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Increased cytotoxic T-lymphocyte-mediated
cytotoxicity predominant in patients with idiopathic
thrombocytopenic purpura without platelet
autoantibodies 

Idiopathic thrombocytopenic purpura (ITP) is a common
hematologic disorder manifested by autoantibody-mediat-
ed platelet destruction. In the majority of ITP patients,
autoantibodies were found to be specific to GPIIb/IIIa or
GPIb/IX.1 It may not only damage platelets via the reticu-
loendothelial system,2 but may also inhibit platelet pro-
duction.3,4 However, platelet autoantibodies can be detect-
ed in only 50-70% of ITP patients,5 indicating other mech-
anisms could be involved. Recently, in vitro studies sug-
gested that CD8+ cytotoxic T-lymphocyte (CTL) mediated
lysis of autologous platelets may contribute to platelet
destruction in ITP.6,7 In the present study, we prospective-
ly measured CTL-mediated cytotoxicity toward autolo-
gous platelets between ITP patients with and without
autoantibodies, and evaluated the effect of high dose dex-
amethasone (HD-DXM) on this action.

Forty-eight previously-untreated ITP patients were
enrolled by diagnostic criteria for ITP.8 Blood sampling was
performed before and two weeks after treatment with
HD-DXM.9 The control group consisted of 17 healthy
adult volunteers with no history of blood transfusion or
pregnancies (Table 1). The study was approved by the
Medical Ethical Committee of Qilu Hospital. Informed

consent was obtained from all subjects. 
All plasma samples for modified monoclonal antibody

specific immobilization of platelet antigen (MAIPA) assay
were obtained from ethylenediaminetetraacetic acid
(EDTA) anticoagulated blood by centrifugation and stored
at -80°C prior to use. Platelets were prepared by differen-
tial centrifugation from EDTA-anticoagulated blood and
used as target cells. CD8+ T lymphocytes were isolated by
magnetic microbeads (MACS; Miltenyi Biotec, Bergisch
Gladbach, Germany) from peripheral blood mononuclear
cells by density gradient centrifugation and used as effec-
tor cells. The purity of CD8+ T cells was > 92%. The con-
centration of effector and target cells was adjusted to
105/mL and 106/mL respectively, and then diluted to
achieve a final effector/target (E/T) ratio of 1:10. All cells
were washed free from plasma. 

Detection of specific anti-platelet GPIIb/IIIa and/or GPIb
autoantibodies was performed as described by Hou et al.10

Measurement of CTL-mediated cytotoxicity was carried
out according to the protocol developed by Goldberg et
al.11 based on two-color flow cytometry to identify differ-
ent populations of live targets (CD41a+ Annexin V-) and
apoptotic targets (CD41a+ Annexin V+) using antibodies
from BD Biosciences (San Jose, CA, USA). Anti-CD3 anti-
body (BD Biosciences, San Jose, CA, USA) was added at a
final concentration of 0.32 µg/mL to stimulate cytolytic
effector T cells. Spontaneous lysis was determined in con-
trol tubes holding only culture media and platelets. A min-
imum of 10,000 events were acquired and data were ana-
lyzed using CellQuest Software on a FACScan flow
cytometer (Becton Dickinson, Mountain View, CA, USA).
Percent lysis and specific lysis were calculated as follows:
percent lysis=total (CD41a+, Annexin V+)=Total (CD41a+);
specific lysis=percent induced lysis=percent spontaneous
lysis, and expressed as a percentage. 

In the plasma of 48 patients with ITP, antibodies against
GPIIb/IIIa and/or GPIb/IX were detected in 22 samples
(group I). Negative reactions to both glycoproteins were
displayed in the remainders (group II). Before HD-DXM
treatment, positive platelet lysis was seen in 11 of group I
and 21 of group II (group I vs. group II, p<0.05) and in 4 of
group I and 7 of group II after treatment (group I vs. group
II, not significant (NS); pre-treatment vs. post-treatment in
group I, p<0.05, and in group II, p<0.01) (Figure 1A-F). On
the other hand, before treatment, both group I and group
II had increased platelet lysis compared with controls
(group I vs. controls, p<0.05; group II vs. controls, p<0.01;
group I vs. group II, p<0.01), whereas platelet lysis was
substantially decreased in both groups after treatment
(pre-treatment vs. post-treatment in group I, p<0.01, and
in group II, p<0.01) (Figure 1G). Interestingly, positive

Table 1. Subjects’ characteristics. 

Characteristics ITP patients Controls

Age (median, range) 29 (11-73) 27 (18-40)

Sex (number, %)
female 30 (62.5) 10 (58.8)
male 18 (37.5) 7 (41.2)

Platelet count (×109/L) (median, range)
pre-treatment 10.5 (1-55) 239 (156-350)
post-treatment 78.5 (10-305)−
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platelet lysis was also observed in one control subject (data
not shown). Additionally, the platelet lysis was found to be
negatively correlated with the platelet count in group II
(r=-0.439, p<0.05) (Figure 2), but not in group I (r=-0.322,
NS). Despite the use of the most sophisticated assays,
platelet autoantibody cannot be detected in all patients
with ITP.5 Thus, autoantibody-mediated platelet destruc-
tion cannot account for all the observations in ITP.
Recently, Olsson et al.6 discovered increased expression of
several cytotoxic genes in T cells from ITP patients and 6
out of 8 patients with active ITP showed platelet lysis by
T cells, but none in remission. Subsequently, Zhang et al.7

found that platelet lysis was seen when using purified
CD8+ T cells as effector cells and that CTLs were abnor-
mally activated in ITP. In the present study, we found a
significant difference in CTL-mediated platelet lysis
between MAIPA positive and negative ITP patients, as
well as a negative correlation between platelet lysis and
platelet count. This evidence strongly supports the view
that CTL-mediated cytotoxicity toward autologous
platelets is dominant in ITP patients without autoantibod-
ies, and protection against this action might be an effective
therapeutic approach for this subgroup of ITP patients. As
a promising alternative to prednisone for the first- or sec-
ond-line treatment in ITP patients,9 HD-DXM was demon-
strated to correct the Th1 cytokine dominance, shown to
promote cell-mediated cytotoxicity and IgG production by
Guo et al.12 In this study, platelet lysis was found to be sig-
nificantly lower after HD-DXM treatment, indicating that
HD-DXM could be an effective protection against both
autoantibody-mediated and CTL-mediated destruction of
platelets in ITP patients. Finally, the limitation of all cur-
rently available platelet antibody tests, including MAIPA,
must be noted. Furthermore, autoantibodies against other
glycoproteins such as GPIa/IIa, GPIV, GPV, and GPVI do
exist, although their incidence is scarce in ITP. 
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Figure 1. (A-D) One representative for CD41a-PEcy5 and Annexin
V-FITC dual (A) and single (B-D) parameter analysis of CTL-medi-
ated cytotoxity. In panels B-D, black lines designate the platelet
incubated alone for estimation of spontaneous lysis, while the
platelets and CD8+ cells mixed together for evaluation of induced
lysis is indicated by red lines. The specific lysis is 10.03% (B),
4.33% (C), and 2.35% (D) respectively in one representative for
group II and group I before treatment, and group II after treat-
ment. (E, F) The number of patients with positive platelet lysis,
defined as mean+2SD (dotted line) recorded for the controls,
before (E) and after (F) treatment. Circles represent group I and
triangles group II. (G) Analysis of cell-mediated cytotoxicity
against autologous platelets in groups before and after treatment
(n=48). 
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Figure 2. Negative correlation between platelet lysis and platelet
count in group II. 
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Elevated factor XIII level and the risk of peripheral
artery disease 

The prothrombotic state resulting from the elevation of
certain clotting factors and suppression of fibrinolysis con-
tribute to the risk of atherothrombotic diseases. Peripheral
artery disease (PAD) has been associated with elevated
plasma fibrinogen concentration, increased plasminogen
activator inhibitor (PAI-1) level and decreased tissue plas-
minogen activator (tPA) activity.1-3 Coagulation factor XIII
(FXIII) circulates in association with fibrinogen and plays a
central role in fibrin stabilization and fibrinolysis.4 We
have recently shown that in women with coronary steno-
sis and history of myocardial infarction adjusted plasma
FXIII levels are elevated as compared to clinical controls,
and in women, but not in men, elevated FXIII level repre-
sents a 2.5-3.0-fold increased risk of myocardial infarc-
tion.5 In this study we investigated FXIII levels in patients
with PAD and determined the risk of PAD conferred to
patients by elevated FXIII level.

The study included 302 consecutive patients with PAD
recruited over a 2-year period from the 3rd Department of
Medicine, University of Debrecen. Patients with history of
myocardial infarction, stroke, symptoms of angina and
renal insufficiency were excluded. The patients were
exempt of acute inflammation during the last two months
before blood drawing and did not have any chronic
inflammatory state, other than PAD. Finally, 278 patients
(173 males and 105 females) with ankle brachial pressure
index (ABPI) ≤0.9 remained in the study group (173 with
Fontaine classification II and 105 with Fontaine classifica-
tion III). Patients were compared to sex-matched clinical
controls (n=278) who also presented at the hospital, but
no significant health problem, other than diabetes mellitus
in some of the patients, was diagnosed and ABPI was in
the range of 0.91-1.3. The mean age±SD was 59.0±9.5 in
the control and 64.3±12.2 in the patient group. The occur-
rence of diabetes mellitus was 20% and 25% among con-
trols and patients respectively. Thirty percent of controls
and 36% of patients were smokers. The differences were
not statistically significant. Two hundred and seventeen
PAD patients received aspirin and 33 patients received
statins; since in the FXIII levels there was only a non-sig-
nificant difference (<1%) between PAD patients on treat-
ment and the rest of the patients, these groups were not
analyzed separately. Eighty-eight percent of women were
menopausal; none of them on hormonal replacement ther-
apy. Ethical approval was obtained from the Ethics
Committee of the University of Debrecen, and subjects
gave their informed consent.

Plasma FXIII activity and antigen were measured by
established methods6,7 using commercially available
reagent kits (REA-chrom FXIII assay and R-ELISA FXIII,
Reanal-ker, Budapest, Hungary). In the measuring range,
the CV for both assays was below 3%. Serum total choles-
terol, LDL-cholesterol, HDL-cholesterol, triglyceride, apo
AI, apo B, lipoprotein (a) and high sensitivity C-reactive
protein (hsCRP), plasma fibrinogen, homocysteine, folic
acid and vitamin B12 were determined by routine labora-
tory methods and used for the determination of parame-
ters independently associated with FXIII levels. 

Neither FXIII activity nor FXIII antigen levels of clinical
controls differed significantly from the reference interval
established in our laboratory.6,7 Mean FXIII activity and
antigen levels, both non-adjusted and adjusted for the
respective independently associated parameters, were
moderately, but significantly higher in patients than in the
clinical control group (Table 1). In a small (n=50) early
study elevation of non-adjusted FXIII levels has also been
observed in PAD patients.8 However, in this case differ-
ences according to gender and severity of the disease were
not analyzed. In our study PAD was associated with a sta-
tistically significant elevation of FXIII activity and antigen
levels in women. In men with PAD, elevations were some-
what more moderate and in the case of FXIII antigen con-
centrations were not statistically significant. No difference
in adjusted FXIII levels were found in PAD patients with
Fontaine II and Fontaine III stage disease (data not shown).
As determined by Pearson’s method, ABPI values showed
no significant correlation with FXIII activity or antigen
level. One may conclude from these results that the exis-
tence of PAD and not its severity is associated with the
elevation in FXIII levels. As opposed to controls, in the
patient group there was a statistically significant correla-
tion between fibrinogen and FXIII activity (r=0.273,
p<0.001) or FXIII antigen (r=0.148, p=0.014) level.
However, the calculated coefficients of determination (r2)
indicate that changes in fibrinogen level contributed to


