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H avocoloyikdg emayopevn Bpopforevia amoterel ocvvnOn kKAviky ekdnioon
otovg acBeveig ue XEA, evd 10 a0TOOVTIOONATO EVAVTIL YAVKOTPOTEIVOV TNG
OLUOTMETAALOKNG UEUPPAVNG KOTEXOVV KEVIPIKO pPOAO OTNV  TEPLOEPIKN
KOTAGTPOPN TOV OLUOTETOAI®V. Q0TOGO, TA  OVTONVIICOUOTO EVOVTL TNG
Opoupomontivng amavtovial 6to €va Tpito TV acbevav, yopic Opwg o
noboyevetkdg tovg porog va €xel dievkpiviotel TApws. ['a 10 okomd avtd
TPLAVTA-0KT® deiypata opodv acbevav pe XEA g€egtdotnkayv yio tnv mTapovcio
OVTL-OLLOTETAALOK®OV Kol évavtl  Opopfomomntivng  ovilcOUATOV, EVO
peTpnOnkav ot Tipég g KvkAoeopovcag Opopfomontivng Kol exTIpunONKE
LOTOAOYIKA 0 PVEAOC TOV 00T®V. Ta avtoaviicopato Evavtt Opopfomrointivng
avevpédnkav oe mocootd 40% wxor oyetioTnkav pe yopuniotepa emimeda
Opopporomtivng otovg acBeveig pe TEA, evo anovcialav ota deiypoata tov
poptopav pe XX kot PA. Ta avti-olponetailakd aviicopota ivol Toapdvia
oe 10060010 40% otovg OpouPomevikovg katr pn acbeveic, Oyt Opwg Kar oe
avtovg mov giyav Bepamevbei and Bpoufomevia, yeyovog mov vmoatnpilel tov
noboyevetikd tovg poOro. Télog, Ta  1GTOAOYIKA ELPNUATO OOMNYOVV GTO
CUUTEPAGUO TNG EAQTTOUOTIKNG LEYOKAPVOTOINGNG, TO OTMOL0 GE GLVOVOUGUO

pe Ta vToéLoITa GTOYELD EVOJdDVEL TNV eKdNA®oN TG OpouPomeviag.
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Introduction

Summary

Immunologically mediated thrombocytopenia is a frequent clinical manifes-
tation in patients with systemic lupus erythematosus (SLE). Autoantibodies
targeting platelet membrane glucoproteins have a central role in peripheral
platelet destruction. Autoantibodies against thrombopoietin are also present
in about one-third of patients, but their pathogenetic role is obscure. Thirty-
eight serum samples from SLE patients were tested for anti-platelet antibod-
ies, anti-thrombopoietin antibodies and levels of circulating thrombopoietin.
Bone marrow histology was also assessed. Thirty-nine per cent of sera dis-
played anti-thrombopoietin antibodies and 29% had circulating anti-platelet
antibodies. Anti-thrombopoietin antibodies were associated with lower
thrombopoietin concentrations, and lower mean platelet values in long-term
follow-up. Anti-platelet antibodies were present in about 40% of thrombocy-
topenic and non-thrombocytopenic individuals but were absent in patients
who had recovered from thrombocytopenia, supporting their pathogenetic
role. Both autoantibodies were absent in control sera from patients with rheu-
matoid arthritis and primary Sjogren’s syndrome. Decreased bone marrow
cellularity, normal or low number of hypolobulated, pyknotic megakaryo-
cytes and stromal alterations were prominent findings in thrombocytopenic
SLE patients, suggesting a defect in megakaryopoiesis. These findings were
not evident in specimens from patients with idiopathic thrombocytopenic
purpura who had increased megakaryocytes, normal cellularity and absence
of stromal alterations. In conclusion, peripheral destruction due to platelet
autoantibodies, anti-thrombopoetin antibodies, lower effective circulating
thrombopoetin and impaired compensatory response due to bone marrow
damage interact in SLE and thrombocytopenia ensues.

Keywords: autoantibodies, bone marrow, pathogenesis, systemic lupus
erythematosus, thrombocytopenia, thrombopoietin

thrombotic microangiopathies [9,10] and haemophago-
cytic syndrome [11] have also been implicated. The com-

Systemic lupus erythematosus (SLE) is the prototype of
systemic autoimmune disorders, primarily affecting women
of childbearing age. Despite progress made in the last
decades, the disease remains a cause of irreversible organ
damage and increased morbidity. Previous studies have
reported that thrombocytopenia due to peripheral con-
sumption of platelets is a common clinical manifestation,
ranging from 7 to 30% [1-4]. Anti-platelet antibody
formation is by far the most common pathogenetic
mechanism [5,6]. Anti-phospholipid antibodies [7,8],

mon denominator is the presence of normal or increased
megakaryocytes (MKs) in the bone marrow. Recently, a few
cases of thrombocytopenia have been identified, with
amegakaryocytic hypoplasia due to antibodies against the
c-mpl receptor [12]. Thrombopoietin (TPO), the c-mpl
ligand, is the key regulator of platelet production. Serum
levels of TPO are higher in SLE compared to normal con-
trols. Autoantibodies against TPO have also been detected
in 23% of the sera of lupus patients [13]. Their exact role
(if any) in the pathogenesis of lupus thrombocytopenia is
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still undefined. In addition, despite the well-defined role of
anti-platelet autoantibodies in increased platelet turnover,
it is widely known that only a proportion of patients
develop true thrombocytopenia, rendering their predictive
value insignificant. It has been demonstrated recently that
patients with active disease and complement activation are
more susceptible to thrombocytopenia than their matched
controls for age, sex and disease duration [14]. However,
other distinctive clinical or serological profiles were not
detected.

In this study we evaluated the role of autoantibodies
against platelet antigens and antibodies against TPO in adult
patients with SLE.

Patients and methods

Patients

Thirty-eight consecutive SLE patients according to the
revised ACR criteria [15] were referred for consultation to
the haematology laboratory of the department of pathophys-
iology. Serum samples were taken from these patients and
stored. At the time of specimen collection, 11 patients were
thrombocytopenic, 13 had a past history of thrombocytope-
nia (post-thrombocytopenic) and the remaining 14 had no
history of thrombocytopenia (non-thrombocytopenic) dur-
ing their disease course. Thrombocytopenia was defined as a
platelet level of less than 100 000/ul, in compliance with
American College of Rheumatology criteria (normal range
for healthy subjects 150 000-450 000/ul). In these patients,
blood smears were examined to assess morphology and ver-
ify platelet counts. At the time of collection, disease activity
and complement components were assessed. Disease activity
was measured using the European Consensus Lupus Activity
Measurement (ECLAM score). Serum C3 and C4 were mea-
sured by nephelometry. Each sample was tested for the pres-
ence of anti-platelet antibodies (anti-PLIs), anti-TPO
antibodies and levels of circulating TPO. Twenty randomly
selected sera from patients with rheumatoid arthritis (RA)
and primary Sjogren’s syndrome (pSS) without thrombocy-
topenia served as controls. The records of post-thrombocy-
topenic individuals were evaluated retrospectively for 10
consecutive months after the occurrence of thrombocytope-
nia. Platelet number, therapies and anti-cardiolipin antibod-
ies were also recorded for the same period and individual
profiles were constructed.

All patients who participated in our study were fully
informed of the aim of this study. They provided written
consent for their participation and agreed that the results of
this study may be presented or published, solely in the inter-
ests of science, provided that their anonymity is maintained.
We also confirm that this study was approved and authorized
by the Scientific Board of Athens University Medical
School, Clinical-Pathological Division (President Professor

D. Kelekis) and conforms to standards defined by our
university authorities.

Measurement of TPO levels

TPO levels were quantified by a commercial sandwich
enzyme immunoassay technique (Quantikine; R&D Sys-
tems, Mineapolis, USA) according to the manufacturer’s
instructions. Briefly, samples were pipetted into enzyme-
linked immunosorbent assay (ELISA) plates precoated with
an anti-TPO monoclonal antibody. After washing away any
unbound substances, an anti-TPO polyclonal antibody con-
jugated with alkanine phosphatase was added. Following a
washing step, a substrate solution was added and the colour
was developed (in proportion to the amount of TPO bound
in the initial step) and measured at 450 nm.

Detection of antibodies against TPO

For the detection of anti-TPO IgG antibodies in serum sam-
ples we utilized a modified commercial assay, designed
originally for the measurement of TPO (Quantikine; R&D
Systems). Preliminary experiments using recombinant
human TPO (recTPO; R&D Systems) demonstrated that the
anti-TPO precoated ELISA plates can be saturated with
antigen by 1 h incubation at 37°C with 80 ng/ml recTPO in
0-1% bovine serum albumin (BSA)/phosphate-bufferd saline
(PBS), pH=7-2 (200 ul/well). The saturated with recTPO
ELISA plates were then washed three times with the kit’s wash
buffer, and incubated for 90 min with 200 pl/well of diluted
sera (1:1001in 0-1% BSA/PBS, pH = 7-2). After washing away
any unbound substances (seven times), anti-human IgG con-
jugated with alkanine phosphatase (Jackson Immunore-
search, West Grove, PA, USA) was added at a dilution of
1:1000 in 0-1% BSA/PBS, pH = 7-2. Following nine washes
with the kit’s wash buffer, Para-Nitro-Phenyl-Phosphate
(PNPP) substrate solution (Sigma-Aldrich, St Louis, MO,
USA) was added and the colour was measured at 405 nm.
Positive cut-off was set as the mean OD of 30 sera from
healthy donors plus 3 standard deviations (s.d.).

Detection of circulating antibodies against platelet
surface antigens

The detection of circulating antibodies against platelet sur-
face antigens was performed using a commercially available
assay (PAK12, GTI Diagnostics, Wauksesha, WI, USA),
according to the manufacturer’s instructions. This assay
allows the simultaneous detection of antibodies against
platelet glycoproteins IIb/II1a, Ia/Ila, Ib/IX and HLA class I
antigens.

Bone marrow findings

Representative trephine biopsies of the bone marrow (BM)
were taken from the posterior iliac crest, fixed in 10% buffer
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formalin for 12-24 h, rapidly decalcified in ethylenediamine
tetraacetic acid (EDTA) for 3 h [16,17] and after dehydration
embedded to paraffin according to standard protocols. BM
cellularity was assessed by visual examination according to
Harstock et al. [18] and graded into three groups, as follows:
normocellular (30-50% of intertrabecular space occupied
by haematopoietic tissue), hypercellular (>50% of inter-
trabecular space occupied by haematopoietic tissue) and
hypocellular (<30% of intertrabecular space occupied by
haematopoietic tissue). BM cellularity was further corrected
by age according to Tuzuner et al. [19] to avoid misclassifi-
cation. The amount of erythroid, myeloid and megakaryo-
cytic precursors was assessed as decreased, normal or
increased by simultaneously taking into account BM cellu-
larity and the myeloid—erythroid ratio [20]. BM necrosis was
assessed according to Norgard etal. [21]. Fibrosis was
assessed semiquantitatively by reticulin content and graded
from 0 to 4, as described previously by Bauermeister et al.
[22]. To ensure the accuracy of all the semiquantitative grad-
ing methods, histological slides were reviewed independently
by two observers, without prior knowledge of specific clini-
cal data, in blinded fashion. BM findings in all thrombocy-
topenic patients were compared with 10 specimens from
patients with idiopathic thrombocytopenic purpura (ITP)
also referred to our department. Bone marrow biopsies were
not taken from SLE patients without thrombocytopenia, or
from control (RA and pSS) populations.

Statistical analysis

Continuous variables were compared using the Mann—
Whitney U-test or t-test if normality assumed. For
categorical variables Pearson’s %’ was implemented. Post-
thrombocytopenic individuals were analysed using methods
for longitudinal data analysis. Platelet number was the
dependent variable. Panel corrected standard error (PCSE)
estimates for linear time-series were used. Unstructured
covariance matrix was used and patient-specific first-order

Thrombocytopenia in lupus

autocorrelation AR(1) assumed within each patient data.
Predicted profiles were plotted for anti-TPO-positive and
anti-TPO-negative individuals. Level of significance was set
to 0-05. The sTaTA version 8 package was used for analysis.

Results

SLE patients were 386 £ 15-5 years old and had a mean dis-
ease duration of 11-4 + 6-7 years. Median ECLAM score was
1-5 (range 0-6), C3 levels were 71-9 +30-9 mg/dl and C4
levels were 17-1+11-1 mg/dl. RA and pSS controls were
matched for sex and age with SLE patients. A distinct clini-
cal profile for thrombocytopenic SLE patients was not evi-
dent. Four of 11 thrombocytopenic patients had received
no medication at blood sampling. The remaining seven
samples were taken from patients who had received low-
dose corticosteroids + azathioprine (four patients) or
combination therapy with high-dose corticosteroids +
cyclophosphamide pulses (two patients due to concomi-
tant renal disease and one due to refractory thrombocy-
topenia with PLTs <10 000/ul).

Anti-platelet antibodies

Autoantibodies against platelet membrane antigens were
detected in the sera of 11 patients (29%). Eighty-eight per
cent (eight of 11) of them targeted the Gp IIb/IIIa complex
and at a lower frequencies the Gp Ia/Ila, HLA I and Gp Ib/Ix
complex. Almost 16% of patients had different anti-platelet
antibodies with variable antigenic specificity (Table 1a). The
presence of anti-platelet antibodies was unrelated to serum
C3 levels and disease activity.

The prevalence of anti-platelet antibodies in the thromb-
ocytopenic and non-thrombocytopenic groups did not dif-
fer, accounting for about 40% in each group. Notably, none
of the post-thrombocytopenic individuals exhibited autoan-
tibody activity against platelets (see differences in Table 1b).
This group had received more intense immunosuppression

Table 1. (a) Prevalence of anti-platelet (anti-PLTs) and anti-thrombopoietin (anti-TPO) autoantibodies in the sera of lupus patients; (b) post-

thrombocytopenic sera do not display autoantibody activity against platelet antigens.

Non- Post-
Antibody Current thrombocytopenic thrombocytopenic Total
(a)
Anti-PLTs 5/11 (45%) 6/14 (43%) 0/13 (0%) 11/38 (29%)
Anti-GplIb/Illa 3/11 (27%) 5/14 (36%) 0/13 (0%) 8/38 (21%)
Anti-Gpla/Ila 3/11 (27%) 4/14 (29%) 0/13 (0%) 7/38 (18%)

Anti-GplIb/IX
Two or more

0/11 (0%)
1/11 (9%)

2/14 (14%)
5/14 (36%)

0/13 (0%)
0/13 (0%)

2/38 (5%)
6/38 (16%)

Anti-HLA I 1/11 (9%) 2/14 (14%) 0/13 (23%) 3/38 (8%)
Anti-TPO 4/11 (36%) 6/14 (43%) 5/13 (38%) 15/38 (39%)
(b) Frequency (%) P-value
Post-thrombocytopenic versus thrombocytopenic 0/13 (0%) versus 5/11 (45%) 0-006
Post-thrombocytopenic versus non-thrombocytopenic 0/13 (0%) versus 6/14 (43%) 0-007
© 2006 British Society for Immunology, Clinical and Experimental Immunology, 145: 71-80 73
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Fig. 1. Both anti-platelet antibodies (anti-PLTs) and anti-thrombopoi-
etin (anti-TPO) antibodies were detected in systemic lupus erythema-
tosus (SLE) patients with or without thrombocytopenia. These
antibodies were absent in patients with rheumatoid arthritis and pri-
mary Sjégren’s syndrome control sera.

in comparison to non-thrombocytopenic, consisting of
pulse cyclophosphamide treatment (7/13 wversus 2/14,
P=0-03) and restored normal platelet counts.

Prevalence of anti-TPO antibodies and TPO-levels

Anti-TPO IgG antibodies were measured using a sandwich
ELISA, resulted by modification of a commercial assay,
designed originally for the measurement of TPO. This assay
maintains the TPO in its natural conformation, avoiding the
denaturation effects that usually occur after the absorption
of the antigen by the solid surface. By using this ‘natural
TPO’ recognition assay, anti-TPO antibodies were detected
in the sera of 15 patients (39%). The presence of these anti-
bodies was associated with lower serum TPO concentrations
(74 pg/ml versus 147 pg/ml, P = 0-04), although unrelated to
platelet number at the time of specimen collection.

Overall, SLE patients had higher TPO concentrations
compared to both RA (117-3 versus 45-7 pg/ml, P = 0-02) and
PSS (117-3 versus 39-2 pg/ml, P =0-02) samples.

Anti-TPO antibodies, as anti-PLTs, were notably absent in
patients with RA and pSS (Fig. 1), possibly indicating that
anti-TPO antibodies represent a disease-specific immuno-
logical disturbance, constrained to SLE patients.

The prevalence of anti-TPO antibodies did not vary
between current and post-thrombocytopenic individuals
compared to non-thrombocytopenic individuals (Table 2).
Whether anti-TPO antibodies are truly blocking antibodies
of physiological significance or are simply an epiphenome-
non preventing the detection of TPO/anti-TPO complex by
the ELISA used, is a matter of debate.

A role for anti-TPO antibodies

Anti-TPO antibodies in the sera of SLE patients is seen to
be associated with a lower circulating TPO level. To assess
the impact of these antibodies on circulating platelets we
performed a repeated-measurement data analysis of post-
thrombocytopenic individuals who had monthly measure-
ments of platelet counts from the onset of thrombocytopenia
and for a total period of 10 consecutive months. Eleven post-
thrombocytopenic patients were included in the analysis and
individual profiles were constructed. Most of the anti-TPO
positive patients had platelet kinetics fluctuating near low
values (Fig. 2a).

A multivariate analysis was conducted, after being
adjusted for possible confounders such as corticosteroid
treatment (low dose versus high dose), cyclophosphamide
use, intravenous globulin administration and the presence of
anti-phospholipid antibodies. The results are summarized in
Table 3. The presence of anti-TPO antibodies is associated
with a lower mean platelet value (—67-16x10°/ul,
P=0-002) during the 10-month-observation period. After
plotting the average predicted platelet profile, stratified for
anti-TPO negative versus anti-TPO positive individuals, the
former maintain normal platelet values and the latter signif-
icantly lower values (Fig. 2b).

Bone marrow findings

BM histology in all 11 SLE patients with thrombocytopenia
displayed a decrease in overall cellularity and normal or low
normal MK numbers. These MKs were hypolobulated,
pyknotic and often revealed denuded cytoplasm, so-called

Table 2. Anti-thrombopoietin (anti-TPO)-positive sera have lower TPO concentrations, although unassociated with lower platelet counts.

Anti-TPO positive Anti-TPO negative P-value
TPO-levels (mean * s.d.) 74 pg/ml (£ 66) 147 pg/ml (+ 166) 0-04
Platelets (mean * s.d.) 2262+ 84:9 X 10°/ul 2102+ 116-2 x 10°/ul n.s.
Current thrombocytopenic Non-thrombocytopenic and
post-thrombocytopenic
Anti-TPO-positive 4/11 11/27 n.s.
Current thrombocytopenic and post-thrombocytopenic Non-thrombocytopenic
Anti-TPO-positive 9/24 6/14 n.s.
RA pSS
TPO levels (mean * s.d.) 45-7 £ 353 49-2 £ 335 0-02%

*Compared to systemic lupus erythematosus (SLE) mean TPO levels (117-3 + 137-9 pg/ml). pSS: primary Sjogren’s syndrome; RA: rheumatoid

arthritis.
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Fig.2. (a) Individual profiles for anti-thrombopoietin antibodies
(anti-TPOs)-positive (red lines) and anti-thrombopoietin (anti-TPO)-
negative (blue lines) post-thrombocytopenic systemic lupus erythema-
tosus (SLE) subjects for a period of 10 months. Each platelet measure-
ment is marked with a circle or a triangle, respectively. (b) Plotting the
average predicted profile of anti-TPO positive (red) versus anti-TPO
negative (blue) post-thrombocytopenic individuals, according to the
previous multivariate model, reveals that the former tend to have lower
platelet counts throughout the 10-month observation period.

‘naked” MKs (Fig. 3a). Megakaryocytic atypias, including
recurrent hypolobulated forms, pyknotic megakaryocytes
with denuded cytoplasm and pronounced abnormalities of
megakaryocyte differentiation generating bizarre cells, were

Thrombocytopenia in lupus

detected in all patients. BM necrotic alterations were evident
in all specimens (Table 4). The morphology of BM necrosis
on histological sections was distinctive. A smooth homoge-
neous basophilic background protein staining was often
present. In addition, an increase in eosinophilic granular
stroma was identified, along with the ghosts of many dead
haematopoietic cells (yellow arrow). Other evidence of bone
marrow necrosis included the decrease in overall cellularity,
prominent stromal oedema (black arrow) and variable reti-
culin fibrosis (Table 4, Fig. 3b). On the contrary, ITP biop-
sies showed a uniform pattern of increased MKs, normal
cellularity and notably absence of stromal alterations, such as
necrosis (Fig. 3¢).

Discussion

IIb/1MIa antigen (or more specifically ciio3 integrin) is the
most abundant platelet membrane glycoprotein, and repre-
sents the main antigenic target in autoimmune thrombocy-
topenias, including that of SLE. Circulating and platelet-
bound anti-PLTs have been implicated in the pathogenesis of
lupus thrombocytopenia, as sensitized platelets interact
mainly with splenic macrophages through the Fc receptor
and are eliminated from the circulation. Despite the high
prevalence of these antibodies among thrombocytopenic
individuals already described, a number of patients display
thrombocytopenia without anti-PLT positivity, and a signif-
icant proportion of anti-PLT positive patients have never
developed thrombocytopenia [23-25]. Moreover, a correla-
tion between anti-PLT antibodies and lower platelet counts
is not evident in our data, confirming previous reports [26].
However, the fact that anti-PLTs are absent in the sera of SLE
patients who had recovered from thrombocytopenia after
receiving immunosuppressive treatment confirms a poten-
tial pathogenetic role, although not an exclusive one. Pub-
lished data have shown that circulating and platelet-bound
anti-PLTs are noted in a significant proportion of patients
(SLE, ITP) who have active thrombocytopenia. In contrast,
when platelets normalize in responders, they become unde-
tectable or decrease significantly and reappear in relapse
[6,27]. For the detection of anti-platelet antibodies, a quali-
tative solid phase enzyme linked immunosorbent assay,
designed for the detection of antibodies to IIb/IIIa, Ia/ITa and
Ib/IX platelet glycoproteins, was used. In contrast to platelet

Table 3. Multivariate analysis; anti-thrombopoietin (anti-TPO)-positive patients maintain lower platelet counts compared to anti-TPO negative
patients (lower mean value —67-16 X 10°/ul) after adjusting for other confounders (R* 0-56).

Variable Coefficient§ P-value 95% CIs*
Anti-TPO (+ versus —) - 6716 0-002 —110-2 to —24-1
Corticosteroids (high versus low dose) — 6640 0-002 —108:0 to —24-7
IVIG (yes versus no) —105-54 0-000 — 1559 to —55-2
Cyclophosphamide (dose, mg) —-0-02 0-377 —0-08 to 0-03
Antiphospholipid antibodies (+ versus —) 7556 0-000 353 to 1158
Constant 26818 0-000 183-9 to 3524

Positive, + negative, — Smean platelet difference ( x 10°/ul); *confidence

intervals.

© 2006 British Society for Immunology, Clinical and Experimental Immunology, 145: 71-80
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Fig. 3. (a).Bone marrow biopsy in systemic lupus erythematosus (SLE)

thrombocytopenia: hypolobulated, pyknotic megakaryocytes (arrow)
[haematoxylin and eosin (H&E)]. (b). Bone marrow biopsy in systemic
lupus erythematosus (SLE) thrombocytopenia: necrosis (yellow arrow)
and stromal oedema (black arrow) (H&E). (¢). Bone marrow biopsy in
idiopathic thrombocytopenic purpura (ITP): increased number of mor-
phologically normal megakaryocytes (arrows), normal cellularity,
absence of stromal alterations are evident in an ITP patient.

suspension immunofluorescence test (PSIFT) assay, the
method used in our study has the ability to distinguish
antibodies to platelet-specific antigens. monoclonal anti-
body immobilization of platelet antigens (MAIPA) is an

alternative method for the detection of specific anti-platelet
antibodies that employs monoclonal antibodies for immo-
bilization of platelet antigens. The method used in our study
is commercially available and its ability to recognize anti-
genic specificities is similar to MAIPA (for details, see United
States Patent 5514557).

Anti-TPO antibodies were a frequent finding in our
cohort (39%), comparable with previously published data
[13]. Thrombocytopenic and post-thrombocytopenic indi-
viduals did not differ from those without thrombocytopenia,
indicating that anti-TPO antibodies are a feature of SLE that
remains stable over time. This hypothesis is further sup-
ported as the prevalence of anti-TPO antibodies in heavily
immunosuppressed, post-thrombocytopenic patients does
not differ.

Remarkably, however, anti-TPO positive patients had sig-
nificantly lower circulating levels of TPO compared to an
anti-TPO negative group, whereas a previous study [13] dis-
played statistically insignificant differences. The ELISA used
for the detection of anti-TPO IgG antibodies was a sandwich
enzyme immunoassay technique, utilizing recombinant-
TPO captured by a monoclonal anti-TPO antibody as
antigen. By this specific method a monoclonal anti-TPO
antibody (absorbed in the plastic surface of ELISA plates)
holds the antigen (recombinant TPO) in its native confor-
mation, avoiding major denaturation effects (that usually
accompany the absorption to the plastic) and steric hin-
drance issues (caused by the plastic surface). Although this
modified technique employs recombinant human TPO
instead of human serum TPO, the ligand for monoclonal
anti-TPO antibody in both cases is human TPO. Hence, it
should be considered a more specific technique in detecting
circulating antibodies. Therefore, a more accurate detection
of anti-TPO antibodies may reveal their physiological role in
reducing circulating TPO levels.

Whether anti-TPO antibodies are truly blocking antibod-
ies with physiological importance or are simply a side
epiphenomenon preventing the detection of TPO/anti-TPO
complex by the ELISA used, is a matter of debate. When
present in high concentrations, antibodies may bind avidly
with natural TPO and their binding characteristics may
favour an ability to strip and eliminate systemic TPO by cap-
turing the protein in immune complexes. Hence, a number
of SLE patients produce antibodies that are likely to neutral-
ize their own TPO. Therefore, their contribution to throm-
bocytopenic states may occur in a bimodal fashion: first, by
engendering immune complexes, a non-specific mechanism
that enhances peripheral PLT consumption. Platelets have
both immunoglobulin receptor (FcR) and complement re-
ceptors (Clq, CR2, CR4) which enable platelets to interact in
immunological reactions. Normal human platelets express a
single Fc gamma receptor (FcRII, designated CD32), having
polymorphic variants that differ in their ability to bind IgG
and complexes [28,29]. The cell membrane of platelets is also
equipped with several regulatory complement proteins
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Table 4. Histological findings in thrombocytopenic systemic lupus erythematosus (SLE) patients. Dysplastic megakaryocytes (MKs) and stromal

changes are dominant features.

No. MKs (no. /high Necrosis
Age Erythroid Myeloid power field) Global cellularity Oedema/haemorrhage Fibrosis

1 Increased (+) Decreased (+) 2/field Normal Present (+) Present (+)
35 Dyserythropoiesis Left shift Dysplastic

2 Increased (+) Normal 3-4/field Hypocellular Present (3 +) Present (2 +)
22 Dyserythropoiesis Left shift Dysplastic

3 Increased (+) Decreased (2 +) 3/field Hypocellular Present (+) Present (+)
25 Dyserythropoiesis Dysplastic

4 Increased (2 +) Decreased (+) 1-2/field Hypocellular Present (+) Absent
24 Dyserythropoiesis Dysplastic

5 Increased (+) Decreased (+) 1/field Hypocellular Present (+) Present (+)
32 Dyserythropoiesis Dysplastic

6 Increased (+) Decreased (+) 1-2/field Hypocellular Present (2 +) Present (+)
45 Dyserythropoiesis Dysplastic

7 Normal Decreased (2 +) 4/field Hypocellular Present (+) Absent
65 Left shift Dysplastic

8 Increased (3 +) Normal 1-2/field Hypercellular Present (+) Present (+)
44 Dyserythropoiesis Left shift Dysplastic

9 Increased (+) Decreased (+) 1/field Normal Present (3 +) Present (2 +)
34 Dyserythropoiesis Left shift Dysplastic
10 Increased (+) Decreased 2-3/field Normal Present (+) Present (+)
50 Dyserythropoiesis Dysplastic
11 Increased (+) Decreased (+2) 1/field Hypocellular Present (2 +) Present (+)
27 Dyserythropoiesis Left shift Dysplastic

(DAE, MCP, MIRL, C8bp) which protect them from comple-
ment attack induced by the binding of platelet autoantibod-
ies or non-specific immune complexes. It has been shown
that blood cells and platelets act not only as effector cells in
the inflammatory process but are also involved in transport-
ing the complexes thus clearing them from circulation. This
mechanism may prove clinically important when less effi-
cient handling of immune complexes in complement defi-
cient individuals leads to high immune complex loads or
when an increased production of complexes causes a high
antigen load, such as in SLE, resulting in an increased platelet
turnover [30,31]. A direct association between disease
activity and PLT counts was not evident in our study. Indeed,
cohort studies are less efficient in detecting marginal differ-
ences, especially when sample size is relatively small.
Matched case—control studies [14] are more effective in this
regard. Secondly, decreasing the effective TPO concentra-
tions for stimulating megakaryopoiesis may also contribute
to thrombocytopenia. Human TPO is the crucial regulator of
PLT production, acting as a growth factor in the commited
progenitor cells [colony-forming units of megakaryocytes
(CKU-MK)], differentiating immature megakaryoblasts, in-
hibiting apoptosis and leading finally to the release of normal
platelets. Morphologically, it increases the number, size and
ploidy of MK [32-34]. It has no impact on normal platelets.
MKs and platelet mass determine TPO levels in the serum, as
TPO production is constant [35,36]. Post-thrombocy-
topenic SLE individuals display different platelet kinetics af-

ter occurrence of thrombocytopenia in relation to their anti-
TPO status. Anti-TPO positive patients had a lower mean
predicted profile for platelet counts after adjusting for other
confounders, providing a plausible pathogenetic role for
anti-TPO in SLE thrombocytopenia.

It is evident, however, that anti-TPO antibodies alone are
not associated directly with thrombocytopenia, but possibly
consitute a part of a more complex mechanism. These anti-
bodies may represent a unique phenomenon in SLE, as our
data did not support their presence in other common
autoimmune processes, such as RA and pSS. Both types of
autoantibodies (anti-PLTs and anti-TPO) seem to participate
in the complex pathophysiological events related to throm-
bocytopenia in SLE, leading to peripheral platelet turnover
and reducing the effective circulating TPO, respectively.
Seven patients had both anti-PLT and anti-TPO reactivity in
their sera; however, three of them were thrombocytopenic.
The absence of thrombocytopenia (< 100 000/ul) in double-
positive patients suggests that these autoantibodies do not
have an exclusive pathogenetic role in platelet destruction.
Half the thrombocytopenic individuals (five of 11) had no
evidence of either anti-PLTs or anti-TPO antibodies in their
sera. Other mechanisms, such as the early clearance and
destruction of platelets coated with non-specific immune
complexes, may also contribute to peripheral thrombocy-
topenia in SLE, as previously suggested [24].

However, a normal bone marrow can overcome these
defects by increasing megakaryopoiesis. Our histological
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findings suggested that bone marrow in SLE patients displays
decreased cellularity, lower MK concentrations and stromal
alterations such as necrosis. Non-specific abnormalities,
such as BM hypocellularity, increased reticulin and necrosis
were underscored as the most prominent features of the BM
histology in two published series of 23 and 21 SLE patients,
respectively [37,38]; contradictory data were obtained by
another study, in which BM findings were apparently normal
[39]. BM necrosis is best defined as necrosis of haemopoietic
and medullary stroma in large areas of the haemopoietic
BM. The best accepted mechanism of BM necrosis is the vas-
cular obstruction in the BM, which leads to ischaemia and
subsequent necrosis. However, in our study mechanical
obstruction of the microcirculation by thrombus plugs or
inflammatory vascular damage was not detected making the
pathogenesis of BM necrosis in SLE patients unclear. It has
been shown that stromal cells exhibit a defective haemato-
poietic microenvironment that produces altered cytokine
expression resulting in faulty haematopoiesis in SLE. Evi-
dence for the culpability of BM stroma in SLE haemopoietic
failure derived from culture experiments in which stromal
cells from SLE patients failed to support allogenic progenitor
cells growth [40]. It has also been shown that, as a result of a
diminished activity of monocytes, the production of hae-
mopoietic growth factors by BM fibroblasts is insufficient, a
fact that could explain SLE haematological abnormalities
[41]. The cause and the underlying pathogenetic mecha-
nisms of these abnormalities are presently unknown, but it
seems to be related to the presence of autoreactive lympho-
cytes in the BM of patients with SLE, which may affect the
haemopoietic cells and supporting capacity of BM stroma
not only via direct immune destruction but also by an indi-
rect effect due to release of proinflammatory cytokines such
as tumour necrosis factor (TNF)-o [42]. In this regard, BM
necrosis in SLE may be the result of an abnormal microen-
vironment characterized by deregulated production of hae-
matopoietic colony-stimulating factors due to damaged
stromal cells. Lymphoid aggregates were present in the
majority of specimens, mainly located central-perivascularly
or in deeper BM spaces with a mixture of B and T lympho-
cytes, as well as a polyclonal expression of immunoglobulins
by immunohistochemistry. The lymphocytic component did
not exceed 30%. These findings suggest that bone marrow is
a target organ in SLE. As TPO-receptor availability, and
therefore MK mass, is the major determinant of circulating
TPO, numerical and morphological alterations in MKs in
conjunction with decreased global cellullarity in SLE can jus-
tify increased serum TPO concentrations. Such damage may
impair TPO ability to mount an adequate compensatory
response to increased platelet turnover, defining a subset of
patients who, in the presence of these autoantibodies, are
likely to develop thrombocytopenia. However, a central
pathophysiological role of BM in SLE and decreased platelet
production (resulting in true thrombocytopenia) could not
be excluded.

Better understanding of the underlying mechanisms may
confer new therapeutic interventions: detailed structural
and functional studies of the TPO receptor, coupled with
novel molecular pharmacology approaches, have led to
new classes of thrombopoietic mimetics. Initial clinical
trials with recombinant TPOs faltered as they encountered
significant neutralizing antibodies. Ongoing studies have
invigorated the field, with positive results now reported
in idiopathic thrombocytopenic purpura [43]. Moreover,
given that interleukin-11 is a potential growth factor for
MK proliferation and maturation, a therapeutic advantage
may be gained by administering this cytokine to patients
with SLE and other forms of immune-mediated thromb-
ocytopenia. Optimal dosing and indications still remain a
matter of debate [44,45]. Finally, it has become clear that
the B lymphocyte plays a key role in SLE pathogenesis
by both autoantibody-dependent and autoantibody-
independent mechanisms. New agents that directly target
abnormal immune cells in SLE include the B cell depleting
or modulating antibodies, rituximab (anti-CD20) and
epratuzumab (anti-CD22). Another promising approach
has been to block co-stimulatory interactions between T
and B cells, for example by inhibiting the CD40-CD40
ligand pathway with anti-CD40 ligand monoclonal anti-
body [46]. All these alternative approaches may prove
promising in the near future.

In summary, specific anti-PLT antibodies, non-specific,
immune complex-mediated PLT destruction, anti-TPO anti-
bodies and primary bone marrow defect constitute a puzzle
of interactions related to SLE thrombocytopenia. Anti-PLT
antibodies seem to have a more prominent role, as they
disperse in patients who recover after cytotoxic therapy,
whereas anti-TPO antibodies although weak remain
persistent. Their exact role, however, warrants further
investigation.
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