
Lymphoprep solution (Nycomed, Oslo, Norway) and spun at
400 g for 20 min. The interlayer was collected, washed twice,
counted and resuspended in PBS (pH 7 4) to the desired cell
concentration. Human splenocytes or PBMC (70-100 x 106)
were injected intraperitoneally (i.p.) into recipient BALB/c
mice conditioned as described above. Control mice did not
receive human PBMC.

Cells andplasma collectionfrom human/mouse chimera
Animals were bled from the retro-orbital vein using heparin-
coated glass capillaries. Plasma was kept for human immuno-
globulin and human anti-platelet antibody determination.
Peritoneal cells were obtained by lavage with 5-10 ml of PBS
and cells were then isolated using Lymphoprep, washed with
PBS containing 1% bovine serum albumin (BSA), and stained
for fluorescence-activated cell sorter (FACS) analysis.

FACS analysis ofhuman cell engraftment
Single-cell suspensions were incubated for 30 min on ice with
a mixture of appropriate fluorescence-labelled monoclonal
antibodies (mAb). After washing, two- or three-colour fluo-
rescence analysis of human antigens was performed using a

FACScan analyser (Becton Dickinson, Mountain View, CA).
The following murine mAb were used to identify leucocyte
subsets: CD45-fluorescein isothiocyanate (FITC) (pan human
leucocyte antigen); CD3-peridinin chlorophyll protein (pan
T cell); CD20-phycoerythrin (PE) (pan B cell), were all from
Becton Dickinson (Mountain View, CA).

Human immunoglobulin determination
Sera were tested for antigen-specific human antibody and for
total human immunoglobulin as well as human immunoglob-
ulin subclass (IgG, IgM and IgA). Total human immunoglob-
ulin and human subclass was quantified by sandwich enzyme-

linked immunosorbent assay (ELISA) using goat F(ab')2-
purified anti-human IgG + IgM + IgA (Zymed Laboratories,
San Francisco, CA) as the capture agent and peroxidase-
conjugated purified goat anti-human immunoglobulin
(G+M + A) or each of the anti-immunoglobulin subclass
alone (Zymed Laboratories) as the detection reagent. Human
serum of known immunoglobulin concentration was used as

the standard. Microplates (Nunc, Roskilde, Denmark) pre-

coated with the capture reagent (5 ,ug/ml, 50 pl/well) and
blocked with 1% BSA were incubated overnight at 40 with
dilutions of plasma from 1:500-1:16000, or the standard
from 0 05 to 1 gg/ml, then washed three times with PBS-
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Tween solution. The detection reagent was added and the
plates were incubated for 2 hr at 370, then washed again three
times. Fresh substrate solution was added and, after peroxi-
dase-catalysed colour development, the absorbance at 405 nm
was quantified on an ELISA reader (Dynatech, Port Guernsey,
Channel Islands, UK).

Determination ofhuman anti-human and anti-mouse platelet
antibodies and subclass analysis
The assay was performed according to Visentin et al.23 Human
platelets, obtained from the blood bank, or mouse platelets,
collected from BALB/c mice, were washed three times in 50 p1
of Ringers-citrate-dextrose buffer containing 50 ng/ml prostag-
landin E1 (RCD-PGE1) and were then resuspended in the
same buffer at a concentration of 2-5 x 108 per ml. For the
assay, 5 x I07 platelets were aliquoted into polypropylene tubes
treated with 1% BSA. Sera collected from mice that were
preconditioned as described above and injected with spleno-
cytes from ITP patients or with normal PBMC and sera
collected from preconditioned mice that were not injected with
human lymphocytes, were added to a final volume of 400 g1
and the mixture was incubated for 30 min at room temperature.
Human or mouse platelets were then washed with RCD-PGE1
buffer and incubated with FITC-labelled anti-human immuno-
globulin, anti-human IgG and anti-human IgM, separately, at
a dilution of 1: 10, for 30 min at room temperature in the
dark. After three additional washes in RCD-PGEl buffer,
platelets were suspended in 400 p1 of buffer. Platelet-bound
immunoglobulin was measured by flow cytometry (Beckton
Dickinson, Mountain View, CA) using an immunoglobulin-
specific conjugate and the isotype was determined with
specific reagents.

MAIPA studies
The MAIPA (monoclonal antibody-specific immobilization of
platelet antigens) test was performed according to Kiefel
et al.24 with minor changes. Platelets from normal donors were

pooled and stored in saline containing 0 5% azide. To
50-100 x 106 platelets, 20 p1 of the serum to be tested was
added and incubated at 370 for 30 min. After two washes of
the samples with saline, 10 pl of the murine monoclonal
antibodies against GPIIb/IIIa or GPIb/IX (Immunotech,
Marseilles, France) was added, and the test tubes were incu-
bated for 30 min at 37°. The samples were washed three times
with saline and then solubilized in solubilization buffer for
30 min at 4°. The samples were centrifuged at 400 g for 30 min
at 40, diluted in PBS and 100 pl was transferred, in duplicate,
into wells of microtitre plates coated with rabbit anti-mouse
IgG (Dakopatts, Glostrup, Denmark), and incubated for
90 min at 4°. The well contents were then discarded, the wells
washed six times with PBS and then 100 pl of alkaline phospha-
tase-labelled goat anti-human IgG, diluted in PBS, was added.
Following incubation for 120 min at 40, the wells were washed
six times with PBS and then 100 pl of substrate solution (5 mg
p-nitrophenyl phosphate in diethanolamine buffer) was added.
After incubation at 370 in the dark the reaction was read
at 405 nm.

Statistical analysis
Statistical analyses were performed using the Stat View II
program (Abacus Concepts, Inc, Berkeley, CA) on a

Macintosh IICi. Statistical significance was determined by the
Student's t-test.

RESULTS

Engraftment of spleen cells from ITP patients in the
human/mouse radiation chimera

Splenocytes from five patients with chronic ITP were trans-
planted into the peritoneal cavity of lethally irradiated BALB/c
mice radioprotected with SCID bone marrow (each group
comprising 10-15 animals). Engraftment of the human cells
was evaluated by FACS analysis of peritoneal washes and by
ELISA of total human immunoglobulin in the serum of
transplanted mice at 14 days post-transplant. Mice were scored
positive for engraftment when CD3 +CD45 + and
CD20+CD45+ human cells were detected in the peritoneal
fluid 14 days following cell transfer, and the level of total
human immunoglobulin in their serum was higher than
600 gg/ml (Figs la, Ib). Thus, as can be seen in Table 1, a
high rate of engraftment was attained (42 out of 51 surviving
mice) in four out of five experiments, in which spleen cells
from five different patients were infused.

Total human platelet antibody production by splenocytes from
ITP patients and by PBMC from normal donors

The level of human anti-human platelet antibodies was meas-
ured only in engrafted mice (see above). Background reactivity
produced by serum samples from control mice, which did not
receive lymphocytes, was subtracted from all measurements.

As can be seen in Figs 2(a), 2(b) and 2(c), the level of
human anti-human platelet antibodies, in a typical mouse,
4 weeks after transfer of splenocytes from an ITP patient, was
higher than that of control mouse engrafted with PBMC from
a normal donor.

The average levels of reactivity that were obtained with
serum samples from mice which received ITP splenocytes (n =
42) and from control mice (buffy coat-derived lymphocytes,
n =22), at different time-points, is presented in Fig. 3. Low
but significantly higher anti-human platelet antibody levels
were already found within 2 weeks after transfer of splenocytes
(P< 0 042), compared with anti-human platelet antibody levels
detected in mice that were engrafted with human PBMC.
Levels of platelet-reactive antibodies rose rapidly 3 weeks after
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Figure 1. Engraftment of human cells, 14 days after transfer of ITP
splenocytes into the SCID/BALB radiation chimera. Peritoneal cells
were double stained by either CD3-peridinin chlorophyll protein or

CD20-PE, and CD45-FITC. CD45 delineates their human origin.
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Table 1. Human anti-platelet antibody and total human immunoglobulin production in groups of mice engrafted with splenocytes from different
idiopathic thrombocytopenic purpura donors

2 weeks 4 weeks 6 weeks

Autoantibody production rate Anti-platelet antibodies (%FPC)

Spleen 1 12/12 377+073 3043+245* 1035+1 90
Spleen 2 6/9 062+020 19 10+3 10 693+090
Spleen 3 9/10 375+190 3090 +2.62* 1422 +250
Spleen 4 9/11 3 19+1 60 2350+580 593+090

Survival rate Engraftment rate Total human immunoglobulin (mg/ml)

Spleen 1 12/18 12/14 4 70+0 72 3 77+0 68 1 69+0 42
Spleen 2 9/18 9/12 2 90+0 14 2 53+0 29 4 35+0 76
Spleen 3 10/18 10/13 6 31 +0 39 3 40+0 49 3 61 +0 45
Spleen 4 11/18 11/12 4 68+0 30 5 39+0 94 2 70+0 48

Transplantation of spleen cells was carried out in five experiments with five different donors out of which engraftment of human lymphocytes
was achieved in four experiments.

%FPC, percentage of fluorescence-positive cells.
*P<005 versus spleen 2 at 4 weeks, tP<005 versus spleen 2 and spleen 4 at 6 weeks; data are expressed as mean + SD.

Figure 2. Detection of human anti-human platelet antibodies by FACS analysis in serum samples from SCID/BALB radiation
chimera reconstituted with human PBMC (a) or ITP splenocytes (b). Serum analysed in (c) was taken from an ITP patient and
served as a positive control. The percentage of fluorescence-positive human platelets (FPC%) was determined in region b.
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3CID/BALB Thereafter, levels declined but were still significantly higher at
aitonstitchimera 6 (P<00028) and at 8 weeks post-transplant. Few mice

withIP=0y0001 reconstituted with splenocytes showed a long presence of0 ITP splenocytes
autoantibodies up to 9 weeks post-transplant.

3 Human PMBC The human anti-human platelet antibodies were primarily
of the IgG subtype. The dominance of the IgG subtype was
observed throughout the follow-up period. Anti-human plate-
let antibodies of the IgM subtype were not detectable in the

P=0 0028 chimeric mice (data not shown).

P=0037 T No evidence was obtained for a reduced survival of murine
0.0422 platelets, as determined by measuring platelet counts at regularE1m m m m,;57Eintervals (data not shown). However, cannot be excluded&I-3 ///,§//A E///N .that there might have been a state of compensated2 3 4 6 8 thrombocytolysis.

Weeks after transplantation

Figure 3. Levels of human platelet antibodies, at different time-points
post-transplant, in SCID/BALB radiation chimera reconstituted with
ITP splenocytes or with human PBMC. Statistical significance was

determined using the Student's t-test. Error bars represent mean + SE.
Levels ofhuman anti-platelet antibodies in recipient mice reconstituted
with human PBMC were undetectable at 8 weeks.

injection, reaching maximal values 4 weeks after transfer of
cells, and the significance of the difference in the level of
platelet reactive antibodies between the two groups of mice
was enhanced (P<0 037 and P<0 0001, respectively).
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Engrafted splenocytes of individual ITP patients differ in their
capacity to produce human platelet antibodies

Table 1 summarizes the characteristics of human anti-human
platelet antibody production in four groups of mice engrafted
with splenocytes from different ITP donors. In all four groups
we detected significant levels of anti-human platelet antibodies
in a high percentage of animals. However, each group of mice
exhibited different human autoantibody production capacity.

Early autoantibody production was observed in groups 1,
3, and 4 in which, 2 weeks after transfer of splenocytes, a
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small fraction of the chimeric mice had already sustained very

high levels of autoantibodies (two of 12, two of 10 and one

of 11, respectively). In contrast, none of the mice from group

2 showed high autoantibody levels at this time-point. Rapid
elevation to maximal autoantibody values within 4 weeks of
transplantation of splenocytes and a gradual decline afterwards
was observed in all groups of mice.

We did not find a correlation between the ability to produce
autoantibodies in chimeric mice and the severity of disease in
respective ITP donors. Highest autoantibody levels were seen

throughout the experiment in groups 1 and 3, while lowest
levels were seen in groups 2 and 4. However, for example, ITP
donor 1 had low disease activity (he sustained the highest
platelet count (45 000/pl) compared with the other donors)
while ITP donor 2 had a severe exacerbation of his disease
(he sustained a minimal platelet count (<15 000/pl), which
was the lowest among the ITP donors).

Total human immunoglobulin production by splenocytes from
ITP patients and by PBMC from normal donors

Total human immunoglobulin was measured periodically in
all of the BALB/c mice engrafted with splenocytes from ITP
patients and in control mice (all conditioned as described
above) receiving human PBMC from normal donors. Figure 4
summarizes the kinetics of total human immunoglobulin pro-
duction in both of these groups of mice. As previously
described by Lubin et al. ,12,13 we found, at day 14, a high
serum level of human immunoglobulin in mice transplanted
with splenocytes (4 7 + 0 28 mg/ml), and 5 37 + 0 9 mg/ml in
mice transplanted with normal PBMC. Human immunoglob-
ulin continued at this level until week 6 after transfer of cells,
and declined to an average of -2 mg/ml at 2 months, in both
groups of mice. Thus, the total human immunoglobulin pro-
duction in mice receiving spleen cells from ITP patients was

not significantly different from that found in mice receiving
PBMC from normal donors. Human IgG was found to be the
dominant subclass in both groups of chimeric mice (>90%),
but IgM and IgA were also detected (data not shown).
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Figure 4. Levels of total human immunoglobulin, at different time-
points post-transplant, in SCID/BALB radiation chimera reconstituted
with ITP splenocytes or with human. Statistical significance was

determined using the Student's t-test. Error bars represent mean + SE.
NS, not significant.

Human platelet antibody and total human immunoglobulin
production do not correlate

Table 1 summarizes the total human immunoglobulin pro-

duction in the different groups of mice engrafted with spleno-
cytes from respective ITP donors. In engrafted mice, no

correlation was found between total human immunoglobulin
levels and platelet antibody levels. Mice in groups 2 and 4,
which attained lower levels of platelet antibodies throughout
the experiment, exhibited high levels of total human immuno-
globulin, similar to the mice of groups 1 and 3, which displayed
high levels of platelet antibodies. For instance, 4 weeks after
transfer of splenocytes, mice of group 2 were found to have a

significantly lower level of platelet antibodies (P<0 05), com-

pared with mice in groups 1 and 3, but total human immuno-
globulin level was not significantly reduced. Furthermore, at
6 weeks post-transplant, mice in groups 2 and 4 had signifi-
cantly lower levels of anti-human platelet antibodies compared
with mice in group 3 (P<005); nonetheless, they sustained
similar levels of total human immunoglobulin compared with
other groups of mice (Table 1).

Human platelet antibodies cross-react with mouse platelets

The possible presence of human anti-mouse platelet reactivity
was evaluated by combining sera collected from 10
human/BALB chimera, which attained high autoantibody
levels at 4 weeks post-transplant, with mouse platelets.

As shown, the level of human anti-mouse platelets anti-
bodies in a typical mouse engrafted with ITP splenocytes
(Fig. Sc), was higher than that found in control mouse

engrafted with PBMC from a normal donor or in control
preconditioned mouse which did not receive lymphocytes (Figs
5a, Sb).
A large fraction of the human/BALB chimera, generated

by ITP splenocytes, exhibited a high response to mouse

platelets (eight out 10 mice, mean level of 17+2-0% fluores-
cence-positive cells (%FPC)), while only two out of seven

human/BALB chimera, generated by normal PBMC transplan-
tation, were found to have high reactivity to mouse platelets
(mean level of 6+1-3% FPC, P<005 compared with the
latter). Human anti-mouse platelet reactivity was not found
in preconditioned mice that did not receive lymphocytes.

Antigen specificity of platelet antibodies generated by ITP
splenocytes

Selective detection of human platelet-reactive antibodies
against membrane glycoprotein complexes Ilb/IIa and Ib/IX,
was performed in mice reconstituted with either ITP spleno-
cytes or human PBMC. Serum to be investigated was collected
from group 3 and group 4 mice, 4 weeks after transfer ofcells,
in which levels of platelet autoantibodies were shown to be
the highest. The serum of respective ITP donors contained
either antibodies against GPIIb/IIIa and GPIb/IX (donor 3)
or only against GPIIb/IIIa (donor 4). The serum of the
majority of mice reconstituted with ITP splenocytes (11 of
one, seven of eight and four of six mice injected with spleno-
cytes from donors 3 and 4, respectively) contained human IgG
antibodies against GPIIb/IIIa and/or GPIb/IX, but no reactiv-
ity was obtained by MAIPA with the serum samples obtained
from control mice (Table 2). Transfer of splenocytes from ITP
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(a) (b) (c)
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Figure 5. Detection of human anti-mouse platelet antibodies by FACS analysis in serum samples from SCID/BALB radiation
chimera, which did not receive human cells (a), and in serum samples from SCID/BALB radiation chimera reconstituted with
human PBMC (b) or ITP splenocytes (c). The percentage of fluorescence-positive mouse platelets (FPC%) was determined in
region a.

Table 2. Antigen specificity of human anti-human platelet antibodies
generated in human idiopathic thrombocytopenic purpura
(ITP)/mouse radiation chimera (monoclonal antibody-specific immob-

ilization of platelet antigens (MAIPA (assay)

Experiment No. IlbIlla lb

Hu/ITP radiation chimera 4 + + + +
4 -- ++
3 ++ _-
4 __

Hu/PBMC radiation chimera 5 -- --
ITP-positive donor + + + +
ITP-negative donor -- --
PLA* -- ++
Anti-mouse IgG -- --

donor 3 into recipient animals resulted in simultaneous pro-
duction of platelet antibodies against GPIIb/IIIa and GPIb/IX
in four of eight mice, while in three of eight mice we detected
antibodies against GPIb/IX. Interestingly, transfer of spleno-
cytes from ITP donor 4 resulted in the production of platelet
antibodies targeting not only GPIIb/IIIa (two of four) but
also GPIb/IX (two of four).

DISCUSSION

Autoantibodies are of crucial importance in the pathogenesis
of ITP.' In the present study, we demonstrated that the
engraftment of human splenocytes, obtained from ITP
patients, in preconditioned BALB/c mice, leads to the pro-

duction of human platelet antibodies in these chimeric mice.
These results are in accordance with other investigations

that showed the production of various human autoantibodies
(anti-nuclear antibodies, anti- mitochondrial antibodies, anti-
thyroglobulin antibodies, rheumatoid factor and anti-
acetylcholine receptor) in SCID mice upon transfer of lympho-
cytes from patients with respective autoimmune disease.8-" In
our model, levels of platelet antibodies did not follow the early
high levels of total human immunoglobulin, peaking at a later
time-point than that of the total human immunoglobulin. This
is in contrast to the work of Macht et al. 0 who showed that
thyroid autoantibodies peaked earlier than total immunoglob-
ulin, but is in accordance with the work of Abedi et al.25 who
reported delayed appearance of anti-mitochondrial
autoantibodies.

Peak levels of platelet antibodies 4 weeks after injection of

1998 Blackwell Science Ltd, Immunology, 94, 410-416

cells, and the persistence of these autoantibodies 2 months
after transfer of splenocytes, could be related to human
antibodies against human and murine platelets. It has been
recently suggested that in the hu-PBL-SCID mouse model,
anti-mouse reactive human T cells are stimulated by the xenoe-
vironment and this reactivity is a major factor involved in the
selection of T-cell clones that populate chimeras at later
stages.26 Likewise, human T cells against murine platelets
could influence further production of human anti-mouse plate-
let antibodies, after autoreactive pathological B lymphocytes
have already disappeared from chimeric mice (such antibodies
were indeed found in the serum of recipient animals). Human
T cells directed against murine platelets might also exist in the
human radiation chimera generated by transfer of normal
PBMC. Minor reactivity is obtained with human platelets
when 'naive' PBMCs are transferred into mice. Nonetheless,
a substantial amount of platelet antibodies could not be found
in the latter, suggesting the important role of the pathogenic
B-cell clones, which are responsible for autoantibody pro-
duction in the patients, in the transfer of the disease.
Furthermore, polyclonal activation of human B cells during
adoptive transfer into the radiation chimera15 might drive the
autoreactive clones for production of human platelet anti-
bodies in the murine system, which are not present in the
patients' serum. Therefore, is not surprising that in the different
groups of mice, each engrafted with splenocytes from a respect-
ive ITP donor, correlation was not found between levels of
human platelet antibodies and total human immunoglobulin.
At the onset and at successive time intervals after transfer of
human cells into recipient mice, different numbers of normal
and autoreactive clones, among the donor's lymphocytes,
survive and proliferate. It should also be noted that the number
of y-positive B cells in the spleen might be higher when
compared with peripheral blood. The absence of platelet
antibodies in the control mice might thus partially be explained
by the limited number of -y-positive B cells that were trans-
ferred. However, similar levels of total human immunoglob-
ulin, accompanied by a marked difference in the levels of
platelet antibodies between assay and control mice, observed
in several experiments, seem to validate our results.

Our observation that the level of autoantibody production
detected in mice does not correlate with the clinical severity
of the disease (the donor which had the lowest platelet count
did not transfer highly autoantibody-producing splenocytes)
further proves that the severity of thrombocytopenia in an

ITP patient is, besides the quantity of antibody, determined
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by the IgG subclass and the ability of the mononuclear
phagocytic system to process immune complexes. Despite
direct evidence of interaction between human autoantibodies
and mouse platelets, and the characterization of the autoanti-
bodies as being against platelet Ilb/Illa or Ib/IX glycoproteins,
thrombocytopenia was absent in our chimeric system. Thus,
thrombocytopenia was not observed, probably because the
reduction of platelet survival was limited by an ineffective Fc
receptor-mediated clearance of platelets sensitized with human
antibodies and a mild reduction might have been compensated
by increased thrombocytopoiesis. The hypothesis by Vladutiu
et al.27 that the amount of human autoantibodies in models
of autoimmune disease in SCID mice was too small to cause
target organ damage, might be less relevant in regard to the
biological inactivity of the human platelet antibodies.

In summary, we have demonstrated that transfer of spleno-
cytes from ITP patients to lethally irradiated BALB/c mice
protected with SCID bone marrow leads to generation of
human IgG antibodies against platelets. These data offer a
new in vivo model for studying immune cells from patients
with ITP and for the investigation of future potential thera-
peutics that might ameliorate autoantibody production in ITP.
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