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Immune thrombocytopenia induces autophagy
and suppresses apoptosis in megakaryocytes
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Abstract. Immune thrombocytopenia (ITP) is the main
pathogenesis of excessive platelet destruction and abnormal
megakaryocyte apoptosis, however, the mechanism underlying
this abnormality in megakaryocytes remains to be elucidated.
Since autophagy and apoptosis are closely interrelated, it can
be speculated that the abnormal apoptosis of ITP megakaryo-
cytes is associated with autophagy. To test this hypothesis,
a total of 14 patients with ITP and 23 healthy controls were
recruited. MEG-01 cell line was cultured in vitro, and
morphological changes were observed by light microscopy,
apoptosis was evaluated by flow cytometric analysis of
Annexin V-FITC/propidium iodide staining and western blot
analysis of B-cell lymphoma (Bcl)-2, Bcl-associated X protein
(Bax), Beclin-1 and cleaved caspase 3. Apoptotic abnormali-
ties and autophagy were observed in the ITP plasma group.
Furthermore, Bax expression was downregulated, while
Beclin-1 was upregulated. Chloroquine can block autophagy
induced by ITP and remove the ITP plasma inhibition of
apoptosis. Therefore, it may be concluded that ITP may induce
autophagy, the inhibition of which may be a novel treatment
for ITP.

Introduction

Immune thrombocytopenia (ITP) is an acquired autoimmune
disorder, which is characterized by excessive bleeding (1).
Although ITP is classified as a benign disease, the quality of life
of patients with ITP is lower than that of patients with cancer.
A comprehensive understanding of the pathogenesis of ITP is a
means of improving the quality of life of these patients. To date,
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research on the pathogenesis of ITP has been focused mainly
on platelets or megakaryocyte apoptosis, which are destroyed or
functionally inhibited by humoral and cellular immunity (2,3),
with the latter receiving far less attention than the former. In ITP
patients, megakaryocytes predominantly remain at the granule
megakaryocyte stage, although the fate of these cells is unclear.
Programmed cell death can be divided into several categories,
including type I (apoptosis) and type II (autophagic death) (4).
Houwerzijl et al (5) demonstrated increased vacuoles, plasma
membrane thickening and chromatin condensation in the
mitochondria and endoplasmic reticulum (ER) of ITP mega-
karyocytes. This may result in endoplasmic reticulum stress,
leading to autophagy (6,7). Autophagy is a biological process,
where cytoplasmic macromolecules self-degrade through the
lysosomal pathway (8). Chloroquine (CQ) can affect the pH
of lysosomes and the ability of lysosomes to degrade proteins,
as well as block the fusion of autophagosomes and lysosomes,
which subsequently inhibits autophagy (9). In recent years,
great progress has been made in the study of the association
between autophagy and tumors, however, the role of autophagy
in hematological diseases is not yet clear. Previous studies have
demonstrated that premature death of megakaryocytes may
induce ITP thrombocytopenia and megakaryocytes undergo
autophagic (10). Therefore, it was hypothesized that mega-
karyocytes are likely to undergo autophagy in ITP patients. In
the present study, the effect of autophagy on megakaryocytes
was investigated to identify the mechanism of action in ITP
using the human megakaryoblast leukemic cell line MEG-01
and plasma obtained from patients with ITP.

Materials and methods

Cell culture. The human megakaryoblast leukemic cell line
MEG-01 was obtained from Guangzhou JENNIO Biological
Technology (Guangzhou, China). Cells were maintained in
RPMI-1640 media (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% heat-inactivated
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.)
and 1% penicillin/streptomycin, and cultured in an incubator
at 37°C under 5% CO, and 95% humidity.

Patient information. A total of 14 patients [11 females
and 3 males, median age 49 years (range 23-68 years)]
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with ITP and 23 healthy controls [16 females and 7 males,
median age 46 years (range 22-66 years)] were recruited.
All patients were newly diagnosed and excluded from other
autoimmune diseases and malignant tumors. Venous blood
samples (2 ml) were collected into sterilized plastic tubes
prior to any drug treatment by the Laboratory of Hematology
(Yongchuan Hospital of Chongqing Medical University,
Chongqing, China) between June and December 2016.
Plasma was separated by centrifugation at room temperature
(2,000 x g for 10 min), and aliquots were frozen at -80°C
for subsequent experiments. The present study was approved
by the Research Ethics Board of the Yongchuan Hospital of
Chongqing Medical University and informed consent was
obtained from all participants.

Cell processing method. i) No plasma group: Meg-01 cells
were cultured in plasma-free 1640 medium. ii) Normal plasma
group: Meg-01 cells were co-cultured with normal control
plasma. iii) ITP plasma group: Meg-01 cells were co-cultured
with ITP patient plasma. Each experiment was repeated three
times.

Morphological changes. i) Meg-01 cells were taken in
the logarithmic growth phase, centrifuged at 100 x g for
5 min at room temperature, and an appropriate amount of
serum-free 1640 culture solution was added, mixed. The
cell density was adjusted to 1x10%/ml, to inoculate a six-well
plate. Each group was inoculated with 2 wells and 1.8 ml
cell suspension was added to each well. ii) According to
the experimental group, 200 ul serum-free medium, 200 ul
normal control plasma, and 200 ul ITP plasma were added
to each well for incubation for 36 h at 37°C in a humidified
cell incubator containing 5% CO,. iii) After 36 h, 2 ml cell
suspension was taken from each group and transferred to
two 1.5 ml EP tubes and centrifuged at 100 x g for 5 min,
at room temperature. iv) The cells were washed twice with
PBS (at 400 x g for 5 min, at room temperature and the
cells were harvested to a cell concentration of 1x10%/ml.
v) The different groups of cells were placed on labelled
polylysine slides. vi) Slices were placed in a ventilated room
and allowed to dry naturally. Then the slide was placed on
the staining rack. vii) The remaining steps are the same as
in part i. viii) The slides were observed under oil by laser
scanning confocal microscope.

Evaluation of apoptosis by flow cytometric analysis
of Annexin V-FITC/propidium iodide (PI) staining. To
investigate cell apoptosis, MEG-01 cells (2x10° cells/ml)
were obtained post-treatment according to the flow cytom-
etry kit protocol. Following this, cells were stained with
Annexin V/PI (Beyotime Institute of Biotechnology, Haimen,
China), according to the manufacturer's protocol and then
analyzed with a FACStar PLUS™ (BD Biosciences, Franklin
Lakes, NJ, USA).

Evaluation of cell autophagy by Lyso-Tracker
Red/ansylcadaverine (MDC) assay and flow cytometry.
Cell death of MEG-01 cells (2x10° cells/ml) was investi-
gated. Autophagosomes were marked with Lyso-Tracker
Red (Beyotime Institute of Biotechnology, Shanghai, China)
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at 37°C for 30 min and MDC (Beijing Solarbio Science and
Technology Co., Ltd., Beijing, China) at room temperature
for 30 min in the dark, according to the manufacturer's
protocol. Autophagy was detected under a fluorescence
microscope using flow cytometric analysis as described
previously (11).

Western blot analysis. Following washing of the treated cells
three times using PBS, MEG-01 cells were harvested and lysed
in RIPA buffer (Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany) containing 0.1 mg/ml of phenylmethane sulfonyl
fluoride on ice for 30 min. Supernatants were subsequently
isolated via centrifugation at 12,000 x g for 5 min at 4°C,
Protein content was determined by BCA. Following this, equal
amounts of protein from cell lysates (30 ug total protein per
lane) were separated via 10% SDS-PAGE and then transferred
to polyvinylidene difluoride membranes. Following this,
membranes were blocked for 1 h at room temperature with
5% skim milk powder in Tris-buffered saline containing
0.1% Tween-20 (TBST). Western blot analysis was performed
according to standard protocol using the following primary
antibodies at room temperature for 2 h: Anti-B-cell lymphoma
(Bcl)-2 mouse monoclonal antibody (cat. no. 15071; 1:1,000;
CST Biological Reagents Co., Ltd., Shanghai, China) and
anti-Bcl-associated X protein (Bax) rabbit polyclonal antibody
(cat. no. 2774; 1:1,000; CST Biological Reagents Co., Ltd.);
anti-Beclin-1 rabbit polyclonal antibody (cat. no. ab207612;
1:1,000) and anti- active Caspase-3 rabbit monoclonal antibody
(cat. no. ab2302; 1:1,000; both Abcam, Cambridge, UK), and
anti-B-actin mouse monoclonal antibody (cat. no. AA128;
1:1,000; Beyotime Institute of Biotechnology, Shanghai,
China). Membranes were subsequently washed three times
for 10 min each with TBST; incubated with horseradish
peroxidase-conjugated secondary IgG (goat anti-rabbit, cat.
no. A16096; 1:10,000; Thermo Fisher Scientific, Inc.; goat
anti-mouse, cat. 1706516; 1:10,000; Bio-rad Laboratories,
Inc., Hercules, CA, USA) in TBST with 5% non-fat milk (goat
anti-rabbit IgG and goat anti-mouse IgG was purchased from
Invitrogen; Thermo Fisher Scientific, Inc.) for 1 h at room
temperature; and then washed a further three times with TBST.
Following this, immunoblotting signals were visualized using
an ECL chemiluminescence substrate reagent kit (Bio-rad
Laboratories, Inc.), and band densities were quantified using
Quantity One software 3.0 (Bio-Rad Laboratories, Inc.). CQ
was obtained from Sigma-Aldrich; Merck KGaA.

Statistical analysis. Statistical analysis was performed using
SPSS version 16.0 for Windows (SPSS, Inc., Chicago, IL,
USA). Differences between groups were determined using
the Student's t-test or one-way analysis of variance, three
or more groups compared using ANOVA. The Scheffe test
was used as the post-hoc test. All data are presented as the
mean + standard deviation. All assays were independently
performed a minimum of three times. P<0.05 was considered
to indicate a statistically significant difference.

Results

ITP plasma exhibits decreased rates of apoptosis. In
patients with ITP, the presence of apoptotic abnormalities
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Figure 1. Apoptosis of megakaryocytes is abnormal in ITP plasma group. (A) Apoptosis of megakaryocytes was observed using a fluorescence microscope.
(B) Analysis of megakaryocyte apoptosis by Annexin V-FITC/PI flow cytometry. The rate of early apoptosis in the ITP plasma group was decreased compared
with normal plasma group, but still increased compared with no plasma group. ‘P<0.05 and “P<0.01. ITP, immune thrombocytopenia.

in megakaryocytes is the current diagnostic marker. It is
also accepted that megakaryocyte apoptosis in ITP patients
is dependent on caspase-3 activation and Bcl-2 (12). To
investigate this theory, MEG-01 cells were treated with
RPMI-1640 media, 10% normal plasma, or 10% ITP plasma
and apoptosis was evaluated by flow cytometric analysis of
Annexin V-FITC/PI staining. The results demonstrated that
the ITP plasma group exhibited decreased levels of apoptosis
compared with the normal plasma group (Fig. 1A). The rate of
early-stage apoptosis in the ITP plasma group was decreased
compared with normal plasma group, but still increased
compared with no plasma group (Fig. 1B). Additionally, Fig. 2
revealed that cleaved caspase-3 and Bax were downregulated
in the ITP plasma group compared with the normal plasma
group; however, Bcl-2 was upregulated in the ITP plasma
group compared with the normal plasma group (Fig. 2). These
results confirmed that apoptosis abnormalities exist in ITP
megakaryocytes.

Under normal conditions, the changes associated with
megakaryocyte differentiation occur mainly in the cytoplasm,
with few changes in the nucleus; however, initiation of nuclear
lysis was observed in the megakaryocytes. In the ITP plasma
group, vacuolization and nuclear condensation were observed
in MEG-01 cells compared with the no plasma group; however,
there were no such morphological changes in the normal
plasma group (Fig. 3).

ITP plasma can induce autophagy. The causes of abnormal
apoptosis in the megakaryocytes in ITP patients remain
unclear. A previous study have demonstrated that apoptosis is
closely associated with autophagy, with apoptosis inhibiting
autophagy, or vice versa (13). Therefore, the occurrence of
autophagy in megakaryocytes of ITP patients was investigated
by Lyso-Tracker Red and ansylcadaverine analysis of MEG-01
cells as an in vitro model. It was demonstrated that the number
of Lysosomes in ITP plasma group was increased compared
with the normal plasma group (Fig. 4A), indirectly indicating
that the proportion of autophagy in the ITP plasma group was
higher than that in the normal plasma group, but still lower
than that in the no plasma group (Fig. 4B). The western blot
also confirmed this result, revealing that ITP plasma exhibited
increased levels of Beclin-1 compared with the normal plasma
group (Fig. 4C).

ITP plasma can induces autophagy and suppresses apop-
tosis, which inhibited by CQ. CQ was used as an inhibitor
of autophagy to investigate whether ITP plasma suppresses
apoptosis by autophagy in MEG-01 cells. Western blotting
indicated that when cells were treated with CQ, the ITP
plasma was unable to upregulate the apoptosis-related inhibi-
tory proteins (Fig. 5). Flow cytometry demonstrated consistent
results with western blotting, in that the ITP plasma induces
autophagy otherwise inhibited by CQ (Fig. 6A), which thereby
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Figure 2. Apoptosis-associated proteins are abnormal in ITP plasma group. (A) Representative blots and (B) quantification of the expression of cleaved
Caspase-3, Bcl2 and Bax, as analyzed by western blotting. “P<0.05 and “P<0.01. Bcl2, B-cell lymphoma-2; Bax, Bcl2-associated X protein; ITP, immune

thrombocytopenia.
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Figure 3. Morphological changes of MEG-01 cells after treatment as described previously. ITP, immune thrombocytopenia.

suppresses apoptosis compared with CQ group (Fig. 6B).
Therefore, ITP plasma may serve a key role in development of
megakaryocyte autophagy.

Discussion

Investigations regarding the mechanism of autoimmune
diseases have focused mainly on the destruction of platelets,
decrease in platelet production and T lymphocyte immune
imbalance (3,14). Studies of the survival of megakaryocytes
in ITP patients are rare and few studies have investigated

the role of autophagy in ITP. Fabre ef al (15) revealed that
many autophagic vacuoles are present in the cytoplasm prior
to apoptosis, detected via transmission electron micros-
copy. Houwerzijl er al (10) demonstrated that patients with
ITP exhibited mitochondrial and endoplasmic reticulum
formation in megakaryocytes, increased vacuolization in
the cytoplasm, thickening of the plasma membrane and
chromatin condensation in the nucleus; which may be due to
para-apoptosis or autophagic cell death. Platelet production
depends on compartmentalized caspase activation within
megakaryocytes, especially the activation of caspase-3,
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Figure 4. ITP plasma induces autophagy. (A) MEG-01 cell autophagy following treatment described previously. (B) Evaluation of cell autophagy by MDC assay
and flow cytometry. (C) ITP plasma can induce the expression of Beclinl, as detected by western blotting. "P<0.05 and “P<0.01. ITP, immune thrombocytopenia.
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Figure 5. CQ blocks autophagy induced by ITP plasma. (A) CQ suppresses Beclinl and Bax expression and induces Bcl2 expression. The ITP plasma can
induce autophagy proteins inhibited by CQ, thereby suppressing apoptosis relative to the CQ group. (B) quantification of their expression. "P<0.05 and “P<0.01.
Bcl2, B-cell lymphoma-2; Bax, Bel2-associated X protein; CQ, Chloroquine; ITP, immune thrombocytopenia.
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Figure 6. CQ blocks autophagy induced by ITP plasma, as detected by flow cytometry. (A) CQ blocks the ITP plasma induction of autophagy. (B) CQ reverses
ITP plasma inhibition of apoptosis. "P<0.05 and “P<0.01 vs. ITP plasma. CQ, Chloroquine; ITP, immune thrombocytopenia.

which leads to apoptosis (16). The present results indicated
that caspase-3 activity decreased in the ITP plasma group,
which provides evidence of the apoptotic abnormalities of
megakaryocytes in ITP patients. Subsequent investigations
of morphological changes and Lyso-Tracker Red/MDC
assays confirmed the existence of autophagy in the ITP
plasma group. These findings indicated that caspase activa-
tion is responsible for autophagy in megakaryocytes of ITP
patients, thus affecting the apoptotic process. The apoptotic
pathways of megakaryocytes are intrinsic and extrinsic, and
both require Bcl-2 involvement (17). Furthermore, recent
studies have reported that Bcl-2 is a cross-over point between
autophagy and apoptosis in autoimmune disease, tumor,
or injury (7,18-20). Furthermore, numerous studies have
demonstrated the involvement of Bcl-2 in both apoptosis
and autophagy in diverse diseases (13,21). This involvement
depends on the formation of complexes containing Bcl-2,
Bax and Beclin-1 and their interactions, which determine
whether cells enter apoptosis or autophagy. Under conditions
of cellular stress, the reduction in Bcl-2 results in a decrease
in binding to Beclin-1, leading to an increased free Beclin-1,
which promotes autophagy. Alternatively, phosphorylation of
Beclin-1 increases Beclin-1-Bcl-2 complexes, displacing Bax
from Bcl-2 and resulting in apoptosis (22). The existence of
such a change in ITP patients was investigated by evaluation
of alterations in cell morphology, apoptosis, autophagy, and
protein expression. The present results demonstrated that

Bax and Beclin-1 were downregulated, whereas Bcl-2 was
upregulated in ITP plasma compared with normal plasma,
and this change may be associated with ER stress; however,
this requires further investigation (23). When CQ was used as
an inhibitor of autophagy, this inhibited autophagy induced
by ITP. However, there are several limitations in the present
study. First, more case and functional verification assays in
the future studies are required. Furthermore, larger popula-
tion-based studies are needed in order to confirm the present
results.

In conclusion, the present study demonstrated that the
ITP plasma induces autophagy and suppresses apoptosis.
Inhibition of autophagy may be a novel treatment strategy in
ITP, however this requires further investigation.
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